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AbstractAbstractAbstractAbstract    
    
The urban agro-ecosystem in developing countries plays a major role in uplifting the socioeconomic 

status of their inhabitants by confronting the challenges of improving food security and eradicating hunger. 
Food security and safety has become a serious global concern owing to accumulation of phytotoxic metals and 
metalloids in different food commodities subjected to different contaminated irrigation sources. The current 
study was undertaken to assess the concentrations of heavy metals and metalloid in ridge gourd (Luffa cylindrica 
L.), its planting soil medium and irrigation water sources used for crop production to determine the health risk. 
The results showed that the mean concentrations of different metals and metalloids in ground water samples 
i.e. Ni (0.14 mg L-1), Fe (1.29 mg L-1), Cu (0.10 mg L-1), Pb (0.55 mg L-1), As (0.10 mg L-1), Cr (2.38 mg L-1) 
and Cd (0.05 mg L-1) were over the permissible limits. Soil samples irrigated with ground water showed that 
concentrations of Cd (23.67 mg kg-1), Cr (26.66 mg kg-1) and As (45.97 mg kg-1) were above the permissible 
limits. Similarly, vegetable samples irrigated with ground water had a higher level of Cd (0.33 mg kg-1) than 
their prescribed safe limits. The bio-concentration factor ranged from 0.00 to 8.21 for all irrigation sources. 
The target hazard quotients (THQ) for Zn, Fe, and Cr were higher than the threshold value when ridge gourd 
was consumed, indicating a health concern. Similarly, hazard index values were 5.05, 28, 27, and 1.01, from 
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groundwater, canal water, and sewage water, respectively. Target Cancer Risk (TCR) exposed Ni, Cr, Cd and 
As in canal water were sources of high cancer risk and Pb showed moderate cancer risk for the local community. 
These findings suggest that human intake of ridge gourd vegetable from the studied area may pose health 
hazards. Hence, frequent monitoring of different irrigation streams used in urban and semi-urban agriculture 
is strongly recommended to manage higher concentrations of phytotoxic metals and metalloids in crop produce 
and their associated health risks for humans.   

    
Keywords:Keywords:Keywords:Keywords: hazard index; irrigation sources; pollution load index; target cancer risk; vegetable 
 
 
IntroductionIntroductionIntroductionIntroduction    
 
The quality of living beings and their environment are at constant risk of deterioration due to heavy 

metals and metalloid contamination, which is becoming a major ecological concern (Tóth et al., 2016; Zia et 

al., 2023). Elemental abundances such as metals and metalloids are ubiquitous components of the naturally 
occurring materials of the earth's crust, yet they cannot be degraded or removed due to their stable and 
persistent characters (Hussain et al., 2017; Njagi et al., 2017; Ahmed et al., 2022). Heavy metals and metalloids 
pollute soil and also affects living beings around the globe (Nagajyoti et al., 2010; Srivastava et al., 2017). 
During mineral processing, some parts of these heavy metals and metalloids are left open which are transported 
to distant places through water and wind thus contaminating the earth's environment (Nagajyoti et al., 2010; 
Woldetsadik et al., 2017). Similarly, several anthropogenic and natural processes also augment the 
concentration of heavy metals in the environment (Dembitsky and Rezanka, 2003; Haque et al., 2021). 
Modern agricultural practices including the increased application of chemical fertilizers and pesticides have 
caused global agricultural pollution that is responsible for the deterioration of the ecosystem (Malik et al., 
2017). Moreover, agro-ecosystem are also prone to heavy metals contamination due to wastewater irrigation, 
industrial by-products, and application of organic waste manure and sewage sludge (Khan et al., 2013; 
Srivastava et al., 2016; Sharma et al., 2017; Adil et al., 2023).  

Heavy metals accumulated in soil are absorbed by plant root apoplast and later distributed to upper 
plant parts including fruit thus becoming an imminent threat to our food chain (Ahmad et al., 2019; Alsafran 
et al., 2021). Besides this, certain vegetables also uptake small amounts of heavy metals from atmospheric 
deposition (Prasad et al., 2021). Vegetable heavy metal contamination is a major concern that cannot be 
avoided because of their regular intake in human diets and their importance in food quality assurance (Gupta 
et al., 2019; Prasad et al., 2021). Vegetables contain a wide variety of bioactive chemicals that strengthens their 
nutritional status all around the globe (Begum et al., 2020). 

Urban regions in developing nations such as Pakistan have accumulated greater amounts of heavy metals 
in their soil and water because of fast industrialization and wastewater irrigation (Alam et al., 2018). Although, 
agricultural sustainability can be achieved with the use of recycled wastewater but even recycled wastewater 
contains certain amount of heavy metals, which are toxic to plants and soil (Zwolak et al., 2019). Petrochemical 
industries also contaminate soil and pose serious health concerns to humans and the environment due to their 
waste disposal in water bodies, multiple oil spill incidents, and chemical discharge into the environment (Sun 
et al., 2019). Additionally, gasoline also played a significant part in increasing the concentration of heavy metals 
in roadside soils (Kumar et al., 2019). Researchers have measured, documented, and reported significantly 
elevated levels of metals in vegetables grown near mining sites, solid waste dump sites, highways, and industrial 
sites as compared to those grown away from such sites (Zhou et al., 2016; Gupta et al., 2021). Therefore, the 
consumption of vegetables cultivated around such sites may pose serious health risks for humans (Anwar et al., 
2016).  
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Nowadays, public awareness regarding health risks associated with heavy metal contamination has 
gained much popularity. Prolonged intake of food items contaminated with heavy metals may cause nervous, 
bone, and cardiovascular abnormalities (Anwar et al., 2016). Moreover, the low body weight of newly born 
babies, premature births, and congenital disabilities are also associated with prolonged heavy metal exposure 
(Taylor et al., 2015). The minor concentration of certain elements such as Co, Cu, Ni, Mn, and Zn is essential 
for the normal functioning of the human body, however, they become lethal when reached higher limits 
(Simonsen et al., 2011; Wuana and Okieimen, 2011; Ihedioha et al., 2014; Mohammadi et al., 2018). 
Conversely, Pb, As, Cd, and Cr may cause carcinogenic effects even at low concentrations (Gupta et al., 2021). 

Vegetable crops hold immense significance due to their dual benefits of nutritional value and economic 
impact. From a nutritional standpoint, vegetables are powerhouses of essential vitamins, minerals, and dietary 
fiber, promoting overall health and well-being of humans (Risku-Norja and Mäenpää, 2007; Manzoor et al., 
2018). Additionally, their rich array of antioxidants helps protect the body against oxidative stress and chronic 
diseases (Huber et al., 2021). Moreover, the higher fiber content of vegetables aids in digestion and maintains 
a healthy gut. On the economic front, vegetable crops play a crucial role in the agricultural industry, providing 
income to farmers and supporting rural communities (Jaiswal et al., 2022). They are a significant commodity 
in international trade, contributing to global food security and fostering economic exchange among nations. 
Altogether, vegetable crops are not only essential for a balanced diet but also hold great economic value for 
sustainable development and growth (IFOAM, 2022). 

Ridge gourd (Luffa cylindrica L.) is a warm-season vegetable crop, and believed to have originated in 
India and the tropical regions of Asia. It's predominantly grown in countries like China, India, Turkey, Iran, 
and Southeast Asia. According to survey, ridge gourd was grown in the area of 2008 ha with 17301 tons of 
annual production in Pakistan (Anonymous, 2018-19). It is generally concentrated in the provinces of Sindh, 
Punjab, and Balochistan, where the climate and soil conditions are favorable for its growth (Naafe et al., 2022). 
Ridge gourd cultivation in Pakistan provides an essential source of income for farmers, and the vegetable is in 
demand in both local markets and urban centers. It is widely used in traditional Pakistani cuisine and holds 
cultural significance as a popular ingredient in various dishes (Asad et al., 2022). Farmers often employ 
traditional methods of cultivation, but modern techniques are also being adopted to improve its productivity. 
Depending upon the soil, varietal, and other climatic factors the average yield ranges between 70-90 
quintal/hectare (Bajkani et al., 2023).  

Previously, many studies had reported the accumulation level of different organic and inorganic 
pollutants in edible vegetable species (Islam and Hoque, 2014; Lü et al., 2014; Marzec et al., 2014). However, 
the qualitative analysis of water sources used in urban agriculture in Pakistan along with accumulation of 
phytotoxic pollutants in fresh crop produce and planting soil medium were largely unexplored. As a result, the 
current research was aimed at determining metal and metalloid concentrations (Zn, Se, Pb, Ni, Mo, Fe, Cu, Cr, 
Cd, and As) in ridge gourd (Luffa cylindrica L.), its planting soil medium and irrigation water sources 
(municipal wastewater, groundwater, and canal water) used for crop production. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Study area  

This research work was carried out in a semi-urban location of Kasur, Punjab, Pakistan during 2021-
2022. River Sutlej flows near the city and its geographical location is 31.1179° N, 74.4408° E. In recent 
observations, the average temperature has ranged between 25 °C to 40 °C, indicating warm to hot conditions. 
Humidity levels varied from 30% to 70%, reflecting fluctuating moisture in the air. Precipitation data indicates 
sporadic rainfall, with an average of 20-30 mm over the past month. Wind patterns have predominantly shown 
easterly to southeasterly directions, averaging 5-10 km/h. Atmospheric pressure has ranged around 1010 hPa 
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(hecto Pascals), suggesting relatively stable conditions. Three locations were selected for sampling: Bahadar 
Pura, Shamas Pura, and Kalio Khurd, which were irrigated with municipal wastewater, groundwater, and canal 
water, respectively. Each location hosted six replicates of soil, water, and vegetable samples (Figure 1). 

 

 
Figure 1. Figure 1. Figure 1. Figure 1. Location map of the study area 
 
Sample collection 

Ridge gourd fruit and soil samples were collected at various locations around the research region. Ridge 
gourd fruit samples were picked by hand while wearing gloves and placed in plastic bags. To eradicate soil 
contaminants, the plant samples were washed at least two times with pure distilled water before being placed 
in clean polythene bags. However, soil samples (Approximately 1.0 kg) from each locality were collected at 10-
20 cm depth using a steel crab (Tariq et al., 2021). Air-dried samples were homogenized, sieved (2 mm), and 
kept in polythene bags for subsequent analysis (Ryan et al., 1996). The same number of groundwater, canal, 
and waste water samples were taken from various locations around the studied area, including tube wells, canals, 
and waste water. Pre-cleaned plastic bottles were utilized to collect the water samples. All collected samples 
were labelled in the field according to their origins, location characteristics, and time of collection. Following 
the methods indicated by Estefan et al. (2013). Collected samples were kept under appropriate conditions 
(temperature ~ 15 °C) until they were brought to the research lab facility for detailed investigation.  
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Digestion of vegetable sample  

The ridge gourd fruit sample was chopped into small pieces using a knife and later dried in a heating 
oven (70-80 oC) for 24 hours to eradicate moisture. With a pestle and mortar, the dry samples were ground 
into powder. The samples were sieved and dried again in a desiccator. The dried ridge gourd fruit samples (1 g) 
were then subjected to a 1:2 combination of H2SO4 and H2O2 in a glass flask. The sample was digested until 
the solution became colourless. The final sample volume of 50 ml was prepared with distilled water and stored 
in pre-washed bottles.  

 

 Digestion of water sample  

After taking water samples to the laboratory, firstly it was filtered using (Whatman No. 42 filter paper) 
and later acidified to bring a pH level of 2 or less. The water sample at this stage was clear and ready for further 
analytical analysis. A 50 mL of water sample was taken in a beaker; subsequently, 10 mL of pure HNO3 was 
added. The beaker's contents were heated in a water bath until the final volume reached 40 ml. Whatman No. 
42 filter paper was used to filter the solution. Using a volumetric flask, the filtrate was diluted to 50 mL with 
distilled water. The same procedure was used to prepare all remaining samples. With the exception of the 
sample, a blank solution was made in the same manner. 

 

 Digestion of soil samples 

After pre-drying the soil samples, 1 g of sample was taken into the digestion tube with 10 ml of aqua 
regia (HNO3: HCl) which contain three parts concentrated hydrochloric acid and one part concentrated nitric 
acid. After cooling the digested samples, 10 mL of distilled water was added. Fine filters were used to filter the 
samples, and distilled water was added to get the total volume up to 50 ml.  

 

 Estimation of metals and metalloids   

The metal concentrations (Ni, Fe, Cu, Pb, Se, Zn, As, Cr, Cd, and Mo) were measured using a Perkin-
Elmer AAS-5000 atomic absorption spectrometer (Perkin-Elmer Corp., 1980). Nevertheless, Se was evaluated 
using a fluorometric technique in soil, water, and vegetable samples, and total As was assessed using a flow 
injection hydride generation AAS (Perkin Elmer Analyst 400) using arsenate as a standard (Olsen et al., 1954; 
Welz and Sperling, 1999). 

 

 Quality control analysis and assurance 

Merck-Germany analytical grade chemicals were utilized for metal analysis. Using a calibration curve, 
the atomic absorption spectroscopy (AAS) instrument was calibrated using a series of standard solutions from 
the elemental stock solution. The stock solution was made using double deionized water. The atomic 
absorption spectrometer employed for the quantification of Ni, Fe, Cu, Pb, Se, Zn, As, Cr, Cd, and Mo had a 
detection limit exceeding 0.01 parts per million (ppm). In contrast, the detection limit for arsenic, determined 
using flow injection hydride generation AAS, was greater than 0.1 parts per billion (ppb). However, it's 
important to note that the method detection limit for each individual metal and metalloid was established at 
0.001 ppm, highlighting the heightened sensitivity of the analytical method employed for this study. To avoid 
contamination, high-quality glassware (Merck-Germany) was used after washing with diluted HNO3. To 
improve the accuracy of the data, the analysis was performed three times for each sample using the usual 
reference approach. 

 

 Bioconcentration factor 

The bioconcentration factor (BCF) was calculated using the procedure reported by Cui et al. (2004). 
BCF= (Element concentration in vegetable sample)/(Element concentration in experimental soil). 
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 Pollution load index 

The pollution load index (PLI) was calculated by employing the techniques outlined by Liu et al. (2005) 
and is shown below. 

PLI= (Element concentration in experimental soil)/(Element concentration in reference soil)  
 

 Assessment of health risk index (HRI)  

The health risk index was calculated using the following formula: 
HRI =DIM/RfD 
The RfD here represents the reference oral dose and according to EPA, its values are 1.50, 0.005, 0.02, 

0.70, 0.0035, 0.30, 0.04, 0.001, 0.005, 0.0003 mg kg-1 day-1 for Cr, Se, Ni, Fe, Pb, Zn, Cu, Cd, Mo and As, 
respectively, as per the lists of United States Environmental Protection Agency (USEPA) and the Agency for 
Toxic Substances and Disease Registry (ATSDR) (US-EPA, 1992, 2000, ATSDR, 2004; US-EPA, 2005). 
DIM is a daily intake of metals (mg person-1 day-1) and it was determined by the formula given below; 

DIM = metal conc. × Cf × daily vegetable intake /average body weight 
where, Cf is conversion factor (0.085), daily vegetable intake, respectively. The respondents have an 

average 65 kg body weight, and were inquired about their daily food intake of vegetables was found 0.600 kg 
day-1 approximately (Chary et al., 2008; US-EPA, 2010). 

 

Target hazard quotient (THQ) 

The target hazard quotient (THQ) of each trace metal was calculated using the following protocols 
described by Zhuang et al. (2009). 

THQ = (EFr × ED × FI × MC)/(RfD × BW × AT)×10-3 
Here, EFr stands for exposure frequency (365 days/per year), ED is for exposure duration which is 

primarily the life expectancy of the local population (~66.5 years for Pakistan as reported by the World Health 
Organization), FI is for food ingestion rate (kg person-1day-1), MC is for metal concentration in mg kg-1, RfD 
is for reference dose, BW is body weight (~65 kg), and AT is for average exposure time (365 days year-1 × 
number of exposure years, assuming 66.5 years. THQ >1 is an indication that intake of a particular metal 
through a vegetable diet is of potential health risk (Chauhan and Chauhan, 2014; Zhou et al., 2016).  

 

Hazard index (HI)  

It is calculated by the given formula HI = ∑ THQ, where THQ = (daily intake of metals × conc. of 
metals in sample / RfD). If HI is greater than one, then there is a health significance resulting from exposure to 
a particular element.  

 

Cancer risk 

It is calculated by following the formula, 
CR =DIM/CPSo 
 where CPSo is the oral cancer slope factor. Some CPSo values of 1.50, 0.38, 0.50, 0.0085, 1.70 (mg kg-

1day-1) for As, Cd, Cr, Pb, and Ni respectively (Ashraf et al., 2021).  
 

Statistical analysis 

The descriptive statistics approach was used to process the data acquired in this study. All data 
processing and statistical calculations were performed with statistical software (Statistix, Version 10), and 
regression, correlation coefficients, and principal component analysis (PCA) were performed with XLSTAT 
software (Version 2021). The data was used to develop biplots created to compare the correlations among the 
observed data. 
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ResultsResultsResultsResults    
 
Metal and metalloids concentrations in water samples   

The results of the experiment showed that the mean concentration of Se (0.1 mgL-1), Pb (0.6 mgL-1), Ni 
(0.3 mgL-1), Fe (1.7 mgL-1), Cd (0.1 mgL-1), Cr (8.7 mgL-1) and As (0.2 mgL-1) were above the permissible limits 
in sewage water samples. However, the concentrations of Zn (1.5 mgL-1) and Mo (0.2 mgL-1) were within the 
safe limits. The results further showed that the mean concentration of Cr and Cd in sewage water samples were 
8.7 and 0.1 mgL-1 (Table 1). Similarly, in canal water the mean concentration of Se (0.1 mgL-1), Pb (0.3 mgL-1), 
Ni (0.3 mgL-1), Cu (0.1 mgL-1), As (0.1 mgL-1), Fe (1.6 mgL-1), and Cr (6.2 mgL-1) surpassed the permissible 
limits. However, the concentration of Zn (1.1 mgL-1) and Mo (0.1 mg/L-1) were within the prescribed limits. 
The results further revealed that the mean concentration of Cr and Cd in canal water samples was 6.6 and 0.05 
mgL-1 (Table 1). The mean concentration of various metals and metalloids in ground water samples was Pb, Fe, 
Cu, Ni, As, Cr and Cd were above the prescribed safe limits while Zn (0.8 mgL-1) and Mo (0.1 mgL-1) were 
within the range of safe limits. The results further showed that mean concentrations of Cr and Cd in ground 
water samples were 2.38 and 0.05 mgL-1 (Table 1). 

 
Table 1. Table 1. Table 1. Table 1. Metals and metalloids contents (mgL-1) in water samples of various irrigation sources (Mean ± 
SE)    

Metals Metals Metals Metals     Ground WaterGround WaterGround WaterGround Water    Canal WaterCanal WaterCanal WaterCanal Water    Sewage WaterSewage WaterSewage WaterSewage Water    Permissible limits *Permissible limits *Permissible limits *Permissible limits *    
Ni 0.1 ± 0.03 0.3 ± 0.00 0.3 ± 0.01 0.02 
Fe 1.3 ± 0.17 1.3 ± 0.02 1.6 ± 0.05 0.30  
Cu 0.10 ± 0.03 0.1 ± 0.00 0.1 ± 0.00 0.02 
Pb 0.6 ± 0.05 0.3 ± 0.02 0.6 ± 0.07 0.01 
Zn 0.7 ± 0.10 1.1 ± 0.02 1.4 ± 0.04 3.00 
Se 0.1 ± 0.01 0.1 ± 0.00 0.1 ± 0.02 0.02 
Mo 0.1 ± 0.00 0.1 ± 0.00 0.2 ± 0.00 40.0  
As 0.1 ± 0.01 0.1 ±0.00 0.2 ± 0.03 0.01 
Cr 2.4 ± 0.28 6.6± 0.06 8.7 ± 0.27 0.003 
Cd 0.1 ± 0.01 0.1 ± 0.00 0.1 ± 0.00 0.05 

(*US-EPA, 2000) 

 
Metal and metalloids concentration in soil samples     

The results of soil samples irrigated with sewage water showed that mean concentrations of Cr (67.6 
mg/kg), Cd (39.4 mg/kg), and As (60.7 mg/kg) were above the permissible limits while the concentrations of 
the rest of the metals and metalloids were within the prescribed safe limits (Table 2). The results further showed 
mean concentrations of Cd (30.5 mg/kg), Cr (52.4 mg/kg), and As (55.26 mg/kg) in soil samples irrigated with 
canal water were above the permissible limits. However, the concentrations of the rest of the metals and 
metalloids were within the prescribed safe limits in soil samples irrigated with canal water (Table 2). Similarly, 
soil samples irrigated with ground water showed that concentrations of Cd (23.7 mg/kg), Cr (26.7 mg/kg), 
and As (45.9 mg/kg) were above the permissible limits while concentrations of the rest of the metals and 
metalloids were below the safer limit (Table 2). 
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Table 2. Table 2. Table 2. Table 2. Metals and metalloids contents (mg/kg) in soil samples irrigated with various water sources (Mean 
± SE)    

Metals Metals Metals Metals     Ground WaterGround WaterGround WaterGround Water    Canal Water Canal Water Canal Water Canal Water     Sewage WaterSewage WaterSewage WaterSewage Water    Permissible limits*Permissible limits*Permissible limits*Permissible limits*    
Ni 7.2 ± 0.47 8.2 ± 0.09 11.6 ± 0.01 50 
Fe 52.7 ± 8.41 94.8± 0.09 101.4 ± 0.05 50000 
Cu 4.0 ± 0.53 6.3 ± 0.27 8.9 ± 0.00 100 
Pb 34.4 ± 1.31 44.2 ± 0.07  54.8 ± 0.07 100 
Zn 2.4 ± 0.43 4.6 ± 0.59 8.7 ± 0.04 300 
Se 2.0 ± 0.28 3.5 ± 0.06 5.8 ± 0.02 10 
Mo 5.6 ± 1.05 8.2 ± 0.06 10.7 ± 0.00 40 
As 45.9 ± 2.58 55.2 ± 0.61 60.7 ± 0.03 20 
Cr 26.6 ± 3.51 52.3 ± 2.03 67.6 ± 0.27 8 
Cd 23.6 ± 2.71 30.5 ± 0.23 39.4 ± 0.00 0.3 

(*WHO, 1996, US-EPA, 2002; EU, 2006) 

 
Metal and metalloids concentration in vegetable samples     

Vegetable samples irrigated with sewage water showed higher concentrations (mg/kg) of Zn (38.1), Pb 
(0.5), Ni (0.5), Cr (1.1) and Cd (0.7) were under the safe limits while concentrations of Fe (25.9), Cu (0.6) 
and As (0.08) were below the permissible limits. The results further revealed that the concentrations of Se and 
Mo in vegetable samples irrigated with sewage water were 0.1 and 0.2 mgkg-1 respectively (Table 3). The results 
showed that the concentrations of Zn (37.6 mgkg-1), Pb (0.4 mg/kg), Cr (0.9 mgkg-1) and Cd (0.5 mgkg-1) in 
vegetable samples irrigated with canal water were higher than allowable limits. However, the levels of Ni, Fe, 
Cu, and As in the same vegetable samples were below their permissible limits. The results further showed that 
the concentrations of Se and Mo in vegetable samples irrigated with canal water were 0.1 and 0.1 mgkg-1 
respectively (Table 3). Vegetable samples irrigated with groundwater had a higher level of Cd (0.3 mgkg-1) than 
their prescribed safe limits. However, the concentrations of the rest of the metals and metalloids in the ridge 
gourd were below their permissible limits. The results further showed that the concentrations of Mo in 
vegetable samples irrigated with canal water were 0.1 mgkg-1, respectively (Table 3).  

 
Table 3Table 3Table 3Table 3....    Metals and metalloids contents (mg/kg) in vegetable samples grown by various irrigation sources 
(Mean ± SE)    

Metals Metals Metals Metals     Ground WaterGround WaterGround WaterGround Water    Canal WaterCanal WaterCanal WaterCanal Water    Sewage WaterSewage WaterSewage WaterSewage Water    Permissible limits*Permissible limits*Permissible limits*Permissible limits*    
Ni 0.2 ± 0.04 0.4 ± 0.01 0.5 ± 0.00 67 
Fe 11. ± 0.26 24.2 ± 0.20 25.9 ± 0.12 425 
Cu 0.1 ± 0.03 0.4 ± 0.02 0.6 ± 0.05 73 
Pb 0.1 ± 0.04 0.4 ± 0.01 0.5 ± 0.02 0.30 
Zn 16.2 ± 0.72 37.6 ± 0.53 38.1 ± 0.11 100 
Se 0.1 ± 0.00 0.1 ± 0.00 0.1 ± 0.00 2 
Mo 0.1 ± 0.00 0.1 ± 0.00 0.16 ± 0.00 - 
As 0.1 ± 0.00 0.1 ± 0.00 0.08 ± 0.00 14 
Cr 0.6 ± 0.01 0.8 ± 0.04 1.02 ± 0.01 2.30 
Cd 0.3 ± 0.05 0.5 ± 0.04 0.72 ± 0.01 0.10 

(*EU, 2006; US-EPA, 2002; WHO, 1996; WHO/FAO permissible limits (Aderinola et al., 2012; Atta et al., 2023)  

 
Pollution load index and bioconcentration factor  

The results revealed that a maximum bioconcentration factor (4.40) for Zn and a pollution load index 
of Cd (76.4) for Cd were observed. However, Se, Fe, Pb, and As showed minimum bioconcentration factor 
while Fe and Zn depicted minimum pollution load index in wastewater samples. Furthermore, it was observed 
that the maximum pollution load index of Cd (98.4) was followed by Cr (6.5) and As (2.7) for canal water 
samples. However, Zn (8.2) had the maximum bioconcentration factor in canal water samples followed by Fe 
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(0.3). Similarly, the pollution load index of heavy metals and metalloids also varied within ground water 
samples. Cadmium (127.1) had the maximum pollution load index in ground water samples followed by Cr 
and As. However, Zn (6.8) had the maximum bioconcentration factor in ground water samples (Table 4). 

 
Table 4Table 4Table 4Table 4....    Bioconcentration factor and pollution load index in vegetable samples grown by various irrigation 
sources        

Metals Metals Metals Metals     
Bioconcentration FactorBioconcentration FactorBioconcentration FactorBioconcentration Factor    Pollution Load IndexPollution Load IndexPollution Load IndexPollution Load Index    

GWGWGWGW    CWCWCWCW    SWSWSWSW    GWGWGWGW    CWCWCWCW    SWSWSWSW    
Ni 3.0 x 10-2 5.0 x 10-2 4.0 x 10-2 2.3 x 10-1 1.6 x 10-1 1.4 x 10-1 
Fe 2.1 x 10-1 2.6 x 10-1 2.6 x 10-1 0 0 0 
Cu 6.0 x 10-2 6.0 x 10-2 6.0 x 10-2 9.0 x 10-2 6.0 x 10-2 4.0 x 10-2 
Pb 0 1.0 x 10-2 1.0 x 10-2 5.5 x 10-1 4.4 x 10-1 3.4 x 10-1 
Zn 6.8  8.2  4.4  3 x 10-2 2.0 x 10-2 1.0 x 10-2 
Se 1.0 x 10-2 2.0 x 10-2 1.0 x 10-2 5.8 x 10-1 3.5 x 10-1 2.0 x 10-1 
Mo 2.0 x 10-2 1.0 x 10-2 1.0 x 10-2 2.7 x 10-1 2.1 x 10-1 1.4 x 10-1 
As 0 0 0 3.0  2.7  2.3 
Cr 2.0 x 10-2 2.0 x 10-2 2.0 x 10-2 8.4 6.5 3.3 
Cd 1.0 x 10-2 2.0 x 10-2 2.0 x 10-2 127.0 98.4 76.3 

GW = Ground water; CW = Canal water; SW = Sewage water 

 
Health risk index 

The HRI values showed the level of risk arising from the intake of metals and metalloids in 
contaminated ridge gourd vegetable. The HRI values of metals-metalloid-polluted ridge gourd vegetable grown 
from different irrigation sources at experimental areas ranged from (0.0005 to 0.5639) for sewage water (0.0002 
to 1.2716) for canal water and (0.0004 to 0.3876) for ground water. This observation points to the fact that 
the health risk index value was low, as no value exceeded the canal irrigation sampling locations. The HRI value 
of Cd was above one where canal water irrigation was used; however, other metals and metalloids showed HRI 
values below one, which represents a relatively minor risk (Table 5). 

 
Table 5.Table 5.Table 5.Table 5. Health risk index of vegetable samples grown by various irrigation sources        

Metals Metals Metals Metals     
DIMDIMDIMDIM    HRIHRIHRIHRI    

GWGWGWGW    CWCWCWCW    SWSWSWSW    GWGWGWGW    CWCWCWCW    SWSWSWSW    
Ni 2 x 10-4 3 x 10-4 4 x 10-4 1 x 10-2 1.6 x 10-2 1.9 x 10-2 
Fe 8.7 x 10-3 1.9 x 10-2 2 x 10-2 1.3 x 10-2 6.5 x 10-1 2.9 x 10-2 
Cu 2 x 10-4 3 x 10-4 4 x 10-4 7.5 x 10-3 2.6 x 10-2 1.1 x 10-2 
Pb 1 x 10-4 4 x 10-4 4 x 10-4 3.9 x 10-2 2.6 x 10-3 1.2 x 10-1 
Zn 1.3 x 10-2 2.9 x 10-2 2 x 10-2 4.4 x 10-2 2.9 x 10-1 9.9 x 10-2 
Se 0 0 1 x 10-4 5.3 x 10-3 4 x 10-3 1.2 x 10-2 
Mo 1 x 10-4 1 x 10-4 1 x 10-4 2 x 10-2 3.3 x 10-3 2.5 x 10-2 
As 0 0 1 x 10-4 1.2 x 10-1 2 x 10-4 2 x 10-1 
Cr 5 x 10-4 7 x 10-4 8 x 10-4 4 x 10-4 1.3 5 x 10-4 
Cd 3 x 10-4 4 x 10-4 6 x 10-4 3.9 x 10-1 7 x 10-4 5.6 x 10-1 

DIM = Daily intake of metals; HRI = Health risk index; GW = Ground water; CW = Canal water; SW = Sewage water  

 
Target hazard quotients and hazard index 

The noncarcinogenic health risk is related to THQ, and its permissible limit value is ≤ 1, above that this 
value represents the associated health risks. Results obtained in this study revealed that the THQ values for the 
measured metals and metalloids polluted ridge gourd vegetable are below 1 in vegetable samples irrigated from 
various sources. However, the target health quotients of specific metals and metalloids showed values greater 
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than one Zn for canal and swage irrigation, and Fe and Cr for canal irrigation. From these values, we observed 
that the canal water is a major accumulator of metals and metalloid buildup in vegetable samples (Table 6). The 
HI represents the cumulative effect of toxic metals and metalloid ingestion from the consumption of 
contaminated foods, results of HI shown in Table 6 depicted that HI values are above the allowable limit (1) 
in vegetable samples grown from various irrigation sources. Maximum hazard index was noted from the canal 
water as compared to the rest of the irrigation sources. 

 
Table 6Table 6Table 6Table 6....    Target hazard quotients of vegetable samples grown by various irrigation sources        

Metals Metals Metals Metals     
THQTHQTHQTHQ    THQmTHQmTHQmTHQm    

GWGWGWGW    CWCWCWCW    SWSWSWSW    GWGWGWGW    CWCWCWCW    SWSWSWSW    
Ni 1.2 × 10-4 1.9 × 10-4 2.31 × 10-4 2.20 × 10-3 6.70 × 10-3 9.90 × 10-3 
Fe 1.5 × 10-4 7.7 × 10-3 3.41 × 10-4 1.45 × 10-1 1.61 × 101 7.53 × 10-1 
Cu 8.9 × 10-5 3.0 × 10-5 1.31 × 10-4 1.90 × 10-3 9.60 × 10-3 6.40 × 10-3 
Pb 4.6 × 10-5 3.1 × 10-5 1.35 × 10-3 5.00 × 10-3 1.00 × 10-3 5.91 × 10-2 
Zn 5.1 × 10-4 3.5 × 10-3 1.17 × 10-3 7.20 × 10-1 1.11 × 101 3.80 × 100 
Se 6.2 × 10-5 4.7 × 10-5 1.4 × 10-4 1.00 × 10-4 2.00 × 10-4 8.00 × 10-4 

Mo 2.4 × 10-4 3.9 × 10-5 2.9 × 10-4 1.80 × 10-3 3.00 × 10-4 4.00 × 10-3 
As 1.5 × 10-3 2.9 × 10-6 2.4 × 10-3 4.80 × 10-3 0.00 × 100 1.55 × 10-2 
Cr 4.5 × 10-6 1.5 × 10-2 6.3 × 10-6 2.00 × 10-4 1.09 × 100 5.00 × 10-4 
Cd 4.5 × 10-3 7.7 × 10-6 6.6 × 10-3 1.20 × 10-1 3.00 × 10-4 4.15 × 10-1 

Hazard Index (HI) 5.05 28.27 1.01 
THQ = Target hazard quotient; THQm = Target hazard quotient of specific metal; HI = Hazard index; GW = 
Ground water; CW = Canal water; SW = Sewage water  

 
Cancer risk  

In general, it is considered that when humans are exposed to potentially toxic elements, it may pose a 
significant negative impact on their health and that sustained exposure (oral, dermal, and inhalation) with a 
specific carcinogenic metal may cause cancer. The risk of having cancer rises with time. TCR represents the 
approximation of possible future cancers. Then, it also represents the potential for an individual to develop 
cancer-causing risks. If TCR values are in the range of 10 to 6, it represents a low cancer risk, if it is between 10 
and 5 and 10 to 4, then it is a moderate cancer risk, and if between 10 and 3 and from 10 to 1, then it points to 
high risks. TCR values for ground water samples As and Ni is at lower risks Cr and Cd are at moderate cancer 
risk while the Pb is at high risk. Similarly, Ni, Cr, Cd, and As in canal water are sources of high cancer risk and 
Pb showed moderate cancer risk for the local community. However, for the sewage water Ni and As are at low 
cancer risk while Cr and Cd are at moderate cancer risk and Pb was at the highest cancer risk for the people 
consuming this contaminated vegetable (Table 7).    
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Table 7. Table 7. Table 7. Table 7. Cancer risk of vegetable samples grown by various irrigation sources        

Metals Metals Metals Metals     
Cancer RiskCancer RiskCancer RiskCancer Risk    

GWGWGWGW    CWCWCWCW    SWSWSWSW    
Ni 1.2 × 10-4 1.4 2.3 × 10-4 
Fe - - - 
Cu - - - 
Pb 1.6 × 10-2 6.2 × 10-3 4.7 × 10-2 
Zn - - - 
Se - - - 
Mo - - - 
As 2.4 × 10-5 1.2 4 × 10-5 
Cr 1.1 × 10-3 4.2 × 10-1 1.6 × 10-3 
Cd 1.1 × 10-3 2.5 × 10-1 1.5 × 10-3 
TCR 1.8 × 10-2 3.3 5.1 × 10-2 

TCR = Target cancer risk; GW = Ground water; CW = Canal water; SW = Sewage water; - = data not available  

 
Multivariate analysis 

Cluster analysis was performed to investigate the relationships among the heavy metals and to discern 
patterns in their origins and associations. The results of the analysis revealed the presence of three primary 
clusters. Cluster I comprised Cadmium (Cd), Chromium (Cr), Lead (Pb), and Arsenic (As), indicating a 
common origin or a strong association among these heavy metals. Cluster II included Zinc (Zn), Selenium (Se), 
Copper (Cu), Nickel (Ni), and Molybdenum (Mo), suggesting a shared origin or a close relationship among 
these particular heavy metals. Cluster III exhibited a relationship primarily between Iron (Fe) and the other 
two clusters, implying a distinct connection or interaction between Iron and the heavy metals in Clusters I and 
II (Figure 2) 

These clusters provide valuable insights into the potential sources and associations of the heavy metals, 
with Cluster I (Cd-Cr-Pb-As) and Cluster II (Zn-Se-Cu-Ni-Mo) representing groups of heavy metals with 
common origins or strong associations, respectively. 

 

 
Figure 2.Figure 2.Figure 2.Figure 2. Dendrogram showing hierarchical clusters of measured sampling data 
 
Principal component analysis (PCA) was conducted to assess the distribution of heavy metals in soil, 

water, and ridge gourd vegetable samples. The analysis revealed the presence of two principal components, 
namely PC1 and PC2. PC1 accounted for a substantial 89.1% of the total variance, while PC2 contributed to 
9.7% of the variance. 

The results of this analysis indicated that, with the exception of Zinc (Zn), all the heavy metals exhibited 
elevated concentrations in the soil samples, thereby confirming their origin in the soil. Interestingly, a notably 
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higher concentration of Zinc (Zn) was observed in the vegetable samples, suggesting the bioaccumulation of 
this particular metal in the ridge gourd vegetable samples (Figure 3). 

 

 
Figure 3.Figure 3.Figure 3.Figure 3. Principal component analysis (PCA) plot showing the association among metals in water (waste, 
canal & ground water) and soil and vegetable samples 
 
Correlation analysis  

Pearson correlation coefficients were calculated to assess the relationships between the concentrations 
of various metals and metalloids in vegetable samples and samples collected from different irrigation sources 
(soil, water, and vegetable). From the figure, it is evident that there is a strong positive correlation between the 
water source and both soil and vegetable samples. 

However, when considering the metal and metalloid contents, it's worth noting that Ni, Fe, Cu, and Pb 
exhibited a negative correlation with Cd, Cr, As, Mo, and Se. In other words, as the concentrations of Ni, Fe, 
Cu, and Pb increased, the concentrations of Cd, Cr, As, Mo, and Se tended to decrease, and vice versa. This 
suggests an inverse relationship between these sets of elements in the analysed samples (Figure 4). 

 

 
Figure 4Figure 4Figure 4Figure 4. Correlation coefficient of measured sampling data 
GW= Ground water, CW= Canal water, and WW= Wastewater 
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DiscussionDiscussionDiscussionDiscussion    
 
The two pillars of an economy are industrialization and the agricultural industry. Nevertheless, these 

industries have played a significant role in the environmental contamination of a locality (Zaman et al., 2021; 
Javaid et al., 2022). Moreover, anthropogenic activities are the primary cause of the pollution of soil and 
groundwater (Hassan et al., 2021). The production of food crops on these contaminated soils with 
contaminated irrigation water resulted to the bioaccumulation of potentially toxic substances in plants, which 
increased significant health risks for people (Riaz et al., 2021; Mununga Katebe et al., 2023). Findings of the 
current study revealed similar results in which polluted irrigation sources resulted in higher bioaccumulation 
metals and metalloids in the ridge gourd fruit (Tables 1-3).   

It has been reported that irrigation with sewage and canal water leads to metal and metalloid buildup in 
soil and vegetable samples. Due to soil contamination, crops are ultimately becoming more and more polluted 
and unfit for human consumption (Miclean et al., 2018). These variations in the metal's accumulation could 
be attributed to different farming methods used in the research area and other environmental conditions (Cao 
et al., 2018). Similar results were observed in this study as well. Metals may accumulate in to vegetables when 
they are watered with wastewater, posing potential health risks to consumers. As wastewater is often 
contaminated with various metals and metalloids from industrial discharges, urban runoff, and other sources, 
these contaminants can find their way into the soil and subsequently be taken up by plants during irrigation 
(Riaz et al., 2021). While Cd levels were much over the acceptable range, heavy metal levels in soil were within 
the ranges that could be helpful for the correct operation of biological processes (Yu et al., 2022). Substantial 
concentrations of metalloids and heavy metals have been released into the soil environment, where they are 
absorbed by plant roots and bioaccumulate in samples of ridge gourd (Sweta and Singh, 2022; Tariq et al., 
2023). This buildup of metals and metalloids in the soil, water, and ridge gourd samples in the current study 
may be caused by dominant industrial land use (Proshad et al., 2019). Similar studies have found high quantities 
of heavy metals in crops produced in industrial zones (Chowdhury and Rasid, 2016). The concentrations of all 
metals and metalloids, as well as the elemental composition of flooded soils, were higher in this study than in 
the data published by Jaishree and Khan (2015). With the exception of a few commonly known harmful metals 
and metalloids such as As, Cd, Pb, Cr, and Cu, the concentrations of the bulk of the soil samples were within 
the World Health Organization and European Union authorized ranges (EU, 2006). Because the irrigation 
water distribution system is more controlled and managed, the improved irrigation water's quality was evident 
by decreased levels of metals and metalloids. 

Rapid industrialization and improper waste management are the primary causes of the accumulation of 
metals and metalloids in foods (Zaman et al., 2021). Metal and metalloid deposition in groundwater and the 
soil rhizosphere is caused by natural and man-made sources, and it affects agricultural yield (Mariyanto et al., 
2019). Metals and metalloids accumulate in the soil-plant continuum mostly because of human sources such 
as pesticides and fertilizer residues (Zhou et al., 2020), and usage of industrial and domestic wastewater 
(Gassama et al., 2015). Metals and metalloids in crop fields are mostly caused by human activity and reckless 
use of fertilizers which is the major source of metals build up in the soil. In industrialized regions, the 
concentrations of these potentially hazardous metals and metalloids are frequently higher compared to non-
industrialized areas. As a result, there is an accumulation of pollutants in soil and food samples (Luo et al., 2019; 
Tariq et al., 2023). Similar findings were also observed in the current study as the study site is an industrialized 
area and mostly the farmer use wastewater as a source of irrigation in this area.   

The accessibility of metals from the soil to the fruit was shown by the enrichment coefficient for metals 
and metalloids (Ugulu et al., 2019). The composition of the soil, the type of metal, and the type of plant all 
affect how much metal and metalloids accumulate in the ridge gourd fruit of the plant (Noor et al., 2023). The 
high transfer values for elements such as Cd, Zn, and Ni from soil to plant indicate that ridge gourd vegetable 
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have accumulated significant amounts of the respective metals. Due to an increase in metal content in soil, 
metal concentration in plants also increased (Elgarahy et al., 2021). Similar findings were also noticed in the 
current study. The daily intake of metals by humans determines how hazardous they are (Ugulu et al., 2022). 
The current study's observation of the Cd, Pb, and Cr enrichment coefficient from soil to vegetable was similar 
to that of (Kumar et al., 2022). The ability of a plant's transport system to transfer metals within the plant from 
the root to the shoot is indicated by a transfer coefficient greater than 1. 

Health risk analysis involves assessing the exposure levels of these metals through vegetable consumption 
and comparing them to established safety standards and guidelines. The concentration of metals in wastewater, 
soil, and ridge gourd vegetable, as well as consumption patterns, all play crucial roles in determining potential 
health risks (Hassan et al., 2021; Riaz et al., 2021). Heavy metals and metalloids (HMMs) have been reported 
to cause a wide range of adverse impacts on a significant part of the environment including human beings 
(Njuguna et al., 2019). Many studies indicate and highlight the serious impacts of HMMs on human health 
(Ahmad et al., 2019; Guo et al., 2022). Various HMMs such as Hg, As, Cr, Cd, and Pb have been found to be 
carcinogens at elevated levels (Machate, 2023). This study focused on health risks, particularly heavy metal-
induced cancer. Health hazard indices are developed to assess the risks to human health associated with eating 
food crops that have been contaminated with various kinds of heavy metals (Ashfaq et al., 2022). The measured 
elements such as Ni, Cr, Pb, As, and Cd had cancer risk values >1 in vegetable samples in this study, which may 
be attributed to a significant buildup to the bioaccumulation of these toxic metals in the edible items. 
Consumption of heavy metal-infected vegetables (particularly Ni, Pb, As, and Cd) proved more harmful to 
human health than intake of contaminated fruits (Shaheen et al., 2016). Heavy metal pollution, notably Pb 
and Mn, have been linked to Alzheimer's disease and Mg, was discovered in vegetables grown near a Pb-Zn 
mine (Mahfooz et al., 2020). It was revealed that combined Pb and Cd health hazards were seen rather than 
the impacts of either metal alone (Atamaleki et al., 2021). Monitoring and analysis are essential to identify areas 
where contamination is high, enabling authorities to implement appropriate measures to mitigate risks and 
safeguard public health (Bawwab et al., 2022; Singh et al., 2022). The presence and movement of heavy metals 
are dependent upon many soil factors such as organic carbon, pH, cation exchange capacity, mineral and clay 
concentrations, and oxidation-reduction. The process of speciation and solubility of heavy metals in soil are 
primarily affected by soil pH, which has the most negative effect among all soil factors. The solubility of heavy 
metals increases with a decrease in pH, leading to higher plant accumulation and absorption. This can pose 
possible health risks and the health of consumers (Mununga Katebe et al., 2023; Tariq et al., 2023).  

 
    
ConclusionsConclusionsConclusionsConclusions    
 
This study provided a detailed insight into the present scenario of ridge gourd contamination and 

human health risk estimations in the industrialized zone. This study indicated low levels of metals were found 
in ridge gourd samples irrigated by ground water. On the other hand, Pb, and Cd levels in ridge gourd samples 
irrigated with sewage water were higher than safe limits. Pb and Cd levels in ridge gourd samples irrigated with 
canal water were also higher than safe limits. Consumption of ridge gourd irrigated with wastewater may pose 
a health risk, according to the health risk criteria. It was found that ridge gourds grown in sewage water and 
canal water were the most dangerous, while ridge gourds grown in groundwater were the best for human health. 
Except for Cd other metals and metalloids showed hazard index values below one. The highest hazard index 
was noted from the canal water as compared to the rest of the irrigation sources. This study underlined the 
need of measuring the metal and metalloid levels from urban agricultural lands and their associated irrigation 
water sources and encouraged the achievement of different Sustainable Development Goals (SDGs) including 
"Zero hunger". The findings of this study might be utilized to develop new monitoring programs especially in 
urban areas and encourage individuals to take precautions i.e., promoting awareness among farmers and 
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consumers about safe irrigation practices, proper washing, and cooking methods to reduce contamination of 
different irrigation streams and the hazards of eating infected crop produce. 
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