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Abstract.The present investigation aimed to assess the metal contents (Fe, Zn, Cd, Co) in wheat 

(Triticum aestivum) crop by selecting variety (Fareed-06) which was grown in the municipal solid waste 

amended soil. Metal quantification in segregated plant parts of wheat was done with the help of atomic 

absorption spectrophotometer. Result depicted the range of metals in plant samples to be 4.03 to 7.82 

for Zn, 2.38 to 3.06 for Co, 1.7 to 2.91 for Cd and 66.62 to 81.66 mg/kg for Fe. In wheat grains, the 

heavy metal concentrations ranged from: 0.79 to 2.03 for Zn, 1.21 to 1.71 for Co, 0.87 to 1.04 for Cd 

and 10.41 to 21.91 mg/kg for Fe. The concentration of Cd in grains exceeded the limit set by FAO/WHO. 

The transfer factor and bioconcentration factor was less than 1 for all metals. The pollution load index 

and enrichment factor for Cd was highest among all metals. Health risk index for Cd in all treatments 

was >1 indicating Cd contamination in wheat grains and various health hazards to human. So, the 

municipal solid waste should be treated properly before its application on agricultural field to reduce 

the health hazards in human. 

 

Keywords: contamination, Triticum aestivum, municipal solid waste, soil, trace metal, daily intake, 

health risk 

 

1.Introduction 
Solid waste rich in organic matter plays an important role to fulfill the nutrient requirements of plants. 

The solid waste affects the crops in different ways such as soil type, weathering conditions, application 

rate, plant species and application rate; while the applications that do not follow the scientific method 

affects the plants as well as all living organisms [1]. Amendment of soil with municipal solid waste 

could enhance the soil structure, since its organic contents can give the essential nutrients that are 

responsible for the betterment of soil properties [2]. Addition of municipal solid waste to the agricultural 

land plays significant part for refining soil’s physical as well as chemical properties [3]. Various studies 

have been conducted on municipal solid waste due to its richness in organic matter, which enhances the 

water holding capacity and mineral status of rhizosphere and also increases crop yield [4]. Therefore, 

municipal solid waste is used in agricultural land nowadays. Furthermore, soil is natural resource of 

nutrients whose degradation in arid and semi-arid region affects soil texture and lowers its nutrient 

content [5]. Therefore, farmer takes different preventive measures by using different waste compounds 

for improving crop yield [6]. Use of municipal solid waste is an efficient way for improvement of 

physical and chemical properties of soil [7]. Application of municipal solid waste helps in improving 

crop yield and also protects against degradation of soil and helps in improvement of soil during drought.  
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Many studies have been conducted on application of municipal solid waste as a soil amendment due 

to its high uptake of nutrients in agricultural land [8, 9]. The major limiting factor of sludge containing 

high concentration of metals like Cu, Cd, Ni and Zn which could affect the plants and their consumers 

[10, 11]. The presence of heavy metals in higher concentration in municipal solid waste is accredited for 

its adverse effect in the activity of enzyme in the soil [12]. Solid waste can be obtained from the 

industries and treatment plants during the course of their productions. Many necessary nutrients and 

organic matter are found commonly in the solid waste in large quantity [13]. Solid waste treatment, if 

carried out in a systematic way, can increase the yield of many crops manifolds [13, 14]. In term of 

productivity, addition of amendments, such as Nitrogen or Phosphorus based fertilizers, can catalyze the 

benefits of the solid waste [14]. 

The current work was planned and carried out with following objectives: (1) to appraise the influence 

of solid waste amended soil on metals’ transfer from soil to plant (2) to determine bio concentration as 

well as transfer factor, (3) to estimate the extent to which soil is polluted, (4) to appraise health risk 

index. 

 

2.Materials and methods 
2.1. Study Area 

A potted experimental study was carried out at Department of Botany, University of Sargodha, 

Pakistan, during 2016-2017, for assessing the heavy metals’ quantity in wheat (Triticum aestivum L.) 

crop variety (Fareed-06) under the influence of municipal solid waste.  

 

2.2. Cultivation of Plant 

Collection of healthy wheat seeds (Fareed-06) was done during 2016. Four treatments of soil 

amendment with solid waste were made, mixing the garden soil with municipal solid waste in different 

concentrations. It included T-1 (100% garden soil), T-2 (75% garden soil+ 25% solid waste), T-3 (50% 

garden soil+ 50% solid waste), and T-4 (25% garden soil+ 75% solid waste). Experiment was done in 

triplicate. Irrigated with ground water, each experimental pot contained around 3 kg of soil and 12 seeds. 

Data related to morphological parameters was collected after 5 months of growth. 

Leaf area was measured according to [15] as the following equation  

 

                                               Leaf area= length × width × 0.75                (1) 

 

Wheat was harvested in April 2017. 

 

2.3. Sample Collection and Preparation 

The entire plants were collected as samples from each pot, after harvesting them. Samples were left 

for air drying. Air dried samples were oven-dried at 72 oC. Then grains were removed from the spikelet 

and panicles. Flour was made by using an electrical grinder for detecting heavy metals. 1 g of flour from 

each sample was separated for the digestion purpose, which was done by wet digestion method.  

 

2.4. Wet Digestion Method 

Dried samples were transferred into little conical flasks and were digested with help of concentrated 

HNO3 and H2O2 in the ratio of 1:2 with continuous heating on hot plate. Heat was turned off after 

disappearance of fumes and H2O2 was added until the mixture became transparent. Samples digestion 

process continued till a neutral mixture appeared; finally it was cooled to room temperature. Then these 

samples were diluted upto 50 mL in a volumetric glass flask. Whatman filter paper No. 42 was used for 

filtration of prepared samples.  
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2.5. Soil Digestion 

Top 3-5 cm soil layer was sampled out of every pot. These air-dried samples of soil were then shifted 

in oven at 65oC for 48 h. The soil samples were also digested following the wet digestion procedure.  

 

2.6.Metals Analysis 

For detection of heavy metals in samples, the digested samples were assessed through Atomic 

Absorption Spectrophotometry (AA-6300 Shimadzu Japan). Samples were analyzed for the 

quantification of Cobalt (Co), Cadmium (Cd), Zinc (Zn) and Iron (Fe). Standard mixtures of all four 

metals were made out of the stock solution to calibrate a curve, in detection procedure.  

 

2.7. Quality Control 

To confirm consistency and guarantee of the data, for precision of results, international standards 

were followed by repeated analyses and detection of the trialed. To enhance surety of precision and 

accuracy, repetition of the analyses was involved in the trial.  

 

2.8. Statistical Analysis 

2.8.1. Variance 

SPSS 16 was applied in the statistical studies. ANOVA (on one way basis) was used to analyze the 

data related to root, shoot, soil and wheat grains.  

 

2.8.2. Correlation 

Again, by the SPSS package of software (version 16.0), correlation outcomes were obtained. 

Additionally, Pearson's correlation coefficient was considered, to assess soil-plant interactions, being a 

bivariant method. For the significant correlation, probability levels of 0.5, 0.01 and 0.001 were used 

[16]. 

 

2.9. Pollution Load Index (PLI) 

Liu et al. [17] reported that pollution load index (PLI) or contamination factor, for every treatment 

was worked out according to the given equation:  

 

PLI= [M]IS / [M]RS                  (2) 

where: 

[M]IS and [M]RS denotes the metal contents in examined soil sample and reference values for heavy 

metals occur in soil respectively. 

 

2.10. Bioconcentration Factor (BCF) 

To evaluate, metals’ translocation (mg/kg) in plant parts from soil, bioconcentration factor (BCF) 

was calculated as under [18]: 

 

       BCF= [M]Wheat root/[M]Soil                       (3) 

where: 

[M] Wheat root and [M] Soil shows the total metals’ content (mg/kg) in wheat root and wheat soil 

respectively.  

 

2.11. Transfer Factor (TF) 

To determine the heavy metals’ transfer (mg/kg) from the root to grains/plants part, transfer factor 

(TF) was calculated using the following equation [19]. 

 

    TF= [M]Wheat grain/[M]Wheat root                 (4) 
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where: 

[M]Wheat root is the total metal content (mg/kg) in wheat root 

[M]Wheat grain is the total metal content (mg/kg) in wheat grain 

 

2.12. Enrichment Factor (EF) 

For determination of the extent of soil pollution, an index enrichment factor (EF) was intended in 

following [20]. 

 

                      EF= Metal contents in amended soil / Metal contents in control soil            (5) 

 

Standard concentrations of metals in soil are given in Table 1. 

 

Table 1. Standard concentration of metals (mg/kg) 

in soil and wheat grain 
Metal Zn Co Cd Fe 

Soil 44.19a 9.1a 1.49a 56.90b 

Grain 99.4c 50c 0.2c 425.5c 

Sources: [27, 65, 66] 

 

2.13. Daily Intake of Metals (DIM) 

Toxic heavy metal enters the human body by different means like oral intake, inhalation or through 

dermal touch with the metals [21]. Daily intake of metals (DIM) was calculated according to the 

following equation [22]. 

DIM= Dfood intake × Cmetal ∕ Baverage weight                    (6) 

 

where: 

Dfood intake is the daily intake (kg/day) of food crop 

Cmetal is the concentration of heavy metal in food crop (mg/kg), and  

Baverage weight is the average body weight (kg).  

The average body weight was taken as 55.9 kg [23] and daily intake of metal in wheat as 0.242 

kg/individual/day [24]. Tolerable daily intake (TDI) refers to the daily amount of metals that has been 

safe for human consumption. Tolerable daily intake of limit of metals is given in Table 2. 

 

Table 2. Tolerable daily intake (TDI) limit and 

oral reference dose (RfD) for metals (mg/kg/day) 
Metal Zn Co Cd Fe 

TDI 60a 3.01b 0.070c 45d 

RfD 0.3b 0.043b 0.001b 0.70b 

Sources: [57-60] 

 

2.14. Health Risk Index (HRI) 

Cui et al. [18] described the health risk index (HRI) as the relation of estimated exposure to metal 

through oral reference dose of food crop. 

 

HRI= DIM/RfD                          (7) 

where, 

Oral reference dose (RfD) is the highest tolerable heavy metals oral dose. The oral reference dose 

values are given in Table 2.  
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3.Results and discussions 
3.1. Morphological Parameters 

The morphological parameters of plants might be influenced by municipal solid waste, such as length 

of root, shoot, leaf, width and area of leaf related to wheat crop variety (Fareed-06). The analysis of 

variance exhibited significant effect (p<0.05) of treatments on length, width and area of leaf while non-

significant effect (p>0.05) on length of root and shoot in wheat crop variety was detected (Fareed-06) 

(Table 3). 

The maximum values for all of these parameters were noticed in T-3 while the minimum values of 

these characteristics were noticed in T-1. This might be due to the effect of municipal solid waste. The 

order of different treatments for different parameters was: T-3>T-2>T-4>T-1 (Table 4). The values of 

shoot length found in this study were more than the values given by Verma and Sharma [25]. Meagher 

[26] also predicted the similar results.  

 

Table 3. ANOVA of morphological properties of wheat 

SOV Df 
Mean square 

Root length Shoot length Leaf length Leaf width Leaf area 

Treatments 3 6.281ns 95.161ns 21.15** 0.162*** 57.278*** 

Error 8 11.176 35.658 4.058 0.015 4.196 

**, ***: Significant at 0.01 and 0.001 prob, ns: non-significant 

 

Table 4. Mean values of morphological properties of wheat 
Parameter T-1 T-2 T-3 T-4 

Root length (cm) 9.83±1.3 11.13±0.98 11.26±1.02 13.33±1.77 

Shoot length (cm) 43.9±0.99 52.93±1.1 57.33±0.98 52.73±1.04 

Leaf length (cm) 18.83±1.2 16.83±0.99 22.6±1.04 21.73±1.05 

Leaf width (cm) 0.4±0.99 0.76±1.01 0.93±1.3 0.83±0.98 

Leaf area (cm2) 5.89±1.04 9.59±0.99 15.78±0.98 13.55±1.02 

 

3.2.Soil 

Analysis of variance of soil sample values indicated significant impact (p<0.05) on the concentration 

of metal Zinc and non-significant effect (p>0.05) on the concentration of remaining metals i.e. Co, Cd 

and Fe among all treatments in soil that were employed for growing wheat crop variety (Fareed-06) 

(Table 5).  

 

Table 5. ANOVA for metal content in soils, roots, shoots and grains of wheat 

SOV df 
Mean square 

Zn Co Cd Fe 

Soil 

Treatments 3 626.882** 0.599ns 0.731ns 152.589ns 

Error 8 143.906 1.847 0.448 501.691 

Root 

Treatments 3 2.807** 0.558ns 0.898ns 473.198** 

Error 8 0.366 2.056 1.344 87.977 

Shoot 

Treatments 3 0.925ns 0.246ns 1.836ns 445.214** 

Error 8 0.340 1.521 2.509 107.814 

Grains 

Treatments 3 4.352ns 0.211ns 0.016ns 309.450*** 

Error 8 16.702 0.154 0.349 39.391 

**, ***: Significant at 0.01 and 0.001 prob, ns: non-significant 

 

The concentrations of metals under study in soil samples, ranged from 4.03 to 7.82 mg/kg for Zn, 

2.38 to 3.06 mg/kg for Co, 1.7 to 2.91 mg/kg for Cd and 66.62 to 81.66 mg/kg for Fe while in soil 

samples the trends of metals at T-1, T-2, T-3, and T-4 was: Fe>Zn>Co>Cd respectively (Figure 1). 

Among all the treatments the Cd concentration was lower while Fe was found to be higher. 
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Figure 1. Metal contents (mean values) in soil used 

for grown wheat 

 

According to FAO/WHO [27] for all heavy metals that are present in the soil, their mean 

concentration were found to fall inside the acceptable limits / ranges of Pb (100 mg/kg), Cd (3 mg/kg), 

Ni (50 mg/kg), Fe (50000 mg/kg), Mn (2000 mg/kg), Cu (100 mg/kg), Cr (50 mg/kg), Zn (300 mg/kg), 

and Co (100 mg/kg). This owes to the higher pH values of soil. In the present analysis Zn concentration 

was lower than the observation of Khan et al. (2007). Co value of our current study was higher as 

compared to the values of Shar et al. [28]. According to current study, the mean Fe concentration in soil 

was below than the values of Ekmekyapar et al. [29]. Li et al. [30] determined that the plants absorb Cd 

in higher amount as compared to other heavy metals and in plants the level of Cd exceeds as much as 

maximum value therefore it was dangerous to human health. Some metals in plants like Cd are toxic 

when present in greater amount. They disturb the enzyme activities by substituting the metalo-enzymes 

into the metal ions and cause various physiological impairments in plants [31]. The high quantity of 

heavy metals in soil has been reported to hinder plant growth, uptake of nutrients and metabolic 

processes [32]. 

 

3.3. Root 

ANOVA exhibited a significant effect i.e. p<0.05 of all treatments on Fe and Zn contents while a 

non-significant (p>0.05) effect was visible in Co and Cd concentrations in root of wheat crop variety 

(Fareed-06) (Table 5). 

In the root of wheat, the trend of heavy metals at T-1, T-2 and T-4 was: Fe>Zn>Co>Cd at T-3 was: 

Fe>Zn>Cd>Co while the metals concentrations ranged from: 3.03 to 6.03 mg/kg for Zn, 2.01 to 2.73 

mg/kg for Co, 1.41 to 2.45 mg/kg for Cd and 20.08 to 47.78 mg/kg for Fe respectively (Figure 2). Fe 

gave highest concentration while Co and Cd gave the lowest concentrations in all used treatments. 

 

 
Figure 2. Metal contents (mean values) in root of wheat 
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In roots, high portion of heavy metals amassed due to the Zn polluted soil [33]. Recent results showed 

higher concentration of Cd and Zn than the findings of Al-Othman et al. [34]. Zinc was an essential 

element for the production and growth of plants as well as humans, aiding in the growth, development 

of brain, healing of wound and formation of bone. In all samples Zn concentration was noticed to be 

lower than the acceptable level in crops (99.40 mg/kg).  

 

3.4. Shoot 

In shoot, ANOVA established a significant effect (p<0.05) for all treatments on the Fe contents while 

non-significant effect (p>0.05) on the concentrations of remaining metals including; Zinc, Cobalt and 

Cadmium in wheat shoot of crop variety (Fareed-06) (Table 5).  The concentrations of the metals under 

study, in shoot of wheat, ranges as Zn: 1.03 to 2.84 mg/kg, Co: 1.56 to 1.99 mg/kg, Cd: 1.04 to 2.02 

mg/kg, and Fe: 11.4 to 36.79 mg/kg while the order of the metals at T-1 was: Fe>Co>Cd>Zn, at T-2 and 

T-4 was: Fe>Zn>Co>Cd and at T-3 was: Fe>Cd>Zn>Co respectively (Figure 3). The Zn, Co and Cd 

indicated the lower concentrations and Fe showed highest concentration in shoot of wheat. 

 

 
Figure 3. Metal contents (mean values) in shoot of wheat 

 

The mean concentration of zinc in shoot samples was lower in present investigation than the results 

of Al-Othman et al. [34]. Cadmium concentration was lower than the readings of Meng et al. [35]. The 

noticed values of Zn were fall within in the permissible limits as reported by the WHO/FAO [36].  

The basic source of Cd was tobacco smoke that causes diseases in humans as it contains considerable 

amount of Cd that enters in the human body, causes infection in the lungs as well as in the gastrointestinal 

tract [37, 38]. The presence of Cd in plants causes reduction in the growth of shoot as well as in the root, 

in germination of seed and decreases the nutrient content in plants [39-41]. 

 

3.5. Grains 

ANOVA in grains indicated significant effect (p<0.05) of all treatments on the metal Fe contents 

while a non-significant effect (p>0.05) on metals Zn, Cobalt & Cadmium of the wheat variety (Fareed-

06) (Table 5). 

Heavy metals concentration in wheat grains ranged from 1.21-1.71, 0.79-2.03, 0.87-1.04 and 10.41-

21.91 mg/kg for Co, Zn, Cd and Fe respectively. At T-1 and T-2, the sequence of heavy metal 

concentration in wheat variety (Fareed-06) was: Fe>Co>Cd>Zn and at T-3 and T-4 was: Fe>Zn>Co>Cd 

(Figure 4). Iron exhibited the highest concentration while Zn and Cd exhibited lower values among all 

treatments. 

https://revistadechimie.ro/
https://doi.org/10.37358/Rev


Revista de Chimie                                                                                                                                                                
https://revistadechimie.ro   

https://doi.org/10.37358/Rev.Chim.1949 

 

Rev. Chim., 71 (12), 2020, 164-177                                                           171                                https://doi.org/10.37358/RC.20.12.8397                                                               
    

 

 

 
Figure 4. Mean concentrations of metals in grains of wheat 

 

According to FAO/WHO [27] the mean metals’ concentration present in wheat grains were found to 

be fall within the acceptable limit excluding Cd. Zn concentration of the present analysis was lower and 

Cd concentration was higher than the observation of Jākobsone et al. [42]. It means that the wheat was 

polluted by the Cd. The poisoning of Cd in humans causes several diseases such as lungs cancer, anemia, 

renal damage, bone disorder, cardiovascular diseases [43]. 

In present investigations, the Zn concentration in the grains was noticed lower than the tolerable limit 

(99. mg/kg) as reported by FAO/WHO [27]. Our current readings were quite similar than the 

observations of Verma et al. (2015) [44]. Kalagbor et al. [45] suggested that the over production of 

RBC’s (red blood cells) occurs when there is excessive consumption of cobalt. As compared to recent 

study, higher standards of Co were studied by Shad et al. [46]. 

According to recent readings the cobalt concentration in grains was found to be lower than the 

tolerable limit i.e. 50 mg/kg while concentration of Fe was fall within the acceptable limit as informed 

by FAO/WHO [27]. In human body iron is essential for the transport of electron because it plays a 

significant part in oxygen transportation [47].  

  

3.6.Correlation 

In soil-root, Zn and Cd exhibited positive and significant correlation, Co gave positive and non-

significant correlation and Fe showed negative correlation. In root-shoot, all metals (Zn, Co, Cd and Fe) 

exhibited positive and non-significant correlation. In shoot-grain, only Cd metal displayed negative 

correlation while Zn, Co and Fe showed positive and non-significant correlation (Table 6). A positive 

correlation in most heavy metals like in Co, Cd and Fe showed that these were coming from the same 

water source. Non-significant correlation between the heavy metals and wheat grains was reported by 

Ekmekyapar et al. [29]. Positive and significant correlation of Fe was also reported by Khan et al. [47]. 

Lago-Vila et al. [48] studied the correlation of Co in plants. 

 

Table 6. Correlation between soil-root, root-shoot 

and shoot-grain metal concentrations 
Metal Soil-Root Root-Shoot Shoot-Grains 

Zn 0.982* 0.481ns 0.391ns 

Co 0.363ns 0.815ns 0.730ns 

Cd 0.952* 0.882ns -0.776 

Fe -0.529 0.931ns 0.834ns 

*: Correlation is significant at 0.05 level, ns: non-significant correlation 

 

3.7. Bioconcentration Factor 

The order of BCF at T-1 was: Co>Cd>Zn>Fe, at T-2 was: Co>Cd>Zn>Fe, at T-3 was: 

Cd>Zn>Co>Fe and at T-4 was: Cd>Co>Fe>Zn. Bioconcentration factor was examined to check out the 

exchange of heavy metals from soil to all edible parts of the plants (Table 7). Bioconcentration factor 
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values ranged from 0.586879 to 0.7711 mg/kg for Zn, 0.666667 to 0.97153 mg/kg for Co, 0.786942 to 

0.94152 mg/kg for Cd and 0.245898 to 0.702234 mg/kg for Fe respectively. The values of BCF for Co 

and Cd were highest while the values of BCF for Fe and Zn were lowest in all treatments. 

Bioconcentration factor in humans was considered as the necessary factor to evaluate the exposure 

via food chain. In recent study Fe and Zn shown the lower mobility from soil to plant due to their lower 

BCF value but for Co and Cd the highest BCF values were found which showed that they have higher 

mobility from soil to plant. It was determined by Lokeshwari and Chandrappa [49] that the Cd binds less 

strongly to the soil due to its high mobility as compared to other heavy metals. Khan et al. [47] discussed 

the high BCF values of Fe and Zn as compared to present findings. Bioconcentration factor values of Co 

were also studied by Lago-Vila et al. [48]. 

 

3.8. Transfer Factor 

Determination of heavy metals transferring from soil to the entire plant parts was done by using 

transfer factor. For T-1 and T-2 the TF sequence was: Cd>Co>Fe>Zn, while at T-3 and T-4 it was: 

Co>Zn>Fe>Cd whereas the TF standards ranged from 0.135987 to 0.613293 mg/kg for Zn, 0.60199 to 

0.642157 mg/kg Co, 0.379913 to 0.702128 mg/kg for Cd and 0.427737 to 0.562392 mg/kg for Fe 

respectively. In observed samples, TF standards of Co was found mostly higher while Fe showed mostly 

lowest standards for TF (Table 7). 

Transfer factor of heavy metals was affected by different factors such as their concentrations in soil, 

their chemical forms and the uptake capability of plants. That’s why the transfer factor values of heavy 

metals were different in soil and plants. The highest value of Cd was due to the high accumulation of 

heavy metals by plants and vegetables [35]. The transfer results of heavy metals from soil to plants were 

constant than that of Beijing, China [17]. Meng et al. [35] also discussed the transfer of metal Zn in 

vegetables was lower than current results. 

 

Table 7. Bioconcentration factor and transfer  

factor for all metals of wheat 
Treatment Zn Co Cd Fe 

BCF 

T-1 0.592346 0.844538 0.829412 0.245898 

T-2 0.7711 0.97153 0.94152 0.346443 

T-3 0.751861 0.666667 0.786942 0.506133 

T-4 0.586879 0.906355 0.910781 0.702234 

TF 

T-1 0.22191 0.60199 0.702128 0.518426 

T-2 0.135987 0.626374 0.645963 0.562392 

T-3 0.537954 0.642157 0.379913 0.427737 

T-4 0.613293 0.616236 0.383673 0.45856 

 

3.9. Pollution Load Index 

Pollution effects were determined by the pollution load index. In the observed samples PLI ranged 

between 0.091197 to 0.176963 mg/kg for Zn, 0.261538 to 0.336264 mg/kg for Co, 1.14094 to 1.95302 

mg/kg for Cd and 1.170826 to 1.435149 mg/kg for Fe respectively, while the sequence for PLI at T-1 

was: Fe>Cd>Co>Zn, at T-2 was: Fe>Cd>Co>Zn, at T-3 was: Cd>Fe>Co>Zn and at T-4 was: 

Cd>Fe>Co>Zn. Fe showed highest PLI while Co and Zn showed lowest PLI in all treatments (Table 8). 

Pollution load index was determined to estimate the contamination in soil and it was differentiated 

by the greater and lower PLI. The values of PLI greater than 1 indicated the contaminated soil and those 

lower than 1 showed the uncontaminated soil [50].  

In present investigations, PLI values of Fe and Cd was greater than 1 it means that these metals were 

highly contaminated and have high environmental risk. Pollution load index values were high due to the 

following factors: by human activities, agricultural runoff and industrial activities [51-53]. Khan et al. 

[47] discussed the PLI values of Fe and Zn as related to current results. 
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3.10. Enrichment Factor 

The trends of EF for each metal at T-1 and T-2 was: Cd>Co>Zn>Fe, at T-3 and T-4 was: 

Cd>Zn>Co>Fe. EF values in all treatments reached from 0.046617 to 0.179813 mg/kg for Zn, 0.077915 

to 0.110754 mg/kg for Co, 2.227322 to 4.530999 mg/kg for Cd, 0.017047 to 0.043062 mg/kg for Fe. In 

all treatments, EF values were found higher for Cd metal and lowest for Fe (Table 8). Enrichment factor 

in the soil explains the abundance of heavy metals compared to their standard level [54]. The higher EF 

values of Cd showed that it has less preservation in soil while low EF values of Fe showed that it has 

high preservation in soil and less mobility. Sherif et al. [55] has been suggested the higher EF values of 

Co while similar EF values of Cd as related to present investigation. 

 

Table 8. Pollution load index and enrichment factor of wheat 
Treatment Zn Co Cd Fe 

PLI 

T-1 0.136004 0.261538 114.094 1.435.149 

T-2 0.176963 0.308791 1.147.651 1.170.826 

T-3 0.091197 0.336264 195.302 1.189.279 

T-4 0.127631 0.328571 1.805.369 1.195.782 

EF 

T-1 0.058437 0.092529 4.338.536 0.017047 

T-2 0.046617 0.110754 4.530.999 0.026054 

T-3 0.179813 0.077915 2.227.322 0.02895 

T-4 0.160013 0.101652 2.603.347 0.043062 

 

3.11. Daily Intake of Metals 

DIM patterns in all heavy metals at T-1 and T-2 was: Fe>Co>Cd>Zn, at T-3 and T-4 was: 

Fe>Zn>Co>Cd. The ranges of DIM values were 0.00342 to 0.008788 mg/kg for Zn, 0.005238 to 

0.007403 mg/kg for Co, 0.003766 to 0.004502 mg/kg for Cd, and 0.045067 to 0.094852 mg/kg for Fe. 

In current samples, Fe showed highest DIM vales whereas Cd mostly showed the lowest DIM values 

among all treatments (Table 9). 

In current results, the DIM values were below than the tolerably daily intakes as recommended by 

the WHO [56], USEPA [57], Food and Nutritional Board [58], WHO/FAO [60], USEPA [60]. In all 

treatments the DIM values were lower than 1 which means that it has no risk by the consumption of 

wheat. The crops that were grown in the waste water irrigated soil possess no risk for the consumer [61]. 

Wang et al. [62] reported the bigger DIM values of Cadmium and lower DIM values of Zn as compares 

to present study. 

 

3.12. Health Risk Index 

HRI values ranged from 0.0114 to 0.029293 mg/kg for Zn, 0.121814 to 0.172163 mg/kg for Co, 

3.766 to 4.502 mg/kg for Cd and 0.064381 to 0.135503 mg/kg for Fe. Health risk index in all treatments 

(T-1, T-2, T-3 and T-4) was indicated in the following order: Cd>Co>Fe>Zn. It means that in all samples 

Cd HRI values were highest and Zn displayed lowest HRI values (Table 9). 

In many countries, food chains were used to estimate the health risk where the major source of 

irrigation was waste water. In human body, heavy metals intake was done through different paths like 

water, air, food and soil etc. [63]. Health risk index values of Cd elevate the maximum permissible limit 

in vegetables as well as in cereals such as wheat (Triticum aestivum) [64]. The local inhabitants of an 

area close to a smelter in Nanning, China were found to have no risk by wheat consumption containing 

heavy metals in it [18]. 

 

Table 9. Daily intake of metal and health risk  

index via intake of wheat 
Treatment Zn Co Cd Fe 

DIM 

T-1 0.00342 0.005238 0.004286 0.045067 
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T-2 0.00355 0.007403 0.004502 0.056192 

T-3 0.007057 0.005671 0.003766 0.063422 

T-4 0.008788 0.00723 0.004069 0.094852 

HRI 

T-1 0.0114 0.121814 4.286 0.064381 

T-2 0.011833 0.172163 4.502 0.080274 

T-3 0.023523 0.131884 3.766 0.090603 

T-4 0.029293 0.16814 4.069 0.135503 

4.Conclusions 
Municipal solid waste utilized as soil amending agent for enhancing mineral status of soil also brings 

toxic metals which contaminate the soil as well as food crops which are grown in such soil, consequently 

posing various health risks to consumers. In present work, values of Fe, Zn and Co in soil and all part of 

wheat plant was found within the permissible limit given by FAO/WHO while Cd concentration 

exceeded the permissible limit. The bio concentration factor for all metals was less than 1. The pollution 

load index and enrichment factor for Cd was highest among all metals. The value of HRI for Cd was 

greater than 1 showed that wheat grains were contaminated with cadmium and pose various health 

hazards to human. So, the municipal solid waste should be treated properly before its application on 

agricultural field to reduce the health hazards in human. 
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