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Abstract: A total of twenty eight surface sediment samples were taken from Safaga Harbour area. Over 77.91%
of the sediment texture in the area is constituted of sand. The gravel ranges between 0.00% and 32.32%,
averaging 8.30%. Mud fraction ranges between 0.11% and 35.23%, with a 13.78% average. The high mud
fraction content is due to dredging and landfilling in the harbour region, as well as the green petroleum coke
unloading and shipping activities of phosphate ore. The mean size ranging from coarse sand to coarse silt, with
an average of medium sand, suggesting that from shoreline and high topographic locations towards the open
water, the sediment change from gravely and coarse sand to muddy sand and mud as the mean size increases.
The sediments are mostly poorly sorted, negatively skewed, and mesokurtic in nature. The surface sediments are
low in Calcium (Aver. 17.27%), Magnesium (Aver. 0.78%), Strontium (Aver. 0.08%), carbonate content (Aver.
41.14%), organic matter (Aver. 2.08%), total phosphorous (Aver. 757.60 ppm), and total nitrogen (Aver. 478.25
ppm). To determine possible relations between various variables, correlation matrix, cluster analysis,
cumulative curve and C-M pattern have been implied. An arcGIS technique was also used to create spatial
distribution maps of various variables.
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I.  Introduction

Particle size is an essential feature of sedimentary materials that may tell much about their history and
origins. The dynamical conditions of deposition and transport of the constituent particles of rocks are commonly
derived from their size. The size distribution is also an essential feature for assessing the probable behaviour of
granular material under gravitational or applied fluid forces and estimating the economic utility of bulk
materials ranging from foundry sands to china clay [1]. Study of the geochemical characteristics of marine
sediments is very important in order to explain their distribution and inter-relations to detect the effects of
human activities in the marine environment and to identify and characterise impacted areas.

Il.  Materials and Methods

Study area

Safaga Harbour is considered one of the oldest ports in the Red Sea, where its real activity began in
1911 with the export of phosphate ore. The harbour has been serving for a long time as a passenger port, as well
as international trade. The harbour is a natural bay, located 60 km south of Hurghada, and is protected from the
north and east by Safaga Island (Gazirat Safaga). It lies at latitudes 26° 44' 56"N to 26° 44' 35"N and longitudes
33° 57" 5.6"E to 33° 56' 36.7"E. In Safaga Harbour, phosphate ore shipments and cement packing were
conducted, which had stopped for more than two decades. The southern part of Safaga Harbour area is used as a
fishermen's port. Safaga Harbour receives alumina and green petroleum coke. The alumina is unloaded through
a telescope shot, where the alumina is sucked and transported by two conveyor belts to the alumina silos,
whereas the green petroleum coke is unloaded through ship cranes to big fixed funnels at the Egyptalum
Company berth, where it is transported to the warehouse by conveyor belt.

Field work
Safaga Harbour area divided into three transects SH1, SH2, and SH3 from north to south (Fig. 1), 28
sediment samples were collected from these transects with a depth ranging from zero to 34m below sea level,
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and distributed along a distance of 3096m from the shoreline (Fig. 2). The samples were collected in October
2018, using an outboard-engine fibreglass boat. The samples gathered from the area represent four different

environments: supratidal, beach, intertidal, and subtidal areas.
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Fig. 1: Location map of the study area on the Red Sea coast, Egypt.
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Fig. 2: Sample locations and bathymetric map of Safaga Harbour area.

Laboratory methods and treatment of data
The sediment samples had been gently washed with distilled water and spread out evenly on glass sheets

to air-dry. Grain size analysis was performed on a series of sieves of different mesh sizes according to Folk and
Ward [2]. Major metals in the sediments were determined according to Chester et al., [3] to obtain the
concentrations of Ca, Mg, and Sr by AAS (flame atomic absorption spectrophotometry) fitted with a BGC-SR
lamp for background correction (GBC-932 Ver. 1.1). One gram of each prepared sample was treated by 1N
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HCL acid, filtered, and washed several times with distilled water, dried and reweighed in order to calculate the
percentage of carbonate content of the sediments. Total organic matter content was obtained by the loss on
ignition at 550°C [4, 5, and 6]. The total phosphorus content was measured using persulfate digestion method
[7], the total nitrogen in sediments was detected using persulfate digestion [8]. The concentrations of both total
phosphorus and nitrogen were measured by a double beam spectrophotometer.

I11.  Results and Discussion

Environmental conditions

In the present work, the physical properties of marine water were measured at the same sediment
sampling sites. The pH recorded relatively varied values, from neutral to weakly alkali, noting that the tidal
areas at the different transects recorded the lowest values. The pH values ranged from 6.99 to 9.20, with an
average of 8.52. The temperature values ranged from 27.59 °C to 28.32 °C, averaging 27.82 °C. The surface
water salinity recorded similar values, ranged from 40.94 to 41.90%, averaging 41.22%.. Moreover, the
conductivity ranged from 61.22 to 62.22 ms/cm, averaging 61.45 ms/cm, and the total dissolved solids (TDS)
ranged from 30.58 to 30.79 ppt, with an average of 30.69 ppt. The oxidation reduction potential varied from
175.10 to 234.70, averaging 193.79. The dissolved oxygen ranged from 8.17 to 9.05 mg/I, averaging 8.65 mg/I.

Bottom facies of study area

The sediments covering the topography of the area stranded between the shoreline (west) and Gazirat
Safaga (east) are grey sand at the shoreline area and biogenic sand at Gazirat Safaga, and what is in between is
muddy sand to mud, with seagrass bottom close to Gazirat Safaga (Fig. 3).
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Fig. 3: A map showing the distribution of bottom facies at Safaga Harbour.

Sediments texture of the area

The investigated transects of Safaga Harbour are composed of over 77.91% sand fraction (Table 1).
Gravel fraction varies from 0.00 to 32.32%, with an average of 8.30% (Table 1). Gravel fraction is dominant in
the supratidal, beach and intertidal areas (except the intertidal area of transect SH3) and at the ends of transects.
This is due to increase of terrigenous materials (pebbles) at the shoreline, in addition their locations close to
Gazirat Safaga, which is rich in coral fragments, where gravel increases with decreasing water depth. Mud
fraction varies from 0.11 to 35.23%, with an average of 13.78% (Table 1). The area recorded a high average
value of mud fraction. The highest values of mud were recorded at the deepest parts of the area, where the mud
fraction increases with increasing water depth (Fig. 4). The high content of mud fraction is related to landfilling
and dredging in the harbour area, unloading of green petroleum coke and phosphate ore shipment.
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Table 1: Sediment types, grain size parameters, water depth and distance from shoreline for all samples at
Safaga Harbour.
Grain size parameters

Sa. No. Sediment type (Folks & Ward,1957) Depth | D.Sh.

Gravel Sand Mud Mz 6, Sk, Ks (m) (m)
SH1.1 12573 | 85.634 | 1.793 0.72 0.99 -0.46 1.23 0.0
SH 1.2 13.416 | 86.475 | 0.109 0.43 0.98 -0.34 1.04 0.0
SH 1.3 20291 | 76,507 | 3.202 0.43 1.44 -0.08 1.10 0.5 20
SH14 0.312 79.688 | 20.000 3.00 1.69 -0.25 0.96 14.0 39
SH 15 0.000 | 97.561 | 2.439 1.49 0.66 0.51 1.89 14.0 244
SH 1.6 0.000 | 67.223 | 32.777 3.69 1.87 -0.02 1.96 23.0 803
SH 1.7 0.136 | 69.820 | 30.044 331 1.85 -0.15 0.99 23.0 1415
Cont. table 1:

Gravel Sand Mud Mz 6, Sk, Ks (m) (m)
SH 1.8 5.404 | 81.504 | 13.092 2.65 1.87 -0.42 1.06 7.0 1652
SH19 5.000 80.931 | 14.069 2.64 1.90 -0.44 1.09 5.0 1943
SH 2.10 15.157 | 83.057 | 1.786 0.61 1.34 -0.26 1.28 0.0 0
SH2.11 32322 | 67504 | 0.174 0.12 1.10 0.09 0.53 0.0 0
SH 2.12 19.788 | 72.949 | 7.263 1.23 2.10 0.13 1.06 0.7 47
SH2.13 0.158 68.656 | 31.186 3.30 2.21 -0.15 0.97 30.0 550
SH2.14 0.098 69.299 | 30.603 3.23 2.25 -0.20 0.97 26.0 1081
SH2.15 0.650 77.276 | 22.074 3.20 1.86 -0.26 1.22 31.0 1714
SH2.16 1.113 81.061 | 17.826 3.00 1.71 -0.35 1.12 30.0 2167
SH2.17 31.055 | 68.462 0.483 0.13 1.13 0.15 0.56 7.0 2570
SH3.18 15.677 | 79.493 4.830 0.67 1.47 -0.23 1.24 0.0 0
SH3.19 22,703 | 77.168 0.129 0.36 1.12 -0.34 0.59 0.0 0
SH 3.20 0.000 64.771 | 35.229 4.19 1.38 0.28 2.09 15 49
SH3.21 10.749 | 87.826 1.425 0.81 1.38 -0.15 142 6.0 267
SH 3.22 0.373 72583 | 27.045 3.12 2.25 -0.17 0.98 30.0 685
SH 3.23 0.000 81.848 | 18.152 2.59 1.87 -0.31 0.96 28.0 907
SH 3.24 0.000 | 81.745 | 18.254 2.97 1.74 -0.30 0.94 32.0 1277
SH 3.25 0.000 72,764 | 27.236 3.16 2.14 -0.19 0.94 32.0 1760
SH 3.26 0.157 83.843 | 16.000 2.78 1.67 -0.38 0.95 34.0 2464
SH 3.27 10.630 | 81.900 7.470 1.57 1.93 0.20 1.00 27.0 3096
SH 3.28 14741 | 83.991 | 1.267 0.41 1.36 0.00 1.04 13.0 2976
Stdev 10.024 | 7.679 | 12.067 131 0.43 0.24 0.36 13.2 1020
Min 0.00 64.77 0.11 0.12 0.66 -0.46 0.53 0.0 0
Max 32.32 97.56 35.23 4.19 2.25 0.51 2.09 34.0 3096
Avg. 8.30 77.91 13.78 1.99 1.62 -0.15 111 14.8 990

Mz = mean size 6, =sorting SK,;=skewness Kg =kurtosis D.Sh = distance from the shoreline Stdev =
standard deviation Min. = minimum Max. = maximum Avg. = average
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Fig. 4: Distribution of gravel, sand and mud fractions of the samples in different transects at Safaga Harbour.

Distribution of grain size parameters

The mean size (Mz) of Safaga Harbour sediments is ranging from 0.12 to 4.19®, with an average of
1.99®, indicating medium sand fraction (Table 1). 50% of the sediment samples of Safaga Harbour are within
the fine-to-very fine category of the sand class, whereas 35% are within the coarse sand class. Sorting of the
sediments is expressed by the inclusive graphic standard deviation (6/). It depends on four major factors [9]: a)
the type of material supplied to the environment of deposition; b) the agent of deposition; c) the current
characteristics; and d) the rate of supply. The marine sediments representing this area have a sorting (6/) ranging
between 0.66 and 2.25®, with an average of 1.62d (Table 1), which means poorly sorted sediments. As
illustrated in table 1, about 71% of sediment samples are poorly sorted, whereas 18% are very poorly sorted.
Skewness measures the ratio of sorting in the extremes of distribution compared with the sorting at the center,
and it is a quantitative measure used to describe the deviation of straight line from normality. The inclusive
graphic skewness (Sk;) of the sediments varies from -0.46 to 0.51®, averaging -0.15®, which means coarse
skewed mode (Table 1). About 67.85% of the sediments from Safaga Harbour are within coarse skewed classes
(coarse skewed and strongly coarse skewed), while 17.86% of sediment samples are within fine skewed classes
(fine skewed and strongly fine skewed). The graphic kurtosis (Kg) of sediments sampled from Safaga Harbour
ranges from 0.53 to 2.09®, averaging 1.11® (Table 1), indicating mesokurtic sediments. About 57.14% of the
samples are mesokurtic and 32.15% are leptokurtic and very leptokurtic, while 10.71% of the sediments are very
platykurtic.

The results of the mean size (Mz) of Safaga Harbour sediments range from coarse sand to coarse silt.
These results, indicate that from the shore and high topographic areas towards the open sea, the mean size
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values generally increase and the sediments change from gravely and coarse sand to muddy sand and mud. The
sorting vary from moderately and poorly sorted at the supratidal and beach areas to poorly and very poorly
sorted towards the open sea with poorly sorted close to Gazirat Safaga. The skewness values of the investigated
sediments indicate that from the shore towards the open sea, the skewness generally changed from strongly
coarse to coarse skewness with a mixture of strongly coarse and fine skewness close to Gazirat Safaga. The
majority of skewness results are negative, represented by strongly coarse and coarse skews. Also, the kurtosis
ranged from very platykurtic to very leptokurtic. This variation in the character of sediments is related to the
diversity of skeletal grains, current and wave actions, and clastic materials inputs.

The distribution of particle size in sediments is a function of the availability of different sizes of
particles in the parent material and the processes operating where the particles were deposited [10]. The subtidal
area of Safaga Harbour, which is located between the coastline and Gazirat Safaga, received amount of
sediments resulting from the landfilling and dredging processes to construct the harbour, unloading of green
petroleum coke, phosphate shipment and cement packing. In general, the sediments of this area show a gradual
change in the particle size from coarse sand with moderately to poorly sorted, negative skewness and leptokurtic
character at the supratidal and beach areas to a mixture of fine and very fine sand with poorly to very poorly
sorted, negative skewness and mesokurtic to leptokurtic characters seaward with increasing depth and distance
from the shoreline. At the end of transects, close to Gazirat Safaga, the particle size shows a mixture of fine,
medium to coarse sand with poorly sorted, positive skewness and mesokurtic to platykurtic characters. The
gradual change in the particle size is due to the weak wave action and currents that quarry out the fine sediments
from the harbour area and deposit them in the subtidal zone. This is in addition to the abundance of biogenic
constituents close to Gazirat Safaga that shelter the harbour area from strong wave and current actions, creating
ideal conditions for the sedimentation process.

Cluster analysis

Cluster analysis (hierarchical cluster) was performed with the programme SPSS using Ward’s method
on all grain size data obtained by the sieving method (Table 2; Fig. 5) in order to obtain more objective results.
Cluster analysis includes gravel, sand and mud separates all samples of the studied area into four main clusters
according to the abundance of size fractions (Table 2; Fig. 5). The first cluster represents 28.57% of the total
samples and is characterized by high sand (Avg. = 80.99%, STD = 1.90%), high mud (Avg. = 17.43%, STD =
2.97%) and low gravel (Avg. = 1.58%, STD = 2.27%) contents. The samples from this cluster fall in deep parts
of Safaga Harbour area. In addition, some samples from SHL1 transect close to the harbour berth. Cluster 2
represents 25.00% of the total samples and is characterized by the highest fraction of mud (Avg. = 30.59%, STD
= 2.91%) and lowest amount of sand (Avg. = 69.30%, STD = 2.84%) and gravel (Avg. = 0.11%, STD = 0.13%)
contents. Most samples from this cluster fall in the deepest areas. The high content of mud is due to the
unloading of green petroleum coke and phosphate ore shipments. The third cluster represents 17.86% of the
total samples and is characterized by the highest fraction of gravel (Avg. = 25.23%, STD = 6.01%), low sand
content (Avg. = 72.52%, STD = 4.45%) and lowest mud content (Avg. = 2.25%, STD = 3.08%). The samples of
this cluster are distributed at the beach, intertidal area and close to Gazirat Safaga. Cluster 4 represents 28.57%
of the total samples and is characterized by the highest content of sand (Avg. = 85.74%, STD = 5.46%), high
content of gravel (Avg. = 11.62%, STD = 5.07%) and low content of mud (Avg. = 2.64%, STD = 2.37%).

Table 2: Some statistical parameters of the main grain size categories of cluster computed by (Ward’s method)
cluster analysis.

Fraction Parameter Cluster 1 Cluster 2 Cluster 3 Cluster4
STD 2.27 0.13 6.01 5.07
Min 0.00 0.00 19.79 0.00
Gravel
Max 5.40 0.37 32.32 15.68
Avg. 1.58 0.11 25.23 11.62
STD 1.90 2.84 4.45 5.46
Min 77.28 64.77 67.50 79.49
Sand
Max 83.84 72.76 71.17 97.56
Avg. 80.99 69.30 72.52 85.74
STD 2.97 291 3.08 2.37
Min 13.09 27.05 0.13 0.11
Mud
Max 22.07 35.23 7.26 7.47
Avg. 17.43 30.59 2.25 2.64

STD = standard deviation

Min. = minimum Max. = maximum Avg. = average
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Fig. 5: Dendrogram of cluster analysis using Ward's method and histogram showing cluster of grain size
texture.

Relationships between size parameters and depositional environments

In the sediments of Safaga Harbour, the correlation coefficient shows that gravel is highly negatively
correlated with mean size (-0.88), mud (-0.77), depth (-0.70) and also negatively correlated with sorting (-0.51),
while mud fraction has a very strong positive correlation with mean size (0.95), strong positive with sorting
(0.71) and moderate positive with depth (0.64). Additionally, the mud has a moderate negative correlation with
sand (-0.56). Also, as illustrated in table 3, the mean size is positively correlated with sorting (0.68) and depth
(0.68). Sorting is positively correlated with depth (0.63).

Table (3). Correlation coefficient between sediment types, grain size parameters, water depth and distance from
shoreline of Safaga Harbour sediments.

Gravel Sand Mud Mz Sorting Sk, K Depth D. Sh.
Gravel 1.00
Sand -0.09 1.00
Mud -0.77 -0.56 1.00
Mz -0.88 -0.35 0.95 1.00
Sorting -0.51 -0.45 0.71 0.68 1.00
Skl 0.19 -0.15 -0.06 -0.12 -0.24 1.00
KG -0.44 0.15 0.27 0.33 -0.14 0.36 1.00
Depth -0.70 -0.09 0.64 0.68 0.63 -0.11 -0.07 1.00
D. Sh. -0.17 0.03 0.12 0.20 0.31 -0.03 -0.25 0.54 1.00

C-M pattern application

According to Visher [11], there are three modes of transportation: suspension, saltation and surface
creeping or rolling. The forces controlling the transportation and the grain size deposition in these populations
are tidal currents, swash and backwash, wave action, fallout from suspension turbidity currents, longshore
currents and transport by suspension. Application of the C-M pattern to the sediments of Safaga Harbour shows
that the vast majority of samples (96.43%) fall in the classes I, Il and IV, indicating uniform rolling
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transportation mode, and one sample represents 3.57% fall in the class VI, indicating the grade between rolling
and suspension (Fig. 6).
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Fig. 6: C-M pattern of sediments of different transects at Safaga Harbour.

Distribution of cumulative curve

The cumulative curve gives a clear view of the variation of grain size of sediments and enables to study
their environmental conditions. The curve illustrates three modes of transport; suspension, saltation and surface
creep [11], which are represented by segments, each of which represents a mode of transportation. The mean
cumulative curve of all sediment samples at Safaga Harbour indicates that the majority of samples (55.18%)
show the saltation population of transportation. The rolling population is small (9.48%) compared to the
suspension population (35.34%) (Fig. 7).
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Fig. 7: Mean probability cumulative curve of sediments of Safaga Harbour.

Geochemical characteristics of marine sediments
Calcium (Ca)

In carbonate minerals, calcium and magnesium are the former categories. Madian [12] reported that
calcium content is high in Hurghada Marina and Master Line area due to the biogenic origin, and it is low at
Desert Rose and Magawish Petroleum Company due to the terrigenous sediments of the landfilling materials. In
the present study, calcium content varied from 2.72% to 39.35%, averaging 17.27% (Table 4). The lowest
values of calcium concentrations were recorded at transect SH1 due to the human impacts resulting from the
activities of green petroleum coke unloading, phosphate shipment, and cement packing, in addition to landfilling
and dredging operations in Safaga Harbour area. In contrast, the samples close to Gazirat Safaga recorded the
highest values of calcium due to the abundance of biogenic fragments of coral reefs. The results of the
correlation matrix (Table 5) showed that calcium is positively correlated with carbonate (0.96), strontium (0.78),
magnesium (0.70), and distance from the shoreline (0.64).

Magnesium (Mg)

Both magnesium and calcium are in a delicate equilibrium, according to Irving [13], where small
changes in alkalinity and carbon dioxide tension may cause precipitation. Biologically, they are two of the most
significant elements, both in terms of quantity and specific effect. The magnesium content of the sediments of
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the studied area ranges from 0.18% to 2.12%, with an average of 0.78% (Table 4). The results of the correlation
coefficient (Table 5) show that magnesium has a positive correlation with TOM (0.80), Ca (0.70), carbonate
(0.67), distance from the shoreline (0.52), and Sr (0.51).

Strontium (Sr)

Strontium is derived from modern corals, which are carbonate-secreting organisms, and it entered the
structure lattice of carbonate minerals [14]. The strontium content of the sediments in the area under study
varies between 0.01% and 0.22%, averaging 0.08% (Table 4). The correlation coefficient shows that Sr is
significantly positively correlated with Ca (0.78) and carbonate (0.74) (Table 5). This suggests a synchronised
increase of Sr with carbonate and Ca, indicating that Sr is essentially cooperative with carbonate minerals. In
addition, it has a positive relationship with distance from the shoreline (0.59) and Mg (0.51).

Carbonates

Several environmental parameters control carbonate deposition: temperature, light, sedimentation,
salinity, pressure and water depth. Of these, the two most important parameters are temperature and water depth
[15]. Maxwell [16], classified sediments based on carbonate content to high carbonate (>80%), impure
carbonate (80 — 60%), transitional (60 — 40%), terrigenous (40 — 20%) and high terrigenous (<20%). According
to this classification, terrigenous and high terrigenous carbonate sediments represent the largest proportion of
sediments sampled at Safaga Harbour (Avg. 41.14%) (Table 4).

Sediment samples of Safaga Harbour have low carbonate content, varying from 8.14% to 88.87%,
averaging 41.14% (Table 4). Furthermore, the supratidal, beach and intertidal samples are very terrigenous,
terrigenous and transitional carbonates, which appear clearly at transect SH1 close to the harbour berth (Fig. 8),
which has mostly very terrigenous and terrigenous carbonates. Fine sediments, mainly fine and very fine sand
(mostly non-carbonates) are transported from the harbour area into the deeper parts close to the harbour,
indicating terrigenous contamination resulting from the dredging and landfilling operations that occurred to
construct the harbour, in addition to the fine particulates spread during green petroleum coke unloading
operations on Egyptalum Company's berth at Safaga Harbour. On the other hand, from the spatial distribution of
carbonates (Fig. 8), it is clear that the carbonate content increases in the samples close to Gazirat Safaga, where
coral fragments are abundant, confirming the existence of two different sources of carbonates, one terrestrial and
the other biogenic.

The correlation coefficient results (Table 5) show that the carbonate has a very strong positive
correlation with Ca (0.96), a strong positive with Sr (0.74) and a moderate positive correlation with Mg (0.67)
and distance from the shoreline (0.68).

Table 6 shows a comparison of the current findings with earlier studies conducted on the Egyptian Red
Sea coast. The results demonstrate that the carbonate content recorded by Mansour et al., [17] in Safaga
Harbour, averaging 78.02%, is higher than those in the current work and also those recorded by Madkour [18] in
Hurghada Harbour and EI-Esh area (Avg. 78.6 and 73.4%, respectively). Mansour et al., [19] recorded higher
carbonate content in Hurghada area (Avg. 66.3) compared to those found in the current study. Comparable
carbonate content was recorded in Qusier and Safaga harbours (Avg. 33.1 and 53.7%, respectively) studied by
Madkour [18]. Also, a comparable value of carbonate content was recorded in Hamrawein Harbour with an
average of 49% [20] compared to the current study area. Madkour [18] reported that the low carbonate content
in Qusier and Safaga harbours indicates a terrigenous materials oversupply.

Organic matter and Organic Carbon

The quantity and nature of organic matter deposited are inexorably connected to the environmental
conditions in which it is deposited. The total organic matter distribution along the studied area of Safaga
Harbour ranges between 0.44% and 6.27%, with an average of 2.08%, and organic carbon content varies from
0.24% to 3.48%, averaging 1.16% (Table 4). The values of total organic matter and organic carbon in the
present study are probably due to direct discharge of domestic waste and the organic productivity in some areas
due to seagrass bottom facies. From the spatial distribution map of total organic matter (Fig. 9), it is noticed that
the low contents of total organic matter are distributed close to the harbour berth and the shoreline. This is due
to the contamination resulting from the crumbs falling under the berth of Egyptalum Company in Safaga
Harbour during the unloading of green petroleum coke. Furthermore, the impact of phosphate shipment
activities in the area.

The correlation coefficient results illustrate that the total organic matter has a significant positive
correlation with Mg (0.80) and a weak positive correlation with carbonate (0.49), depth (0.45), Ca (0.43), and
distance from the shoreline (0.37) (Table 5).

In comparison, the distribution of the organic matter content in the current study is lower than that
recorded in Safaga Harbour (Avg. 4.89%) by Mansour et al., [17], and it is also lower than that recorded in
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Hurghada area (Avg. 5.25%) by Mansour et al., [19]. Comparable values of organic matter content were
recorded by Madkour [18] in Qusier Harbour, Safaga Harbour, Hurghada Harbour, and EI-Esh area (2.0, 3.4,
3.0, and 3.2%, respectively), Madkour et al., [20] in Hamrawein Harbour (Avg. 3.8%), and Youssef et al., [21]
in Makadi Bay (Avg. 3.04%) (Table 6).

Total phosphorus

Phosphorus (P) eutrophication has had a negative impact on several aquatic ecosystems worldwide
[22]. Phosphorus eutrophication is described as the over enrichment of phosphorus to aquatic ecosystems,
resulting in increased growth of algae blooms or water plants, anoxic episodes, and changes in biomass and
species composition [23 and 24]. Madkour [18] stated that the high phosphorus values of Quseir and Safaga
harbours were found near the phosphate-loading berths, which decrease with increasing distance from the berth.
In the area under study, the total phosphorous concentrations vary between ND and 5379.52 ppm, averaging
757.60 ppm (Table 4), where the supratidal, beach and intertidal areas south of Safaga Harbour (Transects SH2
and SH3) recorded the highest values of total phosphorous concentrations in the studied area (Fig. 10). This is
due to the impact of human activities that have been operating in Safaga Harbour region for more than two
decades, such as phosphate shipment activities. The average value of total phosphorous (757.60 ppm) in Safaga
Harbour is slightly higher than the threshold effect level (600 ppm) regulated by sediment quality guidelines
[25].

In comparison (Table 6), the sediments of Safaga Harbour in the current study display a higher average
concentration of total phosphorous than that recorded by Mansour et al., [17] for the same area, where they
declared that the average concentration of phosphate in Safaga Harbour is 129.00 ppm. On the other hand,
Madkour [18] recorded values of total phosphorous in Qusier, Safaga, Hurghada harbours, and EI-Esh area
(6303.2, 5125.8, 2472.3, and 3170.3 ppm, respectively) higher than that in the current study. Moreover,
Madkour et al., [20] recorded an average concentration of total phosphorous in Hamrawein Harbour (5011 ppm)
higher than that found in the current work. Total phosphorous shows a weak negative correlation with distance
from the shoreline (-0.46) and depth (-0.44) (Table 5).

Total Nitrogen

An important parameter for the environmental status estimation of terrestrial and aquatic ecosystems is
the total organic carbon (TOC) and total nitrogen (TN) content, in soils and sediments. There is a lack of data
about total nitrogen in the sediments of the Red Sea coast, as it was not previously investigated by researchers in
the region. Liang et al., [26] stated that the total nitrogen content of the entire Duliujianhe River was 124.00 -
1948.44 mg/kg. They attributed that to the presence of organic pollution and inorganic nitrogen pollution along
the river. Sediments from the southwestern Gulf of Mexico studied by Escobar-Briones and Garcia-Villalobos
[27] recorded an average total nitrogen concentration of 0.12 + 0.03%. They stated that the higher values are
associated with oil seepage in the abyssal plain. The total nitrogen in marine sediments of Safaga Harbour in the
current work varies between ND and 1606.85 ppm, with an average of 478.25 ppm (Table 4). These values may
be due to waste water discharge, either domestically or from boats. Total nitrogen has a weak positive
correlation with mean size (0.34) and a weak negative correlation with gravel (-0.31) (Table 5).

Table 4: Major, minor and total organic matter constituents of marine sediments of Safaga Harbour.

sa. No. Ca% Mg % Sr% | Cab.% | TOM% | 0.C.% TP* TN* D(en"]’;h ':z;ns)h
SH1.1 2.72 0.25 0.01 8.43 0.61 0.34 20.59 206.65 0 0
SH1.2 5.41 0.24 0.02 19.03 0.59 0.33 ND 557.58 0 0
SH1.3 3.26 0.46 0.03 9.65 113 0.63 25.63 104.61 0.5 20
SH14 6.85 0.36 0.02 17.76 2.15 1.19 35.89 375.07 14 39
SH 1.5 5.60 0.40 0.03 8.14 0.98 0.55 ND ND 14 244
SH 1.6 7.20 0.35 0.02 27.62 0.87 0.48 62.93 258.85 23 803
SH 1.7 8.80 0.60 0.03 24.45 175 0.97 6.76 176.99 23 1415
SH 1.8 15.85 0.47 0.05 38.13 118 0.65 10.66 720.22 7 1652
SH1.9 24.17 0.94 0.08 61.50 2.08 115 ND 1606.85 5 1943
SH 2.10 8.77 0.40 0.07 22.11 1.74 0.97 4433.30 ND 0 0
SH 2.11 9551 0.62 0.07 16.99 153 0.85 231424 | 22477 0 0
SH 2.12 12.05 0.66 0.04 18.90 1.64 0.91 1858.28 | 768.92 0.7 47
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Cont. table 4:

sa. No. Ca% Mg % Sr% | Carb.% | TOM% | O.C.% Tp* TN* D(?T':’)th D(I;ns)h
SH 2.13 18.59 0.72 0.06 48.87 2.03 1.13 634.23 746.49 30 550
SH 2.14 16.70 0.88 0.07 51.37 5.43 3.01 231.76 792.14 26 1081
SH 2.15 17.19 1.22 0.10 43.43 3.04 1.69 78.13 351.00 31 1714
SH 2.16 19.12 0.88 0.10 4553 2.18 1.21 326.33 749.16 30 2167
SH 2.17 39.35 1.72 0.19 73.21 2.53 1.40 ND ND 7 2570
SH 3.18 6.35 0.88 0.13 18.89 2.20 1.22 2217.97 | 409.56 0 0
SH 3.19 8.38 0.18 0.10 12.17 0.44 0.24 1835.32 | 610.48 0 0
SH 3.20 22.40 1.12 0.08 48.43 2.79 1.55 5379.52 | 185.25 15 49
SH 3.21 36.96 1.31 0.16 88.87 2.77 1.54 61.75 39.02 6 267
SH 3.22 28.84 0.84 0.09 56.23 2.08 1.15 833.61 627.15 30 685
SH 3.23 22.99 0.83 0.07 58.82 2.07 1.15 430.21 | 1436.41 28 907
SH 3.24 26.64 0.76 0.09 64.82 1.88 1.05 188.26 530.94 32 1277
SH 3.25 24.11 1.02 0.08 59.11 2.52 1.40 117.75 591.32 32 1760
SH 3.26 2351 2.12 0.08 57.75 6.27 3.48 104.06 533.26 34 2463.5
SH 3.27 25.23 0.51 0.18 66.16 1.26 0.70 5.69 472.41 27 3096
SH 3.28 37.14 1.01 0.22 85.64 2.51 1.39 ND 315.92 13 2976
Stdev 10.68 0.45 0.05 24.11 1.28 0.71 1376.23 | 388.86 13 1020
Gm 13.75 0.66 0.06 33.15 1.76 0.98 193.45 413.75 12 650
Min 2.72 0.18 0.01 8.14 0.44 0.24 ND ND 0 0
Max 39.35 2.12 0.22 88.87 6.27 3.48 5379.52 | 1606.85 34 3096
Avg. 17.27 0.78 0.08 41.14 2.08 1.16 757.60 478.25 15 990

Carb.% = carbonate content TOM = total organic matter O.C. = organic carbon TP = total phosphorus
TN= total nitrogen  *= values ppm  D.sh.= distance from the shoreline  Stdev = standard deviation
Gm= Geomean Min=minimum Max= maximum Avg.= average ND = not detected

Table 5: The correlation coefficient among sediment texture, mean size, geochemical components, depth and
distance from the shoreline of marine sediments at Safaga Harbour.

Gravel Sand Mud Mz Carb.% Ca% Mg % Sr % TP* TN* TOM% Depth D.sh

Gravel 1

Sand -0.09 1

Mud -0.77 -0.56 1

Mz -0.88 -0.35 0.95 1

Carb. % -0.21 -0.02 0.19 0.22 1

Ca% -0.06 -0.06 0.09 0.11 0.96 1

Mg % -0.08 -0.13 0.15 0.17 0.67 0.70 1

Sr % 0.28 0.03 -0.25 -0.27 0.74 0.78 0.51 1

TP* 0.22 -0.31 0.01 -0.06 -0.23 -0.16 -0.06 -0.01 1

TN* -0.31 -0.02 0.27 0.34 0.23 0.15 0.03 -0.07  -0.20 1

TOM % -0.31 -0.15 0.35 0.36 0.49 0.43 0.80 0.26 -0.03 0.12 1

Depth -0.70 -0.09 0.64 0.68 0.45 0.35 0.34 0.09 -044  0.27 0.45 1
D.sh -0.17 0.03 0.12 0.20 0.68 0.64 0.52 0.59 -046 0.21 0.37 0.54 1

Mz = mean size Carb.% = carbonate content TP = total phosphorus TN = total nitrogen * values = ppm
TOM = total organic matter D. sh = distance from the shoreline.
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Table 6: Comparison of carbonate, total organic matter, organic carbon, total phosphorous and total nitrogen in
the current study with other studies of the Egyptian Red Sea coast (values in percent unless otherwise noted).

Other studies of the Egyptian Red Sea coast Thn;ggieut

Mansour et al., . Madbkour et al., Mansour et al., Youssef et al, )

Parameter (2000) Madkour (2004) Q1) (2013) (2020) Safaga
Safaga Quster Safaga Hurghada El-Esh El-Hamrawein Hurghada Makadi Bay Harbour
Harbour Harbour Harbour Harbour area Harbour area area

Carbonate
Range e 39-633 7.9-96.4 44-06.8  24.6-96.0 23-86 11.72-87.98 e 8.14-88.87
Avg 78.02 131 33.7 78.6 734 48 66.3 e 41.14
TOM
Range e 09-39 08-54 1.0-43 1.1-6.6 19-77 1.60 - 8.63 0.19-622 0.44-6.27
Avg. 4.80 2.0 34 3.0 32 38 3.25 3.04 2.08
Organic Carbon
Range R 05-33 04-30 05-24 06-37 11-43 0.89-4.79 ——— 0.24-3.48
Avg 271 1.1 1.9 1.7 1.8 2.1 281 e 1.16
TP+
Range e 632 - 10974 1200-9630 830-3708 232 - 4408 4010 - 6954 e e ND - 5379.52
Avg 120.00 63032 31258 24723 31703 3011 R e 757.60
™+
Range J— J— e - i e e e ND - 1606.85
Avg. e e e e e e e e 478.25

TOM = total organic matter
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Fig. 8: Spatial distribution of carbonate content at Safaga Harbour.
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Fig. 10: Spatial distribution of total phosphorus at Safaga Harbour.

IV.  Conclusions And Recommendations

The sand fraction represents the highest fraction with an average of 77.91%, followed by mud fraction
(13.78%), whereas the gravel fraction recorded the lowest content with an average of 8.30%. The mud content
recorded the highest values at the deepest parts of the area. The high content of mud fraction is related to
landfilling and dredging in the harbour area, unloading of green petroleum coke and phosphate ore shipment.
The mean size of the sediments ranged from coarse sand to coarse silt, averaging medium sand. Additionally,
the mean size increases from the shore and high topographic areas with increasing water depth. The sorting
shows the same pattern as the mean size, with an average of poor sorting. This is illustated by the positive
relationships between mud, mean size, sorting and depth. The skewness generally changed from strongly coarse
to coarse skewness, with strongly coarse and fine skewness close to Gazirat Safaga. The kurtosis ranged from
very platykurtic to very leptokurtic.

Ca, Mg, and Sr recorded the lowset values close th the harbour berth. This is due to the human impacts
resulting from the activities of green petroleum coke unloading and landfilling and dredging operations in the
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area. In contrast, the samples close to Gazirat Safaga recorded higher values due to the abundance of biogenic
fragments of coral reefs. The samples close to the harbour berth are very terrigenous, terrigenous and
transitional carbonates, whereas the carbonate content increases in the samples close to Gazirat Safaga, where
coral fragments are abundant. The organic matter recorded an average of 2.08%, this is probably due to direct
discharge of domestic waste and the organic productivity in some areas due to seagrass bottom facies. The total
phosphorous recorded an average value of 757.60 ppm, which is slightly higher than the threshold effect level.
This is attributed to phosphate shipment activities in the past. The total nitrogen in marine sediments of the
current study recorded an average of 478.25 ppm.

It is recommended that the harbour should be equipped with facilities to receive grabage and
wastewater from ships. Using modern technology in coal unloading operations to prevent any emissions as a
result of unloading activities.
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