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Abstract

The research cared out to calculate the heavy metals deposition for the soil of the Blue Nile along the edges of two
sides, starting from the Sudan Ethiopia border end to the Khartoum state in Tuti Island. The samples were analyzed
by inductively coupled plasma mass spectrometry (ICP-MS) technique. The results show that there is a significant
difference for most of the concentration of the elements deposition on two sides of the Blue Nile outside of Nile
channel for that area which covered by water after the overflow. Heavy metals Cr, Fe, Co, Cu, and Zn concentration
deposition are increased in the direction of the water to Khartoum, while Ni and Pb concentrations are decreased
in the same direction. K, Ca, Ti, Mn, Br, Rb, Sr, and Zr heavy metal concentrations are varied but in general
remains equals.
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1. Introduction

The most critical springs of water for every single living thing are the rivers, as well as lakes, oceans, water
catchments and underground water. Rivers are imperative to people and different living beings as they are basic
assets for the living. River Nile form the biggest streams on the planet and it is quite long in such away that it is
defenseless to numerous contaminations inside the capital Khartoum, particularly at the juncture of the White Nile
and Blue Nile (called Al-Mugran) where it finds numerous contamination activities. This is in addition to the
likelihood of substantial metal contaminants as has recently been studied by Sulieman et al. (2017).

The total length of the Blue Nile 1,450 kilometers, of which 800 kilometers are inside Ethiopia (Central Statistical
Agency website, 2009). Figure 1. The maximum flow of the Blue Nile occur in rainy season carry an amount of
soil from the Ethiopian Highlands and carry it downstream as a dummy, makes the water dark brown or almost
black (Dinknesh, 2015). The Blue Nile was a major source of the flooding of the Nile and its most significant
tributary of the Nile and almost more than half of the Nile's stream flow (Mohamed Helmy, 2012). Soil that
enriched with heavy metals can cause a reverse impact on the people by ingestion inhalation, and skinny contact.
Accumulated soil by heavy metals can also cause potential long-term hazards to plants and animals as well as
humans that take these plants. (Singh & Kumar, 2006).

The presence of heavy metals in the Blue Nile deposit is affected by the particle size of the sediments, this actually
attributed to co-precipitation, sorption, and complexing of metals on particle surfaces and coatings (Walling, 1992;
Sakai et al., 1986; Krishna & Govil, 2008). There for a need for re-estimate the heavy metals in the Blue Nile
adjacent soil sediment to ensure environmental sustainability for human and animal (Senesi, 1999; Saad, 2017).

2. Sampling and Samples Preparation

For most clinical methods using ICP-MS, there is a relatively simple and quick sample prep process. The main
component of the sample is an internal standard, which also serves as the diluent. This internal standard consists
primarily of deionized water, with nitric or hydrochloric acid, and Indium and/or Gallium.

Samples were taken from the surface soil (10 cm depth) of the Blue Nile, and 10m-1km far from the bank the Blue
Nile for areas that covered by the flood. The cities were sampled are taken in Khartoum, Wad Medani, Singa and
Ed Damazin, Figure 2. Gee 1986. Samples were digested by EPA-3050 method. EPA 1996. 0.5gr of well-milled
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samples dried by air in the microwave oven pipes, and 10 ml of 1:1 HNO3 was added and covered with a watch
glass. Samples were heated for 20 minutes below boiling point and then cool down. For extraction, digested
samples were transferred quantitatively into 50 ml, volume was completed by using distilled water. Samples were

filtered and stored in polyethylene bottles at a low temperature until analysis.

Blue Nile
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Figure 1. Blue Nile from the source in Ethiopia to
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Figure 3. The concentration of the Heavy elements mg/kg
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Figure 4. Distribution of the concentration for the heavy metals in four cities along the Blue Nile in Sudan

3. Results Discussion

Due to the variation of the soil topography composition between Sudan and Ethiopia, this varies from the rocky
mountain in Ethiopia and mud/clay in Sudan leads to the difference of elements concentration and types. The
percentage of particles size and organic matter is higher in wet than dry seasons in soil samples Muna 2014. The
relationships between heavy metals and organic matter provided interesting information on heavy metal sources
and pathways Thorne 1981. Therefore I have conducted an experimental investigation of the heavy metals in four
main cities in Sudan that are residing along the Blue Nile. This investigation aimed at the measurement of the
concentration of these metals. The following I will demonstrate and discuss the results of these measurements in
each city starting from the city closer to the Ethiopian-Sudanese boarder and ending with the capital of Sudan,
Khartoum city, in the center of Sudan.

In Ed-Damazin city where the nature of the soil is of a rocky stone type, the highest element concentration is 63970
mg/kg for Fe, while the least element concentration is 5 mg/kg for Pb (Table 1 and Figure 3). The variation in the
concentration of other elements lie between these two extremes for Fe and Pb as can clearly be seen from Table 1.
Similarly, Singa city demonstrates the most element concentration of 66313mg/kg for Fe and the least
concentration of 9 mg/kg for Br. This indicates that the Fe concentration in Singa city has increased from its value
in Ed-Damazin due to the element precipitation along the river flow line caused by the quite flow of water. The
precipitation effect has also resulted in a further reduction in Fe concentration (79451mg/kg Table 1 and Figure 3)
in Wad Medani city which is located after Singa along the line flow of the Blue Nile. However the lowest element
concentration in Wad Medani is for Br at 7 mg/kg. It is evident that Wad-Madani and Singa agree in the element
Br which has lower concentration. In contrast, Ed-Damazin has lowest concentration for the element Pb. This
discrepancy could be associated with the geological nature of the soil in these cities since Wa-Madina and Singa
have clay type soil while Ed-Mazine soil if rocky. For Khartoum city, which lies further down the direction of the
Nile flow, and which has a muddy soil, the highest element concentration is again for Fe at 88768mg/kg, while
the lowest element concentration is Br at 8 mg/kg.

An overall view of the concentration distribution of the whole set of elements in the four cities is illustrated in
Figure 4. Interestingly, all cities agree in the maximum concentration for Fe. The highest Fe concentration could
be attributed to the lower PH level in water (Sulieman, 2017; GTM, 2007). The cities also agree the lowest element
concentration for Pb and Br. It is worth noting that the element concentration nearly oscillates in a logarithmic
scale as shown in Figure 4. Again this could suggest that the variation in the geological nature of the soil in these
cities has led to variation in element deposition strength, resulting in the pattern shown in Figure 4.

More specifically the results in Figure 3 and 4 indicated that the average values of the heavy metals concentration
of Cr, Fe, Co, Cu, and Zn were 76, 74625.5, 30.5, 26.25 and 119.25 mg/kg, respectively, while the percentage-
increase in these elements from Ed-Mazine to Khartoum is 19, 28, 29, 42, and 12 % respectively. The heavy metals
that were decreased in the concentration were Ni and Pb with average of 17 and 14.5 mg/kg, respectively. The
percent of the reduction is 50 % and 57 %, respectively. For K, Ca, Ti, Mn, Br, Rb, Sr, and Zr heavy metals the
average concentrations are 14287, 25020.25, 20483.25, 1705.25, 7.5, 55, 201.5 and 382 mg/kg respectively, and
having almost the same order of magnitude for the change in concentration from Ed-Mazine towards Khartoum.
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Table 1. The concentration of heavy Elements in soil samples (mg/Kg)

location Heavy metals concentration (mg/Kg)
Cu Zn Br Rb Sr Zr Pb K Ca Ti Cr Mn Fe Co Ni
Ed Damazin 19 111 56 201 371 5 13835 24950 20780 69 1685 63970 25 11
Singa 25 118 50 205 391 10 13909 24569 19968 71 1701 66313 29 16
Wad Medadi 28 122 59 198 386 12 14359 25147 21031 79 1655 79451 33 19
Khartoum 33 126 55 202 380 15 15045 25415 20154 85 1780 88768 35 22
Average:  26.3 119.3 7.5 55.0 201.5 382.0 14.5 14287.0 25020.3 20483.3 76.0 1705.3 74625.5 30.5 17.0
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