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Abstract

The Davo River, an affluent of the Sassandra River, like other rivers in Cote
d’Ivoire, is subject to anthropogenic activities likely to deteriorate its quality
which could affect its use as drinking water and also the health of aquatic or-
ganisms. This study aims at monitoring the temporal evolution of the physi-
co-chemical quality of the waters of the Davo River at the Dakpadou hydro-
metric station. Twelve monthly field missions were carried out to sample wa-
ter, measure temperature, pH, Electrical Conductivity and analyse turbidity,
Suspended solids, major elements (Cl, NO;, HCO;, SO, , Mg*, Ca*,
Na*, and K*) and Trace Metallic Elements (Hg, Fe, Cu, Cr, and Pb). Results
show that the waters of the Davo river are poorly mineralized. They are also
acidic during periods of low water and slightly basic during flooding periods.
The average turbidity value of 10.18 NTU places these waters in the slightly
turbid class. The waters have calcic bicarbonate facies during low water pe-
riods and sodium bicarbonate facies with low concentrations of major ele-
ments during flood months. The average TME concentrations of the Davo
river indicate that the waters are not harmful for the health of the population
and the aquatic environment.

Keywords

Davo River, Turbidity, Suspended Solids, Major Elements, Trace Metallic
Element

1. Introduction

Freshwater is a natural resource essential for life support, environmental sys-
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tems, and socio and economic development. However, water resources are fac-
ing major challenges such as climate variability, increasing water demand, con-
flicts of uses, pollution and availability and quality issues.

In Cote d’Ivoire, most of the surface waters are exposed to anthropogenic
pollution from agricultural chemicals and uncontrolled domestic and industrial
discharges [1] [2] [3]. The perceptible effects are the eutrophication of surface
waters and the resurgence of water-related diseases. This pollution makes it ex-
pensive to treat this water for consumption [4]. For this reason, the drinking
water supply is oriented toward the exploration of deep groundwater, which is
generally within WHO international drinking water standards [5]. Only the
aquifers of the sedimentary basin representing about 2.5% of the ivorian territo-
ry can provide significant flows for drinking water supply. For the remaining
97.5% of the territory composed of crystalline and crystallophyllous rocks [6],
the ivorian authorities have to turn to surface waters to achieve the goal of the
point 6 of the UNESCO Sustainable Development Goals. Several highly urba-
nized or upcoming localities are still supplied with water from rivers [7]. The
Davo River basin drains several localities such as Gagnoa, Sinfra, Ouragahio,
Guiberoua, Gueyo and Dakpadou. Because of its sustained flows, this river is of
great interest and it can be used to supply water to the populations of these lo-
calities. However, data and informations on water quality on this basin are scare
and undocumented. The only known study [8] highlighted the analysis of the
response as well as the endogenous adaptation measures of this basin to climate
change and anthropogenic pressures. Besides, the waters of the Davo River could
have been impacted by agriculture which is the major economic activity of this
area. This study intends to monitor the physico-chemical quality of the waters of
the Davo River. The results of this work will help to better understand the quali-
ty of the waters of this river for their possible use in drinking water supply and
to guarantee their good ecological status. They could also contribute to the es-
tablishment of a management and development plan for this watercourse by de-
cision-makers. An overview of the study area will precede the methodology used

and the main results discussed before the conclusion of the study.

2. Methodology
2.1. Study Area Presentation

The Davo River is a left bank affluent of the Sassandra River. It’s located in the
southwest of Cote d’Ivoire. Its catchment area covers 7194 km? and lies between
longitudes 6°47W and 5°69W and latitudes 6°85N and 5°03N (Figure 1).

The basin falls within the transitional equatorial (or “Attieen”) climate. Preci-
pitation distribution is as follows [9]: the main rainy season runs from April to
mid-July, with a maximum centered on June; the short rainy season extends
from mid-September to November and is marked by thunderstorms and squalls;
the dry periods are marked by low precipitation from mid-July to mid-September

(short dry season) and from December to February (main dry season). The Davo
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Figure 1. Davo River basin (modified from [8]).

basin is covered by dense forest-type vegetation belonging to the Guinean great
rainforest, which has moderate water and atmospheric humidity requirements.
This vegetation, which was formerly dominated by a large tropical forest, is to-
day composed of small and isolated patches of forest [8]. The entire study area is
composed of a slightly undulating peneplain, with an average altitude of 200 m
and a slope of 1%o inclined towards the sea. This basin is underlain by the base-
ment of the old Precambrian shield, which is made up of migmatites, gneisses,
amphibolo-pyroxenites, and various granitoids (two-mica granites, granodi-
orites), which are the fillers of the supergroup (schists, quartzites, rhyolites, ba-
salts, and andesites). Other formations include the flyschaids which outcrop to
the east of the Davo River tuffs. In addition, the basin is dominated by reworked
soils: modal to indurated facies (granite) are located in the center; modal with
overlying facies (granite) in the north and modal with indurated patches (shale)
in the south of the bassin. Hydromorphic soils are also found along the river.
Soils on granite with patches and soils on green rocks are found in the south [8].

Figure 2 shows the average monthly flow distribution of the river at Dapkadou
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Figure 2. Hydrograph of the Davo River flows at Dapkadou over the period 1969-2004
[8].

station over the period 1969 to 2004. The interannual modulus of the Davo River

calculated over this period is 32.11 m’/s.

2.2. Sampling Methods and Data Analysis

Monthly water sampling and measurements were carried out during a hydro-
logical year from August 2019 to July 2020 at the Dakpadou hydrological station
located downstream of the river. The parameters studied were temperature, pH,
electrical conductivity (EC), major cations (Mg*, Ca®*, Na', and K*), major
anions (CI-, NO;, HCO; and SO; ), Turbidity, Suspended Solids (SS) and
five Trace Metal Elements (TME): Iron (Fe), Lead (Pb), Copper (Cu), Chro-
mium (Cr) and Mercury (Hg). In-situ measurements of temperature, EC, and
pH were performed using a HACH HQ 40D multiparameter. Then, two polye-
thylene bottle samples were collected for analysis. One bottle of 1 Litre for the
anions and one of 50 mL for major cations and TME. 0.25 mL of nitric acid
(HNO,) were added to this sample as a preservative. The determination of the
TME was done with a sample collected every 3 months. For the TSS and the tur-
bidy, daily samples of 1 Litre which have been collected during the month were
analysis after the field mission.

Sulfates (SOi’) and nitrates (NO;) were measured colorimetrically in the
chemistry laboratory of the Ivorian Anti-Pollution Centre (CIAPOL) using a
HACH DR 6000 spectrophotometer. Sulfates analyses were performed by using
the Sulfaver 4 method. Nitrates were determined using cadmium reduction me-
thod. Chlorides (Cl") and bicarbonates ( HCO; ) were determined volumetrically
using a HACH digital titrator. Analysis of chlorides were performed with thi-
ocyanate mercury method. Bicarbonates were determined indirectly from com-
plete alkalimetric titre (TAC) since all samples pH were less than 8.3.

The major cations and TME were analysed using an Atomic Absorption Spec-

trometer (AAS) with specific wavelengths for each element at the Laboratoire
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National d’Appui au Développement Agricole (LANADA) in Abidjan. Major ca-
tions, Iron (Fe) and copper (Cu) were determined using the oxidizing air-acetylene
flame. Lead (Pb) and chromium (Fe) were determined using the AAS technique
in the oven. Mercury (Hg) was determined using the hydride AAS technique.

Turbidity and TSS were analysed at the Centre de Recherches Oceanologiques
(CRO) chemistry laboratory. Turbidity is defined as the reduction in transpa-
rency of a liquid resulting from the deposit of colloidal and/or suspended matter
[10]. Suspended solids is defined by [11] as corresponding to particles of small
size or low density that limit their fall by gravity in water. Hence, to some extent,
turbidity includes both TSS and colloidal matter (0.2 and 0.45 pm). Turbidity
was measured using a HACH 2100 QiS turbidimeter.

Suspended solids were determined using the gravimetric method which in-
volved filtering water samples of 500 to 1000 mL through preweighed and dried
Millipore 0.45 pm porosity membrane filter. The filters were later dried to constant
weight at 105°C for 24 hours before weighing them again to determine TSS by

difference. The suspended matter content is given by the following equation [12]:

MZ_MI

TSS = (1)

TSS: Suspended solids (mg/L); M,;: Mass of the filter before filtration (mg); M
Mass of the filter after filtration and drying (mg); V: Volume of filtered water
(mL).

A multivariate statistical study analysis using Pearson correlation matrices
from Statistica 7.0 software was used to highlight the contribution of TSS and
turbidity to the transport of TME.

To assess the physico-chemical quality of the waters of the Davo river, the dif-
ferent values of the parameters studied will be compared with the guideline val-
ues proposed by the [13].

Graphical plots presented in this paper were prepared using Microsoft Excel.

3. Results
3.1. Physical Parameters and pH

The physical parameters and the pH values as well as their basic statistics are
shown in Table 1. The monthly variations are shown in Figure 3.

Temperature value ranged from 26.3°C to 30.7°C with an average of 27.8°C +
1.63°C. The highest values corresponded generally to the months of low water
level and the lowest values to the months of high water level.

pH values ranged from 6.56 to 7.60 with an average of 7.11 * 0.26. In most
cases, the pH values were neutral. Two acidic pH values were obtained in Janu-
ary (6.8) and March (6.56) during the low water period.

Electrical Conductivity fluctuated from 82 uS/cm to 155.2 uS/cm with an av-
erage of 110.5 £ 19.02 uS/cm. EC value were generally higher during the low

water than those obtained during the high water period.
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Table 1. Results of physical and pH parameters.

Month T°C pH EC (uS/cm) Turb (NTU) TSS (mg/L)
August 27.0 7.26 115.6 7.22 7.0
September 26.6 7.20 115.9 9.20 13.7
October 28.0 7.20 114.0 8.78 10.2
November 27.2 7.02 82.0 10.32 8.0
December 28.2 7.01 105.3 7.10 5.0
January 30.3 6.80 110.6 6.37 3.3
February 30.7 7.60 132.2 4.08 3.1
March 30.2 6.56 155.2 6.00 5.0
April 26.9 7.17 92.0 13.01 14.5
May 26.3 7.23 102.0 13.12 15.6
June 26.7 7.10 101.5 22.88 18.5
July 26.4 7.17 100.0 14.00 11.0
Mean 27.8 7.11 110.5 10.18 9.6
Standard deviation 1.63 0.26 19.02 5.07 5.15
Min 26.3 6.56 82.0 4.08 3.1
Max 30.7 7.60 155.2 22.88 18.5
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Figure 3. Evolution of physical parameters and pH.

The average Turbidity (Turb) was 10.18 + 5.07 NTU. The minimum value was
obtained in February (4.08 NTU) and the maximum value obtained in June
(22.88 NTU) during the high flood. All the other values are between 5 NTU and
30 NTU, placing these waters in the class of slightly turbid waters during these
months.

SS ranged from 3.1 mg/L in February to 18.5 mg/L in June with a mean of 9.58

* 5.15 mg/L. Standard deviations for temperature and pH are respectively 1.6
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and 0.26. These values show that temperature and pH vary slightly over the year.
Turbidity (5.07), SS (5.15) and EC (19.02) standard deviations values indicate

that these parameters are not homogeneous throughout the year.

3.2. Major Ions

Table 2 shows the basic statistics of major elements concentrations in Davo
River waters. Figure 4 and Figure 5 show the monthly evolution of these para-

meters over the study period.

Table 2. Basic statistics of the major element concentrations.

P " Minimum Maximum Mean Standard [13] (mg/L)
arameters m
(mg/L) (mg/L) (mg/L) deviation &
NO; 0 12.8 3.555 3.45 50
HCO; 25.46 37.789 32.436 3.73 -
No)e 0 10 4.125 5.07 -
Cl 5.5 13.7 10.58 2.8 250%
Mg“ 0.927 3.12 2.061 0.90 50*
Ca?** 2.17 11.197 5.685 2.82 60 - 100*
K* 0.884 6.182 2.693 1.53 -
Na* 1.76 6.276 4.247 1.47 200%
*Values not based on health arguments.
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Figure 4. Monthly evolution of major anions concentrations.
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Figure 5. Monthly evolution of major cations concentrations.

Table 2 shows that nitrate (NO;) concentrations ranged from 0 mg/L in
February to 14 mg/L in January with an average of 3.55 + 3.45 mg/L. These val-
ues are all far below the WHO standard. Bicarbonates ( HCO; ) average concen-
tration was 32.44 + 3.73 mg/L, with minimum of 25.46 mg/L and maximum of
37.79 mg/L. Sulphate concentrations were 0 mg/L during 5 months (September,
October, November, December, and July). The maximum concentration was 10
mg/L obtained in June (peak of the rainy season) and the average was 4.125 +
5.07 mg/L. Chloride (Cl") concentrations ranged from 5.5 mg/L in November to
13.7 mg/L in June with an average of 10.58 + 2.8 mg/L.

Cations concentrations were generally very low. Magnesium (Mg*") average
concentration was 2.06 + 0.90 mg/L with a minimum of 0.93 mg/L and a maxi-
mum of 3.12 mg/L. The calcium concentrations (Ca’*) ranges between 2.17
mg/L and 11.20 mg/L with an average of 5.68 + 2.80 mg/L. This cation was the
most abundant one in the Davo River waters.

Potassium concentrations ranged from 0.88 mg/L in January to 6.182 mg/L in
June with an average of 2.69 * 1.53 mg/L. Sodium (Na*) minimum concentra-
tion was obtained in June (1.76 mg/L) and the maximum in November (6.28

mg/L). The average concentration was 4.25 + 1.47 mg/L.

3.3. Trace Metallic Elements (TME)

Table 3 shows the basic statistics of the TME concentrations. Iron (Fe) is the
most abundant TME with concentrations ranging between 57 pg/L and 490 pg/L
and an average of 210.25 pg/L.

Copper (Cu) concentrations varied from 2.039 ug/L in February to 6.718 ug/L

in August with an average concentration of 4.517 pg/L. Chromium (Cr) average
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concentration was 2.736 pg/L with a minimum of 0.475 pg/L and a maximum of
5.242 pg/L. Lead (Pb) average concentration was 1.56 pg/L. The minimum con-
centration was 0.006 pg/L. The maximum concentration, obtained during the
short dry season was 3.882 pg/L. Mercury (Hg) concentrations ranged from 0 to
1.969 ug/L with an average of 1.403 pg/L.

3.4. Correlation between SS, Turbidity and TME Concentrations

Table 4 and Table 5 show respectively Pearson correlation matrix between TSS
and TME and turbidity and TME. Strong correlations were obtained between
TSS and Fe (0.73), TSS and copper (0.66) and TSS and Cr (—0.87), while weaker
correlation was observed with Pb (0.31). Positive strong correlations between
turbidity and Fe and turbidity and Hg were obtained, which Pearson coefficients
were respectively 0.99 (Fe) and 0.58 (Hg). Weaker correlations were observed
between turbidity and Cu (0.05), Pb (-0.35) and Cr (-0.38).

Table 3. Basic statistics of TME concentrations (pg/L).

Parameters Minimum Maximum Mean [13] standards
Fe 57 490 210.25 300*
Cu 2.039 6.718 4.517 2000*
Cr 0.475 5.242 2.736 50
Pb <0.006 3.882 1.56 10
Hg <0.006 1.969 1.403 6

*Values not based on health arguments.

Table 4. Correlation matrix between SS and TME.

SS Fe Pb Cu Cr Hg
SS 1.000000
Fe 0.730339  1.000000
Pb 0.313240 -0.419937 1.000000
Cu 0.667651 —0.020928 0.916143 1.000000
Cr —-0.878573 -0.315409 -0.728775 -0.942147 1.000000
Hg —-0.053003 0.643415 -0.964942 -0.778815 0.523503 1.000000

Table 5. Correlation matrix between turbidity and TME.

Turb Fe Pb Cu Cr Hg
Turb 1.000000
Fe 0.997494  1.000000
Pb —0.354669 —0.419937 1.000000
Cu 0.049866 —0.020928 0.916143 1.000000
Cr -0.381764 -0.315409 -0.728775 -0.942147 1.000000
Hg 0.587637  0.643415 -0.964942 -0.778815 0.523503 1.000000
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4. Discussion

Water temperature is an important factor in the aquatic environment as it con-
trols almost all physical, chemical and biological reactions [14]. It also affects the
density, viscosity, gases solubility and dissolved salts dissociation [12]. The
monthly temperature values as well as the annual average are all higher than
15°C. Such temperature values favour growth of microorganisms and nuisance
development, causing consequently water taste, colour and odour issues [13].

pH characterizes water acidity and alkalinity on a logarithmic scale from 0 to
14. Natural waters pH are related to the geological nature of the lands crossed. In
this study, pH values ranged from 6.56 to 7.6 with an average of 7.11. These val-
ues are close to those obtained by [3] (6.53) in the N’zi River, by [15] (7.18) in
the Comoé¢ River, by [16] in the Agneby (6.48) and Me (6.65) rivers and by [17]
(7.26) in the Sassandra River at Gaoulou. According to [13], although pH does
not usually have a direct impact on consumers, it is one of the most important
operational parameters of water quality. Careful attention must therefore be paid
to pH regulating at all stages of water treatment to ensure proper clarification
and disinfection. To minimize the risk of corrosion in domestic water supply
lines, water pH must be regulated. [13] suggests a pH range of 6.5 to 8.5 for the
protection of these pipes.

Electrical conductivity measures the overall mineralization of the aqueous so-
lution. It depends on the salt contents in the solution. During salts dissolution
they dissociate into pairs of ions (anions and cations) which allow an electric
current to circulate. Therefore, the more the solution is mineralized the more
ions it contains and the higher the electrical conductivity. Davo River water
samples had electrical conductivity values ranging between 82 uS/cm and 155.2
uS/cm with an average of 110.5 uS/cm. These waters can be considered as low
mineralized. This weak mineralization could be explained by the short contact
time with the bedrock due to the water flow and influence of rainwaters, which
are very weakly mineralized. Indeed, during the rainy season, most of the water
input comes from surface to subsurface runoffs. Our results further showed that
conductivity decreased with flood. Thus, the lowest value was obtained at the
end of the flood in November (82 uS/cm) and the maximum value during low
water during the month of March (155.2 uS/cm).

Furthermore, the TSS and turbidity values are also high during the flood pe-
riod compared to those during the low flow period. This is due to the heavy
rains observed during this period which lead to strong soil erosion in the vicinity
of the river (soil leaching). The turbidity values are in the slightly turbid water
class (5 NTU < turbidity < 30 NTU) and the average of 10.18 NTU is above the
WHO guideline value of 5 NTU proposed for raw water intended for drinking.
Regarding TSS, only the June concentration (18 mg/L) is higher than the WHO
guideline value set at 15 mg/L. According to [18], the turbidity and TSS values
lead to the Davo River waters to be classified as very good (2 NTU < turbidity <
15 NTU and SS < 5 mg/L) to good (15 NTU < turbidity < 30 NTU and SS < 25
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mg/L).

Regarding ionic composition, the waters of the months of low water level have
a calcium bicarbonate facies while those of the flood months have a sodium bi-
carbonate (November, May and July) or potassium (June) facies. With regard to
anions, high concentrations of bicarbonates are observed during periods of de-
clining water level and low concentrations during periods of flooding due to
mixing with rainwater, which have low bicarbonate contents [19]. [20] described
this same phenomenon in the waters of the Brimay, San-pedro and Nero, three
southwestern rivers in Cote d’Ivoire having similar characteristics (climate, soils,
vegetation, geology, etc.) to those of the Davo River. However, chloride (Cl") and
sulphate (SOi’ ) concentrations increased with the flood. This gradual increas-
ing would be due to wastewater inputs and urban discharges for SO;™ ions and
to atmospheric deposits for Cl™ ions. According to [12], which did not proposed
health-based guideline values, ClI” concentrations higher than 250 mg/L lead to
undesirable taste to water and higher SO, contents could cause gastrointes-
tinal ailments. High variability in NO; concentrations were observed, but all
these contents remain below the [12] guideline value which is 50 mg/L.

On the other hand, the metal cation inputs are insignificant in the waters of
the Davo River. These contents would come from the highly desaturated ferra-
litic soils of the basin for which the exchange capacity as well as the saturation
rate (ratio of exchangeable cations to the total exchange capacity) is extremely
low [20]. Tons Ca** showed the highest contents with an average of 5.41 mg/L
followed by Na* (average of 4.2 mg/L). Calcium ions come from the dissolution
of calcium carbonates in the aquifer in the presence of CO,. Carbonates disso-
ciate into carbonic acids then into bicarbonates by releasing the calcium ion in
the presence of CO,. However, [20] obtained Na* as the dominant cation in the
three rivers of southwestern Cote d’Ivoire. According to this author, this would
be a characteristic of acid soils on crystalline rocks where Na" ions are predomi-
nant. Ca** and Na' found in large part in the waters of the Davo River come
mainly from groundwater, which could explain their increasing contents with
the drop in water levels.

Unlike the other ions, Mg®* and K* contents increase with the flood. This
would be due to the use of fertilizers for agriculture.

[21] and [17] described similar concentrations of major anions and cations in
the waters of the Sassandra River at its hydrometric station in Gaoulou.

With regard to the quality of the Davo river waters related to the studied
TME, iron is by far the most abundant element with an average content of
210.25 pg/L. These high iron contents are a characteristic of the waters of Cote
d’Ivoire [22]. [13] proposes for aesthetic reasons (metallic taste, stains in laun-
dry) a non-binding upper limit of 300 pug/L of iron for drinking water. The other
metals show very low levels compared to the standards set by the [13].

The Pearson correlation matrices showed that Fe was strongly correlated with

TSS (0.73) and turbidity (0.99), indicating transport in particulate and/or col-

DOI: 10.4236/0japps.2022.128097

1412 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2022.128097

N. Aka et al.

loidal forms of Fe as observed by [23] [24]. This could be explained by the pre-
dominantly ferralitic soils in the study area. During the weathering process, ses-
quioxides Fe,O, are released and accumulate on the surface by upward migra-
tion due to surface evaporation [20]. The rains when tearing off the terrigenous
particles carry away the Fe in the form of ferrous oxide and reject them into the
waters of the river. This could explain that high Fe concentrations were observed
during flood periods with a maximum of 490 pg/L in November while minimum
concentrations were obtained during the long dry season (57 ug/L in February).
[20] also obtained similar result when studying the waters of the Sassandra river
at the Gaoulou hydrometric station.

The correlations between Pb and Cu are greater with TSS than with turbidity.
This would indicate that Pb and Cu in the waters of the Davo River are more
bound to TSS, thus transported by particles larger than 0.45 pm [25]. Hg was
moderately correlated with turbidity which includes colloidal particles of 0.2 to
0.45 pm size and negatively correlated with TSS. It is therefore the colloids that
carry part of the Hg concentrations found in the Davo River.

The turbidity and metals relationship has been addressed in the study of [25].
To highlight the link between turbidity and metals, [25] showed that when raw
water with a turbidity value of 127 NTU was treated at the Béni Nadji station on
the Senegal River in Mauritania, the Fe content was reduced from 210 ug/L to 20
ug/L after decantation. The turbidity was also reduced to 2.14 NTU, Pb content
went from 2 pg/L to 0 ug/L and Cu content from 184 pg/L to 8 ug/L.

The strong negative correlation between Cr and TSS would indicate that part
of the transport of Cr in water is done in the aqueous solution [23] [24]. These
authors showed that this fraction could reach 33 to 42% of that observed in the

particulate phase.

5. Conclusion

The purpose of this study was to assess the physical and chemical quality of the
Davo River at its hydrometric station in Dakpadou with a perspective of future
drinking water supply projects and to protect the populations that currently
consume these waters. The temperature, pH, EC and TSS parameters have aver-
age values that respect the standards fixed by the WHO for drinking water. As
for turbidity, its average value (10.18 NTU) is higher than 5 NTU which is the
threshold value fixed by the WHO. For the major ions (CI", NO;, HCO; and
SO; ; Mg*, Ca*, Na* and K*) no health risks for consumers were found. In
terms of TME, only the concentration recorded in November for Fe can lead to a
metallic taste in the water or stains in the laundry. However, this value does not
cause health hazards according to the WHO guidelines. Future studies could in-
clude work on organic micropollutants because deforestation and the use of
phytosanitary products in the exploitation of agricultural plots has increased in
recent years. They could also extend to the microbiological study of these waters

and concern both the water and sediment matrices of the Davo River.
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