THE JOURNAL OF
MEDICINE, LAW & PUBLIC HEALTH

Vol 6, No 2. 2026
Original Articles

Assessment of Water Quality in Public Hospitals in The Hail City, Saudi

Arabia 2021-2024
Eman Suliman Al-jeloud®”, Abdullah Salem Al-Rasheed’

! Department of Public Health, College of Public Health, University of Hail, Hail, Saudi
Arabia
Summary

Background: Groundwater is the main water source for public hospitals in Hail City,
making its quality essential for providing safe health services, preventing infections, and
ensuring patient safety.

Objective: This study aimed to assess the quality of groundwater used in public hospitals
in Hail City using the water quality index (WQI) methodology.

Methods: A retrospective descriptive cross-sectional study was conducted using water
quality data collected between 2021 and 2024. Physical and chemical parameters were
analyzed to evaluate the suitability of groundwater for human use in healthcare settings. A
total of twenty-eight water quality reports from five major public hospitals were included
in the analysis.

Results: The results revealed spatial and temporal variations in groundwater quality across
the studied hospitals. Higher levels of total dissolved solids (TDS), electrical conductivity
(EC), and total hardness were observed during the summer season, likely due to
evaporation and increased ion concentration. Lower values were recorded in winter and
autumn, reflecting the influence of climatic conditions. Most water samples were classified
as “excellent” according to WQI values. However, Hospital 4 and Hospital 5 showed
elevated levels of TDS, EC, and hardness, suggesting possible issues related to water
treatment or storage systems.

Conclusion:The findings highlight the importance of continuous and season-specific
monitoring of groundwater quality in public hospitals. The study also supports the
effectiveness of the water quality index as a practical tool for ensuring consistent water
safety in healthcare facilities.
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INTRODUCTION

Access to safe groundwater for drinking
purposes is a fundamental human right and an
important factor in public health [1]. At the
national and regional levels, clean water is a key
focus of development planning, with the benefits
of water and sanitation projects outweighing
their implementation costs [2]. Safe and
sufficient water is essential for daily needs such
as drinking, food preparation, and hygiene, in
addition to specialized medical uses such as
dialysis and surgical procedures [3]. The most
vulnerable groups, including children and the
elderly, are more severely affected by
waterborne  diseases,  highlighting  the
importance of water quality control and safe
groundwater management. [4]. Drinking water
standards vary across countries, depending on
governance, available resources, and health
priorities, and should be designed to suit the local
context [5].

In hospital environments, the quality of drinking
water is particularly critical due to its direct role
in patient care, infection prevention, and medical
procedures. In the Hail region, groundwater
represents the primary water source for public
hospitals, with daily consumption reaching
approximately 300,000 litres, making its quality
essential for maintaining safe healthcare services
[6]. Local assessments have indicated that
variations in water quality within hospital
systems may influence infection control
practices, emphasizing the importance of
continuous monitoring in healthcare facilities
across Hail City [7].

Ensuring water safety in such settings requires
more than reliance on a single control measure.
Water quality can be affected by several factors,
including source characteristics, treatment
efficiency, storage conditions, and distribution
systems within hospital infrastructure. For this
reason, an integrated approach to water safety is
necessary,  combining  proper  source
management, effective treatment processes, and
secure internal distribution networks to maintain
acceptable water quality levels and minimize
potential risks [8, 9].

To evaluate groundwater safety, the water
quality index (WQI) has emerged as a widely
used and practical assessment tool. Introduced

by Horton in the early 1970s, the index simplifies
the interpretation of complex water quality data
by integrating multiple physical and chemical
parameters into a single numerical value that
reflects overall water quality at a specific time
and location [10]. Although it does not replace
detailed laboratory analysis, the WQI provides a
useful method for comparing water quality
trends over time and between different locations,
particularly in institutional settings such as
hospitals [11].

The index typically includes parameters such
as pH, turbidity, nitrate, total dissolved solids,
and microbial counts. The selection and
weighting of these parameters may vary based
on regional health risks and water source
characteristics [12]. Several adaptations of the
original WQI model have since been
developed to address the specific
environmental and public health needs of
different regions, including arid zones [13].

In hospital environments, applying the WQI
not only facilitates routine monitoring but also
informs management decisions about water
treatment  upgrades, infection control
measures, and long-term sustainability
planning [14]. Its integration into healthcare
infrastructure is especially valuable in areas
where water safety is closely linked to patient
safety and operational efficiency [15].

Based on these considerations, the present study
seeks to address the following research
questions: What is the current physicochemical
quality of groundwater used in public hospitals
in Hail City? How does groundwater quality
vary spatially between different hospitals and
temporally over the study period from 2021 to
20247 To what extent can the water quality index
(WQI) effectively reflect groundwater suitability
for healthcare use in public hospitals in Hail
City?

MATERIALS AND METHODS

Study Design

A retrospective descriptive cross-sectional study
was conducted in public hospitals in Hail City
using existing water quality records. The study
analysed physical and chemical water quality
data collected over a four-year period from 2021
to 2024 to evaluate groundwater quality trends
and variations across hospitals and time.
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Study Area

The study was conducted across five major
hospitals in Hail City, in the northwestern
region of Saudi Arabia, as shown in Figure 1.
These include:

1. Hospital 1, the region’s primary
referral hospital, providing primary
and secondary healthcare services
such as general medicine, surgery,
paediatrics, and obstetrics, along with
emergency and intensive care units.

2. Hospital 2, a public facility offering
basic medical services including
emergency care and outpatient clinics.

3. Hospital 3 specializes in maternal and
paediatric care with departments for
obstetrics, neonatology, paediatric
care, and infertility. It recently moved
to a modern facility in the Al-Maseef
district near Hospital 4, with a capacity
of 200 beds and 56 outpatient clinics.

4. Hospital 4, a state-of-the-art medical
centre with 500 beds, featuring 55
clinics covering 48 medical specialties
such as cardiac surgery, neurology,
oncology, nephrology, emergency

care, general surgery, intensive care,
burn units, and endoscopy services.

5. Hospital 5, providing a wide range of
general and specialized medical
services, with over 100 outpatient
clinics and departments including
emergency and critical care.

In the studied hospitals, groundwater represents
the primary and consistent source of water
supply. Although limited on-site treatment
processes such as filtration or disinfection may
be applied for operational purposes, the water
source remains groundwater throughout the
hospital water system.

Water is typically stored in central storage tanks
within hospital premises before distribution to
different departments. The capacities of these
tanks and water turnover rates vary between
hospitals according to size, consumption
demand, and storage design. Routine
maintenance and periodic cleaning of storage
tanks are conducted as part of hospital
operational  protocols; however, detailed
maintenance schedules and turnover frequencies
were not uniformly documented across all
facilities during the study period

Figure 1. A geographical map of the city of Hail, Saudi Arabia, showing the locations of the hospitals
investigated in this study.
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Sample Collection

A total of 28 chemical water analyses were
obtained from five public hospitals in Hail City;
these were conducted between 2021 and 2024
based on officially documented hospital water
quality records. The majority of samples were
collected from groundwater storage tanks
serving the hospitals’ water supply system,
which distributes groundwater to various
departments within each hospital, thereby
representing the overall quality of water at the
point of distribution. In selected cases, samples
reflected groundwater supplied to specific
service areas connected to the main storage
system, as documented in hospital reports, which
explains minor variations in sampling locations.
Hospital 1 conducted five analyses over the
study period. Hospital 2 contributed two samples
in 2023 and 2024. Hospital 3 initiated testing in
2024, with two samples. Hospital 4 recorded the
highest number of analyses (11 samples).
Hospital 5 provided eight samples, with two
analyses conducted annually. To ensure
consistency, only laboratory results issued by
Hail Municipality laboratories were included. A
gap in routine testing was observed across
hospitals between mid-2022 and late 2023.
Hospital identities were withheld to preserve
institutional confidentiality; accordingly, they
are referred to here by numerical identifiers.

All water samples were collected, preserved, and
transported according to standard municipal
water quality monitoring procedures. Samples
were placed in clean, sterilized containers, stored
under controlled conditions, and transported to
the laboratory within the recommended time
frame to prevent chemical alteration prior to
analysis.

Water Analysis

Public health departments within the hospitals
routinely conduct water quality assessments
to ensure compliance with local and national
water standards. These assessments are
performed using standard laboratory
procedures approved by the Hail Municipality
laboratories. Physical parameters such as pH,
electrical conductivity (EC), and total
dissolved solids (TDS) were measured using
calibrated digital meters, while turbidity was
determined using a nephelometric turbidity

meter. Chemical parameters, including total
hardness, ammonia, fluoride, nitrate, nitrite,
phosphate, and chloride, were analysed using
standard colorimetric and titrimetric methods
in accordance with established water analysis
guidelines. All measurements were conducted
under controlled laboratory conditions by
trained personnel, and recorded results were
documented in official hospital water quality
reports, which were used as the primary data
source for this study.

To assess the suitability of groundwater for
use in hospital settings, the measured physical
and chemical parameters were compared
against internationally and nationally
recognized drinking water standards. The
World Health  Organization (WHO)
guidelines and the Saudi Arabian drinking
water standards were used as reference
benchmarks for permissible limits of each
parameter. These standards provide threshold
values designed to protect public health and
ensure water safety for human consumption
and healthcare-related uses. The comparison
with these standards allowed for an objective
evaluation of water quality and supported the
interpretation of results across different
hospitals and time periods.

The physical and chemical parameters of
water include several key elements that
determine its quality and safety. Physical
parameters include pH, which indicates the
acidity or alkalinity of the water; TDS,
affecting taste and clarity; EC, reflecting the
concentration of dissolved salts; turbidity,
showing suspended particles that may indicate
microbial contamination or organic matter;
and total hardness, measuring calcium and
magnesium levels that impact water usability.
Chemical pollutants include ammonia,
produced from organic waste decomposition
and posing health risks; nitrate and nitrite,
linked to agricultural pollution and toxic
especially to infants; fluoride, beneficial in
low amounts for dental health but harmful at
high levels; chloride, indicating possible
contamination from wastewater or industrial
sources; and phosphate, which can cause algal
blooms and ecological imbalance.

Together, these parameters provide a
comprehensive overview of water quality,
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aiding in assessing safety and compliance
with health standards.

Quality Control and Assurance

To ensure the reliability and validity of the
data, multiple quality control assurance
procedures were employed throughout the
study. These included verifying data sources,
cross-checking  results from different
laboratories, and ensuring consistency in
parameter definitions and measurement units.
Only officially documented and approved
results were included in the final analysis.
Data Analysis

Data analysis was conducted using Microsoft
Excel and SPSS statistical software.
Descriptive ~ statistics were used to
summarize quantitative parameters, such as
mean, standard deviation, minimum, and
maximum values. Moreover, geospatial
analysis was used to examine spatial patterns
and visualize the distribution of variables
across different locations using GIS tools.

A comparative Analysis was performed to
examine differences between hospitals and
across different time periods. In addition, a
correlation Analysis was applied to assess the
relationships between physical and chemical
water quality parameters. A significance
threshold of p < 0.05 was adopted to
determine statistical significance for all
inferential tests.

Ethical Consideration

Ethical approval for this study was obtained
under IRB Log Number: 2024-86. All
procedures involving data collection and
analysis were conducted in accordance with
ethical standards and regulations, ensuring
confidentiality, transparency, and integrity
throughout the research process.

Water Quality Index (WQI)

The water quality index (WQI) was estimated
by adopting the weighted arithmetic index
technique. The following steps were followed

to calculate the WQI:

Step 1: Each sample’s Wn factor was
determined using the following formula:
K

Wn= —
n Sn

Where:

Sn = standard desirable value of nth
parameters

Wn =1 (unity)

K = constant of proportionality

The value of K = 1; it is a constant value and used
to calculate the standard desirable value of each
chemical variable [16].

Step 2 The sub-index (Qn) value was calculated
using this expression:

[(Vn —Vo)]
n= —[(Sn Vo) x 100

Where:

Vn = average concentration of the nth
parameter

Sn = standard desirable value of the nth
parameter

Vo  =actual values of the parameters in pure

water (generally VO = 0 for most parameters,
except for pH)
[(VpH —7)]
H= —————x100
= @5 - 7))

Step 3: Step 1 and Step 2 were combined to
determine WQI:

YWQn

YWn

The calculated WQI values were classified
into five groups, as shown in Table 2. The
values ranged from < 25 (excellent water
quality) to >100 (highly polluted water),
which is considered unsuitable for drinking
and other healthcare-related uses within
hospital settings [10].

RESULTS

Groundwater Quality

A total of 28 groundwater reports were included

in this analysis, broken down as follows:

1. Five reports from Hospital 1, including two

from 2021, one from 2022, and one each

from 2023 and 2024.

Two reports from Hospital 2, one from

2023 and the other from 2024.

3. Two reports from Hospital 3, both
conducted in 2024.

4. Eleven reports from Hospital 4, with Five
conducted in 2021, three in 2022, one in
2023, and two in 2024.

5. Eight reports from Hospital 5, with two
reports conducted each year from 2021 to

Overall WQI =

N
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2024.
The physical and chemical parameters of
groundwater quality in Hail public hospitals
showed significant variation over the four years
(2021-2024), as indicated in Table 3. Readings
from Hospital 1 demonstrated relative stability,
with pH levels maintaining moderate values
(748-8.3) within the acceptable range.
Turbidity also remained low (0-0.5), indicating
water clarity. However, levels of total dissolved
solids (TDS) and electrical conductivity (EC)
gradually increased between 2022 and 2024,
with TDS reaching 214.4 and EC at 468.5 in
2022, and similar values recorded in 2024
(TDS: 214, EC: 464). These finding may
suggest the beginning of salt or impurity
accumulation in the water system. Total
hardness increased significantly in 2024
(112.1) compared with previous years, raising
concemns about potential hard water
development. Ammonia, fluoride, nitrate,
nitrite, chloride, and phosphate levels remained
within acceptable limits.
Data for Hospital 2 were available only for 2023
and 2024. pH levels remained within the
permissible limits (6.5-7.6), but TDS and EC
showed a significant increase in 2024 (TDS:
299.9; EC: 444.1), exceeding international
drinking water standards. These results may
indicate potential contamination or elevated
concentrations of dissolved salts. Total hardness
reached 146.33, which is acceptable, and all
other  chemical components, including
ammonia, fluoride, nitrate, nitrite, chloride, and
phosphate, remained within acceptable limits,
with no critical indicators observed.
For Hospital 3, the only available reports were
from 2024. The pH levels remained within the
acceptable range (7.35-7.7). However,
relatively elevated values of TDS (391.6
mg/L) and EC (569.2 uS/cm) were observed,
exceeding international drinking water
standards  and  indicating  potential
contamination or high concentrations of
dissolved salts. Total hardness was 53.4 mg/L,
which is within acceptable limits. Other
chemical parameters, including ammonia,
fluoride, nitrate, nitrite, chloride, and
phosphate, remained within permissible limits
with no critical indicators.
Hospital 4 exhibited sharp fluctuations and
significant elevations in several parameters. In

2022, the pH reached 10.21, exceeding the
acceptable limit, while in other years it
remained within range (6.6-8.5). In 2024, the
highest values were recorded for TDS (289.1)
and EC (618.4), indicating high salinity levels.
Total hardness was also high in 2024,
reaching 182.9 mg/L, indicating a noticeable
increase compared with previous years, while
still remaining within permissible limits.
Phosphate concentrations spiked in 2022
(1.16), and chloride levels increased slightly in
2024 (209). Other parameters, such as
ammonia, fluoride, nitrate, nitrite, and
phosphate, remained within acceptable ranges
without critical indications.

Finally, reports from Hospital 5 showed
findings similar to those of Hospital 4, with
pH levels remaining within a moderate range
(6.4-7.7). However, TDS and EC exceeded
acceptable limits in all recorded years,
suggesting the accumulation of salts or
impurities in the water system. The highest
chloride concentration was recorded in 2022
(305), and total hardness increased
significantly in 2024 (367.1). Other chemical
parameters, including ammonia, fluoride,
nitrate, nitrite, and phosphate, remained
within acceptable limits, with no critical
indicators observed.

The Impact of Storage Locations on
Groundwater Quality

At Hospital 4, three water samples were
collected on the same day from three different
locations: the water tank, the desalination
plant, and the service building. The results in
Table 4 show different findings for each
sample, indicating variations in water quality
among these sources

All analyses complied with Saudi and WHO
standards, except for that of EC. This apparent
non-compliance relates to the operational
reference value used in this study (300
puS/em), which served as a conservative
benchmark within the WQI calculation
framework rather than an official regulatory
limit. According to WHO and SASO
guidelines, no health-based maximum
permissible limit is explicitly defined for EC.
Some variations in values were observed due
to the influence of the sampling location. The
values of pH, TDS, EC, total hardness,
ammonia, nitrates, and phosphates were
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higher in the service building samples
compared with the water tank samples. In
contrast, a lower chloride values were
observed in the sample from the service
building. In the sample from the desalination
plant, all values were lower than those of the
water tank and service building samples.

The observed elevation in both pH and
ammonia in the service building sample may
be attributed to multiple factors. One possible
explanation is the addition of chlorine-based
disinfectants to  eliminate = microbial
contaminants. During this disinfection
process, chlorine reacts with organic nitrogen
compounds—often originating from bacterial
cells—which can lead to the formation of
ammonia as a byproduct. Furthermore, the

M Hospital 1

Hospital 2 ll Hospital 3 ] Hospital 4

decomposition of microbial biomass releases
nitrogenous  compounds,  which  are
subsequently converted into ammonia in the
aqueous environment. This accumulation of
ammonia contributes to an increase in pH, as
ammonia exists in equilibrium  with
ammonium (NH4+") and hydroxide ions (OH"),
the latter of which raise the water’s alkalinity
[19].

The variations in the sample values resulted in
a change in the WQ)], shifting the water quality
from excellent in the samples from the
desalination plant and the “white” tank, to
good in the service building sample. This
change is associated with the use of water
from the main reservoir at Hospital 4, which
impacts the overall water quality.

Hospital 5

Water unsuitable for drinking

100
Very q
75 /
Poor / \
50 f, \
Good
5 o / )/\ .
\\// Excellent \ ><
0 \’\7; —// ’\.
2021 2022 a3 2024

Figure 2. WQI values recorded in hospitals across the Hail region, 2021-2024.

The WQI values recorded in hospitals across
the Hail region from 2021 to 2024 (Figure 2)
demonstrate  significant ~ variation  in
groundwater quality. At Hospital 1, WQI
values in 2021 ranged between 10.896 and
24.2325, classifying the water as excellent. In
2022, a value of 14.1280 was recorded, falling
into the same excellent category. In 2023, the
WQI increased to 32.5506, indicating good
water quality, due to a rise in EC. In 2024, the

value improved to 12.39288, restoring the
classification to excellent.

At Hospital 2, a WQI value of 9.5529 was
recorded in 2023, and 0.4014 in 2024—both
falling under the excellent classification, while
values at Hospital 3 ranged between 3.3861
and 7.8474, also indicating excellent
groundwater quality.

At Hospital 4, WQI values in 2021 ranged
from 13.5438 to 33.0667, classifying the
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water between excellent and good. In 2022,
the range was wider, from 24.3451 to
90.8361, extending from excellent to very
poor, likely due to elevated pH and EC levels.
In 2023, a WQI value of 2.0765 was recorded,
indicating excellent water quality, while
values in 2024 ranged between 8.8641 and
27.5399, classitying the water from excellent
to good.

Finally, at Hospital 5, the WQI values in 2021
ranged from 23.4805 to 34.1303, reflecting
water quality from excellent to good. In 2022,
the values ranged between 15.1197 and
26.6006, maintaining the same classification
range, with the higher values attributed to
increased levels of TDS, EC, and chloride. In
2023, values ranged between 2.30711 and
31.5774, again indicating water quality
ranging from excellent to good. In 2024, the
values ranged from 04974 to 8.2737,
consistently indicating excellent water quality.
Correlation between Water Quality Variables
Pearson’s correlation analysis was applied to
analyze the relationships between different
water quality parameters, as indicated in Table
5. There were significant positive correlations
between pH, nitrite, and ammonia (r = 0.618—
0.701, p < 0.01).as well as significant
correlations between TDS and the following
parameters: EC, hardness, and chloride (r =
0.7079-0.8502, p < 0.01). Subsequent
correlation  analysis  indicated  highly
significant positive correlations between EC
and chloride (r=0.9218, p <0.01).

The strong correlations between several water
quality parameters reflect common controlling
factors influencing groundwater chemistry in
hospital water systems. The significant positive
association between TDS and EC is expected, as
EC is directly related to the concentration of
dissolved ionic species in water, and higher TDS
values generally result in increased EC.
Similarly, the strong correlation between EC and
chloride indicates that chloride ions contribute
substantially to the overall ionic content of the
water, particularly in groundwater sources
affected by mineral dissolution or concentration
processes.

In addition, the positive relationship between
hardness, TDS, and EC suggests that calcium
and magnesium ions play a role in increasing

dissolved solids and conductivity levels. These
relationships may be influenced by geological
characteristics of the aquifer, evaporation effects,
and internal water storage conditions within
hospital systems. The observed associations
indicate that variations in these parameters are
not independent but are driven by shared
physicochemical processes affecting
groundwater quality in the studied hospitals.
The strong correlations between these measured
variables indicate that they were affected by the
same environmental factors. Weak but
statistically significant positive correlations (r =
0.1781-0.5211, p<0.01) was observed between
EC, turbidity, hardness, fluoride, nitrate, and
phosphate. In addition, a weak negative but
statistically significant correlation was found
between pH and fluoride (r=-0.0611—0.1158, p
<0.01), and a weak negative correlation between
ammonia and chloride (r=-0.15125, p <0.01).

Quality

Seasonal  Variation in  Water
Parameters in Hail Public Hospitals

A seasonal analysis was conducted to
examine the quality of groundwater stored in
hospital tanks across the Hail region, as
presented in Table 6. This analysis aimed to
identify variations in the physical and
chemical characteristics of groundwater
across the four seasons (winter, spring,
summer, and autumn) based on data collected
over the four-year period. Seasonal variations
in groundwater quality are expected in arid
regions such as Hail due to changes in
temperature, evaporation rates, rainfall
patterns, and groundwater recharge. Higher
temperatures during summer can enhance
evaporation, leading to  increased
concentration of dissolved salts and ions,
while cooler conditions in winter and spring
may promote dilution effects and more stable
water quality conditions. In addition,
variations in water demand, storage duration,
and operational practices within hospital
water systems may further contribute to
seasonal fluctuations in measured parameters.
The seasonal reports of water quality
parameters in Hail public hospitals revealed
noticeable variations across the four seasons.

In winter, the pH level was 7.154, indicating a
near-neutral to slightly alkaline condition.
TDS measured 229.30 mg/L, and EC was
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463.50 puS/cm, both reflecting a moderate
level of dissolved salts. Turbidity was low
(0.150 NTU), indicating clear water, while
total hardness was 72.98 mg/L, suggesting
moderately hard water. Ammonia (0.020
mg/L), fluoride (0.45 mg/L), nitrate (2.00
mg/L), nitrite (0.008 mg/L), phosphate (0.15
mg/Ll), and chloride (8235 mg/lL)
concentrations were all within acceptable
limits.

During spring, the pH increased to 7.645, with
a decline in TDS (189.77 mg/L) and EC
(37526 uS/cm), indicating lower ionic
content. Turbidity rose slightly to 0.194 NTU,
while total hardness decreased to 64.65 mg/L.
Nitrate (2.76 mg/L) and nitrite (0.017 mg/L)
levels increased slightly compared with
winter, but remained within permissible
levels. Fluoride (0.51 mg/L) and phosphate
(0.25 mg/L) also showed moderate levels,
while chloride was recorded at 73.10 mg/L.
In summer, TDS peaked at 316.55 mg/L and
EC at 589.11 uS/cm, likely due to increased
evaporation and concentration of dissolved
ions. Turbidity was low (0.058 NTU),
indicating highly transparent water, and total
hardness reached its highest level (136.83
mg/L), suggesting hard water. Ammonia
(0.008 mg/L), fluoride (0.20 mg/L), nitrate
(1.06 mg/l), and nitrite (0.008 mg/L)
concentrations were the lowest across the
year, while phosphate was minimal (0.02
mg/L). Chloride also reached its lowest level
in summer (49.02 mg/L).

In autumn, pH was 7.190, while TDS (245.08
mg/L) and EC (494.38 uS/cm) remained at
moderate levels. Turbidity reached its lowest
level (0.023 NTU), reflecting excellent visual
clarity, while total hardness also dropped to its
lowest point (50.50 mg/L), indicating soft
water. Fluoride reached its highest value (0.66
mg/L), and phosphate also increased (0.30
mg/L), possibly due to changes in water
source or environmental runoff. Although
chloride concentrations are commonly
expected to peak during summer due to
evaporation effects, the highest chloride level
in this study was observed during autumn.
This variation does not indicate a data entry
error but may be attributed to changes in
groundwater flow dynamics and water
management practices within  hospital

systems. Seasonal recharge following late
summer rainfall, mixing of groundwater from
different sources, or operational factors such
as tank cleaning, refilling cycles, or changes in
storage duration may contribute to localized
increases in chloride concentrations during
autumn. Similar deviations from typical
seasonal patterns have been reported in
groundwater  systems influenced by
operational and infrastructural factors rather
than climatic conditions alone. Ammonia
(0.020 mg/L), nitrate (2.50 mg/L), and nitrite
(0.012 mg/L) remained within safe limits.
Chloride concentration was highest in autumn
(106.80 mg/L), though still below the
permissible threshold (250 mg/L).

DISCUSSION

The results of the study revealed that the
majority of groundwater samples collected
from Hail public hospitals between 2021 and
2024 fell within the recommended limits set
by national and international drinking water
standards. This finding aligns with previous
studies, such as that of Alotaibi & Alghamdi
(2022), who demonstrated the effectiveness of
water quality monitoring systems in Saudi
healthcare facilities and their compliance with
established  health  and  regulatory
requirements [20].

However, significant variations in water
quality were observed between the different
hospitals as well as across seasons, indicating
the influence of diverse environmental and
climatic factors, in addition to variations in the
efficiency of internal water treatment and
storage systems. These seasonal changes were
expected, as previous environmental studies
have linked elevated temperatures with
increased  evaporation and  higher
concentrations of total dissolved solids (TDS)
in groundwater [21].

Hospital 4 and Hospital 5 exhibited higher
levels of critical parameters, including TDS,
electrical conductivity (EC), and total
hardness—particularly during the summer
months. These fluctuations may be attributed
to ageing water infrastructure, elevated
evaporation rates, or reduced efficiency in
treatment and storage systems. These findings
underscore the urgent need for regular
maintenance and ongoing technical upgrades
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in these facilities to prevent water quality
deterioration. This is supported by research
indicating that ageing infrastructure increases
the risk of water contamination in healthcare
settings [20].

In contrast, Hospital 1, Hospital 2, and
Hospital 3 maintained stable and satisfactory
water quality levels, which may reflect the
implementation of more effective water
management practices or the presence of
newer infrastructure. This highlights the
importance of investing in modern equipment
and effective water systems to ensure the
safety of water used in healthcare, aligning
with global recommendations for the
prevention of waterborne  healthcare-
associated infections [22].

The results indicate that groundwater quality
in most public hospitals in Hail City was
generally acceptable, with more than 70% of
the samples classified as excellent. This
reflects the effectiveness of existing water
management and monitoring practices in
many facilities. However, the occurrence of
samples classified as good or lower highlights
the need for specific corrective actions. These
include regular inspection and maintenance of
water storage tanks, upgrading treatment and
filtration systems where elevated TDS, EC, or
total hardness levels were observed, and
implementing  season-specific monitoring
programs, particularly during summer
months. In addition, strengthening internal
water distribution management and ensuring
a timely response to deviations from
acceptable limits are recommended to
maintain consistent water quality and support
safe healthcare services.

Limitations & Recommendations

This study relies on data extracted from
previous reports without conducting direct
field sampling, which may affect the overall
accuracy of the water quality assessment.
Moreover, these reports did not include
biological or microbiological analyses, which
are essential components for evaluating water
safety in hospital environments.

Additionally, the number of water samples
was unequal across the different hospitals,
which represents a significant limitation and
may affect the generalisability of the findings

when comparing water quality between
facilities. The water samples were also
collected from various departments within
each hospital and by different public health
specialists, which may have introduced
variability in sampling methods and affected
result consistency. Therefore, future studies
should adopt a standardized sampling
protocol implemented by a single, unified
team, with balanced sample numbers across
hospitals, and incorporate more
comprehensive analyses to fully assess these
critical aspects.

CONCLUSION

This study highlights the critical importance
of assessing water quality in public hospitals
as a fundamental component of ensuring a
safe and healthy environment for patients and
healthcare staff. Applying the water quality
index (WQI) methodology, a comprehensive
analysis ~ was  conducted of  the
physicochemical properties of groundwater
sources in hospitals across Hail City from
2021 to 2024. The findings revealed that the
majority of samples complied with both
national and international  standards,
indicating the effectiveness of current
monitoring systems and adherence to
regulatory requirements.

However, the noticeable variations in water
quality between hospitals and across seasons
reflect operational and environmental
challenges that may compromise water
safety—particularly in facilities with ageing
infrastructure or inadequate treatment and
storage systems. These gaps underscore the
need to strengthen water management
practices in healthcare institutions through
preventive maintenance, continuous
infrastructure upgrades, and strict adherence
to regular monitoring protocols.

Furthermore, the WQI proved to be a reliable
and efficient analytical tool, capable of
translating complex water quality data into a
simplified numerical value that supports
informed decision-making. This study
emphasizes the importance of ongoing
research in this area and recommends
expanding the scope of assessments to include
microbiological and health-related indicators,
thereby enhancing water safety in healthcare
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facilities and contributing to the overall
improvement of healthcare service quality.
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APPENDIX

Table 1. Relative weight (Wi) for each water quality parameter and the Saudi Arabian Standards
Organization (SASO) [17] and World Health Organization (WHO) [18] standards for drinking
water (maximum permissible limit).

Parameters Ideal Values Relative Weight WHO and SASO
(Vo) (Wi) Standards*
PH 7 0.02197336514 8.5
TDS (mg/L) 0 0.0002668194339 700
EC (uS/cm) 0 0.0006225786791 300%*
Turbidity (NTU) 0 0.03735472074 5
Total hardness 0 0.0006225786791 300
(mg/L)
Ammonia(mg/L) 0 0.001556446698 0.5
Fluoride (mg/L) 0 0.1245157358 1.5
Nitrate(mg/L as N) 0 0.003735472074 50
Nitrite(mg/L) 0 0.3735472074 3
Phosphate(mg/L) 0 0.06225786791 0.5
Chloride (mg/L) 0 0.3735472074 250
> Wi=1

* The value of 300 uS/cm was adopted as a reference threshold based on commonly used practical
classifications for low-salinity drinking water and for comparative WQI calculation purposes. Official
WHO and SASO guidelines do not specify a strict health-based limit for EC; therefore, this value was
selected to ensure consistency in index computation and comparison across samples. Moreover,
Elevated EC values were therefore not compared against an official WHO/SASO health-based standard,
but were evaluated relative to the study’s selected reference value to allow consistency in WQI
computation and comparative assessment across hospitals and time periods.
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Table 2. Water quality classification based on WQI values.

Water Class

Type of Water WQI Value Range

II

I

v

Excellent
Good
Poor

Very poor

Unsuitable

<25

26-50

51-75

76-100

>100
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Table 3. Descriptive statistics of measured parameters in groundwater samples collected from Hail public hospitals over a four-year period, in addition to

Average and SD.

Year | Parameters Hospital 1 Hospital 2 Hospital 3 Hospital 4 Hospital 5
Min | Max | Mean SD Min Max | Mean | SD Max | Mean SD Min | Max | Mean SD Min | Max Mean SD
2021 pH 748 83 7.89 0.580 - - - - - - 6.6 832 7.244 0.7305 7 7 7 0
TDS 1.64 138 | 69.82 | 96421 - - - - - - 8135 | 1942 | 123834 | 75948 | 38.73 | 682.8 | 360.765 | 455426
EC 37 285 | 144.35 | 198.909 - - - - - - 724 | 405.6 | 257.08 | 157323 | 823 1357 | 719.65 | 901.349
Turbidity 0 0.5 0.25 0.354 - - - - - - 0 03 0.198 0.1225 0 0 0 0
Total 0 27 135 19.091 - - - - - - 1.98 534 | 29.882 | 24.8961 0 135.6 67.8 95.884
hardness
Ammonia 002 | 002 0.02 0 - - - - - - 0 0.09 0.03 0.03741 0 0.01 0.005 0.007
Fluoride 016 | 027 | 0215 0.078 - - - - - - 0.17 1.1 0.516 04154 | 097 1.22 1.095 0.177
Nitrate 0.7 38 225 2.192 - - - - - - 0.8 3.8 2.36 1.2621 1.6 29 225 0919
Nitrite 0.005 | 0.013 | 0.009 | 0.0056 - - - - - - 0004 | 001 | 00062 | 00030 | 0013 | 0016 | 0.0145 0.002
Phosphate 007 | 027 0.17 0.1414 - - - - - - 0.15 0.28 0.218 0.0593 0.2 031 0.255 0.078
Chloride 42 56.8 305 | 37.1938 - - - - - - 1817 | 568 | 39734 | 193941 | 159 | 2783 147.1 185.545
2022 pH 714 | 7.14 7.14 0 - - - - - - 6.67 | 1021 | 7.883 2016 64 74 6.9 0.707
TDS 2144 | 2144 | 2144 0 - - - - - - 71.13 | 203.6 | 118693 | 73.709 | 40.1 | 7658 | 40295 | 513.147
EC 468.5 | 4685 | 468.5 0 - - - - - - 1479 | 422.1 | 246.766 | 15226 | 83.8 1517 8004 | 101342
Turbidity 0 0 0 0 - - - - - - 0 0 0 0 0 0 0 0
Total 36 36 36 0 - - - - - - 0 49.5 21.5 25.382 8 160 84 107.48
hardness
Ammonia 001 | 001 0.01 0 - - - - - - 0 0.11 | 0.0433 0.059 0 0 0 0
Fluoride 156 | 1.56 1.56 0 - - - - - - 0 0.53 | 0.1766 0.306 0.66 0.73 0.695 0.049
Nitrate 1.9 1.9 1.9 0 - - - - - - 1 4.7 2.5 1.947 1.1 321 2.155 1491
Nitrite 003 | 003 0.03 0 - - - - - - 0.008 | 0.071 | 0.0296 0.036 | 0007 | 0.008 | 0.0075 | 0.0007
Phosphate 0 0 0 0 - - - - - - 0.15 1.16 | 0.5433 0.541 0.14 0.26 02 0.0849
Chloride 852 | 852 852 0 - - - - - - 315 73.8 | 46.766 | 23476 17 305 161 203.647
2023 pH 817 | 817 8.17 0 7.6 7.6 7.6 0 - - 7 7 7 0 7 7.2 7.1 0.141
TDS 209.7 | 209.7 | 209.7 0 166 166 166 0 - - 0.59 0.59 0.59 0 2.11 746 | 374.055 | 526.010
EC 4359 | 4359 | 4359 0 3477 | 3477 | 3477 | O - - 1.33 1.33 1.33 0 4.58 1498 | 751.29 | 1056.01
Turbidity 0.09 | 0.09 0.09 0 0.61 0.61 0.61 0 - - 0.09 0.09 0.09 0 0.06 0.38 0.22 0.226
Total 6146 | 6146 | 6146 0 50.6 50.6 50.6 0 - - 0 0 0 0 038 | 259.8 1299 | 183.706
hardness
Ammonia 001 | 001 0.01 0 0.03 0.03 0.03 0 - - 0 0 0 0 0 0 0 0
Fluoride 0.17 | 0.17 0.17 0 0.16 0.16 0.16 0 - - 0.06 0.06 0.06 0 0.09 1.06 0.575 0.686
Nitrate 42 42 42 0 3.6 3.6 3.6 0 - - 0.5 0.5 0.5 0 04 24 14 1414
Nitrite 0.009 | 0.009 | 0.009 0 0.01 0.01 0.01 0 - - 0.006 | 0.006 | 0.006 0 0.007 | 0012 | 0.0095 0.004
Phosphate 038 | 038 0.38 0 0.06 0.06 0.06 0 - - 0.02 0.02 0.02 0 0.02 0.29 0.155 0.191
Chloride 114 114 114 0 73 73 73 0 - - 0 0 0 0 2 248 125 173.948
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2024 pH 7.8 7.8 7.8 0 6.5 6.5 6.5 0 735 7.7 7.525 0.247 6.7 85 7.6 1273 73 7.7 7.5 0.283
TDS 214 214 214 0 2999 | 2999 | 2999 0 398 | 3916 | 197.79 | 274.089 | 67.67 | 289.1 | 178385 | 156.575 | 20.1 | 9422 | 481.15 | 652.023
EC 464 464 464 0 4441 | 4441 | 4441 0 625 | 569.2 | 287.725 | 398.066 | 1432 | 6184 | 380.8 | 336.017 | 39.8 | 18663 | 933.15 | 1291.53
Turbidity | 034 | 034 | 034 0 0.185 | 0.185 | 0185 | 0 | 0103 | 0.136 | 0.1195 | 0.0233 0 |ol62]| 0081 | 0115 | 0 0 0 0
Total 1121 | 1121 | 1121 0 14633 | 14633 | 14633 | 0O 264 | 1479 | 8715 85913 | 110.09 | 1829 | 146495 | 51484 | 1443 | 367.1 2557 | 157.543
hardness
Ammonia 001 | 0.01 0.01 0 0.01 0.01 0.01 0 0 0 0 0 0.02 0.03 0.025 0.007 0 0.01 0.005 0.007
Fluoride 04 | 04 | 04 0 0 0 0 0 | 0 [ 066 033 | 0467 | 021 | 057 | 039 | 0255 | 0 | 072 | 036 | 0509
Nitrate 2.6 2.6 2.6 0 3 3 3 0 1.6 2.7 2.15 0.778 1.2 42 2.7 2.121 0 0.01 0.005 0.007
Nitrite 0.006 | 0.006 | 0.006 0 0014 | 0014 | 0014 | 0 | 001 | 0013 | 00115 | 0002 | 0007 | 0.012 | 00095 | 0.004 | 0006 | 0.007 | 0.0065 | 0.001
Phosphate 0.09 | 0.09 0.09 0 0 0 0 0 0.02 | 0.03 0.025 0.007 0.08 0.24 0.16 0.113 0 0 0 0
Chioride 20 | 20 20 0 200 | 210 | 210 | 0 | 04 | 124 | 622 | 87398 | 1211 | 209 | 110555 | 139222 | 109 | 196 | 1525 | 6.152
Note: The dash symbol (—) indicates that no water sample analysis was conducted for the hospital during that specific year.
Table 4. Chemical analysis of water at Hospital 4 in 2021, according to WQIL.
Parameters Tanker Desalination Station Service Build
PH 7.1 6.6 7.6
TDS (mg/L) 161.8 34.5 179.6
EC (uS/em) 334.5 724 370.6
Turbidity (NTU) 0.3 0.2 0.3
Total hardness (mg/L) 37.6 1.98 5148
Ammonia(mg/L) 0 0.02
Fluoride (mg/L) 0.22 0.17 0.81
Nitrate(mg/L as N) 2.8 0.8 3.1
Nitrite(mg/L) 0.004 0.004 0.004
Phosphate(mg/L) 0.15 0.18 0.28
Chloride (mg/L) 56.8 18.17 522
WQI 13.54 14.47 3041
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Table 5. Correlation factor matrix for water samples collected from Hail public hospitals, Saudi Arabia.

Parameters PH TDS EC Turbidity Hardness Ammonia Fluoride Nitrate Nitrite Phosphate Chloride
PH 1

TDS 0.025308 1

EC -0.0078 0.725389 1

Turbidity ~ 0.07243  0.0333 0.17139 1

Hardness 0.038243  0.850255 0.466033  0.045113 1

Ammonia  0.701359  -0.17815 -0.15056  0.020923 -0.19949 1

Fluoride -0.0611 0.462841 0.4729 -0.09472 0.266995  -0.02653 1

Nitrate 0.107238  0.217299 0.521175 0.452371 0.059334  0.084696 0.215939 1

Nitrite 0.618191  -0.0542 0.010296 -0.16743 -0.14799 0.64933 0.039164  -0.06132 1

Phosphate  -0.11581  0.033097 0.205041 -0.07775 -0.12254 -0.01586 0.127014  0.545398 -0.03796 1
Chloride -0.00719  0.707914 0.921835  0.099904 0.507595  -0.15125 0.349067  0.539352 0.041742  0.142738 1
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Table 6. Approximate seasonal values of the average concentrations of elements during the study period.

Parameters Winter Spring Summer Autumn
PH 7.154 7.645 7.500 7.190
TDS (mg/L) 229.30 189.77 316.55 245.08
EC (uS/cm) 463.50 375.26 589.11 494.38
Turbidity (NTU) 0.150 0.194 0.058 0.023
Total hardness (mg/L) 72.98 64.65 136.83 50.50
Ammonia(mg/L) 0.020 0.020 0.008 0.020
Fluoride (mg/L) 0.45 0.51 0.20 0.66
Nitrate(mg/L as N) 2.00 2.76 1.06 2.50
Nitrite(mg/L) 0.008 0.017 0.008 0.012
Phosphate(mg/L) 0.15 0.25 0.02 0.30
Chloride (mg/L) 82.35 73.10 49.02 106.80
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