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Abstract: Water is a vital resource for the universe's survival of
both flora and fauna, broadly referred to as an elixir of life.
However, high population growth, encroachment of catchment
areas, and climate change have rendered water resources scarce,
leading to reliance on alternative groundwater sources to
supplement the less freshwater sources for domestic, agricultural,
and industrial use. Groundwater is considered a reliable source of
uncontaminated water for various uses in rural and urban
settings, especially for drinking. However, the uncertain potability
of groundwater sources such as springs and boreholes remains a
great concern, particularly when used untreated for human
consumption, posing serious human health threats. This study
assessed the physico-chemical quality using selected groundwater
parameters from a natural spring (Mwonyo) at Nkubu, Nkuene
ward, Meru County, Kenya, to determine its suitability for human
consumption. A systematic sampling design was employed and a
total of four water samples were collected in triplets of 500 ml
water bottles and analyzed in the laboratory following standard
analytical procedures using specific meters and Atomic
Absorption Spectrophotometer (AAS). Examined parameters
included; color, taste, electrical conductivity, dissolved oxygen,
pH, temperature, and turbidity, as well as concentrations of
phosphate, fluoride, ammonia, nitrite, and nitrate ions. The results
were compared with the maximum contamination levels (MCLs)
by the Kenya Bureau of Standards (KEBs) and World Health
Organization (WHO) guidelines for drinking water quality to
determine the suitability of the sampled water for drinking
purposes. The study findings showed that the sampled water
exceeded permissible limits for several physico-chemical
parameters, including low pH (6.36), high electrical conductivity
(2380 puS/cm), turbidity (16.30 NTU), and elevated concentrations
of phosphate (0.12 mg/L), ammonia (0.86 mg/L), and fluoride
(122.8 mg/L), indicating potential contamination originating from
natural and anthropogenic sources. The study recommends
further investigation and appropriate water treatment
interventions to ensure public safety. While some other
parameters were within the permissible levels e.g., temperature
(28.3°C), dissolved oxygen (4.2 mg/L), and nitrates (0.57 mg/L), the
overall water quality was deemed unsuitable for drinking without
undergoing treatment. These parameters might be influenced by
the geological makeup of the region and seasonality. This study
thus recommends further investigation and appropriate water
treatment interventions to ensure human health safety.
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1. Introduction

Water is an indispensable resource for the existence of all life
on earth (Gorde & Jadhav, 2013; Gaafar et al., 2020). Studies
show that about 97% of global water is saline, while 3% is
freshwater. Out of the 3% of freshwater, only 0.01% is available
for human use, and 99% of this freshwater is groundwater
(Qureshi et al.,, 2021). In recent decades, high demand for
freshwater supply has been experienced due to accelerated
domestic, agricultural, and industrial needs (Yisa & Jimoh,
2010; Dohare et al., 2014; Antonellini, & Davies, 2015).
Current estimates suggest that there could be a 40% gap
between water supply and demand if no sustainable
management strategies are implemented by 2030 (World Water
Assessment Programme, 2019). However, due to conflicting
needs and high demand as well as increasingly strained surface
water by population growth, industrial expansion, and climate
change, groundwater has emerged as a vital alternative to meet
these growing demands and has been tapped as an opportunity
to supplement water needs due to its widespread availability
and occurrence (Yisa et al., 2012; Qureshi et al., 2021). It is also
becoming a critical resource as surface water availability
becomes less reliable due to climate change impacts (World
Bank, 20220, UN-Water, 2022). Groundwater can serve
multiple purposes such as irrigation, domestic and industrial
use, as well as human consumption, and is mostly considered
one of the purest water forms, particularly in rural and semi-
rural areas globally (Singhal et al., 2010; Kanoti et al., 2019).
According to a United Nations World Water Development
Report, groundwater now provides around 50% of the global
domestic water supply and supports 25% of irrigation water
needs (World Bank, 20220, UN-Water, 2022).

In many regions globally, people rely highly on groundwater
as a primary source of water for human consumption
(Engelenburg et al., 2020). For instance, two-thirds of the
drinking water in Netherlands is sourced from groundwater
(Van der Wielen et al., 2009; DWES, 2021). This preference
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for groundwater is supported by the fact that groundwater has
natural protection provided by the overlying soil and
unsaturated zones that act as filters hence less vulnerable to
immediate contamination (Muraguri, 2016). Despite the
filtering capacity of the vadose zone, contaminants can
eventually reach groundwater resources (Simitnek et al., 2015).
Over the years, both human activities and natural processes
have resulted in the contamination of groundwater over time
(Napacho & Manyele, 2010; Dohare et al., 2014; Szymkiewicz
et al, 2018; El-Aassaret al., 2023). These sources of
groundwater contamination include volcanism and dissolution
of harmful elements including hazardous wastes, fertilizers, and
heavy metals from natural and anthropogenic processes such as
mining, agriculture, and industrial activities (Venkatramanan et
al., 2016; Adimalla et al., 2017).

The interaction of groundwater with geological materials
shapes its chemical composition, resulting in dissolution of
various organic and inorganic constituents such as calcium,
sodium, bicarbonate and sulfate, chloride, and nitrate ions
among others (Gorde & Jadhav, 2013, 2020, 2021).
Additionally, the quality of groundwater is further influenced
by factors such as rock weathering, atmospheric precipitation,
crystallization, and evaporation, among others (Gibbs, 2021;
Selek & Yetis, 2017, 2022). The presence of these organic and
inorganic constituents at high concentrations in drinking water
can cause possible health risks while low concentrations of
certain ions may render water unsuitable for specific uses
(Brindha & Elango, 2011, 2020).

Water quality assessment is essential to determine whether
groundwater from a particular source is suitable for its intended
use (Gorde & Jadhav, 2013, 2020, 2021). According to the
World Health Organization (WHO), 80% of global diseases are
linked to contaminated water (WHO, 2021). More than half of
the world's population depends on groundwater for survival
(Yisa et al., 2012). The presence of many pollutants coupled
with high dependency on groundwater calls for the need for
regular monitoring to prevent adverse health effects (Sinha &
Srivastava, 2022; Meride & Ayenew, 2016; 2020). The
uncertain potability of groundwater sources such as natural
springs and boreholes remains a significant health concern for
consumers. In many cases, water from these underground
sources is normally consumed raw and untreated by humans
without undergoing treatment, thus risking their health through
increased exposure to contaminants.

Mt. Kenya is a significant water catchment area in Kenya,
covering an area of 199,550 ha; it has various natural spring
sources used for domestic and agricultural purposes. Natural
spring water is considered safe groundwater and is widely used
in many regions globally including Meru County of Mt. Kenya
East region. The natural spring water in these areas, locally
known as 'Mwonyo," oozes from underground rocks to the
surface, mixing with the stream water and flowing downstream.
The water is used locally as a softener in cooking cereals and
medication for stomach ulcers by the increasing population in
Meru County. It is even used by commuting people from
various parts of the country (Maina, 2022). Previous studies on
groundwater quality in the Mt Kenya region have identified
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high ion concentrations in groundwater, mainly associated with
nearby human activities (Mosiara, 2022). Despite this,
increasing water consumption driven by the increasing
population remains a concern, particularly given the lack of
solid data and knowledge of groundwater quality (World Bank,
2012). Groundwater, widely regarded as an ideal water source
for human consumption in developing countries, can become
unsafe for drinking due to chemical and physical impurities
(Rout & Sharma, 2011; Gautam et al., 2015). The quality of
groundwater largely depends on its chemical constituents and
their concentration, which are mostly acquired from an area's
geological makeup (Al-Sudani, 2019; Deutsch & Siege, 2020;
Wantoputri et al., 2024). However, human activities, such as
industrial and municipal solid waste, have emerged as one of
the leading causes of pollution for both surface and
groundwater (Ombaka et al., 2013; Mbura, 2018).

In a neighboring County (Tharaka Nithi), groundwater in
some areas has been found to contain pollutants exceeding
Maximum Contamination Levels (MCLs) (Mbura, 2018), often
due to industrial waste percolation and the interaction of
rainwater with waste materials (Napacho & Manyele, 2010;
Dohare et al., 2014). As groundwater moves along a flow path,
the chemical composition is altered through interaction with the
geological environment and the underground rocks through
rock-water interaction, causing the dissolution of primary
minerals and fracture-filling materials in crystalline rocks
(Steefel & Capellen, 1990; Bhadja & Vaghela, 2013). This rock
dissolution increases the concentration of ions in chemical ions
in water. Water for consumption by the public must be below
MCLs for standards set for the parameters (Allan, 2006), and
the concentration levels should be permissible according to
WHO 2008. Despite the critical role of groundwater in Meru
County, there is a paucity of studies on the chemical
composition of natural spring waters. This knowledge gap
poses serious health risks to groundwater consumers. The Meru
County integrated management plan (2023-2027), highlights
the uncertainty of groundwater quality as a challenge due to
increased farming activities and urbanization. Moreover, it also
highlights the exploitation of underground water in all the
springs and swamps in the county as one of the opportunities
that need to be tapped. However, the quality of such waters has
mostly deteriorated mainly from horticulture. Existing
sustainable management strategies include lack of monitoring
of water quality, and unregulated wastewater and effluents from
farms and urban settlements, among others. The present study,
therefore, aimed to determine the concentration of the selected
physical and chemical parameters of natural spring water
(Mwonyo) in Meru County and compare the findings with the
Kenya Bureau of Statistics (KEBS) and World Health
Organization (WHO) standards to assess suitability and
recommend the quality of the water for various intended uses.

2. Materials and Methods

A. Description of the Study Area

The study was conducted in the Mt. Kenya East region,
specifically Nkuene ward in Meru County, Kena. The
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coordinates of the study area are (Easting-343441, Northing -
999748, altitude -1921m; Easting -343506, Northing-999768,
Altitude-1919 m; Easting-343506, Northing-999767, altitude-
1921 m; Easting-351474 and Northing-9990503, Altitude-1470
m). Meru County is located approximately 225 km northeast of
Kenya’s Capital City, Nairobi, and spans the equator lying 0°6’
North and 0°1” South and between latitudes 37° West and 38°
East. It borders Isiolo County to the North, Nyeri County to the
Southwest, Tharaka Nithi County to the Southeast, and Laikipia
to the West. The area is mostly characterized by small-scale
agricultural activities. The drainage pattern in the county is
characterized by rivers and streams originating from catchment
areas such as Mt. Kenya and Nyambene ranges in the North of
the county. The rivers form the main source of water for both
domestic and agricultural use. The distribution of rainfall
ranges from 300 mm per annum in the lower midlands in the
North to 2500 mm per annum in the South East. Other areas
receive on average 1250 mm of rainfall annually. There are two
seasons with the long rains occurring from mid-March to May
and short rains from October to December. Temperatures range
from a low of 8°C to a high of 32°C during the cold and hot
seasons, respectively.

The County has a total population of 1,545,714 with an
estimated growth rate of 2.1 percent per annum (Kenya
National Bureau of Statistics, 2019). The population is expected
to rise to 1,819,966 by 2027. The increasing population will be
a strain on available resources such as land, water, and natural
resources. Owing to its geographical positioning in the Eastern
Highlands at an elevation of approximately 5,300 feet,
Agriculture is the dominant economic activity of the county
supported by the rich volcanic soils, Additional economic
activities practiced within the county include Horticulture and
Floriculture farming as well as livestock keeping characterized
by dairy and beef farming, goat, sheep, chicken, and pig
farming. A more recent upcoming economic activity in the
county has been in the mining industry occasioned by the
growing extraction of building materials including gravel, sand
harvesting, and quarrying
1) Field Sampling and Laboratory Analysis

The study applied a systematic sampling design to collect
water samples from the natural spring within the study area.
This was followed by laboratory analysis to determine the
physical and chemical parameters of natural spring water. The
sampling points were systematically selected within the study
area. The water samples were collected on the same day during
morning hours to avoid potential interference by wild animals
and humans.

Samples were taken in triplets using 500 ml water bottles.
The bottles were rinsed thrice with distilled water before sample
collection. A composite sampling design was employed where
the triplicate samples were mixed to form a homogeneous
sample that was in turn sealed airtight and taken to the
laboratory for element analysis using an elemental analyzer.
Onsite measurements of physical parameters such as pH, color,
taste, odor and temperature, electrical conductivity (EC), and
total dissolved solids (TDS) were carried out using their
respective portable apparatus (pH meter, visual color
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comparators, sensory test, mercury thermometer, EC meter, and
TDS meter).

Other parameters such as Turbidity, Dissolved Oxygen,
Nitrate, Nitrate, Ammonia, Phosphate, Fluoride, and Chloride
ions, were analyzed in the laboratory using respective
parameters and standard procedures. Specific sample
preparation for the chemical parameters was conducted before
analysis. In Nitrite sample preparation, 100 ml of sample was
added to a 100 ml volumetric flask, where 2 ml of complexing
reagent was added and left to sit for 20 minutes, and a reading
was made at a wavelength of 540 nm. For ammonia, 50 ml of
sample was pipetted into 50 ml of the volumetric flask, where
2 ml of Nessler’s reagent was added and left to sit for 10
minutes, and a reading was made at a wavelength of 410 nm.
For Fluoride, 20 ml of sample was added to 20 ml of Total Ionic
Strength adjustment buffer (TISAB), with the standard being
prepared using C1V1=C2V2 with 1000 ppm of Fluoride ions in
water. From the 20 ml of standard solution, 0.5 ml, 1.0, spiked
1.5, 2.0, and 2.5 ppm were taken, and 20 ml of TISAB was
added to each. The solution was calibrated using a standard
where spiked 1.5 ml was within 96-110% of the 1.5 ml and
reading taken. The chemical parameters (nitrates, chloride,
ammonia, and phosphates) were analyzed using a UV
spectrophotometer. Nitrate absorbance was measured at a
wavelength range of 220-820 nm, while that of phosphate was
observed at a wavelength of 880 nm. A total of 15 physical and
chemical parameters were analyzed and the results were
compared with the Kenya Bureau of Standards (KEBS) and
World Health Organization (WHO) guidelines to determine the
suitability of the water for drinking purposes.

3. Results and Discussion

The Physicochemical parameters of groundwater from a
natural spring in Nkubu, Kenya, and their comparison with
standard values for suitability for human consumption are
summarized in Table 1.

A. Physical Parameters

Temperature is a paramount parameter, especially in
determining the pH of drinking water. The recorded
temperature of 28.3°C falls within the permissible range (28-
32°C), indicating that the water temperature is suitable for
human consumption. Even though KEBS and WHO do not
provide standard temperature values for drinking water, it is
ideal that drinking water should be cool. A temperature of 28.3
degrees Celsius is genuine for drinking water. The water was
clear in color, odorless, and had an effervescent smell. Studies
show that minute quantities of metallic ions, humus, peat, and
industrial waste in water result in observable color (Khopkar,
2006; Bhadja & Vaghela, 2013). KEBS and WHO provide that
drinking water should be clear and free from any color, be
odorless, and have a pleasant taste, and was within the
permissible level when compared to the KEBs and WHO values
indicating the water had no sensory or visual issue that could
render it unsuitable for drinking. This shows that the water is
acceptable for drinking in terms of color and smell. Taste and
odor in water can originate from natural inorganic, organic
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Table 1
Physicochemical parameters of groundwater from a natural spring in Nkubu, Kenya, and their comparison with standard values for suitability for human
consumption
Parameter Unit Determined Value Allowable values
KEBs value  WHO value
Physical
Temperature (°C) 28.3 28-32 Within permissible level
Color - Clear Clear No visible color ~ Within permissible level
Odor - Odorless Odorless Odorless Within permissible level
Taste - Effervescent  Pleasant Pleasant Within permissible level
Chemical
pH pH 6.36 6.5-8.5 6.5-8.5 Slightly below the permissible level (acidic)
Turbidity NTU 16.30 5 5 Extremely high turbidity
Electrical conductivity —pS/cm 2380 1500 - Extremely high conductivity
Total dissolved solids ~ mg/L 3528 1500 1000 Extremely high levels detected
Dissolved oxygen mg/L 42 - - High DO detected
Ammonia (NH4") mg/L 0.86 0.5 1.5 Slightly higher
Chloride (CI) mg/L 14.3 250 200-300 Within permissible level
Nitrite (NOy) mg/L 232 0.1 3 Slightly higher
Nitrate (NO5) mg/L 0.57 10 50 Within permissible level
Phosphate (PO+*") mg/L 0.12 - - Low concentration
Fluoride (F-) mg/L 122.8 1.5 1.5 Extremely high levels detected

contaminants and biological sources, and their presence in
water indicates the presence of potentially harmful
contaminants (WHO, 2008). However, the Effervescence taste
of the drinking water might have been caused by mineral
composition such as magnesium and calcium (Honig et al.,
2020). Nevertheless, effervescence is not a standard measure of
water quality.

B.  Chemical Parameters
1) pH

The pH of water is the measure of acid and base equilibrium.
At a given temperature, the intensity of a solution's acidic or
basic character is indicated by pH or hydrogen ion activity
(Muraguri, 2016). It is controlled by carbonate, bicarbonate,
and carbon dioxide concentrations in natural waters (OZGUR
et al.,2012). The pH levels in water can be affected by either
physical, chemical, or microbiological characteristics of water
(Bratovcic & Petrinic, 2020). pH scales range from 0-14, with
0-7 being acidic and 7-14 being alkaline, while 7 is neutral.
KEBs and WHO recommend drinking water pH between 6.5 to
8.5. A determined pH value of 6.36 was slightly below the
recommended standards for drinking water, suggesting that the
water is slightly acidic.

2) Turbidity

Turbidity is defined as the suspension of particles in water
that interfere with the passage of light. It is caused by suspended
and colloidal matter from organic and inorganic contents
(Khopkar, 2006; Bhadja & Vaghela, 2013). A determined value
of 16.30 NTU is significantly above the WHO and KEBS
recommended value of 5 NTU for drinking water. This
highlights a significant concentration of contaminants and
suspended particles that could harbor harmful pathogens raising
health concerns if the water is to be used for consumption
purposes.

3) Total Dissolved Solids (TDS)

Total dissolved solids (TDS) are the difference between the
total solids and suspended solids in water. A Total Dissolved
Solids test provides a qualitative measure of ions in drinking
water. These ions comprise inorganic salts of calcium, sodium,

magnesium, chloride, bicarbonates, and sulfates (WHO,2008).
WHO recommends a TDS value below 1000 mg/L, while
KEBS recommends a maximum of 1200 mg/L. From the
conductivity measurement, a total dissolved solid concentration
of 3528 mg/L is extremely higher than the allowable values by
both WHO and KEBS, indicating the unsafety of the water for
drinking and possible health risks. According Meride &
Ayenew (2016), water with high TDS concentration may cause
constipation in humans.

4) Dissolved Oxygen (DO)

Dissolved oxygen is a measure of healthy water, especially
in aquatic ecosystems, as it provides for the survival of
organisms. This is affected by water temperature as colder
waters absorb more oxygen than warmer waters (Khopkar,
2006). There is no specific allowable value for dissolved
oxygen in drinking water; therefore, a concentration of 4.2
mg/L was considered safe. A concentration of below five mg/L
can indicate low survival for aquatic macroinvertebrates
(Khopkar, 2006; Rout & Sharma, 2011).

5) Electrical conductivity (EC)

Water's conductivity is defined as water's capacity to carry
an electrical current. It is mainly affected by types of ions, ion
mobility, valence, relative concentration, and water temperature
(Muthukumaravel, 2010). An increase in concentration of
Electrical conductivity may indicate the presence of pollutants
and possible salts in water (Sujatha et al., 2012). Electrical
conductivity in water is a vital parameter that indicates ion
concentration. KEBs provide for a maximum electrical
conductivity of 1500 uS/cm. From the analysis, an EC of 2380
uS/cm in the waters shows an extremely high concentration,
indicating the possibility of high mineral content in the natural
spring water.

6) Ammonia (NHy)

A higher concentration of Ammonia in drinking water is
undesirable as it is associated with several effects, which
include nitrification, which accelerates nitrite levels in water
(Wilczak et al.,1996; Nduka et al.,2008), adverse impacts on
taste and Odor (Bouwer & Crowe, 1988), and increases in
heterotrophic bacteria, including opportunistic pathogens
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(Wilczak et al.,1996; Murhekar, 2011). Additionally, ammonia
pollutants contribute to the rapid deterioration of construction
materials (Taneva, 2012). KEBs recommend a maximum
concentration of 0.5mg/L for Ammonia, while WHO
recommends a concentration of 1.5mg/L in drinking water.
From the analysis, a concentration of 0.86mg/L (Figure 1) is
slightly higher than the allowable value (by KEBS), indicating
potential contamination of the natural spring water.
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Fig. 1. Determined concentration of chemical parameters against Kenya
Bureau of Standards (KEBs) permissible standards for drinking water

7) Chloride (CL")

Chloride occurs naturally in all types of water. Chloride
occurs in the environment as sodium chloride (NaCl),
potassium chloride (KCl), and calcium chloride (CaCl,).
Chloride in groundwater originates from deep aquifers. Studies
show that a high chloride concentration indicates pollution,
mainly due to organic waste of animals or industrial origin
(Sujatha et al., 2012). Most water sources contain chloride ions,
which come from agricultural and industrial activities, and
chloride stones (Muthukumaravel, 2010). High -chloride
concentrations of over 250 mg/L are known to result in
detectable taste in drinking water (WHO, 2008). WHO and
KEBs recommend a maximum concentration of 250 mg/L for
drinking water. A determined value of 14.3mg/L is within the
acceptable range, thus indicating the safety of the water for
drinking.

8) Nitrate (NO53') and Nitrite (NO')

Nitrates and nitrites are naturally occurring inorganic ions
involved in the nitrogen cycle. Microbial activity in soil or
water breaks down organic nitrogen in waste, converting it into
ammonia, which is then oxidized into nitrite and nitrate. Nitrate
is present in water in its oxidizing form of N2 compound. Its
primary sources are factories, domestic and industrial
discharge, and matters of animals (Lockhart et al., 2013). Due
to the oxidizing nature of nitrite, it is easily oxidized into nitrate,
primarily found in groundwater. High concentrations of nitrates
in drinking water cause blue baby syndrome in infants (WHO,
2011), methemoglobinemia, and higher levels of livestock
poisoning (Tredoux et al., 2005). Nitrate groundwater
contamination is a global problem mainly due to agricultural
activities and has been recognized as a global environmental
issue affecting both economic and human health (DEFRA,
2002). In addition, nitrate-containing compounds in water are
soluble and actively move with groundwater. Both KEBs and
WHO recommend a maximum concentration of 50 mg/L. A
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determined value of 0.57 ml/l (Figure 2) falls under the
acceptable range, indicating the low nitrate concentration in the
water. The low concentration may result from a lack of
influence from agricultural activities on the groundwater, such
as nitrogen fertilizers, as fertilizers are associated with high
nitrate concentration levels in groundwater (Mbura, 2018).
KEBs and WHO provide a maximum nitrite concentration of
0.lmg/L. A determined value of 2.32 mg/L indicates a
significantly higher value, which indicates possible
contamination of the natural spring water.

Samples Curve (Nitrates)
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Fig. 2. Graph of absorbance against concentration of nitrates in samples

9) Fluoride(F)

Fluoride naturally occurs as fluorspar (fluorite), rock
phosphate, graphite, or phosphorite crystals (Sujatha et al.,
2012). A fluoride concentration of at least 0.6 mg/L is vital in
the human body as it is critical in forming strong bones and
teeth. However, a high fluoride concentration above 1.5 mg/L
results in acute dental fluorosis, which results in the coloration
of teeth from yellow to brown. In addition, long-term water
consumption with high fluoride concentration causes skeletal
fluorosis, a condition characterized by bones being weak and
bending.
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Fig. 3. Determined fluoride concentration versus Kenya bureau of standards
(KEBs) permissible standards for drinking water

Fluoride concentration in groundwater is influenced by the
climate of the area and the presence of accessory minerals in
the rock minerals assemblage through which the groundwater
is circulating (Brindha & Elango, 2011; Rout & Sharma, 2011;
Boschetti et al., 2014). A natural source of fluoride is the
weathering of fluoride-bearing minerals, upon which water
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infiltrates, reaching groundwater. Volcanic ash has a high
concentration of fluoride, which is easily soluble in water. High
fluoride concentrations have been recognized as a health threat
in more than 25 states worldwide (Brindha & Elango, 2011).
Both KEBs and WHO recommend a maximum concentration
of 1.5 mg/L for fluoride in drinking water. A determined value
of 122.8 mg/L (figure 3) indicates an extremely high
concentration, which could lead to serious health risks, such as
dental and skeletal fluorosis.
10) Phosphates

Phosphate is a key indicator of water contamination when
found in significant amounts. Groundwater contains minimum
phosphate levels due to the low solubility of phosphate minerals
and the ability of soil to retain phosphate (McDowell et al.,
2015). PO4 3- particularly Ca3(PO4), are essential for strong
bones and teeth. According to WHO 2008, drinking water
should have a maximum phosphate concentration of 0.1mg/L.
A phosphate concentration of 0.12 ml/L in the water sample, as
indicated by the linear graph (Figure 4), shows that the water
falls under the permissible levels and may be considered fit for
drinking.
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Fig. 4. Graph showing absorbance against concentration of phosphates in
samples

4. Conclusion and Recommendation

Water remains a vital natural resource directly associated
with human health and well-being. This study analyzed the
physical and chemical parameters of groundwater from a
natural spring in Nkubu, Meru County, Kenya. The analysis
revealed that several key physiochemical parameters exceeded
the acceptable limits established by the Kenya Bureau of
Standards (KEBs) and the World Health Organization (WHO)
for safe drinking water. The high levels of total dissolved solids
(TDS), turbidity, and electrical conductivity reported in this
study indicate significant concentrations of dissolved inorganic
salts, which may pose health risks. Moreover, elevated
ammonia and nitrite levels suggest possible contamination,
potentially from wastewater sources and agricultural runoff
which is prevalent in the county. Additionally, the slightly
acidic pH indicates that the water may require treatment to
neutralize its acidity, while the extremely high fluoride levels
represent a critical health concern, particularly concerning
dental and skeletal fluorosis. Given these findings, direct
consumption of untreated groundwater from the natural spring
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in Nkubu could pose considerable health risks. To make this
water suitable for human consumption, there is a need to treat
it before drinking by reducing the fluoride concentration to safe
levels, alongside treatment for TDS, turbidity, and other
contaminants. Neutralization measures need also to be
employed to correct the pH. Further investigation is necessary
to investigate other parameters not included in this study as well
as seasonality effects on the physicochemical concentration of
the natural spring water and possible sources of contamination.
There is a need for a multi-sectoral approach to managing the
natural spring water, which will ensure adequate public
participation to help prevent water pollution from
anthropogenic activities in the future. Moreover, the county
government should invest in tapping the natural spring water
(money) upon adjustment of the highly concentrated parameters
for eco-labeling, packaging, and commercialization for public
benefit in Meru County.
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