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ABSTRACT: Increasing concentration of trace metals in the environment and their subsequent 

health effects in living organisms has become a major threat particularly in developing parts of the 

world. Therefore present study was designed to investigate the concentration of trace metals such as 

Pb, Cd, Cr and Cu in liver, pectoral muscle, pelvic muscle and blood of two terrestrial (Bank Myna; 

Acridotheres ginginianus and Jungle Babbler; Turdoides striata) and two aquatic (Grey Heron; Ardea 

cinerea and Cattle Egret; Bubulcus ibis) bird species collected from the premises of Lahore, Pakistan. 

The detection frequency of trace metals in collected samples were highest in Cd (100%) followed by 

Pb (83%), Cr (80%) and Cu (76.5%). Species revealed heterogeneous levels of metals in all organs. In 

general the mean concentration (µg/g) of trace metals in organs and blood of terrestrial species 

followed the pattern as Pb > Cu > Cr > Cd contrary to aquatic species in which the trend was Cu > Pb 

> Cr > Cd. Highest concentration of Pb (3.23 µg/g) was reported in pelvic muscle of jungle babbler, 

Cd (0.15 µg/g) in liver of bank myna, Cr (0.40 µg/g) in pelvic muscle of Cattle Egret and Cu (1.89 

µg/g) in liver of Cattle Egret. Whereas lowest concentration of Pb (0µg/g) and Cd (0.09 µg/g) was 

reported in blood and pelvic muscle of Grey Heron respectively, Cr (0µg/g) in blood of Bank Myna, 

Grey Heron and Cattle Egret, Cu (0 µg/g) in blood of Grey Heron, Cattle Egret and Jungle Babbler. 

Concentration of metals varied significantly (P<0.05) among organs however, no significant difference 

(P>0.05) was observed among species except Cu(P<0.05). Further, no significant difference (P>0.05) 

of metals was observed between feeding guilds and habitat of the species. The increasing concentration 

of toxic trace metals in the birds reflects deteriorating environmental health as a result of greater metals 

exposure which must be reduced through proper legislation and strict implementation of laws.   
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INTRODUCTION 

 As a result of development and modern 

procedures enormous quantities of contaminants have 

ceaselessly been brought into biological systems. Trace 

metals are high density elements which are non-

biodegradable in nature. A portion of these substantial 

metals are very essential forever however just if present 

in little amount as components, for example, Fe, Cu and 

Zn (Hosseini et al., 2015). Trace metals are industrious 

contaminants that bio-accumulate in  natural ways of life, 

winding up progressively, hazardous to human and 

untamed life (Swaileh & Sansur, 2006). Heavy metals are 

pervasive, exceedingly constant, and non-decomposable 

with extensive bio-coherent half-life (Burger et al., 

2007).The sources of heavy metals in both terrestrial and 

oceanic environments are unintended omission, squander 

discard and accidental leakage. Heavy metals bio-

magnify in the cells of animals due to successive 

vulnerability of these metals (Malik et al., 2014).Due to 

poisonous nature of heavy metals, national interest is 

increasing day by day to avoid heavy metals 

contamination. So, it is very important to survey, screen, 

assess, oversee and rectify environmental harm (Movalli, 

2000; Naccari et al., 2009).Living beings fluctuate in 

their degree of metal accumulation in a living biological 

system, relying on their eating routine, trophic dimension, 

age, size, gender and different other inner or outer 

factors. To measure the amount of metals in complete 

sections of the environment is troublesome, requires more 

time period and efforts. That’s why , those species are 

used to estimate the amount of trace metals which are 

susceptible to environment and could highlight the 

condition of an ecosystem in a broader way (Malik et 

al.,2014). We can gain data over a vast region throughout 

each sampling site with the help of animals that are at the 

highest point of the food chain. We can gather 

information on bioavailability as well as by what method, 

location and at what time heavy metals are exchanged in 

a food chain (Battaglia et al., 2005).To determine general 

health of environment use of birds as bio-indicator 

species is very effective (Hofer, Gallagher, & Holzapfel, 

2010).Birds are more vulnerable to heavy metals as they 

have high metabolism rates. So heavy metals can easily 

absorbed into their gastrointestinal tract from atmospheric 

air (Szymczyk & Zalewski, 2003).Since birds are 

bounteous, generally conveyed, enduring, touchy to 

climatic natural changes, are high on the evolved way of 
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life and sensible to estimate bioaccumulation in organs to 

assess deadly and sub-deadly impacts. That’s why they 

are broadly use as bio-indicators (Naccari et al., 

2009).Currently usage of living organisms such as 

sentimental species provides more accurate results as 

compared to chemical and physical analysis to detect the 

heavy metals. This provides us exact information of bio-

accessibility and bio transference of contaminants and we 

can gain some physiological and conduct signs of 

instigated poisonous quality (Roux & Marra, 2007).The 

sources of heavy metals are air, water or food through 

which birds are susceptible to heavy metals. The metal 

can be deposit, accumulate or it can be discharge, once it 

has entered the body of birds (Burger, 1993). Sentimental 

species release heavy metals via excreta or through 

settling them in the preen gland, salt gland (Dauwe et al., 

2000) and plumes (Burger, 1993). Eggs are source of 

elimination of heavy metals in female birds (Dauwe et 

al., 1999).There are two ways through which birds are 

susceptible to heavy metals either by externally through 

physical contact or internally through eating the 

poisonous food (Jarosław & Ban, 2013). Birds are 

susceptible to heavy metal externally either by deposition 

of the metals on the feathers from the environment or via 

cleaning of its feathers (Dauwe et al., 2003).Moreover 

trace metals are integrated in the keratin structure of birds 

during feathers development via absorption of metals by 

food as feathers are attached with the bloodstream 

(Tsipoura et al., 2008). In food chain the range of 

accumulation of metals increase with the age of living 

organisms as me move upward (Van Straalen & Ernst, 

1991).Numerous factors are responsible for the intake 

and accumulation of trace metals in avian species which 

include age, diet and metabolism of the exposed birds 

(Boncompagni et al., 2003). 

 Living Organisms like birds are affected by 

different toxic agents. For instance, metals increases the 

violent performance in regional birds, reduce 

functionality of immune system, increase vulnerability to 

illnesses, anxiety and cause fluctuations in 

communicative patterns (Swaileh & Sansur, 

2006).Different neurological and physical problems such 

as reduced avian grasp sizes and fecundity, conceiving 

failure, burrowing death (Burger, 1993), social defects of 

chicks (Burger & Gochfeld, 1998), reduction in birds 

body bulk and detained fledge time (Jansenns et al., 

2003) are caused due to bioaccumulation of metals in 

birds.In Pakistan and china Different studies have 

conducted on European black vulture and blue rock 

pigeon. It is very important to estimate heavy metals in 

various tissues and organs for assessment at population 

level, because there are variations between the 

concentrations of similar metal in different tissues of 

birds (Vashishat & Kler, 2014).It is very important to 

regularly evaluate the toxic metals in different organs of 

birds. It will help to observe the pollution in an area, 

province or a country. The metals bio-accumulate in the 

food chain when organism is incapable of removing 

metal from its body(Szymczyk & Zalewski, 2003). The 

main objectives of the study are: 1.To determine the 

concentration of the trace metals (Pb, Cd, Cr and Cu) in 

Liver, Pectoral muscle, Pelvic muscle and blood of birds. 

2. To investigate the comparison of trace metals 

bioaccumulation between terrestrial and aquatic species 

of birds. 3. To investigate the comparison of trace metals 

bioaccumulation between different feeding guilds of birds 

species. 4. To elucidate the difference of metals 

accumulation among species as well as among various 

organs of species. 

MATERIAL AND METHODS 

Study Area: Samples were collected from Manga Mandi, 

45 km from Lahore, Pakistan. The coordinates of Lahore 

are 31º 34' 3620'' North and 74º 19' 45.7536'' East. 

Lahore is center of Punjab and second largest city of 

Pakistan. Lahore is heart of Pakistan. Total population of 

Lahore is 11.13 million. It is one of the most populous 

cities of Pakistan. Lahore has semi-arid climate. June is 

hottest month of Lahore with a temperature of 40º 

whereas January is coolest month of the year. Fog 

remains thick in January. The annual monsoon rainfall 

Lahore receives is 24.76 inch. Main crops of the area 

sugar cane, rice, maize and cotton. Main fruits are Citrus, 

guava and mango.  Whereas main vegetables are potato, 

onion, turnip and cauliflower. Lahore is surrounded by 

many industries. Anthropogenic activities are major 

source of pollution in Lahore. The center of Punjab is one 

of the most contaminated city around world. It is between 

the 10 most polluted cities in world. The major sources of 

contamination are industries, heavy traffic, solid waste 

issues and many more. The impacts on animals are 

visible. The wastewater from many industries is released 

in River Ravi. The river is now polluted due to discharge 

of effluents. The sludge settled in the river.The 

geographical coordinates of Manga Mandi are 31º 18' 31'' 

North and 74º 3' 5'' East. It is an industrial area with 

diverse population and involve anthropogenic activities. 

The climate of the area is hot in summers and cold in 

winter. A Little rainfall is observed throughout the year. 

Average temperature is 24.2º. June is one of the hottest 

month of the year with an average temperature of 34º. 

Whereas January is the coolest month with an average 

temperature of 12.2º. 

Species selection and sample preparation: A total of 16 

species of birds were collected from Manga Mandi, 45 

Km from Lahore in March-April 2019. These species 

belong to four different families Ardeidae (Cattle Egret); 

sturnidae (Bank Myna); Ardeidae (Grey Heron); 

Leiothrichidae (Jungle Babbler) and four different 

feeding guilds viz. omnivorous (Bank Myna), 
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carnivorous (Grey Heron) , invertebrate predator (Cattle 

Egret)  and granivorous (Jungle Babbler).Besides the 

species were categorized as terrestrial (Bank Myna, 

Jungle Babbler) and aquatic species (Grey Heron, Cattle 

Egret) based on their habitat .This study will provide the 

chance to approximate the heavy metals amount in alike 

and dislike species within same location.The present 

investigation was conducted on three species of Cattle 

Egrets weighted  332-368 g, three species of Grey Heron 

weighted 290-294g, five species of Bank Myna weighted 

78-88g and five species of Jungle Babblers weighted 73-

85g.  

 
Fig.1.Map of Manga Mandi, District Lahore, Punjab, Pakistan –sampling site for birds’ collection. 

 

 The samples were collected from the birds 

captured in the framework of some other study. Birds 

were slaughtered, place in zipper plastic bags and stored 

in freezer for advanced analysis. The birds were weighted 

and its length is measured with the help of measuring 

scale. In order to analyze the organ and tissue parts, 

dissection of birds was done. Different parts such as liver, 

pectoral muscles, pelvic muscles were obtained. Blood 

was also obtained for analysis.All the specimens were 

preserved in plastic bags. Storage of blood was done in 

properly labeled EDTA tubes. All the samples of tissues 

and blood were stored in refrigerator at -4 degrees 

Celsius temperature. All dissection and storage was 

carried out in Toxicology Lab of CEES, University of the 

Punjab. 

Trace metals Analysis: Trace metals (Cd, Pb Cr and Cu) 

were analyzed in bird tissues as well as in blood by using 

Atomic Absorption Spectrometer. For this purpose 

digestion of samples was done. 

Reagents: Nitric Acid (HNO3) and Per-chloric Acid 

(HCLO4) used in the digestion was of ultra-pure quality. 

Hydrogen Peroxide (H2O2) was also used for the removal 

of color. Distilled water was used for dilution and for 

washing all the glassware. 

Digestion of bird tissues: Each dissected bird organ 

weighted on a weight machine and its wet weight was 

taken, after that it is then oven dried at 105°C.The dry 

sample then weight for its dry weight to determine the 

moisture content. The samples were then grind into 

powder form with the help of mortar and pestle. Forty 

eight samples of tissues (Liver, Pectoral and Pelvic 

muscles) were digested.For each tissue (n=48) the 

digestion process was conducted by using 0.5g of 

chopped tissue sample. 6ml HNO3, 4ml H2O2 and 2ml 

HCLO4 was used to digest the sample.  Hot plate was 

used to speed up the digestion process.First of all 0.5g of 

sample was taken in a beaker. In the beaker containing 

sample, 6ml HNO3 and 2ml HCLO4 was added and 

heated the solution in hotplate. The temperature was kept 

at 85°C. After 1-2 minutes 4 ml H2O2 was added to 

remove the color. Digestion was perused till there are no 

fumes appeared in solution and a colorless solution 

appeared and allowed it to cool.The sample was then 

transferred into a measuring flask and distilled water is 

added to make the volume up to 25 ml. Then filtration of 

sample was done with whatman filter paper#42 to remove 
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the precipitate that formed and stored in the properly 

labeled sampling bottles (Gebremedhin & Berhanu, 

2015). 

Digestion of blood samples: Each blood sample of bird 

(n=16) was digested. For this purpose 0.5ml of each 

blood sample was taken into a test tube which is 

accurately labelled. The blood was transferred from 

EDTA tube with the help of syringe into test tube.For 

each blood sample two acids HNO3 and H2O2 in 2:1 v/v 

were used. Each test tube containing three millimeters of 

these two acids and 0.5 ml blood samples of each bird 

was kept at room temperature for almost 10 min.The 

mixture containing blood and acids was warmed up at 

85°C.A clear and transparent solution was obtained. The 

blood samples were digested. This whole process of 

digestion needed 1-2 min.The solution obtained was 

cooled. Distilled water was added by using measuring 

flask and digested sample was brought up to the volume 

of 25ml. The sample solutions were filtered to eliminate 

precipitate that formed and stored in properly labeled 

sampling bottles. Whatman filter paper # 42 was used to 

remove precipitate. Each 25ml filtered sample solution 

was placed in properly labelled plastic bottle. Now the 

samples were ready to run in Atomic Absorption 

spectrometer for determining heavy metals. 

Procedure for Atomic Absorption Spectrophotometer: 
Atomic absorption spectrophotometer (AAS) model: A 

Analyst 800, Perkinelmer present in College of Earth and 

Environmental sciences was used.  Blank solutions were 

used to calibrate the spectrophotometer. Firstly, standard 

solutions were run in spectrophotometer to analyze the 

trace metals (Pb, Cd, Cr, and Cu). After standard 

solution, digested sample solution were run. Respective 

metal lamps were used to measure the amount of metals 

in sample. Four Reagent blanks were run with sample 

solution as standard reference material for respective 

metal. For the purpose of quality control duplicate and 

spiked samples were also run in AAS. The same 

chemicals which we used for digestion of sample were 

present in reagent blanks plus the water for the dilution of 

blank. 

Statistical Analysis: Statistical software (IBM SPSS 

statistics version 21) was used to perform statistics tests. 

Statistics applied included calculation by basic statistics 

for example mean and standard deviation (SD) by using 

Microsoft Excel. Graphs were also prepared by using the 

same software. To find mean values descriptive statistics 

was used. Two way ANOVA was applied to determine 

the significant difference of species of birds, organs and 

their interaction on heavy metal concentration. 

Significant difference between various species and tissues 

were estimated by heavy metal concentration at 

confidence interval of 95%. One way ANOVA was used 

to compare the accumulation between species based on 

feeding groups and habitat. Pearson co-relation was used 

to estimate the relationship between metals in different 

species. Map was generated using Google Earth and 

ArcGIS. 

RESULTS AND DISCUSSION 

Percentage Detection Frequency of Trace Metals in 

the bird Samples: The detection frequency of Cadmium 

is 100% means detected in all samples (Figure 2). 

However Chromium detection frequency is 80%, Lead is 

83% and of copper is 76.5%. Means Pb, Cu and Cr are 

not detected in all of the bird tissues and organ samples. 

Some organs and blood did not indicate any 

concentrations of Pb, Cu and Cr in them. 

 

 
 

Fig. 2. Percentage Detection Frequency of trace metals in samples of birds 
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Heavy Metal profile of selected organs and blood of 

birds: Four heavy metals (Pb, Cd, Cr and Cu) were 

analyzed in 64 samples of birds to investigate the 

concentration of these metals in organs and blood. 

Accumulation of heavy metals in different tissues and 

blood was heterogeneous. Table 1 shows different mean 

± standard deviation values and range of trace metals (Pb, 

Cd, Cr and Cu) in liver, pectoral muscle, pelvic muscle 

and blood of birds. Highest mean concentration of Cu 

(1.82±0.03) was reported in liver of Cattle Egret 

(Bubulcus ibis) followed by pectoral muscle, pelvic 

muscle and blood. The highest concentration of Cd 

(0.17±0.08) was observed in liver of Bank Myna 

(Acridotheres ginginianus). The accumulation pattern of 

Cd in Bank Myna was of following order: liver > pectoral 

muscle > pelvic muscle > blood. Whereas liver of Jungle 

Babbler (Turdoides striata) accumulated the maximum 

concentration of Cr. The sequence of chromium 

concentration in Jungle Babbler was:  liver > pectoral 

muscle > pelvic muscle > blood. The highest mean 

concentration of Pb (3.23±0.71) was reported in pelvic 

muscle of Jungle Babbler (Turdoides striata). 

 Table 2 shows that the significant difference 

between organs is less than 0.05 means they are 

statistically significant. In species Cu is statistically 

significant (P<0.05) whereas in species the Pb, Cd and Cr 

are not statistically significant as P>0.05.  So, 

concentration of heavy metals influence organs of birds. 

No statistically significant difference was observed in Pb, 

Cd, Cr in case of species and organ interaction except Cu 

in which (P<0.05). 

Comparison of trace metal concentration between 

organs and species: Trace metals showed heterogeneous 

concentration in different bird organs. In general 

maximum concentration of Pb and Cu was reported in all 

species. Trace metal concentration in some samples of 

blood were not detected. The highest concentration of Cu 

(1.89 µg/g) wasestimated in liver of cattle egret whereas 

lowest concentration of Cr and Cu were reported in blood 

of cattle egret.The highest amount of Pb (0.99 µg/g) was 

observed in pelvic muscle of jungle babbler. 

 Figure3 shows that the highest lead 

concentration is reported in organs of Bank Myna 

(Acridotheres ginginianus) followed by copper. The lead 

in organs follow this sequence: pectoral muscle ˃ liver ˃ 

pelvic muscle ˃ blood. Whereas the sequence of copper 

in organs is pectoral muscle ˃ pelvic muscle ˃ liver ˃ 

blood. The concentration of other metals are not as 

significant as lead and copper. The overall trace metal 

concentration is in following order:  Pb > Cu > Cr > 

Cd.Figure 4 shows that the highest metal concentration in 

organs of Grey Heron (Ardea cinerea) is of copper 

followed by lead. The copper in organs follow this 

sequence: liver ˃ pectoral muscle ˃ pelvic muscle ˃ 

blood. The sequence of lead in organs is same as copper. 

The concentration of other metals are not as significant as 

lead and copper.Figure 5 shows that the highest metal 

concentration in organs of cattle Egret (Bubulcus ibis) is 

of copper followed by lead. The copper in organs follow 

this sequence: liver ˃ pectoral muscle ˃ pelvic muscle ˃ 

blood. The sequence of lead in organs is liver ˃ pelvic 

muscle ˃ pectoral muscle ˃ blood. The concentration of 

other metals are not as significant as lead and copper. The 

overall trace metal concentration is in following order: 

Cu > Pb > Cr > Cd.Figure 6 represents that the highest 

lead concentration is in organs of Jungle babbler 

(Turdoides striata) followed by copper. The lead in 

organs follow this sequence: pelvic muscle ˃ liver ˃ 

pectoral muscle ˃ blood. Whereas the sequence of copper 

in organs is pelvic muscle ˃ pectoral muscle ˃ liver ˃ 

blood. The concentration of other metals are not as 

significant as lead and copper. The overall trace metal 

concentration is in following order: Pb > Cu > Cr > Cd. 

 

 
Fig. 3.Trace metal concentration in different organs and blood of Bank Myna (Acridotheres ginginianus). 
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Fig. 4.Trace metal concentration in different organs and blood of Grey Heron (Ardea cinerea) 

 

 
Fig. 5Trace metal concentration in different organs and blood of cattle Egret (Bubulcus ibis) 

 

 
Fig. 6. Trace metal concentration in different organs and blood of Jungle babbler (Turdoides striata) 
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Table 1. Mean ± standard deviation (µg/g) and Range (µg/g)of heavy metals in different organs and blood of four 

species of birds. 
 

Species n organs Pb Cd Cr Cu 

   Mean±S.D. 

(Min-Max) 

Mean±S.D. 

(Min-Max) 

Mean±S.D. 

(Min-Max) 

Mean±S.D. 

(Min-Max) 

Acridotheres ginginianus 5 Liver 0.64±0.25 

(0.21-1.05) 

0.15±0.03 

(0.12-0.17) 

0.16±0.03 

(0.02-0.35) 

0.38±0.01 

(0.16-0.59) 

Pectoral muscle 0.79±0.18 

(0.33-1.13) 

0.14±0.02 

(0.06-0.17) 

0.14±0.04 

(0.03-0.33) 

0.55±0.09 

(0.28-1.09) 

Pelvic muscle 0.56±0.32 

(0.21-0.95) 

0.13±0.03 

(0.06-0.18) 

0.19±0.03 

(0.03-0.44) 

0.46±0.03 

(0.19-1.11) 

Blood 0.01±0.08 

(0-0.03) 

0.09±0.01 

(0.08-0.10) 

Not Detected 0.01±0.04 

(0-0.05) 

Ardea cinerea 3 Liver 0.56±0.29 

(0.38-0.77) 

0.14±0.03 

(0.12-0.15) 

0.18±0.04 

(0.03-0.29) 

0.91±0.02 

(0.78-1.06) 

Pectoral muscle 0.24±0.28 

(0.09-0.52) 

 

0.1±0.01 

(0.07-0.13) 

0.08±0.03 

(0.02-0.17) 

0.57±0.02 

(0.10-0.96) 

Pelvic muscle 0.23±0.11 

(0.07-0.57) 

0.09±0.01 

(0.08-0.10) 

0.04±0.03 

(0-0.12) 

0.31±0.02 

(0.05-0.54) 

 

Blood 

 

Not Detected  

 

0.1±0.01 

(0.09-0.10) 

 

Not Detected 

 

Not Detected 

Bubulcus ibis 3 Liver 0.75±0.08 

(0.13-1.98) 

0.13±0.01 

(0.11-0.13) 

0.01±0.001 

(0.01-0.02) 

1.78±0.14 

(1.64-1.89) 

Pectoral muscle 0.71±0.17 

(0.18-1.00) 

0.13±0.02 

(0.09-0.16) 

0.19±0.04 

(0.03-0.35) 

0.55±0.02 

(0.17-1.03) 

Pelvic muscle 0.73±0.41 

(0.48-0.88) 

0.13±0.02 

(0.12-0.14) 

0.30±0.02 

(0.22-0.40) 

0.17±0.02 

(0.11-0.24) 

Blood 0.09±0.09 

(0-0.20) 

0.11±0.01 

(0.09-0.12) 

Not Detected Not Detected 

Turdoides striata 5 Liver 0.72±0.46 

(0.36-0.98) 

0.14±0.029 

(0.11-0.17) 

0.29±0.03 

(0.09-0.42) 

0.12±0.07 

(0-0.27) 

Pectoral muscle 0.69±0.16 

(0.36-1.23) 

0.13±0.02 

(0.07-0.15) 

0.27±0.02 

(0.08-0.45) 

0.46±0.05 

(0.13-1.35) 

Pelvic muscle 0.99±0.3 

(0.14-3.23) 

0.11±0.02 

(0.08-0.15) 

0.15±0.02 

(0.01-0.31) 

0.53±0.03 

(0.07-1.25) 

Blood 0.03±0.06 

(0-0.13) 

0.10±0.01 

(0.10-0.11) 

0.003±0.003 

(0-0.01) 

Not Detected 

 

Table 2 Statistical significance of different species of birds, organs and their interaction on heavy metal 

concentration determined by two way ANOVA  

 

Trace metals Species Organ Species*organ 

F value P value F value P value F value P value 

Pb  1.321 0.278 5.527 0.002 0.386 0.936 

Cd 1.479 0.232 4.241 0.010 0.854 0.572 

Cr 1.946 0.135 7.340 0.000 1.890 0.076 

Cu 3.837 0.015 19.293 0.000 6.600 0.000 
*P<0.05, significance level  
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Table 3 Comparison of trace metals concentrations (µg/g) among different Feeding Guilds (Omnivores, 

Carnivores, Invertebrate Predators and Granivores) and Habitat (Terrestrial/Aquatic) determined by 

ONE WAY ANOVA and LSD test for multiple comparisons.  
 

Trace metals Feeding guilds 

(Between groups) 

Habitat (Aquatic/ Terrestrial) 

(Between groups) 

 F value  P value  F P 

Pb 1.121 0.348 0.999 0.321 

Cd 1.237 0.304 2.144 0.148 

Cr 1.287 0.287 1.727 0.194 

Cu 1.512 0.221 3.438 0.068 
Where*P<0.05, significance level  

 

Comparison between different Feeding Guilds: In 

birds, accumulation of trace metals influenced by many 

factors such as trophic levels, taxonomic differences, age, 

gender and location. Most important factors that effects 

the accumulation of trace metals are feeding approach, 

type of food items and feeding habit of bird (Dauwe et 

al., 2000; Berglund et al., 2011).  

 In order to test the influence of trophic level in 

heavy metal accumulation birds were divided into 

Omnivore (Bank Myna), Carnivore (Grey Heron), 

invertebrate predator (Cattle Egret) and Granivore 

(Jungle Babbler).Table 3 shows the comparison of metal 

accumulation in various species of birds based on feeding 

guilds. No significant difference was observed (P>0.05) 

in species based on feeding guilds.  

Comparison between terrestrial and aquatic species: 

In present study, trace metals mean concentration (µg/g) 

in tissues and blood of Bank Myna and Jungle Babbler 

(terrestrial species) followed the trend: Pb > Cu > Cr > 

Cd except blood of both species whereas in Cattle Egret 

and Grey Heron (aquatic species) the trend was 

following: Cu > Pb > Cr > Cd with exception of liver in 

Cattle Egret, pelvic muscle in Grey Heron and blood in 

both species. Table 4.3 reports that heavy metals are not 

statistically significant (P>0.05) between terrestrial and 

aquatic species. 

Pearson Co-relation between metals in different bird 

species: In Bank Myna Pb is positively co-related with 

Cd and Cr. Cd is strongly positively co-related with Pb 

and Cr at P<0.01 (Table 4.4). In Grey Heron Pb is 

positively co-related with Cd at P<0.01 level whereas 

with Cr at P<0.05. Cd has positive co-relation with Pb 

and Cr. In Cattle Egret Cd and Cr are positively co-

related at P<0.05 level. In Jungle Babbler Pb is positively 

co-related with Cr. whereas Cd has positive relation with 

Cr and negative with Cu. Cr is positively co-related with 

Pb and Cd. Cu has negative co-relation with Cd at 

P<0.05.Strong co-relation isobserved between the trace 

metals (Table 4). Toxic trace metals such as Pb, Cd and 

Cr influence each other strongly and have same source of 

origin. 

Table 4. Co-relation among metals in Bank Myna, Grey Heron, Cattle Egret and Jungle Babbler  
 

  Pb Cd Cr Cu 

Bank Myna 

Pb 1    

Cd 0.768** 1   

Cr 0.719** 0.682** 1  

Cu 0.344 -0.152 0.077 1 

Grey Heron 

Pb 1    

Cd 0.658* 1   

Cr 0.920** 0.651* 1  

Cu 0.468 0.373 0.496 1 

Cattle Egret 

Pb 1    

Cd 0.289 1   

Cr 0.402 0.602* 1  

Cu 0.205 -0.219 -0.385 1 

Jungle Babbler 

Pb 1    

Cd 0.396 1   

Cr 0.605** 0.736** 1  

Cu 0.033 -0.549* -0.122 1 
*. Co-relation is significant at the 0.05 level (2-tailed) 

**. Co-relation is significant at the 0.01 level (2-tailed) 
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DISCUSSION 

Inter-specific difference of trace metals in organs and 

species: In liver of all species the concentration Cu (1.78 

µg/g) was highest in Cattle Egret followed by Pb (0.75 

µg/g) in Cattle Egret, Cr (0.29 µg/g) in Jungle Babbler 

and Cd (0.15 µg/g) in Bank Myna. In pectoral muscle of 

all species the concentration of Pb (0.79 µg/g) was 

maximum in Bank Myna followed by Cu (0.57 µg/g) in 

Grey Heron, Cr (0.26 µg/g) in Jungle babbler. Whereas in 

pelvic muscle of all species the accumulation of Pb (0.99 

µg/g) was highest in Jungle Babbler followed by Cu 

(0.53 µg/g) in Jungle Babbler, Cr (0.30 µg/g) in Cattle 

Egret and Cd (0.13 µg/g) in Bank Myna.  In the blood of 

all species, Cd (0.107 µg/g) was maximum in Cattle 

Egret. Whereas some trace metals were not detected in 

blood of different species. 

 The range of Pb was maximum (0.207-1.046 

µg/g) in liver of bank myna whereas the range of Cd, Cu, 

and Cr was reported to be in following order: 0.119-0.172 

µg/g, 0.024-0.352 µg/g,0.158-0.588 µg/g respectively. 

Trace metals in the liver of bank myna followed the trend 

Pb > Cu > Cr > Cd. Bank myna pectoral muscles 

contained highest amount of Pb (1.126 µg/g). The order 

of trace metals in pectoral muscle of bank myna was: Pb 

> Cu > Cr > Cd. Pelvic muscles of bank myna contained 

highest amount of Pb. The order of metals in pelvic 

muscle of bank mynawas Pb > Cu > Cr > Cd whereas 

blood of bank myna contained highest amount of Cd.The 

range of Cu (0.78-1.06 µg/g) was maximum in liver of 

Grey Heron. In liver, minimum mean concentration of Cd 

(0.14 µg/g) was reported in Grey Heron. Order of trace 

metals in liver of Grey Heron was following Cu >Pb > Cr 

> Cd. The highest concentration of Cu (1.89 µg/g) was 

reported in liver of cattle egret. Whereas lowest 

concentration of Cr and Cu was reported in blood of 

cattle egret.The Pb highest concentration (0.99 µg/g) was 

observed in pelvic muscle of jingle babbler .Whereas 

lowest concentration of Cu was estimated in the blood of 

jungle babbler 

 According to present study, Pb concentration in 

organs is statistically significant (P<0.05) whereas in 

species it is not significant (P= 0.278).The maximum 

accumulation of Pb was reported in Bank Myna 

(1.13µg/g). Whereas highest accumulation of Cu was 

reported in Grey Heron which may be due to high levels 

in their habitat. In liver (1.06µg/g)of Grey Heron Cu 

accumulation was highest which is according to study of 

(Horai et al., 2007).In present study all livers of four 

species (maximum concentration 1.98 µg/g in liver of 

Cattle Egret) which is within range of background levels. 

The concentration of Pb in liver (6 µg/g) is good monitor 

of abnormal exposure during life of a specie and normal 

biological functioning (Clark & Scheuhammer, 2003). 

Concentration above 15 µg/g caused death due to lead 

poisoning(Wayland et al., 1999).Levels of Pb (6-20 µg/g) 

indicate exposure greater than background and signs of 

poisoning can be seen in birds. Higher concentration of 

Pb is related to acute exposure. This acute exposure can 

cause danger to life. If exposure is 420 µg/g, this is due to 

shot digestion of Pb. In this case, specie is subjected to 

source of lead (Pain et al., 1993).In present study, Pb 

concentration in liver of Grey Heron, Cattle Egret Bank 

Myna and Jungle Babbler  is within the range of 

background level as (Pb < 6 µg/g) ((Hulse et al., 1980 ; 

Cheney et al., 1981 ; Custer & Mulhern., 1983 ; Blus et 

al., 1985 ; Honda et al., 1986 ; Lee et al., 1987 ; Cosson 

et al., 1988 ; Husain & Kaphalia, 1990 ; Hontelez et al., 

1992 ; Rodgers, 1997; Kim et al., 2000; Custer et al., 

2007; Kim & Koo, 2007).Pb concentration was different 

in organs and blood of different bird species. Dauwe et 

al., (2003) described that in species of House Sparrow 

(Passer domesticus), Pb was high in liver and low in 

muscle. Which in present study is true for Grey Heron, 

Cattle Egret and Jungle Babbler. Literature about toxicity 

of muscle tissue is very less as compared to other organs 

and tissues. Though we can made some comments based 

on accessible literature (Gasparik et al., 2010). In muscle, 

highest Pb concentration (3.23µg/g) was reported in 

pelvic muscle of jungle babbler. Which is higher than 

levels of Pb as described by Gasparik et al., (2010). 

 The levels of Pb in blood of different species 

was very low. In blood, Pb (0.199 µg/g) highest 

concentration was reported in Cattle Egret. Pb in blood of 

four species is in threshold limit. The background level 

for blood is 0.2- < 0.5 µg/g. The level <0.5 µg/g show 

subclinical poisoning, at 0.5-1 µg/g clinical poisoning can 

be seen. Whereas at >1 µg/g in blood can cause severe 

clinical poisoning(Franson & Pain, 2011).In blood greater 

amounts of lead can cause enzyme inactivity. Some 

enzymes inhabit at level of <5 µg/g. Lead is deposited in 

liver and kidney from blood. Lead in different tissues has 

different retention time.(Franson & Pain, 2011).Metals 

concentration in bird is influenced by food quality, 

habitat, metal availability and environmental 

contamination (Gasparik et al., 2010).Lead toxicity in 

birds can cause weakness, leg paralysis, difficulty in 

flying, kidney problems, heme synthesis, nervous system 

diseases and mortality in severe cases (Szymczyk & 

Zalewski, 2003).Detection of Pb indicate that birds are 

exposed to lead by diet, habitat or environment. 

Moreover leaded gasoline although banned in different 

countries is still used in developing countries.The reason 

of the presence of lead can be vehicular emission as well 

as the prey of Cattle Egret. The level of Pb in organs was 

higher than Cd and liver of birds contained highest 

amount of lead as compared to muscles. This is due to 

detoxification of liver. In this study birds are not ingested 

lead shots as no adverse effects can be seen.  

 According to present study, Cd concentration in 

organs is statistically significant (P<0.05) whereas in 

species it is not significant (P= 1.479). It means Cd is 
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detected in organs and blood but it is far below the 

threshold limit.The Cd concentration is relatively lower 

in liver of Cattle Egret as compared to other species. 

Cadmium concentration in liver and muscles is related to 

amount of died according to (Kim & Oh, 2015).Cd in 

Liver of Bank Myna is highest as compared to other 

species which is due to longer lifespan of bank myna. As 

birds having longer lifespan accumulate more Cd 

according to (Kim & Oh, 2015) which in present study is 

true for Bank Myna.In present study, Cd concentration 

for Bank Myna, Grey Heron, Cattle Egret and Jungle 

Babbler (maximum concentration is 0.17µg/g in liver of 

Bank Myna) is far below than hazardous exposure to 

environment and toxicosis level. In liver Cd 

concentration (3 µg/g) recommend hazardous exposure to 

environment (Scheuhammer, 1987) and about 40 µg/g in 

liver is responsible for toxicosis(Kim & Oh, 2015).Cd 

among all four organs and blood was highest in liver of 

the species studied. This represents that liver is dominant 

target for Cd accumulation. Dauwe et al., (2005) 

described that Cd was high in liver and ovary, low in 

muscle and brain tissue of Great Tit (Parus Major). Saeki 

et al., (2000) studied that in common Cormorants Cd was 

highest in liver as compared to muscle, brain and bone. 

Various studies showed highest concentration of Cd in 

liver as compared to muscle , brain and blood (Swaileh & 

Sansur, 2006 : Albayrak & Mor, 2011). May be this is 

due to that birds detoxification system of liver.According 

to diet and pollution of area, heavy metal accumulation in 

liver, muscle and kidney show chronic exposure. Because 

muscle is site for accumulation and deposition and liver 

is site of detoxification in body(Naccari et al., 

2009).Scheuhammer, (1987) used liver to check Cd in 

order to monitor biological exposure. Because in liver 

cadmium is stable and present in half of body burden. 

The reason of high Cd levels in liver may be due to the 

fact that liver is resilient to adverse effects of Cd 

(Furness, 1996).In present study, levels of Cd in livers of 

all species are within background limits according to the 

study of (Scheuhammer, 1987; Hulse et al., 1980; Cheney 

et al., 1981; Custer & Mulhern, 1983; Blus et al., 1985; 

Cosson et al., 1988; Husain & Kaphalia, 1990; Hontelez 

et al., 1992; Guitart et al., 1994; Mora & Anderson, 1995; 

Rattner et al., 2000; Custer et al., 2007; Kim & Koo, 

2007) 

 Toman et al., (2005) showed pectoral muscle 

contain less Cd levels as compared to liver and 

kidney.Which is true for present study except in case of 

Cattle Egret. The highest Cd (0.18 µg/g) concentration 

was reported in pelvic muscle of bank myna. Which is far 

below the toxic level.There are few studies present that 

report Cd in muscle of birds is 0.2-5% of kidney 

concentration present (Cheney et al., 1981).The 

accumulation of Cd and Fe in soft tissue (liver) is greater 

as compared to hard tissues (Honda, Min, & Tatsukawa, 

1986).The concentration of Cd in blood is was in range of  

0.082-0.121 µg/g. Cd in blood should be less than 0.5 

µg/g (Franson & Pain, 2011). So, in present study Cd is 

not responsible for adverse effects in birds.Cadmium is 

extremely toxic for birds. It causes damage to lungs and 

digestive system.  In liver and kidneys it can easily move 

and deposit in body. In higher amount , it disturbs the 

activity of different enzymes. It produces cancer in birds 

(Szymczyk & Zalewski, 2003).Pb and Cd are very good 

indicator of native environmental pollution in Grey 

Heron and Cattle Egret. They are mostly selected by 

ecotoxicologists for estimation of trace metals in the 

environement (Boncompagni et al., 2003).Cr in case of 

species was not statisticallysignificant (P= 0.135). 

Whereas in organs, significant difference was present 

(P<0.01).The highest Cr concentration (0.45 µg/g) was 

reported in pectoral muscle of Jungle Babbler. Higher 

amounts of Cr can cause adverse impacts. Concentration 

greater than 4 µg/g indicate Cr poisoning (Outridge & 

Scheuhammer, 1993).In present study chromium 

concentration is in threshold limit. 

 Kekkonen et al., (2012) reported chromium 

absorption of 0.23±0.03 µg/g and 0.18±0.02 µg/g, which 

is very low in liver of House sparrows collected from sub 

urban and rural areas in southern Finland. Chromium 

causes adverse and carcinogenic effects in large amounts. 

Kler et el.,(2014) testified that in mallard duck high 

concentration of chromium was responsible for 

reproductive impairment. The difference of chromium 

concentration in different organs may be due to nature of 

their different feeding habitat and nature of human 

activities such as use of chromium containing fertilizers. 

Cu in case of species (P= 0.01) and organs (P<0.01) was 

statistically significant. It means significant difference 

was present in species and organs. The highest 

accumulation of copper (1.891 µg/g) was reported in liver 

of cattle egret. For growth and development copper is a 

vital element. It is very essential for cell functioning. In 

livers of birds high copper concentration was linked with 

low protein and fats (Pappas et al., 2006). Mean copper 

concentration in the blood of cockatiels was 0.168 ± 

0.222 µg/g proposed by Howard, (1992). Present study 

reported maximum range of 0-0.046 µg/g which is far 

below than the range described by Howard. The Cu in 

liver of egret was lower than herons from the species 

collected from South Korea (Honda et al., 1986). Which 

is true in case of present study as Cu in liver of Grey 

Heron is 0.77µg/g and in Cattle Egret is 1.98µg/g. The 

amount of Cu in each organ of birds is different due to 

difference in growth rate and essential requirement of 

element for each organ. Migration of birds can also cause 

difference in metal accumulation. Copper is an essential 

element its deficiency in birds can cause thinning of 

capillary barrier of lungs, reduction in bone strength and 

testicular atrophy (Osofsky et al., 2006).In higher 

amounts copper is toxic for birds. There are different 

sources through which birds are exposed to copper. 
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Leaching from copper containers and copper piping for 

water can cause increase amount of Cu in birds. 

Comparison between different Feeding Guilds: In 

liver of four species, Pb and Cu were highest in 

invertebrate predator, Cd in omnivore and Cr in 

granivore. For pectoral muscle, omnivore species 

contained highest amount of Pb and Cd followed by Cu 

in carnivore and Cr in granivore. For pelvic muscle, Pb 

was highest in granivore followed byCu in granivore, Cd 

in omnivore and Cr in invertebrate predator. Highest Cd 

accumulation was recorded inblood of invertebrate 

predator. So, accumulation of trace metals were different 

in tissues of different feeding groups.Differences in the 

accumulation of trace metals are related to different 

feeding routines of birds. (Dauwe et al., 2003). In present 

study, highest mean of Pb and Cr in the four trophic 

levels has been reported in granivores. Whereas highest 

mean concentration of Cd was reported in omnivore 

species and Cu in invertebrate predator followed by 

carnivore and omnivore. So, different metals influenced 

different feeding groups. The results showed that 

omnivore species are good indicator of Cd exposure. 

Comparison between terrestrial and aquatic species: 

Mostly in literature, importance has been given to the 

relationship among concentration of trace metals in bird 

organs with gender, age, diet, habitat and concentration 

of exposure (Burger & Gochfeld, 2000; Ochoa-Acuna et 

al., 2002; Berglund et al., 2011; Dauwe et al., 2003; 

Leonzio et al., 2009; Pan et al., 2008; Zolfaghari et al., 

2009; Castro et al., 2011; Jerez et al., 2011; Frantz et al., 

2012) 

 In broader way, we anticipated that terrestrial 

birds are more vulnerable to metal pollution as compared 

to aquatic birds. Though this pattern did not remain same 

for all organs but we can say that terrestrial species such 

as Bank Myna and Jungle Babbler accumulated more 

trace metals as compared to Cattle Egret and Grey Heron 

(Aquatic species). The reason may be due to their 

position in trophic level and degree of metal exposure. Cu 

in aquatic species is very high, may be due to the run off 

generated from soil contaminated by copper based 

agricultural fungicides. Highest concentration of Cu exist 

in aquatic species which shows greater concentration of 

Cu in wetlands of Punjab, Pakistan 

Limitations of the study: The current study investigate 

the accumulation of trace metals in tissues of birds and 

compare difference between aquatic and terrestrial 

species and different feeding guilds. But this study has 

certain limitations. Present study is conducted on internal 

organs. Choice of feathers for analysis would be a better 

choice because they are easy to obtain and there is no 

need to sacrifice a bird. But feathers has certain 

limitations too. As results may be influenced by types of 

feathers and location of body parts. Avifauna is not study 

on basis of age and gender. Because of restricted 

distribution ranges of some species it was very tough to 

gather samples of same species from every site. As, 

sampling was not specifically done for this study. Birds 

were captured for the framework of other study. Heavy 

metal toxicity has to be determine for a period of a year 

to determine heavy metal toxicity pattern in food web. 

Conclusion: The present work provides information 

about heavy metals (Pb, Cd, Cr and Cu) in different 

organs of birds collected from Manga Mandi, District 

Lahore, Punjab, Pakistan.Heavy metals concentration 

varied between four species of birds. All trace metals 

were within theirpermissible limit. Their concentration 

did not recommend any harmful effects to the birds. The 

present study clearly reported significant difference 

between the organs of birds. Whereas in case of species 

significant difference was only reported in Cu. Livers of 

four species revealed highest concentration of lead. 

Lowest concentration of Cd was reported in all species. 

Species revealed heterogeneous levels of metals in all 

organs. Mean concentration (µg/g) of trace metals in 

organs and blood of Bank Myna and Jungle Babbler 

(terrestrial species) followed the trend: Pb > Cu > Cr > 

Cd except blood of both species whereas in Cattle Egret 

and Grey Heron (aquatic species) the trend was 

following: Cu > Pb > Cr > Cd with exception of liver in 

Cattle Egret, pelvic muscle in Grey Heron and blood in 

both species. Trace metals concentration were very low 

in blood of species.  Some samples of blood did not 

detect any metals. The reason of low chromium may be 

improvement of metabolic processes in bird species. 

Liver and blood samples are used most widely for 

determining contemporary and long term exposure of 

metals. There was no significant difference (P>0.05) 

between habitat and feeding guilds of birds. We 

anticipated that terrestrial birds are more vulnerable to 

metal pollution as compared to aquatic birds. Though the 

pattern did not remain same for all organs. Metal 

accumulation in Heron and egret provide information 

about the overall ecosystem and threats to organisms as 

they are at top of food chain. No strong evidence was 

found that suggest any reproductive or immune disorder. 

Although, metals are within threshold limit, this does not 

call for concern since permissible limit for birds is not 

surpassed. However, continuous monitoring of metals are 

necessary. The accumulation of metals in birds will help 

us to estimate the surroundings of ecosystem. The present 

study provides a reference point for forthcoming research 

to better understand the accumulation of metals in birds, 

how human activities effects avifauna and ways of how 

accumulation occurs. 
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