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Abstract
The trace metal pollution in the environment is a highly concerned issue in these days. One of the important causes of trace metal
pollution is the exhaust gases released from the vehicles on the roads. These dangerous gases pose life-threatening effects on the
forage plants grown along the roadside as these plants are at direct risk to these trace metals. The aims of the present study were to
determine the cobalt (Co) concentrations in soil, forages, and blood plasma of the buffaloes and to evaluate the Co deficiencies
and toxicities in these samples. All samples were collected from six sites (Faisalabad roadside, Bhalwal roadside, Shaheenabad
roadside, Mateela roadside, 50 Chak roadside, and Dera Saudi-control) of Sargodha city. The Co concentrations in these samples
were determined by atomic absorption spectrophotometer (AA-6300 Shimadzu Japan). In soil samples, Co level ranged from
1.958 to 3.457 mg/kg in the six sampling sites. The highest Co level was observed at site 6 and the lowest at site 2. In forage
samples, Co level ranged from 0.770 to 2.309 mg/kg in the six sampling sites. The highest Co level was observed at site 3 and the
lowest at site 2. In blood plasma samples, Co level ranged from 2.644 to 4.927 mg/kg in the six sampling sites. The highest Co
level was observed at site 1 and the lowest at site 3. The results showed higher Co values in the samples collected from the site IV
while the bioconcentration factor for forage-soil was found highest in the samples collected from Site III. On the other hand, a
correlation was found positively significant when soil and forage were correlated, and it was found negatively significant when
blood and forage were correlated.
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Introduction

The livestock of a country is very important as it yields a list of
healthy food (Devendra and Thomas 2002). A variety of food
and other usable things for industrial use are also obtained from
animals. This most important part of the ecosystem is under
threat due to increased urbanization and industrialization
(Ugulu 2015a, b). Such activities add toxic contaminants to
the environment which are replete with dangerous chemicals
like trace metals (Durkan et al. 2011; Ugulu et al. 2016). These
trace metals then become part of various elements of ecosys-
tems, accumulate there, and pose toxic effects on them (Dogan
et al. 2010; Ahmad et al. 2018a; Khan et al. 2018a).

The soil and the plants which grow on soil get much
contaminated by the trace metals (Ugulu and Baslar
2010; Nadeem et al. 2019). This condition of contami-
nation is more adverse when the toxic smoke of the
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automobiles gets released and affects the roadside plants
directly (Dogan et al. 2014a, b; Ugulu et al. 2012). The
trace metals get accumulated in the plant bodies and
soil and from the contaminated forages the trace metals
get to enter into bodies of animals when they consume
these forages (Khan et al. 2018b). As the fodder plants
are the primary source of toxic trace metals for the
animals (Ugulu et al. 2009; Yorek et al. 2016). Thus,
forage plants analysis is the best indicator for mineral
status as compared with the soil (McDowell 1983).
Various types of metabolic disorders are observed in
the animals which feed on such forages (Khan et al.
2018c). Tissue and blood of animals are reliable sources
of upraising their metal status than forage due to soil
contamination inconsistency in diet selection or avail-
ability of an ingested nutrient (Unver et al. 2015).
Deficiency disease or symptoms occur secondary to ill-
ness and functional and structural abnormalities includ-
ing impaired neuromuscular functions of skeletal,
smooth, and cardiac muscle, muscular weakness, paral-
ysis, and mental confusion (Murray et al. 2000).

There is no doubt naturally trace metals are found in
the environment; they exceed their limits when continu-
ously released into the environment as a result of an-
thropogenic activities (Ahmad et al. 2018b). In this di-
rection, the present study was conducted to check the
accumulation of cobalt in roadside soil, forages, and
buffalo blood and to evaluate the Co deficiencies and
toxicities in these samples.

Materials and methods

Study area

The area selected for study was Sargodha, Punjab, Pakistan
(Fig. 1). The relative humidity in Sargodha is almost 30–48%;
the temperature in summer season is almost 24–49 °C during
day time unlike the temperature of winter which is a minimum
of up to 8 °C. In Sargodha, the forages and the wastes of the
agricultural products are the common food of the ruminants.
The samples of four types of forages jowar (Sorghum bicolor
(L.) Moench), wheat (Triticum aestivum L.), berseem
(Trifolium alexandrinum L.), and bajra (Pennisetum
typhoideum Rich.) were collected from six different sites of
Sargodha which were Faisalabad roadside (site 1), Bhalwal
roadside (site 2), Shaheenabad roadside (site 3), Mateela road-
side (Site 4), 50 Chak roadside (site 5), and Dera Saudi (site
6), the site away from the road. The collection of the samples
of forages, soil, and buffalo blood were collected separately in
winter and summer seasons. Winter sampling was done in
December–January 2016 while the summer sampling was
done in May–June 2016.

Sample collection

Soil samples

Top soil samples (0–20 cm) were collected from the six sites
of Sargodha. Rocky granules and large lumps were removed
from the soil samples. A total of 120 samples of soil separately
were collected as 60 replicates in winter and 60 in summer
season. Soil samples were air dried followed by their drying in
an oven at 70–75 °C for almost 7 days. Then, after the oven
drying, the samples were crushed and saved for a further pro-
cedure that was acid digestion.

Forage samples

A total of 120 samples of four forages were collected,
60 samples of two forages (Gandum and Sorghum) from
winter and 60 samples of two forages (Millet and
Berseem) from summer seasons. This sampling was
done as 5 replicates of each forage from each site.
Forage samples were collected in polythene bags.
Samples of sorghum, berseem, gandum, and millet sam-
ples were collected from the roadsides of Mateela,
Bhalwal, Shaheenabad, 50 chak, and Faisalabad road-
side. The samples from the site away from the road
were collected from Dera Saudi. All samples of forages
were subjected to air drying which was then followed
by oven drying at 70–75 °C for 7 days. The samples
were ground after they were removed from the oven;
about 2 g of the weighed sample was saved for the
further procedure.

Blood samples

The samples of the buffalo blood were collected from
the jugular veins of buffaloes in sealed test tubes. Sixty
samples of buffaloes’ blood were collected from six
sites in winter and summer season, respectively. The
serum of the blood samples was separated by centrifu-
gation (3000 rpm for 15–30 min). The serum was then
saved (at 20 °C) for further procedure.

Metal analysis

Soil

Kacar (1996) gave the method of acid digestion of the
soil samples utilizing 2 g of soil sample and 30% H2O2

(10 mL). This mixture was then dried at 90 °C. This
procedure was repeated twice, and the temperature was
increased up to 200 °C after the addition of a 1-mL
concentration of HClO4 and a 2-mL concentration of
H2SO4 to the dried sample.
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Forage

The procedure for the acid digestion of forage samples utilizes
around 1 g of the crushed and ground forage sample in an

Erlenmeyer where it was processed for 3 h at 85 °C with a
mixture of HCL and HNO3 in the ratio 1:3. Along with this
mixture, concentrated HCLO4 was also added in Erlenmeyer
(Sabudak et al. 2007).

Fig. 1 Study area
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Blood plasma

Serum of all the blood samples was digested separately
using a 10-mL concentration of nitric acid in around a
100-mL digestion flask with 0.5 g sample of blood se-
rum. The temperature of this apparatus was about
80 °C. Five milliliters per chloric acid was also added
to this mixture. Heating was continued until the solution
became colorless (Richards 1968).

Dilution and filtration

Digested samples were filtered and diluted up to 50 mL with
distilled water. These samples were now ready for analysis of
cobalt.

Reagents and apparatus

The step dilution of the stock solution (1000 mg/L
Merck AAS solutions) along with the distilled deionized
water was used to prepare the standard working solution
of cobalt. To avoid contamination, the containers were
rinsed with distilled water after their dipping in concen-
trated HNO3 for one night. Atomic absorption spectro-
photometer (AA-6300 Shimadzu Japan) equipped with a
graphite furnace was used to analyze the cobalt in the
digested samples of blood, soil, and forage.

Statistical analysis

Data obtained from soil, forage, and blood samples were sta-
tistically analyzed and the mean concentration of cobalt was
found in the samples. Variance and correlation were deter-
mined using SPSS Software and ANOVA. The mean signifi-
cance values were at 0.05, 0.001, and 0.01 probability levels
represented by Steel and Torrie (1980).

Bioconcentration factor

The metal content of the forage plant (without taking into
consideration different parts of the plant) is determined by
calculating the bioaccumulation factor. Bioconcentration fac-
tor (BCF) is defined as a measure of the ability of metal uptake
by plant and the transport of the trace metal into different parts
of plant (Sainger et al. 2011).

BCF ¼ Concentration of metal in edible part=Concentration of metal in soil

Health risk index

The estimated exposure ratio of trace metals via forage intake
and oral reference dose is called health risk index (HRI) (Cui
et al. 2004; USEPA 2002).

HRI ¼ Daily intake of metal=Oral reference dose

From the integrated risk information system, the RfD value
for Co was 0.043 mg/kg/day (USEPA 2002).

Daily intake of metals

The formula to find the daily intake of metals (DIM) is:

DIM ¼ Cmetal � Dfood intake=Baverage weight

Baverage weight means the average body weight of buffalo
which is 550 kg while Dfood intake means the daily intake of
forage by animals which is 12.5 kg and Cmetal represents the
trace metal concentrations in forage (Briggs and Briggs 1980).

Pollution load index

Pollution load index has been evaluated as:
PLI =Metal concentration in investigated soil reference

value of the metal in soil (Liu et al. 2005).
The reference value for Co was 9.1 mg/kg (Dutch

Standards 2000).

Results and discussion

Soil

In soil samples, Co level ranged from 1.958 to 3.457 mg/kg in
the six sampling sites. The highest Co level was observed at
site 6 and the lowest at site 2 (Table 1). The concentration of
Co in the six sites of sampling was of the order: site 6 > site
5 > site 3 > site 4 > site 1 > site 2, respectively. The results
from analysis of variance of the soil data showed a non-
significant effect (P > 0.05) of sites on concentration of soil
Co for season, sites, and sites × seasons, respectively
(Table 2).

The study performed by Marianna et al. (2016) showed a
higher concentration of Co as compared with the concentra-
tions of this metal found in this study. Considerably low in-
dustrialization and limited anthropogenic activities in the
study area could be responsible for less accumulation of Co

Table 1 Mean
concentration of Co in
soil

Study site Co (mg/kg)

Site 1 2.605

Site2 1.958

Site 3 3.291

Site 4 3.128

Site 5 3.141

Site 6 3.457

15384 Environ Sci Pollut Res (2019) 26:15381–15389



in the agricultural soils (Aksoy and Ozturk 1997). Adriano
(1986) reported that the trace metal accumulation in soil is a
dominant factor. Haktanir (1983) found that in organic matter,
the percentage of clay and high pH does not allow the trace
metals to get transferred to the next trophic level rather in-
crease binding capacity of trace metals in the system in which
they are present. In addition to that, trace metals get adsorbed
by silt or clay fraction along with the organic matter.

Forage

In forage samples, Co level ranged from 0.770 to 2.309 mg/kg
in the six sampling sites. The highest Co level was observed at
site 3 and the lowest at site 2 (Table 3). The concentration of
cobalt in the six sites of sampling was of the order: site 3 > site
5 > site 6 > site 4 > site 1 > site 2, respectively. Non-significant
results of cobalt were found in the concentration of soil Co
examined in the samples of forage for season and sites × sea-
sons. Significant effects of Co were found on sites, respective-
ly (Table 4).

Umar et al. (2015) studied gum Arabic tree (Acacia
nilotica) and found higher Co concentrations unlike the Co
concentration found in samples of forages collected and tested
in the current study. The reason behind the exceeded concen-
tration of Co in the samples tested in this study was due to
enhanced automobile emissions in the region of Sargodha.
The presence of hydrogen ions in the soil, mineral status of
soil, and composition of the forages and soil samples greatly
affect the concentration of Co in the examined samples
(Huston et al. 2006) Trace metal accumulation and their dis-
tribution in the different parts of the environment depend on
many factors. The factors may be organic matter content, pH,
and clay contents of soil. In addition to them are the number of

automobiles on the roads, the distance of forages, and soil
from the road and duration of exposure of living content of
environment to the dangerous gases (Kalavrouziotis et al.
2007)

Blood

In blood plasma samples, Co level ranged from 2.644 to
4.927 mg/kg in the six sampling sites. The highest Co level
was observed at site 1 and the lowest at site 3 (Table 5). The
concentration of cobalt in the six sites of sampling was of the
order: site 3 > site 2 > site 4 > site 5 > site 6 > site 1, respec-
tively. The results from analysis of variance of the soil data
showed non-significant effect (P > 0.05) of sites on concentra-
tion of soil Co for season and sites × seasons and on the other
hand, the variance of soil data showed significant effects of
cobalt on sites, respectively (Table 6).

The Co existence in the samples of the blood of buffaloes
was studied by Nwede et al. (2010) and these results were
compared by the Co concentration determined in the current
study. It was found that the Co concentration in the current
study was higher than that found in the samples of buffalo
studied by Nwede et al. (2010). It was alarming to note that
along with blood, cobalt also accumulated and resisted in the
sensitive organs of buffalos like kidneys (Minervino et al.
2009). The need of the hour is that the smoke of the traffic
should be managed properly in order to avoid the damages
caused by the various trace metals like cobalt in the toxic
smoke. The plant contamination and the associated contami-
nations of the other trophic levels like animals and human
beings have really become a concerning issue (Abbas et al.
2010).

Table 3 Mean
concentration of Co
values in forage

Study site Co (mg/kg)

Site 1 1.357

Site2 0.770

Site 3 2.309

Site 4 1.370

Site 5 2.228

Site 6 2.021

Table 5 Mean
concentration of Co in
buffalo blood

Study site Co (mg/kg)

Site 1 2.644

Site 2 4.280

Site 3 4.927

Site 4 4.159

Site 5 4.005

Site 6 2.722

Table 2 Analysis of variance for Co values in soil at six sites

Sources of variation Degree of freedom Mean squares

Sites 5 2.46ns

Seasons 1 4.11ns

Sites × seasons 5 3.09ns

Error 36 1.96

ns non-significant

Table 4 Analysis of variance for Co values in forage at six sites

Source of variation Degree of freedom Mean squares

Sites 5 2.869ns

Seasons 1 0.051*

Sites × seasons 5 1.258ns

Error 36 1.427

ns non-significant

*Significant at 0.05
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Bioconcentration factor for forage-soil

The minimum BCF value of Co (0.32) was observed at site 6
while the maximum BCF value of Co (1.054) was observed at
site 2 (Table 7). The order of BCF for forage-soil was in the
following order at six sites of sampling: site 2 > site 4 > site
3 > site 6 > site 5 > site 1, respectively.

Bioconcentration factor calculated for Co showed higher
value in the samples examined by Kamal et al. (2015) unlike
the BCF results found in the current study. Loose bonding of
Co with the soil was the reason behind lower BCF in the
samples examined in the current study. The reason behind
the lowest BCF was the tight bonding of Co with the soil
and thus, it does not get transferred into the forages. Khan
et al. (2018d) reported that the value of the BCF greater than
1 means that the forages can accumulate a large concentration
of trace metals in them. The extent up to which the trace
metals like Co get accumulated in the soil or forages or any
part of the ecosystem depends upon the age, the composition,
the climatic conditions of that area, and the edaphic factors
(Alloway and Ayres 1997). In addition to this, the other rea-
sons behind the elevated Co in the samples was the mining
process in the area found in the vicinity of Sargodha, emis-
sions from the automobiles, fertilizer application, burning of
fossil fuels, smelting etc. (Smith and Carson 1981).

Bioconcentration factor for blood-forage

The minimum BCF value of Co (1.34) was observed at site 6
while the maximum BCF value of Co (5.55) was observed at
site 2 (Table 8). The order of BCF for blood plasma-forage
samples was in the following order at six sites of sampling:
site 2 > site 4 > site 3 > site 5 > site 1 > site 6.

When the data of results found in the current study were
compared with the data obtained in the study of Tshibangu
et al. (2014), it was found that the lowest concentration of Co
was found in the samples studied by Tshibangu et al. (2014).
The concentration of the hydrogen ions in the soil interferes
with the cobalt concentration in the soil (Zhang et al. 2007;
Cui et al. 2004). The exceeded concentration of hydrogen ions
in the soil does not allow the movement of trace metals like
cobalt and on the other hand, lesser concentration of hydrogen
ions (Ph) does not pose much influence on the concentration
of the trace metals in the soil and their transfer to plants
(Celechovska et al. 2008).

Daily intake of metals

The minimumDIM value of Co (0.001) was observed at site 1
while the maximum DIM value of Co (0.03) was observed at
site 4 (Table 9). The order of DIM values for cobalt was as
follows: site 4 > site 3 > site 2 > site 6 > site 5 > site 1.

The Co concentration found as the result the DIM found by
Saskia et al. (2013) showed a value lower than 1 like that
found in the current study. The daily intake of cobalt was
found almost 0.1 which suggests the absence of any health
risk after the consumption of such forages by animals
(Radwan and Salama 2006). Cobalt concentration was found
lowest as no considerable source of dust, burning coal, and
fossil fuels and forest fires existed in the area of sampling.

Health risk index

The minimum HRI value of Co (0.240) was observed at site 1
while the maximum HRI value of Co (0.697) was observed in

Table7 Bioconcentratio-
n factor for forage-soil at
six sites

Study site Co

Site 1 0.598

Site 2 1.054

Site 3 0.87

Site 4 0.94

Site 5 0.599

Site 6 0.32

Table8 Bioconcentratio-
n factor for blood-forage
at six sites

Study site Co

Site 1 1.74

Site 2 5.55

Site 3 2.13

Site 4 3.03

Site 5 1.99

Site 6 1.34

Table 9 Daily intake of
metal via consumption of
forage from six different
sites

Study site Co

Site 1 0.001

Site 2 0.019

Site 3 0.021

Site 4 0.030

Site 5 0.011

Site 6 0.012

Table 6 Analysis of variance for Co values in buffalo blood at six sites

Source of variation Degree of freedom Mean squares

Sites 5 6.55ns

Seasons 1 18.40ns

Sites × seasons 5 13.70ns

Error 36 2.711

ns non-significant
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site 3 (Table 10). The order of HRI values for COwas: site 3 >
site 4 > site 2 > site 5 > site 6 > site 1.

The HRI value found after the analysis of the results found
in this study was found highest when was compared with the
results of HRI found in the study of Zahara et al. (2014). The
HRI value greater than 1 if found in the results suggests the
greater health risk associated with the consumption of the
contaminated diets, forages (USEPA 2002). But if the HRI
value comes out to be less than 1 after the analysis of the
results, then it means no considerable health risk is associated
with the consumption of such diet (IRIS 2003). USEPA
(2002) reported that the value of HRI due to the contaminated
diet depends upon the soil chemical and physical characteris-
tics, the kind of forage, and the rate up to which the contam-
inated forage is being consumed. The value of health risk
index is quite usable and affective in providing a quantitative
determination for future management of risk and the checking
of the environment from every aspect.

Pollution load index

The minimum pollution load index (PLI) value of Co (0.216)
was observed at site 1 while the maximum PLI value of Co
(0.379) was observed at site 6 (Table 11). The PLI for cobalt
was in the order: site 6 > site 3 > site 5 > site 4 > site 2 > site 1.

The PLI value found the lowest in the samples examined in
the current study unlike the samples studied by Ahmad et al.
(2014). The value of PLI lower than 1 means the area is less
contaminated and polluted while the PLI greater than 1 sug-
gest higher contamination. Tomlinson et al. (1980) gave the
criteria for using PLI for determining the contamination status
of the soil. According to them, the PLI value greater than 1
means the soil is very much destroyed, and the value less than

1 means perfection, while the value of PLI equal to 1 presents
only baseline levels of pollutants present.

Correlation

The correlation for soil-forage for cobalt was found positively
significant; on the other hand, the correlation for blood-forage
was found negatively significant (Table 12).

The lowest correlation was found in the samples of soil,
forages, and blood examined in the study done by Ahmad
et al. (2014). A positively non-significant correlation for Co
means a strong relationship which indicates the balance flow
of trace metals between soil and forage. A positively non-
significant correlation found in the samples means a weaker
relationship existed between cobalt found in soil and forage.
More easy transfer of trace metals from soil-forage also leads
to positive correlation (Amlan et al. 2012). A negatively non-
significant correlation means an imbalance of cobalt between
soil and forage leading to a convoluted relationship.

Conclusion

The daily intake of cobalt was found almost 0.1 which sug-
gests the absence of any health risk after the consumption of
such forages by animals. Moreover, the pollution load index
and health risk index values below 1 showed that the study
area is less contaminated and no considerable health risk for
an animal is associated with the consumption of such diet. The
basic factors influencing the accumulation of metals in buffa-
loes depend upon the occurrence ofmetals, their concentration
in fodder and soil, and the duration of exposure. The correla-
tion for soil-forage for cobalt was found positively significant;
on the other hand, the correlation for blood-forage was found
negatively significant. The bioconcentration factor values of
Co were higher for blood plasma of buffaloes. So, the higher
uptake of Co by buffaloes might be toxic to exert dangerous
effect on them in the future.
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