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Abstract: Most population in northern Sudan are supplied by surface water sources directly from the Nile for drinking and
irrigation purposes. As noted, most of them suffer from chronic diseases such as cancer and kidney failure. Water is expected to
be a major and direct cause of these diseases, so the aim of this study is to identify the components of surface water in northern
Sudan using Raman spectroscopy. Surface water Samples were collected from the Nile in different regions. The samples were
analyzed at room temperature using Raman spectrometer model Horiba Lab RAM HR D3. The results showed that the samples
contain different materials, beside the water, with different amounts; like: aromatic molecules, ester, salts, amides, phenol,
alkynes and acids. From the results we have found that the water contains many toxic compounds such as cyanide, nitrate and
phenol, which is one of the most important causes of cancer and renal failure. As well as can cause oxidize the iron atoms in
hemoglobin from ferrous iron (II) to ferric iron (III), rendering it unable to carry oxygen. This process can lead to generalized
lack of oxygen in organ tissue and a dangerous condition called methemoglobinemia.
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consequences for people, wildlife, and their habitats.
Providing sufficient quantities of good quality water is a
major factor in creating the life style we enjoy in Sudan.

Surface water is the term used to describe water on the
land surface. The water may be flowing, as in streams and
rivers, or quiescent, as in lakes, reservoirs, and ponds.
Surface water is produced by runoff of precipitation and
natural groundwater seepage.[2]

A study was conducted in 2016 to identify the components
of water wells in the western region of Saudi Arabia by
Raman spectroscopy. The results showed that the samples
contain different materials, with different amounts; like:
acids, salts, amides, phenol, ester and sulfonamide.

Also another study in 2014 by Raman sensor to analysis of
chemical substances dissolved in water. The identification of
chemical pollutants and the determination of their content as
well were reliably obtained.

Raman spectroscopy Principles

1. Introduction

Water is essential to life. It is part of the physiological
process of nutrition and waste removal from cells of all living
things. It is one of the controlling factors for biodiversity and
the distribution of Earth’s varied ecosystems, communities of
animals, plants, and bacteria and their interrelated physical
and chemical environments. In terrestrial ecosystems,
organisms have adapted to large variations in water
availability.[1]

Water is a renewable resource. However, it is not always
available when or where it is needed, and it may not be of
suitable quality for intended uses. Although we commonly
take for granted that clean and abundant water is as close as
the nearest faucet, water resources can be depleted or
contaminated with pollutants. Having too much water
(floods) or not having enough (droughts) may have serious
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Raman spectroscopy is a spectroscopic technique based on
inelastic scattering of monochromatic light, usually from a
laser source. [3]

The dominant in Raman scattering is Rayleigh and the
very small amount of Raman scattered light. The induced
dipole moment occurs as a result of the molecular
polarizability, where the polarizability is the change and
deformability of the electron cloud about the molecule by an
external radiation.

A very small amount of Raman scattered are Stokes and
anti-Stokes. Molecules initially in the ground vibrational
state (m) excited to virtual states, then return back to
vibrational excited state (n) give rise to Stokes Raman
scattering hc(v;, — v,,), molecules initially in vibrational
excited state (n) excited to virtual states, then return back to
ground vibrational state (m) give rise to anti-Stokes Raman
scattering hc (v, + v,,) . The intensity ratio of the Stokes
relative to the anti-Stokes Raman bands is governed by the
absolute temperature of the sample, and the energy difference
between the ground and excited vibrational states. The Stokes
Raman lines are much more intense than anti-Stokes, since at
ambient temperature most molecules are found in the ground
state. Figure 1 describes Raman Effect. [4]
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Figure 1. Thediagram The energy diagram of a molecule showing the origin
of Raman scattering.

Raman spectroscopy as a vibrational spectroscopy
technique, has gained more interest and powerful in research
specially in identification and characterization of materials.
Through specific spectral patterns, substances can be
identified and molecular changes can be observed with high
specificity. In addition, it is easy to use and need no sample
preparation [5].

2. Materials and Methods
2.1. Materials

Surface water samples were collected from five regions in
northern Sudan (Halfa, Abry, Abuhamad, Atbra and Shandy)
These areas cover most of the area of northern Sudan, where
the north begin with Shandy and ends with Halfa. Northern
Sudan also includes the biggest part of the Nile. figure 2
shows the map of areas which samples were taken from.

Each sample was put in the glass substrate of the
spectrometer and Raman spectrum was recorded in the region
from 300 to 2800cm™!. The Raman shift in wavenumber,

and the change in intensities of the scattered light in Raman
spectra were compared with data in the previous studies and
references.

Northern State - The main Nile
Figure 2. The map of areas which samples were taken from.
2.2. Instrumentation

Laser Raman microscope spectrometer model Horiba Lab
RAM HR D3, shown in the Figure 3 was used. The light
source of this spectrometer is Laser with wavelength of 532
nm and output power of 6mW.

Figure 3. Laser Raman spectrometer model Horiba Lab RAM HR D3.

3. Results and Discussion

The Raman spectrum of a sample taken from the Nile in
the area of Halfa in the range from 389 to 2403cm™? as
figure 4 shows. It shows clear peaks and by comparison with
the vibrations recorded in some references, we found that
these vibrations describe the vibrations of water molecules

and some components of other materials as listed in Table 1.
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Figure 4. Raman spectrum of surface water sample taken from Halfa in the range from 389 to 2403cm™1.
Table 1. Water sample collected from Halfa Nile.

Peak number Peak Wavenumber (cm™!) Intensity (a.u) Functional group References
1 389 9.23 a Fe-OH [14][15]
2 464 10.44 Si-O-Si [3,6,7,8]
3 538 11.27 Si-O-Si [3,6,7,8]
4 641 13.17 C=S [3,6,7]
5 729 12.86 C-F [6, 17]
6 810 13.87 v(C-C) stretching [12]
7 891.7 11.32 U0, *antisymmetric Stretching [19]
8 1026 12.40 Toluene [9]
9 1157 15.02 C-H bending [21]
10 1270 14.51 v(C-N)g [21]
11 1393.6 17.11 Si—-0-C [3, 6]
12 1510.9 17.30 c=C [3,6,8,10]
13 1635 22.19 O-H bending [11]
14 1752.5 14.45 Lactone [3, 6]
15 1899.4 13.94 c=C [3,6,8,10]
16 2000 12.73 - -
17 21213 10.12 Isothiocyanate [3, 6]
18 2262 6.37 Diazonium salt [3, 6]
19 2403 4.02 P-H [3, 6]

Figure 5 shows the Raman spectrum in the range from 464 to 2858.2cm™? of a surface water sample taken from Nile in the
area of Abry. clear peaks describe the vibration of water molecules and some components to other materials as illustrated in

Table 2.
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Figure 5. Raman spectrum of surface water sample taken from Abry in the range from 464 to 2858.2 cm™".
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Table 2. Water sample collected from Abry Nile.

Peak number Peak Wavenumber (cm~')  Intensity (a.u) Functional group References
1 464 15.90 Si-O-Si [3,6,7, 8]
2 560 17.68 a Fe-OH [14, 15]

3 650 19.33 Fell-O [17]

4 729 18.47 C-F [6,17]

5 810 20.12 v (C—C) stretching [12]

6 910 17.31 Aromatic C-H [11]

7 1026 17.92 Toluene [9]

8 1152 19.93 Toluene [9]

9 1257 17.86 Cc-0 [11]

10 1285 18.05 CO stretch and strong ring-H and COH rocking motions [23]

11 1393.6 20.25 Si-0-C [3, 6]

12 1522.9 20.00 Cc=C [3,6,8,10]
13 1635 23.90 O-H bending [11]

14 1732.1 16.02 Ester [3, 6]

15 1876 13.03 C=O0 stretching [22]

16 1991 12.84 - -

17 2130.3 13.03 Thiocyanate [3, 6]

18 2239 8.93 C=N stretch [18]

19 2422 4.96 - -

20 2858.2 1.67 C—-CH3 [3, 6]

The water sample which taken from the Nile in Abuhamad area, clear picture of the water components and some other
materials as in figure 6 and Table 3 illustrates the analysis of this spectrum.
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Figure 6. Raman spectrum of surface water sample taken from Abuhamad in the range from 464 to 2411.6 cm™.

Table 3. Water sample collected from Abuhamad Nile.

Peak number Peak Wavenumber (cm™1) Intensity (a.u) Functional group References
1 464 10.87 Si-O-Si [3,6,7,8]
2 560 14.48 a Fe-OH [14, 15]

3 822 13.80 (ASO,)~3symmetric stretching [19]

4 936 10.95 Po,? [13]

5 1041.3 16.30 Sulfonic acid [3,6]

6 1136 19.31 v5 symmetric stretchingofthe perchlorate ion [20]

7 1270 17.10 v(C-N)g [21]

8 1393.6 18.13 Si—-0-C [3, 6]

9 1510.9 18.93 c=C [3, 6,8, 10]
10 1635 23.56 O-H bending [11]

11 1752.5 14.46 Lactone [3, 6]

12 1899.4 14.02 c=C [3, 6,8, 10]
13 1994 13.00 - -

14 2121.3 11.38 Isothiocyanate [3, 6]

15 2262 6.25 Diazonium salt [3, 6]

16 2411.6 4.79 P-H [3, 6]
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Figure 7 shows the Raman spectrum of the sample collected from the Nile in the Atbra area. beside the vibrations of water
molecules some other vibrations were appeared in the spectrum. As shown in Table 4.
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Figure 7. Raman spectrum of surface water sample taken from Atbra in the range from 421 to 2875cm™".
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Table 4. Water sample collected from Atbra Nile.

Peak number Peak Wavenumber (cm™')  Intensity (a.u) Functional group References
1 421 7.88 C-N-C [20]

2 538 9.60 Si-O-Si [3,6,7, 8]
3 670 10.62 BFe-OH [16]

4 764 11.02 C-F [3, 6]

5 822 11.49 (ASO,)~3symmetric stretching [19]

6 1026 8.71 Toluene [9]

7 1136 11.02 v, symmetric stretchingofthe perchlorate ion [20]

8 1285 11.20 CO stretch and strong ring-H and COH rocking motions [23]

9 1374 11.89 Ethylbenzene 9]

10 1510.9 12.92 Cc=cC [3,6,8,10]
11 1635 17.86 O-H bending [11]

12 1876 8.57 C=0 stretching [22]

13 1970 8.42 - -

14 2106 7.15 - -

15 2239 4.48 C=Nstretch [18]

16 2411.6 2.99 P-H [3, 6]

17 2875 1.38 - -

Figure 8. illustrates Raman spectrum of the water collected from the Nile in area of Shandy in the range from 464 to

2411.6cm™1. Table 5 lists the analysis of this spectrum.
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Figure 8. Raman spectrum of surface water sample taken from Shandy in the range from 464 to 2411.6cm™".
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Table 5. Water sample collected from Shandy Nile.

Peak number Peak Wavenumber (cm™1) Intensity (a.u) Functional group References

1 464 0.90 Si-O-Si [3,6,7, 8]

2 545 4.75 Si-O-Si [7, 8]

3 670 529 BFe-OH [16]

4 741 5.25 - -

5 810 7.88 v(C-C) stretching [12]

6 910 6.32 Aromatic C-H [11]

7 1052 9.99 NO-3 [11]

8 1152 11.60 Toluene [9]

9 1285 11.16 CO stretch and strong ring-H and COH rocking motions [23]

10 1393.6 13.41 Si-0-C [3, 6]

11 1516.9 13.85 c=C [3,6,8,10]

12 1635 18.10 O-H bending [11]

13 1752.5 11.26 Lactone [3, 6]

14 1886 10.92 C=0 stretching [22]

15 1987 9.74 - -

16 2130.3 7.84 Thiocyanate [3,6]

17 2239 4.22 C=N stretch [18]

18 2411.6 3.19 P-H [3, 6]

After the analysis of the samples we found that, the spectra of samples (Abry, Atbra and Shandy)

vibration modes of some materials appeared in all samples respectively.

while some of them appeared in some samples and disappear

in others.

11C=0 stretching observed in the spectra of samples
(Abry, Atbra and Shandy) with intensities (13.03, 8.57

1 O-H observed in the spectra of all samples (Halfa, Abry,
Abuhamad, Atbra and Shandy), with intensities (22.19,
23.90, 23.56, 17.86 and 18.10) respectively.

2 Si-O-Si observed in the spectra of all samples (Halfa,
Abry, Abuhamad, Atbra and Shandy), with intensities
((11.27, 10.44), 15.90, 10.87, 9.60 and 0.90)
respectively.

3 Also C = C appeared in the spectra of all samples
(Halfa, Abry, Abuhamad, Atbra and Shandy), with
intensities ((17.30, 13.94), 20.00, (18.93, 14.02), 12.92
and 13.85) respectively.

4 Si— O — C appeared in the spectra of samples (Halfa,
Abry, Abuhamad and Shandy) with intensities (17.11,
20.25, 18.13 and 13.41) respectively.

a) P — H observed in (Halfa, Abuhamad, Atbra and
Shandy), with intensities (4.02, 4.79, 2.99 and 3.19)
respectively.

5 Toluene observed in the spectra of samples (Halfa,
Abry, Atbra and Shandy) with intensities (12.40, (17.92,
19.93), 8.71 and 11.60) respectively.

6 C=N stretch appeared in the spectra of samples (Abry,
Atbra and Shandy) with intensities (8.93, 4.48 and 4.22)
respectively.

7 C-F appeared in the spectra of samples (Halfa, Abry
and Atbra) with intensities (12.86, 18.47 and 11.02)
respectively.

8 v(C-C) stretching observed in the spectra of samples
(Halfa, Abry and Shandy) with intensities (13.87, 20.12
and 7.88) respectively.

9 Lactone with intensities (14.45, 14.46 and 11.26)
appeared in the spectra of samples (Halfa, Abuhamad
and Shandy) respectively.

10 CO stretch and strong ring-H and COH rocking motions
with intensities (18.05, 11.20 and 11.16) appeared in the

and 10.92) respectively.

12aFe-OH appeared in the spectra of samples (Halfa,
Abry and Abuhamad) with intensities (9.23, 17.68 and
14.48) respectively.

13v(C- N)gobservedin the spectra of samples (Halfa and
Abuhamad) with intensities (14.51 and 17.10)
respectively.

14Isothiocyanate observed in the spectra of samples
(Halfa and Abuhamad) with intensities (10.12 and
11.38) respectively.

15Diazonium salt observed in the spectra of samples
(Halfa and Abuhamad) with intensities (6.37 and 6.25)
respectively.

16 with intensities (17.31 and 6.32) Aromatic C-H
appeared in the spectra of samples (Abry and Shandy)
respectively.

17 Thiocyanate observed in the spectra of samples (Abry
and Shandy) with intensities (13.03 and 7.84)
respectively.

18 (ASO,) 3symmetric stretching appeared in the spectra
of samples (Abuhamad and Atbra) with intensities
(13.80 and 11.49) respectively.

19v;symmetric stretching of perchlorate ion appeared in
the spectra of samples (Abuhamad and Atbra) with
intensities (19.31 and 11.02) respectively.

208 Fe-OH appeared in the spectra of samples (Atbra and
Shandy) with intensities (10.62 and 5.29) respectively.
21C=S observed in the spectra of sample Halfa with

intensity (13.17).

22 U0, **antisymmetric Stretching observed in the spectra
of sample Halfa with intensity (11.32).

23 C-H bending observed in the spectra of sample Halfa
with intensity (15.02).

24 Fell-O, C-0, Ester and C — CH;appearedin the spectra
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of sample Abry with intensities (19.33, 17.86, 16.02 and
1.67) respectively.

25NO3appeared in the spectra of sample Shandy with
intensity (9.99)

a) C-N-C and Ethylbenzene appeared in the spectra of
sample Atbra with intensities (7.88 and 11.89)
respectively.

It is noted that the samples contain many toxic substances

such as:

a cyanide (C=N) is highly toxic. The cyanide anion is an
inhibitor of the enzyme cytochrome c oxidize in the
fourth complex of the electron transport chain (found
in the membrane of the mitochondria of eukaryotic
cells). It attaches to the iron within this protein. The
binding of cyanide to this enzyme prevents transport
of electrons from cytochrome c to oxygen. As a result,
the electron transport chain is disrupted, meaning that
the cell can no longer aerobically produce ATP for
energy. Tissues that depend highly on aerobic
respiration, such as the central nervous system and the
heart, are particularly affected. This is an example of
histotoxic hypoxia.

b Nitrate (N 073 ) poisoning can occur through
enterohepatic metabolism of nitrate due to nitrite being
an intermediate. Nitrites oxidize the iron atoms in
hemoglobin from ferrous iron (II) to ferric iron (III),
rendering it unable to carry oxygen. This process can
lead to generalized lack of oxygen in organ tissue and a
dangerous condition called methemoglobinemia.
Although nitrite converts to ammonia, if there is more
nitrite than can be converted, the animal slowly suffers
from a lack of oxygen.

¢ Arsenate ((ASO,)™3) can replace inorganic phosphate
in the step of glycolysis that produces 1,3-
bisphosphoglycerate from glyceraldehyde 3-phosphate.
This yields 1-arseno-3-phosphoglycerate instead, which
is unstable and quickly hydrolyzes, forming the next
intermediate in the pathway, 3-phosphoglycerate.
Therefore, glycolysis proceeds, but the ATP molecule
that would be generated from 1,3-bisphosphoglycerate
is lost — arsenate is an uncoupler of glycolysis,
explaining its toxicity.

4. Conclusions

Raman Spectroscopy is one of the best techniques that can
be used to identify the surface water components. And It
provides precise information about other materials found in
the samples. The Raman spectra intensity of molecules is
directly proportional to its concentration. It is very easy to
quantitatively calculate the molar concentrations of
components in water.

The results and the study show us the low quality of water
in northern Sudan because it contains many of the toxic
compounds.

We recommend the Government of Sudan to improve
water quality in northern Sudan.
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