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Abstract

This study was conducted to determine the concentration of toxic metals in soil, forage and blood plasma of lactating and
non-lactating buffaloes in the district Jhang, Punjab, Pakistan. Soil samples were collected from varying distances from the
road side. Plasma separation was achieved by centrifugation. The concentration of arsenic (As), selenium (Se), cadmium
(Cd), chromium (Cr), iron (Fe), zinc (Zn), copper (Cu) and cobalt (Co) were determined by using Atomic Absorption Spec-
trophotometer. The results of the study showed that the mean As, Se and Cd concentrations in soil samples were lower while
Cr, Fe, Zn, Cu and Co were higher than the official guidelines. In plasma samples, mean concentration values of Co, Zn, Fe,
Cd, Se and As were lower while Cu and Cr were higher than the recommended concentrations. According to the results of
the study there was no potential exposure of toxicity in buffaloes of the study area.
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As natural components of ecosystems, metals and their
allied compounds are present in all organisms, plants and
soils, though in small quantities (Ugulu 2015c¢). Both natural
and anthropogenic processes result in distribution of metals
in environment (Dogan et al. 2014a). Metals are removed
naturally through biogeochemical cycles, but human activi-
ties have contributed to enormous quantities in environment
even exceeding the rate of removal (Carneiro et al. 2016).
Therefore, it is necessary to monitor their environmental
levels and changes in ecosystems (Ugulu et al. 2012; Dogan
et al. 2014b). The use of direct methods, in which the con-
centration of elements or their compounds is determined in
air, soil and water, does not fully reflect the degree of the
threat to humans and animals (Durkan et al. 2011; Ugulu
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2015a; Ugulu et al. 2016). For this reason, measurements
of chemical residues in tissues of animals are of growing
importance for environmental studies. Biological methods
that include bioindicators are used to define the effect of
harmful substances on living organisms (Ahmad et al. 2018).

Environmental researches often use animals as indica-
tors of the degree of environmental pollution with toxic
metals. Identification of toxic metal concentrations in the
organs of animals provides an indirect measure of environ-
mental pollution while making it possible to determine the
extent of exposure of animals to these elements in each area
(Wieczorek-Dabrowska et al. 2013). Livestock are among
the common animals used for bioindication/biomonitor-
ing of environmental pollution in land ecosystems. Their
biomonitoring results mainly from relatively long life-span,
huge availability of basic data and relatively simple sam-
pling procedure (Unver et al. 2015).

Livestock is one of the major sub-sectors of agriculture in
Pakistan. It contributes 12% to the gross domestic product and
provides milk, meat, leather and manure. Rural communities
are heavily dependent on this sector (Chandio et al. 2016).
The nutritional needs of livestock are fulfilled by fodder crops
and minerals in soil. Forage analysis indicates the level of
microminerals in soil (McDowell 2003). However, animal
tissue, such as liver and kidney, and blood samples are better
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indicators of potential toxicity than forage due to diet selec-
tion by grazing animals (Khan et al. 2009). Plants and animals
concentrate potentially toxic metals over time; trace metals in
soil in are assimilated by plants up to toxic levels and are then
ingested by livestock and may cause damage to both animals
and human health (Ahmad et al. 2010). These metals can cause
adverse effects even at relatively low concentrations (Dogan
et al. 2010; Ugulu 2015b).

In general, the aims of monitoring the animals include data
collection to: (1) estimate human health risks; (2) determine
contamination of the food chain; (3) define the levels of envi-
ronmental contamination; (4) identify negative effects on ani-
mals; and (5) assess spatial or temporal trends in pollution
levels (Carneiro et al. 2016). Present study was conducted to
determine the concentration of potentially toxic metals in soil,
forage and blood plasma samples of buffaloes in district Jhang,
Pakistan. The main purpose was to evaluate how the levels of
potentially toxic metals present in the soil affect the levels of
metals in forage and blood plasma of buffaloes that consume
vegetation (forage) of that area.

Materials and Methods

The study was undertaken in Shorkot, Jhang City, Pakistan
located on the east bank of Chenab River (31.30677 N,
72.32814 E). Jhang City is characterized by extreme climate
and the temperature is generally hot despite significant varia-
tions between summer and winter. In the plain the mean June
temperature is 35 °C, while the mean January temperature is
12°C.

The pastures in the study area had shown a diversity of for-
ages of several species. At the time of survey dominant forages
species were Zea mays, Sorghum bicolor, Pennisetum glaucum
and other grasses. Mostly the animals of Shorkot livestock
were foraged on the mentioned forages. They were fertilized
the soil with 25 kg urea/ha.

Thirty-six samples of soil and forage each of grazing ani-
mals were taken in November 2014. Soil samples were taken
at 5, 10, 15 and 20 m distance from the road at a surface depth
of 20 cm. At the same site from where soil samples were taken
36 samples of different forages which were mostly feed by ani-
mals were collected. The forage samples were collected from
the height of 3-6 cm from ground to stimulate the grazing
behavior of animals. Constant weight was achieved after dry-
ing out the samples. Heparin (anticoagulant) containing plastic
syringes were used to draw blood (15 mL) from the jugular
vein. Plasma separation was achieved by centrifugation.

Twenty healthy buffaloes were randomly selected for blood
sampling at the livestock station. Two cohorts were made
(non-lactating buffaloes and lactating) of ten buffaloes each.
All animals were of 4-5 years and with an average weight
of 70-100 kg. Each animal had a specific number imprinted
clearly on animal’s body. 15 mL of blood samples were taken
out from these 20 animals through syringes and few drops of
heparin added to avoid from blood clotting.

In preparation process, air dried samples of soil were fur-
ther dried in oven for 72 h then grinded soil samples with the
help of grinder. Then the powdered soil samples pass through
the mash having size of 1 mm. Then 1 g of dry and powdered
soil transferred to digestion flask which was covered with
8 mL of H,SO,. After this, mixture of soil and acid heated for
30 min. Further 10 mL of H,SO, added and heated until resi-
due became bright. After this, 4 mL of H,0, was added and
again heated the mixture. At the end, the solution was diluted
with distilled water up to 20 mL and kept in the glass tubes
until analysis of metals.

Air dried samples of forage were further dried in an oven
for 72 h then grinded with the help of grinder to pass the
grinded forage through a mash having size of 1 mm. 1 g of for-
age samples were digested with H,SO, and H,0, (4:2) at the
temperature of 250°C for 3—4 h until solution become colorless
and thick white fumes appeared in the flask. The contents of
flask were washed with pure distilled water, filtered through
filter paper and samples were dilute up to 50 mL.

The heparinized blood was centrifuged. Then 2 mL of
blood plasma were mixed with 2 mL of H,SO, and the mix-
ture of sample was allowed to stand overnight for digestion
purpose. The mixture of sample was digested by heating it
at 120°C until all the organic matter was dissolved. 2 mL of
H,0, was added to enhance the process of digestion by oxida-
tion process. The digested samples were cooled and dilute the
digested samples up to 50 mL with ultrapure water and stored
in glass tubes till analysis.

The concentrations of heavy metals were determined by
using Atomic Absorption Spectrophotometer (AAS) (Shi-
madzu double beam AA-6300 and Perkin Elmer Aanalyst
400). The detection limits of AAS is given in Table 1. As and
Se were determined with the very sensitive hydride technique.
The following operating conditions were used for As and Se
analysis (Table 2).

To make sure the stability of results, the quality assurance
was done by measurements of natural matrix certified refer-
ence material (CRM-1570) and the measurements of dupli-
cates for each batch of samples. To avoid contamination, the
samples were handled cautiously. During the study, double

Table 1 Detection limits of
AAS

Element As

Se Cd Cr Fe Zn Cu Co

Detection limits 0.05

0.05 0.8 3 5 1.5 15 9
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Table 2 The operating conditions used for As and Se analysis

Parameter As Se
Wavelength (nm) 193.7 198.0
Slit width (nm) 0.2 1.0
Lamp intensity (mA) 9 10
Air flow (L/min) 12 12
Acetylene flow (L/min) 1.5 1.5

distilled water was used, and glass ware was cleaned methodi-
cally. For verification of investigative measures, a study was
done by homogenizing the analyzed samples with a varying
quantity of standard solution of each metal. The results showed
the certified value for each metal within +2%.

Applied to examine the proportion of concentration of
metals in plants to that in corresponding soil. It was used to
evaluate the uptake of metals from soil and their bioaccumu-
lation in vegetable using the following formula:

BAF soil-forage = Concentrations of metals in forage/

Concentrations of metals in soil

And similarly, bioaccumulation factor (BAF) from forage
to blood plasma:

BAF forage-plasma = Concentrations of metals in plasma/

Concentrations of metals in forage

Results and Discussion

The accumulation levels of the metals in 36 soil samples
collected from 5, 10, 15 and 20 m distance from the road
of Shorkot City are as follows: The contents of As, Se, Cd,
Cr, Fe, Zn, Cu and Co ranged from 12.01 to 14.89, 0.70 to
0.94,1.97 t0 2.18,0.18 t0 0.22, 17.22 to 20.14, 1.84 to 2.08,
2.35t0 3.89, and 6.57 to 8.14 mg/kg, respectively (Fig. 1).
Maximum permissible limits (MPL) of the As, Se, Cd,
Cr, Fe, Zn, Cu and Co accumulation in soil were reported as
20, 3, 3, 100, 50,000, 300, 100 and 50 mg/kg, respectively
by WHO, FAO, Standard Guidelines in Europe (Chiroma
et al. 2014) and USEPA (2002). The values of metals in the
present study were lower than these MPL in soil samples.
In other studies, in Jhang City, Khan et al. (2016a)
identified the As, Se, Cd, Cr, Fe, Zn, Cu and Co val-
ues between 28.17-30.80, 1.81-2.02, 11.28-15.80,
0.17-0.20, 20.22-25.11, 8.09-8.67, 15.65-18.43 and
17.18-21.13 mg/kg in soil samples contaminated from
sewage water. Khan et al. (2016b) defined the As, Se,
Cd, Cr, Fe, Zn, Cu and Co values between 22.13-22.76,
1.96-2.16, 16.29-18.99, 0.14-0.16, 19.92-20.50,
7.96-8.11, 15.98-20.26 and 18.12—-19.65 mg/kg in soil
samples irrigated with domestic wastewater. When three
studies in the same city are compared, accumulations for

all trace metals in the soil samples gathered from the road-
side were higher than the samples contaminated with sew-
age water. However, the levels of all metals except for Cr
in soil samples irrigated with domestic wastewater higher
than the values in samples gathered from the roadside.
This result an indication that domestic wastewaters are
quite hazardous pollutants.

When the recent studies in other cities of Punjab-
Pakistan are examined; Ahmad et al. (2016a) conducted a
study in contaminated water irrigated agricultural sites of
Sargodha and detected the As, Se, Fe, Cu and Zn values
between 3.52-4.19, 1.81-2.51, 6.04-6.77, 2.79-4.13 and
2.35-3.54 mg/kg respectively in soil samples. While As
and Fe values in the present study were higher than the
findings of this, Se, Cu and Zn values were lower. This
result may be originated from the differences in the metal
resources and soil composition of the study area.

Ahmad et al. (2016b) performed a study in the peri-
urban areas of Khushab and defined the As, Se, Cd, Cr, Fe,
Zn, Cu and Co values ranged from 42.24 to 47.17, 1.70 to
2.76, 8.65 to 20.30, 0.84 to 0.94, 34.09 to 42.05, 4.33 to
6.40, 3.31 to 3.69 and 13.4 to 19.7 mg/kg, respectively in
soil samples. As compared to these results with the present
study, it was seen that the metal accumulation in the soil
of peri-urban areas of Khushab were higher than the sam-
ples collected from roadside of Jhang. On the other hand,
Ahmad et al. (2016c¢) studied on the long-term wastewater-
irrigated agricultural land of Sargodha and determined the
As, Se, Cr, Fe, Zn, Cu and Co values between 56.1-59.3,
2.44-3.33, 0.07-0.09, 42.9-48.4, 6.71-9.96, 4.02-4.66
and 14.3-26.2, in soil samples. Similar to Khushab, poten-
tially toxic metal concentrations except for Cr in the waste-
water-irrigated agricultural land of Sargodha were higher
than Jhang the study area of the present study.

The potentially toxic metal accumulations in forage
samples collected from where soil samples were taken are
as follows: The contents of As, Se, Cd, Cr, Fe, Zn, Cu
and Co ranged from 1.82 to 1.91, 0.16 to 0.18, 0.21 to
0.23, 2.03 to 2.10, 22.13 to 26.08, 31.80 to 38.04, 10.41
to 11.31, and 0.13 to 0.15 mg/kg, respectively (Fig. 2).

The MPL of the As, Se, Cd, Cr, Fe, Zn, Cu and Co accu-
mulation in plants were reported as 7, 0.1, 0.1, 3, 425, 100,
100 and 50 mg/kg, respectively by WHO, FAO, Standard
Guidelines in Europe (Chiroma et al. 2014), NRC (1996) and
USEPA (2002). The range values of metals in the present
study were lower than these MPL in forage samples.

Khan et al. (2016a, b) were conducted their stud-
ies in Jhang City. Khan et al. (2016a) determined the As,
Se, Cd, Cr, Fe, Zn, Cu and Co values in forage samples
between 9.15-11.20, 0.54-0.55, 0.27-0.48, 10.48-10.53,
39.39-42.94, 55.71-60.27, 20.55-23.51 and 0.48-0.49 mg/
kg, respectively in Abelmoschus esculentus samples as con-
taminated vegetable from sewage water. Khan et al. (2016b)
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Fig. 1 The fluctuation of toxic metals in soil (a As, b Se, ¢ Cd, d Cr, e Fe,

defined the As, Se, Cd, Cr, Fe, Zn, Cu and Co values var-
ied from 9.71 to 12.70, 0.45 to 0.77, 0.31 to 0.35, 11.94 to
12.66, 38.96 to 41.14, 53.63 to 41.13, 18.69 to 19.38 and
0.57 to 0.73 mg/kg, respectively in Cucurbita maxima sam-
ples irrigated with domestic wastewater. When three studies
in the same city are compared, accumulations for all met-
als in the forage samples (Z. mays, S. bicolor, P. glaucum
and other grasses) collected from the roadside were lower
than the A. esculentus samples contaminated with sewage
water and the C. maxima samples irrigated with domestic
wastewater.

When the recent studies examining the accumulation
of potentially toxic metals in plant and vegetable samples
in other cities of Punjab-Pakistan are examined; Ahmad
et al. (2016a) detected the As, Se, Fe, Cu and Zn values
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between 2.07-3.68, 0.25-0.45, 32.61-42.63, 10.43-15.65
and 30.83-38.17 mg/kg in Coriandrum sativum samples
grown in contaminated water irrigated agricultural sites of
Sargodha. Ahmad et al. (2016b) conducted a study in the
peri-urban areas of Khushab and defined the As, Se, Cd,
Cr, Fe, Zn, Cu and Co values ranged from 3.45 to 4.63, 0.50
to 0.51, 0.66 to 0.75, 1.32 to 1.42, 30.28 to 37.63, 39.12 to
55.27, 14.55 to 18.65 and 0.73 to 0.89 mg/kg in Daucus
carota samples. Ahmad et al. (2016¢) determined the As,
Se, Cr, Fe, Zn, Cu and Co values varied from 4.06 to 8.82,
0.721t0 0.83, 15.4 t0 29.3, 50.1 to 78.4, 61.2 to 74.7, 23.9 to
28.9 and 0.64 to 1.16 mg/kg in Solanum melongena samples
grown in a long-term wastewater-irrigated agricultural land
of Sargodha. The accumulations reported in these studies for
all metals were higher than this study except for Cr values
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Fig.2 The fluctuation of toxic metals in forages (a As, b Se, ¢ Cd, d Cr, e Fe, f Zn, g Cu, h Co)

presented by Ahmad et al. (2016b). This result may be due
to the different working areas, as well as the accumulation
properties of the plants used in the studies.

The potentially toxic metal accumulations in blood
plasma samples of buffaloes are as follows: The con-
tents of As, Se, Cd, Cr, Fe, Zn, Cu and Co are between
0.91-0.94, 0.02, 0.081-0.082, 0.34-0.36, 4.89-5.71,
0.62-0.63, 0.85-0.88, and 0.19-0.21 mg/L, respectively
(Fig. 3).

For As accumulation in blood plasma, the values deter-
mined in the present study were lower as compared to the
toxic value of 0.1 mg/kg suggested by Puis (1981). However,
the mean As values as a result of present investigation was

higher than reported by Kincaid and Hodgson (1989). In
terms of Se accumulation, the mean concentrations of blood
plasma were similar in both lactating and non-lactating sam-
ples. Concentration of Se detected during present study was
lower than the critical concentration of 0.03 mg/L as dem-
onstrated by McDowell (2003).

The present Cd values were within the critical limit
of 0.1 mg/L (WHO 1983). Gowda et al. (2003) reported
lower Cd level in blood plasma as compared to present
study. For Cr accumulation in blood, the concentration
of Cr was higher than normal value of 0.34 mg/L as sug-
gested by Christensen et al. (1993). Relatively higher con-
centration was found in non-lactating buffaloes.
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Fig.3 The fluctuation of toxic metals in blood plasma (a As, b Se, ¢ Cd, d Cr, e Fe, f Zn, g Cu, h Co)

In blood plasma samples, the mean Fe concentrations
in blood plasma samples were lower than the critical
value 225 mg/L suggested by NRC (1996). On the other
hand, the mean Zn concentrations in blood plasma sam-
ples remained relatively similar in both buffalo categories.
McDowell (2003) reported a critical value of 0.80 mg/L

for Zn level in blood plasma samples. The Zn values in
the present study were lower than the value recognized by
McDowell (2003).

The Cu concentrations were greater than the recom-
mended value of 0.65 mg/L reported by McDowell (2003).
The values found during present study were lower than the

Table 3 BAF of metals from

. Distance (m) As Se Cd Cr Fe Zn Cu Co
soil to forage
5 0.152 0.231 0.113 10.784 1.284 18.678 4.525 0.019
10 0.144 0.204 0.110 9.819 1.258 16.501 4.057 0.018
15 0.122 0.233 0.102 9.185 1.294 19.238 3.529 0.020
20 0.128 0.184 0.098 11.220 1.207 15.306 2.866 0.016
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Table 4 BAF of metals from

Buffalo categories As Se Cd Cr Fe Zn Cu Co
forage to blood plasma

1.974
2.038

7.924
7.987

2.678
2.646

6.016
5.661

4.875
4.175

54.797
53.401

12.766
12.431

0.631
0.671

Lactating

Non-lactating

value previously reported by Bhardwaj (1998). The values
exceeded the critical level studied by Khan et al. (2009).

However, all means of blood plasma Co level were lower
than the critical value 0.25 mg/L recorded by McDowell
(2003). In the present study, standard concentration of Co
was similar to the concentration previously suggested by
Rehman et al. (1998) in Sudan.

BAF <1 demonstrate that plant can just retain however
not collect toxic metals; when a BAF > 1, it demonstrates
that plant can accumulate the metals from soil. According to
the distance from the roadside, among different at four areas,
the maximum BAF was noticed for Zn and the minimum
for Co. The order of BAF at the four distances were: Zn >
Cr> Cu>Fe> Se> As>Cd> Co (Table 3). Various ability
of different vegetables to accumulate potentially toxic met-
als from soil is analyzed by BAF (Amlan et al. 2012). The
highest BAF was observed for Zn in the forage samples in
the present study, suggesting that Zn is more bioavailable.
Present values of BAF for Fe, Zn and Cd were higher and
the values of Co, Cr, Cu and Se were lower than the values
observed by Ahmad et al. (2016c) in Pakistan.

According to the buffalo categories, among lactating and
non-lactating buffaloes, the maximum BAF was noticed
for Zn and the minimum for Co. The order of BAF at the
four distances were: Zn> Cu> Se > Cr>Fe>Cd> As>Co
(Table 4). Ahmad et al. (2018) determined the BAF val-
ues for As, Se, Fe and Co varied from 0.46 to 0.57, 0.12 to
0.31, 0.03 t0 0.04 and 1.72 to 2.04 in blood plasma of horse
samples grown in Central Punjab, Pakistan. All BAF values
presented in this study were higher than this values except
for Co. Metal absorption might be affected by forage and
animal varieties, age, climatic conditions, soil nature and
pH (Carneiro et al. 2016). Metal concentrations in forages
were used to calculate BAF, which indicated that among
examined metals Co was the least absorbed by buffaloes.
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