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ABSTRACT: Conservation of wildlife is of prime importance for human beings. However, rapid 

industrialization, urbanization and other anthropogenic activities are polluting the environment. All 

these factors are responsible for human health deterioration and also affect animals by threatening and 

extinction of various species. The present study was conducted to detect heavy metal exposure of 

African lion (Panthera leo) found in Lahore zoo (site1) and Safari zoo (site2). Different samples such 

as feed (fresh meat and leftover meat), fecal, soil, and water were collected twice in a week for a 

month and analyzed for heavy metal contamination. The quantification of different heavy metals such 

as, Chromium (Cr), Lead (Pb), Nickel (Ni), Zinc (Zn) and Copper (Cu) were carried out by atomic 

absorption spectroscopy. The highest concentrations of heavy metals such as 42.32, 25.67, 13.13, 

20.03 and 6.67 mg/Kg (site1) and 32.33, 18.67, 7.80, 13.33 and 5.34 mg/Kg (site2) for Cu, Cr, Zn, Ni, 

and Pb was observed respectively in soil of both sites. While, the least amount of 0.2, 0.13, 0.0, 0.37, 

0.73 mg/L and 0.13, 0.26, 0.033, 0.39 and 0.66 mg/L for Cu, Cr, Zn, Ni, and Pb was noticed in water 

samples. All metals such as Cu, Zn, Ni were found in higher concentration in feed samples as1.23, 

19.37, 0.36 mg/Kg (site1) and 16.32, 19.47 ,0.13 mg/Kg (site2) and reflecting in fecal samples except 

Pb and Cr that was higher in fecal samples as 1.46 and 2.2 mg/Kg (site1) and 0.85 and 0.87 mg/Kg 

(site2) than feed (Pb and Cr noticed as 1.3 and 0.87mg/Kg (site1) and 0.83and 0.69mg/Kg (site2)). The 

results were statistically analyzed using correlation and a positive correlation at p-value 0.999 with 

0.01 significance level was observed for feed and fecal samples. It was finally concluded that the 

metallic concentration in feed was reflected in fecal samples. Furthermore, feces can be used as a good 

non-invasive method for the estimation of heavy metal exposure. 
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INTRODUCTION 

 A zoo is a place particularly built to provide 

conservative benefits and natural habitats to captive 

animals. The modern zoos are playing an important role 

by protecting species from extinction, educating people 

about conservation and providing a place for scientific 

research and public entertainment (Neely, 2018). 

However, due to socio-economic changes various factors 

such as industrialization, urbanization, and transportation 

results in air pollution (Li et al., 2018). Air pollutants 

such as dust, toxic gases and particularly heavy metals 

are not only spoiling our environment but also affecting 

the animals even those who kept in captivity. Heavy 

metals are critical in destabilizing the ecosystem because 

of their bioaccumulation in living organisms (Hermenean 

et al., 2015). 

 Heavy metals such as Cu, Zn, Ni, and many 

more are required for normal processes of the body but 

they become toxic when present in higher amounts 

(Pawar and Bhosale, 2018). Heavy metals can enter the 

body through various routes such as ingestion of food, 

drinking water, and air (Pandey and Madhuri, 2014). 

Heavy metals have toxic effects on the biota resulting in 

death of most living organisms (Iheanacho et al., 2017; 

Jaiswal et al., 2018). However, it depends on various 

different factors such as dose, route and duration of 

exposure, age, gender, health, genetics, and nutritional 

status of the particular individual (Tchounwou et al., 

2012). Heavy metal toxicity particularly of lead and 

chromium are major concerns of today. The toxicity 

results in environmental health problems and potentially 

becomes dangerous due to their bio-accumulation 

through the food chain (Mohmand et al., 2015). 

 Panthera leo (lion) is classified as a „vulnerable‟ 

species by The International Union for the Conservation 

of Nature and Natural Resources (Watts, 2016). It is 

critically threatened in Pakistan (News week Pakistan, 

2015). Keeping in consideration about nature, 

conservation and vulnerability the present study has been 

designed with non-invasive technique to get the 

estimation of heavy metals exposure on P.leo as the well 

being of this species are considered important. The 
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objective of the study, therefore, focused on the 

feasibility of using fecal matter as an indicator of heavy 

metal exposure on daily basis because fecal matter is easy 

to collect and does not require killing or dissection of the 

animals for analysis. 

MATERIALSANDMETHODS 

Study area and animal selection: The two sites; Lahore 

Zoo (site1) and Safari Zoo (site2) were selected for the 

study of heavy metal concentrations in cages of Panthera 

leo. The total number of lions in Lahore Zoo was 

nineteen with five males, ten females and four cubs while 

the total number of lions in Safari Zoo was twenty-one, 

eight males and thirteen females. 

Collection of samples: To determine heavy metal 

concentrations (fecal, meat, leftover meat, water, and 

soil) samples were collected from enclosures of lions at 

both sites. All samples were collected in tightly closed 

sterilized bottles and labeled as LZ and SZ for Lahore 

Zoo and Safari Zoo, respectively. 

Heavy metal analysis: Heavy metal concentrations in all 

samples except water samples were analyzed according 

to the method of Dai et al., (2016) with few modifications 

by Gupta (2013). The samples were dried in hot air oven 

at       and one gram of each sample was taken and 

digested using concentrated nitric acid and perchloric 

acid, prepared in a 3:1 ratio. Initially, the samples were 

heated on a hot plate at 150°C for 30 minutes and finally 

temperature was increased to 180°C and a clear solution 

was obtained as an endpoint. This digestion was followed 

by the addition of 1-2 drops of hydrogen peroxide and 

samples were diluted with 10mL of de-ionized water. 

Later, they were filtered and stored in borosilicate glass 

tubes until further analysis. 

 Water samples were mixed with 3mL of HNO3 

(analytical grade) and heated until the solution becomes 

colorless. Due to clarity of water sample and absence of 

organic matter, it was followed by dilution and stored. 

The blank solution was also prepared using concentrated 

nitric acid and perchloric acid, prepared in 3:1 ratio 

heated without sample and later diluted and stored in the 

same condition along other samples. The chemical 

analysis of heavy metals was performed using the help of 

“flame atomic absorption spectrometry”. The samples 

were analyzed under Flame Atomic Absorption 

Spectrophotometer (Z-8230) Polarized Zeeman atomic 

absorption spectrophotometer) and levels of lead (Pb), 

chromium (Cr), nickel (Ni), zinc (Zn), and copper (Cu) 

were determined at the respective wavelengths of 217, 

357, 232, 214, and 324 nm respectively. The heavy metal 

concentrations were reported in mg/kg for fecal, soil and 

meat samples and mg/L for water samples. 

Statistical analysis of Heavy metal: The results were 

statistically analyzed using the correlation coefficient at 

the p-value of 0.01 between heavy metal analyses of two 

sites using SPSS Version. 21(Zhang et al., 2012) 

RESULTS AND DISCUSSION 

 The results of atomic absorption 

spectrophotometer showed the presence of heavy metals 

such as Lead (Pb), Chromium (Cr), Nickel (Ni), Zinc 

(Zn), and Copper (Cu) in water and soil samples of 

Lahore and Safari Zoo except Zn that was almost 

undetectable in water samples (Fig 1 & 2). Regarding the 

water sample, the maximum concentration of Pb was 

observed in both sites (site1: 0.73mg/L and site2: 0.66 

mg/L) as shown in fig1. Even though, the amount of Cr 

and Ni in water samples of both sites were low but it was 

found still higher than the WHO standards (Javed and 

Usmani, 2013) (Fig 1). Similar results with the noticeable 

amount of heavy metals in water samples were reported 

from Kota Zoo and with considerable amount from Jaipur 

Zoo, India (Gupta and Bakre, 2013). It was due to change 

of location as Kota Zoo was surrounded by trees 

compared to Jaipur Zoo which was surrounded by various 

smelter unit, industries, and vehicle that showed air 

pollution affects directly to the captive sites. In the 

present study higher concentration of Pb in water samples 

of both sites was due to the contiguous environment as 

site 1 was urban and site 2 was open but surrounded by 

industrial area. The heavy metals have ability to affect 

living organisms both animals and plants via drinking 

water as reported by Gupta and Santra, (2012). 

 Heavy metals (Pb, Cr, Ni, Cu, and Zn) 

concentrations detected in soil samples were higher than 

those observed in water samples of both sites (Fig 1 & 

2).The higher concentration of heavy metals in soil and 

water might be the result of atmospheric outcome as also 

reported by (Huang et al., 2015; Weldeslassie et al., 

2018). Soil acts as long-term store, hence effectively 

integrating the deposition from the immediate 

environment (Li et al., 2015; Jaiswal et al., 2018). 

Pandey et al. (2012) reported the concentration of Pb in 

soil samples as 7.70 mg/Kg. This value was higher than 

that of both sites of the present study as 6.67mg/Kg for 

site1 and 5.34 mg/kg for site 2. For this, settled dust was 

found as one most probable reason.  

The toxic affect of Lead in living organisms was 

reported whenever the organisms get exposed to lead and 

lead-containing compounds from air via inhalation, 

taking lead-contaminated drinks (water, milk) and eating 

lead-contaminated foods (fruits, meat, seafood, and 

grains) (Tiwari et al., 2013). Rota et al. (2018) also 

reported Cd, Pb and Zn as main pollutant metals emitted 

from vehicles and affects the surrounding community. 

 Heavy metal concentration in feed (fresh and 

leftover meat) showed a higher concentration of Cu and 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Javed%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24133639
https://www.ncbi.nlm.nih.gov/pubmed/?term=Usmani%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24133639
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Zn. Both metals are an important component of diet but 

they become toxic when present in higher concentrations 

(Badis et al., 2014). However, their concentrations were 

lower in the present study than the toxic limits. Samples 

of leftover meat that were removed from cages showed 

that concentrations of metals were found higher in 

leftover meat than fresh meat except Pb and Cr (Fig 

3&5). Lead is one of the toxic heavy metal and not any 

recognized and useful affects of this metal has been 

reported in living organisms. However, its accumulation 

in the bodies of living organisms over time can cause 

various health problems (Binkowski, 2012). The known 

source of Pb contamination in animals are air, water, and 

food which they intake and possible sources of lead in air 

might be mining, refining, smelting, and manufacturing 

units (AbdEl-Salam et al., 2013). The amount of Pb was 

lower in the present study as compared to tolerable limit 

(0.1 mg/Kg) as reported by (Nkansah and Ansah, 2014). 

However, Cr levels in the meat samples was found to be 

lower than the tolerable level of 1.0 mg/kg (USDA2006) 

and recommended levels of World Health Organization 

(WHO) for Cr was 1.75 mg/person/week (WHO, 2004). 

Moreover, higher concentrations of some metals in 

leftover meat showed that the settled dust in cages may 

be one possible reason as dust in ambient air settled in 

close proximity (Pavilonis et al., 2015; D'Ann et al., 

2016; Tapia et al., 2018). 

 In both sites, it was noticed that the 

concentration of Pb and Cr were found higher in fecal 

samples compared to feed (Fig 4). The values observed 

for the concentration of heavy metals in fecal samples 

were positively correlated with their observed values in 

diet (Table: 1 & 2). Different studies were also in 

agreement and described higher level of metals in fecal 

and urine excreted when animals exposed to metals and 

vehicular smoke via inhalation (Varsha, 2013; Chuang et 

al., 2015; Nigra et al., 2016; Yabe et al., 2018; Li et al., 

2019). The concentrations of different heavy metals in 

fecal samples of lions at Bikaner zoo evaluated for Pb, 

Cr, Cu, and Zn were found to be 2.6, 17.8, 16.47 and 

29.81mg/Kg respectively. The heavy metal 

concentrations in lion‟s fecal samples reported in Jaipur 

zoo for Pb, Cr, Cu and Zn were56.0±2.79, 3.19±0.11, 

4.27±0.011and 40.15±0.98 mg/Kg respectively. These 

results were found higher than the present study (Gupta, 

2013; Gupta and Bakre, 2013). Both zoos of India 

showed they were surrounded by heavily contaminated 

areas. Chemical contamination in plants and animals that 

lived along the roadside was also reported due to 

vehicle‟s smoke (Luo et al., 2018; Rota et al., 2018). The 

results of fecal matter in both site samples particularly for 

Pb and Cr showed reflection of higher concentration in 

the surrounding environment along meat and soil samples 

as site1 was actually located in the center of the city and 

has higher level of these metals in air. The ambient air 

quality of Lahore is not good and it was also categorized 

as second largest polluted city of Pakistan (Riaz and 

Ahmad, 2018). The heavy metal pollution is increasing in 

Pakistan due to vehicular smoke (Naz et al., 2016; Shakir 

et al., 2016; Iheanacho et al., 2017). However, the most 

probable reasons for contamination in site 2 may be due 

to different activities that were observed during sampling 

period such as construction, paints, development of 

electrically operated swings in front of lion cages and 

heavy trucks transporting building materials. The site 2 

also surrounded by the presence of different industries 

such as millat factory for tractor spare parts, cola drinks 

units, sewage drainage polluted with industrial effluents, 

feed mills and pipeline making units almost within five-

kilometer range. Moreover, the use of feces was found as 

one of the best non-invasive techniques for getting an 

estimation of heavy metal exposure (Fig 3&4). Different 

studies showed that fecal matter was a best way to get 

estimation of heavy metal pollution (Costa et al., 

2013;GuptaandBakre, 2013;Gupta, 2013;Janaydeh et al., 

2018).The present study is also comparable to that of 

Bikaner zoo, which showed that food plays a significant 

role in heavy metal contamination in mammals while 

drinking water contributed to a little extent (Gupta, 

2013). Zdrojewicz et al. (2016) for Ni poisoning while 

Govind and Madhuri, (2014) and Yazdankhah et 

al.(2014) reported for different trace metals such as Ni, 

Zn and Cu that are important for various normal 

processes and used to enhance immunity of living 

organisms when present in small amount. However, all 

these metals become hazardous when they exceeded from 

some particular limits (Vashishat and Kler, 2014) and the 

recommended levels of World Health Organization 

(WHO, 2004) for Cu and Zn was found to be 245 and 

490 mg/person/Kg, respectively. 
 

Table 1: Correlation analysis of heavy metal concentration between samples of Lahore Zoo (Site 1). 
 

 Water Feces Soil Fresh meat Leftover meat 

Water 1 -.57 -.44 -.55 -.568 

Feces -.57 1 -.33 .99
**

 1
**

 

Soil -.44 -.33 1 -.34 -.34 

Fresh meat -.55 .99
**

 -.34 1 .99
**

 

Leftover meat -.568 1
**

 -.34 .99
**

 1 
**Correlation is significant at the 0.01 level (2-tailed) 
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Table 2: Correlation analysis of heavy metal concentration between samples of Safari Zoo (Site 2). 

 

 Water Feces Soil Fresh meat Leftover meat 

Water 1 -.740 -.45 -.81 -.798 

Feces -.740 1 -.16 .86 .94 

Soil -.45 -.16 1 .29 .127 

Fresh meat -.81 .86 .29 1 .98
**

 

Leftover meat -.798 .94
*
 .127 .98

**
 1 

*Correlation is significant at the 0.05 level (2-tailed) 
**Correlation is significant at the 0.01 level (2-tailed) 

 

 
Figure-1: Concentration of different metals in water samples 

 

 
Figure-2: Concentration of different metals in soil samples 
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Figure-3: Concentration of different metals in meat samples 

 

 
Figure-4: Concentration of different metals in fecal samples 

 

 
Figure-5: Concentration of different metals in leftover meat samples 
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Conclusion: Heavy metals in samples of both zoos 

showed that urbanization and heavy traffic near captive 

sites resulted in accumulation of pollutants in air, water 

and soil that ultimately effect indigenous communities 

and may result in species endanger.  
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