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Abstract 

In many coastal, estuarine, and freshwater settings across the world, contaminated sediment is a serious environmental issue. 

Bardawil Lagoon in North Sinai, Egypt, is a remarkable Mediterranean semi-enclosed coastal water feature that has been 

designated a Ramsar Wetland of International Importance. The current study aims to characterize the physical and chemical 

properties of the Bardawil Lagoon sediments. In surface sediments taken from the Bardawil Lagoon at 12 stations over the 

course of four seasons in 2021, chemical variables (pH, EC, CaCO3, OM, cations, and anions), porosity, water holding-

capacity and grain size analyses have all been measured. In the present result, the soil classes are loamy sand (sand > silt > 

clay). Autumn and winter have the greatest mean values of WHC and porosity, which are 40.42 and 33.57%, respectively. In 

this study, the soil was slightly alkaline to alkaline at all sites, and the greatest EC value of 10.78 mS/cm was recorded in the 

autumn season. Additionally, most chemical variables (CaCO3, OM, HCO3
-, Cl-, SO4

-2, Na+, K+, Ca+2, Mg+2) had their 

maximum values during the autumn season, while the summer season had their lowest values. The sediment variables follow 

the seasonal order: autumn > spring > winter > summer. The aquatic environment depends heavily on bottom sediments, 

which act as significant pollutant sinks. However, a yearly investigation of the physical and chemical characteristics is 
necessary to determine the best management strategy for bottom sediments. 

 
Keywords: Coastal Lakes, Bardawil Lagoon, hydrosoil, contamination, environmental impacts. 

 

1. Introduction 

Lakes are one of the most significant natural 

resources on Earth. Due to their enormous 

contribution to the ecological sustainability of any 

given region, these productive ecosystems are of the 

utmost priority. These ecosystems operate as 

reservoirs for nutrients and sediments from flood 

waters and surface runoff, reducing the risk of 

eutrophication or over-enrichment of other natural 

waterways like streams and rivers. These sediments 

build up over time and become an extremely 

significant part of the lake environment. They serve 

as records for monitoring alterations to a water body's 

environment and catchment area [1,2]. Additionally, 

sediment has an impact on water quality because of 

its highly dynamic character because of various 

biogeochemical interactions and transformations 

[3,4]. 

Lagoons that display salinities can go from being 

perfectly fresh to hypersaline, depending on the local 

climate. This is especially true for the type of coastal 

lagoon known as a choked lagoon, where the lagoon 

is occasionally connected to the coastal sea via a 

single channel and the tidal variability is mainly 

filtered out during tidal wave propagation into the 

lagoon [5]. Due to frequently limited water exchange 

with the nearby sea, coastal lagoon habitats are 

particularly susceptible to eutrophication [6]. 

Bardawil Lagoon and the nearby Zaranik 

protected area [7] provide a haven for migrating birds 
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along the southern Mediterranean coast. It provides a 

wealth of habitat for a wide variety of animals [10], 

as well as fish and salt for human consumption [8, 9]. 

The lagoon is almost transparent since it has the 

lowest levels of pollution in all of the Mediterranean 

[11]. 

Numerous issues at the Bardawil Lagoon have the 

potential to degrade the environment, reduce fish 

catches, and significantly alter the ecosystem [8-10]. 

Due to the regular variations in inlet shape and size, 

some parts inside the lagoon are becoming drier and, 

as a result, losing their ecological and economic 

importance. A large-scale salt production system 

(built in the eastern section) causes significant 

ecological impacts. Around the lagoon, there have 

been several investments made in tourism-related 

projects [8]. The North Sinai lagoon is located near 

an extensive agricultural reclamation project, which 

threatens the water quality by diverting freshwater 

from newly reclaimed regions into the saltwater 

lagoon. Some unfavorable changes in the Bardawil 

Lagoon system are encouraged by engineering 

projects like artificial inlets and urbanization [9, 10]. 

Monitoring the sediment quality has become 

extremely important due to the growing 

anthropogenic demand on inland freshwater 

resources caused by sewage pollution, ground water 

pollution, soil erosion, agricultural and industrial 

waste disposal, etc. The goal of the current study was 

to assess the physico-chemical characteristics of 

sediment in Bardawil Lagoon by examining the 

physical properties of sediment at 12 sites in 

Bardawil Lagoon to represent their different habitats. 

 

2. Materials and Methods 

2.1. Description of the Study Site 

Bardawil Lagoon is about 90 km long and 22 km 

broad (at its widest point) (Figure 1). It has an area of 

around 700 km2. "Open sea, wet salt marshes, saline 

sand flats and hummocks (nebkas), stabilized sand 

dunes, interdune depressions, and mobile sand dunes" 

are among the six ecosystems present on the island 

[13]. 

A long, thin sand bar separates Bardawil Lagoon 

from the Mediterranean Sea for most of its length, 

serving as a transitional zone between land and sea 

(Figure 1). Three confined, man-made inlets connect 

it to the ocean. The western and eastern inlets are 

man-made, whereas the third has been closed 

naturally [14]. The lagoon has a microtidal regime 

because it stretches along the coast. The lagoon's 

water flow is regulated by the tides of the 

Mediterranean Sea, which have mean tidal excursions 

of roughly 35 cm during spring tides and 25 cm 

during neap tides, respectively [15]. 

 

 

Figure 1. Location map of Egypt, and Bardawil Lagoon 

showing sampling sites in North Sinai. 

 

2.2. Sample Collection and Preparation 

Samples of sediment were taken from the twelve 

geo-referenced stands that represented the Lagoon 

(Table 1). Soon after collection, all samples were 

transported in plastic bags to the lab. These samples 

were properly mixed, air dried, sieved through a 2 

mm sieve to remove pebbles and other debris, and 

then kept in plastic bags for later physical and 

chemical examinations. 

 

2.3. Laboratory Measurements 

2.3.1. Physical analyses  

The sieve technique was used to assess the texture 

of the soil samples, whereas the method described by 

Piper [16] was used to estimate porosity and water-

holding capacity (WHC).  

 

Table 1. Coordinates and description of sampling sites in 

Bardawil Lagoon. 

Site No N E Description 

1 31.07694 33.22667 El- Telol 

2 31.09944 33.25083 El-Rodh 
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3 31.11750 33.28083 El-Zarnik 

4 31.20417 33.26139 Boughaz 2 

5 31.14306 33.26111 M. El-Telol 

6 31.19639 33.15556 Masqut-Eplis 

7 31.19056 33.09833 El-Gals 

8 31.06389 33.00056 El-Rewak 

9 31.10778 32.94694 N. El-Rewak 

10 31.13361 32.92972 Boughaz 1 

11 31.08194 32.82139 El-Nasr 

12 31.05667 32.74250 Raba'a 

 

 2.3.2. Chemical analyses  
 In 1:5 soil suspensions, the pH of the soil was 

measured with a pH-meter (Model Lutron YK-2001, 

pH meter), and the electrical conductivity of the soil 

was measured with an electrical conductivity meter 

(YSI Incorporated Model 33), both according to the 

method given by Jackson [17]. The titration 

technique was used to determine the levels of 

carbonates and bicarbonates in the sample, as 

reported by Pierce et al. [18]. According to Jackson 

[17], the amount of calcium carbonate that was 

present was measured. Piper's [16] protocol was 

followed in order to determine the levels of chlorides, 

sulfates, and organic carbon. Allen et al. [19] detailed 

the procedure for the extraction of a variety of 

elements, including sodium, potassium, calcium, and 

magnesium.  

  

2.4. Data Treatments (Statistical analysis) 

COSTAT 6.3 was used to analyze sediment 

analysis data using analysis of variance (ANOVA), 

and the mean values were separated using least 

significant difference (LSD) at a probability threshold 

of 0.05. To determine significant difference between 

the sediment parameters of the various study sites, 

the Pearson correlation bivariate two-tailed test was 

run on SPSS 16 for Windows. The principal 

component analysis was computed using the PAST 

software (multivariate statistical package, version 

1.72). 

 

3. Results and Discussion 

3.1. Physical parameters 

3.1.1. Soil texture  

There are two types of soil particles-primary and 

secondary. Sand, silt, and clay are examples of 

primary particles that are grouped according to their 

effective diameter. These fractions' physical, 

chemical, and mineralogical characteristics differ 

significantly from one another. The term "soil 

texture" refers to their relative distribution in a soil 

[20,21]. One of the most crucial physical 

characteristics of soil that influences its fertility and 

production is its texture [22]. 

In the present study, the soil texture determined by 

the sieve method revealed generally that the soil is 

sandy with a very low content of silt and clay 

fractions. Sand, silt, and clay percentages in the 

springtime ranged from 50.59 to 100%, 0-31.8%, and 

0-17.61%, respectively, with mean values of 82.03%, 

12.34%, and 5.63%. The percentages of sand, silt, 

and clay in lake sediment ranged from 54.19 to 

99.15%, 0.27 to 29.5%, and 0 to 16.13%, 

respectively, with mean values of 85.54%, 9.82%, 

and 4.64% over the summer (Table 2). While sand, 

silt, and clay percentages in the autumn season 

ranged from 51.38 to 98.21%, 0.39 to 30.22%, and 

1.40 to 18.40%, respectively, with mean values of 

82.17%, 11.22%, and 6.61%. The ratios of sand, silt, 

and clay did not significantly vary during the winter, 

ranging from 53.17 to 98.13%, 0.10 to 29.33%, and 

0.50 to 17.50%, respectively, with average values of 

84.15%, 10.29%, and 5.55% (Table 2, Figure 2). 

According to Shaltout et al. [23], the composition is 

75% sand, 16.5% silt, and 8.5% clay. In addition to 

the author, sand concentrations in Egyptian coastal 

lakes and wetlands vary from 60.8% (Edku) to 79.6% 

(Mariut), while silt concentrations range from 12.9% 

(Mariut) to 21.9% (Burullus) and clay concentrations 

range from 7.4% (Manzala) to 17.8% (Edku). 

 Soil texture is not usually altered by management 

techniques. It develops through weathering and 

pedogenic processes such recrystallization, elevation, 

and illuviation and acquires properties from the 

parent materials. However, erosion, deposition, 

truncation, and other human actions might change it 

[22, 24]. 

Different classification systems have different 

upper limits for sand and silt, but all of them agree 

that 2 mm is the largest size for sand. Silt is between 

sand and clay in terms of particle size, while sand is 

the largest [25]. There are three types of loamy soil; 

each is determined by its composition. It is a 

combination of sand, silt, and clay such that the 

beneficial properties of each are included [26]. In the 

present result, the soil classes are loamy sand. 
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3.1.2. Water Holding Capacity (WHC) 

The ability of soil to retain moisture and provide it 

to plants in between rainstorms or irrigations is one 

of its primary roles. Between water applications, the 

soil's moisture level decreases because of deep 

percolation, plant transpiration, and soil surface 

evaporation. Plant stress results from too-low water 

content [27]. A plant's ability to tolerate dry spells is 

determined by the soil's capability to store plant-

available moisture. The ability of soil to retain water 

is largely dependent on its texture and the amount of 

organic matter present in it [28]. Soil organic matter 

(SOM) is another factor that plays an important role 

in water holding capacity [29]. 

Water-holding capacity of the sediment samples 

collected from Bardawil Lagoon during the summer 

varied from 30.12% to 47.29% with a mean value of 

36.80%. In the sediment samples collected during 

spring, water-holding capacity varied from 31.87% to 

41.74% with a mean value of 37.97%. In the 

sediment samples collected during autumn, water-

holding capacity varied from 34.32% to 50.79%, with 

a mean value of 40.42%. In the sediment samples 

collected during winter, water-holding capacity 

varied from 32.62% to 49.09%, with a mean value of 

38.72% (Table 2). The amount of accessible surface 

area affects the soil's capacity to retain water and 

interact with nutrients. There is more surface area 

accessible when soil contains a significant amount of 

material with very small particle sizes [30]. 

 

3.1.3. Porosity 

The percentage of total soil volume occupied by 

pore space is referred to as soil porosity [31]. Pore 

spaces primarily aid in the flow and accessibility of 

air or water inside the soil environment. According to 

the current findings, the porosity of the sediment 

samples taken during the spring from various sites in 

Bardawil Lagoon ranged from 22.32 to 42.01%, with 

a mean value of 31.82%, and ranged from 20.48 to 

40.15%, with a mean value of 30.30%, over the 

summer. Additionally, it fluctuated between 21.37 

and 41.06% during the autumn season, with a mean 

value of 30.88%, and between 24.07 and 43.76% in 

the winter, with a mean value of 33.58% (Table 2). 

The interaction between biochar particles and soil 

aggregates may influence overall soil porosity [32]. 

 
3.2. Chemical parameters 

3.2.1. pH 

The hydrogen ion concentration in the soil is used 

to calculate the soil's pH, which indicates whether the 

soil is acidic, neutral, or alkaline (basic). The 

availability of nutrients, toxicity, microbial 

populations, and the activity of some pesticides are 

all influenced by the pH of the soil [33]. The soil in 

this study was found to be slightly alkaline to 

alkaline. During the spring, the pH of the lake 

sediment varied from 7.21 to 8.59, with a mean value 

of 7.79. During the summer, the pH was generally 

between 7.18 and 8.56, with a mean of 7.74. The 

autumn season had a pH range of 7.29-8.67, with a 

mean of 7.87. pH ranged between 7.37 and 8.75 with 

a mean value of 7.95 during the winter season (Table 

3). According to Shaltout [23], the pH values are on 

the alkaline side, with a range of 7.3 (Burullus and 

Bardawil) and 7.6 (the other lakes). Nutrient 

availability is frequently constrained by alkaline soil's 

lower solubility compared to neutral or acidic soil 

[34]. 

 

3.2.2. EC  

The test results provide an indication of the 

salinity of the soil since soil EC is a measurement of 

the concentration of ions from water-soluble salts in 

soils [35]. Although soil EC has been used as an 

indirect predictor of salinity levels and the quantity of 

nutrients available for plant absorption, it does not 

directly affect plant development. Salt content, 

organic matter, cation-exchange capacity, soil 

texture, soil thickness, nutrients (such as nitrate), 

water-holding capacity, and drainage conditions have 

all been substituted for using EC [36]. In the 

sediment, EC varied from 5.23 to 8.06 mS.cm-1 with 

a mean value of 6.65 mS.cm-1 during spring season. 

In the summer, it ranged from 3.63 to 6.04 mS.cm-1, 

with a mean of 4.74 mS.cm-1. Whereas it varied from 

8.60 to 14.28 mS.cm-1 and 5.95 to 11.63 mS.cm-1 

with an average of 10.78 and 8.13 mS.cm-1 in autumn 

and winter seasons, respectively (Table 3). Salinity 

was lowest in Manzala (2.0 mS cm-1) and highest in 

Bardawil (6.6 mS cm-1), as reported by Shaltout et al. 

[23]. EC is used to divide up management areas, 
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distinguish between different types of soil, and forecast crop yields and soil fertility [37]. 

 
Table 2: Physical properties of sediment samples (1-12) in Bardawil Lagoon. ns = not significant at P < 0.05. 

Variable 
 Seasons 

LSD0.05 
 Spring Summer Autumn Winter 

Sand % 

Min 50.59 54.19 51.38 53.17 

44.68ns Max 100 99.15 98.21 98.13 

Mean±SD 82.03±16.98 85.54±15.39 82.17±16.45 84.15±15.72 

Silt % 

Min 0.00 0.27 0.39 0.10 

28.69ns Max 31.80 29.5 30.22 29.33 

Mean±SD 12.34±11.58 9.82±10.30 11.22±11.24 10.29±10.76 

Clay % 

Min 0.00 0 1.40 0.50 

16.40ns Max 17.61 16.31 18.40 17.50 

Mean±SD 5.63±5.61 4.64±5.29 6.61±5.41 5.55±5.18 

Soil class  Loamy sand Loamy sand Loamy sand Loamy sand  

WHC % 

Min 31.87 30.12 34.32 32.62 

15.84ns Max 48.34 47.29 50.79 49.09 

Mean±SD 37.97±4.63 36.80±4.65 40.42±4.63 38.72±4.63 

Porosity % 

Min 22.32 20.48 21.37 24.07 

18.54ns Max 42.01 40.15 41.06 43.76 

Mean±SD 31.82±6.82 30.3±6.69 30.87±6.82 33.57±6.82 

 

 
 

Figure 2. Percentage of Soil texture (sand, silt, and clay) in sediment samples in Bardawil Lagoons, Egypt. 

 

 

Table 3. Chemical properties of sediment samples (1-12) in Bardawil Lagoon. 

Variable   

Seasons LSD0.05 

Spring Summer Autumn Winter  

pH Min 7.21 7.18 7.29 7.37 
0.49*** 

Max 8.59 8.56 8.67 8.75 
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Mean±SD 7.79±0.46 7.74±0.47 7.87±0.46 7.95±0.46 

EC 

(mS/cm) 
Min 5.23 3.63 8.60 5.95 

3.95ns Max 8.06 6.2 14.28 11.63 

Mean±SD 6.65±0.89 4.75±0.90 10.78±1.79 8.13±1.79 

CaCO3 % Min 1.50 1.33 6.79 8.15 

5.23ns Max 10.20 8.31 13.77 15.13 

Mean±SD 5.47±2.39 3.82±2.10 9.53±2.05 10.89±2.05 

OM % Min 2.80 2.46 3.75 5.11 

3.71** Max 13.30 11.96 12.15 15.61 

Mean±SD 7.06±3.15 5.695±3.05 7.60±2.41 9.29±3.02 

HCO3
- % Min 0.14 0.131 0.21 0.24 

0.09ns Max 0.30 0.287 0.36 0.38 

Mean±SD 0.23±0.05 0.22±0.05 0.29±0.05 0.32±0.05 

Cl- % Min 0.18 0.173 0.25 0.28 

0.13** Max 0.50 0.491 0.57 0.60 

Mean±SD 0.35±0.11 0.33±0.11 0.41±0.10 0.46±0.10 

SO4
-2 % Min 0.11 0.097 0.17 0.19 

0.07ns Max 0.23 0.216 0.29 0.31 

Mean±SD 0.17±0.04 0.16±0.04 0.22±0.04 0.25±0.04 

Na+  

mg/100g 

dry soil 

Min 1547.05 644.4 1647.70 2902.05 

4351*** Max 16958.26 15055.61 17058.91 18313.26 

Mean±SD 5671.78±530.6 4602.46±492.9 7355.76±614.7 8610.11±629.4 

K+  

mg/100g 

dry soil 

Min 163.71 33.21 174.39 228.73 

204.46*** Max 874.92 678.2 885.60 939.94 

Mean±SD 389.12±94.62 221.43±69.98 339.80±90.62 454.14±89.62 

Ca+2  

mg/100g 

dry soil 

Min 654.61 531.17 665.29 1169.63 

2838.32*** Max 9648.88 9525.44 9659.56 10163.90 

Mean±SD 2822.25±213.5 2698.81±305.1 2832.93±133.8 3337.27±933.4 

Mg+2  

mg/100g 

dry soil 

Min 156.18 19.56 166.37 199.71 

303.35*** Max 1350.07 1227.49 1360.66 1379.00 

Mean±SD 587.83±352.2 437.81±378.6 597.97±352.2 630.06±349.3 

SAR  Min 67.28 17.72 67.28 98.16 

92.40** Max 253.73 221.84 253.73 422.61 

Mean±SD 129.71±57.49 114.49±64.024 129.71±57.49 196.27±116.00 

PAR Min 4.97 1.98 4.97 6.22 

4.03* Max 14.43 10.29 14.43 14.21 

Mean±SD 10.28±2.70 5.72±2.14 10.28±2.70 10.85±2.39 

 ns = not significant at P < 0.05. *: Values are significant at P < 0.05, **: Values are significant at P < 0.01, ***: Values are 

significant at P < 0.001. 

 

 

3.3. Statistical correlation 

The principal component analysis (PCA) 

approach is commonly used to minimize the number 

of variables by selecting those that are most 

important in the data. The PCA has been widely used 

to describe soil and has been shown to be useful in 

understanding numerous sources of soil 

contamination [56,57]. Table 4 summarizes the PCA 

results over four seasons. The first three Principal 

Components (PCs) had eigenvalues greater than one; 

hence, these PCs were employed according to Kaiser 

[58] technique, while the remaining PCs were 

discarded (Table 4). 
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Table 4. Summarization of Principal Component Analysis. 

 Spring   Summer   

 PC 1 PC 2 PC 3 PC 1 PC 2 PC 3 

Eigenvalue  5.40 2.91 1.33 4.38 3.41 1.58 

Variability (%) 51.09 16.70 10.95 45.43 19.49 12.35 

Cumulative % 51.09 67.79 78.74 45.43 64.92 77.27 

pH 0.620 -0.021 -0.412 0.454 -0.198 0.581 

EC  0.006 0.064 0.656 0.071 0.636 0.356 

CaCO3  0.122 0.740 -0.194 -0.027 0.811 -0.484 

OM  -0.477 0.005 0.375 -0.483 0.076 -0.449 

HCO3 0.615 0.519 0.335 0.628 0.503 -0.533 

Cl 0.648 0.393 0.306 0.652 0.502 -0.504 

SO4 0.625 0.453 0.308 0.641 0.472 -0.468 

Na 0.765 -0.176 -0.067 0.808 -0.193 0.285 

K 0.713 0.233 -0.067 0.724 -0.089 0.433 

Ca 0.711 -0.156 -0.020 0.772 0.089 0.284 

Mg 0.576 0.343 -0.156 0.586 0.351 0.485 

SAR 0.741 -0.271 -0.095 0.631 -0.328 -0.298 

PAR 0.146 0.669 -0.190 0.355 -0.334 0.624 

Sand 0.298 -0.990 0.191 0.305 -0.885 -0.481 

Silt -0.272 0.973 -0.230 -0.289 0.851 0.523 

Clay -0.341 0.988 -0.106 -0.325 0.917 0.391 

WHC  -0.086 0.013 -0.417 0.253 0.374 0.636 

Por -0.487 0.099 0.573 -0.424 -0.351 0.502 

 Autumn   Winter   

 PC 1 PC 2 PC 3 PC 1 PC 2 PC 3 

Eigenvalue  4.19 2.14 1.48 3.30 3.73 1.29 

Variability (%) 44.41 12.42 11.78 39.45 21.29 10.75 

Cumulative % 44.41 56.83 68.6 39.45 60.73 71.48 

pH 0.003 -0.022 0.440 0.415 0.238 -0.560 

EC  -0.038 -0.210 0.531 0.520 -0.195 0.567 

CaCO3  -0.071 0.680 0.172 -0.030 -0.096 0.655 

OM  -0.399 -0.391 0.670 -0.753 0.113 0.451 

HCO3 0.661 0.268 0.554 0.360 0.767 0.383 

Cl 0.715 0.231 0.438 0.308 0.855 0.370 

SO4 0.701 0.334 0.527 0.587 0.565 0.319 

Na 0.729 -0.031 0.233 0.819 -0.069 0.349 

K 0.686 0.363 -0.478 0.659 0.405 -0.454 

Ca 0.719 0.441 0.026 0.817 0.245 0.194 

Mg 0.475 0.297 -0.568 0.480 0.305 0.185 

SAR 0.844 0.036 0.230 0.744 -0.203 0.490 

PAR -0.033 0.831 0.202 0.001 0.648 -0.583 

Sand 0.466 -0.982 0.087 0.415 -0.844 0.116 

Silt -0.438 0.982 0.348 -0.361 0.876 0.269 

Clay -0.509 0.947 0.236 -0.510 0.742 0.311 

WHC  -0.324 0.045 -0.533 -0.350 0.489 0.330 

Por -0.059 -0.089 0.319 0.134 0.180 0.024 

The data demonstrate that the first three PCs account 

for 78.74% of the total variance throughout the spring 

season. According to the factor loadings, the first PC 

accounts for 51.09% of the total variance and is 

positively connected with pH, CaCO3, OM, HCO3, 

Cl, SO4, Na, K, Ca, and SAR, whereas the second PC 

accounts for 16.70% of the variance and is highly 

correlated with CaCO3, PAR, Silt, and Clay. The 

third PC explains 10.95% of the total variance and is 

correlated with the EC. In contrast, during the 

summer months, the first PC (explaining 45.43%) has 

stronger positive correlations with HCO3, Cl, SO4, 

Na, K, Ca, and SAR, while the second PC (19.49%) 

has significant connections with EC, CaCO3, silt, and 

Clay. The third PC correlates with PAR and WHC, 

and accounts for 12.35% of the total variance (Table 

4). 

According to the results, the first three PCs 

explain 44.41% of the total variance throughout the 

autumn season. Factor loadings show that the first PC 
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is responsible for 51.09% of the total variance and 

has strong positive correlations with HCO3, Cl, SO4, 

Na, K, Ca, and SAR, while the second PC is 

responsible for 12.42% and has strong positive 

correlations with CaCO3, PAR, Silt, and Clay. The 

third PC correlates with the OM and accounts for 

11.78% of the total variance. In the winter months, 

Na, K, Ca, and SAR have stronger positive 

correlations with the first principal component (PC; 

explains 39.45%), whereas HCO3, Cl, PAR, Silt, and 

Clay have strong correlations with the second 

principal component (PC; explains 21.29%). CaCO3-

related variables account for 12.35% of the total 

variance of the third main component (Table 4). 

The distribution of physicochemical parameters 

on the PCs axis (PC1-PC2) is shown in Figure 3. 

 

 

 

Figure 3. PCA biplot of physico-chemical properties of sediments during different seasons. 

 

 

The examination of Pearson's correlation 

demonstrated significant correlations (p ≤ 0.05) 

between most of the soil physicochemical 

parameters, and it also revealed that the correlation 

between soil physicochemical values remained stable 

across all four seasons (Table 5). The study revealed 

a greater number of positive correlations between the 

chemical parameters, such as those found between 

HCO3, Cl, SO4, Na, K, Ca, Mg, and SAR. The same 

kind of positive correlations were also found between 

OM and CaCO3. In addition, the soil's porosity, water 

holding capacity, and soil texture all show substantial 

correlations with positive relationships among 

themselves. In most cases, the level of interaction 

changed according to the kind of soil, the seasons, 

and the property that was involved. 
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Table 5. Pearson Correlation matrices between various sediment parameters in Bardawil Lagoon during 

different seasons. 

 

4. Conclusions  

The Bardawil Lagoon, located on the northern 

coast of Sinai, is a small lagoon with two inlets that 

lead to the Mediterranean Sea. Sedimentation at the 

lake's inlets has reduced the flow of saltwater inland. 

Water salinity increases when there is insufficient 

incoming freshwater to dilute it. Chemical variables, 

porosity, water holding capacity, and particle size 

were examined in surface sediments from the 

Bardawil Lagoon at 12 locations across four seasons 

in 2021. It is evident that the degree of relationship 

between soil physicochemical factors varied 

according to soil type, seasons, and properties 

involved. Most chemical variables (CaCO3, OM, 

HCO3
-, Cl-, SO4

-2, Na+, K+, Ca+2, Mg+2) peaked in 
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autumn and dropped in summer. Consequently, one 

of the primary goals of the state's strategy to develop 

the Sinai Peninsula is to enhance the natural 

environment of the lagoon by preventing the 

deterioration of its water quality and instead 

improving it. 

 

 

5. Conflicts of interest  

“There are no conflicts to declare”.  

6. Acknowledgments  

“None”  

 

7. References 

[1] Kalff J., Limnology. Prentice Hall, New Jersey, 

592 (2002). 

[2] El-Amier Y.A., Bonanomi G., Al-Rowaily S.L., 

Abd-ElGawad A.M., Ecological risk assessment 

of heavy metals along three main drains in Nile 

Delta and potential phytoremediation by 

macrophyte plants. Plants, 9(7): p.910 (2020). 

[3] Ryding S.O., Chemical and microbiological 

processes as regulators of the exchange of 

substances between sediments and water in 

shallow eutrophic lakes. International Revue der 

Gesamten Hydrobiologie und Hydrographie, 70: 

657-702 (1985). 

[4] El-Amier Y.A., Bessa A.Z.E., Elsayed A., El-

Esawi M.A., Al-Harbi M.S., Samra B.N., Kotb, 

W.K., Assessment of the heavy metals pollution 

and ecological risk in sediments of 

Mediterranean Sea drain estuaries in Egypt and 

phytoremediation potential of two emergent 

plants. Sustainability, 13(21): p.12244 (2021). 

[5] El-Alfy M.A., Darwish D.H., El-Amier Y.A., 

Land use Land cover of the Burullus Lake 

shoreline (Egypt) and health risk assessment of 

metal-contaminated sediments. Human and 

Ecological Risk Assessment: An International 

Journal, 27(4): pp.898-920 (2021). 

[6] Gonzalez F., Herrera-Silveira A., L. Aguirre 

Macedo, Water quality variability and eutrophic 

trends in karstic tropical coastal lagoons of the 

Yucata´n Peninsula. Estuarine, Coastal and 

Shelf Science, 76: 418-430, (2008) 

[7] Anonymous, National report on hunting 

Building capacity for sustainable hunting of 

migratory birds in Mediterranean third 

countries. Project reference: life 

o4TCY/INT/000054, pp: 57(2005). 

[8] Abd Elrazek F., Taha S., Ameran A., Pulation 

biology of the edible crab portunus pelagicus 

(Linnaeus) from Bardawil Lagoon, northern 

Sinai, Egypt. Egyptian Journal of Aquatic 

Research, 32: 401-418 (2006). 

[9] El Shaer H., Potential rate of Sabkhas in Egypt: 

an overview, Salinity and water stress, Tasks 

for vegetation sciences. Springer Netherlands, 

44: 221-228 (2008). 

[10] Touliabah H., Saftik H.M., Gab-Allah M.M., 

Taylor W.D., Phytoplankton and some abiotic 

feature of El-Bardawil Lake, Sinai, Egypt. 

African Journal of Aquatic Science, 27: 97-105 

(2002). 
[11] Arvanitids C., Somerfield P., A.  Eleftheriou, do 

multivariate analyses incorporating changes in 

pattern across taxonomic levels reveal 

anthropogenic stress in Mediterranean lagoons? 

Journal of Experimental Marine Biology and 

Ecology, 369: 100-109 (2009). 

[12] Zahran M.A., Willis, A. J., The vegetation of 

Egypt (Vol. 2). Springer Science & Business 

Media (2008).  

[13] Mageed A., Spaio-temporal variations of 

zooplankton community in the hypersaline 

Lagoon of Bardawil, north Sinai, Egypt. 

Egyptian Journal of Aquatic Research, 32: 168-

183 (2006). 

[14] El-Shabrawy G., Ecological study on 

zooplankton community in Bardawil Lagoon, 

Egypt. Thalassia salentina, 29: 3-19 (2006). 

[15] Moursy Z., The tidal range and the observed sea 

level variations at Alexandria harbor. Qatar 

University Science Journal, 14: 386- 389 

(1994). 
[16] Piper C.S., Soil and Plant Analysis, Intersience 

Publishers Inc. New York, (1947). 

[17] Jackson M.L., Soil Chemical Analysis., 

International Institute for Tropical Agriculture 

(IITA), (1962). 

[18] Pierce W.C., Haenisch EL, Sawyer DT, 

Quantitative Analysis, Wiley Toppen, Tokyo, 

(1958). 

[19] Allen S.E., Grimshaw HM, Parkinson JA, 

Quarmby C, Roberts JD, Chemical Analysis of 

Ecological Materials. Blackwell Scientific 

Publications, Osney, Oxford, London., (1974). 

[20] Horn R., Taubner, H., Wuttke, M., Baumgartl 

T., Soil physical properties related to soil 

structure. Soil and Tillage Research, 30(2-4), 

pp.187-216 (1994). 

[21] An N., Tang C.S., Xu S.K., Gong X.P., Shi B., 

Inyang H.I., Effects of soil characteristics on 

moisture evaporation. Engineering geology, 

239, pp.126-135 (2018). 

[22]  Osman K.T., Soils: principles, properties and 

management. Springer Science & Business 

Media. Pages 49-65 (2012). 



ASSESSMENT THE PHYSICO-CHEMICAL CHARACTERISTICS OF SEDIMENT IN BARDAWIL LAGOON, EGYPT 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67 No. 2 (2024) 

 

413 

[23] Shaltout K., El-Bana M., Galal T., Coastal 

Lakes as Hot Spots for Plant Diversity in Egypt. 

Egyptian Coastal Lakes and Wetlands: Part II: 

Climate Change and Biodiversity, pp.129-146 

(2019). 
[24] Voltr V., Menšík L., Hlisnikovský L., Hruška 

M., Pokorný E., Pospíšilová L., The soil organic 

matter in connection with soil properties and 

soil inputs. Agronomy, 11(4), p.779 (2021). 

[25] Blott S.J., Pye K., Particle size scales and 

classification of sediment types based on 

particle size distributions: Review and 

recommended procedures. Sedimentology, 

59(7), pp.2071-2096 (2012). 

[26] Cola S., Simonini P., Mechanical behavior of 

silty soils of the Venice lagoon as a function of 

their grading characteristics. Canadian 

Geotechnical Journal, 39(4), pp.879-893 (2002). 

[27] Teulat B., Monneveux P., Wery J., Borries C., 

Souyris I., Charrier A., & This D., Relationships 

between relative water content and growth 

parameters under water stress in barley: a QTL 

study. New Phytologist, 137(1), 99-107 (1997). 

[28] Nath T. N., Soil texture and total organic matter 

content and its influences on soil water holding 

capacity of some selected tea growing soils in 

Sivasagar district of Assam, India. Int. J. Chem. 

Sci, 12(4), 1419-1429 (2014). 

[29] Werner W. J., Sanderman J., Melillo J. M., 

Decreased soil organic matter in a long‐term 

soil warming experiment lowers soil water 

holding capacity and affects soil thermal and 

hydrological buffering. Journal of Geophysical 

Research: Biogeosciences, 125(4), 

e2019JG005158 (2020). 

[30] Major J., Steiner C., Downie A., Lehmann J., 

Joseph S., Biochar effects on nutrient leaching. 

Biochar for environmental management: 

Science and technology, 271(2009). 

[31] Nimmo J. R., Porosity and pore size 

distribution. Encyclopedia of Soils in the 

Environment, 3(1), 295-303 (2004). 

[32] Curaqueo G., Meier S., Khan N., Cea M., Navia 

R., Use of biochar on two volcanic soils: effects 

on soil properties and barley yield. Journal of 

soil science and plant nutrition, 14(4), pp. 911-

924 (2014). 

[33] McCauley A., Jones C., Jacobsen J., Soil pH 

and organic matter. Nutrient management 

module, 8(2), 1-12 (2009). 

[34] Taalab A. S., Ageeb G. W., Siam H. S., 

Mahmoud S. A., Some Characteristics of 

Calcareous soils. A review AS Taalab1, GW 

Ageeb2, Hanan S. Siam1 and Safaa A. 

Mahmoud1. Middle East J, 8(1), 96-105 (2019). 

[35] Zhang Z., Sun D., Tang Y., Zhu R., Li X., 

Gruda N., Duan Z., Plastic shed soil salinity in 

China: current status and next steps. Journal of 

Cleaner Production, 296, 126453 (2021). 

[36] Corwin D. L., Lesch S. M., Apparent soil 

electrical conductivity measurements in 

agriculture. Computers and electronics in 

agriculture, 46(1-3), 11-43 (2005). 

[37] Ding Z., Kheir A., Ali M.G., Ali O.A., Abdelaal 

A.I., Lin X.E., Zhou Z., Wang B., Liu B., He Z., 

The integrated effect of salinity, organic 

amendments, phosphorus fertilizers, and deficit 

irrigation on soil properties, phosphorus 

fractionation and wheat productivity. Scientific 

reports, 10(1), pp.1-13 (2020). 

[38] Fukue M., Nakamura T., Kato Y., Cementation 

of soils due to calcium carbonate. Soils and 

Foundations, 39(6), 55-64 (1999). 

[39] Jangir C.K., Kumar S., Meena R.S., 

Significance of soil organic matter to soil 

quality and evaluation of sustainability. 

Sustainable agriculture. Scientific Publisher, 

Jodhpur, pp.357-381 (2019). 

[40] Bot A., Benites J., The importance of soil 

organic matter: Key to drought-resistant soil and 

sustained food production (No. 80). Food & 

Agriculture Org (2005).  

[41] Pepper I.L., Brusseau M.L., Physical-chemical 

characteristics of soils and the subsurface. 

Environmental and pollution science, pp.9-22 

(2019). 
[42] Elnaggar A.A., El-Alfy M.A., Physiochemical 

properties of water and sediments in Manzala 

Lake, Egypt. Journal of Environmental 

Sciences, 45(2), pp.157-174 (2016).   

[43] El-Amier Y.A., Abd El-Azim H.  El-Alfy M.A., 

Spatial assessment of water and sediment 

quality in Burullus Lake using GIS technique. 

Journal of Geography, Environment and Earth 

Science International, 6(1), pp.1-16 (2016). 

[44] El-Amier Y. A., El-Alfy M.A., Haroun S.A., 

Nofal, M.M., Spatiotemporal assessment of 

water and sediment quality in Idku Lake, Egypt 

using multivariate analysis and inverse distance 

weighting method (GIS Tool). Journal of 

Environmental Sciences, 46, pp.137-153 

(2017). 
[45] Naorem A., Jayaraman S., Dalal R.C., Patra A., 

Rao C.S., Lal R., Soil Inorganic Carbon as a 

Potential Sink in Carbon Storage in Dryland 

Soils-A Review. Agriculture, 12(8), p.1256 

(2022). 
[46] Raza S.T., Ali Z., Zainab I., Sidra S., Nimra A., 

Zona Z., Aziz K., Soil and water analysis for 

micro-nutrients in wetland's associated 

grassland ecosystems. JAPS: Journal of Animal 

& Plant Sciences, 25(4) (2015). 

[47] White P.J., Broadley M.R., Chloride in soils 

and its uptake and movement within the plant: a 



 W. K. Kotb et al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67 No. 2 (2024) 

 

 

414 

review. Annals of botany, 88(6), pp.967-988 

(2001). 
[48] Tabatabai M.A., Physicochemical fate of sulfate 

in soils. Japca, 37(1), pp.34-38 (1987). 

[49] Kathpalia R., Bhatla S.C., Plant mineral 

nutrition. In Plant physiology, development and 

metabolism. Springer, Singapore (pp. 37-81) 

(2018). 
[50] Hailu B., Mehari H., Impacts of Soil 

Salinity/Sodicity on Soil-Water Relations and 

Plant Growth in Dry Land Areas: A Review. J. 

Natural Sci. Res, 12(3), pp.1-10 (2021). 

[51] Kathpalia R., Bhatla S.C., Plant mineral 

nutrition. In Plant physiology, development and 

metabolism. Springer, Singapore. pp. 37-81 

(2018). 
[52] Maathuis F.J., Physiological functions of 

mineral macronutrients. Current opinion in 

plant biology, 12(3), pp.250-258 (2009). 

[53] Karthika K.S., Rashmi I. Parvathi M.S., 

Biological functions, uptake and transport of 

essential nutrients in relation to plant growth. In 

Plant nutrients and abiotic stress tolerance. 

Springer, Singapore pp. 1-49 (2018).   

[54] Ramesh T., Bolan N.S., Kirkham M.B., 

Wijesekara H., Kanchikerimath M., Rao C.S., 

Sandeep S., Rinklebe J., Ok Y.S., Choudhury 

B.U., Wang H., Soil organic carbon dynamics: 

Impact of land use changes and management 

practices: A review. Advances in agronomy, 

156, pp.1-107(2019). 

[55] Gransee A., Führs H., Magnesium mobility in 

soils as a challenge for soil and plant analysis, 

magnesium fertilization and root uptake under 

adverse growth conditions. Plant and Soil, 

368(1), pp.5-21(2013). 

[56] Reid M.K. Spencer K.L., Use of principal 

components analysis (PCA) on estuarine 

sediment datasets: the effect of data pre-

treatment. Environmental pollution, 157(8-9), 

pp.2275-2281(2009). 

[57] Lu W.Z., He H.D., Dong L.Y., Performance 

assessment of air quality monitoring networks 

using principal component analysis and cluster 

analysis. Building and Environment, 46(3), 

pp.577-583 (2011). 

[58] Kaiser H.F., The application of electronic 

computers to factor analysis. Educational and 

psychological measurement, 20(1), pp.141-

151(1960). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


