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Rivers often play a vital role in the transport of major natural chemicals entering through a variety of pathways,
including atmospheric inputs, chemical weathering of minerals, mechanical erosion of rocks and soil particles, and soil
leaching. Increased anthropogenic activities on the shoreline of Lake Kivu combined with existing land use practices
may increase changes in river water quality and composition. Knowing the physico-chemical and biological contribution
of each tributary of the lake is vital for the management of its biodiversity. This study aimed at determining the
physico-chemical characteristics, water quality indices and identifying the polluted tributary rivers that feed Lake Kivu
on the Congo side. The physicochemical characteristics were determined for each water sample following water quantity
protocol for each analysis at the Malacology Laboratory of the Biology Department of Lwiro Research Center. Two
pollution level indices were used to determine the level of organic pollution in watercourses. The physico-chemical
characteristics of rivers vary from one river to another depending on the anthropogenic activities around the different
sub-basins of these rivers. The state of the rivers presented here reveals that the majority of them are moderately polluted
and others slightly polluted. No rivers were very heavily polluted or good in the Lake Kivu basin on the DR Congo side.
There is a strong or moderate correlation between certain parameters and the water quality indices used in this study
(LISEC and OPI). Due to increase in anthropogenic activities near watercourses, further research is needed and the
combination of several complex analytical methods should be used in the future to better characterize these waters.
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INTRODUCTION

The quality of surface waters around the world
is governed by human activities and natural processes,
including weathering, erosion, hydrological patterns,
climate change, precipitation, industrial activities,
agricultural land use, vegetation cover, wastewater
discharges and human exploitation of water resources [1,
2]. While fresh water will be a scarce resource in the
future, water quality assessment in most countries has
become a critical issue [3-6]. Rivers often play a very
vital role in transporting major natural chemicals
entering through a variety of pathways, including
atmospheric inputs, chemical weathering of minerals,
mechanical erosion of rocks and soil particles, and soil
leaching [7, 8]. They are also necessary for agricultural,
industrial, domestic, hydroelectric, recreational and

environmental activities [9]. The biogeochemistry of
river waters are influenced by atmospheric inputs, basin
lithology, anthropogenic inputs and climatic conditions
[10]. Natural (erosion) and anthropogenic (agricultural
discharges) activities affect surface water quality
[11-13].

According to Finnveden et al., [14], the
population along the rivers discards crop waste,
degradable solid waste and food waste which contributes
to the increase of organic matter in surface waters. But
also, it receives all the load of materials transported from
the watershed and contributes to the biogeochemical
cycles of the lake. Consequently, these agricultural,
urban and industrial pollutants to rivers in various parts
of the world has led to the deterioration of biodiversity
and water quality in lakes receiving river water [15]. In
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recent decades, the assessment of river water quality has
attracted scientific interest for its high demand for
human consumption and aquatic health. It is important to
understand that in addition to weather-induced changes
and variations in river chemistry, human activities,
urban, industrial and agricultural runoff, will also impact
the quality of rivers in space and over time [16].
Understanding the physicochemical, biological and
polluting contribution of tributaries to the lake is vital for
the management of biodiversity in the receiving
environment. In Lake Kivu watershed, few studies are
made of the streams and other rural rivers that contribute
to the supply of Lake Kivu. Studies have focused on the
aspect of pollution of some rivers in the city of Bukavu
and the city of Lwiro [17, 18] and some aspects of
ecological characteristics [19]. Bagalwa [20] described
the impact of land use on certain physico-chemical
parameters along the Lwiro River and Wronski et al.,
[21] studied the biological status of water quality and
biodiversity in Rwandan rivers flowing into Lake Kivu.
As for Muvundja et al., [22], they analyzed the influence
of hydrological variation in the watershed and the
operation of the hydroelectric dam on the water level of
the lake. Their studies provided good estimates of water
quality, but contain substantial uncertainties about the
state of water quality. On the other hand, Mupenzi et al.,
[23] evaluated the spatial distribution of water quality of
23 Rwandan rivers in the eastern branch that flow into
Lake Kivu and showed that the good water quality (low
polluted) was located in areas dominated by forests
while the bad and very bad (39%, 26%) classes of rivers
(severely polluted) were influenced by the dominance of
agricultural  land.  While the limnology and
biogeochemistry of Lake Kivu have been well studied
[24, 25], the spatial variability of water quality in the
tributaries and catchments of the lake remains unknown
especially in the western branch of the watershed of
Lake Kivu in the DRCongo.

Increased anthropogenic activities on the Lake
Kivu shoreline combined with existing land use practices
may increase changes in water quality and composition
[15]. Bagalwa et al., [26] show that the increase in
deforestation created by the search for agricultural land
is one of the causes of pollution and sedimentation of
Lake Kivu. This situation has been accelerated by the
growth of population density, which is already high in
the basin [20]. This deforestation causes soil erosion
with a potential effect on biodiversity, habitats and the
ecology of rivers and the receiving environment. Due to
anthropogenic activities most of the world's rivers are
now impacted. These changes can be considered as
global water quality problems [27]. In Lake Kivu,
biodiversity is currently threatened by a number of
anthropogenic disturbances, the most important of which
are increased nutrient loading, contamination,
acidification and the invasion of alien species [28].
Ecological stress on the system results in deterioration of
water quality and increased levels of biological
productivity. However, changes in land use/cover,

biogeochemistry and increasing urbanization have
created global environmental stress expressed as climate
change, runoff, erosion and landslides, atmospheric
deposition, acidification and the invasion of alien species
[29, 30]. All of these factors, alone and in combination,
will negatively affect water quality in the receiving Lake
Kivu. Moreover, these anthropogenic disturbances have
had and will continue to have serious effects on natural
systems and their biota [31]. The objectives of this study
were 1) to determine the physico-chemical
characteristics of water tributaries of Lake Kivu on the
DR Congo side, 2) to compute the indices of the quality
of these rivers, and 3) to identify the polluted tributary
rivers at risk of impact Lake Kivu on the DR Congo side.

MATERIAL AND METHODS
Description of study area

Lake Kivu, one of the Central African Great
Lakes in the Albertine Rift Region, is exceptional in that
it has no major tributary to its heavily eroded basin, and
it receives untreated sewage from 400 000 inhabitants of
the city of Bukavu [32, 33]. Lake Kivu was formed as a
result of volcanic activity in the region. It has an area of
2,370 km?, of which approximately 1000 km? (42%)
belongs to Rwanda and 58% to the Democratic Republic
of Congo [34]. The lake is in the axial zone of the
NNE-SSW oriented rift axis. The East African rift is
characterized by topographical uplift and uplift of the rift
shoulder. Topographical uplift redirects some drainage
pathways away from rift lakes and rejuvenates others,
making them more erosive. A dense drainage network
supplies the lake with water [35]. The western
half-graben located in D.R. Congo is much less known.
The study was conducted on the shores of Lake Kivu,
Bukavu-Goma. The 1200 km long shoreline of the lake
is home to several large towns and villages, including
Bukavu, Kabare, Kalehe, Sake and Goma in the DRC.
Topographically, it consists of a large basin (main basin)
and four smaller basins (from north to south: Kabuno
Bay, Kalehe, Ishungu and Bukavu).

Sampling protocol and water analysis

Water samples were taken from the outlet of
several tributary rivers of Lake Kivu with clean
pre-sterilized 500 ml bottles from the Congolese side.
The bottles were aseptically opened five centimeters (5
cm) below the water surface, rinsed with the first set of
water samples, then filled with the required water
sample, and the bottle closed aseptically. These were
carried out between 7:00 a.m. and 12:00 p.m. (late
morning to early afternoon by which human activities
resumed), and carried out in two different sampling
periods, rainy season and dry season, precisely at always
the same geographic coordinates. Samples were
transported to the laboratory under ice and stored at
approximately 4°C until ready for analysis.

The physical and chemical properties were
determined for each water sample according to the
analytical methods, carried out at the Malacology
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Laboratory of the Biology Department of Lwiro. Two
pollution level indices were used to determine the level
of organic pollution in rivers. These include the Index of
the Interuniversity Laboratory for Education and
Communication Sciences (LISEC) [36] and the Organic
Pollution Index (OPI) [37, 38]. The first was determined

based on DO saturation (%), BOD, ammonium and
phosphate and the second was based on BOD, nitrites,
ammonium and phosphate. Five quality classes are
proposed for the values of this index as presented in
Table 1.

Table 1: Indexes classes of water pollution according to LISEC and OPI

OPI LISEC
>4.6 Null pollution 4-6
4.6 —4 | Slightly pollution 6-10
4-3 Moderately pollution 10-14
3-2 Strongly pollution 14-18
<2 Very strongly pollution 18 -20
Statistical Analyses RESULTS

Normality of data was tested and proved before
ANOVA test was carried out to compare OPl and LISEC
indexes of all the rivers. Correlation between chemical
variables, water quality indexes and land use/cover
change were analyzed in Past via the Pearson correlation
coefficient.

Variation of Physicochemical Parameters in River
Tributaries of Lake Kivu, DR Congo Side

Rivers originates from a slightly disturbed
mountain region contained low concentrations of
nutrients and was nearly saturated with dissolved oxygen
(DO), except river Kahuwa, passing through high
populated Bukavu city. The physicochemical
characteristics of the rivers are present in Table 2.

Table 2: Physical chemical variables of water at different sampling sites along Lake Kivu
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Note: Temp: Temperature (°C); BODs: 5-day’s biochemical oxygen demand (mg/L); COD: chemical oxygen demand (mg/L); DO:
dissolved oxygen (mg/L); TDS: Total Dissolved Sediment (mg/L), EC: Electrical Conductibility (uS/cm2), TH: Total Hardness (mg/L),
CaH: Calcium Hardness (mg/L); MgH: Magnesium Hardness (mg/L); Ca: Calcium (mg/L); Mg: Magnesium (mg/L); COs™: Carbonate

(mg/L); TSS: Total Suspended Solid (g/L); TP: Total Phosphorus (umole/L); TN: Total Nitrogen (umole/L); NH4: Ammonium
(umole/L).

The highest temperature was recorded in
Mahyza River (39.7 °C) while the lowest was recorded in
Lwiro River (16.6 °C). pH is an important parameter in
the assessment of water quality. The pH value in the
analyzed water samples ranged from 6.4 to 7.8. The
electrical conductivity (EC) of the collected samples
ranged from 1220 to 40 puS/cm. The highest TDS value
was observed in Mahyza River. The EC in river samples
correlates with the concentration of total dissolved solids
(TDS). The acceptable value of TDS is 500 mg/l. The
TDS range of the analyzed water samples varied
between 600 and 10 mg/l. Some rivers have a TDS that
exceeds the water quality standard. Calcium and
magnesium are essential nutrients for humans and help
maintain the structure of plant cells and soils. Calcium
can easily dissolve from carbonate rocks and limestones
or be leached from soils. The acceptable limits of Ca?*
and Mg?* are 75 mg/l and 30 mg/l respectively. The
estimated Ca?* content of the collected water samples
ranged from 1.88 to 0.24 mg/l and the Mg?
concentration ranged from 4.29 to 0.144 mg/l, as shown
in Table 2. Ca?* concentrations and Mg?* in the sampled
rivers are below the acceptable limit. Higher
concentrations of Ca?* and Mg? were observed in
Nyabibale and Ngaleko rivers respectively. The total
hardness of the analyzed water samples ranged from
340.1 to 28.64 mg/l in CaCOs. The acceptable limit of
total hardness is 200 mg/l. Carbonates and alkalinity in
rivers are mainly present in association with Ca?* and
Mg?*. The carbonate content of the analyzed water
samples ranged from 3.8 mg/l to 0.0 mg/l and the
alkalinity content ranged from 200 mg/l to 9 mg/l, as
shown in Table 2. carbonate concentration in most water
samples was zero except the Sangano River. The
acceptable limit of alkalinity is 200 mg/l. Only the

Mahyza river has the limit concentration and the other
rivers were below the standard. During the sampling
period, total suspended solids (TSS) varied from 1.2 to
0.1 g/L in the rivers. The highest TSS concentration was
recorded in Kahuwa River. Changes in DO, BODs,
COD, Ammonium, Total Nitrogen (TN) and Total
Phosphorus (TP) were observed in the rivers during the
sampling period. The DO varied from 8.5to 1.1 mg/L in
the rivers with 21.1% of rivers with a DO greater than 6
mg/L; 52.6% of rivers with a DO between 6 and 3 mg/L
and 26.3% with a DO below 2 mg/L. The DO was close
to zero in some rivers. BODs values varied between 4.1
and 0 mg/l during the sampling period. High values were
recorded in the Burundi River while the lowest in the
Hundu River. Similarly, COD values were between 34.1
and 1.7 mg/l in Mubanbiro, Kihira and Kahuwa rivers
respectively. Nutrient phosphorus and nitrogen were
assessed in river samples and showed variations. In
general, rivers flowing through town and major cities
have a higher concentration than rivers coming for other
places. High TPs were recorded in Nyamukubi (1.04
pmole/L) and Kahuwa (0.76 umole/L) rivers while the
lowest were recorded in the Ndindi and Mutobona rivers
(0.07 umole/L). For TN, the concentration range was
between 21.06 and 0.8 umol/L in the Kahuwa River and
the Trukakangala River.

Water quality assessments using LISEC and OPI
indexes

In this study, the LISEC and OPI indexes are
computed for all rivers tributaries in the DR Congo side
of Lake Kivu. The evaluation of these indexes reveals
that there are some rivers, which are polluted at different
classes compared to the normal of each index (Figure 1).
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Figure 1: OPI (a) and LISEC (b) indexes evaluation in the river’s tributaries of Lake Kivu, DR Congo side (OPI:
Organic Pollution index, LISEC: “Laboratoire Interuniversitaire des Sciences de I'Education et de la
Communication” Index).

The OPI and LISEC indices vary from one river
to another with significant differences (p<0.05). High
OPI of 4.5 indicate slightly polluted water and 2.8
indicate heavily polluted water. Some rivers have OPI
values below the norm in the basin. For the LISEC index,
a high value of 14 indicates heavily polluted water and a
low value of 4 indicates slightly polluted water. IPO was
assessed at all sampling sites, One river (Kahuwa River),

indicates severely polluted water quality and moderately
polluted water quality in 27 rivers, while slightly
polluted water in 29 rivers. While the LISEC index also
reveals severely polluted water quality in 1 river
(Kahuwa River), moderately polluted water quality in 31
rivers, while slightly polluted water quality in 25 rivers,
as shown in Fig. 2.

HOPI Index ®WLISEC Index ™ OPI and LISEC Indexes

Number of rivers

Slight polluted

Moderate Polution
Rivers status

1 1 1
I —

Strong pollution

Figure 2: Status of rivers pollution using OPI and LISEC indexes
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The comparative analysis of OPI and LISEC
results reveals almost similar trend in variation of water
quality at all sampling locations. To classify the status of

water pollution in the river’s tributaries of Lake Kivu in
DR Congo side, the indices data and the status of rivers
are shown in Table 3.

Table 3: Indices of pollution and status of rivers tributaries of Lake Kivu, DR Congo side

OPI | Status LISEC | Status OPI | Status LISEC | Status

Lwiro 3.8 | Moderately | 6 Slightly Mubimbi 4 Slightly 10 Moderately
NKkene 3.8 | Moderately | 6 Slightly Makelele 3.8 | Moderately | 10 Moderately
Tchoga 4 Slightly 6 Slightly Hundu 4 Slightly 12 Moderately
Cirhanyobowa | 4 Slightly 10 Moderately | Nyamasasa 4 Slightly 10 Moderately
Nyabarongo 4 Slightly 8 Slightly Kibimbi 4 Slightly 10 Moderately
Lokola 4 Slightly 10 Moderately | Lwango 3.8 | Moderately | 8 Slightly
Luzira 4 Slightly 6 Slightly Mukana 4 Slightly 10 Moderately
Sangano 3.8 | Moderately | 8 Slightly Burundi 3.8 | Moderately | 6 Slightly
Trukakangala | 4.3 | Slightly 4 Slightly Bidagasa 3.8 | Moderately | 4 Slightly
Nyalumbumbo | 3.8 | Moderately | 8 Slightly Mahyuza 4.3 | Slightly 8 Slightly
Chirumba 4 Slightly 4 Slightly Nyaburasha 4.3 | Slightly 10 Moderately
Chibira 3.3 | Moderately | 10 Moderately | Mirumba 3.8 | Moderately | 8 Slightly
Lukungula 3.8 | Moderately | 8 Slightly Mushweshwe | 4 Slightly 10 Moderately
Cishavu 3.8 | Moderately | 10 Moderately | Karungula 3.8 | Moderately | 10 Moderately
Nyamukubi 3.3 | Moderately | 12 Moderately | Garanywa 4 Slightly 10 Moderately
Pungulu 3.8 | Moderately | 12 Moderately | Nyamugwe 3.8 | Moderately | 8 Slightly
Kambulula 4 Slightly 4 Slightly Nachibudundu | 3.8 | Moderately | 10 Moderately
Ndindi 4 Slightly 12 Moderately | Kashashomwa | 3.5 | Moderately | 10 Moderately
Mutabona 3.8 | Moderately | 4 Slightly Mushuva 4 Slightly 12 Slightly
Mukwija 4 Slightly 10 Moderately | Mpungwe 4 Slightly 12 Slightly
Lurumba 3.8 | Moderately | 6 Slightly Kakombo 3.8 | Moderately | 8 Slightly
Mubambiro 4.3 | Slightly 10 Moderately | Cirehe 3.8 | Moderately | 12 Slightly
Kihira 4.3 | Slightly 10 Moderately | Murundu 3.8 | Moderately | 10 Moderately
Ngaleko 4.3 | Slightly 10 Moderately | Nyamuhinga 3.5 | Moderately | 12 Moderately
Shasha 4.3 | Slightly 10 Moderately | Mugaba 3.8 | Moderately | 10 Moderately
Mweya 3.8 | Slightly 8 Slightly Chula 3.5 | Moderately | 10 Moderately
Nyabibale 4 Slightly 8 Slightly Wesha 3.8 | Moderately | 10 Moderately
Budindi 4 Slightly 12 Moderately | Kahuwa 2.8 | Severely 14 Severely
Cilalo 4.3 | Slightly 10 Moderately

Legend: Slightly: Slightly pollution; Moderately:

The status of rivers tributaries of Lake Kivu in
DR Congo side presented in table 3 reveals that some
rivers are moderately polluted and others are slightly
polluted. No rivers were very strongly polluted or with
pristine status in the Lake Kivu basin in DR Congo side.

moderate pollution and Severely: strong pollution

Correlation between physicochemical parameters
and water quality indexes

To identify the most significant parameter of
water quality and its correlation with other parameters,
correlation matrix studies were done. In this study, the
correlation matrix of 19 variables and 2 WQI value for
the 57 water samples for rivers tributaries of Lake Kivu
in DR Congo side was computed using Past software and
is presented below in Table 4.

Table 4: Canonical correlation coefficients between physical chemical variables of water and organic index (LISEC and OPI) at
sampling sites
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Correlation analysis is a preliminary descriptive
technique to estimate the degree of association among
multiple variables involved in the study. Therefore, a
correlation matrix was computed, showing the degree of
a linear association between any two of the parameters,
and measured by the degree of correlation as a
coefficient (R). R-value is used to identify the highly
correlated parameters. Value of R ranges from > 0.7 or
near to one indicating a strongest positive linear
correlation between two parameters compared and 0.6 to
0.69 moderately correlated and 0.5 to 0.59 correlated.
The correlation can be positive or negative. There are
strong or moderate correlation between some parameters
and the water quality index used in this study (LISEC
and OPI). This correlation of each parameter with WQI
was computed to study the linear association between
each parameter with it.

DISCUSSION

The pH values of water samples were ranging
between 7.1 and 8.8 in the river’s tributaries of Lake
Kivu basins in DR Congo side, which exhibit slightly
alkaline water quality of rivers. This could be due to the
presence of carbonates and bicarbonates of magnesium
and calcium. The mean pH of Rivers is between the
minimum limit of pH (6.5 to 8.5) for drinking water
guideline suggested by WHO [39] and aquatic
biodiversity life standard [40]. The EC of water is a
useful and easy indicator of its salinity or total salt
content. In the present study, the mean EC of the riversin
the basin were less than 1000 ps cm-1, while the EC in
the Lake Kivu was reported to be 1250 ps cm-1 [41].
Higher EC values (> 1000 ps cm-1) comparably to the
Lake Kivu water were recorded in Mubambiro, Kihira
and Mahyuza rivers. The highest TDS in the river
Mahyuza revealed the salinity but other rivers were
non-saline as classified by Robinove et al., [42] and Rout
and Sharma, [43].

The present study revealed that DO in the
basins of Lake Kivu, DR Congo side ranged from 5.2 to
7.6 as also found in other basins in the region. The
dissolved oxygen reveals the changes occurring in the
biological parameters due to aerobic or anaerobic
phenomenon and indicates the condition of Water Rivers
for accommodating aquatic as well as human life [44].
The aquatic life is disturbed by low DO [45]. To ensure
better aquatic life in the water body, DO should range

between 4 and 6 mg/L [46] for survival of aquatic life.
Oxygen saturation ranged between 11 — 103 % in the
different rivers in the basin. And the BODs had a range
of 0.8-4.9 mg/L as also reported by Jung et al., [47] in
the Nakdong River, which is an important drinking water
resource for southeastern Korea for data collected at 28
tributaries.

The high value of TSS might be attributed to
the sediments from the nearby areas and water flow,
which mixed up the nonliving matter like silt and sand at
the bottom of the river during wet season. The high
values of TSS have been also reported in other rivers
during wet season [18, 48] as also indicated by Chleng et
al., [49]. Rivers in Lake Kivu basin, the TSS range from
100 to 1.200 mg/L, higher than the limit from water set
by WHO [39]. The highest mean TSS of 1200 mg/L was
measured in the river Kahuwa. The other rivers with high
TSS (<500 mg/L) were Tchoga, Trukakangala,
Lukungula, Wesha, Mugaba, Karhashomwa, Chirumba,
Sangano and Nkene.

The highest value of total hardness was
recorded in Kihira, Ngeleko, Cilala, Kahuwa and
Nyarubasha rivers exceeding the standard limit.
According to Durfor and Becker [50] and Rout and
Sharma, [43] classification, these rivers are very hard.
The high values of alkalinity might be due to excessive
input of organic waste as well as enriched wastewater
from agricultural and domestic area [51]. Due to the
effect of the point source pollutant and runoff, the total
phosphorus in a river continues to be mixed regularly
thereby causing eutrophication in rivers. Phosphorus is a
key limiting factor, and higher concentration causes
eutrophication anytime depending on climate change
and hydraulic conditions as observed by Lee et al., [52].

In this study, TN concentration in river Kahuwa
was higher than those in other rivers in the basin. TN
concentration in Kahuwa river was confirmed in
previous studies due to the influence of the non-point
source pollution of the surrounding arable land [17, 53].
The anthropogenic factor has an important role in the
formation and the influence of leakage in water
processes on rivers of this hydrographical system.
Activities such as household discharges and municipal
sewage are the main sources of TN in water environment
in general [54-56]. Zhu et al., [55] have found that urban
rivers are more easily being impacted by anthropogenic
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activities since residents are more densely distributed
and industrial activities are far more rampant especially
with the development of urbanization in China. The
main pollution parameters to be considered for surface
water quality management, in this study were classified
as primary factors in Lake Kivu basin as also obtained by
Jung et al., [47]. Based on the above analysis, it was
found that Water Rivers are in the polluted category and
therefore, it is not suitable for drinking [39]. However, to
draw meaningful information, it is essential to classify
the overall water pollution status at each river.

The study conducted by Mishra and Kumar,
[57] in river Narvada in India using Comprehensive
Pollution Index (CPI) and Heavy metal Pollution Index
(HPI) showed also moderately pollution as observed in
rivers tributaries of Lake Kivu on DR Congo side. Liu
[58] showed that the pollution of surface water in
Honghe River Watershed was mainly the agricultural
non-point source pollution. It mainly included pollutions
from livestock and poultry industry, aquaculture
industry, planting industry, and rural domestic sewage.
Thus, from the matrix, the parameters influencing
significantly the level of water quality of an area are
evaluated according to Kothari et al., [59]; Bhutiani et
al., [60] and Bellizzi et al., [61]. Dunca [62] found that
rivers in the heavily modified basin have had a moderate
ecological potential as also found in this study. Some
parameters are strongly correlated with others as well as
water quality index used to evaluate the quality of river
tributaries of Leke Kivu on DR Congo side.

Water quality indexes are the most efficacious
approach used to define the suitability of water quality
assessment of different water resources, predominantly
rivers [63-65]. The multiple environmental parameters
are effectively combined and converted into one value,
which reveals the water quality status. According to the
status of rivers in the Lake Kivu basin on DR Congo
side, it is shown that the LISEC and OPI indexes reveal
that water is moderately polluted in general. These
indexes could be used to predict satisfactory and
acceptable water quality trends in a river. However, it is
to be noted that there is no single standard water quality
index reported yet, which could be universally applied to
assess the water quality in a water body in the basin and
the region.

CONCLUSION

This study provides a better understanding of
the state of water quality and the main pollutants of river
tributaries of Lake Kivu basin on the DR Congo side.
The physico-chemical characteristics of the different
rivers vary from one river to another following the
anthropic activities around the different sub-basins of the
rivers. The state of the rivers presented here reveals that
the majority of the river tributaries of Lake Kivu on the
DR Congo side are moderately polluted and others are
slightly polluted. No river was very heavily polluted or
good in the Lake Kivu basin on the DR Congo side. The

results obtained in this study can be used as a scientific
basis for water resources management and research on
water ecology in the Lake Kivu basins. They can also
contribute to global research on water security. Given
the increase in anthropogenic activities near rivers, more
research is needed and the combination of several
complex analytical methods should be used in the future
to characterize these waters. It is believed that these
results could be very useful for pollution control
strategies, as well as for future planning and
management of the watershed; in addition, they are also
useful for further research on water quality simulation
and validating simulation accuracy in watershed space.
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