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Abstract: The study was carried out to assess the physico-chemical parameters, the trophic state and the N:P ratio of the
Kpassa reservoir. The reservoir was studied at six sampling sites over the period going from August 2014 to May 2016. Water
transparency was determined in situ with the secchi disk SDMO QUINIOU model F043SE. Chlorophyll a, NO5', NO;, NH,,
PO,” and total phosphorus were analyzed using the standard methods. Measures were made with the HACH DR2800
spectrophotometer. The trophic state was assessed using the Carlson’s trophic state index (TSI). The N:P ratio was evaluated
using NO5, NO,,, NH," and PO,> concentrations. The physico-chemical parameters investigated were: transparency (0.25-
1.92m), chlorophyll a (8.2-233.46pg/L), nitrate (undetected-4.73mg/L), nitrite (undetected-0.23mg/L), ammonia (undetected-
0.21mg/L), orthophosphate (0.03-1.04mg/L) and total phosphorus (0.1-3.2mg/L). The trophic state index (TSI) values oscillate
between 38 and 59. The majority of the values are characteristic of mesotrophic conditions. Kpassa reservoir is eutrophic only
in August 2014 at the whole studied stations. N:P ratio values vary between 0.22 and 60.46 showing that eutrophication in
Kpassa reservoir is limited by phosphorus and nitrogen. Some physico-chemical parameters values are upper than the WHO
and Ifremer safe limit making the reservoir water unfit for human consumption at the concerned sites and during the concerned
period. It is recommended that the national company of Benin water (SONEB) sensitize the population on the rational use of
the fertilizers and the adoption of water control technics in the farm. Washing and crockery activities should be also forbidden
along the reservoir river. The trophic state of the reservoir seems improved compared to previous studies results. According to
the N: P ratio values, measurements to be implemented for eutrophication management in Kpassa reservoir should emphasize
on the control of the flow of nitrogen and phosphorus compounds.
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lagoon and sea ecosystems which have a great ecological
interest as well as economic are more and more marked by
accentuated degrees of eutrophication [2]. Eutrophication is
the enrichment of the water with nutrients, especially
nitrogen and phosphorus compounds, which cause
accelerated growth of algae and higher forms of plant life, as
a result of which undesired disturbances of water ecosystems

1. Introduction

The massive loading of nutrients and organic matter into
surface water disturbs the natural balances of the aquatic
ecosystems. The most visible consequence of this type of
pollution is the eutrophication of rivers [1]. Nowadays,
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and the deterioration of water quality take place [3].
According to Zalewski [4], freshwater rivers are essential
sources of water and it is necessary to study, protect, and
improve their ecological status. Ensuring that water quality in
aquatic environments remains within natural ranges is
essential for sustaining viable, abundant, and diverse
communities of organisms. Degradation of water quality
erodes the availability of water for humans and ecosystem
and decreases species diversity and abundance of resident
communities [5]. In this respect, researches in water quality
are important to increase the awareness of more efficient use
of water and water resources that are the most precious
treasure of humankind [6]. Several indexes have been
developed to assess eutrophication and water quality in
aquatic ecosystems based on chemical, physical and
biological parameters [7]. Carlson’s trophic state index (TSI)
is the most widely used in freshwater bodies [8].

In the field of the water management, the identification of
an limiting nutrient is essential for the planning of effective
measures against eutrophication [9]. N:P ratio represents one
of the tools frequently used to identify the factor limiting the
eutrophication of lakes and rivers. The primary production in
the aquatic ecosystems is commonly limited by phosphorus
or nitrogen or both [10].

However, Kpassa reservoir, the main source of drinking
water of Parakou city in north-east of Benin, suffering from
eutrophication since 2000. This situation arouses the interest
of aquatic environment managers and researchers. The
physico-chemical properties and the trophic state of the
reservoir have been investigated by [11]. Same work was
made by [12]. [13] provided recent data on the physico-
chemical characteristics of the reservoir including its trophic
state and N:P ratio. The present study aimed at carrying out
similar work over the period going from august 2014 to may
2016.

2. Material and Methods

2.1. Area Investigated

Located at 13.5 km at east of Parakou city (N 09°17'034; E
002°43'975) in Borgou department, Kpassa reservoir on
Okpara with an area of 190 ha [14] (Figure 1) has mainly the
role to supply the 254254 inhabitants [15] of Parakou in
drinking water. Parakou city is located at N 09°21' and E

02°36' in north-east of Benin, at 450 km from the economic
capital Cotonou and at an average altitude of 350 m [11].
Okpara is one of the tributaries of river Ouémé in Benin [16].
The National Company of Benin Water (SONEB) started to
supply Parakou city in drinking water since 1975 with raw
water pumped from Kpassa reservoir. The dyke of the
reservoir is built in laterite over a length of 480 m and a
height of 10 m. Two overfall located on the Southern part of
the reservoir are used to control the water level. The pumping
station, equipped with two pumps of 350 m’/h each one, is
installed on the reservoir at 105 m from the Western
shoreline. A first treatment of the raw water is made insitu
before aspired towards the treatment plant located at
Banikani district in Parakou. The volume of water available
in Kpassa reservoir is estimated at 8.2 million m’, either
original volume of 9.4 million m’ obtained in 1972 decreased
by 1.2 million m® of sediment estimated in 2014 [17]. The
reservoir is deep and shallow at some locations with depth
varies between 1.5 and 8.5 m. It is cover on about 90% of its
surface by aquatic plants [18].

The basin of Kpassa reservoir covers the district of
Bembeéreke, Nikki, N’Dali, Pérére, Parakou and Tchaourou
[19]. The portion of Okpara river delimited by the basin and
its tributaries, Niessi, Nioré and Sabi with a length
respectively of 41.5 km, 32 km and 18 km supply water to
Kpassa reservoir [20]. The basin is under the influence of the
Soudanian wet tropical climate. The wet season go from May
to October and the dry season from November to April. The
area is also under the influence of the wind called harmattan.
The low temperatures recorded during the dry season are
related to the occurrence of this wind. Agriculture is the main
activity of the study area. Breeding and fishing are also much
practiced. Breeding is developed and varied with bovine,
sheep, caprine, porcine and poultry.

2.2. Sampling Design

The water samples were collected from six sampling sites
between August 2014 and May 2016 (Table 1). The stations
were selected based on their accessibility and the potential
pollution sources localization (Figure 1). At each sampling
station, 1.5 liter of water were collected in polyethylene
bottle at a depth of 30 cm for the measurement of physical
and chemical parameters. All samples were stored in ice
containers during their transport to the laboratory.

Table 1. Description of the sampling months and corresponding seasons.

Months Augl4 Oct 14 Dec 14 Febr15

Aprills

Septl5 Nov 15 Jan 16 March16 May 16

Seasons rainy

rainy dry dry dry

rainy dry dry dry rainy

Aug 14 = August 2014; Oct 14 = October 2014; Dec 14 = December 2014; Febr 15 = February 2015;
April 15 = April 2015; Sept 15 = September 2015; Nov 15 = November 2015; Jan 16 = January 2016;

March 16 = March 2016; May 16 = May 2016.
2.3. Physico-Chemical Analysis of Water

The physico-chemical parameters which describe the
trophic state and the N:P ratio were analyzed. Water
transparency (SD) was measured in the field by secchi disk

SDMO QUINIOU model F043SE. The concentrations of
nitrate (A=400nm), nitrite (A=507nm), ammonia (A=655nm),
orthophosphate ~ (A=880nm) and total phosphorous
(A=880nm) in water samples were determined according to
the standard methods described by [21]. Analysis of
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chlorophyll a was performed according to [22]. Measures
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Figure 1. Localization of Kpassa reservoir showing the sampling sites [13].

2.4. Data Analysis

2.4.1. Trophic State Evaluation

The trophic state of the reservoir was determined by the
classical freshwater Trophic State Index (TSI) of [8]. TSI
was calculated with chlorophyll a (Chl a) (ng/L), Secchi
depth (SD) (m) and total phosphorus (TP), using to the
following equations:

TSI (Chl a) = 9.81 In (Chl a) + 30.6 (1)
TSI (SD) = 60 — 14.41 In (SD) @)
TSI (TP) = 14.42 In (TP) + 4.15 3)

The overall TSI was calculated as the average value of TSI
(Chl a), TSI (SD) and TSI (TP) as follows:

__TSI(Chla) + TSI (SD)+TSI (TP)

2 (4)

TSI

The Carlson’s scale indicating the trophic state is a whole
indexes varying from 0 to 100 (Table 2).

Table 2. Limit values of TSI indicating the trophic state.

Trophic state TSI values
Oligotrophic 0-40
Mesotrophic 40 - 50
Eutrophic 50-70
hypereutrophic 70 - 100

2.4.2. N:P Ratio Evaluation
N and P concentrations was calculated using NO;3’, NO,',
NH," and PO,* concentrations as follow:

N =NO; + NO, + NH," )
P =PO,*" (6)

The obtained N:P ratio were compared with the standard
[23] ratio (N:P = 16:1). Nitrogen or phosphorus is the
limiting factor respectively if N:P ratio value is lower or
upper than 16:1.

Graphics were generated using SPSS (Statistical Package
for the Social Sciences) software version 16.0.
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3. Results and Discussion
3.1. Physico-Chemical Parameters

3.1.1. Transparency and Chlorophyll a Variation
Transparency is how easily light can pass through a
substance. In other words, when the water is murky or cloudy
and contains a lot of particles, the light cannot penetrate as
deeply into the water column which hence limits primary
productivity [24]. In surface water, transparency varies
according to the phytoplankton abundance [25]. It is also
affected by the external factors [26] such as the contributions
of particles (clay, silt...) by the rising. In Kpassa reservoir, the
measure of water transparency revealed a minimum value of
0.25 m (August 2014; St5) and a maximum of 1.92 m (January
2016; Stl) (Figure 2). The values remain high in dry season
(December 2014 to April 2015 and November 2015 to March
2016) to the fact that the floodgates of the reservoir are closed
to maintain the volume of water. Accordingly, water stagnates
and the suspended particles settle at the bottom making thus
water transparent. As transparency is the inverse of turbidity, it
is also almost influenced by the same factors. The high values
of transparency obtained in dry season could be also related to
the zooplancton because according to [27], the clear water

phase is to be attached to the development of the zooplankton
communities. Zooplankton contribute significantly to the
clarification of water in the lakes and reservoir by the
chattering of the phytoplankton [28]. In rainy season (August
2014 and September 2015), the low values obtained are
because of the enrichment of the reservoir in particles brought
by rain water from the basin. This could be also due to the
organic matter produced by the aquatic plants and the
development of the phytoplankton. The concentrations of
chlorophyll a confirm this notice. Chlorophyll a values varies
between 8.2 pg/L (January 2016; Stl) and 233.46 nug/L
(August 2014; Stl) (Figure 3). The concentrations are high in
rainy season (August 2014 and May 2016) reflecting the
presence of an important phytoplankton biomass. The increase
in chlorophyll a concentration during this period could be the
consequence of the absorption of nutrients by the
phytoplankton. In the dynamics of the phytoplankton, nitrogen
and phosphorus plays a very significant role. The majority of
the chlorophyll a values indicate a good water quality
according to the standard (< 60 mg/L) of [29] (Figure 3). The
values of transparency reveal also a good water quality
according to the standard established (2 m) by [29] (Figure 2).
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Figure 2. Variation of transparency at different sampling sites in Kpassa reservoir between 2014 and 2016.
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Figure 3. Variation of Chlorophyll a at different sampling sites in Kpassa reservoir between 2014 and 2016.
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3.1.2. Nitrate, Nitrite and Ammonia Variation

5,00

N st
¢ sw
A St3
- ® S
= * S5
- > st6
=
o -
@
-
£ 2,00+
=z
1,007
0,00 T T T T T T T T T T
Aug-14 oct-14 dec-14 febr-15 april-15 sept-15 nov-15 jan-16 march-16 may-16
Months
Figure 4. Variation of nitrate at different sampling sites in Kpassa reservoir between 2014 and 2016.
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Figure 5. Variation of nitrite at different sampling sites in Kpassa reservoir between 2014 and 2016.
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Figure 6. Variation of ammonia at different sampling sites in Kpassa reservoir between 2014 and 2016.

The most two problematic elements up to the functioning
of aquatic ecosystems are nitrogen and phosphorus, since
these two nutrients can take part in the eutrophication of
surface water. The mineral nitrogen is present in water
primarily in three forms: a reduced form (ammonia NH,")

and two oxidized forms (nitrite NO, and nitrate NO3") [1].
Human activities and mainly those related to agriculture are
the major causes of the presence of nitrates and nitrites in
surface water [30]. During the study, the maximum values of
nitrate were obtained in dry season (4.73 and 4.67 mg/L
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respectively in December 2014 and February 2015 at St6)
and in rainy season (4.10 mg/L in September 2015 at St5)
(Figure 4). High values of nitrite were recorded in April 2015
(dry season) and in May 2016 (rainy season) and are
respectively 0.15 mg/1 at station St4 and 0.23 mg/L at station
St1 (Figure 5). The major peaks of ammonia were observed
in rainy season during August 2014 (0.21 mg/L; St6) and
October 2014 (0.17 mg/L; St5), and in dry season during
February 2015 (0.19 mg/L; St3) (Figure 6). The high
concentration recorded could be due to the agricultural and
pastorals activities undertaken in the basin of Kpassa
reservoir. Indeed the basin of the reservoir extends on houses
area where frequent practices of intensive cultures and
pastorals activities are undertaken. Massive quantities of
artificial fertilizers and pesticides are periodically used. The
cow dung produced by the farm of the Project of
Development of Animal Production (PDPA) established in
the East of the reservoir are added. All this joins together is
washed in the reservoir in rainy period causing its enrichment
in fertilizing elements. In dry season, there is no contribution
but the reduction of the volume of the reservoir under the
effect of evaporation contributes to increase its concentration
in nutritive elements. Negligible concentration were noted for
each one of these nutrients. Ammonia was not detected
during November 2015, December 2014 (dry season) and

3.1.3. Orthophosphate and Total Phosphorus Variation

September 2015 (rainy season) (Figure 6). Nitrate remained
undetectable during rainy season precisely in May 2016 and
August 2014 except at stations St4, St5 and St6 (Figure 4).
Nitrite appear negligible in August 2014 and October 2014
(rainy season) and in February 2015 (dry season) (Figure 5).
The low concentrations obtained in wet period could be
explained by the dilution effect generated by water coming
from the basin and by the renewal of the reservoir water
during the opening of the floodgate. In dry season, this is
probably due to their consumption by algae and aquatic
plants. However, nitrate values indicate a good water quality
of the reservoir according to the standard (< 50 mg/L)
established by [31] (Figure 4). Nitrite pollution (> 0.1 mg/L)
was observed at sites Stl1, St4 and St5 in April 2015, March
and May 2016 (Figure 5). It is the same for ammonia during
October 2014, August 2014 and February 2015 (Figure 6).
Nitrite is a toxic substance for human and organisms. Nitrites
react directly with hemoglobin in human blood and other
warmblooded animals to produce methemoglobin.
Methemoglobin destroys the ability of red blood cell to
transport oxygen. This condition is especially serious in
babies under three months of age, a condition known as
methemoglobinemia or blue baby syndrome [32]. Ammonia
also can cause acute toxicity symptoms for many aquatic
organisms [1].
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Figure 7. Variation of orthophosphate at different sampling sites in kpassa reservoir between 2014 and 2016.
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Figure 8. Variation of total phosphorus at different sampling sites in kpassa reservoir between 2014 and 2016.
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Phosphorus is a part of the most important nutrients of an
ecosystem. In aquatic systems, phosphorus originates naturally
from the dissolution of phosphate minerals and mineralization
of algae. Anthropogenically, phosphorus originates from
sewage discharges, industrial effluents, as well as diffuse
inputs from grazing and agricultural land [33]. Mineral
phosphorus is present in water primarily in the form of soluble
or insoluble phosphates (orthophosphates and polyphosphates)
[1]. In Kpassa reservoir, orthophosphate values range from
0.03 mg/L (May 2016; St5) to 1.04 mg/L (January 2016; St6)
(Figure 7). The low values were obtained between August
2014 and September 2015 and the high values between
January and March 2016. Total phosphorus dynamic is almost
similar than orthophosphate’s. Its values oscillate between 0.1
mg/L (September 2015; St5) and 3.2 mg/L (January 2016; St6)
(Figure 8). High values of orthophosphate and total
phosphorus observed in Kpassa reservoir could be due to the
fertilizers used in agricultural activities undertaken in the
basin. The reservoir is also permanently fed with phosphorus
of soaps. Indeed the populations of Kpassa reservoir basin are
frequently devoted to washing and crockery activities along
the river which supplies the reservoir in water. Low values
recorded in rainy season could be thus due to the dilution
effect generated by rainwater. Regarding the dry season, the
reduction of the volume of water in the reservoir under the
effect of evaporation could be at the basis of the increase of
phosphorus concentration. According to [34], orthophosphate
is the major source of phosphorus used by phytoplankton,
sometimes at very weak concentrations. Orthophosphate
assimilation by algae and aquatics plants could thus contribute
to reduce its concentration in water. Low values of phosphorus
recorded in dry season could be related to this notice.
Compared with the standard (< 0.2 mg/L) of [31], about 50%
of orthophosphate values indicate a good water quality of the
reservoir (Figure 7). As for total phosphorus, except in May

2016, its values indicate a poor water quality of the reservoir
according to the standard (0.2 mg/L) of [31] (Figure 8).

3.2. Trophic State Variation

The application of the trophic state index (TSI) of [8] in
Kpassa reservoir revealed values oscillating between 38
(January 2016; St2) and 59 (August 2014; St5) (Figure 9).
The whole studied sites reached their maximum trophic state
in rainy season (August 2014). Indeed, the trophic state index
decrease from August 2014 to October 2014, stabilize almost
from December 2014 to January 2016, then increase from
March 2016 to May 2016. According to the thresholds
established by [8], Kpassa reservoir is eutrophic in August
2014 at the whole studied stations. [11] found similar results
on the basis of [35] classification. According to this author,
the trophic state of the reservoir ranged from a mesotrophic
state in 1975 towards a eutrophic state since 1995, after only
twenty years of exploitation. The trophic state of the
reservoir seems deteriorated years by years. This notice is
confirmed by [36] who classified the reservoir as
hypereutrophic by analyzing total phosphorus and
chlorophyll a values. But in the present study, the majority of
the trophic state index values are characteristic of
mesotrophic conditions. Over the period going from October
2014 to May 2016, the reservoir was characterized by a
mesotrophic state with a tendency to oligotrophy only in
January 2016. The three stations of the reservoir concerned
by oligotrophy are Stl, St2 and St6. We could conclude that
the trophic state of the reservoir improved but this result
could be due to the depth of sampling. Indeed, the water
samples were taken in depth, at 30 cm from the water
surface. Sampling carried out more in depth could revealed
similar results than those obtained by [11] and [36].
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Figure 9. Variation of Trophic State Index (TSI) at different sampling sites in Kpassa reservoir between 2014 and 2016.

3.3. N:P Ratio Variation

Figure 10 presents the spatio-temporal dynamic of N:P ratio
in Kpassa reservoir. N:P ratio increase from August 2014 to

September 2015, decrease from November 2015 to March
2016 and increase again in May 2016. Its values vary between
0.22 (August 2014; Stl) and 60.46 (September 2015; St5).
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These values are lower on the whole studied sites than
Redfield ratio in dry season (December 2014, November 2015,
January 2016 and March 2016) and in wet season (August
2014 and October 2014), suggesting a limitation of nitrogen.
Phosphorus constitutes on the other hand the limiting element
in September 2015 and May 2016 regarding the wet season
and in February 2015 and April 2015 concerning the dry
season. This tendency show that N:P ratio evolves
independently of the seasons. The same notice was made by

[11] according to whom N:P ratio varies between 4 and 100
one year to another. For [36], N:P ratio fluctuates between 2.54
and 63.25 and nitrogen constituted the limiting factor most of
the time. The primary production in Kpassa reservoir is thus
controlled by a lack of nitrogen and phosphorus. However,
phosphorus appear as the most frequent limiting factor in fresh
waters and various eutrophic lakes of the tropical areas [37].
Other factors like light intensity, transparency or water
temperature also control the increase of algal biomass [1].
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Figure 10. Variation of N:P ratio at different sampling sites in Kpassa reservoir between 2014 and 2016.

4. Conclusion

The physico-chemical parameters investigated presented
some values outside of the WHO and Ifremer safe limit. This
indicates that Kpassa reversoir water is unfit for human
consumption at the concern sites and during the concern
period. Fertilizers and pesticides used in agricultural and
pastorals activities undertaken in the basin of the reservoir
added to soaps used in washing and crockery activities along
the reservoir river may be the principal cause of the high
levels of the physico-chemical parameters. The cow dung
produced by the farm of the Project of Development of
Animal Production (PDPA) established in the East of the
reservoir may also impact the reservoir water quality. Thus, it
is recommended that the national company of Benin water
(SONEB) sensitize the population on the rational use of the
fertilizers and the adoption of water control technics in the
farm. The agricultural lands runoff will be reduced and
consequently the concentrations of nutrients in the reservoir.
Also, washing and crockery activities should be forbidden
along the reservoir river.

The majority of the trophic state index values are
characteristic of mesotrophic conditions. Kpassa reservoir is
eutrophic only in August 2014 at the whole studied stations.
Compared to [9] and [30] results, the trophic state of the
reservoir seems improved.

Eutrophication in Kpassa reservoir is limited by
phosphorus and nitrogen. Measurements to be implemented
for its management should emphasize on the control of the

flow of nitrogen and phosphorus compounds.
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