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ABSTRACT 

 

Concentration of Cadmium (Cd) and Chromium (Cr) were measured in seawater samples and body tissues (liver and 

kidney) of Kentish Plover (Charadrius alexandrinus) collected from Hawksbay, Sandspit, and Korangi Creek Coastal 

areas of Karachi. All samples were collected quarterly from 2006-2009 and examined using Atomic Absorption 

Spectrometer (Perkin Elmer. A. Analyst-700). In seawater, highest level of Cd (0.460 mg/l) was measured during 3
rd

 

quarter at Hawksbay and low quantity of Cd (0.003 mg/l) found during 1
st
 quarter at Korangi Creek. Maximum and 

lowest concentration of Cr was 0.497 mg/l and 0.002 mg/l during 4
th

 and 2
nd

 quarter at Korangi creek and Hawks Bay, 

respectively. In the body tissues, peak stage of Cd (10.317 ug/g) was observed in liver during 2
nd

 quarter at Sandspit and 

lowest Cd (0.857 ug/g) in kidney during 1
st
 quarter at Korangi Creek. Maximum level of Cr (5.403 ug/g) was detected in 

kidney during 2
nd

 quarter at Hawksbay and lowest level of Cr (0.743 ug/g) was found in Kidney in 2
nd

 quarter at Sands 

pit.  

 

Keywords: Kentish plover, metals, bioaccumulation, coastal areas. 

 

INTRODUCTION 

 

Metals with high atomic numbers, high atomic weight and 

high densities are termed as heavy metals or trace metals. 

Heavy metals occur naturally in the world. Anthropogenic 

activities have led to metal toxicity effects in nature. 

Heavy metals like Cadmium, Arsenic, Manganese, Lead, 

Mercury, Zinc, Chromium and Silver accumulated in the 

tissues of living organisms and vegetation by absorption 

or ingestion of contaminated food, water, contaminated 

soil or absorption through skin. They entered our 

ecological system via fuel combustion, industrial 

wastages, agricultural waste and used batteries.  

Accumulation of these metal components in tissues or 

blood of living beings leads to serious health issues as 

well as high mortality rates. This also leads to 

biochemical disturbances, physiological malfunctioning 

and structural abnormalities in living beings.  

 

Human interferences in nature and industrialization 

resulted in de-stability of ecological environment. All the 

anthropogenic activities near the wetlands resulted in  

 

 

contamination of water by those toxic heavy metals 

(Govind and Madhuri, 2014). Domestic waste material 

and agricultural products dumped into the water bodies 

increases the quantity of heavy metals in drinking water 

(Ghosh and Singh, 2005). Many researchers worked on 

heavy metals toxicity and effects of other toxic chemicals 

included petroleum, phenols and dyes on different living 

organisms (Gad and Saad, 2008; Jadhav et al., 2010). 

Different ecologies disturbed by toxicity of heavy metals 

include the fresh water ecosystem, terrestrial eco-zones, 

as well as marine biota. Directly or indirectly, metal 

toxicity adversely affects the biodiversity and living 

standards in particular habitat. The contamination of 

marine water through metals is very serious threat to 

biodiversity of the oceans. Industrial effluents 

contaminate the marine water at high extents. Toxicity in 

marine water ultimately leads to serious health effects in 

humans as they feed on fish and shell fish from marine 

environment (Emami et al., 2005). Ground water 

pollution by industrial effluents also causes contamination 

of marine water by runoff deposits while acid rain  also 

results in pollution of marine environment with heavy 

metals. 
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Biomonitoring acts as a specific tool to study the 

quantitative ratio of heavy metals. Many species of fish 

and aquatic birds have been used to analyze the excessive 

quantities of heavy metals in their bodies (Abdul Rashid 

et al., 2009). Since birds are present on the higher trophic 

level in any ecosystems, they considered as good choice 

to analyze high level of toxic components in aquatic 

ecosystem (Farriera, 2011).  Toxic effects of different 

heavy metals have been discussed by researchers (Raza et 

al., 2016; Mehrotra et al., 2008; Sinka- Karimi et al., 

2014). The persistent ability of Cadmium is so high that 

as it accumulates in the tissues, it remains there for 

several years and causes severe infectious problems in the 

human body. It may become carcinogenic leading to 

different types of cancers, respiratory tract infections, 

bone deficiencies and finally death (Govind and Madhuri, 

2014). Very prolonged exposures of Cadmium results in 

abnormal liver tissues, thickening of blood arteries in 

liver, thinness of epithelial membrane, deformation of 

muscular membranes around gizzard and various kidney 

problems (Raza et al., 2016).  

 

The excess amount of Chromium in human body as well 

as in other living organisms causes several diseases 

including acute and chronic infections. The acute 

infections include hemorrhage in the gastrointestinal tract, 

destruction of red blood cells and kidney failure, while 

chronic effects include cancer in lungs. High levels of 

Chromium in aquatic species causes serious damage 

(Govind and Madhuri, 2014). 

 

Our study was conducted to analyze the quantitative ratio 

of presence of Chromium and Cadmium in marine water 

and in the aquatic bird Kentish Plover (Charadrius 

alexandrinus) found in Hawksbay, Sandspit and Creek 

areas of Korangi. Most of the industrial and domestic 

waste from the Karachi city is dumped into water through 

outlets of small canals or rivers via Liyari river, Malir 

river and Hub river. Waste water treatment plants are not 

installed by most of the industries in Karachi that is why 

all the wastages from factories directly dump into sea. It 

is estimated that only 2% of industries follow the protocol 

before throwing waste water into the sea (Raza et al., 

2012). 

 

Karachi is the largest city of Pakistan with increasing 

population pressure along with intensive industrial 

developments. There are many different industries 

including textile, beverages, tobacco, paint, chemical, 

pharmaceutical, rubber, coal and petroleum that 

continuously discharge their waste into the seawater 

without treatment. About 90% of marine pollution is due 

to industrial wastages (Haq, 1976; Khan and Saleem, 

1988).  

 

 

 

MATERIALS AND METHODS 

 

Hawksbay, Sandspit and Korangi Creek were selected for 

our study and visited to collect water samples and to 

capture the birds. Water samples were collected in 

sterilized vessels.  

 

Solvent Extraction Method 

Seawater samples were filtered by using a filter paper 

Whattman 40. Then samples were acidified by using 3ml 

of Nitric acid (0.1 N). Digestion of water samples 

performed by adopting the solvent extraction method 

according to Kremling (1983). In the next step, 500 ml of 

acidified filter sea water was poured in beaker and then 

5ml of Citrate buffer was added into the beaker. The 

chemical prepared to have 4.5 pH. The separatory funnel 

with 5 ml of Ammonium Pyrrolidine Dithiocarbamate 

(APDC) and 20 ml of Methyl Isobutyl Ketone (MIBK) was 

used to shudder this water for 10-20 minutes. Lower layer, 

which was the aqueous layer, was drained into the beaker, 

while upper layer was collected in the flask which was the 

organic layer. The drained aqueous solution was added 

with 10ml of MIBK. Semi dried solution formed which 

was then dissolved in 1 molar Nitric acid and then 

filtered. The filtrates were analyzed by Atomic 

Absorption Spectrometer (Raza et al., 2012, 2013).  

 

Acid Digestion 

This technique was used to analyze the metal composition 

in kidney and liver of Charadrius alexandrinus as 

described by Benton and J (1988). Desiccation of tissues 

was done by keeping that sample in heated oven at 50 

degree Celsius. After drying, 0.5 grams of tissues were 

added with 2.5ml concentrated Nitric acid in a beaker. 

Beaker was placed on hotplate for 1 hour at 80 degree 

Celsius. Then it was allowed to cool down. 2.5 ml of 

concentrated Perchloric acid was added into the beaker 

and then placed on the hotplate for two to three hours at 

200 degree Celsius. It was then allowed to cool down.  To 

make a diluted mixture of 10 ml, distilled water was 

added to filtrate. Then it was placed in Atomic absorption 

spectrometer for further analysis of presence of heavy 

metals. 

 

RESULTS AND DISCUSSION 

 

Metals in Sea water 

The present study shows high levels of Cd 0.460 mg/l, 

0.068 mg/l, 0.018 mg/l in Hawksbay, Sandspit, and 

Korangi Creek, respectively. Whereas lower level of Cd 

was 0.02 mg/l, 0.03 mg/l, 0.04 mg/l in the same areas, 

respectively.  

 

 

 

 



4341 

Raza et al. 

 
Highest value of Cr was 0.007 mg/l, 0.034 mg/l, and 

0.497 mg/l in Hawksbay, Sandspit, and Korangi Creek, 

respectively; minimum level of Cr was found in 

Hawksbay (0.002 mg/l), Sandspit (0.024 mg/l), and 

Korangi Creek (0.315 mg/l) ( Figs. 1-3).  

 

Fatoki and Mathabatha (2001) found amounts of Cd 

between 0.2-72.0 mg/l at East London harbor and 0.3-4.0 

mg/l at sites in Port Elizabeth. The results from Fatoki and 

Mathabatha (2001) shows higher values as compared to the 

results found in current study due to the higher 

contamination of heavy metals recorded in water from East 

London harbor and Port Elizabeth. 

 

 
 

Fig. 1. Concentration (mg/l) of Cd and Cr in water 

samples  at Hawksbay.  
 

 
 

Fig. 2. Concentration (mg/l) of Cd and Cr in water 

samples at Sandspit. 

Saleem (2002) measured contaminations of Cd  (0.485 

mg/l) in Karachi harbor, half of its concentration was 

reported in Korangi Creek and 0.063 mg/l was found in 

Buleji. These results are in line with present study for Cd. 

Another study (Qari and Siddiqui, 2004) found 0.02-0.11 

mg/l Cd in Paradise point, Karachi. This amount of Cd is 

also line with the present study at Sands Pit and Hawks Bay 

samples. Industrial waste is considered to be the main 

source of Cd in this marine environment. High 

concentration of Cr is due to untreated tannery waste 

which is being dumped in the Korangi Creek via Malir 

River (Raza et al., 2012). 

 

 
 

Fig. 3. Concentration (mg/l) of Cd and Cr in water 

samples at Korangi Creek. 

 

Saleem (2002) determined concentration of Cr ranged 

from 2.61-2.13 mg/l in Karachi harbor and Gizri Creek. 

These results are higher than present study, possibly due 

to less impact of pollutants at present study areas. Khan et 

al. (2003) reported 0.21-0.54 mg/l Cr in Gharo Creek, this 

result was higher than Hawks bay samples in the present 

study but almost in the line with Korangi Creek samples. 

Earlier study by Qari and Siddiqui (2004) reported Cr 

0.06-1.33 mg/l in sea water of Paradise Point, Karachi. 

Result of this study is almost in line with Korangi Creek 

samples from our present study. In Karachi, there are 

three treatment plants located in Sher Shah, Mehmood 

Abad and Mari Poor where only 10% industrial waste is 

treated. However, 90% industrial effluent is directly 

dumped into sea without treatment (Raza et al., 2012). 

Ismail et al. (2006) found Cr 0.068 mg/l in Korangi 

Creek, 0.062 mg/l in Karachi harbor and 0.291 mg/l in 

Sandspit. However, in the present study, levels of Cr are 

high in Korangi Creek samples because of the great 

influence of industrial pollutants at that location. Qari and 

Siddiqui (2008) recorded concentrations of Cr (0.05-1.04 
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mg/l) and Cd (0.03-0.2 mg/l) in the surface and tide pools 

seawater of Nathia gali coast of Karachi.  

 

Marcovecchio et al. (2010) reported Cr concentration and 

distribution within Bahia Balance Estuary, Argentina. The 

results showed that heavy metal pollution was localized in 

areas close to both industrial effluents discharge system 

and urban sewage out fall discharge. In the present study, 

it is determined that levels of Cd and Cr are high due to 

different anthropogenic activities. Another study by  

Joksimovic and Stankovic (2012) determined the 

concentration and accumulation of Cd 2500, 6200, 1900 

and 7000 mg/l in sea water at four locations on the 

Montenegrin coastline, Sveta Stasija, Herceg Novi, 

Zanjice, and Bar, respectively. In the present study, levels 

of Cd were very low. It could be due to less pollutants in 

the study area as compare to Montenegrin coastline. A 

recent study Zhao et al. (2013) assessed 450 and 2510 

mg/l of Cd, and Cr in the seawater samples, respectively 

from Deer Island, Liaoning Province, China during 2010-

2011.  Their results are much higher than our study, 

possibly due to less impact of environmental pollutants. 

In 2013, Daniszewski calculated the annual average 

concentration of Chromium to be 2.67 mg/l in 2008 and 

2.64 mg/l in 2009. These results are much high as 

compare to our work. Sarinas et al. (2014) found average 

dissolved chromium of .545 mg/l at Villa Beach, Iloilo 

City. This result is in range with our study. In the Iranian 

coast along the Oman Sea, 150 mg/l Cd and 201 mg/l Cr 

were found in the Gulf Chabahar (Bazzi, 2014). It shows 

great influence of marine pollutants on the Iranian coast 

along the Oman Sea as compare to present study. 

Recently Srichandan et al. (2016) studied the distribution 

of trace metals in surface seawater of the Bay of Bengal, 

off Rushikulya estuary, East Coast of India. The rank 

order distribution of trace metals in terms of their average 

concentration in seawater was reported as Fe > Ni > Mn > 

Pb > As > Zn > Cr > V > Se > Cd. In our study Cr 

distribution was found to be higher than Cd. Mary et al. 

(2017) assessed heavy metals in coastal water of Kalapet 

area, Pondicherry State, India. The metal concentration in 

seawater was recorded as 680 mg/l Cd  and Cr at 910 

mg/l. These results are much higher compared to the 

present investigation. It shows huge accumulation in 

coastal water of Kalapet area compared to Karachi Coast. 

Mortuza and Al-Misned (2017) studied environmental 

contamination and assessed heavy metals Cr (1.36 mg/l) 

and Cd (0.17 mg/l) in water of Red Sea Coast of Jizan, 

Saudi Arabia. These both values were higher than the 

recommended maximum concentration of Cr for drinking 

water (0.1 mg/l) set by WHO (1993). In the present 

report, levels of Cr were low but still higher than the 

recommended maximum concentration of Cr for drinking 

water (0.1 mg/l) set by WHO, 1993. 

  

Metals in Kentish Plover Body Tissues 

Kentish Plover (Fig. 4) one of the smallest plovers with 

long legs. They breed on most continents. Due to several 

anthropogenic activities in the coastal areas their 

population is decreasing and their current status is of 

threatened species (BirdLife International, 2016).  

 

 
 

Fig. 4. Kentish Plover Charadrius alexandrinus. 
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Levels of Cd and Cr in the liver and kidney of Charadrius 

alexandrinus are presented in Figures 5-10. Present study 

shows highest level of Cd (10.317 ug/g) in liver of 

Kentish plover at Sandspit and lowest Cd (0.857 ug/g) 

was noted in kidney at Korangi Creek. Maximum and 

lowest levels of Cr (5.403 ug/g and 0.743 ug/g) was 

detected in kidney during 2
nd

 quarter at Hawksbay and 

Sandspit, respectively.  

 

Pentreath (1976) and Olafson (1977) reported that marine 

organisms accumulate Cd due to its regulatory ability. 

Stoneburner et al. (1980) recorded 3790 ug/g Cd in liver, 

23500 ug/g Cd in kidney of sooty terns from Dry 

Tortugas, Florida. Their results are much higher than the 

present findings, possibly due to influence of other 

pollution factors in Florida. Norheim (1987) analyzed 

levels and interactions of heavy metals in seabirds from 

Svalbard and the Antarctic from Spitbergen, Cd was 0.4-

9.4 ug/g in liver and 4.1-58 ug/g in kidney of Larus 

hyperboreus (Glaucous gull), while 6.1-32 ug/g Cd was in 

kidney of Fular glacialis (Fulmar). Their results are in 

line with the present study at Sandspit and low levels 

were found in Hawksbay and Korangi Creek, due to 

similar amount of intake of pollutants through food chain 

by marine birds. Warren and Wallace (1990) calculated 

concentration of Cr in Blue winged teal from South plains 

Texas, Cr was 0.20 ug/g in liver. In our findings, levels of 

Cr are comparatively elevated in liver of Kentish Plover 

at Hawksbay and Sandspit.  

 

Elliott et al. (1992) assessed heavy metal concentration in 

Atlantic Canadian Seabirds. Concentration of Cr (2.68 

ug/g) and Cd (32 ug/g) were recorded in liver of Leach’s 

storm. These results for Cr are in line with present study 

at Hawksbay and Sandspit but at Korangi Creek, low 

levels of Cr were recorded in liver samples. Low levels of 

Cd in the present study may be due to monthly oscillation 

of metal ions and also these marine birds are at their 

higher trophic level.  

 

More than 200 tannery units are functioning in Karachi 

and the waste material Cr, Cd, Pb, Mn, and Mg is directly 

discarded in to the marine water (Raza et al., 2012). 

Szarek et al. (2001) studied Cd levels in young coots 

originating from industrial and agricultural regions of 

North middle Poland. The results showed that in coots 

from industrial areas, levels of Cd were decreased due to 

better system of controlling pollutants production. In the 

present findings, Cd was 10.317 ug/g in liver of 

Charadrius alexandrinus (Kentish Plover) at Sandspit. 

This area is close to Lyari industrial area, thus pressure of 

metals is comparatively high. Szymezyk and Zalewski 

(2003) reported Cd contents in liver of Anas platyrhychos 

(mallards) and other hunting fowl species in Warmia and 

Mazury in 1999-2000.  

 

In the present work, concentration of these metals was 

near the ground, perhaps due to less influence of marine 

pollutants on marine life. Augusta et al. (2005) measured 

Cd of 4.8 ug/g in liver and 40.7 ug/g in kidney of Larus 

crassirostris (Black tailed gull) collected from Rishiri 

Island, Japan. In the present findings, levels of Cd are 

high in liver at Sandspit but lowest in kidney.  

 

Borga et al. (2006) studied regional and species specific 

bioaccumulation of major and trace elements in Arctic 

seabirds. These levels were diverse among species. 

Kojadinovic et al. (2007) studied trace elements in three 

marine birds Pterodrome basani (Barau’s petrel), Puffin 

iherminieri bailloni (Andubon’s shearwater) and 

Phaethon lepturus (White tailed trophic bird) breeding on 

Reunion Island (Western Indian Ocean). A highest value 

of Cd was 145 ug/g, 147 ug/g, and 117 ug/g in kidney of 

Barau’s petrel, Andubon’s shearwater and White tailed 

trophic bird, respectively. Their results are quiet high 

compared to our work, possibly due to great influence of 

aquatic pollution in Reunion Island.  

 

Kim and Koo (2007) observed Cd of 13.4 ug/g  and 1.41 

ug/g in liver of Nycticorax nycticorax (Black crown night 

Heron) and Ardea cinerea (Grey Heron), respectively 

from Pyeongtaek, Korea. These results are in line with 

present study, possibly due to having the same 

environmental pollution status. Farreira (2010) studied 

samples of liver and kidney of Egretta caerulea (Little 

blue Heron) collected from Sepetiba Bay, Riode Janeiro, 

Brazil to analyze Cadmium and Chromium. Cd  in 

amounts of 6.32 ug/g and 6.57 ug/g and and Cr at 2.80 

ug/g and 4.16 ug/g were detected in liver and kidney, 

respectively. These results are in line with present work. 

Jakimska et al. (2011) reported that the animals most 

exposed are those at the top of the trophic pyramid and 

metal levels in their tissues are the highest.  

 

The type of food birds feed on is also essential is also 

essential in investigating the levels of pollutants in their 

soft tissues.  

 

Mansouri et al. (2012) determined the levels of Cr in 

kidney of Western reef heron (Egretta gularis) and 

Siberian gull (Larus heuglini) were (0.96 and 2.32 μg/g), 

respectively, whereas in liver they were (1.05 and 2.75 

μg/g), respectively. The samples were collected from 

November to December 2010 throughout the Hara 

Biosphere Reserve. In the present study, levels of Cr are 

high in kidney and liver at Korangi Creek, Sandspit and 

Hawksbay. Untreated wastes from the industries and 

sewage enhances the assembly of metals and is picked up 

by the marine organisms which through the food chain 

ends up in marine birds as they are at upper trophic stage 

in a marine environment.  
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Sinka-Karimi et al. (2014) determined Cd and Cr in 

tissues of Anas platyrhynchos (Mallard) and did risk 

assessment of food consumption in the southeastern 

Caspian Sea. Liver and kidney showed the highest 

bioaccumulation of metals. In the present study, we found 

high levels of Cd (10.31ug/g) in liver at Sands Pit and Cr 

(5.40 ug/g) in kidney at Korangi Creek. another study 

Sinka-Karimi et al. (2015) reported mean cadmium 

concentrations in livers (1.63 ± 0.66 ug/g) of Aythya 

ferina (Pochards) collected from southeastern Caspian 

Sea in the winter of 2012. Recently, Plessl et al. (2017) 

analyzed samples of liver for Cr (0.000001 ug/g) and Cd 

(0.0000002 ug/g) in the Mallard Anas platyrhynchos 

collected from Eastern Austria. In present investigation, 

highest level of Cd (10.317 ug/g) and Cr (4.017 ug/g) was 

reported in liver of Charadrius alexandrinus (Kentish 

Plover) at Sandspit and Hawksbay, respectively possibly 

due to great influence of metal accumulation in these 

coastal areas.  

 

 
 

Fig. 5. Concentration of Cadmium in body tissues of 

Kentish Plover at Hawksbay. 
 

 

 
 

Fig. 6. Concentration of Chromium in body tissues of 

Kentish Plover at Hawksbay. 

 
 

Fig. 7. Concentration of Cadmium in body tissues of 

Kentish Plover at Sandspit. 
 

 
 

Fig. 8. Concentration of Chromium in body tissues of 

Kentish Plover at Sandspit. 
 

 
 

Fig. 9. Concentration of Cadmium in body tissues of 

Kentish Plover at Korangi Creek. 

 

http://www.sciencedirect.com/science/article/pii/S0048969716326997
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Fig. 10. Concentration of Chromium in body tissues of 

Kentish Plover at Korangi Creek. 

 

REFERENCES 

Abdul Rashid, W., Wan, VL. and Harun Abdullah, A. 

2009. Accumulation and Depuration of Heavy Metals in 

the Hard Clam (Meretrix meretrix) under Laboratory 

Conditions. Tropical Life Sciences Research. 20(1):17.24. 

Augusta, T., Matsumoto, T., Ikemoto, T., Anan, Y., 

Kubota, R., Yasunaga, G., Kunito,T., Tanabe, S., Ogi, H. 

and Shibata, T. 2005. Body distribution of trace elements 

in Black tailed gulls from Rishiri Island, Japan: age-

dependent accumulation and transfer to feathers and eggs. 

Environ. Toxicol. Chem. 24:2017. 

Bazzi, AO. 2014. Heavy metals in Sea water, sediments 

and marine organisms in the Gulf of Chabahar, Oman 

Sea. Journal of Oceanography and Marine Sciences. 

5(3):20-29. 

Benton, J. and J, Jr. 1988. Official methods of analysis: 

Procedures and use. Tech. Bull. No. 109, Food Fertilier 

Technology Centre. 

Borga, K., Campbell, L., Gabriielsen, GW., Norstrom, 

RJ., Muir,  DC. and Fisk, AT. 2006. Regional and species 

specific bioaccumulation of major and trace elements in 

Arctic Seabirds. Environ Toxicol Chem. 25(11):2927-36. 

BirdLife International. 2016. Charadrius alexandrinus. 

The IUCN Red List of Threatened Species 2016: 

e.T22727487A86579835. http://dx.doi.org/10.2305/IUCN

.UK.20163.RLTS.T22727487A86579835.en. Downloade

d on 28 September 2017. 

Daniszewski. P. 2013. Determination of metals in sea 

water of the Baltic Sea in Międzyzdroje. International 

Letters of Chemistry, Physics and Astronomy. 13:13-22. 

Elliott, JE., Scheuhammer, AM., Leighton, FA. and 

Pearce, PA. 1992. Heavy metal and metallothionein 

concentrations in Atlantic Canadian Seabirds. Arch. 

Environ. Contam. Toxicol. 22:63-73 

Emami Khansari, F., Ghazi-Khansari, M. and Abdollahi, 

M. 2005. Heavy metals content of Canned tuna fish: Food 

Chemistry. 93:293.296. 

Fatoki, OS. and Mathabatha, S. 2001. An assessment of 

heavy metal pollution in the East London and Port 

Elizabeth Harbour. Water SA. 27(2):233-240.  

Farreira, AP. 2010. Estimation of heavy metals in little 

blue heron (Egretta caerulea) collected from Sepetiba 

bay, Rio de Janeiro, Brazil. Brazilian Journal of 

Oceanography. 58(4):269-274. 

Farreira, AP. 2011. Heavy metals levels in Larus 

dominicanus. Case study: Coroagrande mangrove, 

Sepetiba bay, Rio de Janeiro, Brazil. Revista Uniandrade. 

12(1):54-66. 

Gad, NS. and Saad, AS. 2008. Effect of Environmental 

Pollution by Phenol on Some Physiological Parameters of 

Oreochromis niloticus. Global Veterinaria. 2 (6):312-319. 

Ghosh, M. and Singh, SP. 2005. Review on 

phytoremediation of heavy metals and utilization of its 

byproducts. Applied Ecology Research. 3(1):1-18. 

Govind, P. and Madhuri. S. 2014. Heavy Metals Causing 

Toxicity in Animals and Fishes. Research Journal of 

Animal, Veterinary and Fishery Sciences. 2(2):17-23. 

Haq, SM. 1976. Over view on pollution in coastal 

environment of Pakistan and its possible implication for 

the marine ecosystem. In: Proc. International Symposium 

in Marine Pollution Research. Ed. Meyers, PS. Baton 

Rouge Louisiana State University, Gulf Breeze, Florida, 

USA. 33-53. 

Ismail, S., Siafullah, SM. and Khan, SH. 2006. 

Assessment of chromium in the water and sediments of 

Indus Delta Mangroves. Journal. Chem. Soc. Pak. 

28(5):426-429. 

Jadhav, JP., Kalyani, DC., Telke, AA., Phugare, SS. and 

Govindwar, SP. 2010. Evaluation of the efficacy of a 

bacterial consortium for the removal of color, reduction of 

heavy metals, and toxicity from textile dye effluent. 

Bioresource Technology.101:165.173. 

Jakimska, A., Konieczka, P., Skora, K. and Namiesnik, J. 

2011. Bioaccumulation of metals in tissues of marine 

animals, Part –II: Metal concentrations in animal tissues. 

Pol. J. Environ. Stud. 20(5):1127-1146.  



Canadian Journal of Pure and Applied Sciences 

 

4346 

Joksimovic, D. and Stankovic, S. 2012. Accumulation of 

trace metals in marine organisms of the southeastern 

Adriatic coast, Montenegro. Journal of the Serbian 

Chemical Society. 77(1):105-117. 

Khan, MA., Omm-e-Hanny. and Khan, MA. 2003. 

Distribution of pollutants in the water and sediments of 

Gharo creek (Sindh coast). Pakistan Journal of Marine 

Sciences. 121(1):25-33. 

Khan, SH. and Saleem, M. 1988. A preliminary study of 

pollution in Karachi harbour. In: Proc. Marine Science of 

the Arabian Sea. Eds. Thompson, MF. and Tirmizi, NM. 

American Institutes of Biological Sciences, Washington, 

DC, USA. 539-548. 

Kim, J. and Koo, TH. 2007. Heavy metal concentration in 

diet and livers of black crowned night heron (Nycticorax 

nycticorax) and grey heron (Ardea cinerea) chicks from 

Pyeongtack, Korea. Ecotoxicology. 16:411-416. 

Kojadinovic, J., Lorre, Le. M., Cosson, RP. and 

Bustamante, P. 2007. Trace elements in three marine 

birds breeding on Reunion Island (Western Indian 

Ocean): Part-I-Factors Influencing their Bioaccumulation. 

Arch. Environ. Contam. Toxicol. 52:418-430. 

Kremling, K. 1983. In: Method of Sea Water Analysis. 

Eds. Grasshoff, K., Ehrhardt, M. and Krimling, K. Verlag 

Chemie. pp196. 

Mansouri, B., Babaei, H., Hoshyari, E., Khodaparast, SH. 

and Mirzajani, A. 2012. Assessment of trace-metal 

concentrations in Western Reef Heron (Egretta gularis) 

and Siberian Gull (Larus heuglini) from southern Iran. 

Arch Environ Contam Toxicol. 63(2):280-287. doi: 

10.1007/s00244-012-9762-7.   

Marcovecchio, J., Botte, S., Severini, MF. and Delucchi, 

F. 2010. Geochemical control of heavy metal 

contaminations and distribution within Bahia Blanca 

Estuary (Argentina). Aquatic Geochemistry. 16(2):251-

266. 

Mary, H., Sundaravadivel, S., Ramabai, R. and Lawrence, 

A. 2017. Assessment of heavy metals in coastal water and 

fish samples From Kalapet Area, Pondicherry State, India. 

International Journal of Pharmaceutical Sciences and 

Research. 8(2):756-762. 

Mehrotra, V., Saxena, VL. and Saxena, AK. 2008. Impact 

of different doses of lead on internal organs of quails. 

Journal of Environmental biology. 29(2):147-149. 

Mortuza, MG. and Al-Misned, FA. 2017. Environmental 

Contamination and Assessment of heavy metals in water, 

sediments and shrimps of Red Sea coast of Jizan, Saudi 

Arabia. Journal of Aquatic Pollution and Toxicology. 

1(1:5):1-8. 

Norheim, G. 1987. Levels and interactions of heavy 

metals in seabirds from Svalbard and the Antarctic. 

Environ. Pollut. 47:83-94. 

Olafson, V. 1977. Uptake, retention and loss of cadmium 

by brown Shrimp (Crangon crangon). Ber. dt. Swiss. 

Kommn Meeresforch. 26:137-152. 

Pentreath, RJ. 1976. The accumulation of cadmium by the 

Plice, Pleuronectes platessa and Thronback ray, Raja 

clavata . J. Exp. Mar. Ecol. 30:223-232. 

Plessl, C., Jandrisits, P., Krachler, R., Keppler, BK. and 

Jirsa, F. 2017. Heavy metals in the mallard Anas 

platyrhynchos from eastern Austria. Science of the Total 

environment. 580:670-676. 

Qari , R. and Siddiqui, SA. 2004. Heavy metal levels in 

coastal seawater of Paradise Point, Karachi. Segmite 

International. 1(1):21-25. 

Qari, R. and Siddiqui, SA. 2008. Heavy metal pollution in 

coastal sea water of Nathia Gali, Karachi, Pakistan. 

Journal of Environmental Research and Development. 

3(1):1-19. 

Raza, N., Tariq, RM., Saqib, TA., Azmi, MA. and Naqvi, 

SNH. 2012. Study of bioaccumulation of metals in tissues 

of Egretta gularis (Reef heron) from coastal areas of 

Karachi, Pakistan. Pak. J. Entomol. Karachi. 27(1):75-83.  

Raza, N., Saqib. TA., Azmi, MA., Tariq, RM. and Naqvi, 

SNH. 2013. Study of bioaccumulation of metals in tissues 

of Himantopus himantopus (Black winged stilt) from 

coastal areas of Karachi, Pakistan. Int. J. Biol. 

Res.1(1):81-85. 

Raza, N., Saqib, TA., Yasmeen. G., Naqvi, SNH. and 

Hijazi, M. 2016. Histopathological Study on Induced 

Eeffects of Cadmium on Liver, Gizzard and Kidney of 

Larus argentatus. Journal of Basic & Applied Sciences. 

12:269-274. 

Saleem, M. 2002. Study of heavy metal pollution level 

and impact on the fauna and flora of the Karachi and 

Gwadar Coast. Final Project Report. Project No. 

50022801. 1-32. 

Sarinas, BGS., Gellada, LD., Alfonsa, JKM., Domiquel, 

K., Gumawa, L., Rey, J., Malan, JA. and Umali, JVG. 

2014. Heavy Metal Concentration in Seawater at Villa 

Beach, Iloilo City, Philippines. International Journal of 

Ecology and Conservation. 11:41-53. 

http://link.springer.com/search?facet-author=%22Borhan+Mansouri%22
http://link.springer.com/search?facet-author=%22Ebrahim+Hoshyari%22
http://link.springer.com/search?facet-author=%22Seyed+Hojat+Khodaparast%22
http://link.springer.com/search?facet-author=%22Alireza+Mirzajani%22
http://www.sciencedirect.com/science/journal/00489697/580/supp/C


4347 

Raza et al. 

 
Sinka-Karimi, MH., Pourkhabbaz, AR., Hassanpour, M. 

and Levengood, JM. 2015. Study on Metal 

Concentrations in Tissues of Mallard and Pochard from 

Two Major Wintering Sites in Southeastern Caspian 

Sea, Iran. Bulletin of Environmental Contamination 

and Toxicology. 95(3):292-297. 

Sinka-Karimi, MH., Pourkhabbaz, AR., Hassanpour, M. 

and Mahmoud, GS. 2014. Determination of metals in 

tissues of Anas platyrhynchos (Mallard) and risk 

assessment of food consumption in the southeastern 

Caspian Sea. Journal of Wetland Ecobiology. 5(18):79-

90. 

Srichandan, S., Panigrahy, RC., Baliarsingh, SK., 

Srinivasa, RB., Pati, P., Sahu, BK. and Sahu, KC. 2016. 

Distribution of trace metals in surface seawater and 

zooplankton of the Bay of Bengal, off Rushikulya 

Estuary, East Coast of India. Marine Pollution Bulletin. 

111(1-2):468-475. 

Stoneburner, DL., Patty, PC. and Robertson, WB. 1980. 

Evidence of heavy metal accumulation in sooty terns. The 

Science of Total Environment. 14:147-152. 

Szarek, J., Felsmann, Z., Markiewicz, K., Markiewicz, E. 

and Felsmann, M. 2001. Cadmium levels in young coots 

originating from industrial and agricultural regions of the 

North Middle Poland. Polish Journal of Environmental 

studies. 10(6):489-491. 

Szymezyk , K. and Zalewski, K. 2003. Copper, Zinc, 

Lead, and Cadmium content in liver and muscles of 

Mallards (Anas platyrhychnos) and other hunting fowl 

species in Warmia and Mazury 1999-2000. Polish Journal 

of Environmental Studies. 12(3):381-386. 

Warren, RJ. and Wallace, BM. 1990. Trace elements in 

migrating blue-winged teal: seasonal-, sex-and Age-class 

variations. Environmental and Chemistry. 9:521-528. 

WHO. 1993. Guidelines for Drinking-Water Quality. (2
nd

 

edi.). World Health Organization, Geneva.  

Zhao, L., Yang, F., Wang, Y., Huo, Z. and Yan, X. 2013. 

Seasonal variation of metals in seawater, sediment, and 

manila clam Ruditapes philippinarum from China. Biol 

Trace Elem Res. 151(3):DOI 10.1007/S 12011-013-9628-5.  

 

 

 

 

 

 

Received: September 4, 2017; Revised: September 28, 2017;  

Accepted: Oct 6, 2017 
 

Copyright©2017, This is an open access article distributed under the Creative 

Commons Attribution Non Commercial License, which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is 

properly cited. 

 

The full text of all published articles published in Canadian Journal of Pure and 

Applied Sciences is also deposited in Library and Archives Canada which means 

all articles are preserved in the repository and accessible around the world that 

ensures long term digital preservation. 

 

https://link.springer.com/journal/128/95/3/page/1
http://en.journals.sid.ir/JournalListPaper.aspx?ID=205631
http://www.sciencedirect.com/science/journal/0025326X
http://www.sciencedirect.com/science/journal/0025326X/111/1
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23412810
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23412810
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23412810
http://www.ncbi.nlm.nih.gov/pubmed?term=Yan%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23412810
http://www.ncbi.nlm.nih.gov/pubmed/23412810
http://www.ncbi.nlm.nih.gov/pubmed/23412810
http://www.ncbi.nlm.nih.gov/pubmed/23412810

