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Abstract
This study aims at assessing the variability of water quality according to seasons and hydrological regimes at downstream of Zio River Basin. 

Nine sampling sites were investigated during four periods corresponding to the dry and rainy seasons and three hydrological regimes: low flow, high 
flow, and transition. We apply three water quality indices (WQIs): salinity index (SI), organic pollution index (OPI), and global pollution index (GPI). 
Statistical tests and boxplots were used to evaluate the trends of variation of raw parameters and indices within seasons and hydrological regimes 
while Piper diagram was used for the assessment of hydro geochemistry variability. The trends of values and statistical test on raw parameters as 
the indices indicated a significant difference of water quality within seasons and hydrological regimes. Furthermore, we found that the higher values 
of salinity index, organic pollution index, total dissolved solids and salinity parameters were obtained during the dry season or the low flow regime. 
These high values were recorded in three sites closest to the mouth of the river, revealing the seawater intrusion. Ca-Mg- HCO3 and Na-K- HCO3 water 
types dominated among the hydro chemical facies, with accessorily Na-K-Cl water types. The sequence of major ions’ abundance was in the following 
order of Na+ > Ca2+ > Mg2+ > K+ for cations and of HCO3-> Cl− > SO42− > NO3- for anions during the high flow regime, transition and rainy season. 
This sequence was changed to the following order of Na+ > K+ > Ca2+ > Mg2+ for cations and Cl− > HCO3-> SO42− > NO3- for anions from the low flow 
regime and dry season altogether, indicating the seawater intrusion during the low flow regime or the dry season at the three sites closest to the 
mouth of the river. This study could help inform water-management decision-making regarding the planning and sustainable use of coastal water 
resources and ecosystem services in the context of climate change.
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Introduction

Among all natural resources, water is the most essential and 
precious. There are organisms, such as anaerobes, which can sur-
vive without oxygen but no organism can survive without water [1,  

 

2]. Therefore, the maintenance of optimal quality and quantity of 
water is a major concern in the context of increasing water needs 
[3]. Although we turn to groundwater for drinking, surface water 
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remains an important resource for sustainable uses such as agricul-
ture and domestic purpose [4, 5]. Rivers are important tributaries 
of surface water resources with many uses and services like food, 
hydropower energy, socio-economic activities such as agriculture, 
breeding, mining (sand and gravel), tourism, aquaculture, fisheries, 
construction of dams, locks and weirs, reservoirs, flood walls, barri-
ers and dikes [6-9]. They therefore contribute to the countries’ de-
velopment by providing these benefits and services. Although, they 
provide many goods and services to humans, rivers are affected by 
strong negative impacts that limit their availability for some uses 
[10-13]. Among aquatic ecosystems, rivers are the most threatened 
and modified by many pressures including chemical pollution, 
flow/hydrological regimes alteration induced by climate change 
and habitat degradation [14, 11, 15, 9]. As ocean water content in 
terms of dissolved elements, chemicals and other pollution sources 
coming from rivers, their quality affected ocean water quality and 
consequently the water quality worldwide [16, 10, 17]. Therefore, 
the investigation on the variation of hydrological and seasonal con-
ditions within the rivers system is important for monitoring water 
quality variation. Indeed, monitoring water quality variation due to 
seasonal, hydrological, spatial, and temporal conditions can allow 
the planning of water resources and sustainable use face climate 
change [10, 11].

Furthermore, assessing spatial-temporal variations has be-
come an essential aspect of managing river water quality and its 
availability in Togo [18]. In Togo, surface water is divided in three 
basins such as Mono Basin, Oti Basin and Lake Togo Basin which 
are threatened by many sources of contamination and pollution 
[18, 19]. Therefore, water users need information about water 
quality and its variability for the planning of water uses during the 
year in the most threatened areas and period of drought. Indeed, 

useful information about water quality and its variability will al-
low population to plan and rationalize water uses such as irrigated 
agriculture and domestic purposes. However, there is a scarcity of 
information about water quality and its variability in some specific 
area such as downstream of Zio River basin. Even if some studies 
were undertaken in the whole basin of Zio River basin [19, 8, 9], 
no specific study focused on the spatio-temporal variability of wa-
ter quality due to hydrological and seasonal conditions of Zio River 
downstream, threatened by many pressures such as anthropogenic 
pressure and seawater intrusion. This study aims to generate in-
formation about seasonal and hydrological conditions influencing 
water quality during the year. 

Material and methods 

Study area and sampling

Zio River catchment, located between 6° 08’ 00’’ and 7° 18’ 00” 
N Latitude and 0° 36’ 00” and 1° 15’ 00” Longitude, drains an area 
of about 3400 km². In surface area, its downstream represents the 
most important part of Lake Togo basin, after Alokoegbe dams. The 
river receives water from many tributaries from Togo mountains. 
The downstream crossed the capital Lome and is impacted by many 
ecological pressures and sources of pollution such as wastewater/
wastes discharge, agriculture inputs (fertilizers, pesticides) and 
sand extraction while its water is used for many purposes. Nine 
sampling sites (from F1 to F9) were investigated from the mouth 
towards the upstream (Figure 1) during one year from December 
to October corresponding to four seasons (two dry seasons and two 
rainy seasons) and three hydrological regimes (transition flow re-
gime, low flow regime and high flow regimes) as reported in [9]. 
Therefore, at each site, water was sampled four times according to 
the hydrological regime and seasonal conditions. 

Figure 1: Map showing the study area and sampling sites.
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Physicochemical analysis

The parameters such as, pH, electrical conductivity (EC), tem-
perature, and dissolved oxygen (DO) were measured in situ using 
a multiparameter with accuracy of ± 0.1 for pH, ± 0.5 mg/L for dis-
solved oxygen, and ± 1% for EC. For the other parameters, 1.5 L 
of water was sampled in a plastic bottle and stored in an icebox 
for the chemical parameters’ measurement in the laboratory with-
in 48 hours following the sampling. The chemical oxygen demand 
(COD) was determined by permanganate method. The bicarbonate 
(HCO3), magnesium (Mg2+), calcium (Ca2+) and chloride (Cl−) con-
stituents were determined by titration method. The nitrate (NO3

-), 
sulphate (SO4

2−), phosphate (PO4
3-), manganese (Mn2+), ammonium 

(NH4
+), nitrite (NO2-) and total iron (Fe) constituents were mea-

sured by UV-VIS spectrophotometer while potassium (K+) and sodi-
um (Na+) were determined by Flame Emission Spectrophotometer. 
The total suspended solid (TSS) were determined by gravimetric 
method. All these parameters were measured in the Laboratory of 
Applied Hydrology and Environment of Université de Lomé, with 

an accuracy ranking from 1 to 2% according to the standard meth-
ods as prescribed in [20]. 

Data analysis

Descriptive statistics were performed to describe trends in 
the evolution and distribution of data. Whisker boxplot and the 
Mann-Whitney test (U-test) were used to test seasonal variabili-
ty while Kruskal-Wallis test (KW-test) and whisker boxplots were 
used to assess hydrological variability. The boxplots and statistical 
tests were performed using statistical for Windows 7.0 and were 
judged significant at 5%. The hydrochemistry trends and the vari-
ability of hydrochemical facies were assessed by Piper diagrams 
using the hydrochemistry software called Diagrammes. For the as-
sessment and the comparison of the overall water quality, three wa-
ter quality indices (WQIs), the Salinity index (SI), the organic pollu-
tion index (OPI), and the global pollution index (GPI), were applied 
according to [21] as indicated in Equations 1, 2 and 3.
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Where Ci is the measured value of the ith parameter, Cmi the max-
imum tolerable value of the ith parameter, n the number of param-
eters and SAR is the sodium absorption ratio. For all these indices 

the value under 1 indicates not significant contamination and good 
quality, while value greater than 1 indicates contamination and pol-
lution status. 

Result and Discussion
Water quality status using raw parameters 
Table 1: Descriptive statistics of raw parameters.

Mean Mini 25th 50th 75th Maxi SD CV

T°C 27,16 25,00 26,80 27,40 27,70 28,50 0,80 1,00

pH 6,76 6,34 6,50 6,70 6,82 7,80 0,36 0,00

EC 878,85 99,00 166,40 333,50 467,50 10670,00 2215,45 4908198,00

TDS 665,76 79,20 125,51 259,20 331,01 8109,20 1684,24 2836677,00

DO 4,44 0,60 2,90 4,35 6,20 8,20 2,02 4,00

TSS 177,31 30,00 85,00 190,00 263,00 325,00 95,84 9185,00

COD 14,60 2,00 9,60 13,90 18,60 30,70 7,24 52,00

HCO3- 154,04 61,00 99,95 142,80 176,90 339,16 73,46 5396,00

Ca2+ 19,03 8,00 10,40 16,40 21,80 56,00 12,52 157,00
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Mg2+ 10,18 3,36 5,44 9,00 12,00 28,80 6,70 45,00

NO2- 0,09 0,01 0,03 0,04 0,07 0,50 0,12 0,00

NO3- 1,44 0,22 0,80 1,16 1,75 4,10 0,94 1,00

NH4+ 0,64 0,04 0,20 0,41 0,78 5,60 0,95 1,00

PO43- 0,07 0,02 0,04 0,05 0,07 0,36 0,07 0,00

Mn2+ 0,39 0,01 0,05 0,05 0,25 2,57 0,74 1,00

Fe 2,39 0,12 1,26 1,79 2,43 7,77 1,94 4,00

SO4
2- 5,22 0,05 2,15 3,85 8,55 11,60 3,77 14,00

Cl- 174,56 6,40 11,51 25,65 49,06 2803,08 570,25 325179,00

Na+ 139,47 8,90 17,35 44,00 53,85 1860,00 397,74 158194,00

K+ 9,06 1,00 3,45 4,20 7,60 71,00 14,80 219,00

Mini=minimum value; 25th = 25th percentile value; 50th = Median or 50th percentiles value; 75th =75th percentiles value; Maxi= Maximum value; SD= 
Standard deviation; CV= Coefficient of variation

Table 1 summarizes the variation trends of raw water quality 
parameters during the four periods of sampling. The pH, tempera-
ture, nitrates, nitrites, ammonium, manganese and phosphates 
showed the standards deviation (SD) below one and the variance 
(CV) between 0 and 1, expressing a trend of homogeneous distri-
bution of these parameters during the four periods of sampling. 
The other parameters showed relatively high values of SD and CV, 
indicating that they were distributed heterogeneously during the 
sampling periods.

Electrical conductivity (EC), total dissolved solids (TDS), total 
suspended solids (TSS), chloride and sodium indicated exceptional 
high values of SD and CV. These results can be linked to a seasonal 
effect in some sampling sites during at least one of the four sap-
ling periods. Furthermore, when the 75th percentiles values and 
the maximum values were compared, it showed that the maximum 
values of these parameters were recorded within a few samples/
observations and less than 25%. This indicated that EC, TDS, chlo-
rides and sodium were influenced by the same factors such as sea-
sonal or hydrological regimes that could induce the increament of 
salinity as reported in [4]. The values of SD, CV, 75th percentiles and 
maximum values recorded for DO, TSS, COD, NH4

+, PO4
3-, NO3

- could 
indicate the point organic pollution related to domestic sewage and 
agricultural inputs as indicated in [18]. However, the mean values 
of all parameters are within the WHO limits, guidelines and stan-
dards for surface water uses excepted for drinking use. These re-
sults indicated that the surface water from Zio River downstream 
was globally of good quality on the average but affected adversely 
sometimes by salinity and organic contaminations at some sam-

pling sites. This state of water quality in the whole basin of lake 
Togo were reported by [18].

Water quality status using WQIs 

The status of water quality was also evaluated using water 
quality indices (Table 2). The water quality indices used in this 
study are water pollution indices/indicators especially salinity and 
organic pollution indices. The higher the index value (greater than 
one), the greater the indicated pollution, and the lower the index 
value (less than one), the less the indicated pollution. The water 
quality indices indicated the same trends as raw parameters and 
then, confirmed the water quality status revealed by raw param-
eters. Indeed, the SI showed a mean value of 1,32±3,52 with the 
75th percentiles and maximum values of 0,60 and 17,06 respective-
ly. This result indicated that more than 75% of samples were not 
contaminated by salinity and less than 25% can be affected by the 
salinity from seawater during one of the four sampling periods. The 
OPI showed a mean value of 0,11±0,41 with the 75th percentiles and 
maximum values of 0,16 and 1,31 respectively. These values around 
one or less than one could indicate that the water from Zio River 
downstream was very slightly affected by organic pollution in a few 
sampling sites. The GPI indicated that the physicochemical quality 
of the water in this study was averagely good except in some sites 
affected by organic pollution and salinity during one period of sam-
pling. Thus, the similar trends of WQIs and raw water quality pa-
rameters revealed the character of WQIs indices such as indicators 
of overall water quality [22, 23], as comprehensive tools for water 
quality monitoring minimizes the data volume to a great extent and 
simplifies the expression of water quality status [24, 25].

Table 2: Descriptive statistics of water quality indices and their integrated parameters.

Mean Mini 25th 50th 75th Maxi SD CV

EC 878,85 99,00 166,40 333,50 467,50 10670,00 2215,45 4908198,00

DO 4,44 0,60 2,90 4,35 6,20 8,20 2,02 4,00

COD 14,60 2,00 9,60 13,90 18,60 30,70 7,24 52,00
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NO3
- 1,44 0,22 0,80 1,16 1,75 4,10 0,94 1,00

NH4
+ 0,64 0,04 0,20 0,41 0,78 5,60 0,95 1,00

Cl- 174,56 6,40 11,51 25,65 49,06 2803,08 570,25 325179,00

SAR 4,84 0,41 0,63 1,10 1,67 69,50 14,20 202,00

SI 1,32 0,14 0,23 0,46 0,60 17,06 3,52 12,00

OPI 0,11 -0,28 -0,16 0,03 0,16 1,31 0,41 0,00

GPI 0,71 -0,04 0,10 0,19 0,38 9,18 1,91 4,00

Seasonal and hydrological variability using raw param-
eters

The test of seasonal variability using U-test is reported in Ta-
ble 3 where U, Z and p values are indicated. The values of the test 
such as U, Z and p showed the level of difference between dry sea-
son data and rainy season data, and then, the significance of the 
variability at the threshold value of 5%. According to the recorded 
values of U, Z and p from TDS, EC, DO, TSS, Fe, SO4

2−, Cl-, there was 
a significant variability within the dry and rainy season for these 
parameters. This significant variability may be explained by the 
significant difference of the inputs by runoff waters, human activ-
ities and seawater intrusion between the rainy season and the dry 
season. The variability within the hydrological regimes was per-
formed using KW test as indicated in Table 3. The result of the test 

represented by H and p values at the significance threshold of 5% 
showed that the EC, TDS, SO4

2−, Cl-, Na+ varied significantly between 
hydrological regimes. This variation can be chargeable by two fac-
tors such as input of runoff waters and seawater intrusion [26, 27]. 
The flow rate and the charge in TDS from the runoff may be differ-
ent during the three hydrological regimes with the peak of flow rate 
during the high flow regime. This high-rate flow can decrease TDS 
concentration with dilution effect induced by rainwater from the 
whole basin of Zio River [16]. During the low flow regime, the low-
rate flow could increase the TDS concentration significantly with 
intrusion of seawater from Atlantic Ocean via Lake Togo (Figure 1) 
and evaporation phenomenon which is very high during this period 
[8]. This effect of seawater intrusion at some sites of downstream 
can be remarked by the strength and the direction of the relation-
ship between TDS, EC, Ca2+, K+, Cl-, Na+ (Table 4) as reported in [26].

Table 3: Tests of variability of raw parameters.

Seasonal variability Hydrological variability

U value Z value p value H value p value DF

T°C 136,000 0,823 0,411 11,425 0,003 2

pH 139,500 -0,712 0,477 1,098 0,577 2

EC 87,500 2,357 0,018 8,133 0,017 2

TDS 94,000 2,151 0,031 9,036 0,010 2

DO 96,500 -2,072 0,038 3,822 0,148 2

TSS 44,000 -3,733 0,000 4,592 0,100 2

COD 129,500 -1,028 0,304 2,076 0,354 2

HCO3
- 147,000 0,475 0,635 1,310 0,519 2

Ca2+ 100,500 1,946 0,052 3,934 0,139 2

Mg2+ 160,500 0,047 0,962 5,454 0,065 2

NO2
- 147,000 -0,475 0,635 3,322 0,190 2

NO3
- 157,500 -0,142 0,887 7,199 0,027 2

NH4
+ 117,500 1,408 0,159 0,478 0,787 2

PO4
3- 143,000 0,601 0,548 2,015 0,365 2

Mn2+ 138,500 0,744 0,457 1,125 0,569 2

Fe 65,500 -3,053 0,002 7,726 0,021 2

SO4
2- 50,000 3,544 0,000 15,298 0,001 2

Cl- 87,000 2,373 0,018 9,836 0,007 2

Na+ 110,000 1,645 0,100 8,637 0,015 2

K+ 139,500 -0,712 0,477 3,184 0,203 2

*DF= degree of freedom
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Table 4: Relationship between parameters related to the salinity.

EC TDS HCO3 Ca Mg SO4 Cl Na K SAR SI

EC 1,00

TDS 0,99 1,00

HCO3
- 0,80 0,79 1,00

Ca 0,81 0,81 0,68 1,00

Mg 0,14 0,11 0,41 0,14 1,00

SO4 0,30 0,29 -0,02 0,36 -0,20 1,00

Cl 0,76 0,75 0,63 0,60 0,17 0,16 1,00

Na 0,84 0,83 0,85 0,65 0,18 0,08 0,83 1,00

K 0,52 0,54 0,46 0,48 -0,18 0,16 0,33 0,38 1,00

SAR 0,69 0,69 0,72 0,45 -0,05 0,06 0,68 0,92 0,30 1,00  

SI 0,99 0,99 0,82 0,81 0,16 0,29 0,80 0,88 0,51 0,73 1,00

Seasonal ad hydrological variability using WQIs

The seasonal and hydrological variability of indices are indi-
cated in Figures 2 and 3 respectively. The Figure 2 showed that 
the salinity index during the rainy season is lower than one while 
during the dry season, there are samples indicating their SI higher 
than one. The U-test showed that there is a significant difference 
between salinity index of the rainy season and the dry season (Z = 
2.373; p = 0.017). Furthermore, the mean and median values of SI 
from the dry season (2.27±4.25 and 0.54) are higher than the mean 
and median values of the rainy season (0.37±0.20 and 0.34). This 
indicated that the processes inducing the salinity occurred during 
the dry season. For the OPI, the U-test showed like the value of SI, a 
significant difference between OPI values from the dry season and 
those from the rainy season (Z= 2.341; p = 0.019). The mean and 
median values of dry season (0.28±0.50 and 0.09) are higher than 
the mean and median values from the rainy season (-0.06±0.15 and 
-0.05). The global pollution index showed the same trends such as 
SI and OPI. The U-test indicated that there was a significant differ-
ence between the GPI of rainy season and the GPI of dry season 
(Z=2.246; p = 0.024). The mean and median values of GPI for the 
dry season (1.27±2.61 and 0.30) are higher than the mean and 
median values from the rainy season (0.15±0.14 and 0.14). These 
results showed that the surface water of Zio River at downstream 
was affected by salinity and organic pollution indicating a negligi-
ble pollution globally during the rainy season and moderate to sig-
nificant pollution during the dry season. From the dry season to the 
rainy season in a year, three hydrological regimes were identified 
in the whole basin of Zio River, especially at the downstream of the 
basin [19]. 

Figure 3 shows the trends of variation of the pollution indices 
across the three regimes. The KW-test indicated the difference of SI 
between the three hydrological regimes (H=7.888; p = 0.02) with 
some extreme values during the low flow regime. The mean and me-
dian values of SI for samples from the transition regime (0.36±0.17 
and 0.38), from the low flow regime (4.13±6.50 and 0.85), and high 
hydrological regime (0.41±0.21 and 0.48) confirmed this variability 
of SI between hydrological regimes. Furthermore, the results indi-
cated that the SI from the low hydrological regime was higher than 
one. The KW-test for OPI showed a significant difference between 
the three hydrological regimes (H = 6.887; p = 0.032) with values 
within the typical range. The mean and median values of OPI from 
the transition regime (0.21±0.2 and 0.04), from the high flow re-
gime (-0.10±0.17 and -0.16), and low flow regime (0.49±0.62 and 
0.40) showed that the highest OPI was recorded during the low 
flow regime. The GPI showed the same variation trends, such as 
SI and OPI, with extreme and atypical range values during the low 
flow regime. The KW-test indicated that there was a significant dif-
ference of GPI between the three hydrological regimes (H=6.1186; 
p = 0.047). Moreover, the median and mean values of GPI recorded 
during the high flow regime (0.18 and 0.16±0.16), from the tran-
sition regime (0.17 and 0.19±0.16) and low flow regime (0.66 and 
2.31±3.48) indicated that water from the low flow regime was glob-
ally the most polluted. The three WQIs showed that the water from 
Zio River downstream was affected by salinity and organic pollu-
tion, which were more significant during the low flow regime. The 
application of the WQIs revealed that the salts which induce high 
salinity were mostly Na+ and Cl- as could be seen by the strength 
and the direction of the relationship between SI and these salts (Ta-
ble 4). 
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Figure 2: Seasonal variability of water quality indices.

Figure 3: Hydrological variability of water quality indices.
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Spatial and temporal variability of water quality indices 

The results from the application of the SI showed that values 
higher than one were recorded in three sites such as 17.06, 13.76 
and 3.02 in sites F1, F2 and F3 respectively (Figures 4A and 4B). 
Figure 4C shows that the OPI values higher than one were ob-
tained only during the low flow regime and were recorded in the 
sites F1, F2, and F6 with values of 1.31, 1.16, and 1.30, respectively. 
The highest values were obtained in the same sites during the dry 

season. Still, they were , on average, lower than one (Fig.4D). The 
global pollution index confirmed the spatial variation of the two 
indices and the global water quality. The GPI indicated that the val-
ues higher than one were obtained from the three sites F1, F2, and 
F6, which recorded 9.18, 7.45, and 1.71 respectively, during the low 
flow regime (Fig.4E). The application of this index on seasonal data 
showed that values higher than one were obtained only in two sites 
F1 and F2 which recorded the values of 4.67 and 3.88 respectively 
during the dry season (Fig.4F).

Figure 4: Spatial and temporal variability of water quality.

These results indicated that the water quality at Zio River 
downstream was globally good but was affected by the high salinity 
and organic pollution mostly during the dry season or during the 
low flow regime. The high salinity and organic pollution occurred 
only in the sites closest to the mouth of the river, especially in sites 
F1 and F2.

Hydrochemical variability

The figures 5A and 5B are the Piper diagram showing the hy-
drochemical facies of surface water downstream of Zio River. The 
analysis of these facies mapping show that there were three water 

types namely Ca-Mg-HCO3 type (55%), Na-K- HCO3 type (38%), and 
Na-K-Cl type (7%). The samples from the dry season and low flow 
regime fell in the field of the three types, while samples from the 
rainy season, high flow, and transition regimes fell only in the field 
of two types such as Ca-Mg- HCO3 and Na-K- HCO3. Samples from 
low flow regimes or dry seasons were characterized by two sam-
ples felling in the field of Na-K-Cl type or hyper Na-Cl type. From 
the Piper diagram, the geochemistry of dissolved constituents in-
dicated that ions such as Ca2+, Mg2+, Na+, and K+ were dominant 
cations while ions such as HCO3

-, SO4
2−, and Cl− were dominant an-

ions. Therefore, based on their mean values, the sequence of major 
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ions’ abundance was in the following order of Na+ > Ca2+ > Mg2+ > 
K+ for cations and of HCO3

-> Cl− > SO4
2−> NO3

- for anions. The same 
sequence was observed during the high flow regime, the transition 
and during the rainy season. However, the sequence changed to the 
following order of Na+ > K+ > Ca2+ > Mg2+ for cations and of Cl− > 

HCO3
-> SO4

2− > NO3
- for anions for the samples from the low flow 

regime and dry season. This dominance of Na+ and Cl− is a signa-
ture of seawater intrusion, as indicated in [4, 28] Prusty and Farooq 
(2020).

Figure 5: Piper diagram showing hydro chemical facies variability.

Conclusion

The application of statistical tests and whisker boxplots on raw 
parameters and indices from the data collected during one hydro-
logical year gave the variability trends of water quality, while the 
projection of the same data on the field of Piper diagram gave the 
hydrochemistry variability trends of the water. The study findings 
revealed that the water quality of Zio River downstream was threat-
ened by salinity and organic pollution at some sites. It indicated a 
significant difference in water quality and hydrochemistry facies 
between seasons and hydrological regimes. The degree of variabili-
ty is significant mainly between hydrological regimes, especially for 
salinity, and can significantly affect activities such as irrigated agri-
culture. The hydrochemistry facies of type Na-K-Cl recorded in sites 
close to Lake Togo during the low flow regime and the dry season 
with the dominance of Na+ and Cl− indicate the intrusion of Atlantic 
Ocean seawater via Lake Togo. Therefore, the findings of this study 
can allow for the planning of water uses, especially for irrigated ag-
riculture use, as a guide for the schedule of irrigation downstream 
of the Zio River. However, further studies need to be undertaken to 
get more insight into the hydrological processes inducing this intru-
sion and the specific area influenced by seawater intrusion, includ-
ing groundwater from downstream.
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