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ABSTRACT 

 

The objective of the present study was to screen for Endocrine Disrupting Chemicals (EDCs) contamination in fish 

(Engraulis  purava) and mussel (Mytilus) in 10 selected areas of Karachi coast. After the baseline survey, we selected 

Paradise Point, Hawks Bay, Sandspit, Manora, Baba Island, and Korangi/Phitti Creek to collect fish samples where as 

Buleji point 1 & point 2, Paradise point 1 & point 2, and Manora point 1 & point 2 were selected for mussel samples. 

The YES bioassay was used in the present study to screen marine fish and mussel for EDC. According to findings the 

most contaminated area is Baba Island in which the Anchovy contained 95.78ngE2 equivalents/g wet weight of fish 

tissue whereas the anchovy collected from Sandspit contained 20.70ng/g of fish tissue. The second most polluted area is 

Korangi/ Phitti Creek where the fish samples contain an average of 77.19ng/g, ww. In the mussel samples, Buleji point 1 

area contains an average of 875.23ng/g, ww, and most polluted area for mussel as compared to other study areas. Further 

investigation such as chemical analysis has been recommended for identification of chemicals.  

 

Keywords: Karachi, coastal areas, YES bioassay, Engraulis purava, Mytilus. 

 

 

INTRODUCTION 

 

Endocrine Disrupting Chemicals (EDCs) are present in 

hormones, pharmaceuticals, pesticides, and detergents and 

they are usually introduced into the aquatic ecosystem 

through industrial and municipal effluents along with 

urban and agricultural runoff.  Exposures to EDCs may 

result in the disruption of normal functioning of hormones 

in vertebrates and invertebrates biodiversity. It is 

important to determine the levels of EDCs in different 

aquatic animals quantitatively using the yeast estrogen 

screen (YES) bioassay because the YES bioassay is an in 

vitro test that can be used to detect total EDC 

concentration in a sample in expensively and quickly. 

 

In the aquatic environment some chemicals have been 

implicated as hormones or endocrine disruptors. The 

Endocrine disrupting chemicals (EDCs) are commonly 

used to describe environmental agents that alter the 

endocrine system. EDCs can be defined as an exogenous 

chemical that interferes with the synthesis, secretion, 

action transport, binding of natural hormones in the body. 

EDCs are responsible for behaviour, reproduction and 

development of animals and human (Crisp et al., 1998). 

 

EDCs are a class of synthetic or natural compounds that 

are suspected of adversely affecting the populations of 

aquatic biodiversity and humans health. Estrogens are a 

main harmful source of EDCs that have been linked to 

feminization of biodiversity such as fish and reptiles 

(Gauillette et al., 1995; Sumpter and Jobling, 1995), and 

also the increasing incidence of testicular reduction in 

male fertility and breast cancer in humans (Toppari et al., 

1996; National Research Council, 1999). Researchers 

Bolz et al. (2001),  Ferguson et al. (2001), Peck et al. 

(2007), Stuart et al. (2005) and Houtman et al. (2006) 

have reported presence of EDCs in estuarine and river 

waters. The endocrine disrupting chemicals are thought to 

be especially important for development of fish, 

disrupting sexual development, fertility and behaviour 

(Rolland et al., 1997). Exposure to EDC’s in the aquatic 

environment has been associated with abnormal thyroid 

function in fish, shellfish and birds (Moccia et al., 1981, 

1986) and disturbed hatching in fish, turtles and birds 
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(Shugart, 1980; Leatherland, 1992; Mac et al., 1988; 

Bishop et al., 1991). 

 

Pakistan’s coastal areas have diverse rich marine 

biodiversity and coastal ecosystem is a complex array of 

creeks and delta of the Indus River. The environmental 

quality of coastline and marine ecosystem is continuously 

being degraded due to marine pollution arising from a 

combination of domestic and industrial activities.  

 

Pakistan produced about 596,980 metric tons of marine 

fish and 25,000 metric tons of shrimp. About131,000 

metric tons of fish is exported to Europe and other 

countries. Pollution in the coastal areas of Karachi are 

severely contaminating marine biodiversity (Govt. of 

Pakistan, 2016). 

 

Karachi coastal areas receive 472,000m
3
 domestic and 

industrial wastewater primarily through Lyari and Malir 

Rivers and from streams and drainages (KDA master 

plan1, 1990-2000). Presently, coastal areas of Karachi 

have high levels of organic pollutants and the presence of 

heavy metals (Ali and Jilani, 1995; Akhter et al., 1997; 

Jilani, 2014). A recent study revealed that toxic metals 

have been found in marine biodiversity and ecosystem in 

the coastal areas of Karachi. These metals include 

mercury, cadmium, chromium, lead, arsenic, and zinc. 

The mean concentration of cadmium in the fishes was 

found to be 0.06, 0.04, 0.06 ppm fresh weight in the fishes 

of Karachi harbour, Korangi creek and Gwadar East Bay, 

respectively. The highest concentration of cadmium was 

recorded both in Karachi harbour and Gwadar East Bay 

and obtain from Korangi creek fish. Highest concentration 

of metals in water and sediments was observed in Karachi 

Harbour area followed by Korangi creeks>Gizri 

creeks>Gwadar fish Harbour> Off Gwadar East 

Bay>Buleji  (Saleem, 2002). The objective of the present 

study was to screen the extent of EDCs contamination in 

Fish (Engraulis purava) and Mussel (Mytilus) in selected 

areas of Karachi coast. 

 

MATERIALS AND METHODS 

 

Study Points 

After the baseline survey and based study, we selected the 

following sites as study points: 

For fish Anchovy sampling; Paradise Point, Hawks Bay, 

Sandspit, Manora, Baba Island, and Korangi/Phitti Creek, 

while Buleji point 1, point 2, Paradise point 1, point 2, 

and Manora point 1, point 2 for Sea mussel (Fig. 1). 

 
Fig. 1. Map of study areas of Karachi coast. 
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We had hired professional fishermen for collection of live 

fish and mussels samples. Following collection of 

samples they were stored with ice and shifted to Wildlife 

Lab, Department of Zoology, University of Karachi for 

extraction. 

 

Extraction 

Three grams of Anchovy fish Engraulis purava / 2 gram 

of sea mussel Mytilus were cut, weighed, and placed into 

glass tubes separately. After 30 minutes, the fish/ mussel 

samples were placed in 5mL of methanol in a large glass 

test tube and homogenized with the Brinkmann 

Homogenizer (Polytron).  The samples were centrifuged 

at 30rpm for 20 minutes.  After centrifugation, the 

methanolic extract for each sample was removed and 

placed in a smaller test tube. After removing methanolic 

extract, the tissue sample was dissolved in 5mL of 

methanol and centrifuge at 30rpm for 20 minutes. After 

the centrifugation and the removal of the extract for the 

second time, the tissue pellet was extracted with 2mL of 

chloroform and centrifuge for 15 minutes at 30 rpm.  The 

chloroform extract was then combined with previously 

removed methanolic extracts and then was centrifuged at 

30rpm for 8 minutes, this allows the tissue particle to 

precipitate to the bottom of the extract (Peck et al., 

2007).The final volume of the combined extract was 

measured before being evaporated to dryness in a rotator 

evaporator (Rotavapor RE 120, Büchi).  The residues 

were reconstituted in 500µL of methanol and transferred 

to small vials then were sent to be dried again under a 

gentle stream of nitrogen.  After nitrogen evaporation the 

residues were reconstituted in 500µL of ethanol and 

placed in a freezer at -40°C overnight.    

 

Filtration Protocol 

1) Samples were vacuum filtered through bond elute 

C18 extraction columns through the use of an 

extraction manifest. 

2) C18 Extraction columns were pre-conditioned with 

1mL methanol twice, followed by 1mL of distilled 

water twice. 

3) Sample were then filtered through the extraction 

column with the filtrate being discarded. 

4) 500 μL of methanol was then passed through the 

column to elute the sample. This portion was 

collected and evaporated by nitrogen gas. 

5) Evaporated samples were re-constituted by adding 

500μL of methanol 

 

Sample extracts were mixed with methanol to 1, 1:5, 1:50, 

1:500, 1:5000 and 1:50000 dilutions before being used in 

the YES assay.   

 

Standard Dilution Series 

E2 standard curves were prepared using 11 concentrations 

of the E2 standard solution. A pure methanol blank was 

also prepared.  Thus, the E2 stock solution (0.01 M) was 

prepared by dissolving 27.24mg of estradiol in 10 mL of 

absolute ethanol. A 20µL aliquot of the stock solution 

was added to 980µL of methanol to make the substock 

solution. A 10µL aliquot of the substock was added to 

990µL of methanol to make 100nM of working solution. 

A 200µL aliquot of the working solution was used as the 

first undiluted standard solution. From this 100 nm 

working solution, it was diluted with  methanol to obtain 

1:3, 1:10, 1:17, 1:30, 1:50, 1:85, 1: 150, 1: 250, 1:1500, 

1:2500 dilutions (Table 1). 

Yeast Preparation 

Five days before the start of an experiment, transgenic 

yeast was spread on an agar plate and incubated at 30°C 

for 3 days.  The plate was parafilmed and stored in a 

fridge at -10˚C.  The procedure was described by Gaido et 

al. (1997) but modified for the present study according to 

Lorenzen et al. (2004).  To prepare the yeast that would 

be used for the YES, the yeast was cultured in a 50mL 

polypropylene tube filled with 5mL of media on day one 

at 10:00 am.   The culture was left in the incubation room 

on a shaker at 30°C overnight.  On day two the yeast was 

diluted 1:10 by adding 45mL of media to the 5mL culture 

at 2:00 pm.  On day 3 at 10 am the yeast culture was 

diluted 1:1 by re-suspending the yeast and transferring 

half the yeast to another 50mL propylene tube and adding 

25mL of media.   

 

Plate Preparation 

10µL of the standard dilution series and the sample series 

were pipetted onto a 96 well plate. This is repeated twice 

for each standard dilution series and three times for each 

sample dilution.  The plate was left to dry for 30-45 

minutes. At 2:00 pm the yeast exposed to the estrogen on 

the plate by re-suspending the yeast and mixing 20mL of 

yeast with 200µL of copper sulphate.  The copper 

Table 1.The dilution series for the standard curve. There are 11 dilutions and the 12
th

 well is the methanol blank. The 

100nM solution is diluted 1:3, 1:10, 1:17, 1:30, 1:50, 1:85, 1:150, 1:250, 1:1500, and 1:2500 for the assay. 

 
Dilution 

Number 

1 2 3 4 5 6 7 8 9 10 11 12 

E2Dilution 

Factor 

1 0.33 0.1 0.059 0.033 0.02 0.012 0.0067 0.004 0.00067 0.0004 methanol 

blank 

Methanol 

volume (µL) 

0 140 180 188 180 160 160 160 160 180 180  
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sulphate stimulates the production of hER in the yeast 

cells. 200µL of this mixture was added to each well by 

using a multi channel pipette.  The plate is slightly shaken 

and parafilmed and kept in the incubation room at 30°C 

overnight.  2-Nitrophenyl β-D-galactopyranoside (ONPG) 

(0.022 grams) was dissolved in 10.9 g of Z-buffer and left 

in the shaker overnight.  At 9:00am on the fourth day the 

yeast in each well was re-suspended and 100µL 

transferred to a new plate. Ten percent SDS (110µL) and 

11 µL of oxalyticase, and 29.7µL of mercaptoethanol 

were added to the ONPG and then 100µL of the mixture 

were added to each well. Forty minutes after adding the 

ONPG, the plate was read by a UV/V was 

spectrophotometer at 415nm (over all colorimetric 

change) and 595 nm (for turbidity caused by yeast cells). 

 

Data calculation and statistical analysis 
Data was analyzed using Excel and Graph Pad Prism 5.  

The UV reading at 415 nm represents the overall 

colorimetric change of the sample and the reading at 595 

nm represents the turbidity caused due to yeast growth. In 

order to obtain the colorimetric change specifically due to 

the reaction between ONPG and β-galactosidase, the 

reading at 595 nm was subtracted by 415 nm. To plot a 

dose response curve, the UV readings were normalized 

and the dilution factors were log-transformed for better 

data analyzing and plotting with Prism 5. The UV 

readings were used as the variables for y-axis and 

concentration factors as the variables for x-axis of the 

curve. The maximum of the standard curve was 

considered to be 100% and the sample dose-response 

curves were plotted compared to this maximum (Fig. 2).   

 

The calculation of the E2 equivalence was done by using 

the following formula proposed by Lorenzen et al. 

(2004): E2 equivalent = [standard EC50 (ng/ml) / extract 

EC50] * [volume of assay medium (ml) / (volume of 

extract tested (µl)] * [volume of stock extract (µl) / ww of 

sample (g)]. To further broaden the accuracy of our 

calculation EC20 and EC30 were also used in the 

calculation instead of just calculating using EC50. To 

convert EC50 to EC20 and EC30 the following formula was 

used for the conversion: ECX = [X/(100-X)^(1/H)] * EC50, 

where the X is 20 or 30 and H is the hill slope of the dose 

response curve. The average of the E2 equivalence results 

calculated by using EC20, EC30 andEC50 were taken and 

used as the final representative of the E2 level in the 

samples. 

 

RESULTS AND DISCUSSION 
 

Exposures to endocrine-disrupting chemicals are currently 

regarded as the most serious anthropogenic threats to 

aquatic biodiversity and ecosystems. 

 

The Malir and Lyari Rivers in the metropolitan city of 

Karachi are contributing about 25% and 59% of the total 

pollution load of Karachi City respectively, while 15% of 
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Fig. 2. This is a typical E2 standard dose-response curve. The concentration of E2 (log-transformed) is given on the x-

axis; the response in percentage is given on the y-axis. Each data point is the mean ±SD of a duplicate assay. The curve 

shows a sigmoid shape with a maximum of 92.83%. 
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the pollution load is directly discharged through Gharo, 

Gizri and Korangi Creek (Amjad and Rizvi, 2000). 

 

Industrial toxic waste, and organic waste from the nearby 

cattle colony comprising of liquid dung mix with the 

blood from slaughterhouses are also drained into the 

Korangi Creek areas. Several studies Rizvi et al. (1988), 

Saifullah et al. (2002), Saleem and Kazi (1995) and 

Saleem and Kazi (1998) have already reported high levels 

of contaminants in the coastal areas of Karachi.   

 

In the present work, Yeast Estrogenic Screening (YES) 

tests were conducted for the evaluation of Endocrine 

Disrupting Chemicals (EDCs) levels in the fish and 

mussel samples from the selected study areas of Karachi 

Coast. All fish samples were collected from Paradise 

Point, Hawks Bay, Sandspit, Manora, Baba Island, and 

Korangi/Phitti Creek areas, where as Sea mussel samples 

obtained from Buleji point 1 and point 2, Paradise point 1 

and point 2, and Manora point 1 and point 2. 

 

Study areas were surveyed and samples of fish Anchovy 

(Engraulis purava) and Sea mussel (Mytilus) were 

collected in Oct/Nov 2010 and March/April 2011. In-

Vitro Yeast Estrogenic Screen (YES) assay techniques 

were used to evaluate the ECDs level in the fish and 

mussel samples. The most potent EDCs found in the 

environment are the natural and synthetic hormones such  

Table 2. The average EDC levels shown in study points (Fish samples) 2011. 

 
Fish Sample locations Sample I.D. EDC (ng E2 equivalents/g fish) 

Baba Island BI 1   13.34 

 BI 2 410.81 

 BI 3 26.72 

 BI 4 2.38 

 BI 5 1.20 

 BI 6 120.21 

 Average 95.78 

Hawks Bay H 1  0.00 

 H 2   0.00 

 H 3   0.00 

 Average 0 

Manora MA 1 0.00 

 MA 2 23.74 

 MA 3 0.00 

 MA 4 326.95 

 MA 5 24.53 

 Average 75.04  

Paradise point P 1 0.00 

 P 2 0.00 

 P 3 0.00 

 P 4 98.62 

 Average 24.66 

Sandspit S 1 1.43 

 S 2 105.61 

 S 3 0.00 

 S 4 0.00 

 S 5 1.77 

 S 6 15.39 

 Average 20.70 

Korangi/Phitti Creek  F1 63.41 

 F2 134.56 

 F3 0.00 

 F4 0.00 

 F5 399.75 

 F6 0.00 

 Average 77.19 

 



Canadian Journal of Pure and Applied Sciences 

 

4072 

 

Table 3. The average EDC levels shown in study points (Mussels samples) 2011. 

 
Mussel Sample locations Sample I.D. EDC (ng E2 equivalents/g mussel) 

Manora point 1 1 # 

 2  876.41 

 3 # 

 4 364.71 

 5   918.52 

 6 # 

 7 38.96 

 8 0.00 

 9 0.00 

 10 0.00 

 11 1306.53 

 12 0.00 

 13 23475.73 

 14 614.56 

 15 # 

Manora point 2 16 0.00 

 17 711.93 

 18 0.00 

 19 0.00 

 20 0.00 

 21 0.00 

 22 0.00 

 23 0.60 

 24 0.00 

 25 0.61 

 26 1.00 

 27 0.00 

 28 47.61 

 29 54.10 

 30 0.00 

 31 0.00 

 32 0.00 

 33 0.00 

 34 0.00 

 35 0.00 

 36 33.98 

Buleji Point 1 B1  A 0.00 

 B1  B 27.23 

 B1  C 2598.45 

 Average 875.23 

Buleji Point 2 B2  A 0.00 

 B2  B 22.97 

 B2  C 0.00 

 Average 7.66 

Paradise Point 1 P1 a # 

 P1 b 0.00 

 P1 c 81.87 

 Average 40.94 

Paradise Point 2 P2 a 99.14 

 P2 b 0.00 

 P2 c 6.55 

 Average 35.23 

 

# = No result due to sample contamination 
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as 17β-estradiol (E2), estrone (E1), and 17α-

thynylestradiol (EE2).  We used E2 as the chemical 

standard in our bioassay, as it is one of the most potent 

EDCs. E2 is produced in the ovaries, gonads, and, to a 

lesser extent, in the arterial walls, the brain, and adrenal 

cortex.  E2 also acts as a growth hormone for the female 

reproductive organs (Hertz, 1985). The YES bioassay is 

an efficient and inexpensive method of detecting EDCs in 

aquatic samples. To find the E2 equivalents in our fish 

and mussel samples, the dose-response curves were 

compared to E2 standard curve from every experimental 

plate. 

 

The average EDC levels found in the fish samples of 

Baba Island were found to be 95.78ng/g, 75.04ng/g in 

Manora, 24.66ng/g in Paradise points, 20.70ng/g in 

Sandspit and 77.19ng/g in Korangi/Phitti creek (Table 2). 
 

The average EDC levels found in mussels samples were 

as follows, 200.91ng/g in Manora point 1,  40.46ng/g in 

Manora point 2, 875.23ng/g in Buleji point 1, 7.66ng/g in 

samples of Buleji point 2, 40.94ng/g in Paradise point 

1and 35.23ng/g in samples of Paradise point 2 (Table 3). 
 

According to present study’s findings the most 

contaminated area is Baba Island in which the Anchovy is 

shown to contain 95.78ng E2 equivalents/g wet weight of 

fish tissue whereas the anchovy collected from Sandspit 

contains 20.70ng/g of fish tissue. The second most 

polluted area is Korangi/ Phitti Creek where the fish 

samples contain an average of 77.19ng/g, ww.  

Table 4. The average EDC levels shown in study points - 2009. 

 

Plate and Location Experiment Sample EC50+EC30+EC20/3 

P1 

Buleji Point 1 

Sea Mussel 

Mytilus 

1 
60.53976 

  2 4.689243 

  3 14.46198 

  4 7.573719 

   21.81618 

P2 

Korangi/Phitti Creek 

Anchovy 

Engraulis purava 

5 
213.6048 

  6 12.09747 

  7 1.260946 

  8 0.556322 

   56.87988 

P3 

Manora 

Anchovy 

Engraulis purava 

9 
0.831914 

  10 2.284097 

  11 0.420291 

  12 0.63614 

   1.04311 

P4 

Paradise Point 1 

Sea Mussel 

Mytilus 

13 
0.925197 

  14 1.629437 

  15 3.040487 

  16 2.61711 

   2.053058 

P5 

Paradise Point 2 

Sea Mussel 

Mytilus 

17 
1.625567 

  18 0.211116 

  19 0.000946 

  20 6.75E-05 

   0.459424 

P6 

Buleji Point 2 

Sea Mussel 

Mytilus 

21 
0.009465 

  22 3199.153 

  23 0.002393 

  24 52031065 

   13008566 
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In the mussel samples, Buleji point 1 area contains an 

average of 875.23ng/g, ww, and most polluted area for 

mussel as compared to other study areas. These findings 

are consistent with the report that the Korangi/Phitti 

Creek area is a polluted area of the Karachi coast because 

wastewaters are discharged into the sea from Korangi, 

Landhi, Karachi Export Processing Zone, Bin Qasim 

industrial areas, and Pakistan Steel Mill (Shahzad et al., 

2009).  Also, there are several tanneries, textile factories, 

insecticide and pesticide factories, and slaughterhouses in 

the area (Rizvi et al., 1988).   

 

Further analysis of samples by HPLC or GC/MS have 

been recommended for identification of chemicals.  

 

According to our 2009 study (Table 4), the most 

contaminated area was Korangi/Phitti Creek in which the 

anchovy is shown to contain 56.9ng E2 equivalents/g wet 

weight of fish tissue whereas the anchovy collected from  

Manora contains only 1.04 EEQ ng/g of fish tissue. The 

second most polluted area was Buleji Point 1 where the 

mussel samples contain an average of 21.8 EEQng/g, ww. 

While remaining three mussel sampling sites show little 

or no EEQ.   

 

Karachi city generates approximately 8,700 tons of 

domestic solid wastes per day (Alam, 2010). Pakistan has 

17 Creeks in Sindh Coastal areas, Korangi/ Phitti Creeks 

being one of them. The Korangi/Phitti creek area is a 

polluted area of Karachi coast because several tanneries 

of Korangi industrial area are disposing off their untreated 

wastes into the creek areas. 

 

Several studies have reported that Korangi/ Phitti Creeks 

has been highly polluted and are impacting marine 

biodiversity and human health. Three power plants 

located at the Karachi coastal areas use large quantities of 

marine water cooling; they discharge heated effluent and 

other pollutants to sea. Among the creeks, the Korangi 

and Gizri creeks are the most affected from oil discharges 

as well as municipal and industries activities. The present 

study has confirmed that Korangi/ Phittii Creeks areas 

have high level EDCs contamination. 

 

Pakistan Steel Mills are located on the Gharo Creek. Thus 

the entire Korangi/ Phitti Creek and Gharo Creeks from 

an interrelated system of creeks receive industrial waste 

from some sources of pollution in the Karachi city. 

According to study conducted by National Institute of 

Oceanography, Steel Mills discharge cooling waste water 

effluent to directly adjacent area of Gharo Creek, and 

these effluents contain heavy metals including Cd, Fe, Zn, 

Cu, Pb, iron oxide particles, chlorine, oil and grease etc 

(Rizvi, 1997).  

 

EDCs are introduced into the aquatic environment 

through industrial and municipal effluents as well as 

urban and agricultural runoff  (Nelson et al., 2007; Soto et 

al., 2004, Metcalfe et al., 2001).  Once in the environment 

EDCs can have harmful effects as they are transported up 

the food chain. The presence of endocrine disrupting 

compounds in the environment can cause adverse effects 

such as reproductive abnormalities and impaired 

development in aquatic biodiversity and silent killers, 

threatening biodiversity on a huge scale. Several adverse 

effects of endocrine disruption have been reported in fish, 

mussels, crustaceans, birds, mammals and reptiles (Canesi 

et al., 2004; Waring and Harris, 2005).  

 

Industrial toxic waste, organic waste from the nearby 

cattle colony comprising liquid dung mix with the blood 

from slaughterhouses are also drained into the Korangi 

Creek areas. Earlier studies Rizvi et al. (1988), Saifullah 

et al. (2002), Saleem and Kazi (1995), Saleem and Kazi 

(1998), Saleem (2002) and Hunter et al. (2012) have 

already reported the contamination from various 

pollutants in the coastal areas of Karachi and they are 

transported up the food chain.  

 

Many studies have proved that some industrial and 

agricultural chemicals have the ability to interfere with 

endocrine systems and hormonal functions of aquatic wild 

animals including fish and mussels. These EDCs are 

thought to be important at the larval or developmental 

stages of fish, disrupting sexual development, and general 

behaviour (Rolland et al., 1997). These studies and our 

present study results have indicated that marine 

biodiversity may be threatened by industrial and 

municipal effluents pollution especially in Korangi/ Phitti 

Creek area. 

 

One new evidence at molecular level has reported that the 

environmental deterioration can change the genetic 

structure and genetic polymorphism of trout populations 

by cytogenetic and allozymic analysis (Was and Wenne, 

2002).  

 

In connection with screening the levels of ECD’s further 

studies are needed at large scale screening of the levels of 

ECD’s in the marine water, sediment, fish, mussels and 

prawn of all coastal areas of Sindh and Balochistan. After 

screening we were able to find out the hot spots, 

determination of level of estrogenic contamination then 

controlling the estrogenic contamination, protecting the 

aquatic biodiversity and increasing the fisheries, prawn 

and mussels production and preparing the aquatic 

biodiversity conservation plan for the coastal areas.  

 

Further chemical analysis in the identification of 

chemicals is recommended for samples with high levels 

quantified in the yeast assay.  

 

 

 



Khan et al. 4075 

ACKNOWLEDGMENTS  

 

The authors would like to thank the Higher Education 

Commission (HEC) Pakistan for the Sabbatical 

Fellowship Program grant in supporting this research 

study conducted at the Toxicology Program, Department 

of Biological Sciences, Simon Fraser University, Canada . 

We also thank to Prof. Jamil Kazmi, Department of 

Geography, University of Karachi for preparation of study 

areas map. 

 

REFERENCES 

 

Akhter, W., Ali, I., Zaidi, SS. and Jilani, S. 1997. The 

State of Pollution Levels of Karachi Harbor and 

Adjoining Coastal Waters. Water, Air and Soil Pollution, 

Kluwer Academic Publishers, Netherlands. 94(1-2):98-

107. 

Ali, I. and S. Jilani, 1995. Study of Contamination in the 

Coastal Waters of Karachi. The Arabian Sea. Living 

Marine Resources and the Environment. Eds. Mary-

Frances, T. and Tirmizi, NM. Vanguard Book Publisher, 

American Institute of Biological Sciences. 653-658. 

Amjad, S. and Rizvi, SHN. 2000. Pakistan National 

Program of Action under the Global Program of Action 

for the protection of marine environment from land based 

activities. Ministry of Environment  and Local 

Government/National Institute of Oceanography. Karachi. 

Alam, M. 2010. Unsafe disposal of waste poses threat to 

public health. Daily Dawn Karachi,  News publication.  

Bishop, CA., Brooks, RJ., Carey, JH., Norstrom, RJ. and 

Lean, DRSJ. 1991. The case for a cause-effect linkage 

between environmental contamination and development 

in eggs of the common snapping turtle (Chelydra s. 

serpentina) from Ontario, Canada. J Toxicol Environ 

Health.33:521-548. 

Bolz, U., Hagenmaier, W. and Körner. 2001. Phenolic 

xenoestrogens in surface water, sediment and sewage 

sludge from Baden-Württemberg, south-west Germany. 

Environ Pollut. 115:291-301. 

Canesi, L., Lorusso, LC.,Ciacci, C., Betti, M., Zampini, 

M. and Gallo, G. 2004. Environmental estrogens can 

affect the function of mussel hemocytes through rapid 

modulation of kinase pathways. General and Comparative 

Endocrinology.138:58-69 

(http://dx.doi.org/10.1016/j.ygcen.2004.05.004). 

Crips, TM., Clegg ED., Cooper, RL., et al. 1998. 

Environmental endrocrine disruption: An effects 

assessment and analysis. Environ Health Perspect. 106 

(suppl. 1):11-56. 

Ferguson, PL., Iden, CR. and Brownawell, BJ. 2001. 

Distribution and fate of neutral alkylphenol metabolites in 

a sewage-impacted urban estuary. Environ Sci Technol. 

35:2428-35. 

Gaido, KW., Leonard,  LS.,  Lovell, S., Gould, JC., 

Babai, D., Portier, CJ. and McDonnell, DP. 1997. 

Evaluation of chemicals with endocrine modulating 

activity in yeast-based steroid hormone receptor gene 

transcription assay. Toxicol. Appl. Pharmacol. 143:205-

212. 

Guillette, LJ Jr., Gross, TS., Gross, DA., Rooney, AA. 

and Percive, HF. 1995. Gonadal steroidogenesis in vitro 

from juvenile alligators obtained from contaminated or 

control lakes. Environ. Health Perspect. 103(4):31-36. 

Government of Pakistan. 2016. 

http://environment.gov.pk. (accessed on August 11, 

2016).  

Hertz, R. 1985.The estrogen problem-retrospect and 

prospect.  IN Estrogens in the Environment II-Influences 

on Development. Ed. McLachlan, JA. Elsevier, New 

York, USA. 1-11. 

Houtman, CJ.,Booij, P., Jover, E., Pascual, del Rio D., 

Swart, K., van Velzen. M., et al. 2006. Estrogenic and 

dioxin-like compounds in sediment from 

Zierikzeeharbour identified with CALUX assay-directed 

fractionation combined with one and two dimensional gas 

chromatography analyses. Chemosphere. 65:2244-52. 

Hunter, S., Khan, MZ., Ben, HHS., Doerr, B., Sara, A. 

and Law, FCP. 2012. Assessing Estrogenic Chemicals in 

Anchovy and Mussel Samples from Karachi, Pakistan 

with the Yeast Estrogen Screen Bioassay. Bulletin of 

Environmental Contamination and Toxicology. 

89(5):990-994, DOI: 10.1007/s00128-012-0821-6. 

Jilani, S. 2014. Status of Metal Pollution in the River and 

Coastal Areas of Karachi. Middle-East Journal of 

Scientific Research. 22 (9):1288-1293. 

Karachi Coastal Recreation Development Plan 1990-

2000. Karachi Development Authority Master Plan & 

Environmental Control Department. UNDP United 

Nations Center For Human Settlement. Doxiadis 

Associate International Group S.A Consultant on 

Development and Ekistics & Osmani and Company (pvt.) 

Limited. pp. 104. 

Lorenzen, A., Hendel, JG., Conn, KL., Bittman S., 

Kwabiah, AB., Lazarovitz, G., Massé, D., McAllister, 

TA. and Topp, E. 2004. Survey of Hormone Activities in 

Municipal Biosolids and Animal Manures, Inc. 

Environ.Toxicol. 19:216-225. 

Leatherland, J. 1992. Endocrine and reproductive function 

in Great Lakes salmon. In: Chemically induced alterations 

in sexual and functional development: the wildlife/human 

connection. Eds. Colborn, T. and Clement, C.  Princeton 

Scientific Publishing, Princeton, NJ. 129-145. 



Canadian Journal of Pure and Applied Sciences 

 

4076 

Moccia, R., Fox, G. and Britton,  AJ. 1986. A quantitative 

assessment of thyroid histopathology of herring gulls 

(Larus argentatus) from the Great Lakes and a hypothesis 

on the causal role of environmental contaminants. J Wild 

Dis. 22:60-70. 

Moccia, RD., Leatherland, JF. and Sonstegard, RA. 1981. 

Quantitative interlake comparison of thyroid pathology in 

Great Lakes coho (Oncorhynchus kisutch) and chinook 

(Oncorhynchus tschauytscha) salmon. Cancer Res. 

41:2200-2210. 

Mac, MJ., Schwartz, T. and Edsall, CC. 1988. Correlating 

PCB effects on fish reproduction using dioxin 

equivalents. Presented at the Ninth Annual Society of 

Environmental Toxicology and Chemistry Meeting, 

Arlington, Virginia, USA. 

Metcalfe, CD., Metcalfe, TL., Kiparissis, Y., Koenig, 

BG., Khan, C., Hughes, RJ., Croley, TR., March, RE. and 

Potter, T. 2001.  Estrogenic potency of chemicals detected 

in sewage treatment plant effluents as determined by in 

vivo assays with Japanese medaka (Oryzias latipes). 

Environ.Tox. and Chem. 20(2):297-308. 

National Research Council. 1999. Hormonally active 

agents in the environment. National Academy Press, 

Washington, DC., USA. 

Nelson, J., Bishay, F., van Roodselaar, A., Ikonomou, M. 

and Law, FCP. 2007. The use of in vitro bioassays to 

quantify endocrine disrupting chemicals in municipal 

wastewater treatment plants effluents. Sci. of the Total 

Environ. 374:80-90. 

Peck, MR., Labadie, P., Minier, C. and Hill, EM. 2007. 

Profiles of environmental and endogenous estrogens in 

zebra mussel Dreissena polymorpha. Chemosphere. 69:1-

8. 

Rizvi, SHN., Saleem, M. and Baquer, J. 1988. Steel mill 

effluents: Influence on the Bakran Creek environment. In: 

Proceedings of Marine Science of the Arabian Sea. Eds. 

Thompson, MF. and Tirmizi, NM. American Institutes of 

Biological Sciences, Washington, DC., USA. 549-569. 

Rizvi, SHN. 1997. Status of marine pollution in the 

context of coastal zone management in Pakistan. Coastal 

Zone Management Imperative for Maritime Developing 

Nations. Eds. Haq, BU., Haq, SM. and Stel, JM. Kluwer 

Academic. 347-371. 

Rolland, RM., Gilbertson, M. and Peterson, RE. (Eds.). 

1997.  Chemically Induced Alterations in Functional 

Development and Reproduction of Fishes: Proceedings 

from a Session at the 1995 Wingspread Conference, 

SETAC, Pensacola, Florida, USA. 

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, WWF Pakistan. pp. 

32. 

Saifullah, SM., Khan, SM. and Ismail, S. 2002. 

Distribution of nickel in a polluted mangrove habitat of 

the Indus Delta, Marine Pollution Bulletin. 44:551-576. 

Saleem, M. and Kazi, GH. 1995. Distribution of trace 

metals in the seawater and surficial sediments of the 

Karachi harbor. In: Proceedings of the Arabian Sea, living 

Marine Resources and the Environment. Eds. Thompson, 

MF. and Tirmizi, NM. Vanguard Books (pvt) LTD, 

Lahore, Pakistan. 659-666. 

Saleem, M. and Kazi, GH. 1998. Concentration and 

distribution of heavy metals (Lead, Cadmium, Copper, 

Nickel, Zinc) in Karachi shore and offshore sediments, 

Pakistan Journal Marine Science 7:71-79. 

Shahzad, A., Khan, Shaukat, MA. and Ahmed, W. 2009. 

Chemical Pollution Profile of Rehri Creek Area, Karachi 

(Sindh). J ChemSoc Pak 31:592-600. 

Shugart, G. 1980. Frequency and distribution of polygony 

in Great Lakes herring gulls in 1978. Condor 82:426-429. 

Stuart, JD., Capulong, CP., Launer, KD. and Pan, X. 

2005. Analyses of phenolic endocrine disrupting 

chemicals in marine samples by both gas and liquid 

chromatography–mass spectrometry. J Chromatogr 

A.1079:136-45. 

Soto, AM., Calabro, JM., Prechtl, NV., Yau, AY., 

Orlando, EF., Daxenberger, A., Kolok, AS., Guilette, LJ., 

le Bizec, B., Lange, IG. and Sonnenschein, C. 2004. 

Andorgenic and Estrogenic Activity in Water Bodies 

Receiving Cattle Feedlot Effluent in Eastern Nebraska, 

USA. Environ. Health Perspect. 122(3):346-352. 

Sumpter, JP. and Jobling, S. 1995. Vitellogenesis as a 

biomarker for estrogenic contamination of the aquatic 

environment. Environ. Health Perspect.103(7):173-8. 

Toppari, J., Larsen, JC., Christiansen, P., Giwercman, A., 

Grandjean, P., Guillette, LJ Jr., Jégou, B., Jensen, TK., 

Jouannet, P., Keiding, N., Leffers, H., McLachlan, JA., 

Meyer, O., Müller, J., Rajpert-De Meyts E., Scheike, T., 

Sharpe, R., Sumpter, J. and Skakkebaek, NE.1996. Male 

reproductive health and environmental xenoestrogens. 

Environ. Health Perspect. 4:741-803. 

Was, A. and Wenne, R. 2002. Genetic differentiation in 

hatchery and Wild sea trout (Salmo trutta) in the Southern 

Baltic at microsatellite loci. Aquaculture.204:493-506.  

Waring, RH. and Harris, RM. 2005. Endocrine disrupters: 

A human risk? Molecular and Cellular Endocrinology.244 

2-9 (http://dx.doi.org/10.1016/j.mce.2005.02.007). 

 

http://dx.doi.org/10.1016/j.mce.2005.02.007


Khan et al. 4077 

APPENDIX 

 

Four Hours Yeast Based Estradiol (E2) Receptor 

Bioassay 

Day 1 

1) Culture 1 colony of DSY-219 (E2 assay) into 5mL of 

SC-UW Media 

2) Put on shaker and allow to grow overnight at 30
o
C 

Day 2 

1) On the morning of day 2, dilute the yeast culture 

down to an optical density (OD) of 0.08 with SC-UW 

media 

2) Allow the yeast to regrow to an OD of 0.10 on the 

shaker at 30
o
C (Typically, the yeast regrows in 1.5-2 

hours) 

3) When the yeast is at an OD of 0.1, plate 1 μL/well of 

the sample to be tested on a white bottom 96 well 

plate 

4) Add 100 μL yeast/well and incubate at 30
o
C for two 

hours 

5) Several minutes before the two hour incubation is 

complete, prepare the Tropix Gal-Screen buffer and 

put on ice (The buffer is prepared by diluting the 

substrate with B Buffer at a ratio of 1:24)  

6) Add 100 μL buffer/well parafilm to prevent 

evaporation and incubate at room temperature for 2 

hours 

7) At the end of the 2 hour incubation, read the plate on 

the Perkin Elmer 2030 multilabel reader luminometer 

(The light intensity is usually the highest between 1.5 

- 2.5 hours after addition of the buffer).  
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