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Introduction 

Groundwater is a valuable natural resource for various human activities. Natural water always contains dissolved and 

suspended substances of organic and mineral origins. However, pollution of groundwater from increased utilization for 

human needs and increased industrial activity is a major concern [1]. Poor drinking water quality is a public health issue [2-

Abstract  

Hydrochemical investigations of groundwater in an urban area of Lome, Togolese Republic were used to evaluate the 

groundwater quality. The quantities of chemical components (major and some minor elements, temperature, pH, TDS and EC) in 

groundwater samples were determined and submitted to statistical analysis. The majority of the samples contained high 

concentrations of Na+ and Cl- (Na-Cl water type). The samples also contained high concentrations of NO3
-, which is a serious 

water quality issue. This NO3
- originates from the soil surface and enters the groundwater by infiltration. NO3

- and Cl- were the 

relegate parameter for the drinking use and their content in 78.94% and 63.15% of water samples were greater than 57 mg/L and 

260 mg/L respectively. Na+ levels ranging from 37 mg/L to 1430 mg/L. Factor analysis and hierarchical cluster analysis were used 

to identify the key parameters that describe groundwater quality and cluster the wells into homogeneous zones for future 

monitoring of groundwater quality, respectively. All water samples analyzed have an EC ranging from 840 μS/cm to 8680 μS/cm 

which shows saline water. Only P4 was slightly mineralized and have lower EC (334 μS/cm). pH (5.07–7.42) was found to be 

function of HCO3
- concentrations (73.2 mg/L to 463.6 mg/L) in the water. 
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5]. Variations in natural and human activities are reflected in the hydro chemical parameters of the groundwater. Differences 

in concentrations of dissolved ions in groundwater are generally governed by lithology, groundwater flow, geochemical 

reactions, solubility of salts and human activities [6,7]. The quality of groundwater for human consumption is dictated by its 

quantitative and qualitative composition of suspended solids and dissolved minerals or organic compounds [8]. Water quality 

can be compromised when toxic substances come into contact with the aquifer. This can make the water unsafe for human 

consumption. The study of groundwater chemistry aims to identify the chemical species in the water and its quality for 

irrigation and drinking. Drinking water quality can also be monitored using the spatial variation of physicochemical 

parameters and examine sources by correlating data with the geology and piezometry. 

 

Physiochemical data from groundwater can be analyzed using statistical methods such as factor analysis and the hierarchical 

cluster analysis. Both these techniques can be used to characterize and plan monitoring of the groundwater quality [9]. Factor 

analysis can be used to determine the structure in the relationships between water quality parameters and identify the most 

important factors contributing to this structure. Hierarchical cluster analysis is used to reduce the data by grouping them into 

clusters with similar properties. 

 

In this study, the groundwater quality around the drinking water supply in urban and suburban areas of Lome, Togolese 

Republic was evaluated. The study was conducted during the rainy season (July–August 2010) when groundwater recharge 

occurs. During groundwater recharge surface water, such as rainwater and river water, infiltrates the groundwater and 

increases contamination. To date, a complete analysis of the region's waters has not been completed. The physicochemical 

characteristics, including major and minor chemical elements were determined and analyzed by factor analysis and 

hierarchical cluster analysis. The results aid understanding of the process of mineralization of groundwater in this area and 

could be used for future planning and implementation of groundwater quality control. 

 

Study area 

The city of Lome, Togo (FIG. 1) is an urban area. Lome has two rainy seasons, which are from April–July and early 

September–late November. However, the rainfall is relatively low (800 mm per year) for the latitude of the city. The climate 

is stabilized by the ocean and sea breezes and the average maximum and minimum temperatures are 30°C and 23°C, 

respectively. The study area was located between the latitudes 6°15'33.00" and 6°6'48.83"N and the longitudes 1°08'30.72" 

and 1°17'36.82"E. It covered an area of 333 km2 and included a 30 km2 lagoon. 

 

FIG. 1. The study area in Lome, Togo. 
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Materials and Methods 

Samples were collected from 19 borehole wells, which were selected to provide a uniform distribution over most the drinking 

water supply area. The wells were between 9 m to 70 m deep. The geographic coordinates of the wells have been obtained 

using a GPS and used to create a distribution map of wells using ArcGis 9.2 software. Water samples were collected. 

Physico-chemical parameters, including temperature, pH, electrical conductivity (EC) and Total Dissolved Solid (TDS), were 

conducted in the field. Other samples were transported to the University of Lome, Water Chemistry Laboratory for testing. 

Major components (HCO3
-, Cl-, S04

2-, NO3
-, Ca2+, Mg2+, NH4

+, Na+ and K+), iron and manganese were measured in 

laboratory within 10 days of sampling. Samples were stored in the dark in a cold room at 4°C. Analysis was carried out 

according to established methods as follows: volumetric analysis for HCO3
-, molecular spectroscopy for NO3

-, SO4
2-, NH4

+, 

Mn2+ and Fetot; atomic absorption spectroscopy for Na+ and K+; complexometric EDTA titration for Ca2+ and Mg2+. The 

analytical methods were based mainly on the normalized AFNOR [10] methods. 

 

The results were analyzed using a Schoeller diagram created using AquaChem 5.1, which is a software package developed 

specifically for graphical and numerical analysis and modeling of water quality data [11]. All the data were statistically 

analyzed by factor analysis and hierarchical cluster analysis. Before analysis, the data were normalized to a distribution with 

a mean of zero and standard deviation of one. Factor extraction was performed using principal component analysis. Three 

factors with eigenvalues above one were retained following the Kaiser criterion [12]. They represented 85.426% of the total 

variance. Varimax rotation was applied to these factors. TABLE 1 gives the eigenvalues of the three factors and the 

percentage of variance that they explain. 

 

TABLE 1. Eigenvalues and variance of the factors. 

Factor Eigenvalues Total variance 

Total  Cumulative  % of variance Cumulative% 

1 6.313 6.313 57.391 57.391 

2 2.021 8.334 18.373 75.765 

3 1.063 9.397 9.661 85.426 

 

Results and Discussion 

Hydrogeochemical analysis 

The hydrogeochemical results for the study area are presented in TABLE 2 and TABLE 3. 

 

TABLE 2. Results for groundwater obtained in the rainy season in Lome, Togo. All units are in mg/L, except for 

electrical conductivity (EC, μS/cm). 

Well 

No 

pH EC TDS NO3
- HCO3

- SO4
2-  Cl- Na+ K+ Ca2+ Mg2+ NH4

+ Mn2+ Fe 

P1 7.34 1587 964 0.4 305 70.63 331.36 171.6 55 17.8  14.2 0.26 0 0.268 

P2 7.16 1406 868 70.77 390.4 110.8 210.23 286.5 2.2 13.6 12.4 0.025 0 0.077 

P3 7.39 1262 745 127.1 292.8 117.5 160.17 235.5 16 15.6  10 0 0 0.347 

P4 7.42 334 210 16.74 176.9 57.2 180.19 281 32  7  2.4 0 0 0.313 

P5 7.38 1515 875 95.83 359.9 84 240.26 155.2 6.8 18.8  6.6 0.039 0 0.026 

P6 7.39 1514 911 119.98 292.8 135.3 230.25 378 2.5 15.8 14.8 0 0 0.184 

P7 6.79 1783 835 71.44 408.7 148.7 330.36 78.7 5 12.7  14 0.278 0 0.922 
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P8 7.10 1482 939 17.51 305 86.2 320.35 145 4.5 17.2 13.8 0.336 0 0 

P9 5.66 1140 670 113.1 109.8 32.6 260.28 1430 14  14 10.6 0.2 0 0 

P10 5.67 2010 996 57.7 73.2 22.68 670.73 210 59 16.8 13.2 0 0 0 

P11 5.52 2030 952 271 73.2 97.4 360.39 100.2 2 21.6 18 0.006 0 0 

P12 5.60 1615 871 295.9 115.9 61.7 350.38 163.4 77 13.4  16 0 0 0 

P13 6.36 1123 602 94.8 170.8 110.8 170.18 157.4 49 13.4 5.6 0 0 0 

P14 5.07 2940 958 191.1 79.2 46.08 880.96 37 16 25.6 26.4 0 0.8 0 

P15 7.26 1005 612 0.76 433.1 52.77 60.06 169.5 61 28 1.6 0.089 0 0.556 

P16 6.59 1252 781 41.25 134.2 27.7 340.37 229.2 56 12.8 13.8 0 0 0 

P17 6.90 8680 4570 377 463.6 676.5  2682.94 216.8 60 51.2 86.7 0 0 0 

P18 6.87 1975 952 112.85 353.8 186.7 380.41 196.4 51 13 25.6 0 0 0.054 

P19 5.90 840 552 30.825 122 20 290.31 137 4.9 9.6 9.8 0 0 0 

 

pH and temperature 

The temperature of the groundwater varied by up to 6°C between sample sites and the minimum and maximum temperatures 

were 25°C (P1 and P5) and 31°C (P12), respectively. Approximately 42.10% of the wells were slightly basic (>7.0) and 

57.89% were slightly acidic (<7.0). Twelve of these wells (63.15%) were nearly neutral (6.5-7.5). The acidity of the water in 

study area is mainly related to CO2 in the soil surface layers, which is produced by biological activities or due to infiltration 

of precipitation. No data of well depth are available, we just know the rang of well depth (about 9 m-70 m). (The water 

samples were taken below the surface water of the well). 

 

EC 

The EC results for the wells ranged from 334 μS.cm-1–8680 μS.cm-1. The World Health Organization (WHO) standard for 

EC for drinking water is between 500 μS.cm-1 and 1500 μs.cm-1 [13]. However, only 5.26% of the wells had EC<500 μS.cm-

1, an additional 5.26% could be classed as moderately mineralized (EC=500 μS.cm-1–1000 μS.cm-1) and 36.84% as highly 

mineralized (EC=1000–1500 μS.cm-1). Many of the wells (52.63%) could be classed as excessively mineralized (EC>1500 

μS.cm-1). The high EC (8680 μS.cm-1) in well P17 could be caused by infiltration of wastewater from nearby septic tanks and 

landfill into the groundwater.  

 

Correlation coefficients were calculated between EC and each of the ions as follows (ion, r): Na+, 0.993; Mg2+, 0.981; Cl-, 

0.981; SO4
2-, 0.919; Ca2+, 0.894; NO3

-, 0.711; HCO3
-, 0.329; and K+, 0.11. These correlation coefficients show that the EC is 

strongly influenced by Na+, Cl-, Mg2+ and SO4
2- and to a lesser extent by Ca2+. The influence of NO3

- on EC is only moderate 

and HCO3
- and K+ have little influence on EC. 

 

Major and minor elements  

The most abundant cation in the groundwater was Na+, which was at levels ranging from 37 mg/L–1430 mg/L. This was 

followed by Mg2+ (1.6 mg/L–86.7 mg/L), Ca2+ (7 mg/L–51.2 mg/L) and K+ (2 mg/L–77 mg/L). At levels of <0.336 mg/L 

(NH4
+) and <0.08 mg/L (Mn2+), NH4

+ and Mn2+ were well below the WHO standards of 1.5 mg/L (NH4
+) and 0.05 mg/L 

(Mn2+) for drinking water. All concentrations of Ca2+, Mg2+ and K+ in the water samples were within the permissible limits 

for drinking water.  
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The dominant anion in the groundwater was Cl- (60.06 mg/L–2682.94 mg/L). Over half of the wells (63.15%) had chloride 

levels exceeding the WHO standard for drinking water (250 mg/L). The source of Cl- is probably marine infiltration and it 

may also originate from human waste, particularly urine and some cleaning products. The groundwater concentration ranges 

for HCO3
-, SO4

2- and NO3
- were 73.2 mg/L–463.6 mg/L, 20 mg/L–676.5 mg/L and 0.4 mg/L –377 mg/L, respectively. The 

NO3
- concentrations were critical (higher than the standard of drinking water) at some locations (TABLE 3) and 73.68% of 

the wells sampled had levels above the WHO standard (50 mg/L). I am referring to NO3 and 50 mg/L is a drinking water 

standard for NO3. 

 

TABLE 3. Localities with critical levels of nitrate. 

Location  P3 P6 P9 P11 P12 P14 P17 

NO3
-(mg/L) 127.10 119.98 113.10 271 295.9 191.10 377 

 

The high nitrate levels are a concern because they could be involved in transformation of hemoglobin to methemoglobin. 

Nitrate can be reduced to nitrite, which can oxidize the hemoglobin iron from the ferrous to ferric state. This forms 

methemoglobin, which is unable to bind oxygen to carry to tissues. Depending on the proportion of methemoglobin, this can 

lead to various symptoms including mild cyanosis, reduced level of consciousness and death. Because of these serious 

consequences, water with high nitrate levels must be treated before human consumption. 

 

Water types 

A Schoeller diagram (FIG. 2) was used to compare the different wells and highlight the dominant anions and cations in each 

well. This showed the groundwater in the study area was characterized by abundant Na+, Mg2+, HCO-
3, Cl-, SO4

2- and NO3
-. 

The Schoeller diagram also illustrated the impact of well location on water quality and samples from different wells clearly 

had different dominant chemical species. The diagrams illustrate that most of these wells contained high levels of nitrate, 

which as discussed above is a serious water quality issue. The peaks in the Schoeller diagram indicate the water type. In this 

case, the ground water samples mainly contained predominantly Na+ and Cl- (Na-Cl type) or Na+, Cl- and HCO3
- (Na-HCO3 

type).  

 

 

FIG. 2. Schoeller diagram of groundwater wells in the study area. 
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Factor analysis 

The factor loadings of the variables (TABLE 4) reflect their correlation with the extracted factors. The first factor (F1), which 

contains EC, TDS, Mg2+, Ca2+, SO4
2- and NO3

-, explained 57.391% of the total variance and reflects the mineralization of 

groundwater. Factor 1 is strongly determined by the Cl- concentration, which could originate from the intrusion of salt water. 

The correlation between Cl- and Na+ showed that the Cl- is largely present in the form of NaCl. NO3
- is naturally present in 

groundwater at very low concentrations and its source is human activities such as domestic or industrial waste or agricultural. 

Consequently, F1 reflects also the anthropogenic impact of domestic sewage, industrial waste, uncontrolled landfill waste, 

fertilizers and manure on the study area. The correlation between Mg2+, Na+ and NO3
- showed that NO3

- is present largely in 

the form of salts with Mg2+ and Na+. The second factor (F2) contains the variables HCO3
- and pH and explains 18.373% of 

the total variance. The variables contained in F2 reflect the dependence of the pH on HCO3
- concentrations in the water 

samples. The third factor (F3) explained 9.661% of the total variance and contained only Na+, which emphasizes the 

importance of Na+ in the water samples analyzed. 

 

TABLE 4. Factor loadings. 

Variable  Factor  

F1 F2 F3 

EC 0.996 0.067 -0.048 

TDS 0.976 0.206 0.014 

Ca2+ 0.881 0.138 -0.064 

Mg2+ 0.981 0.055 -0.015 

NO3
- 0.721 -0.203 -0.011 

HCO3
- 0.261 0.851 -0.084 

SO4
2- 0.899 0.350 -0.001 

Cl- 0.989 -0.044 -0.032 

Na+ -0.060 -0.115 0.990 

K+ 0.249 -0.010 -0.104 

pH 0.451 0.854 -0.044 

 

These three factors accounted for 80.27% of the variability of groundwater quality. Their parameters include HCO3
- (F1), 

SO4
2-+ NO3

-+ Cl-+ Mg2+, Ca2+, EC and TDS (F2), Na+ (F3). However, measurement of only three parameters (HCO3
-, NO3

- 

and EC) is sufficient for regular monitoring of the quality of well water. The other parameters can be determined by simple 

linear regression, because of their correlation to these three parameters.  

 

Hierarchical cluster analysis 

The groundwater wells were grouped into three clusters (C1, C2 and C3) with similar parameters using hierarchical cluster 

analysis (FIG. 3). C1 included wells P1, P8, P2, P5, P6, P12, P7, P18, P10, P11 and P14, C2 included wells P3, P13, P16, 

P15, P14, P4 and P9 and C3 only contained well P17. It is clear from TABLE 2 that all wells in each group display the same 

similarity. This applies, for example the particularity of well P17 who find itself alone in group C3 and is characterized by 

the highest concentrations of all compounds in all water samples. This classification reduces the number of sampling sites 

that would be required in any future studies. 
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FIG. 3. Hierarchical cluster analysis dendrogram obtained using Ward’s method. 

Conclusion 

Groundwater in the study area was found to be very saline (Na-Cl water type) and highly polluted with nitrate. Consequently, 

this water is inappropriate for human consumption and must be treated first. The source of nitrate in a contaminated aquifer is 

critical for managing surface operations to prevent future contamination and for evaluating exposure of human populations to 

nitrate. Stable isotope compositions of nitrogen and oxygen in nitrate dissolved in the groundwater could be used to 

determine its origin. The variability in the quality of the depended on three factors: alkalinity (HCO3
-), the impact of human 

activities (domestic or industrial discharge) and salinity. Hierarchical cluster analysis grouped the wells into three clusters. 

This knowledge could allow future groundwater quality control studies to be performed using a reduced number of 

measurements on a small number of sampling points. 
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