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1. INTRODUCTION

Drinking water is the most important source of life, at the same time, freshwater represents 2.5% of
the whole water around the world [1]-[4]. The disinfection procedure of water is one of the most important
issues for human life. Therefore, scientists studied and found a lot of methods to disinfect water from germs
and bacteria. Some of these methods used chlorine [5], [6], iodine [7], [8] and fluoride [9], [10]. In some
countries, other chemical materials are used [11], [12]. Each method has its advantages and disadvantages.

The major issue is that how to measure the concentration of the chemical material which was added
to the water for disinfection. Especially, these materials have critical dosages depending on the material
itself. The chemicals used for this purpose might be changed into a poisonous material in case of exceeding
the allowable limits recommended in drinking water as per mg/L or even pg/L. Therefore, dealing with these
additive chemical materials should be hardly restricted under supervision by professional staffs with accurate
testing equipment.

For chlorination disinfectants, one of the widely testing methods is based on sampling water to measure
the relative permittivity (€r) of potable water using a vector network analyzer, laptop, and a special probe
immersed into the testing sample to read the permittivity, which is changed in accordance of added chemicals.
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These methods called open-ended coaxial probe method [13], [14]. Another method depends on color testing
equipment (comparator) by adding a special tablet or liquid to the water sample. The color of the sample will
be changed, which indicates that the dosage of chlorine has been added [1].

Compared to the other halogens, chlorine is considered as the preferable and more safe chemical
material to disinfect the drinking water due to the wide range of permissible adding dosage per mg/L. Due to
its pungent odor, its dosage starts from 0.5—1 mg/L as a drinking dosage and from 1.5-3 mg/L as a dosage
for swimming pools [15], [16]. So, the maximum test ratio is 5mg/L for special cases. Moreover, the chlorine
level is considered a poisonous material if it exceeds 8 mg/L [17], [18].

All the well-known measuring methods of chlorine concentration depend on separated water
samples [19]. So, the testing samples are limited numbers per day, time-consuming, and they are not
considered as a real-time method. These three major disadvantages make the conventional testing methods
are dangerous especially the water treatment plant which is working continuously and non-stop. If there is
any unexpected error in the chlorinator instrument used for adding chlorine, this will be considered as a
disaster issue due to the uncertainty of detection for a dosage passed to the consumer. This means a huge
amount of water passed to water network consumers with over/lower dosages of chlorine material.
Especially, the chlorinators are working automatically.

The microwave frequency can be employed to detect the changes in media throw the technique of
using microwave sensor [20]-[23]. These microwave sensors can be worked in contactless method through
sending and receiving wireless frequency to the material under test (MUT). The results depend on analysing
the receiving signals reflected from the MUT. For each tiny changing in the permittivity of the media, the
microwave sensor can detect these changing throw different parameters, such as matching impedance, center
frequency, and gain.

In this work, the desired application requires a sensor that can differentiate very close levels of
permittivity of different water samples, which are varied from (80—-20) according to chlorine dosage added to
the distilled water. Therefore, a microstrip patch sensor (MPS) is designed, simulated using computer
simulation technology-microwave studio (CST-MW) and measured. The proposed design is designed and
optimized to differentiate among multi-close levels of permittivity € varied due to the adding of different
dosages of chlorine to the water. The permittivity is obtained from the real measurement in [24]. According
to the relation between €r and matching impedance S;; [13], the proposed MPS can indicate the chlorine
level with three major advantages. These advantages are working in contactless water samples, real-time
measuring, and can be run continuously. The proposed design has a great match with the results given by [24].
Moreover, it overcomes the conventional measuring methods in terms of continuity in reading, high
accuracy, and no need to destruct the water samples of the test. Furthermore, there is no need to take a
specific size of water to test. Due to flow water testing and the real-time measurement, the important issue is
the tube which is filled with water under test. The MPS results are compared with the measurement results
obtained in [24] in 25°.

2.  SENSOR DESIGN

The sensor is designed with low profile to resonate at 2.94 GHz which is located at the same testing
frequency range of [21]. It can differentiate among different levels concentrations of chlorine in drinking
water; from the permissible concentration to starting of the toxic level. MPS has the same advantages and
disadvantages as microstrip patch antenna (MPA) [25]. According to the desired application, the focus on the
matching impedance (S;,) and the center frequency is more than other parameters of MPS [26].

The MPS is designed and simulated using CST-MW. Choosing the measuring frequency depends on the
application. Accordingly, the designed MPS is optimized to gain the desired application requirement [27], [28].
The sensor has been printed on a single fire retardant (FR-4) layer of 1.53 mm thickness and €r of 4.3 + j 0.025.
In the beginning, the design dimensions depend on the square patch antenna equations, which are well
known. Then, using the optimization technique depending on application requirements [29], the final sensor
shape is finalized. The dimensions and shape of the proposed MPS are illustrated in Figure 1. The substrate
of FR-4 is chosen due to availability and inexpensive. From Figure 1, it can be seen that the sensor design
contains two rectangular shapes of 32.4x16.8 (H x W) in mm. These two shapes support the propagation
field to be directed to the Pyrex tube and reduce the FBR, while the circular shape used for increasing the
bandwidth of the center frequency [30]. Finally, a long-slim rectangular shape in the direction of the feeder is
utilized to increase the sensitivity along with the Pyrex tube. All the dimensions are optimized using CST-MW.
The specification of the designed MPS is shown in Table 1. In the simulation, the perspective view of the
MPS sensor is illustrated in Figure 2. In the parameter study, it is found that the optimum distance between
the MSP and Pyrex tube is 5 cm.
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Figure 1. Proposed MPS dimensions

Figure 2. The perspective view of the simulated design

Table 1. The MPS parameters with Pyrex tube filled with distilled water

The simulation started from the given data in [24]. These data are the real permittivity measured at a
fixed temperature of 25°. Figure 3 shows the MPS response regarding the extracted data from an open-ended
coaxial probe method.
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Figure 3. The S;; vs permittivity of different chlorine dosages ranged from (20—80)
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3. MEASUREMENT

In the measurement, the proposed MPS is implemented using a single layer of FR-4 with a fully
copper ground layer. It is connected to a vector network analyzer (VNA) via SMA of 50 Q connector and a
Pyrex tube is fixed in front of the MPS with a distance of 30 mm. The Pyrex tube connected to flow rate
water source such as water disinfection plant or sub-station disinfection plant as illustrated in Figure 4.
Figure 5(a) shows the patch of the fabricated proposed sensor and Figure 5(b) illustrates the ground layer of

Frequency / GHz

this sensor. The setup used for measuring the S, is illustrated in Figure 6.
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Figure 4. The connection between the MPS and disinfection plant

(@ (b)
Figure 5. Fabricated sensor: (a) sensor patch and (b) GND layer

Figure 6. The measuring setup

4. COMPARISON AND DISCUSSION

In this paper, a comparison was done between simulation and measurement results. The idea is to prove
that the proposed MSP can work properly to find out the dosage of chlorine added to the water. The method
depends on the relation between S, ; and permittivity [31]. The values of permittivity are measured in [24].

The results of measured S;, indicate that the S;, has a good response regarding the chlorine dosages
added to water. This method depends on the S;; value which can be taken directly from VNA and no need
for any kind of software. In Figure 7, a comparison of measured S;; between [24] and this work is shown.
This comparison has proved that the efficiency of using the proposed MPS to find out the chlorine dosage in
water. The practical values of this comparison are listed in Table 2.
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Figure 7. A comparison of measured S, between this work [24]

It can be seen that the two curves in Figure 7 are similar in shapes, due to the relation between
permittivity and S;;. This similarity gives a significant outcome because of the use of S;;, which can
substitute the values of permittivity for measuring chlorine concentration of drinking water. Finally, by using
lookup table, the values of chlorine dosages can be obtained.

Table 2. A comparison between practical results of the proposed method [24]
Chlorine dosage  S;; in[24] (dB) S, in the proposed MPS (dB)

0 30.52 -24.8
1 -30.27 -24.6
2 -29.88 -24.3
3 -29.46 -24.2
4 -29.9 -235
5 -27.86 -22.6
6 -26.56 -22.0

The proposed MPS overcomes the conventional methods of measuring chlorine in drinking water by
three main points. First, it can measure the dosage of chlorine in drinking water continuously (24 hour/daily).
Second, the proposed MPS uses a non-contact method with water. Therefore, there is no effect on the water
sample. Third, chlorine is a chemical material which may affect the testing of the open-ended coaxial probe.
Consequently, it can affect the accuracy of the results. However, in this proposed method, due to the non-contact
test, no effects are occurred on the measurement’s setup and reading’s accuracy.

5. CONCLUSION

Due to the desired application, the proposed antenna with its parameters achieved the main
requirements to find out the chlorine dosage in water with a contactless method. The concept is that the
permittivity of water is changed whenever chlorine is added to the water. According to the relation between
the permittivity and S,;, the choline dosage in water is detected. The importance of this method is the
continuity of measurements for 24 hours daily, with no need to drop out the water sample due to non-additive
chemical material and contactless method. Moreover, it is considered a portable system of measurement. The
measurement results indicate good reliability and it is compared with the data extracted from the open-ended
coaxial probe technique. The outcome results show good agreement with the latter method. This work
indicates that the S;; is a good parameter that can be used to measure the chlorine dosage in drinkable water.

TELKOMNIKA Telecommun Comput El Control, Vol. 21, No. 3, June 2023: 528-534



TELKOMNIKA Telecommun Comput EI Control a 533

REFERENCES

[1] WHO, “Measuring chlorine levels in water,” 2002. [Online]. Available: https://cdn.who.int/media/docs/default-source/wash-
documents/who-tn-11-measuring-chlorine-levels-in-water-supplies.pdf?sfvrsn=616c5e2a_4

[2] Y. Chen and D. Han, “Water quality monitoring in smart city: A pilot project,” Automation in Construction, vol. 89, pp. 307-316,
2018, doi: 10.1016/j.autcon.2018.02.008.

[3] T. Distefano and S. Kelly, “Are we in deep water? Water scarcity and its limits to economic growth,” Ecological Economics, vol. 142,
pp. 130-147, 2017, doi: 10.1016/j.ecolecon.2017.06.019.

[4] B.T.C.Tiuand D. E. Cruz, “An MILP model for optimizing water exchanges in eco-industrial parks considering water quality,”
Resources, Conservation and Recycling, vol. 119, pp. 89-96, 2017, doi: 10.1016/j.resconrec.2016.06.005.

[5] “Chlorides in drinking water,” BMJ Journals, 1989, doi: 10.1136/bmj.1.1938.520-a.

[6] S.-S. Liu et al., “Chlorine disinfection increases both intracellular and extracellular antibiotic resistance genes in a full-scale
wastewater treatment plant,” Water Research, vol. 136, pp. 131-136, 2018, doi: 10.1016/j.watres.2018.02.036.

[71 R. Sayess and D. A. Reckhow, “An improved method for total organic iodine in drinking water,” Water Research, vol. 108,
pp. 250-259, 2017, doi: 10.1016/j.watres.2016.10.079.

[8] I. Abusallout, S. Rahman, and G. Hua, “Effect of temperature and pH on dehalogenation of total organic chlorine, bromine and
iodine in drinking water,” Chemosphere, vol. 187, pp. 11-18, 2017, doi: 10.1016/j.chemosphere.2017.07.149.

[9]1 A. Dhillon, Sapna, B. L. Choudhary, D. Kumar, and S. Prasad, “Excellent disinfection and fluoride removal using bifunctional
nanocomposite,” Chemical Engineering Journal, vol. 337, pp. 193-200, 2018, doi: 10.1016/j.cej.2017.12.030.

[10] S. Dubey, M. Agarwal, and A. B. Gupta, “Recent Developments in Defluoridation of Drinking Water in India,” Environmental
Pollution, vol. 77, pp. 345-356, 2017, doi: 10.1007/978-981-10-5792-2_28.

[11] M. Kumar and A. Puri, “A review of permissible limits of drinking water,” Indian Journal Occupational Environmental
Medicine, vol. 16, no. 1, pp. 4044, 2012, doi: 10.4103/0019-5278.99696.

[12] D. Ghernaout and N. Elboughdiri, “Water Disinfection : Ferrate ( V1) as the Greenest Chemical — A Review,” vol. 3, no. 2, pp. 171-180,
2019. [Online].  Awvailable: https://dlwqtxtslxzle?7.cloudfront.net/61448928/Water_Disinfection_Ferrate\V/I_Greenest_Ghernaout
201920191207-71852-1ehhrld-libre.pdf?1575724370=&response-content-disposition=inline%3B+filename%3DWater_Disinfection_
Ferrate_VI_as_the Gre.pdf&Expires=1675998561&Signature=FIp5IATY IhpwRBHh1W~756 Ay4aCjAdCaM2AEM3Gch5b15vkgXy~
Z30QIbRptdClgwm00W-YEn8qDVVIAwW00DpT2ePg~Nz9Ep38gA21f8zQkIENXoFIgShHhwwPQIljhzgUMG7HEQUACNNUFPwgw~
EHxpVW~e8vWS5tGMuzZP6mQV9gCVOMehWQfcNr~8i4c5QUKI~bHyOcH5Drdz1nagM LCIOSIIEaWyotIW-DVijb-
WWVrK9hS1Y CcXg3nwStN4UGEF3p0t-gWj Y rB94~jYs9H-sB1k LwwfEWOrFO~
rittUBS9wij404k9GARAGQdqlgpBZo3HUOVsk97XNXE-8Kgqw__ &Key-Pair-ld=APKAJLOHF5GGSLRBVA4ZA

[13] Agilent Technologies, “Agilent Basics of Measuring the Dielectric Properties of Materials,” 2006. [Online]. Available:
https://academy.cba.mit.edu/classes/input_devices/meas.pdf

[14] D. M. Abdalhadi, Z. Abbas, A. F. Ahmad, and N. A. Ibrahim, “Determining the complex permittivity of oil palm empty fruit bunch
fibre material by open-ended coaxial probe technique for microwave applications,” BioResources, vol. 12, no. 2, pp. 3976-3991,
2017. [Online]. Available: https:/jtatm.textiles.ncsu.edu/index.php/BioRes/article/view/Biores_12 2 3976 _Abdalhadi_Complex_
Permittivity_Oil_Palm_Fruit_Bunch/5250

[15] H. llyas, I. Masih, and J. P. V. D. Hoek, “Disinfection methods for swimming pool water: Byproduct formation and control,”
Water, vol. 10, no. 6, 2018, doi: 10.3390/w10060797.

[16] M. J. McGuire, Drinking Water Chlorination: a review of US disinfection practices and issues, Washington, DC, USA: American
Chemistry Council, 2018. [Online]. Available: https://Awww.chlorine.org/wp-content/uploads/2022/10/2020-Drinking-Water-Chlorination-
Booklet_FINAL.pdf

[17] WHO, “Antimony in Drinking-water. Background document for development of WHO Guidelines for Drinking-water Quality,”
2003. [Online]. Available: https://cdn.who.int/media/docs/default-source/wash-documents/wash-chemicals/antimony.pdf

[18] A. Branz et al., “Chlorination of drinking water in emergencies: A review of knowledge to develop recommendations for
implementation and research needed,” Practical Action Publishing, vol. 36, no. 1. 2017, doi: 10.3362/1756-3488.2017.002.

[19] A. H. Miry and G. A. Aramice, “Water monitoring and analytic based ThingSpeak,” International Journal of Electrical and
ComputerEngineering (IJECE), vol. 10, no. 4, pp. 3588-3595, 2020, doi: 10.11591/ijece.v10i4.pp3588-3595.

[20] A.S. Mekki, M. N. Hamidon, S. M. Yousif, A. Ismail, and I. H. Hasan, “New Method to Estimate the Permittivity of Dielectric Materials
Using MSPS,” Journal of Superconductivity and Novel Magnetism, vol. 30, pp. 3577-3580, 2017, doi: 10.1007/s10948-016-3841-3.

[21] S. K. Dargar and V. M. Srivastava, “Moisture content investigation in the soil samples using microwave dielectric constant
measurement method,” International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 1, pp. 704-710, 2020,
doi: 10.11591/ijece.v10i1.pp704-710.

[22] P. Jahangiri, M. N.-Moghadasi, B. Ghalamkari, and M. Dousti, “A new planar microwave sensor for fat-measuring of meat based
on SRR and periodic EBG structures,” Sensors Actuators A: Physical, vol. 346, 2022, doi: 10.1016/j.sna.2022.113826.

[23] A. Soltan, R. A. Sadeghzadeh, and S. M.-A.-Nezhad, “Microwave sensor for liquid classification and permittivity estimation of
dielectric materials,” Sensors and Actuators A: Physical, vol. 336, 2022, doi: 10.1016/j.sna.2022.113397.

[24] A. H. Abdelgwad and T. M. Said, “Measured Dielectric permittivity of chlorinated drinking water in the microwave frequency
range,” in 2015 IEEE 15th Mediterranean Microwave Symposium (MMS), 2015, pp. 1-4, doi: 10.1109/MMS.2015.7375497.

[25] I. H. Hasan et al., “YIG Thick Film as Substrate Overlay for Bandwidth Enhancement of Microstrip Patch Antenna,” |IEEE
Access, vol. 6, pp. 32601-32611, 2018, doi: 10.1109/ACCESS.2018.2842749.

[26] R. Garg, P. Bhartia, and A. Ittipiboon, Microstrip Antenna Design Handbook. London: Artech House, 2001. [Online]. Available:
https://lib.ugent.be/en/catalog/rug01:000770034

[27] M. A. Banat and N. L. Dib, “Design of miniaturized patch crossover based on superformula slot shapes,” International Journal of
Electrical and Computer Engineering (IJECE), vol. 12, no. 5, pp. 5145-5152, 2022, doi: 10.11591/ijece.v12i5.pp5145-5152.

[28] K. R. Behera and S. R. Salkuti, “Microstrip antenna optimization using evolutionary algorithms,” IAES International Journal of
Artificial Intelligence, vol. 11, no. 3, pp. 836-842, 2022, doi: 10.11591/ijai.v11.i3.pp836-842.

[29] A. K. Jassim, M. J. Farhan, and F. N. H. Al-Nuaimy, “Enhancement of gain using a multilayer superstrate metasurface cell array with
a microstrip patch antenna,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 24, no. 3, pp. 1564-1570,
2021, doi: 10.11591/ijeecs.v24.i3.pp1564-1570.

[30] D.S. Marotkar and P. Zade, “Bandwidth enhancement of microstrip patch antenna using defected ground structure,” 2016 International
Conference on Electrical, Electronics, and Optimization Techniques (ICEEOT), 2016, doi: 10.1109/ICEEOT.2016.7754978.

[31] K. C. Yaw, “Measurement of Dielectric Material Properties,” Rohde & Schwarz, pp. 1-35, 2012. [Online]. Available:

https://scdn.rohde-schwarz.com/ur/pws/dl_downloads/dl_application/00aps_undefined/RAC-0607-0019 1 5E.pdf

Testing of chlorine dosage in drinking water using microstrip patch sensor (Anwer Sabah Mekki)



ISSN: 1693-6930

BIOGRAPHIES OF AUTHORS

Anwer Sabah Mekki ©© EJ B3 2 was born in Iraq, in 1968. He received B.Sc. degree in
Electronic and Communications Engineering from University of Technology (UOT), Baghdad,
Irag, in 1992. He received Ph.D. degree in Electronic and Communications Engineering-
Sensor Technology from Universiti Putra Malaysia (UPM), Malaysia, in 2016. He has many
published papers and a patent in the field of sensors. Currently, he is the head of Medical
Devices Techniques Engineering Department at Al-Turath University College, Baghdad, Irag.
He can be contacted email: anwer.sabah@turath.edu.ig.

Siba Monther Yousif © £ B8 © was born in Baghdad, Iraqg, in 1970. She received B.Sc.
degree in Electronic and Communications Engineering and M.Sc. degree in Electronics
Engineering from University of Technology, Baghdad, Iraq, in 1992 and 2007, respectively.
She received Ph.D. degree in Electronics Engineering from Universiti Putra Malaysia,
Malaysia, in 2016. She has 12 years of experience in designing and developing electronic
circuits. She joined the staff of the Department of Electronic and Communications Engineering
at Al-Nahrain University, Baghdad, Irag, since 2007. She can be contacted email:
siba.monther.1@nahrainuniv.edu.ig.

Mustafa Mohammed Jawad Abed © Ed 12 was born in Baghdad, Irag, in 1988. He
received the B.Sc. degree in Computer Techniques Engineering from Al-Rafidain University
College, Baghdad, Irag, in 2010. He obtained M.Sc. degree in Electronic Engineering
(Telecommunication System) from Universiti Teknikal Malaysia (UTEM) / Melaka, Malaysia,
in 2018. Currently, he is studying for a Ph.D. degree in Electronic Engineering at Universiti
Teknologi Malaysia (UTM), Johor Bahru, Malaysia. His current research focused on wireless
body area network, frequency-selective surface, and substrate integrated waveguide antennas.
He can be contacted email: mustafa.m.jawad@turath.edu.iqg.

TELKOMNIKA Telecommun Comput El Control, Vol. 21, No. 3, June 2023: 528-534


https://orcid.org/0000-0001-7037-9552
https://scholar.google.com/citations?user=TuQ_Yl0AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=56902445600
https://www.webofscience.com/wos/author/record/32461758
https://orcid.org/0000-0001-9094-5072
https://scholar.google.com/citations?user=UmZpIQsAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57190347817
https://www.webofscience.com/wos/author/record/3268843
https://orcid.org/0000-0002-2704-6872
https://scholar.google.com/citations?user=8GjMZuIAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57215771275
https://www.webofscience.com/wos/author/record/3817242

