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Abstract

The study was undertaken to find out the possible pollution of Karachi coastline as it’s under the grip
of multifarious pollution. Water quality was assessed using the parameters Biological Oxygen Demand
(BOD5), Chemical Oxygen Demand (COD), Dissolve Oxygen (DO), Oil and Grease, Phosphate, Total
Kjeldahl Nitrogen (TK]), pH, salinity and Heavy metal (Lead, Arsani, Nikal). pH and salinity were recorded
in the range of 7.2- 7.8 and 33-38% in all the targeted samples. Significant high value of COD and BOD5
recorded in all the samples especially Ghizri creek (306+£0.8mg/1) and Hawskbey (1216+7.3mg/1). The
concentration of heavy metals found in order of following Ni > pb > As. Showing that creek area has high
amount of metal concentration that open sea. Permisible amount of Dissolved oxygen (DO) were recorded
in all the samping area (4.1-5.3mg/1). The lowest amount were recorded in sea view (4.1+0.1mg/1). In
cumulative results of water quality, the level of pH ranged between (7.8-7.2mg/1), highest value have been
found in Paradise point (7.8+0.05). Concentration of oil and grease were detected in the range of (8.1
-10.6mg/1), with high value measured at Sandspit (10.6+0.02mg/1). The study showed the concentration
of Phosphorus and Total Kjedal nitrogen (TKN) focus on the available nitrogen were in the range of (1.1-
2.7mg/1) and (71-75mg/1) respectively. Highest amount of phosphus detected in the sample of Hawskbey
(2.7+0.13mg/1) and TKN recorded in Ghizri creek site (75+0.7mg/1). The results justified the current
situation of Karachi coastline responsible for the ecological imbalances and loss of biodiversity in that
areas. To stop these imbalances administration should pass anti-pollution law for beaches. Installation of
treatment plant to stop hazardous waste pollution will also be effective in this regard

Keywords: Coastline; Pollution; Creeks; COD and BOD5

Introduction

Pakistan endowed with the diversified and long coastal area which constitutes a key
role in the economy of Pakistan. The coastal area of Karachi starting with Hub River outfall
and ends with the Korangi creek. Land-based activities such as industries, agriculture and
0il spills from oil tankers and cargo ships have widely contributed to degrade the quality of
sea water. According to the estimate Karachi city produce 300 million gallon water each day
and this untreated wastewater entirely received by the coastal areas, creeks and mangrove
system. The Movement of wind and tidal flushing are the two main factors to make the waste

enter the open sea from Karachi harbor, korangi and Ghizri creek [1,2].

Coastal environment considers as the universally important ecosystem due to its biologi-
cal richness [3]. As a matter of marine pollution and public health concern water quality of an
open sea has now become an important issue all over the world. Rapid industrialization and
discharge of untreated wastes along river system and coastal areas has brought a substantial
increase in marine pollution [4]. Contamination of open sea water not only diminishes the
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ecosystem community, but they may interference the human activi-
ties, i.e. swimming, bathing and other recreation [5,6].

Municipal and industrial wastewater discharge from Layari
and Malir rivers constitutes a constant polluting source. The heavy
polluted discharge without any treatment is responsible for serious
environmental implications, for instance, the spawning area for the
fish’s nursery are critically affected by the toxic pollutants [7-9].
Azis et al. [10] reported the water quality of San Andres island that
have been affected by the direct discharge of sewage water. He sug-
gests the increase in nutritional enrichment of coastal water and
microbial contamination by waste effluent. Kanu & Achi [11] find
out the alarming pollution in Nigeria river due to agriculture and
industrial runoff.

Heavy metal contamination in coast is a particular concern
Jilani [12] reported the elevated levels of heavy metals (Zn, Mn, Fe,
Cu, Ni and Pb) in Karachi costal water. She highlight the metal con-
centration was due to Malir and Lyari river. However, her finding
suggest the fish Harbour of Karachi was more polluted compared
with open sea. Studies conducting by Zaqoot et al. [13] shows the
same result i.e. level of pollution decreased from the Karachi ha-
bour to the open sea. Alamgiir et al. [14] reported the quality of
Korangi creek water he findout heavy metals level in following or-
der Pb>Cu>Cr>Ni>Zn>As. The reflected update of water quality is
alarming the concentration may deposit to the sediments or could
affect the aquatic environment by bioaccumulation and bioassimi-
lation.

Estimation of heavy metal in west wharf Karachi fish harbor
Estuary sediments indicates high metal concentration Pb 930-
1230mg/kg, Cd 987-1240mg/kg, Cr 428-706mg/kg, Zn 1260-
1410mg/kg and Hg 118-242mg/kg) [15]. Coastal area of china also
encounter with heavy metal pollution scientist found evaluated
amount of Fe, Cr, Cd, Ni, Mn and Pb. Further investigation reveals
bioaccumulation of heavy metals on fishes and benthic bivalves in
Laizhou Bay [16,17]. Assessment of heavy metal at Coast sediments

of Aqaba Gulf Egypt states the presence and distribution of Fe, Mn,
Zn, Ni, Co, Cr, Cu, and Cd. In the beach of the Sinai significant amount
of Hg (14.938ng/g) measured. Samples collected from the coast of
Egyptian Red Sea shows results in decreasing order Fe > Mn > Zn
> Cr > Ni > Pb > Cu > Cd [18,19]. Previous studies supported that
the coast of Karachi loaded with high organic pollutants and heavy

metals concentration.

However, the effluent not only affecting the health, but also
source environmental and socio-economical loses [20,21]. It has
been found that the effluent not only progressively worse the wa-
ter quality, but they may also responsible to the outbreak of acute
infections and severe illness like dermatitis, Gastroenteristis issues
and pulmonary illness [5,22-25]. Pollution in marine provides a
favorable environment to compete and fill out. Shaheen et al. [2]
reported the prevalence of Escherichia coli, streptococcus angino-
sus and Vibrio alginolyticus as a dominate species in the water of
Korangi, Ghizri and Chinna Creek. Neelam et al.,, (2018) enlist the
high incidence of Bacillus spp, Escherichia coli, Staphylococcus au-
reus and Pseudomonas aeruginosa. Janelidz et al. 2011 reported the
prevalence of Vibrio bacteria, and Escherichia coli in black sea. In
this assessment objective was to examine the pollution load through
the selective parameters in the coastal environment of Karachi. We
are hoping the study findings will help concerned authorities and
regulation body to controlling the marine pollution by reduce and

preserve the marine nature resource.

Material and Methods

Sample location

In this reaserch work samples are collected from the Costal
area of Karachi. Presently the coast of Karachi is highly polluted.
A total number of six location were selected for the assessment of
pollution in open water or in creek water. All the samples sites are

located in Figure 1.

Figure 1: Mape showing the study area.
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Sample collection and analysis

Clean glass bottles of 1000ml were used to withdraw the sam-
ples. Salinity, pH and DO were analysis on site, the subsequent sam-
ple for further parameter analysis transported to the Institute of
Environmental Studies, University of Karachi. Preservation of sam-
ples were done by the prescribe standard protocol [26].

The water sample of Coastal area were analyzed for Biological
Oxygen Demand (BODS5), Phosphate, Chemical Oxygen demand
(COD), Dissolved Oxygen, salinity, pH, Oil and grease, Total Kjeldahl
nitrogen (TKN) and Heavy metal parameters (As, Pb and Ni).

pH and salinity

pH of the sample was measured by using ph portable meter
(Model-220) and salinity was measured by using INOLAB WTW
meter.

Determination of Total Phosphate

Total phosphate in the samples was determined by processing
the filtered sample with concentrated 11N H,SO, with 0.4gram of
solid aluminum persulphate. Then the mixture were disgested in an
autoclave at 15psi for half an hour.

After digestion the sample was filtered and treated with the
mixture of reagent (H,SO,, antimony potassium tartarate, ammo-
nium molybdate solution and ascorbic acid). Before the adding of
this reagents the pH of filtered was Adjust to 7. The results of pho-
rusphose were calculated by colored complex readed in Uv spectro-
photometer at 750nm [27].

Determination of oil and grease

The method used to the determination of oil and grease in
water is n-hexane method. A significant amount of sample were
treated with HCI to acidified at pH2 and hexane used as solvent.
The samples was kept in shaking water bath for overnight period.
Next days by using separatory funnel hexane layer was separated
and amount of oil and grease extracted in hexane was estimated by
granimetric method [27].

Dissolved Oxygen Measurement

The amount of Dissolved oxygen in sea water were determined
using HACH sension 156 multiparameter DO meter. It is noted by
immersed the probe in sample to the mark depth and ensured that
the sufficient sample movement across the probe sensing element
done.

Determination of Total Kjeldahl Nitrogen (TKN)

Sampling digestion: An adequate amount of sample (50ml)
was carefully transferd into Kjeldahl apparatus mixed with

Mercuric sulphate and potassium sulphate solution. The sample

in the flask allowed to heat on a low flame till it become colorless
or pale yellow. The suspension of digested sample was made by
the filling 30.0ml distilled water. After this sample is distilled by
transferred to kjeldahl apparatus with 10ml sodium thiosuphate
and NaoH. The sample was distilled and collected in Nessler’s tube
containing 5ml boric acid solution. Finally, the distillate was allow
to cool and diluted upto 50ml with distilled water.

Procedure of Titration: The samples after diluted procedure
were titrated with 0.02N sulfuric acid follow by the few drops of
mixed indicator (2 parts of 0. 2% Methyred and 1 part of 0.2%
Methylene blue in 95% Ethanol) matching the end point against a
blank containing the same volume of distilled water and boric acid

solution and calculating by using the formula describe below [27].

Total kjeldahl nitrogen (gj = X-b X 280
1 Volume of the sample (ml)

Where,

x = Volume of 0.02N H,SO, ( Standard solution) added in titrat-

ing the water sample.

B = Volume of standard 0.02N H,SO, used in titrating the blank.

Heavy metal analysis Parameters

In laboratory, Significant amount of sample were dried at con-
stant weight to remove water. 5ml of dried sample was transferred
to a pre-weighted china dish and digested with concentrated nitric
acid under the fuming hood. The digestion was continoued till the
colour of sample become transparent. 10ml of 2% HNO, acid were
added into the digest sample followed by deionized water. After
this Sample was filtered through whatman filter paper of 0.45mp
pore size. Heavy metals such as As, pb and Ni in were detected using
(Perkin Elmer-3100) Atomic Absorption Spectrophotometer [28].

Chemical Oxygen Demand (COD)

COD was determined by dichromate reflux method using HACH
COD reactor. Sample of amount 2ml diluted was refluxed for 2 hour
with H,SO,, 0.025N K,CrO,, Ag,SO, and reagent and to find out the
consumption of K,CrO,.The remining reagent was then titrated
against standard 0.1N ferrous ammonium sulphate solution using
ferroin indicator as per APHA [27].

Biological Oxygen Demand (BOD5)

300ml of samples kept in BOD bottles by adding 2ml of MnSO,
and Alkail-lodide azide solution. Shake the bottle by inverting the
content. Kept the bottles for 15 minutes to settle down the precip-
itation. To dissolved the precipitation 2ml of sulfuric acid (Conc)
added in bottle. Withdraw 200ml sample in flask and titrated
against 0.025N NaS,0, by using 2-3 drops of starch solution as an
indicator.
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Statistic Analysis

Cluster analysis: Cluster analysis (Hierarchical clustering)
was applied to identify and organized large different water quality
parameters data into groups on the bases of the similarities,
dissimilarities and characteristics [29]. Cluster analysis performed
according to the Ward algorithmic method. Results are shown in
the formed of dendrogram where procedures in the hierarchical
clustering solution and values of the distances between clusters
(squared Euclidean distance) are represented as a similarity

measurement [30].

Result and Discussion

Coastal water is one of the important natural resource for any
country. Previously a number of worst events have been hit on the
coastal sites of Karachi which continuously deteriorate the quality
of water. Effluent from industries and municipal sewage water ac-
counts major pollution. According to the study of Mashiatullah et
al. [31] in addition to the inorganic pollutant 1,500 tons of BOD are
regularly dumped into the sea by industries. Lyari [1] Malir river
are the two mainstream which dump industrial effluents and do-

mestic sewerage.

Korangi Creek
Ghizri Creek
Sea view
Sandspit
Hawsk bay

Paradise

6.6 6.8 7 7.2 74 76 7.8 8

Figure 2: Distribution of pH along coastal area.
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Figure 3: Percentage of salinity in coastal water samples.

In this study all the samples were analyzed for the Biological
Oxygen Demand (BOD5), Chemical Oxygen Demand (COD), Dis-
solve Oxygen (DO), Oil and Grease, Phosphate, Total Kjeldahl Nitro-
gen (TK]), pH, Salinity and Heavy Metal (Lead, Arsani, Nikal). Table
1 states all the descriptive results of the targeted parameters. The

pH and salinity of all the samples range between 7.2-7.8 and 33-
38% (Figure 2 & 3). The highest pH and salinity is recorded at Para-
dise point. The study conducted by Zaqoot et al. [13] reported 7.75
pH level of Ghizri creek due to the korangi industrial effluent. Same
pH was reported by Mashitullah et al. [31] from the waste water of
layari river (Figure 4). During the study highest BOD and COD were
found in the samples of Ghizri creek (Figure 5 & 6), highest BOD
accountes the organic decomposition of untreated sewage waste
and COD value attributes the accumulation of toxic waste in Ghizri
creek area (Figure 5 & 7). The permissible limit according to NEQs
for being 200mg/L for industrial discharge and 80mg/L for domes-
tic discharge, Whereas for COD the value is 400mg/L [32]. All the
samples were recorded as an elevated value than permissible limit.
It may be due to the fact that along with Ghizri and Korangi creek,
coastal water body may also contaminate from the nearby catch-
ment. Jin et al. [33] states that there is no direct relationship were
present between COD and BOD in seawater samples.

Korangl Creek
Ghizri Creek
Sea view

= Ni

Hawsk bay s

mPb

Paradise

Heavy metals

Figure 4: Station wise varation of Heavy metals on
different sample sites.

Korangi Creek
Ghizri Creek
Sea view
Sandspit
Hawsk bay

Paradise

BODS

Figure 5: Station wise varation of Heavy metals on
different sample sites.

Summary of metals analysis are deplicted in Table 1 reveals
high amount of Pb in all the sampling sites and it may also be not-
ed that among all the subjected heavy metals the concentration of
Lead (Pb) are not in the permissible limit of NEQS (Figure 4). The
lowest amount of Pb were recorded in site of Paradise (0.19+0.09)
and higest in korangi creek (3.5+0.6mg/1) followed by sea view
(7.5£0.05). These higest concetration of Pb is associated with the
high pollution load in lyari and malir river dump into the open sea.
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Paradise which is far aways from these sites may have the reason of
low Pb concentration in comparison to other sites. Study conduct-
ed in 2014 reported 0.001mg/1 of lead at the site of Sandspit and
in current research this level reached to 1.8mg/1 [12] The possible
source of pb in the water could be the fuel using to operate fishing
vessel. Lead is a potential concern of aquatic environment. Accord-

ing to the Australia and New Zealand (2000) marine water quality
guidelinethe concentration of lead should be 4.4pg/1 for the spiece
protection. Research finding highlight the accumulation of heavy
metals in marine birds as they being consume fishes from creeks
[32,34,35].

Table 1: Descriptive results of physico-Chemical parameters of Coastal water.

S:;“n‘l’ie pH Sal;‘:“" ?nog';f cop* Pb As | DO mg/1 ?}irle::: Ni :1&‘11'* TKN*
Paradise ig:gs 38+0.9 | 140+5 | 1212+5 0(').139“* i%.1045 4('381 9.3+0.3 8:8; 2.6+0.3| 71:0.8
T | 0os | ons |2erEas| TOF L 2s0n | gon U0 005 | oo | oas | 7106
sosom | G52 | L% meur | T 485 OB a8 mer | 085 | igiaa| rns
Sea view Z)’.?)si 8533 2619 12;3 * o701 %'})%g 41+0.1| 10+ 1.4 %.Z)ng %‘_61; 73£0.7
G| 2 Lo | | BT aseon] 0 | S | Sk | O aeas meor
Kg;:gkgi Z)'%g 33+0.8 | 270+ 18 12;’91 * 135:06 %'j); 42405 |7.2+04 %’f’); 2.6+0.8 | 75+ 1.7

TKN : Total Kjeldahl Nitrogen (mg/1)

*indicates the Value is mg/1

Korangi Creek
Ghizri Creek
Sea view
sandspit
Hawsk bay

Paradise

DO (mg/l)

Figure 6: Dissolve Oxygen level at different sample sites.

Korangi Creek
Ghizri Creek
Sea view
Sandspit
Hawsk bay

Paradise

DO (mg/1)

Figure 7: Concentration of COD estimated at coastal
water samples.

Korangi Creek |
Ghizr Creck |
Sea view ‘—
Sandspit
Hawsk bay
Paradise ‘—

] 2 4 6 8 10 12
0Oil and grease (mg/1)

Figure 8: Total Oil and Grease detecting in coastal water.

0il pollution is one of the main contributors to enhance pol-
lution in karachi sea. Currently coast of Karachi not seems to be
highly polluted by oil and grease. In aquatic environment they are
always unacceptable in any amount. Evaluation study shows about
15-20,000 tons of oil was unrestricted released annually into Kara-
chi Harbour and adjacent water bodies connected with it through
Manora channel (United Nation Economic and Social Commission
for Asia and the Pacific, 1996). Oil film formatted above the water
surface may reduce the amount of dissolved oxygen and affect the
marine biota. The range of oil and grease detected in Karachi coast
were (7.2 to 10.6mg/1) (Figure 8). The significant amount of pe-
troleum in water bodies can cause an immediate rise in the BOD5
level due to the degradation of complex hydrocarbon compound in
open sea. However the complexity and rate of biodegradation of
hydrocarbon dependents on the composition of oil and petroleum
products [36]. The results of Dissolved Oxygen (DO) comparatively
low in all the samples of Karachi sea water. The lowest amount of
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DO were recorded in the sea view sample (4.2mg/1) due to the high
amount of organic load being discharged in that area from malir

river and lyari river (Figure 6). Organic matter in the water body
may also responsible for depletion of DO (Table 2).

Table 2: Mean characteristics of the group and sub-groups of sampling sites.

Characteristics I Ia Ib
BOD 218mg/1 140mg/1 271mg/1 270mg/1
CcoD 1241mg/1 1212mg/1 1245.5mg/1 1231mg/1
pH 7.42 7.8 7.4 7.2

Salinity 35.8 36.6 33
DO 4.52mg/1 4.46mg/l 4.62mg/1 4.2mg/1
Phosphurus 2.12mg/1 2.6mg/1 2mg/1 2.6mg/1
TKN 73mg/1 71mg/1 72mg/1 75mg/1
Pb 2.5mg/1 0.19mg/1 2.25mg/1 3.5mg/1
Ni 0.562mg/1 0.3mg/1 0.6mg/1 0.3mg/1
As 0.11mg/1 0.14mg/1 0.1mg/1 0.1mg/1
Oil and Grease 9.18mg/1 9.3mg/1 9.6mg/1 7.2mg/1

Korangi Creek
Ghizri Creek
Sea view

Sandspit

Hawsk bay ——'
Paradise _—'
0

0.5 1 1.5 2 2.5 3 3.5
Phosphate (mg/L)

Figure 9: Phosphate concentration at different station.

—
=
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Korangi Creek
Ghizri Creek

Sea view

Hawsk bay

Paradise

6 68 70 72 74 76 78
Total Kjeldahl Nitrogen (mg/l)

Figure 10: Estimated concentration of Total Kjeldahl
nitrogen at located samples.

Although the DO concentration of all the samples is under wa-
ter quality standard (3.5mg/1) [12]. According to WHO guideline
(2011) DO level greater than 6 indicates pollution and cannot be
used as domestic purpose [37]. The highest DO recorded in the
sample of Hawskey bay (5.3+0.05). Data accumulated on coastal
dissolved oxygen indicated that the sea water of under observation

area is well oxygenated. The Dissolved Oxygen value found along

the Karachi coast was similar to the results found by Zaqoot et al.
[13].

Organophosphate consider as a important phosphorus species
in sea water. Nitrogen in the form of Nitrate is the primary form of
fixed dissolved inorganic nitrogen assimilated by marine animals
[38]. Ammonia and organic nitrogen is the cummulatively called
Total Kjedal nitrogen (TKN). These both nutrient are responsible
for enrichment. The concentration of Phosphorus and Total Kjedal
nitrogen (TKN) focus on the available nitrogen were in the range of
(1.1-2.7mg/1) and (71-75mg/1) respectively (Figure 9 & 10). Among
all the samples Korangi creek has been identified for high amount
of both the parameters in water. Highest amount of phosphus de-
tected in the sample of Hawskbey (2.7+£0.13mg/1) and TKN record-
ed in Ghizri creek site (75£0.7mg/1). Which represent the input and
use of inorganic fertilizer in nearby area of Korangi and flushing
of organic matter .In general, an excess of these nutrients leading
to eutrophication and primary productivity of these sites [39,40].

Rescaled Distance Cluster Combine

(ST T TR NI, N

Figure 11: Hierarchical dendogram of sampling location
area.

The function of Cluster analysis (Hierarchical clustering) was
applied to identify and organized large different water quality pa-
rameters data into groups on the bases of the similarities or com-
mon characteristics. Results are shown in a dendrogram (Figure 11)
where procedures in the hierarchical clustering solution and values
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of the distances between clusters (squared Euclidean distance) are
represented. Basically two graphs are formed in the dendrogram
[41-43]. Group I comprises of 5 sites while group Il comprises of a
single site. In group I there are two Sub-groups, Group I, and group
I,. Group [ includes focus sites while group I, comprises of a single
site. Cluster of group II confirms the pattern with higest level of pH
and lowest TKN. The sample loction belong to I represents the sin-
gle sample and indicates high pollution load. The largest group of
sampling location belong to sample location (4,6,2,3,5) ratify the
highest level of TKN followed by COD. I, correlated one sample site
and indicates the significant amount of Pb, phosphorus and low
oil and grease. Group of I_ attributed as site (4,6,2,3) high oil and
grease, BOD, and COD.

Conclusion

The mentioned above changes indicates the alarming situation
of water body that may contribute as a factor to deteriote the costa
ecosystem. In the present case there is no apparent and the major
source of industrial waste at the vicinity of sample collection sites.
However, untreated domestic wastewater from the nearby settle-
ment finds its way to these sites. The quality of untreated sea water
is not high that could significantly affects the seawater quality.

The high metal pollution in the sea water may couse adverse
affect on marine organism leads to effect food chain. Apart from
the governmental steps public participation is important to take
some hygenic steps and avoid littering on beaches as these water
bodies are frequently crowded place on weekend and holidays. To
stop these imbalances admistration should pass anti-pollution law
for beaches. Installation of treatment plant to stop hazardous waste

pollution will also be effective in this regards.
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