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Abstract

This research addresses the pressing issue of household water source quality and its associated health risks in Ghana.
This considered the shift from traditional water sources to mechanized boreholes and hand-dug wells. This transition
has prompted a need to assess water quality rigorously, given the potential health implications. Groundwater quality is
susceptible to contamination from surface runoff and the condition of storage tanks, especially if they are improperly
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sealed, maintained, or protected. Neglecting regular cleaning and disinfection can lead to biofilm formation and
microbial growth, posing a significant risk to water quality. To investigate this matter, water quality in 23 different
households across the Kumasi Metropolis was analyzed. Findings exposed critical concerns, notably in the Appiadu
area, where Cu and Pb concentrations surpassed World Health Organization (WHO) limits, implying potential toxicity.
Similarly, elevated nitrite levels in Atonsu Kyepatre exceeded WHO standards. Conversely, some samples exhibited
commendable water quality. "Microbial assessment" revealed varying total coliform counts, implying possible sewage
contamination. Thirteen sites displayed undesirable counts, underlining the importance of regular monitoring and
maintenance. Health risk estimates indicated hazardous levels of Cu ingestion for both children and adults, while
Hazard Index (HI) values emphasized substantial health risks, particularly for children. This research offers valuable
insights into water quality concerns and associated health risks in the Kumasi Metropolis, highlighting the importance
of proactive monitoring, maintenance, and protection of water sources to safeguard community well-being in Ghana and

analogous regions worldwide.

Keywords: Health, Household, Exposure, Water Quality, Contamination, Metals

1. Introduction

Water is an essential natural resource for human health and
well-being. Access to safe and clean drinking water is crucial to
prevent waterborne diseases and promote overall public health
[1]. However, the quality of household water sources can vary
significantly, particularly in regions with limited infrastructure and
inadequate water treatment systems [2]. In Ghana, like many other
developing countries, ensuring the provision of safe drinking water
remains a significant challenge. Access to safe and clean water is
a fundamental prerequisite for maintaining public health and well-
being. In many regions around the world, including the Kumasi
Metropolis in Ghana, the source and quality of household water
can have significant implications on the health of the population.
The availability of good quality water for domestic use is crucial in
preventing waterborne diseases and reducing the burden of illness
within communities [3].

Many parts of Ghana face challenges in providing access to
safe and reliable water supply for domestic use. While the
country has made commendable progress in improving water
infrastructure and increasing access to pipe water in some urban
areas, challenges persist, particularly in densely populated regions
such as the Kumasi Metropolis. As a result, many households
resort to alternative water sources, including boreholes, due to
intermittent and inadequate pipe-borne water supply. Boreholes
offer an alternative means of accessing water for domestic use.
Borehole water is often perceived as a more reliable and accessible
option for households facing water scarcity or inconsistent piped
water supply. However, the quality of borehole water can vary
significantly and is largely dependent on factors such as the
geology of the area, proximity to potential contaminants, and
maintenance of the boreholes [4]. Many studies have examined
water quality in various global regions, yet few have specifically
assessed household water quality, especially in Ghana [5-7]. This
research placed a significant emphasis on this aspect, making it a
central focus of the study.

Boreholes may be vulnerable to contamination from various
sources, including microbial pathogens, chemical pollutants, and
heavy metals [8]. Without adequate treatment, the consumption
of contaminated borehole water can lead to waterborne diseases,

such as diarrheal illnesses, cholera, typhoid fever, and parasitic
infections. Long term exposure to water contaminated with
heavy metals and other pollutants can lead to cancer and non-
carcinogenic health concerns, serious public health implications,
particularly in areas where access to healthcare facilities is limited
[9]. The impact of these diseases are often felt most acutely by
vulnerable populations, including children, the elderly, and those
with compromised immune systems [10].

Water quality parameters provide valuable information about
its composition and suitability for various purposes. Parameters
such as pH, turbidity, nitrate, nitrite and hardness, influence water
quality and can have an impact on human health. Understanding
the concentrations and variations of these parameters is crucial
for assessing water quality and determining the suitability of
household water sources for domestic use [11]. The pH level of
water indicates its acidity or alkalinity. Low pH values can affect
the taste, corrosion of pipes, and mobility of heavy metals [12].
Excessive turbidity not only affects the aesthetic appeal of water
but also indicates the presence of potential pathogens and other
pollutants. High turbidity can interfere with disinfection processes
and reduce the effectiveness of water treatment methods, thereby
posing health risks to consumers [13]. Assessing the presence
and abundance of pathogenic bacteria in household water is vital
for the understanding of its bacteriological safety. Escherichia coli
and faecal coliforms are one of the most commonly used indicators
for fecal contamination [14].

Nutrients play a crucial role in water ecosystems and can influence
water quality and ecological balance [15]. However, excessive
nutrient levels, particularly nitrates, nitrites and phosphates, can
result from agricultural runoff, improper waste management,
and industrial activities [16]. The presence of nitrate and nitrite
in drinking water can have potential public health impacts: high
levels of nitrate in drinking water can pose a risk, particularly to
infants. When consumed, nitrate is converted to nitrite in the body,
which can lead to methemoglobinemia (blue baby syndrome). This
condition reduces the blood's ability to carry oxygen, resulting in
oxygen deprivation and potential health complications [17]. Nitrite
can react with arsenic compounds in the body to form potentially
harmful carcinogens such as nitrosamines [18]. Numerous studies
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have investigated water quality across various provinces, in
a recent study by Abba et al conducted in the Eastern province
of Saudi Arabia, their findings highlighted that a significant
proportion of the samples in their study displayed notable and
concerning long-term health risks linked to the presence of F~ and
NO;," in the water [19]. A similar study by Agbasi et al in Nigeria,
revealed that the presence of potentially toxic elements (PTEs) in
water increases the likelihood of individuals developing cancer
through the consumption of contaminated water [5].

Household water sources can be vulnerable to heavy metal
contamination due to natural weathering of rocks and some
anthropogenic activities such as mining, industrial discharges,
and improper waste disposal [20]. Pb is a toxic heavy metal
that can contaminate household water sources through improper
waste disposal and industrial activities as well as weathering of
parent rocks [21]. Exposure to Pb in drinking water can result
in neurological and developmental issues, especially in children.
As, another toxic heavy metal, often enters water sources through
natural geological processes or industrial activities [20]. Chronic
exposure to contaminated water has been linked to various
health problems, including skin lesions, cardiovascular diseases,
and an increased risk of cancer [22]. Prolonged exposure to
Cd through drinking water has been linked to kidney damage,
skeletal disorders, and potential reproductive issues [23]. Hg,
often released into the environment through industrial pollution or
improper waste disposal, is a toxic heavy metal that accumulates
in aquatic ecosystems and causes severe neurological problems
and harms fetal development in pregnant women. Cr, especially in
its hexavalent form, Cr (VI), is of concern due to its carcinogenic
properties [24].

Ensuring access to safe and clean drinking water in Ghanaian
households is of utmost importance. There are several crucial
methods that can be put into action to achieve this objective. It
is vital to regularly maintain and clean water storage tanks, as
periodic inspections and disinfections of these tanks can prevent
harmful bacteria from growing and potentially contaminating
the water quality [25]. Equally important is the maintenance

of water pipes' integrity through frequent checks and repairs, as
this prevents external contaminants from infiltrating the water
supply. Moreover, educating households on proper hygiene and
water handling practices, including handwashing and safe water
storage, is imperative. Encouraging community-wide water
treatment methods like chlorination or filtration at the source can
substantially decrease waterborne diseases. When combined with
public awareness campaigns, these methods can significantly
enhance the overall well-being of Ghanaian households by
providing a safer and healthier water supply [26].

In Ghana, mechanized boreholes and hand dug wells have become
popular as a reliable water source for households, replacing
traditional sources like rivers and shallow wells. However, it is
important to assess the quality of water directly used in households
and evaluate the potential health implications they may pose.
One important factor affecting the quality of ground water is the
infiltration of contaminated surface runoffs and surface water
bodies. Storage tanks also play a role in altering water quality. If
not properly sealed, maintained, or protected, they increase the
risk of pathogens entering the stored water. Neglecting regular
cleaning and disinfection can lead to biofilm and microbial
growth, further compromising water quality [27]. This research
aims to provide valuable insights into the state of water used in
households and health risks associated with household water
sources, helping policymakers, water management authorities, and
communities implement appropriate measures to enhance water
quality and protect public health. The findings will also contribute
to advancing international knowledge on household drinking water
quality, as they provide a valuable reference for other regions
facing similar challenges. By examining the results of this study in
Ghana, policymakers, researchers, and communities globally can
learn valuable lessons on water quality monitoring, management,
and treatment strategies. It is worthy to note that a preprint of this
work has previously been published [28].

2. Materials and Method
2.1 Study Area.

J Water Res, 2025

Volume 3 | Issue 2 | 3



MAP OF STUDY AREA

0°@.000” 5°0'0.000”E 10°0'0.000"E 15°0'0.000"E 20°0'0.000"E 25°O’0.@0”E
3 3
;g GHANA ;g
n n
i i
Suokrom
\/\)Quase

Z Parkoso ” - . Z
g Kumasi International AII’pOI’% \ &jisu Senior High/Technical School ~§

2 \ jisu :
o Kumasi Zoological \/f'] o
& e
o o
i L]

\ \\ ( ‘ Anwomaso
‘ hlnsan ua e
(onku Ware Senlor High Schiool KoteP \D%
. j Atonsu Kyepatre ppiadu =
2 / Npemso 3
o / o
= | Sereso o
S ' &
| ASHANTI REGION o
Legend
; | e Sample sites
$yinase | * Landmarks
5 | 2.5 0 2.5 5 75 10 km — Roads £
8 N N O O 2
< Q
0°@.000” 5°0'0.000"E 10°0'0.000"E 15°0'0.000"E 20°0'0.000"E 25°0’0.@0”E

) o
o o

Figure 1: Map of Study Area Showing the Sampling Locations

Kumasi is a metropolis and the capital of the Ashanti region of
the republic of Ghana. The Kumasi Metropolis is located between
6.35° - 6.40'N latitude and 1.30° - 1.35'W longitude, covering an
area of 254 km?. The aquifer in the area is a shallow type consisting
of sand, with a thickness of approximately 7 — 10 m. The climate
is classified as a wet sub-equatorial type, characterized by two
peak periods of rainfall: in June and in September each year with
an annual average high and low weather temperatures of 30.7°C
and 21.5°C respectively. The average annual humidity is about
86% [29]. Kumasi is situated on a geologically diverse terrain
characterized by an array of geological formations, including
granite, metamorphic rocks, and sedimentary deposits. The region
is known for its mineral-rich soils [30]. The fertile soil in Kumasi
has been conducive for agricultural activities, playing a significant
role in the local economy. The city holds a prominent position
in terms of Ghana's economic, social, political, and cultural life.
The population of the Kumasi Metropolis is approximately 2.5

million, including travelers from neighboring districts who engage
in business activities. About half of the waste generated in Kumasi
comes from households, while the remaining portion originates
from industrial, institutional, and commercial sources [31].

2.2 Sampling and Analysis

This study focused on households which used boreholes and hand
dug wells as their sole source of water. Households selected for this
study were identified and mapped to ensure proper documentation
of the sampling sites, and informed consent was obtained from the
participants and ensured they understood the purpose of this study.
Borehole water samples were collected from 23 households and
coded as HS1 to HS23 representing the 23 different households
as shown in Table 1 below. Figure 1 illustrates a map of the study
area, delineating the specific locations from which the samples
were collected.
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Community Code Community Code

Anwomaso HSI1 Parkoso HS12

Ahinsa HS2 Atonsu Kyepatre HS13

Boadi HS3 Apemso HS14

Ejisu HS4 and HS15 Roman Hill HS16

Oduom HS5 Appiadu HS 17

Sawaba HS6 Kotei HS18 and HS19

Ayeduase HS7 Buokrom HS20, HS21, HS22 and HS23
Gyinase HSS8 Asokore Mampong HS10

Esereso HS9 Duase HS11

Table 1: Sampling Communities with Assigned Codes

Sample containers were conditioned by washing with detergents
and then soaked in 10% nitric acid for 24 hours, then rinsed with
deionized water. The taps were allowed to flow for 5 minutes to
purge all residues and stagnant water to obtain fresh samples for
analysis. Pre-acidified sample bottles were used to collect water
for the heavy metal analysis. The sample bottles were filled
completely leaving no headspace to prevent oxidation and changes
in the water quality during transportation. A total of 23 samples
were collected from 23 households and taken to the laboratory
for analysis. pH and conductivity were measured in situ with
calibrated Hannah pH meter model 99171 and conductivity meter
model LF 538 respectively.

The LP2000 turbidity meter was used to measure turbidity. The
determination of water hardness was carried out using EDTA
titration. Fluoride, alkalinity, total dissolved solids (TDS),
phosphate, sulfate, nitrate and nitrite were also analyzed with Prime
Lab 2.0 water testing photometer with the respective water testing
tablets. The total oxidizable nitrogen (TON) was analyzed using
the Aquakem 250 discrete analyzer. The preservation, preparation
of the water samples for heavy metal analysis was based on the
protocols described in the 22nd edition of the American Public
Health Association (APHA) and metal concentrations were
determined using the Inductively coupled mass spectrometer
(ICP-MS) with The US EPA Method 200.2, revision 2.8 protocol,
this method and details of instrument parameters are described
by [33], after acid digestion [32,33]. E. coli, total coliforms, fecal
coliforms and aerobic plate count were determined by the spread
plate method. In this study, the microbial quality of water was
assessed by examining the concentrations of total coliforms/100ml,
faecal coliforms/100ml, E. coli/100ml, and total heterotrophic
organisms/100ml using the MPN test method [34]. Additionally,
the total counts of Enterobacteriaceae were determined using the
Plate Count Method as outlined in ISO 21528-2:2017.

2.3 Quality Assurance

All the instruments used for the physicochemical analysis were
properly calibrated to give accurate readings. The acid digestion
of samples was done with analytical grade chemicals. Before
analyzing the metals, the ICP - MS was calibrated using a set

of standards to guarantee precise and reliable measurements. To
identify interferences and contaminations from reagents and the
sample matrix, a blank solution was employed. Replicate analyses
were conducted to ensure the reproducibility and precision of the
results. Additionally, certified reference materials were analyzed to
verify the accuracy of the results.

2.4 Data Analysis

The data collected for this study was subjected to comprehensive
analysis using IBM SPSS Statistics software (version 20) and
Microsoft Excel 2016. Multicollinearity and descriptive statistics
were carried out to uncover valuable insights into the underlying
structure, relationships, and patterns within the dataset.

2.5 Health Risk Assessment

This study aimed to assess the health risk associated with household
water used for drinking and other domestic purposes. The health
risk evaluation utilized the United States Environmental Protection
Agency (USEPA) risk assessment technique [35]. The assessment
considered both ingestion and dermal contact as exposure routes
for these metals in water. The chronic daily intake (CDI) and
Dermal Absorbed Dose (DAD) all measured in mg/kg/day for the
selected heavy metals were determined using equations 1 and 2
respectively [36,37].

CWXIRXEDXEF
CD] =—— (1
BW XAT ( )
KpXCyXLXteventXEVXEDXEFXSA
DAD = -2 )

BW xXAT

Where the concentration of the metal is C (mg/L), the oral
ingestion rate of water (IR) measured in L/day, the exposure time
(ET) in hours per event, the annual exposure frequency (EF)
measured in days/year, the exposure duration (ED) in years, the
skin surface area (SA) measured in cm?, the skin permeability
coefficient (Kp) in cm/hr, dermal permeability coefficient (kp)
in cm/hr, the conversion factor (L) been unitless, the bodyweight
(BW) in kg/person, event frequency (EV) in events/day, event
duration (t__ ) in hour/event and the average time (AT) in days.

J Water Res, 2025

Volume 3 | Issue 2 | 5



PARAMETER UNIT ADULTS CHILDREN
Body weight (BW) kg 70 15
Ingestion rate (IR) L/day 2.2 1

Skin surface area (SA) cm? 18,000 6,600
Exposure frequency (EF) days/year 365 365
Exposure duration (ED) years 30 6

Unit conversion factor (L) No unit 1.00E-3 1.00E-3
Event duration (tevent) hr/event 0.58 1

Event frequency (EV) events/day 1 1

Average time (AT) days 30 x 365 =10,950 63 x 65=2,190
Dermal permeability coefficient (Kp) (cm/hr)

Se 1.00E-3 As 1.00E-3
Mn 1.00E-3 Cu 1.00E-3

Ni 2.00E-4 Cr 2.00E-3

Pb 1.00E-4 Hg 1.00E-3
Cd 1.00E-3

Oral reference dose (RfDmmn) (mg/L/day) Dermal reference dose (RfD dma.l) (mg/L/day)
Cd 5.00E-4 As 1.23E-4

As 5.00E-3 Cd 5.00E-6

Cr 3.00E-3 Cu 1.20E-2

Cu 4.00E-2 Cr 6.00E-5
Hg 3.00E-4 Hg 2.10E-5
Mn 4.60E-2 Mn 1.84E-3

Ni 2.00E-2 Ni 8.00E-4

Pb 3.60E-3 Pb 5.25E-4

Se 5.00E-3 Se 2.20E-3

Table 2: Parameters Characterizing Health Risk Assessment

Non-carcinogenic risk, Hazard quotient (HQ) value for a single
element was estimated using equation 3 [38].

CDI DAD
— or———(3)
RfDing RfDderm

HQ =

The Rﬂ)ing and RfD,_ represents the chronic reference dose for
oral and dermal exposure respectively. It is a daily estimated level
of exposure to a substance that is considered safe for the human
population, including vulnerable groups, over a lifetime. The
specific values used for RfDing and RfDderm are shown in Table
2 [39,40].

The assessment of potential risk to humans from multiple heavy
metals can be achieved by calculating the chronic hazard index
(HI). The HI is obtained by summing up the individual oral/dermal
hazard quotient (HQ) estimates of each heavy metal. If the HQ or
HI value is less than one, it indicates that there are no significant
non-carcinogenic risks. However, if the value is equal to or greater
than one, it indicates the presence of significant non-carcinogenic
risks, which increases as the HQ or HI value increases. The HI
value was determined using equation 4 [41].

HI=YHQ @)

Cancer risk through ingestion and dermal contact of water was
estimated using equation 5 [42].
CR=CDIXCSF, or DADxCSF 5)
Here, CR = carcinogenic risk, CSF = cancer slope factor. The
CSFing values for Cd, As, Cr, Ni and Pb are 0.38, 1.5, 0.5, 0.91 and
0.0085 (mg/kg/day)" respectively, and values for their CSF, _ are
3.66, 38, 25, 22.8 and 0.085 (mg/kg/day)"! respectively [36]. If
the estimated CR value is lesser than and or greater than or equal
to 1.00E-6, it indicates an acceptable condition. However, if this
value exceeds or equals 1 x 107 the risk associated with that
particular element is considered unacceptable [43]. It is important
to consider the effects of multiple carcinogens when estimating CR.
Therefore, the individual CR values for the heavy metals studied
are summed to obtain the total cancer risk (CRT), as demonstrated
in Equation (6):

CRT=YCR (6)
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2.6 Water Quality Index

The Water Quality Index (WQI) evaluates the state of water based
on its intended use for humans by comparing it to predefined
benchmarks to ensure adherence. It assesses the suitability of
water for drinking, human interaction, and the ecosystem. The
quality of the household water samples was evaluated using the
weighted arithmetic method [44]. The model generates a WQI
with a scale of 0 to 300, where 0 represents the best water quality
and 300 shows the water is unfit for consumption [45]. The model
suggests five categories to classify water quality: water unfit for
consumption (> 300), extremely poor water (200 - 300), poor
water (100 - 200), good water (50 - 100) and excellent water (<
50) [45]. Equations 7 to 9 were used to determine the WQI;

waQl = X Wiq; ) (7)

q; =§—:'>< 100 (8)

wi
Wi=s.. ©®

Here, q, = Quality rating, W, = Relative weight, w, = Assigned
weight of each parameter, C, = Concentration of each parameter,
Si = Standard limit for each parameter, n = Number of parameters.

3. Results and Discussion

3.1 Occurrence of Heavy Metals in Water

The concentration of heavy metals (As, Cd, Cu, Cr, Hg, Mn, Ni
and Pb), nutrients and physicochemical parameters considered in
this study and descriptive statistics as well as standard permissible
limits are presented in Figure 3, Figure 2 and Table 3 respectively.
The levels of As, Cd, Cr, Hg, Ni and Mn recorded in this study
were well within the standard permissible limits of World Health
Organization (WHO) as shown in Table 3. This suggests these
metals in the water met recognized standards for domestic use.
However, as shown in Table 3, the average levels of Cu (0.1 +
0.34 mg/L) exceeded the WHO standard permissible limits of
0.05 mg/L, whereas average level of Pb in drinking water (0.0033
+ 0.0067 mg/L) did not exceed permissible limit of 0.01 mg/L
[46]. A study by Appiah et al where N = 20, measured levels
of Cu ranged between 0.012 to 0.073 mg/L with an average
concentration of 0.117 mg/L. Average of measured Cu levels was
consistent with findings in this study [47]. Concentration of Cu
(1.66 mg/L) and Pb (0.032 mg/L) in sample HS17 from Appiadu
exceeded their respective maximum acceptable limits for drinking
water set by the WHO. This suggests possible contamination
of the water from HS17, and which could adversely impact the
health of individuals over time [48]. Both Cu and Pb are known
to be toxic even in small concentrations. This finding implied a
potential simultaneous increase in the levels of multiple toxic
metal exposure to Ghana's household water. This raises concerns
about the combined detrimental effects of Cu and Pb on the health
of consumers. This is therefore an evident trend indicating an
increasing possible toxicity of Cu and Pb in the water, which may
have significant implications for the well-being of individuals. The
exposed Ghanaian population and analogous regions in the world

may suffer the following implications on Pb and Cu exposure;
Ingesting excess amounts of Cu in water can result in symptoms
such as nausea, vomiting, diarrhea, stomach issues, and headaches
[49].

Prolonged exposure to Cu in drinking water can lead to liver
damage. Individuals with Wilson's disease, a genetic disorder, may
encounter Cu buildup, leading to hemolytic anemia, characterized
by the destruction of red blood cells [50]. Lead exposure poses
significant risks, especially to children, impacting their brain
development and potentially causing learning disabilities [51].
The central nervous system can be affected by Pb resulting in
neurological disorders, memory issues, and reduced coordination.
Furthermore, Pb can harm the kidneys and impede their proper
functioning. In pregnant women, lead exposure may lead to
reproductive issues, affecting fertility and negatively impacting the
developing fetus [48]. These results underscore the significance
of adhering to regulatory standards and guidelines to prevent the
harmful effects of heavy metals in household drinking water, not
only in Ghana but also in other international regions facing similar
challenges.

3.2 Physicochemical Characteristics of Water

The recorded levels of chemical and physical parameters, and
nutrients are represented in Figure 2. The results revealed that, the
pH levels in all the samples as shown in Figure 2 were within
the WHO recommended pH range of 6.5 to 8.5 for drinking
water, indicating that the household water sources had acceptable
pH [52]. The pH values recorded in this study were all found to
be slightly basic except for HS4, HS11, HS18 and HS19 which
recorded slightly acidic pH levels, this could result from dissolved
minerals and carbon dioxide [53]. Ground water pH in the wet
and dry season in a study by Appiah et al ranged 6.83 — 7.50 and
6.84 - 6.95 respectively [47]. In another study by Appiah et al ,
pH of borehole and hand dug wells were acidic [54]. pH ranged
from 4.50 — 6.77 and 5.90 — 6.73 in borehole and hand dug wells
respectively. In both studies, pH was within the acceptable range
set by WHO as was the case in this study.

This study recorded a mean concentration of chloride at 16.54
+ 19.16 mg/L, with values ranging from 0.17 mg/L at sampling
point HS18 to 63.07 mg/L at sampling point HS2. It is important
to note that the WHO recommends a maximum limit of 250 mg/L
for chloride in drinking water [55]. The results indicated that the
chloride levels in all the samples were below this limit. The levels
of chloride recorded in this study were however lower than the
11.99 - 343.89 mg/L reported by Gyamfi et al on a study conducted
in some suburbs of Accra, Ghana on potable water [56]. Chloride
ions in potable water sources in Ghana measured 14.18 — 35.5
mg/L with a mean of 24.31 &+ 9.02 at point of inlet (POI), whereas
point of outlet (POU) recorded chloride ions of 10.27 — 92.17
mg/L with a mean of 28.85 + 16.26. These recorded values were
within the limit set by WHO. Very high levels of chloride ions
were recorded by Safo, where measured levels were 495 — 1486
mg/L with an average of 826.61 + 1.25 [57].
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Total dissolved solids (TDS) and conductivity are indicators of
the overall mineral content and salinity of water [58]. TDS of
the water samples ranged from 15 — 240 mg/L with a mean of
66.91 £+ 64.68 mg/L, which was well within the WHO maximum
threshold of 1000 mg/L, signifying a balanced mineral content in
the water. Studies by Appiah et al on TDS in the wet and dry
season on ground water bodies revealed ranges of 195.07+131.87
- 523.02+340.80mg/L (329.68+270) and 307.07£374.26 -
442.65+241.60mg/L  (364.90+£274.60) respectively [47]. In
a similar study, TDS present in boreholes and hand dug wells
ranged 41.67 — 594.67 mg/L (224.78 + 149.38) and 58 — 92mg/L
(70.89 + 18.43) respectively [54]. The conductivity levels of the
water samples ranged from 34.8 to 570.0 puS/cm, with a mean
concentration of 159.1 + 154.3 pS/cm. According to ( Appiah-
Oppong et al. 2021) during the wet season and dry season in
Ghana, conductivity in potable water ranges from 291.15+196.05
to 780.64+508.65 pS/cm and 516,83 + 199.53 to 660.67+360.60
uS/cm respectively [47]. The mean of these range of values were
reported to be 491.84+402.80 and 574.29+498.70 uS/cm in the
wet and dry season respectively.

In another study by Appiah et al, conductivity in borehole and hand
dug wells ranged 46.67 — 830 uS/cm ( 308.24 + 213.14) and 73.33
—103.33 pS/cm (84.44 + 16.44) respectively. High conductivity
can affect the taste and odor of water, making it unpleasant or
undesirable to consume [54]. It may also impart a metallic or salty
taste, affecting the overall drinking experience [59]. Turbidity
levels in the household water samples ranged 0.07 - 0.43 NTU
with an average of 0.05 + 0.12 NTU as shown in Table 3. The
WHO recommends a turbidity limit of 5 NTU for drinking water
[60]. The results show that all the samples had turbidity levels well
below this limit, suggesting that the water sources were free from
significant particulate matter.

Turbidity levels in borehole water and hand dug wells ranged 0.22
—2.47NTU and 0.34 —2.15 NTU respectively by Appiah et al [54].
In another study by Yeboah et al, levels ranged 0.3 — 3.3 NTU and
0.57 — 13 NTU for POI (point of inlet) and POU (point of outlet)
respectively [61]. Alkalinity is essential in preventing changes in
pH, which can adversely affect the effectiveness of water treatment
processes and impact the corrosiveness of household plumbing
systems [62]. A mean alkalinity level of 13.91 + 5.83 mg/L was
recorded in the water samples. Alkalinity level in 17 boreholes
ranged 8.67 — 114 mg/L with an average of 33.09 + 33.15 [54]. In
the same study, hand dug wells recorded alkalinity levels of 9.33
—17.33 with an average of 14.67 = 4.62. In a study by Yeboah et
al, alkalinity ranged 34 — 201 mg/L at POI and 10.6 — 233.3 mg/L
at POU, with averages of 99 + 55.30 and 103.5 + 69.2 respectively
[61]. Average of alkalinity in these studies significantly differed
from findings in this study.

Alkalinity in water is often associated with water hardness due
to the presence of bicarbonate ions. The levels of alkalinity and
total hardness observed indicate a balanced relationship, further
enhancing the overall suitability of the chemical quality of the

various household water sources [63]. These findings emphasize
the need for global implementation of effective measures to
safeguard public health and access to clean drinking water,
regardless of geographical location.

3.3 Concentration of Nutrients in Water

Figure 2 represents the recorded concentrations of nutrients in
the water. Phosphate(PO,”) is an essential nutrient, but excessive
levels in water can induce harmful algal blooms. A mean level of
0.14 + 0.21 mg/L of phosphates was recorded in the water samples
as shown by Table 3. Phosphate levels by Safo measured 0.50 —
0.80 mg/L, with an average of 0.613 + 0.063 [57]. In a different
study also conducted in Ghana, at POI, levels of phosphate in
samples ranged 0.01 — 0.07 mg/L, with a mean of 0.025 + 0.021,
whereas at POU levels ranged 0.006 — 0.085 mg/L with an average
of 0.25 £ 0.0201. In Figure 2, the levels of phosphate in samples
HS1 (0.94 mg/L), HS9 (0.33 mg/L) and HS23 (0.42 mg/L)
exceeded the WHO limit of 0.3 mg/L, this suggests potential
PO,” pollution. The application of fertilizers and surface runoffs
might had contributed to the higher levels of phosphate in the
environment which end up in these water sources [64]. Fluoride
(F) concentration in the water ranged from 0.03 mg/L - 0.16 mg/L
with a mean level of 0.06 + 0.03 mg/L. The F- levels in all the
samples were below the WHO standard permissible limit of 1.5
mg/L for drinking water.

The concentration of F- observed in this study was found to be
lower than the ranges reported by Dongzagla et al in the Kassena-
Nankana and Jirapa Municipalities of Ghana [65]. In those areas,
the fluoride levels in household water sources were reported to be
within the range of 0.6 - 2.0 mg/L and 0.6 - 1.5 mg/L, respectively.
A study conducted on 21 samples for levels of fluoride revealed
levels of 0.0002 — 0.06 at POI with an average level of 0.005 +
0.014 [61]. Levels by Safo ranged 0.45 — 0.54 with an average
of 0.48 + 0.001 [57]. In another study, levels ranged 0.04 —
0.12 with an average of 0.087 = 0.042 [66]. F- plays a crucial
role in maintaining dental health when present in appropriate
concentrations in drinking water [67].

Nitrite (NO,) is a product of nitrate reduction and can adversely
affect the health of individuals, particularly infants [68]. A mean
concentration of 0.05 = 0.23 mg/L of NO, was detected in the
water samples, and the maximum permissible limit of NO, in
drinking water is 0.1 mg/L. Nitrite levels were below detection
limit (BDL) in all samples in the study by Bowan [66]. This
study showed that, the 1.10 mg/L of NO, recorded in HS13 from
Atonsu Kyepatre exceeded the recommended limit as shown in
Table 3, this suggests that drinking water from this source could
result in blue baby syndrome and other cardiovascular diseases
[69]. Total oxidizable nitrogen (TON) in water measures the
presence of nitrogen compounds that can be oxidized or converted
into nitrate or other oxidized nitrogen species. The water samples
analyzed in this study showed notable levels of TON, with a mean
concentration of 3.69 + 4.46 mg/L. The recorded range of TON
concentrations varied from 0.00 mg/L to 14.90 mg/L. The levels of
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TON recorded in this study could contribute to microbial growth
and contamination hence increasing the risk of waterborne diseases
[70]. Households with high TON content in water can be treated
with activated carbon to help reduce organic nitrogen compounds,
pathogens, and other contaminants [71].

Levels of sulphate (SO,*), chloride and nitrate (NO,), in all the
water samples were well below the WHO-recommended limits
of 250 mg/L, 250 mg/L and 50 mg/L respectively. It is however
crucial to monitor these parameters regularly. Elevated sulphate
levels can impact the taste of water and have laxative effects,
whereas high chloride levels can also alter the taste of water and
accelerate the corrosion of metallic pipes and storage containers.
NO, levels exceeding 10 mg/L could adversely affect the health of
humans especially infants. Samples HS2, HS7 and HS16 recorded
NO," levels of 12.76, 10.82 and 14.90 mg/L respectively.

These recorded levels of nitrate in the household water could
negatively impact the health of infants [17]. The levels of nitrate
recorded in this study were however lower than the levels reported
by Abba et al in the Eastern provinces of Saudi Arabia [19].
Nitrate levels by Yeboah et al measured 0.06 — 1.04 mg/L with
an average of 0.49 + 0.43 at POI, whilst samples sampled at POU
measured 0.077 — 1.334 mg/L with an average of 0.66 + 0.43 [61].
Another study with a much larger sample size (N=72) recorded
0.04 — 1.38 mg/L with an average of 0.49 & 0.013. In another study,
levels measured for nitrate in all samples were below detection
limit [66]. These research findings from Ghana could inform
international communities and enhance understanding of water
quality challenges to adopt proactive measures to ensure access to
clean and safe drinking water worldwide.

3.4 Microbial Assessment of Water

The results of the microbial assessment of the water samples are
represented in Table 4. Total coliform count obtained from different
sampling sites ranged <1 from to TCC to 6131. MPN/100ml,
notably, sampling sites HS3, HS4, HS6, HS12, HS15 and HS18 -
22 showed counts <1 for total coliforms. This result suggests water
samples from these sites met the required microbial quality criteria
stated by Wen et al [72]. Nonetheless, the remaining 13 sampling
sites (HS1, HS2, HS5, HS7, HS8, HS9, HS10, HS11, HS13, HS 14,
HS16, HS17 and HS23) displayed noteworthy coliform counts as
shown in Table 4, which are considered undesirable for potable
water. Microbial assessment on ground water bodies revealed
total coliform count of 0.0 — 30600 MPN/100ml and 22 — 40
MPN/100ml in Ghana respectively [57,66]. Studies by Ahmed et
al have all reported incidence of coliforms and faecal coliforms
in groundwater from various locations [34, 37, 76]. Microbial
assessment for E. coli in ground water revealed counts of 0.0 —
25500 MPN/100mL in a study in Ghana by [57].

Another study recorded loads as low as 1 to 5 MPN/100mL in
ground water [66]. It is important to note that the absence of E. coli
in all 23 samples, as well as faecal coliforms (except in HS8) does
not necessarily guarantee the absence of their cysts. Faecal cysts,
although smaller in size, ranging from 3 to 10 microns, could

potentially persist in water sources [77].

It is therefore necessary to incorporate filtration stages that are
capable of effectively dealing with such small-sized cysts. These
filtration processes play a crucial role in removing or reducing
the concentration of fecal cysts, contributing to the overall safety
and quality of household water. The levels of coliform bacteria
recorded in some of the water can be attributed to the leaching of
sand into wells, which serve as a predominant habitat for certain
coliform bacteria. This study reveals the presence of total coliforms
in water samples from 13 households, while E. coli, which serves
as an indicator for faecal coliforms, was not detected. Faecal
coliforms were however recorded in sample HSS, this makes the
water unwholesome for drinking and other domestic use.

This observation together with the many microbes found in some
of the water samples may be attributed to several factors. Firstly,
the proximity of the borehole water sources to sewage systems
in households and the possibility of cracks in pipe lines can lead
to the infiltration of soil and contaminants into the water supply
[78]. These findings underscore the importance of maintaining
proper sanitation practices and the disinfection of water sources
regularly to ensure the safety and quality of water supply. The
absence of E. coli in the collected data from all sampling sites is
a desirable outcome. It is notable that most of the samples (HS3,
HS4, HS6, HS10 - 12 and HS15 - HS23) had low levels (<1 CFU)
of enterobacteriaceae. However, Locations HS1, HS2, HS7,
HSS8, HS9, HS13 and HS14 showed relatively higher counts of
enterobacteriaceae.

The high levels of enterobacteriaceae in these locations indicate
potential fecal contamination and the presence of harmful bacteria,
suggesting a higher risk of waterborne diseases for consumers
[79]. The high total plate counts recorded for all the water samples
indicate a higher overall bacterial load; which may include both
harmful and non-harmful bacteria. While not all bacteria are
pathogenic, the high microbial load can increase the likelihood of
waterborne illnesses and infections, particularly for individuals
with weakened immune systems, infants, and the elderly. The
microbial levels recorded for all the household water samples
make the water unfit for domestic use and consumption without
treatment. The water used in Ghanaian households therefore has
the potential to cause water borne diseases such as malaria, skin
problems, and fever.

3.5 Multicollinearity and Linear Regression

Multicollinearity assessment and multiple linear regression models
were used to explore the relationships between the sampling sites
as independent variables and the levels of water quality parameters
as dependent variables. This assessed the magnitude of impact,
identified significant factors, and established statistical significance
by using information about sampling sites to predict variations
in water quality parameters. Multicollinearity is when there is a
correlation between variables used for prediction in a model, its
presence can adversely affect the regression results. Variance
inflation factor (VIF) detects multicollinearity in regression results
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by estimating how much of a regression coefficient is inflated due
to regression analysis [80]. In this study the VIF was calculated
by regressing each independent variable against every other
dependent variable in the model, the R-squared values were then
plugged into the formula for VIF as shown in equation 10.

(10)

1
2
1-R?

VIF is categorized as follows: 1= (not correlated), 1-5 = (moderately
correlated), and > 5 = (highly correlated) [81].

The results indicated a VIF of 1.69 for heavy metals and 6.25
for nutrients and physicochemical parameters. VIF values for
nutrients and physiochemical parameters fell within the range
of moderate to high correlation. This analysis therefore revealed
some level of multicollinearity, which can therefore be used as a
caution in interpreting the relationships between sampling sites
and water quality parameters. The regression analysis showed a
relatively weak relationship between the levels of heavy metals
and the various sampling sites.

This conclusion was supported by the low F-statistic (0.95)
and the relatively high p-value (0.52), suggesting that sampling
sites, on their own, may not significantly explain variations in
water quality parameters. Instead, other factors, such as storage
conditions, anthropogenic sources, environmental conditions,
or temporal variations, are likely more substantial water quality
determinants. On the other hand, the combined levels of nutrients
and physicochemical parameters displayed a more promising
relationship, although the associated p-value slightly exceeded the
conventional significance level of 0.05, it still hinted at a close-
to-significant relationship. The high F-statistic (2.75) and the
associated p-value (0.09) indicated a possible collective impact of
the sampling sites on nutrient levels, and physical and chemical
parameters.

3.6 Water Quality Index

The water quality index (WQI) results, as shown in Table 5,
indicate that the water quality indices of all water samples, except
for HS13 and 17, were below 50. This suggests that the water is
likely not harmful to human health. WQI according to studies by
Safo ranged 78.03 to 204.43 in Ghana on ground water bodies
[57]. Therefore, considering the physicochemical, heavy metals
and nutrient content of the water, the majority of the samples
met acceptable quality standards, hence pose no significant risks
to individuals consuming them. HS1 — HS12, HS14 — HSI16
and HS18 — HS23 can be said to have excellent water quality.
However, total water quality is influenced by several other factors
such as bacteria and microbial levels. Several sampling sites
(HS1, HS2, HSS5, HS7 - 11, HS13, HS14, HS16, HS17 and HS23)
exhibited significant total coliform counts, which are considered
unacceptable for potable water. Sample HS17 from Appiadu had
a WQI of 180 and therefore has a poor quality [45]. The poor
quality of sample HS17 could be attributed to high concentrations
of Pb and Cu recorded.

3.7 Health Risk Assessment

Calculated values for hazard quotients via ingestion and dermal
absorption are presented in Tables 6 and 7 respectively for adults
and children. Hazard indices through ingestion of water and
dermal absorption for children and adults are also represented in
Table 8. The risk estimates of the household water sample through
oral exposure suggests that there could be non - cancer detrimental
effect on the health of individuals through the ingestion of water
from HS17. Sample HS17 recorded oral HI values of 1.67 and
3.54 for adults and children respectively as shown in Table 8. This
exceeded the safe limit of 1, indicating that water from HS17 may
not be safe for drinking purposes.

The results obtained from the health risk assessment also revealed
that, through dermal absorption, all the water sampled for this study
may not adversely affect the health of both adults and children since
the hazard quotients and hazard indices were all below the safe limit
of 1. According to the provided categorization, a cancer risk (CR)
lesser than or exceeding 1 x 10 is considered acceptable, whilst
a risk equal to or greater than 1 x 10*is considered unacceptable.
Presented by Table 10, ingested total cancer risk (TCR) for adults
As shown in HS1, 4, 5, 7, 8, 16, 17, 22 and 23 exceeded the safe
limit of 1 x 10+, hence a potential for cancer risk may exist from
consumption of water from these sources.

Again, estimated ingested TCR values of children for HS1, 2, 4,
5,7, 8,10, 13-17, 19, 20, 22 and 23 did exceed the maximum
safe limit, informing of potential cancer risk when water from any
of these sources is consumed. Much more sampling sites were
shown to have the potential to cause cancer risk in children than
in adults. In addition, children are often more vulnerable to the
health effects of contaminants due to their developing bodies and
behaviors. However, it is notable to mention that, portions of the
metals consumed may be expelled from the body, resulting in a
smaller amount being absorbed by the body tissues, which might
not necessarily cause harm [82]. TCR assessment of samples
through dermal contact as represented in Table 10 revealed that
none of the samples may result in potential cancer risk in both
adults and children, except for HS4 in children. Dermal TCR
values for adults and children ranged from 1.52E-6 to 5.03E-5 and
4.47E-6 to 1.48E-4 respectively.

3.8 Spatial Distribution of Nutrients and Heavy Metal
Concentration

Spatial distribution was performed in this study to understand
the variation in concentrations, identify hotspots and distribution
patterns of nutrients and heavy metals in the household water
system across different sampling locations. Figures 4, 5 and 6
illustrates the spatial distribution of essential nutrients and heavy
metals in the water samples. Spatially, the concentration of most
nutrients displayed an increase towards the roman hill sampling
area as shown in Figure 4, however, a notable observation is that
the presence of NO, is more widespread in Atonsu Kyepatre
(HS13) as illustrated in Figure 4, this suggests that this area and
HS13 is a hotspot for NO,” contamination in household water
within the study area.
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The presence of widespread NO, contamination in Atonsu
Kyepatre (HS13) raises concerns about the safety of the household
water in that area. These levels of NO,” when consumed, may react
with hemoglobin in the blood, forming methemoglobin hence
affecting the effective carriage of oxygen leading to a condition
known as methemoglobinemia, this can be particularly harmful to
infants and young children [83]. Spatially, the distribution of heavy

metals in the water, as depicted in Figures 5 and 6, exhibited a
significant prevalence along the Apemso-Appiadu area where there
is little to no mining and industrial activities. Agricultural practices
and natural weathering may had largely influenced the trend of
distribution of heavy metals in this location. The significant heavy
metal prevalence in water along the Apemso-Appiadu area, raises
concerns for potential health implications.

Parameter (SI unit) Minimum Maximum Mean = SD WHO Limit
As (mg/L) nd 0.0048 0.00045 + 0.001 0.01
Cd (mg/L) 0.000087 0.00054 0.00026 +0.00011 0.005
Cr (mg/L) nd 0.006 0.00047 £ 0.0012 0.05
Cu (mg/L) 0.0008 1.66 0.1+£0.34 0.05
Hg (mg/L) nd 0.000042 0.0000066+ 0.00001 0.01
Ni (mg/L) 0.00032 0.021 0.0041 + 0.0054 0.07
Pb (mg/L) 0.000094 0.032 0.0033 + 0.0067 0.01
Se (mg/L) 0.0012 0.0059 0.003 +0.0011 0.01
Mn (mg/L) nd 0.29 0.027 £ 0.059 0.4
Nitrate (mg/L) 0.10 14.90 3.64 £4.44 50
Nitrite (mg/L) 0.002 1.10 0.05+0.23 0.1
Phosphate (mg/L) 0.01 0.94 0.14+£0.21 0.3
Sulphate (mg/L) 0.01 15.68 1.76 + 4.02 250
Chloride (mg/L) 0.17 63.07 16.54 £ 19.16 250
Fluoride (mg/L) 0.03 0.16 0.06 £ 0.03 1.5
TON (mg/L) nd 14.90 3.69+4.46
Hardness mg/L 0.70 9.00 2.12+1.99
Alkalinity (mg/L) 10.0 30.0 13.91 £5.83
Turbidity (NTU) 0.07 0.43 0.05£0.12 5
Conductivity pS/cm 34.80 570.00 159.1+154.3
TDS mg/L 15.00 240 66.91 + 64.68 1000
pH 5.96 7.32 6.97 +0.39
nd=not detected
Table 3: Descriptive Statistics of Water Quality Parameters
Sample ID Total coliform Faecal coliform E. coli Total Plate Count | Enterobacteriaceae
(MPN/100 ml) (MPN/100m) (MPN/100mL) (MPN/100ml) (CFU)
HS1 235.9 <1 <1 507 20
HS2 866.4 <1 <1 470 130
HS3 <1 <1 <1 555 <1
HS4 <1 <1 <1 623 <1
HS5 56.5 <1 <1 738 10
HS6 <l <1 <l 507x10 <1
HS7 613.1x10 <1 <1 738x10 820
HS8 613.1x10 2 <1 507 1100
HS9 39.9x10 <1 <1 507x10 420
HS10 49.5 <1 <1 738 <1
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HS11 8.6 <1 <1 738 <1
HS12 <1 <l <1 738 <1
HS13 185.0 <1 <1 623 20
HS14 613.1 <1 <1 40 40
HS15 <1 <1 <1 623 <1
HS16 7.5 <1 <1 470 <1
HS17 1.0 <1 <1 623 <1
HS18 <1 <1 <1 623 <1
HS19 <1 <1 <1 738 <1
HS20 <1 <1 <1 287 <1
HS21 <1 <1 <1 738 <1
HS22 <1 <1 <1 738 <1
HS23 24.1 <1 <1 623 <1
Table 4: Microbial Assessment of Water Quality
PARAMETER ASSIGNED WEIGHT | RELATIVE WEIGHT | Sample ID WQI
Nitrate 4 0.04706 HS1 23.8
Nitrite 4 0.04706 HS2 20.5
Phosphate 4 0.04706 HS3 13.6
Sulphate 4 0.04706 HS4 9.23
Chloride 5 0.05882 HSS5 13.5
Total hardness 3 0.03529 HS6 11.5
Fluoride 5 0.059 HS7 19.3
Alkalinity 3 0.03529 HS8 29.7
pH 4 0.04706 HS9 14.9
TDS 5 0.05882 HS10 23.8
Conductivity 4 0.04706 HS11 11.9
Turbidity 4 0.04706 HS12 15.2
Salinity 2 0.02353 HS13 61.6
As 4 0.04706 HS14 13.8
Cd 5 0.05882 HS15 23.8
Cu 4 0.04706 HS16 24
Cr 5 0.05882 HS17 180
Hg 5 0.05882 HS18 12.9
Ni 4 0.04706 HS19 10.9
Pb 4 0.04706 HS20 16.7
Se 4 0.04706 HS21 11.9
Mn 4 0.04706 HS22 14.9
Total = 90 HS23 18.9

Table 5: Determination of Water Quality Index
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Figure 5: Spatial Distribution Maps for Hg, Mn, Ni, Pb and Se.
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Figure 6: spatial Distribution Maps for As, Cd, Cu and Cr in the Household Water Samples

TABLE 6 HAZARD QUOTIENT (HQ) VIA INGESTION

ADULTS CHILDREN
Sam
ple As Cd Cu Cr Hg Mn Ni Pb Se As Cd Cu Cr Hg Mn Ni Pb Se
3.05 | 548 | 8.18 | 1.69 | 2.20 | 0.00 | 1.40 | 825 | 888 | 6.47 | 1.16 | 1.73 | 3.59 | 4.66 | 0.00 | 2.96 | 1.75 | 1.88
HSl | E2 | E3 | E4 | E3 | E3 | E+0 | E3 | E-4 | E3 | E2 | E2 | E3 | E:3 | E-3 | E+0 | E-3 | E-3 | E-2
739 | 859 | 630 | 4.11 | 2.20 | 5.07 | 2.82 | 1.61 | 3.74 | 1.57 | 1.82 | 1.34 | 872 | 4.67 | 1.07 | 599 | 3.41 | 7.93
HS2 | E4 | E3 | E4 | E3 | E3 | E3 | E3 | E3 | E2 | E3 | E2 | E3 | E3 | E3 | E2 | E3 | E3 | E2
881 | 9.11 | 6.99 | 3.84 | 558 | 1.17 | 932 | 7.05 | 2.04 | 1.87 | 1.93 | 1.48 | 815 | 1.18 | 2.49 | 1.98 | 1.49 | 433
HS3 | E-4 | E3 | E3 | E-4 | E5 | E3 | E4 | E3 | E2 | E3 | E2 | E2 | E-4 | E-4 | E3 | E3 | E2 | E-2
0.00 | 9.13 | 3.76 | 625 | 0.00 | 3.95 | 1.14 | 1.94 | 1.42 | 0.00 | 1.94 | 7.99 | 1.33 | 0.00 | 839 | 2.42 | 4.12 | 3.01
HS4 | E+0 | E-3 | E-3 | E2 | E+t0 | E3 | E2 | E3 | E2 | E+0 | E2 | E3 | E-1 | E+0 | E-3 | E2 | E-3 | E-2
539 | 1.39 | 419 | 0.00 | 7.35 | 1.40 | 4.12 | 1.44 | 2.09 | 1.14 | 2.94 | 888 | 0.00 | 1.56 | 2.96 | 8.73 | 3.06 | 4.43
HS5S | E3 | E2 | E3 | E+0 | E4 | E-2 | E3 | E-2 | E2 | E-2 | E2 | E3 | E+0 | E-3 | E-2 | E-3 | E-2 | E-2
241 | 1.08 | 1.31 | 434 | 0.00 | 1.90 | 497 | 937 | 1.26 | 5.12 | 2.28 | 2.78 | 921 | 0.00 | 4.03 | 1.05 | 1.99 | 2.68
HS6 | E-4 | E2 | E2 | E-4 | E+0 | E3 | E-4 | E3 | E2 | E44 | E2 | E2 | E-4 | E+0 | E-3 | E-3 | E2 | E-2
7.52 | 241 | 470 | 1.26 | 443 | 493 | 228 | 414 | 1.33 | 1.59 | 5.10 | 998 | 2.68 | 9.39 | 1.05 | 4.83 | 8.79 | 2.82
HS7 | E-5 | E2 | E3 | E3 | E3 | E2 | E2 | E3 | E2 | E4 | E2 | E3 | E-3 | E3 | E-1 | E2 | E-3 | E-2
3.89 | 237 | 1.18 | 2.61 | 827 | 6.71 | 1.06 | 7.93 | 2.08 | 825 | 5.03 | 249 | 554 | 1.76 | 1.42 | 2.25 | 1.68 | 4.41
HS8 | E-4 | E2 | E-1 | E3 | E4 | E3 | E2 | E2 | E2 | E44 | E2 | E-1 | E3 | E3 | E2 | E2 | E-1 | E-2
0.00 | 1.36 | 2.00 | 1.30 | 0.00 | 1.45 | 1.76 | 1.35 | 1.69 | 0.00 | 2.88 | 425 | 2.76 | 0.00 | 3.09 | 3.73 | 2.87 | 3.58
HS9 | E+0 | E2 | E3 | E3 | E+0 | E-2 | E3 | E2 | E2 | E+0 | E2 | E-3 | E3 | E+0 | E-2 | E-3 | E22 | E-2
HS1 | 229 | 2.73 | 9.08 | 0.00 | 0.00 | 1.93 | 434 | 487 | 1.01 | 485 | 580 | 1.93 | 0.00 | 0.00 | 4.09 | 9.22 | 1.03 | 2.14
0 E-4 | E2 | E2 | E+0 | E+0 | E-2 | E3 | E2 | E-2 | E-4 | E2 | E-1 | E+0 | E+0 | E-2 | E-3 | E-1 | E-2
HS1 | 3.01 | 1.41 | 1.13 | 1.14 | 0.00 | 1.29 | 573 | 1.01 | 1.85 | 6.38 | 2.98 | 2.39 | 242 | 0.00 | 2.73 | 1.21 | 2.13 | 391
1 E-3 | E2 | E2 | E3 | E+0 | E3 | E4 | E2 | E2 | E3 | E2 | E2 | E3 | E+0 | E-3 | E-3 | E-2 | E2
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HS1 | 0.00 | 1.60 | 1.99 | 0.00 | 7.42 | 897 | 1.53 | 194 | 1.49 | 0.00 | 3.38 | 422 | 0.00 | 1.57 | 1.90 | 3.24 | 4.11 | 3.17
2 E+0 | E-2 E-2 E+0 | E-4 E-3 E3 | E-2 | E2 | E+0 | E-2 E-2 E+0 | E-3 E-2 E-3 | E-2 | E-2
HS1 | 1.11 | 143 | 671 | 3.02 | 7.58 | 4.88 | 2.19 | 2.66 | 2.81 | 2.36 | 3.02 | 1.42 | 6.41 | 1.61 | 1.03 | 464 | 5.64 | 5.96
3 E-3 E-2 E-4 E-3 E-4 E-3 E-3 E-3 E-2 E-3 E-2 E-3 E-3 E-3 E-2 E-3 E-3 E-2
HS1 | 247 | 1.66 | 806 | 2.79 | 4.11 | 6.03 | 1.86 | 2.73 | 1.73 | 524 | 353 | 1.71 | 592 | 872 | 1.28 | 3.95 | 5.78 | 3.66
4 E-3 E-2 E-3 E-3 E-4 E-3 E-3 | E2 | E2 E-3 E-2 E-2 E-3 E-4 E-2 E-3 | E-2 | E-2
HS1 | 268 | 234 | 9.18 | 7.25 | 0.00 | 1.30 | 3.01 | 290 | 2.55 | 569 | 497 | 195 | 1.54 | 0.00 | 2.75 | 6.38 | 6.15 | 5.40
5 E-4 E-2 E-2 E-4 | E+0 | E-2 E-3 E-2 | E-=2 E-4 E-2 E-1 E-3 E+0 | E-2 E-3 E-2 | E-=2
HS1 | 1.78 | 236 | 813 | 693 | 1.11 | 199 | 3.37 | 588 | 295 | 3.77 | 5.00 | 1.73 | 147 | 236 | 421 | 7.14 | 1.25 | 6.26
6 E-3 E-2 E-3 E-3 E-3 E-1 E-2 | E-3 E-2 E-3 E-2 E-2 E-2 E-3 E-1 E-2 | E-2 | E-2
HS1 | 0.00 | 342 | 1.30 | 0.00 | 0.00 | 9.64 | 1.69 | 2.83 | 247 | 0.00 | 7.26 | 2.76 | 0.00 | 0.00 | 2.04 | 3.58 | 6.01 | 5.23
7 E+0 | E-2 | E+0 | E+0 | E+0 E-3 E-2 E-1 E-2 | E+0 | E-2 | E+0 | E+0 | E+0 E-2 E-2 E-1 E-2
HS1 | 1.76 | 1.55 | 1.05 | 0.00 | 0.00 | 7.01 | 6.02 | 9.18 | 1.78 | 3.74 | 3.29 | 223 | 0.00 | 0.00 | 1.49 | 1.28 | 1.95 | 3.77
8 E-3 E-2 E-2 E+0 | E+0 | E-3 E-4 | E-3 E-2 E-3 E-2 E-2 E+0 | E+0 | E-2 E-3 | E-2 | E-2
HS1 | 156 | 1.19 | 240 | 5.14 | 1.63 | 142 | 278 | 420 | 1.81 | 330 | 2.53 | 509 | 1.09 | 346 | 3.00 | 5.89 | 891 | 3.83
9 E-3 E-2 E-3 E-3 E-3 E-2 E-3 E-3 E-2 E-3 E-2 E-3 E-2 E-3 E-2 E-3 | E-3 | E-2
HS2 | 413 | 1.35| 622 | 2.05 | 0.00 | 1.14 | 1.88 | 3.78 | 2.11 | 877 | 2.85 | 1.32 | 436 | 0.00 | 242 | 3.98 | 8.02 | 4.48
0 E-3 E-2 E-2 E-3 E+0 | E-2 E-3 E-2 | E-2 E-3 E-2 E-1 E-3 E+0 | E-2 E-3 | E2 | E-2
HS2 | 0.00 | 1.38 | 2.57 | 0.00 | 0.00 | 3.40 | 1.03 | 2.48 | 7.54 | 0.00 | 292 | 546 | 0.00 | 0.00 | 7.21 | 2.18 | 526 | 1.60
1 E+0 | E-2 E-2 E+0 | E+0 | E-3 E-3 E-2 | E-3 | E+0 | E-2 E-2 E+0 | E+0 | E-3 E-3 | E-2 | E-2
HS2 | 340 | 1.52 | 1.89 | 0.00 | 759 | 242 | 1.28 | 6.63 | 1.10 | 7.22 | 322 | 400 | 0.00 | 1.61 | 5.14 | 2.71 | 141 | 2.34
2 E-3 E-2 E-2 E+0 | E-4 E-2 E-2 | E-3 E-2 E-3 E-2 E-2 E+0 | E-3 E-2 E-2 | E-2 | E-2
HS2 | 755 | 1.60 | 1.38 | 1.77 | 0.00 | 935 | 1.00 | 1.85 | 1.75 | 1.60 | 3.39 | 293 | 3.75 | 0.00 | 1.98 | 2.13 | 3.92 | 3.71
3 E-3 E-2 E-2 E-2 | E+0 | E-3 E-2 | E-2 | E-2 E-2 E-2 E-2 E-2 | E+0 | E-2 E-2 | E-2 | E-2
Table 6: Hazard Quotient (Hq) Via Ingestion
ADULTS CHILDREN
Sam
ple As Cd Cu Cr Hg Mn Ni Pb Se As Cd Cu Cr Hg Mn Ni Pb Se
589 | 260 | 1.29 | 8.03 | 1.49 | 0.00 | 3.31 | 268 | 958 | 1.74 | 7.67 | 3.82 | 237 | 440 | 0.00 | 9.77 | 7.92 | 2.83
HS1 E-3 E-3 E-5 E-4 E-4 E+0 E-5 E-6 E-5 E-2 E-3 E-5 E-3 E-4 E+0 E-5 E-6 E-4
1.43 | 408 | 997 | 195 | 1.49 | 6.01 | 6.70 | 522 | 4.03 | 421 | 1.20 | 294 | 576 | 440 | 1.77 | 198 | 1.54 | 1.19
HS2 E-4 E-3 E-6 E-3 E-4 E-4 E-5 E-6 E-4 E-4 E-2 E-5 E-3 E-4 E-3 E-4 E-5 E-3
1.70 | 432 | 1.11 | 1.82 | 3.79 | 1.39 | 221 | 229 | 220 | 501 | 1.28 | 326 | 538 | 1.12 | 4.11 | 652 | 6.76 | 6.49
HS3 E-4 E-3 E-4 E-4 E-6 E-4 E-5 E-5 E-4 E-4 E-2 E-4 E-4 E-5 E-4 E-5 E-5 E-4
0.00 | 433 | 596 | 297 | 0.00 | 469 | 270 | 6.33 | 1.53 | 0.00 | 1.28 | 1.76 | 8.76 | 0.00 | 138 | 7.97 | 1.87 | 4.52
HS4 | E+0 E-3 E-5 E-2 E+0 E-4 E-4 E-6 E-4 E+0 E-2 E-4 E-2 E+0 E-3 E-4 E-5 E-4
1.04 | 659 | 6.62 | 0.00 | 498 | 1.66 | 9.76 | 470 | 225 | 3.07 | 1.94 | 1.95 | 0.00 | 1.47 | 483 | 2.88 | 1.39 | 6.65
HS5 E-3 E-3 E-5 E+0 E-5 E-3 E-5 E-5 E-4 E-3 E-2 E-4 E+0 E-4 E-3 E-4 E-4 E-4
4.65 | 510 | 2.07 | 2.06 | 0.00 | 2.26 | 1.18 | 3.05 | 1.36 | 1.37 | 1.51 | 6.11 | 6.08 | 0.00 | 6.65 | 3.48 | 8.99 | 4.02
HS6 E-5 E-3 E-4 E-4 E+0 E-4 E-5 E-5 E-4 E-4 E-2 E-4 E-4 E+0 E-4 E-5 E-5 E-4
145 | 1.14 | 7.44 | 599 | 3.00 | 585 | 541 | 1.35 | 1.44 | 428 | 337 | 220 | 1.77 | 885 | 1.73 | 1.60 | 3.98 | 4.24
HS7 E-5 E-2 E-5 E-4 E-4 E-3 E-4 E-5 E-4 E-5 E-2 E-4 E-3 E-4 E-2 E-3 E-5 E-4
7.50 | 1.12 | 1.86 | 1.24 | 5.61 | 796 | 2.52 | 2.58 | 2.24 | 2.21 | 332 | 549 | 3.65 | 1.65 | 235 | 743 | 7.61 | 6.61
HSS8 E-5 E-2 E-3 E-3 E-5 E-4 E-4 E-4 E-4 E-4 E-2 E-3 E-3 E-4 E-3 E-4 E-4 E-4
0.00 | 6.45 | 3.17 | 6.17 | 0.00 | 1.73 | 4.17 | 440 | 1.82 | 0.00 | 1.90 | 9.35 | 1.82 | 0.00 | 5.09 | 1.23 | 1.30 | 5.38
HS9 | E+0 E-3 E-5 E-4 E+0 E-3 E-5 E-5 E-4 E+0 E-2 E-5 E-3 E+0 E-3 E-4 E-4 E-4
HS1 | 441 | 1.30 | 1.44 | 0.00 | 0.00 | 229 | 1.03 | 1.58 | 1.09 | 1.30 | 3.83 | 424 | 0.00 | 0.00 | 6.74 | 3.04 | 4.68 | 3.20
0 E-5 E-2 | E-3 | E+0 | E+0 | E-3 E4 | EE4 | E4 | E4 | E2 | E-3 | E+0 | E+0 | E-3 E-4 | E-4 | E4
HS1 | 580 | 6.67 | 1.78 | 540 | 0.00 | 1.53 | 136 | 3.27 | 1.99 | 1.71 | 1.97 | 526 | 1.59 | 0.00 | 4.50 | 4.01 | 9.65 | 5.87
1 E-4 E-3 E-4 E-4 E+0 E-4 E-5 E-5 E-4 E-3 E-2 E-4 E-3 E+0 E-4 E-5 E-5 E-4
HS1 | 0.00 | 7.57 | 3.15 | 0.00 | 503 | 1.06 | 3.62 | 630 | 1.61 | 0.00 | 223 | 928 | 0.00 | 1.48 | 3.14 | 1.07 | 1.86 | 4.75
2 E+0 E-3 E-4 E+0 E-5 E-3 E-5 E-5 E-4 E+0 E-2 E-4 E+0 E-4 E-3 E-4 E-4 E-4
HS1 | 2.15 | 6.76 | 1.06 | 143 | 514 | 579 | 520 | 865 | 3.03 | 6.34 | 200 | 3.13 | 423 | 1.52 | 1.71 | 1.53 | 2.55 | 8.93
3 E-4 E-3 | E-5 E-3 E-5 E4 | E5 | E-6 | E-4 | E-4 | E-2 | E-5 E-3 E-4 E-3 E-4 | E-5 | E-4
HS1 | 477 | 790 | 1.27 | 1.32 | 279 | 7.16 | 442 | 887 | 1.86 | 1.41 | 233 | 3.76 | 391 | 822 | 2.11 | 1.31 | 2.62 | 5.50
4 E-4 E-3 E-4 E-3 E-5 E-4 E-5 E-5 E-4 E-3 E-2 E-4 E-3 E-5 E-3 E-4 E-4 E-4
HSI | 5.17 | 1.11 | 1.45 | 3.44 | 0.00 | 1.54 | 7.13 | 944 | 274 | 1.53 | 3.28 | 428 | 1.01 | 0.00 | 4.54 | 2.10 | 2.78 | 8.10
5 E-5 E-2 E-3 E-4 E+0 E-3 E-5 E-5 E-4 E-4 E-2 E-3 E-3 E+0 E-3 E-4 E-4 E-4
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HS1 | 343 | 1.12 | 1.29 | 329 | 7.55 | 2.36 | 799 | 191 | 3.18 | 1.01 | 3.30 | 3.80 | 9.70 | 2.23 | 6.95 | 2.36 | 5.64 | 9.39
6 E4 | E2 | E4 | E3 | E5 | E2 | E4 | E55 | E4 | E3 | E2 | B4 | E3 | E4 | E2 | E3 | E5 | E4
HS1 | 0.00 | 1.62 | 2.06 | 0.00 | 0.00 | 1.14 | 4.01 | 9.22 | 2.66 | 0.00 | 4.79 | 6.07 | 0.00 | 0.00 | 3.37 | 1.18 | 2.72 | 7.85
7 E+0 | E2 | E2 | E+0 | E+0 | E-3 | E4 | E4 | E4 | B+0 | B2 | B2 | E+0 | E+0 | E-3 | E-3 | E3 | E4
HS1 | 340 | 735 | 1.67 | 0.00 | 0.00 | 832 | 1.43 | 299 | 1.92 | 1.00 | 2.17 | 492 | 0.00 | 0.00 | 2.45 | 421 | 8.81 | 5.65
8 E-4 E-3 E-4 | E+0 | E+0 E-4 E-5 E-5 E-4 E-3 E-2 E-4 | E+0 | E+0 E-3 E-5 E-5 E-4
HS1 | 3.00 | 5.67 | 3.79 | 2.44 | 1.11 | 1.68 | 6.59 | 1.37 | 1.95 | 885 | 1.67 | 1.12 | 7.19 | 3.26 | 496 | 1.95 | 4.03 | 5.75
9 E4 | E3 | E5 | E3 | E4 | E3 | E55 | E-5 | E4 | E4 | E2 | E4 | E3 | E4 | E3 | E4 | E5 | E4
HS2 | 797 | 638 | 984 | 9.74 | 0.00 | 1.35 | 445 | 1.23 | 228 | 235 | 1.88 | 2.90 | 2.87 | 0.00 | 3.99 | 1.31 | 3.63 | 6.73
0 E-4 E-3 E-4 E-4 E+0 E-3 E-5 E-4 E-4 E-3 E-2 E-3 E-3 E+0 E-3 E-4 E-4 E-4
HS2 | 0.00 | 6.54 | 4.07 | 0.00 | 0.00 | 4.03 | 2.44 | 8.06 | 8.14 | 0.00 | 1.93 | 1.20 | 0.00 | 0.00 | 1.19 | 7.20 | 2.38 | 2.40
1 E+0 | E-3 E-4 | E+0 | E+0 E-4 E-5 E-5 E-5 E+0 | E-2 E-3 E+0 | E+0 E-3 E-5 E-4 E-4
HS2 | 6.56 | 7.21 | 2.99 | 0.00 | 5.15 | 2.87 | 3.03 | 2.16 | 1.19 | 1.94 | 2.13 | 881 | 0.00 | 1.52 | 8.48 | 8.93 | 6.36 | 3.52
2 E-4 | E3 | E4 | E+0 | E-5 | E3 | E4 | E-5 | E-4 | E3 | E2 | E4 | E+t0 | E4 | E-3 | E4 | E-5 | E4
HS2 | 146 | 7.59 | 2.19 | 839 | 0.00 | 1.11 | 2.38 | 6.01 | 1.88 | 430 | 2.24 | 6.46 | 2.48 | 0.00 | 3.27 | 7.02 | 1.77 | 5.56
3 E-3 E-3 E-4 E-3 E+0 E-3 E-4 E-5 E-4 E-3 E-2 E-4 E-2 E+0 E-3 E-4 E-4 E-4
Table 7: Hazard Quotient (Hq) Via Dermal

Sample ADULT CHILDREN ADULTS CHILDREN

HS1 5.18E-2 1.10E-1 9.58E-3 2.83E-2

HS2 6.31E-2 1.34E-1 7.40E-3 2.18E-2

HS3 4.70E-2 9.97E-2 5.19E-3 1.53E-2

HS4 1.07E-1 2.27E-1 3.50E-2 1.03E-1

HS5 7.76E-2 1.65E-1 9.77E-3 2.88E-2

HS6 4.89E-2 1.04E-1 5.97E-3 1.76E-2

HS7 1.24E-1 2.63E-1 1.90E-2 5.59E-2

HS8 2.62E-1 5.57E-1 1.60E-2 4.72E-2

HS9 6.36E-2 1.35E-1 9.09E-3 2.68E-2

HS10 2.01E-1 4.26E-1 1.71E-2 5.05E-2

HS11 5.98E-2 1.27E-1 8.37E-3 2.47E-2

HS12 8.14E-2 1.73E-1 9.26E-3 2.73E-2

HS13 5.76E-2 1.22E-1 9.42E-3 2.78E-2

HS14 8.28E-2 1.76E-1 1.09E-2 3.21E-2

HS15 1.87E-1 3.96E-1 1.49E-2 4.41E-2

HS16 3.09E-1 6.56E-1 3.97E-2 1.17E-1

HS17 1.67E+0 3.54E+0 3.96E-2 1.17E-1

HS18 6.24E-2 1.32E-1 8.93E-3 2.63E-2

HS19 6.19E-2 1.31E-1 1.05E-2 3.10E-2

HS20 1.54E-1 3.27E-1 1.09E-2 3.21E-2

HS21 7.63E-2 1.62E-1 7.54E-3 2.22E-2

HS22 9.29E-2 1.97E-1 1.15E-2 3.40E-2

HS23 1.10E-1 2.34E-1 1.93E-2 5.68E-2

Table 8: Hazard Index (HI)
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INGESTION DERMAL
ADULTS CHILDREN ADULTS CHILDREN
Sam | As Cd Cr Ni Pb As Cd Cr Ni Pb As Cd Cr Ni Pb As Cd Cr Ni Pb
ple
HS1 | 2.29 | 1.04 | 254 | 254 | 252 | 4.85 | 2.21 | 539 | 539|535 |265 |494|1.20 | 6.03 | #### | 7.81 | 1.46 | 3.55 | 1.78 | 3.53
E-4 E-6 E-6 E-5 E-8 E-4 E-6 E-6 E-5 E-8 E-6 E-7 E-6 E-7 Hit# E-6 E-6 E-6 E-6 E-10
HS2 | 554 | 1.63 |6.17 | 514|491 |1.18 |3.46|1.31 |1.09|1.04 |6.42 |7.74 | 293 | 1.22 | #### | 1.89 | 2.28 | 8.63 | 3.60 | 6.88
E-6 E-6 E-6 E-5 E-8 E-5 E-6 E-5 E-4 E-7 E-8 E-7 E-6 E-6 | H###H E-7 E-6 E-6 E-6 E-10
HS3 | 6.61 | 1.73 | 577 | 1.70 | 2.16 | 1.40 | 3.67 | 1.22 | 3.60 | 457 | 7.65 | 821 | 2.74 | 4.02 | 1.02 | 2.26 | 2.42 | 8.07 | 1.19 | 3.02
E-6 E-6 E-7 E-5 E-7 E-5 E-6 E-6 E-5 E-7 E-8 E-7 E-7 E-7 E-9 E-7 E-6 E-7 E-6 E-9
HS4 | 0.00 | 1.74 | 9.38 | 2.07 | 5.95 | 0.00 | 3.68 | 1.99 [ 4.40 | 1.26 | 0.00 | 8.23 | 4.45 | 492 | #### | 0.00 | 2.43 | 1.31 | 1.45 | 8.33
E+0 | E-6 E-5 E-4 E-8 E+0 | E-6 E-4 E-4 E-7 E+0 | E-7 E-5 E-6 HitH E+0 E-6 E-4 E-5 E-10
HS5 | 4.04 | 264 | 0.00 | 7.49 | 442 | 858 | 5.60 | 0.00 | 1.59 |9.37 | 468 | 1.25 | 0.00 | 1.78 | 2.10 | 1.38 | 3.69 | 0.00 | 5.24 | 6.19
E-5 E-6 E+0 | E-5 E-7 E-5 E-6 E+0 E-4 E-7 E-7 E-6 E+0 | E-6 E-9 E-6 E-6 E+0 E-6 E-9
HS6 | 1.81 | 2.04 | 6.51 | 9.04 | 2.87 | 3.84 | 4.33 | 1.38 | 1.92 | 6.08 | 2.09 | 9.70 | 3.09 | 2.15 | 1.36 | 6.18 | 2.86 | 9.12 | 6.33 | 4.01
E-6 E-6 E-7 E-6 E-7 E-6 E-6 E-6 E-5 E-7 E-8 E-7 E-7 E-7 E-9 E-8 E-6 E-7 E-7 E-9
HS7 | 564 | 457|189 |4.15|1.27 | 1.20 | 9.70 | 4.01 | 880 | 2.69 | 6.53 | 2.17 | 898 | 9.84 | #### | 1.93 | 6.40 | 2.65 | 2.90 | 1.77
E-7 E-6 E-6 E-4 E-7 E-6 E-6 E-6 E-4 E-7 E-9 E-6 E-7 E-6 | HH#H E-8 E-6 E-6 E-5 E-9
HS8 | 292 [ 450|392 |193|243 |6.19 | 955|831 (4.10|5.15|3.38 |2.14|1.86 |4.59|1.15 |9.96 | 6.30|5.48 | 1.35| 3.40
E-6 E-6 E-6 E-4 E-6 E-6 E-6 E-6 E-4 E-6 E-8 E-6 E-6 E-6 E-8 E-8 E-6 E-6 E-5 E-8
HS9 | 0.00 | 2.58 | 1.95 | 3.20 | 4.14 | 0.00 | 5.48 | 4.14 | 6.79 | 8.77 | 0.00 | 1.23 | 9.26 | 7.60 | 1.96 | 0.00 | 3.62 | 2.73 | 2.24 | 5.79
E+0 | E-6 E-6 E-5 E-7 E+0 | E-6 E-6 E-5 E-7 E+0 | E-6 E-7 E-7 E-9 E+0 E-6 E-6 E-6 E-9
HS1 | 1.72 | 5.19 | 0.00 | 791 |1.49 |3.64 |1.10|0.00 |1.68 | 3.16 |1.99 | 2.47 | 0.00 | 1.88 | 7.07 | 5.86 | 7.27 | 0.00 | 5.53 | 2.09
0 E-6 E-6 E+0 | E-5 E-6 E-6 E-5 E+O0 | E-4 E-6 E-8 E-6 E+0 | E-6 E-9 E-8 E-6 E+0 | E-6 E-8
HS1 | 2.25 | 267 | 1.71 | 1.04 | 3.08 | 4.78 | 5.67 | 3.62 | 2.21 | 6.53 |261 |1.27 811 |247 |146 |7.70 |3.74 239 | 729 | 431
1 E-5 E-6 E-6 E-5 E-7 E-5 E-6 E-6 E-5 E-7 E-7 E-6 E-7 E-7 E-9 E-7 E-6 E-6 E-7 E-9
HS1 | 0.00 | 3.03 | 0.00 | 2.78 | 5.93 | 0.00 | 6.43 | 0.00 | 589 |1.26 |0.00 | 1.44 |0.00 | 6.59|2.81 |0.00 |4.24 |0.00 | 1.94 | 8.30
2 E+0 | E-6 E+0 | E-5 E-7 E+0 | E-6 E+0 | E-5 E-6 E+0 | E-6 E+0 | E-7 E-9 E+0 | E-6 E+O0 | E-6 E-9
HS1 | 835 | 271|453 |399|813|1.77 | 574 |9.61 [845|1.73|9.67 | 1.29 | 2.15 | 9.46 | #### | 2.85 | 3.79 | 6.34 | 2.79 | 1.14
3 E-6 E-6 E-6 E-5 E-8 E-5 E-6 E-6 E-5 E-7 E-8 E-6 E-6 E-7 HitH E-7 E-6 E-6 E-6 E-9
HS1 | 1.85 | 3.16 | 4.19 | 3.39 834|393 |6.71 888 | 720|177 {215 |150|199 | 805|396 |6.33 |443|586 |2.38]1.17
4 E-5 E-6 E-6 E-5 E-7 E-5 E-6 E-6 E-5 E-6 E-7 E-6 E-6 E-7 E-9 E-7 E-6 E-6 E-6 E-8
HS1 | 2.01 | 4.45|1.09 | 547|887 |4.27 [ 945|231 |1.16 188|233 |211 516 |1.30|4.21 |6.87 |6.23 152 |3.83|1.24
5 E-6 E-6 E-6 E-5 E-7 E-6 E-6 E-6 E-4 E-6 E-8 E-6 E-7 E-6 E-9 E-8 E-6 E-6 E-6 E-8
HS1 | 1.33 {448 | 1.04 | 6.13 | 1.80 | 2.83 | 9.50|2.20 |{1.30 | 3.81 |1.54 | 212 |4.93 | 1.45 | #### | 4.55 | 6.27 | 1.45 | 4.29 | 2.52
6 E-5 E-6 E-5 E-4 E-7 E-5 E-6 E-5 E-3 E-7 E-7 E-6 E-6 E-5 | HH#H E-7 E-6 E-5 E-5 E-9
HS1 | 0.00 | 6.51 | 0.00 | 3.07 | 8.67 | 0.00 | 1.38 | 0.00 | 6.52 | 1.84 | 0.00 | 3.09 | 0.00 | 7.30 | 4.11 | 0.00 | 9.11 |0.00 | 2.15 | 1.21
7 E+0 | E-6 E+0 | E-4 E-6 E+0 | E-5 E+0 | E-4 E-5 E+0 | E-6 E+0 | E-6 E-8 E+0 | E-6 E+0 | E-5 E-7
HS1 | 1.32 {294 |0.00 |1.10 | 2.81 |2.80 | 6.24 | 0.00 | 2.32 | 596|153 |1.40|0.00 | 260|133 | 451 |4.12|0.00 | 7.67 | 3.93
8 E-5 E-6 E+0 | E-5 E-7 E-5 E-6 E+0 | E-5 E-7 E-7 E-6 E+0 | E-7 E-9 E-7 E-6 E+0 | E-7 E-9
HS1 | 1.17 | 2.27 | 7.71 | 5.06 | 1.29 | 247 | 481|164 | 1.07 | 2.73 | 1.35 | 1.08 | 3.66 | 1.20 | #### | 3.98 | 3.18 | 1.08 | 3.54 | 1.80
9 E-5 E-6 E-6 E-5 E-7 E-5 E-6 E-5 E-4 E-7 E-7 E-6 E-6 E-6 HiH E-7 E-6 E-5 E-6 E-9
HS2 | 3.10 | 2.56 | 3.08 | 3.41 | 1.16 | 6.58 | 542 | 6.53 | 7.24 | 2.45 | 359 |1.21 |1.46 | 810|549 |1.06 |3.58|4.31 |239|1.62
0 E-5 E-6 E-6 E-5 E-6 E-5 E-6 E-6 E-5 E-6 E-7 E-6 E-6 E-7 E-9 E-6 E-6 E-6 E-6 E-8
HS2 | 0.00 | 2.62 | 0.00 | 1.87 | 7.58 | 0.00 | 5.56 | 0.00 | 3.97 | 1.61 | 0.00 | 1.24 | 0.00 | 4.44 | 3.60 | 0.00 | 3.67 | 0.00 | 1.31 | 1.06
1 E+0 | E-6 E+0 | E-5 E-7 E+0 | E-6 E+0 | E-5 E-6 E+0 | E-6 E+0 | E-7 E-9 E+0 | E-6 E+0 | E-6 E-8
HS2 | 2.55 [ 2.89|0.00 | 232|203 (541 [6.12 | 0.00 | 493 |430|295 |1.37|0.00 | 551 | #H### | 871 | 4.04 | 0.00 | 1.63 | 2.84
2 E-5 E-6 E+0 | E-4 E-7 E-5 E-6 E+0 | E-4 E-7 E-7 E-6 E+O0 | E-6 | ### E-7 E-6 E+0 | E-5 E-9
HS2 | 5.66 | 3.04 |2.65 | 182|565 |1.20 [6.44 |563 |3.87|120|656 |1.44|1.26 [4.33|2.68 |193 |4.25|3.71 |1.28|7.91
3 E-5 E-6 E-5 E-4 E-7 E-4 E-6 E-5 E-4 E-6 E-7 E-6 E-5 E-6 E-9 E-6 E-6 E-5 E-5 E-9

Table 9: Likely Cancer Risk (CR)
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INGESTION DERMAL
Sample ADULTS CHILDREN ADULTS CHILDREN
HS1 2.58E-4 5.47E-4 4.95E-6 1.46E-5
HS2 6.48E-5 1.37E-4 4.98E-6 1.47E-5
HS3 2.61E-5 5.53E-5 1.57E-6 4.65E-6
HS4 3.03E-4 6.43E-4 5.03E-5 1.48E-4
HSS5 1.18E-4 2.51E-4 3.50E-6 1.03E-5
HS6 1.38E-5 2.93E-5 1.52E-6 4.47E-6
HS7 4.22E-4 8.95E-4 1.29E-5 3.81E-5
HS8 2.07E-4 4.39E-4 8.63E-6 2.54E-5
HS9 3.70E-5 7.84E-5 291E-6 8.59E-6
HS10 8.75E-5 1.86E-4 4.37E-6 1.29E-5
HS11 3.77E-5 7.99E-5 2.59E-6 7.64E-6
HS12 3.14E-5 6.66E-5 2.10E-6 6.20E-6
HS13 5.55E-5 1.18E-4 4.48E-6 1.32E-5
HS14 6.07E-5 1.29E-4 4.51E-6 1.33E-5
HS15 6.32E-5 1.34E-4 3.96E-6 1.17E-5
HS16 6.41E-4 1.36E-3 2.18E-5 6.42E-5
HS17 3.23E-4 6.84E-4 1.04E-5 3.08E-5
HS18 2.74E-5 5.81E-5 1.81E-6 5.34E-6
HS19 7.23E-5 1.53E-4 6.07E-6 1.79E-5
HS20 7.19E-5 1.53E-4 3.85E-6 1.14E-5
HS21 2.21E-5 4.69E-5 1.69E-6 4.99E-6
HS22 2.61E-4 5.53E-4 7.18E-6 2.12E-5
HS23 2.69E-4 5.71E-4 1.90E-5 5.61E-5

Table 10: Total Likely Cancer Risk (TCR)

4. Limitations and Future Perpectives

It is important to acknowledge the limitations of this study. First,
this research primarily focused on a specific geographical area,
which might limit the generalizability of our findings to broader
regions. To overcome this limitation, future research could involve
multi-site studies across diverse environments. Additionally, this
study predominantly employed traditional water quality assessment
methods, and although they provided valuable insights, integrating
advanced technologies such as sensor networks or remote sensing
could enhance the accuracy and timeliness of our assessments.

Furthermore, the temporal scope was limited to a specific time
frame, and future work could explore long-term trends and the
impact of seasonal variations on water quality. Lastly, the study
recognizes the importance of incorporating stakeholder engagement
and community-based participatory research approaches to
better understand local concerns and promote sustainable water
management practices.

5. Conclusion
The research has uncovered a pressing need for public health

concern within the Kumasi Metropolis, Ghana, in terms of
household water quality. Significant findings with possible
consequence on human health concerns were identified, notably
the alarming presence of excessive levels of copper (Cu) and lead
(Pb) alongside the widespread distribution of nitrite ions (NO%) in
specific water sources.

These findings not only raise serious concerns but also demand
immediate attention and action from both local authorities and
the broader scientific community. The levels of Cu, Pb, and NO,
highlights the potential detrimental effects on consumers, with
Household 17, in particular, likely to pose significant health risks,
especially to children because of high levels of NO,.

Furthermore, microbial assessment revealed the presence of
harmful microbes, and high microbial load which could increase
likelihood of waterborne illnesses and infections, particularly
for individuals with weakened immune systems, infants, and the
elderly, further emphasizing the urgency of implementing effective
water treatment processes, robust monitoring programs, and public
awareness campaigns.
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Multicollinearity and regression analysis revealed that sampling
sites, on their own, may not significantly explain variations in
water quality parameters. Instead, other factors, such as storage
conditions, anthropogenic sources, environmental conditions,
or temporal variations, are likely more substantial water quality
determinants in the sampling sites. Strengthening regulations
and investing in water supply infrastructure improvements are
imperative steps forward.

In essence, the research offers a unique perspective on the public
health implications of household water sources in Kumasi
Metropolis, Ghana, emphasizing not only the gravity of the issue
but also the actionable steps needed to mitigate these concerns. By
addressing these challenges, Kumasi Metropolis and Ghana can
safeguard the well-being of their population and serve as a model
for regions facing similar water quality challenges. There is the
need for a continued research and intervention in ensuring access
to safe drinking water and promoting a healthier future for all.
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