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Abstract
Fe, Mn, Zn, Cu, Pb, Ni, Co, Cr, and As were assessed in 20 seawater samples collected from 
10 sites for two seasons along the coast of Kuwait Bay, where it is considered one of the most 
important habitats for many fish and shrimp. The southern region of it is considered one of the 
most important commercial and industrial operations in Kuwait. Environmental indices such 
as enrichment factor (EF), contamination factor (CF), degree of heavy metals contamination 
(Cdeg) and Pollution load index (PLI) were used to describe the extent of contamination and 
estimate the degree of pollution in the Kuwait Bay. The results showed that Cu was moderately 
enriched in winter. Furthermore, the degree of heavy metals contamination (Cdeg) in this 
area was moderately contaminated during summer and low in winter. To emphasize this, 
the average heavy metals content in ten coastal sites along Kuwait Bay during the summer 
season was higher than the ones in the winter season. These results indicate that the coastal 
seawater environment of Kuwait Bay is not worse with the presence of sources of pollution 
represented by the presence of fertilizer manufacturing and oil refining along the coast of 
the bay, plastic baggage, rubber tires, old and broken ships, cork bags, building rubble, and 
concrete blocks. In addition, some pollutants come from Shat Al-Arab River. However, all 
heavy metal concentrations were within the world health organization permissible limits.
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1. Introduction
The coastline of Kuwait, which runs 

over 500 km, is made up of nine islands. 
The southern shoreline of this coast is 
distinguished by some openings, whereas 
Kuwait Bay is more prominent in the 
northern part of the country (Alkuwairan, 
2012). The water in Kuwait Bay has an 
average annual temperature of 23.8 °C 
(Al-Yamani et al., 2004). The Kuwait Bay 
seawater temperature has climbed at a rate 
three times faster than the world mean 
rate since 1985, according to satellite data 
(Al-Rashidi, 2009). However, most Kuwaitis 
have been compelled to dwell near the bay’s 
southern coast due to the aridity of the 
terrain and a paucity of agricultural supplies 
(Al-Ghadban et al., 2002). 

Kuwaiti marine environment has been 
threatened by regional and local water 
quality and ecological risks for decades. 
Moreover, various governmental and private 
sector facilities have been constructed along 
Kuwait Bay’s shore to meet the needs of 
the populace. Many of these institutions 
discharge their wastewater into Kuwait Bay, 
endangering the environment (Al-Mutairi et 
al., 2014). Meanwhile, desalination has been 
the only way to ensure a consistent supply 
of freshwater in Kuwait. The brine released 
from these desalination plants is usually 
three times saltier than the water in Kuwait 
Bay previously (Alkuwairan, 2012). Kuwait 
Bay is becoming more salinized and warmer 
because of concentrated saltwater discharge 
brines and excessive sewage effluent dumping 
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(Saif Unddin et al., 2011). In addition, an 
estimated 5 to 8 million barrels of oil were 
discharged into Kuwaiti waterways during the 
Gulf War in 1991 (UNEP, 1991). In addition, 
the presence of fertilizer manufacturing and 
oil refining industries along the coast of the 
bay contributed to such a finding (Forstner and 
Wittman, 1979). Simultaneously, scientists 
have determined that the Shat Al-Arab River 
in Iraq may be a source of pollution in the 
Arabian Gulf, contaminating the seas off the 
coast of Kuwait as a result (Anderlini et al., 
1982; Abaychi and DouAbul, 1985).

Many environmental studies around 
the world have proven the importance of 
evaluating the levels of heavy metals and the 
distribution of their concentrations in marine 
sediments (Chen et al.,  2007; Abdel Wahab 
et al., 2011; Nour, 2015; Nour and Nouh, 
2020a), seawater samples (Spivack, 1985; 
Bazzi, 2014; Nour, 2019a; Nour and 
El-Sorogy, 2020), as well as the seashells 
of the marine organisms (Ferrell et al., 
1973; Fallon et al., 2002; Helal and Abdel 
Wahab 2012; Nour, 2020; Nour and Nouh, 
2020b). These materials represent strategic 
stores for the quantities of these pollutants. 
Therefore, to maintain the quality of the 
marine environment, pollutants must be 
monitored and evaluated on a regular basis. 
For this purpose, the main objective of the 
current study was to study the distribution of 
concentrations of some heavy metals in the 
coastal water of the Gulf of Kuwait during 
the summer and winter seasons. In addition, 
to assess the concentration of pollutants in 
these waters and compare their quality with 
other coasts around the world.

2. Material and Methods

2.1 Study area

A total of 20 coastal seawater samples 
were taken during the summer (August 2020) 
and winter (January 2021) from ten important 
sites along the coast of Kuwait Bay (Figure 
1). These sites were chosen near industrial and 
human pollutants, as well as near rain streams 
that drain into Kuwait Bay. The first site is 
located south of Kuwait Bay at the beach of 
Gulf Street (site 1), while the second site is 
located 2.81 km northwest of the Gulf Street 
beach (site 2). The third site is represented at 
the Kuwait Towers beach (site 3), while the 
fourth site is located on Shuwaikh beach (site 
4). The fifth site is located at the Kuwait free 
zone (site 5), while the sixth site is located at 
the Sulaibikhat beach (site 6). The seventh site 
is located at Ashiraj beach (site 7), while the 
beach of West Doha chalets was the eighth 
site (site 8). The ninth site is located at Saif 
Kazma beach (site 9), while the tenth site is 
located Al-Khuwaisat beach (site 10).

2.2 Analytical and statistical analysis

Water temperature, pH, total dissolved 
solids (TDS), and electrical conductivity (EC) 
were measured in situ during the collection of 
water samples. The pH of the water samples 
was measured by a pH meter. Whereas, the 
total dissolved solids, water temperature, 
and electrical conductivity were measured 
by a TDS and EC meter. Unfiltered coastal 
seawater samples had been gathered in 1-liter 
pre-acidified polyethylene boxes, kept in an 

Figure 1: Location map of the study area
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Table 1. The basic water quality parameters

icebox (at 4 °C), and transported to the water 
laboratory for subsequent chemical analyses. 
Nine heavy metals (Fe, Mn, Zn, Cu, Pb, Ni, 
Co, Cr, and As) were measured by Inductively 
Coupled Plasma Mass Spectroscopy (ICP MS 
Perkin Elmer 2000 – USA model). The seawater 
samples were analyzed at Kuwait University 
by the Research Sector Project Unit (RSPU). 

The results outcomes of heavy metals 
levels in the studied seawater were compared 
with standard marine water to assess the degree 
of water pollution by heavy metals along the 
coast of Kuwait Bay. The enrichment factor 
(EF) according to Zhao et al., (2013), the 
contamination factor (CF) Al-Taani et al.,  
(2014), the degree of contamination (Cdeg) 
Swarnalatha et al., (2015), and the pollution 
load index (PLI) Ramadan et al., (2021) 
were measured in Kuwait Bay surface coastal 
water to evaluate the quality of seawater. The 
standard seawater quality according to kabata-
Pendias and Pendias (1999) and Siegel (2002) 
were used as background values. Moreover, the 
correlation matrix, hierarchal cluster analysis 
(HCA) and principal component analysis 
(PCA) were calculated with the SPSS program. 

3. Results and discussion

3.1 Hydro-chemical parameters

The temperature of the surface seawater 
recorded significant changes between the two 
seasons (summer and winter) in the studied 

area (Table 1). It ranged from 30 °C to 32 °C 
in summer with an average of 30.9 °C. While 
it ranged from 18 °C to 20 °C in winter with an 
average of 19 °C. In addition, pH was varied 
between two seasons, where it ranged from 
6.63 to 6.88 in summer with an average of 
6.8 and it ranged from 7.12 to 7.97 in winter 
with an average of 7.53. On other hand, all 
the other studied water quality parameters did 
not show fundamental differences between 
the summer and winter seasons. TDS ranged 
from 32220 to 41810 mg/L in summer with 
an average of 35961 mg/L. While it ranged 
from 32870 to 41220 mg/L in winter with 
an average of 36088 mg/L. In addition, EC 
ranged from 29520 to 62530 µs/cm in summer 
with an average of 60604 µs/cm, while in 
winter it ranged from 59900 to 61800 µs/cm 
with an average of 60728 µs/cm. Furthermore, 
the salinity ranged from 34.53 to 37.84 g/kg 
in summer with an average of 36.18 g/kg. 
While it ranged from 45.24 to 49.00 g/kg. 
The salinity degree in the winter season was 
considered within the normal values for this 
region of the Arabia Gulf. 

These results indicated that there is a 
significant negative correlation between 
temperature and pH (r = -0.74) and between 
temperature and salinity (r = -0.80). On the 
other hand, there are significant positive 
correlations between pH and salinity 
(r = 0.51), between TDS and EC (r = 0.99), 
between TDS and salinity (r = 0.53), and 
between EC and salinity (r = 0.59) (Figure 2).
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Figure 2. Scatter plot of hydro-chemical parameters during study period at Kuwait Bay, Kuwait

3.2 Heavy metals distribution

The heavy metal concentrations in 
seawater samples of Kuwait Bay were 
obtained in Table 2. The results showed 
that Fe was recorded the highest level 
(2417 µg/L) in site-7 during the summer. 
The average concentration of Fe in summer 
(1333.5 µg/L) was higher than in winter 
(1244 µg/L). Mn has recorded the highest 
level (85.10 µg/L) in site-6 during the 
summer. The average concentration of Mn 
in summer (32.57 µg/L) was higher than in 
winter (28.89 µg/L). Zn has recorded the 
highest level (538.4 µg/L) in site-7 during 
the summer. The average concentration of 
Zn in summer (358.7 µg/L) was slightly 
higher than in winter (253.29 µg/L). 
Cu was recorded the highest level (732 µg/L)
in site-8 during the summer. The average 
concentration of Cu in summer (656.3 µg/L)
was higher than in winter (292.74 µg/L). 
Pb has recorded the highest level (19.4 µg/L)
in site-9 during the summer. The average 
concentration of Pb in summer (17.3 µg/L) 
was higher than in winter (10.94 µg/L). Ni 
has recorded the highest level (187.8 µg/L) 
in site-6 during the summer. The average 
concentration of Ni in summer (121.3 µg/L) 
was higher than in winter (86.78 µg/L).
Co has recorded the highest level (7.10 µg/L)

in site-10 during the winter. The average 
concentration of Co in summer (2.76 µg/L) 
was slightly higher than in winter (2.68 
µg/L). Cr has recorded the highest level 
(266 µg/L) in site-1 during the winter. 
The average concentration of Cr in summer 
(230.85 µg/L) was higher than in winter 
(205.4 µg/L). As recorded the highest level 
(5.32 µg/L) in site-6 during the summer. 
The average concentration of As in summer 
(1.58 µg/L) was lower than in winter 
(2.71 µg/L). 

The distribution of heavy metals 
in the studied area indicated that the 
beach of Sulaibikhat has the highest 
content of Mn, Ni and As, while Ashiraj 
beach recorded the highest levels of Fe 
and Zn. Moreover, the highest levels 
of Cu, Pb, Co, and Cr were recorded in 
the beaches of West Doha chalets, Sif 
Kazma, Al-khuwaisat, and Gulf Street 
beaches respectively.  Generally,  the 
average concentrations of the studied 
heavy metals in the summer season were 
higher than ones in the winter season 
(Figure 3). In addition, the distribution 
of the heavy metals in coastal seawater 
of Kuwait Bay was similar during the 
two seasons summer and winter in order: 
Fe > Cu > Zn > Cr > Ni > Mn > Pb > 
Co > As.
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Table 2. The concentration of heavy metals (µg/L) in coastal seawater of Kuwait Bay for 
two seasons

Figure 3. The comparison of the average concentrations of heavy metals in the two seasons

Figure 4 showed that the average heavy 
metals content in ten coastal sites along 
Kuwait Bay in the summer season was higher 
than ones in the winter season. However, this 
figure indicated that sites 7, 6, 8, and 9 were 
the highest in heavy metals content during 
the summer, while sites 7, 6, and 9 recorded 
the highest total metal content in winter. The 
study area has different sources of pollution, 
where the field observations showed that the 
beach of Sulaibikhat was characterized by 
weak currents due to the relatively stagnant 
water on this beach. Moreover, the human 

pollutants have been found due to popular 
cafes and pollutants which include building 
particles come from production agencies that 
build homes near the seaside, in addition 
to plastic baggage and numerous thrown 
rubber tires on the seaside for a long time. 
In addition, Doha East Station is located 
near small companies and factories located 
on the beach. Also, several industrial 
pollutants were noticed on the beach as old 
and broken ships, paints, rubber tires, cork 
bags, and plastic cans. West Doha chalets 
beach suffers from many human pollutants, 



H. E. Nour et al  /  EnvironmentAsia 15(2) (2022) 108-119

113

such as building rubble that is thrown 
from the chalet construction, plastic water 
cans, rusty cans, and pieces of copper. 
in addition, the presence of rain streams 

region. Saif Kazma beach and contains 
human pollutants such as cork cups thrown 
on the beach, the wheels of cars, and 
several concrete blocks (Figure 5).

Figure 4. The comparison of heavy metals content in studied sites in both seasons

Figure 5. Different beach appearances for studied sites: a. Al-Khuwaisat; b. Sif Kazma; c. 
West Doha; and d. Sulaibikhat
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Table 3. The comparison of annual average of heavy metals in Kuwait Bay with the other 
published ones for other coasts around the world

Figure 6. The comparison of heavy metals in Kuwait Bay with the average of Oceanic 
concentration

3.3 Heavy metals evaluation

The annual average of the concentrations 
of the heavy metals in the coastal seawater 
of Kuwait Bay was compared with the 
published concentrations for other coasts 
around the world (Table 3). Moreover, 
the results of the current study indicated 
that it was the highest compared to the 
rest of the neighboring regions around 
the world. However, Fe in Kuwait Bay 
recorded 32 times than the average Oceanic 
concentration (Broecker and Peng, 1982) 
(Figure 6), while Zn recorded 765 times than 
the average Oceanic concentration and 2039 
times than ones in both north Atlantic and 

north Pacific Oceans (Donat and Bruland, 
1995). In addition, Cu recorded 3954 times 
than the average Oceanic concentration, 
and 412 to 527 times than ones in the North 
Atlantic Ocean and in the North Pacific 
Oceans. Cr recorded 661 times than in 
the average Ocean concentration 62 north 
Atlantic and north Pacific Oceans. While 
Pb recorded 14120 times than the average 
Oceanic concentration and it recorded levels 
less than in both of north Atlantic and north 
Pacific Oceans. Furthermore, Co recorded 
levels less than in both of north Atlantic 
and north Pacific Oceans, while As was 
less than in both of north Atlantic and north 
Pacific Oceans
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Several authors used EF, CF, Cdeg, and 
PLI to evaluate the quality of seawater 
(Reeder et al., 1979; Sadiq, 1992; Karadede 
and Unlu, 2000; Pan and Wang, 2011; Zhao 
et al., 2013; Al-Taani et al., 2014; Ramadan 
et al. 2021). The results of these environmental 
parameters (Table 5 and Figure 7) indicated 
that the coastal water of Kuwait Bay had no 
enrichment (EF = <1) with Mn, Zn, Pb, Ni, Co, 
Cr, and As in both seasons summer and winter. 
Furthermore, EF indicated that the studied 
area was in moderate enrichment with Cu 
(EF = 2 - 5). However, CF showed that the 
studied area was considerably contaminated 
with Cu in summer (CF = 3 - 6) and moderately 
contaminated with Fe and Cu in the winter. 
Meanwhile, other studied heavy metals were 
recorded low contaminated in Kuwait Bay. 
The degree of heavy metals contamination 
(Cdeg) in the Kuwait Bay seawater was 
moderately contaminated during summer and 
low contaminated in winter.

Pearson’s correlation coefficient is a tool 
for determining the metals relationship to 
each other and the possibility that they come 

from the same sources (Nour, 2019b; Nour 
et al., 2021). The results of these correlation 
(Table 6) showed that summer seawater 
samples recorded a positive correlation 
between Fe with Zn and Mn; Cu with each 
of Cr and Ni; Mn with each of Ni and Co; 
Pb with Co, and Ni with Co. Meanwhile, 
the correlation for winter seawater samples 
indicated positive correlations were observed 
between Fe with Cr and As; Mn with Cu; and 
Cr with As. These results are supported by 
HCA analyses (Figure 8). For the summer 
season, the HCA dendrogram was classified 
heavy metals into three different groups. 
The first includes Cu, Cr, and Pb, the second 
includes Mn, Ni, and Co, while the third 
one includes Fe, Zn, and As. Meanwhile, 
HCA dendrogram in the winter season was 
grouped heavy metals into three different 
groups. The first includes Mn and Cu, the 
second includes Cr, As, Fe, and Zn, while 
the third one includes Ni, Co, and Pb. These 
results confirm that there is a difference in the 
sources of heavy metals during the summer 
and winter seasons.

Table 5. Environmental parameters in seawater of Kuwait Bay coast

Figure 7. Season variation of EF, CF and Cdeg indices in seawater of Kuwait Bay coast 
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Table 6. Correlation matrix among heavy metals in two seasons of coastal seawater of 
Kuwait Bay

Figure 8. Dendrogram for hierarchal clusters analyses of heavy metals in two season of 
surface seawater of Kuwait Bay
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Table 7 illustrates the component matrix, 
from which three principal ones in summer 
and four principal components are extracted. 
These components account in summer for 
89.33% of the total cumulative percentage. 
The first component accounts for 45.59% 
and shows high positive loading of Co, Ni, 
Mn, and Cu (0.885, 0.875, 0.794, and 0.757 
respectively). The second component explains 
31.17% and contains positive loading for As 
(0.701) and Pb (0.689). The third component 
factor accounts for 12.56% and shows 
positive loading for Cr (0.644). Each group 
of elements possibly originates from similar 
sources. Regarding the winter season, these 
components account in winter for 87.66% of 
the total cumulative %. The first component 
accounts for 29.93% and shows high positive 
loading of Cr, Fe, and Cu (0.868, 0.681, and 
0.613 respectively). The second component 
explains 25.35% and contains positive loading 
for Mn and Cu (0.851 and 0.599). The third 
component factor accounts for 20.43% and 
shows positive loading for Co and As (0.762 
and 0.619). The fourth component factor 
accounts for 11.96% and shows positive 
loading for Zn (0.586).

4. Conclusion

Environmental indicators suggested 
that the coastal water of Kuwait Bay had 
no enrichment with Mn, Zn, Pb, Ni, Co, Cr, 
and As in both summer and winter. The EF 
and CF factors indicated that the Cu was 
moderately enriched in the winter, whereas 
the other examined heavy metals were found 
to be a low polluted Kuwait Bay. Heavy 
metals distribution in the Sulaibikhat coast 
has the highest content of Mn, Ni, and As, 
while Ashiraj beach recorded the highest 
levels of Fe and Zn. Moreover, the highest 
levels of Cu, Pb, Co, and Cr were recorded 
in the beaches of West Doha chalets, Sif 
Kazma, Al-khuwaisat, and Gulf Street 
beaches respectively. The degree of heavy 
metals pollution (Cdeg) in the study area 
was moderate during the summer and low 
during the winter. Moreover, the average 
concentrations of these metals in the summer 
season were higher than those in the winter 
season. In the end, it can be concluded that 
the quality of seawater on the coast of Kuwait 
Bay is moderate to non-polluted by heavy 
metals.

Table 7. Principal component loadings and explained variance for the three components with 
varimax normalized rotation in two seasons



H. E. Nour et al  /  EnvironmentAsia 15(2) (2022) 108-119

118

References

Abaychi JK, DouAbul A. Trace metals in Shatt 
AI-Arab River. Water Research 1985; 
19(4): 162-457.

Abdel Wahab M, Melegy A, Helal S. 
Distribution and Enrichment of Heavy 
Metals in Recent Sediments of Safaga 
Bay, Egypt. Marine Georesources and 
Geotechnology 2011; 29(4): 364-375.

Al-Ghadban AN, Al-Majed N, Al-Muzaini S. 
The State of Marine Pollution in Kuwait: 
Northern Arabian Gulf. Technology 2002; 
8: 7-26.

Alkuwairan MY. Polygenetic dolomite in 
subtidal sediments of northern Kuwait 
Bay, Kuwait. Colorado School of Mines; 
2012.

Al-Mutairi N, Abahussain A, Al-Battay 
A. Environmental assessment of water 
quality in Kuwait Bay. International 
Journal of Environmental Science and 
Development 2014; 5(6): 527-32.

Al-Rashidi TB. An analysis of drivers 
of seawater temperature in Kuwait 
Bay, Arabian Gulf [unpublished PhD 
thesis]: Southhampton, University of 
Southhampton, United Kingdom 2009; 
155p.

Al-Taani AA, Batayneh A, Nazzal Y, Ghrefat 
H, Elawadi E, Zaman H. Status of trace 
metals in surface seawater of the Gulf of 
Aqaba, Saudi Arabia. Marine Pollution 
Bulletin 2014; 86(1-2): 582-590

Al-Yamani FY, Bishop J, Ramadhan E, 
Al -Husa in i  M,  Al-Ghadban AB. 
Oceanographic atlas of Kuwait’s water: 
Kuwait Institute for Scientific Research, 
Kuwait 2004; 203 p.

Anderlini VC, Mohammed OS, Zarba MA, 
Fowler SW, Miramand P. Trace metals 
in marine sediments of Kuwait. Bulletin 
of Environmental Contamination and 
toxicology 1982; 28: 75-80

Bazzi A. Heavy metals in seawaters, 
sediments, and marine organisms in the 
Gulf of Chbahar, Oman Sea. Journal of 
Oceanography and Marine Science 2014; 
5(3): 20–29.  

Broecker WS, Peng TH. Tracers in the sea: 
Palisades, New York, Lamont-Doherty 
Geological Observatory; 1982, 690 p.

Chen C, Kao C, Chen C, Dong C. Distribution 
and accumulation of heavy metals in the 
sediments of Kaohsiung Harbor, Taiwan. 
Chemosphere 2007; 66(8): 1431–1440

Donat JR, Bruland KW. Trace elements 
in natural waters. ed. B. Salbu and E. 
Steinness 1995.

Fallon S, White J, McCulloch M. Porites corals 
as recorder of mining and environmental 
impacts: Misima Island, Papua New 
Guinea. Geochim Cosmochim Acta 2002; 
66:45–62 

Ferrell RE, Carville TE, Martinez JD. Trace 
metals in oyster shells. Environ Lett 1973; 
4:311–316

Forstner V, Wittmann G. Metal pollution in 
the aquatic environment. Berlin: Springer-
Verlag; 1979.

Helal S, Abdel Wahab M. Distribution 
of Podocopid Ostracods in Mangrove 
Ecosystems along the Egyptian Red Sea 
Coastal. Crustaceana 2012; 85: 1669-
1696.

Kabata-Pendias A, Pendias H. Biogeochemistry 
of trace elements (in Polish). Warszawa. 
PWN 1999.

Karadede H, Unlu E. Concentrations of some 
heavy metals in water, sediment, fish and 
some benthic organisms from Tigris River, 
Turkey. Envi. Monit. Assess. 2000; 131: 
323-333. 

Nour HE. Distribution of hydrocarbons and 
heavy metals pollutants in groundwater 
and sediments from northwestern Libya. 
Indian Journal of Geo-Marine Science 
2015; 7(44): 993-999.

Nour HE. Assessment of heavy metals 
contamination in surface sediments of 
Sabratha, Northwest Libya. Arabian 
Journal of Geosciences 2019a; 12: 177-
186. 

Nour HE. Distribution, ecological risk, and 
source analysis of heavy metals in recent 
beach sediments of Sharm El-Sheikh, 
Egypt. Environmental Monitoring and 
Assessment 2019b; 191: 546

Nour HE. Distribution and accumulation 
ability of heavy metals in bivalve 
shells and associated sediment from 
Red Sea coast, Egypt. Environmental 
Monitoring and Assessment 2020; 
192(6): 353.



H. E. Nour et al  /  EnvironmentAsia 15(2) (2022) 108-119

119

Nour HE, El-Sorogy A. Heavy metals 
contamination in seawater, sediments 
and seashells of the Gulf of Suez, Egypt. 
Environmental Earth Science 2020; 
79(11): 274.

Nour HE, Nouh ES. Comprehensive pollution 
monitoring of the Egyptian Red Sea coast 
by using the environmental indicators. 
Environmental Science and Pollution 
Research 2020a; 27(23): 28813–28828.

Nour HE, Nouh ES. Using coral skeletons for 
monitoring of heavy metals pollution in 
the Red Sea coast, Egypt. Arabian Journal 
of Geosciences 2020b; 13(10): 341.

Nour HE, Ramadan F, Aita S, Zahran H. 
Assessment of sediment quality of the 
Qalubiya drain and adjoining soils, 
Eastern Nile Delta, Egypt. Arabian Journal 
of Geosciences 2021; 14: 535. 

Pan K, Wang WX. Trace metal contamination 
in estuarine and coastal environments in 
China. Science of Total Environment 2011; 
421(422): 3-16. 

Ramadan F, Nour HE, Aita S, Zahran H. 
Evaluation of heavy metals accumulation 
risks in water of the Qalubiya drain in 
East Delta, Egypt. Arabian Journal of 
Geosciences 2021; 14(17): 1750.

Reeder SW, Demayo A, Taylor MC. Cadmium. 
In Guidelines for surface water quality. Vol. 
1: Inorganic chemical substances, Water 
Quality Branch, Inland Waters Directorate, 
Environment Canada, Ottawa; 1979. 

Sadiq M. Toxic metal chemistry in marine 
environments. Marcel Dekker, New York, 
1992; p 390. 

Saif Uddin S, Al-Ghadban A, Khabba A. 
Localized hypersaline waters in Arabian 
Gulf from desalination activity: an example 
from south Kuwait. Environmental 
monitoring Assessment 2011; 191: 587-
594.

Siegel FR. Environmental geochemistry of 
potentially toxic metals. Berlin: Springer; 
2002.

Spivack A. Trace metal enrichments in the 
Mediterranean Sea. Earth and Planetary 
Science Letters 1985; 74: 405–419.

Swarnalatha K, Letha J, Ayoob S, Nair 
AG. Risk assessment of heavy metal 
contamination in sediments of a tropical 
lake. Environmental Monitoring and 
Assessment 2015; 187: 322.

UNEP (United Nations Environment 
Programme). Rep. UN Interagency 
plan of action for the ROPME region: 
Phase 1: Initial surveys and preliminary 
assessment. Nairobi, Kenya: Oceans and 
Coastal Area Programme Activity Center, 
UNEP; 1991.

Zhao L, Yang F, Wang Y, Huo Z, Yan X. 
Seasonal variation of metals in seawater, 
sediment, and Manila Clam Ruditapes 
philippinarum from China. Biol. Trace 
Element Research 2013; 152: 358-366.


