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Abstract

Assessment of the state of pollution of the N'ZI river (C&e d’Ivoire), the objective was to evaluate the degree of pollution of the
waters of the N'ZI river. To this end, two sampling sessions were conducted in dry and rainy seasons. The descriptions of the
physical parameters (Potential hydrogen (pH)), Temperature, Electrical Conductivity, Dissolved Oxygen, and Turbidity) were
measured in situ using the multi-parameter HANNA instruments pH/conductivity brand HI 98129. The suspended matter was
filtered and some chemical parameters were determined according to French standards agency methods. The chemical
parameters were determined by spectrophotometer, titration, and metals were analyzed by Inductively Coupled Plasma (ICP).
The results of the analyses are compared with the standard norms of the WHO (World Health Organization) or the water
framework guidelines of the EU (European United) and France. Temperature and conductivity show low mineralization of the
water, as well as dissolved oxygen and oxygen content, and significant variation in turbidity and suspended solids. The nitrate,
nitrite, phosphate, and ammonium levels are low compared to standard values. Chemical Oxygen Demand (COD) and
Biochemical oxygen demand over five days (BODs) show a significant variation linked to anthropic activities. Heavy metals are
above the standard. The results of the analysis showed an alteration of the waters of the N'ZI river from north to south, in general.
This study concluded the development of a spatiotemporal monitoring system of the river network and the environment in its
future functionality.
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1. Introduction

Since the first major project of the Bandama Valley De-
velopment Authority (BVA) took place from 1969-1980. This
area generates a continuous line of research in development
because of changes in the area. Water management of these
tributaries, mainly N'ZI River creates a real interest on the part
of the drinking water distribution company, local populations,
region, scientific community, and state.

Indeed, the N'ZI watershed is preferably an area of high
agricultural activities. It was the old loop of cocoa and coffee
[1]. Cocoa and coffee production fell from the 1980s onwards,
due to a decrease in area in cultivated areas and the change in
natural areas or the aging of land and plantations. This led to
inhabitants of the N'ZI watershed have turned to other cash
crops such as irrigated rice, cotton, cashew nuts, sugar cane,
and rubber trees. All are dependent on the N'ZI river and
about 500 reservoirs in the North region for agro-pastoral use,
as well as dams in the central region for irrigated rice pro-
duction [2].

Today, the phenomenon of gold panning, according to the
Ministry in charge of environment and the Ministry in charge
of industry and mines, as well as the mining cadastre of CGe
d'lvoire, indicates that the N'ZI watershed is a booming min-
ing area. All the actions undertaken in the basin from 1960 to
today present environmental, biological, and human risks, as
well as disturbances of the N'ZI river caused by river water.

Sediment transport increases during rainy periods and set-
tles in the river current. Also, discharges and soil leaching
through runoff can lead to the progressive eutrophication of
the resource [3-5]. It is very common and even observable
with the naked eye when passing on the N'ZI river, the water
remains generally colored (yellow-brown) with the existence
of sedimentary deposits. Conventional physicochemical
treatments can no longer make drinking water sometimes,
given the deposits and the yellow-brown or reddish color that
it generally presents. This is a real threat to life, because water
quality, can contain a variety of substances that are hazardous
to aquatic ecosystems and humans. These substances are of
natural origin (bicarbonates, nitrogen, phosphorus, calcium,
sodium, iron, aluminum, etc.) or anthropogenic (wastewater,
metals, pesticides). It was the concentration of these different
elements that determines the quality of water and whether it
was suitable for a particular use.

As a result, the preservation of surface water quality is
becoming a major issue given the uses of this resource:
drinking water production, water recreation, agriculture, in-
dustry, electricity generation, and domestic uses. It is also of
biological interest for the preservation of aquatic fauna. For a
long time, surface waters have become an alternative or main
source of drinking water for African countries and particularly
Cd@e d'lvoire. lvorian cities are mainly supplied by surface
water. for example, the city of Bouak& Yamoussoukro,
Korhogo, Sinfra, and Gagnoa from the Bandama river;
Duekoué€& Daloa, Sassandra, and Man from Sassandra river;
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Toulepleu and surrounding localities from the Cavally River;
de Dimbokro, Bocanda, M’bahiakro, Katiola from N’ZI river,
and Daoukro from Comoériver [6-9].

The country’s post-independence population growth has
resulted in an increase in the water needs of populations in-
cluding access to drinking water, agriculture, and industry.
However, these water bodies are receptors of pollutants of
various origins (domestic or industrial waste and effluents,
runoff water from cultivated land, etc.) [6].

The studies on water resources by [10] reported the exist-
ence of many sources of pollution in both groundwater and
surface water, and the risk of water pollution due to anthro-
pogenic activities. In addition, the work of [11, 12] high-
lighted the impact of human activities, declines or changes in
hydrological regimes, and water shortages in the localities of
N'ZI watershed, therefore a general decrease in stream flow of
approximately 52% due to several factors: decrease in rainfall
since 1970, increase in evaporation due to increased temper-
atures, increase in withdrawals (irrigation, consumption, and
others), an increasing population between 2010 and 2014
(900000 to 3030381 inhabitants) and deforestation [1-13] on
water resources in the study area. To provide answers this
study was initiated to assess the current state of pollution of
the water of the river N'ZI. This would be a major guide to
securing investment in the area.

2. Materials and Methods

2.1. Presentation of the Study Area and
Sampling Points

The N'ZI watershed is a sub-watershed of the Bandama
River located between longitudes 349" and 522" West and
latitudes 6 V0" and 926" North (Figure 1). It covers an area of
3,5676.4 km=for example about 10.88% of the area of C&e
d'Ivoire, and is 725 km long [14]. The N'ZI River rises in the
north, in the Ferkessélougou region, at an altitude of 400 m
and flows into the Bandama at Tiassalé The N'ZI River is the
main river system in the study area. The N'ZI flows generally
in a North-South direction. The density of the hydrographic
network decreases from South to North (0.54 to 0.74
Km/Km3 The main tributary of the N'ZI is the Kan, which
receives about 5 km downstream from Dimbokro. There are
other important tributaries [14].

The N'ZI watershed receives approximately 2 mm to 225
mm of monthly precipitation with an average of 88.93 mm per
month over the year. The study area generally includes two
types of the wet season. Average annual precipitation ranges
from 912 mm to 1338 mm with an overall average of 1084
mm. It is covered in the south by forest ecosystems and in the
north and center by savannah ecosystems.
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Figure 1. Geographical location and surface water sampling points in watershed N'ZI.

2.2. Human Activities in the Study Area

The main activity of the people living in the N'ZI watershed
is agriculture, as highlighted in several studies [1, 13, 14],
hence the old cocoa and coffee loop. After the fall of cash
crops in these localities from the 1980s onwards, due to an-
thropic actions led to the destruction of the vegetation cover
resulting in environmental and climatic changes. The local
people will move to other sources of income such as irrigated
rice, cotton, cashew nuts, sugar cane, and rubber trees, which
depend on the N'ZI river. Crops such as yams, groundnuts,
and maize, which are the main food crops grown and which
use pesticides and fertilizers to increase yields, can be sources
of water pollution: fertilizer runoff, pesticide use, and manure
all contribute to pollution of waterways and groundwater. The
different types of market gardening practiced are produced in
the wetlands, whether developed or not, around the tributaries
or watercourses of N'ZI as fertilizers and manures [1, 15, 16].
The different crops and their accompanying fertilizers are a
source of pollution for the river. The massive use of fertilizers
linked to the rapid development of agriculture in the basin is a
potential source of water eutrophication. Analysis of the main
activities relating to the various uses of the river water shows
that these activities have an impact on its quality.

The work of [15] showed that food crops, tomato, rice, salad,
and peanut are strongly grown around the containment. Market
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gardens are mainly produced in the developed wetlands around
the water reservoir with fertilizers and manures. The pesticides
used were generally cypermethrin, atrazine, and DDT.

According to the work of [17], this reservoir is the main
receptacle for all the city’s wastewater and has now become a
real sewage disposal site for domestic, municipal, and agri-
cultural wastewater. These waterways have also become
waste and garbage collectors of all kinds. These anthropo-
genic pressures contribute to the degradation of their quality.

Mining is increasingly becoming a highly developed sector
in the N'ZI catchment area, which has registered several re-
search and mining permits in departments. Industrial or fluc-
tuating artisanal mining of several minerals in C&e d'lvoire is
done through open pit mining. This method of exploitation
generates major environmental problems such as the destruc-
tion of soil, pollution of waterways, drying of groundwater,
and destruction of plants [18]. The immediate consequence is
an increase in soil erosion and water turbidity, as well as a
change in the hydrological regime [19]. Thus, there is an
increased suspended matter load in the water, and deposits of
all people in the river have many consequences for aquatic
and human life.

2.3. Data

Water samples were taken from the bed of the N'ZI River in
localities of N’zianouan, Dimbokro, Bocanda, F&ékro et
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Katiola-Dabakala (Figure 1) during the short or long rainy or
dry season (20 raw water samples were collected). Water
samples were taken from 1,000 mL polyethylene vials, pre-
viously rinsed with site water. Samples were then stored in a
cooler using 4<C dry ice during transport to the laboratory for
parameter analysis according to the standard. Samples were
taken twice per measurement site. A sample received a drop
of concentrated hydrochloric acid for analysis of the main
major elements on the one hand. And on the other hand, the
other sample of raw water is retained without adding acid to
measure the other parameters.

2.4. Materials (Tools)

The materials used for data processing are grouped into:

1) A LOVIBOND multi-parameter type SENSO DIRECT
150 or (HANNA) for in situ measurements;

2) A membrane filter and an oven for TSS analysis;

3) The spectrometer or titration for reading parameters
such as nitrate, ammonium, sulfate, and phosphate;

4) An isotope oxitop for BODs measurement;

5) An ICP device for the measurement of metals;

6) A JP SELECTA mineralizer for COD measurement.

2.5. Methods

2.5.1. Collection of Raw Water Samples

The water sample collection sites are shown in Figure 1.
The five (5) sites were selected based on the sub-basins that
make up the study area. The water samples were taken by the
manual method, following the protocol drawn up by AFNOR
(Association Franquise de Normalisation) and the
Loire-Bretagne Water Agency in 2006 [20]. The water sam-
ples were collected, according to the linear judgment method
with a suitable container periodically (January-April and
June-September). They are taken at a selected point, at a depth
of about 30 cm (sample), and at a given time (season). Sam-
pling was conducted at strategic locations (water current, flow
direction, water heights). Water samples were taken from
1000 mL capacity polyethylene vials, and rinsed with site
water. Samples were then stored in a cooler containing dry ice
during transport to the laboratory for analysis.

2.5.2. Physical Pollution Indicators

The physical parameters measured were temperature (T <C),
hydrogen potential (pH), electrical conductivity (EC), dis-
solved oxygen (DO), and turbidity (NTU) were measured in
situ using the HANA multi-parameter device directly in N'ZI
river. To measure a parameter, the corresponding probe of
the instrument is immersed directly into the sample after
rinsing with distilled water. The turbidity of the N'ZI River
water was measured using a probe turbidimeter. The tube
was cleaned with distilled water and wiped with paper towels,
before dipping the probe into the raw water. The different
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values showed on the display of the device. The estimation
of suspended solids (SS) in the water of the N'ZI river was
done by the Whatman glass fiber membrane filtration meth-
od according to AFNOR standard, NFT90- 105 [21].

2.5.3. Organic Pollution Indicators

The parameters of organic pollution analyzed in this sec-
tion were: five-day biochemical oxygen demand (BODs)
carried out by the isotope method using oxitop, which is
based on measuring the pressure in a closed system (mi-
cro-organisms will feed on the oxygen in the environment).
The chemical oxygen demand (COD) did by colorimetric
titration. The calculation of COD is based on the amount of
potassium dichromate reduced. Ammonium (NH,") is meas-
ured by the spectrometer. Nitrite (NO,) and nitrate (NO3)
were measured by the HACH device and the phosphate was
measured by the spectrometer corresponding to the principle
of NF T 90-923. Organic matter (OM) is calculated in each
sample with the relationship between BODs, COD, and OM
[22, 23].

2.5.4. Mineral (Chemical) Pollution Indicator

The chemical pollution parameters described here include
toxic elements (mercury (Hg), plomb (Pb), cyanuric (Cn),
cadmium (Cd), and arsenic (As)). chrome (Cr), nickel (Ni),
and undesirable elements (aluminum (Al), copper (Cu), iron
(Fe), manganese (Mn), magnesium (Mg), potassium (P), and
zinc (Zn). The analysis of these different concentrations is
carried out at the Laboratoire des Proc&lé& Industriels, de
Synthése, de I'Environnement et des Energies Nouvelles
(LAPISEN) of IN-PHB, Yamoussoukro (C&e-d’Ivoire). The
concentrations of major elements were measured by the ICP
apparatus. The total concentration is measured when the
sample is mineralized by the argon plasma atomic emission
spectrometer. The sample is introduced into the plasma
through a pump and a nebulizer. The metals in the sample
were sprayed into the plasma at a high temperature. They
emitted light energy at mutually specific wavelengths [24,
25].

3. Results and Discussion

3.1. Physical Parameters

3.1.1. Hydrogen Potential (pH)

Figure 2 shows the evolution of pH at the sampling site in
dry and wet periods. It varies between 6.5 and 7.7 during the
dry period and 7.1 to 7.5 during the wet period. Water samples
taken are slightly basic. In terms of pH values, the waters of
the river N'ZI cross almost basic terrain. This shows an in-
creased presence of ammonium ions (ammonia) (toxic to fish),
but optimal life for other aquatic beings. The pH reaches the
minimum standard of 6.5 prescribed by SEQ-Eau or the
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EU/WHO Framework Directive at the measurement sites,
except at Dimbokro during the dry season. These pH varia-
tions could be explained by the dilution phenomena through
the rainfall of the area, on the pH values of the aquatic envi-
ronments, and by the influence of the runoff waters generally

loaded with various materials. These results highlight that the
pH of the N'ZI River is weakly varied from site to site.
Therefore, pH could have a significant impact on fauna and
flora, if they were less than 5 or greater than 9 and were lethal
to fish [23-26].
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Figure 2. Evolution of the pH of the water of the N'ZI river.

3.1.2. Temperature (T<C)

Figure 3 presents the variation in water temperature in the
N'ZI River. Temperature values are above room temperature
(24<C) for both seasons. The change in T<C indicates a de-
cline from south to north of 27.7 to 25.5<C during the wet
period, while in the dry period, it varies slightly from one
measurement point to another between 26.28 and 26.4<C
(Figure 3). These small variations in temperature during the

two periods could be justified by the ambient air temperature,
a strong decrease in the water current and stagnation of the
water in the minor bed at the places covered by vegetation
which protects it from the solar rays. Surface water tempera-
ture is also influenced by stream depth. High temperatures
could be harmful to fish, lethal to some species, and favor the
growth of various aquatic creatures (bacteria, parasites,
mosquitoes, microbial germs).
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Figure 3. Evolution of the water temperature of the river N'ZI.

3.1.3. Mineralization and Color Parameter

1) Conductivity (C. E)

Figure 4 shows the evolution of water conductivity in the
N'ZI River from 40 to 1000 pS/cm. They are generally very
low compared to the standard (180 to 2500 pS/cm). The
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maximum (950 pS/cm) is recorded in Dimbokro and the
minimum (76.1 S/cm) in Katiola-D during the dry period. In
contrast, during the wet season, the lowest conductivity of
40.8 S/cm is recorded at Katiola. D. The highest conductiv-
ity of 88.1 pS/cm is recorded in N'zianouan. It meets the
minimum standard at the station of Dimbokro and Feckro
during the dry season. This reflects excessive mineralization
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of the river water which could be attributed to wastewater
discharges, mainly industrial effluents, or to nearby agricul-

tural practices and also by runoff during rainfall [24].
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Figure 4. Evolution of water conductivity in the N'ZI river.

2) Color (mg/L Pt/Co)

Figure 5 displays the evolution of watercolor in the N'ZI
River. Strong colors are recorded at Katiola-D (226 mg/L
Pt/Co) and weak colors at N'zianouan (18 mg/L Pt/Co), in the
dry period. In general, there is a small decrease in watercolor
concentration during the wet season between 25 and 116
mg/L Pt/Co. The minimum standard is achieved at all sam-

pling sites in both periods. The high or low concentration of
colors at one sampling point compared to another can be
explained by the decomposition time of the materials in the
water of the N'ZI river. Our values evolve in the same order as
those found by [26] in the Democratic Republic of Congo
ranging from 27.66-153 mg/L Pt/Co and also that of [27] vary
from 3.61 -128.67 mg/L Pt/Co in Benin for surface waters.
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Figure 5. Evolution of the watercolor of the river N'ZI.

3.1.4. Pollution Parameters of Suspended Matter

1) Turbidity (NTU)

Figure 6 provides information on the spatial and temporal
evolution of water turbidity in the N'ZI River. Turbidity re-
sults ranged from 31.84 to 271.20 NTU at N'zianouan and
Katiola respectively. NTU decreases from north to south, in
dry periods. However, during the wet period, the NTU varies
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from 192 to 1166 NTU reciprocally at N'zianouan and Bo-
canda. NTU in the rainy season is much higher in the dry
season. This can be supported by early rains and soil erosion.
Note that the NTU is significantly higher than the prescribed
standard (1 to 35 NTU). These fluctuations evolve in a similar
way to the concentrations of suspended solids.
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Figure 6. Evolution of the NTU of the N'ZI river water.

2) Suspended solids (TSS)

Figure 7 shows the evolution of TSS, the highest of which
is found at Katiola. D and the lowest at N'zianouan during the
dry period from 41.91 to 378.13 mg/L respectively, on the
other hand, during the wet season the lowest suspended loads
at N'zianouan and the highest at Fé&ékro from 46.52 to 537.14

mg/L are recorded (Figure 7). The variations of the high loads
seem to be due to the nature of the land crossed which can
vary according to the watercourse, the season and the quantity
of the various discharges. This could prevent the passage of
light, reduce dissolved oxygen, and promote sludge deposi-
tion and backfill of the river limiting aquatic life [28, 29].
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Figure 7. Evolution of TSS in the N'ZI river water.

3.2. Pollution Parameters of Organic and
Oxidizable Matter

3.2.1. Five-day Biochemical Oxygen Demand
(DBOs)

Figure 8 appears that BODs for both periods is generally of
poor quality. It ranges from 10 to 100 mg/L O, during the dry
period and from 6 to 8 mg/L O, during the wet period (above
the prescribed standard of 3 to 6 mg/L O,) [30]. This divulges
that there is enormous pollution of biodegradable material at
the sites over both periods. And also, they were characterized
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by the phenomenon of eutrophication because of the proxim-
ity of agricultural lands as well as polluted urban discharges.
The most polluted sites are observed during the dry season, on
the other hand, there is a type of decontamination during the
wet period that promotes the growth of the quantity of diox-
ygen necessary for the micro-aerobic water organisms to
oxidize suspended matter in the river N'ZI. These results are
much lower than those of [22] in the order of 620 to 1063
mg/L in the rivers of Bukavu in the Democratic Republic of
Congo. And in C&e d'lvoire, it varies from 87.7 to 863.7
mgO,/L in Abidjan waters [31] and they are in the same order
of magnitude as those from 0 to 150 mgO2/L in Bonoua [32].
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Figure 8. Evolution of BODs in the water of the river N'ZI.

3.2.2. Chemical Oxygen Demand (COD)

COD values do not vary significantly between sites. These
values range from less than 9.5 mg/L CO, at Katiola. D to 13.31
mg/L CO, at Dimbokro, during the wet season. While high COD
values are recorded during the dry season ranging from 19.91 to

154 mg/L CO, in Féékro and Katiola. D. All sites have values
above the pollution limit (Figure 9). These fluctuations are proba-
bly linked to anthropic activities that generate effluents rich in
nitrogenous compounds, sugars, and organic acids, thus increasing
their organic and mineral load in the water of the N'ZI river [31].
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Figure 9. Evolution of COD in the N'ZI river water.

3.2.3. Organic Matter (OM)

OM is highly significant at all sites sampled in both periods. They range from 23.30 to 118 mg/L C and from 7.17 t0 9.77 mg/L

C respectively (Figure 10).
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Figure 10. Evolution of OM in the water of the N'ZI river.
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The highest values are observed during the dry period
this can be justified by the fall of abundant leaves in the
water that contributes to the increase in carbon load, al-
ready increased during the rainy seasons, and organic fer-
tilizers or soil erosion as presented above, thus contracting
a large increase in total organic carbon. This justifies the
superiority of OM concentrations compared to the standard
prescribed (3 to 5 mg/L C) by the EU Framework Directive
or WHO.

3.2.4. COD/BODs Ratio

Table 1 summarizes the character of the biodegradation of
organic matter present in the different water samples of the N'ZI
river. The calculation results show that for all stations the ratio
generally points to a ratio of less than 2 during the two easily
degradable seasons, except during the dry season at the station of
N'zianouan and Bocanda, where MO is hardly biodegradable.
This indicates that the pollutant load in these waters is biode-
gradable. This confirms that these waters are clean for drinking.

Table 1. River N'ZI COD/BOD:; ratio.

COD/BODs Dry season (DS) Wet season (WS)
N'zianouan 6.42 1.58
Dimbokro 0.60 1.90
Bocanda 21.84 1.66
Fé&é&ro 0.80 1.63
Katiola. D 1.54 1.58

Dissolved oxygen (DO)

Figures 11 and 12 show the variation of dissolved oxygen
and the saturation rate of dissolved oxygen in the water of the
N'ZI river. They range from 3.4 mg/L O, (Feckro) to 6.2 mg/L

Appreciation

PS: Hardly biodegradable
PH: better biodegradability

PS and PH: better biodegradability

PS: Not readily biodegradable
PH: better biodegradability

PS and PH: better biodegradability
PS and PH: better biodegradability

0O, (N'zianouan), with oxygen saturation rates of 33% and 59%
respectively, during the dry season. There is an increase in wet
periods of 4.71 to 7.1 mg/L O, reciprocally in Bocanda and
Dimbokro, with a saturation rate of 50.6 to 61.6%.

Wet season

11l

Dimbokro Fétékro Katiola.D

DO (mg/L 02)
(=] - ] w - om (= ~1 -]

N'zianouan Bocanda

= DO moderate  ==@==Standard value

‘Wet season

Dimbokro Fétékro Katiola.D

DO (mg/L 0y)
(=] - ] w - o (= ~1 -]

N'zianouan Bocanda

DO moderate === Standard value

Figure 11. Evolution of DO in N'ZI river water.

3.2.5. Oxygen Saturation (TO,) (%0)

Based on these results, all values are below the prescribed
standard of 7 to 8 mg/L O, and 60 to 90 respectively for OD

and TO,. This low oxygen growth in the waters of the N'ZI is
justified by the increase in temperature, as well as the de-
composition of organic matter in the N'ZI river.
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3.2.6. Pollution Parameters of Nitrogenous
Materials Excluding Nitrates

1) Ammonium (NH;")

Figure 13 presents the variations in ammonium in the N'ZI
river. They vary from 20.03 to 68.39 mg/L respectively in
Bocanda and Katiola. D during the dry season. Compared to
the rainy season, NH," concentrations vary between 0.2 and

0.4 mg/L and are mutually recorded in Katiola. D and Bo-
canda. All concentrations above 0.05 mg/L are prescribed.
These high concentrations could be justified by the high use of
the watercourse by animals which are for the most part the
cause of excrements that constitute a source of ammonium. In
addition to this, there is waste from living organisms, as well
as biodegradation from domestic, industrial, and agricultural
sources [1-13].
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Figure 13. NH," evolution

2) Nitrite (NOy)

Figure 14 shows the variation of NO,". Nitrite levels are
relatively low during the wet period. Values vary from a
minimum of -0.002 mg/L at Dimbokro to a maximum of
0.013 mg/L at Feckro. The nitrate content of the samples in
the study area is below 0.05 mg/L according to the prescribed

in the N'ZI river water.

standard. While in dry periods the levels are much higher than
the norm. It decreases from north to south. Fluctuations in
concentrations can be explained by agricultural practices and
also by the decomposition of organic matter, leaching of
chemical fertilizers, animals, septic tanks, and sewage dis-
charges which are drained by the river via runoff [21].
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Figure 14. Evolution of NO; in river water N'ZI.
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3.2.7. Nitrate Pollution Parameter (NOy3)

The nitrate results are presented in the graphs in Figure 15.
They are almost negative at the level of sites in the wet period.
This may reflect the leaching of nitrate content during the
rains. On the other hand, they vary between 0.15 and 4.46
mg/L respectively at N'zianouan and Katiola. D, during the

dry season. They vary from upstream to downstream (below
the minimum standard of 25 mg/L). This cannot be justified
by the low use of chemical fertilizers or the environment is
rich in animal hope and microorganisms highlighted by [17]
as well as the rainfall break in the study area revealed by [13].
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Figure 15. Evolution of NO3 in river water N'ZI.

3.2.8. Phosphorus Pollution Parameters

1) Phosphates (PO,>)

Figure 16 indicates the fluctuation of PO,>. It underlines
almost negative values during the wet period while they evolve
strongly in Katiola. D from 0.54 to 0.10 mg/L at N'zianouan
during the dry period and is above the prescribed standard (0.1

mg/L). This absence in the rainy season could be because
phosphate ions are likely to be absorbed by the sediments
during significant deoxygenation. Phosphate is naturally pre-
sent in surface waters in small quantities as a result of its use in
agriculture in the form of chemical fertilizers or pesticides [33].
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Figure 16. Evolution of PO4*

2) Total Phosphorus (TP)

Figure 17 shows the variation in total phosphorus. During
the dry period, it varies from 10.21 to 14.39 mg/L, very sig-
nificant compared to the wet period of 0.19 to 0.31 mg/L
respectively in N'zianouan and Dimbokro. Values above the

28

in river water N'ZI.

prescribed standard (0.05 to 0.2 mg/L) at all sites. This can
result in the decomposition of organic matter, or the leaching
of minerals that have naturally enriched surface waters with
phosphorus. In addition, concentrations appear to be in-
creased by agricultural or industrial inputs [33, 34].
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This metal is very toxic to life stress concentrations in the

3.3. Mineral Micropollutant Parameters in Raw order of 2.43 to 1.07 mg/L respectively at N'zianouan and
Water Bocanda. This dominance of Hg in these different sites could

be justified by the presence of garbage dumps near the stream.
In recent years, there has been a remarkable presence of gold
in the study area, which uses certain metals such as mercury
The histograms in Figure 18 display the evolution of the  (Hg) in gold mining [18]. It should be noted that the Féékro
toxic heavy metals measured. The results of elements studied  measurement site shows a very significant variation of metals
such as Lead (Pb), Mercury (Hg), Cadmium (Cd), Arsenic  such as Ph, Hg, As Cu, and Ni of 0.10, 1.37, 1.42, 0.93, and
(As), and Copper (Cu) show concentrations well above the  0.83 mg/L respectively. The significant presence of elements
surface water standard at all sampling points [30]. Except for in the river water indicates an advanced state of pollution of

chromium (Cr), nickel (Ni), and boron (B) (Figure 18). Hg  the N'ZI river waters. These increased parameters may reflect
shows a very remarkable presence at all measurement sites. the current watercolor of the N'ZI River

3.3.1. Toxic Mineral Micropollutants
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Figure 18. Evolution of toxic metals in river water N'ZI.

3.3.2. Undesirable Mineral Micropollutants

Figure 19 testifies to the results of undesirable mineral
micropollutants which constitute the major and dissolved
elements. The quantities are very low at all sites compared to
the recommended standard for river water [30]. The most
important minerals are Iron (Fe), Zinc (Zn), Sodium (Na), and
Magnesium (Mg) with quantities of 7.73; 1.63; 7.06, and 0.12
mg/L respectively. The others range from -0.05 to 0.06 mg/L
< 0.07 mg/L. The low amounts of essential elements (Fe, Mn,
Zn) in the water show high animal and plant life in the N'ZI
river water compared to the prescribed drinking standard.

This confirms the abundance of organic elements leading to
the eutrophication of the river over the years through the
abundance of phosphorus. The presence of iron, aluminum,
and others in the river underlines the degradation of the sur-
rounding rocks brought into the riverbed during rainfall by
runoff. This enrichment in Na element can be the result of the
inflow of wastewater into the river at the point of withdrawal.
The presence of metals in waters N'ZI is explained by activi-
ties of the different zones, for example, the practice of agri-
culture using fertilizers and pesticides which constitutes a
source of pollution. In addition, wastewater is carried back
into the stream by runoff during rainfall [34].

3 —8—Measures —®—Standard value N'zianouan —e—NMeasures —e®—Standard value Dimbokro
- 33 -
1] 2]
1 29
_ -
3 %g ] 27
eh53 ~ 25
£ =23
=21 4 =
28] £y
< };’ ] 17
£ 13 E 15 4
£11 =
2 9 <1+
s 74 g o+
o 5 S 7]
H
1 et S < » < T T 3
i1 B
Ag Al Ba Ca Fe K Mg Mn Na Zn T S -
Metals Ag Al Ba Ca Fe K Mg Mn Na Zn
Metals
—e—Measures —e—Standard value Bocanda 33 - —e—Measures —eo—Standard value Fétékro
3] 31 ]
29 29 1
27 27 4
~_~ 5 i 25 4
gx %3 én 23 4
E2 E21 4
=19 =z 19 -
£17 217 1
=15 £ 15 -
£ 13 - =13 1
€ 11 - g 11 4
A £ 97
L J &} E
“ 5] 5
3 A 3 4
_% 1 —_—— . - . _i - — L— o
Ag Al Ba Ca Fe K Mg Mn Na Zn Ag Al Ba Ca Fe K Mg Mn Na Zn
Metals metals

30


http://www.sciencepg.com/journal/wros

Journal of Water Resources and Ocean Science

http://www.sciencepg.com/journal/wros

—o—NMeasures

Concentration (mg/L)

—o—Standard value

Katiola.D

Ag Al  Ba Ca

Fe
Metals

K Mg Mn Na Zn

Figure 19. Evolution of undesirable metals in river water N'ZI.

3.4. Discussion

Analysis of the physical parameters of the surface waters of
the N'ZI River, temperature, pH, conductivity, color, dis-
solved oxygen, TSS, turbidity temperature, pH, conductivity,
color, dissolved oxygen, TSS, turbidity generally shows a
more or less significant temporal spatial variation from one
sampling point to another. Most temperatures are above room
temperature - about 24 <C. The results agree with those found
by [35]. This would affect the aquatic community causing
oxygen dissolution. As for the pH values obtained, between 6
and 9 indicates basic soil. They evolve in the same direction as
those found by [35] on the Ivorian coastline (6.5 to 9). Unlike
those found by [17] in the Abidjan-Agboville region, in the
mountainous West, and the Adiakéregion by [36], whose
results show acidic waters. The mineralization of N'ZI river
water is reflected in its electrical conductivity, which ranges
from 40 to 1000 pS/cm, the causes of which are related to
local activities and various discharges. These results vary in
the same order as the results of C. E. in the work of [37] in the
Agnébdy basin at Agboville. Turbidity and suspended matter
show very significant values with strongly fluctuating coef-
ficients of variation (50-95%), thus indicating that the waters
of the N'ZI river are highly charged and have a turbid char-
acter. These results are similar to those found by [38] in their
work on the Sassandra River. These strong temporal varia-
tions of the parameters are justified by the rainfall regimes and
the various anthropic practices to which the entire basin is
subjected. The assessment of the pollution status of the N'ZI
river shows very significant pollution. The parameters ana-
lyzed showed concentrations exceeding the prescribed
standards in general [30-39]. Organic pollution is more pro-
nounced at all measurement sites. Thus, COD and BODs
reports indicate that effluents are biodegradable. Organic
water pollution also expresses a very strong increase in tur-
bidity and the presence of suspended matter. Our results are in
the same order as those found by [10]. The high COD, BODs,
and NH,* values may be justified by analytical conditions and
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anthropogenic activities in the study area. These values vary
in the same order of size as those found by [1-22].

4. Conclusions

The present work has enabled a general assessment of the
current state of pollution of the N'ZI river. The average of the
analyzed parameters and the calculation of the quality index
using the mathematical formula was compared with the
standard established by the EU and WHO framework direc-
tives. It offered some interesting results. The results of the
physicochemical analyses showed that the water of the N'ZI
river has a very good to average quality for the different water
uses from upstream to downstream. On the other hand, most
micro-mineral pollutants indicate poor to very poor quality at
all measuring points.

The overall degradation of water quality in the study area is
mainly due to micro-organisms, phosphate, and nitrite, mi-
cropollutants. It results from the discharge of various materi-
als transported by runoff water during the phenomenon of
leaching and agricultural practices. The variability of physical
descriptors such as T<C, NTU, pH, and EC reveals disturb-
ances in the water quality of the N'ZI river. The small varia-
tion in T<C did not favor normal aquatic life. Turbidity fluc-
tuates widely, related to the environment and activities sur-
rounding the stream. The high turbidity of the river is mainly
related to agricultural practices, but could also be related to
other types of land use around the river. Large fluctuations in
turbidity from one point to another cause significant disturb-
ances in the physical parameters of the river that maintain a
turbid water character during the year.

The waters of the N'ZI River have low levels of dissolved
salt, in general, this reflects low mineralization of the waters
from one site to another. The waters of the N'ZI River are
generally basic due to the depletion of the water layers in CO..

The waters of the river N'ZI present a low risk of pollution
of chlorides, phosphates, nitrites, and nitrates. On the other
hand, the pollution of water with organic matter (COD and
BOD:), of which all water is biodegradable to hardly biode-
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gradable. Heavy metal concentrations indicate low water
pollution. In general, there is a wide variation in water quality
in some places due to external environmental disturbances.
Although the waters of the N'ZI River are unsafe due to hu-
man activities. They nevertheless retain their natural qualities
and can be used for many purposes such as the production of
drinking water. The bacteriological analysis would be a
means of assessing water quality over time. This could pro-
vide interesting prospects for studies on this river, to assess
the degree of global pollution of the river and to assess its
capacity to self-purify.
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