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Ab s t r Ac t

Heavy metal (HM) contamination in agroecosystems and edible crops is a worldwide issue. It is becoming an emerging threat to global 
food security. There is a huge pressure on the entire world to fulfill the increasing demand for food to nourish the burgeoning population. 
The periodical monitoring to assess the HM contamination in the agricultural land and the edible crops may help in tracking the HM 
status, thereby minimizing the risk of HM toxicity. The objective of the present study was to check the physicochemical properties 
of the river water used for irrigation purposes and soil for the cultivation of edible crops along with the presence of different heavy 
metals (HMs) viz., copper (Cu), cadmium (Cd), lead (Pb) nickel (Ni), and iron (Fe) in the Subarnarekha river water, soil and vegetables viz., 
coriander (Coriandrum sativum), cabbage (Brassica oleracea), beans (Phaseolus vulgaris), brinjal (Solanum melongena), chili (Capsicum 
annuum) and tomato (Solanum lycopersicum). The results obtained from the analysis of physicochemical characteristics of water found 
the temperature in the range of 19.33 to 22.45oC, pH 5.83 to 7.43, EC 197.33 to 485.138 mho/cm with iron as the highest available heavy 
metal with a concentration of 1.909 mgl-1 and cadmium was found in the least concentration (0.011 mgl-1). The findings of different 
soil properties revealed that the soil is good for the cultivation of crops but the presence of some heavy metals like Cd and Pb in the 
edible parts of the vegetables especially at the sites Namkum, Sembo and Kumba Toli indicates the need for periodical evaluation of 
soil to assess their levels. HM accumulation in the edible parts of the vegetables was found below the permissible limits prescribed by 
FAO and WHO except at a few sites. 
Highlights:
• Heavy metal contamination in agroecosystems is a worldwide concern.
• The physicochemical properties of the water and soil have been analyzed and found suitable for agriculture purposes.  
• The accumulation of heavy metals in vegetables has been found in the edible parts of vegetables at some sites.  
• Heavy metal accumulation in edible crops accelerates the global food security concern.
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In t r o d u c t I o n

Vegetables contain several important and valuable 
components like vitamins and minerals, which are essential 

for the proper functioning of the human body (Hung et al., 
2004; Siegel et al., 2014; Kumar et al., 2023; Mishra et al., 2023). 
Due to the increasing problem of pollution, the pollutants, 
especially toxic heavy metals (HMs) reach the agroecosystems 
and contaminate the food chain, alleviating their nutritional 
aspects and escalating the risk of toxicity (Hou et al., 2020; 
Kumar et al., 2022; Chen et al., 2023; Menon et al., 2023; Shetty 
et al., 2025). Anthropogenic activities like dumping of solid 
waste into the agricultural soil, discharge of wastewater either 
directly to the soil or through irrigating water, presence of 
HMs in the fertilizers especially synthetic fertilizers, etc. are the 
major causes of the HM contamination of the agroecosystems 
(Ahirwal and Maiti, 2016; Kumar et al., 2019; Ngo et al.,  2024; 
Rahim et al., 2024; Sikakwe et al., 2024). The majority of HMs like 
cadmium (Cd), nickel (Ni), lead (Pb), etc. are well-known potential 
toxicants even at low doses (Branca et al., 2018; Harischandra et 
al., 2019; Balali-Mood et al., 2021; Mitra et al., 2022). Some of the 
HMs like iron (Fe), copper (Cu), cobalt (Co), etc. are considered 
micronutrients, however, their excess level may cause severe 
diseases in human beings (Prohaska 2000; Cai et al., 2005; Tanaka 
and  Kawahara 2017; Branca et al., 2018). A study conducted 
by Singh et al., (2018) found the level of Cu = 10.1, Fe = 13,179,  

Ni = 9.3 and Pb = 10.6 mg/Kg soil collected from control sites 
for their study of Ranchi. Agricultural crops are generally 
short-height plants and therefore have a great risk of getting 
contaminated with HM (Xiang et al., 2021; Chowdhury et 
al., 2024). Vegetables are considered staple food crops having 
high nutritious values. Several vegetable plant species have 
been reported to bear the potential to accumulate HMs along 
with some metalloids like arsenic (As) in their roots and transfer 
them into the aerial parts (Chandel et al., 2021; Gupta et al., 2022; 
Manwani et al., 2023). The periodical monitoring to check the 
level of HMs in the agricultural soil and water used for irrigation 
is of pivotal importance (Zhang et al., 2025). Further, time-to-time 
estimation of different HMs in the edible parts of vegetables 
must be carried out to minimize the risk of consumption of toxic 
metals via food sources.  
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Fig. 1: Seven study sites of Ranchi District, Jharkhand 

This study aimed to assess the physicochemical properties 
along with the contamination level of Subarnarekha River 
water collected from different sites passing through Ranchi 
City, Jharkhand, India. The agricultural soil of the Subarnarekha 
River basin was also characterized along with the analysis of the 
presence of HMs. Further, the accumulation of Cd, Pb, Ni, Cu, and 
Fe in six different vegetables viz coriander (Coriandrum sativum), 
cabbage (Brassica oleracea), beans (Phaseolus vulgaris), brinjal 
(Solanum melongena), chili (Capsicum annuum) and tomato 
(Solanum lycopersicum) grown over Subarnarekha river basin 
(passing through Ranchi City of Jharkhand from Piska Nagadi 
to Namkum) was assessed to determine the potential risk of 
consumption on human health. 

Me t h o d o lo g y

The site of the study was selected near the Basin of Subarnarekha 
River flowing in Ranchi city as shown in Fig. 1. 

Collection of soil, water and vegetable samples
The samples of river water, soil and vegetables were collected 
from seven different sites viz. Piska Nagri, Garha Toli, Tikara Toli, 
Hethu, Sembo, Kumba Toli, and Namkum region are located in 
the vicinity of the Subarnarekha River passing through Ranchi 
District of Jharkhand, India. Nine samples of water, soil, and 
vegetables separately were collected from three different 

locations of each study site shown on the map in the month 
of February 2023. The distance between the two subsamples 
collected was around 200 m. The total distance of the study 
(starting from Piska Nagadi to Namkum) was around 35 Km. The 
entire plant (including fruits) was uprooted and kept the plastic 
bags. The samples were brought to the laboratory followed 
by the separation of the roots, shoots and fruits after careful 
washing with tap water followed by a proper rinse with the 
help of distilled water.        

Physicochemical analysis of soil and water samples
The soil and water samples were collected from the studied 
sites randomly. Nine different samples of water and soil were 
collected from each site. Water temperature was measured on 
the study sites using a thermometer. pH and EC were measured 
using the electrode method, and total dissolved solids (TDS) of 
water were measured using a TDS meter. Temperature, pH, EC, 
and TDS of water were measured using the provided in APHA 
(2017). Further pH and EC of the soil were measured using the 
electrode method given by Jackson (1973). Soil organic carbon 
(SOC) was estimated using Walkley and Black (1934), available 
nitrogen by Subbiah, (1956), available phosphorous by (Olsen, 
1954), and available potassium by (Toth and Prince, 1949). The 
bulk density (BD) gram per cubic centimeters (cm) (g/cm3) of 
soil refers to the mass of dried soil per unit volume (V) of soil. It 
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means of expressing the amount of soil and its value depends 
partly on the amount of pore space or soil porosity. Porosity 
was measured using granulometric analysis Brogowski (1990). 

Estimation of metal content in soil, water and 
vegetables
The water samples were collected from the Subarnarekha River 
that was used to irrigate the vegetables cultivated in the nearby 
areas and samples of soil and vegetables were collected from 
the cultivating sites. The vegetable samples collected from the 
field of the river basin are as mentioned in Table 1. 

The estimation of metal content in water samples was 
performed using the wet digestion method. A 100 mL well-
mixed, acid-preserved water sample was transferred to a conical 
flask. A 10 mL mixture of HNO3  and HCl in a ratio of 3:1 was 
added to the flask and covered with watch glass. Samples were 
digested on a hot plate. The digested samples were allowed to 
become cool followed by adding 5 mL of H2O2. The samples 
were diluted with the help of 0.01 N HNO3 (Douglas et al., 2022). 
The concentration of heavy metals in the filtrate of water will be 
calculated by using the equation.

( )    
x ymgMetal concentrationin water V

L v
−  = × 

 

Where X = the reading (in ppm) of the test sample, Y = the 
readings (in ppm) for the blank, V = the final volume of the 
digested samples (ml) and volume of sample taken (ml).

For estimation of heavy metals in soil and vegetables, the 
samples were digested in 15 ml of HNO3, H2SO4, and HClO4 
(in a 5:1:1 ratio) at 80 °C till a clear/transparent solution was 
obtained Allen et al., (1986). The HM concentration in water, soil 
and plant parts was determined through an atomic adsorption 
spectrophotometer (AAS) (model-LABINDIA-AA8000).

re s u lts A n d dI s c u s s I o n

Physicochemical characteristics of water and soil
The physicochemical properties of water used for irrigation 
and agricultural soil are important to determine the ability 
of agroecosystems to support plant growth and produce a 
generous amount of yield. Any change in physicochemical 
parameters above or below the standard limits affects crop 
yield both quantitatively and qualitatively. Moreover, the 
physiochemical attributes of soil influence the mobility and 
bioavailability of heavy metals in plants. Therefore, monitoring 
these parameters routinely is crucial to managing food 

production and alleviating the risk of toxicity in humans. The 
physical parameters like temperature, pH, EC, and TDS in water 
samples of Subarnarekha River collected from seven different 
sites viz., Piska Nagari, Tikara Toli, Sembo, Garha Toli, Kumba 
Toli, Hethu, and Namkum were assessed. Similarly, the soil 
samples collected from the vicinity of the river from the same 
sites were also analyzed for physical parameters viz. EC, pH, 
porosity, SOC, and SOM. The soil temperature that directly 
affects plant growth is influenced by the temperature of water 
used for irrigation (Liu et al., 2021) and it has been reported that 
the temperature ranging between 15 to 25℃ is optimum for the 
root growth of most of crops (Falah et al., 2010). In the present 
study, the temperature of onsite river water was reported to 
range between 19.33℃ (Namkum and Tikara Toli) to 22.45℃ 
(Kumba Toli) (Table 2), which can be considered suitable for 
irrigation (Liu et al., 2021). Soil pH is the most influential physical 
parameter that determines the availability of nutrients to plants, 
biological and enzyme activity (Puissant et al., 2019), as well as 
mobilization and immobilization of heavy metals in soil (Lauchli 
and Grattan 2017; Dipti et al., 2023). For most of the crops, the 
range of soil pH 6 to 8 is considered ideal as it ensures optimal 
availability of nutrients to plants (Lauchli and Grattan, 2017). 
Low pH of soil supports the solubilization of metals, increasing 
bioavailability; however, higher pH reduces the process (Dipti 
et al., 2023). The water used for irrigation also influences the soil 
pH and therefore the pH of water used for irrigation must be 
monitored as per the soil pH characteristics (Poyen et al., 2018). 
In the study undertaken, the pH of river water and soil, both 
were analyzed and the pH of the water was found to range 
between 5.83 (Piska Nagari) to 7.43 (Namkum), i.e. moderately 
acidic to slightly alkaline, and that of soil samples was reported 
to vary from 6.43 (Tikara Toli) to 7.14 (Kumba Toli) (Table 3). The 
pH values of the soil obtained were almost similar to the pH 
values of agricultural soil (6.5–8.5) reported by Dipti et al., (2023). 
The data reveal that soil pH was optimum for plant cultivation. 
The electrical conductivity (EC) of water can be defined as 
the function of its chemical composition and the EC of soil 

Table 1: Sample of vegetables collected from different sites

S. No. Common name Scientific name Family

1. Coriander Coriandrum sativum Apiaceae

2. Cabbage Brassica oleracea Brassicaceae

3. Brinjal Solanum melongena Solanaceae

4. Tomato Solanum lycopersicum Solanaceae

5. Chilly Capsicum annuum Solanaceae

6. Beans Phaseolus vulgaris Fabaceae

Table 2: Physicochemical characteristics of Subarnarekha River water collected from different sites

Parameters Piska Nagari Tikara Toli Sembo Garha Toli Kumba Toli Hethu Namkum

Temperature 21.50 ± 0.71 19.33 ± 1.15 21.33 ± 0.58 20.25 ± 1.52 22.45 ± 1.43 20.05 ± 2.11 19.33 ± 0.87

pH 5.83 ± 0.29 6.33 ± 0.29 6.17 ± 0.29 6.90 ± 0.36 7.13 ± 0.31 6.83 ± 0.40 7.43 ± 0.25

EC (mho/cm) 197.333 ± 12.32 207.091 ± 43.21 304.925 ± 12.84 318.547 ± 23.87 336.672 ± 16.72 427.078 ± 9.53 485.138 ± 22.33

TDS (mg/L)) 119.092 ± 24.73 140.011 ± 28.83 159.836 ± 6.205 160.761 ± 11.91 171.600 ± 8.92 376.414 ± 19.83 409.115 ± 32.38

Data is the mean of 9 individual measurements ± SD.
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represents the total concentration of soluble salts (Corwin and 
Lesch, 2003). Evaluating the EC of water and soil is crucial as it 
helps in determining the salinity, which plays an important role 
in plant growth (Othaman et al., 2020). Soil salinity affects the 
availability of water and nutrients to plants, and is responsible 
for causing ion toxicity in plants (Corwin and Lesch, 2003). The 
EC of water and soil samples collected were reported to range 
from 197.33 (Piska Nagari) to 485.138 (Namkum) mho/cm and 
127.84 (Piska Nagari) to 141.61 (Hethu) mho/cm, respectively. 
The water used for irrigation having EC below 750 µS/cm does 
not show any harmful effects on crops (Zaman et al., 2018). 
Similarly, the soil with EC ranging between 0 to 2 dS/m or 0 to 
2000 µS/cm is non-saline (Zaib et al., 2022). Based on EC results 
obtained for water and soil samples collected, it was confirmed 
that the water and soil are safe for irrigation and crop production. 
In addition to pH and EC, organic matter is a crucial attribute 
of soil that influences the distribution, migration, as well as 
transformation of heavy metals (Dipti et al., 2023). Additionally, 
soil organic matter supports plant productivity, and SOC above 
2% is considered good for plant growth. However, in the present 
study, the percentage of organic matter in soil was below 2%. 
The mean values of soil organic carbon and soil organic matter 
in different sites soil samples were observed to vary from 
0.675 to 0.752 % and 1.163 to 1.296%, respectively. The organic 
matter of less than 2% in agricultural soil has been reported by 
other researchers as well. Dipti et al., (2023) reported 0.254 to 
0.758% organic carbon and 0.437 to 1.307% organic matter in 
agricultural soil. TDS was found highest in the water samples 
collected from the Namkum site (409.115) and it might be due to 
the discharge of waste and domestic water runoff. The porosity 
and bulk density of soil collected from Hethu was recorded to 
be the lowest (32.78% and 1.34 g/cm2, respectively), whereas, 
soil samples of Namkum and Piska Nagari showed the highest 
porosity (42.48%) and bulk density (1.46 g/cm2), respectively, 
among all soil samples. The analysis of soil for assessing available 
NPK content demonstrated that the Piska Nagari had the lowest 
N (173.74 ± 13.96 kg/ha) and P (25.96 ± 3.24 kg/ha) level whereas, 

the lowest K content (168.68 ± 5.09 kg/ha) seemed to be in Tikara 
Toli soil. The maximum available N, P, and K content was 232.39, 
33.43, and 187.90 kg/ha in soil samples of Kumba Toli, Namkum, 
and Kumba Toli, respectively.

The metal analysis of water and soil samples revealed the 
presence of heavy metals (Tables 4 and 5). The heavy metals viz. 
Cu, Cd, Ni, Fe, and Pb were estimated and found to vary from site 
to site however; a trend in occurrence of metal concentration was 
reported. In water samples, iron concentration was the highest 
among all studied metals, followed by copper, nickel, lead 
and cadmium. The range of metals in different water samples 
was found as: Cu (0.180–0.212 mg/L), Cd (Not detected-0.013 
mg/L), Ni (0.119–0.194 mg/L), Fe (1.442–1.909 mg/L), and Pb (Not 
detected-0.074 mg/L). The analysis revealed that the Piska Nagari 
had the lowest contamination level for all metals except Ni, while 
Namkum had the highest metal content values except for Pb. 
Piska Nagari is a rural area, which may be the reason for low metal 
contamination, while Namkum, which is an industrial site had a 
comparatively high metal load owing to industrial activities. As 
per the standard guidelines of irrigation water (Pescod, 1992), 
water samples collected from certain sites reported Cu (Sembo, 
Garha Toli, and Namkum) and Cd (Titara Toli, Sembo, Garha 
Toli, and Namkum) content to be near threshold level, whereas 
other metals viz., Ni, Fe, and Pb level were within the standard 
recommended level (Pescod, 1992). However, in a study, the 
concentration of Cd, Ni, Pb, Cr, and As in irrigation water was 
higher than the maximum allowable concentration in most of 
the samples investigated by Kumar et al., (2022). Analogous to 
water samples, in soil samples, iron content was the highest 
following Cu, Ni, Pb, and Cd. The Cd (0.570 mg/kg), Fe (502.667 
mg/kg), and Pb (3.313 mg/kg) content in soil samples collected 
from Piska Nagari had the lowest values whereas least Cu (16.340 
mg/kg) and Ni (6.880 mg/kg) content was reported from Tikara 
Toli soil samples. The maximum reported concentration of Cu 
(45.460 mg/kg), Cd (0.943 mg/kg), Pb (12.893 mg/kg), and Fe 
(714.333 mg/kg) were found in soil samples collected from 
Namkum and that of Ni (30.253 mg/kg) in soil from Kumba Toli. 

Table 3: Physicochemical characteristics of soil collected from different sites

Parameters Piska Nagari Tikara Toli Sembo Garha Toli Kumba Toli Hethu Namkum

pH 6.63 ± 0.11 6.43 ± 0.11 6.64 ± 0.26 6.60 ± 0.31 7.14 ± 0.26 6.84 ± 0.10 6.97 ± 0.13

EC (µS/cm) 127.840 ± 5.59 133.988 ± 8.46 131.640 ± 11.01 139.155 ± 13.02 138.383 ± 14.56 141.609 ± 11.63 133.684 ± 4.40

SOC (%) 0.696 ± 0.01 0.700 ± 0.03 0.752 ± 0.07 0.721 ± 0.03 0.722 ± 0.01 0.689 ± 0.04 0.675 ± 0.03

SOM (%) 1.199 ± 0.03 1.206 ± 0.05 1.296 ± 0.13 1.243 ± 0.04 1.244 ± 0.02 1.187 ± 0.07 1.163 ± 0.04

Porosity (%) 36.968 ± 1.38 37.979 ± 3.52 35.907 ± 0.56 37.560 ± 5.40 35.126 ± 2.51 32.783 ± 1.37 42.478 ± 4.38

Bulk Density 
(g/cm2) 1.462 ± 0.04 1.436 ± 0.04 1.441 ± 0.01 1.423 ± 0.07 1.419 ± 0.05 1.384 ± 0.01 1.432 ± 0.05

Available N 
(kg/ha) 173.744 ± 13.96 182.087 ± 15.50 187.300 ± 21.34 207.767 ± 23.51 232.391 ± 8.96 201.796 ± 21.29 232.344 ± 20.81

Available P 
(kg/ha) 25.959 ± 3.24 26.205 ± 0.81 26.194 ± 1.94 26.133 ± 2.51 29.226 ± 1.95 29.289 ± 3.32 33.434 ± 2.59

Available K 
(kg/ha) 178.142 ± 8.26 168.682 ± 5.09 175.786 ± 7.88 173.482 ± 9.63 187.897 ± 3.76 177.177 ± 7.09 183.850 ± 7.09

Data is the mean of 9 individual measurement ± SD. 
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The content of metals viz., Cu, Cd, Ni, and Pb in all soil samples 
collected was within the safe limit as per the Indian Standard 
(Awasthi, 2000). However, in some studies, high concentrations 
of heavy metals in agricultural soil have been reported. Sharma 
et al., (2009) found the maximum concentration of Cu, Zn, and 
Cd in soil samples to be 19.3, 133, and 2.3 mg/kg, respectively, 
which was higher than the background level (Cu-15 mg/kg, 
Zn-100 mg/kg and Cd-1.0 mg/kg). Similarly, Dipti et al., (2023) 
reported Cd and Fe content to be 2 and 72 times more than 
the permissible limit given by Indian Standard, respectively, in 
soil samples collected from Gaughat, Lucknow, India. Gupta 
et al., (2021) reported the level of Pb, Ni and Cd were found in 
14.62, 21.73 and 2.71 mg/Kg soil respectively in the soil collected 
from the agriculture field of Jhansi, India. Gupta et al., (2022) 
reported the level of Cd (2.02 mg/Kg soil) and Pb (19.09 mg/
Kg soil) in soil higher than the permissible limits set by USEPA 
(2002). Through the present study, data revealed that the metal 
contamination in river water and soil was within the safe limit 
and suitable for agricultural activities, however, Cu and Cd 
concentration in water samples from certain sites was near the 
maximum permissible limit, advocating the need for continuous 
monitoring of water quality to avoid the risk of agro-ecosystem 
pollution and reducing the incidence of metal concentration 
build up in both soil and crop plants on long-term exposure. 
Along with soil samples, river water samples were analyzed to 
assess the heavy metal content.

Heavy metals in vegetable samples
Six different leafy and fruit-bearing vegetables viz., coriander, 
cabbage, chili, tomato, brinjal, and beans were collected from 
study areas to evaluate the heavy metals content. The analysis 
presence of Cu, Fe, Ni, Pb and Cd in roots, shoots (fruit-bearing 
vegetables), and edible part of vegetable samples (above-
ground part of coriander and cabbage, and fruits of chili, beans, 
tomato, and brinjal) done and presented in Tables 6 to 12. The 
range of Cu, Fe, Ni, Pb, and Cd in roots and shoots (fruit-bearing 
plants) of test samples collected were reported as: 27.60 to 1.69 
and 18.71 to 2.02 mg/kg; 148.13 to 23.37 and 99.64 to 24.54 
mg/kg; 19.90-not detected (ND) mg/kg and 19.48-ND mg/kg; 
11.49-ND mg/kg and 7.5-ND mg/kg; 11.75 to 0.19 and 6.27-ND 
mg/kg, respectively. The level of metals studied in edible parts 
(including leafy, fruits or shoot parts) of vegetable samples were 
found in the range: Cu (ND-17.84 mg/kg), Fe (10.29–87.01 mg/
kg), Ni (ND-2.21 mg/kg), Pb (ND-0.92 mg/kg), and Cd (ND-0.39 
mg/kg). No trend in metal accumulation in vegetables was 
found, however, among the metals studied, Fe was present in 
the highest amount in samples from all sites. Similarly, Guadie 
et al., (2021) in their studied found that the bioaccumulation Fe 
in vegetable samples was maximum followed by Mn> Zn> Pb> 
Cu> Cd.  Metals like Cu, Ni and Fe are essential for plant growth, 
and Cu and Fe are required by the human body for proper 
functioning. Nevertheless, these metals are needed in minute 
quantities and their accumulation above threshold level may 

Table 4: Presence of Cu, Cd, Ni, Fe and Pb (mg/L) in the Subarnarekha River water collected from different sites 

Sites Cu Cd Ni Fe Pb

Piska Nagari 0.186 ± 0.011 ND 0.119 ± 0.021 1.442 ± 0.200 ND

Tikara Toli 0.180 ± 0.009 0.011 ± 0.001 0.122 ± 0.011 1.510 ± 0.215 0.038 ± 0.001

Sembo 0.203 ± 0.012 0.012 ± 0.001 0.153 ± 0.009 1.464 ± 0.154 0.054 ± 0.002

Garha Toli 0.184 ± 0.014 0.009 ± 0.001 0.128 ± 0.008 1.530 ± 0.074 0.064 ± 0.002

Kumba Toli 0.193 ± 0.020 0.009 ± 0.001 0.172 ± 0.012 1.697 ± 0.168 0.064 ± 0.003

Hethu 0.204 ± 0.012 0.011 ± 0.001 0.194 ± 0.020 1.620 ± 0.122 0.074 ± 0.003

Namkum 0.212 ± 0.026 0.013 ± 0.001 0.170 ± 0.022 1.909 ± 0.134 0.059 ± 0.004

IS* (2019) 0.20 0.01 0.20 5.0 5.0
*Indian Standards. Data is the mean of 9 individual measurements ± SD; ND=Not detected

Table 5: Presence of Cu, Cd, Ni, Fe and Pb (mg/kg) in the soil collected from different sites.

Sites Cu Cd Ni Fe Pb

Piska Nagari 26.653 ± 1.567 0.570 ± 0.092 8.873 ± 1.866 502.667 ± 38.156 3.313 ± 0.889

Tikara Toli 16.340 ± 4.061 0.873 ± 0.021 6.880 ± 0.758 544.633 ± 66.042 5.380 ± 0.901

Sembo 20.240 ± 0.450 0.730 ± 0.059 14.183 ± 2.873 566.600 ± 12.389 7.967 ± 1.790

Garha Toli 37.660 ± 4.503 0.724 ± 0.011 9.979 ± 2.109 629.833 ± 45.775 5.553 ± 0.439

Kumba Toli 38.353 ± 2.864 0.797 ± 0.084 30.253 ± 2.772 576.200 ± 43.585 12.360 ± 0.980

Hethu 36.360 ± 3.517 0.727 ± 0.042 23.613 ± 2.180 665.533 ± 66.911 10.527 ± 2.679

Namkum 45.460 ± 0.450 0.943 ± 0.013 27.730 ± 1.984 714.333 ± 48.858 12.893 ± 3.225

Awashthi (2000) 135-270 3-6 75-150 -- 250-500

Bowen (1966) 2–100 0.01–0.7 10–1000 -- 2–200

Data is the mean of 9 individual measurements ± SD
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induce toxicity. In the present study, the concentration of Cu, 
Ni, and Fe in edible parts of vegetables collected from seven 
different sites was below the permissible limit given by FAO/
WHO, and thus safe for human consumption (Figs 2-6). Other 
metals like Pb and Cd which are non-essential metals may 
cause health risks to humans, even in minute concentration 
(Figs 4-6). The levels of Pb and Cd in edible parts of vegetable 
samples collected were found to range 0.0 to 0.92 mg/kg and 
0.0 to 0.39 mg/kg, respectively. The mean concentration of Pb in 
vegetables was below the safe limit and the maximum allowable 
concentration (MAC) given by FAO/WHO (2001). The level of Cd 
was much lower than the reference value given by the Indian 
Standard, but certain samples reported Cd levels in edible parts 
higher than the value prescribed by FAO/WHO (2001). Pb and 
Cd are non-essential metals; hence their occurrence in food 

commodities is unsafe for consumers. Higher content of Pb and 
Cd in vegetables above the safe limit has been reported by other 
investigators in their studies. In particular, the study undertaken 
by Kumar et al., (2021) to evaluate the heavy metal content in 
vegetables sold in local markets of Lucknow, India reported 
Pb and Cd content to be higher than the maximum allowable 
concentration given by FAO/WHO in some of the samples. In 
a study done by Gupta et al., (2021) the level of heavy metals 
especially Pb and Cd were higher than the permissible limits 
in the Jhansi place of India. They reported the value of Cd 0.51 
and 0.86 mg/Kg in fenugreek and spinach, respectively and the 
values of Pb were 1.82 and 4.52 mg/Kg in fenugreek and spinach, 
respectively. These levels are much higher than the permissible 
limits given by allowable concentrations of heavy metals (mg/
kg) in vegetables according to Gebeyehu and Bayissa (2020). 

Fig. 2: Accumulation of Cu in edible parts of various vegetables at seven different sites of Ranchi District. The data is statistically analyzed to 
show the relations in accumulation of Cu in the edible parts of vegetables at different studied sites using least significant difference (LSD) by 
one-way ANOVA at p-value 0.000345. It is found that there is no similarity in the Cu accumulation in the edible parts of vegetables collected 

from different studied sites.

Fig. 3: Accumulation of Fe in edible parts of various vegetables at seven different sites of Ranchi District. The data is statistically analyzed to 
show the relations in accumulation of Fe in the edible parts of vegetables at different studied sites using least significant difference (LSD) by 
one-way ANOVA at p-value 0.000865. It is found that there is no similarity in the Fe accumulation in the edible parts of vegetables collected 

from different studied sites.
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Fig. 4: Accumulation of Ni in edible parts of various vegetables at seven different sites of Ranchi District. The data is statistically analyzed 
to show the relations in the Ni accumulation in the edible parts of vegetables at different studied sites where it is found that the value of 

F-calculated is higher than the values of F-critical indicating a similar pattern in Ni accumulation in the edible parts of vegetables at collected 
from different studied sites. 

Fig. 5: Accumulation of Pb in edible parts of various vegetables at seven different sites of Ranchi District. The data is statistically analyzed 
to show the relations in the Pb accumulation in the edible parts of vegetables at different studied sites where it is found that the value of 

F-calculated is higher than the values of F-critical indicating a similar pattern in Pb accumulation in the edible parts of vegetables at collected 
from different studied sites.

Fig. 6: Accumulation of Cd in edible parts of various vegetables at seven different sites of Ranchi District. The data is statistically analyzed 
to show the relations in the Cd accumulation in the edible parts of vegetables at different studied sites where it is found that the value of 

F-calculated is higher than the values of F-critical indicating a similar pattern in Cd accumulation in the edible parts of vegetables at collected 
from different studied sites.
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Analogously, the mean contamination level of Pb and Cd in 
shoots of leafy vegetables and roots analyzed by Shakya and 
Khwarunjoo (2013) was above the maximum permissible limit set 
by FAO/WHO for human consumption. Investigation undertaken 
by Chowdhury et al., (2024) to assess the heavy metals viz. Ni, 
Pb, Fe, Cd, and Cr content in vegetables collected from local 
market of Noakhali district, Bangladesh reported that the 
mean concentration of all metals was above the safe limit set 
by FAO/WHO, whereas Jalali and Meyari (2022) reported that 
the metals viz, Cu, Mn, Fe, Ni, and Zn were within the safe limit 
but in certain vegetable samples, Cd (coriander and basil) and 
Pb (parsley and basil) were exceeding maximum permissible 
limit. Gupta et al., (2022) reported the level of Cd (0.23 mg/Kg 
soil) and Pb (2.12 mg/Kg soil) in coriander which is higher than 
the permissible limits set by Gebeyehu and Bayissa (2020). The 
level of Ni, Cd, and Pb was found in higher concentrations in 
wheat and rice grains cultivated near the Sutlej River, India 
(Setia et al., 2021). The use of chemical fertilizers, contaminated 
water for irrigation, atmospheric deposition, and industrial 
activities in nearby areas could be the probable reasons for the 
contamination of vegetable samples with heavy metals (Kumar 
et al., 2021). The occurrence of metals in soil and irrigating water 
allows their continuous uptake by plants that in the long term 
can become a probable source of human health hazards (Kumar 
et al., 2021). Therefore, it is crucial to monitor and manage the 
contamination of heavy metals in agricultural ecosystems and 
food commodities.     

co n c lu s I o n 
The present study depicts that the water quality of the 
Subarnarekha is suitable for the cultivation of agricultural 
crops subject to periodical monitoring of the water quality. 
There is no significant HM contamination in the studied soils. 
The presence of HMs in the water may be due to the release of 
urban discharge, and agricultural runoff. The physicochemical 
characteristics analyzed for the soil are also good resembling 
the test parameters in previous studies. The level of Cu, Fe, 
and Ni in studied vegetables is below the permissible limits 
comparing them to the safety limits established by WHO/FAO. 
The findings of Cd and Pb are also below the permissible limits 
given by WHO/FAO (2001) however, in some places, the levels 
of Cd are found slightly higher which indicates that there are 
some possible sources of Cd in the soil. It can be recommended 
from this study that there is a need for regular monitoring of Cd 
levels in the Subarnarekha River water, the soil of this river basin 
and the vegetables cultivated in this region.  
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