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Graphical abstract Abstract

Drinking water quality monitoring is compulsory in order to ensure that it does
not pose any harm to the public health. Water fluoridation is aimed to
Water Fluoridation in Water Treatment Plant provide sufficient amount of fluoride in the drinking water for the consumer
G NagSiF, . dental health benefit. In this study, EPANET software was used to model the
@ @ water distribution network from a specific water treatment plant and later to
oridated simulafte the hydraulic and water quality analysis for the system. From the
weter e L simulation and modeling of the water distribution network, the hydraulic
RN E) Delivery of Fluoride in water simulation and water quality behavior for fluoride concentration of each
nodes and links in the drinking water distribution network were found to
@ change over fime following the drinking water distribution segment. From
(a) 5 the hydraulic simulation, especially for head and flow at a particular point in
fime, it consists of simultaneous solution of flow equivalence for every
Drinking Water Distribution System junction and headloss relationship in every link of network as a result of
hydraulic balancing. In the water distribution network, every pipe in a
network made up a single segment, where the water quality was
proportional to its initial quality set at the starting node. In conclusion, the
hydraulic status of the physical and non-physical components of the water
distribution network found to have a significant impact on the fluoride
content of drinking water.
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Abstrak

Pemantauan kualiti air minum adalah perlu bagi memastikan ianya tidak
mendatangkan bahaya kepada kesihatan awam. Fluoridasi  air
dilaksanakan bertujuan untuk menyediakan kandungan fluorida yang
mencukupi di dalam air minuman bagi manfaat kesihatan gigi pengguna.
Dalam kajian ini, perisian EPANET digunakan untuk memodelkan rangkaian
pengedaran air dari loji rawatan air tertentu dan kemudiannya
mensimulasikan analisis kualiti hidraulik dan air untuk sistem. Daripada
simulasi dan permodelan yang dibuat ke atas jaringan agihan air fersebut,
simulasi hidraulik dan tingkah laku kualiti air untuk kepekatan fluorida setiap
nod dan pautan dalom rangkaian pengedaran air minum didapati
berubah dari masa ke masa mengikuti segmen pengedaran air minum. Dari
simulasi hidraulik, terutama untuk aliran kepala dan aliran pada titik waktu
tertentu, ia terdiri daripada penyelesaian kesetaraan aliran serentak untuk
setiap hubungan persimpangan dan kehilangan kepala di sefiap pautan
rangkaian akibat pengimbangan hidraulik. Dalam rangkaian pengedaran
air, sefiap paip dalam jaringan terdiri dari segmen tunggal, di mana kualifi
air sama dengan kudliti awal yang ditetapkan pada nod permulaan.
Kesimpulannya, status hidraulik komponen fizikal dan bukan fizikal bagi
rangkaian pengedaran air didapati mempunyai kesan yang signifikan
terhadap kandungan air minum berfluorida.

Kata kunci: Rangkaian agihan, kepekatan fluorida, rawatan air, simulasi
hidraulik, EPANET
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1.0 INTRODUCTION

Water is vital for everyday life processes as it is
necessary in industrial, urban sanitation, agriculture
and so on [1]. Water is also very important for human
because it functions as the main component of
building block for the human body. Thus, water can
be the major medium to improve the degree of
public  health. Controlled community water
fluoridation bears a major responsibility in enhancing
oral health and it has been marked as one of the
greatest advances of public health interventions in
the 20th century as it plays vital role in caries
prevention [2-4]. Water fluoridation is the most
economical and effective way of delivering fluoride
to the community as it involves administration of
fluoride info municipal  water  supply at
recommended level to benefit the consumer
through consumption.

Fluoride plays important role in the development of
resistance fo caries by stabilizing the apatite crystal
of the dental enamel, making it more acid-resistant
and results in remineralization of the enamel [5].
Conversely, exposure to high fluoride concentrations
can cause hard tissue deformities, namely dental
and skeletal fluorosis [6]. World Health Organization
(WHO) has recommended an international guideline
for daily fluoride consumption of maximum 1.5 mg/L.
However, WHO also recommended that the local
conditions should be considered as in term of the
climate, water consumption and diet [7-9]. As the
public health initiative to combat dental caries,
Malaysia has arfificially fluoridated the public water
supply a rate of 0.7 mg/L in early 1972. However, the

fluoride level was reviewed to 0.5 mg/L in 2004
following the studies done on fluorosis among school
children in Malaysia and it is mainly due to availability
of alternative sources of fluoride in the country. Thus,
the standard accepted in the National Guidelines for
Drinking Water Quality was set at 0.4 mg/L to 0.6
mg/L effective in 2005 [10, 11].

Fluoride is also naturally available halogen
component and the composition vary widely in soil,
water, plants, animals and food. Fluoridation is one of
the final measures in water treatment systems. Unlike
other treatment, fluoridation does not treat the
water, however it involves addition of fluoride into the
water supply at recommended level to benefit the
consumer through consumption. Previous study on
fluoride concentratfion in drinking water system in
Malaysia have been done in 2009. The study
reported on a low fluoride concentration in the
drinking water retrieved from several states in
Malaysia including Melaka which resulted in
susceptibility to fluoride related diseases [12]. The
mean fluoride level for Melaka were recorded
around 0.34 mg/L, which was slightly lower
compared to the level recommended by Malaysia
health authority of 0.4 to 0.6 mg/L. Meanwhile in a
more recent study by Azlan et al. [13, 14], the
presence of fluoride with various other minerals and
heavy metals in Malaysian tap water namely sodium,
magnesium, potassium, calcium, chromium,
manganese, iron, nickel, copper, zinc, arsenic,
cadmium and lead while the non-metal components
were fluoride, chloride, nitrate and sulphate were
identified. However, the values for most of the
components were just said to be below the
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maximum  permitted levels recommended by
international drinking water standard limits. No
specific results were presented for the fluoride
concentration reported. Thus, a proper fluoride
monitoring system should be established in order to
overcome this problem to ensure sufficient fluoride is
being delivered to the consumer.

Worldwide drinking water utilities «also face
challenges in providing good quality and safe water
to their consumers as significant water quality
changes can occur within drinking water distribution
systems due to several reason such as contamination
and reaction of components available in the water.
Contfinuous  water  fluoridation  process  will
continuously adjust the amount of fluoride in the
water to meet the recommended level. In water
distribution  system,  constant  monitoring  of
fluoridation equipment as well as maintenance of
fluoride concentration within the recommended
values is necessary and difficult to be achieved due
to the chemical characteristic of the fluoride.
Fluoride is highly reactive where it will actively react
to the inorganic component such as mineral and
heavy metal available in the water [15]. This will
cause variation in the fluoride concentration reading
along the water distribution system. Meanwhile,
variation in fluoride concentration in relation to its
dosing planning and operational process in public
water supply in different cities/countries in the world
has been scarcely reported [16-18].

Precise prediction of fluoride concentration may
be difficult fo obtain in specific locations of the whole
distribution system just like the chlorine concentration,
because of the complexity of water distribution
system and uncertainty of its reactivity. However,
modelling this parameter in distribution system is
necessary, in order to ensure high quality drinking
water is delivered to consumers [19] Numerical
models have been used to analyse water quality in
the distribution systems. A Water CAD Haestad
software for hydraulic model of the network was
carried out backed with field data and tests to
check the main parameters of concern of the model
for calibration and further use for future extension of
the network [20]. Meanwhile, water supply and
wastewater system modelling used WaterMet2
software program as it has the capability to build a
new Urban Water System (UWS) model using
navigational devices [21]. Monteiro et al. (2014)
discussed the use of EPANET MSX (Multi-Species
Extension), that is an extension of the standard
hydraulic modelling software EPANET. This software
enables the user to define the chemical reactions
that are the most relevant to describe various
reactions in water. The modeling of fluoride
concentration in water supply systems is of great
importance in supplying optimum fluoride in water as
per regulated [22]. Craig et al. (2018) through their
flow model of high fluoridated water supplied to the
consumers found that the concentration of fluoride
reduced upon having watfer blockage in the

distribution process [23]. Cardona et al. (2018)
reported that fluoride in water reduces due to
precipitation of high cationic sources such as Ca?* in
water to form CaFz [24]. Furthermore, no other study
has ever reported on the hydraulic simulation of the
fluoride concentration from water freatment plant
(WTP) to distribution system in comparison with the
measured concentrafion.

Therefore, the water quality for  fluoride
concentration in a distribution system is necessarily
required fo be investigated and simulated for
identifying its hydraulic behavior. In this study,
hydraulic simulation and water quality analysis were
model for fluoride concentration in the drinking water
distribution system. A specific WTP in Melaka,
Malaysia with its dedicated distribution route was
chosen for the model study using EPANET software.
The results were compared with the measured
concentration at the specific sampling points.

2.0 METHODOLOGY

Study Area

This research was conducted on a drinking water
distribution system in Melaka, Malaysia. One of the
Water Treatment Plant (WTP) in the state of Melaka
and its 24 km water distribution system was chosen as
the studied area. The source of water supply for the
area of study comes from the nearby main river and
dam. The raw water from the river flowed through the
pipeline installed into the WTP. The WTP used several
processing stages namely coagulation, flocculation,
sedimentation, filtration, disinfection and fluoridation.
The treated water was artificially fluoridated to adjust
the fluoride  concentration o the level
recommended by the local authority. The purpose of
this addition is to promote oral health of the
community and to combat the fluoride related
diseases such as dental caries [25]. High purity
sodium silicofluoride (Na2SiFs) was used as fluoridating
agent in this WTP. The time of the research was from
March and April 2019. Figure 1 shows the stages of
the research.

Data Collection

In this study, there are two types of data collected
which are the primary data and secondary data.
Primary data was obtained directly from the water
distribution system by measuring the fluoride
concenftration at the nodes in the water distribution
system. Meanwhile, the secondary data was
obtained through the data that has been collected
by other parties related to the problems of this study,
namely natural fluoride levels in raw untreated water
and average annual maximum temperature of the
study site. Other supporting secondary data such as
procurement data of sodium silicofluoride (Naa2SiFs),
average daily drinking water production, and data



196 Rosiah Rohani et al. / Jurnal Teknologi (Sciences & Engineering) 83:6 (2021) 193-201

on physical component as well as non-physical
components of the drinking water distribution system
were also collected. The physical components of the
drinking water distribution system consist of junctions,
reservoir, tank, pipe and valve. Meanwhile, the non-
physical components of the drinking water
distribution system consist of the demand pattern
and the pump curve.

Physical component data | | Non-physical component data

Input:
- Pipe number

- Upstream node

« Downstream node

Input:
- Pump curve
- Demand pattern

« Pipe length (m)

- Pipe diameter (mm)
Link - Pipe roughness
- Flow (CMD)

- Velocity (m/s)

» Unit headloss (m/km)

- Friction factor Output:

- Reaction rate —> - Flow rate (CMH)

- Status «  Headloss (m'km)
Node Input: Output: )

« Node number > =« Node quality (mg/L)

+ X coordinate - Pipe quality (mg/L)

« Y coordinate

« Elevation (m)

- Demand (CMD)

+ Head (m)
- Pressure
- Initial Quality (mg/L)

Figure 1 Research Stages

Sampling Protocol

Water samples were collected weekly between
March and April 2019 from the 7 sampling points
(refer Figure 2 and Table 3 for detail). A total of 56
water samples were taken from fluoride dosing tank
(point 1) till sampling points at site (point 2 - 7). The
volume of the water collected was 60 mL per
sample. Polyethylene bottles were used for the
collection of water samples which had been
thoroughly washed and rinsed by using deionized
water to avoid any concealed pollutants. At
sampling point location, the sampling pipe was
flushed for about 3 to 5 minutes af maximum flow
prior to sample collection. This is to allow fresh
distributed water is collected in the sampling bottle
instead of the water that was trapped in the
sampling pipe. The flow rate was reduced before the
samples was taken. In-situ test was done for pH,
turbidity and chlorine residue. Water samples were
then kept in Coolman box, filled with cool ice pack
with temperature between 2 °C to 8 °C for storage
before testing. Ex-situ testing inclusive of fluoride test
was conducted following  spectrophotometry
technique. Method of testing is presented in the
Water Sample Characterization section below.

Water Sample Characterization

Fluoride  concentration was identfified  using
spectrophotometry technique. The samples came

from the collected samples from sampling point at
the WTP distribution system (WDS). These collected
samples were analyzed within 24 hours from the
sampling date using SPADNS 2 method 10225 on a
direct reading DR3900 specfrophotometer (HACH,
Colorado, United States). This method involves
reaction of fluoride with red zirconium-dye solution,
where fluoride combines with part of the zirconium to
form a colourless complex that bleaches the red
colour in an amount proportional tfo the fluoride
concentration. This method is equivalent to the EPA
method for NPDES and NPDWR reporting purposes
when the samples have been distiled. The
measurement wavelength is 580 nm for the
spectrophotometer (HACH Method 10225). All
samples were run in triplicate.

Hydraulic Model & Simulation Using EPANET

The simulafion of hydraulic and water quality
behavior in term of fluoride concentration of the
chosen water distribution system was performed
using EPANET software. EPANET 20 is a free
downloaded software program developed by the US
Environment Protection Agency (EPA) that is widely
used to model water distribution systems. The
software delivers information on both analyses within
pressurized pipe networks at a certain span of time.
The distribution network was made up of multiple
component that linked together as one. The
component includes pipes, nodes, pumps, valves,
tanks as well as the reservoir. In general, the software
can frace the flow of water, pressure of each node,
water level in the tank and the concentration of
chemical along the water distribution system. Other
than that, water age and source tracing can also be
simulated by using this software, thus promotes the
understanding in water movement and fate of
drinking water content in the distribution network
especially fluoride that is measured in this study [26].
The modelling fechniques involves several stages.
Firstly, the network image of the drinking water
distribution system was created in the EPANET
software by connecting and numbering the nodes
and links. The direction of water flow was visually
deftermined within the network and the model input
data properties was filled in accordance to the input
table. The analytical method used in this research
was the hydraulic and water quality analysis model,
in which the model provided a configuration of
fluoride traces in the existing pipeline network known
from the as-built drawing. This method follows the
passage of a water segment in a pipeline network
known as the Lagrangian method with used of
EPANET software. In other words, the position of the
segment changes according to the changes in the
position of the water were observed. In this method,
the number of segments was independent with the
fime step, while the length of segment in the middle
that was not directly related to the node as it was
fixed throughout the simulation. The length of
segment which was directly related to the node
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change depending on the movement of the other
segments [27].

Meanwhile the component of water distribution
network can be divided into two type which are the
physical component and the non-physical
component (refer Figure 1 for detail). The physical
components of the distribution network consist of
junctions, reservoirs, tanks, pipes, pump, and valve.
Junction is the point on the network where lines
meet, and water enters or leaves the network. The
basic input for junction includes the elevation in
meters (m), base demand in cubic meter hour
(m3/hr)  and initial  water quality for fluoride
concenfration in units of milligram per liter (mg/L).
The computation result for every junction was the
water quality.

3.0 RESULTS AND DISCUSSION
Hydraulic Simulation

The simulation of drinking water distribution network
for the studied area was described as a collection of
several links and nodes as illustrated in Figure 2. The
links represent the piping, pump and valve while the
nodes represent the junction, reservoirs and tanks.
There were 29 number of junctions in the drinking
water distribution system of the studied area as
depicted in Figure 2. The reservoir is in the form of
water storage and it represents as an external source
that continuously flows into the network as the water
source described in Table 1. Tanks were provided
with the capacity data, where the basic input
includes elevation, tank diameter, water level
(maximum and minimum) and water quality af initial
level (mg/L). The volume of water stored in the tank
may vary with time during the simulation. The data for
tank for the drinking water distribution network system
was described in Table 1. The demand for each tank
varies over time as shown in Figure 3. Besides the
demand, the pressure was also required for each
tank in both Bkt Senandong and Bkt Bulat according
to the changes over fime, so that water can enter
the distribution network and meet the base demand
of each node in the drinking water distribution
system. The results can be seen in Figure 4. Based on
the geographical contour of the two nodes’ location
(referred to Bukit Senandong and Bukit Bulat Tank) as
well as the used pipe properties installed in both
nodes, it is believed that this factor could influence
the pressure values and demands over time. This is
supported by the information presented in Table 1
that indicated the difference in the elevation of both
tanks location. In order to ensure that water can
enter the distribution system all the time, external
pump has been installed in the distribution system
from CWT to Bukit Senandong Tank. Thus, more water
pressure can be supplied to the system for a
continuous water flow. Meanwhile, at the Bukit Bulat
Tank, no pumping system has been used, means

water flows to the dedicated industrial area via
gravimetry. This therefore has resulted in a flow
pressure for Bukit Bulat node compared with the one
boosted by an external pump at the Bukit
Senandong node. Furthermore, after the Bukit Bulat
Tank, water flows undergo tortuous piping system,
which further influence the pressure difference as
shown in Figure 4. This explained the different in the
pressure observed from the EPANET for both nodes.

- BKT BULAT
SRO Bkt. Bulat

SRO Sunpower

. BKTSENANDONGB2
SRO Bkt. Senandong B2
CivTIWer)

Pump BI
Source: CWT Bertam WTP

Figure 2 Drinking water distribution system in Melaka,
Malaysia

Table 1 Reservoir and fank in drinking water distribution
system in Melaka, Malaysia

Elevation Base Initial
Node ID (m) Demand Quality
(CMH) (mg/L)

CWT Weir 0 NA 0.6
Bukit 87.7 NA 0.6
Senandong
Tank
Bukit Bulat Tank 69.7 NA 0.6

*NA= Not Applicable

On the other hands, there are 17 pipelines in the
drinking water distribution network system of the
studied area, where all pipes are full of water at all
fimes, and the pipeline is always open. The basic
input for the pipe in the EPANET is basically of the
data on the start and end of the nodes, pipe length
(m), pipe diameter (mm), the pipe roughness
coefficient using the Hazen-Wiliams coefficient with
open initial status. The output for pipes includes the
flow rate in units of cubic meter hour (m3/hr), flow
velocity in units of meter per second (m/s), headloss
(m/km) and friction factor from Hazen-Wiliams
formula. There were 13 valves used in the drinking
water distribution network system of the studied area
and the output calculated are the flow rate, velocity
and headloss. The loss of hydraulic pressure was due
to the water flow in the pipe and the presence of
pipe friction factor, which was calculated using the
Hazen-Williams formula. The basic input for the valve
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consists of the start and the end nodes, diameter,
valve type, setting and the active status condition.

Demand for Selected Nodes

40000
30000 _—p
- LJ,J\_J,—J H{r“‘/\-hﬂ"""/\ W\V——J\_U. W\f

10000 — Node BKT SENANDONGB2

— Node BKT BUlat

-10000

-20000
™ FW 1
-30000 b A A

Demand (CMD)
o

-40000
0

50 100 150 200 250
Time (hours)
Figure 3 Demand for tanks over time
40 Pressure for Selected Nodes
’ g

50
T 40
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o

20
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Q 50 100 150 200 250

Time (hours)

Figure 4 Pressure for tanks over time

Table 2 Time pattern associated to demand

Time Period Multiplier Time Period Multiplier
1 1.0 13 1.22
2 1.13 14 1.05
3 1.13 15 0.76
4 1.25 16 0.77
5 1.25 17 0.77
6 1.30 18 0.78
7 0.18 19 0.86
8 0.14 20 1.04
9 0.14 21 1.03
10 1.09 22 1.06
11 1.19 23 1.04
12 1.21 24 1.31

The non-physical component for this study was the
fime pattern and pump curve. A fime paftern is a
collection of multipliers that can be applied to a
quantity to allow it to vary over time. Nodal
demands, reservoir heads, pump schedules, and
water quality source inputs can all have time
patterns associated with them. The time interval used
in all patterns is a fixed value, set with the project's
fime opftions. Within this interval the quantity remains
at a constant level, equal to the product of its
nominal value and the pattern's multiplier for that
time period. Although all time patterns must utilize the
same time interval, each can have a different

number of periods. When the simulation clock
exceeds the number of periods in a pattern, the
pattern wraps around fto its first period again. In this
study, pump curve was also supplied as pump was
used in the distribution network due to the difference
in elevation of the nodes. A pump curve represents
the relationship between the head and flow rate that
a pump can deliver at its nominal speed sefting.
Global multiplier was applied to all demands to
make total system consumption vary up or down by
a fixed amount. For examples 2.0 doubles all
demands, 0.5 halves them, and 1.0 leaves them as it
is. The time pattern associated to demand for each
fime interval are presented in Table 2. The time
pattern curve obtained in this study was in
accordance with the multiplier for each hour.

The water quality time steps are typically much
shorter than the hydraulic time step (e.g., minutes
rather than hours) to accommodate the short times
of travel that can occur within pipes. As fime
progresses, the size of the most upstream segment in
one link increases as water enters the link while an
equal loss in size of the most downstream segment
occurs as water leaves the link. The size of the
segments in between these remains unchanged. For
each water quality time step, the contents of each
segment are subjected to reaction, a cumulative
account is kept of the ftotal mass and flow volume
entering each node, and the positions of the
segments are updated. EPANET can frack the
development or decay of substances in reactions
that travel through the water distribution network. In
order to do this, it requires the rate of the reaction of
the substance. The reaction can occur between the
bulk flow and the material along the pipe wall.
However, for fluoride concentration in the distribution
network, the no reaction kinetic model was used
where CL = 0 and Kb = 0, which mean it was not
influenced by the bulk reaction as well as the wall
reaction [28].

The simulation results studied for water quality
analysis was the fluoride concentration (mg/L)
against velocity (m/s). Figure 5 shows the result of
simulatfion at 12th hour, while Figure 6 at 24th hour of
the simulation period. Hydraulic simulation results and
water quality analysis for fluoride concentration at
each nodes and links for the drinking water
distribution network of the studied area can be
stated to change at any change of time, following
drinking water distribution segment. Based on the
simulation results of the content of each segment in
the water distribution network, the water quality can
change depending on each node as well as the
position of the segment. It is known that the solutions
for head and flow at particular points in time involves
simultaneous solving of the conservation of flow
equation for each junction, and the headloss
relationship across each link on the network as a
result of hydraulic balancing.
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BKT BULAT Day 1, 12:00 AM

A . Fluoride
SRO Bkt. Bulat 1020
0.40
0.60
0.80
mg/L

4 ° Velocity
0.01
o 0.10

1.00
SRO Sunpower ! 200

m/s

¥a BKT SENANDONGB2

> SRO Bkt. Senandong B2

Pump BI1
Source: CWT Bertam WTP

Figure 5 Simulation result for hydraulic and fluoride
concenfration at 12th hour

" SRO Bkt. Bulat

KT BULAT

- Fluoride

0.20
0.40
0.60
0.80
mg/L

° Velocity
0.01
0.10
1.00
2.00
m/s

o o BKTSENANDONGE?

SRO Sunpower

SRO Bkt. Senandong B2

Pump BI
Source: CWT Bertam WTP

Figure 6 Simulation result for hydraulic and fluoride
concenfration at 24th hour

The method tracks the concentration and size of a
series of non-overlapping segments of water that
filed each links of the network. Each pipe in the
network contains a single segment where water
quality was proportional to the initial quality set af the
starting node. The water quality for fluoride
concenfration in the drinking water distribution
network system in the studied area was highly
influenced by hydraulic status both by physical
components and non-physical components. This may
relate to the status of physical components such as
the junction, the reservoir whether it was closed or
open, the tank whether it was emptied or filled, pipe
whether it was open or close, and as well as the
valve status whether it was close or active at any
time interval. Likewise, the non-physical components
may also affect the quality of the water, where the
time pattern for demand affect the changes in flow,
velocity, unit headloss, friction factor and reaction

rate of each physical component over a period of
fime.

Fluoride Concentration In The Network

Table 3 shows the comparison in the fluoride
concentration at different simulation period. At 12th
hours, the fluoride concentration varied widely
especially af the downstream segments and nodes. It
can be seen that the concentration was as low as
0.14 mg/L at the junction Sunpower which was too
low compared to the level recommended by the
local authority (0.4 to 0.6 mg/L). This may occur due
fo unstable fluoride concenfration in the distribution
system. In general, a water distribution network
requires around 24 hours to stabilize. At 24th hours,
the concentration of fluoride started to stabilize
around 0.55 to 0.60 mg/L for every node. As in term of
velocity of the water flow, the velocity increases as
the water move along the water distribution network
from the nodes with high elevation to the nodes with
a low elevation and vice versa. The velocity of water
flow was also affected by the diameter and the type
of pipe used in the network.

Table 3 Concentration of fluoride in the water distribution
network

Concentration of  Concentration of

No. Node Fluoride at 12 Fluoride at 24
hours (mg/L) hours (mg/L)
1 Reservoir 0.60 0.60
2 Junction 4 0.60 0.60
3 Bukit 0.6 0.60
Senandong
Tank
4 Junction 3 0.58 0.60
5 Bukit Bulat 0.41 0.58
Tank
6 Junction 11 0.25 0.55
7 Junction 0.14 0.55
Sunpower

Calibration & Validation

To further justify the validity of the simulation results,
the concentration of fluoride of the selected nodes in
the water distribution system were also measured
and compared with the value simulated by the
EPANET software. Figure 7 shows the comparison of
the fluoride concentration deftermined by both
measured and simulated methods. From the values,
the percentage of error calculated for the fluoride
concentration of every selected node were around
the average of 0.61 mg/L. The lowest difference was
at 1.6% while the highest at 21%. The highest
percentage of error value difference was observed
for the node 6 which shows that there was a mild
spike of the measured fluoride concentration of
above 0.6 mg/L (the limit set by the MOH of
Malaysia). The difference in the measured value was
probably due to the fluctuation in the fluoride dosing
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or lower water production during the sampling
period. However, the fluoride concenfration may
change upon reaction with other components in the
water, either through hydrolysis fo form free fluoride
and silica or via dissociation to form silicon
tefrafluoride, as suggested by Copeland (2016) [29].
The slight increase in the concentration does not
affect much as the obtained values were sfill far
below the guidelines set by the World Health
Organization (WHO) of which the safe use of fluoride
concentration at 1.5 mg/L and below. Meanwhile
upon comparing the measured concentrafion with
the simulated result, the values at every node were
rather acceptable. The average concenfration
obtained from the simulation was at 0.59+0.01 mg/L
while the measured concentration average at
0.61+0.02 mg/L only. A slight decrease in the
simulated value was probably due to the reaction of
fluoride with other inorganic elements in water to
form complexes with polyvalent cations [30] as well
as other factors such as temperature, types of pipe
materials, pipe ages and others that have been input
in the simulation [31], as expected. This result
indicated that the difference in the results is
insignificant and still within allowable limit.

0.8 7 BConcentration of fluoride simulkated from the model
0.7 4 @Concentration of fluoride measured at WDS
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Figure 7 Comparison of fluoride concentrafion in water
distribution system (WDS) at different sampling points

4.0 CONCLUSION

In conclusion, the hydraulic simulation and water
quality analysis results for fluoride concentratfion at
each nodes and links in the drinking water distribution
system for the studied area shows that it changes at
any time changes, following the water distribution
segment. The fluoride concentration was strongly
influenced by hydraulic status of the physical and the
non-physical component of the water distribution
network. Thus, any changes in the physical and non-
physical component of the drinking water distribution
system in the studied area will require the updates of
data in order to ensure the accuracy of the
fluoridation process. Validation of the simulated
results with the measured fluoride concentration
confirmed that the model is acceptable based on
the minimum error value obtained between them.

This suggests that contfinuous monitoring of fluoride
concentration in the distribution network by the
water provider is necessary in order to provide safe
drinking water to the consumer efficiently in
accordance to the laws and regulations.
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