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Abstract 
 

This study has quantified selected toxic metals in Phaseolus Vulgaris for the assessment of health risk and 

environmental pollution effects using Atomic Absorption Spectrophotometer (AAS) for analysis.  Mean 

concentration of metals were obtained from the samples. Estimated daily intakes (EDI) of toxic metals highest in 

Zn. Lowest EDI from As and Hg in samples EPG and SGE respectively. Health risk probability depend on target 

hazard quotient (THQ), the obtained value is far less than unity. Probability of cancer in a lifetime estimated using 

target cancer risk (TCR) with adult, 1.23 x 10-6 and 3.33x 10-7 as highest and lowest values, while in children the 

highest value 6.51x10-7 and lowest 1.77 x 10-7.  Lifetime cancer risk (CR) assessed, values in adult and children 

are less than the permissible limit of 10-4. Toxic metal pollution index (TMPI) have been used to assess the 

environmental pollution level, the highest value is 0.600. 

 

 Keywords: environments; carcinogenic; contamination; bioaccumulation; toxicity  
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1. Introduction 

Environmental pollution induced by heavy metals have been found to be long –term, persist, and 

generational. This because metals are non-biodegradable and long half-life; so therefore, they can’t be 
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easily decomposed for this reason they remain human body for very long time and become health risk 

to the body. Several research works have been conducted on various food pollution and many articles 

have been published on the various works done on heavy metal pollution on consumable items. 

However, more attentions are still needed on the essential food stuff that has major part in the daily 

nutrients for a balanced diet. This food stuff is part of major sources of protein, carbonate, and vitamins 

etc., that are essential to the body. Vegetables are important components of human diets due to their high 

nutrients content such as vitamins, minerals, foliate, dietary fibre, ascorbic acid, carotene and other 

nutrients. 

Heavy metal contamination of soil is one of the most pressing concerns in the world and this is about 

food safety and food security (Toth et al., 2016). Soil pollution has become a serious global 

environmental problem. In this era, of pollution everywhere, human has always been the receiving end 

of it all. This is one of the major sources of health problems to the society. Recently, adverse effects of 

unexpected contaminants on crop quality have threatened both food security and human health (Prabhat 

et al., 2016) in some studies. Contaminations crops or food items are at the different levels depending 

on the rate and sources of the contaminants, nevertheless, they are still very hazardous to human begin 

in a long-term base. The organization responsible for toxic substances and disease, Agency for Toxic 

Substances and Disease Registry (ATSDR), Atlanta, GA, USA, lists Cd as the sixth most toxic substance 

that endangers human health. The United Nations Environment Program (UNEP) and the international 

committee on trace metals in occupational health also listed some toxic metals as an environmental 

pollutant as reported (USEPA, 2002).  Heavy metals and metalloids (e.g., Hg, As, Pb, Cd, and Cr) in 

any amount greater that the permissible amount can cause disturbance in human metabolomics, or 

contributing to morbidity and even mortality in one’s life time. At higher concentrations, metals such as 

chromium (Cr), mercury (Hg), arsenic (As), lead (Pb), and cadmium (Cd) are toxic to most plants and 

human begin. Toxic metals contamination is a vital concern in human health, especially in densely 

populated agro ecology areas (Kui et al., 2016).  Materials contaminated with toxic metals may increase 

human health risks when inhaled or ingested, there is also the risk of potential levels of heavy metals 

entering the food chain via absorption by crops from contaminated soil and water (Štofejová et al., 

2021; Ogungbemi et al., 2022; Bazzi et al., 2016). Major sources of heavy metals in the soil environment 

and agriculture are atmospheric deposition, livestock manure, irrigation with wastewater or polluted 

water, metallo-pesticides, fertilizers that are phosphate based (Bazzi et al., 2016). Toxic metals find their 

ways into the ecosystem usually may lead to bioaccumulation in the system (Karim et al., 2016). Several 

techniques have been developed for the remediation of heavy metal-contaminated sediments and soils, 

as well as water, including physicochemical and biological methods (Álvarez et al., 2023; El Hammari 
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et al., 2022). Plants take up heavy metals by absorbing them from contaminated soils, as well as from 

deposits on parts such as stem, root, fruits, and leaves exposed to the air from polluted environments; 

for these reasons, they are therefore important components of ecosystem as they transfer elements from 

abiotic to biotic environments. Ingestion of contaminated food such as beans with toxic metals may 

cause serious human health problems ranging from malnutrition, gastrointestinal cancer, fragile 

immunological problems, headache and liver disease etc. (El-Kady et al., 2018; Dickin et al., 2016; 

Gress et al., 2015). Essential or non-essential trace elements that may be present in excess of the 

recommended dose levels may result in physiological or morphological abnormalities or genetic 

mutations etc. (Khan et al., 2010; Li et al., 2010; Luo et al., 2011). Food safety is a major public concern 

worldwide, thus production of safe food is vital to human health and safe environments.   

This study therefore is aimed at evaluating the concentration levels of selected heavy metals; 

Zinc (Zn), Arsenic (As), Copper (Cu), Mercury (Hg), Lead (Pub), Nickel (Ni),Cadmium (Cd) and 

Chromium (Cr) in Pharsalus Vulgaris popularly consumed in southwest Nigeria; determine the potential 

health risks of the heavy metals as  carcinogenic and non-carcinogenic risks in both adults and children 

via route of ingestion and diet from Pharsalus Vulgaris, and provide suggestions as to the safety of 

Pharsalus Vulgaris Consumption. 

 

2. Materials and methods 

2.1. Study location 

Odan market in Oja-Odan situated in Egbado North, Ogun on latitude 6o59’36”N and longitude 

2o37’30”E is one of the largest Agricultural produce market in Southwest Nigeria. All kinds of 

agricultural produce are sold in the market, thus a place for sampling in this study. The collection points 

were reference to the gates of the market as indicated in Table 1 below: 

 

  Table 1. Showing points of sampling and the coding 

Gates Directions Coded As 

Northern  Gate point 1 NOA 

Northern  Gate point 2 NOB 

Western  Gate point 1 WPC 

Western  Gate point 2 WPD 

Southern  Gate point 1 SGE 

Southern  Gate point 2 SGF 

Eastern  Gate  point 1 EPG 

Eastern  Gate  point 2 EPH 
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2.2    Sample collection and preparation 

Phaseolus Vulgaris used in this study were strictly based on the popularity in consumption of the bean 

in the region nearly 98.75% of the population consumed the beans every day. The reason may be due to 

it one of the cheapest sources of protein and commonly loved by every age group in the society. Thus, 

it is common house food stuff everywhere.  About five kilogram (5 kg) of Phaseolus Vulgaris samples 

were collected from each of the eight (8) sources and dried to a constant weight in an oven at 105oC, 

ground and sieved using a less than 2mm nylon sieve. Digestion was carried by weighing 0.75g into an 

acid washed porcelain crucible placed in a muffle furnace and heated for about 2 hours at 250oC. When 

cooled 10ml of 6M HCl was added and heated again for about twenty minutes (20 mins). The acid was 

added drop by drop and gently with continuous stirring and heating to dryness. 10 ml of distilled water 

was added and heated using steam bath to dissolve it completely. This mixture was then allowed to cool 

and filtered through a Whitman.  filter paper into a 50ml volumetric flask (Radojevic et al., 1999); and 

then made up to the mark with additional distilled water Atomic Absorption Spectrophotometer (AAS) 

model Perkin-Elmer 306 was used to determine the concentration levels of the selected metals in the 

samples. 

 

2.3     Environmental Impact and Health risk assessment  

The following parameters are used in this study for environmental impact and health risk assessment: 

Toxic Metal pollution index (TMPI), Estimated daily intake (EDI), Target hazard quotient (THQ), 

Health risk index (HI), Target hazard quotient (THQ) and Lifetime cancer risk (CR). 

 

2.3.1    Toxic metal pollution index (TMPI), have been used to assess the total metal content of the 

Phaseolus Vulgaris because this is one of the effective tool for assessing metal pollution in consumable 

stuff as an agent in predicting the environmental impact. 

( ) n
fnfff CCCCTMPI

1

321 ........ =     (1) 

      where   Cfn Concentration of nth metal in the sample. 

 

2.3.2   Estimated daily intake (EDI), this parameter is determined using  the average value of the heavy 

metal concentrations in the beans consumed by both the adult and the children as indicated in the 

equation 2 below. The descriptions of these quantities used in the computation are given in Table 2 

below: 

001.0



=
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fMIRDf
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CCFEE
EDI     (2) 
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 Table2. Shows the descriptions, values with unit of all the parameters used in this study (USEPA, 

2015; Verma et al., 2016; Antoine et al., 2017; Gebeyehu et al., 2020).   

 

2.3.3     Target hazard quotient (THQ); The health hazard from non-cancer metals due to the 

consumptions of beans is generally computed as target hazard quotient as found in the literatures and 

this computation is as describe in equation 3.  It is normally accepted to be safe from the risk of non-

carcinogenic effects if the value of THQ is <1. If THQ >1 there is possibility of non-carcinogenic effects, 

with an increasing possibility as the value increases (Verma et al., 2021). 

RfD

EDI
THQ =        (3) 

Where EDI (mg\day\kg bodyweight) = estimated daily metal intake of the population and 

           RfD = oral reference dose (mg/kg/day) values for all metals determined as in Table 3 below.    

 

Table3. Shows the reference dose (RfD) and Cancer Slope factor (CPSo) values used for different metals 

(Verma et al., 2016; Antoine et al., 2017; Gebeyehu et al., 2020)          

Element Reference dose (RfD)        

(mg\kgBw\day) 

Cancer  Slope Factor 

(CPSo) (mg\kgbw\day)-1 

Zn 0.300 ------ 

As 0.0003 1.5 

Cu 0.040 ----- 

Hg 0.0003 ------- 

Pb 0.0035 8.5 x 10-3 

Ni 0.02 1.7 

Cd 0.001 0.38 

Cr 1.5 0.5 

                   

 

Parameter Description Value Unit 

Children Adults 

Ef Exposure rate 365 365 Days\year 

ED Exposure  Period 10 70 years 

FIR Average ingestion rate 150 350 g\day 

CM Average Metal Concentration ---- ---- mg\kg 

BW Average body weight 15 65 kg 

 

 

        TA 

Average exposure time 

(non-cancer risk) 

6 x 365 30 x 365 days 

Average exposure time 

(cancer risk) 

35 x 365 70 x 365 days 
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2.3.4       Hazard risk Index (HI); It a known fact from different studies that the specific health risk of 

the heavy metals due to consumption of contaminated beans are accumulative, hence, HI of the 

individual metals sought in this work is computed using equation 4. If HI value obtained is less than 1, 

it seems no health effect through the exposure to the heavy metals sought. However, HI value greater 

than one designates probable health effect implication, and higher values indicates serious chronic health 

impact:  

kiTHQHI

k

i

i ,...3,2,1;

1

==
=

      (4) 

Where HI is hazard index and THQ is the target hazard quotient due to the intake of individual metals 

through beans consumption (Tepanosyan et al., 2017). 

 

2.3.5      Target Cancer risk (TCR) 

2.3.5.1    Incremental lifetime cancer risk (CR) this is the possibility of cancer risk in a given 

population owing to the intake of specific potentially cancer causing metals were appraised by the 

equation 5.  In the range of 10-6 and < 10-4 are the permissible limits for a single carcinogenic metals and 

multi-carcinogenic metals. 

CPSoEDICR =       (5) 

Where CR = cancer risk over lifetime due to specific heavy metal intake, EDI = estimated daily metal 

ingestion of the populace in mg\day\kg body weight; CPSo is as defined in the Table 3 above. 

 

2.3.5.2   The target cancer risk (TCR); ensuing from the ingestion of carcinogenic heavy metals (As, 

Pb, Cd, Cr, Ni) were estimated using equation 6 

kiCRTCR

k

i

i ,...3,2,1;

1

==
=

     (6) 

 

3. Results and discussion 

Table 4 below shows the results obtained for each of the heavy metal in each sample. The values of Zn 

for all the locations are in the range 0.302 mg/kg to 56.406 mg/kg, the mean 21.842 mg/kg, while the 

highest value was obtained in location SGF. As concentration level range between ND and 0.818 mg/kg, 

with mean value considering all the sampling location 0.169 mg/kg and highest value of 0.818 mg/kg 

from sampling collection point EPG.  
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Table 4. The concentration levels of each of the metals per sample location (mg/kg) 

Sampling 

Location  

                           Mean Heavy metal Concentrations mg\kg 

Zn As Cu Hg Pb Ni Cd Cr 

NOA 14.221 0.319 0.043 0.011 0.043 0.611 1.318 0.219 

NOB 16.109 0.039 0.215 0.081 0.037 1.236 0.406 0.733 

WPC 14.878 0.041 0.062 0.204 0.021 0.337 0.365 1.403 

WPD 28.139 0.053 0.122 0.092 1.742 0.065 0.302 0.818 

SGE 17.318 0.019 0.188 ND 1.422 0.319 1.427 0.065 

SGF 59.406 0.063 0.048 0.007 9.109 0.399 0.188 1.196 

EPG 24.365 ND 0.033 0.076 7.878 0.041 1.048 0.807 

EPH 0.302 0.818 0.079 0.446 0.139 0.253 0.033 0.376 

Mean 21.842 0.169 0.099 0.115 2.549 0.408 0.636 0.702 

Median 16.714 0.047 0.071 0.079 0.781 0.328 0.386 0.770 

StdDev 17.242 0.281 0.069 0.149 3.744 0.381 0.543 0.464 

Max 59.406 0.818 0.215 0.446 9.109 1.236 1.427 1.403 

Min 0.302 ND 0.033 ND 0.021 0.041 0.033 0.065 

 

ND indicates Not Detectable 

Cu concentration in all the samples is in the range of 0.033 mg/kg and 0.215 mg/kg and the highest value 

occurs from the sampling location NOB. In Hg, the mean concentration is 0.115 mg/kg while its highest 

value is 0.446 mg/kg in location SGE Hg was not detected in the sample. Pb concentration levels are in 

the range 0.021 mg/kg and 9.109 mg/kg with the mean of 2.549 mg/kg, the lowest value and the highest 

value occurs at sampling location WPC and SGF points. The mean concentration value of Ni, Cd and 

Cr are 0.408 mg/kg, 0.636 mg/kg and 0.702 mg/kg respectively, while their values are in the range of 

0.041 mg/kg – 1.236 mg/kg, 0.033 mg/kg – 1.427 mg/kg and 0.065 mg/kg – 1.403 mg/kg respectively. 

The highest value occurs in sampling location NOB, SGE and WPC respectively. All the concentration 

levels of each metal per sampling location are used both for the environmental impacts and health risk 

assessment. 

 

3.1    Metal Pollution index (MPI) 

Since there was accumulation of heavy metals in most of our environments, this leads to the 

contamination of the food chain. The accumulation of potentially toxic metals in biota may cause 

potential health threat to the consumers. Therefore, MPI has been evaluated so that the comparisons of 

the total content of metals from the individual sampling locations may be analysed in each location as 

in Fig. 1.  
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Figure 1. Toxic metal pollution in each of the sampling locations 

In each of the sampling locations the percentage of the MPI varies, sampling location NOA has 25.20%, 

NOB has 33.20%, and  WPC  has 27.00%, WPD has 38.40% while SGE, SGF, EPG and EPH has 

47.50%, 42.30%, 60.00% and 21.00% respectively. This is an indication of pollution level in each 

sampling location. Thus, from the sampling locations the MPI value can be described as follows in terms 

of the location EPG > SGE > SGF > WPD > NOB > NOA > EPH. Higher value of MPI indicates high 

concentration of the toxic metal thus, the sampling location with higher MPI shows that Phaseolus 

Vulgaris has higher toxic metal accumulation in long time. 

 

Table 5. The EDI (mg/kg) levels of each of the metals intake per the specified meal for an adult  

Sampling 

Location 

                              Estimated Daily Intake for Adult (mg\day\kg bodyweight) 

Zn As Cu Hg Pb Ni Cd Cr 

NOA 1.5187E-05 3.41E-07 4.59E-08 1.17E-08 4.59E-08 6.53E-07 1.41E-06 2.34E-07 

NOB 1.7204E-05 4.17E-08 2.30E-07 8.65E-08 3.95E-08 1.32E-06 4.34E-07 7.83E-07 

WPC 1.5889E-05 4.38E-08 6.62E-08 2.18E-07 2.24E-08 3.60E-07 3.90E-07 1.50E-06 

WPD 3.0051E-05 5.66E-08 1.30E-07 9.83E-08 1.86E-06 6.94E-08 3.23E-07 8.74E-07 

SGE 1.8495E-05 2.03E-08 2.01E-07 0.00E+00 1.52E-06 3.41E-07 1.52E-06 6.94E-08 

SGF 6.3443E-05 6.73E-08 5.13E-08 7.48E-09 9.73E-06 4.26E-07 2.01E-07 1.28E-06 

EPG 2.6021E-05 0.00E+00 3.52E-08 8.12E-08 8.41E-06 4.38E-08 1.12E-06 8.62E-07 

EPH 3.2252E-07 8.74E-07 8.44E-08 4.76E-07 1.48E-07 2.70E-07 3.52E-08 4.02E-07 

 

The EDI (mg\day\kg bodyweight) of these metals is based on the quantity of Phaseolus Vulgaris 

consumed in daily bases, Table 5 show the EDI in adult and Table 6 show EDI for the children per 

samples. However, the highest EDI was obtained in Zn for children and adult, while As and Pb has the 

lowest rate of EDI as indicated in Tables 5 and Table 6. The values of EDI are indicators for the health 

assessment; this is because the EDI is a quantity that has impacts on the other parameters in assessing 
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the health implications in both the carcinogenic and non-carcinogenic metals identified in Phaseolus 

Vulgaris consumption.  

 

Table 6. The EDI (mg/kg) levels of each of the metals intake per the specified meal for children  

Sampling 

Location 

                              Estimated Daily Intake for Children (mg\day\kg bodyweight) 

Zn As Cu Hg Pb Ni Cd Cr 

NOA 2.01E-05 4.52E-07 6.09E-08 1.56E-08 6.09E-08 8.66E-07 1.87E-06 3.10E-07 

NOB 2.28E-05 5.53E-08 3.05E-07 1.15E-07 5.24E-08 1.75E-06 5.75E-07 1.04E-06 

WPC 2.11E-05 5.81E-08 8.78E-08 2.89E-07 2.98E-08 4.77E-07 5.17E-07 1.99E-06 

WPD 3.99E-05 7.51E-08 1.73E-07 1.30E-07 2.47E-06 9.21E-08 4.28E-07 1.16E-06 

SGE 2.45E-05 2.69E-08 2.66E-07 0.00E+00 2.01E-06 4.52E-07 2.02E-06 9.21E-08 

SGF 8.42E-05 8.93E-08 6.80E-08 9.92E-09 1.29E-05 5.65E-07 2.66E-07 1.69E-06 

EPG 3.45E-05 0.00E+00 4.68E-08 1.08E-07 1.12E-05 5.81E-08 1.48E-06 1.14E-06 

EPH 4.28E-07 1.16E-06 1.12E-07 6.32E-07 1.97E-07 3.58E-07 4.68E-08 5.33E-07 

 

The cancer risk probability may be more visible in carcinogenic metals, while other health issues may 

arise generally from the carcinogenic and non- carcinogenic. Therefore, in assessing the probabilistic 

health risk in Phaseolus Vulgaris Dietary intake, the multi-carcinogenic metals identified in the samples 

were used to estimate daily intake in both the children and the adult. The results are as shown in Fig. 2 

and Fig. 3 below. EDI obtained from the multi carcinogenic metals in any consumable items are the 

most likely agent of cancer induced in the consumers. Thus, Fig. 2 below show the EDI for children 

using the multi carcinogenic metals factor. Samples from location SGF and EPG have prominently high 

values in  

 

Figure2. Estimated daily intake from multi carcinogenic metals Phaseolus Vulgaris Dietary intake in 

children. 
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Pb compared to other metals whereas in some samples Pb is not really in the samples as compared to 

others. However in children, samples from locations WPD, SGE, SGF, and EPG have higher 

probabilistic cancer manifestation effects in a life time for the children. In all the samples Ni, Cr and Cd 

are seen to have values below 5.00 E-07, even with that the cumulative effects may be something that 

needed to be concern in terms of health and environment. Figure 3 show the EDI in adult considering 

the multi carcinogenic metals.  

 

Figure 3. Estimated daily intake from multi carcinogenic metals Phaseolus Vulgaris  Dietary intake in 

Adult 

 

The EDI in adult is relatively higher than the children, from samples locations SGF and EPG the values 

of Pb is above 3.50E-06 for adults but for the children they are below 2.60E-06.   The identified heavy 

metals are as the results pollutions the environment; therefore Table 7 shows the possible sources of 

such heavy metals and their health effects if the metal gets higher than the recommended values on daily 

bases. Most of the metals get to the crops through the soil fertility aids that is using fertilizers to help 

improve yielding and also through preservation method, which is addition of chemical to food stuff in 

other to prevent insects from feeding on the crops. 

The health effect varies and depends on the type, amount, and exposures to the metal. However, the 

health risk index has been evaluated for both the children and the adult as shown in Fig. 4 and Fig. 5 

below. 
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Table7. Shows the likely sources of metals in this study and their health effects (Prabhat et al., 2019; 

Jezierska-Tys  et al., 2013)          

Heavy metal Sources Health Effects 

Chromium Pesticide and Fungicide Cancer Nephritis Ulceration 

Lead Plastic, Auto-Exhaust Cardiovascular disease, Neurotoxic diseases 

Cadmium Fertilisers Carcinogenic, lung diseases, fragile bone 

Zinc Fertilizer Fatigue, Dizziness, renal damage 

Nickel  Lung Cancer, Neurotoxic and infertility 

Arsenic Pesticides and herbicides Carcinogenic, Immunological 

Mercury  Immune disorders, nervous system and lungs 

problems, lungs and kidneys 

 

Fig. 4 shows the health risk index in adult for each of the sampling locations of Phaseolus Vulgaris that 

are widely consumed. The HI is an indicator of how serious the pollution can be in human when they 

consume Phaseolus Vulgaris, here in figure 4 the HI from each of location are: EPH > EPG > SGF > 

NOA > SGE > WPD > WPC > NOB. The highest value of HI in adult within 5% error is 4.59E-03 while 

the lowest is 1.00E-03. Therefore the value of HI obtained for the adults is less than unity. 

 

Figure 4. Health risk index in each sampling location for the Adults 

 

The children HI was also evaluated determine the severity of the exposure, Table 5 shows the results. 

The HI for children is in the range 6.09E-03 and 1.33E-03 from the sampling areas. In sampling location 
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Figure 5. Health risk index in each sampling location for the Children 

For the HI value obtained is less than 1, which implies that there may no serious health effect through 

the exposure to the heavy metals.  However, on the long term bases, bio-accumulation may be great 

concern to an individual that are within the sampling locations EPH, EPG, SGF and NOA in both the 

children and the adult. Since the HI is less than unity in both the adult and children, then carcinogenic 

metals are considered for the targeted cancer risk (TCR) in both the adult and children. 

 Therefore, Fig. 6 below shows the TCR in adult for each of the sampling location. In adult the TCR are 

in the order of increment NOB > NOA > EPH > SGF > WPC > SGE > EPG > WPD.  

 

Figure 6 shows targeted cancer risk in adults 

This implies that for adult that consumes Phaseolus Vulgaris from sampling location NOB the TCR is 

higher than those in location NOA, and EPH, the trend is not different in the children as indicated in 

Fig. 7; but children have lower TCR when compared to the TCR in adult; however, the TCR is 

generally low as seen in this work, nevertheless; they may deserve attention because they are serious 

health issues in a long term even though the obtained values are not so high.  
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Figure 7 shows targeted cancer risk in children 

This is because of their effects on the different organs of the body as indicated in Table 7 above, these 

effects varies from one part of the human body to the other.  From this cumulative effects of the targeted 

metals, the TCR in the children shows that NOB > NOA > EPH > SGF > WPC > SGE > EPG > WPD 

same trends like in the adults but of lower values than an individual sampling location in each case. 

 Fig. 8 shows the incremental lifetime cancer risk (TC) in adults for individual targeted carcinogenic 

metals from this we observed that Ni is the most prominent in all this metals considered in this work, 

while As follows in each of the sampling location. The highest TC in Ni was found in sampling location 

NOB with the value of 9.62E-07, NOA have the TC Ni value of 4.75E-07.  

 

 

Figure 8 Incremental life time cancer risks in adult 

The highest value of TC obtained in As was from sampling location EPH and the value was 5.62E-07, 

followed by 2.19E-07 from the location NOA. In figure 9, sampling location NOB have the highest TC 

in Ni which is 5.10E-07, while sampling location NOA has 2.52E-07 in Ni all other sampling locations 
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falls below that in Ni. For the rest of the carcinogenic metal found in the samples the TC falls below 

2.00E-07 expect for As in sample location EPH. Since this work is multi carcinogenic metals, the 

obtained TC values were less than the permissible limits of 10−4. 

 

Figure 9 Incremental life time cancer risk in children 

The implications of these are that the  incremental lifetime cancer risk as seen from both  Fig. 8 and Fig. 

9 above  is one in ten millions in sampling locations WPC, WPD , SGE, SGF, EPG and EPH in both the 

adults and the children. Whereas from samples locations NOA and NOB  the TC values show one in a 

million for adults and remained as one in ten millions for the children. It is an indication that in a life 

time the adults may have cancer faster than the children in this case. 

In each of the sampling locations the percentage of the MPI varies, sampling location NOA has 25.20%, 

NOB has 33.20%, and  WPC  has 27.00%, WPD has 38.40% while SGE, SGF, EPG and EPH has 

47.50%, 42.30%, 60.00% and 21.00% respectively 

 

Conclusion 

This study have identified and quantified the following heavy metals Zn, Cu, Hg, As, Pb, Ni, Cd and Cr 

in Phaseolus Vulgaris samples.  The maximum and minimum concentration levels of the heavy metals 

were in the range 59.406 – 0.302 mg/kg, for Zn, 0.818 – ND for As, For Cu we have 0.215 – 0.033 

mg/kg, Hg is in the range of 0.446 – ND and that of Pb is 9.109 – 0.021 mg/kg, Ni, Cd and Cr are all in 

the range of 1.236 – 0.041 mg/kg, 1.427 – 0.033 mg/kg, 1.403 -0.065 mg/kg respectively. The average 

concentration of Zn, Cu, and Hg, As, Pb, Ni, Cd and Cr are 21.842 mg/kg, 0.169 mg/kg, 0.099 mg/kg, 

0.115 mg/kg, 2.549 mg/kg, 0.408 mg/kg, 0.636 mg/kg, and 0.702 mg/kg respectively. The effects of 

heavy metals pollution may generally be noticeable in the liver, kidney and the brain and other part of 

the body, thus the MPI obtained here are less than 100%. The highest MPI value obtained is 60% that is 

a little significant because in a long term it may cause biodegradability, of organic pollutants thus making 

them less degradable causing double effect of polluting the environment. The estimated daily intake of 
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the heavy metals was higher in Zn (2.33E-05) generally, when compared to other heavy metals; this may 

result into problems such renal damage in one life time. For the carcinogenic metals Pb have EDI of 

2.72E-06 next higher value to that of Zn. This is an indication that there may not be immediate health 

problems in the populations because the health risk index in both the adults and the children are far less 

than unity in both cases.  The THQ values obtained for both the adult and the children were far less than 

unity both in the carcinogenic and non-carcinogenic effects this implies that no immediate health issues 

in the consumption of  Phaseolus Vulgaris and this result may form a baseline in make major policy on 

the standard acceptable metals. As a result of very low THQ, the health index shows that there cannot 

be immediate health problems but in a life time there may rear cases of metal pollutions problems. The 

TCR are all one in ten-millions in a population for both the adult and the children too which show that 

the probability is very low. The permitted CR for multi carcinogenic metals should be < 10−4, the 

obtained results are within the range of the permissible limits. 
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