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Abstract:

Thirty-four sediment samples were gathered from El-Hamrawein Harbour area. The investigating area
sediments are composed of 84.86% sand fraction. The gravel fraction ranged from 0.00 to 46.54% and
averaged 6.71%. Mud fraction varied from 0.00 to 32.39% and averaged 8.44%. The majority of samples were
gathered from deep depths of the area contain a significant amount of mud fraction. This is a result of
landfilling and dredging in the harbour area, additional to phosphate ore shipment activities. The carbonate
content ranged from 22.10% to 85.78%, averaging 63.43%, indicating impure carbonate content. The
sediment's organic matter content ranged from 1.35% to 4.22%, averaging 2.71%. El-Hamrawein Harbour has
values of total phosphorus ranged from ND to 11120.71 ppm and averaged 4555.59 ppm. These values are due
to phosphate shipment activities at the harbour. The distribution of heavy metals at EI-Hamrawein Harbour's
marine sediments has been carried out. The overall average concentrations of the metals Fe, Mn, Zn, Pb, Cu,
Cd, Ni, and Hg were recorded at 0.31%, 126.32 ppm, 20.55 ppm, 7.77 ppm, 6.35 ppm, 0.30 ppm, 21.57 ppm,
and 0.08 ppm, respectively. These concentrations are related to dredging, landfilling, and phosphate ore
shipping, additional to terrigenous flux from Wadi Hamrawein. The assessment of sediment contamination was
conducted using various metrics, including the pollution load index, contamination factor, modified degree of
contamination, contamination degree, and enrichment factor. Statistical methods, including principal
component analysis, correlation coefficients, and cluster analysis, have been utilized to uncover potential
relationships among different variables. Maps of the spatial distribution of the different variables were also
produced using an arcGIS approach.
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I. Introduction

The main threat to the health, productivity and biodiversity of the marine ecosystem is human activities
on land in inland and coastal locations. Land-based sources account for around 80% of marine pollution, in
various kinds of pollutants, primarily as a result of human activity. El-Hamrawein Harbour is under impact of
shipping of phosphate processes, along with the materials that were derived from the surrounding wadis, such as
Wadi Hamrawein. Phosphate dust generally has elevated concentrations of lead (Pb), zinc (Zn), and cadmium
(Cd) as contaminants [1]. Examining the distribution and behavior of surface sediments's metals at El-
Hamrawein Harbour area is the study's objective, to evaluate the empacts of human activities on the marine
ecosystem and assessing the sediment contamination condition through various environmental indices for
instance contamination factor, pollution load index, modified degree of contamination, contamination degree,
and enrichment factor as powerful mathematical tools for processing, analyzing, interpreting, and simplifying
complex ecological information.

II. Material And Methods
Study Area: El-Hamrawein Harbour is a specialized mining harbour located on the Egyptian Red Sea coast in
Quseir City (Fig. 1). It is lying at 26° 15' 15" N to 26° 15' 21" N and 34° 12' 13" E to 34° 12' 22" E. El-
Hamrawein Harbour is a harbour for shipping and exporting mineral ores (phosphate, ilmenite, gypsum and
quartz).

Field Work: The El-Hamrawein Harbour area has been divided into four distinct transects, labeled HH4, HH1,
HH2, and HH3, arranged from north to south. Transect HH4 is located to the north of the phosphate ore
shipment berth, while transect HH1 is situated directly beneath the berth itself. Transect HH2 is positioned in
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front of Wadi Hamrawein, and transect HH3 represents the southernmost section of the El-Hamrawein Harbour
area. A total of thirty-four sediment samples were collected from these transects, with water depths ranging
from 0 to 29 meters below sea level, extending up to 574 meters from the coastline.

Laboratory Methods: The sediment samples were dried in ambient air by spreading them on glass sheets.
Grain size analysis was performed on a series of sieves of different mesh sizes [2]. The heavy metals were
determined in the sediments as stated by Chester et al. [3] to obtain Fe, Mn, Zn, Pb, Cu, Cd, Ni, and Hg
concentrations by spectrophotometer of atomic absorption fitted with self-reversing lamp for background
rectification (GBC-932 Ver. 1.1). IN HCL acid was used to treat one gram of each prepared sample, was
filtered, and repeatedly rinsed with distilled water, then dried and reweighed to determine the percentage of
sediments' carbonate content. The loss on ignition method at 550°C was utilized to measure the content of total
organic materials [4]. The persulfate digestion method was used to quantify the concentration of total
phosphorus [5] using ultraviolet double beam spectrophotometer.
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Fig. 1: Map showing the study area's location on the Red Sea Coast

III. Result
Facies of study area:
Coarse sand sediments constitute the area's bottom topography, mostly biogenic in the southern and
northern transects of El-Hamrawein Harbour and dark, light grey, medium to fine sand at El-Hamrawein
harbour berth transect, while it is covered with muddy sand and mud at offshore area of the harbour (Fig. 2).

Sediments texture of the area:

The area of current study is covered by a blanket composed of 84.86% sand fraction. Gravel fraction
varies from 0.00 to 46.54%, averaging 6.71% (Table 1). The highest content of gravel fraction is recorded in
samples that were taken close to coral reefs because they are mostly composed of biogenic fragments (Fig. 2).
Mud fraction varies from 0.00 to 32.39%, averaging 8.44%. Most samples taken from the high depths of this
area have a high content of mud fraction. Therefore, mud increases with water depth. The elevated amount of
mud fraction was found in the samples south and southeast of the berth because of shipping of phosphate ore
and the harbor's dredging and landfilling
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Fig. 2: Distribution of bottom facies at El-Hamrawein Harbour

Geochemical characteristics of marine sediments:

Carbonates: The amount of carbonate within the examined area's sediments varies between 22.10% and
85.78%, averaging 63.43% (Table 1). The sediments' carbonate content below the shipping wharf, as well as
southeastward from the berth, are high and impure carbonates. This is probably due to carbonate precipitation as
a result of excessive calcium or magnesium carbonate originating from chemical compounds associated with
phosphate ore. On the contrary, the carbonate composition found in the supratidal, beach, and intertidal
sediment samples from transects HH1 and HH2 is primarily composed of terrigenous and transitional
carbonates, which suggests that these carbonates originate from terrestrial sources influenced by the
contributions from Wadi Hamrawein. The findings presented in the correlation matrix (Table 2) reveal a strong
negative correlation between carbonate content and iron (-0.72), as well as moderate negative correlations with
nickel (-0.66) and copper (-0.51).

Total organic matter: The organic matter concentration in the sediments of El-Hamrawein Harbour ranges
from 1.35% to 4.22%, with a mean value of 2.71%, as shown in Table 1. The elevated levels of organic matter
in certain regions can be attributed primarily to the presence of sea grass, seaweed, and algae, which
significantly contribute to the overall organic matter found in the most of sediment samples from the harbour.

Total phosphorus: Sediments sampled at El-Hamrawein Harbour have values of total phosphorus ranged from
ND to 11120.71 ppm, averaging 4555.59 ppm (Table 1). These values are due to phosphate shipment activities,
as fine particulates fly out from the ore conveying belts, especially during direct unloading of the belt load in the
shipping boat, which causes fine dust to spread with the wind direction southeastward from the loading berth,
precipitated in the marine environment. As well, the coarser particulates fall under the shipping berth in the
marine environment.

The spatial distribution map of total phosphorus (Fig. 3a) illustrates that the concentration of total
phosphorus diminishes with increasing distance from the loading berth. From another point of view, total
phosphorus's average value (4555.59 ppm) in El-Hamrawein Harbour is more than double the probable effect
concentration (2000 ppm) regulated by the sediment quality evaluation standard of Environment Ministry of
Ontario [6]. Total phosphorus exhibits a moderate positive correlation with manganese (0.68), mercury (0.61),
zinc (0.58), and mud (0.52). Additionally, its concentration rises with increasing depth (0.66) and greater
distance from the shoreline (0.60) as indicated in Table 2.
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Table 1: Shows grain size and geochemical analysis results of marine sediments at El-Hamrawein Harbour.
82 o | Gravel | Sand | Mud | Carb % | TOM% | TP+ | Fate | Mw® | Zn® | cut | Poe | i+ | cas | Hes | Dopth | Dosh

(m)} | (m)
HiH 1.1 1.87 | B9.08 [ 5.4 5528 412 4893337 | Q.14 [ 19263 [ 2627 | 461 | 22.02 | 25346 | 038 | 0.10 0
HH12 131 | 9738 [ 131 38.30 206 190500 | 045 | 18544 [ 1805 | 630 | 2405 [ 3083 | 030 | 0.04 0 0
HiH 13 0.05 | 96.87 [ 3.08 44.60 281 535541 038 | 17409 | 20.90 | 5.13 | 1817 | 25.15 | 0.23 | 0.09 0.3 33
HH14 0.65 | 91.06 29 4.4 287 481510 | 026 [ 15268 [ 1635 20 ) 1221 ) 1882 ) 036 | 0.10 0.3 61
HH15 0.00 | B4.00 | 1600 [ 81.51 2.85 568522 | 032 [ 10381 [ 3005 | 455 | 849 | 1462 | 031 | 0.16 1 71
HH16 129 | B7.53 [ 1117 | &7.38 3.68 212056 | 017 | 8687 [ 17.11 [ 351 700 [ 1864 [ 028 | 0.06 1.2 157
HH17 023 | 77.18 [ 2260 [ 6431 314 8033.72 29 | 12611 | 2836 | 658 | 1175 | 20.04 | 0.28 | 0.08 4 188
HH1% 278 | 6814 | 7908 | 3B32 2.65 346558 | 050 [ 5339 [ 1552 [ 528 | 567 | 1855 | 040 | 0.14 3 22
HH1% 010 7.52 | 1238 | 7170 243 8003.82 .20 7217 [ 3355 | 758 | 671 | 2033 | 038 | 034 11 308
HHI110| 500 | 9243 [ 2.57 77.69 175 $005.81 039 | 18027 | 3752 | 729 | 424 [ 1935 | 028 | 0.17 19 361
HH1.11 183 | 94721 [ 396 73.48 L73 1112071 | 022 | 25686 | 3755 | 749 | 4386 | 1857 | 041 | 0.10 10 395
HHII2 | 000 | B0.00 [ 2000 | 7674 188 791536 | 023 [ 163.06 [ 3795 | 845 | 660 [ 2159 | 030 | 0.1% 19 410
HH1.13 | 000 | B256 | 1744 [ 8033 2.55 935765 | 0.00 [ 15352 [ 3340 | 712 [ 805 | 26.06 | 030 | Q.02 17 215
HHEL1I4 | 000 | 8907 [ 1094 | 7778 245 8152.2 008 | 108.76 | 3180 | 553 | 845 | 2613 | 043 | 0.01 21 37
HEZ15 | 006 | B0I3 [ 1881 | 4332 378 532840 | 080 [ 13279 [ 3822 | 1055 | 1446 | 3387 | 035 | Q.05 0 0

HH216 | 865 | 9132 [ 0.03 210 1.35 97644 216 | 16839 | 3034 | 2564 | 1175 | 47.22 | 0.11 | 0.06 0 0

HHZIT | 4634 | 5170 | 177 27.64 2.00 3480.7% | Q.77 [ 10313 | 2283 | 847 7. 3182 | 016 | ND 0.3 o
HHZ218 | 1750 | 8145 [ 1. 53.93 197 116254 | 035 | 7811 | 880 | 427 | 541 [ 1945 | 018 | 0.04 0.3 42
HHZ13 | 638 | 9030 [ 253 7223 312 148373 | @13 [ 79355 [ 1228 | 3.15 [ 12 14.03 | 0.10 | WD 04 ik
HH220 | 002 | %458 [ 3.00 315 1.96 238127 | 052 [ 17039 [ 1540 | 750 [ 571 | 2484 | 0.24 | 0.10 7 283

HE221 | 000 | B0.00 [ 2000 | 6432 1.9% 715859 | 006 | 16877 [ 3430 | 1055 | 312 | 2512 | 037 | 0.16 16 415
HH222 | 000 | 7500 | 35.00 [ 7146 3.80 621707 | 016 [ 19411 [ 3212 | 660 | 358 | 2521 | 038 | 0.2 23 482
HEE23233 | 001 | 6760 [ 3235 | 67.70 246 545750 | 028 [ 21167 [ 3214 ) 812 [ 210 | 2156 | 2.05 | 0.16 29 3T

HH324 | 685 | 9011 | 3.01 3.54 273 146530 | 017 [ 11153 | 769 | 528 | 088 | 1728 | 036 | 0.02 0 0

HH335 | 2471 | 7525 | 0.4 5263 138 75037 033 | 94.37 T8l | 355 [ 2 16.08 | 0.10 | 0.01 0 0
HH336 | 2500 | 74.60 | 040 64.35 242 116247 | 010 [ 9035 [ 679 | 352 | 281 [ 1615 ]| 035 | ND 0.3 3
HH327T | 384 | 9166 [ 230 75.70 343 126869 | 011 | 6012 20 [ 305 | 400 | 1423 (013 | MD 0.3 35

HH338 | 418 | %408 [ 1.73 T4.82 337 687.33 010 | 4510 | 347 | 2380 | 444 | 1520 | 011 | 0.02 0.3 i}
HH32% | 086 | 9884 [ 031 31.83 422 663546 000 | 3308 | 287 | 267 | 543 | 1242 | 008 | 0.03 0.3 163
HH430 | 565 | 9142 [ 253 75.49 222 827580 | 006 [ 11206 [ 526 | 840 722 | 2170 ) 031 | 0.08 0 0
Hi 431 334 | B4.65 | 0.02 80.23 .69 595502 | 030 [ 12410 | 3.34 25 7.00 | 1850 | 030 | 0.08 0 0
HHE432 | 1976 | B0.24 | 0.00 T6.30 2.65 6644.2 015 | 111.73 | 1853 | 548 798 | 1325 ) 028 | 0.11 0.3 40
HiE433 | 1383 | B6.15 | 0.03 80.31 307 0.00 0.03 | 33.74 | 312 | 274 | 650 | 1698 | 0.15 | WD 0.3 73
HH434 | 1151 | B847 | 0.02 83.78 311 0.00 0002 | 5760 | 506 [ 3.2 539 | 1254 [ 007 | MND 13 131
| Sides 1018 | 554 | 533 16.69 071 332675 | 03B | 3500 | 1445 ) 375 | 541 74 | 033 | 0407 3 179
Min 0.00 | 3170 | 0.00 2210 1.35 ND 0.002 ) 5318 | 287 | 267 | 088 [ 1242 ]| 007 | ND 0 0
Max 4654 | 9384 | 3235 | 8378 421 1112071 | 2.16 | 25686 | 3823 | 2364 | 2405 | 4723 | 209 | 0.24 29 374
Ave, 671 | B486 | 844 §3.43 271 435559 | 031 | 12632 [ 2055 [ 633 777 | 2157 ) 030 | Q.08 [ 151

Carb. = carbonate content TOM = total organic matter TP = total phosphorus  *=values ppm  D.sh.= distance from the shoreline
Stdev = standard deviation ~Min =minimum Max = maximum Avg. =average ND = not detected

Table 2: Shows the correlation coefficient among sediment texture, geochemical components, depth and
distance from the shoreline of marine sediments at El-Hamrawein Harbour.

E|E || |R |» |F|v|e|=® |2 |c|&

e

[~
&

Gravel
Band | -85 | 100
Mud | 049 | 046 [ 1.00
Carb. | <022 ) 016 | 0.07 | 1.00
TOK | -0.31 | 012 | 020 | 033 | 100
TP -036 | 0013 | 082 | 028 | <019 ) 100
Fe 014 | 002 [ 005 [ 072 [ 041 | -0.14 [ 1.00
hin 036 | 001 | 037 | 026 036 068 | 025 | 100
Zn 032 | 0014 | 048 | 027 <016 | 0SB | 0LS0 | 068 [ 1.00
Cu 004 | 0011 | 016 | 081 | 020 | 022 | 0BS5S | 043 | 069 | 1.00
Fh 020 | 027 | 006 | 03B 015 | 002 [ 025 27 | 026 [ 013 | 100
Mi 001 | <014 | 015 | -hes | -0 015 [ 079 [ 047 | 071 | 082 | 042 | 1.00
Cd 023 ) 034 | 089 | 007 | <007 | 047 | 008 | 042 27 ) 010 [ 017 | 005 | 100
H= 044 | 009 | 0s6 | 011 | <009 | D6l | 000 | 060 [ 041 ] 025 | 004 ) 004 | 033 | 100
Depth | -038 | -024 [ 065 | 031 | -0.15 | 066 | -0.15 | 082 | 043 [ 018 | -031 | 008 | 061 | 0.55 | 1.00
Dich | 045 ) -012 | 0.60 | 035 | -0.10 | 060 | -0.20 | 045 [ 041 [ 010 ) -033 ] -003 | 082 | 0.54 | 094 | 1.00

Carb. = carbonate content TOM = total organic matter TP = total phosphorus D. sh.= distance from the
shoreline

Metals concentration:

Heavy metals in the crust of the earth are found as natural constituents. Excessive quantities of
important metals, in contrast, might be harmful to the organism. Heavy metals are recognized as significant
pollutants in aquatic environments due to their persistence, toxicity, and tendency to bioaccumulate [7]. El-
Hamrawein Harbour's sediments' levels of heavy metals range from 0.002 to 2.16% for Fe, 33.18 to 256.86 ppm
for Mn, 2.87 to 59.22 ppm for Zn, 2.67 to 23.64 ppm for Cu, 0.88 to 24.05 ppm for Pb, 12.42 to 47.22 ppm for
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Ni, 0.07 to 2.09 ppm for Cd, and ND to 0.24 ppm for Hg (Table 1). The spatial distribution maps of Mn, Zn, Cd,
and Hg of study area (Fig. 3c, d, h, and i) show that the highest concentrations are located close to the phosphate
shipping berth, which decreases as the distance from the berth increases, indicating that phosphate ore loading
activities have a significant effect on Mn, Zn, Cd, and Hg distribution in surface sediments, as indicated by the
positive relationship between total phosphorus and these metals in the area. Rock phosphate includes significant
quantities of cadmium and zinc as impurities, according to study by Al-Sheikh and Fathi (2010). From Fe, Cu,
and Ni spatial distribution maps (Fig. 3b, e, and g), it is noticed that the supratidal, beach and intertidal area of
transect HH2 show highest concentration of Fe, Cu, and Ni. It is because of the natural inputs from Wadi
Hamrawein.

El-Hamrawein Harbour sediments recorded lower levels of heavy metals than those recorded in the
same area by Madkour et al.[8]. Also, the concentrations found in the present study were higher than those
measured in Hurghada area [9]. The Red Sea coast sediments investigated by El-Metwally et al. [10] show
higher concentrations of heavy metals than those in the present work as well as those investigated by Badawy et
al. [11] except for Cu, Pb, and Ni, which showed similar values compared to the current study. Elgendy et al.
[12] recorded higher average concentrations at El Zaitiya Harbour, except for Cd, which revealed a similar
average value compared to the current study (Table 3). Most of heavy metals correlated negatively with
carbonate, especially Fe (-0.72), Ni (-0.66), and Cu (-0.51). In contrast, they are positively correlated with total
phosphorous, especially Mn (0.68), Hg (0.61), and Zn (0.58). The present average concentrations of heavy
metals are significantly below the threshold effect levels, with the exception of nickel, which marginally
exceeds the threshold effect level as indicated in Table 3.

Table 3: shows comparison of heavy metals in the current study with other studies of the Egyptian Red Sea
coast (values in ppm unless otherwise noted).

Heavy metal
Location (1;‘/:) Mn 7n Cu b Ni cd He Reference
El‘ﬂiﬁfgem 031 | 1263 | 2055 | 635 | 7.77 217'5 03 | 0.08 P;flf'(;’;t
El-Hamrawein 018 | 592 73 18 | 39 | 42 | 23| - [8]
Harbour
Hurghada area 0.26 49 1241 | 457 | 151 | 721 Oil 0.02 [9]
Red Sea coast 106 | 2774 | 584 | 413 | 467 | 32 | 35 | — [10]
Red Sea coast 1.46 29; 9 2755 | 77 | 489 157'3 [11]
El Zaitiya Harbour 2.72 185'4 18;)'4 672'0 3 11'1 467'4 020 - [12]
Gulf of Suez 0.41 e | 4759 | 411 |3 11'1 467'4 069 0';’6 [13]
Threshold effect level 2 640 124 | 187 [ 302 | 16 [ 07 ] 013
Probable effect level 4 1100 271 108 112 75 42 0.7 [6, 14]

Metals cluster: The levels of heavy metals (Fe, Mn, Cu, Zn, Ni, Pb, Cd, and Hg) were analyzed through cluster
analysis employing Ward's method, resulting in the categorization of the samples from the area into four
primary groups based on ascending concentrations (Fig. 4). The first cluster shows the lowest concentrations of
metals, comprising 16 samples, which constituting 47.05% of the total sample set. The second cluster consists of
12 samples, representing 35.29% of the total, and is characterized by elevated levels of manganese (Mn),
cadmium (Cd), and mercury (Hg), likely due to shipping activities related to phosphate ore. The third cluster
contains 5 samples, making up 14.71% of the overall sample collection, and is notable for its high
concentrations of iron (Fe), copper (Cu), zinc (Zn), nickel (Ni), and lead (Pb). This attributed to the terrigenous
flux from Wadi Hamrawein rich in these metals. Cluster 4 consists of only one sample (HH 2.16), which is
located at the beach area of HH2 transect at at Wadi Hamrawein's mouth. The sample exhibits the highest levels
of Fe, Cu, and Ni.

Analysis of principal component (PCA): PCA identified three principal components that collectively
accounted for around 74.47% of the total variance (Table 4; Fig. 5). Factor 1 explains 38.60% of the total
variance. Its loading is strongly positive with Fe, Ni, Cu, and partially Zn, with a significant negative loading for
carbonate. The site associated with this factor was mainly that which experienced detrital contributions from
Wadi Hamrawein (HH2 transect), which suggests the anthropogenic source of these metals. Evidently, the
second factor has a stronger correlation with the variables than the other factors. Factor 2 possesses a significant
positive relationship with TP, mud, Hg, Mn, Cd, and partially Zn, with weak loading for carbonate. This factor
explains 24.96% of the total variance. The site associated with this factor is mainly subjected to human impacts
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resulting from phosphate ore sedimentations, suggesting the anthropogenic source of these elements. Factor
three exhibits robust positive factor loadings for both lead (Pb) and total organic matter (TOM), while showing
no significant loadings from other elements.
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Fig. 3a: Spatial distribution of TP at El-Hamrawein Harbour using GIS technique.

Fig. 3: Spatial distribution of Fe (a), and Mn (b) at El-Hamrawein Harbour using GIS technique.
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Fig. 4: Dendrogram of heavy metals cluster analysis using Ward's method.

Somple No.

HH 3.28
HH 3.29
HH 3.26
HH 3.27
HH1.13
HH1.14
HH 4.30
HH 4.33
HH 4.34
HH 1.1

HH2.19
HH 1.6

HH3.24
HH2.21
HH2.22
HH 4.32
HH1.3

HH1.10
HH 1.5

HH 3.25
HH 4.31
HH2.18
HH 1.7
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HH1.2

HH1.8

HH2.20
HH2.16

0

Rescaled Distance Cluster Combine

Cluster 1
- 47.05% of total samples
Cluster 2
- 3529% of total samples
Cluster 3
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Component 2
'

Fig. 5: Principal component analysis plot of heavy metals, TP, mud, TOM and Mud of the samples at El-
Hamrawein Harbour.
Ecological risk assessment associated with heavy metal contamination.
The pollution indices serve as a common metric for assessing the contamination levels of surface
sediments in aquatic ecosystems [15].

Contamination factor (CF)
The contamination factor was employed to assess levels of sediment contamination. The
contamination factor equation is expressed by Hakanson [16] as follows:

In this context, Cs represents the concentration of metals within the sample, while Cb denotes the
corresponding background or reference value. The values for the contamination factor (CF) of heavy metals at
El-Hamrawein Harbour are presented in Table 5. According to Hakanson [16], the sediments are low
contaminated with Fe (0.07), Mn (0.15), Zn (0.22), Cu (0.14), Pb (0.39), Ni (0.32), Hg (0.19) and moderately
contaminated with Cd (1.02) (Fig. 6). The average contamination factor (CF) values for the metals examined at
El-Hamrawein Harbour exhibit a decreasing order of Cd > Pb > Ni > Zn > Hg > Mn > Cu > Fe. This trend may
be linked to the activities associated with phosphate shipments, as well as the discharge of oily waste from
vessels operating in the area.

1.2 -
1.0
0.8 A
0.6 -
0.4 -

0.2 1

0.0
Fe Mn Zn Cu Pb Ni Cd Hg

Fig. 6: Average values of contamination factor of sediments at El-Hamrawein Harbour.

Contamination degree (Cd)
This index represents the entirety of all contamination factors for all elements in surface layers of a
certain sampling location [16]. Cd equation was used as follows:
Cd =

Where n represents the total number of pollutant elements analyzed, while i denotes a specific pollutant
element, with indicating the corresponding contamination factor. The degree of contamination observed in this
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research varies between 0.95 and 8.6, with an average value of 2.49, suggesting a low level of contamination
(Table 5; Fig. 7).

Pollution load index (PLI)

The index has been determined and expressed by Tomlinson et al. [17]. It used to estimate the
integrated contamination status of combined pollutants at sampling sites by computing the nth root of the n CF's
product of the measured metals.

Where is the contamination factor, n is the number of investigated metals. PLI results in the studied
locations within El-Hamrawein Harbour are represented in table 5. It is raging from 0.06 to 0.45, averaging
0.21. PLI values are < 1 at the area (Fig. 8), which indicates no significant pollution (baseline levels).
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Fig. 7: Spatial representation of contamination degree Fig. 8: Spatial representation of pollution load index at El-
at El-Hamrawein Harbour. Hamrawein Harbour.
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Modified degree of contamination (mCd)
The general level of contamination at a specific sampling site is estimated using mCd [18] according to
the formula:
mC, =
Where n is the number of investigated pollutant elements, i is the pollutant element and is the
contamination factor. The heavy metals show mCd values ranging from 0.14 to 1.23, averaging 0.36 in the
present study's sediments, suggesting nil to extremely low level of contamination (Table 5).

Enrichment factor (EF)
The enrichment factor is an excellent technique to estimate the proportion of pollutant elements in
sediments. It is determined according to the formula:

Where (Cs/Cre) is the metal concentration divided by iron concentration in the same sample, and
(Cb/CFe) is the background concentration of metal in shale divided by Fe concentration in shale. According to
Sutherland [19] classification, the sediment of El-Hamrawein Harbour has extremely high enrichment with Cd
(42.76), and Pb (41.68), very high enrichment with Ni (21.27), significant enrichment with Zn, Cu and Mn
(8.43, 8.34, and 6.65, respectively), and moderately enrichment with Hg (4.4) (Table 5; Fig. 9). According to
these findings, every investigated metal under study at El-Hamrawein Harbour has an enrichment factor (EF) in
the high categories, with the exception of mercury, which falls in class 2 (moderate enrichment).
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Fig. 9: Average values of enrichment factor of sediments at EI-Hamrawein Harbour.

Table 4: shows total variance and matrix of principal components analysis of El-Hamrawein Harbour's marine

sediments.

Pb

Ni

Cd

Hg

s Extraction Sums of Squared Rotation Sums of Squared
Initial Eigenvalues . .
Loadings Loadings
Component % .Of Cumulative % .Of Cumulative % .Of Cumulative
Total | Varianc o Total | Varianc o Total | Varianc o
e ’ e ’ e ’
1 4.633 38.604 38.604 4'363 38.604 38.604 4‘?8 34.009 34.009
2 2.995 24.957 63.561 2'599 24.957 63.561 3'254 29.516 63.525
1.30 1.31
3 1.309 10.907 74.468 9 10.907 74.468 3 10.943 74.468
Component matrix Rotated component matrix
Element PC1 PC2 PC3 Element PCl1 PC2 PC3
Zn 0.865 0.159 0.175 Fe 0.923 -0.085 -0.081
Cu 0.854 -0.285 -0.215 Ni 0.910 0.167 0.217
Ni 0.840 -0.401 0.194 Cu 0.868 0.255 -0.198
Mn 0.787 0.338 -0.002 Carb. -0.805 0.203 -0.087
Fe 0.703 -0.599 -0.114 TP -0.003 0.878 -0.072
TP 0.506 0.720 -0.037 Mud -0.052 0.786 0.197
Mud 0.414 0.660 0.229 Hg 0.010 0.780 -0.072
Carb. -0.539 0.635 -0.053 Mn 0.446 0.731 -0.016
Hg 0.460 0.633 -0.042 Cd -0.067 0.677 -0.153
Cd 0.337 0.598 -0.124 Zn 0.607 0.637 0.169
TOM -0.436 0.208 0.756 Pb 0.418 -0.035 0.748
Pb 0.323 -0.308 0.732 TOM -0.500 -0.054 0.743

Table 5: shows the contamination factor (CF), contamination degree (Cd), pollution load index (PLI), modified
degree of contamination (mCd), and enrichment factor (EF) of heavy metals in the sediment samples of El-
Hamrawein Harbour.

o3 3
Idex e T 0 | 7o | Co | Po |t | Cd | Bz | S|P | wld 50 T % [ e [ 6 | W [ He
[ Stz | 0.08 | 0.06 | 0.15 | 0.08 | 0.27 | 0.11 | 1.10 | 0.17 | 134 | 0.09 | 019 | 16.89 | 2051 | 78.12 | 182.38 | 75.50 | 89.72 | 4.85
Min | 0.00 | 0.04 | 0.05 | 0.06 | 0.04 | 0.18 | 0.25 | ND | 0.95 | 0.06 | 0.14 | 043 | 055 | 110 | 120 | 152 | 083 | WD
Max | 046 | 030 | 062 [ 053 [ 120 | 0.60 | 6.96 | 061 | 5.60 | 045 | 125 | 1011 [ 121.7 | 1666 | 10720 | 4349 | 52504 | 19.19
Av=. | 0.07 | 015 | 022 | 014 [ 039 | 032 | 1.02 | 0.19 | 249 | 021 036 | 665 | 843 | 834 | 4168 | 2127 | 4276 | 4.40

IV. Conclusion

The sand fraction is the dominant component, making up over 84% of the total, while the gravel
fraction exhibited elevated levels in samples collected close to coral reefs, primarily due to the abundance of
biogenic fragments. The area's deepest parts showed the highest mud values, where mud fraction increased with
increasing depth of water. Activities including the shipping of phosphate ore, dredging, and landfilling in the
harbour site are all related to the high mud fraction content. The area's high levels of organic matter are caused
by the bottom facies of algae, seaweed, and scagrass.

High levels of total phosphorous were identified at the study area, which are more than double the
probable effect level regulated by the sediment quality evaluation standard of Environment Ministry of Ontario.
Mn, Hg, Zn, and Cd spatial distribution showed that the highest concentrations are located close to the
phosphate shipping berth, which diminishes as distance from the berth increased, due to the shipping processes
of phosphate ore, whereas the supratidal, beach and intertidal area of transect HH2 showed high concentrations
of Fe, Cu, and Ni, attributed to the terrigenous flux from Wadi Hamrawein. In contrast, the sediments analyzed
in the present study exhibited lower heavy metal levels compared to those recorded in the same area by
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Madkour et al. [8] but significantly more than those noted in Hurghada area [9]. From another point of view, the
current average levels of heavy metals are considerably less than the level of the threshold effect, except for Ni,
which marginally surpasses the threshold effect level.

The analysis of the average levels of heavy metals' modified degree of contamination (mCd), pollution
load index (PLI), and contamination factor (CF) indicates that the sediments in the study area are not
contaminated. However, the average values of the enrichment factor reveal that the sediments are extremely
enriched with cadmium (Cd) and lead (Pb), very highly enriched with nickel (Ni), significantly enriched with
zinc (Zn), copper (Cu), and manganese (Mn), and moderately enriched with mercury (Hg). To mitigate dust
emissions, it is essential to implement a telescopic shot system for the transportation of phosphate ore from
storage facilities to shipping vessels.
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