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Abstract: This Paper present to study of the assessment of spatial and seasonal water
quality of Nyabarongo using physicochemical parameters. Monthly variation in
physicochemical such as water temperature, pH, dissolved oxygen, biological oxygen
demand after 5 days incubation, chemical oxygen demand, total phosphorus, soluble
reactive phosphorus, total nitrogen, ammonium and nitrate were analyzed for a periods
of one year from 1% January 2015 to 31% December 2015 using standards method for
water analysis. Low values are recorded at the site of Kabirikarhaba except for pH, DO
and COD. All parameters were within the permissible limits for aquatic life. The results
indicate that the variations are observed during the year and from site to site.

Keywords: Nyabarongo river; physico-chemical parameters, monthly variation.

The quality of surface water within a region is
natural
precipitation rate, weathering processes and soil

governed by both

INTRODUCTION

Rivers represent the major source of water used for human consumption,
culture irrigation, and industrial purposes. Efficient management of these water
resources requires information about the river water quality and its variability [1]. The
deterioration of river water quality water can result from natural processes and more
recently due to anthropogenic activities through the discharge of industrial and domestic
wastewater as well as agricultural drainage to the rivers [2, 3]. The wide variety of
anthropogenic waste generated in watersheds can make water unsuitable for drinking,
cause siltation in rivers, reduce microhabitat diversity and associated biodiversity [4],
increase the frequency of waterborne diseases, and diminish aesthetic and recreational
values.

Human activities are a major factor
determining the quality of the surface and ground water
through atmospheric pollution, effluent discharges, use

processes (such as

erosion) and anthropogenic effects (such as urban,
industrial and agricultural activities and the human
exploitation of water resources) [3, 5, 6, 7]. Seasonal
variations in both of these anthropogenic and natural
processes, affect the quality of river water and lead to
different attributes between seasons [8]. These
environmental factors such as rainfall, temperature,
weathering of rocks, anthropogenic activities plays
crucial task in quality of rivers.

The quality of a river at any point reflects
several major influences, including the lithology of the
basin, atmospheric inputs, climatic conditions and
anthropogenic inputs [9, 10]. The anthropogenic
discharges constitute a constant polluting source,
whereas surface runoff is a seasonal phenomenon,
largely affected by climate within the basin [11-13].

of agricultural chemicals, eroded soils and land use
[14]. These land use changes increase the amount of
impervious surface resulting in storm runoff events that
negatively affect stream ecosystems and water quality
[15].

Several studies have been conducted on
different rivers in the Lake Kivu watershed in DR
Congo side based on the hydrology and geochemical
variations [16, 18]. Nyabarongo River has received
fewer studies on their physicochemical characteristics
and is a major source of water in the Lake Kivu.
Monitoring the river on seasonal basis provides
valuable information on the ecohydrological conditions
of a river basin [18]. This study evaluates the change in
water quality during the year 2015 and the pollution
state of the river Cirhanyobowa in an agricultural
environment region.
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MATERIALS AND METHODS

River Cirhanyobowa is located between
Kahehe and Kabare sub-county constituent the
admistrative limit of the two sub-counties. The river
takes source in Kahuzi Biega National Park (PNKB) at

2000 m of altitude and passes through cultivted and
deforested area of L wamisakule, Changulube,
Lugohwa,Ntagalylwa, =~ Karunvangoma,  Cabwine-
Mwami, Ceshero and flows in Lake Kivu in the bay of
Kasheke-lrambo at 1465 m of altitude (Figure 1).
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Nyabarongo River bank is populated and the
water for the river is used by theses population for
many anthropogenic activities such as agriculture using
for irrigation of sugar cane plantation, water for
drinking, washing by animal and human. The
Nyabarongo micro-catchment is located in tropical
humid climate region with two seasons; the dry season
with 3 months (June, July and August) and the wet
season with 9 months (September to Mai). The mean
temperature varied between 19° and 20°C and with high
precipitation of about 1500 mm/year [19].

Three sites were considered for sampling in
the main river following the land use characteristics and
accessibility during the year. These sites are
Kabirikarhaba (02°09°26.6°’S; 028°42°27.0’E at 1754
m above mean sea level (AMSL)), Cabwine-Mwami
(02°10°29.7°°S; 028°51°18.8’E at 1491 m AMSL) and
Ceshero (02°09°45.6”’S; 028°51°51,4°E at 1471 m
AMSL). All the three sampling sites (Kabirikarhaba,
Cabwine-Mwami and Ceshero) were sampling the same
day from 7pm to 11pm.

Water samples were taken monthly and
analyzed for the following parameters: NH;" (ug/L),
NO;s (ng/L), PO, (ng/L), TN (ug/L), TP (ug/L),
Biological Oxygen Demand (BODs mg/L) and

Dissolved Oxygen (mg/L). The samples were collected
in 1-liter polyethylene (PE) bottles, which were washed
with deionized water before use. These sample bottles
were sealed and placed in a dark environment at a
constant temperature range of 4-10°C to avoid any
contamination and the effects of light and temperature.
All analyses were done in accordance with national
standards [20, 21].

RESULTS AND DISCUSSION
The mean physico-chemical parameters of the
three sites in Nyabarongo river is present in the table 1.

All the physico-chemical parameter varied
from one site to another. Low values are recorded at the
site of Kabirikarhaba except for pH, DO and COD. The
high values of TP, SRP, TN, Nitrate and TSS were
recorded at the site of Cabwine — Mwami were
anthropogenic activities are frequents. But at the outlet
at the site of Ceshero these parameters are decreased
because of the wetland retained some of these
parameters. This observation was also found by
Bagalwa [17] in Lwiro river in the same region.
Analysis of the data shown that the difference is
significative between the three sites. Kabirikarhaba is
significative different with the site of Cabwine-Mwami
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(p= 0,002) and Ceshero (p= 0.007) and also different

between Ceshero and Cabwine —Mwami (P= 0.009).

Table-1: Mean physico-chemical parameters of the three sites in Nyabarongo river

Sites Kabirikarhaba | Cabwine-Mwami | Ceshero
Temperature 16.13 18.15 19.68
pH 7.53 6.82 6.86
DO (mg/L) 4.78 3.19 2.52
BODs (mg/L) 2.37 1.37 1.17
COD (mg/L) 5.44 3.19 3.29
TP (umol/L) 0.13 0.24 0.16
SRP (umol/L) 0.10 0.13 0.11
TN (umol/L) 2.59 3.67 1.17
NH," (umol/L) 1.00 0.95 1.31
NO;™ (umol/L) 1.97 1.51 0.62
TSS (mg/L) 0.89 1.85 1.53
Discharge (m’/s) 0.27 0.62 1.25

Table-1: Correlation between physic-chemical parameters in the three sites of Nyabarongo river
BOD NH4
Temp pH DO 5 COD | TP SRP | TN + NO3- | TSS | Discharge
Temp 0
pH 0.607* 0
0.19
DO 0.805** 8 0
0.30 | 0.10
BOD5 0.912%** 5 7 0
0.17 | 0.02
COoD 0.778** 1 7] 0.134 0
0.39 | 0.19 0.21
TP 0.997*** 0 1] 0.085 8 0
0.39 | 0.19 0.22 | 0.00
SRP Lxx* 3 5| 0.088 2 4 0
0.25 | 0.07 0.10| 0.13]| 0.13
TN 0.865*** 8 7| 0.047 4 2 5 0
033 | 0.14 0.16 | 0.05| 0.05| 0.08
NH4+ 0.946*** 9 1] 0.039 7 1 4 6 0
032 | 0.12 0.14 | 0.07 | 0.07| 0.06
NO3- 0.927*** 0 2| 0.020 9 0 3 2| 0.042 0
032 | 0.12 0.14 | 0.06 | 0.07 | 0.07
TSS 0.927*** 1 3| 0.046 9 9 2 5| 0.023 | 0.044 0
0.36 | 0.16 019 | 0.02| 0.03| 0.10 0.04
Discharge 0.968*** 1 3| 0.059 0 9 2 6 | 0.022 | 0.063 0 0
Legend: *Significant; **Very significant; ***Very high significant
The table below shown that temperature is the site of Ceshero (20°C) and the low temperature was
significant and very significant with others recorded at the site of Kabirikarhaba (15.3°C). The

physicochemical parameters analyzed in this study.
This is similarly to the results obtained in waste water
effluents from textile industrial area of Tirupur, Tamil
Nadu, India [22]. The annual results of physicochemical
parameters of the three sites in the river Nyabarongo is
present in different figures as follows.

Temperature
Temperature is an important ecological factor
which influences the chemical, Biochemical and

Biological characteristics of water body. The high
temperature in the entire river was recorded in April in

monthly variation of temperature in the three sites
during the year 2016 is presented in the figure 2.

Similarly to the others river in the region [17,
19], temperature is low at high altitude near the Kahuzi-
Biega National Park and high at the outlet near the Lake
Kivu.

Overall observations shows, gradual increase
in temperature recorded from the upstream to the
downstream as observed by Bhave and Borse[23].
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Fig-2: Variation of water temperature in the twee sites during the year in the river Nyabarongo

The figure shows also the same trend in this
river. Water temperature controls the rate of all
chemical reactions, and affects fish growth,
reproduction and immunity. Drastic temperature
changes can be fatal to fish.

Temperature also affects the concentration of
dissolved oxygen and can influence the activity of
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bacteria in a water body as well as positively correlated
with hardness and phosphate [22].

pH

Monthly fluctuation of pH is present in all
three sites of river Nyabarongo during the sampling
period in Figure 3.
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Fig-3: pH variation in tree sites in the river Nyabarongo during the year

Average values ranged between 7.11 and 7.35
(Table no.2). It was noted that pH of water at all sites
varied within the same range (6.2 - 8.0) which is
between the standard set by the WHO [24] and UNECE
[25]. In general, pH values shows, slightly alkaline
nature of river water at all the station except in January
and February. It is within the limit of drinking purpose
and for aquatic biodiversity. Drinking water with a pH
between 6.5 to 8.5 is generally considered satisfactory.
Mini et al. [26] showed similar results Vamanapuram
river in India. The high value of pH is due to the
deposition of sewage from house near the river and
agriculture waste from different farmers. pH value is
essential for the growth of aquatic flora [27]. Sirajudeen
et al. [28]. Thus indicated that the measured pH values

of the drinking water samples were within permissible
value of WHO; which will not cause any harmful effect
to the consumers.

Various factors bring about changes the pH of
water. The higher pH values observed suggests that
carbon dioxide, carbonate-bicarbonate equilibrium is
affected more due to change in physico-chemical
condition [29].

Dissolved Oxygen

The analysis of Dissolved Oxygen plays a very
important role in water pollution control as well as
waste water control. Aquatic ecosystem totally depends
on DO, various biochemical changes and its effects
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affected the metabolic activities of microorganism.
Adequate DO is necessary for good water quality,
survival of aquatic organism and decomposition of

5
2
2

& !.‘?’ ‘(" ol

- o

Dissolved Oxygen (mg,L)

S
W \:; ‘-‘:'

waste by microorganism [30]. The variation of DO in
the three sites of the river Nyabarongo is present in the
figure 4.

B Kabirikarhaba ® Cabwine-Mwam Ceshero

Fig-4: Variation of dissolved oxygen in the tree sites in the river Nyabarongo

High value of DO was recorded at the
upstream in April (8 mg/L) and the lowest was recorded
at the site downstream in August (1.3 mg/L).
generally, the lowest values of DO were recorded in dry
season.

The lower DO indicates the use of various
organic chemicals coming in waste water from different
houses near the river bank and the residues of
agricultural farmers. The decay of organic compounds
consumes much oxygen and leads to the decrease in DO
level at the downstream. This was also found by
Bagalwa et al. [19] in Lwiro river. Reduced DO below
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4 mg/L impact adversely on all aquatic life and put
them under stress. In dry period, intense sunlight during
the period seems to accelerate photosynthesis by
phytoplankton, utilizing CO, and giving off oxygen
[31].

Biological Oxygen Demand (BODs)

Biochemical Oxygen Demand is important
parameters of water. High BODs is harmful to aquatic
animals like fish and microorganisms [7]. It also causes
bad taste to the drinking water. The variation of BODsg
in the river Nyabarongo at different sites is present in
the figure 5.
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Fig-5: Variation of biological Oxygen demand after 5 days incubation in the 3 sites in river Nyabarongo

BODs is generally low and less than the
standard limit (50 mg/L) in all the sites in the river
Nyabarongo. Comparatively to others rivers such as the
textile effluent from Tirupur, Tamilnadu State, India
with 472 mg/l of BODs. Low BODs recorded all the
year is suitable for fisheries production, recreation and

irrigation as found also in Brahmaputra river [30]. If the
BOD;s level is too high, the water could be at risk for
further contamination interfering with the treatment
process and affecting the end product [32]. BODs was
found to be positively correlated to COD.
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Chemical Oxygen Demand (COD)

The COD is used to measure pollution of
domestic and industrial waste. COD for recorded in the

[ = R - R V=)

Chemical Oxygen Demand (mg/L)
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B Kabirikarhaba

B Cabwine-Mwami

three sites of Nyabarongo River are present in the figure
6.
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Fig-6: Variation of Chemical Oxygen Demand in the tree sites during the year in river Nyabarongo

The maximum COD in Nyabarongo River was
8 mg/L and the minimum was 0.2 mg/L. These COD
values are less than the standard limit (250 mg/l). The
higher COD concentration can cause a substantial
damage to submersed plants. Like BOD, higher COD is
also harmful to all aquatic life [25]. The high COD
values compared to BODs values and the non-
correlation between them, indicate that the major part of
organic material is not biodegradable. All of the above
indicate that the COD could be related to the leaching

Total Fhosphorus {umaol /L)

B Kabirikarhaba

B Cabwine-Mwami

and transport of natural,
agricultural [1].
Total Phosphorus (TP)

TP includes organic and inorganic phosphorus.
In surface water, it content is less than 0.1 mg/l. The
sources of TP in the water body are discharge of
domestic and industrial water and the drainage of
agricultural land fertilized. These sources contribute to
increase the concentration of TP in the water. TP
variation in the three sites in Nyabarongo River is
present in the figure 7.

domestic sewage and

Ceshero

Fig-7: Variation of Total phosphorus in the three sites in river Nyabarongo

TP recorded in the water body of Nyabarongo
river shows concentrations varied from 0.044 to 0.487
pumole/l. The high values of TP were recorded in the
site of Cabwine-Mwami in March to June. These
highest values were recorded in middle stream site. July
is the month of low concentration of TP in all the sites
in Nyabarongo river. Similar results reported by
Arvindkumar [33].

Total Nitrogen (TN)

TN comes from the nitrogen-containing
organic material and gas exchange between the water
and the atmosphere [34]. It also comes from the
biodegradation of waste and inputs from domestic and
agricultural. Variation of TN in the different sites in
Nyabarongo river is given in the figure 8.
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Fig-8: Variation of Total Nitrogen in the three sites in river Nyabarongo

The measured TN values vary between 0.06
and 22.848 pmole/l in the river. The high values were
recorded in January in the site of Ceshero will the
lowest value is July in the site of Kabirikarhaba.
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Total Suspended Solids (TSS)

The sources of TSS can include erosion,
industrial discharges, microorganisms, and
eutrophication [35]. Erosion of soil remains a great
problem for all rivers in DRCongo [17, 19]. Varation of
TSS from the different sites in Nyambarongo river is
presented in figure 9.

B Kabirikarhaba W Cabwine-Mwami Ceshero

Fig-9: Variation of Total Suspend Solid in the three sites in river Nyabarongo

TSS ranged from 0.1 mg/L to 14 mg/L during
the sampling period. The higher concentrations of TSS
were observed at the site downstream at Ceshero during
the rainy season in May. However, TSS values are
under the standard limit of WHO [24] for drinking
water and UNECE[25] for the quality of freshwaters for
fish life [36].

CONCLUSION

This study addresses the spatial and seasonal
variation of physicochemical parameters of Nyabarongo
river and the results revealed that the most of the
parameters were within the permissible limit of UNECE
and WHO standard[37]. The site of Cabwine-mwami
are used by population for their daily activities and can
be the source of high concentration of some

physicochemical parameters especially nutrient and
causing various health problems and adversely affect
the agriculture and aquatic life downstream.

However, others human activities along the
banks of the river are also contribute to increase of
pollutant in the river. Necessary initiatives, therefore,
should be taken against river bank erosion to improve
the overall quality of the water of Nyabarongo river for
sustainable management. Moreover, further research
and periodic monitoring of river water quality is of
importance for the improvement or maintenance of the
water of Nyabarongo river.
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