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Abstract

Water is an essential resource for life on earth, and is involved in many aspects
of the environment and human life. It is therefore important to protect it. The
aim of this study is to assess the level of microbial and physico-chemical pol-
lution and the degree of hydrological disturbance in the waters of the Djoliba
River in the commune of Kouroussa (Republic of Guinea) over the last ten
years (2014 to 2024). To do so, methods spectrophotometric analyses of sam-
ples I and II were carried out and have shown more or less satisfactory results
in relation to the presence of heavy metals and mineral elements in samples I.
However, the presence of coliforms in samples KPE2 and KBRIQUETERIE
was 126 and 124 respectively. For sample II, contamination is widespread and
exceeds acceptable total coliform thresholds. Particle size analysis reveals a
mixture of medium grains with a very narrow S, shaped particle size class,
unsorted homogenous material transported into the watercourse at short in-
tervals. According to a study by the Max Planck Institute for Marine Microbi-
ology in Bremen, grains of sand are home to thousands of bacteria. The hy-
drological study showed that the river has experienced disturbances in the
years 2021-2024 as a result of human aggression.

Keywords

Physicochemical, Microbiology, Hydrology, Sand, Djoliba River, Kouroussa

1. Introduction

Water scarcity and management is now a global phenomenon. The world’s de-
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mand for water is increasing day by day, in all areas of life. However, the level of
water in the springs only decreases from year to year [1]-[3]. In any given year,
some 2.67 billion people worldwide face water shortages every month, a phenom-
enon caused by aggressive human activities on the environment [1]. The Republic
of Guinea is considered the water tower of West Africa, because of its abundant
water resources, with over 1,300 rivers, and almost all of the water resources of
Africa’s great Niger River, is still struggling to take full advantage of this natural
wealth due to a poor policy for developing and protecting its water and environ-
mental resources, and under-investment in water and environmental infrastruc-
ture [4]-[7]. Djoliba, the name of the Niger River in the commune of Kouroussa,
waters many towns and villages in Upper Guinea and crosses several West African
countries after the northern slope of the Daro Massif [8] [9]. It has a catchment
area of 70,000 km?* and flows for 643 km. However, its vegetative environment,
which provides shade to reduce water temperature and ensure good oxygenation
for aquatic life, and its role as a bank soil fixer through its roots, which helps main-
tain the hydrological structure of the watercourse, are now in a state of advanced
degradation and pollution, which means that consumption of its water by the ur-
ban population of Kouroussa has become a real health risk [8] [10]. For this rea-
son, the Guinean government is carrying out additional water supply work through
standpipes in the urban commune of Kouroussa, with a view to reinforcing its
drinking water supply network current August 2022. This increased production
from 900 to 2300 m?*/day [11]. Studies on source water pollution have been re-
ported [12]-[14]. However, we have recently published on the impacts caused by
anthropogenic activities on this river [8]. As a continuation of this work, we report
on a physico-chemical and microbiological study and four years of hydrological
measurement of the water level of this river in the urban commune of Kouroussa,
twice a day and once a month (7 a.m. and 6 p.m.), using a graduated limnimetric
scale 2 meters long, 13 cm wide, installed at the foot of the bridge and in the bed
of the Djoliba River (Figure 1), in order to propose some traditional restoration
solutions, as the silting up of this river in periods without rain looks as if it will

disappear in the future.

2. Materials and Methods
2.1. Presentation of the Study Area

This study was carried out in the urban commune of Kouroussa.

2.2. Study Framework

The laboratories of the Office National of Control of Quality and Biology the In-
stitute Superior of Technology of Mamou, served as the framework for this study.
2.3. Sampling

The sand sample and the two water sampling periods (water samples I and II)

used in this study were carried out in the Djoliba River at Kouroussa on May 31,
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2024 (for the sand and first water sample) and December 22, 2024 (second water
sample) and Monthly bulletins of water level measurement results for 4 years
(2021-2024) were used as raw material for the physico-chemical, microbiological
and hydrological analysis. So, it was carried out at six representative sites along
the Djoliba River in Kouroussa. The sites were chosen based on their immediate
proximity to the main anthropogenic pressures (domestic activities and discharges,
agricultural activities on the riverbanks, craft activities). The distances from po-
tential sources of pollution and the precise GPS coordinates are as follows:

o Site 1 (upstream, little impact): 10.4002°N, 9.3010°W—located approximately
4 km from the city centre, outside the area of direct influence. 1.5 L volume of
water, number of replicates: 3

e Site 2 (urban area): 10.3961°N, 9.3057°W—1 km downstream from the main
urban discharges (domestic wastewater). 1.5 L volume of water, number of
replicates 3

e Site 3 (near market gardening areas): 10.3938°N, 9.3083°W—300 m from irri-
gated agricultural perimeters. 1.5 L of water sampled, number of replicates 3

o Site 4 (downstream): 10.3905°N, 9.3122°WW-150 m downstream from the ur-
ban centre, incorporating cumulative effects. 1.5 L water volume, number of
replicates 3

e Site 5 (downstream): 10.3867°N, 9.3165° W—100 - 200 m, close to crafts/ri-
parian localities. 1.5 L water volume, number of replicates 3

e Site 6 (downstream): 10.3830°N, 9.3210°"W—150 m, cumulated downstream
2.5 km downstream from urban discharges, 1.5 L water volume, number of
replicates 3. Samples were taken from the surface of the water at a depth of 0 -
30 cm, in sterile bottles, using gloves and of the previously disinfected equip-
ments. The samples were stored in a refrigerator at 4°C and transported im-
mediately to the laboratory within 6 hours. These analyses were performed

taking into account the average values of the replicates for each sample.

2.4. Physico-Chemical and Microbiological Analysis

Water samples were analyzed using a range of techniques, including enumeration,

spectrophotometry, conductivity and pH meters.

2.5. Sand Granulometric Analysis

Sand is generally from by the degradation under the action of the weather and
erosion of rocks. Then, drained into water sources and constantly decomposing
along the way, forming particles of various sizes. Ains, with granulometric
methods, the different sizes of their particles can be known using sieving tech-
niques after washing and drying sand grains from 3 kg samples using a series
of square meshed sieves with standard NF XP 13-901 on CEB (A. F.N.O. R)
[15]-[18]. These meshes are superimposed one on top of the other, their diam-
eters successively decreasing downwards [9]. The results are shown in Table 1

and Figure 2.
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2.6. Study of the Hydrological Regime

The hydrological study technique for the Djoliba River used in this work is based
on the monthly determination of water levels over a 4 year period between 2021-
2024, of observations using a graduated limnimetric scale, 2 m long and 13 cm wide,
installed at the foot of the historic bridge (Niger, Djoliba) in the urban commune of
Kouroussa and in the riverbed (Figure 1). To take the measurement, stand next to
the limnimetric scale and fix your eyes at the water level on the scale closest to the
water surface. Read the value found, which will be taken as the height of the water.
These measurements were carried out twice a day (7 a.m. and 6 p.m.) for 4 years.
Average values for each month and year were obtained by adding the daily values
measured at 7 a.m. to each other and those measured at 6 p.m. to each other, divided

by 2 respectively, to find the average value for each month (averages h1 and h2).

Figure 1. Enamelled steel sheet water level gauge installed at the foot of the historic bridge
and in the riverbed in the urban commune of Kouroussa.

3. Results and Discussion

In this study of the Djoliba River at Kouroussa, we found that the watercourse was

suffering from severe degradation. We have carried out certain analysis.

3.1. Granulometric Analysis

The extensive silting of the Djoliba River led us to take a number of steps, includ-
ing a granulometry study, to determine the type and origin of the sand in the
Djoliba River at Kouroussa (Figure 2 and Table 1).

3.2. First Physico-Chemical Analyses of General Parameters and
Enumeration of Micro-Organisms in Sample Group I
(Sampling on May 31, 2024)

The initial physico-chemical and microbiological analyses of the general parame-

ters of the first series of water samples gave us more or less appreciable results,

which are reported in Tables 2-4.

3.3. Second Enumeration of Microorganisms in Sample Group II
(Sampling on December 22, 2024)

The results of the second series of water samples (samples II) are reported in (Ta-
ble 5).
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Figure 2. Granulometric curve of the sand sample from the Djoliba River (Kouroussa).

Table 1. Granulometric characteristics.

sieve
opening 50 40 31.50 25.0 20.0 16.0 12,50 10.0 8.0 6.30 5.0 4.0 250 2.00 1.25 0.500 0.250 0.160 0.080
(mm)

Passes (%) 100 100 100 100 100 100 100 984 983 97.1 96.1 952 929 90.7 80.3 251 1.17 0.38 0.25

Table 2. Results for general parameters.

Parameters
Samples Temperature Conductivity Dissolved salt Turbidity Salinity
pH Q) (u at S/Cm) content (mg/1) (FTU) (mg/1)
KPE; 6.67 25.3 98 92.87 3.43 ND
KPE: 6.82 25.6 98 92.87 5.24 ND
KPONT E; 6.64 25.5 104 98.55 4.59 ND
KPONT E: 6.83 25.4 100 94.76 3.24 ND
KBRIQUETERIE E; 6.77 25.7 98 92.87 6.09 ND
KBRIQUETERIE E, 6.56 25.6 106 100.45 7.50 ND
Criteria 5-95 - 65 - 830 <1500 0.6 - 280 00
Table 3. Determination of heavy metals by spectrophotometric method.
Parameters

Examples  Nitrites Nitrates Aluminium Chlorides Copper  Iron  Sulphates Manganese DBO5 DCO
(mg/)  (mg/l) (mg/1) (mg/)  (mg/l) (mg/l)  (mg/l) (mg/l)  (mg/l) (mg/l)

KPE, 0.02 1.3 0.007 9.4 <0.002 0.14 44.6 0.0014 1.8 8.9
KPE; 0.01 0.9 0.008 9.6 < 0.002 0.11 49.1 0.020 1.8 9.4
KPONT E: 0.07 1.6 0.012 9.6 <0.002 0.09 514 0.025 2.1 12.9
KPONT E: 0.09 0.8 0.007 10.1 <0.002 0.10 49.6 0.015 1.6 12.1
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Continued
KBRIQUET
0.02 0.9 0.006 9.9 < 0.002 0.11 40.5 0.010 1.9 9.6
ERIE E:
KBRIQUET
0.08 1.6 0.01 12.4 < 0.002 0.13 56.4 0.03 2.25 154
ERIE E;
Criteria <1 <50 <0.2 <250 <0.002 0.3 <250 <0.5 <5 <30

Table 4. Enumeration of micro-organisms.

Examples Total coliforms (UFC/100ml) Faecal coliforms (UFC/100ml)
KPE; 34 13
KPE: 93 05
KPONT E; 42 14
KPONT E: 185 126
KBRIQUETERIE E; 09 01
KBRIQUETERIE E. 216 124

Criteria 580 - 13.10* 0 to 83.10°

Table 5. Results of microbial enumerations in river water samples.

Samples Total coliforms Escherichia coli (E. coli) Faecal coliforms
(UEC/100ml) (UEC/100ml) (UFC/100ml)
El (KPONT E)) 750 120 600
E 2 (KP1) 1200 250 900
E 3 (KBRIQUETERIE E2) 1800 400 1500
E 4 (KPONT E2) 2200 500 1800
E 5 (KP2) 950 180 750
E 6 (KBRIQUETERIE E2) 3000 700 2500
Criteria <500 UFC/100mL <1000 UFC/100mL <4000 UFC/100mL
Methods Filtration membrane (ISO 9308-1: 2014, revised in 2022) ISO 9308-2: 2012

3.4. Hydrological Analyses of the Last 4 Years (2021-2024) of the
Djoliba River (Urban Commune of Kouroussa)

Measuring the volume of water in a river is important for understanding its ca-
pacity to transport sediments, pollutants and other substances. This can help as-
sess certain hydrological aspects of the river, such as flood management, environ-
mental impacts such as water quality, and the impact on ecosystems. This infor-
mation is important for infrastructure planning, flood prevention and water re-
source management, as sediment transport can influence water quality. Solid par-
ticles can carry heavy metals, pollutants, chemicals and organic substances into
watercourses, and can cause bank erosion by altering the topology and morphol-

ogy of the watercourse. This can also lead to heavy silting of the river. Measuring
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the volume of water in a river can take from several months to several years. As
one of the key steps in the hydrological study of a river, we opted to measure and
collect data on water levels during the 2021-2024 period, twice a day (7 a.m. and
6 p.m.), using the limnimetric scale installed at the foot of the bridge and in the
riverbed (Figure 1). Thus, based on the results found, sustainable solutions can
be proposed to mitigate risks and improve the water management method. The
results are shown in tables. All averages have been rounded to 2 decimal places for
greater readability. At the time the water samples were taken for analysis, a num-
ber of dead arms were observed in certain areas of the river. Average monthly
values of the water level observed on the limnimetric scale (year 2021 to 2024) of

the Djoliba River in the urban commune of Kouroussa are in Tables 6-9.

Table 6. Average monthly values of the water level observed on the limnimetric scale (year
2021) of the Djoliba River in the urban commune of Kouroussa.

Month Average hl Average h2 Monthly mean height 2021
Jan-21 95.94 95.35 95.64
Feb-21 64.00 63.66 63.83
March-21 47.65 47.52 47.58
Apr-21 33.80 33.90 33.85
May-21 32.29 31.77 32.03
June-21 70.87 72.20 71.54
Jul-21 160.90 160.61 160.76
August-21 367.19 366.94 367.07
Sept-21 413.90 411.13 412.52
Oct-21 323.52 315.61 319.57
Nov-21 321.83 319.93 320.88
Dec-21 239.45 238.39 238.92

Table 7. Average monthly values of the water level observed on the limnimetric scale (year
2022) of the Djoliba River in the urban commune of Kouroussa.

Month Average hl Average h2 Monthly mean height 2021
Jan-22 63.94 63.00 63.47
Feb-22 77.29 76.79 77.04
March-22 49.29 48.87 49.08
Apr-22 36.27 36.00 36.14
May-22 32.32 32.29 32.31
June-22 90.63 91.27 90.95
Jul-22 210.29 212.61 211.45
August-22 339.13 341.19 340.16
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Continued
Sept-22 330.23 419.55 374.89
Oct-22 418.97 418.32 418.65
Nov-22 264.23 264.13 264.18
Dec-22 173.29 170.42 171.86

Table 8. Average monthly values of the water level observed on the limnimetric scale (year
20223) of the Djoliba River in the urban commune of Kouroussa.

Month Average hl Average h2 Monthly mean height 2021
Jan-23 110.29 108.19 109.24
Feb-23 73.04 72.43 72.74
March-23 47.00 46.81 46.91
Apr-23 29.70 29.67 29.69
May-23 44.07 44.83 44.45
June-23 120.77 122.13 121.45
Jul-23 264.87 270.16 267.52
August-23 404.16 405.58 404.87
Sept-23 473.84 475.29 474.57
Oct-23 512.58 511.13 511.86
Nov-23 399.53 398.60 399.07
Dec-22 337.97 336.68 337.33

Table 9. Average monthly values of the water level observed on the limnimetric scale (year
20224) of the Djoliba River in the urban commune of Kouroussa.

Month Average hl Average h2 Monthly mean height 2021
Jan-24 263.63 262.67 263.15
Feb-24 194.93 194.21 194.57
March-24 162.03 161.65 161.84
Apr-24 132.73 132.03 132.38
May-24 85.71 85.10 85.40
June-24 91.40 92.33 91.87
Jul-24 233.19 239.55 236.37
August-24 547.13 560.81 553.97
Sept-24 744.94 746.39 745.66
Oct-24 557.65 551.55 554.60
Nov-24 268.50 266.07 267.28
Dec-24 174.23 172.97 173.60
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Figure 3. Showing a summary and comparison of the four years of observation of the water level of the Djoliba River
in the urban commune of Kouroussa.

Figure 4. Showing a dead arm fed during high water.

4. Discussion

According to the results in (Table 1), the number of 100% passes was obtained
with 50 to 12.50 mm sieves. However, refusals were obtained with 10.0 to 0.080
mm sieves, which may probably be due to the size of certain aggregates. However,
analysis of Figure 2, shows the particle size classification of particles presenting a
very narrow J-shape blend. An important element here, but little developed, is the
correlation that can exist between the composition of the sand on the bank and
the quality of the water. The results of field observations show that the nature of
the sand can influence the dynamics and quality of the river water. The sites lo-
cated upstream (S1 and S2) (Tables 2-4 in order), where the substrate (soil on
which the bank rests) is formed of coarse and less compact sand, one of the factors
for better infiltration of water thanks to the level porosity of the soil. This granular
structure allows water to pass through in depth. It limits the speed of surface run-

off and acts as a natural filter, in order to obtain water of relatively better quality.
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On the other hand, in the downstream and intermediate sites (S3 to S6), (Tables
2-4 in order) we remark the presence of areas has homogeneous but unsorted
sand, containing a mixture of fine grains, clays and silts. This type of granular
structure forms an impermeable and more compact soil, which reduces infiltra-
tion and promotes surface runoff. This situation causes direct transport of pollu-
tants to the river (organic matter, fertilizers, domestic waste), factors that aggra-
vate the degradation of water quality, for example: turbidity, absorption capacity
and retention of nutrients. The existence of fecal bacteria in water can be ex-
plained by the role of sand as a temporary microbiological reservoir, as shown by
several studies [18]. Bacteria such as E. coli, fecal enterococci, or Clostridium
perfringens can survive in wet sandy sediments and be released into water under
certain hydrodynamic conditions. This observation is consistent with studies car-
ried out by a group of researchers (microbiologists) from the Max Planck Institute
for Marine Microbiology in Bremen on (genus of Vibrio bacteria, more specifi-
cally the group named “Candidatus Tecttiglobus diatomicola”) in as part of their
role sands [19], He affirms that a single grain of sand is a habitat for thousands of
bacteria. It can house up to 100,000 microorganisms emanating from thousands
of species through the cracks and hollows of the grains and bacterial or my-
cophages (Escherichia coli) contamination can be due for example to the presence
of faecal matter on the sand which is responsible for gastrointestinal disorders,
mycoses etc. [19] [20]. Thus, the composition of the substrate in water sources
should be considered as a modulating factor of vulnerability to pollution, partic-
ularly in connection with urban runoff or agricultural practices. This work has
give results physicochemicals and microbiological analysis of two types of sample
collection in two periods of the year, namely: May and December 2024, are shown
in Tables A, B, C, D and E. Samples I for May 2024 (KPE1, KPE2, KPONT E1 and
KPONT E2) showed turbidity below the standard indicated by the analysis labor-
atory, either (0.6 - 280). However, the other parameters in this table are apprecia-
ble. The spectrophotometric method for Group I samples showed satisfactory re-
sults for the presence of heavy metals and other mineral elements. Microbiological
analysis of the same I samples from May 2024 shows the presence of coliforms in
samples KPE2 and KBRIQUETERIE either: 126 and 124 respectively. For the mi-
crobiological analysis of sample group II, the second sampling with six samples
(E1, E2, E3, E4, E5 and E6) of water from the Kouroussa river during the period
December 22, 2024 (Table 5), which took place between 12 hours 11 minutes and
12 hours 24 minutes, reveals widespread contamination, characterized by system-
atic exceedance of acceptable thresholds for total coliforms, with concentrations
ranging from 750 to 3000 CFU/100mL. The presence of Escherichia colis, detected
in all samples at concentrations between 120 and 700 CFU/100 mL, indicates pol-
lution of fecal origin, reflecting a potential risk of transmission of enteric patho-
gens. In particular, sampling points E3 (1800 CFU/100mL total coliforms; 400
CFU/100mL Escherichia colii 1500 CFU/100mL faecal coliforms) E4 (2200
CFU/100mL total coliforms; 500 CFU/100mL Escherichia coli; 1800 CFU/100mL
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faecal coliforms) and E6 (3000 CFU/100mL total coliforms; 700 CFU/100mL
Escherichia colf, 2500 CFU/100mL faecal coliforms) show particularly high levels
of contamination, far exceeding sanitary quality standards. These contaminations
are mainly attributed to the artisanal activities of the brickworks, which generate
discharges and wastewater directly into the river, to the surrounding agricultural
practices favoring runoff of fertilizers and animal excrement, and to bathing and
other domestic uses of the water, which contribute to the microbial load. This
situation accentuates the health risks for local populations, who are exposed to
gastro-intestinal infections and other water-borne diseases if they consume or use
the water at home without appropriate treatment. The hydraulic study of this river
has enabled us to measure the water level in meters relative to a zero point between
2021-2024 (Tables 6-9; Figure 3). These tables and figures show that the lowest
water level after measurement was found in April 2023, with an average value of
(29.69) cm; and the highest average water level in September 2024, at (745.66) cm.
It should be noted that a gradual increase in water level was observed for the four
years between June to September 2021; June to October 2022; June to October
2023 and June to September 2024, then decreases until December for all years. In
many parts of the river, there are oxbows that are fed during flood periods, with
the risk of flooding (Figure 4). These variations can be linked to disturbed climatic

conditions, precipitation and human activities.

5. Conclusion

The second sampling with six samples (E1, E2, E3, E4, E5 and E6) of water from
the Djoliba River in Kouroussa on December 22, 2024, showed widespread con-
tamination. Given the state of the water in the Djoliba River when we visited in
May 2024, it would have been implausible to limit ourselves to the results of the
microbiological analysis of sample I (during May 2024). The abundance of sand
in the Djoliba River prompted us to carry out a granulometric analysis to deter-
mine the nature of the sand, which is a mixture of medium and fine grains trans-
ported downstream by the river current over a short period of time, because, ac-
cording to one study, each grain of sand is a microbial storehouse capable of har-
boring thousands of bacteria, and can have an impact on water turbidity. The 4
years of measurements (2021-2024) of the river’s water levels have shown that the
river has experienced hydrological disturbances periodically causing the flood-
plains to be invaded by devastating floods as a result of human aggression, such
as irrigation, mining and waste discharge into the watercourse. This river, which
is a source of wealth for the countries it crosses in West Africa, is in need of envi-
ronmental restoration as natural habitats, wetlands, meadows and waste manage-
ment. It is timely for these areas found to consult with environmental restoration

professionals to establish a better restoration method for this important river.
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