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Abstract
Heavy metal toxicity is becoming an increasing concern for environmental, human and animal health. The 
current research analyzed the lead (Pb) contamination in the food chain under three different irrigation sources 
(ground, canal, and wastewater). Soil, plant and animal samples were collected from the Jhang district of Pakistan 
and processed with an atomic absorption spectrophotometer. Lead concentration varied in the samples as: 
5.22-10.73 mg/kg in soil, 2.46-10.34 mg/kg in forages and 0.736-2.45 mg/kg in animal samples. The observed 
lead concentration in forage and animal blood samples was higher than the standard limits. The pollution load 
index (0.640-1.32) in soil showed that lead contamination mainly took place at the wastewater irrigating sites. 
Bio-concentration factor values (0.313-1.15) were lower than one in all samples except Zea mays, showing that 
lead metal was actively taken up by Zea mays tissues from the soil. Enrichment factor values ranged from 0.849-
3.12, showing a moderate level of lead enrichment. Daily intake and health risk index varied between 0.004-0.020 
mg/kg/day and 0.906-4.99, respectively. All the samples showed maximum lead concentration at the wastewater 
irrigating site compared to the ground or canal water application sites. These results recommended that consistent 
application of wastewater for forage irrigation must be avoided to prevent health hazards associated with lead in 
the animal and human food chain. Government must implement adequate strategies to protect the animal and 
human health from the harms of toxic heavy metals.

Keywords: lead, wastewater, accumulation, animal, Jhang, food chain.

Resumo
A toxicidade de metais pesados está se tornando uma preocupação crescente para a saúde ambiental, humana e 
animal. A pesquisa atual analisou a contaminação por chumbo (Pb) na cadeia alimentar sob três diferentes fontes 
de irrigação (solo, canal e águas residuais). Amostras de solo, plantas e animais foram coletadas no distrito de 
Jhang, no Paquistão, e processadas com um espectrofotômetro de absorção atômica. A concentração de chumbo nas 
amostras variou em: 5,22-10,73 mg/kg no solo, 2,46-10,34 mg/kg nas forragens e 0,736-2,45 mg/kg nas amostras 
de animais. A concentração de chumbo observada nas amostras de forragem e sangue animal foi superior aos 
limites padrão. O índice de carga de poluição (0,640-1,32) no solo mostrou que a contaminação por chumbo ocorreu 
principalmente em locais de irrigação de águas residuais. Os valores do fator de bioconcentração (0,313-1,15) foram 
menores que um em todas as amostras, exceto Zea mays, mostrando que o chumbo metálico foi ativamente absorvido 
pelos tecidos de Zea mays do solo. Os valores do fator de enriquecimento variaram de 0,849-3,12, mostrando 
um nível moderado de enriquecimento de chumbo. A ingestão diária e o índice de risco à saúde variaram entre 
0,004-0,020 mg/kg/dia e 0,906-4,99, respectivamente. Todas as amostras mostraram concentração máxima de 
chumbo no local de irrigação de águas residuais em comparação com os locais de aplicação de água no solo ou no 
canal. Esses resultados recomendam que a aplicação consistente de águas residuais para irrigação de forragem deve 
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absorption is enhanced by a shortage of essential elements 
(Liu et al., 2015). Lead is a bluish- grey naturally occurring 
heavy metal on the earth’s crust which is used to make 
alloys, batteries, solder and ceramics. Industrial sources 
include gasoline leakage, fuel stabilizers, beverages, mining 
activities, paint, gun powder, fungicides, soldering rods 
and automobile exhausts. The recycling effluents of lead 
containing batteries can form the basis of lead poisoning 
in nations such as Pakistan (Rees and Fuller, 2020).

Lead is considered non-essential for soil and is 
normally in a range of 15-40 ppm (Pourrut et al., 2013). 
Lead has affinity for proteins due to S (sulphur) and 
N(nitrogen)-ligands. In plants, it limits the formation of 
carotenoids and plastoquinone which destroy the electron 
transport chain, deactivate enzymes and disrupt membrane 
permeability. Thus, lead toxically inhibits photosynthetic 
pigments and plant development (Yang et al., 2020a). Lead 
also reduces the lifespan and flexibility of red blood cells 
(RBCs) when it accumulates in the blood and organs of 
animals. It may cause osteoporosis, anaemia and disrupt 
manganese and iron metabolism. Animals absorb lead into 
the blood serum, lungs, liver, kidney, bones, cerebrum, hair 
and ribs (Stoklasova et al., 2020). The organic form of lead 
can cause chronic damage to the central nervous system 
(CNS). The inorganic form affects the gastrointestinal tract 
(GIT), urinary tract, central and peripheral nervous system, 
and leads to numerous neurological disorders. It also 
disrupts the haemoglobin synthesis, renal, hepatic and 
reproductive functioning of body. Lead inhalation causes 
hearing loss, hyperactivity and emotional destabilization 
(Jyothi, 2020; Engwa et al., 2019). Overall, lead deposition 
causes anaemia, muscle pain, feeble bone development, 
shrinkage of red blood cells and improper functioning 
of CNS (Briffa et al., 2020). About 10% of total pollution 
caused by heavy metals is attributed to Pb (Collin et al., 
2022). Therefore, it is important to document lead levels 
to understand animal and human lead-hazards.

The rapid urbanization, industrialization and water 
scarcity conditions in District Jhang instigate the farmers 
to use municipal or industrial wastewater to irrigate their 
forage crops. Wastewater irrigation could potentially 
enhance the heavy metal exposure to human population 
by taking in contaminated forage crops and ruminant 
products. Heavy metal toxicity (Zn, Cu, As, Cd, Mn, Fe, Cr) 
has been investigated in soil-plant-animal and human 
food chain of various districts of Pakistan indicating metal 
toxicity in environment and components of animal/human 
food chain (Ahmad et al., 2022; Ejaz et al., 2022; Ge et al., 
2021; Khan et al., 2021, Ghazzal et al., 2020; Yang et al., 
2020a, b). Therefore, this study was carried out to assess 
the lead contamination in soil, forages and livestock of 
District Jhang, Pakistan. The objective of the present study 
was i) to quantify lead transfer in the soil-plant and animal 
continuum under different irrigating water sources, ii) to 

1. Introduction

In Pakistan, livestock is the backbone of agriculture and 
fulfills nutritional needs of both rural and urban population 
(Rehman  et  al., 2016). Besides its role in nutrition, the 
livestock industry is also a significant source of employment 
in society. In rural areas, about 53 million population gains 
subsistence from livestock industry (Sindhu et al., 2012; 
Khan et al., 2019). The livestock sector is expanding very 
rapidly because all the basic needs of this sector, required 
to maintain sustainable ruminant growth, are present in 
Pakistan. According to Rehman et al. (2017), the livestock 
sector subsidizes nearly 56.3% of agriculture sector and 
constitutes 11% of GDP. The sustainable productivity 
of livestock depends on the variety of forages, climatic 
conditions and animals that are locally present (Uddin 
and Kebreab, 2020).

In Pakistan, although 16-19% of cropping area deals 
with major Rabi and Kharif crops farming, animals still 
face forage shortage due to lack of fresh water availability 
for irrigation purpose. On the other hand, forage crop also 
demands a higher supply of water in contrast to vegetable 
farming. Therefore, farmers use wastewater as a reliable 
source for agriculture over other conventional water 
sources (Khan et al., 2022; Hussain et al., 2021). According 
to an estimate, nearly 32,500 ha of land are irrigated 
with wastewater. About, 0.876 x 109 m3 /yr wastewater 
is directly used in agriculture while 0.146 x 109 m3 /yr is 
directly drained in the various irrigating canals which 
contaminate the canal water (Murtaza and Zia, 2012). 
Wastewater irrigation enhances soil nitrogen and 
potassium concentration, and in the case of phosphorus 
its availability in wastewater is much higher than any 
fertilizer application (Khan et al., 2020). But wastewater 
also contains toxic metals which affect the environmental 
and human health (Kalsom et al., 2020).

Forages are mineral suppliers for grazing ruminants 
which are required for their proper growth and 
reproduction. The minerals also stimulate the microbial 
activity in rumen and help to combat with diseases while 
their deficient supply affects the productivity and health of 
ruminants (Silva and Abdalla Filho, 2021; Khan et al., 2021). 
The uptake of metal by forages, used to feed herbivores, 
depends upon pH, clay, organic portion and the presence 
of oxides (Fe and Mn oxides) in the soil (Fayiga and Nwoke, 
2017). The nutritional characteristics and their amount in 
forage determine the quality of animal products as well as 
animal health (Siddique and Ahmad, 2019). Waste water 
irrigation strategies enhance the heavy metal concentration 
in soil-forages and deform the natural ecosystem. Therefore, 
domestic animals also show poisoning by heavy metals, 
especially lead (Liu et al., 2020). Lead absorption mainly 
takes place in reticulum, and it disrupts enzyme function by 
displacing calcium or other bivalent cations. This process of 

ser evitada para evitar riscos à saúde associados ao chumbo na cadeia alimentar animal e humana. O governo deve 
implementar estratégias adequadas para proteger a saúde animal e humana dos danos dos metais pesados tóxicos.

Palavras-chave: chumbo, esgoto, acúmulo, animal, Jhang, cadeia alimentar.
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appraise lead associated risks for grazing animals and iii) 
to quantify the lead contamination status in study area 
via different indices.

2. Materials and Methods

2.1. Study area

Jhang district is situated between 30°-37° to 31o-59o 
latitude toward north and 71°-37° to 73°-13° longitude 
toward east (Figure 1). It is connected to Sargodha District 
in north, Faisalabad in east, Muzaffargrah District in south 
and Bhakkar and Layyah Districts in the west side. Three 
different sites of District Jhang were selected in this study 
where local forage crops are grown: Jhang (Jh-I) site used 
ground water irrigation, Shorkot (Sh-II) site used canal 
water irrigation and Ahmad Pur Sial (Aps-III) site used 
municipal wastewater irrigation.

2.2. Sample collection

Sampling was carried out during 2019-2020. Five 
forages were collected from each site: Acacia nilotica 
(Mimosaceae), Capparis deciduas (Capparaceae), Zea mays 
(Poaceae), Medicago sativa (Fabaceae) and Pennisetum 
glaucum (Poaceae). Five replicates of each forage sample 
with their respective soil samples (100 g) were taken from 
each site and saved in plastic bags. These samples were 

firstly dried in open air and then placed in an oven at 75 °C 
for almost 8 days. After this drying process, samples were 
stored in the sealed bags with proper labels for further 
processing (Khan et al., 2022).

Cows, buffaloes and sheep were the selected animal 
categories in this study. A total of thirty animals (at each 
site), ten belonging to each livestock category, were used to 
collect blood, hair, and fecal samples. All the animals were 
about 3-5 years in age and mainly fed on these collected 
forages. Blood samples (5ml) were taken from the animal 
jugular vein and centrifuged at 3500 rpm (15 minutes) to 
attain the blood plasma. Then, the plasma samples were 
stored at -20 °C (Ahmad et al., 2021). Animal hair and fecal 
samples were taken according to Chen et al. (2022a, b). 
Animal hair were rinsed with acetone and distilled water 
to clean the external contamination. All the hair and fecal 
samples were firstly air dried and then placed in oven for 
4 days. After this drying process, samples were stored up 
in the labeled bags for further processing.

2.3. Sample digestion

About, 2 g of weighed sample was digested with 20ml of 
conc. H2SO4 in a digestion chamber for almost 30 minutes. 
Furthermore, 10ml H2O2 was added in the mixture and 
heated until the solution became transparent in color. 
The digested solution was filtered and a final volume 
of 60 mL was obtained by adding distilled water in it 
(Akhter et al., 2020).

Figure 1. Map of the study area.
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2.4. Lead analysis

All the digested solutions were processed through an 
Atomic Absorption spectrophotometer (Perkin-Elmer 
Corp. 1980) to analyze the lead concentration. Soil, fodder 
and animal sample data were presented statistically with 
the help of SPSS (version 20) and ANOVA analysis. All the 
samples were processed against certified reference material 
(CRM-1570) to gain quality results (Khan et al., 2022).

2.5. Bio-concentration factor (BCF)

BCF measures the metal concentration taken up in 
forage tissues (Cui et al., 2004). The Formula 1 is as under:

( ) ( )  /  BCF soil forage M Forage M Soil− = 	 (1)

2.6. Pollution load index (PLI):

PLI measures the metal contamination in the soil 
samples (Liu et al., 2005). It is calculated as Formula 2:

( ) ( ) /   PLI M Soil M Reference soil= 	 (2)

Soil reference value was 8.15 mg/kg in case of lead 
(Dutch Standard, 2000).

2.7. Enrichment factor (EF)

EF measures the metal value enriched in the soil samples 
(Buat-Menard and Chesselet, 1979). It is calculated by the 
following Formula 3:

( )
 metal concentration in forage   sample

metal concentration in soil  
metal concentration in forage   standard 

metal concentration in soil

Enrichment factor EF

 
 
 =
 
 
 

 	 (3)

2.8. Daily intake of metals (DIM)

DIM index was measured by Formula 4:

 * * /metal food intakeDIM C CF D BW= 	 (4)

C metal stands for metal concentration in forage, CF stands 
for conversion factor which was 0.085, D food intake stands 

for daily food intake which is 12.5 kg for buffalo, 12 kg for 
cow and 1.3 kg for sheep (Chen et al., 2022b).

2.9. Health risk index (HRI)

HRI is measured by the following Formula 5 given by 
Cui et al. (2004):

   /   HRI Daily intake of metal Oral reference dose= 	 (5)

Lead oral reference dose is 0.0035 mg/kg/day (FAO, 
2013).

3. Results

3.1. Lead analysis in soil samples

The concentration of Pb varied significantly at the 
three sampling sites (p<0.001) whereas soil and site by 
soil relationship showed non-significant effect for lead 
metal (p˃0.05) (Table 1). The concentration of Pb in the soil 
fluctuated between 5.22-10.73 mg/kg. The ground water 
irrigated C. decidua soil showed minimum concentration at 
Jh-I. The M. sativa presented the maximum concentration 
of this metal, cultivated at wastewater irrigated soil of 
Aps-III (Table 2).

3.2. Lead analysis in forage samples

ANOVA results showed that the Pb concentration 
significantly varied in the forages (p<0.05) with respect to 
the three sites (p<0.001) and site*forage analysis showed 
significant results (p<0.01) (Table 1). The concentration 
of Pb in the collected forage samples lied within the 
range of 2.46-10.34 mg/kg. The M. sativa at Aps-III site 
showed maximum value of Pb and the minimum value 
was observed at the Jh-I that used ground water to grow 
Z. mays (Table 2).

3.3. Lead analysis in animal samples

ANOVA results showed that significant (p<0.001) 
variation of lead was found between the sites while 
non-significant (p˃0.05) impact was observed in the 
animals, sources, site*animal, site*source, animal*source 
and site*animal*source (Table  1). Pb concentration 

Table 1. ANOVA analysis for lead contamination in soil, forage and animal samples.

Pb Soil Forage

Source of 
variation

Site Soil Site*Soil Site Forage Site*Forage

Degree of freedom 2 4 8 2 4 8

Mean square 26.223*** 3.755ns 1.581ns 67.711*** 6.869* 6.251**

Animal

Source of variation Site Animal Source Site* Animal Site* Source Animal *Source Site*Animal*Source

Degree of freedom 2 2 2 4 4 4 8

Mean square 27.211*** 0.630 ns 0.801 ns 1.436 ns 1.564 ns 1.290 ns 0.591 ns

***,**,*, nsSignificant at 0.001, 0.01, 0.05 and non-significant.
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was determined to be 0.736-2.39 mg/l in the blood. 
The maximum concentration was observed in cow blood 
of site Aps-III and minimum was found in the sheep 
blood at the Jh-I site. The Pb concentration varied in the 
observed hair samples between 1.01-2.45 mg/kg. The lowest 
concentration was observed in the buffalo hair marked 
on the Jh-I and the highest concentration was noticed in 

the cow hair of Aps-III site. The Pb concentration in fecal 
samples varied between 0.994-2.33 mg/kg. The sheep 
feces showed minimum concentrations of Pb at Jh-I, 
while maximum was shown by buffalo feces sampled 
from Sh-II (Table 3).

3.4. Pollution load index

The Pb level  in  the soi l  f luctuated from 
0.640-1.32 as observed with the help of the pollution load 
index. The minimal concentration of PLI was 0.640 that 
was noticed in the fodder C. decidua sampled from the 
Jh-I location. Maximal concentration (1.32) of lead for PLI 
existed in the M. sativa located on the Aps-III sampling 
region (Table 4).

3.5. Bio-concentration factor

BCF results fluctuated between 0.313-1.15 in all the 
samples. A maximal value was found for Z. mays on Sh-II 
site, while the lowest value was found for the same plant 
but with ground water irrigation at the Jh-I site (Table 4).

3.6. Enrichment factor

The EF results suggested that Pb differed from 0.849-3.12. 
The maximum enrichment of lead was displayed by Z. mays 
at a canal water site. Ground watered, Z. mays grown on 
the Jh-I showed the least Pb enrichment (Table 4).

Table 2. Mean lead concentration in soil and forage samples.

Forages Jh-I Sh-II Aps-III

Soil samples (mg/kg)

A. nilotica 6.87 ± 0.740 9.01 ± 0.587 9.44 ± 0.649

C. decidua 5.22 ± 0.938 8.96 ± 0.440 8.08 ± 0.321

Z. mays 7.87 ± 0.901 8.25 ± 0.715 9.10 ± 0.673

M. sativa 7.10 ± 0.899 9.72 ± 0.726 10.73 ± 0.592

P. glaucum 7.29 ± 0.809 9.09 ± 0.642 9.25 ± 0.370

Forage samples (mg/kg)

A. nilotica 6.27 ± 0.958 7.08 ± 0.324 8.43 ± 0.172

C. decidua 4.57 ± 0.440 6.02 ± 1.06 7.89 ± 0.970

Z. mays 2.46 ± 1.01 9.47 ± 0.905 7.14 ± 0.366

M. sativa 4.11 ± 0.947 9.62 ± 0.503 10.34 ± 0.374

P. glaucum 6.16 ± 1.02 8.51 ± 0.440 9.23 ± 0.358

Table 3. Mean lead concentration (mg/kg) in blood, hair and fecal samples of animals.

Animals Sources
Sampling locations

Jh-I Sh-II Aps-III

Cow Blood 1.20 ± 0.191 1.49 ± 0.228 2.39 ± 0.257

Hair 1.06 ± 0.219 1.06 ± 0.273 2.45 ± 0.239

Feces 1.01 ± 0.158 1.68 ± 0.227 1.61 ± 0.235

Buffalo Blood 1.10 ± 0.170 2.21 ± 0.222 2.34 ± 0.222

Hair 1.01 ± 0.199 1.22 ± 0.294 1.88 ± 0.207

Feces 1.03 ± 0.158 2.33 ± 0.233 2.16 ± 0.270

Sheep Blood 0.736 ± 0.112 1.86 ± 0.207 2.09 ± 0.220

Hair 1.26 ± 0.281 2.03 ± 0.231 1.88 ± 0.236

Feces 0.944 ± 0.119 2.22 ± 0.204 2.20 ± 0.240

Table 4. Pollution indices for lead concentration at different sites.

Indices
BCF EF PLI

Jh-I Sh-II Aps-III Jh-I Sh-II Aps-III Jh-I Sh-II Aps-III

A. nilotica 0.913 0.786 0.893 2.48 2.13 2.43 0.843 1.11 1.16

C. decidua 0.875 0.672 0.976 2.38 1.83 2.65 0.640 1.10 0.99

Z. mays 0.313 1.15 0.785 0.849 3.12 2.13 0.966 1.01 1.12

M. sativa 0.579 0.990 0.964 1.57 2.69 2.62 0.871 1.19 1.32

P. glaucum 0.845 0.936 0.998 2.30 2.54 2.71 0.894 1.12 1.13
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3.7. Daily metal intake and health risk index

This study observed a DIM range of Pb from 
0.004 to 0.020 mg/kg/day. Minimal DIM was given by 
Z. mays of Jh-I that raised the cows and sheep. A maximal 
value of DIM was calculated in buffalo which feed on the 
M. sativa of Aps-III. The Pb range for HRI varied between 
0.906-4.99. The highest HRI was noted in the M. sativa 
of Aps-III used to feed buffalo. The lowest HRI value was 
found in sheep that feed on the Z. mays of Jh-I (Table 5).

4. Discussion

WHO (2007) has recommended the lead concentration 
in agricultural soil to be in the range of 250-500 mg/kg. 
The lead concentration observed in the current study 
was lower than WHO (2007) limits. Sajid  et  al. (2017) 
observed a much higher Pb level in the sewerage irrigated 
soil (6.91-15.80 mg/kg) of Jhang. Ogundele et al. (2015) 
also studied higher Pb contamination in soil collected 
from the roadside (24-157.667 mg/kg) and a control site 
(33.667 mg/kg). However, Farrag et al. (2016) recorded 
lower Pb levels in wastewater (0.46 mg/kg) and reference 
soil (0.15 mg/kg). Similarly, low Pb absorption in soil 
was also found in the in the Lahore city (1.95-6.9 mg/kg) 
(Hamid et al., 2017). Vehicular emanations and the use 
of wastewater from industries or household activities 
can enhance Pb contamination in soil (Shen et al., 2019). 
However, all the studied soil samples were found to have 
lesser Pb levels than the suggested value of the EU (2002), 
which is 300 mg/kg and is considered safe for grazing 
animals. Pb mobility mechanism is associated with the pH, 
mineral elements and organic content in soil environment. 
The lower Pb mobility in soil of study area may be due 
to its alkaline nature which causes the available Pb to be 
less soluble in soil (Leogrande et al., 2019).

CERSPC (2009) prescribed the permissible concentration 
of Pb as 5.00 mg/kg in the plants. The present findings 

of Pb were much higher compared to CERSPC (2009). 
The present level was found to be much lower than the 
concentration given by Abah et al. (2017) in the control 
and waste dumpsite (0.15-0.20 and 0.44-0.60 mg/kg 
respectively). A higher Pb level was estimated by Shen et al. 
(2019) in the polluted pastures of China. Miclean et al. 
(2019) verified the lesser amount of Pb accumulation in the 
forages (0.15-2.24 mg/kg) to those reported by this research 
work. Reis et al. (2020) also showed similar values of Pb 
uptake in sewage irrigated forages of two different farms 
while lower amount of Pb was identified by the study of 
Khawla et al. (2019). Forages grown on wastewater sites 
of Marrakech (Chaoua et al., 2019) accumulated higher 
Pb (13.555-83.09 mg/kg) compared with current values. 
Overall, the observed range also surpassed the acceptable 
EU (2006) limits for Pb concentration that was 5 mg/kg but 
lower than the toxic concentration of 30 mg/kg reported in 
the forages to feed the dairy animals (Farrag et al., 2016). 
According to Shukla  et  al. (2018) the ability of plants 
to deposit metals is associated with both soil factors 
(Pb  solubility and Pb-soil interaction) and forage type. 
Soil pH stimulates the Pb-solubility in soil and Pb is easily 
absorbed by forage tissues. Higher Pb level was analyzed 
in roots than aerial parts of forages. Pb contamination in 
forages highlights the toxicity of human actions in the 
environment. Wastewater irrigation, lead batteries, traffic 
discharge and corrosion of tires are the main points of 
Pb entry into the plant environment (Reis et al., 2020; 
Leogrande et al., 2019).

This study concluded that Pb accumulated beyond 
the tolerable limit of 0.1 mg/l recommended in animal 
blood (Milam et al., 2017), thus possibly passing on health 
dangers through the food chain, as already reported by 
many researchers. As the present concentrations were 
beyond the safe limits, too much profusion of Pb in the 
reticulum of grazing animals takes place which dislocates 
the calcium and other bivalent ions and ultimately 
interrupts the normal bodily activities (Liu et al., 2015). 

Table 5. Analyzed DIM and HRI index of lead in various animals.

DIM (mg/kg/day)

Forages
Cow Buffalo Sheep

Jh-I Sh-II Aps-III Jh-I Sh-II Aps-III Jh-I Sh-II Aps-III

A. nilotica 0.011 0.012 0.014 0.012 0.014 0.016 0.009 0.010 0.012

C. decidua 0.008 0.010 0.013 0.009 0.012 0.015 0.007 0.009 0.012

Z. mays 0.004 0.016 0.012 0.005 0.018 0.014 0.004 0.014 0.011

M. sativa 0.007 0.016 0.018 0.008 0.019 0.020 0.006 0.014 0.015

P. glaucum 0.010 0.014 0.016 0.012 0.016 0.018 0.009 0.013 0.014

HRI

A. nilotica 2.66 3.01 3.58 3.03 3.42 4.07 2.31 2.61 3.11

C. decidua 1.94 2.56 3.35 2.21 2.91 3.81 1.68 2.22 2.91

Z. mays 1.05 4.02 3.03 1.19 4.57 3.45 0.906 3.49 2.63

M. sativa 1.75 4.09 4.39 1.98 4.65 4.99 1.51 3.54 3.81

P. glaucum 2.61 3.62 3.92 2.98 4.11 4.46 2.27 3.13 3.40



Brazilian Journal of Biology, 2023, vol. 83, e272087 7/10

Ecological risk assessment of lead

An absorbed lead content of about 99% fixes with body 
RBCs, is carried to various soft tissues (kidney & liver), 
and finally deposits in the bones. Sajid  et  al. (2017) 
estimated a high level of Pb, above the reference limits, in 
the serum of Lohi sheep grazing on the area with sewage 
drainage as well as in the control site where ground 
water was utilized to irrigate crops. The recent Pb range 
in the study area was higher than the Pb concentration 
in Lohi sheep raised on both the sewage polluted 
(0.98-1.84 mg/l) and control site (0.65 mg/l) (Sajid et al., 
2017), suggesting Pb toxicity to grazing animals in the 
investigated locale. A lower concentration of Pb in cattle 
(0.99 mg/kg) and camel (0.86 mg/kg) hair was estimated 
by Darwish et al. (2018) in Sharkia Governorate, Egypt. 
Furthermore, Ogundiran et al. (2012) and Adesoye et al. 
(2014) demonstrated lower Pb content in the excreta of 
various domestic animals. When the present results were 
compared against the findings of Johnsen et al. (2019), all 
fecal samples of sheep showed higher Pb level in both R 
and J range (4.0 mg/kg and 5.0 mg/kg). The animals that 
feed only on the Pb-contaminated forages have the highest 
Pb level in excreted manure compared to animals feeding 
on grains mixed with fodder plants. Pb excretion is mainly 
associated with bile production. Pb enters from liver to bile 
and bile to small intestine and finally excreted through 
feces. Lead poisoning damages the immune system, causes 
blindness, and affects liver functioning in animal body 
(Akhter et al., 2020).

Chaoua  et  al. (2019) suggested a lower range of Pb 
transfer (0.319-0.922) in Morocco compared to the present 
work. Similarly, less transfer of Pb from soil-plant was also 
suggested by Reis et al. (2020) (0-0.03) in forages irrigated 
from the Vieira River, which received waste effluent from 
various sources. The BCF recorded in the current survey was 
also higher than the values observed by earlier researchers 
(Orisakwe et al., 2017; Miclean et al., 2019). Accretion of 
lead metal into the plants with respect to soil is analyzed 
by bio-concentration factor. In the current study, all the 
plants had BCF<1 except Z. mays. Z. mays is categorized 
as lead accumulator plant because it shows BCF>1 and 
may be the major reason for Pb toxicity in ruminants 
(Khan et al., 2022).

The pollution load index of >1 certified the lead 
contamination in the present area due to wastewater 
irrigation practice. The lead pollution index calculated 
in agronomic soil by Chukwu and Oji (2018) in Nigeria 
(0.8-3.8) and Yu et al. (2019) in Lin’an city (0.25- 41.35) 
was higher than the Pb values in our present research. 
The mean Pb contamination appraised by Reis et al., (2020) 
at the two farms of Brazil was found to be lesser than the 
recorded results of our survey. Our PLI level was lesser 
than Shu and Zhai (2014) observed in the South China. 
Conversely, a slightly higher PLI concentration for Pb was 
found in Iranian soil (0.8-3.8) (Jorfi  et al., 2017). Metal 
concentration in agricultural soil is increased by sewage 
irrigation. Therefore, it could be speculated that various 
anthropogenic and agricultural practices caused Pb toxicity 
in soil environment (Ahmad et al., 2022).

Moderate level of Pb enrichment was recorded by 
Barbieri (2016). Inengite et al. (2015) specified greater Pb 
enrichment in the topsoil (2.01) and bottom soil (4.44), but 

a decreased level of enrichment (0.56) was ascertained in 
the findings of Hussain et al. (2015). Mohamed et al. (2014) 
found an enrichment range of 0.03-0.40 with a mean value 
of 0.56, which was lesser than the EF calculated in the 
current study. Likuku et al. (2013) anticipated EF values 
within the range of 1.01-3.58 which was higher than the 
present data. The current results of this study suggested 
moderate enrichment of Pb in the surveyed region.

The daily intake of Pb was higher than the reported 
results of Akhter  et  al. (2020) in the sheep of district 
Chakwal. Nadeem (2020) also highlighted lower 
daily intake in the buffaloes fed on the contaminated 
pastures of Sahiwal. Our DIM results were lower than 
the mean daily intake of herds in Galloway cows in both 
summer (68 mg/kg/day &157 mg/kg/day) and winter 
(145 mg/kg/day &75 mg/kg/day) seasons (Roggeman et al., 
2013). Akhter  et  al. (2020) reported a HRI range as 
0.35-1.35 mg/kg/day that was lower than the recorded 
results of our study. Similarly, these values were also 
lower than Nadeem (2020). Present results observed the 
HRI>1 which demonstrated that all the animals were 
susceptible to health hazards caused by Pb toxicity. These 
results showed that constant application of wastewater to 
irrigate forages must be avoided to prevent lead associated 
health hazards in the animal food chain.

5. Conclusion

Domestic animals mainly showed the lead poisoning 
because all the environmental components: soil and fodder 
plants constantly accreted lead metal which enhanced its 
exposure to animal and humans. Present results revealed 
that lead concentration in fodder crops were beyond 
the standards due to wastewater application. This study 
concluded that the level of Pb in blood was above the 
recommended values but lacked the appearance of poor 
health symptoms in grazing animals. Present results 
suggested that actions should be taken to prevent lead 
transfer from soil and fodder crops to animal tissues 
and finally to human beings. Government must provide 
practical strategies to secure the animal and human health. 
A well-coordinated campaign must be commenced to 
create awareness among the different sectors (especially 
farmers) regarding the contamination of food chain and 
health issues raised due to wastewater application.

Acknowledgements

We extend our appreciation to the Researchers 
Supporting Project (no. RSP2023R218), King Saud University, 
Riyadh, Saudi Arabia.

Ethical Approval 

Institutional Human Ethics Committee of University of 
Sargodha (Approval No.25-A18 IEC UOS) has allowed all the 
protocols used in this experiment to the commencement 
of the study. The authors declare that manuscript has not 
been published previously.



Brazilian Journal of Biology, 2023, vol. 83, e2720878/10

Khan, Z.I. et al.

References

ABAH, J., MASHEBE, P. and ONJEFU, S.A., 2017. Assessment of 
heavy metals Pollutionion status of the pasture grass around 
KatimaMulilo municipal solid wastes dumpsite, Namibia. 
International Journal of Environmental Sciences and Development, 
vol. 8, no. 5, pp. 372-377. http://dx.doi.org/10.18178/
ijesd.2017.8.5.980.

ADESOYE, A.M., ADEKOLA, F.A., OLUKOMAIYA, K.O., OLUKOMAIYA, 
O.O. and IWUCHUKWU, P.O., 2014. Evaluation of physical 
properties and heavy metal composition of manure of some 
domestic animals. International Journal of Innovative Science 
and Researchearch, vol. 92, pp. 293-296.

AHMAD, K., KHAN, Z.I., NAZAR, S., MALIK, I.S., ASHFAQ, A., MUNIR, 
M., BASHIR, H., MUHAMMAD, F.G., AKHTAR, S., NADEEM, M., 
MEHMOUD, S., AWAN, M., AKHTAR, M. and MAHPARA, S., 2022. 
Estimation of chromium in soil-plant-animal continuum: a case 
study in ruminants of Punjab, Pakistan. Journal of Bioresource 
Management, vol. 9, no. 1, pp. 81-89.

AHMAD, T., NAZAR, S., AHMAD, K., KHAN, Z.I., BASHIR, H., ASHFAQ, 
A., MUNIR, M., MUNIR, Z., HUSSAIN, K., ALKAHTANI, J., ELSHIKH, 
M.S., NADEEM, M. and MALIK, I.S., 2021. Monitoring of copper 
accumulation in water, soil, forage, and cows impacted by heavy 
automobiles in Sargodha, Pakistan. Environmental Science and 
Pollution Research International, vol. 28, no. 23, pp. 29110-29116. 
http://dx.doi.org/10.1007/s11356-021-12770-8. PMid:33550557.

AKHTER, M., KHAN, Z.I., AHMAD, K., MEHMOOD, N., MAHPARA, 
S., NADEEM, M., WAJID, K., GAZZAL, M., RIZVI, Z.F., NOORKA, 
I.R., ASHFAQ, A., MALIK, I.S., SHAHEEN, F., HUMA, Z., MUNIR, 
M., BASHIR, H. and SOHAIL, M., 2020. Assessing the seasonal 
transfer of Pb and Cu from pasture to animals in the vicinity 
of coal mines in district Chakwal, Pakistan. Pure and Applied 
Biology, vol. 9, no. 1, pp. 859-871. http://dx.doi.org/10.19045/
bspab.2020.90091.

BARBIERI, M., 2016. The importance of enrichment factor (EF) and 
geoaccumulation index (Igeo) to evaluate the soil contamination. 
Journal of Geology and Geophysics, vol. 5, no. 1, pp. 1-4. http://
dx.doi.org/10.4172/2381-8719.1000237.

BRIFFA, J., SINAGRA, E. and BLUNDELL, R., 2020. Heavy metal 
Pollution in the Environment and their toxicological effects on 
humans. Heliyon, vol. 6, no. 9, e04691. http://dx.doi.org/10.1016/j.
heliyon.2020.e04691. PMid:32964150.

BUAT-MENARD, P. and CHESSELET, R., 1979. Variable influence of 
the atmospheric flux on the trace metal chemistry of oceanic 
suspended matter. Earth and Planetary Science Letters, vol. 42, no. 
3, pp. 399-411. http://dx.doi.org/10.1016/0012-821X(79)90049-9.

CHAOUA, S., BOUSSAA, S., EL GHARMALI, A. and BOUMEZZOUGH, 
A., 2019. Impact of irrigation with wastewater on accumulation 
of heavy metals in soil and crops in the region of Marrakech 
in Morocco. Journal of the Saudi Society of Agricultural Sciences, 
vol. 18, no. 4, pp. 429-436. http://dx.doi.org/10.1016/j.
jssas.2018.02.003.

CHEN, F., MUHAMMAD, F.G., KHAN, Z.I., AHMAD, K., MALIK, I.S., 
ASHFAQ, A., NAEEM, M., NADEEM, M., MA, J., AWAN, M.U.F., 
MAHPARA, S. and MEHMOOD, S., 2022a. Bioaccumulation and 
transfer of zinc in soil plant and animal system: a health risk 
assessment for the grazing animals. Environmental Science and 
Pollution Research International, vol. 29, no. 2, pp. 2718-2727. 
http://dx.doi.org/10.1007/s11356-021-15808-z. PMid:34378137.

CHEN, F., MUHAMMAD, F.G., KHAN, Z.I., AHMAD, K., NADEEM, 
M., MAHMOOD, S., AWAN, M.U.F., MUNIR, M., MALIK, I.S., 
ASHFAQ, A., SULTANA, R., MAQSOOD, A., SAQLAIN, L., NAEEM, 
M. and MA, J., 2022b. Ecological risk assessment of heavy metal 
chromium in a contaminated pastureland area in the Central 

Punjab, Pakistan: soils vs plants vs ruminants. Environmental 
Science and Pollution Research International, vol. 29, no. 3, pp. 
4170-4179. http://dx.doi.org/10.1007/s11356-021-15904-0. 
PMid:34405324.

CHIEF EDITOR ROOM OF STANDARD PRESS OF CHINA – CERSPC, 
2009. Compilation of standards for feed industry. Beijing: 
Standard Press of China.

CHUKWU, A. and OJI, K.K., 2018. Assessment of Pb, Zn, As, Ni, Cu, Cr 
and Cd in agricultural soils around settlements of abandoned 
lead-zinc mine in Mkpuma Ekwoku, South-eastern, Nigeria. 
Journal of Applied Science & Environmental Management, vol. 22, 
no. 9, pp. 1485-1488. http://dx.doi.org/10.4314/jasem.v22i9.21.

COLLIN, S., BASKAR, A., GEEVARGHESE, D.M., ALI, M.N.V.S., 
BAHUBALI, P., CHOUDHARY, R., LVOV, V., TOVAR, G.I., SENATOV, 
F., KOPPALA, S. and SWAMIAPPAN, S., 2022. Bioaccumulation of 
lead Pb and its effects in plants: a review. Journal of Hazardous 
Materials Letters, vol. 3, pp. 100064. http://dx.doi.org/10.1016/j.
hazl.2022.100064.

CUI, Y.-J., ZHU, Y.-G., ZHAI, R.-H., CHEN, D.-Y., HUANG, Y.-Z., 
QIU, Y. and LIANG, J.-Z., 2004. Transfer of metals from soil 
to vegetables in an area near a smelter in Nanning, China. 
Environment International, vol. 30, no. 6, pp. 785-791. http://
dx.doi.org/10.1016/j.envint.2004.01.003. PMid:15120196.

DARWISH, W.S., ABD-EL-SALAM, E.H. and KHAIRY, A.A., 2018. Toxic 
metal residues in non-edible animal byproducts. Slovakian 
Veterinary Research, vol. 55, suppl. 20, pp. 51-57.

DUTCH STANDARD, 2000. Circular on target values and intervention 
values for soil remediation. Netherlands: Dutch Ministry of 
Housing, Spatial Planning and Environment.

EJAZ, A., KHAN, Z.I., AHMAD, K., MUHAMMAD, F.G., AKHTAR, S. and 
HUSSAIN, M.I., 2022. Appraising growth, daily Intake, health 
risk index, and Pollution load of Zn in wheat Triticum aestivum 
L. grown in soil differentially spiked with zinc. Environmental 
Science and Pollution Research International, vol. 29, no. 23, pp. 
34685-34700. http://dx.doi.org/10.1007/s11356-021-18130-w. 
PMid:35040053.

ENGWA, G.A., FERDINAND, P.U., NWALO, F.N. and UNACHUKWU, 
M.N., 2019. Mechanism and health effects of heavy metal 
toxicity in humans. In: O. KARCIOGLU and B. ARSLAN, eds. 
Poisoning in the modern world. London: Intech Open, pp. 10.

EUROPEAN UNION – EU, 2002 [viewed 19 January 2023]. Heavy 
metals in wastes [online]. European Commission on Environment. 
Available from: http://ec.europa.eu/Environmentment/waste/
studies/pdf/heavy_metalsreport.pdf

EUROPEAN UNION – EU, 2006. Commission Regulation EC No. 
1881/2006 of 19 December 2006 setting maximum levels for certain 
contaminants in foodstuffs. Official Journal of the European 
Union, Luxembourg, 20 dec. L364, pp. 5.

FARRAG, K., ELBASTAMY, E. and RAMADAN, A., 2016. Health risk 
assessment of heavy metals in irrigated agricultural crops, 
EL‐Saff wastewater canal, Egypt. Clean, vol. 44, no. 9, pp. 1174-
1183. http://dx.doi.org/10.1002/clen.201500715.

FAYIGA, A.O. and NWOKE, O.C., 2017. Metal(Loid)s in farmland 
soils and strategies to reduce bioavailability. Open Journal of 
Environmental Biology, vol. 2, no. 1, pp. 009-024. http://dx.doi.
org/10.17352/ojeb.000003.

FOOD AND AGRICULTURE ORGANIZATION – FAO. World Health 
Organization – WHO, 2013. Evaluation of certain food additives 
and contaminants: seventy-seventh report of the Joint FAO/WHO 
Expert Committee on Food Additives. Geneva: WHO Expert 
Committee on Food Additives Meeting, vol. 77.

GE, X., KHAN, Z.I., CHEN, F., AKHTAR, M., AHMAD, K., EJAZ, A., 
ASHRAF, M.A., NADEEM, M., AKHTAR, S., ALKAHTANI, J., 

https://doi.org/10.18178/ijesd.2017.8.5.980
https://doi.org/10.18178/ijesd.2017.8.5.980
https://doi.org/10.1007/s11356-021-12770-8
https://pubmed.ncbi.nlm.nih.gov/33550557
https://doi.org/10.19045/bspab.2020.90091
https://doi.org/10.19045/bspab.2020.90091
https://doi.org/10.4172/2381-8719.1000237
https://doi.org/10.4172/2381-8719.1000237
https://doi.org/10.1016/j.heliyon.2020.e04691
https://doi.org/10.1016/j.heliyon.2020.e04691
https://pubmed.ncbi.nlm.nih.gov/32964150
https://doi.org/10.1016/0012-821X(79)90049-9
https://doi.org/10.1016/j.jssas.2018.02.003
https://doi.org/10.1016/j.jssas.2018.02.003
https://doi.org/10.1007/s11356-021-15808-z
https://pubmed.ncbi.nlm.nih.gov/34378137
https://doi.org/10.1007/s11356-021-15904-0
https://pubmed.ncbi.nlm.nih.gov/34405324
https://pubmed.ncbi.nlm.nih.gov/34405324
https://doi.org/10.4314/jasem.v22i9.21
https://doi.org/10.1016/j.hazl.2022.100064
https://doi.org/10.1016/j.hazl.2022.100064
https://doi.org/10.1016/j.envint.2004.01.003
https://doi.org/10.1016/j.envint.2004.01.003
https://pubmed.ncbi.nlm.nih.gov/15120196
https://doi.org/10.1007/s11356-021-18130-w
https://pubmed.ncbi.nlm.nih.gov/35040053
https://pubmed.ncbi.nlm.nih.gov/35040053
https://doi.org/10.1002/clen.201500715
https://doi.org/10.17352/ojeb.000003
https://doi.org/10.17352/ojeb.000003


Brazilian Journal of Biology, 2023, vol. 83, e272087 9/10

Ecological risk assessment of lead

DWININGSIH, Y. and ELSHIKH, M.S., 2021. A study on the 
contamination assessment, health risk and mobility of two 
heavy metals in the soil-plants-ruminants system of a typical 
agricultural region in the semi arid Environment. Environmental 
Science and Pollution Research International, vol. 29, no. 10, pp. 
14584-14594. http://dx.doi.org/10.1007/s11356-021-16756-4. 
PMid:34617216.

GHAZZAL, M., KHAN, Z.I., AHMAD, K., MEHMOOD, N., MAHPARA, 
S., NADEEM, M., MUNIR, M., WAJID, K., SOHAIL, M., MALIK, I.S., 
ASHFAQ, A., BASHIR, H., AKHTAR, M. and AKHTER, P., 2020. 
Incidence and health risk assessment of grazing animals due 
to toxic metal Residues Cd and Mn in Sahiwal, Sargodha. Pure 
and Applied Biology, vol. 9, no. 1, pp. 872-883. http://dx.doi.
org/10.19045/bspab.2020.90092.

HAMID, A., MUSHTAQ, A., NAZIR, R. and ASGHAR, S., 2017. Heavy 
metals in soil and vegetables grown with municipal wastewater 
in Lahore. Bangladesh Journal of Scientific and Industrial Research, 
vol. 52, no. 4, pp. 331-336. http://dx.doi.org/10.3329/bjsir.
v52i4.34821.

HUSSAIN, M.I., IQBAL KHAN, Z., NAEEM, M., AHMAD, K., AWAN, 
M.U.F., ALWAHIBI, M.S. and ELSHIKH, M.S., 2021. Blood, hair and 
feces as an indicator of environmental exposure of sheep, cow 
and buffalo to cobalt: a health risk perspective. Sustainability, 
vol. 13, no. 14, pp. 7873. http://dx.doi.org/10.3390/su13147873.

HUSSAIN, R., KHATTAK, S.A., SHAH, M.T. and ALI, L., 2015. 
Multi-statistical approaches for Environmental geochemical 
assessment of Pollutants in soils of Gadoon Amazai Industrial 
Estate, Pakistan. Journal of Soils and Sediments, vol. 15, no. 5, 
pp. 1119-1129. http://dx.doi.org/10.1007/s11368-015-1075-9.

INENGITE, A., ABASI, C. and WALTER, C., 2015. Application of 
Pollution indices for the assessment of heavy metal pollution 
in flood impacted soil. International Research Journal of Pure 
and Applied Chemistry, vol. 8, no. 3, pp. 175-189. http://dx.doi.
org/10.9734/IRJPAC/2015/17859.

JOHNSEN, I.V., MARIUSSEN, E. and VOIE, Ø., 2019. Assessment 
of Intake of copper and lead by sheep grazing on a shooting 
range for small arms: a case study. Environmental Science and 
Pollution Research International, vol. 26, no. 8, pp. 7337-7346. 
http://dx.doi.org/10.1007/s11356-018-1824-6. PMid:29644603.

JORFI, S., MALEKI, R., JAAFARZADEH, N. and AHMADI, M., 2017. 
Pollution load index for heavy metals in Mian-Ab plain soil, 
Khuzestan, Iran. Data in Brief, vol. 15, pp. 584-590. http://dx.doi.
org/10.1016/j.dib.2017.10.017. PMid:29071297.

JYOTHI, N.R., 2020. Heavy metal sources and their effects on 
human health. In: M.K. NAZAL and H. ZHAO, eds. Heavy 
metals: their environmental impacts and mitigation. London: 
IntechOpen, pp. 30.

KALSOM, A., KAREEM, A., ASLAM, A., NIAZ, A., MUKHTAR, N., 
SATTAR, A., NAZ, R., NAZ, A., RASHEED, F., RASHEED, I. and 
SULTANA, S., 2020. Influence of wastewater irrigation on soil 
chemical properties and buildup of heavy metals in soil. EQA, 
vol. 37, no. 2, pp. 23-30.

KHAN, Z.I., AHMAD, K., BATOOL, M., MALIK, I.S., BASHIR, H., MUNIR, 
M., ASHFAQ, A., AKHTER, P., NAZAR, S., AKHTAR, M., AKHTAR, 
M., NADEEM, M. and AWAN, M.U.F., 2021. Arsenic and Cadmium 
risk assessment in a domestic wastewater irrigated area using 
samples of water, soil and forages as indicators. Journal of 
Bioresource Management, vol. 8, no. 2, pp. 72-84. http://dx.doi.
org/10.35691/JBM.1202.0182.

KHAN, Z.I., MUHAMMAD, F.G., AHMAD, K., AKHTAR, S., SOHAIL, 
M., NADEEM, M., MAHPARA, S., AWAN, M.U.F., ALWAHIBI, M.S., 
ELSHIKH, M.S. and HUSSAIN, M.I., 2022. Effects of diverse 
irrigation with wastewater in soil and plants: assessing the risk 
of metal to the animal food chain. Environmental Science and 

Pollution Research International, vol. 29, no. 18, pp. 27140-27149. 
http://dx.doi.org/10.1007/s11356-021-17559-3. PMid:34978030.

KHAN, Z.I., SAFDAR, H., AHMAD, K., WAJID, K., BASHIR, H., UGULU, 
I. and DOGAN, Y., 2019. Health risk assessment through 
determining bioaccumulation of iron in forages grown in soil 
irrigated with city effluent. Environmental Science and Pollution 
Research International, vol. 26, no. 14, pp. 14277-14286. http://
dx.doi.org/10.1007/s11356-019-04721-1. PMid:30864035.

KHAN, Z.I., SAFDAR, H., AHMAD, K., WAJID, K., BASHIR, H., UGULU, I. 
and DOGAN, Y., 2020. Copper bioaccumulation and translocation 
in forages grown in soil irrigated with sewage water. Pakistan 
Journal of Botany, vol. 52, no. 1, pp. 111-119. http://dx.doi.
org/10.30848/PJB2020-1(12).

KHAWLA, K., BESMA, K., ENRIQUE, M. and MOHAMED, H., 2019. 
Accumulation of trace elements by corn Zea mays under 
irrigation with treated wastewater using different irrigation 
methods. Ecotoxicology and Environmental Safety, vol. 170, 
pp. 530-537. http://dx.doi.org/10.1016/j.ecoenv.2018.12.025. 
PMid:30572248.

LEOGRANDE, R., CAMPI, P., VITTI, C., STELLACCI, A.M., VIVALDI, 
G.A. and CAMPOSEO, S., 2019. Heavy metal concentrations in a 
soil irrigated with treated municipal wastewater-use of mixed 
effects models to analyse the effect over time. International 
Journal of Environment Sciences and Natural Research, vol. 22, 
no. 5, pp. 179-189.

LIKUKU, A.S., MMOLAWA, K.B. and GABOUTLOELOE, G.K., 2013. 
Assessment of heavy metal enrichment and degree of 
contamination around the copper-nickel mine in the Selebi 
Phikwe Region, Eastern Botswana. Environment and Ecology 
Research, vol. 1, no. 2, pp. 32-40. http://dx.doi.org/10.13189/
eer.2013.010202.

LIU, K.S., MAO, X.D., SHI, J., DAI, C.F. and GU, P., 2015. Towards bio 
monitoring of toxic (lead) and essential elements in whole 
blood from 1-to72-month old children: a cross-sectional study. 
African Health Sciences, vol. 15, no. 2, pp. 634-640. http://dx.doi.
org/10.4314/ahs.v15i2.42. PMid:26124814.

LIU, W., MEHMOOD, N., SAEED, H., ARSHAD, M., KHAN, Z.I. and 
MUQADDAS, H., 2020. Quantitative analysis of lead in cows 
and buffaloes for health assessment. Environmental Science and 
Pollution Research International, vol. 27, no. 8, pp. 8621-8627. 
http://dx.doi.org/10.1007/s11356-019-07556-y. PMid:31904097.

LIU, W., ZHAO, J.Z., OUYANG, Z.Y., SODERLUND, L. and LIU, G., 2005. 
Impacts of sewage irrigation on heavy metal distribution and 
contamination in Beijing, China. Environment International, 
vol. 31, no. 6, pp. 805-812. http://dx.doi.org/10.1016/j.
envint.2005.05.042. PMid:15979146.

MICLEAN, M., CADAR, O., LEVEI, E.A., ROMAN, R., OZUNU, A. and 
LEVEI, L., 2019. Metal Pb, Cu, Cd, and Zn transfer along food 
chain and health risk assessment through raw milk consumption 
from free-range cows. International Journal of Environmental 
Research and Public Health, vol. 16, no. 21, pp. 4064. http://
dx.doi.org/10.3390/ijerph16214064. PMid:31652702.

MILAM, C., ONE, M.B., DOGARA, R.K. and YILA, E.Y., 2017. Assessment 
of heavy metals As, Cd, Cr, Cu, Ni, Pb and Zn in blood samples 
of sheep and rabbits from Jimeta-Yola, Adamawa State, Nigeria. 
International Journal of Advances in Pharmacy. Biological 
Chemistry, vol. 6, no. 3, pp. 160-166.

MOHAMED, T.A., MOHAMED, M.A.K., RABEIY, R. and GHANDOUR, 
M.A., 2014. Application of Pollution indices for evaluation of 
heavy metals in soil close to phosphate fertilizer plant, Assiut, 
Egypt. Assiut University Bulletin for Environmental Researches, 
vol. 17, no. 1, pp. 45-55.

https://doi.org/10.1007/s11356-021-16756-4
https://pubmed.ncbi.nlm.nih.gov/34617216
https://pubmed.ncbi.nlm.nih.gov/34617216
https://doi.org/10.19045/bspab.2020.90092
https://doi.org/10.19045/bspab.2020.90092
https://doi.org/10.3329/bjsir.v52i4.34821
https://doi.org/10.3329/bjsir.v52i4.34821
https://doi.org/10.3390/su13147873
https://doi.org/10.1007/s11368-015-1075-9
https://doi.org/10.9734/IRJPAC/2015/17859
https://doi.org/10.9734/IRJPAC/2015/17859
https://doi.org/10.1007/s11356-018-1824-6
https://pubmed.ncbi.nlm.nih.gov/29644603
https://doi.org/10.1016/j.dib.2017.10.017
https://doi.org/10.1016/j.dib.2017.10.017
https://pubmed.ncbi.nlm.nih.gov/29071297
https://doi.org/10.35691/JBM.1202.0182
https://doi.org/10.35691/JBM.1202.0182
https://doi.org/10.1007/s11356-021-17559-3
https://pubmed.ncbi.nlm.nih.gov/34978030
https://doi.org/10.1007/s11356-019-04721-1
https://doi.org/10.1007/s11356-019-04721-1
https://pubmed.ncbi.nlm.nih.gov/30864035
https://doi.org/10.30848/PJB2020-1(12)
https://doi.org/10.30848/PJB2020-1(12)
https://doi.org/10.1016/j.ecoenv.2018.12.025
https://pubmed.ncbi.nlm.nih.gov/30572248
https://pubmed.ncbi.nlm.nih.gov/30572248
https://doi.org/10.13189/eer.2013.010202
https://doi.org/10.13189/eer.2013.010202
https://doi.org/10.4314/ahs.v15i2.42
https://doi.org/10.4314/ahs.v15i2.42
https://pubmed.ncbi.nlm.nih.gov/26124814
https://doi.org/10.1007/s11356-019-07556-y
https://pubmed.ncbi.nlm.nih.gov/31904097
https://doi.org/10.1016/j.envint.2005.05.042
https://doi.org/10.1016/j.envint.2005.05.042
https://pubmed.ncbi.nlm.nih.gov/15979146
https://doi.org/10.3390/ijerph16214064
https://doi.org/10.3390/ijerph16214064
https://pubmed.ncbi.nlm.nih.gov/31652702


Brazilian Journal of Biology, 2023, vol. 83, e27208710/10

Khan, Z.I. et al.

lead on hematological and biochemical parameters in Lohi 
sheep grazing around a sewerage drain. Pakistan Veterinary 
Journal, vol. 37, no. 4, pp. 450-454.

SHEN, X., CHI, Y. and XIONG, K., 2019. The effect of heavy metal 
contamination on humans and animals in the vicinity of a zinc 
smelting facility. PLoS One, vol. 14, no. 10, e0207423. http://
dx.doi.org/10.1371/journal.pone.0207423. PMid:31658263.

SHU, Y. and ZHAI, S., 2014. Study on soil heavy metals contamination 
of a lead refinery. Chinese Journal of Geochemistry, vol. 33, no. 
4, pp. 393-397. http://dx.doi.org/10.1007/s11631-014-0703-1.

SHUKLA, A.K., BEHERA, S.K., PAKHRE, A. and CHAUDHARI, S.K., 
2018. Micronutrients in soils, plants, animals and humans. 
Indian Journal of Fertilisers, vol. 14, no. 4, pp. 30-54.

SIDDIQUE, S. and AHMAD, K., 2019. Sodium status of soil, forages, 
and small ruminants of Punjab, Pakistan. Pure and Applied 
Biology, vol. 8, no. 3, pp. 1950-1961. http://dx.doi.org/10.19045/
bspab.2019.80139.

SILVA, T.P.D. and ABDALLA FILHO, A.L., 2021. Sheep and goat 
feeding behavior profile in grazing system. Acta Scientiarum. 
Animal Sciences, vol. 43, e51265. http://dx.doi.org/10.4025/
actascianimsci.v43i1.51265.

SINDHU, Z.U.D., ULLAH, S., RAO, R.Z., IQBAL, Z. and HAMEED, M., 2012. 
Inventory of ethno-veterinary practices used for the control 
of parasitic infections in District Jhang, Pakistan. International 
Journal of Agriculture and Biology, vol. 14, no. 6, pp. 922-928.

STOKLASOVÁ, L., VAHALA, J. and HEJCMANOVA, P., 2020. Minerals 
in the blood, hair, and faeces of the critically endangered 
western derby eland under human care in two wildlife reserves 
in Senegal. Biological Trace Element Research, vol. 195, no. 1, 
pp. 105-109. http://dx.doi.org/10.1007/s12011-019-01839-8. 
PMid:31338803.

UDDIN, M.E. and KEBREAB, E., 2020. Impact of food and climate 
change on pastoral industries. Frontiers in Sustainable Food 
Systems, vol. 4, pp. 543403. http://dx.doi.org/10.3389/
fsufs.2020.543403.

WORLD HEALTH ORGANIZATION – WHO. Food and Agriculture 
Organization – FAO, 2007. Joint International FAO/WHO Food 
Standard Programme Codex Alimentarius Commission 13th Session. 
Report of the Thirty Eight Session of the Codex Committee on Food 
Hygiene. Houston. ALINORM, no. 07/30/13.

YANG, Y., KHAN, Z.I., AHMAD, K., ULLAH, M.F., NADEEM, M., BASHIR, 
H., MUNIR, M., MALIK, I.S., ARSHAD, N., MA, J., CHEN, F. and 
UGULU, I., 2020a. Assessing health risk in livestock through 
quantification of iron in forages, soil and buffalo blood from 
Sargodha, Pakistan. Revista de Chimie, vol. 71, no. 9, pp. 221-
229. http://dx.doi.org/10.37358/RC.20.9.8332.

YANG, Y., ZHANG, L., HUANG, X., ZHOU, Y., QUAN, Q., LI, Y. and 
ZHU, X., 2020b. Response of photosynthesis to different 
concentrations of heavy metals in Davidia involucrata. PLoS 
One, vol. 15, no. 3, e0228563. http://dx.doi.org/10.1371/journal.
pone.0228563. PMid:32176700.

YU, S., CHEN, Z., ZHAO, K., YE, Z., ZHANG, L., DONG, J., SHAO, Y., 
ZHANG, C. and FU, W., 2019. Spatial patterns of potentially 
hazardous metals in soils of Lin’an City, Southeastern China. 
International Journal of Environmental Research and Public Health, 
vol. 16, no. 2, pp. 246. http://dx.doi.org/10.3390/ijerph16020246. 
PMid:30654530.

MURTAZA, G. and ZIA, M.H., 2012. Wastewater production, treatment 
and use in Pakistan. In: Second Regional Workshop of the Project 
‘Safe Use of Wastewater in Agriculture’, 2012, New Delhi, India. 
New Delhi: NASC Complex, pp. 16-18.

NADEEM, M., 2020. Assessment of Zn and Pb in buffaloes fed 
on forages irrigated with wastewater in Sahiwal, Sargodha, 
Pakistan. Pure and Applied Biology, vol. 9, no. 1, pp. 728-742. 
http://dx.doi.org/10.19045/bspab.2020.90079.

OGUNDELE, D.T., ADIO, A.A. and OLUDELE, O.E., 2015. Heavy metal 
concentrations in plants and soil along heavy traffic roads in 
North Central Nigeria. Journal of Environmental & Analytical 
Toxicology, vol. 5, no. 6, pp. 1000334.

OGUNDIRAN, M.B., OGUNDELE, D.T., AFOLAYAN, P.G. and OSIBANJO, 
O., 2012. Heavy metals levels in forage grasses, leachate and 
lactating cows reared around lead slag dumpsites in Nigeria. 
International Journal of Environmental Research, vol. 6, no. 3, 
pp. 695-702.

ORISAKWE, O.E., OLADIPO, O.O., AJAEZI, G.C. and UDOWELLE, N.A., 
2017. Horizontal and vertical distribution of heavy metals in farm 
produce and livestock around lead-contaminated goldmine in 
Dareta and Abare, Zamfara State, Northern Nigeria. Journal of 
Environmental and Public Health, vol. 2017, pp. 3506949. http://
dx.doi.org/10.1155/2017/3506949. PMid:28539940.

POURRUT, B., SHAHID, M., DOUAY, F., DUMAT, C. and PINELLI, E., 
2013. Molecular mechanisms involved in lead uptake, toxicity 
and detoxification in higher plants. In: D.K. GUPTA, F.J. CORPAS 
and J.M. PALMA, eds. Heavy metal stress in plants. Heidelberg: 
Springer, pp. 121-147. http://dx.doi.org/10.1007/978-3-642-
38469-1_7.

REES, N. and FULLER, R., 2020 [viewed 21 December 2022]. The 
toxic truth: children’s exposure to lead pollution undermines 
a generation of future potential [online]. New York: UNICEF. 
Available from: https://www.unicef.org/reports/toxic-truth-
childrens-exposure-to-lead-pollution-2020

REHMAN, A., JINGDONG, L., CHANDIO, A.A. and HUSSAIN, I., 2017. 
Livestock production and population census in Pakistan: 
determining their relationship with agricultural GDP using 
econometric analysis. Information Processing in Agriculture, vol. 4, 
no. 2, pp. 168-177. http://dx.doi.org/10.1016/j.inpa.2017.03.002.

REHMAN, A., JINGDONG, L., KHATOON, R., HUSSAIN, I. and IQBAL, 
M.S., 2016. Modern agricultural technology adoption its 
importance, role and usage for the improvement of agriculture. 
American-Eurasian Journal of Agricultural & Environmental 
Sciences, vol. 16, no. 2, pp. 284-288.

REIS, M.M., SANTOS, L.D.T., SILVA, A.J.D., PINHO, G.P.D. and ROCHA, 
L.M., 2020. Heavy metals in soils and forage grasses irrigated 
with Vieira River water, Montes Claros, Brazil, contaminated 
with sewage wastewater. Revista Ambiente & Água, vol. 15, no. 
2, pp. 1-11. http://dx.doi.org/10.4136/ambi-agua.2440.

ROGGEMAN, S., VAN-DEN-BRINK, N., VAN-PRAET, N., BLUST, R. 
and BERVOETS, L., 2013. Metal exposure and accumulation 
pattern in free-range cows Bos Taurus in a contaminated natural 
area: influence of spatial and social behavior. Environmental 
Pollution, vol. 172, pp. 186-199. http://dx.doi.org/10.1016/j.
envpol.2012.09.006. PMid:23063994.

SAJID, M., YOUNUS, M., KHAN, M., ANJUM, A.A., HAQUE, S.E.U., 
RAFIQUE, M., ZAMAN, M.A. and KHAN, A.U., 2017. Effects of 

https://doi.org/10.1371/journal.pone.0207423
https://doi.org/10.1371/journal.pone.0207423
https://pubmed.ncbi.nlm.nih.gov/31658263
https://doi.org/10.1007/s11631-014-0703-1
https://doi.org/10.19045/bspab.2019.80139
https://doi.org/10.19045/bspab.2019.80139
https://doi.org/10.4025/actascianimsci.v43i1.51265
https://doi.org/10.4025/actascianimsci.v43i1.51265
https://doi.org/10.1007/s12011-019-01839-8
https://pubmed.ncbi.nlm.nih.gov/31338803
https://pubmed.ncbi.nlm.nih.gov/31338803
https://doi.org/10.3389/fsufs.2020.543403
https://doi.org/10.3389/fsufs.2020.543403
https://doi.org/10.37358/RC.20.9.8332
https://doi.org/10.1371/journal.pone.0228563
https://doi.org/10.1371/journal.pone.0228563
https://pubmed.ncbi.nlm.nih.gov/32176700
https://doi.org/10.3390/ijerph16020246
https://pubmed.ncbi.nlm.nih.gov/30654530
https://pubmed.ncbi.nlm.nih.gov/30654530
https://doi.org/10.19045/bspab.2020.90079
https://doi.org/10.1155/2017/3506949
https://doi.org/10.1155/2017/3506949
https://pubmed.ncbi.nlm.nih.gov/28539940
https://doi.org/10.1007/978-3-642-38469-1_7
https://doi.org/10.1007/978-3-642-38469-1_7
https://doi.org/10.1016/j.inpa.2017.03.002
https://doi.org/10.4136/ambi-agua.2440
https://doi.org/10.1016/j.envpol.2012.09.006
https://doi.org/10.1016/j.envpol.2012.09.006
https://pubmed.ncbi.nlm.nih.gov/23063994

