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Abstract: The increasing pollution in most industrialized area is a really attention seeking issue now a
days. Air pollution caused by vehicular smoke contains handsome percentages of heavy metals like
cadmium. Cadmium like other heavy metals accumulated in the bodies of living systems found around
roads. Among the living system cadmium accumulate up to alarming rate like in soil, plants and animals.
Therefore, this study was conducted in order to evaluate the possible risk of the Cadmium on the soil,
forage and buffalos. The study was done in the area of Sargodha district, Punjab, Pakistan. There were
six sites selected for study on accumulation of Cd in the forages, soil and the Buffalo blood. The Cd
content in soil samples was highest in sample collected from site I11. The Cd content was highest in the
forage sample collected from site IV and in the blood samples, and the bioaccumulation factor was
highest in the samples collected from site V. The positive and non-significant correlation was found
when soil and forage was correlated, unlike the correlation found between blood and forage which was
found negative non-significant. The samples from site 111 showed high daily intake of metals, health risk
index, and pollution load index. This study will bring attention towards the development of the strategies
in order to be safe from the toxic effects of cadmium.
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1.Introduction

The concerning topic now-a-days is the heavy metal toxicity in the living environment. The heavy
metals are equally toxic to animals, plants and humans. The toxicity of heavy metals is elevated due to
their accumulation in the living systems of the living bodies. In cities there are various sources of heavy
metals by which these move to the sinks. Among the sources of heavy metals in top layer of soil, the
automobile smoke is very important [1]. The pipes, wires and tires are the major source of heavy metals
like Zn, Cu and Fe, which are added to environment by mechanical abrasion [2]. The sources of heavy
metals like automobile smoke in air get precipitated on soil [3]. The heavy metals are referred to the
elements which persist in the aquatic and terrestrial environment and are non-biodegradable species. The
heavy metals can be transported into the plants by various pathways, so the interaction of the heavy
metals is quite important to be studied in order to be safe from the toxic effects of the heavy metals. This
study aims at determining heavy metal concentrations in the automobile contaminated soil, forage and
buffalo blood plasma.
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2.Materials and methods
2.1. Study site

The study was conducted in Sargodha, Pakistan, which lies in 73°7'00"” east longitude and 32°08'00"
north latitude. The climate of Sargodha is about 5-23°C in winter while 35-49°C in summer. Sargodha
is connected by highway to other cites of Punjab and is -about 30 miles away from highway. The
sampling for winter season was done in December 2016 and January 2016 while the summer sampling
was done in May and June 2016.

2.2. Forage and soil samples

Four types of forages (Gandum, Sorghum, Millet and Berseem) along with their soil was collected
from six sampling sites of Sargodha in summer and winter seasons. There were about 120 samples of
each forage and soil, from each site. Among the six sites of Sargodha, five sites were roadsides e.g.
Mateela, Faisalabad road side, Shaheenabad road, Bhalwal road, 50 Chak, while Dera Saudi was away
from road. The air drying and oven drying of the samples was followed by crushing and grinding. 1g
sample of soil and 0.5 g sample of each forage was saved for acid digestion.

2.3. Blood samples

The blood sampling was done as 60 samples of buffalo blood from six sites. The blood samples were
collected in sterilized test tubes (16x150 mm). The test tubes were left for the proteins to get coagulated
and serum separated. All blood samples were centrifuged (at 3000 rpm for 15-30 min) to separate blood
plasma from blood serum. Blood serum samples were saved at 20°C until further analysis.

2.4. Digestion of samples

The sample of forages and soil (1g) were digested using two acids HCIO4 and HNOs in ratio 1:3.
This solution was heated on hot plate at 250°C for about 3-4 h. The heating of solution was continued
until the colorless solution was obtained [4]. The acid digestion of the 0.5g of soil sample was done by
using oxidizing agents like sulphuric acid and hydrogen peroxide. The sample was diluted up to 50 mL
and saved [5]. The samples of the buffalo blood were digested by adding 2.5 mL of nitric acid and 5mL
sulphuric acid. Heating was continued until the solution become colorless. The remaining sample was
saved for further procedure after the dilution [6]. The procedure of the digestion of the soil, forage and
blood sample was followed by cadmium analysis in the samples by using atomic absorption spectro-
photometry by Flame Atomic Absorption Spectrophotometer AA 6300 Shimadzu Japan.

2.5. Statistical analysis

The data obtained by the atomic absorption spectrophotometer was then analyzed statistically in
order to form summarized results of this study. ANOVA and SPSS software version no. 20 was used to
find the mean concentrations of the cadmium in samples and correlation. The socio-demographic
characteristics of the respondents as well as the perceptions of the respondents to roadside-sun drying
practice were analyzed using frequency distribution [7].

2.6. Bioaccumulation factor (BAF)

The ratio of total concentration of the cadmium in forage as compared to soil and the soil is called as
bioaccumulation factor.

Bioaccumulation factor=Crorage/Csoil [8].

2.7. Health risk index
The health risk index was calculated according to formula given by [8].
(HRI) = DIM/ RfD [9].
The Reference value for Cd is 0.001mg/kg/day [10].
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2.8. Daily intake of Metal
Dally |ntake Of metal (DIM) = Cmetal X Dfood intake/Baverage weight [10]
The daily consumption of forage was 12.5kg while body weight of cattle was taken as 550kg [11].

2.9. Pollution load index
The formula of pollution load index was calculated by [12].
PLI = Cd in investigated soil site (Csoiry/ reference value of the Cd in soil (C reference value)
The reference valued of Cd in soil was 1.49 pg/g, dry matter [13].

3.Results and discussions
3.1. Mineral Analysis
3.1.1. Sail

The analysis of soil data showed non-significant effect (P > 0.05) of sites, seasons and sitesxseasons
on Cd content (Table 1). Cd content in soil samples at six sites of sampling was as: site I11>site I1>site
VI>site I>site IV>site V (Table 2, Figure 1).The mean value of Cd as found in soil samples of present
study was higher than the concentration of Cd-0.28 as reported by [14].While no considerable difference
in Cd content was found between the Cd content in the forage samples of Sargodha and in the study
done by [15]. The elevated automobiles on the roads release a handsome percentage of extremely toxic
smoke enriched with many heavy metal like cadmium which may be one of the reason of the presence
of cadmium in soil samples collected from various sites of Sargodha. On the other hand the soil of the
humid regions contains less cadmium concentration unlike the soil of the arid and semi-arid regions.
However in the areas where there is less industrial set up along with limited anthropogenic activities,
there is less Cd content in soil samples [16].

Table 1. ANOVA for Cd concentration in soil (mg/kg)

Source of Variations Dezree of freedom Mean square
Sites 5 12 86=s
Seasons 1 28 7Gms
Siteaxzeaozns 5 13 85
Error 36 14.78

Table 2. Analysis of variance for heavy metals in forage
at six sites of sampling (mg/kg)

Source of Variations Degree of freedom Mean square
Sites 5 (.608=
Seasons 1 0.421=
Sites*zeaosns 5 (.815=
Error 34 0.114=

ns=Mon-significant, *=Significant at 0.03, ¥*=81zmficant at 0.01, ***=5ignificant at 0.001
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3.1.2. Forage

The analysis of forage data showed non-significant effect (P > 0.05) of sites, seasons and
sitesxseasons on Cd content (Table 3). Cd content in forage samples at six sites of sampling was as: site
VI>site I1I>site 1V>site I>site V>site 11>site | respectively (Table 3, Figure 2).

The heavy metal levels studied by John and his team [17], showed higher Cd content in forage
samples compared to that found in this study. According to Word and his collaborators [18], it was
reported that the accumulation of Cd along with other heavy metals in soils is caused by the emission of
dangerous and poisonous gases from the vehicles. On the other hand it was also reported that the distance
of forages from busy roads of heavy traffic influences the accumulation of the Cd in these forages [19].
The mean concentrations of Cd were similar in present study as compared to those studied [20, 21]
reported that the botanical composition of the soil i.e., the structure of soil, fertility of soil, the pH of the
soil affect the heavy metal transfer to the forages. Lower automobile exhaust in the sampling site of
Sargodha is responsible for the lower heavy metal contents in forages.

Table 3. Cd contents in soil, forages (mg/kg) and buffalo blood (mg/L)

Sites Soil Forages Blood
Site | 3.809 0.983 2112
Site Il 14.361 1.476 3.190
Site 1l 5.655 1.775 2.319
Site IV 2.828 1.567 3.152
Site V 2.051 1.520 3.341
Site VI 3.630 1.800 3.053
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Figure 2. The fluctuation in Cd in forage (mg/kg) at six sites of sampling

3.1.3. Blood

Analysis of Buffalo blood data showed non-significant effect (P > 0.05) of sites, seasons and
sitesxseasons on Cd content (Table 4). Cd content in blood samples at six sites of sampling was as: site
V>site I1>site 1V>site VI>site >site 11>site | respectively (Table 4, Figure 3).

The trend of Cd content that come out as a result of this study was in the same concentration as found
in the study done by Olukam and his team [22], (Cd-0.021mg/kg).The trend of heavy metals in blood
studied by Aslam and his collaborators [23] , was a bit different from that found in this study. Cd content
was lower in the study as found by Aslam et al. [23]. Cd content retained in the sensitive organs of body
like liver and kidneys which further lead to poisoning [24]. The management of metallurgical waste and
road side smoke should be properly managed in order to keep the cattle safe from the dangerous effects
of toxic heavy metals.
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Table 4. ANOVA for heavy metals in Buffalo Blood at six sites
of sampling (mg/L)

Source of Variations Degree of freedom Mean square
Sites 5 2.10m
Seasons 1 9.74"
Sitesxseaosns 5 2.452"
Error 36 2.556

ns=Non-significant, *=Significant at 0.05, **=Significant at 0.01, ***=Significant at 0.001
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Figure 3. The fluctuation of Cd in blood (mg/L) at six sites of sampling

3.2. Bioaccumulation factor for forage

For forage the order of bioaccumulation factor at the six sites of sampling was: Site V>Site IV>site
VI>site l1>site I>site 111 respectively (Table 5).

The higher bioaccumulation factor for Cd at site V indicates that Cd was more bioavailable at this
site of sampling. The bioaccumulation factor also depends upon soil pH [25, 26]. The soil properties like
its pH influence the mobility of heavy metals in soil. The movement of the heavy metals was restricted
by high value of pH unlike in case of low pH heavy metals mobility from soil to plants [27]. It may be
possible that the pH of examined soil affect the bioconcentration factor of heavy metals.

3.2.1. Bioaccumulation factor for blood and forage

For forage the order of bioaccumulation factor at the six sites of sampling was: Site V>Site II>site
I>site 1V>site VI>site 11l respectively (Table 5). Opulwa et al. [28] reported higher cadmium
concentration s in the samples of forages unlike the samples of forages analyzed in the current study
[29], also reported higher cadmium concentrations in the forage samples. Lower retention of the heavy
metals in soil lead to higher bioaccumulation factor while the tight bonding of the heavy metals with soil
does not allow heavy metals to get transferred to forage and thus the bioaccumulation factor is lower.

Table 5. Bio concentration factor of Cd in forages
and buffalo blood

Sites Forages Buffalo blood
Site | 0.318 2.14

Site |1 0.338 2.16

Site 111 0.313 1.306
Site IV 0.554 2.011
Site V 0.74 2.198
Site VI 0.49 1.696
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3.3. Correlation

The results showed positive and non-significant correlation for Cd when soil and forage were
correlated. When blood-forage was correlated the result showed negative non-significant correlation for
Cd (Table 6).

In the current study the soil-forage and blood-forage cadmium heavy metal concentrations were
correlated separately. The trend of correlation found by Amlan and his team [30], was different
compared to this study, and it was highest for Cd. More complicated relationship between soil and forage
leads to negative non-significant correlation while a strong relationship is responsible for the positive
non-significant correlation. Positive non-significant correlation for Cd was observed, which suggested
an equalization stream of this metal among soil and forages. More convoluted relationship of heavy
metals suggesting imbalance of cadmium between soils, was one of the reason behind negative non-
significant correlation Effective translocation of heavy metals from soil was one of the reasons behind
the positive correlation found for Cd [31]. The high correlation of cadmium caused higher bioavailability
of cadmium.

Table 6. Metal and metalloid correlation between

soil-vegetable at three sites
Correlation Soil-forage Blood-forage
cd 0.49 -0.449

3.4. Daily Intake of Metal

The order of bio-concentration factor at the six sites of sampling was Site 111>Site VI>site 1V>site
V/>site II>site | respectively (Table 7).

The trend of Cd was different from that found in present study, because Cd was found lower in this
study unlike the study of Radwan and his team [32] as Cd-124. In the current results the values of daily
intake of metals were lower than one and it suggests that no risk of health is associated with the
consumption of such contaminated forages [33].

3.5. Health Risk Index

The order of Health Risk Index (HRI) at the six sites of sampling was Site 111>Site 1V>site V >site
I1>site I>site VI respectively (Table 7).

USEPA [9] reported that if after the statistical analysis of the data value of HRI comes out to be less
than one it means no considerable health risk is associated with the consumption of the contaminated
forages unlike the Value of HRI more than one. According to Ahmad and his team [34], if the HRI is
found greater than one, it means a serious health risk is associated with the consumption of roadside
contaminated forages. Health risk index depend on the chemical composition and the physical
characteristics of soil, type of forage being consumed and rate of the consumption of forages.

3.6. The Pollution load index (PLI)
The order of Health risk Index at the six sites of sampling was Site 111>Site 11>site VI >site I>site
IV>site V respectively (Table 7).

Table 7. Daily intake, HRI and PLI of metal via consumption
of forage from six different sites of Sargodha District

Sites Daily intake HRI PLI
Site | 0.022 2.02 2.07
Site Il 0.033 3.03 2.92
Site 111 0.040 4.04 3.97
Site IV 0.035 3.05 1.89
Site V. 0.034 3.045 1.37
Site VI 0.036 1.09 2.43
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The report provided by Khan et al. [35], showed lower pollution load index caused by consumption
of contaminated forages in contrast to the high values depicted in the current study. The criteria of
determining degree of contamination by calculating PLI is given as: PLI lower than one means the area
of the sampling is less polluted while on the other hand PLI value greater than one means area is much
polluted.

4. Conclusions

The forages, soil and buffalos blood samples were collected from various sites of Sargodha, Pakistan.
Drying and crushing of soil and forage samples were digested by using acids which were HNOs, HCIO4
and H2O:. Blood serum was separated and these were also digested. Cadmium analysis of samples was
done by atomic absorption Spectrophotometer. The statistical analysis of the data revealed that the
forages, soil and buffalo blood contain higher cadmium concentration due to increased Cd released into
atmosphere by heavy traffic. The decrease is due to the rush of traffic in the sampling area, which
lowered the cadmium concentration in the samples.
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(RSP-2020/7) King Saud University, Riyadh, Saudi Arabia.
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