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Abstract

:

In the opportunity to understand the benefits of Maltese soil and its importance to our climate, the content of heavy metals—including Co, Cr, Cu, Fe, Mn, Ni, Pb, Sr, and Zn—was studied in two fields in proximity in the south-east region of Malta. Analytical determinations were carried out using atomic absorption spectroscopy following heated aqua regia digestion on 50 collected samples using triple repeatability. The decreasing pattern of the concentrations obtained is Fe > Zn > Mn > Sr > Pb > Cu > Ni > Cr > Co. Correlations between pre-harvesting and post-harvesting concentrations were examined to assess lithogenic and anthropogenic relationships. Multivariate analysis including principal component analysis and factor analysis clarified the origin of heavy metals content reviewed. Some of the heavy metals studied showed a dominant relationship between concentration variation and their possible sources. Potential ecological risk assessment demonstrated that the fields reviewed are not contaminated by any of the heavy metals assessed except for Zn which posed a moderate/strong contamination but presented an overall low potential for ecological risk. Concentrations of heavy metals demonstrated no risk to human health and no carcinogenic risk through ingestion and dermal contact with the soil.
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1. Introduction


Maltese soils are a natural resource with agricultural, environmental, and cultural value which have undergone human influence over time and due to intensive land-use are experiencing erosion, loss of organic matter, structural deterioration and chemical contamination from excess nitrates and salinity [1]. Desertification is another issue identified within Malta’s ecosystem intensifying environmental problems resulting from changes in agricultural practices and increased urban development. Malta unfortunately ranks above the EU average for artificial land coverage with 23.6%, which correlates with a high percentage in population density [2]. The total cultivated area in Malta is around 10,000 hectares amounting to approximately 18.9% of the total land area [1]. An annual soil loss of 19.3% which equates to 10–25 tons per hectare per year indicates that Maltese north-western and Gozitan areas are at the risk of moderate to severe soil erosion [2]. This erosion is very typical of high inclination in arable land areas where poor management and conservation practices are used. The fragmentation of soil reduces its economic viability costing an average agricultural farmer in Malta € 1164.24 per 0.01 km2 per year to replace eroded soils and artificially maintain the soil quality in eroded zones [2]. Malta has registered 135 zones that are undergoing potentially polluting activities in the issued JRC report in the EU and has remediated one registered site. According to the RUSLE2015 model, Malta has an average soil loss rate of 6.02 tons per hectare per year, which is high compared to the EU average of 2.46 tons per hectare per year [2]. Such data depends on the conditions of each individual country and proves that soil degradation is of high importance because of its role in carbon cycling and climate change. The pH level for 56% of Maltese soil lies between 8 and 8.5; thus, soil in Malta has a slightly alkaline pH [3].



There are three main soil types in Malta: Terra Rossa soil, Xerorendzina soil, and Carbonate Raw soil [3]. These have been subdivided into subgroups according to the area of location. As reported by Lang in 1960 [3], the soil types found in the sampling zone are Terra Rossa, Xerorendzina, and the L-Iklin and Tad-Dawl complexes. Terra Rossa soil is a red clay-like soil resulting from both types of coralline limestone existing on the island. Its reddish color is derived from the high iron oxide content and has a calcium carbonate content of 2–15%. Xerorendzina soil ranges from a whitish to red soil with a calcium carbonate content of 58–80%. It is a constituent of Globigerina limestone which is made up of clay and lime [3]. Calcisol soil is characterized by calcium carbonate concentrations which are found as coatings on the soil structure faces. Such Calcisol horizons are present in the lower topsoil or subsoil horizons, are rich in lime and form in dry areas. If their dryness factor is adequately controlled through irrigation, drainage, and fertilization to prevent salinization, Calcisol soil is highly productive for crops [3].



A heavy metal is a dense metal with high atomic weight which is toxic at low concentration. Heavy metals are regarded as pollutants in soil because of their persistence and toxicity upon high concentration or unwanted presence. Since agricultural and industrial processes have changed over time due to modernization, several geo-chemical cycles, degradation processes, and ecosystem functions have been altered leading to significant concern over their polluting effects [4]. Trace elements accumulated in the soil are mainly due to industrial, mining, agricultural practices, and the disposal of waste from communal sources. Several trace elements have essential metabolic functions in living organisms, but some others influence the biological, chemical, and morphological traits in plants, animals and humans upon physical contact, inhalation, or ingestion [5].



Various ecological functions make soil an extremely complex matrix which provides a suitable environment for the development of living organisms, conditions water flow and biological activities, detoxifies and immobilizes organic and inorganic matter, regulates biotic diversity, and transforms potential harmful compounds [5]. Heavy metals are bound in the soil with their oxides or dissolved with aquo complexes, with inorganic complexes or with organic complexes and chelates [6]. Heavy metal dynamics in the soil and their uptake by plants is directly linked to the soil properties, altering their bioavailability. Nortcliff and Schulte-Bisping stated that the pollutant content of soil depends on the background values which represent its appropriate content [6]. Some of the chemical processes involved in the transformation of trace elements in soil include precipitation–dissolution, adsorption–desorption, and complexation. These processes control bioavailability and mobility of such elements to manage both deficiency and toxicity levels in agroecosystems. This allows the buffering of nutrients and pollutants to occur whereby the input of acids in the soil naturally through the absorption of nutrient ions by plants, and anthropogenically through fertilization and atmospheric absorption are balanced out by the corresponding salts maintaining a constant pH in a particular range [6]. The transformation function of soil occurring abiotically or biotically, provides a self-cleansing process from chemical compounds found in the pedosphere. Soils with good nutrient supply, good aeration, and water balance have an optimal microbial activity, and the degradation process of such elements is considerably high. This is essential for plants and microorganisms building up their cellular material, and thus is vital for plant growth [6,7]. The fractional concentration of pollutants entering the soil as soluble compounds depends on the ion affinity with reaction centers in the soil components and are in their metal oxide or in salt form. Their transformation depends on their solubility rate, metal salts being more mobile than their respective oxides, thus having an increased probability of causing an ecological danger [8]. Ghosh and Devi [9] have studied the effect of using inorganic fertilizer on crop yield and have reported that higher yield was attributed to the compost increasing organic carbon, which reduced the release of carbon dioxide from the soil as well as the water retention. This matched the work by Pomazkina and Semenova [10], which outlined that a change in the microbial activity could be observed with the transformation of carbon containing substances, tying in with concepts of mineral transformation processes discussed by Nortcliff and Schulte-Bisping [6] and Mulder and VanVeen [7]. Zhang et al. [11] reported that increasing nitrogen deposition in the soil, increased the amounts of pollutants following a parabolic diffusion relationship. This contrasts conclusions drawn by Ghosh and Devi [9], who documented that high yield is associated with the blending of inorganic fertilizer with compost lowering the total nitrogen content in the soil, thus reducing the need for nitrogen fertilizers, preventing nitrogen percolation and the release of nitrous oxide into the atmosphere. Several studies concluded that fertilizer addition should be appropriate to the needs of the cultivated plants to avoid excess of nutrients in the soil and their eventual release into the environment [6,9].



During crop cultivation, the concentration requirement of non-essential elements varies with the crop growth stage [12]. Mulder and Van Veen, O’Neill and Micó, et al., reported several chemical elements which are essential for the growth of a living organism, especially plants, hence linking sub-optimal growth to the deficiency of major and trace elements [4,7,12]. Some of the elements mentioned include chromium, manganese, iron, cobalt, nickel, copper, and zinc, all of which are trace elements—occurring in plants with less than 0.01% concentrations, but which are important for organism growth. Chemical processes involved in the transformation of trace elements in soil control bioavailability and mobility of such elements to manage both deficiency and toxicity levels in agroecosystems [13]. If these trace elements are in their insoluble state, or are dispersed in other minerals, their availability for uptake depends on the relative stability and mobility of the compound [12]. Sorption interaction with the solid phase may be masked if a significant release of metals into solution from the soil matrix at favorable conditions occurs [14]. This pH adjustment is achieved by shifting the soil pH to alkaline by adding organic matter to the soil, immobilizing heavy metals in their solid state, and thus reducing the leaching probability of heavy metals into the plants [15], altering also the humus content in the soil [10]. The mobility of heavy metal ions decreases slowly with time until equilibrium is achieved possibly after decades while their availability in the soil is highly linked to the origin of the soil and its history [16].



The aim of this study is to provide scientific insight on the chemical pollutants pertaining to Maltese soil through the characterization of heavy metals in two neighboring fields which are worked using traditional methods. The heavy metals characterized include Co, Cr, Cu, Fe, Mn, Ni, Pb, Sr, and Zn. Another study regarding the content of heavy metals on soils in the Maltese Islands carried out by Briffa (2020) has focused on general concentration values of several heavy metals in different locations around the island and only one location has been chosen close to the study areas chosen for this study; thus, comparison of the results obtained and adequate mapping of the contamination effects on the soil was limited. This research should provide knowledge regarding heavy metals concentrations typical of common agricultural practices on the island. Changes in heavy metals content in the soil is to be further analyzed in conjunction with different stages in crop cultivation. Further research and analysis of the concentrations acquired from 50 soil samples with triple repeatability collected from two different fields is to be undergone to assess whether the fields under review are polluted with heavy metals and are in a heavily degraded stage by using multivariate analysis. A classification of the pollution sources outlined in this study is to be done using principal component analysis on the dominant heavy metals being reviewed.




2. Materials and Methods


2.1. Location of Study Area


Two fields, Field A and Field B, located in the south-east region of Malta in proximity (about 500 m away from each other) as illustrated in Figure S1 were studied. Field A has an area equal to approximately 1058 m2 and is located on coordinates (35.827699, 14.508289), and Field B has an area of approximately 1248 m2 and is located on (35.828808, 14.509760).




2.2. Sampling and Pre-Treatment


Two groups of samples were collected—at the pre-harvesting stage where the soil has already been fertilized, ploughed, and the crops have just been planted and were possibly germinating in November 2020; and at the post-harvesting stage where the crops were fully grown and had just been picked in April 2021. A total of 9.4 mm of rainfall and a temperature of approximately 16 °C was recorded on the day of the pre-harvesting sample collection, while no precipitation and a temperature of approximately 19 °C was documented for the sample collection at the post-harvesting stage [17]. This gives concentrations of the heavy metals after fertilizer addition and before any possible uptake by the crops during the pre-harvesting sampling stage and proves if any differences occur once crops have been grown. Fertilization was done in August 2020 for both fields to allow ample time for the nutrients to dissolve in the soil before sampling. Field A was fertilized using approximately 1.134 kg/m2 of rabbit manure while Field B was fertilized using 0.100 kg/m2 organic fertilizer in pellet form. The same type of crops was grown in both fields, namely, potatoes, beans, onions, spinach, and cauliflower, and potable water used for irrigation was obtained from the same supplier. Such analysis would demonstrate the benefits or drawbacks of the presence of heavy metals in the soil upon product cultivation. Samples were taken from the top 20–25 cm range since upper soil horizons have a wider interaction with atmospheric environmental conditions including dust particles, fertilizers, and pesticides, using a hand shovel, and stored in sealed plastic bags. Fifty samples were collected from both fields for each sampling stage to account for any spatial variability from different zones in the fields. Stratified random sampling system was used, whereby the entire area was divided into smaller sections in a grid pattern, and random sampling was applied on some of the sections. Samples were not collected close to the roots of large trees, buildings, or piles of manure as the natural heavy metal content distribution in such locations is altered. Soil samples were oven-dried at 105 °C until constant mass was obtained [18].




2.3. Physical Analysis


Soil physical parameters were analyzed to describe soil texture, friability, structure, and type, as these influence the chemical composition of the soil effecting nutrients and pollutants mobility, and chemical and biological processes involved in soil functions. Each of the physical characteristics tests was carried out on 5 random samples from each field, which were then worked in triplicate to obtain an average value for each field. Physical parameters studied include bulk density, specific gravity, and moisture content. Bulk density is important for root penetration and soil permeability and varies inversely with pore space. Bulk densities for soil generally vary between 0.8 and 1.7 g/cm3 [18]. Bulk density was calculated upon drying 5 collected soil samples from each field to obtain an average representative value.



Specific gravity is directly related to the bulk density and is used to describe soil porosity indicating the amount of water saturation in the soil. Typical values of soil specific gravity lie in between 2.65 and 2.80 [19]. Specific gravity was calculated for 5 soil samples from each field.



Soil moisture content was determined on dried and sieved samples using a 2 mm mesh on 5 soil samples from each field. Water content analysis is important for highlighting any undesirable effects on plant roots and their growth as well as chemical and microbial activities taking place in the soil levels.




2.4. Chemical Analysis


All glassware for use during the chemical analysis process was washed with soap and water before soaking in an acid bath for at least 24 h before use to remove contaminants. The acid wash used was made from diluted aqua regia solution which consisted of 1 part concentrated nitric acid and 3 parts concentrated hydrochloric acid, mixed with 1 part water to reduce the generation of chlorine gas since the solution was to be stored over a short period of time [20]. The acid bath was made using the same grades of acids used for analysis. Some soil from each sample was crushed manually using a pestle and mortar and sieved using a 2 mm mesh size sieve, upon cooling. One gram of this sieved soil was taken; with a repeatability of 3. Thus, a total of 150 samples were then available for processing, each of which was adequately labelled for full traceability. Digestion was carried out using aqua regia solution made from nitric acid with 69.5% concentration RPE ACS-Reag.PH.EUR.-Reag. USP grade and hydrochloric acid with 37% concentration RPE ACS-Reag.PH.EUR.-Reag. USP grade in molar ratio of 1:3. 15 mL of aqua regia were added gradually in steps (1 mL, 1 mL, 1 mL, 2 mL, 10 mL) to control the reaction of the acid solution with the calcareous stones in the soil in order to reduce soil sample loss as much as possible. In between each addition of solution, each sample was slightly swirled to completely wet the sample, speed up the reaction and entirely dissolve the calcareous deposits for easier processing. Digestion was carried out, heating the samples with acid solution in heating blocks for 30 min at 50 °C and 2 h at 120 °C. Once cooled, each was filtered using vacuum filtration setup with a sintered ceramic membrane and a filter paper Grade 393 which retains 1–2 μm. The filtrate was transferred to a 50 mL plastic falcon tube, and each sample was reconstructed using 10 mL nitric acid.




2.5. Analysis of Heavy Metals Using Spectroscopy


Upon digestion to extract heavy metals from the soil samples collected, analysis using Atomic Absorption Spectroscopy (AAS) was used to give the concentrations of such metallic elements, based on the quantity of light being absorbed at a specific wavelength corresponding to the known characteristics of the element being tested. AAS gives readings with a high degree of accuracy, results generally fall in the range of 0.5–5% accuracy, and is a highly sensitive method of analysis [21]. The amount of light absorbed by the sample is proportional to the concentration of metal ion in solution. Since AAS is used to measure trace elements, contamination from equipment or storage of the sample can lead to severe sources of error. The sample must be conserved in terms of pH, and constituent elements. Since the material of the storage containers may absorb some of the analyte, perflouroalkoxy (PFA) polymers, or glass were used as storage materials to affect the analyte as least possible. To prevent analyte ions from adhering to the walls of the containers used, solution acidification with nitric acid was carried out. A continuous flame-type Atomic Absorption Spectrophotometer produced by Shimadzu Europa GmbH model AA-7000 was used. The lamp mode was set to BGC-D2 type for all elements tested except for Sr for which a Non-BGC lamp mode was used. Burner height was set at 7 mm for all elements tested except for Cr and Fe for which this parameter was set to 9 mm. For all elemental readings, burner lateral and burner angle were set at 0 pulse and 0 degrees. The Air-Acetylene flame was used, which supply flow rate was in the range of 1.6 L/min to 2.8 L/min, and the support gas was supplied with a flow rate of 15.0 L/min for all elements. Wavelength settings used were: 240.7 nm Co, 324.8 nm Cu, 357.9 nm Cr, 248.3 nm Fe, 279.5 nm Mn, 232.0 nm Ni, 283.3 nm Pb, 460.7 nm Sr, 213.9 nm Zn respectively. Slit widths were set at 0.2 nm for Co, Fe, Mn, and Ni respectively, and at 0.7 nm for Cu, Cr, Pb, Sr, and Zn respectively.



Upon sample analysis using AAS, absorbance values were obtained. To obtain concentration of analytes in the solution, standard calibration curves of absorbance against concentration were created with water. Percentage recovery values computed showed a substantial amount of matrix interference; thus, calibration curves were then set up using sample analyte solution to reduce the matrix effect to a minimum using standard addition calibration method. All analysis was carried out in triplicates, against a method blank.



A calibration check was carried out prior to each experiment and included every 6–10 samples. Apart from that precision was checked by preparing 6 standards of same concentration to check that the Percentage Relative Standard Deviation (% RSD) was always less than 2%.




2.6. Statistical Analysis


IBM SPSS Statistics 24 software was used to carry out correlation analysis, regression analysis and normality tests with a 95% confidence interval on the data obtained. JMP Trial 16 software was utilized to perform parametric tests, multivariate analysis, PCA, and FA. PCA was used to identify elemental dominance when variation of their respective concentrations was tested, and to distinguish possible elemental sources. In carrying out factor analysis, a rotating component matrix was used to separate the possible elemental combinations and two factors with accumulative variance contributions were chosen for analyses.




2.7. Health Risk Assessment


Exposure to heavy metals and other chemicals present in the environment such as arsenic, cadmium, chromium, cobalt, copper, lead, mercury, molybdenum, selenium, nickel, and zinc [22] may pose risks to human health through inhalation, dermal contact, and ingestion. Impacts of the content of various heavy metals in soil samples are assessed by calculating the average daily doses (ADD) by ingestion and by dermal contact as shown in the below equations.


    ADD   ingestion   =    C s  ×   IR   ingest   × EF × ED × CF   BW × AT    



(1)






    ADD   dermal   =    C s  × SA × AF × ABS × EF × ED × CF   BW × AT    



(2)




where Cs is the average heavy metal concentration in the sample; IRingest is the ingestion rate of heavy metals; EF is the frequency of exposure; ED is the duration of exposure; BW is the average body weight for adults; AT is the averaging time for carcinogens and non-carcinogens; CF is a unity conversion factor; SA is the estimated average exposed skin area; AF is the adherence factor; and ABS is the dermal absorption fraction [22]. Typical values used to compute ADDingestion and ADDdermal are included in Table 1.



The Hazard Quotient (HQ) shows the tendency of non-carcinogenic toxicity which may come about from a long-time exposure of humans to a non-carcinogenic heavy metal. The HQ and the Hazard Index, HI, for all metallic elements in the soil samples analyzed are calculated using:


  HQ =   ADD   RFD    



(3)






  HI =   ∑   i = 0  n    HQ  i   



(4)




where RFD is the reference dose for each heavy metal that an individual is exposed to per day either by ingestion or dermal contact throughout his entire life without any harm; HI is the overall toxic risk and n is the total number of metals under consideration as stated in the United States Environmental Protection Agency IRIS (USEPA IRIS) (2011), and referenced by Agoro, et al. (2020), Anyanwu and Nwachukwu (2010), and Liang, et al. (2017) [22,24,25,26] shown in Table 2. If HQ > 1, it represents adverse non-carcinogenic effects and if HQ < 1, it shows an acceptable level of these concentrations without any concerns. If the Hazard Index, HI < 1, the non-carcinogenic adverse effects are assumed to be negligible [24,25].



Cancer risk (CR) is the incremental risk of a person having cancer over a lifetime by means of exposure to carcinogenic substance (like heavy metals) because of the exposure of twenty-four hours per day for almost a full year for a lifetime i.e., seventy years [27]. The following equation is used to calculate this incremental probability:


  CR = ADD × SF  



(5)






  RI =   ∑   i = 0  n    CR  i   



(6)




where SF is the slope factor (mg/kg/day) defined as an incremental rate of cancer development originating from a lifetime exposure to contaminants and is represented by the upper bound estimate approximating 95% confidence limit of the increased cancer risk [28]. SF values for ingestion are outlined in Table 2, based on USEPA IRIS (2011) standards [25]. RI is the cancer risk index including the summation of individual cancer risk attributing to each metallic element in the soil sample analyzed [27].




2.8. Potential Ecological Risk Assessment


To assess the pollution level of an environment, the identification between anthropogenic activities and the natural level of a given substance is important. Soil pollution assessment with heavy metals is possible using pollution indices to determine the provenance of such trace elements accumulated in the soil and calculating the respective ecological risk. The geo-accumulation index gives a direct evaluation of the extent of heavy metal accumulation in the soil. Such values are important to quantify the degree of anthropogenically or lithogenically accumulated contaminants in the studied areas. The Müller relationship is used to calculate the geo-accumulation index [29]. Different background concentration values for different world sediments are outlined in the reference document issued by Turekian and Wedepohl [30].


   I  geo   =   log  2       C n    1.5 ×      B   n       



(7)




where Cn is the metal concentration in the sample for each metal from this study, and Bn is the background level for individual metals, taken as 0.1 ppm, 11 ppm, 4 ppm, 1100 ppm, 20 ppm, 9 ppm, 20 ppm for Co, Cr, Cu, Mn, Ni, Pb, and Zn, respectively [30]. Seven classes of the geo-accumulation index are listed in Table 3.



The Contamination Factor (CF) represents the relationship between the concentration of the metal being tested and its corresponding background level. The Potential Ecological Risk Index is used to assess the degree of metal pollution in sediments according to the toxicity of metals and the response of the environment. It is calculated using the equation:


  CF =    C  metal      C  background      



(8)






   E i  =  T i    CF  i   



(9)






  PERI =   ∑   i = 0  n   E i   



(10)




where, Ei is the monomial potential ecological risk factor; Ti is the toxic response factor for a given substance; typical values include Co = 5, Cr = 2, Cu = 5, Pb = 5, Mn = 1, Ni = 5, Zn = 1 [29,31,32], and CFi is the contamination factor for each metal under study.



Table 4 describes the classification of resulting values for the risk index to better understand the overall effect of environmental contamination by the respective heavy metals.





3. Results and Discussion


3.1. Physical Analysis


Physical studies of bulk density and specific gravity on the soil tested indicated a high organic content owing to the soil natural nutrients, high porosity, and a crumbly texture, proving it healthy and abundant in microorganisms making it suitable for crop cultivation. This ties in with the alkalinity level found in literature for soil in Malta [3,15]. Results of the water content from both fields differed with changes in the weather conditions, since samples collected at the pre-harvesting stage were taken during the precipitation season and the post-harvesting stage were taken during summer. An average water content difference of 48.5% was recorded; hence, the solubility of soil minerals [7,11] could affect the bioavailability of the heavy metals concentrations reviewed.




3.2. Chemical Analysis


3.2.1. Descriptive Statistics


The concentrations of the heavy metals studied listed in decreasing order are Fe > Zn > Mn > Sr > Pb > Cu > Ni > Cr > Co as shown in the descriptive statistics for the pre- and post-harvesting results in Table 5. The concentration results obtained indicate primarily that the fields under study are not polluted by heavy metals since none of the concentrations quantified exceed reference limits set by legislation as documented in Table 6.



With reference to Table 6, micronutrients Fe, Zn, and Mn presented higher concentrations in agricultural soil while Cr and Co had the lowest values, which results match findings from Spain and Iraq reported by Micó, et al., (2006) and Salah, et al., (2015) [4,33] respectively. Upon comparison of means for each element reviewed during the post-harvesting stage, it is observed that all concentrations have decreased considerably, except for Sr content which has slightly increased. This reduction in concentration may be attributed to several physical environmental changes such as the weather, water content variation due to differences in seasons, pH levels in the soil and crop uptake of the heavy metals analyzed which varies according to the macronutrient content and the time of crop harvesting [11,15,39].



The average heavy metals concentrations for all samples collected over both sampling stages do not exceed the reference values for Malta outlined in the 86/278/EEC Directive for agricultural soils except for Zn content which average exceeds the limit values marginally. Another study carried out by Briffa (2020) about agricultural soil in Malta used Dutch and Finland reference values for concentration limits [37]. The concentration results obtained in this study are within these limit values except for Zn content. Compared to other studies carried out in the Mediterranean region shown in Table 6, Zn content was higher but still within the legislation range outlined. The closest documented results (with an exception to Zn) are the ones reported by Nunes, et al., (2014), which focused on soil from the Caia area in Portugal and Spain [35]. Further statistical analysis shall confirm whether the fields in this study are in fact polluted with high Zn content and aid in outlining possible Zn sources to remediate and reduce such contamination. The only study that determined Sr content is by Khatita, et al., (2020) but the values documented by this work are by far higher than found in this study [36]. No limit reference values were found for Sr content in agricultural soil.



The distributions at the pre-harvesting stage of Co and Ni are symmetrical since the skewness coefficient is close to zero. The other distributions are asymmetrical since a discrepancy between the mean and median values could be observed, and high values for the skewness coefficients resulted. From the post-harvesting stage analysis, the distributions of Sr and to a certain extent of Zn for Field A resulted symmetrical proving homogenous distributions. Cr is the only elemental distribution that is symmetrical and thus homogenous over Field B in both sampling stages. Non-point sources could be attributed to the origin of these homogenous distributions, such as air pollution effects from vehicle, aircraft emissions, industrial emissions, and urban dust. Serelis, et al., (2010) suggested that Co and Ni are derived from the parent material since their highest concentrations were recorded at a lower sampling depth (<25 cm) and both metals are usually rich in soil with high organic matter [34]. The other distributions for Fe, Zn, Mn, Sr, Pb, Cu, and Cr could be linked to the dumping of waste or inorganic material, falling hunting shots, and the use of paint and oil on site.



Upon analyzing the pre-harvesting and post-harvesting samples with the Kolmogorov–Smirnov tests, Cr is the only normal distribution in all the data with p = 0.143. This result could originate from the fact that Cr is found in an insoluble fraction of soil which makes up structural silicate minerals that are inert [16]. This links to the homogeneity of the Cr distribution across both fields reported in the descriptive statistics and matches similar results documented by Orrono and Lavado (2009) [16]. Sr content is marginally significant with p = 0.031 < 0.05.



Various hypotheses were analyzed using the Mann–Whitney U-test to check whether elemental concentrations had the same distributions across both fields at the pre-harvesting stage and the post-harvesting stage, or the same across Field A and Field B distinctively at the pre-harvesting and post-harvesting stages combined.



As shown in Table 7, the null hypothesis stating that the elemental distributions were the same across both fields was retained for Ni and Zn at the pre-harvesting stage (Mean Rank = 5.96, N = 50, U = 245, z = −1.089, p = 0.276 for Ni and Mean Rank = 24.97, N = 50, U = 364, z = 1.267, p = 0.205 for Zn) and for Fe and Zn at the post harvesting stage (Mean Rank = 25.59, N = 50, U = 289, z = −0.218, p = 0.828 for Fe and Mean Rank = 24.685, N = 50, U = 398, z = 1.941, p = 0.052 for Zn). It can be observed that Zn content is the same across Field A and Field B both at pre-harvesting and post-harvesting stages; thus, crop growth has not altered the widespread distribution of this element in the existing soil even though its concentration has decreased. Sr content has remained unchanged upon crop growth over Field A but has shown a slight increase in content between the pre-harvesting stage and post-harvesting stage. This could be affected by Sr solubility since this element tends to be highly mobile in the soil profile, depending on the physicochemical and mineralogical characteristics of the soil. Dubchak (2018) documented that an increase in Sr content is directly linked to an increase in exchangeable calcium content, an increase in soil acidity and an increase in organic matter content [40]. Dubchak (2018) stated that only a small fraction is taken up by crops from the soil to supply the physiochemical and physiological needs of the plant for adequate growth, which mostly affects root crops and legumes [40].




3.2.2. Correlation Analysis


A combined correlation analysis of the results obtained for the pre-harvesting and post-harvesting concentrations proved very strong linear relationships with r > 0.7 among most elements, hinting towards a common source for these naturally occurring elements as shown in Figure 1. Thus, upon the reduction of concentrations of elements in the soil, correlations among elements increased. This matches studies by Salah, et al. (2015) showing moderate correlations among Cu, Co, Pb, and Zn [33], and those published by Micó, et al. (2006) and Khatita, et al. (2020) [4,36].



Weak negative relations between each of the elements with Sr are observed consolidating the outcomes of the individual analysis carried out on the each of the sampling stages whereby, relations with Sr were also negatively represented. This proves that the behavior of Sr is different to that of the other elements, coinciding also with the results obtained from the Mann–Whitney U-test showing that Sr content remained the same or increased slightly across seasons in each of the fields. Weaker but positive relationships with Pb are also observed for all elements, the weakest being between Cr and Pb, with r = 0.19 from the multivariate correlations having a 95% confidence interval. This contrasts the results of the study by Stofejova’, et al. (2021) for which the correlation between Cr and Pb was a slightly weak negative relation with r = −0.343 [41]. These interactions have been reported using the multivariate correlations and match the results obtained using the Spearman’s Rho correlations analysis.




3.2.3. Multivariate Statistical Analysis


Chemometric studies showed an interdependency of the elemental concentrations in the soil matrix and their possible sources. The concentration outcomes were combined for PCA analysis to review the effect of varying concentration on the element dominance in the soil matrix. PCA was then conducted for the sets of results individually to analyze differences in loadings to obtain the elemental sources.



An eigenvalue of 380.277 with 98.322% and a cumulative percentage of 98.322% for PC1, while an eigenvalue of 6.488 with 1.678% and a cumulative percentage of 100.000% for PC2 for the combined analysis of pre-harvesting stage and post-harvesting stage were obtained. A variance of 5.911 and 1.017, a percentage variance of 65.678% and 11.296% and a cumulative percentage of 65.678% and 76.974% for Factor 1 and Factor 2, respectively, for the combined pre-harvesting and post-harvesting analysis of results was obtained as tabulated in Table 8a.



An eigenvalue of 22.707 with 65.859% and a cumulative percentage of 65.859% for PC1, while an eigenvalue of 11.7711 with 34.14% and a cumulative percentage of 100.000% for PC2 at pre-harvesting stage were obtained. A variance of 3.287 and 1.817, a percentage variance of 36.520% and 20.192% and a cumulative percentage of 36.520% and 56.712% for Factor 1 and Factor 2 respectively for the pre-harvesting results analysis shown in Table 8b.



An eigenvalue of 3.27 × 108 with 100.000% and a cumulative percentage of 100.000% for PC1, while an eigenvalue of 5.518 with 0.000% and a cumulative percentage of 100.000% for PC2 at post-harvesting stage were obtained. A variance of 2.499 and 2.174, a percentage variance of 27.763% and 24.160% and a cumulative percentage of 27.763% and 51.924% for Factor 1 and Factor 2 respectively for the post-harvesting results analysis Table 8c.
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Table 8. PCA initial loading matrix and rotated factor loadings matrix 2.
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(a) Pre- & Post-Harvesting Stages

	
(b) Pre-Harvesting Stage

	
(c) Post-Harvesting Stage




	
PC1a

	
PC2a

	
F1a

	
F2a

	
PC1b

	
PC2b

	
F1b

	
F2b

	
PC1c

	
PC2c

	
F1c

	
F2c






	
Co

	
0.952

	
0.124

	
0.967

	
0.100

	
0.443

	
0.824

	
0.241

	
0.835

	
0.822

	
−0.343

	
0.709

	
0.410




	
Cr

	
0.919

	
0.134

	
0.861

	
0.329

	
0.709

	
0.114

	
0.530

	
0.214

	
0.843

	
0.111

	
0.663

	
0.448




	
Cu

	
0.893

	
−0.125

	
0.807

	
0.271

	
0.854

	
−0.159

	
0.896

	
0.030

	
0.712

	
0.284

	
0.212

	
0.777




	
Fe

	
0.893

	
−0.207

	
0.735

	
0.592

	
0.810

	
−0.117

	
0.669

	
0.037

	
0.229

	
−0.637

	
0.199

	
0.072




	
Mn

	
0.970

	
0.111

	
0.958

	
0.216

	
0.864

	
0.170

	
0.857

	
0.309

	
0.828

	
0.172

	
0.310

	
0.951




	
Ni

	
0.985

	
0.121

	
0.961

	
0.265

	
0.060

	
0.951

	
−0.150

	
0.964

	
0.864

	
−0.158

	
0.818

	
0.359




	
Pb

	
0.954

	
0.219

	
0.995

	
0.053

	
0.529

	
−0.373

	
0.468

	
−0.172

	
0.272

	
0.558

	
0.205

	
0.031




	
Sr

	
0.618

	
−0.281

	
0.458

	
0.394

	
−0.716

	
0.297

	
−0.648

	
0.096

	
−0.684

	
0.351

	
−0.812

	
−0.066




	
Zn

	
−0.223

	
0.932

	
−0.022

	
−0.446

	
0.458

	
−0.019

	
0.550

	
0.094

	
0.407

	
0.527

	
0.078

	
0.399








2 PC1a, PC1b, PC1c—Principal Component 1 for the three results configurations; PC2a, PC2b, PC2c—Principal Component 2 for the three results configurations; F1a, F1b, F1c—Factor 1 for the three results configurations; F2a, F2b, F2c—Factor 2 for the three results configurations.











PC1 in Table 8a indicates the dominant element concentrations. Large loadings for Cr, Cu, Mn, and Sr prove that concentration effects are strong. PC1 in Table 8b,c can be interpreted as the indicator of anthropogenic sources for these elements, while PC2 suggests a lithogenic origin of the elements with high loadings.



It can be observed that the concentration of the elements has affected considerably the classification of the elements with their respective possible sources. Fertilizer addition and surrounding environmental pollutants have unbalanced the ecosystem, which was possibly at least partly restored after crop growth. Results from the pre-harvesting stage indicate that Cr, Cu, Fe, Mn, Pb, Sr, and Zn are associated to anthropogenic sources available which were present due to the precipitation of pollutants in the rain from the atmosphere, fertilizer addition to prepare the soil for crop cultivation, urban dust, and vehicle and industrial emissions. Post-harvesting results for the same elements suggest a prevalent lithogenic source or mixed with an anthropogenic one in the case of Cr, Fe, and Mn. It also resulted that Fe is only partially affected by the concentration available in the soil matrix. This is due to the high natural Fe content in the soil which was proven in the high loading assigned to Fe in the post-harvesting PCA and rotated factor loadings. These results tie in with studies from Micó, et al. (2006) [4] and Nunes, et al. (2014) [35], who suggest that Cr, Zn, Fe, and Mn are precipitated from the oxides and hydroxides of sedimentary rocks within the Mediterranean region and are present in areas which are of calcareous nature [4,41]; hence, consolidating a lithogenic nature towards these elements when a low quantity of added nutrients is present in the soil. A similar pattern is observed with Pb which results match perfectly those issued by Khatita, et al. (2020) [36].



Zn is the only element which for which a change in concentration between pre-harvesting and post-harvesting stage showed no particularly dominant link to its possible source. This is due to having high Zn concentration even available after growing crops. Such concentrations are probably affected by the accumulation of Zn content added anthropogenically over the years. Lithogenically, this owes its origin to the high natural Zn content in typical Mediterranean soils, while anthropogenic sources accounting for such accumulations including vehicle exhaust, combustion of fossil fuels, industrial emissions, and the leaching of wastewater [21,36].



Concentration variations for Sr content are dominant and PC2 values for pre-harvesting and post-harvesting stages prove that its sources are of natural form. The negative correlations obtained with the Spearman’s Rho and multivariate correlation analyses prove an inverse relation with the other elemental concentrations. Sr was attributed to the anthropogenic component in the work carried out by Khatita, et al. (2020) [36], and to radioactive sources by Dubchak (2018) [40]. As shown in the 3D scatter plots (Figure 2), Sr has a different coordinate loading from all other elements whose coordinates are closely grouped together. Sr is the most mobile element and since it can be present in a soluble or insoluble form, its uptake by plants during cultivation depends on its solubility state and thus its bioavailability [40].



Co and Ni loadings in both the PCA and factor loading matrix show that their sources differed with fluctuating concentrations. Initial loadings and factor rotations demonstrate a dominant lithogenic origin at the pre-harvesting stage with loadings >0.8, although an anthropogenic origin is present. This confirms results documented by Micó, et al. (2006) and Khatita, et al. (2020) but contrasts with those of Salah, et al. (2015) in the case of Co origins [4,33,36]. Loadings for Co and Ni with the post-harvesting stage analysis associate these elements to the anthropogenic source, although these are at a lower concentration. Such concentration variation in the results could have come about upon the combination with the surrounding activities in the vicinity of the fields, namely, from vehicular exhaust from neighbouring main roads, from the use of agricultural fertilizers which include natural manure for Field A and mineral fertilizer for Field B, from the leaching of wastewater which could possibly occur during precipitation seasons from neighbouring rabbit farms in the case of Field A, and from residues of fossil fuel combustion [18,33,35]. The latter source could be originating from an industrial zone in proximity of the fields, and from low flying aircraft at the airport which is close by. Increased activity during spring/summer months from such industry could possibly bring about such results. The overall analysis proves that Co and Ni content is not placing an anthropogenic negative effect on the soil because their effect was balanced out upon crop uptake.





3.3. Health Risk Assessment


HQ values calculated for adults and children (shown in Table 9) are all less than the benchmark value of unity, thus as referenced in literature by Anyanwu and Nwachukwu (2010), none of the heavy metals present in the soil for Field A and Field B present quantifiable adverse non-carcinogenic risks [24]. Since the Hazard Index (HI) is also less than unity, these non-carcinogenic adverse effects which may originate through soil ingestion and dermal contact are assumed to be negligible.



Cancer Risk (CR) values in Table 8 demonstrate that concentrations obtained through analysis pose very low cancer risk in both adults and children. The RI is also very low since the results obtained are below 10−6 [22,26], which suggests that the risk of cancer development is extremely low in any person exposed to the metallic elements reviewed, thus ensuring safety to the landowner and any persons farming the land, together with children who might visit the respective fields.



This health risk assessment study matches the outcome of concentration results for the heavy metals studied. None of the elements was higher than limit values set, and although Zn content was higher than documented in other studies, its content was still within the acceptable range; thus, its level of contamination was minimal.




3.4. Potential Ecological Risk Assessment


The calculations for the potential ecological risk assessment were based on the mean concentration values of the metals studied and the respective baseline values for carbonate sedimentary rock which is typical in the Maltese Islands [42]. With reference to the geo-accumulation index calculated, Zn is the only element posing contamination of a moderate/strong level on the fields studied, with a Class 3 level as shown in Table 2. All other elements have given a negative geo-accumulation index, proving not to be contaminating the fields. Zn is also the element with higher Contamination Factor (CF) and Potential Ecological Risk Index (Ei) values, thus demonstrating that Zn is the element, which is mostly contaminating the soil, but is overall posing a low potential ecological risk, since its Ei = 10.363 < 40, as established in Table 9.



These results tie in with those from the statistical analysis since Zn behaviour was not dependent on concentration variation and is of an anthropogenic accumulated nature. CF results also show that Zn is the most metal contaminating the soil, followed by Co. Statistical results for Co at the post-harvesting stage show that anthropogenic sources for this heavy metal were affecting the soils more than at the pre-harvesting stage. It is important to note that its geo-accumulation index is negative; thus, although its sources have not accumulated over time, these could still be anthropogenic. Its concentration factor and ecological risk factor prove that it possesses a very low potential of ecological risk, even though its value is higher than that of the other heavy metals assessed.



The value of Potential Ecological Risk Index (PERI) calculated for the fields under review demonstrates that the overall effect of the heavy metals in the soil portrays a low ecological risk potential to the environment. This proves that there was not any significant pollution level in the area studied and the pollution indices assessed showed a moderate pollution level of Zn.





4. Conclusions


The results obtained in this research increase the knowledge of heavy metals and their possible sources in Maltese agricultural soils. Physical studies have proven that the soil tested has a high organic content proving it healthy and abundant in natural nutrients making it adequate for crop cultivation. Concentrations obtained indicate that the fields under study are not polluted by heavy metals since none of the concentrations quantified exceed reference limits set by legislation. All elemental concentrations have decreased between the pre-harvesting and the post-harvesting sampling stages, proving the uptake of heavy metals by the growing crops from the soil matrix.



The PCA carried out on the nine heavy metals reviewed at the pre-harvesting and post-harvesting stages, identified by two principal components, demonstrate the concentration dependency of all the elements to their possible sources affecting agricultural soils, except for Zn, whose concentration was marginally high even after harvesting the crops. The geo-accumulation index proved that the fields are moderately/strongly contaminated with Zn content.



Results from the pre-harvesting stage indicate that Cr, Cu, Fe, Mn, and Pb are associated with anthropogenic sources available including the precipitation of pollutants in the rain from the atmosphere, fertilizer addition to prepare the soil for crop cultivation, urban dust, and vehicle and industrial emissions. Post-harvesting results for the same elements suggest a prevalent lithogenic source mixed with an anthropogenic one in the case of Cr, Fe, and Mn. Fe is only partially affected by the concentration available in the soil matrix due to the high natural Fe content typical of the soil. Results for Co and Ni reflect that, at the pre-harvesting stage, these elements were linked to a lithogenic origin, while at the post-harvesting stage their content was linked to an anthropogenic origin which could be originating from surrounding activities in the vicinity of the fields by neighboring industry, and other farming practices. Sr content, although concentration dependent, varies inversely to the other elements concentrations. Sr content remained relatively unchanged between the pre-harvesting and post-harvesting sampling stages hinting at natural sources.



A health risk assessment study associated with the heavy metal content observed, showed that the concentrations available in both fields do not pose a carcinogenic risk or a hazard to human health upon ingestion or inhalation of the soil being studied during exposure. An assessment of the potential ecological risks associated with heavy metals content in the soil have demonstrated that the area studied is not contaminated by any of the metals except for Zn which creates a moderate to strong contamination but gives an overall low potential ecological risk.
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Figure 1. Scatter plot on multivariate correlations—Pre-harvesting and Post-harvesting stages. (Key: × represents data from Field A pre-harvesting stage; • represents data from Field B pre-harvesting stage; × represents data from Field A post-harvesting stage; • represents data from Field B post-harvesting stage.) 
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Figure 2. 3D Scatterplot showing Principal 1, Principal 2, and Principal 3: (a) Pre-harvesting and Post-harvesting stages; (b) Pre-harvesting stage; (c) Post-harvesting stage. (Key: × represents data from Field A pre-harvesting stage encircled in a black cluster; • represents data from Field B pre-harvesting stage encircled in a black dashed cluster; × represents data from Field A post-harvesting stage encircled in a red cluster; • represents data from Field B post-harvesting stage encircled in a blue cluster. 
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Table 1. Parameter values used to compute average daily dose by ingestion and dermal contact [22,23].
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	Parameter
	Symbol
	Unit
	Adult Value
	Children Value





	Ingestion Rate
	IRingest
	mg/day
	100
	200



	Exposure Frequency
	EF
	days/year
	350
	350



	Exposure Duration
	ED
	years
	30
	6



	Average Body Weight
	BW
	kg
	70
	15



	Non-Carcinogens Averaging Time
	AT = ED × 365
	days
	10,950
	2190



	Carcinogens Averaging Time
	AT = 70 years × 365
	days
	25,550
	25,550



	Unity Conversion Factor
	CF
	kg/mg
	1 × 10−6
	1 × 10−6



	Exposed Skin Area
	SA
	cm2
	5700
	2800



	Adherence Factor
	AF
	mg/cm3
	0.07
	0.07



	Dermal Absorption Fraction
	ABS
	/
	0.001
	0.001
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Table 2. RFD and SF values for heavy metals [22,24,25,26].
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	Metal
	RFD 1 by Ingestion (Mg/Kg/Day)
	RFD 1 by Dermal Contact (Mg/Kg/Day)
	Slope Factor (Mg/Kg/Day)





	Fe
	0.007
	Not found
	Not found



	Mn
	0.014
	Not found
	Not found



	Zn
	0.300
	0.060
	Not found



	Cr
	3.000 × 10−3
	6.000 × 10−5
	0.500



	Ni
	0.020
	5.400 × 10−3
	0.910



	Pb
	3.5 × 10−3
	5.25 × 10−4
	0.085



	Cu
	0.040
	0.012
	Not found







1 RFD is the reference dose for each heavy metal.
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Table 3. Classification of geo-accumulation index (Igeo) [29].
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	Geo-Accumulation Index Level
	Igeo Class
	Igeo Value





	Uncontaminated
	0
	Igeo ≤ 0



	Uncontaminated/moderately contaminated
	1
	0 < Igeo < 1



	Moderately contaminated
	2
	1 < Igeo < 2



	Moderately/strongly contaminated
	3
	2 < Igeo < 3



	Strongly contaminated
	4
	3 < Igeo < 4



	Strongly/extremely contaminated
	5
	4 < Igeo < 5



	Extremely contaminated
	6
	5 < Igeo
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Table 4. Classification for the Potential Ecological Risk Factor (Ei) [29].
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	Risk Factor Level
	Ei Value





	Low potential ecological risk
	Ei < 40



	Moderate potential ecological risk
	40 ≤ Ei < 80



	Considerable potential ecological risk
	80 ≤ Ei < 160



	High potential ecological risk
	160 ≤ Ei < 320



	Very high potential ecological risk
	320 ≤ Ei
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Table 5. Descriptive statistics of heavy metal contents in soil in μg/g—Pre-harvesting and Post-harvesting stages.
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Variable

	
Symbol

	
Unit

	
Descriptive Statistics




	
Pre-Harvesting Concentrations

	
Post-Harvesting Concentrations

	
Mean

	
Standard Deviation






	
Cobalt

	
Co

	
μg/g

	
0.150

	
0.047

	
0.100

	
0.055




	
Chromium

	
Cr

	
μg/g

	
0.450

	
0.197

	
0.339

	
0.214




	
Copper

	
Cu

	
μg/g

	
1.456

	
0.108

	
0.818

	
1.092




	
Iron

	
Fe

	
μg/g

	
3814.549

	
729.829

	
2594.401

	
1290.501




	
Manganese

	
Mn

	
μg/g

	
66.338

	
15.118

	
41.898

	
27.021




	
Nickel

	
Ni

	
μg/g

	
0.824

	
0.0915

	
0.461

	
0.370




	
Lead

	
Pb

	
μg/g

	
4.373

	
1.331

	
3.034

	
4.026




	
Strontium

	
Sr

	
μg/g

	
10.050

	
10.197

	
9.969

	
1.236




	
Zinc

	
Zn

	
μg/g

	
254.888

	
157.437

	
207.262

	
59.237
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Table 6. Heavy metals contents in Mediterranean soils.
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	Element
	Mean

Concentrations in This Study (mg/g)
	Study From Spain by

Micó, et al. (2006) (mg/Kg) [4]
	Study from Iraq by

Salah, et al. (2015) (mg/Kg) [33]
	Study from Greece by

Serelis, et al. (2010) (mg/Kg) [34]
	Study from Portugal-Spain Border by

Nunes, et al. (2014) (mg/Kg) [35]
	Study from Egypt by

Khatita, et al. (2020) (ppm) [36]
	Concentration target Values for Soil (ppm) [37]
	Target Values for Malta by 86/278/EEC (mg/Kg) [38]





	Co
	0.100
	7
	3.430
	8.300
	-
	31
	20
	-



	Cr
	0.339
	27
	11.590
	-
	0.850
	128
	100
	-



	Cu
	0.818
	23
	2.010
	-
	1.230
	61.800
	36
	100



	Fe
	2594.401
	13,608
	235.770
	-
	-
	62,583
	-
	-



	Mn
	41.898
	295
	-
	-
	-
	1099
	200
	-



	Ni
	0.461
	21
	8.960
	9.430
	1.950
	70.600
	35
	70



	Pb
	3.034
	23
	3.820
	161.360
	3.160
	30.700
	85
	100



	Sr
	9.969
	-
	-
	-
	-
	308
	-
	-



	Zn
	207.262
	53
	5.500
	3.520
	0.640
	143
	50
	200
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Table 7. Hypothesis Test Summary for Mann–Whitney U-Tests for Field A and Field B—Pre-harvesting and Post-harvesting stages.
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Elements

	
Hypothesis 1: The Distribution Is the Same Across Field A & Field B.

	
Hypothesis 2a: The Distribution Is the Same Across Field A.

	
Hypothesis 2b: The Distribution Is the Same Across Field B.




	
Pre-Harvesting

	
Post-Harvesting

	
Pre- & Post-Harvesting

	
Pre- & Post-Harvesting






	
Co

	
Rejected

	
Rejected

	
Rejected

	
Rejected




	
Cr

	
Rejected

	
Rejected

	
Rejected

	
Rejected




	
Cu

	
Rejected

	
Rejected

	
Rejected

	
Rejected




	
Fe

	
Rejected

	
Retained (0.828)

	
Rejected

	
Rejected




	
Mn

	
Rejected

	
Rejected

	
Rejected

	
Rejected




	
Ni

	
Retained (0.276)

	
Rejected

	
Rejected

	
Rejected




	
Pb

	
Rejected

	
Rejected

	
Rejected

	
Rejected




	
Sr

	
Rejected

	
Rejected

	
Retained (0.165)

	
Rejected




	
Zn

	
Retained (0.205)

	
Retained (0.052)

	
Rejected

	
Rejected




	
Test significance level is 0.05.
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Table 9. Results for the Health Risk Assessment and the Potential Ecological Risk Assessment variables 3.
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Element

	
Mean

Concentration

(mg/g)

	
HQadults

	
CRadults

	
HQchildren

	
CRchildren

	
Igeo

	
CF

	
Ei






	
Co

	
0.100

	
N/A *

	
N/A *

	
N/A *

	
N/A *

	
−0.584

	
1.001

	
5.005




	
Cr

	
0.339

	
7.951 × 10−5

	
9.982 × 10−8

	
1.298 × 10−4

	
1.858 × 10−7

	
−5.606

	
0.031

	
0.062




	
Cu

	
0.818

	
1.216 × 10−5

	
N/A *

	
2.248 × 10−5

	
N/A *

	
−2.875

	
0.204

	
1.022




	
Fe

	
2594.401

	
N/A *

	
N/A *

	
N/A *

	
N/A *

	
−1.136

	
0.683

	
N/A **




	
Mn

	
41.898

	
N/A *

	
N/A *

	
N/A *

	
N/A *

	
−5.299

	
0.038

	
0.038




	
Ni

	
0.461

	
1.374 × 10−5

	
2.475 × 10−7

	
2.537 × 10−5

	
4.606 × 10−7

	
−6.023

	
0.023

	
0.115




	
Pb

	
3.034

	
5.225 × 10−4

	
1.520 × 10−8

	
9.563 × 10−4

	
2.829 × 10−8

	
−2.154

	
0.337

	
1.686




	
Sr

	
9.969

	
N/A *

	
N/A *

	
N/A *

	
N/A *

	
−6.520

	
0.016

	
N/A **




	
Zn

	
207.262

	
4.137 × 10−4

	
N/A *

	
7.608 × 10−4

	
N/A *

	
2.788

	
10.363

	
10.363




	
HIadults

	
1.042 × 10−3




	
HIchildren

	
1.895 × 10−3




	
RIadults

	
3.625 × 10−7




	
RIchildren

	
6.746 × 10−7




	
PERI

	
18.291








3 HQ represents the Hazard Quotient; CR represents the Cancer Risk values; Igeo represents the geo-accumulation index for each heavy metal; CF represents the carcinogenic factor; Ei represents the Potential Ecological Risk Index. * Ingestion Rate values required for the computation of HQ and CR respectively were not documented. ** Toxic response factor values for the respective elements were not documented in other researched studies.
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