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Abstract: This study focuses on evaluating the spatiotemporal variations in water quality across
a potable water distribution network in D City, South Korea, spanning from a reservoir to a large
consumer’s tap. Utilizing water quality sensors installed at strategic points (the reservoir, District
Metered Area inlet, consumer inlet, tank outlet, and tap), this research observes real-time changes in
parameters such as chlorine concentration, turbidity, temperature, pH, and electrical conductivity. The
investigation, conducted from 25 January 2024 to 4 February 2024, identifies significant trends such
as the gradual decrease in chlorine concentration with distance and time, an increase in turbidity and
temperature towards the consumer end, and variations in electrical conductivity. These observations
suggest that there is an influence of pipe material interactions, water stagnation, and usage patterns
on water quality. This study contributes to understanding the dynamic nature of tap water’s quality,
highlighting the need for continuous monitoring and research to manage water quality effectively in
urban distribution networks.

Keywords: water quality; spatiotemporal variations; chlorine concentration; turbidity; potable
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1. Introduction

As society progresses, there is a growing interest in public health, with tap water
quality emerging as a significant concern due to its impact on consumers. The quality of
tap water undergoes changes as it is processed at treatment plants and delivered to users’
taps through reservoirs. However, specific trends in water quality changes during this
process have not been fully determined. Several studies have attempted to address this
issue. Mengstie [1] investigated the behavior of parameters such as turbidity, electrical
conductivity (EC), temperature, pH, and residual chlorine from a reservoir to a tap in
Hawassa, a city in Ethiopia with a potable water network. This study revealed changes
in water composition and identified correlations between various factors and distance.
Similarly, Semerjian [2] assessed changes in water quality from a main water pipe to a
tap and obtained results comparable to those of Mengstie [1]. However, these studies
have limitations, as they only examined specific points and times, making it challenging to
understand the detailed daily variations in water quality from the reservoir to the consumer.

To address these limitations, water quality sensors were installed at five points in an
actual water distribution network: the reservoir, District Metered Area (DMA) inlet point,
consumer inlet point, tank outlet point, and tap. These sensors observed the changes over
time in six parameters: flow rate, chlorine (Cl), turbidity, pH, electrical conductivity, and
temperature. This study aimed to examine the changes in water quality associated with the
movement of tap water.
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2. Method

The study sites were a reservoir located in D city, South Korea, and a single large
consumer receiving potable water from this reservoir. Figure 1 is an overview diagram
showing the potable water network and the location of each testing point.
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Figure 1. Overview of a potable water distribution network in D City , illustrating key points: (A) 
Reservoir at approximately 96 m altitude supplying water to several blocks, including the DMA; 
(B) Water inlet of the DMA located 4.89 km from the reservoir; (C) Major consumer located 2 km 
from the DMA inlet with a building tank on the first underground floor; (D) Real-time tap water 
outflow measurement point downstream of the tank; (E) Tap located in a restroom on the first 
floor. 

Point A is a reservoir located at an altitude of approximately 96 m, supplying tap 
water to several medium-sized blocks, including the District Metered Area (DMA) in-
volved in this study. The pipes from the reservoir to the DMA have an average diameter 
of 1730 mm and are entirely made of steel. Point B is the water inlet of the aforementioned 
DMA, positioned at the beginning of the DMA, which receives tap water from the reser-
voir, making it the area that receives water most rapidly. It is located approximately 4.89 
km away from the reservoir and serves 594 consumers. Point C, a significant water con-
sumer, is situated approximately 2 km from the DMA’s inlet. The supply pipeline for this 
consumer has a diameter of 100 mm and is made of polyethylene. The building spans two 
underground floors and four above-ground floors. At Point C, a tank on the first under-
ground floor supplies tap water, excluding firewater, to the entire building. All tap water 
used in the building passes through this tank. Point D is located immediately downstream 
of the tank, where the tap water outflow is measured in real time. The tank dimensions 
are approximately 9 × 7 × 3 (LWH) m, with the water level maintained at approximately 2 
m. The building has four floors, and tap water is pumped from the underground to higher 
floors through pumps installed at the rear end of the tank. Point E, the tap, is situated in 
a restroom on the first floor, with the floor height between the underground first floor and 
the ground floor being approximately 5 m. 

To investigate changes in water composition and correlations between different fac-
tors according to the distance traveled, flow meters and water quality sensors were in-
stalled at each location to collect real-time data. The data collection period was from 25 
January 2024 to 4 February 2024. Data at the reservoir and DMA were collected at 5 min 
intervals, whereas data at the large consumer inlet, tank outlet, and tap locations were 
collected at 1 min intervals. The measured parameters were chlorine (Cl), turbidity, pH, 
electrical conductivity, temperature, and flow rate, with the electrical conductivity and 
flow rate measurements omitted at the reservoir and tap locations, respectively. 

Figure 1. Overview of a potable water distribution network in D City, illustrating key points: (A)
Reservoir at approximately 96 m altitude supplying water to several blocks, including the DMA; (B)
Water inlet of the DMA located 4.89 km from the reservoir; (C) Major consumer located 2 km from
the DMA inlet with a building tank on the first underground floor; (D) Real-time tap water outflow
measurement point downstream of the tank; (E) Tap located in a restroom on the first floor.

Point A is a reservoir located at an altitude of approximately 96 m, supplying tap water
to several medium-sized blocks, including the District Metered Area (DMA) involved in this
study. The pipes from the reservoir to the DMA have an average diameter of 1730 mm and
are entirely made of steel. Point B is the water inlet of the aforementioned DMA, positioned
at the beginning of the DMA, which receives tap water from the reservoir, making it the
area that receives water most rapidly. It is located approximately 4.89 km away from the
reservoir and serves 594 consumers. Point C, a significant water consumer, is situated
approximately 2 km from the DMA’s inlet. The supply pipeline for this consumer has a
diameter of 100 mm and is made of polyethylene. The building spans two underground
floors and four above-ground floors. At Point C, a tank on the first underground floor
supplies tap water, excluding firewater, to the entire building. All tap water used in the
building passes through this tank. Point D is located immediately downstream of the
tank, where the tap water outflow is measured in real time. The tank dimensions are
approximately 9 × 7 × 3 (LWH) m, with the water level maintained at approximately 2 m.
The building has four floors, and tap water is pumped from the underground to higher
floors through pumps installed at the rear end of the tank. Point E, the tap, is situated in a
restroom on the first floor, with the floor height between the underground first floor and
the ground floor being approximately 5 m.

To investigate changes in water composition and correlations between different factors
according to the distance traveled, flow meters and water quality sensors were installed
at each location to collect real-time data. The data collection period was from 25 January
2024 to 4 February 2024. Data at the reservoir and DMA were collected at 5 min intervals,
whereas data at the large consumer inlet, tank outlet, and tap locations were collected
at 1 min intervals. The measured parameters were chlorine (Cl), turbidity, pH, electrical
conductivity, temperature, and flow rate, with the electrical conductivity and flow rate
measurements omitted at the reservoir and tap locations, respectively.

3. Result

Figure 2 elucidates the time-series variations and Table 1 lists the average values and
standard deviations of the observed water quality parameters at each location.
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As water flowed from point A to point E, the chlorine concentration gradually de-
creased. This reduction likely occurred due to increased contact time with the pipe walls 
as the water traveled further [3,4]. The initial chlorine concentration at point A was 0.59 
mg/L (Table 1). It was observed that the chlorine concentration met the World Health Or-
ganization’s (WHO) guideline of 0.2 to 0.5 mg/L from points B to C. However, when water 
entered and subsequently exited the tank, the concentration fell below the guideline value 
to less than 0.2 mg/L. The distances from A to B and B to C were 4.95 km and 2 km, re-
spectively, which are relatively long, whereas the distances from C to D and D to E were 
less than 200 m, which are relatively short. However, the degree of chlorine concentration 
reduction from C to D and D to E (43.33% and 47.06%, respectively) was greater than that 
observed from A to B and B to C (30.51% and 26.83%, respectively). Studies investigating 
the correlation between water age and chlorine concentration have shown that the chlo-
rine concentration significantly decreases as tap water stagnates [5,6], which is consistent 
with the findings of the present study. 
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Figure 2. Time-series analysis of water quality parameters at key points: (A) Reservoir supplying
water to several blocks, including the DMA; (B) Water inlet of the DMA; (C) Major water consumer
with a building tank; (D) Real-time water outflow measurement point downstream of the tank; (E)
Tap located in a restroom on the first floor.

Table 1. Average values and standard deviations of water quality parameters by location.

A B C D E

Cl (mg/L) 0.59 ± 0.05 0.41 ± 0.05 0.30 ± 0.05 0.17 ± 0.08 0.09 ± 0.03
Turbidity (NTU) 0.05 ± 0.01 0.07 ± 0.01 0.08 ± 0.01 0.22 ± 0.04 0.12 ± 0.02
Temperature (◦C) 5.56 ± 1.17 4.41 ± 0.90 6.30 ± 0.60 9.06 ± 0.29 10.81 ± 0.82

pH 7.26 ± 0.16 7.33 ± 0.08 7.27 ± 0.03 7.20 ± 0.03 7.24 ± 0.03
EC (µs/cm) - 291.97 ± 5.68 312.10 ± 7.77 318.7 ± 5.81 318.14 ± 4.05

Flow rate (m3/h) 7348.37 ± 2240.86 108.95 ± 42.70 2.96 ± 5.96 2.35 ± 6.43 -

As water flowed from point A to point E, the chlorine concentration gradually de-
creased. This reduction likely occurred due to increased contact time with the pipe walls as
the water traveled further [3,4]. The initial chlorine concentration at point A was 0.59 mg/L
(Table 1). It was observed that the chlorine concentration met the World Health Organi-
zation’s (WHO) guideline of 0.2 to 0.5 mg/L from points B to C. However, when water
entered and subsequently exited the tank, the concentration fell below the guideline value
to less than 0.2 mg/L. The distances from A to B and B to C were 4.95 km and 2 km,
respectively, which are relatively long, whereas the distances from C to D and D to E were
less than 200 m, which are relatively short. However, the degree of chlorine concentration
reduction from C to D and D to E (43.33% and 47.06%, respectively) was greater than that
observed from A to B and B to C (30.51% and 26.83%, respectively). Studies investigating
the correlation between water age and chlorine concentration have shown that the chlorine
concentration significantly decreases as tap water stagnates [5,6], which is consistent with
the findings of the present study.

Turbidity also increased from points A to E, except at point D. The turbidity at point E
began to rise from 9 AM on weekdays, when water usage started, and then decreased after
a certain period. This suggests that, similar to the behavior of residual chlorine, internal
turbidity is sensitive to the volume of water used by the building’s occupants. The average
temperature was significantly higher at points D and E, at 9.06 ◦C and 10.81 ◦C respectively,
indicating that the temperature of the tap water increased due to stagnation inside the tank
during weekday evenings and weekends. The highest average pH was observed at point
B (7.33), with the pH gradually increasing from 9 AM to 6 PM at points C, D, and E. The
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lowest average electrical conductivity was recorded at point B (291.97 µS/cm), with the
highest values observed at points D and E (318.7 µS/cm and 318.14 µS/cm, respectively).
This study found that the electrical conductivity values increased as the water moved
from the reservoir to the tap, in contrast to previous studies which have reported varying
results at similar points [1,2,7]. The instantaneous flow rate decreased from points A to
E, with a regular pattern observed at points A and B, regardless of the day of the week.
Conversely, at points C and D, a sharp increase in water usage was noted only during
weekday mornings.

4. Discussion

This study enabled time-series observations of the changes in water parameters at each
location within the study area. The variations in water quality from production to tap water
supply in the distribution network exhibited diverse spatiotemporal patterns depending
on the location they were measured in. Specifically, differences in residual chlorine and
turbidity were observed to be significant due to the decrease in concentration induced by
chemical reactions and the physical behavior of particulate turbidity, respectively. These
findings underscore the need for further research to elucidate the underlying causes of
these disparities.
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