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ABSTRACT

Water is an essential need for humans and consumed as drinking water
after fulfilling the health requirement in the Republic of Indonesia
Minister of Health Regulation No0.492/Menkes/Per/I\V//2010. Due to
the increasing demand, there are currently many refilled drinking
water stores as an economical and practical alternative way to people.
However, their safety still needs to be tested in the laboratory. This
condition is impractical so that it needs a portable measuring
instrument especially based on the TDS sensor that can measure the
total dissolved solids (TDS) and electrical conductivity (EC) at once,
which determines the taste and safety of the water. TDS sensor
calibration at 80.5 to 966 ppm shows a 93.4% accuracy; 99.8%
precision and 1.3 ppm hysteresis. In comparison, EC calibration at
161 to 1932 microsiemens/cm produces an average of 82.3%
accuracy, 97.1% precision, and 1.0 microsiemens/cm hysteresis. This
prototype is then employed to measure the water sample and
determine its safety to consume and observed a decreasing trend of
TDS and EC (194.1 ppm and 388.2 microsiemens/cm) as compared
to the water spring sample (20.2 ppm and 402.3 microsiemens/cm).
The prototype also has a Bluetooth module that enabling the remote
observation on a cell phone without the presence of a telephone
network.
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INTRODUCTION

Water is a critical need for all living things, including humans [1]. To humans, water is used
in various activities starting from a basic need such as for drinking, cooking, and washing [2]
to other needs such as for agriculture [3], industry [4], electricity [5], and others [6]. Amongst
all these needs, the most important is for drinking water, since the human body consists mostly
of water [7,8]. This need is generally fulfilled in two ways, i.e. (i) boiling the groundwater and
tap water, and (ii) by the direct drinking water such as bottled drinking water and refilled
drinking water depots [2,7]. Increasing pollution of the groundwater and the river has made
this water less safe to be used as a raw material of drinking water [9,10]. Therefore, the need
for direct drinking water motivates the emergence of various drinking water businesses, such
as bottled drinking water (BDW) and refilled drinking water (RDW) [2,7,9]. However, the
high price of bottled drinking water drives people to seek more affordable drinking water,
namely RDW [2,7-9]. The RDW is one type of water that can be drunk directly without having
to be cooked first, because it has been processed through several stages such as ultraviolet
irradiation, ozonation, and reverse osmosis [2,11].

Despite its practicality, RDW’s quality is still widely doubted. This is due to several things
such as the lack of standardization in the regulation of water treatment processes, the quality
of raw water, hygiene and sanitation of the depot, type of processing processes, types of
equipment, and their maintenance such as filters that are rarely replaced, expired of the passed
certificate of the water quality laboratory test, the behavior of the depot officer who has no
awareness to clean and healthy living behavior [2,7-9]. Under these conditions, the produced
RDW may become a dangerous risk to the health because of the contamination of pathogenic
bacteria [7-9,11] and high concentrations of several heavy metals [12,13]. Therefore, to ensure
its safety, the RDW must be measured its quality in a laboratory and compared the results with
the health requirements of drinking water as regulated by Permenkes Number
492/Menkes/Per/IVV/2010. Nevertheless, this method is, of course, ineffective and inefficient
considering a large number of depots to be inspected [1,2,7-9,11-13] and the testing frequency,
which must be held at least once a month for physical and microbiological parameters, and
every six months for chemical parameters according to regulations [8]. Therefore, a measuring
tool that can measure the quality of drinking water in a short time can be a solution to this
problem. One of the critical parameters of drinking water quality is the total dissolved solids
(TDS) because it affects the taste and safety of water to drink [14-17]. The high value of TDS
may cause poisoning, discomfort in the sense of taste organ, and nausea [14,15].

Measurement of TDS is generally performed by a TDS sensor that principally works based on
the conductivity [14-16,18] and the optical properties of the solution [19,20]. The TDS
measuring instrument with the principle of conductivity is worked by dipping two probes into
the measured solution. The electrical signal, which is proportional to the conductivity of the
solution, is converted into a TDS value through a linear equation and conditioning its electrical
signal against the TDS input [14-16]. At the same time, the TDS measuring devices with the
optical principle is worked by measuring the turbidity voltage value of an electrolyzed water
sample that is passed between the receiver and transmitter [19,20]. TDS measuring devices
with the principle of conductivity measurement were observed with smaller measurement
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errors of 1.1% to 5.2% [14-16] as compared to the optical TDS measuring devices made with
error ranges of 1% to 22.6% [19,20]. Also, the TDS measuring instrument with optical
measurements is impractical because water samples must be electrolyzed to precipitate
dissolved ions to be observed as turbidity [19,20]. Then, measuring TDS with the principle of
conductivity is considered to be more comfortable because it can measure TDS directly on
water samples [14-16], including for the remote monitoring of the water sample’s quality
directly by sending an SMS [16]. Also, an intelligent, 10T based water quality monitoring
system was developed by employing a pH and TDS sensor [21]. However, in these devices,
sending data takes a long time and still requires a telephone network or an internet network
[16,21] that making it less practical. One of the device communication methods that does not
require a telephone network connection and its transmission time is fast enough is Bluetooth
[22]. Therefore, in this study, a measuring instrument prototype for TDS and electrical
conductivity (EC) will be assembled because the sensor used in this study is working with the
conductivity principle [14,16,18]. This prototype also can send the measurement results
without the need for cellular phone networks through a Bluetooth module, and its sensor will
be tested with a standard solution because the previous studies calibrated the sensor without
the standard solution [14-16,19,20]. This prototype instrument is then employed to test the
RDW samples in the field.

METHOD

This research is carried out in three stages, i.e., the assembling of the prototype for measuring
the quality of refilled drinking water, testing of the prototype, and measuring of RDW samples
in the field. The prototype is assembled from several components such as an on/off switch,
9 V battery, TDS sensor, RTC module, Arduino Uno, LED indicators, LCD, Bluetooth
module, and smartphone. These components are arranged according to the prototype block
diagram, as shown in FIGURE 1 (a). The working principle of this prototype measures the
TDS and EC values from samples solution as an analog signal with a TDS sensor [23] that
will be converted into a digital signal with an Analog TDS Module [23]. Subsequently, these
digital signals are processed by a microcontroller (Arduino Uno) [20], and the results are
shown in an LCD, LED indicators, and smartphone sent by a Bluetooth module [22]. These
results consist of TDS value, EC value, and time obtained from the RTC digital module [24].

The second step is testing the prototype with TDS and EC standards solution. The standard
solution of TDS that is utilized in this work is the TDS standard solution of 6440 ppm, which
is diluted to 5 (five) levels of TDS concentration, i.e., 80.5 ppm; 161 ppm, 322 ppm; 644 ppm,
and 966 ppm. In EC testing, the standard solution used is the EC standard solution of 5446
pS/cm, which is diluted into five standard levels of EC concentration, i.e., 161 uS/cm, 322
uS/cm, 644 uS/cm, 1288 uS/cm, and 1932 puS/cm. Then, testing of the prototype measurement
characteristics is performed by measuring the TDS value of each standard solution as many as
30 times in the increasing and decreasing test conditions, so that the linearity, accuracy,
precision, and hysteresis values of the sensor can be determined from the change in input TDS
value. Then, in the same way, the measurement characteristics of the prototype sensor are
tested against the changes in the input of EC value in each EC standard solution. Then, in the
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third stage, the prototype is employed to measure the value of TDS and EC in the field i.e., the
sample of refilled drinking water and raw water source for refill depots in the North Cimabhi
region.

‘ RTCModule LED
‘ , | Indicator |
‘OnIOffSwitch 1
" Bluetooth | '
o Ardumo Uno - I\:IJ:d?J?e lodie | ‘ m ‘
‘ Battery OV
) ‘ LCD 204 ‘ v
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FIGURE 1. Prototype of measuring instrument for refilled drinking water: (a) block diagram of design, and (b)
assembled result.

RESULT AND DISCUSSION

The result of the assembled prototype for measuring the quality of refilled drinking water is
shown in FIGURE 1 (b). On the front of the prototype, there are three parts, i.e., an LCD,
LED indicators, and an on/off switch button, while on the side of the prototype, there isa TDS
sensor port which connects to a TDS sensor for measuring the TDS and EC values of the
sample. The LCD shows several data values such as the TDS, EC, the output voltage from the
sensor, and the date and time of the measurement. Whereas the LED indicator, consisting of
three colors, namely green, yellow and red, is adjusted to the safety requirements of drinking
water samples according to the TDS value regulated in Permenkes RI Number
492/Menkes/Per/I\VV/2010. Therefore, the meaning of those indicators is related to the drinking
water quality, i.e., the red for very bad quality, the yellow for good quality, and the green for
very good quality. The prototype is also portable, that powered with a battery equipped with
an on/off switch button, to facilitate the measurement of the sample in the field.

The first results are the testing results of the prototype on measuring five standards TDS
solution in the concentration range of 80.5 ppm to 966 ppm. As shown in TABLE 1, the results
show that the prototype is capable of indicating the closer values to the TDS standard value
[25] as observed from the overall accuracy average of 93.8% and the accuracy values of
82.28% to 98.1% calculated from the average value of the accuracy of upward and downward
measurement at each measurement point. While in a precision term, the prototype can perform
a reasonably consistent measurement when measured with the same TDS standard solution
with an average precision value of 99.8%. Those results are consistent with the previous
studies [15,16]. Also, by comparing the RSD value of 0.05%, which is much smaller than the
2/3 CV Horwitz value of 4.5%, this prototype is validated to have a high degree of precision
[25]. Furthermore, by observing many similar values in the result at the same TDS value
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during the upward and downward measurement, this prototype yields a hysteresis value of 1.3
ppm or 0.13% of the highest TDS standard value. With this small hysteresis value, the
prototype exhibits a pretty good measurement performance [26].

TABLE 1. Testing results of the prototype using TDS standards solution.
TDS

Standard Upward Downward RSD (%) 23 CY Accuracy  Precision  Hysteresis
. measurement ~ measurement Horwit
Solution (ppm) (ppm) 7 (%) (%) (%) (ppm)
(ppm) pp pp
80.5 94.3 94.3 4.6x10% 54 82.8 100 0
161 179.7 177.0 0.3 4.9 90.0 99.2 2.7
322 319.9 319.9 54x10* 4.5 99.3 100 0
644 653.7 653.7 3.5x10* 4.0 98.5 100 0
966 949.8 946.2 3.1x101* 3.8 98.1 100 3.7
Average 0.05 4.5 93.8 99.8 1.3

The second results are the testing results of the prototype on measuring five standards of
electrical conductivity (EC) solution in the concentration range of 161 uS/cm to 1932 uS/cm.
Even though EC is not specifically regulated in Permenkes RI No. 492/Menkes /Per/1\V/2010,
the high value of EC may cause water to become brackish until salty [27]. Unlike the previous
TDS measurement results, the EC measurement results are less close to the standard EC
solution values with an average accuracy from the whole measurement point is 82.3%. This is
due to the SEN0244 sensor as the prototype sensor previously used as a TDS sensor, even
though its working principle is measuring the level of EC between two parallel iron bars in the
solution [28]. Therefore, the measured value of EC from the prototype is not the main indicator
of the safety of the refilled drinking water sample under the regulation of The Minister of
Health. Despite that, the prototype still shows fairly enough performance in terms of precision
and hysteresis [25,26]. In terms of precision, the average RSD value of 0.8% is still far smaller
than the average value of 2/3 CV Horwitz of 4.0%, so that the prototype is validated to have a
high degree of precision [25]. Whereas in terms of hysteresis, the prototype can generate
similar EC values when measured the same EC standard solution, both in upward and
downward measurement conditions, with a hysteresis value of 1 uS/cm or 0.05% from the
highest standard EC value. This hysteresis value also shows that the prototype performance is
good enough [26].

TABLE 2. Testing results of the prototype using EC standards solution.
EC

Upward Downward RSD 2/3CV . .
Standard o . Accuracy Precision  Hysteresis
. Measurement ~ Measurement (%) Horwitz o N

Solution (uS/cm) (uS/em) (%) (%) (%) (uS/cm)
(uS/em) M K

161 207.8 207.7 0.7 4.8 73.7 97.3 0.1

322 395.5 395.1 0.4 43 78.8 98.4 0.5

644 695.7 690.8 2.1 4.0 98.6 93.4 4.8
1288 1564.6 1567.3 0.4 3.5 80.0 98.5 -2.7
1932 2350.7 2348.2 0.6 3.3 80.4 98.8 2.5
Average 0.8 4.0 82.3 97.1 1.0
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To analyze further the hysterical characteristic, the measurement values in ascending and
descending conditions in TABLE 1 and TABLE 2 are plotted against the concentration of the
standard solution, and the results are shown in FIGURE 3. These two conditions yield
measurement points that are very close to each other so that they generate two linear regression
results lines, which are almost overlapped on the TDS measurement (FIGURE 3 (a)) and the
EC measurement (FIGURE 3 (b)). These findings are consistent with the results of previous
calculations, which show the prototype hysteresis in the measurement of TDS and EC are good
enough [26]. In addition, FIGURE 3 also produces a linearity regression correlation coefficient
(R) that indicate a quite strong relationship between input and output, written as R = 0.9997
for TDS (FIGURE 3 (a)) and R = 0.9988 for EC (FIGURE 3 (b) ) [29,26].
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FIGURE 3. Graphs of upward and downward measurements of standard solutions: (a) TDS dan (b) EC.

Based on the previous results on TDS and EC tests that are reasonably good, the prototype is
then employed to measure the quality of refilled drinking water samples in the field. The
samples tested are refilled drinking water and raw water sources from the North Cimahi region.
The measurement results are shown in FIGURE 4. As shown in this figure, the TDS and EC
values of raw water decrease respectively from 201.2 ppm to 194.1 ppm (FIGURE 4 (a)) and
402.3 to 388.3 uS/cm (FIGURE 4 (b)) when processed in a refilled drinking water depot.
Although the decrease of the two parameters is relatively small, these samples are still suitable
as raw water and refilled drinking water based on the prevailing Health Minister Regulation.
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FIGURE 4. Measurement results of the field samples: (a) TDS values, dan (b) EC values.

This prototype employs an LCD, LED, and Bluetooth to display the measurement results. As
shown in FIGURE 5 (a), the data displayed on the LCD consists of voltage (V), TDS (ppm),
EC (uS/cm) values, date, and time of measurement. The three different LED colors serve as a
safety indicator for drinking water samples based on a range of TDS values , namely green (0
to 299 ppm), yellow (300 ppm to 499 ppm), and red (500 ppm to 1000 ppm). As shown in
FIGURE 5 (a), the green LED light is consistent with the designed range of TDS values.
Therefore, it can be stated that the prototype can measure the sample and indicate the safety
of the water sample consistently under the prevailing Health Minister Regulation. To support
the monitoring of drinking water samples wirelessly, the prototype was then tested for a
connection with a Smartphone using the Bluetooth module. As a result, after one second, TDS,
EC, and voltage values, which are shown in the LCD screen, can be sent and displayed on the
Smartphone screen, as shown in FIGURE 5 (b).

PROTOTIFPE

PENGUKURAN
KUALTITTAS AITR
MINUM

DAFTAR PERANGKAT PUTUSKAN HUBUNGAN

TERKONEKS

(a) (b)
FIGURE 5. Prototype data displays : (a) LCD screen with LED indicator and (b) Smartphone screen connected
by a Bluetooth Module.
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CONCLUSION

A prototype of refilled drinking water quality measuring instrument has been successfully
made that can measure the value of TDS and EC from water samples and determine the safety
of the water as indicated by the LED light according to the TDS value, and also the
measurement results can be acquired to a Smartphone through a Bluetooth module. Test results
with standard TDS solutions show the prototype has quite good performance with an accuracy
of 93.8%; 99.8% precision, and hysteresis 1.3 ppm. While the results of testing with the EC
standard solutions, the prototype showed a fair performance with an accuracy of 82.3%, 97.1%
precision, and hysteresis of 1.0 uS/cm. With this performance, the prototype is then employed
to measure several samples in the field, namely raw water and refilled drinking water samples
from the North Cimahi region. As a result, the two samples have TDS and EC values below
the regulated threshold, to indicate that the samples are safe to drink. Also, the prototype can
send data wirelessly to Smartphones via a Bluetooth module within a very short time.
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