
Introduction

It is now widely reported that ruminant metabolism
undergoes considerable changes due to varying climatic
conditions, topography, and types of diets fed to animals [1-
3]. One of the fundamental issues in nutrition of animals is
the balanced supply of all components, including trace ele-
ments. Thus, appraisal of the status of different trace ele-
ments present in animal diet is necessary to attain maxi-

mum production. However, the supply of most trace ele-
ments, if slightly exceeding the optimal level, causes consid-
erable toxicity to animals. On the other hand, scarcity of
these elements may cause metabolic disorders and can make
unambiguous deficiency diseases [4-6]. Copper has a mani-
fold function in animal metabolism, including regulation of
the activities of a variety of enzymes and in the oxidation-
reduction process [7]. For instance, the phagocytic ability of
neutrophils was enhanced when copper was fed to copper-
deficient goat kids [8]. Copper management can cause note-
worthy increases in hemoglobin and serum copper levels.
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Abstract

A study was conducted to appraise the levels of lead (Pb) in soils, pastures, and plasma of 20 rams raised

in a farm alleged to have metal contamination. Samples of soil, pasture, and ram blood were taken four times

with a one-month interval during autumn and winter, from October to January, and analyzed for Pb by atom-

ic absorption spectroscopy. Considerable statistically significant differences were found in soil, pasture, and

plasma Pb contents as a function of sampling time. The mean Pb values in soil ranged from 17.9 to 28.8 mg/kg,

in forage from 9.92 to 16.4 mg/kg, and in plasma from 0.058 to 0.086 mg/l with a steady dwindle with sam-

pling times. Forage Pb concentrations found in the present study were higher than the decisive Pb level for

animals, but lower than the toxic limits for forage, signifying no anticipation of toxicity present in rams graz-

ing therein. A significant positive correlation also was found between soil and forage and between forage and

blood plasma Pb during this study. Overall, soil, forage, and rams contained tolerable amounts of Pb, so there

is no risk of Pb toxicity presently to the rams being reared at the animal farm under study.
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Lead (Pb) is among the most common heavy metals that
cause toxicity to animals and humans [9]. This is because
the metal occurs commonly in most materials related to dif-
ferent types of industries as well as in air, water, plants, and
animal feeds. Although Pb, like many other heavy metals,
has no prominent role in the body, its presence in the body
can ultimately lead to deficiencies of other trace metals [10,
11]. It has been reported that excess Pb may perturb the
metabolism of purines and enhance oxidative stress in
patients with pollenosisin, in addition to reducing the enzy-
matic activity in the body [12].

Many livestock farms wherein forage is grown are
prone to frequent applications of a multitude of chemical
compounds, e.g. insect repellents and fungicides that con-
tain a variety of metals, including Pb. Therefore, such
chemicals contaminate the surroundings as well as the ani-
mals being reared therein. Thus, the premier objective of
this study was to investigate the levels of Pb in the plasma
of rams, pastures, and soils in a livestock farm in the district
of Sargodha, Punjab, Pakistan, where forages and tributary
water used by ruminants are treated with fertilizers, pesti-
cides, and sewage water.

Materials and Methods

Study Area

The study was conducted during October, November,
and December 2008, and January 2009 at the Livestock
Station, Khizerabad, Central Punjab, Sargodha (32º8'0"N
73º7'0"E). The description of this farm and comprehensive
procedure has been given elsewhere [13]. Briefly, 2,000
sheep of the Kajli breed and nearly 1,400 cattle of the
Sahiwal breed are being reared therein. The location, man-
agement, forage types, sampling procedure, sample prepa-
ration for analytical work, and statistical evaluations have
been described in a previous publication [14].

Animals and Sample Collection

Twenty uncastrated male Kajli sheep, known as rams
and representative of a group of 100, were used in this
study. Samples were taken from mature rams older than
two years old and weighing 45 to 50 kg. The rams were
sampled simultaneously with soil and forage sampling dur-
ing autumn and winter, from October to January. Blood
samples (10 ml) were taken from the jugular vein using 20
ml heparinized vacutainer test tubes. The tubes containing
blood were kept in an ice-packed cold box from the field and
immediately transported to the laboratory of the Department
of Biological Sciences, University of Sargodha. The sam-
ples were centrifuged at 3,000 rpm for 15 min. and then the
plasma was harvested into clean test tubes. The tubes con-
taining plasma were placed in a freezer at -20ºC until Pb
analysis.

Soil and forage samples were collected during autumn
and winter, from October to January, from three different sites
within the farm which was frequently allowed to be grazed.

At the chosen sites, forages were taken very carefully at 15
cm height from the ground to simulate the grazing behavior
of rams. At the same sites within the pasture where forages
were sampled, the soil was dug with auger to approximate-
ly 15 cm depth, and samples were taken. The soil samples
were thoroughly mixed and placed in clean plastic bags,
ground well with a pestle and mortar, and stored in tight
polythene bags until Pb analysis.

Analytical Work

For the determination of Pb levels in soil, forage, and
plasma samples, the aqua regia digestion was carried out in
250-ml glass beakers covered with watch glasses. A well-
mixed sample (1.0 g) of ground soil or forage was digested
in 15 ml of aqua regia on a hot plate for 2 h and 30 min at
120ºC. After evaporation, when the material was almost
dry, the sample was diluted with 20 ml of 2% nitric acid
(v/v with H2O). After filtering through Whatman filter
paper #42, the solute was diluted to 100 ml with distilled
water and stored until analysis. 

The Pb concentrations in soil and forage were deter-
mined using an atomic absorption spectrophotometer
(Model #AA-6300, Shimadzu, Japan). For the analysis of
Pb in plasma samples, an atomic absorption spectropho-
tometer coupled with a graphite furnace was used (AA-
6300 & GFAEXi7i, Shimadzu, Japan).

Statistical Analysis

The data of Pb concentrations in soil, forage, and blood
plasma were subjected to analysis of variance using SPSS
computer software for testing the significance at 0.05, 0.01,
and 0.001. Correlations among soil, forage and plasma Pb
concentrations were also drawn using the same software.

Results 

Soil Pb concentration decreased (P<0.05) gradually
from October to January (28.8 to 17.9 mg/kg, respectively;
Fig. 1). The highest forage Pb concentration was observed
at the first sampling and the lowest at the final sampling
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Fig. 1. Soil Pb concentrations (mg/kg dry weight; Bars repre-
sent means with standard errors) during autumn and winter,
from October to January. 
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(P<0.05) with a gradual decrease in sampling time from
October to January (16.4 to 9.9 mg/kg; Fig. 2). Mean blood
plasma Pb concentrations ranged from 0.058 to 0.086 mg/l.
The plasma Pb concentration decreased consistently with
time progress from October to January (P<0.001, Fig. 3). 

A significant and positive correlation (0.5550) was
found between soil and forage Pb concentrations, but a low
and negative correlation (-0.0060) was found between soil
and blood plasma Pb concentrations. Correlation between
forage and blood Pb concentrations was also positive and
significant (0.5745).

Discussion

Decreasing Pb concentration in soil from October to
January is probably due to either leaching into depth by irri-
gation or exhaustion of lead in soil by absorption by forage.
The values of soil Pb concentration found in this study were
far lower than the established level of 50 mg Pb/kg soil, a
level reported to be suitable for forage cultivation [15].
Bowen [16] reported that in India, the soil Pb concentra-
tions varied from 2-200 mg/kg, particularly in those areas
which are of an uncontaminated nature. Generally, the Pb
concentrations in soil range from 5 to 25 mg/kg and are
optimum for plant growth [17]. Thus, the concentrations
observed in the present study are within this range.

Furthermore, the soil Pb concentrations recorded in the pre-
sent investigation are consistent with those reported earlier
by Mlay and Mgumia [18] in Turkey, which ranged from
10.8 to 30.5 mg/kg and considered optimum for forage crop
requirement by the same authors. According to the criteria
suggested by Ross [19], the concentration of Pb in soil from
100-400 mg/kg is considered toxic, and soil Pb concentra-
tions in our investigation did not exceed this upper limit and
had been found far below the toxic limit for plants. Based
on these findings, there is no need for soil amendment with
Pb-containing fertilizers at this animal ranch.

Mean forage Pb concentration in this study was higher
than the critical value of 0.05-3 mg/kg proposed by
Tokalioglu et al. [20]. Higher values of forage Pb were also
reported earlier by Li et al. [21]. High levels of forage Pb in
the present study can be ascribed to the soil Pb being of rea-
sonable amount. Maximum tolerable levels of Pb by ani-
mals is 30 mg/kg, and Pb poisoning is more frequently
observed in farm animals [22]. In our investigation, forage
allowance of Pb is less than tolerable levels and thus
presently there are no threats of Pb toxicity to the rams
being reared at this farm.

Plasma Pb values in the present study were found in the
range of reference level of 0.01-0.20 mg/l as recommended
by Puls [23], indicating no toxicity danger for ruminants.
The plasma Pb levels in the rams were reasonably higher
compared to those (0.01 mg/l) reported by Lopez et al. [24]
in animals in Galicia, Spain, indicating that the rams were
prone to high amounts of Pb being taken efficiently from
the soil and forages. The Pb levels in blood plasma of rams
were in conformity with those reported earlier by Yazar et
al. [25] in blood plasma of Angora goats in Turkey ranging
from 0.043-0.094 mg/l. The possibility for the rams to
obtain extra Pb through ingestion of feed, soil, and water
cannot be ruled out due to the fact that this metal tends to
bio-accumulate in the body [26]. Pb may enter the body not
only through absorption in the gastrointestinal tract, but
also through the respiratory tract and skin. The majority of
absorbed Pb can be accumulated in the skeleton and it
appears to be relatively immobile, and absorbed Pb is
stored in the liver and kidneys [27]. The levels of Pb in tis-
sues and fluids have been shown to increase with increas-
ing exposure to Pb [28]. The low levels of plasma Pb in this
investigation may have been due to its deposition in various
organs, although its concentration in the forage consumed
by rams were higher. The threats of fertilizers and organic
manures as sources of Pb that can affect animals and
humans have been reported in other parts of the world [29,
30]. 

Conclusions 

Based on the soil, forage, and plasma analyses for Pb, it
can be concluded that the levels of this metal in the blood
plasma of rams and soil were lower than the reference val-
ues, while forage contained higher amounts of Pb.
However, the Pb concentrations are still below the toxic
levels for animals at the animal farm. Thus, presently there
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Fig. 2. Forage Pb concentrations (mg/kg dry weight; Bars rep-
resent means with standard errors) during autumn and winter,
from October to January. 
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Fig. 3. Concentrations of Pb in blood plasma of rams (mg/l;
Bars represent means with standard errors) during autumn and
winter, from October to January. 

P
b 

co
nc

en
tr

at
io

n
P

b 
co

nc
en

tr
at

io
n

October            November       December          January
Sampling Times

October            November       December          January
Sampling Times



is no threat of toxicity to the ruminants. However, there is a
need to continuously monitor the Pb status in animals, soils,
and forages in order to avoid toxicity to animals, as this
metal has mostly toxic effects rather than being essential for
ruminant growth. 
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