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Abstract 
The pollution in the environment causes many health problems such as industrial, agriculture, 

mining and natural process adds many harmful substances in the surrounding and damage the 

environment. These toxic substances make the part of the food chain due to which livestock is at 

high exposure to risk. The present investigation was carried out in different district of Punjab to 

find out the cadmium levels in soil, forages as well as in the blood of the ruminants like goat and 

sheep. The cadmium contents in soil of district Sargodha, Mianwali and Bhakhar were ranged from 

4.57 to 4.94, 2.98 to 3.95, 1.65 to 2.98 mg/kg respectively. The level of cadmium was higher in 

Sargodha as compare to Mianwali and Bhakkar. The mean concentrations of cadmium in forages 

which were used for feeding purpose were found between 2.745-3.432, 2.245-3.196 and 1.9-2.036 

mg/kg for Sargodha, Mianwali and Bhakhar, respectively. The mean concentrations of cadmium 

in blood of goat which consumed the contaminated forages were between 2.152-2.436, 1.727-2.39 

and 2.3-2.62 mg/L for Sargodha, Mianwali and Bhakhar, respectively. In blood of sheep, residual 

levels of cadmium in district Sargodha, Mianwali and Bhakhar were ranged from 2.152 to 2.436, 

1.794 to 2.286 and 1.97 to 2.066 mg/L, respectively. All these values of cadmium for blood samples 

were within the permissible limit set by WHO. 
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Introduction 

The pollution in the environment causes 

many health problems such as industrial, 

agriculture, mining and natural process 

adds many harmful substances in the 

surrounding and damage the environment 

[1]. These toxic substances make the part of 

the food chain [2]. The safe feed product is 

essential for animal health and welfare as 

well as human health and healthy feed 

product reduce the risk of toxicity in 

animals and human health [3, 4]. Biological 

functions may be affected by heavy metals 

especially due to bioaccumulation in the 

food chain because these pollutants present 

in the environment [5, 6]. 

Metals present in the environment can be 

transported and accumulated in plants and 

animals and through food chain affect the 

humans [7, 8]. Metals are transported and 

biomagnified from one trophic level to the 

next may accumulate more toxin in the food 

of higher animals as compare to their food 

contains [9]. 

The cadmium in the environment can easily 

be entered in the food chain and may cause 

various deleterious effects in plants, human 

and animals and result in undesirable 

physiological and biochemical changes 

[10]. In industrial areas, the level of 

cadmium and lead is high which cause the 

hormonal changes of plasma and abnormal 

liver function [11, 12]. 

Cadmium and lead are accumulated in 

human body and extreme accumulation 

may cause the severe health problems [13]. 

Different diseases as kidney, bone and 

blood diseases, nerves system and 

cardiovascular may cause due to lead and 

cadmium because these metals are 

carcinogenic in nature. The life span or life 

length reduces 9-10 years due to 

contamination of these metals in soil and 

plants. Lead is dangerous for young 

children because it affects the growth of 

children and growth of these children which 

live around past smelter is disturbed due to 

the presences of pollution of lead. Copper 

and zinc play important role in plant but the 

high level or toxicity of these metals in food 

causes health trouble in animal as well as in 

human. Gastrointestinal cancer may cause 

due the contamination of heavy metals in 

soil and plant [14, 15]. 

This study was planned to investigate the 

cadmium level in soil, forages as well as 

blood plasma of the small ruminants like 

goat and sheep and to evaluate its 

deleterious effects in soil and of using Cd 

contaminated forages on lives. 

Materials and methods 

This study was carried out in different 

Punjab districts of Pakistan to evaluate the 

toxic effects of Cd in soil, forages and 

ruminants by using specific systematic 

technique and to investigate the 

deficiencies or excesses which affect the 

forage yield and animals’ health.  

Study area 

The present study was conducted in 

different districts of Punjab such as 

Sargodha, Mianwali and Bhakkar. Three 

sites from each district were chosen for 

collection of different samples of soil, 

forages and blood of animals (goat and 

sheep). 

Sargodha is important district of Punjab. It 

is situated 172 km northwest from Lahore, 

Pakistan. Temperature in winter recorded 

as low as freezing point and maximum 

temperature as high as 50 °C in the 

summer. It is located on eastern bank of 

Indus. 

Mianwali positioned between 71-08º to 71-

57º East longitudes, and 32-10º to 33-15º 

North latitudes. Annual maximum 

temperature recorded as 47 oC and 

minimum temperature recorded as 19 °C. 

Mianwali falls in semi-arid zone and only 

some area is irrigated with the canals of 

river Indus. 

In Pakistan after slicing of Mianwali area a 

new district named as Bhakkar in 1982 was 

established. It is located in deserted plains 

of Thal desert and consists of a riverine 

tract along the Indus, called Kaccha. It 

consisted of sandy land and of semi 

rectangular shape.  

Samples collection 

http://en.wikipedia.org/wiki/Indus
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Ten samples of each soil, forages and blood 

were collected from each site randomly. 

These samples were combined and make 

three composite samples of soil, forage and 

blood plasma.  

Soil 

For collection of soil samples, three 

different sites were selected in three 

districts (Sargodha, Mianwali, Bhakhar). 

With the help of stainless-steel auger, 12 to 

15 cm deep soil layers for selected sites 

were dug up [16]. From each investigated 

site ten samples were obtained from three 

districts, stored in plastic bag. 

Forage 

Forages samples (10) include Barsem 

(Trifolium alexandrinum L.), Bajra 

(Pennisetum glaucum (L.) R. Br.) and Oat 

(Avena sativa L.) were also collected from 

three sites of three districts which were 

selected for soil sampling by mean of 

sterilized apparatus. Only those forages 

species were collected which were 

commonly used for fed of the small 

ruminants (sheep and goat). Distilled water 

was used to eliminate impurities and with 

HCl. Samples were dried to remove 

moisture content were placed in sunlight. 

Blood plasma 

Blood samples of goats and sheep were 

collected from the Bhakkar, Mianwali, and 

Sargodha in 2016. Goats and sheep of one 

year old was selected for sampling. Each 

district divided into three sites. Five goats 

of each site were selected, and data were 

pooled into one mean value. From jugular 

vein sample of blood was collected through 

needle of syringe which was firstly 

sterilized. Vacuum was created into 

evacuated tubes or to avoid from clotting 

were retained in the heparinized Na-citrate 

voiles rapidly. At 3000 rpm blood was 

centrifuged 15 min and blood plasma, 

stored in polyethylene tubes and frozen at -

20 oC.  

Samples preparation 

Soil and forage 

Soil and forage samples collected from 

three districts were air dried and then 

placed in oven at 72 oC until dried and 

weighed by analytical balance. Wet 

digestion was adopted to digest the samples 

[17]. 1g sample, 10 mL nitric acid was 

taken in a beaker and placed it overnight. 

Next day samples were digested on hot 

plate, H2O2 was also added drop by drop 

until colorless solution was appeared. Then 

removed from hot plate and placed it for 

cooling and then distill water was added up 

to 50 mL, filtered through Whatman filter 

paper of 42 µm size. In labeled bottles 

samples were stored for further process.  

Blood plasma 

Blood samples of goats and sheep collected 

from three districts were frozen at -20 oC. 

Blood samples removed from freezer and 

samples of blood were digested by same 

procedure [17]. 

Cadmium analysis 

Cadmium content in soil, forage and blood 

of goat and sheep was assessed by atomic 

absorption spectrophotometer (AA-6300 

Shimadzu Japan). 

Statistical analysis 

SPSS 22 software was used for ANOVA 

and to find out the mean values of metals 

and relationship between metals of soil and 

forages correlation coefficient was used at 

significance level 0.05 [18].  

Pollution load index 

Pollution load index (PLI) was used to 

measure the contamination of metals in 

investigated soil following the method of 

Liu et al. [19]. 

PLI= Metal concentration in soil ⁄ 

Reference metal value of soil  

Bioconcentration factor 

Bioconcentration factor (BCF) was used to 

assess the content of metals in soil-forages 

and forage-ruminants blood in (mg/kg) 

following Cui et al. [20]. 

BCF= Metals contents in forages/ Metals 

contents in soil 

BCF= Metals contents in blood / Metals 

contents in forage. 

Results 

Soil 

The results from ANOVA showed that sites 

have non-significant effect (p<0.05) on 

cadmium content in soil (Table 1). In 

http://dx.doi.org/10.19045/bspab.2019.80159
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district Sargodha, the mean concentrations 

of cadmium in soil which used by 

cultivation were between 4.57 to 4.94 

mg/kg. In Mianwali, the cadmium contents 

in soil were between 2.98-3.95 mg/kg. In 

Bhakhar, cadmium contents were between 

1.65-2.98 mg/kg (Figure 1). The level of 

cadmium was higher in Sargodha as 

compare to Mianwali and Bhakkar. 

Forages 

The sites showed non-significant effect 

(p<0.05) on cadmium content in forages 

collected from different three districts 

(Table 1). In district Sargodha, the mean 

concentrations of cadmium in forages used 

for feeding purpose were between 2.745-

3.432 mg/kg. In Mianwali, the mean values 

of cadmium content in forages were 

between 2.245-3.196 mg/kg. In Bhakkar, 

the mean values of cadmium content were 

between 1.90-2.036 mg/kg (Figure 2).  

Blood of goat 

The sites showed non-significant effect 

(p<0.05) on cadmium content in blood 

samples of goats (Table 1). In district 

Sargodha, the mean concentrations of 

cadmium in blood of goat which consumed 

the contaminated forages were between 

2.152-2.436 mg/L. In Mianwali, the mean 

concentrations of cadmium in blood of 

goats were between 1.727-2.39 mg/L. In 

Bhakkar, the cadmium contents were 

between 2.3-2.62 mg/L (Figure 3).  

Blood of sheep 

The sites showed non-significant effect 

(p<0.05) on cadmium content in blood 

samples of sheep (Table 1). In district 

Sargodha, the mean concentrations of 

cadmium in blood of sheep which 

consumed the contaminated forages were 

between 2.152-2.436 mg/L. In Mianwali, 

the mean concentrations of cadmium in 

blood of sheep were between 1.794-2.286 

mg/L. In Bhakkar, the mean concentrations 

of cadmium were between 1.97-2.066 mg/L 

(Figure 4).  

Correlation  

In the present study Cd content from soil-

forages, forage-blood samples and soil-

blood samples showed negative and non-

significant correlation (Table 2). Positive 

significant correlation was observed from 

forage-blood samples in Sargodha. 

Negative correlation was observed in soil 

and forage, soil to blood and positive 

between forage to blood in Mianwali. 

Negative correlation was observed in soil 

and forage, soil to blood of goat, forages to 

blood of sheep and positive between soil to 

blood of sheep and forage to blood of goat 

in Bhakkar Samples. Cadmium content also 

revealed non-significant positive 

correlation between soil and blood of goat, 

between forage and blood of goat and non-

significant negative between soil and 

forage which lead to cadmium imbalance 

among soil, plant and animals. It can be said 

that non-significant correlation between 

soil-forage-blood which might be due to 

edaphic factors.  

Bioconcentration factor  
Bioconcentration factor of cadmium 

content in forage samples from Mianwali 

was higher as compared to forage samples 

from Sargodha. Higher BCF value of 

cadmium in Mianwali and Bhakkar 

samples was observed while the lowest 

BCF value of cadmium was observed in 

Sargodha. The BCF value of cadmium in 

blood of goats in Bhakkar samples was 

higher as compared to Sargodha and 

Mianwali samples. Likewise, the BCF of 

cadmium in blood of sheep in Bhakkar 

samples was higher and lower BCF values 

of cadmium were in Sargodha and 

Mianwali (Table 3). 

Pollution load index 

Pollution level in plants or soil was 

measured by method i.e. pollution load 

index. The soil of Sargodha District showed 

higher PLI value for cadmium as compared 

to Mianwali and Bhakkar (Table 4).
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Table 1. Analysis of variance for cadmium content in soil, forage and blood samples in 

different districts of Punjab 
Cadmium Sargodha Mianwali Bhakhar 

Soil .134ns .067ns .114 ns 

Forage .402ns .698ns .002* 

BG .073ns .351ns .101ns 

BS 1.199ns .183ns .004ns 

Degree of freedom 2 Error 8 
ns: non-significant, *: Significant at 0.05 level, BG: Blood of goat, BS: Blood of sheep 
 

Figure 1. Mean concentration of cadmium in soil of different districts of Punjab 

Figure 2. Mean concentration of cadmium in forages of different districts of Punjab 
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Figure 3. Mean concentration of cadmium in blood of goat of different districts of Punjab 

 

Figure 4. Mean concentration of cadmium in blood of sheep of different districts of 

Punjab 

 

Table 2. Correlation of cadmium between soil-forage and soil-blood of goat and sheep 

District Soil-Forages Soil-BG Soil-BS Forages-BG Forages-BS 

Sargodha -.983 -.569 -.569 .711 .721 

Mianwali -.003 -.084 -.708 .997 .708 

Bhakkar -.884 -.991 .230 .938 -.657 
BG= Blood of goats, BS= Blood of sheep 
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Table 3. Bioconcentration factor of cadmium in different districts of Punjab 

Parameter Site 
BCF 

Sargodha Mianwali Bhakkar 

Soil-Forages 

1 0.555 0.751 0.681 

2 0.723 0.970 1.200 

3 0.750 1.067 0.816 

Forages-Blood of goat 

1 0.784 0.769 1.131 

2 0.659 0.77 1.319 

3 0.709 0.747 1.211 

Forages-Blood of sheep 

1 0.784 0.799 0.970 

2 0.659 0.798 1.032 

3 0.709 0.651 1.087 

 

Table 4. Pollution load index of cadmium in different districts of Punjab 

Site 
PLI 

Sargodha Mianwali Bhakkar 

1 3.317 2.005 2.005 

2 3.067 1.979 1.11 

3 3.070 2.011 1.56 

 

Discussion 

Cadmium is present naturally in Earth’s 

crust. It joins with other elements such as 

oxygen (cadmium oxide), or sulfur 

(cadmium sulfate, cadmium sulfide) 

chlorine (cadmium chloride). All soil and 

rocks, including coal and mineral 

fertilizers, consists of some amount of 

cadmium [21]. The higher Cd content was 

found in the soil samples than the critical 

value of 3.00 mg/kg as reported by Mc 

Dowell et al. [22] except in Bhakkar 

district. On the other hand, these findings 

were higher than the values given by Logan 

and Miller [23] for Sargodha district 

compared to other two districts (Mianwali 

and Bhakkar). However, cadmium 

concentration in the soil samples of the 

present research was lower than as given by 

Pierce et al. [24]. The cadmium content in 

agricultural soils depends upon the parent 

rocks and fertilizers used and the low 

amounts of cadmium observed during 

present studies might be due to the leaching 

of cadmium. The level of cadmium in the 

present studies was below than the toxic 

level but higher than determined by 

Oluokun et al. [25] in Nigeria and Lopez et 

al. [26]. 

The outcomes showed that high cadmium 

content in forage samples of Sargodha 

prone to toxic level as compared to forage 

varieties of Mianwali and Bhakkar that 

were resistant to cadmium as low cadmium 

bioconcentration factor was seen. The low 

concentration of cadmium in forages of 

Mianwali and Bhakkar is affected by the 

soil period. During recent study, BCF 

values were observed lower as compared to 

the suggested by Mapanda et al. [27]. 

Critical value was 0.030 mg/kg reported by 

Kloke [28] much lower than the cadmium 

levels. In plants, concentration of cadmium 

was 3.0 mg/kg as recommended by Ciecko 

et al. [29] which was similar with present 

study. The higher cadmium concentrations 

more than normal level have greater threat 

for livestock by Aksoy et al. [30]. 

Concentration of cadmium in blood was 

higher than the Gowda et al. [31]. The mean 

concentration of cadmium was lowest in 

Mianwali and highest in Bhakkar. Current 

research values were more than those 

reported by Ubwa et al. [32]. 

In current research, there was a higher 

cadmium concentration in blood plasma 

samples of sheep from Sargodha district. 

On the other hand, the lowest concentration 

was observed in the blood plasma of sheep 

from Bhakkar district. The current research 

values were higher than the values reported 

by Ahmad et al. [33] who reported that 

http://dx.doi.org/10.19045/bspab.2019.80159
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values for blood cadmium was 0.160±0.020 

ppm in the street garbage group and 

0.008±0.004 ppm in the indoor group. So, 

this study indicated that the type of feed 

taken by an animal was responsible about 

the concentration of metals in their body. 

According to the WHO [34] blood 

concentrations <0.1 mg/L are considered 

satisfactory and all samples in current 

research from three districts were within the 

safe limit. There was a variation in values 

of cadmium blood from all districts. Such 

variation is because sheep grazed freely on 

contaminated environment and drink water 

from ponds, stream and other possible 

contaminated water source. Sheep in the 

process are exposed to the high levels of 

heavy metals in the environment, these 

agree with that reported by Nwude et al. 

[21]. 

Bioconcentration factor of cadmium in 

forage was higher in Mianwali samples as 

compared to Sargodha samples. Higher 

BCF value of cadmium in Mianwali and 

Bhakkar samples was observed while the 

lowest BCF value of cadmium was 

observed in Sargodha. Low cadmium in 

plants in Mianwali and Bhakkar may be due 

to the low cadmium uptake by forage 

species and periods have also affected the 

metal transmission and low cadmium level 

in animals present in Sargodha. The rate of 

metal uptake by plant has been affected by 

nature of soil, plant age, plant species, soil 

pH, and climate. 

To determine the contamination status and 

inconsistency in soil, pollution load index 

was examined. The values of PLI>1 

indicated that soil is contaminated, while 

PLI<1 considered as uncontaminated [35]. 

The PLI for cadmium was greater than 1 in 

all sites of three districts and soil considered 

to be contaminated. The values of PLI in 

present findings were similar to those 

recorded by Ahmad et al. [8]. 

Ethics 

All the study protocols were approved by 

the Institutional Animal Ethics Committee, 

University of Sargodha (Approval No.25-

A18 IEC UOS). All the experiments 

performed complied with the rules of the 

National Research Council [36] and all 

methods were performed in accordance 

with relevant guidelines and regulations. 

Conclusion 

In present findings, concentration of 

cadmium in forages of all sites was 

surpassed the acceptable limit given by 

FAO/WHO, while in blood samples it was 

found within the critical limit given by 

WHO. Bioconcentration factor of cadmium 

from soil to forage, forage to blood of sheep 

and forage to blood of goat at Bhakkar site 

was greater as compared to other two sites. 

The values of PLI at all sites was greater 

than 1 indicated that soil is contaminated. 

So proper monitoring of soil is necessary to 

prevent the excessive buildup of cadmium 

in soil-plant-animal continuum. 

Authors’ contributions 

Conceived and designed the experiments: 

ZI Khan, K Ahmad & IR Noorka, 

Performed the experiments: S Siddique, M 

Ghazzal & K Wajid, Analyzed the data: M 

Akhtar & H Bashir, Contributed reagents/ 

materials/ analysis tools: M Nadeem & I 

Ugulu, Wrote the paper: P Akhter, IS 

Malik, A Ashfaq & M Munir. 

Acknowledgement 

The Higher Education Commission, 

Pakistan is hereby acknowledged for 

providing the financial support through a 

research project # 20-

3546/NRPU/R&D/HEC/14/536 titled 

“Toxicological Risk Assessment of 

Potential Pollutants on Fauna and Flora in 

Selected Areas of Punjab”. 

References 

1. Ugulu I (2015). Determination of 

heavy metal accumulation in plant 

samples by spectrometric techniques in 

Turkey. Appl Spectrosc Rev 50(2): 

113-151.  

2. Ogabiela EE, Udiba UU, Adesina OB, 

Hammuel C, Ade-Ajayi FA, Yebpella 

GG, et al. (2011). Assessment of metal 

levels in fresh milk from cows grazed 

around Challawa industrial estate of 

Kano, Nigeria. J Basic Appl Sci Res 

1(7): 533-8. 



Pure Appl. Biol., 8(4): 2143-2152, December, 2019    
http://dx.doi.org/10.19045/bspab.2019.80159 

2151 

3. Khan ZI, Ugulu I, Ahmad K, Yasmeen, 

S, Noorka IR, Mehmood N & Sher M 

(2018a). Assessment of trace metal and 

metalloid accumulation and human 

health risk from vegetables 

consumption through spinach and 

coriander specimens irrigated with 

wastewater. Bullet Environ Contamin 

Toxicol 101: 787-795.  

4. Nadeem M, Qureshi TM, Ugulu I, Riaz 

MN, An QU, Khan ZI, Ahmad K, 

Ashfaq A,  Bashir H & Dogan Y 

(2019). Mineral, vitamin and phenolic 

contents and sugar profiles of some 

prominent date palm (Phoenix 

dactylifera) varieties of Pakistan. Pak J 

Bot.  

http://dx.doi.org/10.30848/PJB2019-

1(14) 

5. Makridis C, Christos S, Nikolaos R, 

Nikolaos G, Loukia R & Stefanos L 

(2012). Toxicological implications of 

grazing on forage grasses in Dareta 

Village, Zamfara, Nigeria. J Agri Sci 

Technol 2: 149-154. 

6. Ugulu I, Unver MC & Dogan, Y 

(2016). Determination and comparison 

of heavy metal accumulation level of 

Ficus carica bark and leaf samples in 

Artvin, Turkey. Oxid Communic 39(1): 

765-775. 

7. Hongyu L, Anne P & Bohan L (2005). 

Metal contamination of soils and crop 

affected by the Cehenzhou lead/ zinc 

mine spill (Hunan, China). Sci Total 

Environ 339: 153-166. 

8. Ahmad K, Nawaz K, Khan ZI, Nadeem 

M, Wajid K, Ashfaq A, et al. (2018a). 

Effect of diverse regimes of irrigation 

on metals accumulation in wheat crop: 

An assessment - dire need of the day. 

Fresen Environ Bullet 27(2): 846-855. 

9. Monteiro LR, Costa V, Furness RW & 

Santos RS (1996). Mercury 

concentrations in prey fish indicate 

enhanced bioaccumulation in 

mesopelagic environments. Marine 

Ecol Progress Series 141: 21-25. 

10. Khan ZI, Ugulu I, Umar S, Ahmad K, 

Mehmood N, Ashfaq A, Bashir H & 

Sohail M (2018b). Potential toxic 

metal accumulation in soil, forage and 

blood plasma of buffaloes sampled 

from Jhang, Pakistan. Bullet Environ 

Contamin Toxicol 101: 235-242.  

11. Ogundiran MB, Ogundele DT, 

Afolayan PG & Osibanjo O (2012). 

Heavy metals levels in forage grasses, 

leachate and lactating cows reared 

around lead slag dumpsites in Nigeria. 

Int J Environ Res 6(3): 695-702. 

12. Swarup D, Naresh R, Varshney VP, 

Balagangatharathilagar M, Kumar P, 

Nandi D & Patra RC (2007). Changes 

in plasma hormones profile and liver 

function in cows naturally exposed to 

lead and cadmium around different 

industrial areas. Res Veter Sci 82: 16-

21. 

13. Ahmad K,  Kokab R, Khan ZI, Ashfaq 

A, Bashir H, Munir M. et al. (2018b). 

Assessment of heavy metals in wheat 

variety “Chagi-2” under short-term 

wastewater irrigation. Biologia 

(Lahore, Pak) 64(1): 15-25. 

14. Zhuang P, Zou B, Li NY & Li ZA 

(2009). Heavy Metal contamination in 

soils and food crops around Dabaoshan 

Mine in Guangdong, China: 

Implication for human health. Environ 

Geochem Health 31 (6): 707-715. 

15. Dogan Y & Ugulu I (2013). Medicinal 

plants used for gastrointestinal orders 

in some districts of Izmir Province, 

Turkey. Studies on Ethno-Medicine 7: 

149-162. 

16. Sanchez IC & Lacombe RH (1976). An 

elementary molecular theory of 

classical fluids. Pure fluids. The J Phys 

Chem 80(21): 2352-2362. 

17. Vukadinović V & Bertić B (1988). 

Agrochemistry and plant nutrition. 

University J.J. Strossmayer in Osijek, 

Faculty of Agriculture (in Croatian), 

Osijek. 56. 

18. Steel RGD & Torrie JH (1980). 

Principles and procedures of statistics, 

A Biometrical approach, (2nd Ed.). 

McGraw Hill, New York. 

http://dx.doi.org/10.19045/bspab.2019.80159
http://dx.doi.org/10.30848/PJB2019-1(14)
http://dx.doi.org/10.30848/PJB2019-1(14)


  Siddique et al. 

2152 

19. Liu WH, Zhao JZ, Ouyang ZY, 

Soderlund L & Liu GH (2005). Impacts 

of sewage irrigation on heavy metals 

distribution and contamination in 

Beijing, China. Environ Int 31: 805-

812. 

20. Cui YL, Zhu RH, Zhi RH, Chen DY, 

Huang YZ & Qiu Y (2004). Transfer of 

metals from soils to vegetables in an 

area near a smelter in Nanning, China. 

Environ Int 30: 785-791. 

21. Nwude DO, Okoye PAC & Babayemi 

JO (2010). Heavy metal level in animal 

muscle tissue. A case study of Nigeria 

raised cattle. Res J Appl Sci 5(2): 146-

150. 

22. McDowell LR (1985). Nutrition of 

Grazing Ruminants in Warm Climates. 

Academic Press New York, 443. 

23. Logan TJ & Miller RH (1983). 

Background Levels of Heavy Metals in 

Ohio Farm Soils. Research Circular 

275. The Ohio State University 

Agricultural Research and 

Development, Wooster, Ohio. 

24. Pierce FJ, Dowdy RH & Grigal DF 

(1982). Concentrations of six trace 

metals in some major Minnesota soil 

series. J Environ Qual 11: 416-422. 

25. Oluokun JA, Fajimi AK, Adebayob AO 

& Ajayi FT (2007). Lead and cadmium 

poisoning of goat raised in cement klin 

dust polluted area. J Food Agric 

Environ 5: 382-384. 

26. Lopez A, Benedicto M, Miranda JL, 

Castillo M, Hernandez C & Shore RF 

(2002). Arsenic, cadmium, lead, 

copper and zinc in cattle from Galicia, 

N. W Spain. Sci Total Environ 246(2-

2): 237-248. 

27. Mapanda F, Mangwayana EN, 

Nyamangara J & Giller KE (2005). The 

effect of long-term irrigation using 

wastewater on heavy metal contents of 

soils under vegetables in Harare, 

Zimbabwe. Agric Ecosys Environ 

107(2-3): 151-165. 

28. Kloke A (1980). Effects of heavy 

metals on soil fertility, flora and fauna 

as well as its importance for the 

nutrition and fodder-

chain. Proceedings of the Utilization of 

Refuse and Sewage sludge in 

Agriculture, pp 58-87. 

29. Ciecko Z, Wyszkowski M, Krajewski 

W & Zabielska J (2001). Effect of 

organic matter and liming on the 

reduction of cadmium uptake from soil 

by triticale and spring oilseed rape. Sci 

Total Environ 281(1-3): 37-45. 

30. Aksoy A, Hale WHG & Dixon JM 

(1999). Capsella bursa-pastoris (L.) 

Medic, as a bioindicator of heavy 

metals.  Sci Total Environ 226: 117-

186. 

31. Gowda NKS, Malathi VS, Jash S & 

Roy KS (2003). Status of pollutants 

and trace elements in water, soil, 

vegetation and dairy animals in 

industrial area of Bangalore. Indian J 

Dairy Sci 56: 86-90. 

32. Ubwa ST, Ejiga R, Okoye PAC & 

Amua QM (2017). Assessment of 

Heavy Metals in the Blood and Some 

Selected Entrails of Cows, Goat and 

Pigs Slaughtered at Wurukum 

Abattoir, Makurdi-Nigeria. Advan 

Anal Chem 7(1): 7-12. 

33. Ahmad K, Khan ZI, Bayat AR, Ashraf 

M & Rizwan Y (2011). Cadmium and 

chromium concentrations in six forage 

species irrigated with canal, sewage or 

mixed canal and sewage water. Pak J 

Bot 43(5): 2411-2414. 

34. WHO (1996). Trace elements in 

human nutrition and health. World 

Health Organization. Geneva. 

35. Harikumar PS, Nasir UP & Rahma MP 

(2009). Distribution of heavy metalsthe 

core sediments of a tropical wetland 

system. Int J Environ Sci Tech 6(2): 

225-232. 

36. National Research Council (1996). 

Guide for the care and use of laboratory 

animals. Washington, DC, National 

Academy Press.

 


