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Abstract
This paper describes the pollution level in sediment core collected from Sunairi Point of Karachi coastal area Pakistan. The 
sediment was characterized in terms of particle size, pH, total organic carbon, calcium carbonate, metals and mineralogical 
composition of sediments. The metals were determined using proton induced X-ray emission. It appeared from the results of 
grain size that sediment of core was mainly sandy in nature and neutral pH was observed throughout the core. The calcium 
carbonate in the core sediment seemed to be dependent on the pH outline of the sediment. The results of heavy metals in the 
sediment core indicated a significant upward enrichment in heavy metals with the highest concentrations found in the upper 
most layer sediments, may be due to anthropogenic activities, which could be the cause of upward enrichment in heavy met-
als. The pollution load index values, although showed no pollution, but showing an increasing trend from bottom to top in 
core, may be due to the influence of anthropogenic sources. The average geo-accumulation index values for sediment core 
showed that sediments were moderately polluted with Co and Pb. The results of sediment quality guidelines of United States 
Environmental Protection Agency, indicated, sediment of core was moderately polluted with Ni and Zn. It was concluded 
from the guidelines that heavy metals in sediment may cause danger to aquatic life. It was also inferred from the study that 
Sunairi Point area of Karachi coast is facing moderately metals pollution which increased with time.
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Introduction

Metal pollution of the marine environment has received 
significant attention because of its transfer to man through 
the food chains in quantities that can be harmful [1, 2]. The 
trace metal elements are contributed to marine sediments 
by a variety of sources, including chemical and physical 
weathering of rocks, volcanic activity, industrial and agri-
cultural runoff [3]. As these metals are not permanently 
fixed with sediments so can be released back to the water 
column by changes in environmental conditions, rendering 
sea water contamination which may severely stress marine 
ecosystem, and ultimately may limit access to the coastal 
resources [4–7]. The heavy metals though occur at extremely 

low concentrations in seawater but may be accumulated in 
marine organisms and contents of the metals in their body 
tissue can be many times higher than the levels in seawater 
[8]. Hence, sediments are regarded as preferable monitor-
ing tools since metals concentration is higher than seawater 
and show less variation in time and space, allowing more 
consistent assessment of spatial and temporal contamina-
tion [9, 10]. Much attention has been currently paid to the 
chemical composition of marine sediment because of the 
biological significance of heavy metals and their transfer to 
human being through food chain [1, 4, 11]. Metals are intro-
duced to the marine environment by domestic and industrial 
activities as anthropogenic pollutants. Much of this input 
ultimately accumulates in the estuarine zone and continental 
shelf, which are important sinks for suspended matter and 
associated land-derived contaminants. Among the compo-
nents of the marine environment, sediments play a critical 
role in the distribution and circulation of toxic compounds.

Like many other coastal zones of the world, heavy metal 
contamination in Karachi coastal sediments due to the indis-
criminate discharge of untreated effluents of big industrial 
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estates and raw domestic sewage of Karachi Metropolitan 
through Layari and Malir Rivers poses a serious threat to 
marine environment [12–17]. The main objective of present 
study to assess heavy metal contamination in sediment core 
collected from Sunairi Point Karachi coastal area Pakistan 
through different sediment quality assessment tools and to 
explore the pollution nature of using multivariate and cluster 
exploration.

Materials and methods

Study area

The study area is comprised of 135 km long Karachi coast, 
named after Matropolitan Karachi which is a capital of 
Sindh province. The Karachi city is bounded by latitude 24° 
48′ N and longitude 66° 59′ E and is positioned on the Ara-
bian Sea a part of the Indian Ocean [13]. The Karachi, being 
the largest industrial and closely populated city of Pakistan, 
generates over 300 million gallons per day of sewage and 
industrial effluents of more than six thousands industrial 
units, and the indiscriminate discharge of untreated indus-
trial run-offs and raw domestic sewage into coastal waters 
through Layari and Malir Rivers may pose serious threat to 
the ecosystem and human being through food chain pollu-
tion [18]. The Manora channel and southeast coast receive 
industrial and domestic wastes through Layari and Malir 

Rivers, respectively (Fig.  1). The Layari River entails 
through the densely populated areas of Karachi and acts as 
a drain of highly polluted industrial and domestic waste-
waters which finally falls into Manora channel besides the 
addition of wastewater produced by Karachi shipyard [19]. 
Similarly, the Malir River carries the industrial and domestic 
wastewaters of eastern areas of the Karachi and discharges 
the waters into southeast coast [20, 21]. The Malir River 
collects additional industrial pollution as compared to the 
Layari River [22]. Karachi Coastal belt can be distributed 
into northwest and southeast coastal areas. The earlier region 
is comparatively has no major industrial drain enters in this 
area. Sunairi Point is found in this region. Mubarak village 
is also located along the coastline of Arabian Sea almost 
7 km away from Sunairi Point in District West of Karachi. 
This village is 30 km away from city center with population 
more than 10,000 people. Mubarak village is a second larg-
est fisherman locality (with fish farming) of Karachi coast 
since 200 years. The seawater and sediment quality of the 
Karachi coast is, however, affected by domestic and small 
industries effluents with low and high tide phenomena’s [13].

The sediment core was recovered from Karachi coastline 
area, from Sunari point core, (24° 52′ 49.66″ N and 66° 41′ 
11.64″ E) in northwest coastal belt. A global positioning 
system (GARMIN III) was used to govern the location of 
sampling site. Figure 2 provides the position of sampling 
site. The sediment core was collected with gravity corer (KC 
Kojak Demanmark A/S) having acrylic coring pipe (2 m 

Fig. 1  Location map of the study area
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long and 7 cm diameter). The coring pipe was focused into 
the sediment up to a depth of 45 cm from Sunairi Point. The 
core was slowly recovered and top of the core was properly 
marked. The core was held in perpendicular location in the 
refrigerator for two days and frozen core was then sliced at 
2.5 cm increments. The divided core was stored in duly char-
acterized plastic bags. All samples of core were then oven 
dried at 75–85 °C to constant weight. The dried samples 
were processed, sieved mechanically using 0.5 mm sieve, 
homogenized and powdered with a pestle and agate mortar. 
The crushed portion was stored in air tight plastic bottles for 
additional analysis.

Sediment grain size, total organic carbon 
and calcium carbonate

Sediment grain size was determined by applying a vibra-
tory sieve shaker having a set of five sieves, ranging from 
2000 mm to 70 μm, following a standard method [23]. Total 
organic carbon (TOC) and calcium carbonate of sediment 
were determined using method as designated [24, 25].

Metals analysis

Metal contents were determined with proton induced X-ray 
emission (PIXE) following method as described by [14, 26]. 
Accordingly, 5 mg of ground sediment sample was mixed 
with 10 μl of Y(NO3)3 solution, arranged in double-distilled 
water containing 1.16 mg of yttrium as internal standard, 
and mounted on a 20 μm thick Mylar. The sample covered 
about 1.5  cm2 area of Mylar. Afterward, the sample was 
dried below a lamp in desiccator. The sample was then 
mounted on stepper motor-controlled wheel, placed inside 
the investigative work place, and irradiated with 3.8 meV 

proton beam created through National Electrostatic Corpora-
tion tandem pelletron accelerator (model 6SDH-2). A known 
salt mixture containing 12 elements (Z = 11 to Z = 38) with 
Y  (NO3)3 as internal standard was arranged and used to cali-
brate the system. The accuracy of calibration was checked 
using reference material SOIL-7 achieved from International 
Atomic Energy Agency (IAEA). An assessment of results is 
shown in Table 1. The concentrations of elements, exclud-
ing Al, K, Ca, Fe, and Mn, are closed to the values specified 
by IAEA. In case of elements like Al, K, Ca, and Fe, error 
was < 7% and for Mn < 19%. However, the value of Mg dif-
fers with IAEA standard by a factor of 2, which may be 
owing to the self-absorption of low energy X-rays of Mg. 
The results of other elements were in agreement with IAEA 
standards.

The heavy metal pollution in sediment was evaluated 
applying a various geochemical tools, including enrich-
ment factor (EF), degree of contamination (Cd), pollution 
load index (PLI), geo-accumulation index (Igeo), toxic units 

Fig. 2  Location of Sunairi Point 
sediment core

Table 1  Analysis of SOIL-7 reference material

Elements IAEA result (mg/kg) 95% 
confidence

Lab result (mg/kg)

Mg 11,000–11,800 5060 ± 330
Al 44,000–51,000 51,600 ± 2830
Si 169,000–201,000 160,400 ± 8660
K 11,300–12,700 12,300 ± 713
Ca 157,000–174,000 211,260 ± 11,408
Ti 2600–3700 3340 ± 240
Mn 604–650 740 ± 140
Fe 25,300–26,300 27,400 ± 1510
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(TU), correlation analysis and cluster analysis (CA), which 
are briefly stated below.

Enrichment factor (EF)

The enrichment factor (EF) calculated from heavy metals 
data for marine sediment was used to determine whether 
heavy metals in sediment were of anthropogenic origin or 
not. Accordingly, the normalization of heavy metals data 
with a conservative element (like Al, Fe and Mn) was under-
taken [27, 28]. In the present study, Al was used as reference 
element [14, 26]. The EF was computed applying the Eq. 1.

where Cn stands for the concentration of element n in sedi-
ment sample and background concentration which is aver-
age value of that element in shale [29]. The heavy metal 
enrichment factor is interpreted in accordance with the clas-
sification specified in literature [30, 31]. According to that 
arrangement, EF < 1 displays no enrichment, < 3 is minor; 
3–5 is moderate; 5–10 is moderately severe; 10–25 is severe; 
25–50 is very severe; > 50 is extremely severe.

Degree of contamination (Cd)

The general heavy metal pollution of the sediment was 
assessed through contamination degree (Cd) which is the 
sum of the contamination factor (Cf) for all heavy metals 
under study, and following relationship Eq. 2 defines the 
contamination degree [32].

and

where Ce is concentration of the element in sediment and 
Cb is the background value of the element in average shale 
[33]. According to [34], the contamination degree is divided 
into four classes, such as Cd < 7 low levels of contamination, 
7 ≤ Cd < 14 moderate level of contamination, 14 ≤ Cd < 28 
considerable levels of contamination, and Cd ≥ 28 very high 
levels of contamination.

Pollution load index (PLI)

Similarly, the pollution load index (PLI) is an additional 
main parameter for evaluating metal accumulation in marine 
sediment over a longer period of time [35] and following 
association was used to calculate PLI by Eq. 3.

(1)Enrichment Factor =
(Cn∕Al)sample

(Cn∕Al)background

(2)Cd =

m
∑

i=1

Cfi

Cf = Ce∕Cb

where CF is contamination factor and n stands for the num-
ber of metals. A PLI value > 1 displays metal contamination, 
whereas PLI value < 1 means no pollution.

Geo‑accumulation index (Igeo)

The geo-accumulation index (Igeo), presented by [36] is 
commonly used to judge heavy metal contamination in sedi-
ment [32, 37]. Following relationship by Eq. 4 was applied 
to calculate Igeo.

where Cn represents the heavy metal concentration of the 
element n in sediment, Bn stands for background value of 
element n in an average shale [33] and 1.5 is the background 
matrix correction factor to rectify the terrigenous effects.

The geo-accumulation index classes to judge the quality 
of sediment are < 0 unpolluted, 1 unpolluted to moderately 
polluted, 2 moderately polluted, 3 moderately to highly pol-
luted, 4 highly polluted, 5 highly to very highly polluted, and 
6 very highly polluted.

Toxic units (TU)

Toxic units (TU) represent the ratio between the concentra-
tion of a metal in sediment and its toxicity. The potential 
acute toxicity of contaminants in sediment was estimated 
as the sum of the toxic units (TU) of metals defined as the 
ratio of determined concentration to probable effect level 
(PEL) value [38].

Statistical analysis

Multivariate statistical analyses including Pearson’s cor-
relation coefficient matrix and cluster analysis (CA) were 
determined using statistical software SPSS to recognize the 
relationship of metals and geochemical parameters.

Correlation analysis

Correlation analysis of data was performed using the Pear-
son coefficient at 5% significance level in order to identify 
relationship among metals in the sediment [39]. High cor-
relation coefficients between different metals show common 
sources, mutual dependence and identical behavior. The 
absence of strong correlation among the metals suggests 
that the distribution of metals in sediment is not controlled 
by a single factor [40].

(3)PLI = (CF1 ∗ CF2 ∗ ⋯ ∗ CFn)1∕n

(4)Igeo = Log2(Cn∕1.5Bn)



609Journal of Radioanalytical and Nuclear Chemistry (2021) 328:605–615 

1 3

Cluster analysis (CA)

Cluster analysis (CA) was applied to categorize elements of 
different sources on their similarities using dendrograms and 
to recognize different homogeneous classes of variables with 
similar properties [41]. Statistical software SPSS version 7 
was applied for cluster analysis.

Results and discussion

Grain size analysis of sediment core was showed in Fig. 3 
and results revealed that sediment of core was predominantly 
sandy in nature, with slightly increasing tendency of silt. 
Top 12.5 cm of the core was comprised of 70% sand and 
30% silt, while in the rest of the core sand and silt were in 
the range of 62–70% and 30–38%, respectively. The clay 
was completely missing in the entire core. It concluded from 
results that Sunairi Point area was exposed to strong currents 
which brought larger pulses of sand which overwhelmed 
overall composition of sediments of the area [42].

The pH is an important factor which affects heavy metal 
chemistry in marine environments as the accumulation and 
adsorption of metals in the sediments is controlled, directly 
or indirectly, by pH through either a change in redox state 
and/or speciation [43]. The higher pH values promote 
adsorption and low pH can actually prevent the retention of 
metals by sediments [44, 45]. The pH depicts little variation 
in the ranges of 7.2–7.5 as indicated in Fig. 4. The pH of 
sub-samples reflects that there is no major industrial efflu-
ents drain which joins the sea in this area [13].

The accumulation of heavy metals in the sediments is also 
a function of calcium carbonate contents. The variation of 
calcium carbonate in marine sediments correlates with abun-
dance of benthic calcareous shelled protozoa [46, 47]. The 
calcium carbonate ranged between 18.60 and 19.95% with 
average values of 19.20%, in core. The calcium carbonate 
contents were steadily increased from bottom to top in sedi-
ment core (Fig. 5). The higher values of calcium carbonate 

contents at the surface layers of core was due to the accu-
mulation of shell fragments which were abundantly found 
in the area. This is in agreement with the findings of other 
research works [48, 49].

Like grain size, heavy metal elements have relationship 
with organic carbon in sediments [14, 50]. It is normally 
supposed that higher the organic carbon contents the higher 
the accumulation of heavy metals in the sediments [51–54]. 
The decomposition of organic material produces organic 
ligands which may impact distribution of metals in seawa-
ter and sediments [55, 56]. Figure 6 validated total organic 
carbon variation with depth in core sediment. The total 
organic carbon in sediment core was found in the range of 
1.08–2.63%. In most of core the vertical distribution was 
irregular with lower concentration in the bottom sediments 
and higher concentrations at surface sediments. The higher 
variation in organic matter in upper portion of core sedi-
ments is normally due to local contamination by shipping 
oil, i.e., petroleum and its components thrown out this area 
by waves and the remaining to the biogenic sources (includ-
ing, land plants, phytoplankton, animals, bacteria, and mac-
roalgae) or in the early stages of diagenesis in recent marine 
sediments. The presence of silt sediments in this area also 
support the deposition of organic debris [57].

Fig. 3  Particle size in sediment core
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Mineralogical composition

For mineralogical analysis six samples of core from dif-
ferent depths were used to determine mineralogical com-
position of the sediment using X-ray spectrometry. The 
powdered sediment sample was mounted on a glass slide 
following a procedure given in the literature [58]. Figure 7 
shows the mineralogical composition of the sediment core. 
Minerals included quartz  (SiO2), calcite  (CaCO3), albite 
 (NaAlSi3O8), muscovite  KAl2(AlSi3O10) (F,OH)2, hematite 
 (Fe2O3), and thuringite  Fe3(Si,Al)2O5(OH)4. In core sedi-
ment, quartz was the most abundant mineral (63.0–70.64), 
followed by calcite (12.32–21.97) albite (5.37–10.36), 
muscovite (4.17–7.18), thuringite (3.82–5.75) and hema-
tite (0–0.61%). The high contents of quartz in core sedi-
ment may owe to the fact that strong sea currents and wind 
caused erosion of the shoreline which resulted in relatively 
higher contents of quartz [59]. The distribution of minerals 
in core sediments are mainly dependent upon to discharges 
of rivers run off into sea and the wave action [60].

Heavy metals distribution in sediment core

The distribution of metals with depth in sediment core is 
shown in Fig. 8a–c. The mean metal concentrations with 
their ranges were (µg/g): 3372 (2880–3830) for Al, 3108 
(2657–3659) for Ca, 30 (25–35) for Co, 24 (19–29) for 
Cr, 26 (21–31) for Cu, 1922 (1431–2219) for Fe, 3327 
(2968–3569) for K, 2997 (2479–3488) for Mg, 39 (33–43) 
for Mn, 34 (20–42) for Ni, 32 (18–41) for Pb, 142 (108–172) 
for Ti, 45 (39–50) for V and 132 (115–141) for Zn.

In core vertical distribution pattern of metals like Al, 
Mg, Ca and K appeared to be fluctuating, but with increas-
ing tendency from bottom to top. Fe showed an irregular 
pattern from bottom to a depth of 32.5 cm followed by a 
gradual increase up to the surface (Fig. 8a). The variation 
of Pb showed gradual increasing tendency from bottom to 
surface, whereas Cr, Ni and V showed fluctuating pattern in 
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the entire length of core (Fig. 8b). The distribution pattern of 
Mn, Cu, Co and Zn remained consistent throughout the core, 
whereas Ti showed an increasing trend from bottom to top 
(Fig. 8c). Higher concentrations of abundant elements (Mg, 
Al, Ca, and K) and heavy metals (Cu, Mn, Ni, Pb and Zn) in 
the entire sediment core reflect significant input increasing 
in upper portion of core, but found below than background 
values in upper crust [33]. The values of abundant and heavy 
metals were found lower in Sunairi Point area (North west 
region) than the earlier studies of other areas of Karachi 
coast (from South east coast area, Korangi Creek, Ghizri 
Creek etc. areas) [13, 14, 26]. The findings of comparisons 
with earlier studies are highly supported regarding heavy 
metal pollution in sediment cores as evident of no major 
industrial drain enters in this region and located away from 
Karachi industrial zone.

Metal elements correlation

Pearson’s correlation coefficient matrices of heavy metals 
in sediment core was prepared to see relationship between 
the metals and to trace their origin (Table 2). The results 
showed that Mg had significant positive correlation with 
Ca, Cr, Ti and Al was positively correlated with Fe, Pb and 
Ti and positive correlation of Ca with K, Cr, Pb and Ti as 
evident in Table 3 demonstrated that the metals were of 
the same origin. A negative correlation among the metals, 

however demonstrates that the input of these metals is not 
controlled by a single factor but rather by a combination 
of geochemical support phases and their mixed associa-
tion [41].

Cluster analysis of metals in sediment core

The Hierarchical Cluster Analysis (HCA) is the most com-
monly used method to identify the metal elements accord-
ing to their similarities as metal elements falling in the 
same group indicate their association with each other [61]. 
Figure 9 showed the cluster analysis of metal elements in 
sediment core. It appeared from the results that group-I 
contained Cu, Co, Pb, Ni, V, Ti, Zn, Cr and Mn, group-
II comprised of Mg, Ca, Al and K while Fe and Ca in 
group-III indicated their association with each other. The 
results of cluster analysis suggested that most of metals 
were strongly associated with each other and had same 
source adding heavy metals into the sediments.

Heavy metal contamination in sediment core was also 
assessed using parameters like enrichment factor (EF), 
degree of contamination factor, pollution load index (PLI), 
geo-accumulation index (Igeo) and toxic units (TU). These 
parameters were computed following standard procedures 
as discussed earlier sections.

Table 2  Correlation analysis of metals in sediment core

* P = 0.01 correlation coefficient is significant (one tailed)

Mg Al Ca K Cr Co Cu Fe Mn Ni Pb Ti V Zn

Mg 1.00 0.24 0.77* 0.21 0.60* − 0.04 0.02 0.45 − 0.18 0.43 0.45 0.74* 0.19 0.46
Al 1.00 0.53 0.48 0.09 0.19 − 0.26 0.58 − 0.10 0.00 0.62* 0.64* 0.07 0.19
Ca 1.00 0.56 0.60* 0.16 − 0.07 0.41 − 0.44 0.43 0.74* 0.75* 0.23 0.48
K 1.00 0.26 0.19 − 0.03 0.29 − 0.46 0.14 0.40 0.17 0.02 0.10
Cr 1.00 − 0.15 0.03 0.28 − 0.35 0.42 0.41 0.49 0.03 0.46
Co 1.00 − 0.47 0.14 − 0.57 − 0.13 0.14 − 0.13 0.16 0.37
Cu 1.00 − 0.38 0.48 − 0.15 − 0.21 − 0.16 0.26 − 0.19
Fe 1.00 − 0.10 0.31 0.40 0.46 − 0.18 0.16
Mn 1.00 − 0.30 − 0.37 − 0.13 − 0.31 − 0.57
Ni 1.00 0.48 0.29 0.06 0.04
Pb 1.00 0.72* − 0.01 0.20
Ti 1.00 0.09 0.31
V 1.00 0.39
Zn 1.00

Table 3  Mean enrichment factor values of heavy metals in sediment core

Sampling Site Mg Al Ca K Cr Co Cu Fe Mn Ni Pb Ti V Zn

Sunairi Point 5.13 1.00 2.44 2.68 16.20 59.69 41.59 1.43 1.71 42.52 43.57 1.05 19.68 58.54
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Enrichment factor (EF)

The mean enrichment factor values for heavy metals in 
sediment core is given in Table 3. The sediment of core was 
extreme to severely enriched with Co and Zn (EF > 50) and 
very severely enriched with Pb, Ni and Cu (25 < EF < 50) 
indicated the influences of anthropogenic as well as natural 
sources (human, tourist activities, fish farming, shipping, 
boat painting and making factories, urbanizations, plastic 
waste, land using, weathering of rocks and waste water 
might be one of the most significant causes of various met-
als like Pb, Co Ni, etc.) [62, 63]. The sediment was severely 
enriched with V and Cr (10 < EF < 25) and minorly enriched 
with Ca, K, Fe, Mn and Ti (< 3) in sediment.

Degree of contamination (Cd) and pollution load index (PLI)

Table 4 shows degree of contamination and pollution load 
index for metals in sediment core. In accordance with clas-
sification after [34], An upward increasing trend in the 
values of degree of contamination was observed in core, 
which implied that heavy metal contamination falls in the 
category of moderate pollution (7 ≤ Cd < 14). The pollution 
load index (PLI) values for metals were also increased from 
bottom to surface in the core indicating increased anthropo-
genic activities with passage of time.

Geo‑accumulation index (Igeo)

The mean geo-accumulation index (Igeo) values for metals 
in sediment core is given in Table 5. The results showed that 
sediments of core were moderately polluted with Co, Pb and 
unpolluted for metals such as Mg, Al, Ca, K, Cr, Cu, Fe, Mn, 
Ni, Ti, V and Zn.

Toxic units (TU)

The potential acute toxicity of contaminants in sediment 
core was estimated from sum of the toxic units (TU) which 
are defined as the ratio of the determined concentration 
to probable effect level (PEL) [38, 62] and Table 6 shows 
toxic units (TU) values for heavy metals in core.

Heavy metal pollution in sediment core based on sediment 
quality guidelines (SQGs)

Sediments can also be classified as non-polluted or mod-
erately polluted based on sediment quality guidelines of 
United States Environmental Protection Agency (USEPA) 
[64] as given in Table 7. According to the guidelines, sedi-
ment of core was not polluted with Pb, Cr and Cu, but 
moderately polluted with Ni and Zn, which may cause 
danger to aquatic life.

Conclusions

• The results grain size analysis showed that sediment of 
Sunairi Point was predominantly sandy in nature.

Fig. 9  Cluster analysis of sediment core

Table 4  Degree of 
contamination and pollution 
load index values for heavy 
metals in sediment core

Depth (cm) Sunairi Point

C.d PLI

0.0 13.76 0.40
2.5 13.45 0.38
5.0 13.70 0.38
7.5 14.10 0.38
10.0 13.23 0.38
12.5 13.89 0.38
15.0 13.97 0.37
17.5 12.71 0.36
20.0 12.20 0.35
22.5 13.22 0.37
25.0 12.87 0.35
27.5 12.63 0.35
30.0 13.39 0.36
32.5 12.04 0.33
35.0 12.26 0.35
37.5 11.96 0.32
40.0 11.58 0.33
42.5 12.04 0.34
45.0 11.38 0.33
Mean 12.86 0.36
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• The calcium carbonate in the sediment core appeared 
to be dependent on the pH profile and ranged between 
18.60 and 19.95%.

• The distribution of heavy metals in sediment core indi-
cated a significant upward enrichment in heavy metals 
with the highest concentrations found in the upper most 
layer sediments, may be due to anthropogenic activities, 
which could be the cause of upward enrichment in heavy 
metals.

• The pollution load index values, although showed no pol-
lution, but found increasing trend from bottom to top in 
core and indicated increase in PLI in recent sediment 
may be due to the influences of anthropogenic sources.

• The results of mineralogical composition indicated, 
quartz was the most abundant mineral (63.0–70.64), fol-
lowed by calcite (12.32–21.97), albite (5.37–10.36), mus-
covite (4.17–7.18), thuringite (3.82–5.75) and hematite 
(0- 0. 61%) The high contents of quartz in core sediment 
may owe to the fact that strong sea currents and wind 
caused erosion of the shoreline.

• According to the sediment quality guidelines of United 
States Environmental Protection Agency (USEPA), sedi-
ment of core was moderately polluted with Ni and Zn. It 

was concluded from the guidelines that mentioned metals 
in sediment may cause danger to aquatic life.

• It was inferred from the study that Sunairi Point area 
of Karachi coast is facing moderately metals pollution 
which increased with time.
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