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Abstract

The present study was undertaken to investigate the extent of pollution load at Port Qasim coastal area, the second largest
port in the country. The samples of sea water were collected from 23 locations, including the samples from Bundal Island
situated in the Port Qasim area. Samples were analyzed for physico-chemical characteristics to determine the extent of pol-
lution load. Samples were also analyzed for heavy metals including As, Cr, Cu, Cd, Pb and Ni. The investigation revealed
that the Port Qasim Area is grossly polluted from inorganic and organic loads mainly coming from the nearby industrial
setup. Extensively high organic load was found at the site receiving the wastewater from the Landhi Cattle colony. PQ-6
receives untreated wastewater from oil industries as exhibited by its high oil content. PQ-14 is receiving untreated industrial
discharges from the nearby chemical industries and represents a very high pollution load. The sites closed to Bundal Island
are relatively less polluted. The mangroves in the area are constantly under threat owing to the indiscriminate discharge of
both domestic and industrial effluents. The concentration of DO although not on higher side but at least prevents the anoxic
condition in the area. Out of all the heavy metals the concentration of Cr and Pb was exceptionally higher. The distribution
of heavy metals demonstrated a typical diffusion pattern from the land to the sea. Principal component analysis and cluster
analysis of the data showed the major gradients, similarities of localities and the variables of importance in terms of overall
variability in the pollution characteristics. It is concluded that the level of pollution is increasing at an alarming rate, which
is detrimental to the biodiversity of the coastal area.
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Introduction

The coastline of Pakistan is about 1050 km which is divided
into Sindh and Balochistan coast. The length of Sindh coast
is approximately 250 km whereas Balochistan coast com-
prises of 800 km. Karachi coastline is about 60 km. Karachi
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is the seventh largest city in the world. The city is recognized
as the financial hub of the country which comprises of 45%
industries of the country. It is also the most populous city of
the country having an estimated population of 23.5 million.
The total area of Karachi is approximately 3527 km?.

The major industrial zones of Karachi are SITE(Sindh
Industrial Trading Estate), LITE (Landhi Industrial Estate),
HITE (Hub Trading Estate) and KIA (Korangi Industrial
area). It has been estimated by Khan and Shaukat (2008),
and the city is producing > 350 MGD of domestic and indus-
trial wastewater. Only a small fraction of this wastewater is
partially treated at a few functional wastewater treatment
plants of the City District Government (Sajjad et al. 2009).
The remaining untreated wastewater is discharged annually
in the coastal area (Saleem 2002; Siddique 2006). Needless
to say that the remaining untreated wastewater is discharged
into the coastal area through Lyari and Malir rivers (Saleem
2002; Siddique 2006).
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Karachi coast is heavily polluted due to industrial, munic-
ipal, port and transportation activities (Qari et al. 2005;
Rizvi et al. 1988; Saifullah et al. 2002) with the consequence
that Karachi coast is one of the most deteriorated and pol-
luted area in Pakistan (Khan and Khan 2001).

Indiscriminate disposal of untreated industrial and
domestic effluent accumulates at the coast as heavy metals,
xenobiotics, persistent organic contaminants, and excessive
nutritional loadings (Akhtar et al. 1997; Alamgir et al. 2017;
Beg et al. 1992; Bissen & Frimmel 2003; Bleninger et al.
2011). Several studies described the doom of coastal pollu-
tion as well as the EEZ of the country, counting Karachi’s
coastal area (Ahmad 1997; Ahmed 1977, 1979; Beg et al.
1975; Haq 1976). This situation is alarming because of the
huge pollution load that is routinely discharged into the sea
without being treated, harming aquatic biodiversity and
tainting seafood. In contrast, the majority of the untreated
wastewater in Karachi is dumped into the sea at a shallow
depth.

There are two major ports in Karachi namely Karachi
Port and Port Qasim while in addition to these ports, two
fish harbors namely Karachi and Korangi fish harbors are
also operative. Arabian Sea passes through these ports. Port
Qasim is a deep-water seaport and the second busiest port
along Arabian sea of the country catering 35% of the cargo
while Karachi Port handles more than 60% of all outward
trade of Pakistan. This paper focuses on anthropogenic
impact on Port Qasim.

Materials and methods
Study area

The total area of Port Qasim is about 12,000 acres. Gharo,
Kadiro and Phiiti creeks constitute the approach channel to
Port Qasim. These creeks are linked with mangrove patches
and mud flat ecosystems (Amjad and Khan 2015). The creek
system is approximately 28 km long and its width ranges
from 250 m to 2.5 km. Within the jurisdiction of the Port
Qasim, many industrial zones are operating out of which
approximately 80% of the Pakistan’s automotive industry
is located at Port Qasim. Two other major industrial setups
located at Port Qasim are Pakistan Steel Mills (PSM) and
K- Electric Power Plant. The port is located adjacent to the
Bin Qasim town. The navigation route at Port Qasim is in
fact the old channel of Indus River. The shipping vessels
up to 75,000 tons (dead weight) reach to the port through a
45-km long Navigation Channel. On the other hand, the port
is connected to national highway which is located at a dis-
tance of 15 km. The national railway network is also present
at about 14 km from the port. Rapid industrialization and
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urbanization in the past few decades stimulate the generation
of industrial effluent in the study area.

The PQA region is also marked with an island commonly
known as Bundal Island which is one of the biggest island
in the study area. Economically that island may be used as
landing place, however, this aspect has not been investigated
in detail by the concerned authorities. The total length of
the island is 8.0 km. Its northern side is bit wider (4 km),
while its southern portion is approximately 1.0 km which is
occupied by thick mangrove swamps. Geomorphologically,
the island mostly comprises of sand dunes with sparse veg-
etation. At the south of Bundal island, there is a small area
comprises of dry sand which is recently emerged and known
as Buddo island (Haider 1991; Siddiqui and Maajid 2004).

Sampling

For the present study, the biochemical survey was performed
during 2015. The sampling campaign was conducted from
pre-designated locations. The sampling points were care-
fully chosen to cover the whole study area. The sampling
points correspond to those sites from where the untreated
domestic and industrial effluents enter into the port area.
Twenty-three surface water samples were collected from the
study area (Table 1). A map of the sampling locations is
shown in Fig. 1.

Collection of samples

Sea water samples were collected from the surface (approx.
10 cm) with metal free Niskin bottle from the sites approach-
able through feet. A fishing boat was also hired for the col-
lection of samples from the creek area. The collected water
samples were preserved in sterilized amber glass bottles
for later analysis. Periodical quality controls checks were
undertaken to obtain a reliable analytical dataset. All sam-
ples were grab collection.

Physical parameters

pH, Dissolved Oxygen (DO) and salinity were measured
in situ using portable meters. pH was recorded using pH
330i/SET, WTW, Germany. Salinity was measured by Inolab
3201 WTW, Germany. DO was estimated using Jenway
6301 DO meter. The DO probe was immersed in the sample
stream to an adequate depth and in a manner to ensure suf-
ficient sample movement across the probe-sensing element.

Biochemical and chemical parameters
The organic pollution of the study area was determined

through BOD4 (Biochemical oxygen demand and COD
(Chemical oxygen demand). The former was determined
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Table 1 Sampling sites of Port

3 Sampling site
Qasim coastal area png

GIS coordinates

Site adjacent to

PQ-1

PQ-2

PQ-3

PQ-4

PQ-5

PQ-6

PQ-7 24°47'56.42"N,
67°17'28.31"E

PQ-8 24°46'46.53"N,
67°17'44.38"E

PQ-9

PQ-10

PQ-11 24°46'52.05"N,
67°22'31.55"E

PQ-12

PQ-13 24°46'18.92"N,
67°25'38.42"E

PQ-14 24°44'45 37"N,
67°325.36"E

PQ-15

PQ-16 24°47'4.09"N,
67° 824.88"E

PQ-17 24°47'9.57"N,
67° 8'40.69"E

PQ-18 24°46'37.29"N,
67° 7'30.55"E

PQ-19 24°45'20.87"N,
67° 6'54.43"E

PQ-20 24°43'59.78"N,
67°9'3.75"E

PQ-21 24°45'0.33"N,
67°5'13.49"E

PQ-22

PQ-23

24°48'48.09"N, 67°12'57.09"E
24°48'50.19"N, 67°13'12.40"E
24°48'50.32"N, 67°13'41.24"E
24°48'48.94"N, 67°14'12.75"E
24°48'20.48"N, 67°16'43.72"E
24°48'20.63"N, 67°17'49.01"E

24°46'37.26"N, 67°18'0.61"E
24°46'45.20"N, 67°22"2.37"E

24°46'30.88"N, 67°24'34.47"E

24°44"24 91"N, 67°35'30.69"E

24°43"27.89"N, 67°10'32.92"E
24°44'46.44"N, 67°12'57.20"E

Industrial effluent from Landhi industrial area

Lut Basti jetty

Domestic effluent from Landhi town and Rehri Goth
Rehri goth jetty

Domestic waste from Cattle colony

Bridge near port Qasim close to mangroves

Port Qasim river (creek water)

Port Qasim river

Port Qasim river
Near Bin Qasim thermal power plant
Near Russian beach

Russian beach
Russian beach

Near Sindh coastal highway bridge

Gharo creek
Ibrahim Haidery Jetty #1

Ibrahim Haidery Jetty #2

Gizri Creek

Bundal Island

Bundal Island (Mangrove area)
Near DHA desalination plant

Buddo Island adjacent to Bundal Island
Buddo Island

through azide modification method while later was esti-
mated through dichromate reflux method using HACH
COD reactor. The nutrient parameters such as total
phosphate (TP) and total Kjeldahl nitrogen (TKN) were
estimated by molybdo-phosphoric blue and distillation
methods, respectively. Total cyanide was ascertained by
distillation method using Drechsel gas washing bottle.
Direct photometric method was employed for the Phenol
estimation. Oil and grease (n-Hexane extract) estimation
was performed by gravimetric technique. The above-men-
tioned parameters were determined in accordance with
the prescribed methods of (APHA 2005).

Sea water samples were also analyzed for As, Cu, Cr,
Ni and Pb through selective kits of Merck (NOVA 60),
Germany.

Data analysis

Descriptive statistics were computed for each variable
including mean, median, minimum, maximum, standard
deviation and standard error. PCA (Principle Component
analysis) was performed and eigenvalues, and eigenvectors
were extracted from the original variables. The eigenvalues
of the Principle component represent their associated vari-
ance, the contribution of the original variables in the PCs is
given by the factor loadings (eigen vector coefficients), and
the individual transformed interpretations are called scores
(Singh et al. 2004). Cluster analysis was accomplished on
the normalized data set by Wards method. The function of
Cluster analysis is to gather objects based on the character-
istics they have. In this multivariate analysis, the objects are
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Fig. 1 Sampling points of Port Qasim coastal area

classified on the basis of similar characteristics in the clus-
ter with regards to a predetermined selection criterion. The
subsequent clusters of objects showed high internal (within-
cluster) homogeneity and high external (between cluster)
heterogeneity (Wang and Zhang 2007). All the statistical
analysis were performed using STATISTICA (99 Edition)
software.

Results and discussion

PQA is receiving a very huge amount of untreated domes-
tic and industrial wastewater that is affecting creek system,
adjacent mangroves and its associated biodiversity. Tables 2
presents’ descriptive statistics of physical, chemical and
metal analysis of samples collected from PQA.

pH values presented significant differences in the PQA
area, wherein those sites which are under the influence of
anthropogenic activities represent higher pH values, while
the sites that represent relatively less polluted seawater have
relatively lower pH values. Overall, pH values of the sam-
ples ranged from 7.1 to 7.8 with a mean value of 7.36. The
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highest pH value (7.8) was recorded at PQ-1 and PQ-2 which
receive industrial effluents from Landhi industrial area.

The physiology and multiplicative capabilities of marine
biota are greatly influenced by the salinity (Kinne 1970).
Qasim (1982) reported that the surface salinity of Arabian
Sea varied from 35.4 to 36.6 %o and declined from north to
south. From Table 2, the mean salinity value in PQA was
37.07 %o that fluctuated in a range of 26.1 (PQ-1)-39.5 %o
(PQ-12). The results of salinity are in accordance with Kha-
toon and Hussain (2006). However, salinity is expected to
increase during summer due to continuous evaporation of
water because of high temperature.

The two pertinent factors that express the waste assimila-
tive ability of the coastal waters are DO and BOD (Thomann
and Mueller 1987). The mean DO concentration of the sam-
ples was 3.917 mg/l. The lowest DO (1.2 mg/l) was recorded
at PQ-10. This is the site that receives cooling water from
Bin Qasim Thermal power plant (Khattak et al. 2012). This
power plant generates 220 kV and situated about 50 km east
of Karachi. The effluent generated from the power plant is
discharged into the PQA at a location about 3 km from the
plant. The temperature of PQ-10 was as high as 60-65°C
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Table 2 Descriptive statistics

. . Parameters Mean Median Min Max Std. dev Std. error NEQS into sea

of physical, chemical and metal mg/l

parameters of water samples of

PQA pH 7365 13 71 78 0.195 0.041 6-9
Salinity (%o) 37.07 378 26.1 39.5 2.691 0.561 NA
DO 3917 42 1.2 53 1.194 0.249 NA
BOD; 3913 387 58 876 218.6 45.57 80
COD 1614 1798 656 2654 626.2 130.6 400
Total phosphate (TP)  3.211 2.34 086  7.87 2.095 0.437 NA
TKN 60.87 63 22 125 26.16 5.454 NA
CN 0.661 045 0.05 1.76 0.525 0.11 1.0
Oil and grease 137 154 54 212 54.99 11.47 10
Phenol 1.291 1.21 0.08  3.76 1.085 0.226 0.3
As 0493 048 0.05 1.45 0.319 0.067 1.0
Pb 5457 549 1.67 897 1.887 0.394 0.5
Ni 10.59 10.87 454 1584  2.687 0.56 1.0
Cu 8.023  7.98 376  11.22  1.988 0.415 1.0
Cd 1.758 1.78 098 245 0.298 0.062 0.1
Cr 10.15 10.87 2.67 18.54 3935 0.821 1.0

which could be the major cause of low DO value. High
temperature is negatively related with surface seawater
(Ghamrawy 1982). Mahmood (1990) also described that
DO concentration of seawater is inversely related to the
temperature. The highest DO (5.3 mg/l) value was recorded
at PQ-23 (Buddo Island). Khan and Saleem (1988) reported
DO values between 3.0 and 6.55 mg/l from Karachi fish har-
bor at Karachi Port Trust area, whereas Hussain and Samad
(1995) reported DO concentration of 2.4 to 6.7 mg/l from
Manora channel included in Karachi Port Trust area. It can
be argued that low DO concentration could be due to high
BOD values, which indicates the extent of stress on the eco-
system (Dhage et al. 2006). DO is greatly affected by the
elevated organic load responsible for exhaustion of DO in
the process of biodegradation (Babu et al. 2006). Aerobic
and anaerobic stabilization processes at water and sediment
interface also deplete DO that in turn regenerates nutrients
(Jgrgensen 1983). It can be noticed that all the sites except
PQ-5 and PQ-10 are still not facing hypoxic condition which
normally occur when DO concentration is < 2.0 mg/1 (Diaz
and Rosenberg 1995). Lower DO (< 4.0 mg/l) is likely to
occur in summer in both estuary and adjacent coastal waters
(Yin et al. 2004).

BOD is generally used to determine the oxygen demand-
ing potential of the wastewater. The mean BOD value
of PQA area ranged from 58 to 876 mg/l. High BOD
(> 600 mg/l) values are recorded at PQ-5 (Cattle colony
waste), PQ-14 (Near Sindh coastal highway bridge) and
PQ-15 (Gharo creek). Landhi cattle colony is one of the
world’s largest cattle colony spread over an area of 6.5 km?.
The colony has more than 0.4 million livestock in which
95% are buffaloes. The daily milking yield is 4.0 million

liters while the daily cow dung production is about 7200
tons. The colony fulfills 70% of the milk demand of Kara-
chi. Only a small portion of cow dung (250 tons per day)
is being picked up and used as an organic manure, while
the liquid waste is drained into the main sewer thorough
which it discharges into PQA area. This liquid waste con-
tains high organic loading as depicted in the BOD value
of PQ-5. PQ-14 and PQ-15 receive the waste from Landhi
industrial area, which represents high organic and inorganic
loads. Khan et al.,(2003) already reported high BOD values
from Gharo creek. Khan et al.,(2012) also described high
BOD values from Gizri creek area (PQ-18). A high BOD
concentration tends to reduce DO concentration as oxygen
is utilized by bacteria creating anoxic conditions detrimental
to marine life.

There is no palpable linear relationship between BOD
and COD in relatively clean seawater samples away from the
shore (Jin et al. 2009). A direct correlation exists between
BOD and COD in estuary heavily contaminated with sew-
age. The COD regime depicted similar trend as that of BOD.
COD values of all the samples ranged between 656 mg/l
(PQ-22, Buddo Island) and 2654 mg/l (PQ-1 Landhi indus-
trial area effluent). There are several sources of industrial
waste that eventually discharge into seawater of PQA area.
Moreover, untreated domestic wastewater from the nearby
settlements also finds its way to the sea. The quantity of
untreated effluent is sufficiently high that would possibly
adversely affect the PQA ecosystem. COD, in fact indi-
cates the level of water pollution by reductive pollutants
(Jin et al. 2004). Ahipathy and Puttaiah (2006) while work-
ing on Vrishabhavathy River in Bangalore (India) reported
that direct discharge of untreated domestic and industrial
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effluents into the river are responsible for the high organic
pollution that is represented by high BOD and COD values.

The anthropogenic and agriculture activities are main
sources of nutrient parameters in an aquatic ecosystem that
mainly emerge from non-point sources therefore, difficult to
manage, regulated and treated (Carpenter et al. 1998).

Orthophosphoric acid is the principal form of dissolved
inorganic phosphate that exists in the sea. Martin (1972)
suggested that the average concentration of dissolved
orthophosphate in the seawater is 73 pg/l. Boto (1982)
opined that the concentration of 31 pg/l is considered as
low. The mean concentration of total phosphate of the sam-
ples was 3.21 mg/1 (0.86—7.87 mg/l). Minimum concentra-
tion (0.86 mg/l) was found at PQ-10 (Bin Qasim thermal
power plant). Low concentration of PO*~ at PQ-10 is due to
high temperature of seawater which does not allow phyto-
planktonic activity. Highest concentration (7.87 mg/l) was
recorded at PQ-3. This is the site which receives domes-
tic effluent from Landhi town and Rehri goth. PQ-6, PQ-7
and PQ-20 represent the area close to the mangroves. At
these sites, the phosphate concentration was 4.72, 4.11 and
6.9 mg/l. Vazquez et al. (2000) reported 18 ug/l of phos-
phates from mangrove areas that seems to be quite low as
compared to the phosphate concentration of the samples in
the present study. High concentration of phosphate is mainly
attributed to phytoplanktonic activity. Excessive input of
nutrients in the form of nitrate and phosphate is responsible
for eutrophication. In the Mediterranean coastal lagoons,
large input of nutrients (i.e., N and P) causes eutrophication
in summer. High concentration of phosphate is deposited in
the sediments of these lagoons that can serve as a reservoir
of phosphate (Mesnage and Picot 1995).

Land-based Nitrogen (N), mainly of anthropogenic ori-
gin, can be attributed to variation in estuaries and coastal
waters all over the world that eventually leads to eutrophica-
tion. It has been reported that the exchange of nutrients in
the tidal waters is strongly influenced by seasonal fluctua-
tions (Rivera-Monroy et al. 1995). However, the seasonal
fluctuation with regards to direction or magnitude of nitro-
gen fluxes has not been clearly differentiated in mangrove
ecosystems (Valiela and Cole 2002). The coastal nitrogen
cycling in mangroves area may bear similarity to saltmarsh
ecosystems that exhibits the process of nitrogen exchange
(Whiting et al. 1989).

In coastal lagoons, the predominant form of inorganic
nitrogen is ammonium (Serpa et al. 2007). In the present
study, the attention was, however, focused on the available
nitrogen in the form of Total Kjedahl nitrogen (TKN). The
average TKN of all the samples was 60.87 mg/l. The highest
concentration was recorded at PQ-5 (125 mg/l). This is the
site receiving untreated discharge from Landhi cattle colony
which contains a very high organic load that is responsible
for high TKN concentration.
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Cyanide is widely used in electroplating, metal refin-
ing, organic chemical production and many other processes
(Nagaraja et al. 2002). These industries are located both in
formal and informal sectors of PQA area. Cyanide forms
complex compounds which are often less toxic as compared
to free cyanide (Fuller and Randle 1984). Cyanide is also
widely used for fish collection in many countries of the
world. It is reported that acute toxicity to cyanide may cause
death within 96 h at a concentration of 0.1-0.3 mg/l (Dou-
doroff 1980). The concentration of cyanide ranging between
0.005 and 0.01 mg/1 exhibits adverse effect on fishes in the
form of abridged growth, compromised swimming enact-
ment, augmented metabolism inhibition and increased
respiratory rates (Leduc 1984). Cyanide also caused des-
quamation of filamental epithelium at the concentration of
0.05 mg/1 in freshwater fish Gnathonemus petersii (Alazemi
et al. 1996). As reported by some workers, very little scien-
tific research has been published on the effects of cyanide
on marine fish (Rubec and Pratt 1984). The mean concentra-
tion of cyanide was 0.661 mg/I (range 0.05-1.76 mg/1) with
the highest concentration recorded at PQ-5. It is interesting
to note this site receives untreated discharge from Landhi
cattle colony where there is no apparent source of cyanide;
noticeably, this needs further investigation. Continuous
accumulation of cyanide in the study area could be lethal
to the marine life.

Oil pollution is a major contributor that deteriorates
marine water quality (Abdullah et al. 1996). Dispersed oil
causes an increased toxicity to marine life therefore, lethal
for marine biodiversity. (Anderson et al. 2009; Bartoli
et al. 2001). The mean concentration of oil and grease was
137 mg/l. The lowest concentration (54 mg/l) was recorded
at PQ-19. This site is adjacent to the Bundal Island where
there is no apparent source of oil and grease. It may be
due to the fact that oil and grease accumulated at the area
because of wind direction. At PQ-6, the highest concentra-
tion (212 mg/1) was estimated. The site receives wastewater
from nearby oil refineries.

The presence of significant amount of oil and oil products
to any water body causes an immediate rise in the BODj
due to the activities of hydrocarbon degraders and the con-
sequent blockage of oxygen dissolution. Oil and grease also
hamper the dissolution of atmospheric oxygen in water
thereby creating hypoxic conditions detrimental to marine
life. Routine fishing and navigation operations in the study
area are also a major source of oil and grease. A sizeable
amount of oil also tends to sink in the bottom and contin-
ues to deposit where they undergo microbial degradation
owing to anoxic environment. Relatively high values of oil
and grease have been reported in the Chinna creek close to
the study area (Khan and Shaukat 2008).

Phenol is often considered as one of the principal com-
ponent of industrial wastewater particularly chemical
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industry. Phenol is also present in appreciable quantity in
the discharges of metal industry, pharmaceutical, paint and
varnish industries, textile industries, etc., (Navarro et al.
2008). However, the information about the phenol toxic-
ity at ecosystem level is limited (Saha et al. 1999). It has
been reported that photolysis is the primary transforma-
tion process for the polychlorinated phenols (Hwang et al.
1986). In this context, Eklund and Kautsky (2003) found
that macroalgae are more sensitive than other aquatic organ-
isms to phenol. The mean phenol values of the samples were
1.29 mg/l. The highest phenol concentration (3.76 mg/l) was
observed at PQ-4 (Rehri goth Jetty). Elevated concentra-
tions of phenol are mainly due to the untreated discharges
of industrial origin from the PQA and adjoining industrial
area. Limited concentration of phenol is also attributed to
the use of janitorial agents. In the vicinity of the study, a
large number of tanneries are also located where phenol is
one of the constituent in their effluents. Phenol is detrimental
to marine life forms even at concentration as low as 5 pg/l
(Navarro et al. 2008).

Table 2 represents the mean concentration of all the
metals present in samples. The availability of metal con-
centration was in the order of Ni> Cr>Cu>Pb>Cd> As.
Nickel is primarily used in the manufacturing of stainless
steel but also as a catalyst in industrial processes and in oil
refining (Kara 2005). The mean Ni concentration of all the
sample was 10.59 mg/L. The minimum concentration of Ni
(4.54 mg/l) was found at PQ-20 (Bundal Island), while the
highest concentration (15.84 mg/l) was observed at PQ-3
(effluent from Landhi and Rehri goth). Qari and Siddiqui
(2008) reported Ni concentration of 0.07-1.86 mg/l from
the sea water samples collected from Nathia Gali at Karachi
coast. Low concentration of Ni at Nathia Gali is due to the
fact that this area does not receive any industrial discharge
directly. Saifullah et al., (2002) reported much lower concen-
tration of Ni (0.11 and 5.01 ppb) from Sandspit and Korangi
creek along the Karachi coast. Even at harbor they reported
the values of Ni close to 1 ppb.

In Karachi, Cr is used in a variety of industries (Saha
et al. 2011). There are several tanning industries in Kara-
chi converting raw hides or skins into leather where a huge
quantity of chrome sulfate is used, which prevents penetra-
tion of water into leather pores and provides thermal stability
(Baral et al. 2009). Hexavalent chromium is often consid-
ered toxic mainly originating from human activities (Saha
and Orvig 2010). In addition, a number of paint industries
are also located in PQA area used lead chromate for paints,
inks and plastics. The mean concentration of Cr in all the
samples was 10.15 mg/l. The minimum concentration of
Cr (2.67 mg/l) was recorded at PQ-20 (Mangroves area at
Bundal island), while maximum concentration was at PQ-3
(18.54 mg/1). High concentration of Cr is also attributed to
the textile industries effluent where Cr is mainly used in

dyes. Cr salts are also used as an anticorrosive agents in
many industrial setups. Qari and Siddiqui (2008) reported
Cr concentration of 0.05-1.04 mg/] form the Karachi coast
which is much lower than the concentration reported in the
present study.

Cu and Pb are related to the concentration of nutrients
and their concentration varied seasonally. Copper, however,
is the most commonly tested metal followed by zinc, cad-
mium, mercury, and lead in order of number of test results
(Eklund and Kautsky 2003). Copper is an extensively used
in many applications like transportation, manufacturing, cur-
rency, transportation of electricity, construction and agri-
culture field (Barceloux and Barceloux 1999). The major
sources of Cu in the study area are the nearby chemical
industries. The urban runoff appears to be the major source
of Cu in the area. Urban runoff plays an important role in
copper inputs to natural waters (Sodré et al. 2005). The con-
centration of Cu varies from 3.76 (PQ-22. Buddo Island) to
11.22 mg/L (PQ-3).

In the PQA area, Pb and its compounds are used in elec-
troplating, construction materials, dyes, surface coatings,
batteries and plastics as reported by (Kara 2005). The mean
concentration of Pb in all the samples was 5.45 mg/l. The
lowest concentration of Pb was found at PQ-23 (1.67 mg/l),
while the maximum concentration was found at PQ-5
(8.97 mg/1). Another possible source of Pb in the samples is
the fuel used for operating the fishing vessels. The fishing
vessels in the area are mostly operated through petrol or
diesel. These defective boats render the spillage of the fuel,
which is a common problem in the area.

Cadmium is a relatively rare heavy metal, and its occur-
rence in sea water mainly owes to anthropogenic activi-
ties (Nriagu 1988), metal smelting and refining, fossil fuel
burning, application of phosphate fertilizers, sewage sludge
(Kabata-Pendias 2004). Cadmium also occurs in road dust
due to its presence in automobile fuel and in soil (Faiz et al.
2009). Minimum and maximum concentration of Cd ranged
between 0.98 mg/l (PQ-23), while maximum (2.45 mg/1)
was found at PQ-2. This would mean that Cd is mainly com-
ing from the fuel used for navigation purposes and also from
oil industries.

The toxicity of different arsenic species varies in
the order: arsenite > arsenate > monomethylarsonate
(MMA) > dimethylarsinate (DMA) (Sturgeon et al. 1989).
The concentration of arsenic in natural waters depends on
the geological composition and the degree of pollution of
the environment (Jain and Ali 2000). The anthropogenic
activities lead to the release of As in the environment may
include use of arsenical pesticides, wood preservative and
smelting of metal ores (Bhattacharya et al. 1995). The mean
concentration of As of all the samples is 0.49 mg/l. The
lowest value was recorded at PQ-22 (0.14 mg/1), while the
maximum value was found at PQ-21 (1.45 mg/l). It seems
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that the possible source of As in the study area is anthropo-
genic rather than natural.

Apparently, the sources of these metals are mainly the
untreated industrial discharges. Maximum concentration of
all the metals found at PQ-3. This was mainly due to the fact
that the site receives untreated wastewater of both domestic
and industrial origin. The health risks associated with these

metals are also of great concern and noticed by many work-
ers (Eriyamremu et al. 2005; Muchuweti et al. 2006).
Principal component analysis of seawater samples of PQ
coastal area is presented in Table 3 and Fig. 2. The magni-
tude of variance covered by each PC depends on the com-
parative value of its eigenvalue to the total sum of eigenval-
ues (Wang and Zhang 2007). The first three components of

Table 3 Results of PCA of

) 5 Component Eigenvalue Percentage variance Cumulative First 5 eigen- Associated variables
physical, chemical and metal percentage vari- vector coef-
ge(l)rimeters of water samples of ance ficients
1 7.256163  45.35102 45.35102 0.235454 As
0.371441 TP
0.419730 CN
—0.545973 Salinity
0.586485 TKN
2 2.667507  16.67192 62.02294 0.078280 pH
—0.103762 Pb
0.106020 DO
—0.168704 Phenol
—0.172343 COD
3 1.293342  8.08339 70.10633 —0.054764 CN
—0.081638 COD
0.151077 As
0.156688 Oil & Grease
—0.160358 Cu
Fig.2 Principal component
analysis ordination (3D) of
physical, chemical and metal 5
analysis of PQA
2 5 ( 4 O
’ 15
1 5 f 3 6|1 6/ 4 o
5 F 2 1QO 18
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Fig.3 Dendrogram derived 1400
from Ward’s method of 23 sites
based on physical, chemical and 1200
metal analysis of PQA
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5 400
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seawater (Table 3) explained 70.10 percent of the cumula-
tive variance. The first component that accounted for 45.35
percent of total variance is governed by As, TP, Cyanide,
Salinity and TKN. The second component that explained
16.67 percent variance is controlled by pH, Pb, DO, Phenol,
and COD. The third component exhibited 8.08 percent of
the total variance is attributed to cyanide, COD, As, Oil and
grease and Cu.

The dendrogram derived from cluster analysis shows two
main groups (Fig. 3). The group on the left shows less pol-
luted samples with lesser values of BOD and COD as well
as other pollutants. By contrast, the group on the right com-
prising of 15 samples essentially represents polluted sites.
To a great extent, the results of cluster analysis accord with
the PCA ordination.

Conclusions

On the basis of the extent of the pollution load, the
sampling stations can be divided into two main groups.
The sampling stations that receive industrial discharges
directly from the non-point sources are more polluted than
the sampling stations found within the creek area. PQ-5 is
receiving wastewater from a Landhi cattle colony which
exhibits a very high-organic load. In addition, the heavy
metals concentration was also relatively higher than other
sampling stations. At PQ-10, the temperature of seawater
is very high owing to the dumping of cooling water from
the Bin Qasim thermal power plant, which has rendered
the area deprived of marine biodiversity. PQ-1 and PQ-6
are receiving untreated industrial effluent from the Landhi
industrial state, which exhibits an extremely high pollu-
tion load both in term of organic and inorganic forms. The
sampling stations closed to the Bundal Island are relatively
less polluted. This could be mainly due to the dilution

PQ-22

PQ-23
PQ-10
PQ-16
PQ-21
PQ-18
PQ-17
PQ-9
PQ-8
PQ-7
PQ-6
PQ-4
PQ-15
PQ-14
PQ-5
PQ-3
PQ-2
PQ-1

factor. In general, the concentration of COD, TKN and
oil and grease is exceptionally higher in most samples,
which is detrimental to marine biodiversity. Although,
DO concentration was low, but still it may prevent anoxic
conditions. From the ecological viewpoint, the concentra-
tion of phenol and cyanide was much higher although no
significant point source of these pollutants was identified.
Nutrient parameters were relatively higher in concentra-
tion in the samples collected from the mangroves area. Out
of heavy metals, the concentration of Ni was exceptionally
higher followed by Cr which is an indication of industrial
discharges coming from tanneries. The presence of high
concentration of lead indicates the use of lead containing
fuel used in the defective motorboats particularly used for
fishing. Principal component analysis and cluster analysis
were found to be useful techniques to disclose the trends
of pollution load inherent in the data.
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