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ABSTRACT

Recognizing the crucial significance of marine environments, and evaluating and monitoring pollutants
emerges as a substantial challenge. To address this, twenty coastal water samples were systematically
collected from key beach sites along the Gulf of Aqaba and the Red Sea coasts. Iron, zinc, copper, lead,
cobalt, and mercury levels were scrutinized using an atomic spectrometer. The findings reveal the average
concentration of various heavy metals (HMs) in descending order (µg/l): Fe (3.98) > Zn (1.60) > Cu (0.67) >
Pb (0.35) > Cd (0.17) > Hg (0.016). Furthermore, the results of the heavy metal evolution index (HEI)
underscore the absence of significant contamination across all examined samples (HEI < 5). Simultaneously,
the results derived from the heavy metal pollution index (HPI) reveal that 45% of the studied areas exhibit
low levels of heavy metals (HPI < 100), with the remaining sites registering moderate contamination levels.
However, the general status of pollutant assessment in the study areas indicates the absence of significant
pollution and the current water quality situation in these areas does not threaten human health. It underscores
the resilience of these environments against the backdrop of continuous human development activities.
Nevertheless, it is prudent to recommend ongoing environmental monitoring of these beaches to assess
and promptly address any potential decline in water quality.
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Introduction

Heavy metals have the potential to amass in diverse
environmental components, encompassing water,
sediments, and living organisms, posing a signifi-
cant environmental hazard due to their limited solu-
bility in water. Since approximately three-quarters
of the Earth’s surface is covered by different water
bodies, such as oceans, seas, rivers, and lakes, these
areas are recognized as substantial metal reservoirs.
Human activities, notably industrial, agricultural,
and sanitary drainage, are primary contributors to
releasing these metals (Nour, 2015; Nour 2019a;

Ramadan et al., 2021 and Al-Kahtany et al., 2023a).
Water bodies serve as a crucial food source, under-
scoring the importance of closely monitoring their
water quality. This scrutiny is paramount due to its
direct repercussions on the ecosystem and human
health (Nour et al. 2021 and Alharbi et al., 2023).

Elevated levels of metal accumulation in the hu-
man body can lead to various health issues, such as
neurological and skin diseases, disorders in the di-
gestive system, and an increased risk of certain
types of cancers (Sun et al., 2021; and Lin et al., 2023).
Coastal environments stand out as crucial marine
ecosystems owing to their rich biodiversity and vi-
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tality. Spanning extensive areas globally, these envi-
ronments face a range of human activities, including
the expansion of tourist resorts and the establish-
ment of commercial and oil ports. Such activities
expose coastal areas to heightened environmental
risks and elevated metal contamination levels (Nour
2019b; Al-Kahtany et al., 2023b and Diganta et al.,
2023). Furthermore, the escalation of tourist activity,
rising urbanization in proximity to transitional
zones, ineffective planning, inadequate manage-
ment practices, and the discharge of untreated sew-
age all contribute to accelerating the pollution pro-
cess in coastal environments (Nour and Nouh, 2020a
and Diganta et al., 2023).

Research endeavors assessing environmental pol-
lution in the marine ecosystem through seawater
analysis have demonstrated substantial importance
and effectiveness (Bazzi 2014; Abadi, 2018; Nour et
al. 2022 and Cüce et al., 2022). Some efforts have
been made to evaluate environmental pollution in
specific coastal locations along the Red Sea in Egypt
(Al-Taani et al., 2014; Nour and Nouh, 2020b and
Garoub and Nour, 2024). Nevertheless, these studies
remain relatively limited, and there is a recognized
need for ongoing, practical, and consecutive moni-
toring. Hence, the present study holds exceptional
significance as it comprehensively addresses key
areas in the Gulf of Aqaba and along the Red Sea
coasts. The primary objective of the ongoing study is
to assess the distribution of heavy metal levels in the
coastal waters of the Red Sea and the Gulf of Aqaba.
The study aims to identify potential contamination
with these metals, pinpoint their sources, and draw
comparisons with findings from similar studies
worldwide. An additional goal is to amass funda-
mental data for the ongoing environmental monitor-
ing of Egyptian coastal environments, shedding
light on the impact of sustained and intense urban
development along the Egyptian coasts.

Materials and Methods

Study area and sampling

The coastal regions of the Red Sea and the Gulf of
Aqaba hold significant prominence as key tourist
destinations in Egypt, playing a crucial role in the
country’s economic landscape. Twelve pivotal sites
along the Gulf of Aqaba and eight sites along the
Red Sea coasts have been carefully chosen for spe-
cial consideration. The chosen sites exhibit diverse

human activities, ranging from tourism and indus-
trial operations to commercial and oil ports, as well
as mining activities. Additionally, some sites are
designated as natural reserves. These sites are stra-
tegically distributed among key coastal cities in east-
ern Egypt (Fig. 1), including Taba (GA_1), Nuweiba
(GA_3), Dahab (GA_7), Sharm El Sheikh (GA_10
and GA_11), Ras Mohammed (GA_12) on the Gulf
of Aqaba coast, while Hurghada (RS_1), Safaga
(RS_3 and RS_4), El Quseir (RS_6 and RS_7), and
Marsa Alam (RS_8) on the Red Sea coast. Surface
water samples were gathered from 20 designated
locations within the study area to evaluate metal
contamination levels and assess associated environ-
mental risks. To ensure the integrity of the samples,
polyethylene containers were meticulously cleaned
and rinsed three times with water before collection,
following the protocol outlined by Rahman et al.
(2021). The containers were submerged beneath the
water surface, allowing them to be filled without the
introduction of air bubbles. To prevent metal oxida-
tion, pure HNO3 was promptly introduced to each
bottle, lowering the pH of the samples to below 2.

Fig. 1. Sampling and study area
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Subsequently, the bottles were securely sealed,
placed in a cool box, and transported to the labora-
tory.

Laboratory work and quality assurance

In the lab, collecting water samples was filtrated
using filter paper < 45 µm, following digestion with
a mixture of nitric and Perchloric acids for 24 hours.
Subsequently, the digested samples underwent
heating at 100 °C for 6 hours and were then diluted
with 50 ml of distilled water (APHA 2005). The con-
centration levels of Fe, Cu, Zn, Pb, Cd and Hg were
determined by using an atomic absorption spectro-
photometer (AAS) equipped with a hydride genera-
tion system.  Additionally, physico-chemical param-
eters such as temperature, pH and total dissolved
oxygen levels were recorded at the respective
sample collection sites. The analytical process ad-
hered to international standards, involving rigorous
checks on reagents, triplicate analysis for selected
samples, and periodic analysis of standard samples
after every fourth sample. The results demonstrated
a relative standard deviation (RSD) of less than 5%,
affirming the precision and accuracy of the measure-
ments.

Statistics of quality water assessment

To assess the pollution levels at various sampling
sites within the study area, the environmental indi-
ces were employed: the heavy metal pollution index
(HPI), and heavy metal evaluation index (HEI).

Heavy metal pollution index (HPI) is calculated

by Eq (1): HPI =
(Vicente-Martorell et al., 2009 and Ghaderpoori et al.,
2018), and the heavy metal evaluation index (HEI) is

calculated by Eq (2): HEI = , (Ghaderpoori et

al., 2018), where Mi represents the monitored value
of each parameter, and MACi corresponds to the
maximum allowable concentration for that specific
parameter, Wi is the relative weight of each param-
eter and Qi is the water quality rating.

Within the same context, statistical analyses were
conducted to identify potential sources of heavy
metals and the relationships among them in the
study area. These analyses included the computa-
tion of the Pearson correlation coefficient, hierarchi-
cal cluster analysis (HCA), and principal compo-
nents analysis (PCA). The software tools utilized for
these analyses were SPSS 20 and Microsoft Excel 365
statistical program.

Results and Discussion

Physico -chemical parameters

The average degrees of surface water temperature in
the Gulf of Aqaba and the Red Sea were recorded
(29.49 and 29.78 ˆC), respectively, while the salinity
degrees were between 41.9 and 38.87 ‰, respec-
tively, and the pH recorded 8.27 and 8.11, respec-
tively. In addition to the percentage of dissolved
oxygen in the waters of the Gulf of Aqaba (6.15 mg/
l) and the Red Sea (6.66 mg/l). All of these values
fall within the global averages, as defined by WHO
and US EPA (Table 1). These results indicate that the
Gulf of Aqaba was higher in salinity and pH com-
pared to the Red Sea while recording lower levels of
both temperature and dissolved oxygen. This may
be due to the narrow and deep nature of the Gulf,
while the sea is wider and more active with sea cur-
rents. The pH results for the study areas suggest a
slightly alkaline nature. Furthermore, the observed
dissolved oxygen (DO) values are within average

Table 1. Descriptive statistics data and background values

Aver. Max. Min. Aver. Max. Min. WHO US EPA
Gulf of Aqaba Red Sea (2011) (2020)

pH 8.271 8.36 7.76 8.11 8.21 7.84 6.5-8.5 6.5-8.5
temp. (Co) 29.491 30.19 29.19 29.78 30.21 28.67 25-30
Salinity (‰) 41.908 42.8 40.11 38.87 41.45 36.78
DO (mg/L) 6.149 8.72 5.034 6.656 8.992 5.545
Fe 3.346 8.933 1.071 4.929 8.933 1.291 200 300
Cu 0.790 1.881 0.215 0.492 0.822 0.196 1000 1300
Zn 1.010 1.93 0.222 2.493 6.66 0.237 40 50
Pb 0.346 0.93 0.110 0.343 0.79 0.14 10 15
Cd 0.166 0.34 0.040 0.183 0.29 0.03 3 5
Hg 0.019 0.081 0.007 0.012 0.021 0.001 6 2



392 Eco. Env. & Cons. 30 (1) : 2024

ranges. The decline in dissolved oxygen levels could
potentially be attributed to processes such as the
decomposition of organic materials, respiration of
marine organisms, and biochemical reactions, as dis-
cussed by Hamed (1992).

Spatial distributions of toxic metals

The average concentrations of dissolved toxic metals
measured in surface seawater samples from the two
selected study regions were presented in Table 1.
The recorded values are arranged in descending or-
der as follows (µg/l): Fe (3.35-4.93), Zn (1.01-2.49),
Cu (0.79-0.49), Pb (0.35-0.34), Cd (0.166-0.183), and
Hg (0.019-0.012), in the Gulf Aqaba and Red Sea
coasts respectively.

Numerous studies have provided evidence that
certain metals exhibit a propensity to dissolve in
water, leading to higher concentrations in sediments
compared to water samples. This phenomenon
arises from the deposition and accumulation of met-
als within sediments. Conversely, there is the poten-
tial for the reverse process, involving the transfer of
metals from sediments to water (Jafarabadi et al.,
2017; Nour 2020 and Varol and Tokatl, 2023). In the

context of this study, the variation in the character-
istics of sample collection sites and the diverse hu-
man activities associated with them has led to a het-
erogeneous distribution of metal levels, as depicted
in Fig. 2. Specifically, the sites of GA_7, GA_10, and
GA_11 along the Gulf of Aqaba exhibited the high-
est concentrations of Cd (0.34 µg/L), Cu (1.88 µg/L),
Pb (0.93 µg/L), and Hg (0.081 µg/l) respectively.
Meanwhile, the sites situated along the Red Sea
coast, namely RS_1 and RS_5, registered elevated
levels of Fe (8.93 µg/l) and Zn (6.66 µg/l). The field
investigation reveals widespread tourist and recre-
ational activities in these locations, along with the
presence of ports and mining. Consequently, the el-
evated metal levels in these sites could be attributed
to either the leaching of metals from sediments into
the water or the direct discharge of metals into the
water due to human activities.

Figure 3 illustrates the results of comparing metal
concentration levels between the Gulf of Aqaba and
Red Sea sites. The findings indicate that the coasts of
the Gulf of Aqaba exhibit higher average concentra-
tions of Cu (0.79 µg/l), Pb (0.35 µg/l), and Hg (0.019
µg/l) compared to their counterparts along the Red
Sea coasts. This discrepancy may be attributed to the
geographical characteristics of the Gulf of Aqaba,
characterized by its narrow space and closed end in
the northeastern direction, resulting in less mobile
water currents that allow for the retention of metals.
Conversely, the Red Sea coast shows higher levels of
Fe (4.93 µg/l), Zn (2.49 µg/l), and Cd (0.183 µg/l)
concentrations than the Gulf of Aqaba, possibly in-
fluenced by natural weathering processes and vari-
ous human activities along the Red Sea coastline.

Using the data from Table 2, a comparison was
made between the metal distribution results in the
two study regions and some neighboring places as
well as other locations worldwide. The findings re-

0

2

4

6

8

10

Co
nc

en
tr

at
io

ns
 (µ

g/
g) Fe

0

2

4

6

8

Co
nc

en
tr

at
io

ns
 (µ

g/
g)

Cu Zn

0

0.2

0.4

0.6

0.8

1

Co
nc

en
tr

at
io

ns
 (µ

g/
g) Pb Cd

0

0.02

0.04

0.06

0.08

0.1

Co
nc

en
tr

at
io

ns
 (µ

g/
g)

Stations

Hg

Fig. 2 Distribution of HMs in seawater samples.
Fig. 3. Comparison between average HM levels in the

Gulf of Aqaba and Red Sea Coasts.

0.0

1.0

2.0

3.0

4.0

5.0

Fe Cu Zn Pb Cd Hg

Co
nc

en
tr

at
io

ns
 (µ

g/
L)

Gulf of Aqaba Red Sea



NOUR AND GAROUB 393

veal that certain metals exhibit higher levels than
those in the Suez Bay (Garoub and Nour, 2024), the
Gulf of Suez (Nour and El-Sorogy, 2020), the Red
Sea (Ali 2012), the coast of China (Wu et al., 2020),
and the North Atlantic and the Pacific Oceans
(Donat and Bruland, 1995). Conversely, some metals
recorded the lowest levels when compared to their
counterparts in the Red Sea (El Metwally et al., 2019
and Al-Mur, 2020), the Mediterranean Sea (Darwish
et al., 2022), the Caspian Sea (Abadi et al., 2018), the
Indian Coast (Lakshmanna et al., 2022), and the
North Atlantic and Pacific Oceans (Donat and
Bruland, 1995). All the metals investigated in the
study exhibited values lower than the reference
background, as defined by the World Health Orga-
nization (WHO), and US EPA as indicated in Table
1.

Pollution and ecological risk assessment

The issue of marine environment pollution has
emerged as a significant global challenge. Conse-
quently, conducting studies to assess environmental
impacts and maintaining continuous monitoring of
these environments has become crucial. In pursuit of
this objective, the HPI and HEI indices were as-
sessed using reference values the maximum allow-
able concentrations (MAC), and guidelines from the
US Environmental Protection Agency (US EPA),
(WHO, 2011 and USEPA, 2020).

The results of HPI revealed a range of values,
with the lowest recorded at 0.879 in site GA_11

(Sharm El-Sheikh) and the highest at 8.202 in site
RS_4 (South Safaga) (Fig. 4). According to the HPI
classification, 45% of the surveyed sites exhibit low
pollution levels for heavy metals (HPI < 5), while
the remaining sites show moderate pollution (HPI =
5-10). Concurrently, the HEI results demonstrate a
significant consistency in the distribution of studied
elements across all sites, indicating a notable similar-
ity in metal conditions between the Gulf of Aqaba
and the Red Sea coasts. HEI values for all samples
are below 1, signifying no threat to human health.
This outcome could be attributed to the study sites
being open beaches exposed to the sea or the Gulf,
where active waves facilitate constant water re-
newal.

Despite field observations suggesting the poten-
tial presence of pollutants in the coastal waters at the
study sites, the results contradicted these indica-
tions. Most of the study sites did not face substantial
threats or acute pollutants, suggesting a lack of sig-
nificant pollutants in these areas. The measured val-
ues of metals in the study sites were consistently
below their respective reference values as stipulated
by the World Health Organization and the United
States Environmental Protection Agency.

Source analysis of metals

In this investigation, the coefficient of variation (CV)
values for the metal content across various study
sites were gauged, and assessed the extent of their
susceptibility to human activities (Table 2 and Fig.

Table 2. Comparison between HM levels in the investigated seawaters and those in other worldwide sites.

Location Fe Cu Zn Pb Cd Hg Reference

Gulf of Aqaba 3.346 0.790 1.010 0.346 0.166 0.019 Present work
Red Sea, Egypt 4.929 0.492 2.493 0.343 0.183 0.012
Coefficient of variation 0.639 0.801 0.992 0.671 0.554 0.977
Skewness 0.724 1.338 2.197 1.316 0.253 3.692

Suze Bay 2.721 1.047 1.738 0.224 0.193 0.054 Garoub and Nour (2024)
Gulf of Suez 1.97 0.43 0.23 0.51 0.09 Nour and El-Sorogy (2020)
Red Sea, Egypt 8.4-33.7 0.8-2.6 2.1-14.4 1.2-4.5 0.10-0.30 El Metwally et al (2019)
Red Sea, Egypt 0.97 5.5 0.3 0.06 Ali (2012)
Red Sea, KSA 12.5-68.6 0.92-5.38 11.2-35.7 0.84-2.34 0.11-0.84 Al-Mur (2020)
Gulf of Aqaba, Egypt 0.14 0.24 0.32 0.57 Shriadah et al (2004)
Gulf of Aqaba, KSA 6.18 3.32 0.2 0.03 0.06 Al-Taani et al (2014)
Mediterranean Sea, Egypt 56.5 4.28 24.77 18.37 1.45 Darwish et al. (2022)
Caspian beach 5.02 16.94 1.67 0.27 Abadi et al. (2018)
Coastal waters, China 136.26 32.42 2.08 0.14 Wu et al. (2020)
East coast of India 11.96 19.78 25.82 10.05 14.83 Lakshmanna et al. (2022)
North Atlantic 1.15 0.15 125 5.5 1–7 Donat and Bruland (1995)
North Pacific 0.9 0.15 32 5.5 0.5–10
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5). The CV outcomes suggest that the spatial distri-
bution of metal content is likely to be heterogeneous,
with a pronounced influence from human activities,
particularly in the case of Hg, Zn, and Cu, where the
CV percentage exceeds 80% (Chen et al., 2023). This
observation is further supported by the results of
skewness values for the studied metals, which con-
sistently registered positive values for all metals,
affirming the potential impact of human activities
on water (Li et al., 2022). However, the relatively low
cadmium values, approaching zero, may suggest
moderate effects.

Pearson’s correlation coefficient, as elucidated by
Al-Kahtany et al. (2023b) is instrumental in discern-
ing the degree of association between metals in the
environment, providing insights into potential
sources. The study results reveal a positive correla-
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tion between Hg with Pb and Cd (r = 0.569**, 0.411
respectively), suggesting a likelihood of their origin
from a common source, in line with findings by Hao
et al. (2021) and Varol and Tokatlý (2023). Addition-
ally, a positive relationship is observed between sa-
linity and pH. Conversely, there are weak and nega-
tive correlations among the other metals, underscor-
ing the diversity of their respective sources as natu-
ral geological processes and human activities (Table
3).

The outcomes of the principal component analy-
sis (PCA) reveal a categorization of the examined
metals into four primary components (Table 4).
These findings suggest a weak correlation among
most metals, as indicated by the variance ratios for
these components: PC1 = 22.50, PC2 = 20.70, PC3 =
16.29, and PC4 = 13.18, contributing to cumulative
percentages of 22.50, 43.20, 59.49, and 72.67, respec-
tively. Within the first and third components, no
robust positive values were observed for the load-
ings between the heavy metals. However, the sec-
ond component (PC2) exhibited notable positive
loadings for Hg (0.732), Cd (0.728), and Pb (0.6888),
strongly suggesting a potential association with hu-
man sources (Hao et al., 2021). Conversely, the
fourth component displayed elevated positive load-
ings for Fe (0.744) and Cu (0.613), hinting at the in-
fluence of both natural weathering and anthropo-
genic activities. Simultaneously, the results from the
hierarchical cluster analysis (HCA) on the correla-
tion between sampling sites and metals (Fig. 6) indi-
cate that the selected sites can be segregated into
four distinct groups. The first group comprises
GA_4, GA_8, GA_3, GA_1, GA_12, RS_2, GA_5, and
GA_6. The second group encompasses GA_7,
GA_11, GA_2, GA_9, and GA_10. The third group

includes RS_4, RS_8, and RS_6, while the fourth
group consists of RS_1, RS_3, RS_7, and RS_5. These
results indicate the diversity of sources of these met-
als.

Conclusion

Given the vital role of marine environments as a sig-
nificant food source and the backdrop for various
human activities, the monitoring and assessment of
pollutants within these ecosystems are of para-
mount importance. Extensive studies were con-
ducted along the coasts of the Gulf of Aqaba and the
Red Sea, encompassing key sites associated with
diverse human endeavors such as industry, tourism,
trade, and mining. The geological characteristics of
the Gulf of Aqaba impart a distinct nature to its

Table 3. Correlation matrix of the investigated HMs.

pH temp. Co Salinity % DO Fe Cu Zn Pb Cd Hg

pH 1 -0.159 0.458* 0.047 -0.018 0.314 -0.302 0.233 0.150 0.105
temp. Co 1 0.039 0.293 -0.002 -0.130 0.288 0.218 0.338 0.062
Salinity % 1 -0.232 -0.357 0.208 -.537-* 0.019 0.059 0.152
DO 1 -0.234 -0.032 0.335 0.273 -0.249 -0.196
Fe 1 0.236 -0.209 -0.016 0.235 0.113
Cu 1 -0.188 0.114 -0.417 -0.183
Zn 1 0.207 -0.197 -0.035
Pb 1 0.237 0.569**

Cd 1 0.411
Hg 1

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Table 4. Principal component loadings with three vari-
ances for the components

Component Matrixa

Component
1 2 3 4

pH 0.630 0.044 0.482 0.116
temp. Co -0.289 0.539 0.155 -0.109
Salinity % 0.724 -0.044 0.373 -0.449
DO -0.528 0.092 0.620 0.081
Fe 0.164 0.086 -0.532 0.744
Cu 0.329 -0.418 0.395 0.613
Zn -0.794 0.215 0.187 0.088
Pb 0.065 0.688 0.480 0.346
Cd 0.301 0.728 -0.378 -0.142
Hg 0.327 0.732 -0.042 0.090
% of Variance 22.50 20.70 16.29 13.18
Cumulative % 22.50 43.20 59.49 72.67

Extraction Method: Principal Component Analysis.
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coastal areas, influencing water current patterns.
Despite these differences, the results obtained from
the assessment of water quality parameters as heavy
metal pollution index and heavy metal evaluation
index unequivocally indicate the absence of detri-
mental pollution across all study sites. Remarkably,
these areas, despite hosting a variety of human ac-
tivities, maintain a state of good to moderate water
quality. This underscores the resilience of these ma-
rine environments in the face of anthropogenic pres-
sures, highlighting the importance of continued
monitoring and conservation efforts to sustain their
health and functionality.
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