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Abstract 

This study revealed case study on how to exploit time series investigation as extracting device to trace the transience 
of sodium discharge and to forecast the sodium accumulation in groundwater. Abuja North Nigeria, was chosen as study 
zone, and twenty-five groundwater monitoring boreholes positioned within the domain of sodium discharge were 
subjected to time series scrutiny. The measured sodium values in groundwater are from 55.98 to 515.45 mg/L, and 
compare with WHO limit of 50 mg/L. Time series scrutiny is a suitable tool for mining stimulating archetype from well-
arranged series of observations. From extorting information from ACF, season model, time series modeler and CCF, the 
style, interesting patterns, procedures, or models around the original data set were sort out. IBM SPSS Modeller V18.x 
and Aq.QA time series plot, were engaged to construe the data from the monitoring information of groundwater quality. 
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1 Introduction 

Various factors such as human activities, climate, saline water imposition, topography, groundwater recharge, and 
aquifer lithology could have a substantial effect on groundwater quality as well as reduce its usefulness for water supply 
[1]. Though, there is establishment of monitoring boreholes to gathered data on trimestral or biannually bases in 
Nigeria. Data gathered from every single borehole unswervingly imitates groundwater attribute when relating with the 
synchronized criteria for instance WHO limit, but the sources of contagion and their transience might not be 
straightforwardly perceived from monitoring data [2,3]. By exploiting statistical kits it is feasible to recognize the 
geneses of likely groundwater contagion, to apportion the spatial domains of pollutant sources as well as track the 
transience of a definite pollutant [4]. Abuja and its suburbs maintain position as the African fastest growing metropolis 
and high quantities of Na+ may perchance be result of groundwater contamination thru salt accretions erosion, sewage, 
irrigation because farming is the most substantial profitmaking activity disturbing the changes in groundwater 
attributes by anthropogenic effect, and sodium-bearing rocks. The findings of erstwhile research papers [5-9], pointed 
out that quick population growth, agricultural activities, salinization, and industrial leakage are some major factors 
liable for groundwater pollution. Sodium is an alkali metal, that human being do not need much though human activity 
for example, human or animal disposal, road salt, contagion from landfill, and releases from water softeners can cause 
release of sodium to groundwater. It is critical to trace the transience of sodium discharge and to forecast the sodium 
accumulation in groundwater [10-12]. This research engaged time series scrutiny to anatomize the spatial and temporal 
dissimilarities of sodium quantity in groundwater. Numerous techniques of time series investigation were examined to 
institute the style of spatial and temporal dissimilarities on sodium level in groundwater; embracing sequence plot (SP), 
season model (SM), generalized lower mixed models (GLMM), time series modeler (TSM), and time series plot by Aq.QA. 
This paper offers showcase to construe the fate of sodium discharge from groundwater monitoring data. Additionally, 
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finding concerning sodium release in groundwater is valuable for Abuja water management Bureau so as to improve 
groundwater administration as well as avert groundwater contagion.  

2 Materials and method 

2.1 Study Area 

Borehole water quality investigation was carried out in Abuja North in Federal Capital Territory, Nigeria at the locations 
in the map shown in Fig. 1. The area lies between latitude 9.4°N and 9.12°N and longitudes 7.39°E and 7.45°E and with 
an estimated inhabitants of 6,235,880 persons, developing at a rate of thirty-five percent annually, maintain its stand as 
the African promptest growing urban municipality [3,4]. This metropolis is served thru the Nnamdi Azikiwe 
International Airport, besides is the political as well as administrative center of Nigeria. Nearby metropolises that share 
borders with Abuja consist of Kaduna, Mandalla, Lokoja and Keffi. 

 

Figure 1 The map of sodium discharge and the spots of dispersion monitoring boreholes within study zone 

2.2 Groundwater Data Monitoring 

For adequate groundwater fortification, there are 25 boreholes were analyzed within Abuja and it’s environ. The 
analyzed parameters of groundwater quality consist of pH (hydrogen ion concentration), total hardness (TH), total 
dissolved solids (TDS), electrical conductivity (EC), alkalinity (Alk), temperature (Temp), dissolve silica (SiO2), and 
substantial cations for example sodium (Na+), magnesium (Mg2+), calcium (Ca2+), potassium (K+), and iron (Fe2+) as well 
as anions for instance sulphate (SO42-), nitrates (NO3-),  carbonates (CO32-), fluoride (F-), chloride (Cl-), bicarbonates 
(HCO3-), and heavy metal (Mn)[13-15]. By using Hierarchical cluster analysis (HCA), EC, SO42-, HCO3-, Na+, and TH were 
within cluster 3 as shown in Table 1. The field of the equivalent PC was determined thru connecting the localities of the 
categorized monitoring wells in every cluster.  

As displayed in Fig. 1, there are 25 monitoring boreholes ordered in the purview of sodium discharge. 

From the outcomes of Principal Component Scrutiny (PCS) on groundwater data monitoring, sodium discharge were 
identified as the 0.74 first principal component influencing 30.5% of the total variance and has extreme positive loading 
in the original data set as shown in Table 2. By using Hierarchical cluster analysis (HCA), EC, SO42-, HCO3-, Na+, and TH 
were within cluster 3 as shown in table 2. The analogous PC field was ascertained thru connecting the localities of the 
classified monitoring wells in every cluster. Additionally, descriptive statistics were employed to analyze Physical 
parameters (Na+) of the boreholes water and graphically illustrated in Fig. 2a, while spatial group scrutiny was engaged 
to the water attribute data set to ascertain the spatial likeness groups amongst the sampling stations as displayed in Fig. 
2b.  
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Table 1 Cluster categorizing of the water attribute parameters  

Cluster 1 Cluster 2 Cluster 3 Cluster 4 

pH TDS EC Cl- 

Temp - SO42- - 

AlK - HCO3- - 

CO32- - Na+ - 

NO3- - TH - 

F- - - - 

K+ - - - 

Fe2+ - - - 

Ca2+ - - - 

Mg2+ - - - 

Mn - - - 

SiO2 - - - 

 

Table 2 Principal components of borehole water parameters 

Parameter Components 

PC1 (30.5%) PC2 (19.67%) PC3 (17.33%) PC4 (7.74%) PC5 (7.16%) 

pH 0.52 0.34 0.08 -0.29 -0.69 

Temp 0.64 0.52 -0.09 0.03 0.26 

AlK -0.83 0.13 -0.30 0.06 0.31 

TDS -0.57 -0.61 0.32 0.10 0.14 

EC -0.77 0.38 0.37 -0.04 -0.01 

Cl- -0.92 -0.19 -0.04 -0.05 0.21 

SO4 -0.22 0.60 -0.53 0.22 0.01 

CO32- 0.14 -0.45 -0.69 -0.38 0.07 

NO3- 0.64 0.21 0.27 0.31 0.22 

HCO3- 0.38 0.52 -0.50 0.22 0.31 

F- 0.67 0.33 0.27 -0.39 0.05 

K+ -0.59 0.73 0.18 -0.16 -0.02 

Na+ 0.74 0.12 -0.44 0.12 0.24 

Fe2+ 0.64 -0.30 0.52 -0.13 0.20 

Ca2+ 0.28 -0.63 0.42 0.15 -0.02 

Mg2+ 0.14 0.24 0.83 0.37 -0.65 

Mn 0.08 -0.32 -0.16 0.80 -0.33 

TH 0.13 0.34 0.61 -0.11 0.52 

SiO2 0.42 -0.77 -0.19 0.11 0.18 
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Time and series chart, are data picturing kits that shows data spots at continuous time intervals. The horizontal as well 
as vertical points on the graphic representation corresponds to time as well as quality respectively, in addition  it can 
quickly pinpoint spot, trend in recurrent prototype over a given time 15,16. Water scrutiny outcome from the research 
region is charted in (Fig. 3, 4 & 5). 

2.3 Method 

Time series investigation is recognized as a potent device for summarizing categorizations of observations with 
different correlations degrees over time by means of engaging the notions of stochastic technique for dynamic methods. 
Time series investigation is an eminent method of economic predicting, having serviceable application that spreads 
from astrophysics to neurophysiology. Characteristically, time series investigation is based on the supposition that the 
data comprise of universal pattern as well as arbitrary error. Through extracting data from PACF (partial 
autocorrelation functions) and ACF (auto correlation functions) and, it could sift out sound so as to achieve more 
significant shape. The first phase in analyzing time series is via carrying out certain preliminary treatment on the 
unprocessed data for suitability purposes before further scrutiny. In this paper, all the scrutiny was computed by the 
SPSS (Statistical Package for Social Sciences) -23.0 software. Two prototypes of time series investigation including IBM 
SPSS Modeller V18.x and Aq.QA time series plot were engaged to reconnoiter the relationship between sodium 
accumulation and groundwater specimen time. 

3 Results and discussion 

Based on Hierarchical Cluster investigation, 25 boreholes were assigned to the domain of sodium discharge. From the 
descriptive statistics the following data was obtained for Na (mg/l); Mean (260.187), Std. Deviation (195.767), Variance 
(38324.82), Skewness (0.27), Kurtosis (-1.78), minimum (55.98) and Maximum (515.45). The spatial variation of water 
attribute was ascertained through typical weather (rainy and dry). Because, seasonality has significant influence on 
hydrochemistry 15, 17. A lot of rain from May to June was observed, but there is no rain from April to middle of May. The 
season-correlated variables could be presumed to be demonstrating as the key source of dissimilarity in water attribute 
18. Meanwhile, significant dissimilarities were detected among the 25 boreholes data units for dry and rainy seasons. 
For Na, high values were beheld in raining season (176.56 – 515.45mg/L) and low quantities in dry season (55.98 – 
193.56mg/L). 

 

Figure 2a. Sodium frequency distribution. b. spatial variation 

The time series data of sodium concentration, Sodium sequence plot and season model in each boreholes was given in 
Figure 3 and 4 respectively. The measured sodium levels in groundwater range from 55.98 to 515.45 mg/L, compare 
with WHO limit of 50 mg/L as shown in Table 3. 

Time and series plots, are data picturing equipment that exhibits data spots (points) at consecutive time intervals. The 
horizontal as well as vertical points (spots) on the diagram corresponds to time and quality correspondingly, as well as 
hastily pinpoint spot, style in cyclic archetype over a specified period of time. According to the piper diagram analysis, 
sodium concentration line was within 500 mg/L, which is relatively high when compare to WHO limit. Plots of 
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correlation function (CCF) for ground water levels time series for Abuja locality are displayed in Fig. 5a-d. The unbroken 
line beyond and under the x- axis in the charts signifies the confidence limits. The affirmative or positive indicator 
advocates that groundwater states are deteriorating with respect to the ground surface.  The result showed that Na with 
HCO3 has the highest CCF value (0.75 mg/l) and followed by Na and temp (0.740C) while Na plus Ec recorded the lowest 
(- 0.73 mg/l). 

 

Figure 3 Time series signifying samples and time variation in the study area 

 

Figure 4 Sodium sequence plot and season model 

Hence, it can be stated that the usual groundwater pumping in Abuja locality during rainy season is higher than drying 
season. This could be as result of the enhanced zone under rice farming over the years.  
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Table 3 Different samples violation values 

Parameter Unit Limit WHO Number Violation Violation Violation 

pH  6.5 - 8.5 0 0 100 

Temp ℃ NA    

AlK mg/l NA    

TDS mg/l 1000 14 56 44 

EC μS/cm 1500 16 64 36 

Cl- mg/l 250 6 24 76 

SO4 mg/l 250 19 76 24 

CO32- mg/l NA    

NO3- mg/l 50 0 0 100 

HCO3- mg/l 500 10 40 60 

F- mg/l 1.5 10 40 60 

K+ mg/l 12 0 0 100 

Na+ mg/l 50 25 100 0 

Fe2+ mg/l 0.3 11 44 56 

Ca2+ mg/l 300 0 0 100 

Mg2+ mg/l 50 14 56 44 

Mn mg/l 0.4 0 0 100 

TH mg/l 500 9 36 64 

SiO2 mg/l NA    

 

 

Figure 5 a CCF of Na+ with Ec, and TDS.  b CCF of Na+ with HC03, and F- 
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Figure 5 c CCF of Na+ with Fe, and S04.  d. CCF of Na+ with temp, and Alk 

 

Figure 6 a ACF Season model.  b sodium time model 

The plot of autocorrelation function (ACF) and sodium model for time series of groundwater levels are displayed in Fig 
6a & b respectively. From Na (mg/l)-Model_1 summary, Stationary R-squared is -0.003, Statistics of 14.40, DF equal to 
17 and Sig. of 0.639, this means that significance > 0.5; if not, the data set would not be pertinent for the time model. 
Sodium sequence plot and season model using Transforms natural seasonal difference (1, period 8) are graphically 
illustrated in Fig 4.. This were exploit to further scrutinize if the water table degenerated was as a result of climate 
change or augmented groundwater propelling caused by crop evapotranspiration, farming intensification or reduction, 
and rain trends during rainy and drying season were strictly scrutinized. It was clinched that crop evapotranspiration 
has not intensified during the season despite there is substantial change in seasons style line. The foremost impact of 
climate change is predictable on groundwater revitalize and crop evapotranspiration. Both positive and negative 
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changes of Na+ with other parameters during the seasons, suggestively denoting that the debility, variation in 
groundwater altitude and its physicochemical properties is mostly as a result of increased groundwater pumping 
because of spiraling and extensification of farming in the region as gap also indicated decrease during dry season to 
nearly zero which is in agreement with research work by Emenike et al.[4],Achieng et al. [1] and Fijani et al. [8]. 

4 Conclusion 

The source of High levels of sodium (Na+) in groundwater can be most likely ensued from outcome of groundwater 
contamination by irrigation, sewage as well as salt deposits erosion and sodium-bearing rocks. Using of the time series 
investigation specified interpretation and predicting the sodium quantity in groundwater as referring to the erstwhile 
information. This model hesitantly revealed the temporal and spatial style of the sodium level in groundwater, besides 
the anticipated sodium level shown that the underlying processes for instance, diffusion and transmission might 
efficiently mitigate the sodium level in groundwater. Conclusively, it can be convinced that the drop in groundwater 
levels was principally attributable to groundwater pumping escalating and physicochemical reaction between sodium 
and other parameters. The study has productively revealedshowcase of engaging time sequence investigation to trace 
the impermanence of sodium discharge and to envision the sodium absorption in groundwater. With the help of time 
series scrutiny, the enhancement of groundwater administration as well as pollutant control is in progress in Abuja, 
Northern Nigeria. 
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