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تصدر عن دار آريثيريا للنشر والتوزيع - السـوق العربي الخرطوم - السودان

ردمك: 1858-9553



المشرف العام
د. الوليد مصطفى إبراهيم
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البحــث وبمـا لا يزيــد عـن 300 كلمـة.
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Abstract:
Lead metal occurs naturally in the Earth’s crust. It is widely used and 
consequently resulted in environmental contamination and relevant public 
health problems, world widely. This study aims to determine level of Lead 
metal concentration in the Gash River’s Soil, Kassala State, Sudan. Fifteen 
(15) Soil samples were collected randomly from areas of Wadsharifi, Awetala 
,Hayalgasor and Kormota during 2019 AD following retreating of Gash’s 
flood. The Soil samples were digested using Nitric and Hydrochloric acids 
as the requirement of ICP - OES techniques, while SPSS was used for data 
analysis. The results show significant differences in means concentrations of 
lead in the soil samples of the selected areas with a general average of less 
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than100 mg /kg for the Lead level concentration in soil recommended by 
World Health Organization. 
Keywords: Heavy metals, Soil contamination, Lead element, Gash River, 
pollution.

تحديد تركيز مستوى الرصاص 
في تربة نهر القاش، السودان

   أ. نجود الجيلي محمد الخضر
طالبة - دكتوراه - كلية الدراسات العليا - جامعة كسلا

   د. عبد القادر محمد أحمد
أستاذ مشارك - قسم الكيمياء - كلية التربية - جامعة كسلا

   د. عثمان محمد سعد محمد
أستاذ مشرك - قسم الكيمياء - كلية التربية - جامعة كسلا

المستخلص:  
يتواجــد معــدن الرصــاص بشــكل طبيعــي في القــرة الأرضيــة.  تــم اســتخدامه عــى نطــاق 

واســع، وبالتــالي يــؤدي إلى التلــوث البيئــي ومشــاكل الصحــة العامــة ذات الصلــة، عــى نطاق 

ــز معــدن الرصــاص في  ــد مســتوى تركي ــم. تهــدف هــذه الدراســة إلى تحدي واســع في العال

تربــة نهــر القــاش، ولايــة كســا، الســودان، تــم جمــع خمســة عــر )15( عينــة مــن التربــة 

بشــكل عشــوائي مــن مناطــق ود شريفــي، أويتــا، حــى الجــر والكرمتــه، خــال العــام 

ــاض  ــتخدام أحم ــة باس ــات الترب ــم عين ــم هض ــاش. ت ــان الق ــار فيض ــد انحس 2019م، بع

ــتخدام  ــم اس ــا ت ــات ICP-OES، بينم ــات تقني ــب متطلب ــك حس ــك والهيدروكلوري النيتري

ــطات  ــة في متوس ــروق معنوي ــود ف ــج وج ــرت النتائ ــات. أظه ــل البيان ــج SPSS لتحلي برنام

ــل  ــام أق ــط ​​الع ــغ المتوس ــث بل ــارة حي ــق المخت ــة للمناط ــات الترب ــاص في عين ــز الرص تراكي

مــن 100 ملغم/كغــم لمســتوى تركيــز الرصــاص في التربــة المــوصى بــه مــن قبــل منظمــة 

الصحــة العالميــة.

الكلمات المفتاحية: المعادن الثقيلة، تلوث التربة، عنصر الرصاص، نهر القاش، التلوث.
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1.  Introduction:
Lead is a chemical element with an atomic number 82 and symbol Pb and 
nowadays recognized as a heavy-metal poisonous, it affects every system 
of the body. Acute exposure to a high level of Lead can result in death or 
significant damage to the brain or other organs. (Abdirashid and Mohammed, 
2019). Environmental pollution is a major challenge in the recent era of 
modern society. Among different environmental contaminants, heavy metals 
are well known and are of greater concern due to their toxicity for living 
organisms and marine life. Waste disposal is a serious global environmental 
issue resulting in heavy metal pollution of soils, water, and crops. However, 
heavy metals like lead, cadmium, and mercury are toxic to living organisms 
not only in high concentration but also in low concentrations. (Bakshi S et al. 
2021). However, the pollution from human activities has contributed to the 
high occurrence heavy metals into the ecosystem (Rasmussen C et all, 2007). 
Heavy metals are a unique class of naturally occurring elements that persist 
in the environment for a long time and are not biodegradable (Muhammad 
et al. 2022). Heavy metals are metals with a specific gravity higher than 5 g 
cm–3. The most common environmental heavy metals are copper (Cu), nickel 
(Ni), chromium (Cr), lead (Pb), cadmium (Cd), mercury (Hg), iron (Fe) and 
arsenic (As) Some heavy metals, such as iron and nickel are essential to the 
survival of all forms of life at low concentrations, Generally, heavy metals are 
naturally occurring components of the earth’s crust with large differences in 
concentrations. The term heavy metal alludes to any metallic chemical element 
that has a comparatively high density and is poisonous at low concentrations 
(Cacar, 2003). Heavy metals can accumulate in the soils to toxic levels as a 
result of long-term application of untreated waste waters and fertilizers. Soil 
irrigated by waste water accumulate heavy metals in surface soils and when 
the capacity to retain heavy metals is reduced due to repeated application of 
waste water, heavy metals leach into ground water or soil solution available 
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74

مجلة القُلزم- للدراسات التطبيقية - العدد السابع - ذو الحجة 1445 - يونيو 2024م 74

for plant uptake (Papatilippaki et al., 2008). Among the pollutants that persist 
and accumulate in the soils include; inorganic toxic compounds for example 
fertilizers, organic wastes, organic pesticides and radio cucleides (Misra and 
Mani, 2009; Jia et al., 2010). The concentration of heavy metals in soil and 
their impact on ecosystems can be influenced by many factors such as the 
parent rock, climate and anthropogenic activities (Jia et al., 2010). Soil is often 
contaminated by human activities and this is reflected in the high horizontal 
and vertical variability brought about by the anthropogenic influence on soil 
formation and development (Fong et al, 2008).

1.1  The research problem:
Environmental pollution remains are important issue for population, economic 
and political decision factors in all countries. Many countries are affected 
by pollutants from different pollution sources: chemical industries, iron and 
steel smelter, coal mining and thermal power stations, cement factories, auto 
traffic, the use of pesticides and fertilizer, so, it is vital to know the elemental 
concentration of heavy and toxic elements in Sudan. The term heavy metal 
refers to any metallic chemical element that has a relatively high density and 
is toxic or poisonous at low concentrations.  Examples of heavy metals that 
are harmful to humans include mercury, lead, and arsenic. Chronic exposure 
to these metals can have serious health consequences. Humans are exposed to 
heavy metals through inhalation of air pollutants, consumption of contaminated 
drinking water, exposure to contaminated soils or industrial waste, or 
consumption of contaminated food. Food sources such as vegetables, grains, 
fruits, fish and shellfish can become contaminated by accumulating metals from 
surrounding soil and water. Heavy metal exposure causes serious health effects, 
including reduced growth and development, cancer, organ damage, nervous 
system damage, and in extreme cases, death. Exposure to some metals, such 
as mercury and lead, may also cause development of autoimmunity, in which 
a person’s immune system attacks its own cells. This can lead to joint diseases 
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such as rheumatoid arthritis, and diseases of the kidneys, circulatory system, 
and nervous system. (ToxFaQs, 1993). Soil is a very important natural resource 
to man as it is a source of his life on this planet. Without soil the earth would 
be as barren as the moon hence lifeless, Materials that find their entry into the 
soil system persist and accumulate in toxic concentrations becoming sources of 
pollution in the soil (Misra and  Mani, 2009). The main object of this paper is to 
determine Lead element concentration  level in El-Gash river soil at the end of 
the flood in eastern Sudan using Inductively Coupled Plasma Optical Emission 
Spectrometry techniques.

2. Materials and Methods:
2.1 Collection of soil samples:
Four different areas were selected using GPS technique in the course at the 
end of the flood of El- Gash River in Kassala State eastern Sudan ,15 samples 
of water at the beginning of the flood of El - Gash Rive  were collected 
from the areas of ( Wadsharifi  (1Aw, 5 samples) , Awetala (1Aa ,4 samples 
, Hay Algasor (1Ah ,3 samples) and Kormota (1Ak, 3 samples),  andkeep 
in one liter plastic bottles separately the interior of the plastic bottles being 
previously rinsed  three times, each water sample was acidified with Nitric 
acid to preserve the water from contamination.

2.2. Methods: 
2.2.1 The Principle of Inductively Coupled Plasma 
Optical Emission Spectrometry Method:
Optical emission spectrometers with inductively coupled plasma (ICP-OES) 
have a linear relation several times the power of ten between the intensities 
measured and the concentration of an element. This means that quantification 
by means of external calibration with a linear regression line is possible. 
The calibration should be adjusted to the working range. Even for the lowest 

  A. Nugod Algaily    Dr. Abdelgadir Mohamed    Dr. Osman Mohamed  



76

مجلة القُلزم- للدراسات التطبيقية - العدد السابع - ذو الحجة 1445 - يونيو 2024م 76

concentration values, sufficient measuring sensitivity and reproducibility 
must be assured, an aliquot of a well-mixed, homogeneous aqueous or solid 
sample is accurately weighed or measured for sample processing, For  total 
recoverable analysis of a solid or an aqueous sample containing un dissolved 
material, analyses are first solubilized by gentle refluxing with nitric and 
hydrochloric acids,  after cooling, the sample is made up to volume, is 
mixed and centrifuged or allowed to settle overnight prior to analysis. For 
the determination of dissolved analyses in a filtered aqueous sample aliquot. 
(Perkin- Elmer,2004).

2.2.2 Preparation of Reagents:
Hydrochloric acid (1:1)  was prepared by adding 500 mL of  Concentrated  
HCl  to   400 mL reagent water, the mixture were  diluted  to One  Liter.

Hydrochloric acid (1: 4)  was prepared by adding   200 mL  of concentrated 
HCl to 400 mL reagent water, the mixture were  diluted  to One  Liter.

Nitric acid (1:1) was prepared by adding 500 mL of  concentrated  HNO3 to 
400 mL reagent  water , the mixture were  diluted  to One  Liter.  (Perkin- 
Elmer,2004).

2.2.3. Preparation Standard solutions:
Standard solution containing (0.5, 1, and 5) ppm and 100µg/liter of Pb were 
prepared (acidified to maintain pH at (1- 2), the Calibration curves  determines 
the relationship between  the intensity of light emitted at a specific wavelength 
and the concentration of the element in the solution.

2.2.4 Preparation of Soil samples: 
1 g of the sample was weighed in a beaker and 4 mL of (1:1) HNO3 and 10 ml 
of (1:4) HCl were added to the beaker,  the lip of the beaker was covered with 
a watch glass, the beaker was Placed on a hot plate for reflux extraction of the 
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analysts. The hot plate was located in a fume hood and previously adjusted to 
provide a reflux temperature of approximately 95°C (Perkin- Elmer. ,2004).

2.2.5. Data analysis:   
Data was analyzed using SPSS. The data were expressed in term of descriptive 
statistics while the figures were presented with Mean values. A p-value less 
than 0.05 were considered as Significant.

4. Results and Discussion:
4.1 Results:
Table 1:  show the  Quantities of lead in soil samples in ppm as determined 
by the Inductively Coupled Plasma Optical Emission Spectrometry method.

No of Samples Sample code Lead conc.(ppm)

1 1Bw 1.00
2 1Bw 1.00
3 1Bw 1.00
4 1Bw 1.3
5 1Bw 1.5
6 1Ba 1.00
7 1Ba 1.00
8 1Ba 1.9
9 1Ba 2.3
10 1Bh 10
11 1Bh 13.3
12 1Bh 8.8
13 1Bk 7.4
14 1Bk 3.7
15 1Bk 2.3
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Table 2:  Show the Statistic comparison of lead in Soil samples at the end   
of the flood of El- Gash River 

Descriptive Statistics

NO. Minimum Maximum Mean Std. 
Deviation

Wadsharifi (S,A) 5 1.00 1.50 1.1600 .23022

Awetala (S,A) 4 1.00 2.30 1.5500 .65574

Hayalgasor (S,A) 3 8.80 13.30 10.7000 2.33024

Kormota (S,A) 3 2.30 7.40 4.4667 2.63502

Valid N (listwise) 3

Figure 1: Show the  Means of Lead - Concentration level in soil at the end   
of the flood of El- Gash River in the studied Areas. 
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Table 3: Multiple Comparisons of lead concentration in Soil samples at 
the end   of Al-Gash  Flood. Tukey HSD

(I) block (J) block
Mean 

Difference 
(I-J)

Std. 
Error Sig.

95% Confidence 
Interval

Lower 
Bound

Upper 
Bound

Wadsharifi

Awetala -.39000- 1.03625 .981 -3.5086- 2.7286

Hayalgasor -9.54000-* 1.12812 .000 -12.9351- -6.1449-

Kormota -3.30667- 1.12812 .057 -6.7018- .0885

Awetala

Wadsharifi .39000 1.03625 .981 -2.7286- 3.5086

Hayalgasor -9.15000-* 1.17982 .000 -12.7007- -5.5993-

Kormota -2.91667- 1.17982 .120 -6.4674- .6341

Hayalgasor

Wadsharifi 9.54000* 1.12812 .000 6.1449 12.9351

Awetala 9.15000* 1.17982 .000 5.5993 12.7007

Kormota 6.23333* 1.26128 .002 2.4374 10.0292

Kormota

Wadsharifi 3.30667 1.12812 .057 -.0885- 6.7018

Awetala 2.91667 1.17982 .120 -.6341- 6.4674

Hayalgasor -6.23333-* 1.26128 .002 -10.0292- -2.4374-

4. 2 Discussion:
Table 1. Summarize data on lead content in soil sample at the end of the 
flood of the Gash River by the Inductively Coupled Plasma Optical Emission 
Spectrometry method of the studied samples. The concentration of lead was 
ranged between 1.00-13.30 mg/kg. The highest concentration of lead (13.30 
mg/kg) was found in Hayalgasor samples and the lowest concentration (1.00 
mg/kg) was found in Wadsharifi samples. The mean concentration of lead 
in soil by the Inductively Coupled Plasma Optical Emission Spectrometry 
method was (4.46 mg/kg) which was less than the amount allowed by the 
WHO. The mean elemental concentration of lead in this study were higher 
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than in the previous studies (Muayad .H.et al 2015), (Atiemo et al., 2011 ) 
,and (Endal Teju et al 2012) . However higher lead levels than the present 
study was also recorded in other study (Wafaa.S. Eman.A.,2016), (Okonola et 
al. ,2007), (Adelekan and Abegunde 2011), (Jaradat et al., 1999),and  (Mico 
et al., 2006).

Table 2. shows a multiple comparison of concentration of lead in soil samples 
at the end   of the flood of the Gash River between the studied groups. The 
mean difference was significant at the 0.05 level. Samples from Wadsharifi 
was done to make a comparison between the concentration of lead in soil 
samples at the end   of the flood of the Gash River samples from Wadsharifi 
have the mean value (1.16 mg/kg) was the lowest value among all other means 
which prove the amounts of lead concentration in  the lowest concentration 
of lead (1.00 mg/kg) and the highest concentration of lead was (1.50 mg/kg)  
.The concentration of lead may have reached the river as a result of the natural 
decomposition of rocks due to the nature of the mountainous region that the 
river crossed on its arrival.

samples from Awetala have an average value (1.55 mg/kg) was the lowest 
concentration of lead was (1.00 mg/kg) and highest concentration of lead in 
this area was (2.30 mg/kg). Samples from Hay Algasor have an average value 
(10.7 mg/kg) the lowest concentration of lead was (8.80 mg/kg) and highest 
concentration of lead in these area was (13.3 mg/kg) .Lead concentration in 
this region is the highest compared to other regions  and this is because A 
landfill located on the course of the river in this area or from agricultural 
fertilizers and fuel stations that may have been swept into the riverbed due 
to rain water and air pollution with car exhaust due to the presence of the 
bridge in this site. The mean concentration of lead in soil samples at the end   
of the flood of the Gash River of Kormota samples (4.46 mg/kg) the lowest 
concentration of lead was (2.30 mg/kg) and highest concentration of lead in 
this area was (7.40 mg/kg).
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Table 3:  Show the Multiple Comparisons of lead concentration in soil samples 
at the end of the flood of the Gash River with group, the results were analyzed 
with SPSS test and Since P value (sig 0.00) is less than 0.05 we reject the 
null hypothesis and we accept the alternative that means there was significant 
difference in the concentration of lead in soil between the samples collected 
from Wadsharifi and Hay Algasor sample (sig 0.00). Significant difference 
between the concentration of lead in Awetala and the concentration of lead 
in soil from Hayalgasor was found (sig.0.00). sample of soil collected from 
Kormota and Hay Algasor was found (sig 0.002). The concentration of lead 
in soil from Hayalgasor showed significant differences to samples collected 
from all other areas (sig 0.00).

5. Conclusion:
Soil Contamination of Lead may expose a risk by direct ingestion, Smelling, 
take-up in vegetable ranches and Soil, the Inductively Coupled Plasma 
Optical Emission Spectrometry method is fairly selective, precise, and more 
sensitive, The method is free from interferences which is an advantage of this 
method. Therefore, the method can be used for routine analysis of soil. The 
study has shown that there were considerable fairly small amounts of lead 
element in the Gash River’s soil, based on the above analysis levels of lead in 
the soil were less than the permissible limit of the World Health Organization. 
Hayalgasor had higher levels of lead in the soil and this can be attributed to 
the presence of many pollutants in this area. 

6. Recommendations:	
The following may be recommended from this research and should be taken 
to the researchers in this area:

1.	 Sources of lead in Soils like inorganic fertilizers, pesticides and acaricides 
need to be controlled. Fertilizers, pesticides and acaroids are known to be the 
source of lead, which have been detected in Soils and water at high levels.
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2.	 Hayalgasor had the highest contamination levels of lead in water and 
soils. Sincemost of the soil sampling was done around area, there is need 
to institute mechanisms to reduce the level of contamination including 
fixing the sewerage system, and checking on the conditions of automobiles 
that ply the town routes.

3.	 Further research similar to this one must be carried out in other areas of 
Kassala state, especially in the town center.
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