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INTRODUCTION

NOKOUE in Benin
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Municipal waste produced in the town of Abomey-Calavi mainly composed of
household waste, which are disposed and evacuated into landfills. These
discharges are devoid of collection and processing device of brownish liquid
effluents known as leachate. We then hypothesized that landfills located on
the banks of the rivers are sources of pollution of rivers and are partly
responsible for their eutrophication. Four leachate sampling sites were
sampled within the discharges Topka-Zongo on the shore of Lake NOKOUE
and six surface water sampling sites of Lake NOKOUE including two away
from the shore were sampled. This study aims to make a physical and
chemical characterization of the leachate, highlight their impact on the
physical and chemical quality then the eutrophic state of the surface water of
Lake NOKOUE. To do this, we performed a series of sampling, from March to
June 2014. During this period, the physical and chemical analyzes performed
on samples of leachate, revealed high levels of phosphates (P0O43-average =
115 mg / L) and ammonium (NH. * average = 77 mg / L). This mineral
leachate pollution has resulted in a high electrical conductivity with a
maximum value of 4512 puS / cm. Organic pollution is also present in the
leachate; the average value of COD recorded is 940 mg / 02 / L. That of BODs
is 450 mg / 02 / L. The ratio of BODs /COD is 0.47. The lake near the shore
indicated evidence of pollution than those from the shore and have chemical
and physical characteristics consistent with the values found in the raw
leachate. This proves the pollution status of the lake by the landfill leachate.
The risk of eutrophication was assessed by Ifremer diagnostic grid (2000)
and noted that the lake NOKOUE is in a hyper eutrophic state.
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Originally, the landfill was the removal technique most used
waste in the world, easy to implement and relatively
inexpensive (Saadi et al., 2013). In developing countries, it
is mainly uncontrolled landfills and open pit, where all
types of waste (urban, hospital and industrial agriculture)
are rejected in the raw and mixed. One of the major
problems associated with the landfill is the production of
liquid effluents rich in organic and mineral matter or
commonly called leachate "landfill juice." They come from

the percolation of rainwater through the deposits and the
water contained in the waste and those of their degradation
(Hakkou et al, 2001). Indeed, from the deposit stage, the
waste is subjected to degradation processes related to
complex biological, physical and chemical reactions. Water
infiltrates and produces leachate containing organic and
inorganic substances that generates essentially organic and
inorganic type of pollution, in relation to the natural
biodegradation of waste confined. These are a source of
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leachate contamination of surrounding environments if
they are not managed properly (Hakkou, 2001).

In Algeria, the work of (Mokhtaria et al, 2007) on the
Tiaret discharge showed that leachates contain many
organic and metal contaminants (Pb, Zn, Cd, Ni, Cr¢*) above
the accepted standards. Those Bennama et al. in 2010 in
their studies on discharge of El Kerma showed similar
results of many organic and metal contaminants above the
accepted standards in the leachates. In Morocco, studies by
(Saadi et al.,, 2013) on leachate Center Controlled landfill
(CET) of the city of Oujda revealed high concentrations of
biodegradable organic matter, heavy metals, suspended
and minerals matter.

In Ivory Coast, (Kouadio et al, 2000) worked specifically
on the evaluation of physical and chemical parameters of
downstream surface water discharge Akouédo in order to
assess the degree of contamination by leachate. Kouamé
(2007), from the mathematical model, has followed the
evolution of the landfill leachate of Akouédo and assess
their impact on the quality of groundwater. The work of
Adjiri (2010) were used to characterize the chemical and
microbiological pollution of Akouédo environment to
quantify the health risks associated with pollution.

In Benin, (Noumon et al, 2015) specifically worked on the
assessment of physico chemical parameters and the risk of
eutrophication of the storage water of Kogbétohoue
(Southern Benin).

To this end, this study aims to determine the physico
chemical characterization of leachate and highlight their
impact surface water quality.

Study Area

The study was conducted in the town of Abomey-Calavi in
Benin, a country in West Africa (Figure 1 and 2). The town
of Abomey-Calavi has seventy (70) villages and urban
neighborhoods and nine (09) districts which are: Abomey-
Calavi (center), Godomey, Akassato, Zinvié, Ouedo, Togba,
Hévié, Kpanroun and Glo-Djigbé. The town of Abomey-
Calavi, located in the southern part of the Republic of Benin
and Atlantico Department is limited to the north by the
municipality of Ze, south by the Atlantic Ocean, to the east
by the municipalities S6-Ava and Cotonou and west by the
municipalities of Tori-Bossito and Ouidah. The town of
Abomey-Calavi is located 13km northwest of the economic
capital Cotonou in Benin. Located 12 km altitude, the city of
Abomey-Calavi, Geographical coordinates 6 ° 27'0” North
and 2 21'0" East. The town of Abomey-Calavi is now
suffering the influence of population growth of Cotonou
neighborhood. Indeed, the small size of the Cotonou site
and its high population leads to an extension of Abomey-
Calavi. The most important waterways that run through the
town of Abomey-Calavi are Djonou Lagoon and Lake
NOKOUE. With demographic pressure the banks of these
water bodies were filled with different wastes and
garbages. In the district of Abomey-Calavi, and specifically
in the Topka-Zongo district, the lake shore NOKOUE is a
priority for landfill. This pier is polluted covering a distance

of more than 150m around the area, giving out strong smell
of discharge from rotting fish products and feces of cattle
that normally come to drink water from the NOKOUE lake.

Materials and methods of analysis

Chemical parameters (TKN, NO2, NOsz,, NHs4*, PO43-ortho,
PO43 total) are measured by the chromatographic method.
Chlorophyll (a) was measured by a spectrophotometer DR
5000 . The turbidity and suspended solids were measured
using a colorimeter HACH DR 890. Conductivity and TDS
were measured by a conductivity meter with WTW340i
probe. Temperature, pH and dissolved oxygen were
measured by the pH / oximeter with a probe WTW340i.
The chemical oxygen demand (COD) was measured by a
spectrophotometer NOVA 60. The Biochemical Oxygen
Demand (BODs) was determined by a BOD meter.

Determining the trophic status of the water from the
shore of Lake NOKOUE was made following the evaluation
grid for the risk of eutrophication of the water column
(Table 1) according to Ifremer, 2000.

RESULTS AND DISCUSSION

The results of physical and chemical analyzes leachate and
Lake NOKOUE water are presented in Table 2 below.
Contents determined after analyzing chemical elements are
important. The lake also studied stained an unpleasant odor
indicating contamination of the lake by leachate of the
landfill.

Analysis of physical parameters

The pH average value of leachate recorded is 7.18. This
value is close to the average pH value of the water of the
lake near the shore (pH average =7.5). Values observed
indicate that the hydrogen potential is neutral. The
potential hydrogen ion of the remote lake waters from the
shore is slightly acidic (pH average = 6.1).
The pH values obtained in the leachate could be related to
the low concentration of volatile organic compounds.
Indeed, during the acid fermentation phase of anaerobic
decomposition of waste, young leachates are rich in volatile
organic compounds. During this phase, the pH values are
generally lower than 4 (Tchobanoglous et al., 1993). As
they age of the landfill, leachate is depleted of volatile
organic compounds. This will then cause a rise in pH = 7 or
above (Kjeldsen et al., 2002). The low dissolved oxygen (0>
average = 1.2 mg / L) in the leachate dicates that
anaerobic phenomenon is predominant in the landfill. In
fact, oxygen is highly sought for the degradation of organic
matter and the oxidation of minerals in the effluent. The
content of dissolved oxygen is much lower (0, average =
0.34mg / L) in lake waters indicating that the anaerobic
phenomenon is predominant in the lake too. Furthermore,
the recorded temperatures range between 26.4 °C and 30.7
°C in the studied waters. As for the electrical conductivity
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Table 1. Evaluation Grid for the risk of eutrophication (Source, Ifremer, 2000)

Variable Very good Good Fair Poor Bad
TURBIDITY (NTU) 0 5 10 25 40
P043- (uM) 0 0.3 1 1.5 4
NOz (uM) 0 0.3 0.5 0.75 1
NOs- (uM) 0 1 3 5 10
NH4* (uM) 0 1 3 5 10
Chlorophyll a (ugM) 0 5 7 10 20
NTK (uM) 0 50 75 100 120
PO43- total (uM) 0 0.75 1.5 2.5 45

Table 2. Physico chemical characteristics of leachate from the landfill of pier Topka-Zongo, Lake NOKOUE downstream of Landfill leachate.

Variables Landfill leachate Water near the lake shore Water remote the lake bank Unit

pH 7.18 7.5 6.1 -

T 26.4 30.7 29.8 °C
CE 4512 3070 9000 uS/cm
02 1.2 0.34 0.35 mg/L
coD 940 27.65 38 mgO0z/L
BODs 450 13 18 mg 02/L
BODs/COD 0.47 0.47 0.47 -
NH4* 77 12 8 mg/L
NOs3- 4.6 49 2.1 mg/L
NO2- 0.1 1 0.7 mg/L
PO43- 115 1.6 0.8 mg/L

values range from 3070 puS / cm and 9000 uS / cm in the
studied waters.

Based on the analysis of the physical parameters
concordance average values of pH and anaerobic
phenomenon in the leachate and the lake near the shore
shows that these waters (lake water and leachate) at the
same level of pH. The neutral
pH of lake water near the shore, due to aging of landfill
leachate indicated depleted in volatile organic compound
which led
to a rise in pH=7. The waters of the lake away from the
shore have an acidic pH due to the acidity of rain water.

Analysis of organic components
Chemical Oxygen Demand (COD)

COD represents the amount of oxygen consumed by the
chemically oxidizable materials contained in water. It is
representative of the bulk of the oxidizable organic
compounds and inorganic salts (Makhoukh et al., 2011).
The average COD content recorded in the leachate is 940
mg / 02 / L. This level is three times higher than the

reference value (COD = 300 mg / 02 / L). The high value of
COD in the leachate indicates a high organic load. The
average values of COD are much lower in the lake and vary
from 27.6 to 38 mg / 02 / L.

Biochemical Oxygen Demand (BODs)

BOD:s is an indicator of organic pollution of the waters. It
expresses the biodegradability of the effluent level
(Makhoukh et al, 2011). The average content recorded in
the leachate is 450 mg / 02 / L. This value is more than 4.5
times greater than the reference value (BODs = 100 mg / 02
/ L). The average values of BODs are much lower in the lake
and range from 13 to 18 mg / 02 / L.

The organic fractions (BODs / COD) provide information
on the biodegradability of organic molecules and the
relative age of the studied leachate. The value of BODs /
COD has an average of 0.47. This value shows that the
landfill leachates are rich in biodegradable organic matter.

Thus, according Amokrane (1994) the ratio of BODs /
COD is above 0.5 leachate young and less than 0.1 for
stabilized leachate. It is between 0.1 and 0.5 for
intermediate leachate. The value of 0.47 from the middle of
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Table 3. Power oxidizing water (Ru)

Eh T ° absolute pH Ru Nature of the middle
Lake water near the shore. 183 304.2 7.5 21.06 The medium is anoxic
Lake water away from the shore. 165 303.3 6.1 17.68 The medium is anoxic

the various reports BODs / COD indicates that the studied
leachates are intermediate average leachate in terms of
biodegradability. This means that the organic molecules in
the leachates have not yet reached the final stage of
degradation. At this stage, they are characterized by an
unstable phase methane fermentation; which promotes the
anaerobic phenomenon and maintaining the discharge in
an active degradation phase (Ahel et al., 1998). The ratio of
BODs / COD confirms the phenomenon of anaerobiosis in
the leachate from the pier in Topka-Zongo.

To determine the oxidizing or reducing character of the
lake water downstream from the discharge pier Topka-
Zongo, the oxidizing power (RH) of water was calculated
from the following formula:

Eh

——+2pH
Ru=poee2xT P (1)

Eh: redox potential average.

T: Temperature in degrees Kelvin (273 + T ° C).

The value obtained for the oxidizing power makes it
possible to locate the water in the following categories
according Rejset (2002):

- RH = 23, the medium is said to be an oxidant;
- 15 <RH <23, the medium is termed to be anoxic
- RH <15, the medium is said to be a reducer

The values obtained for the oxidizing power of the lake
NOKOUE waters allow us to locate the lake NOKOUE in the
anoxic environment category. (Table 3).

The analysis of organic elements from the calculation of the
ratio of BODs / COD in the leachate from the pier in Topka-
Zongo and calculation of RH oxidizing power in the waters
of the lake below show that these waters are both anoxic
environments. This confirms that the leachate from the
landfill and the lake looked communicate.

Analysis of nutrients
Ammonia nitrogen (NH4*)

Ammonia nitrogen is one of the links of the complex
nitrogen cycle in its original state (Kouassi et al, 2014). Its
average content in the leachate studied was 77 mg / L. This
chemical is the main reducing agent in landfill leachate and
constitutes an important long-term pollutant (Christensen

et al, 2001). Its content in the lake varies from 12 to 8 mg /
L.

Nitrate (NO3’) and nitrite (NO2’)

Nitrites come either from a reduction of nitrate or an
incomplete oxidation of ammonium ions (Rodier, 1996).
The levels of NO»- in leachate and the lake are low and are
between 0.1 and 1 mg / L. These low levels are due to low
levels of dissolved oxygen in the leachate and the lake.

Nitrates constitute the final stage of oxidation of the
nitrogen and represent the form of nitrogen in the higher
oxidation degree in water. The average value of nitrates in
the studied leachate was 4.6 mg / L. This value is consistent
with the average value of nitrates in the water of the lake
near the shore (NOszaverage = 4.9mg / L). The average
value of the remote lake water nitrates from shore is twice
as low (NOsz-average = 2.1 mg / L). Orthophosphate (P043-)

The average value of concentrations of PO43 in the
leachate is 115 mg / L. This value is well above the
reference limit. The average value of PO43 concentrations
in the lake wvaries from 0.8 to 1l6mg / L.
Based on the analysis of nutrient parameters consistency of
the average value of nitrate in the leachate and the lake
downstream of the discharge shows that this water
(leachate and lake water) communicate. The levels of
nutrient parameters are generally higher in the leachate in
the lake near the shore. The nutrient levels in the lake near
the lake are all higher in remote waters of the lake shore.
This shows that the landfill pier Topka-Zongo bring
nutrients to the lake, thereby undoubtedly be responsible
for the eutrophication state of the lake.

Eutrophication Status of Lake NOKOUE at Tokpo-Zongo

Evaluation of Lake Eutrophication status and Risk from
NOKOUE to Topka-Zongo from the Ifremer diagnostic tool
(2000) shows that the water is polluted. The risk level of
eutrophication is described as hyper eutrophication (Tables
4 and 5). This hyper eutrophication of the lake is marked by
the presence of algae and the development of several
macrophytes. This hyper eutrophication is due to the intake
of important nutrients in the waters of this lake through
landfill leachate.

Conclusions
The characterization of leachate generated by the discharge

from Topka-Zongo showed that this intermediate leachate,
contents an important mineral and organicload. The
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Table 4. Eutrophication status of lake water near the shore

Lake water near the shore. Verygood Good Fair Poor Bad
TURBIDITY (NTU) 51
PO43- (uM) 15.5
NOz (uM) 21.7
NOs- (uM) 79
NHa* (uM) 666.6
Chlorophyll a (ugM) 3

NTK (uM) 747.8
P0O43-total (uM) 5.5
Trophic Level Bad

Table 5. Eutrophication status of lake water away from the shore

Lake water away from the shore. Very good Good Fair Poor Bad
TURBIDITY (NTU) 55.5
PO43- (uM) 7.7
NOz= (uM) 15.2
NOs- (uM) 33.8
NHa* (uM) 444 4
Chlorophyll a (ugM) 55
NTK (uM) 63.5
P0O43-total (uM) 5.7
Trophic Level Bad

organic load is translated by the high values of COD (940
mg / 02 / L) and BODs (450 mg / 02 / L). As for the
inorganic pollution, it is translated by the high values of
NH4* (77 mg / L), NO3- and PO43- (115 mg / L). The grades
obtained in these pollutants remain above the accepted
norms indicating the importance of mineral and organic
fillers described above. Moreover, the neutrality of the
leachate (pH = 7.18) and the BODs / COD ratio evaluated at
0.47 indicates that it is a former landfill but not yet
stabilized.

The lake near the shore indicated evidence of pollution
more than those from of the shore and had chemical and
physical characteristics consistent with the values found in
the raw leachate. This proves that the pollution status of
the lake is due to the landfill leachate. The risk of
eutrophication was assessed by Ifremer diagnostic grid
(2000) it was noted that the lake NOKOUE was in a hyper
eutrophic status.
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