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Abstract
This study assessed the physical water quality parameters of borehole water in Enugu State and examined the influence of seasonal variation on these parameters. Twelve borehole locations in Enugu North Local Government Area were selected, and water samples were collected monthly over a six-month period spanning the wet season (June–August 2023) and the dry season (November 2023–January 2024). Standard analytical procedures prescribed by the American Public Health Association (APHA, 2017) were employed to measure pH, temperature, turbidity, electrical conductivity (EC), total dissolved solids (TDS), and total suspended solids (TSS). Descriptive statistics and paired sample t-tests were used to compare seasonal variations, while results were evaluated against the World Health Organization (WHO, 2017) drinking water quality standards. Findings revealed varying degrees of seasonal influence across the parameters. pH values showed minimal variation and generally conformed to WHO guidelines, except in a few samples that recorded slightly elevated values. Temperature was significantly higher during the dry season, although all values were within WHO limits. Turbidity was consistently higher in the wet season but remained far below the 1 NTU standard. EC and TDS exhibited marked increases in the dry season, reflecting reduced dilution and increased ion concentration. Conversely, TSS displayed no significant seasonal differences. The t-test results confirmed significant seasonal variation in temperature, turbidity, EC, and TDS, while pH and TSS showed no statistically significant differences. The findings indicate that although the borehole water in Enugu North generally meets WHO physical water quality standards, seasonal fluctuations, particularly during the dry season, pose potential risks to long-term groundwater quality and public health monitoring. 
Kindly brief a note about the season in your area,  normally dry season is March, April, May but in your article it was mentioned as post monsoon season (December, January, February). In your abstract The Wet season period was not mentioned promptly (Kindly clarify ) 
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Introduction
Water is one of the most essential natural resources for sustaining human life, supporting ecological systems, and facilitating socio-economic development [1,2]. Its availability in adequate quantity and quality remains fundamental to public health, industrial growth, and agricultural productivity. In many developing countries, including Nigeria, access to safe drinking water continues to pose significant challenges due to population growth, urban expansion, and increasing environmental degradation [3-6]. As a result, a large proportion of households, commercial establishments, and institutions rely heavily on groundwater sources, particularly boreholes, as their primary source of potable water [7]. Borehole water is generally regarded as safer than surface water because it is shielded from the direct effects of runoff, sewage infiltration, and surface pollutants [8]. However, its quality is increasingly threatened by human activities and natural processes that modify the physical and chemical characteristics of groundwater.
Enugu State, located in southeastern Nigeria, has witnessed rapid urbanisation, population growth, inadequate municipal water supply, and increased dependence on privately owned and community boreholes. These boreholes are often constructed close to residential areas, waste dumps, poorly maintained drainage systems, abandoned industrial sites, and agricultural fields [9, 10]. Consequently, the physical quality of groundwater is susceptible to alterations induced by surface contamination, soil characteristics, hydrological variations, and climatic conditions [11-14]. Physical parameters such as pH, temperature, turbidity, electrical conductivity (EC), total dissolved solids (TDS), and total suspended solids (TSS) are vital indicators of water quality because they influence water aesthetics, suitability for consumption, and its interaction with chemical and biological components [15-17]. Deviations in these parameters can affect the efficiency of water treatment, increase corrosiveness, promote microbial growth, and reduce overall water safety.
Seasonal variation is another critical factor influencing the physical properties of groundwater. In tropical regions such as Enugu State, the hydrological cycle is characterized by distinct wet and dry seasons, each exerting unique effects on groundwater recharge, surface infiltration, dilution capacity, and contaminant transport. During the wet season, increased rainfall enhances groundwater recharge but may also introduce suspended particles, organic debris, and surface contaminants into aquifers [18]. Conversely, the dry season is associated with reduced recharge, higher evaporation rates, and concentration of dissolved solids, potentially altering parameters such as EC, TDS, and turbidity [16, 19, 20]. Understanding these seasonal dynamics is essential for effective groundwater monitoring, sustainable management, and risk mitigation.
Despite the widespread reliance on borehole water in Enugu State, empirical data on the seasonal variations in its physical quality remain limited. This study, therefore, assesses the physical water quality parameters of selected boreholes in Enugu State and investigates the influence of seasonal variation on these parameters. By comparing data collected during the wet and dry seasons, the research provides insight into the stability, safety, and environmental vulnerability of borehole water sources. The findings will support evidence-based decision-making for water quality monitoring, groundwater protection, and the development of appropriate regulatory and management strategies within the state.
2. Materials and Methods
2.1 Study Area
The study was conducted in Enugu State, located in southeastern Nigeria. Enugu lies between latitudes 6°18′N and 6°30′N and longitudes 7°26′E and 7°30′E, and experiences a tropical climate characterised by two distinct seasons: the wet season (April–October) and the dry season (November–March). The State is highly urbanised and relies heavily on groundwater due to an inadequate municipal water supply. Boreholes are widely distributed across residential, commercial, and institutional areas, making groundwater quality assessment crucial for public health.
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Figure 1. Map of the study area showing the borehole locations

2.2 Sample Collection 
Twelve samples of water from boreholes in Enugu North were collected from various locations as indicated in the map. Water sampling was carried out monthly for a period of six (6) months, June 2023 to Jan 2024, during the wet (June – August 2023) and dry season (November - January 2024). This was done between 07:00 and 11:00 a.m. During the entire study, several field trips were undertaken, and six (6) sets of samples were taken from each locationand pooled together to form representative samples for each borehole location. 
Water samples for physicochemical analysis were collected in pre-washed 1-litre capacity plastic containers, while those for microbiological analysis were collected in sterilised bottles. Sample containers were rinsed at least three times with samples from each location before collection to harmonise the containers with the sample. All collected samples were transported within 24 hours of collection in an ice-cooled box to the laboratory for analysis of their respective characteristics. 
Water samples for dissolved oxygen (DO) analysis were collected directly from the boreholes using a 250 ml glass stopper bottle and filled to the brim. In the field, 2.5 ml of Winkler’s solution A (MnSO4)subscript and B (KOH + KI) was added to the samples, and the bottles were carefully covered tightly to avoid the inclusion of air bubbles, and thoroughly mixed for about 10 seconds, which leads to the formation of a precipitate. Also, water samples for biological oxygen demand (BOD) analysis were collected directly from the borehole heads using a 250 ml sterilised amber bottle, corked immediately to avoid trapping air, wrapped with black polythene bags, and transported to the laboratory.
2.3 Determination of Physical Water Quality Parameters
The study focused strictly on physical water quality indicators, which include: pH, Temperature, Turbidity, Electrical Conductivity (EC), Total Dissolved Solids (TDS), and Total Suspended Solids (TSS). These parameters were determined using Standard Methods for the Examination of Water and Wastewater by the American Public Health Association (APHA, 2017).
2.3.1 Temperature and pH
The temperature of the water was measured according to the methods described by APHA (2017). The mercury-in-glass thermometer was immersed in the water and allowed to assume the water temperature before reading. The value of the temperature was taken by switching the mode and was allowed to stabilise for three minutes before the value was recorded. 
The pH of the water samples was determined in situ using a digital electronic pH meter (Hanna instrument: HI–1991300 model). The meter was first calibrated using a buffer of pH 7.0 and rinsed with distilled water and blotted dry. Thereafter, it was further rinsed in a small beaker with a portion of the samples. After calibration, a sufficient amount of the sample was poured into a small beaker to allow the tips of the electrodes to be immersed to a depth of about 2 cm. The electrode was at least 1 cm away from the sides and bottom of the beaker, the temperature adjustment dial was adjusted accordingly, thereafter readings were taken after 5 minutes of immersion and at steady readings. 
2.3.2 Turbidity
The turbidity of the surface water was measured in nephelometric turbidity units (NTU) according to the methods described by the American Public Health Association (APHA, 2017). The nephelometer was calibrated according to the manufacturer’s instructions. This was done to ensure accurate and consistent measurements. The water samples for analysis were poured into clean and transparent cuvettes that are free from impurities that may affect the measurements hereafter. The filled cuvettes were properly placed into the nephelometer’s sample holder, and measurement on the nephelometer was initiated. The instrument emits a light beam into the water samples, and the scattered light is detected by a sensor. The intensity of the scattered light is proportional to the turbidity of the water samples. The nephelometer displays the turbidity measurements in appropriate units before readings are taken. 
2.3.3 Electrical Conductivity (EC) and Total Dissolved Solids (TDS)
The EC analysis was also carried out according to the APHA (2017) guidelines. The electrical conductivity meter (model DDS-307) was used for the analysis. The conductivity electrode was rinsed with 50 cm3 portions of each of the water samples. The electrode cap of the E.C. meter was removed before switching on. After which, the electrode was immersed in a 250 cm3 volume of the water sample. The display on the electrical conductivity meter was allowed to stabilise before readings were taken. 
500ml of each sample was filtered in a gooch crucible to free it from suspended matter. The filtrate is collected in a beaker and evaporated to about 50ml volume. The 50ml was carefully transferred to a weighed platinum dish with distilled water. The solution was then evaporated to dryness on a steam bath, and the dish was dried in an oven at about 100-110 °C for about an hour. It was allowed to cool in a desiccator and weighed (APHA, 2017). The total dissolved solids (TDS) is computed as follows: 

where  is the weight of the empty evaporating dish (mg),  is the weight of the dish  residue after drying (mg), and  is the volume of the water sample (500mL). 
2.3.4 Total Suspended Solids (TSS)
500ml of each sample was measured out exactly using a graduated cylinder into a volumetric flask and allowed to filter through a dried and weighed gooch crucible containing an asbestos mat. The suspended solids retained in the crucible are washed with distilled water to remove chloride. The crucible is finally dried, cooled in a desiccator, and weighed. The increase in the weight of the crucible is equivalent to the suspended solids present. 
2.4 Statistical Analysis
Data were analysed using descriptive statistics (mean, standard deviation) to summarise physical parameters, and the seasonal variations between wet and dry seasons were evaluated using: sample t-test for comparing seasonal means, while seasonal means were compared against the WHO (2017) drinking water quality guidelines to determine compliance.
3. Results and Discussion
Table 1 presents the results of the pH levels of borehole water samples from 12 different locations in both the wet and dry seasons. The results revealed that the dry season recorded higher pH values compared to the wet season, except for samples 1 and 10, whose pH values were higher in the wet season compared to the dry season, while samples 7, 9, and 11 showed variations in pH values across seasons. The pH values are visualised in Figure 2.
The results of the wet season showed that sample 10 had the highest pH of 9.14, while sample 11 recorded the lowest pH of 4.08 with the highest variation of . In addition, sample 1 had the highest pH in July (7.97) and August (7.57), while sample 9 had the lowest pH in July (3.96) and August (3.72), and the highest variability was observed in sample 11 for July and August, with both having a standard deviation of .
For the dry season, the results showed that sample 1 had the highest pH in November (8.04) and December (7.67), while sample 6 recorded the highest pH in January (7.50). Furthermore, the highest standard deviation of  was observed in sample 11 for November, December, and January.  
Based on the comparative results of the pH values across the seasons in the different samples, almost all the sample borehole water had pH values within the WHO acceptance range (6.5-8.5), except for samples 2 and 10 that had pH levels slightly greater than this recommendation.

Table 1. Seasonal Variations in pH in Borehole Water and Comparison with the WHO Standard
	pH
	Wet Season
	Dry Season
	

	Sample
	June
	July
	August
	November
	December
	January
	WHO Standard
(6.5 – 8.5)

	1
	8.59±0.514
	7.97±0.514
	7.57±0.514
	8.04±0.336
	7.67±0.336
	7.37±0.336
	June slightly higher

	2
	4.78±0.162
	5.07±0.162
	4.80±0.162
	7.21±0.579
	7.03±0.579
	6.13±0.579
	Met standard

	3
	4.45±0.117
	4.68±0.117
	4.53±0.117
	4.90±0.318
	5.32±0.318
	5.93±0.318
	Met standard

	4
	5.10±0.558
	6.14±0.558
	5.97±0.558
	5.72±0.610
	6.32±0.610
	6.94±0.610
	Met standard

	5
	5.03±0.225
	4.89±0.225
	5.33±0.225
	5.70±0.320
	6.18±0.320
	6.93±0.320
	Met standard

	6
	6.18±0.341
	6.75±0.341
	6.79±0.341
	6.90±0.324
	7.41±0.324
	7.50±0.324
	Met standard

	7
	7.63±1.508
	7.40±1.508
	4.91±1.508
	7.01±0.070
	7.08±0.070
	7.15±0.070
	Met standard

	8
	6.49±0.421
	7.29±0.421
	6.66±0.421
	6.20±0.482
	6.98±0.482
	7.08±0.482
	Met standard

	9
	5.96±1.230
	3.96±1.230
	3.72±1.230
	5.82±0.650
	6.80±0.650
	7.05±0.650
	Met standard

	10
	9.14±1.195
	7.05±1.195
	7.09±1.195
	4.08±0.645
	4.95±0.645
	3.69±0.645
	June higher

	11
	4.08±1.542
	6.78±1.542
	6.72±1.542
	5.81±0.820
	5.01±0.820
	4.17±0.820
	Met standard

	12
	4.90±0.272
	5.02±0.272
	5.42±0.272
	6.82±0.180
	7.02±0.180
	7.18±0.180
	Met standard


Kindly do the average for wet season pH and dry season pH (Some of the samples are less than 6.5, not fulfill the criteria of WHO standards kindly check and confirm please)
Table 2 presents the results of the temperatures of the borehole water samples for both wet and dry seasons, and the World Health Organisation (WHO) standards.The results revealed that the borehole water samples 1 to 7 exhibited fluctuations in temperature for both wet and dry seasons, and that the borehole samples 8 to 12 had higher temperatures during the dry season compared to the wet season. The average temperatures of the borehole samples for both wet and dry seasons are shown in Figure 3.
The results further revealed that for the wet season, the highest average temperature was observed in borehole water sample 8 with a value of 29.50°C during July, while the lowest temperature was observed in sample 3 (24.50°C) in July. In addition, the highest variation of temperature was seen in the borehole water sample 11 during June, July, and August, with all having a standard deviation of  each. 
For the dry season, the borehole samples 8 in November, 1 and 5 in November and January, respectively, had an average temperature of 30.00°C each, while the lowest average temperature was observed in the borehole sample 6 (26.50°C) in November. Furthermore, the largest variability was exhibited in the borehole sample 11 across the dry season, with each having a standard deviation of , while sample 5 had the smallest variation in temperature () across the dry season.
For the WHO standard (10.00 -30.00°C), although all the borehole water samples had average temperatures that fall within this specification, the temperatures are still higher in almost all the samples. However, this high temperature in the borehole water can promote microbial proliferation, which might have an impact on the hygiene status.
Table 2. Seasonal Variations in Temperature in Borehole Water and Comparison with the WHO Standard
	Temp (oC)
	Wet Season
	Dry Season
	

	Sample
	June
	July
	August
	November
	December
	January
	WHO Standard
(10 – 30oC)

	1
	28.00±0.549
	27.00±0.549
	27.00±0.549
	28.50±0.451
	29.00±0.451
	30.00±0.451
	Met standard

	2
	29.00±0.169
	25.00±0.169
	28.50±0.169
	29.50±0.548
	28.50±0.548
	29.50±0.548
	Met standard

	3
	28.00±0.177
	24.50±0.177
	27.00±0.177
	27.00±0.326
	27.50±0.326
	29.00±0.326
	Met standard

	4
	28.00±0.559
	26.50±0.559
	26.00±0.559
	27.50±0.551
	27.00±0.551
	29.50±0.551
	Met standard

	5
	27.50±0.228
	26.00±0.228
	27.00±0.228
	27.00±0.308
	29.00±0.308
	30.00±0.308
	Met standard

	6
	27.50±0.363
	28.00±0.363
	28.00±0.363
	26.50±0.348
	27.50±0.348
	29.50±0.348
	Met standard

	7
	29.00±1.335
	27.00±1.335
	28.50±1.335
	27.50±0.571
	28.50±0.571
	29.00±0.571
	Met standard

	8
	28.00±0.427
	29.50±0.427
	27.50±0.427
	28.00±0.482
	30.00±0.482
	28.50±0.482
	Met standard

	9
	27.00±1.189
	26.00±1.189
	26.50±1.189
	27.00±0.672
	28.00±0.672
	28.50±0.672
	Met standard

	10
	26.50±1.197
	26.00±1.197
	27.00±1.197
	28.00±0.696
	29.50±0.696
	28.50±0.696
	Met standard

	11
	27.00±1.535
	26.50±1.535
	27.00±1.535
	29.00±1.294
	28.50±1.294
	29.00±1.294
	Met standard

	12
	28.00±0.277
	27.00±0.277
	27.00±0.277
	28.50±0.263
	29.50±0.263
	29.00±0.263
	Met standard



Table 3 presents the results of turbidity in twelve borehole water samples during the wet and dry seasons, and the WHO specification standards. The results revealed that the turbidity values of the borehole water samples in the wet season are higher than in the dry season, as visualisedin Figure 4.
The results for the wet season showed that the highest average turbidity value was experienced in borehole water samples 3 and 10,both in June, with each having 0.25 NTU, while the borehole samples 3 and 11 in July, and 10 in August, recorded the smallest average turbidity value, 0.03 NTU each. In addition,sample 10 exhibited the largest variation in the turbidity value across the wet season, with a standard deviation of , while sample 9 had the lowest variation,.For the dry season, the highest average turbidity value was produced by sample 9 in January (0.27 NTU), while samples 2 and 6 had the lowest average turbidity value of 0.01 NTU each in January. Furthermore, the largest variation was observed in sample 9 () across the season, while sample 10 had the lowest variability () across the season.
Comparing the average turbidity values across wet and dry seasons, with the WHO standard, which is specified at 1 NTU, the results demonstrate that all the average turbidity values of the sample across the seasons are lower than the WHO standard, implying that they met the standard.
Table 3. Seasonal Variations in Turbidity in Borehole Water and Comparison with the WHO Standard
	T(NTU)
	Wet Season
	
	Dry Season
	

	Sample
	June
	July
	August
	November
	December
	January
	WHO Standard
()

	1
	0.18±0.037
	0.11±0.037
	0.09±0.037
	0.10±0.030
	0.07±0.030
	0.04±0.030
	Met standard

	2
	0.17±0.065
	0.09±0.065
	0.04±0.065
	0.09±0.041
	0.07±0.041
	0.01±0.041
	Met standard

	3
	0.25±0.062
	0.03±0.062
	0.15±0.062
	0.09±0.035
	0.05±0.035
	0.02±0.035
	Met standard

	4
	0.20±0.032
	0.16±0.032
	0.10±0.032
	0.11±0.043
	0.02±0.043
	0.08±0.043
	Met standard

	5
	0.22±0.094
	0.06±0.094
	0.04±0.094
	0.08±0.033
	0.09±0.033
	0.03±0.033
	Met standard

	6
	0.07±0.062
	0.14±0.062
	0.19±0.062
	0.12±0.050
	0.08±0.050
	0.01±0.050
	Met standard

	7
	0.05±0.067
	0.12±0.067
	0.18±0.067
	0.17±0.050
	0.12±0.050
	0.06±0.050
	Met standard

	8
	0.07±0.016
	0.05±0.016
	0.08±0.016
	0.08±0.025
	0.05±0.025
	0.03±0.025
	Met standard

	9
	0.09±0.011
	0.09±0.011
	0.11±0.011
	0.04±0.104
	0.10±0.104
	0.27±0.104
	Met standard

	10
	0.25±0.114
	0.08±0.114
	0.03±0.114
	0.07±0.045
	0.02±0.045
	0.10±0.045
	Met standard

	11
	0.13±0.041
	0.03±0.041
	0.06±0.041
	0.10±0.020
	0.07±0.020
	0.06±0.020
	Met standard

	12
	0.14±0.058
	0.01±0.058
	0.08±0.058
	0.18±0.043
	0.10±0.043
	0.08±0.043
	Met standard



The seasonal variations in EC values of borehole water samples across wet and dry seasons are shown in Table 4 and Figure 5. During the wet season, EC values varied widely across the samples, ranging from 3.00 ± 0.816 S/m in Sample 5 to 69.00 ± 3.568 S/m in Sample 9. The relatively lower conductivity observed in some samples during the wet season may be due to the dilution effect of increased rainfall, which reduces the concentration of dissolved solids in the water. For instance, Sample 4 recorded 6.00 ± 0.824 S/m in June, indicative of the influence of rainfall on ion concentration. However, EC values were unexpectedly high during the wet season in Samples 9 and 11.
In contrast, EC values during the dry season were generally higher, with some samples showing a pronounced increase. This trend is attributed to the reduced rainfall and surface runoff, which limit dilution and allow for the concentration of dissolved ions in the water. For example, Sample 12 displayed a significant increase in EC from 6.40 ± 0.471 S/m in June to 110.00 ± 48.201 S/m in November, reflecting the accumulation of ionic substances during the dry months. Similarly, Sample 6 exhibited a marked rise from 9.00 ± 6.826 S/m in June to 90.00 ± 12.247 S/m in November. These findings indicate that borehole water during the dry season is more likely to exhibit elevated conductivity levels due to the cumulative effects of reduced precipitation and increased evaporation.
The results further showed that all the electrical conductivity (EC) in the borehole water samples fell below the recommended specification by WHO (< 250 s/m), implying that all the borehole water samples in Enugu North LGA met the standard.
Table 4. Seasonal Variations in Electrical Conductivity (EC) in Borehole Water and Comparison with the WHO Standard
	EC(s/m)
	Wet Season
	Dry Season
	

	Sample
	June
	July
	August
	November
	December
	January
	WHO Standard
()

	1
	18.14±38.62
	8.70±38.62
	80.00±38.62
	76.00±1.528
	78.00±1.528
	79.00±1.528
	Met standard

	2
	28.00±0.978
	27.00±0.978
	26.10±0.978
	30.00±1.000
	31.00±1.000
	33.00±1.000
	Met standard

	3
	39.01±3.463
	33.00±3.463
	39.02±3.463
	27.00±1.000
	28.00±1.000
	29.00±1.000
	Met standard

	4
	6.00±0.824
	5.80±0.824
	5.00±0.824
	70.00±5.774
	60.00±5.774
	60.00±5.774
	Met standard

	5
	3.00±0.816
	4.70±0.816
	3.00±0.816
	80.00±5.774
	70.00±5.774
	80.00±5.774
	Met standard

	6
	9.00±6.826
	11.00±6.826
	22.00±6.826
	90.00±12.247
	80.00±12.247
	60.00±12.247
	Met standard

	7
	20.50±5.033
	22.00±5.033
	12.00±5.033
	24.00±1.528
	25.00±1.528
	27.00±1.528
	Met standard

	8
	9.00±0.577
	10.00±0.577
	10.00±0.577
	60.00±12.247
	70.00±12.247
	90.00±12.247
	Met standard

	9
	67.07±3.568
	62.00±3.568
	69.00±3.568
	50.00±2.081
	53.00±2.081
	54.00±2.081
	Met standard

	10
	37.00±4.618
	29.00±4.618
	29.00±4.618
	27.00±2.000
	29.00±2.000
	31.00±2.000
	Met standard

	11
	5.20±27.006
	52.00±27.006
	52.00±27.006
	72.00±4.000
	78.00±4.000
	80.00±4.000
	Met standard

	12
	6.40±0.471
	6.11±0.471
	7.00±0.471
	110.00±48.201
	18.00±48.201
	21.00±48.201
	Met standard


(1S/m =10dS/m; Each EC values of your samples are too high it can not met the drinking water standards and it pose lot of health hazards and problem soils etc., kindly verify and season wise average only we need to interpret)
Table 5presents seasonal variations in Total Suspended Solids (TSS) across different borehole samples in Enugu North LGA, while Figure 6 shows the visualisation. During the wet season, TSS levels are notably variable among the samples, with some boreholes showing higher concentrations in specific months. Sample 5 recorded the highest TSS values of 80.02 ± 17.264 mg/L in June and 77.17 ± 17.264 mg/L in August, while Sample 1 exhibited a slightly lower concentration of 60.02 ± 17.966 mg/L in June. The results further revealed that sample 3 had the lowest TTSS levels in August (25.66 ± 3.785 mg/L). The elevated TSS values observed in some boreholes during the wet season can be attributed to increased runoff from surrounding areas.
In contrast, the dry season data indicate a general decrease in TSS levels in some boreholes, such as Sample 1, which showed TSS values of 21.24 ± 8.293 mg/L in December and 36.15 ± 8.293 mg/L in January. The results revealed that Sample 8 recorded the highest TSS values of 84.20 ± 17.374 mg/L in November and 66.34 ± 17.374 mg/L in December, with the highest variability in TSS across the dry season in Sample 6.
Table 5. Seasonal Variations in Total Suspended Solids (TSS) in Borehole Water
	TSS (mg/l)
	Wet Season
	Dry Season

	Sample
	June
	July
	August
	November
	December
	January

	1
	60.02±17.966
	19.02±17.966
	54.02±17.966
	38.50±8.293
	21.24±8.293
	36.15±8.293

	2
	50.09±11.167
	28.01±11.167
	N/A
	36.70±5.024
	46.48±5.024
	41.25±5.024

	3
	41.03±3.785
	33.03±3.785
	25.66±3.785
	49.25±12.581
	21.21±12.581
	28.90±12.581

	4
	40.01±6.872
	30.66±6.872
	N/A
	72.10±18.640
	30.17±18.640
	38.06±18.640

	5
	80.02±17.264
	46.59±17.264
	77.17±17.264
	50.00±2.091
	52.07±2.091
	48.70±2.091

	6
	20.04±21.169
	50.14±21.169
	N/A
	10.25±36.350
	80.41±36.350
	44.30±36.350

	7
	24.08±14.519
	52.06±14.519
	47.01±14.519
	52.00±4.615
	44.58±4.615
	44.00±4.615

	8
	30.05±10.259
	50.08±10.259
	39.20±10.259
	84.20±17.374
	66.34±17.374
	43.21±17.374

	9
	40.09±7.516
	55.15±7.516
	N/A
	64.28±14.811
	39.10±14.811
	36.00±14.811

	10
	20.07±12.220
	49.10±12.220
	30.03±12.220
	44.55±15.785
	76.00±15.785
	50.10±15.785

	11
	25.06±8.288
	42.13±8.288
	61.21±8.288
	39.58±6.717
	36.00±6.717
	48.00±6.717

	12
	34.08±14.504
	60.06±14.504
	60.02±14.504
	58.79±12.609
	28.14±12.609
	52.24±12.609



Table 6 presents the seasonal variations in Total Dissolved Solids (TDS) across different boreholes, which are visualized in Figure 7. In the wet season, TDS values are generally lower in many borehole samples, indicating a dilution effect due to increased rainfall and groundwater recharge. For instance, Sample 1 recorded TDS values of 11.50 ± 10.227 mg/L in June and 15.87 ± 10.227 mg/L in August, which are significantly lower than the corresponding values in the dry season. Similarly, Sample 3 showed a TDS concentration of 9.25 ± 11.227 mg/L in June, rising slightly to 30.54 ± 11.227 mg/L in August, suggesting some localized factors influencing TDS levels even during the wet season.
Conversely, the dry season exhibits consistently higher TDS concentrations across most borehole samples. For example, Sample 4 recorded TDS levels of 72.10 ± 17.638 mg/L in November and 38.06 ± 17.638 mg/L in January. The elevated TDS levels during this period are likely due to the reduced dilution effect from rainfall, coupled with increased evaporation rates and potential concentration of dissolved ions in the aquifers. The highest variation was seen in sample 6 across the dry season.
The results also showed that all the Total Dissolved Solids (TDS) in Borehole Water samples fell below the WHO standard (< 1000mg/L), indicating they are good for drinking.  
Table 6. Seasonal Variations in Total Dissolved Solids (TDS) in Borehole Water and Comparison with WHO Standard
	TDS(mg/L)
	Wet Season
	Dry Season
	

	Sample
	June
	July
	August
	November
	December
	January
	WHO Standard
(< 1000mg/L)

	1
	11.50±10.227
	31.24±10.227
	15.87±10.227
	38.50±8.471
	21.24±8.471
	36.15±8.471
	Met standard

	2
	16.70±13.654
	36.48±13.654
	10.08±13.654
	36.70±4.903
	46.48±4.903
	41.25±4.903
	Met standard

	3
	9.25±11.227
	10.21±11.227
	30.54±11.227
	49.25±11.723
	21.21±11.723
	28.90±11.723
	Met standard

	4
	42.10±13.721
	10.12±13.721
	22.12±13.721
	72.10±17.638
	30.17±17.638
	38.06±17.638
	Met standard

	5
	40.00±10.062
	30.10±10.062
	20.11±10.062
	50.00±2.072
	52.07±2.072
	48.70±2.072
	Met standard

	6
	16.25±19.337
	49.23±19.337
	12.78±19.337
	10.25±36.189
	80.41±36.189
	44.30±36.189
	Met standard

	7
	15.00±1.888
	14.66±1.888
	11.14±1.888
	52.00±4.307
	44.58±4.307
	44.00±4.307
	Met standard

	8
	15.20±2.544
	10.85±2.544
	9.78±2.544
	84.20±17.524
	66.34±17.524
	43.21±17.524
	Met standard

	9
	10.28±21.600
	52.31±21.600
	11.74±21.600
	64.28±14.094
	39.10±14.094
	36.00±14.094
	Met standard

	10
	10.55±15.688
	40.21±15.688
	14.00±15.688
	44.55±16.040
	76.00±16.040
	50.10±16.040
	Met standard

	11
	9.58±11.377
	30.17±11.377
	30.21±11.377
	39.58±6.503
	36.00±6.503
	48.00±6.503
	Met standard

	12
	8.79±11.029
	9.99±11.029
	29.10±11.029
	58.79±12.608
	28.14±12.608
	52.24±12.608
	Met standard


(When EC shows some relationship with TDS kindly check your analytical results of your study samples)

Statistical Test Results for Comparison of Physical Water Quality during Wet and Dry Seasons
Table 7. Paired Sample t-test Results Comparing the Physical Water Quality during Wet and Dry Seasons
	Parameter 
	T value
	Mean difference
	p-value

	pH
	-1.363
	-0.396
	0.182

	Temperature 
	-6.276
	-1.306
	6.04e-05

	Turbidity 
	2.333
	0.030
	0.039

	EC
	-3.378
	-30.729
	0.006

	TSS
	-0.906
	-3.354
	0.385

	TDS
	-7.854
	-25.128
	7.777e-06



Table 7 presents the paired sample t-test for the comparison of physical water quality during wet and dry seasons. The results revealed that Temperature (t value = -6.276, p-value = 6.04e-05), Turbidity (t value = 2.333, p-value = 0.039), Electrical Conductivity (t value = -3.378, p-value = 0.006), and Total Dissolved Solids (t value = -7.854, p-value = 7.777e-06) are statistically significant, implying that these physical water qualities in the wet season are different from that of the dry seasons, while pH (t value = -1.363, p-value = 0.182), and Total Suspended Solids (t value = -0.906, p-value = 0.385) are non-significant, implying that they are the same during wet and dry seasons. 
Discussion 
This study assessed the seasonal variations in physical water quality parameters of borehole water in Enugu North LGA, Enugu State, Nigeria, with emphasis on differences between the wet and dry seasons. The findings reveal distinct seasonal patterns across the parameters measured, highlighting the influence of rainfall, groundwater recharge, anthropogenic activities, and local hydrogeological conditions on borehole water quality. 
The results showed an inconsistent pattern in pH values across the wet and dry seasons, with some borehole samples recording higher pH in the dry season and others in the wet season. Although several samples such as 2 and 10, slightly exceeded the WHO permissible limit of 6.5–8.5, most pH values remained within an acceptable range. Seasonal differences in pH were not statistically significant (p = 0.182), indicating that pH remained relatively stable despite changes in precipitation and groundwater recharge. This stability is consistent with findings from [21, 22] in tropical environments, where groundwater pH is largely influenced by subsurface geology and buffering capacity rather than rainfall alone. Slight increases in pH during the dry season may be attributed to reduced dilution and concentration of bicarbonates and carbonates in the aquifer. Conversely, lower pH values observed in some wet season samples could be linked to the leaching of organic acids from surrounding soils during rainfall [23]. 
Borehole water temperature exhibited significant seasonal differences (p < 0.001), with higher mean temperatures recorded during the dry season. This finding aligns with expectations, as reduced rainfall and higher air temperatures during the dry season naturally elevate groundwater temperature, especially in shallow or moderately deep aquifers [24, 25]. Although all temperature values fell within WHO’s broader acceptable range (10–30°C), consistently elevated temperatures above 27°C across many samples raise public health concerns. Warmer groundwater promotes microbial growth, potentially increasing the risk of microbial contamination even when physical parameters appear satisfactory. The persistent variability observed in Sample 11 across both seasons suggests site-specific hydrogeological or structural factors affecting thermal stability. 
Turbidity values were significantly higher during the wet season (p = 0.039), which is typical for groundwater systems influenced by surface infiltration. Increased rainfall enhances the mobilization of fine particles, organic matter, and colloids, which can percolate through soils and enter aquifers, particularly where borehole casings or sanitary seals are compromised. Despite these increases, all turbidity measurements remained well below the WHO limit of 1 NTU, indicating generally low particulate matter and minimal surface contamination. This suggests adequate borehole construction practices in most sampled locations. However, the high variability in turbidity observed in some samples, such as Sample 10 during the wet season, may reflect localized land-use practices or compromised borehole integrity. 
EC and TDS showed similar temporal patterns, with significantly higher values during the dry season (p = 0.006 for EC; p < 0.0001 for TDS). This pattern reflects the concentration effect that occurs when reduced rainfall limits groundwater recharge, allowing dissolved ions to accumulate. The increased evaporation during the dry season also contributes to higher ionic concentrations in aquifers [26]. In the wet season, dilution from rainfall reduced EC and TDS in most boreholes; however, anomalously high EC values in Samples 9 and 11 suggest site-specific influences such as mineral-rich geologic formations or anthropogenic contamination. Nonetheless, all EC and TDS values remained within WHO permissible limits, indicating no immediate threat to drinking water safety from ionic constituents during the study period. 
TSS exhibited considerable variability across borehole samples, yet the seasonal differences were statistically non-significant (p = 0.385). Higher TSS levels during the wet season, particularly in Samples 1, 3, and 5, can be attributed to increased infiltration of particulate matter following rainfall events. Conversely, the dry season generally showed reduced TSS values, except for samples such as Sample 8, where elevated dry-season TSS suggests local disturbances, possibly from soil erosion, construction activities, or borehole structural defects. The non-significant seasonal variation in TSS indicates that while rainfall contributes to increased suspended particles, the overall effect is not uniform across locations. This further underscores the influence of local environmental and geological factors on groundwater quality. 
The paired sample t-test results highlight that Temperature, Turbidity, EC, and TDS are significantly influenced by seasonal changes, whereas pH and TSS remain relatively stable. These findings indicate that borehole water quality in Enugu North is sensitive to hydrological fluctuations, especially during peak dry season months when dilution decreases, and concentration of dissolved ions increases. 
Conclusion 
This study evaluated the physical water quality parameters of borehole water in Enugu North LGA and examined how these parameters vary between the wet and dry seasons. The findings revealed that while most of the physical parameters measured, pH, temperature, turbidity, EC, TDS, and TSS, fall within the permissible limits set by the World Health Organization (WHO, 2017), seasonal variations significantly influence the quality of groundwater in the study area. 
Key parameters such as temperature, turbidity, electrical conductivity (EC), and total dissolved solids (TDS) exhibited statistically significant seasonal differences, with higher EC and TDS values recorded during the dry season due to reduced rainfall, increased evaporation, and concentration of dissolved ions. Turbidity was generally higher in the wet season, reflecting increased surface runoff and potential infiltration of suspended matter into aquifers. In contrast, pH and total suspended solids (TSS) showed no significant seasonal variation, suggesting relative stability in these parameters across seasons. 
The overall results indicate that borehole water in Enugu North LGA is largely suitable for consumption based on physical quality indicators. However, the observed seasonal fluctuations highlight the need for continuous groundwater monitoring, especially during the dry season when critical parameters tend to rise. These variations may have implications for long-term water safety, aquifer sustainability, and public health. Strengthening borehole management practices, improving sanitary conditions around water points, and implementing periodic water quality assessments are recommended to ensure sustained access to safe drinking water for residents of Enugu State. 
Kindly reorient the conclusion part please 
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Figure 2. pH Values of Borehole Water Samples
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Figure 3. Temperature in Borehole Water Samples
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Figure 4. Turbidity in Borehole Water Samples
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Figure 5. Electrical Conductivity of Borehole Water Samples
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Figure 6. Total Suspended Solids in Borehole Water Samples
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Figure 7. Total Dissolved Solids in Borehole Water Samples
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