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Abstract

The aims of the work were to study the current quality of the water in Lake
DOHOU used for drinking water supply through several physical, chemical
analyses and using water quality indices (WQI). In addition, the question was
whether the populations are at risk after drinking water of lake following a
reduction of 50% and 75% in the median and maximum values of pesticides.
Thus, the results of the pesticide monitoring program were incorporated into
probabilistic human health risk assessment exercises. Water samples were
collected over a period of one year. Pesticides were subjected to solid phase
extraction and then analyzed using gas chromatography coupled to tandem
mass spectroscopy. The other parameters were measured according to con-
ventional methods. The results showed that the most frequently detected pes-
ticides were aldicarb (79%), simazine (79%) and monolinuron (44%). They
also showed the mean values of concentrations exceeding 1.5 ug/L. Metox-
uron detected at a frequency of 29% showed the maximum average concen-
tration (13.46 pg/L). Nearly 98% of the sampling points had at least one sub-
stance with an average concentration above the quality standard (0.1 ug/L)
and 80% did not meet the total concentration standards. Cumulative risk qu-
otient estimates after 50% or 75% abatement for frequently identified pesti-
cides were greater than unity when extreme values for adults and children
were considered. To determine the suitability of water for aquatic life, drink-
ing water consumption and drinking water production, the water quality in-
dex (WQI), the heavy metal pollution (HPI) and the heavy metal evaluation
(HEI) were calculated. The poor quality of the water was mainly related to
pesticides, organic matter and microbiological parameters. Most of the nu-
trients and metals studied were often below the standards of drinking water
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and aquatic life. The Water Quality Index (WQI) has shown that water quali-
ty is degrading for these three modes of use and ranges from poor to margin-
al. The coupling of monitoring data with probabilistic estimates of human
risks could be used by the Ivorian authorities to propose effective pollution
management plans.
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1. Introduction

Agriculture occupies a prominent place in developing countries because of its
food, economic, social and environmental functions [1]. However, it faces many
difficulties related to land insecurity, non-mechanization and rainfall problems
[2]. To these basic problems is added the parasitic pressure exerted on the crops.
All these factors combine to reduce production and consequently farmers’ in-
comes. Thus, there is a question of survival for the latter who must find solutions
to these constraints. If the resolution of land, water and mechanical problems is
generally beyond the reach of the common farmer, it is different for the man-
agement of parasitism and weed issues [3]. The solution is based on the massive
application of phytosanitary products, sometimes prohibited, and which ulti-
mately poses environmental and health problems [4]. Also, in recent years, there
has been a population growth in Cote d’Ivoire, accompanied by intensive urba-
nization, the development of industrial activities and the exploitation of arable
land [5]. This has resulted in a large increase in wild dumping and a wide diver-
sification of pollutants that can reach watercourses. The precariousness of Do-
hou Lake raises serious concerns because of the above-mentioned causes in ad-
dition to the absence or poor quality of drainage and sanitation structures. The
main consequences of this gloomy picture are the inadequacies in the supply of
drinking water and indirectly diarrheal diseases induced by the pathogens re-
sponsible for about 3.4 million deaths worldwide through the direct or indirect
consumption of water contaminated [6]. The populations are thus faced with the
often-fatal consequences of the drifts of their activities. Moreover, in Cote
d’Ivoire, there are very few drinking water stations supplied by surface water that
offer a moderately sophisticated treatment; that is to say, a filtration treatment
accompanied by ozone treatment or activated charcoal. Since the majority of
drinking water treatment plants supplied by surface water in Cote d’Ivoire do
not provide a treatment that can remove all pesticides and trace elements
present in the raw water, it is essential to ensure that surface water is not conta-
minated by these pollutants. Pollutants are generally in large quantities in urban
discharges [7]. Data from the literature indicate that their release into aquatic
environments adversely affects the physicochemical quality of biotopes and af-
fects organisms at different levels of biological organization [8]. Pollution of wa-
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ter by pesticides is particularly problematic because of the ecological and human
challenge that this resource represents [9]. The quality of surface water is there-
fore an issue for the population. Most of the surface water resources, particularly
in peri-urban areas, are confronted with these pollutions, which causes them to
experience episodes of eutrophication, due to nutrient inputs from domestic
waste and agriculture. With regard to agricultural pollution, pollutants can lead
to contamination of the food chain, difficulties in supplying populations with
drinking water and certain threats to biodiversity [10]. These consequences are
due to the persistence of certain agrochemicals or their degradation products
which, through bioaccumulation and biomagnification, accumulate in the tissues
of plants and animals [11]. In addition, the contamination of surface waters by
heavy metals is a serious environmental problem because of their potential tox-
icity to humans and the environment [12]. They are not biodegradable and can
bioaccumulate throughout the food chain. The interpretation of water quality
datasets for pollution assessment is quite difficult because of the simple elemen-
tal concentrations [13]. On the other hand, quality indices have a great deal of
leeway in analyzing data sets for better interpretation of pollution [14]. The
present study aimed to evaluate the current water quality of Dohou Lake
through several physical and chemical analyzes, using water quality indices
(WQI), heavy metal pollution (HPI), heavy metals evaluation (HEI) and moni-
toring of 32 pesticides and metabolites in this lake used for drinking water
supply. In addition, the results of the pesticide monitoring program have been

incorporated into probabilistic risk assessment exercises for human health.

2. Materials and Methods
2.1. Study Area and Physicochemical Analysis

A mesh of the lacustrine water body allowed to select the sampling sites shown

in Figure 1. Seven water quality monitoring points were set up on Dohou Lake
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Figure 1. Map of sampling sites of Dohou Lake [15].
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used for the production of drinking water with an area of one square kilometer.
The study area is Guemon. It is a region with high agricultural production. Wa-
ter samples were collected just below the surface of the water for analysis of se-
lected parameters. The analysis was performed on several physical, chemical and
microbiological parameters. Some parameters such as pH, dissolved oxygen and
TDS were measured in situ using a multi-parameter HANNA brand, HI 9828
and other chemical and microbiological variables were estimated according to
the procedures described by [15].

2.2. Heavy Metals Analysis

Seasonal samples of surface water were collected from November 2017 to Octo-
ber 2018. Samples were collected at the same location over the four seasons. The
reagent used for sampling and filtration is HNO; pure quality 48%. The objective
is to stabilize the solutions at pH = 2 to minimize precipitation and adsorption
on the bottle walls, as required by the standard procedure. The sample bottle is
rinsed with a little sample before filling. All samples once taken are stored in a
cooler, and within a maximum of 24 hours placed in a refrigerator at 4°C. The
filtration apparatus is cleaned regularly with 1 N HCI and rinsed with water to
avoid memory effects on the collected water. The water samples were placed in
clean polyethylene bottles. Heavy metal concentrations were determined using
atomic absorption spectrometry (Perkin-Elmer, 3300/96, MHS-10) with a spe-
cific lamp for each particular metal. The heavy metal concentrations Pb, Cd, Fe,
Zn, Mn and Cu were analyzed by flame atomic absorption spectrometry. Arsenic
and mercury were determined by atomic absorption spectrometry with hy-
dride/cold vapor generation. Lead was determined by atomic absorption spec-
trometry in a graphite furnace. The average values of three repetitions were tak-
en for each determination. The quality of the analytical data has been ensured
through the implementation of quality assurance and quality control methods in
the laboratory, including the use of standard operating procedures, calibration
with standards, analysis of blanks reagents, recovery of known additions and
replica analysis. All analyzes were performed in triplicate and the results were
expressed as an average. In order to minimize the variability among the sample
results, we used the same analytical laboratory and this laboratory applied the
same method of analysis for each chemical element searched during the study

period.

2.3. Pesticide Analysis

Before extraction, the samples were filtered under vacuum through a filter paper
to remove the particles. Each sample was returned to its original sampling con-
tainer. The principle of SPE is to allow a volume of 10mL of sample to pass
through a plastic cartridge containing octadecyl (C18). Before use, the cartridges
were preconditioned with 4 ml of methanol then 4 ml of distilled water. The wa-
ter samples were loaded onto the cartridges at a rate of 5 ml-min™". After sample

percolating, the cartridges were aerated by pumping air and the retained solutes
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were eluted with 5 ml of an ethyl acetate: methanol mixture (10 v/v) followed by
4 ml of hexane, leaving to soak for 30 minutes. The combined eluate was evapo-
rated to dryness and the residue was dissolved in 100 uL of ethyl acetate. Once
the extraction process is complete, the next step is the analysis consisting of the
separation, identification and determination of the isolated substances. In the
case of the pesticides in this study, the technique used is that of gas chromato-
graphy (GC) coupled with mass spectrometry. For the analysis of the molecules
in this study, it was coupled with several types of detectors such as the NPD de-
tector and the mass spectrometer. The apparatus used is a Varian® 431-GC
chromatograph (Agilent Technologies, Les Ulis, France) equipped with an au-
tomatic sample changer (Varian® CP-8410) coupled to a Varian® 210-MS mass
spectrometer operating with a charge trapping analyzer (ion trap). Mass spec-
trometer was used in full scan mode. The whole is controlled by a computer
equipped with software allowing the acquisition and the exploitation of the data.
The temperature program applied to the column is as follows: the flow temper-
ature is 70°C then rises to 175°C with a step of 10°C/min, then to 225°C with a
step of 5°C/min and finally at 310°C at a rate of 10°C/min. The final tempera-
ture of 310°C is maintained for 6 min 50 sec. The injection was done in spitless
mode for 30 seconds with an injector temperature of 280°C. A sample volume of
2 uL is injected using the autosampler to obtain a good reproducibility of the in-
jection. The mass spectrometer is used in electronic impact (EI) mode where io-
nization is caused by collisions with electrons at 70 eV; the intensity of the fila-
ment was 80 pA. The pesticides were identified by comparing the retention
times obtained by analyzing a standard mixed working solution at 500 ppb and
by interrogating the software’s mass spectra library. The pesticide contents con-
tained in the samples are calculated by comparing the areas of the peaks of the
products in the sample with the areas obtained with standard solutions of known
concentrations. The principle of calculation of the results by the software is giv-
en by the Equation (1)

S xC XV, XV, xF

1)
i S, xM,xV,

C,: concentration of active ingredient (mg/L); S: peak area of the sample; S,
standard peak area; C,: standard concentration (mg/L); V;: volume to be purified
(1); V;: volume after purification (I); V; final volume (1); M. sample volume (1);
F dilution factor.

2.4. Heavy Metal Pollution Index (HPI) and Heavy Metals
Evaluation Index (HEI)

The degree of metallic pollution in the Dohou Lake water samples was evaluated
using two methods: the metal pollution index (HPI) and the heavy metals evalu-
ation index (HEI) as reported by [14] and [16]. HPI indicates the quality of wa-
ter and its suitability for use as drinking water for metals [17]. The Heavy Metal
Pollution Index (HPI) method was developed by assigning a rating or weighting
(W) to each selected parameter (Hg, Cd, As, Pb, Cu, Fe, Mn, Zn). The Heavy
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Metals Evaluation Index (HEI) provides an overview of the overall water quality
for heavy metals and metalloids (Hg, Cd, As, Pb, Cu, Fe, Mn, Zn) [18]. It was
calculated by [17] as follows:

Hm=igm/im 2)
i=1 i=1
With

lez]gl _IIIXIOO and HEIziHc/HMAC (3)
i=1

i=l B i
where Q; sub-index of the nth parameter, ; unit weighting of the parameter j
n: number of parameters considered. M; measured heavy metal content of the
parameter 4 I; ideal values of the parameter 7and S; standard value of the para-
meter j the sign () indicates the numerical differences between the two values,
ignoring the algebraic sign. H: measured heavy metal content of parameter j

H,,: maximum permissible concentration of parameter 7.

2.5. Water Quality Index

In general, the index is used to assess water quality in relation to its desired sta-
tus (as defined by the water quality objectives) and to give an idea of the extent
to which water quality is affected by human activity. An index is a useful tool to
describe the state of the water column, sediments and aquatic life and to assess
the suitability of water for use by humans, aquatic life, wildlife.

The WQI is identified by the Canadian Water Quality Index approved by the
Canadian Council of Ministers of the Environment [19]. The index has three
components: Scope—number of variables that do not meet water quality objec-
tives; frequency—the number of times these goals are not achieved; and ampli-
tude—the sum of objectives has not reached. The index produces a number be-
tween 0 (worst water quality) and 100 (best water quality). The classification of
WQI scores was illustrated by 5 descriptive categories to simplify the presenta-
tion of water quality: poor (0 to 44), marginal (45 to 64), fair (65 to 79), good (80
to 94) and excellent (95 to 100). The WQI was calculated using the Equation (4):

F R+ F

WI=100-
Q 1.732

4)

where £ (Scope) represents the percentage of variables that did not meet their
objectives at least once during the reporting period (“failed variables”), relative

to the total number of variables measured,
_ Number of failed variables

. x100; F, (Frequency) represents the percentage

" Total number of variables
of individual tests that do not meet the objectives (“failed tests”):

_ Number of failed tests

~ Total number of tests
which the failed test exceeded the permissible value.

; x100, F, (Amplitude): The extent (excursion) to

The sum of non-compliance of the individual tests is calculated by summing

the differences of the individual tests in relation to their objectives and dividing
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by the total number of tests (objectives exceeded by not achieved). This variable,

called the normalized sum of excursions or nse, is calculated as follows:

n
D excursion,
i=1

* Total number of tests

and

. [ Failed tests, J
excursion, =| ————— | -1

Guidline value i

F; is then calculated by an asymptotic function that fits the normalized sum of

the deviations to objectives (nse) to give a range between 0 and 100.
F = nse
nse x 0.01+0.01

Three sets of guidelines were used to determine if Dohou Lake is suitable for
drinking water production according to the French standard FQWS [20], for di-
rect use as source of drinking water WHO [21] and for the protection of aquatic
life according to CCME criteria. Water quality was determined by 19 parameters
(NO,, NO;, NH;, pH, OD, total phosphorus, total nitrogen khjedjal, Hg,
Pb, Cd, As, Cu, Fe, Zn, E. coli, enterococci, Aldicarb and Monolinuron), 24
(TDs, BOD;, NO,, NO;, NH;, PO;, SO; , pH, DO, total phosphorus,
total nitrogen khjedjal, Hg, Pb, Cd, As, Cu, Fe, Zn, E. Coli, Enterococci, Aldicarb
and Monolinuron) and 21 (TDS, NO,, NO;, NHj, POif , SOif , pH, OD,
Hg, Pb, Cd, As, Cu, Fe, Zn, E coli, enterococci, Aldicarb and Monolinuron) for
[19] [20] and [21], respectively.

2.6. Risk Assessment for Human Health

The non-carcinogenic risk of the detected pesticides was calculated using a
model described by [22] and [23] for adults and children. Oral reference doses
were obtained from [23] [24] [25]. Daily drinking water consumption per person
depends on physical activity (duration and intensity of exercise), weather condi-
tions and transpiration rate. The different types of surface water treatments have
varying levels of effectiveness for pesticide removal from supply water. A study
carried out in Switzerland and France established that the average pesticide ab-
atement in their drinking water was 50% for conventional treatment (sand filtra-
tion) and 75% for filtration treatment accompanied by ozone [26]. Based on
these results, we calculated the different allowances on the median values and
the maximum values (Table 4) this study two scenarios were used, the first con-
sidering the raw water consumption of the lakes and the second, more realistic,
lake water consumption after treatment. The hazard quotient (HQ) was used to
calculate the non-carcinogenic hazard for a person consuming water from this
resource (Equation (5)) [23] [27]. Pesticides with a high detection frequency and
some with an oral reference dose were considered in this work. Other routes of
exposure (e.g. skin contact with surface water during shower) have not been

considered.
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_ CDI
RfDo

HQ (5)

where the daily intake (CDI) represents the estimated amount of pesticide in-
gested per kilogram of body weight; The reference dose (RfDo) is the reference
dose of the contaminant (mg/kg/day) orally. The CDI was calculated by the Eq-
uation (6) [22],

CDIi = CxIRi ><.EF1 x EDi ©)
BWix AT

where C represents the measured concentration (mg/L) of each pesticide in the
water (median and maximum concentration detected), IRi is the water ingestion
rate (1.5 and 2 L/day for each age considered, 6 years for children and 70 years
for adults) [28], EFi is the frequency of exposure (350 days/year for both ages),
EDi is the exposure duration (6 years for children and 70 years old for adults).
BWi is the body weight of the exposed person (28 kg for children and 70 kg for
adults, AT is the average lifespan (2190 and 25,550 days for children and adults,
respectively). When HQ of a pesticide was greater than 1, potential adverse ef-
fects were probably due to the compound in question, and if HQ was less than 1,
adverse effects were not likely. To estimate the cumulative potential (HQs) of
several pesticides, the sum of the hazard quotients for each pesticide was calcu-
lated by the Equation (7)

HQs =2 HQi ™)

3. Results
3.1. Pesticides

A total of 28 water samples were analyzed for 32 pesticides and their metabolites
over a one-year sampling period. Twenty-two pesticides and their metabolite
products were detected in the lake. Sixteen herbicides (atrazine, metolachlor,
prometryn, diuron, isoproturon, metamitron, metazachlor, simazine, terbuthy-
lazine, terbutryn, monolinuron, fenuron, metoxuron, monuron, metobromuron
and linuron), six insecticides-acaricides (parathion-methyl, vinchlozoline, para-
thion-ethyl, Chlorfenvinphos, Chlorpropham and Aldicarb) and two metabolites
(atrazine-desethyl, atrazine-deisopropyl) were quantified. During the study pe-
riod of the 32 different substances investigated, 17 were more or less frequently
detected, including 16 at concentrations above 0.1 pg/L and 15 at concentrations
above 0.5 pg/L. On average, 6 substances were detected simultaneously in the
same samples. In 85% of the samples, the cumulative concentration exceeded 0.5
pg/L. The most frequently quantified substances (frequency > 40%) during the
study period were in ascending order, Monolinuron, Simazine and Aldicarb
(Figure 2(a)). Generally, herbicides were the most frequently detected pesticides
and showed higher concentration values. For the insecticides that were detected
in 45% of the samples, the main families represented were carbamates (aldicarb)
and organophosphorus compounds (parathion-methyl, parathion-ethyl, chlor-

fenvinphos). The behaviors of the active ingredients may depend to
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Figure 2. Mean concentrations, detection frequencies and overtaking of pesticides ac-
cording to the seasons.
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a certain extent on the seasons. Indeed, climatic parameters such as temperature,
rain, wind and sunshine play a key role in the fate of pesticides, hence the relev-
ance of the study of seasonal variations in residue levels. Seasonal variations in
pesticide detection were observed during the study period (Figure 2(b)). Aver-
age levels per chemical family were higher in the rainy season than in the dry
season except for carbamates in Dohou Lake where concentrations were higher
in the dry season (Figure 2(c) and Figure 2(d)). Average concentrations were
relatively higher in the rainy season than in the dry season for the majority of the
active ingredients sought except for Aldicarb, Simazine and Monuron. The
highest concentrations were measured when the first driest rains occurred
shortly after pesticide application in early March. There are very different con-
centration profiles between the water sampling points. Aldicarb concentrations
ranging from undetected to 37.5 ug/L were observed. According to the French
standard, compliance with the quality standards for pesticides in surface fresh
water intended for the production of drinking water is subject to the following
joint verification of two conditions: the concentration of total pesticide residues
must be less than 5 pg /L and the concentration of residues per substance must
be less than 2 pg/L with the exception of four substances (aldrin, dieldrin, hep-
tachlor and heptachlor epoxide) for which the standard is 0.03 pg/L. Failure to
comply with one or both of these conditions will result in non-compliance of the
sampling point. The quality standards for surface water intended for drinking
water are respected for 2% of the considered water points. Nearly 98% of the
sampling points had at least one substance with an average concentration above
the corresponding quality standard and 80% did not meet the total concentra-
tion standards. On average, three active ingredients were found with higher than

standard levels in the samples.

3.2. Health Risk Assessment

The result of the various possible abatements calculated with the median and
maximal values (ug/L) as well as the oral reference doses are recorded in Table
1. The results of the different abatements according to the two types of treatment
showed values higher than 0.1ug/L which is the European standard for an active

ingredient.

3.3. Health Risk Related to Water Consumption

The HQ of the 7 pesticides considered is presented in Table 2. The HQ is less
than 1, considering the median values and the different abatements. The highest
value in this case is 6.51 x 107!, which indicates that the lake water is relatively
clean for consumption in this case. On the other hand, if we consider the maxi-
mum values of the raw water content for the calculation of the HQ, aldicarb,
methyl-parathion and ethyl -parathion recorded values of HQ greater than 1 and
the highest observed in the lake is for aldicarb in the case of children. Also, after
50% reduction in conventional treatment, aldicarb (1.53) also has the highest

HQ value in the sample. These results indicate that aldicarb in the lake
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Table 1. Results of the various median and extreme reductions in the most high-

ly-pollinated pesticides and their oral reference dose.

50% 75% 50% 75%
Pesticides Méd Max abatement abatement abatement abatement RfDo
(Méd) (Méd) (Max) (Max)
Aldicarb 2 37.5 1 0.5 18.75 9.37 0.001
Simazine 235 182 1.17 0.58 9.1 4.85 0.005
Monolinuron 1.5 12.1 0.75 0.37 6.05 3.02 0.005
Méthyl-Parathion 2 4.31 1 0.5 2.15 1.08 0.00025
Ethyl-Parathion 2.06 4.64 1.05 0.52 2.32 1.16 0.00035
Prometryn 1.6 5 0.8 0.4 2.5 1.25 0.004
Terbutryn 1 4.85 0.5 0.25 2.42 1.22 0.001

Med: median; Max: maximum.

Table 2. Non-carcinogenic risk of frequently detected pesticides according to two scena-

rios.
children Aldult
Pesticides
CDI (mg/Kg/]) HQ CDI (mg/Kg/]) HQ
1.63 x 1074 1.63x 1071 5.48 x 1073 5.48 x 1072
3.05 x 107 3.05° 1,03 x 1073 1.03
8.14 x 1075 8.14 x 107> 2.74 %1073 2.74 %1072
Aldicarb
4,07 x 107 4,07 x 107 1.37 x 107° 1.37 x 1072
1.53 x 107 1.53¢ 5.14 x 10 5.14 x 107!
7.63 x 1074 7.63 x 107 2.56 x 107 2.56 x 107!
1.91 x 10™* 3.8 x 1072 6.44 x 1073 1.28 x 1072
1.48 x 107 2.96 x 107! 4.99 x 107 107!
9.56 x 1073 1.9x 1072 3.22x 107 6.44 x 1073
Simazine
4.72x 107 9.4 x 1072 1.59 x 10~° 3.18 x 1073
7.41 x 107 1.48 x 107! 249 x 107 498 x 1072
3.95x 107 7.90 x 1072 1.33x 107 2.66 x 1072
1.22x10™* 2.4x107? 4.11x107° 822 %107
9.85x 107 1.97 x 107! 3.32%x 107 6.64 x 1072
6x10x 107 1.2x 1072 2.05x 1078 4x10x107
Monolinuron
3.04 x 1073 6.060 x 10~ 1.02 x 107° 2.04 %107
492 x 107 9.48 x 1072 1.66 x 107 3.32x 1072
243 %107 4.86 x 1072 8.28 x 1073 1.65 x 1072
1.63x 107 6.51 x 107! 5.48 x 1073 2.19x 107!
3.51x 107 1.400 1.18 x 107 4.72x 107"
8.14 x 1073 326 x 107! 2.74x 1073 1x10x10™"
Méthyl-Parathion
4.07 x 107 1.63 x 107! 1.37 x 107 5.48 x 1072
1.75 x 107 7 x 107! 5.89 x 1073 2.35x 107!
8.79 x 1073 3.51 x 107! 2.96 x 1073 1.18 x 107!
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Continued
1.68 x 107 4.79 x 107! 5.60 x 1073 1.6 x 107!
3.78 x 107 1.080 1.27 x 107 3.63 x 107!
8.55 x 107° 244 %107 2.87 x 1078 8.20 x 1072
Ethyl-Parathion
423%x107° 1.20 x 107! 1,43 x 107 4.08 x 1072
1.89 x 10™* 5.40 x 107! 6.35x 107° 1.81 x 107!
9.44 x 1073 2.69 x 107! 3.18 x 1073 9.08 x 1072
1.30 x 10™* 3.2x107? 43x10°° 1.1x1072
4.07 x 107 1.02 x 107! 1.37 x 107 3.4 x107?
6.51 x 1073 1.6 x 1072 2.19%x 107 5.47 x 1073
Prométryn
326 x 107 8 x 107 1.09 x 107 2.72%x 107
2.03x10™* 5.07 x 1072 6.85 x 1073 1.71 x 1072
1.02 x 107 2.55 x 1072 3.42 %1078 8.55 x 1073
8.14x 107° 8.1x 1072 2.7x107° 2.7 x 1072
3.95x 107 3.95x 107! 1.33x 107 1.33 x 1072
4.07 x 107 4.1x107? 274 %107 2.74% 107
Terbutryn

2.03x 107 2.0 x 1072 1.37 x 107 1.37 x 1072
1.97 x 107 1.97 x 107! 6.63 x 1073 6.63 x 1072
9.93 x 1073 9.93 x 1072 3.34x 1078 3.34x 1072

1.468* 0.4928

6.518> 2.079

0.739¢ 0.2381

HQs = $HQI

0.4517¢ 0.1309

3.260° 1.096

1.635f 0.5498

“Non-carcinogenic hazard quotient (child, median concentration); "Non-carcinogenic hazard quotient
(child, extreme concentration); “Non-carcinogenic hazard quotient (child, median concentration after 50%
abatement); “Non-carcinogenic hazard quotient (child, median concentration after 75% abatement);
Non-carcinogenic risk quotient (child, extreme concentration after 50% abatement); ‘Non-carcinogenic
hazard quotient (child, extreme concentration after 75% abatement).

poses a potential risk to children through the consumption of raw water before
and after 50% reduction. On the other hand, the potential risk of exposure
through ingestion after a 75% abatement is low. The HQ estimates for each pes-
ticide by ingestion when considering the median value follows the order of me-
thyl parathion > ethyl parathion > aldicarb > Terbutryne > Simazine > prome-
tryne > Monolinuron. Regarding the case of the risk assessment for adults when
extreme concentrations are taken into account, only aldicarb has HQ greater
than 1 suggesting a risk for this class of person. However, the potential risk is
low after at least 50% of abatement for adults. The cumulative risk potentials
(HQs) posed by several pesticides after a 50% and 75% reduction are respectively
3260 and 1635 when extreme concentrations are taken into account for children
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(Table 2). For adults, only the cumulative risk potential (HQs) posed by several
pesticides after 50% abatement is greater than 1. The cumulative risk assessment
was calculated using a simplified additive approach by summing the individual
HQs posed by each pesticide; the effects of synergistic, antagonistic or other in-
teractions have not been taken into account. The non-cancer risk of children is
higher than the potential risk for adults.

3.4. Heavy Metals Index

The HPI and HEI values for 28 water samples were calculated and these mean
indices of heavy metal pollution per station were shown in Figure 3. The average
heavy metal pollution index (HPI) for station 7 (187) was above the value of
critical limit 100. No significant spatial variation in water quality was observed
as illustrated by the variation of HPI (Figure 3(a)). The heavy metals evaluation
index (HEI) is used to discriminate the criteria of the different pollution indices.
The HEI criteria for surface water samples are therefore classified as low (HEI <
40), medium (HEI = 40 - 80) and high (HEI > 80). It is observed that surface
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Figure 3. Spatial and temporal variation in surface water quality index values in the study
area. RS: Rainy Season; DS: Dry Season, Guide levels: 100.
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water in the study area has a low pollution level for heavy metals. The HEI index
reveals a significant seasonal variation (p < 0.001) in water quality between the
dry season and the rainy season (Figure 3(b)). In general, the dry season rec-
orded significantly lower heavy metal concentrations (p < 0.05) than in the rainy

se€asons.

3.5. Overall Water Quality Index

The spatial distribution of water quality data is shown in Table 3 for all parame-
ters studied. The pH of Dohou Lake was generally acidic. The average pH value
was below the acceptable standard for drinking water. Dissolved oxygen (DO) is
an important parameter in the assessment of water quality for aquatic life and
for consumption. Mean values of DO at all monitoring points were within the
quality criteria for aquatic fitness and for drinking water production. The lowest
mean DO concentration was recorded at Station 7. Biological oxygen demand
has a great advantage in estimating organic matter pollution. The average value
of BOD; is higher than the acceptable standard for drinking water production
FQWS. Station 7 recorded the highest average concentration of BOD; in the
study period. For all forms of nitrogen in Dohou Lake, nitrite has the lowest
concentrations. However, some values are beyond the limit required for aquatic
fitness. All nitrogen compounds comply with the drinking water quality stan-
dard except for total nitrogen. Some values of the different parameters were
higher than the recommendations for aquatic life. For forms of phosphorus (or-
thophosphate and total phosphorus) evaluated in water, the average grade of
orthophosphate remained in compliance with both standards (FQWS, WHO).
On the other hand, the average total phosphorus content exceeds the permissible
concentration for water intended for the production of drinking water and the
protection of aquatic life. All forms of nitrogen and orthophosphate measured
were correlated (r = 0.69 - 0.93, n = 48, p < 0.01). Microbiological analyzes show
the presence of fecal coliform bacteria (E. coli) and enterococci in the waters of
Dohou Lake (Table 3). These bacteria are good indicators of recent faecal con-
taminations. All sampling points recorded levels above WHO standards and
some were well in aquatic life guidelines and some exceeded criteria for drinking
water production. The most commonly detected pesticides (aldicarb, simazine
and monolinuron) have been incorporated into the overall assessment of water
quality. Stations D3 and D4 recorded the highest average levels of pesticides (al-
dicarb, simazine and monolinuron). The mean concentrations of aldicarb per
station in the study period (Table 3) range from 0.65 + 0.94 pg/L to 10.39 +
18.11 ug/L for lake water and exceed the allowable concentration for drinking
water production and the protection of aquatic life at certain sampling points.
This is the same for simazine and monolinuron pesticides with mean concentra-
tions ranging from 1.04 + 1.29 to 6.05 + 7.58 ug/L and from 0.35 + 0.49 to 4.21 +
3.4 pg/L, respectively. The average concentrations per station of Hg, Cd, Pb, As,
Cu, Zn, Mn and Fe in Dohou Lake ranged respectively by 0.36 £ 0.30 - 0.71 +
0.39; 0.05 + 0.03-0.36 + 0.45; 1.74 + 1.83 - 7.52 + 3.45; 0.85 = 1.10 - 9.40 £ 5.34;
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Table 3. Basic statistics of physical, chemical and microbial variables in Dohou Lake.

3 3
[== - L
Stations .é %Q QE‘) El
S8 X =
= g
[y % 5 <
Variables
S o
— N o < wn ¥ ©~ § N >
A a a a) a) o) [a) I g O
= T O
Z
Max - Min ~ 29.3-17 29-16 31.5-16.5 33-16.7 43-16 60 - 16 35-17
TDS 300 1000
Moy +SD  22.78 + 3.61 22.25+3.33 22.87 +4.02  23.15+4.45  2566+698 2742 +12.00 26.08 +4.77
Max - Min ~ 7.15 - 4.79 7.31-4.79 7.15 - 4.82 7.16 - 4.96 7.43 - 5.05 6.71 - 4.85 6.75 - 4.84 65 65 6.5
pH - - -
Moy+SD  6.19+0.19 6.00 + 0.72 5.97 +0.72 5.8 +0.66 5.67 + 0.76 5.51 % 0.57 5.65 + 0.59 8.5 9 9
DO Max - Min 9-459 7.70 - 4.66 7.7-3.8 7.17 - 4.60 7.8-3.6 7.90 - 3.53 6.44 - 2.54
5 5 5
(mg/L) Moy +SD  6.28 + 0.42 6.04 +1.03 5.75 + 1.25 5.88 +0.78 5.36 + 1.16 5.00 +1.23 4,95+ 1.20
DBO Max - Min ~ 10-3.11 12.92 - 1.84 8.54 - 2.27 16.34 - 4.16 13.6- 1.6 20.3-2.7 17.8 - 16.8
’ 3 5 -
(mg/L) Moy +SD  6.35 £ 2.60 5.67 +3.25 5.69 + 2.52 9.53 +1.27 7.96 + 4.08 7.71 £5.18 11.72 + 6.62
NO.N Max-Min  8.83-0.34 8.70 - 0.01 10.2- 0.9 11.33 - 0.43 16- 0.2 16.40 - 0.80 14.30 - 3.00
3/L 50 50 2.9
(mg/L) Moy +SD  3.77 £ 2.60 3.53 £2.52 3.85 +2.80 3.83 + 3.60 5.85 + 4.98 7.22 +5.69 8.4 +3.81
NO.N  Max- Min 50-9 66 - 4 44-75 47-10 92-1 77 -13 69 - 12
;L 100 100 60
(hg/L) Moy +SD  23.0+11.9 23.83 +18.75 20.80 + 12.10  20.64 + 10.60  31.00 +£25.78 4225+ 18.85 28.16 + 17.63
NH4.N Max-Min  0.295-0.076 0.44 - 0.07 0.28 - 0.04 0.38 - 0.09 0.68 - 0.08 1.22 - 0.07 0.85 - 0.04
/L 4 0.5 047
(mg/L) Moy +SD  0.201 + 0.07 0.19 £ 0.10 0.17 +0.07 0.19 +0.08 0.25 +0.19 0.32 +0.36 0.33 +0.24
NTK Max - Min ~ 24.33 - 2.33 39-2 30-1.5 30.67 - 1 30-2 25-4 27-7
3 - 1
(mg/L) Moy +SD  12.36 + 7.66 15,42 + 11,90 12.37 £ 9.82 13.08 + 8.57 15.50 + 8.60 13.58 +7.13  16.33+6.85
po.p Max-Min  0.60-0.04 0.75 - 0.02 0.67 - 0.04 0.57 - 0.04 1.2-0.01 1.13-0.13 0.77 - 0.05
* 0.5 05
(mg/L) Moy +SD  0.29+0.16 0.31 0,20 0.28 +0.18 0.30 £ 0.18 0.42 +0.38 0.43 +0.28 0.38 £ 0.24
P Max - Min ~ 15.6 - 0.12 0.1-31.4 16.45 - 0.16 15.67 - 0.20 22.9-0.01 12.1 - 03.71 1.7-0.24
0.7 - 05
(mg/L) Moy +SD  5.38+5.57 5.79 £ 2.57 4.88 + 1.63 5,05 + 1.57 6.42 +2.24 4.39 + 4.36 2.87 + 3.46
SO? Max - Min ~ 20.21 - 1.02 42.72 - 0.25 19.57 - 3.76 20.93 - 2.97 28.02 - 2.01 96.24-1.87  135.73-1.14
N 250 250 -
(mg/L)  Moy+SD 10.86 + 5.86 12.99 + 11.15 10.55 + 4.56 10.88 + 5.60 11.32+7.81 2649 +10.01 34.03 £ 11.26
Hg Max - Min ~ 0.94-0.11 1.03 - 0.05 0.74 - 0.05 1.04 - 0.14 0.95 - 0.12 0.63 - nd 0.94 - 0.04
1 6 0.1
(hg/L) Moy +SD  0.37 +0.21 0.62 +0.43 0.37 +0.29 0.65 + 0.44 0.71 +0.39 0.36 + 0.30 0.51 +0.42
b Max - Min ~ 7.12- 0.38 2.21-3.28 3.96 - 0.23 4.14-0.15 17.05 - 0.53 2.6-1.31 1.08 - 1.11
50 10 4
(hg/L) Moy +SD  3.46 +2.79 2.67 +0.44 1.74 + 1.83 2.31 £ 2.06 7.52 +3.45 1.83 + 0.63 3.72 £ 4.90
cd Max - Min ~ 0.13-nd 0.08 - nd 0.16 - 0.07 0.32-0.07 0.35 - 0.02 1.03 - 0.09 0.09 - 0.04
5 3018
(ng/L) Moy +SD  0.07 £ 0.06 0.05 + 0.03 0.12 + 0.04 0.20 + 0.12 0.16 £ 0.15 0.06 + 0.020 0.36 + 0.45
As Max - Min ~ 10.25 - 0.24 0.07 - 5.03 2.65-0.14 18.75 - 0.03 10.34 - 0.23 2.43 - nd 1.98 - 0.06
L 10 10 50
(hg/L) Moy +SD 327 +2.34 1.86 + 1.46 1.59 + 1.26 9.40 £ 5.34 4.89 +2.54 0.85 + 1.10 1.08 + 0.86
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Continued
Cu Max - Min 3.13-0.23 3.46 - 1.25 2.23-0.99 2.8-0.78 3.78 - 2.07 2.34 - 1.50 3.98 - 1.89
L 50 2000 2
(kg/L) Moy + SD 1.63 £ 1.29 2.38 £ 0.90 1.89 = 0.60 1.70 £ 0.88 2.87 £0.78 1.86 £ 0.40 2.81£0.97
Mn Max - Min 3.40 - 1.52 2.28 - 1.08 3.20-0.99 4.04 - 2.21 5.62 - 2.09 3.34-2.08 4.56 - 2.06
- 1000 -
(ng/L) Moy + SD 2.65 £ 0.90 1.58 £ 0.58 2.20 £ 1.06 3.49 £ 0.86 3.02+1.73 2.77 £ 0.66 293+1.12
7n Max - Min 3.02-0.58 0.30 - 2.12 2.24-0.85 9.25 - 0.65 4.09 - 0.17 2.14-0.54 2.21-0.21
L 5000 30
(hg/L) Moy + SD 1.56 £ 1.13 1.08 £ 0.75 1.37 £ 0.60 3.48 £ 4.02 246+ 1.74 1.7 £0.76 1.60 £ 0.91
Fe Max - Min 4273 - 1032 5432 - 1064 2548 - 995 6621 - 1288 4915 - 1530 6036 - 2298 4906 - 1540
T 300 200 300
(hg/L) Moy £ SD 2985 £ 1399.56 2896.25 + 2172.24 2066.50 + 721.14 3768.0 + 2231.2 3351.25 + 149.90 4663.5 + 1.78 3235.24 + 1.55
E. Coli Max - Min 1315 - 960 1000 - 210 160 - 130 370 - 200 550 - 200 1650 - 1180 170 - 120
: 200 0 400
CFU/100mL
Moy + SD 1282.50 + 237.96 596.25 + 394.28  147.50 £ 15.00 282.50 + 76.75 410.0 + 148.99 1332.5 +218.08 146.25 + 20.54
. Max - Min 1140 - 420 970 - 250 550 - 100 320-70 460 - 150 980 - 20 250 - 240
Entérocoques
CFU/100mL 100 0 400
m Moy = SD 790.00 + 295.97 502.50 + 332.60  322.5+195.00 175.00 +113.78 247.5+146.6 360.00 + 64.93 460.00 + 241.24
. Max - Min 13-nd 11.2-nd 37.50 - 0.08 36.5-0.8 8.60 - 0.02 2-nd 2-nd
Aldicarbe ) 01 5
(hg/L) Moy + SD 6.25 £ 5.56 3.70 £ 5.16 10.39 £ 18.11 9.05 + 8.12 3.15+£3.75 0.90 + 0.82 0.65 £ 0.94
si . Max - Min 4-nd 2.35-nd 18.2-nd 16-nd 17-0.01 6.0-0.8 2.87-nd
imazine ) o1 s
(ng/L) Moy + SD 2.71 £1.83 1.08 £ 1.26 4.81 £ 4.46 3.56 £ 2.20 6.05 + 7.58 2.56 +2.40 1.04 +1.29
. Max - Min 4-nd 1.4-nd 12.10-nd 11.30-nd 0.9-nd 6.4-nd 8.57-nd
Monolinuron ) 01 5
(hg/L) Moy + SD 1.75 £ 2.06 0.35+0.49 3.03 £ 3.02 421+34 0.40 £ 0.47 1.60 £+ 3.20 2.84 £ 3.90

Nd: No detected, SD: Standard derivation.

1.63 £ 1.29 - 2.87 + 0.78; 1.08 £ 0.75 - 3.48 + 4.02; 1.58 *+ 0.58 - 3.49 + 0.86 and
2985 * 1399.56 - 4663.5 + 1.78. Generally, the highest concentrations of heavy
metals were found at Station 5. Iron is one of the most common metals in na-
ture. Fe concentrations exceeded the recommendations in most of the samples
studied (Table 3). In addition, Hg concentrations in the lake water exceeded the
recommended limits for aquatic life at all stations. All sampling points recorded
levels of Cd, Pb, Cu and As below WHO standards and some were above guide-
lines for aquatic life and some exceeded the criteria for drinking water produc-
tion. The WHO drinking water quality indices and its ability to protect aquatic
life (CMME) remained consistently in the poor class (33.74 - 38.71; 32.81 -
42.45, respectively) on all sampling stations (Figure 4) with lower scores than
others. Station 5 recorded the lowest score. The index trend for aquatic life and
quality according to WHO decreases as one moves away from the dike (D1 to
D5). In addition, the quality index for drinking water production recorded the
highest values (51.04 - 56.48) that the first mentioned above but remains in the
marginal class (Table 4).

4. Discussion

4.1. Pesticides

The large variability in pesticide concentrations at Dohou Lake can be partly
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Table 4. Calculated values of Dohou lake water quality indices.

Total Number
. i Numbers of Number of
variable of failed i F1 F2 F3 WQI Class
R total tests failed tests
number variables
Use as drinking water
FWQS§, 2017 24 10-13 173 49 - 63 41.16 - 50.00 28.32-39.63 52.36-58.01 51.04-56.48 Marginal
WHO, 2011 21 9-12 148 26 -43 42.85-57.14 17.56-29.05 94.67-98.33 33.74-38.71 Poor
Use for aquatic life
CCME 19 12-15 144 50 - 68 63.15-78.95 34.72-47.22 67.38-73.46 32.81-42.45 Poor
== CCME FWQs WHO
60
55
Marginal

wu
o

'y
v

o
=2
<
> 40
o
= 35 N /\_\
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25
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Figure 4. Spatial evolution of water quality according to WHO, FWQS and CCME.

explained by variations in the physicochemical characteristics of the environ-
ment, which can be very important from one point to another and from one pe-
riod to another. Season-to-season variation would depend on precipitation that
controls soil erosion and suspended solids [29]. In addition to Duékoué, many
natural factors favor runoff (very pronounced relief, violent and frequent rainfall
events) and contribute to amplifying the potential risk of pesticide transfer to the
aquatic environment, due in particular to the very close proximity between cul-
tivated plots and the aquatic environment. Average concentrations were rela-
tively higher in the rainy season than in the dry season for the majority of the
active ingredients sought except for aldicarb, simazine and monuron. This may
indicate that surface water pollution is not persistent and that the rate of pesti-
cide degradation in the water reservoir can be rapid. Similar results have been
reported by several authors [30] [31] who found higher values of aldicarb and
simazine in the dry season. In contrast, some pesticides, such as prometryn and
monolinuron, were detected at almost constant concentrations for extended pe-
riods. This could indicate that these pesticides are likely to persist in surface wa-
ter and may have a potential risk impact to the aquatic ecosystem. The high so-
lubility (6 g/L at 20°C) of aldicarb, its low affinity for many soils (logKd < 4
L/kg) and its popularity with farmers, could explain its frequency of very high
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detections observed in this study [32]. Indeed, the cultures made on the edges of
the water reservoir are very sensitive to the attacks of several insects and patho-
gens at this time. Thus, different active ingredients are used alone or in a mix-
ture to control crop pests. Also, the carbamate molecules have a high potential
for leaching because of their low adsorption capacity, their intermediate DT50
and their relative solubility in water, hence their relative low rainfall season con-
tent in surface water [33]. The highest concentrations were measured when the
first driest rains occurred shortly after pesticide application in early March,
when field work began with the use of herbicides. Much of the lake’s pollution
during this period is due to the fact that, during surface water runoff and erosion
of soil particles, pesticide residues are transported from agricultural soils to lakes
without obscuring the leaf leaching of the soil pesticides by the rain [34]. For si-
mazine, its high dry season content indicates significant use at the site studied
during this period. Also, the high content of simazine and monuron in the dry
season reflects the fact that water contamination by pesticides is often an irregu-
lar phenomenon [35]. In contrast, substituted urea and organophosphorus
(mostly) have high retention potential (high Kc) and are therefore more trans-
ported by runoff. Thus, in case of torrential rain, one can attend a more or less
important increase of their concentration because of the very important runoftf.
Herbicides were the most frequently detected contaminants. This would be re-
lated to both the properties of these substances (DT50, solubility in water) and
the characteristics of their use which are related to the tonnage marketed, but
also to the period of application and the dose of use. The large use of triazines
and the similarity of their physicochemical properties such as water solubility,
high polarity, low degree of adsorption in soils and high persistence, could be
the cause of the frequent occurrence of these chemicals and their metabolites in
surface water in rainy seasons. The mixed trend in the evolution of dry season
levels is likely due to the influence of chemical structures within the same family.
In fact, although no overall ranking could be established for the degree of de-
gradability, it appears that urea and sulfonylurea degrade more rapidly than mo-
lecules belonging to other families. The average pesticide levels in a sample are
much higher than the guideline value of 0.50 ug/L. This strong presence of phy-
tosanitary products in the waters is explained by the action of rainwater that
leaches the substances spread in plantations to the lake. It is also explained by
the action of the wind. In fact, during the spraying of the plantations bordering
the lake and the tributary river, polluted air laden with pesticide particles ends
up in the waters. These pesticide concentrations are likely to pose a quality
problem for water intended for human consumption. In all cases, the total con-
centration of the compounds in each sampling point was greater than 0.5 pg/l,
which corresponds to the limit set by the European Union for the presence of
pesticide in water drinks [20]. Also, a reduction of 75% on the median value
gave results higher than the required standard (0.1 pg/L). This testifies to the
poor quality of the water. The non-carcinogenic risks for adults and children

calculated showed a worrying result after a 50% abatement for these two age
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groups. On the other hand, after treatment with 75% abatement the potential
risk becomes low. It would be justifiable to use a filtration treatment accompa-
nied by ozone treatment. In addition, the cumulative risk (HQs) is greater than
unity regardless of the type of treatment which raises fears of potential adverse
effects due to long-term pesticide accumulation. Children were at higher risk
than adults due to lower Weight [36] [37]. Similar results were reported by [27]
and [23] in their study.

4.2. Heavy Metals Index

The waters of Dohou Lake have a low level of pollution related to heavy metals.
HEI values showed significant seasonal variation, while HPI values did not show
any significant variation. The difference in trace element levels observed be-
tween stations may be due to the nature of the releases at these stations. Stations
5 and 7 that are more subject to human influence have high concentrations [15].
Station 5 receives a portion of wastewater from Duékoué town and discharges
from the activities of auto mechanics. The heavy loads in metallic elements are
recorded in rainy season as illustrated by the seasonal variation of HEI values.
Similar findings are obtained from the recent studies conducted in various re-
gions of the world [14] [38]. The concentrations recorded during the dry season
are mainly due to the input of sewage from the lakeside houses and the resus-
pension of the particulate material due to the release of sediments which would
enrich the water column with metallic elements. Indeed, these metal pollutants
pass into the water column when conditions are favorable, thus causing adverse
effects on water quality and aquatic life. These high levels of metallic elements

raise the problem of the bioavailability of these elements.

4.3. Overall Water Quality Index

The average pH is lower than WHO standards for drinking water, the drinking
water production guideline (FWQS) and the protection of aquatic life (CMME).
PH values between 6.5 and 8.5 generally indicate good quality water [39].
Therefore, this resource isn’t good quality because the efficiency of chlorine dis-
infection is minimized when the pH is outside this range [40]. The DO depends
on many factors, including in organic matter, temperature, turbulence and water
velocity. The lowest mean DO concentration was recorded at Station 7. This sit-
uation is attributable to the position of this station, which is the spillway of the
water treatment plant. Indeed, this open and shallower station allows more heat
exchange with the atmosphere because a warmer water decreases the dissolved
oxygen in saturation, leading to a lower content of DO. In addition to reducing
DO saturation, a higher water temperature increases BOD; by accelerating the
decomposition of organic matter which could explain the high BOD; content at
this station. Notably, all BOD, values were not in compliance with drinking wa-
ter guidelines. The high organic matter content could be attributed to the pres-
ence of greater forest cover and slash-and-burn agriculture that promotes or-

ganic carbon input to surface water on the watershed [41]. The decomposition of
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organic matter causes a large consumption of dissolved oxygen and is accompa-
nied by a deoxygenation of the waters of Lake Dohou hence the low levels of DO
recorded. It should be noted that the concentrations of nitrogen and phosphorus
compounds in the lake depend mainly on the sources of pollution and the dif-
ferent chemical reactions that could be attributed to the processes of denitrifica-
tion, nitrification, biogenic assimilation and burial in sediments. Some nutrient
values are beyond the limit required for aquatic fitness, and this fluctuation re-
flects the influx of anthropogenic effluents into Dohou Lake. All these variations
result in changes in biodiversity and disturbances of phytoplankton biomass.
Microbiological analyzes show the presence of fecal coliform bacteria (E. coli)
and enterococci in Dohou Lake waters above the required standards indicating
an anthropogenic influence. This indicates that water is contaminated by fecal
contamination and should not be consumed without treatment [42]. All sam-
pling points recorded levels of Cd, Pb, Cu and As below the WHO standards and
some were above guideline for aquatic life (CMME) and sometimes exceeded the
criteria for water drinking production. The metallic trace elements come mainly
from the erosion of rocks, soils and sediments where they are present in their
natural state. Most of them come from artisanal quarrying activities on the
banks of the watercourse and wastewater. Their anthropic origins are numerous.
They are derived from the leaching of plant protection products and fertilizers
used in plantations. Indeed, the content of metals in water bodies depends on
many factors such as weathering, climate, soil type, pH, redox potential and di-
lution capacity. Fe concentrations exceeded the guidelines in most of the sam-
ples studied and Hg concentrations in the lake water exceeded the aquatic guide-
line limits at all stations. Our results corroborate those of [43] who also found
grades exceeding the recommendations. Activities in the study area could ex-
plain this state of affairs. In fact, the lake reviews the urban waste and on its
borders are stored the carcasses of abandoned cars. In addition, crops located in
the watershed influence the quality of its water by leaching plant protection
products and fertilizers that contain trace metal elements. The effect of iron on
aquatic organisms is primarily indirect; Fe contamination affects species diver-
sity and abundance of benthic fish and invertebrates [44]. Also, Fe is classified as
a secondary contaminant of drinking water but it can cause an unpleasant taste,
smell, corrosion or staining problems [43]. Lake WQI results show no significant
spatial variation (p > 0.05), reflecting near constant water quality due to the
small size of the watercourse. The few fluctuations observed would be attributa-
ble to the combination of natural and human activities. The three indices show
that the water quality of Dohou Lake is deteriorating. Contaminants, mainly
pesticides, microbiological parameters and organic matter have an impact on
water quality and have reduced its self-purification capacity and have also af-
fected the water quality of the lake for many purposes.

5. Conclusion

This study consisted of assessing the current water quality of Dohou Lake used
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for water production through several physico-chemical, microbiological and
micropollutant analyses using water quality indices. Based on the possible water
treatment abatement results for pesticides, a human health risk assessment was
conducted for adults and children. Seasonal variations in measured pesticide and
heavy metal concentrations were observed in the lake and remained low during
the dry season. Total metal concentrations and environmental indices (HPI and
HEI) indicated that lake water samples were weakly contaminated by metals.
The various quality indices (WQI) calculated indicate that the water quality of
the lake is deteriorating and has increased overall from 56 (marginal) to 32
(Poor), where the low values of all WQIs have been recorded at the same station
5. The main contributors to the reduction of the self-cleaning capacity of the
lake were pesticides, organic matter and microbiological parameters. Estimates
of cumulative risk quotient (HQs) after abatement for frequently identified pes-
ticides were above acceptable risk values. The inclusion of microbiological pa-
rameter data and pesticides in the WQI revealed the exact quality of the lake.
Therefore, the inclusion of these water parameters is paramount to having a
complete form of unbiased data. The situation deserves the attention of policy
makers and requires taking a number of measures to rationalize the use of plant

protection products and thus limit the risks of exposure.
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