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Abstract: The present study is a contribution to the physical and chemical analysis of water, sediments and fish in order to
determine the pollution status of Léré lake in Western Mayo-Kebbi (Chad). The study investigates parameters such as
temperature, pH, conductivity, turbidity, dissolved oxygen, BDO5 and CDO. Likewise, concentrations of trace elements known
as heavy metals Cu, Cd, Pb, Fe, Mn, As, Zn, Ni and Cr of which some are especially toxic were determined in water,
sediments and fish. Results of heavy metals analysis: Cu (0.95 - 3.90 mg/1), Pb (0.13 - 0.75 mg/1), Ni (0.40 - 6.40 mg/l), Cr
(0.03 - 0.50 mg/1), As(0.03 - 0.18 mg/1), Cd (0.07 - 0.15 mg/l) and Zn (0.98 - 15.30 mg/1) as well as data on CDO (26-50 mg/1)
and BDOS (17-34 mg/l) showed that water pollution of the Léré lake was very significant though consumed by surrounding
populations. The same report can be made on strongly contaminated sediments: Ni (5.9 mg/Kg), As (2.71 mg/Kg), Cr (6.60
mg/Kg), Cd (0.50 mg/Kg) and Mn (0.26 mg/Kg). Over all, within the framework of this study, fish flesh was less contaminated
than fish gills.
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national level as world, were elaborated having for
objectives to limit, decrease, and even remove pollutants
considered as toxic. In Chad, there are regulations and texts
in regard to the liquid rejections in the natural environment
[42]. Indeed, in addition to its scarcity, fresh water is prone to
increasing and continuous pressures owing to the industrial
development needs, agriculture, and the improvement of life
conditions of population and living organisms in aquatic
environment. Some chemical elements as heavy metals such
as copper, nickel, manganese and iron are essential, but with
raised concentrations, they have toxic effects for the living

activity is responsible for the introduction of various Organisms. Other clements such as lead, cadmium, mercury

pollutants into the environment and particularly into the and chromium are not essential to metabolic activities and
aquatic environment.  Certain  pollutants can be  SXPress primarily toxic properties [10]. Chad relative abound

biodegradable and vanish with time, whereas others are not, of rivers and lqkes Whl?h get many advantages .to .thls
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with this situation, various statutory texts as well at the (trade, accommodation) and institutions, while ensuring the

1. Introduction

Water resources are essential to all living organisms and
the maintenance of environmental properties of the earth
[11]. The Appreciation of the surface water quality is based
on measurements of physico-chemical parameters and the
presence or absence of aquatic organisms and micro-
organisms which are somewhat indicators of a good quality
of water. These data can be supplemented by the analysis of
sediments (mud), which constitute a "memory" of river life,
notably pollution episodes by heavy metals [12]. The human
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maintenance of the ground water. It is important to mention
that rivers of Chad had full of fish formerly. Nowadays they
undergo the risks of climatic changes and become today
almost the rubbish dumps [35]. The study subject such as
Léré lake is one of the ten lakes of Chad, and the third by its
surface. During these last years, different activities increased
intensively in the catchment basin of this lake. Indeed, it is
liable to demographic pressures, increasing of agricultural
activities, fishing and breeding added to the road traffic and
climatic changes. The population already starts to worry
about the scarcity of certain fish species whose cycle of
reproduction could be affected by these previous
demonstrations. The high rate of leaching by rainwater has
contributed to the sandbank of the lake. A study undertaken
in 2011 by the Program of the Information system on the
Rural Development and Country planning (P-SIDRAT)
showed that the products used for fishing caused a drastic
reduction in the quantity and quality of fish. The present
work aims at establishing the quality of water, sediments and
fish of the Léré lake by the use of physico-chemical analyses.
Thus, the physical parameters such as temperature,
conductivity, pH, turbidity, dissolved oxygen, CDO
(Chemical Demand in Oxygen), BDOS5 (Biochemical
Demand in Oxygen during five days) as well as the
concentrations of certain heavy metals (copper, cadmium,

lead, nickel, chromium, arsenic, zinc and manganese) were
determined.

2. Material and Methods
2.1. Study Area and Sampling Points

The Léré lake is located at 9.37° latitude North and 14.10°
longitude East with an average altitude of 231 m. His depth
average is of 6 m covering a surface of 40.5 km®. Léré town
is the capital of the Department of Léré located along the
lake at 600 km in the South of Djamena, the capital of the
Chad state. The climate is characterized by two seasons
including one dry and one rainy season. Annual rainfalls vary
between 400 and 1100 mm. The different sampling points
were selected taking into account their accessibility and their
proximity of possible sources of pollution. Their
geographical distribution is as follows (see figure 1): The
upstream point: P1, July (AMO; J) and P4, September
(AMO; sept). Located at the entry of the town

The outlet point: P2, July (EXU; J) and PS5, September
(Exu; sept): Located between the P1 and P3points.

The downstream point: P3, July (AVA; J) and P6,
September (AVA; sept)
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Figure 1. Localisation of the study site.



International Journal of Environmental Protection and Policy 2017; 5(1): 1-11 3

2.2. Taking and Sampling

Water

Using polypropylene flasks of 250 ml volume, taking of
water was carried out by plunging the flask to approximately
50 cm below the water level. The flasks were previously
washed, rinsed to demineralized water, and then with the
water of the lake. Three flasks were thus filled with water at
each sampling point. Water samples collected were preserved
at 4°C in icebox and conveyed immediately to the laboratory
where they were submitted to a pre-treatment before analysis
[44].

Fish

Fish sampling was done at the edge of Léré Lake on fish
coldly sined by fishermen. (Arius latiscutatus) held our
attention for the study. It is one of the most captured fish
species and the most consumed in the country. These fresh
fish were immediately put under ice in icebox and conveyed
to the laboratory in Djamena. Once in the laboratory they
were immediately weighed, their size measured, and after
which they were put at cold storage 4°C. Thereafter, the fish
samples were submitted to the following pretreatment: for
each fish, the gills and flesh were separated and introduced
into the drying oven, then in the furnace where they were
reduced in ash in accordance with the method indicated by
[3] and [1]. From ashes were obtained solutions containing
heavy metals of which concentration could be determined
[44].

Sediments

The sediments were taken on the three previously cited

sites in period of low water level (July) and in period of flood
(September). The method consisted to sample surface
sediments up to 20 cm depth using a new shovel (having a
plastic sleeve) on board of a barque. The samples were
collected in new plastic bags, mixed until obtaining a
homogeneous mixture, then preserved in an icebox at 4°C
and conveyed to the laboratory where they underwent a
treatment before analysis [44].

2.2.1. Material

Physical measurements of water of Léré lake were done on
the evaluation in situ of pH (pH-meter ISO SCAN), turbidity
(HACH LANGE 2100P ISO), dissolved oxygen (HACH
LANGE HQ 30d), temperature and conductivity (multimeter
Cyberscan-CON 11). Heavy metals analysis present in water
samples, fish and sediments were carried out using UV-
Visible HACH DR/2400 and SHIMADZU 1700PC
spectrophotometers at the Laboratory of Water Resources and
Environment (LABEEN) of the University of Djamena.

2.2.2. Statistical Analysis

The crude data obtained were subjected to a statistical
treatment based on the determination of the precision of
measurements (ANOVA). The principal component analysis
(PCA) was carried out using XLSTAT 2007 software.

3. Results and Discussion

The results of the study are showed in table 1, 2, 3 and 4,
and figure 2, 3,4 and 5

Table 1. Physical parameters of water of the lake.

P1(AMO:; J) P2(EXU; J) P3(AVA; j) P4(AMO; sept) P5(EXU; sept) P6(AVA; sept)
PH (6.91£0.03)* (6.97+0.01)° (7.21£0.01)° (7.53+0.01)¢ (7.9240.02) (7.7340.02) ¢
0, (mg/l) (5.5£0.5)® (6.4£0.6)* (5.3£0.4)® (5.7£0.8) ™ (6.6£0.4)° (5.7£0.3)
BDOS5 (mg/l) (17£3)* (23.6+0.6)" (32.2£0.2)° (23+2)° (34£6)° (26+1)°
CDO (mg/l) (26.46+0.06)" (30.240.2)° (37.4+0.4)° (50+3)¢ (4043)° 27+2)®
BDO5/DCO 0.64 0.78 0.86 0.46 0.85 0.96
Cond (uS/Cm) 69.20 + 0.60 70.00+ 0.03 69.21+ 0.02 56.80+ 0.80 49.20+ 0.00 37.00+ 0.40
T (°C) (29.5+0.1)° (29.20+0.09)° (29.120.1)¢ (27.8+0.4)" (27.6+0.3)* (27.2+0.2)*

Note: For each column, the values followed by the same letter are not significantly different.

3.1. Physical Parameters of Water

Physical parameters of water such as temperature, pH,
turbidity, conductivity, dissolved oxygen, BDOS5 and CDO
are given in table 1 and represented on figure 2.

Temperature

The Water temperature of the lake remained almost constant
in July (from 29.10 + 0.10°C to 29.50 £ 0.10°C) as in September
(from 2720 + 0.20°C to 27.80 + 0.40°C). Some high
temperature in July is explained by the sun intensity which
causes the water heating prelude to rainfall, whereas in flood
period (August-September), the climate was rather wet with less
high temperature. So, variations in temperature follow those of
climatic conditions [30]. These variations can involve
disturbances in the equilibrium of aquatic ecosystem [9].

pH

The pH values of water in July (from 6.91 £ 0.03 to
7.214£0.01) were almost neutral. On the other hand in
September, it can be noted a slight alkalinity (from 7.21 +
0.01 to 7.53 + 0.01), which may be due to the leaching by
rain water. These values are comparable with those (7.5)
obtained on bays of Port-au-Prince in Haiti [33], in water of
Yaoundé lake (6 to 7.7) [27]. The WHO regulation limits the
values of pH from 6.5 to 8.5. Out of these limits, there can be
harmful consequences for fauna and flora [34].

Conductivity

The average values of conductivity ranged between 69.25
+ 0.56 and 37.00 £ 0.36 puS/cm showed that water of Léré
lake was not very mineralized. It is known that water whose
conductivity is between 600 and 1000uS/cm has a significant
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mineralisation and if it exceeds 1000puS/cm its mineralisation
is considered as excessive (regulation of WHO). Our results
are lower than those obtained by [43] for the Chari river, but
comparable with those of [21] for the Logone river and
finally higher than those obtained for the Congo river
(33uS/cm) by [32].

Turbidity (NTU)

The turbidity values varied from (63.13 + 1.13) NTU to
(89.10 = 1.00) NTU. This turbidity depended on seasons and
time period. The higher turbidity observed in September is
not surprising in wet season, because the increase in turbidity
results from the phenomenon of leaching by rainwater. The
measured average values were higher than the reference
value of water quality of 2NTU [31].

Dissolved oxygen

The values obtained 5.34 £+ 0.35 mg/l and 6.64 + 0.32 mg/1
were quite close from a sampling point to another of Léré
lake. These values were satisfactory from the ecological
point of view. However, they were somewhat lower than
those obtained for the Chari [35] and Logone [21] rivers.
Generally, the oxygen content must be above 5 mg/l to be
considered as good for the ecosystem [32].

100 )
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Figure 2. Physical parameters measured in situ.
CDO and BDO5

The chemical demand in oxygen (CDO) indicates the
chemically oxidable quantity of substances, while the
biochemical demand in oxygen (BDOSY) is the quantity of
oxygen that bacteria use to decay partially or completely
oxidize organic substances in a water sample in a given time,
which is generally five days. Values of CDO are always
higher than those of BDOS. Results of table 1 show that data
of BDOS5 and CDO were in general higher in time of low

water level than in wet period. In any case they were so high
(BDOS5: 17-34 mg/L; CDO: 26-60 mg/L) that we can
speculate on an advanced pollution of Léré lake by organic
substances. Indeed, the surface water that must be consumed
by human should not exceed 5 mg/L of BDOS5 [34].

3.2. Heavy Metal Concentrations in Water of Léré Lake

Heavy metal concentrations studied are given in table 2
and represented on figure 3. The whole samples taken at
different points revealed various degree of contamination of
lake by heavy metals. Similar data for the Chari River were
published by [35]. It can be noted that heavy metal
concentrations of water at the outlet point were particularly
higher than those of other points, and sometimes widely
exceeding the WHO standards [36].

Copper

The average concentrations of copper by intake point were
between (0.95 = 0.01) mg/l in July and (3.90 + 0.011) mg/l in
September. This content of copper recorded in September
was higher than the limit value for the water quality fixed by
WHO (2 mg/l) and would be related to leaching phenomenon
by rain. This value was higher than those obtained by [24] for
an urban river in Tokyo (0.22 mg/l) and by [29] for the Niger
river (0.033 mg/l) in Bamako.

Nicke

The nickel concentrations in water of Léré lake varied
from 0.40 + 0.01 mg/1 to 4.25 £+ 0.02 mg/l in low water level
period and from 2.00 £ 0.00 mg/l to 6.40 + 0.10 mg/L in
flood period. Nickel is a neurotoxic and highly carcinogen
product [13]. The values obtained were higher than those
fixed by WHO (0.05mg/1).

Arsenic

The results of arsenic varied from 0.03+0.01 to 0.18+0.0
mg/l from a sampling point to another. Raised concentration
of arsenic in downstream point of Léré lake can be explained
by leaching, consequence of spreading of phosphate
fertilizers, herbicides and insecticides in the field around this
point. It is perhaps because of that the substance content in
water in wet season was more significant than in dry season.
Chronic diseases can result from the accumulation of arsenic
in human organisms. Its concentration in water should not
exceed 0.05 mg/L (WHO).

Chromium

Whether the chromium contents were low in July at points
P1 (0.03 mg/l) and P3 (0.04 mg/l), it was quite high for other
points, mainly in September (0.10- 0.50 mg/l). [21] found
relatively high concentrations (8.667 mg/l) in wastewater of
abattoir and (1.234 mg/l) in wastewater of Chad cotton
(Cotton Company of Chad) in Moundou. Wastewater
discharges from anthropogenic activities can be a source of
pollution by chromium. This element is a carcinogenic
substance. The limiting value fixed by WHO is 0.05 mg/I.
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Table 2. Heavy metals content of water of the lake.

P1 (AMO:; j) P2 (EXU; j) P3 (AVA; j) P4 (AMO; sept) P5 (EXU;sept) P6 (AVA; sept)

Cu (mg/l) (2.20£0.02)¢ (2.30+0.01)° (0.28+0.01)* (3.90+0.02) " (1.40£0.02)° (0.95+0.01)"°
Cd (mg/l) (0.07+0.01)* (0.08+0.01)™ (0.09+0.01)° (0.10+0.01)™ (0.1240.01)° (0.15+0.01)¢
Pb (mg/l) (0.13+0.007)* (0.36+0.13)® (0.63+0.15)° (0.70£0.04)° (0.75+0.03)° (0.41£0.02)"
Ni (mg/l) (3.740.4)° (4.25+0.02)¢ (0.40+£0.01)* (2.00£0.00)° (6.4+0.1)° (4.8+0.3)¢

As (mg/l) (0.05+0.01) ™ (0.03+0.02)* (0.18+0.02) ¢ (0.10£0.02) (0.07+0.02)™ (0.15+0.02)¢
Mn (mg/l) (0.14+0.02)* (0.5+0.2)° (0.10+0.00)* (0.13+0.02)* (0.40£0.01)° (0.06+0.02)®
Fe (mg/l) (2.6£0.3)° (2.1£0.4)° (2.4+0.3)¢ (0.13+0.03)* (0.2+0.1)® (0.6+0.3)"

Zn (mg/l) (15.3+0.4)¢ (16£0.4)° (1.6£0.3)* (5.2+0.3)° (1.38+0.09)* (0.98+0.4)"
Cr (mg/l) (0.03£0.02)° (0.20+0.01)* (0.04+0.02)* (0.5+0.3)" (0.18+0.00)* (0.10+£0.02)*

Note: For each column, the values followed by the same letter are not significantly different.

Lead

The average contents of lead varied from 0.13 + 0.005 mg/1
to 0.63 £ 0.01 mg/l in period of low water level. From 0.70 +
0.01 mg/l to 0.75 £ 0.01 mg/L in flood period. These results
show that lead concentrations were widely higher than those
fixed by WHO (0.05 mg/1). They were in any case higher than
those obtained by [44] but lower than the data of [21]. Lead is
a toxic element, very dangerous for the human organism. It is
difficult to strictly establish the source of this metal in the Léré
lake. However, we think that it must come from batteries
whose lead is recovered and used in the fishing nets by
fishermen. It is also possible that fertilizers used for agriculture
are a source of this pollution. Indeed, studies carried out in
Canada showed that fertilizers contain up to 3.5 mg/l of lead
[41]. Solid waste and pesticides can also constitute a probable
source of lead. Analyses achieved at a large scale on household
wastes showed lead content of about 450 mg/1 [41].

Iron

Iron had a distribution similar to manganese. It is also
essential for human, but undesirable in water because of
some of its properties such as taste, color, task on the clothes.
It was enough in all study points but with proportions higher
than those of manganese. The highest concentrations were
recorded during the low water level. The supply can be of
agricultural primarily as well as the leaching of household
waste. Iron content of Léré lake widely exceed the value
fixed for fresh water: 0.03mg/1 [37]. The WHO’s limit value
for iron is 0.30 mg/1.

60
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50 m P2(EXU;j)

40 m P3(AVA;j)
H P4(AMO;sept)

30

_ | PS(EXU;sept)
20 m P6(AVA;sept)
10
0 e 9 S ..Jl

Figure 3. Physico-chemical parameters of water of the lake.

Manganese

Manganese is an essential metal for the human health. The
average concentrations higher than the standard of 0.10 mg/1
(WHO) were recorded in (EXU J): 0.50 mg/l and (EXU
sept): 0.40 + 0.01 mg/l. This occurrence of manganese in
water does not seem to be only related to household or
industrial rejections, because this metal is quite widespread
in nature. Indeed, manganese is present enough in vegetable
debris [38].

Zinc

The zinc concentrations were higher in period of low water
level: 1.60-16.00 mg/l, than in wet season: 0.98-5.2 mg/l.
Taking into account the fact that the lake surface
considerably increases in rainy season, the zinc supply by
leaching is not sufficient to compensate for the reduction in
the concentration of this element caused by the phenomenon
of dilution. Data obtained were higher than those of [8] for
water of Dang lake: 0.19-0.35 mg/l. The Who’s limit value is
of 3.0 mg/1.

Cadmium

As the lead and mercury, cadmium is mostly a toxic metal.
Whether cadmium contents of 0.007 = 0.001 and 0.009 +
0.001 obtained in July were somewhat higher than the
standard of 0.005 mg/l (WHO), those obtained in wet period,
0.10 £ 0.001 and 0.15 + 0.001 mg/l were higher. These high
values can be the result of soil leaching and erosion, which
can constitute a source of cadmium. Cadmium pollution is
significant in water of Léré lake. Metals analysis carried out
on the Fouarat Wadis in Morocco stated cadmium content up
to 6.3 mg/l, 0.25 mg/l in Bini lake and 0.42mg/l in Dang lake
in Cameroon [8]. Moreover, 0.40 mg/l of cadmium was
reported in the Nil River, Egypt [17].

3.2.1. Heavy Metal Contents in Sediments

Table 3 and figure 4 show the results of heavy metals
analysis in sediments of Léré lake. The whole concentrations
(mg/kg) present high values in low water level period, except
lead and zinc.

Copper

As it was mentioned above, results of table 3 indicate that
copper contents of 0.94-2.85 mg/kg in low water level period
were more significant than 0.02-0.24 mg/kg in wet period
That could be explained by the covering of old sediments by
new supply by the phenomenon of water stream. In all cases,
the pollution of sediments by copper remained moderate



6 Tchadanaye New Mahamat et al.: Heavy Metals Pollution in Water, Sediments and Fish of
Léré Lake, Western Mayo Kebbi (Chad)

regarding the limit value fixed by WHO (1 mg/L). [39] report
a value of 3.3 mg/kg. The occurrence of copper could be due
to the use of fertilizers and phytosanitary products which are
the ways of soil enrichment by copper. Our data were lower
than those obtained by [7] with 14.77 mg/kg in sediments of
Comoé river (Ivory Coast), [18] with 25.4 mg/kg in
sediments of Rhum el wadis and Saki el Round (Algeria) and
[24] with 226.6 mg/kg in the Tokyo river (Japan).

Lead

In sediments, the lead contents were sufficiently high,
ranging from 0.51 £ 0.01 to 0.10 = 0.01 mg/kg in July and
from 0.12 + 0.02 to 0.16 £ 0.02 mg/kg in September. Such
content could be explained by the supply from exhaust gas of
vehicles, lead used in nets fishing which failed at the bottom
of water. Without forgetting the supply from the discharges
of waste water which contributes to raised concentrations of

this metal in the sediments of Lér¢ lake.

The results obtained by other authors gave higher lead
concentrations than ours. Thereby, the following contents of
lead in sediments were published in the literature: 58.4 mg/kg
in the estuary of the Come river, Ivory-Coast [7], 48.8mg/kg
in estuary bays of Abidjan, Ivory-Coast [4] and 20.30 mg/kg
in sediments of the Mingao River, Cameroon [16].

Nickel

The average contents of this metal were between 2.36 +
0.06 mg/kg and 5.90 = 0.10 mg/kg in July, and between 0.4 +
0.2 mg/kg and 2.88 + 0.02 mg/kg in September 2014. In all
cases the results obtained were higher than the threshold
value fixed by WHO (0.05 mg/kg). The nickel concentrations
found were able to disturb the ecological equilibrium of the
medium. Higher nickel concentrations (41 mg/kg) were
reported in the Rhum el wadi in Algeria [15].

Table 3. Heavy metals content in sediments.

P1(AMO; j) P2 (EXU; j) P3 (AVA; j) P4 (AMO; sept) P5(EXU; sept) P6 (AVA; sept)
Cu (mg/kg) (1.85+0.05)° (2.85+0.02)" (0.94+0.02) ¢ (0.02+0.01)* (0.16+0.01)° (0.24+0.00)°
Cd (mg/kg) (0.40+0.03)* (0.42+0.02)® (0.46+0.06) °° (0.50£0.02) (0.48+0.02) % (0.50+0.01)°
Pb (mg/kg/) (0.51£0.01)° (0.10+£0.01)* (0.30+0.10)" (0.16+0.02)* (0.12+0.02)* (0.14+0.00)*
Ni (mg/kg) (5.90+0.10)¢ (2.85+0.01)° (2.36+0.06)° (2.88+0.02)° (2.35+0.00)° (0.40+0.20)*
As (mg/kg) (2.71£0.01)° (3.0240.02)¢ (3.4120.01)° (0.104+0.02)"° (0.09+0.01)* (0.01£0.00)*
Cr (mg/kg) (6.60+0.10)¢ (3.50+0.02)"° (5.70+0.02) (0.07+0.01)* (0.01+0.00)* (0.02+0.01)*
Mn (mg/kg) (0.26+0.02)® (0.30+0.01)° (0.30+0.08)° (0.40+0.02) (0.2240.02)* (0.504+0.02)¢
Fe (mg/kg) (0.24+0.04)° (0.40+0.02)° (0.69+0.06) (0.01£0.01)* (0.02+0.00)* (2.64+0.03)°
Zn (mg/kg) (0.37£0.03)* (1.50+0.10)° (0.84+0.03)" (2.62+0.02)° (3.37+0.01)¢ (2.36£0.01)¢

Note: For each column, the values followed by the same letter are not significantly different

Arsenic

The arsenic contents in sediments were about 0.3 mg/kg in
dry season and 0.1 mg/kg in rainy season. These average
values were higher than the average accepted in sediments of
rivers (0.005 mg/kg). The lower values recorded in wet
period could be attributed to soil leaching leading to a certain
dilution. The contamination of sediments and water to
arsenic could be of human origin by the use of fertilizers,
herbicides and insecticides for the market-gardening as well
as detergents. A study carried out on the atlantic coast of
Nigeria by Ndickwere found a value of 6.2 mg/kg [10]. In
addition a rate of 15.96 mg/kg for the sediments of estuary
bays of Abidjan in Ivory-Coast was reported [4].

Chromium

The analysis of sediments exhibited results from 3.50 +
0.02 to 6.60 £ 0.10 mg of chromium per kg of sediments for
the month of July, thus showing an advanced pollution.
Nevertheless, higher published concentrations of chromium
were for Turkey lakes from 0.08 to 6.41 mg of chromium per
g of sediments [15].

Manganese

The manganese rates in sediments were from 0.30 + 0.01 to
0.26 = 0.02 mg/kg in time of low water level and from 0.22 +
0.02 to 0.50 £+ 0.02 mg/kg in September. These concentrations
were quite lower compared to those obtained by other authors:
255 mg/kg [19], 125mg/kg [16] and 131.95 mg/kg [7].

Iron

The highest concentration of iron in sediments was of 2.64
mg/kg which was widely below the standard of WHO (7

mg/kg). Moreover, we can say that this metal does not
contribute to the pollution of sediments of the lake. The
occurrence of iron is related to the structure of silicates which
belong to the main Components of these sediments [20].

7
6
5 N P1(AMO;))
4 m P2(EXU;j)
m P3(AVA;j)
3
H P4(AMO;sept)
2 m PS(EXU;sept)
1 m P6(AVA;sept)

0 4 ilth lﬂi

Cu Pbh As Mn 2Zn

Figure 4. Heavy metals content in sediments.

Zinc

The highest values of zinc rate were observed in wet
season (3.37 mg/kg). This significant zinc supply could be
the result of wastewater of the city, household waste, as well
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as fertilizers used in farms.

Cadmium

The results of metal analysis in sediments showed that
cadmium rates in the various sampling points of the lake
were higher in flood period with concentration of 0.48 + 0.02
mg/kg compared to the low water level period with
concentrations varying between 0.40 and 0.46 mg/kg in down
stream. These results let us presume that the cause of raised
contents in wet period could be due to the running water
involving enough quantity of mud in the lake. A study of [24]
on water and sediments of an urban river in Tokyo made case
of a cadmium content of 0.9 mg/kg.

3.2.2. Heavy Metal Concentrations in Fish

The results of physico-chemical analysis of fish are given
in table 4 and are represented on figure 5. These data
highlighted a significant contamination of fish by heavy
metals by accumulation following the consumption of water,
planktons, muds, grasses etc. in certain fish samples, gills
were more contaminated than flesh while in others, it was
rather the opposite. This contamination seems to be of
randomness while certain fish were severely contaminated
than others. Taking into account the fact that these fish are
consumed by the population, it is necessary to be worried.

Copper

The copper concentrations appeared higher in the gills than
in the flesh. The average values of concentrations were 0.54 -
0.44 mg/kg and 0.20 - 0.35 mg/kg respectively in the gills
and flesh.

Other researchers found values more raised: 2.9 mg/kg in
the Harbestport Dam Lake in South Africa [19] and 12 mg/kg
in Bay of Abou-Kir in Egypt [40].

Lead

For the two parts of fish analyzed during the two sampling,
the lead concentrations were: 0.16 and 0.14 mg/kg in the
gills, and 0.50 and 0.27 mg/kg in the flesh. These values
were higher than those fixed by WHO (0.20 pug/g). In water
of the Harbestport lake in South Africa, [19] found a lead
content of 0.42 mg/kg in fish. A comparable rate of 0.48
mg/kg was also reported by [25] for fish of the delta of Niger
in Nigeria.

Arsenic

The average rates in arsenic were:0.06 and 0.18 mg/kg for
the gills, whereas for the flesh, they were 0.03 and 0.14
mg/kg. These data were lower than the limit value (Smg/kg).
In the same way, they were lower than those of [19] who
found 0.36 and 0.28 mg/kg respectively for the Nakuru and
Mellwaine lakes in South Africa. Afterwards of 3.5 mg/kg
for fish of North Canada lakes [14].

Table 4. Heavy metals Content (mg/kg) in fish.

P1 (gills; jul)

P2 (flesh; jul)

P3 (gills; sept) P4 (flesh; sept)

Cu mg/kg) (0.54+0.02) ¢ (0.20+0.03)*
Cd (mg/kg) (0.31£0.01)* (0.420.02)"
Pb (mg/kg) (0.16+0.06)* (0.5+0.02)"
Ni (mg/kg) (0.10+£0.04)° (0.000.00)*
As (mg/kg) (0.06+0.02)* (0.03+0.02)*
Cr (mg/kg) (0.07+0.02)* (0.05+0.00)*
Mn (mg/kg) (0.80+0.04)° (0.240.02)*
Fe (mg/kg) (0.30+0.02)° (0.05+0.02)*
Zn (mg/kg) (1.24£0.2)° (0.5+0.4)®

(0.44+0.04)° (0.34+0.02)°
(0.55+0.01)° (0.72+0.02)¢
(0.14£0.04)* (0.27£0.03) a
(2.404£0.02)¢ (0.56+0.02)°
(0.18+0.02)° (0.14+0.02)"
(0.18+0.02)° (0.14+0.06)°
(0.60+0.02)° (0.03£0.01)*
(2.5£0.2)¢ (1.15+0.03)°
(3.120.1)¢ (2.4+0.3)°

Note:For each column, the values followed by the same letter are not significantly different.

Nickel

The average contents of this metal were more significant
in the gills than in the flesh where sometimes they were
negligible

Chromium

In the two parts (gills and flesh) of analyzed fish, all the
samples exhibited chromium concentrations (0.05 - 0.18
mg/kg) higher than the FAO/WHO threshold of 0.015 mg/kg
[26]

Manganese

The manganese contents varied from 0.60 to 0.80 mg/kg
and from 0.03 to 0.20 mgkg in the gills and flesh
respectively. In all cases, these average concentrations were
lower than the limit value of FAO/WHO (2 mg/kg).Our
results were comparable with those obtained by [10] with
0.63 mg/kg in the Kpong basin in Ghana, but lower than
those of [25] with 1.1 mg/kg in the Niger delta in Nigeria and
[19] with 12 mg/kg in the South Africa lakes.

Iron

The results showed an iron occurrence in the gills with
0.30 - 2.5 mg/kg, higher than those found in the flesh with
0.05 - 1.15 mg/kg. However, these values were below the
WHO'’s threshold (7 mg/kg).

Other results were exposed in the literature: 33 mg/kg for
the Tanganyika lake [19], 11.2 mg/kg for the Mariout lake in
Egypt [40], 3.8 mg/kg for the Kpong basin in Ghana [10],
4.65 mg/kg for the Victoria lake in Kenya [45] and6.53
mg/kg for the Logone river in Chad [44].

Zinc

During flood period, zinc content in the gills (3.1 mg/kg)
as in the flesh (2.4 mg/kg) was comparable with that of the
sediments, but higher than the FAO/WHO threshold value (2
mg/kg). More significant zinc contents in fish were
published: 120 mg/kg in Harbestport lake in South Africa
[19].
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Figure 5. Heavy metals Content in fish.

Cadmium

Results of analysis of cadmium contents in the gills and
flesh were between 0.31 - 0.55 mg/kg and 0.42 -0.72 mg/kg
respectively. These contents were very high than the
FAO/WHO threshold value which is of 0.05 mg/kg.
Cadmium which is a highly toxic metal can be harmful for
the human health by the abusive consumption of these fish.
The cadmium concentrations obtained were comparable with
the data of Kayalto (2008) from the study of Chari water in
Chad. But these concentrations were higher than those
published by other authors: 0.02 mg/kg in the Iskenderun bay
in Turkey [6] and 0.009 mg/kg in the Kassumigura lake in
Japan [2].

4. Principal Component Analysis (PCA)

To get better representation of data (variables), we used
factual techniques of reduction of dimensions by applying the
method of principal components analysis (PCA) to the whole
data.

4.1. Analysis of Water Samples

The PCA results of water are given in table 5. The first
two columns of this table allow make up of figure 6 from
which it arises a satisfactory representation of variables. It
can be noted that the last three columns were not used
because two dimensions were enough to interpret the analysis
as the two factors F1 and F2, add up a variance of almost
68%.

The principal component F1 (44%) was positively
correlated with the majority of variables: pH, Turbidity,
CDO, BDOS, oxygen, arsenic, cadmium, lead, chromium and
nickel, and negatively with: iron, zinc, manganese, copper
and conductivity. It must be noted that the majority of these
variables significantly contributed to the pollution of Léré
lake (negative correlations).

The F2 axis is an opposition axis between metals such as
Fe, As and Cd (positive correlations) on one hand, and Zn,
Mn, Cu, Ni, Cr and Pb (negative correlations) on the other.

4.2. Principal Component Analysis of Sediments

The results of principal component analysis of sediments

of Léré lake are given in table 6. Here F1 and F2 factors
account for 82.32% of total variance.

Factors (F1 and F2 axes: 67.99 %)

F2 (23.81%)

=1 0,75 -0.5

]25 05 075 1

-0,25 0 0
F1(44.18%
Figure 6. Circle of correlations (water samples).

Table 5. Correlations between variables and factors.

F1 F2 F3 F4 F5
PH 0.977 -0.078 -0.155 -0.031 -0.123
Cond(ps/cm) -0.836 -0.015 0.331 0.433 -0.060
Turbo(NTU) 0.930 -0.121 0.084 -0.333 -0.045
02 0.236 -0.813 -0.421 0.318 0.078
BDO5 0.637 0.205 -0.215 0.712 -0.002
CDO 0.516 -0.221 0.756 0.311 -0.128
Cu -0.097 -0.679 0.631 -0.364 -0.008
Cd 0.854 0.145 -0.366 -0.281 0.191
Pb 0.776 -0.054 0.344 0.525 -0.026
Ni 0.261 -0.586 -0.729 -0.181 -0.157
As 0.452 0.863 0.150 0.058 0.160
Mn -0.156 -0.765 -0.322 0.513 0.153
Fe -0.904 0.360 -0.111 0.202 0.010
Zn -0.881 -0.444 -0.004 -0.155 0.061
Cr 0.388 -0.561 0.698 -0.110 0.187

Table 6. Correlations between variables and factors.

F1 F2 F3 F4 F5
Cu 0.771 0.166 -0.558 0.257 0.006
Cd -0.944 -0.013 0.188 -0.223 0.154
Pb 0.752 0.138 0.637 0.011 -0.096
Ni 0.831 -0.339 0.316 0.303 0.062
As 0.880 0.245 -0.267 -0.285 0.118
Cr 0.948 0.234 0.088 -0.199 0.009
Mn  -0.624 0.671 0.129 0.244 0.291
Fe -0.450 0.844 0.019 0.045 -0.289
Zn -0.870 -0.458 -0.124 0.066 -0.115

Variables from figure 7 are well represented. The F1 factor
divides metals into two opposite groups: on one side arsenic,
chromium, copper, lead and nickel (strong positive
correlations), and the other, zinc, manganese, cadmium and
iron (very strong negative correlations). These metals have an
essential contribution in the contamination of sediments. For
instance, arsenic, chromium, copper and lead come from the
same source which can be agricultural.
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Figure 7. Circle of correlations (sediments).

4.3. Principal Component Analysis of Fish

The analysis done from fish samples (table 7 and figure 8)
show that the two components F1 and F2 have a total
variance of 90.54 %.

Table 7. Correlations between variables and factors for fish samples.

F1 F2 F3
PH -0.271 0.790 0.550
Cu 0.418 0.775 -0.474
Cd 0.617 -0.777 -0.126
Pb -0.725 -0.578 0.375
Ni 0.890 0.149 0.431
As 0.992 -0.125 0.016
Cr 0.989 -0.129 0.070
Mn 0.113 0.994 -0.010
Fe 0.964 0.025 0.265
Zn 0.997 -0.067 -0.025

We can see from figure 8 that variables are well
represented. This reveals that all metals (except lead) are
positively correlated with the F1 axis and most of them are
from the same origin (water, sediments...).

Variables (F1 and F2 axgs; 90.54 %)

Figure 8. Circle of correlations (fish).

5. Conclusion

Work that we undertook at the edge of Léré lake enabled
us to determine heavy metal contents (harmful for health) in
water, sediments and fish at various points and seasons.

Results of heavy metal analyses: Cu (0.95-3.90 mg/L),
Pb (0.13-0.75 mg/l), Ni (0.40-6.40 mg/l), Cr (0.03-0.50
mg/l), As (0.03-0.18 mg/l), Cd (0.07-0.15 mg/l) and Zn
(0.98-15.30 mg/l) as well as data of CDO (26-50 mg/l)
and BDOS5 (17-34 mg/l) are widely above WHO’s
standards, and show that water pollution of Léré lake
though consumed by surrounding populations is very
significant.

The same report can be made from strongly contaminated
sediments: Ni (5.9 mg/kg), As (2.71 mg/kg), Cr (6.60
mg/kg), Cd (0.50 mg/kg) and Mn (0.26 mg/kg).

Fish are known as bioaccumulators of micro pollutants.
With regard to this, may be taking into account the age and
weight of young fish, the concentration of heavy metals in
the gills (Cu: 0.54 mg/kg, Ni: 0.10mg/kg, Fe: 0.30 mg/kg and
Cd: 0.55 mg/kg) is more significant than in the flesh (Cu:
0.20 mg/kg, Ni: 0.00 mg/kg, Fe: 0.05 mg/kg and Cd: 0.72
mg/kg). Cadmium made the exception.

As no industrial activities is realized around the Léré lake,
we think that agriculture, fishing, breeding, rainwater and
urban wastewater are the main causes of advanced pollution
of water, sediments and fish of this lake.
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