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Abstract 
The current research was performed during (November 2016-April 2017) to determine the contents of 

heavy metal in wheat (Triticum aestivum) variety (Ujala) that was grown on soil irrigated with municipal 

solid waste and to estimate the health risk in human-caused by the consumption of contaminated wheat 

crop. The result shows that mean concentration of (mg kg-1) of heavy metals Fe, Zn, Cd and Co in the soil 

of all four treatments were ranged from 42.11 to 22.32, 14.21 to 31.78, 2.67 to 8.18 and 2.13 to 2.94 mg/kg 

respectively. According to current findings, the concentration of Fe metal was higher among all treatments 

while Co was lower among all treatments. In the root of wheat, the heavy metal concentrations (mg kg-1) 

varied between 2.12 to 2.87 for Co, 2.29 to 3.39 for Zn, 2.23 to 3.48 for Cd and 20.71 to 31.01 for Fe 

respectively. In shoot of wheat the specific order of heavy metals was found in T-1, i.e. Fe>Co>Cd>Zn 

while in T-2, T-3 and T-4 it was: Fe>Zn>Cd>Co. According to our findings, Fe concentrations were higher, 

while Zn and Co showed lower concentrations among all treatment. In grains, heavy metals mean 

concentrations (mg kg-1) varied for Co from 1.82 to 2.29, for Zn 1.57 to 1.97, for Cd 1.52 to 2.81 and 2.06 

to 3.42 for Fe respectively. In our current study, the mean concentration of Fe was higher while Cd, Co and 

Zn were lower in all treatments. Health risk index of each metal among all treatments trends was similar as 

Cd>Co>Zn>Fe. Cadmium showed highest health risk index among all treatments.  

Keywords: Heavy metals; Municipal solid waste; Triticum aestivum, Health risk

Introduction 

The yield gap in wheat is about 60%, 

representing the incredible chance to enhance 

wheat productivity. At the government level, 

the decline in any crop production increase 

has been observed; this is due to the wheat 

crop importance for Pakistan’s food security 

[1]. Due to the unfortunate resources 

operations for the better yield and to proceed 

it becomes tough for the most of the farmers 

[2]. 
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The entire study on wheat was done in 

Pakistan’s Province Punjab explored that 

wheat yield a crucial element. The chief 

wheat yielding province that has been 

appraised is Punjab province in the country it 

imparts about 77% in wheat yield and credits 

for 76% of the wheat area. Each year this 

province is granted with the total harvested 

area of about 39% [3].  

 For wheat production and growth, this 

province is full of resources or well granted 

with resources like land productivity, 

hardworking farming community and better 

varieties. Instead of accomplishing the 

optimum level of the crop entirely the 

farmers are incapable [4]. In the irrigated 

areas of Pakistan, the elements of higher 

wheat productivity have been studied [5].  

This all study has been based on the sample 

and on the primary data, which involves the 

chief as well as lesser or slight zones of 

flooded areas of the country in variety of 

wheat. In the country they found the factors 

which contributes significantly to wheat crop 

are the number of furrowing for grounding of 

land and the sprinkling of fertiliser nutrients, 

and the number of seed use, number of 

streaming. After that some of the researches 

have directed various studies in the country 

on yield of wheat crop, but analysis and the 

extent of these studies are diverse [6].  

Numerous scholars have examined the 

practical wheat growers proficiency. Due to 

the general rise in input prices, a decline is 

carried out in input resources use the capacity 

of the farmers, this is also one of the major 

reason to conduct this study. In Pakistan, the 

local prices of wheat were still underneath to 

benefit the net consumers of this exchange, 

which recital for about 80% of the population 

of country then the worldwide exchange level 

[7]. 

Therefore, in the country, the food prices 

were controlled by increasing the wheat 

support prices which may encourage food 

production. In 2008-2009, the prices of wheat 

produced have been raised by the 

government firstly and then again in 2011-

2012. Thus, the prices of wheat have been 

enhanced from 2007-08 to 2011-12 was only 

67.4%. While at the same time the average 

prices of diesel have been increases speedily, 

rise in the prices of DAP and urea also the for 

agricultural tube-wells rise in prices of 

electricity correspondingly which is 

documented as 109.65%, 195.9 %, 440.3%, 

and 151.3% [8]. 

In the arid and semiarid areas of the world, 

there is the fast population growth in various 

cities which continues to enhance the 

demands or requirements on the supplies of 

the limited freshwater. Different districts and 

cities are struggling to create the equilibrium 

in the use of water among the agricultural, 

industrial, municipal and recreational users 

[9, 10]. Intensification in the urge for the 

freshwater and created wastewater volume 

increases with the increase in the population. 

As the other sources have been declined (are 

declining) then the treated or recycled 

wastewater is the only water which appears 

as the water resource [11, 12]. Recycled 

wastewater use for the irrigating landscapes 

is frequently appeared as one of the methods 

to maximise the water resources that are 

existing and also the current urban water 

supplies stretch [13]. 

The aim of the current research was to 

determine the contents of heavy metal in 

different varieties of wheat (Triticum 

aestivum) that was grown on irrigated soil 

and to estimate the health risk in human-

caused by the consumption of contaminated 

wheat crop. To analyse the heavy metal 

contents in wheat parts and in soil. To check 

the effect of heavy metals on humans. To 

estimate the different indices like correlation, 

pollution load index, enrichment factor, daily 

intake of metals and health risk index 

 

 

 



Pure Appl. Biol., 9(1): 847-858, March, 2020 
http://dx.doi.org/10.19045/bspab.2020.90090 

849 

Materials and methods 

Study area 

In order to analyse heavy metal content in the 

wheat (Triticum aestivum L.) using 

municipal solid waste, a pot experiment was 

conducted. The present research work was 

performed at Department of Botany, 

University of Sargodha, Sargodha, during the 

year 2016-2017. The climate of Sargodha is 

very burning and reasonable, cold in winter. 

In summer, maximum temperature goes up to 

50oC and minimum up to 12oC in winter. 

Sargodha is very well-known for citrus 

production. 

Cultivation of plant 

For the duration of 2016 vigorous seeds of 

wheat were accumulated. In the current 

study, one variety of wheat, Ujala was used. 

The conducted experiment consists of four 

treatments, with three replicates of the 

selected crop. Took 12 pots and filled with 

soil. After that, seeds were cultivated in four 

cultivation groups, consisting of one control 

group (ground soil) and the remaining three 

with different percentages of municipal solid 

waste (municipal solid waste treatment). 

Twelve seeds in the form of pairs were sowed 

in each pot. The experiment consists of four 

treatments: T-1 was consisted of 100% 

ground soil, T-2 was consisted of 25% 

municipal solid waste and 75% ground soil, 

T-3 was consisted of 50% municipal solid 

waste and 50% ground soil, T-4 was 

consisted of 75% municipal solid waste and 

25% ground soil. 

For six months, pot treatments were 

accompanied in a usual atmosphere system 

(November 2016 to April 2017). Municipal 

solid waste was found from municipal solid 

waste pools or areas that were present near 

Sargodha University. Seeds of altered 

selections of wheat were developed in mud 

pots (15 cm in height and 20 cm in diameter) 

for research purpose, at the end of November 

2016. In each pot 3 kg of soil was added. The 

trial pots were watered with groundwater. For 

each treatment (25%, 50%, and 75% 

municipal solid waste) 3 pots were used. In a 

week pots were watered with two times. In 

the form of pairs twelve seeds were seeded in 

separately pot. The information about 

germination of seed was documented. For 

proper growth, five plants remained in each 

pot after germination. Maturation period was 

five months. Different morphological 

parameters of different varieties of wheat 

were also observed. At ripeness plant height 

was measured. The quantity of leaf for each 

plant was also calculated, associating with 

plants which were grown-up in perfect 

conditions. Harvesting was done during April 

2017. 

Sample collection and preparation 

After harvesting, the whole plant samples 

were collected from each pot. The samples 

after drying in the air were then oven-dried at 

72oC for a few days.  After removing from 

the oven, grains were separated from the 

spikes and ground in an electrical grinder into 

fine powder, for heavy metal detection. 1 g of 

each sample was taken. For the digestion of 

samples, wet digestion method was used. 

Method of wet digestion 

The dried samples were placed in a small 

conical flask and digested with concentrated 

HNO3 and H2O2 1:2 on a hot plate. When 

fumes disappear, samples were removed 

from the heat and H2O2 was further added to 

attain a transparent solution and again placed 

on the hot plate. Digestion continued until a 

colourless solution appear and allow to cool. 

After cooling, dilute all the samples in a 

measuring flask up to 50 ml as final volume. 

The samples were then filtered through 

Whatman filter paper No. 42. 

Soil digestion 

The soil samples were collected from the 

upper 3-5 cm layer of the soil from each pot. 

After drying in the air, soil samples were 

placed in the oven for two days at 65oC. The 

samples were digested in the same manner.  

Metals analysis 
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All the digested samples were then subjected 

to Atomic Absorption Spectrophotometer 

(AA-6300 Shimadzu Japan) to detect heavy 

metals in them. The metals to be analysed 

were: cobalt (Co), zinc (Zn), iron (Fe), and 

cadmium (Cd). For detection, the standard 

solution of different metals was also prepared 

from the stock solution, to obtain a 

calibration curve.  

Quality control 

To assess the reliability and assurance of the 

data, such measures were taken. By 

comparing with the international standards, 

the precision of the results can be done. The 

repeated analyses of the examined samples 

can also verify the accuracy of the analyses.  

Statistical analysis 

Variance 

Statistical Program for Social Sciences 

(SPSS 16) was used for statistical analysis. 

ANOVA (One-way analysis of variance) was 

useful in the maintenance of soil, root, shoot 

and grains of wheat. 

Correlation 

Using the software package SPSS (version 

16.0), the correlation results obtained. To 

assess soil-plant interaction, “Pearson's 

correlation coefficient” was calculated. It is a 

bivariant process. The significant correlation 

was at 0.001, 0.01 and 0.5 probability stages 

[14]. 

Pollution load index 

The pollution load index (PLI) for each cure 

was controlled out [15]. 

PLI= Concentration of metals in investigated 

soil/Reference values of metals in soil  

Enrichment factor 

To calculate the extent of soil pollution, an 

index enrichment factor (EF) was calculated 

following Al-Hwaiti and Al-Khashman [16]. 

EF= Concentration of examined metal in 

amended soil/ Concentration of metal in 

control soil 

Daily intake of metal 

By different ways, toxic heavy metal enters 

into the human body sometimes it may be by 

oral intake, by inhalation or by dermal 

contact [17]. Daily intake of metal (DIM) 

was computed according to Sajjad et al. [18].   

DIM = Cmetal × Dfood intake ∕ Baverage weight 

Where: Cmetal described as the heavy metal 

concentrations in food crop (mg kg-1), Dfood 

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

and Baverage weight average body weight (kg), 

respectively.  

The average body weight was taken as 55.9 

kg [19] and daily intake of metal in wheat as 

0.242 kg/person/day, respectively [20].  

Health risk index 

Health risk index (HRI) was defined as “the 

relation of expected contact to metal through 

food crop” and verbal reference prescription, 

according to Cui et al. [21].  

HRI= DIM/ RfD 

Oral reference dose (RfD) is the maximum 

acceptable oral dose of heavy metals. An 

index >1 is measured risky for human [22]. 

Results and discussion 

Morphological parameters 

The effect of municipal solid waste on 

morphological attributes such as root length, 

shoot length, leaf length, leaf width and leaf 

area of wheat variety (Ujala) (Table 1). 

Notably outcome of (p<0.05) of different 

treatments on shoot length, root length and 

leaf width expressed by variance analysis, 

contrary non-notably outcome (p>0.05) of 

treatments on leaf area and leaf length 

expressed by variance analysis. According to 

our recent findings, T-1 showed the highest 

values of different parameters, while T-4 

showed the lowest values of all parameters. 

The results showed the effect of solid waste 

on different parts of plants due to this heavy 

metal content of soil increases, which 

increases the effect of toxicity on plants. 

Andaleeb et al. [23] discussed similar results. 

In our recent investigation, the values of root 

length were quite similar as suggested by 

Konate et al. [24].
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 Table 1. Mean values of morphological parameters of wheat 
Parameter T-1 T-2 T-3 T-4 Mean square 

Root length (cm) 9.6±1.3 9±1.01 10.2±1.22 15.43±1.67 26.241** 

Shoot length (cm) 54.86±2.59 47.83±2.67 49.43±2.6 35.43±2.01 202.241** 

Leaf length (cm) 22.73±1.2 21.66±1.01 19.56±1.04 19.3±1.05 8.259ns 

Leaf width (cm) 0.73±0.99 0.46±1.01 0.56±0.97 0.43±0.98 0.054* 

Leaf area (cm2) 12.57±1.04 7.52±0.99 8.96±0.98 6.41±1.02 21.652ns 
*, ** = significant at 0.05 and 0.001 levels, ns = non-significant 

Soil 
The non-notably outcome (p>0.05) of 

treatmentsnoticed on the deliberation of 

metals Cd, Zn, Fe, and Co determined by 

variance analysis in soil used to grown wheat 

variety (Ujala) (Table 2 & 3).In samples of 

soil, the trends of heavy metals at T-1 was: 

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

Fe>Zn>Cd>Co. The concentration (mg kg-1) 

of heavy metals in soil samples was ranged 

from 14.21 to 31.78 for Zn, 2.13 to 2.94 for 

Co, 2.67 to 8.18 for Cd and 42.11 to 22.32 for 

Fe respectively. According to current 

findings, the concentration of Fe metal was 

higher among all treatments while Co was 

lower among all treatments. The 

concentrations of all heavy metals was fall 

within the permissible limit of Fe (5000 mg 

kg-1), Zn (300 mg kg-1), Co (100 mg kg-1) and 

Cd (3 mg kg-1)as reported by the FAO/WHO 

[25].  

Sihag and Lohchab [26] was conducted the 

experiment by using sludge-amended soil 

and reported higher concentration of Fe as 

compared to present concentration of Fe. The 

mean concentration of Fe was lower than the 

findings of Sihag and Lohchab [26]. This 

difference was arisen because they used the 

soil, sludge and sludge amended soil 

collected from different places. Both type of 

sludge having pH that was slightly alkaline in 

nature and it contains higher contents of 

organic matter and major nutrients. Both type 

of sludge was very useful for many 

agricultural purposes because it increases the 

fertility and the quality of soil and tolerates 

the productivity of soil. According to our 

current study, mean concentration of Fe was 

higher as those recorded by Khan et al. [27] 

because municipal solid waste contains much 

higher contents of heavy metals rather than 

the canal water and wastewater. The high 

concentration of Fe causes various diseases 

like intestines, skin, lung and soft tissue 

diseases. In our investigation, the value of 

mean concentration was lower as those 

reported by Szabo et al. [28]. The samples 

that was collected by the Szabo contain 

higher fraction rate of clay. Therefore, those 

soil samples having high contents of clay 

were considered with lowest pH value this 

was due to the difference of precipitations. 

Root 

The non-notably outcome (p>0.05) of 

treatments determined on the concentrations 

of metals such as Fe, Zn, Cd, and Co 

documented by variance analysis in root of 

wheat variety (Ujala). In the root of wheat, 

heavy metals deliberation (mg kg-1) varied 

from 2.12 to 2.87 for Co, 2.29 to 3.39 for Zn, 

2.23 to 3.48 for Cd and 20.71 to 31.01 for Fe 

respectively (Table 2 & 3). At T-1 the order 

of heavy metals was: Fe>Cd>Co>Zn, at T-2 

and T-3 was: Fe>Zn>Cd>Co and it was at T-

4: Fe>Cd>Zn>Co. in the present 

investigation, the deliberations of Co and Zn 

was inferior in all treatments while mean 

deliberations of Fe was superior. In accord to 

WHO/FAO [25] within the tolerable limit 

excluding Cd, all heavy metals deliberations 

in root decrease. 

In the present study, deliberations of Zn in 

wheat root was higher than those 

concentrations suggested by Al-Othman et 

al. [29], samples collected from Swabi and 

quite similar to the Shergarh samples 

concentrations. The source of irrigation in 
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Swabi was a tube well water that was rich in 

dissolved metal salts, that indicates the high 

levels of Zn in plants. While in the case of 

Shergarh, the source of irrigation was surface 

water (canal and river water), so it was 

assumed that flowing water contains Zn salts 

in it from the geological strata of that specific 

area. 

Zinc was an essential element for the plant 

growth, it occurs naturally in the soil (about 

70 mg kg-1 in crustal rocks) [30], but by the 

anthropogenic additions, the concentrations 

of Zn increasing unnaturally. The addition of 

Zn was mostly occurred during the industrial 

activities like as in coal, mining, and steel 

processing.

 

Table 2. Analysis of variance for heavy metals in soil, root, shoot and grains of wheat 
Mean square 

Metal Cd Fe Zn Co 

Soil 0.857ns 299.244ns 473.541ns 0.302ns 

Root 20.347ns 179.739ns 1.534ns 0.681ns 

Shoot 0.395ns 125.492ns 0.047ns 0.246ns 

Grain 1.275ns 0.944ns 95.582ns 0.372ns 

Ns= non-significant 

 

Table 3. Mean concentration (mg kg-1) of cadmium, iron, zinc and cobalt in soil root shoot 

grain of wheat  

Treatment T-1 T-2 T-3 T-4 

Cadmium 

Soil 8.18±0.97 2.67±1.01 2.86±1.12 3.56±1.13 

Root 3.17±1.04 2.23±1.09 2.83±1.05 3.48±1.01 

Shoot 1.97±1.18 2.15±1.12 2.58±1.14 3.01±1.05 

Grain 1.52±0.14 2.01±0.14 2.41±0.13 2.81±1.12 

Iron 

Soil 22.32±1.35 22.78±1.41 37.5±1.56 42.11±1.66 

Root 20.71±1.06 21.01±1.08 29.26±1.16 31.01±1.26 

Shoot 12.12±1.41 19.81±1.45 16.74±1.55 27.33±1.56 

Grain 2.06±0.18 2.6±0.15 2.71±0.13 3.42±0.15 

Zinc 

Soil 24.46±1.26 14.21±1.01 23.86±1.08 31.78±1.49 

Root 2.29±0.99 3.02±1.01 3.21±1.04 3.39±1.05 

Shoot 1.71±1.2 2.63±1.22 2.84±1.04 3.08±1.05 

Grain 1.57±0.12 1.97±0.13 1.71±0.13 1.74±0.15 

Cobalt 

Soil 2.75±1.06 2.13±1.01 2.54±1.03 2.94±1.11 

Root 2.44±1.01 2.12±1.01 2.45±1.09 2.87±1.11 

Shoot 2.16±1.12 2.09±1.11 2.42±1.12 2.11±1.12 

Grain 1.82±0.12 1.92±0.14 2.29±0.13 1.95±0.16 

 

Shoot 

Non-notably outcome (p>0.05) of treatments 

noticed on the deliberations of metals such as 

Co, Zn, Fe, and Cd documented by variance 

analysis in the shoot of wheat variety (Ujala). 

In shoot of wheat the concentrations (mg kg-

1) of heavy metals, one to one varied from 

2.09 to 2.42 for Co, 1.71 to 3.08 for Zn, 12.12 

to 27.33 for Fe and 1.97 to 3.01 for Cd (Table 

2 & 3).  

At T-1 the direction of heavy metals was: 

Fe>Co>Cd>Zn and at T 2, T-3 and T-4 was: 
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Fe>Zn>Cd>Co. According to our findings, 

Fe concentrations were higher, while Zn and 

Co showed lower concentrations among all 

treatment. The mean concentration values of 

Cd were lower than the Singh et al. [31] 

documented, they irrigated plants with 

wastewater rather than municipal solid waste. 

Usually, the mean concentrations of heavy 

metals were lower in the cereals crop such as 

rice and wheat as related to the vegetable 

crops as Singh et al. [31] stated. In the crops 

ofcereal, Sinha et al. [32] also concluded the 

lower concentrations of the heavy metals 

than the leafy and non-leafy vegetables as 

grown in wastewater-irrigated areas. In 

animals, Cd was not well known for any 

necessary biological functions, and it was the 

most poisonous heavy metal [33]. In our 

body, it was known to affect various enzyme. 

The renal damage that causes proteinuria was 

due to the adverse effects of Cd on enzymes 

that were responsible for the reabsorption of 

proteins in kidney tubules [34]. 

Grains 

The analysis of variance determined the non-

significant effect (p>0.05) of treatments on 

the concentrations of metals such as Zn, Co, 

Cd and Fe in grains of wheat variety (Ujala). 

At T-1 the general patterns of heavy metals 

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

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

Fe>Cd>Co>Zn (Table 2 & 3).  

One to one heavy metals Mean deliberations 

(mg kg-1) varied from for Co 1.82 to 2.29, 

1.57 to 1.97 for Zn, 2.06 to 3.42 for Fe and 

Cd 1.52 to 2.81. In the current study, the 

mean concentration of Fe was higher while 

Cd, Co and Zn were lower in all treatments. 

The higher concentrations of Zn and Cd in 

wheat grains was reported by Khan et al. [35] 

as compared to our readings. They used 

different treatments for their experiment, in 

control lowest contents of Zn was found, this 

might be due to the no use of sewage sludge 

and the urea that was applied in control, 

which causes the precipitation of Zn such as 

its hydro-oxides and oxides. Therefore, it was 

unreachable to plants because nitrogen was 

present in it that increases the pH of soil, the 

negative affect of higher pH on Zn that into 

wheat grains was also studied by Hooda and 

Alloway [36]. In the sewage sludge, the 

existence of various elements in substantial 

amounts were well known, Cd was one them. 

Its contents increase non-significantly, by 

enhancing the amount of sewage sludge 

especially in the sludge amended soil. The 

contents of Cd showed significant change 

among all treatments. Due to the high pH of 

soil, transfer of Cd contents in grains was 

lower; the Oliver et al. [37], also 

corroborated that the high pH reduces the 

availability of Cd for plant uptake. 

Correlation 

Correlation between soil and root was 

positive and significant for Fe while positive 

and non-significant for Zn, Cd and Co. 

Correlation between root and shoot was 

positive and significant for Zn, negative for 

Co while positive and non-significant for Fe 

(Table 4). Correlation between shoot and 

grains was positive and significant for Cd and 

Fe while positive and non-significant for Zn, 

and Co. Lago-Vila [38] reported a positive 

and highly significant correlation between 

root and shoot by using different extractants 

for Co. In rice, the concentrations of Cd 

showed positively and significantly 

correlated within their concentrations in soil 

as recorded by Singh et al. [39]. Sinha et al. 

[32] also found the negative and positive 

correlations between the concentrations of 

heavy metals in plants and soil that was due 

to the various interactions between the 

uptakes of heavy metals in the plants [40]. 

Pollution load index 

In all heavy metals the values of PLI varied 

one to one from 0.234066 to 0.323077mg kg-

1 for Co, for Zn 0.321566 to 0.719167mg kg-

1, 0.392267 to 0.74007mg kg-1 for Fe and for 

Cd 1.791946 to 5.489933mg kg-1. Pollution 

load index at T-1 was in following trends: 
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Cd>Zn>Fe>Co and at T-2, T-3 and T-4 was: 

Cd>Fe>Zn>Co (Table 5).  

In the current study, the pollution load index 

of Cd was greater than 1;it means that Cd 

caused high environmental risk and showed 

the high-contaminated soil [41]. Rahman et 

al. [42] also worked on heavy metals and 

concluded their pollution load index such as 

in case of Zn was 2.72-2.95 and in Fe was 

0.36-0.65, the PLI of Zn was higher, and Fe 

was quite similar as compared to our 

findings. 

Enrichment factor 

The enrichment factor for each metal ranged 

from 0.024341 to 0.061633mg kg-1 for Zn, 

0.120451 to 0.164087mg kg-1 for Co, 

1.384353 to 6.277803mg kg-1 for Cd and 

0.009664 to 0.015263mg kg-1 for Fe and 

sequence for each metal at T-1, T-2, T-3 and 

T-4 was: Cd>Co>Zn>Fe (Table 5). It means 

that sequence of EF for all metals was similar 

among all treatments. 

Huu et al. [43] reported that EF was an 

approach that was used to calculate the effect 

on soil for metal concentrations by naturally 

and anthropogenically with heavy metals. 

The enrichment factor higher than one means 

that it was much more anthropogenic source 

of heavy metals that were usually obtained 

from industrialisation, wastewater irrigation, 

urbanisation, fertilisers and pesticides used in 

agricultural activities, and others [44].

 

Table 4. Correlation between soil to root, root to shoot and shoot to grains of wheat 

Correlation 

Heavy Metal Soil-Root Root-Shoot Shoot-Grains 

Zn 0.234ns 1.000** 0.510ns 

Co 0.927ns -.005 0.898ns 

Cd 0.433ns 0.521ns 0.975* 

Fe 0.999** 0.644ns 0.961* 
*, ** = significant at 0.05 and 0.01 levels, ns = non-significant 

 

Table 5. Pollution load index and enrichment factor of wheat 

Treatment Zn Co Cd Fe 

Pollution load index 

T-1 0.093622 0.887273 0.387531 0.927867 

T-2 0.212526 0.995305 0.835206 0.9223 

T-3 0.134535 0.964567 0.98951 0.780267 

T-4 0.106671 0.97619 0.977528 0.736405 

Enrichment factor 

T-1 0.028535 0.120451 1.384353 0.012342 

T-2 0.061633 0.164056 5.608435 0.015263 

T-3 0.031861 0.164087 6.277803 0.009664 

T-4 0.024341 0.120714 5.880487 0.010861 

 

Daily intake of metals 

At T-1, the pattern for daily intake of metals 

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

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

Fe>Cd>Co>Zn. Daily intake of metal 

contains values ranged from 0.006797 to 

0.008528 for Zn, 0.007879 to 0.009914 for 

Co, 0.00658 to 0.012165 for Cd and 

0.008918 to 0.014806 for Fe. Daily intake of 

metal values of Fe was higher among all 

treatments in our present study (Table 6). 

Balkhair and Ashraf [45] reported lower DIM 

values of Cd (0.0017), Zn (0.0004) and Fe 

(0.0019) as compared to our readings, they 

used sewage water irrigation in their 

experiment that contains high contaminants. 
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Daily intake of metal values for adults was 

calculated for the average consumption of 

vegetables and cereals as related to the 

recommended daily intake [46, 47].

 

Table 6. Daily intake of metal and health risk index via intake of Triticum aestivum 

Treatment Zn Co Cd Fe 

Daily intake of metal 

T-1 0.006797 0.007879 0.00658 0.008918 

T-2 0.008528 0.008312 0.008702 0.011256 

T-3 0.007403 0.009914 0.010433 0.011732 

T-4 0.007533 0.008442 0.012165 0.014806 

Health risk index 

T-1 0.022657 0.183233 6.58 0.01274 

T-2 0.028427 0.193302 8.702 0.01608 

T-3 0.024677 0.230558 10.433 0.01676 

T-4 0.02511 0.196326 12.165 0.021151 

 

Health risk index 

Health risk index of each metal among all 

treatments (1, 2, 3 and 4) trends was similar 

as Cd>Co>Zn>Fe and their values ranged 

from 0.022657 to 0.028427 for Zn, 0.183233 

to 0.230558 for Co, 0.183233 to 0.23055 for 

Cd and 0.01274 to 0.021151 for Fe (Table 6). 

Cadmium showed the highest health risk 

index among all treatments. Oral reference 

dose defined as the daily exposure of 

individuals to pollutants and toxins that can 

pose no substantial risks over their lifetime. 

Oral reference dose values for the heavy 

metals Zn (0.3), Co (0.043), Cd (0.001), and 

Fe (0.70) respectively [48]. In all wastewater-

irrigated crops, Cd (1.67) exhibited HRI>1 

except wheat (Triticum aestivum) observed 

by Balkhair and Ashraf [45] that was greater 

than over calculations. Therefore, Cd was 

considered as non-essential metals, which 

contributed to health risks even at deficient 

concentrations. Zhuang et al. [49] also 

observed the HRI values for Cd that was 

above than the permissible limits in 

vegetables as well as in cereals. Therefore, 

wheat grown in contaminated soil was not 

beneficial for humans. 

Conclusion 

It was concluded that the application of 

municipal solid waste on agricultural land 

enhance the growth parameters of wheat but 

it also cause accumulation of heavy metals in 

root, shoot and grains of wheat. The values of 

all metals in wheat plant parts (root, shoot 

and grains) were present within the 

acceptable limit except for the Cd. The values 

of PLI for all metals were less than 1. The 

values of health risk index for the Cd were 

greater than 1 showed that municipal solid 

water treated wheat grains are not safe for 

human consumption. 
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