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Abstract  

A considerable increase in the population of Jeddah City and the construction of new residential areas in the last few years 
has been noticed. Thus, a total of 23 soil samples were collected from three different areas of Sewage Lake, namely, Area 
A (polluted; the highest concentration of toxic elements), Area B (Southeast), and Area C (Northwest) for the analysis of 
toxic elements. The soil samples were digested by acid digestion to quantify the As, Co, Cr, Hg, Ni, V, Pb, and Zn using 
Inductively Coupled Plasma- Optical Emission Spectrometry (ICP-OES). Zn has the highest concentration in all studied 
areas (4821±10.2 mg/kg for A, 1108.6±9.5 mg/kg for B and 2339.8±8.7 mg/kg for C). On the other hand, Cr 
concentration was found 872±2.5 mg/kg for A, 1128±5.4 mg/kg for B and 680±3.4 mg/kg for C. These elements were 
above the level of the quality guidelines (300 mg/kg for Zn and 4.0 mg/kg for Cr). In majority of the area C samples, the 
concentration of Hg was found below the detection limit. The results indicated that the area A has a significantly higher 
metal contents as it is an inference polluted area. Hence, it is influencing the level of metal concentrations in area B, and 
area C might be due to wind spread. The indiscriminate disposal of hazardous waste in the study area causes a 
significant source of the soil contamination. 

Keywords: Heavy metal, Jeddah, Saudi Arabia, Sewage Lake, Soil assessment  

1. Introduction 

There has been an immense amount of global concern over the last three decades about attributing polluted 
environmental influences to the public health (UNEP 2011). The World Health Organization estimates that about a 
quarter of the diseases facing humaneness nowadays occur due to the long exposures of environmental pollution. In 
many cities, the inappropriate management of solid waste was the main reason of environmental pollution even in the 
developed countries (Sow et al., 2013). In urban areas, toxic elements can be easily transmitted into the human body 
because of inhalation, dermal contact absorption, and ingestion. Then, because of their non-biodegradable nature and 
long biological half-lives for eliminating the heavy metals accumulated in the human body (Li Z et al., 2014; Zhao et al., 
2012).  

Solid wastes have been classified as garbage, rubbish, household refuse, and litter. It is well known that the sea dumping 
(creates water pollution and destroys marine habitats), incineration (leads to atmospheric pollution, if not conducted 
under controlled conditions), The landfill (the most widely used method till its limitations are realized in recent years), 
and recycling were the four main ways of disposing of solid wastes (Lim et al., 2008). Moreover, the elements travel for 
considerable distances were also deposited onto the soil, vegetation, and water depending on their density (Alloway and 
Ayres, 1997). Solid pollutants can be a source of air and water pollution. In addition, open dumps were a cause of land 
pollution. Therefore, Solid wastes discharged into the water can be hazardous to aquatic life directly or indirectly 
(Kelepertzis, 2014). 

Jeddah is the most important commercial city in the Kingdom of Saudi Arabia. The UNESCO recognizes the historical 
town of Jeddah as World Heritage site (CIA, 2012; Habibullah, 2014). It has not been dated precisely that Jeddah as a 
coastal settlement was a transit point for Eastern trade in the past. However, the environmental pollution has always 
been one of the last concerns when it comes to the city activates and development. Since1962, Jeddah has been 
expanding rapidly at an astonishing rate. The biggest source of pollution was the sewage lake in Jeddah (Jeddah east) 
because it contained toxic elements due to the deposition of water in the residential area (Magram, 2009). Toxic 
elements, such as As, Ba, Be, Cr, Cd, Pb, Hg, Ni, and Zn, are the presence of the waste of incineration and coal 
combustion, which may be detrimental to human health from their exposure to emissions (Lawrence, et al., 2005). The 
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Table 1. Locations and numbers of samples of the studied areas, Jeddah, Saudi Arabia 

Sample Areas  Locations 

1 

A 

Dam lake, Jeddah Al Rabeaa 23471 Saudi Arabia 

2 Lake (color of the soil is light brown) 

3 Lake (color of the soil is dark brown) 

4 Lake's flood, Al Samir 23465 Jeddah 

5 Dam, Jeddah Al Samir 23465  

6 Dam near the lake, Jeddah Al Samir 23465  

7 

B 

Border of National Park, 21.580239, 39.263786 

8 Center of the National Park  

9 National park under the trees 

10 

C 

2868 Mohammed Bin Abdulla Al Amawi Street Jeddah Al Samir 

23461-7384  

11 3959 Abi Abdulrahman Al-Qaseer Street Jeddah Al Samir 23462-6579  

12 3321 Ismail Al Mekali Street Jeddah Al Samir 23464-7245 

13 Park, 2924 Ali Bin Mohammad Al Bayyari Street Jeddah Al Samir 

23461-7329  

14 Center of the park, 2924 Street Al Aasha Al Mazni 

15 Border of the park, 2924 Street Al Aasha Al Mazni 

16 Football playground in the park – AL Samer 5 

17 Children playground AL Samer 5- Street Omar Bin Hussein 

18 Football children playground, 6538 Omar Bin Husain Street Jeddah Al 

Samir 23462-3888  

19 Border of the park, 6538 Street Omar Bin Hussein 

20 Circular, Jeddah Al Ajwad 23469  

21 Circular street in AL Ajawad -street Solayman Bin Morad 

22 Border of the park, AL Ajawad 3887 Sulaiman Murad Street Jeddah Al 

Ajwad 23466-6713  

23 Center of the park, Jeddah Al Ajwad 23466 

2.2 Sampling and Soil Sample Preparation 

The overall number of soil samples is 23, which were collected from the three distinct areas by using top surface soil 
having 5–10 cm depth. These three distinct areas (A, B, C): 1- Area (A) (6 samples) represents the lake drainage and the 
area around it which have, contaminated water of the lake, due to the flood to the valley and the low-lying area. 2- 
National Park, area (B), (3 samples) located southeast of the lake and are irrigated by the water recycled from the lake. 
3- Residential neighborhoods adjacent to the lake, area (C) (14 samples) in the northwest and whose levels are below 
the lake level. Samples are collected from public parks the soccer field for children (16 to 19) and open land. The 
sampling points and their locations are shown in Fig. 1, and listed in Table 1. Soil samples were dried by spreading out 
on a clean plastic sheet over a bench in the laboratory, stones and plant roots were removed manually. Samples were left 
to dry at room temperature for a week. Air-dried samples were sieved through a 1.4 mm stainless steel sieve, and the 
samples were stored at room temperature in self-sealing plastic bags. The pH of the samples was measured by using a 
digital pH meter (Mettler Toledo MP220), and the range was found to be a 7.45 - 9.3. The average conductivity of the 
soil was 3000µs.  

2.3 Concentration of Samples in the Soil  

The acid digestion technique was used for the determination of environmentally toxic elements (Ure, 1995) even at low 
concentration. Aqua regia was prepared by mixing three parts 6 M HCl to one part HNO3 6M. Soil samples (0.5g) were 
weighed using a four-figure balance in three replicates. Each sample was poured into a 50 ml beaker containing 10 ml 
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of aqua regia solution. The solution was allowed to stand for at least 12 h to allow the acid to equilibrate with the soil, 
which was placed on the hot plate preheated at 1250C. The digestion was run for 3 h until the evaluation of brown gas. 
The beakers were cooled and a 10 ml of deionized water was added for dilution. The digests were filtered using a 
hardened filter paper Whatman No. 50, and washed with deionized water. The filtrate and washing were collected in 50 
ml volumetric flasks and made up to volume. Average values of three replicas were taken for each determination for 
precision and accuracy. Samples were measured by ICP-OES (7000 DV Perkin Elmer).  

3. Results and Discussion 

3.1 Acid Digestion  

The toxic metals concentrations are summarized in Table 2, and representative data are depicted in Fig. 3. It was 
detected that the study areas have the highest Zn content (4821±10.2 mg/kg for A, 1108.6±9.5 mg/kg for B and 
2339.8±8.7 mg/kg for C) and obvious is much higher than the tolerable level 300 mg/kg for Zn. The Zn concentration in 
the area (A) is low in the drainage lake. The fact that the lake is a waterborne sewage from homes, which has a high 
zinc content due to the containment of water by the zinc composition of the detergents and soap. In all areas Cr 
concentration was found very high 872±2.5 mg/kg for A, 1128±5.4 mg/kg for B and 680±3.4 mg/kg for C, comparing 
with the permissible limit 4.0 mg/kg. Many of the metals have a strong affinity to a natural organic material because of 
its many functional groups. Therefore, it is adsorbed and accumulated in the upper soil layers, which has most abundant 
organic materials. Metal ions may also have adsorbed on the surface of the clay mineral and Mn, Fe and Al 
oxides/hydroxides. In general, Pb and Cu are adsorbed most strongly, while Zn and Cd are adsorbed more weakly to the 
soil. Consequently, the metals which are adsorbed less strongly are more bioavailable (Ron, et al., 1992). Zn and V 
followed the descending order: area (A) > area (C) > area (B). The average grades and tolerable level of toxic metals 
using aqua regia digestion in area A, B, and C are listed in Table.3. Moderately high concentration of Pb was noticed in 
the area (A) (700.5±149 mg/kg), in the northwest to the polluted area (C) is (674.6±184 mg/kg) and in area (B) the 
southeast is (792.33±167 mg/kg) this high concentration of Pb in area B may be due to the irrigation of the soil by 
recycling water from the sewage lake. As, Co, and Hg followed the descending order: area (A) > area (B) > area (C). Ni 
and Cr exist in the orders area (B) > area (A) > area (C), the high concentration in area B might be due to wind blowing.  

The direction of the wind in the city of Jeddah from south to north leads to the movement of air from the contaminated 
area to the northwestern region, which includes the neighborhoods adjacent to the lake. Thus the concentration of toxic 
elements is less in the southeastern region, including the National Park which is located almost a back of the lake 
drainage and thus the direction of the wind does not help in the transmission of heavy elements to it. Also in this region 
is geographically higher than the area of Sewage Lake; hence water rains and floods spread from the highlands to the 
lower area, and thus led lake water flood to the northwestern region. Air winds carry the dust particles who 
contaminated by heavy metals. It remains in the air for varying the length of time depending on the size of the carrying 
particle, relative humidity, and wind speed and precipitation amount. The particles with a diameter < 10 μm may remain 
in the atmosphere for 10-30 days and are removed primarily by washout and can be transported several thousand 
kilometers away from their sources, depending on the air mass movements (Sow, et al., 2013).  

Adham, et al., 2011 have reported the toxic metal pollution in Riyadh city. The levels of Ni, Cu, Pb and Hg were found 
14.37, 53.64, 5.223 and 0.24 µg g-1, respectively. Thus, the metal concentrations in this study were higher than those 
from that the mean concentrations of Cu, Zn and Pb in the soil of Shenyang, China reached to 51.26, 140.02 and 75.29 
mg/kg, respectively. The Hong Kong (0.36±0.16 mgkg−1Cd, 16.2±5.92 mgkg−1Cu, and 103±91.3 mgkg−1Zn) 
(Odewande, and Abimbola, 2008). The Thrace region (0.2 mgkg−1, Cd 20 mgkg−1Cu, 33 mgkg−1 Pb and 45 mgkg−1 Zn) 
(Lee, et al., 2006) the Zagreb region (20.8mg kg−1Cu, 25.9 mgkg−1Pb and 77.9 mgkg−1 Zn) (Cos, et al., 2006). The 
worldwide average and much lower than other cities, e.g. Ibadan (8.4±19.78 mgkg−1Cd, 95.1±126.68 mgkg−1Pb and 
228.6±366.28 mgkg−1Zn) (Romic, and Romic D., 2003) and Mortagne du Nord (1.92±0.81 mgkg−1 Cd and 230.8±146.3 
mgkg−1Pb) (Douay, 2007). 
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vanadium, nickel and zinc were found to be above the tolerable level in comparisons with the other results. This is 
indicated that almost toxic metals in the three areas were exceeding the tolerable level. Thus, confidently state that the 
study areas were contaminated with most toxic metals that might pose a potential environmental risk. These results are 
in good agreement with the observation of Hakami and El-Sayed, 2014. In fact, water represents an important pathway 
for the dispersion of metals over large areas; while soils are significant basins for metals (FOrstner and Wittmann, 1981). 
The microorganism can be affected when metals are introduced to its life process. 

Groundwater and surface water pollution occurs by dissolution in rainwater (or any other liquid solvent that may be 
present) and transport through the soil by gravitational, diffusional, and capillary forces. Various metals, such as Ca, Co, 
Cr, Cu, Fe, K, Mn, Mg, Na, Ni, and Zn, are essential. Required as micronutrients and for the redox processes to stabilize 
molecules through electrostatic interactions (components of several enzymes) for regulation of osmotic pressure (Gerber, 
1991). Toxicity of nonessential metals occurs when the displacement of essential metals from their binding sites or 
through ligand interactions. It is well known that the Hg2+, Cd2+ and Ag+ tend to bound with SH groups of biomolecules 
(proteins and/or enzymes). Thus, inhibit the activity of sensitive enzymes and produces a smell of hydrogen sulfide.  

Table 4. Latin Square Design (LSD) for multiple comparisons of significance areas 

Element  Area Areas Mean 
difference Std. Error Sig. 

95 % Confidence 
Interval for mean 
Lower 
Bound 

Upper 
Bound 

As 

A B 
C 

22.667
52.810*

18.424
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26.29
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79.33 

B A 
C 

-22.667
30.143
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64.72 
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4.43 
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0.004

-44.76
36.91

138.09 
163.09 

B A 
C 

-46.667
53.333

43.830
39.435

0.300
0.191

-138.09 
-28.930 

44.76 
135.59 

C A 
B 

-100.00*
-53.333

30.246
39.435

0.004
0.191

-163.09 
-135.59 

-36.91 
28.93 

Cr 

A B 
C 

-256.00*
192.000*

110.381
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655.17 

C A 
B 

-192.00*
-448.00*

76.170
99.314

0.020
0.000

-350.89 
-655.17 

-33.11 
-240.83 

Ni 

A B 
C 

-435.33*
39.810

62.773
43.318

0.000
0.369

-566.28 
-50.55

-304.39 
130.17 

B A 
C 

435.333*
475.143*

62.773
56.479

0.000
0.000

304.39 
357.33 

566.28 
592.96 

C A 
B 

-39.810
-475.143*

43.318
56.479

0.369
0.000

-130.17 
-592.96 

50.550 
-357.33 

Zn 

A B 
C 

3379.33*
2148.286*

1446.691
998.312

0.030
0.044

361.59 
65.840 

6397.08 
4230.73 

B A 
C 

-3379.333*
-1231.048

1446.691
1301.639

0.030
0.356

-6397.08 
-3946.22 

-361.59 
1484.12 

C A 
B 

-2148.286*
1231.048

998.3120
1301.639

0.044
0.356

-4230.73 
-1484.12 

-65.84 
3946.22 

* The mean difference is significant at 95% confidence.  
3.3 Statistical Analysis  

The better describe to test the comparable alternative of the high level of toxic elements and the correlation factor 
between the three sample areas. Thus, database was analyzed statistically by Latin square design (LSD) using SPSS 
software. The data in Table 4 revealed that a strong association for high values of toxic metals As, Cr, Ni, Zn and Co at 
area A to the surrounding area B, and C. These data also reflect a significant correlation between area B and area C of 
the tested toxic metal ions. Sewage Lake area (A) which is major contaminated by the toxic metals that had a significant 
contribution in the neighborhood areas (B) and (C). Other study in the same area was performed to investigate the 
remediation of the same site of soil samples using HCl (0.1 M). The results showed excellent correlation between the 
levels of Co, As, and Hg with the distance from the central polluted area (Alghanmi et. Al., 2015). Suggest, more study 
need to take for monitoring the environmental geochemistry of the sewage lake area and sufficient remediation such as 
bioremediation (Cecchi et. al., 2017) and phytoremediation (Bolan et. Al., 2014). 
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4. Conclusions 

The research data illustrate the influence of anthropogenic agents on the abundance of toxic metals in 23 soil samples 
from three areas near Sewage Lake in Jeddah. The study revealed a high accumulation of toxic metals (As, Co, Cr, Hg, 
Ni, V, Pb, and Zn) in the soil stimulates an increase in their level due to the random dumping of hazardous waste 
associated with the sewage effluents from houses, hospitals, and industries that might be causing a leaching it into the 
ground waters. The average concentration of Zn (4821±10.2 mg/kg) at area A was much higher than the other two areas 
and exceeded the permissible level of Zn 300 mg/kg. For Cr the average concentration was 1128±5.4 mg/kg at areas B 
was higher than the area A and C and exceeded the tolerance level 4.0 mg/kg. In area B, the concentration of Ni 
(870.0±2.5 mg/kg) and Pb (792.33±167 mg/kg) was also comparatively higher and above the permissible limit. The 
concentration of As and Hg was present minimum in area C but maximum in area A. Overall, the high level of toxic 
metals in soil samples were moderately or heavily contaminated at the three areas. Thus, indicated that the soil of the 
studied areas, mainly polluted from the uncontrolled discharge of effluents to the waterborne Sewage Lake. The 
correlation factor between the study areas shows a significant contribution of toxic metals concentration according to 
the contamination of area A Sewage Lake region with other study areas (B and C). The study points out the soil quality 
measurements are required in all the three areas and adequate potential treatment should execute, such as 
bioremediation, phytoremediation by implanting certain plants in the area that could reduce the rate of contamination 
and avoid the polluted problems in the future.  
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