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Abstract
The instant endeavor was undertaken for determination of lead (Pb) in water, soil, forage and cow’s blood domesticated in contaminated area of heavy
automobiles’ exhaust in Sahiwal town of district Sargodha Pakistan. Water samples showed that the concentration of lead (Pb) ranged from 1.14 mg kg− 1 to
0.44 mg kg− 1 at all sites. It was maximum at site 5 and minimum at site 2. Soil samples showed the concentration of Pb at all sites ranged from 1.58 mg kg− 

1 to 0.279 mg kg− 1. It was maximum in soil where Avena sativa was grown at site 5 and was found minimum in soil where Zea mays was grown at site 2.
While among samples of forage, the concentration of Pb ranges from 0.048 mg kg− 1 to 2.002 mg kg− 1. The highest Pb amount was found in Brassica
campestris at site 1 and the minimum was recorded in Trifolium alexandrinum at site 2. Finally, the blood samples of cow depicted that concentration of Pb
ranged from 4.468 mg kg− 1 to 0.217 mg kg− 1. It was maximum at site 1 and minimum at site 3.

Introduction
Although transport sector has made life luxurious all over the world, but also unfortunately it brought few problems with it. When coming to their roadside
effects, one of the hazardous effects noted is that animal forages are contaminated with emission of pollutants from automobiles. Different studies have
shown that the blood and meat samples of cattle grazing and domesticated on such contaminated forage were found with different heavy metals including
lead (Pb). Lead enters in cattle and animals from water, they drink and forage, they eat. It is found that more are heavy automobiles on the roads or highways
more is the toxic smoke released into the atmosphere. The vehicular smoke is found associated with Pb and Pb is raising contamination of environment.

In Pakistan a relatively short food web of soil + water nutrients / contaminants → forage → cow → milk and meat may be hazardous for the consumers as
Codex Alimentarius Commission (CAC) has given allowable limits of lead (Pb) in meat of cattle, sheep and poultry (ML 0.05 mg kg− 1; lead range 0-0.1 mg
kg− 1; (CAC 1997–1999). Exposure to high levels of lead is found hazardous to human body, particularly infants and kids who are more susceptible to the
detrimental impacts of lead, which can affect their brain development.

Earlier studies have shown that the contents of different metals including Pb, Cu, Zn, Fe, Mn and Cd in soils and grass grown on roadside were on higher
levels in both kinds of samples of soil and grass collected from thirty-six sites on the Hong Kong Island. By analyzing linear regression among the logarithmic
concentration of the metals under study and the logarithmic tra�c �owing volume at those sites expressed that, other than Cd contents of soil, the two were
found signi�cantly related (variance ratios' P values < 0.001), hence con�rming that the auto vehicles were main source of the above heavy metals near the
highway. In roadside samples of soil and grass area wise presence of Pb & Cu was on higher sides, due to contamination mainly occurring in the thickly
populated and urbanized part of city with high number of the tra�c vehicles were transported. Seemingly, soil and grass samples, both could be indicators to
depict the deposition extent of metals aerially on roadside (Ho and Tai, 1988).

Anwar et al. (2020) reported that the plants growing on roadside are deeply contained with heavy metals caused by vehicles’ smoke pollution, hence certain
physiological disorders and diseases may occur by consumption of vegetation infested with vehicular smoke pollution.

Liu et al. (2020) reported that concentration of Pb �uctuated from 0.28 to 1.12 mg kg− 1 and 0.31 to 0.83 mg kg− 1 in cows and buffaloes respectively.
Amongst the three organs tested, the highest level of Pb (0.64–0.83 mg kg− 1) was found in spleen trailed by Pb (0.28–1.12 mg kg− 1) in lungs and (0.36–0.87
mg kg− 1) in bones. Additionally, older animals exhibited a signi�cant increase of Pb in them. It was established that Pb accumulation was higher than the
standard limit of 0.1 mg kg− 1 in both age groups of animals. The above bioindicators showed environmental pollution a result of presence of hazardous
levels of Pb in cattle and apparent risks for human health. Sound management of hazardous waste is needed in Sargodha district due to its high lead
concentration in edible commodities. It obviously indicated to address Pb contamination as well as its probable route of entry into the forage of the domestic
animals. Nadeem et al. (2020) reported that the quantities for pollution load index were less than legal value in respect of Pb and Zinc. Similarly, their transfer
had less contents indicating that antagonistic effect of metals in soil or plants were resistant to Pb and Zn. Although the metals’ daily intake of had lower
contents, health risk index values were higher than the legal value that indicated that Pb & Zn were not useful for grazing animals on site of collected
samples. EF values were found in order of Pb > Zn and less than standard ones. The results of study showed that irrigation of waste water increased the
concentration of both metals at sites of sampling. Jankowski et al. (2019) found that the highest levels of Pb were taken up by A. pratensis L. (3.843 mg kg− 1

DM), and the minimum by A. elatius L. (2.523 mg kg− 1 DM). Among these species of plants, the maximum quantity of Cd (0.286 mg kg− 1 DM) was found
amassed by D. glomerata L., further found that root parts accumulated higher contents of Pb & Cd of the grass than leafy ones. It indicated that substantial
contents of Pb and Cd exhausted by highway automobiles polluted the soil. Maximum contents of Pb & Cd were accumulated in the grass germinating at
�ve-meter distance from the highway edge, and it was applicable on all parts, whether underground or aboveground. Miclean et al. (2019) reported a
noncarcinogenic hazardous impact showed that milk consumption has no risk for human health brought from local markets, but the average cancer risk was
potentially existed. Bhuiyan et al. (2016) studied results of vehicle smoke on the environment as many researchers had been already working upon it. The
extended vehicle smoke affect used to be observed on Malabar spinach plant and speci�c forages. Sajid et al. (2017) found that the strength of pathologic
adjustments was without delay and associated to the quantitative accumulation of Pb in a range of organs of the animals. The minerals were related with
each existence functioning by the manufacturing of hormone, enzymes and alter metabolism due to their movements as coworker. The complexities
associated to mineral diet and metabolism might be based on the cure of a mineral connected disorder (Khan et al., 2006, 2007).

Nazir et al. (2015) found that industries manufacturing, mining, farming and transportation sectors resulting from human activities had been releasing high
quantities of toxic heavy metals on soils and drinking and irrigation water and eventually to the environment. People drinking contaminated water such cases
has to get through certain ailments including of kidney, hair and gastrointestinal tract. Pb had direct function in metabolism, however, it has created toxicity
when exceeded from its necessary levels as properly as due to the de�ciencies of other hint elements (Farmer and Farmer, 2000; Bibi et al., 2014).
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Barik et al. (2014) found that due to vehicular emissions soil porosity diminished upto 10% whilst aggregate ability lowered upto 23%. Zhang et al. (2013)
found that roots hold most of the heavy metals that a plant absorbs. Foliage of a plant was once believed to accumulate lead and it might get transferred to
different components of plant.

Khan et al. (2013) reported that Pb amounts were found from 1.2 to 3.5 mg kg− 1 in soil, 0.33 to 0.70 mg kg− 1 in forage and it was from 0.018 to 0.050 mg L− 

1, in milk. Its intensity gradually reduced in samples of soil, forage and milk with increasing intervals of sampling. Pb amounts were lower than the allowable
limits in both soil and forage as compared to as reported in some studies. Pb amount in cow milk was slightly more than the allowable limit that could be
risky for human health and to the health of animal’s calves. Mostly. perhaps due to environmental pollution including water, air and soil.

Among the heavy metals released from combustion chromium, zinc and lead are the most common. Lead sulfate is the form of lead found along the roads.
The plants found near the road are adversely affected by air pollutants as they are under the continuous exposure of smoke of heavy tra�c on the roads
(Gupta et al., 2012).

Phillips et al. (2011) found that exposure time to Pb had not affected its proportional absorption (P = 0.26) as maximum of Pb was defaecated in faeces or it
was accumulated in spleen or bones and excretion of urinary Pb was increased (P < 0.01) after a lengthier exposure of six or nine weeks. However, after 6 and
9 weeks of exposure to Pb increased proportional absorption of Cd, as related to three weeks (P < 0.01). Afterward longer interval of 9 weeks exposure to Pb,
Cd was reduced in kidneys while improved in blood serum. Finally, they resolved that period of Pb exposure had not affected its absorption, and no evidence
was existed of protective mechanisms, however, prolonged exposure caused enlarged collection of Cd which resulted in renal amounts higher than the
permissible limits. Udiba et al. (2012) found that acceptable restriction for residential areas acquired increased levels due to expanded soil copper and lead
amounts around drinking water sources. He additionally found the impact of a range of heavy metals like nickel, zinc and lead alongside with their contrast
the forage grasses and different plants, used to be the principal goal of this study. This kind of food regime if taken consistently may want to motive of
death. Most poisonous environmental pollution had been cadmium and lead as they lack any particular function in residing our bodies and they accumulate
there. Udiba et al. (2012) evidenced that air pollution of ecosystem and environment used to be a major trouble and it was once being more suitable through
the extended industrialization, greater use of fertilizers, natural procedures and mining etc. These poisonous chemicals get entered into meal chain. Animals
have been studied widely in this regard as they are supposed to be more conveniently affected with the aid of such pollution. Animal get right of entry to
protected forage or fodder was very important as it is related to their �tness alongside with the health of human beings feed on animal’s milk and meat etc.
Kodrik et al. (2011) studied the impact of heavy metals on cow milk and cheese and the metals included were As, Cd, Cr, Cu, Fe, Mn, V, Ni, Pb and Zn. They
noticed that Cr, Cu, Fe, V, Mn, Cd, As and Pb levels were higher in the milk collected from areas of concentrated automobiles tra�c than the milk originated
from unpolluted green regions. While, Cu, Cr, Fe and Pb levels were signi�cantly found higher in cheese samples collected from the highway side as compared
to those in non-polluted green area cheese samples. Ahmed and Bibi (2010) suggested the absorption and accumulation of Pb in animals by using feeding
on contaminated forage. Thus, heavy metal in this way gets entry into food chain. Kaplan et al. (2010) investigated that now not only under-developed
nations appeared sufferer of chemical toxicities however the developed areas of the world additionally cry on the damages that these toxicants reason to
them. Pollution in the surroundings ought to be indebted to a variety of elements in which anthropogenic activities play a signi�cant role. Some of these
things to do include fossil gas burning with the aid of man, expanded industrialization leading to more production of poisonous wastes, urbanization had
improved the use of cars which emit toxic smoke, and mining strategies also performed its part. Most important thing to concern about is the persistent
nature of toxic chemical compounds emitting from above cited resources. Saikachout et al. (2009) studied in the Wisconsin State on different forages that
were used as feed for the cows and buffalos showed the increased concentrations of the arsenic, chromium, zinc, lead and copper etc. The analysis of forage
in another study con�rmed the excessive concentrations of lead in the forage samples. Among the entire plant the toxicants have been located greater
gathered in the leaves. When the contaminated forages are consumed by animals, they get affected badly by it as by the contaminated forage heavy metals
got entered in the cattle body and with the passage of time these metals get accumulated in their bodies (Wagh et al., 2006).

Mor (2006) found that the contents of Cd and Pb contaminated the cattle manures less (who were fed in the far areas from industries, tra�c or urbanization),
than the cattle manures who were fed nearer to heavy tra�c and industries. The highest contents of metals were originated in manure of cattle collected from
the heavy tra�c region, trailed by the region of industries and the rural areas. Among the livestock feeds studied in the endeavor, the maximum Pb
concentration was in grass while the minimum lead was found in the straw samples. Zn along with Pb and Cd disturbed the uptake of the essential nutrients
in the plants like Mn. Its higher concentration was accountable to the disturbance of reproduction as well as growth (Rattan et al., 2005).

Viard et al. (2004) found that the expressway tempted the pollution of the nearby environment, and it was found near to 320 meters, and the highest
contamination was detected 5–20 m. The amounts calculated in plants in the neighborhood of the expressway were found 2.1 mg Pb kg− 1 DW, 0.06 mg Cd
kg− 1 DW, 62 mg Zn kg− 1 DW and the amounts calculated among snails were found 21.3 mg Pb kg− 1 DW, 5.7 mg Cd kg− 1 DW, 510.8 mg Zn kg− 1 DW. The
concentrations were found with decreasing trend with distance increasing away from the expressway. The results of the three above metals showed that Pb
was appeared the �nest metal for contamination evaluation or pollution caused by road transport. Parkpian et al. (2003) showed their �ndings that plants
growing adjoining the expressway were exposed frequently to more accumulations of heavy metal than the plants grown away from the expressway.
However, their analysis con�rmed that improved farm management practices resulted in substantial reduction of Pb & Cd levels in soil and green forage and
ultimately to reduce the Pb and Cd contents in the milk. Lokhande and Bathe (2001) investigated that the waste water application and the vehicle smoke
have brought on soil air pollution of two the heavy metals which change the houses of soil. The changed houses of soil motive easy mobility of heavy metals
into the plants. Farmer and Farmer (2000) discovered that heavy metals entered into our bodies and milk of the cattle by means of the water they drink and
fodder they eat. Fodder acquired contaminated by way of the application of more than a few fungicides, fertilizers, industrial e�uents etc. Pirkle et al. (1998)
found that various disorders of health were associated with this lead contamination. Most affected part of body damaged by excessive lead was
reproductive system. Kidney and liver are the home of these toxicants inside the bodies of organisms and they pose their adverse effects on them. Radostits
et al. (1994) found that soils having adequate concentrations of lead were suitable for growth of plants. By using canal water unlike sewage and industrial
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e�uents for the irrigation of various soil products. Hence, forage grown on such soil were not accumulate lead in them and thus pose no risk to consumers
taking them as food. But when soil was irrigated continuously by sewage or industrial e�uent lead get accumulated in it thus getting mobilized to plants and
ultimately to animals and humans. Lead increased concentrations in soil may be due to lead contaminated air, excessive application of industrial e�uents,
smoke from vehicle and automobiles. And as a result, an excessive concentration of lead gets accumulated in animals’ body and also in that of humans.
Animals feeding on pastures situated near industrial units, mining communities and road sides get more exposed to heavy metals. Airborne lead and lead
taken up by roots of plants affect grazing animals. Major risk on soil contaminated plants was dust from roadside rather than metal uptake.

The current endeavor was designed to determine lead concentration in soil, cow forage, water and cow’s blood serum of cows domesticated near automobile
transportation and to correlates its results with biochemical and hematological parameters in Sahiwal District Sargodha, Pakistan, with objective to evaluate
addition and transfer of Pb in water, soil, forage and animals’ blood.

Materials And Methods
The study area was selected Sahiwal, district Sargodha Pakistan. This is an agricultural area where most important crops are grown.  The forage chosen for
learn about had been Zea mays, Avena sativa, Trifolium alexandrinum and Brassica campestris. Samples of water, soil, forage and cow’s blood were
collected.

Collection of samples

Water Samples
All of the samples of water measuring 100 ml were collected by following the method given by AFNOR (1997).

Forage samples
Total one hundred twenty samples of 4 forages had been composed of Maize, Oat, Berseem and Brassica from winter season. The sampling procedure was
executed as 4 replicates of every forage from each place. Samples of Maize, Berseem, Oat and Brassica were collected from the roadsides of Dera Jara,
Radhan, Majoka, Sial Sharif and Nehang. The samples from the distant avenue had been amassed from Vijh. All of the samples of forages were subjected to
air drying followed by oven drying at 70-75°C for 7 days. From these samples about 2g (Nascimento et al. 2014) with the objective to decide Pb availability in
the soil and forage by the use of the Mehlich 1, DTPA, and USEPA 3051 and 3052 methods of extraction. The weighed sample were saved for the additional
procedure (Zhang et al. 2010). Forage (0.5 g) used to be digested by means of the usage of 5 mL of HNO3 (70%) and 1.5 mL of HCIO4 (60%). It was heated
until the evaporation of brown fumes (Jones, 1991).

Soil Samples
The samples of soil were amassed as two hundred and forty replicates of soil from six websites along with 120 samples from winter season. Each of these
(1 kg sample of soil) had been gathered in polythene luggage by digging soil about 15-30 cm deep with the help of shovel. Followed by way of series of
samples about 10 g of each sample was once air dried. After air drying samples were followed oven dried for about 70-750C. From the oven the soil samples
were eliminated and after 7 days and till then all the moisture contents from the soil samples have been removed. Then these samples have been beaten
using pestle mortar and about 2 g of every sample used to be saved for the additional technique after sieving of all samples. Total contents of heavy metals
in soil samples were studied after the digestion of samples. Approximately, 2.5 ml nitric acid, 0.5 ml hydrogen peroxide (30%) and 7.5 ml of hydrochloric acid
were applied (Kilburn, 2000).

Blood samples
Total 60 cow blood samples were collected, 12 from Radhan, 12 from Nehang, 12 from Dera Jara, 12 from Majoka, and 12 from Sial Sharif facet. Samples
had been gathered in 16×150 mm sealed test tubes. Blood samples of cow have been collected from the major veins of cow in standing condition by using
sanitized needle. After collection, blood was positioned in heparinized Na-citrate viols quickly for halting clotting. Blood serum was separated from plasma by
using a centrifuge running at 3000rpm for 15 to 30 minutes. The serum was used placed in small labeled viols and stored in freezer at 200°C.

All blood serum samples were organized by wet digestion according to the process of Richards (1968). Brie�y, 0.5 ml of serum was used for digestion with 10
ml focused nitric acid in a hundred ml digestion �ask initiating at low temperature for 15 to 20 minutes until the contents were clear and followed with 5 ml
perchloric acid for 15 minutes. Resultant in the �ask was heated strongly until 2-3 ml colorless solution was obtained. After cooling, the contents were diluted
to 20 ml bu adding redistilled water in volumetric �ask and �nally preserved for further analysis.

Apparatus and chemicals and Instrument
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Measuring cylinder of 10 ml, salts, pipette of 10ml, volumetric �ask of 1000 ml and 100ml, beakers of 500 ml and salts. The chemical substances used in
this manner have been of MERCK Company. The digestion of the forage, soil and blood samples used to be followed by using the heavy metal analysis of
samples. This analysis was performed after the samples have been diluted the usage of freshly prepared distilled water. Heavy metal analysis used to be
performed via the use of Flame Atomic Absorption Spectrophotometer AA 6300 Shimadzu Japan. The atomic absorption spectrophotometry was utilized in
the determination of lead concentrations in the samples.

Statistical analysis
Analysis of Variance and correlations was observed by SPSS (Special program for social sciences) software program model No. 20. Variance for lead in soil,
feed and water was found through making use of two-way ANOVA. Correlations with Pb concentrations of forage and soil were accounted with Mean value
was at 0.05, 0.001 and 0.01 chance stages represented by Steel and Torrie (1980).

Results
ANOVA showed a non-signi�cant impact of sites on the Pb concentration in soil grown with all forages maize, oat, berseem and brassica, and blood and
water samples while signi�cant in�uence of sites was detected on the concentration of Pb in maize (Table 1). Water samples showed Pb concentration in all
sites that was ranged from 1.14 mg kg− 1 to 0.44 mg kg− 1. Pb contents were maximum at site 5, and minimum at site 2 Table 2& Fig. 1). Soils samples of all
the forages also recorded Pb concentration at all sites and it ranged from 1.58 mg kg− 1 to 0.279 mg kg− 1. The concentration was maximum in Avena sativa
grown at site 5, and it was minimum in Zea mays at site 2 (Table 3& Fig. 2). Samples of forages were also contained concentration of Pb and it ranged from
0.048 mg kg− 1 to 2.002 mg kg− 1. The maximum value of concentration of Pb was in Brassica campestris at site 1, while the minimum value of concentration
of Pb was in Trifolium alexandrinum at site 2 (Table 4& Fig. 3). Similarly, samples of cow blood showed Pb concentration at all sites that was ranged from
4.468 mg kg− 1 to 0.217 mg kg− 1. Pb concentration was maximum at site 1, while it was minimum at site 3 (Table 5 & Fig. 4).

Table 1
Analysis of Variance of Lead (Pb) in Water, Soil, Forages and cow’s Blood at all six sites of sampling

Source
Of
Variation

Degree
Of
Freedom

Water Soil Forage Blood

Z. mays A.
sativa

T.
alexandrinum

B.
campestris

Z.
mays

A.
sativa

T.
alexandrinum

B.
campestris

Sites 5 0.255ns 0.535ns 0.335ns 0.646ns 0.053ns 0.01* 0.136ns 0.282ns 1.216ns 10.831ns

Error 18 0.124ns 0.219ns 0.497ns 0.440ns 0.361ns 0.017* 0.278ns 0.171ns 0.978ns 10.486ns

 
 

Table 2
Mean of Concentrations

of Lead (Pb) in Water
samples at all six sites
Sites Mean

1 0.647 ± 0.038

2 0.44 ± 0.056

3 0.54 ± 0.043

4 0.598 ± 0.056

5 1.14 ± 0.034

6 0.832 ± 0.045

 
 

Table 3
Mean Concentrations of Lead (Pb) in Soil samples at all six sites

Sites Soil of Zea mays Soil of Avena sativa Soil of Trifolium alexandrinum Soil of Brassica campestris

1 0.703 ± 0.231 1.20 ± 0.264 0.835 ± 0.288 0.515 ± 0.304

2 0.279 ± 0.14 1.05 ± 0.32 1.57 ± 0.045 0.72 ± 0.265

3 0.56 ± 0.223 0.891 ± 0.27 0.967 ± 0.305 0.694 ± 0.323

4 0.897 ± 0.346 0.749 ± 0.152 1.48 ± 0.269 0.741 ± 0.327

5 1.37 ± 0.041 1.58 ± 0.333 0.575 ± 0.237 0.724 ± 0.306

6 0.656 ± 0.289 1.19 ± 0.168 1.40 ± 0.081 0.873 ± 0.269
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Table 4

Mean Concentration of Lead (Pb) in forages at all six sites
Sites Zea mays Avena sativa Trifolium alexandrinum Brassica campestris

1 0.322 ± 0.075 0.415 ± 0.135 0.363 ± 0.272 2.002 ± 1.071

2 0.690 ± 0.239 0.277 ± 0.192 0.048 ± 0.011 0.895 ± 0.240

3 0.395 ± 0.185 0.714 ± 0.343 0.422 ± 0.037 0.617 ± 0.321

4 0.092 ± 0.024 0.745 ± 0.299 0.803 ± 0.213 0.576 ± 0.304

5 0.262 ± 0.081 0.589 ± 0.203 0.694 ± 0.343 0.558 ± 0.088

6 0.343 ± 0.105 0.435 ± 0.335 0.431 ± 0.132 0.829 ± 0.238

 
 

Table 5
Mean of Concentrations

of Lead (Pb) in Cow
Blood at all six sites

Sites Mean

1 4.468 ± 0.044

2 0.322 ± 0.024

3 0.217 ± 0.032

4 0.869 ± 0.058

5 0.503 ± 0.092

6 0.764 ± 0.064

 Pollution Load Index (PLI):
PLI for Pb at six sites of irrigation in all forages ranged from 0.03 to 9.19. It was maximum for Avena sativa at site 4, while minimum for Zea mays at site 2.
The descending order of PLI at site 1 in all the given forages was Brassica campestris < Zea mays < Trifolium alexandrinum < Avena sativa. The descending
order of PLI at site 2 was Zea mays < Brassica campestris < Trifolium alexandrinum < Avena sativa. For site 3, the order of PLI was Zea mays < Brassica
campestris < Trifolium alexandrinum < Avena sativa. For site 4, the order of PLI was Brassica campestris < Zea mays < Trifolium alexandrinum < Avena sativa.
The order of PLI at site 5 was Trifolium alexandrinum < Brassica campestris < Zea mays < Avena sativa. The order of PLI at site 6 was Zea mays < Brassica
campestris < Trifolium alexandrinum < Avena sativa (Table 6)

Table 6
Pollution Load Index (PLI) for Lead (Pb) at all six sites

  Soil of Zea mays Soil of Avena sativa Soil of Trifolium alexandrinum Soil of Brassica campestris

Site 1 0.09 1.47 0.1 0.06

Site 2 0.03 1.29 0.19 0.09

Site 3 0.07 1.09 0.12 0.08

Site 4 0.11 9.19 0.18 0.09

Site 5 0.17 1.94 0.07 0.08

Site 6 0.08 1.45 0.17 0.11

Bio Concentration Factor (BCF):
BCF for Pb at six sites of irrigation in all forage samples ranged from 0.03 to 9.95. It was found highest for Avena sativa at site 4 of irrigation, while it was
lowest for Trifolium alexandrinum at site 2. The order of BCF for Zea mays at different sites was site 4 < site 5 < site 1 < site 6 < site 3 < site 2. For Avena sativa,
BCF at different sites was in the order site 2 < site 1 < site 6 < site 5 < site 3 < site 4. The order of BCF for Trifolium alexandrinum at different sites was in the
order site 4 < site 2 < site 3 < site 1 < site 5 < site 6. For Brassica campestris, order of BCF at different sites was site 5 < site 4 < site 3 < site 6 < site 2 < site 1
(Table 7).
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Table 7
Concentration of Bio Concentration Factor (BCF) for Lead (Pb) in soils of different forages at six sites

  Zea mays-soil Avena sativa-soil Trifolium alexandrinum-soil Brassica campestris-soil

Site 1 0.46 3.46 0.43 2.85

Site 2 2.47 2.63 0.03 1.73

Site 3 0.71 8.01 0.44 0.89

Site 4 0.10 9.95 0.54 0.78

Site 5 0.19 3.72 1.21 0.77

Site 6 0.52 3.67 0.31 0.95

Daily Intake of Pb (DIM) & Health Risk Index (HRI)
DIM was the highest for Brassica campestris at site 1 while it was the lowest for Zea mays at site 1, 2, 4 and 6 for Avena sativa at site 1, 2, 3 and 6, for
Trifolium alexandrinum, 2, 3, and 6, and for Brassica campestris at site 1, 3, 5, and 6. HRI was the highest for Brassica campestris at site 1, while it was the
lowest for Zea maysat site 4. The order of health risk index (HRI) for Zea mays at different sites were4 < site5 < site1 < site6 < site3 < site2. For Avena sativa,
DIM at different sites was in the order 2 < site1v6 < site5 < site3 < site4. For Trifolium alexandrinum at different sites the order2 < site1 < site3 < site6 < site5 < 
site4. For Brassica campestris, order of DIM at different sites was5 < site4 < site3v6 < site2 < site1.

Table 8
Concentration of Daily Intake of metals & Health Risk Index for Lead (Pb) in soils of different forages at six sites

Study Sites Daily Intake of metals & Health Risk Index Zea mays-soil Avena sativa-soil Trifolium alexandrinum-soil Brassica campestris-soil

Site 1 DIM 0.01 0.01 0.01 0.03

HRI 0.18 0.24 0.21 0.84

Site 2 DIM 0.02 0.01 0.01 0.02

HRI 0.39 0.16 0.03 0.51

Site 3 DIM 0.01 0.02 0.01 0.02

HRI 0.23 0.41 0.24 0.35

Site 4 DIM 0.01 0.02 0.02 0.01

HRI 0.05 0.42 0.46 0.33

Site 5 DIM 0.01 0.01 0.02 0.01

HRI 0.15 0.34 0.4 0.32

Site 6 DIM 0.01 0.01 0.01 0.02

HRI 0.2 0.25 0.25 0.47

Discussion
To keep protection against exposures of lead, the Codex has framed latest limits of contamination of lead found in food. Exposure to high levels of lead is
hazardous to human body, particularly infants and children are susceptible to the detrimental effects of lead, which can impact their brain development. In
Pakistan a relatively short food web of soil + water nutrients / contaminants → forage → cow → milk and meat may be hazardous for the consumers as
Codex Alimentarius Commission (CAC) has given permissible limits of lead in meat of cattle, sheep and poultry (ML 0.05 mg kg− 1; lead range 0-0.1 mg kg− 1;
(CAC 1997–1999). The instant endeavor has given Pb values to higher sides in blood of cow as compared to CAC which can be associated with meat of cow.
However, it depends on the daily intake of the meat. Hence care is mandatory to keep avoid risks to human health.

Additionally, most of the results were in conformity with the earlier work with few exceptions, conducted by above authors viz., Viard et al. (2004), Mor (2006),
Parkpian et al. (2003), Kodrik et al. (2011), Miclean et al. (2019) and Liu et al. (2020).

Conclusion
Lead found in current study is the hazardous metal for human and animal health but luckily its contents are below the dangerous levels on the basis of daily
intake as described by CAC. However further studies are imperative to investigate harmful effects of Pb transferred from animals and their products in local
conditions.

Declarations



Page 8/12

Ethical Approval:
Ethical approval was taken from Department Ethical Review Committee to conduct study as animals were involved in this study So ethical approval was very
essential

Consent to Participate:
Informed consent was taken from formers to conduct the study and to collect the samples. They were briefed about the research plan in details.

Consent to Publish:
Written consent was sought from each author to publish the manuscript.

Authors Contributions:
Tasneem Ahmad, Zafar Iqbal Khan and Kafeel Ahmad conceived and designed the study and critically revised the manuscript and approved the �nal version.
Zunaira Munir executed the experiment and compiled data. Muhammad Nadeem statistically analyzed the data and help in chemical analysis. Ijaz Rasool
Noorka interpreted the results and wrote manuscript. Sonaina Nazar critically edited and revised the manuscript. Ifra Saleem Malik ,Mudasra Munir and Asma
Ashfaq helped in sample collection and chemical analysis

Funding:
No Funding Agency. Some amount of Research grant was provided by University of Sargodha.

Competing Interests:
There is no competing interest in the publication of this manuscript.

Availability of data and materials:
Data and material is available for research purpose and for reference.

Acknowledgement:
All authors are grateful to the Deanship of Scienti�c Research at King Saud University Saudi Arabia for �nancial support through project No RG-1441-484.

References
1. Ahmed, K. and S. Bibi. 2010. Uptake and bioaccumulation of water borne lead (Pb) in the �ngerlings of a freshwater cyprinid, (Catla L.).  J.  Anim.  Plant. 

Sci. 20(3): 201-207.

2. Akinci, I, E. Akinci, S. Yilmaz. 2010. Response of tomato (Solanum tuberosum L.) to lead toxicity growth, element uptake, chlorophyll and water content. 
Afr. J. Res., 5: 416-423.

3. Aksoy, A. and M.A. Ozturk. 1997. Nerium oleander L. as a Biomonitor of Lead and Other Heavy Metal Pollution in Mediterranean Environments.  Sci. Tot.
Environ. 205: 145-150.

4. Anwar, S., Naz, A., Ashraf, M. Y., Malik, A., Evaluation of Inorganic Contaminants emitted from Automobiles and Dynamics in Soil, Dust, and Vegetations
from Major Highways in Pakistan. 2020. Environmental Science and Pollution Research. Https://Doi.Org/10.1007/S11356-020-09198-X

5. Aslam, S., F. Sharif and A.U. Khan.2015. Effect of lead and cadmium on growth of medicago sativa L. and their transfer to food chain.  J.  Anim. Plant
Sci., pp: 25(2).

�. Bahadur, A., Z. Chaudhry, G. Jan, M. Danish, A. Rehman, R. Ahmad, A. khan, S. Khalid, Irfan, Z. Shah, F. Ali , T. Mushtaq  and F. Gul. 2011. Nutritional and
elemental analyses of some selected fodder species used in traditional medicine. Afr. J. Phar. Pharmac., 5 (8): 1157-1161.

7. Barik, S., S. Sarkardas, A. Singh, V. Gautam. 2014. Phylogenetic analysis reveals conservation and diversi�cation of microRNA 166 genes among diverse
plant species. Genomics 103: 114-121.

�. Bhuiyan, M., D.B. Doza, M.T. Islam, M.A. Rakib, M.S. Rahman and A.L. Ramanathan. . 2016. Assessment of groundwater quality of Lakshimpur district of
Bangladesh using water quality indices, geostatistical methods, and multivariate analysis. Environ. Ear.Sci.,75:1020.

9. CAC. 1997-1999. Codex Alimentarius Commission report for Pb. FAO, Rome.

https://link.springer.com/journal/12665


Page 9/12

10. Cai, O., Long. M.L. Zhou, Q.Z. Zhang and J. Liu. 2009. Food chain transfer of cadmium and lead to cattle in a lead zinc smelter in Ghuizho, China.
Environ. Pol., 57(11): 3078-3082.

11. Carrington and P.M. Bogler. 1992. An assessment of the hazards of lead in food. Regul.Toxicol.Pharmacol. 16: 265-272.

12. Demirezen, D. and A. Ahmet. 2006. Heavy metal levels in vegetables in Turkey are within safe limits for Cu, Zn, Ni and exceeded for Cd and Pb. J. Food
Qual., 29:252-265

13. Ekmekyapar, F., T. Sabudak and G. Seren.2012. Assessment of heavy metal contamination in soil and wheat (Triticum aestivum L.) Plant around the
Corlu–Cerkezkoy highway in Thrace region.Glob.Nes. J., 14(4):498-504.

14. Farmer, H.and A. Farmer. 2000. Concentration of cadmium, lead and zinc in livestock feed and organs around a metals production centre in Eaten
Kazakhstan. Sci. Tot. Environ., 257: 53-60.

15. Fujihara.T., T. Ichinohe, T. Awano, A. Fariani and L. Warly. 2003. Mineral status of forages and goats in west Sumatra, Indonesia: Macro minerals. In: The
sixth International Symposium on the nutrition of herbivores. Eds. Herrera-Camacho, J. & Sandoval-Castro, C.A. pp. 57-58.

1�. Gupta, A.K., P. Singh and P. Kumar. 2012. Evaluation of Air Pollution Tolerance Index of road side dominant herbs and trees at Varanasi (U.P.), India. Plant
Archives.  12: 1053-1055.

17. Ho, Y. B. and K. M. Tai. 1988. Elevated levels of lead and other metals in roadside soil and grass and their use to monitor aerial metal depositions in Hong
Kong. Environmental Pollution, Volume 49, Issue 1, 1988, Pages 37-51. https://doi.org/10.1016/0269-7491(88)90012-7.

1�. Iqbal, A. and Y. Shazia. 2004. Differential tolerance of Albizia lebbeck and Leucaena leucocephala at toxic levels of lead and cadmium. Pol. J. Environ.
Stud., 13(4): 439-442.

19. Jankowski, K. E. Malinowska, G. A. Ciepiela, J. Jankowska, B. W. Kadżajan, and J. Sosnowski. 2019. Lead and Cadmium Content in Grass Growing Near
an Expressway. Arch Environ Contam Toxicol. 2019; 76(1): 66–75. Published online 2018 Sep 26. Doi: 10.1007/s00244-018-0565-3

20. Jimenez. M., G. Bacchetta, M. Casti, F.B. Navarro, A.M. ´ Lallena and E. Fernandezno. 2014. Study of Zn, Cu and Pb ˜ content in plants and contaminated
soils in Sardinia. Plant Biosys.,148(3): 419–428.

21. Joseph, L., L.C. Andrea, T.K. Mal, A. Kabata and H. Pendias. 2002. Effects of lead contamination on the growth of Lythrum salicaria. J. Environ. Pol, 120:
319–323.

22. Kabala, B.R. and C. Singh. 2001. Fractionation and mobility of copper lead and zinc in soil pro�les in the vicinity of a copper smelter. Environ Qual., 30:
485-492.

23. Khan, Z. I, K. Ahmad, A. Bayat, M. K. Mukhtar and M. Sher. 2013. Evaluation of Lead Concentration in Pasture and Milk: A Possible Risk for Livestock and
Public Health Pakistan J. Zool., vol. 45(1), pp. 79-84, 2013.

24. Khan, Z. I., K. Ahmad., M. Sher., Z. Hayat., A. Hussain., A. Seidavi and Y. Rizwan. 2012.  A study on soil, forage and plasma lead levels in lactating cows
reared in suburb of Sargodha: Transport of Lead into milk. J. Anim. Plant Sci. 22(4): 898-901.

25. Kaplan, T., O. Yildrm and N.C. Cimen. 2010. Toxic elements in animal products and environmental health. Asia. J. Anim. Ved. Adv., pp: 145-153.

2�. Kilburn, M. Aqua Regia Digestion for Soils / Sludges. Analytical methods manual. Method NO: H115, 03/07/00

27. Kiran, K., B. Erika, M. Rashidi, R.Y. Prabhakara, R. Sharada and B. Rajanna. 2008.Lead induced increase in antioxidant enzymes and lipid peroxidation
products in developing rat brain. J. Anim. Sci., 21: 9-16.

2�. Kirpichtchikova, T., A. Manceau, L.Spadini, F. Pan�li, M.A. Marcus, and T. Jacquet. 2006. Speciation and solubility of heavy metals in contaminated soil
using X-ray macro �uorescence, EXAFS spectroscopy, chemical extraction, and thermodynamic modelling. Geochimica et Cosmochimica Acta, 70(9): 
2163-2190.

29. Kodrik, L., L. Wagner, K. Imre, K. F. Polyak, F. Besenyei And F. Husveth. 2011.  The Effect of Highway Tra�c on Heavy Metal Content of Cow Milk and
Cheese. Hungarian Journal of Industrial Chemistry Veszprém Vol. 39(1) Pp. 15-19 (2011)

30. Kottefrova.C. and J. Korekenova. 1995. The effect of emission on heavy metals concentrations in cattle for the area of an industrial plant in Slovakia.
Arch. Environ. Contam.Toxicol., 29: 400-405.

31. Kpttfrova.K.  and J. Kottfrova. 1998. Distribution of Cd and Pb in the tissues and organs of free living animals in the territory of Slovakia. Bull.
Enviorn.Contam.Toxicol., 339: 153-166.

32. Lasat, N.  2002. Phytoextraction of toxic metals: A review of biological mechanisms, J. Environ. Qual., 31: 109-120.

33. Liu, W., N. Mehmood, H. Saeed, M. Arshad, Z. I. Khan, and H. Muqaddas. 2020. Quantitative analysis of lead in cows and buffaloes for health
assessment. Environ Sci Pollut Res 27, 8621–8627 (2020). https://doi.org/10.1007/s11356-019-07556-y.

34. Lokhande and C.N. Bathe. 2001. Monitoring and assessment o heavy metal contents in the industrial e�uents from Ambarnath M.I.D.C. Area
Mahashatra. Poll. Res., 20: 239-243.

35. Madyiwa, S., M.J. Chimbari and F. Schutte. 2004. Lead and cadmium interactions in Cynodon nlemfuensis and sandy soil subjected to treated
wastewater application under greenhouse conditions. Phys. Chem. Earth. 29: 1043-1048.

3�. Miclean, M, O. Cadar, E. A. Levei, R. Roman, A. Ozunu and L. Levei. 2019. Metal (Pb, Cu, Cd, and Zn) Transfer along Food Chain and Health Risk
Assessment through Raw Milk Consumption from Free-Range Cows. Int. J. Environ. Res. Public Health 2019, 16, 4064; doi:10.3390/ijerph16214064.

37. Mor, F. 2006. Cadmium and lead in livestock feed and cattle manure from four agricultural areas of Bursa, Turkey, Toxicological & Environmental
Chemistry, 87:3, 329-334, DOI: 10.1080/02772240500153667

3�. Murray, R.K. Granner, D.K. Mayes, A.P. Radwell. 2000. Harper’s biochemistry 25th edition.Mc GrawHill Profession Division, USA. pp: 132-135.

https://www.sciencedirect.com/science/article/abs/pii/0269749188900127?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/0269749188900127?via%3Dihub#!
https://www.sciencedirect.com/science/journal/02697491
https://www.sciencedirect.com/science/journal/02697491/49/1
https://doi.org/10.1016/0269-7491(88)90012-7
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jankowski%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30259078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malinowska%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30259078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ciepiela%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=30259078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jankowska%20J%5BAuthor%5D&cauthor=true&cauthor_uid=30259078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wi%26%23x0015b%3Bniewska-Kad%26%23x0017c%3Bajan%20B%5BAuthor%5D&cauthor=true&cauthor_uid=30259078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sosnowski%20J%5BAuthor%5D&cauthor=true&cauthor_uid=30259078
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6326970/
https://dx.doi.org/10.1007%2Fs00244-018-0565-3
https://doi.org/10.1007/s11356-019-07556-y
https://doi.org/10.1080/02772240500153667


Page 10/12

39. Nadeem, M., Z. I. Khan, M. Ghazal, M. Akhter, P. Akhter. K. Ahmad, H. Bashir, I. R. Noorka, A. I. Batool, S. Rehman, A. Ainee and I. Khan. 2020. Assessment
of Zn and Pb in buffaloes fed on forages irrigated with wastewater in Sahiwal, Sargodha, Pakistan. Pure and Applied Biology. Vol. 9, Issue 1, pp728-742.
http://dx.doi.org/10.19045/bspab.2020.90079

40. Nazir, R., M. Khan, M. Masab, H. Rehman, N. Rau�, S. Sahabi, N. Ameeri, M. Sajedi, M. Ullah  and Z. Shaheen. 2015.   Accumulation of Heavy Metals (Ni,
Cu, Cd, Cr, Pb, Zn, Fe) in the soil, water and plants and analysis of physico-chemical parameters of soil and water Collected from Tanda Dam Kohat). J.
Pharm. Sci. & Res. 7(3):  89-97.

41. Oluokum, J.A., A. K. Fajimi, A.O. Adebayob and F. T. Ajayi. 2007. Lead and Cadmium poisoning of goat raised in cement klin dust polluted area.  J.  Food
Agric. Environ., 5: 382-384.

42. Pahlsson.  G. 1989. Toxicity of heavy metals (Zn, Cu, Cd, Pb) to vascular plants.Environ. Int. 47(3-4): 287-319.

43. Pahlsson.A.M. 1989.Toxicity of heavy metals (Zn, Cu, Cd, Pb) to vascular plants. Water, Air, and Soil Pollution, 47(3-4): 287-319.

44. Parkpian, P., S.  T. Leong, P. Laortanakul and N. Thunthaisong. 2003. Regional Monitoring of Lead and Cadmium Contamination in a Tropical Grazing
Land Site, Thailand. Environmental Monitoring and Assessment 85(2):157-73. DOI: 10.1023/A:1023638012736.

45. Phillips, C.J.C.,  M.O. Mohamed and P.C. Chiy. 2011.  Effects of duration of exposure to dietary lead on rumen metabolism and the accumulation of heavy
metals in sheep. Small Ruminant Research. Volume 100, Issues 2–3, October 2011, Pages 113-121. https://doi.org/10.1016/j.smallrumres.2011.06.004.

4�. Pirkle, J., L.R. Kaufmann, D.J. Brody, T. Hickman, E.W. Gunter and D.C. Paschal. 1998. Exposure of the US Population to lead. Environ. Health.Perspect .,
106: 745-750.

47. Radostitis, O., M. Blood and D.C. Gay. 1994. Veterinary medicine: A textbook of the diseases of cattle sheep goat and horses. 8th edition.Paston Press Ltd,
London Norfolk, UK. pp: 1146-1499.

4�. Richards, L. A. 1968. Diagnosis and Improvement of Saline and Alkaline Soils.1st Ed. Agri. Handbook No. 60. IBH Pub. Co. New Delhi, India.

49. SaiKachout, S., J.C. Leclerc, A. Ben Mansoura, M.N. Rejeb and Z. Ouerghi.. 2009. Effect of heavy metals on growth and bioaccumulation of the Annual
Halophy Int.. Environ.  Res., (7): 764-756.

50. Sajid, M., M. Younus, M. R. Khan, A. A. Anjum and S. E. Haque. 2017. Effects of Experimental Lead Toxicity on Hematology and Biochemical Parameters
in Lohi Sheep. International Journal of Agriculture & Biology ISSN Print: 1560–8530; ISSN Online: 1814–9596 17–0518/2017/19–6–1409–1413 DOI:
10.17957/IJAB/15.0425 http://www.fspublishers.org

51. Satarug, Vasileios, A.B. Nistor and E. Dimosthenis. 2013. Arsenic, cadmium, lead and mercury as undesirable substances in animal feeds. Scienti�c
papers.Anim. Sci. Biotechnol., 46(1): 17-23.

52. Speienberg, T., J. Graaf, G.J.Baars, A.J.Brus, D.H. Tielen, M.J. Steel and R.G.Torrie. 1980. Principle sand procedures of statistics. A biometrical approach
(2ndEd.). McGraw Hill Book Co., New York. pp: 123-127.

53. Stankovic, D., B. Krstic, and N. Nikolic. 2008. Effect of tra�c on the soil contamination with polycyclic aromatic hydrocarbons (PAHs). J.  Biotechnol.
Equip., 22: 736-741.

54. Steel, R. and J.H. Torrie, 1980.Principle and procedures of statistics, a biometrical approach (2nd ED).McGraw Hill Book Co. Inc., New York, 336-354..

55. Swarup, S. D. Patra, R.C. Naresh, R. kumar, P. Shekhar. 2005. Blood levels in lactating cows reared around polluted localities, transfer of lead into milk.
Sci. Tot. Environ. 347: 106-110.

5�. Udiba, E., E. Ogabiela, , U. Yasusf, C. Hammeul, A.F. Adeajayi, M.O. Odey, M. Abdllahi and B. Gauji. 2012. Level of lead, cadmium, zinc, copper, nickel,
chromium, manganese and cobalt in food of the Swedish market. J. Trend. Advan. Sci. Engin., 5(1): 27-37.

57. Viard, B., F. Pihan, S. Promeyrat, J C. Pihan. 2004. Integrated assessment of heavy metal (Pb, Zn, Cd) highway pollution: bioaccumulation in soil,
Graminaceae and land snails. Chemosphere. Volume 55, Issue 10, June 2004, Pages 1349-1359. https://doi.org/10.1016/j.chemosphere.2004.01.003.

5�. Wagh, N.D., V. Poonam, Y. Shukla, B. Sarika, S.T. Tambe and Ingle. 2006. Biological monitoring of roadside plants exposed to vehicular pollution in
Jalgaon city. J. Environ. Biol., 27(2): 419-421.

59. Xiong. A.  1998. Heavy metal contamination of urban soils and plants in relation to tra�c in Wuhan city, China. Toxicol. Environ. Chem., 65(1-4): 31-39.

�0. Zhang, F. Yan, X. Zeng, C. Zhang, M. Shrestha, S. Devkota and L.P. Yao. 2013. In�uence of tra�c activity on heavy metal concentrations of roadside
farmland soil in mountainous areas. Int. J. Environ. Resend.Public.Health., 9(5): 1715-1731.

�1. Zhang, M., k. Liu, Z.Y. Wang. 2010. Use of single extraction methods to predict bioavailability of heavy metals in polluted soils to rice. Commun.Soil. Sci.
Plant. Anal., 41: 820-831.

�2. Zhang, S. H. Lou, Y. Song, J. Zhang, H. Xia and J. Zhao. 2007. Predicting As, Cd and Pb uptake by rice and vegetables using �elds data from China. J.
Environ. Sci., 23: 70-78.

�3. Zhi, X.N. Li., T. Heng., Y.S. Li and H. Wang. 2007. Evaluation of Phytoextracting cadmium and lead by sun�ower, ricinus, alfalfa and mustard in
hydroponic culture. J Environ. Sci. 19: 961-967

Figures

https://www.researchgate.net/scientific-contributions/39789088-Preeda-Parkpian?_sg%5B0%5D=eq4hmh_zNw2aaadPVg0Z26gIgL_P94Dmweh-fahONo5610zlXglyT4iagrgCzNhSMj60wUI.6mGYzHE4XMKWm12sP083vKmazAtv0SToMQEPdpE9O-T2x9WrvQHp-TkWXk6L3_Z5eKmcTyzESHXSuJKVZBd_xQ&_sg%5B1%5D=Heg3Oa6HHvnAC89-E4uxJ-Prf8s4VdfZV2klcGW1KFe-42wDQJf1E-eMnNKCZTUJ6vcnEW0.B2tRBoB0a0OW2-vw6Ssdy3cD9ymTYvYkk6jNjqeScQHEst9C5mlzvo_W5p_ODxsnhI7URIYh2qZh6EVx4bJ_8w
https://www.researchgate.net/scientific-contributions/9478665_Shing_Tet_Leong?_sg%5B0%5D=eq4hmh_zNw2aaadPVg0Z26gIgL_P94Dmweh-fahONo5610zlXglyT4iagrgCzNhSMj60wUI.6mGYzHE4XMKWm12sP083vKmazAtv0SToMQEPdpE9O-T2x9WrvQHp-TkWXk6L3_Z5eKmcTyzESHXSuJKVZBd_xQ&_sg%5B1%5D=Heg3Oa6HHvnAC89-E4uxJ-Prf8s4VdfZV2klcGW1KFe-42wDQJf1E-eMnNKCZTUJ6vcnEW0.B2tRBoB0a0OW2-vw6Ssdy3cD9ymTYvYkk6jNjqeScQHEst9C5mlzvo_W5p_ODxsnhI7URIYh2qZh6EVx4bJ_8w
https://www.researchgate.net/scientific-contributions/35173881_Preecha_Laortanakul?_sg%5B0%5D=eq4hmh_zNw2aaadPVg0Z26gIgL_P94Dmweh-fahONo5610zlXglyT4iagrgCzNhSMj60wUI.6mGYzHE4XMKWm12sP083vKmazAtv0SToMQEPdpE9O-T2x9WrvQHp-TkWXk6L3_Z5eKmcTyzESHXSuJKVZBd_xQ&_sg%5B1%5D=Heg3Oa6HHvnAC89-E4uxJ-Prf8s4VdfZV2klcGW1KFe-42wDQJf1E-eMnNKCZTUJ6vcnEW0.B2tRBoB0a0OW2-vw6Ssdy3cD9ymTYvYkk6jNjqeScQHEst9C5mlzvo_W5p_ODxsnhI7URIYh2qZh6EVx4bJ_8w
https://www.researchgate.net/scientific-contributions/31701601_Nasavan_Thunthaisong?_sg%5B0%5D=eq4hmh_zNw2aaadPVg0Z26gIgL_P94Dmweh-fahONo5610zlXglyT4iagrgCzNhSMj60wUI.6mGYzHE4XMKWm12sP083vKmazAtv0SToMQEPdpE9O-T2x9WrvQHp-TkWXk6L3_Z5eKmcTyzESHXSuJKVZBd_xQ&_sg%5B1%5D=Heg3Oa6HHvnAC89-E4uxJ-Prf8s4VdfZV2klcGW1KFe-42wDQJf1E-eMnNKCZTUJ6vcnEW0.B2tRBoB0a0OW2-vw6Ssdy3cD9ymTYvYkk6jNjqeScQHEst9C5mlzvo_W5p_ODxsnhI7URIYh2qZh6EVx4bJ_8w
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1023%2FA%3A1023638012736?_sg%5B0%5D=NaXvWhrUSDzN9HOK5FsRxHdCKx83F6Ajk2gNvh98fEC0-qLyJSZ6U077aDinU-EccUST4FZEx6pDBgZYOewaXzBkow.hEfpHUDAQgrJUzmAsTK6bEsD028n8_u0QNhhL3wdeoV5ZlMK1fWlMCSIThM_dBdeNIc_UQ68DnaeQqAP4kc7Mw
https://www.sciencedirect.com/science/article/abs/pii/S092144881100246X#!
https://www.sciencedirect.com/science/article/abs/pii/S092144881100246X#!
https://www.sciencedirect.com/science/article/abs/pii/S092144881100246X#!
https://www.sciencedirect.com/science/journal/09214488
https://www.sciencedirect.com/science/journal/09214488/100/2
https://doi.org/10.1016/j.smallrumres.2011.06.004
http://www.fspublishers.org/
https://www.sciencedirect.com/science/article/abs/pii/S0045653504000293#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653504000293#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653504000293#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653504000293#!
https://www.sciencedirect.com/science/journal/00456535
https://www.sciencedirect.com/science/journal/00456535/55/10
https://doi.org/10.1016/j.chemosphere.2004.01.003


Page 11/12

Figure 1

Lead (Pb) Concentration in Water at all six sites of sampling

Figure 2

Lead (Pb) Concentration in Soil at all six sites of sampling
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Figure 3

Lead (Pb) Concentration in Forages at all six sites of sampling

Figure 4

Lead (Pb) Concentration in Cow Blood at all six sites of sampling


