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ABSTRACT

The physico-chemical characteristics of ten permanently flowing rivers from Kahuzi Biega National Park (Democratic
Republic of Congo) were examined in July 2007. Water samples were collected from ten sites between 1800 and 3200
m asl and analyzed for the following chemical parameters: biological oxygen demand, total and carbonate hardness,
alkalinity, total phosphorus, nitrogen, nitrate, and ammonia. Discharge, current velocity, temperature, and oxygen satu-
ration were analyzed on site. In general, the chemical parameters revealed relatively low concentrations compared to
others rivers in the region. The rivers were cold (10°C - 15°C), well oxygenated, had low conductivity (generally <100
uS/cm), and had pH values ranging between 5.5 and 7.6. Nitrogen and phosphorus were also low (0.086 - 0.25 umol/L
for phosphorus and 2.21 - 4.25 umol/L for nitrogen) in all rivers. The main natural sources of nitrogen and other nutria-
ents are from rain and atmospheric deposition, organic matter decomposition, and fixation of molecular nitrogen from
allochthonous inorganic material. In the forested rivers of Kahuzi-Biega National Park the terrestrial and riparian envi-

ronments are the only sources of nitrogen and phosphorus to the river water.
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1. Introduction

While colonial hydrobiological expeditions made im-
portant contributions to providing general synthesis of
the tropical freshwater communities in the eastern DR
Congo [1-3], no basic analyses of the running waters
within Kahuzi-Biega National Park have been reported to
date. Presently, the knowledge of the ecology of the
park’s rivers and swamps is generally poor, though the
park protects some of the last undisturbed water courses
and swamps in the otherwise very densely populated
region.

In any natural ecosystem, many variables change with
time and location with little opportunity to control them
all systematically or otherwise [4]. The most important
anthropogenic factor influencing the aquatic ecosystems
of the eastern DR Congo has been the change in land use
[5-7], which has seen most unprotected lands converted
from natural forest vegetation to intensively used sys-
tems either for resource exploitation, for agricultural use,
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or living space [5]. Many of the aquatic ecosystems of
the Albertine Rift Valley have been found to be par-
ticularly diverse. The most famous examples include
Lakes Kivu and Tanganyika, with unique and many en-
demic species [8-12], and the Kalengo River [13]. How-
ever biological and physico-chemical information on the
Albertine Rift Valley Rivers remains scarce.

The fauna of several small, permanent, high altitude
rivers in Kahuzi-Biega National Park has been studied
[14]. While these rivers are characterised by higher flow
during the rainy season, an understanding of the phys-
ico-chemical characteristics would help explain the alti-
tudinal distribution of macro-invertebrate, fish and others
aquatic animals. Some species or even larger taxonomic
groups of animals are particular attached to particular
habitats. The bottom of mountain streams and rivers
composed of mud and aquatic animals are differently
distributed in this ecosystem [15]. Few studies have been
carried out on Kahuzi-Biega National Park Rivers. The
current study intends to provide reasons for the altitude-
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inal distribution of certain species. Meteorological data
from the Centre de Recherche en Sciences Naturelles
Lwiro, located 4 km from the closest study site at 1740 m
asl, shows that mean annual rainfall is 1500 mm/year
with a clear dry season (June, July and August) in the
region. The mean monthly temperature is 19.7°C (Man-
koto, 1994; Bagalwa 20006).

The catchment characteristics are the primary factors
shaping the natural chemical composition of the water.
As water flows downstream within a catchment, it dis-
solves and carries varying amounts of mineral, organic
and gaseous compounds, depending on the type of rock
or soil it flows through. The chemical composition of
stream water is changed radically when the catchment
changes from forested to deforested or over-crowded
areas [16]. The chemical composition of the surface wa-
ters is also subject to the influence of the settling organ-
isms since in these waters the two basic processes of
photosynthesis and respiration take place continuously.
In the course of the last several decades the waters have
been rapidly enriched with compounds participating in
photosynthesis, nitrogen and phosphorus and as a result
the balance between photosynthesis and respiration has
been disturbed [17]. This in turn leads to the accumula-
tion of organic matter in the water and deep changes in
its chemical properties often resulting in the degradation
of the water. Limnological studies in the region are in-
existent except the works of Kimbadi et al. [18] and Du-
bois [19] concerning the small rivers of the north western
part of Lake Tanganyika and Bagalwa [7,20] in rivers
tributaries of Lake Kivu. No studies have been reported
done in the Kahuzi Biega National Park Rivers as natural
ecosystem.

This work aims to trace the changes in the chemical
composition of the affluent in 10 Kahuzi-Biega National
Park Rivers and to determine the habitat preferences of
macro-invertebrates fauna occurring in a stream in this
protected area. The investigation of water quality can
help in estimating the current condition and the stress on
biodiversity in the Kahuzi-Biega National Park Rivers.

2. Material and Methods
2.1. Study Area

Kahuzi-Biega National Park is located west of Lake Kivu
and covers an area of 6000 Km® between 600 and 3308
m altitude (Figure 1).

The Park comprises a highland region (600 Km?) and a
lowland region (5.4 km?), which are connected by a for-
est corridor. Forty-four species of larger mammals (in-
cluding ten primate species) have been reported from the
highland region, fifty-six species (fourteen primate spe-
cies) from the lowland region [21].

Copyright © 2012 SciRes.

Kahuzi Park Rivers
Kivu Lake
I Kahuzi National Park
[ South Kivu Province

0 100 Kilometers
[—

Figure 1. Kahuzi national park and hydrology.

The highland region is characterised by bamboo forest
(Arudinaria alpine) (37%), primary mountain forest
(28%) in the west and northern parts of the Park, second-
dary mountain forest (20%) in the eastern part, Cyperus
latifolius swamp (7%) and vegetation (8%), as described
by Goodall [22] and Murnyak [23].

The localization of ten rivers flowing in the highland
region in the Chivanga sector of Kahuzi-Biega National
Park is presented in Figure 2.

2.2. Sampling and Analysis of Water

Forty-eight water samples were taken from 10 small riv-
ers in the Kahuzi Biega National Park from 15-30 July,
2007, following the methodology of Golterman et al., [24]
and Wetzel and Likens [25]. Water for the chemical
analysis was collected in pre-washed plastic containers.
Temperature, Dissolved oxygen (DO), pH, and conduc-
tivity were determined immediately after sampling in situ
using a pre-calibrated portable pH-Oxygen meter (Horiba
Ltd. Kyoto, Japan). Chemical Oxygen Demand (DCO)
and Biochemical Oxygen Demand (BOD) were deter-
mined through the iodometry method [26]. Suspended
Solid (SS) was defined as the material retained by a
0.45-pm filter and discharge were estimate using Rating
curve method [27,28]. From the filtered fraction, phos-
phate, silicate, nitrite, nitrate, and ammonium were de-
termined through colorimetric methods [25]. Concentra-
tions found for the parameters studied at the different
sampling stations were compared through analysis of
variance (one-way ANOVA) with a 95% significance
level.

3. Results and Discussion

Most of the rivers were slightly acid (Table 1) except the
Mushova and Mugaba rivers whose pH was 7.6 and 7.1
respectively. Water temperature was lower in rivers with
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Figure 2. Localisation of sampling sites.

sources at higher altitudes. These lower temperatures are
primarily the result of the high altitude of the springs and
greater shading effects of denser riparian cover. The sur-
face water here is cooler (11°C - 15°C) than in many oth-
ers African rivers (19°C - 28°C) at similar altitudes in
Malawi, Burundi, Morocco, Nigeria and Zibambwe [4,
18,19,29-32]. The Odzi River in Zimabwe flows at the
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same altitude (2200 m), but has higher temperature re-
gime (19.3°C - 28.0°C) [4]. Many other rivers in the re-
gion close to Kahuzi-Biega National Park have higher
water temperature [7,20], particularly where riparian
vegetation has been cleared or anthropogenic activities
abound.

Most of the rivers were not saturated with oxygen. The
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Table 1. Physico-chemical parameters of Kahuzi-Biega National Park Rivers.

Parameters/Rivers ~ Chande Mushuva  Bwangizi Mirembo

Lwanga

Mugaba Chitori Chumba Cinhya Nabugobugo

Temperature ("C)

141+£02 11.25+1.34 13.8+02 133+£03 149+0.12 141+02 145+0.02 14.6+£0.02 13.3+0.01 13.8+0.12

Dissolved 76+0301 62+071 568+058 6.1+042 7.55+02 48+21 538+03 5704 26+02 43£02
Oxygen (mg/L)

Saturation in 65+04  65+023 55+023 59.5+28 74+001 474+34 353+£12 568+08 255=0.01 41.85+0.07
Oxygen (%)

pH 614204 7.66+0.11 613045 63+02 698+0.1 7.1+04 55111 5608 57+04 56=04
Conductibility (uS) 5442 6430  13£25 17+£20 17+£32 23.6+034 14+24  13£01 115+08 125+12

Total hardness (°F) 25.06 +0.8226.49 +1.1228.82+0.22 30.1+1.2 45.1+0.01 47.1+£23 16.02+32 253+0.1

Calcic hardness (‘'F) 8.05+£0.2 69+23

Alkalinity (mg/L) 144003 13401  6+12 55405

Biological Oxygen
Demand -5 (mg/L)

Suspended
solid (mg/L)

Charge (m*/S)
Speed (m/S)

Total Phosphorus
(umol/L)

Total Nitrogen
(umol/L)

Nitrite (umol/L)

Nitrate (wmol/L)

Ammonia (pmol/L) 3.38+1.23 242+0.17 1.73+1.1 3.06+0.12 292+12 2.84+0.03 2.82+0.1

11+0.06

43+04 3.83+£023 1.66+14 3.99+02 4.05+0.23

147+12 31.6+0.02

376 £0.89 4+048 6.27+0.04 59+1.01 2.23+1.12 1.59+1.04 1.52+1.1 4.03+0.06

63+0.7 2+£0.8 2+£04 25+05 35+0.02

5£05 327+03 291+25 484+04 4.88+0.6

096+0.12 1.46+0.34 0.78+0.13 0.85+0.14 0.12+04 02+0.05 0.29+0.01 0.09+0.1 0.082+0.03 0.18 +0.07

0.015+0.1 0.1+0.42 0.747 +0.04 0.03 £ 0.01 0.088 = 0.02 0.11 = 0.04 0.021 = 0.09 0.058 £ 0.07 0.036 = 0.01 0.074 + 0.04

0.08+0.03 0.20+0.05 0.51+0.01 0.22+0.13 0.42+0.02 0.36+0.02 0.31+0.02 0.36+0.01 0.25+0.02 0.36=0.04

0.55+0.04 0.29+0.02 0.086+0.010.09+0.01 0.11+0.01 0.17+0.01 0.11+0.01 0.12+0.01 0.25+0.02 0.13+0.11

425+1.1 284+1.03 2.79+0.03 3.65+1.02 3.4+0.06 3.51+0.06 3.57+0.04 221+0.8 3.65+0.07 3.57+0.01

0.52+0.02 0.38+0.1 0.75+0.0230.28+0.06 0.26 +0.04 0.38+0.04 0.5+0.05 0.53+0.03 0.45+0.04 0.50+0.01

0.35+0.08 0.32+0.2 031+0.08 0.31+0.06 0.22+0.3 0.28+0.03 025+0.1 0.28+0.02 0.35+0.01 0.25+0.05

1.4+0.01 138+0.02 2.8=0.05

highest values of saturation were recorded in Langa
(74%), the lowest values in Cinya (25.5%). The low
oxygen saturation levels may be attributed to the de-
composition of organic matter and vegetation decay. This
was also observed in other rivers in India [33]. The effect
of vegetation on rivers is largely determined by the oxy-
gen balance of the system and its presence is essential to
maintain biological life within a system [34]. It is admit-
ted that self depuration potential of a stream is exceeded
when oxygen saturation sinks under 50 %.

The alkalinity of the water sample varied between 2
and 14 meq/L. This reflects the alkaline soils and under-
lying alkaline igneous geology of Kahuzi-Biega National
Park. In these rivers alkalinity was high comparatively to
other African rivers (2.5 meq/L). These high values are
due to the variability of soils and the geology in this vol-
canic region. Soils contain limestone minerals such as
calcite and dolomite and therefore alkalinity in the rivers
is higher compared to other African rivers [35,36].

BOD:; values indicate the extent of respiratory activity
in the aquatic systems. High levels of BOD;s indicate
organic pollution, which adversely affect the water qual-
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ity. In all samples, BODs values were low and less than 5
mg/L. River Chumba, had very low BODs (2.91 mg/L).
Relatively high values were observed in River Mugaba
(5 mg/L) which are likely linked to naturally high or-
ganic matter levels in the river. This river flow through a
swamp and animals such as elephants used this river for
drinking and washing.

Total suspended solids in all the rivers ranged greatly
from about 80 to 1460 mg/L. The highest values were
observed in river Mushuva. This river is used for gold
and Colombo-tantalite mining operations. The increased
erosion and surface runoff is probably the reason for the
high values observed. Compared to other rivers in tropi-
cal region, the values recorded in Kahuzi-Biega Rivers
are intermediate. In the Odzi river total suspended solids
range between 40 mg/l to 107 mg/l [4] and in Shan-
muganadha river in India it is high 2310 mg/l [33]. The
difference is significant between the different chemical
parameter using ANOVA between rivers (p < 0.05). Ag-
ricultural development and deforestation may alter the
suspended solid load by increasing erosion and altering
local sediment budgets [32]. This is not yet the case for
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Kahuzi-Biega National Park Rivers. The low suspended
solids concentration observed in the study sites reflects
the filtering capacity of intact forest ecosystems within
the river catchments.

Phosphates and nitrates are important parameters to
assess water quality, as they often are limiting nutrients
and high concentrations indicate nutrient enrichment and
eutrophication [27,32]. Photosynthesis and respiration
play an important role in the self purification of natural
water [15]. The disturbance of the stationary state be-
tween photosynthesis and respiration leads to chemical
and biological changes reflecting pollution. Total phos-
phorus varied between 0.086 and 0.55 umol/l and total
dissolved inorganic nitrogen between 2.21 and 4.25
pmol/l. High levels of these species increase the growth
of vegetation in water systems and increase the oxygen
demand. Concentration of total phosphate in Kahuzi-
Biega National Park rivers are generally low than con-
centration found in other rivers in the region [20]. The
low concentration of phosphorus can be attributed to
anthropogenic effect inexistent in these rivers and the
low temperature. The high temperatures allow the miner-
alization of organic matter in the bottom by bacteria and
microzooplankton [37]. No much nitrate was found in the
Water Rivers and virtually the same concentration in all
rivers. It was found that where the riparian zone has been
cut, the stream side buffering capacity is reduced and
higher levels as dissolved nitrogen will enter the stream
via ground water base flow [38]. But in Kahuzi-Biega
National Park Rivers the vegetation is not cut off then the
buffering capacity increases, the rivers receive low con-
centration of nutrient.

Nutrient concentrations reported by the present study
are lower than the levels described for other unpolluted
rivers [36]. According to Golterman [39] the main
sources of nitrogen to the aquatic environment are of
anthropogenic origin, i.e. agricultural activities, human
waste, and detergents. In Kahuzi-Biega National Park
these sources do not exist for the majority of rivers flow-
ing in. The main natural sources of nitrogen and other
nutrients are from rain and atmospheric deposition, or-
ganic matter decomposition, and fixation of molecular
nitrogen from allochthonous inorganic material [39]. In
the forested rivers of Kahuzi-Biega National Park the
terrestrial and riparian environments are the only sources
of nitrogen and phosphorus to the river water.

4. Conclusion

In general, the chemical parameters revealed relatively
low concentrations compared to others rivers in the re-
gion. The rivers were cold, well oxygenated, had low
conductivity, and had pH values ranging between 5.5 and
7.6. Nitrogen and phosphorus were also in all rivers

Copyright © 2012 SciRes.

compared to other African rivers flowing at the same
altitude. The main natural sources of nitrogen and other
nutrients are from rain and atmospheric deposition, or-
ganic matter decomposition, and fixation of molecular
nitrogen from allochthonous inorganic material.
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