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Abstract. The discharge of laundry of laundry wastewater (LWW) into rivers contaminates the
water and exposes it to harmful chemicals present in detergents and fabric softeners. This draws
attention to the need to implement treatment for LWW. This study focused on determining the
ability of ceramic tiles to remove total phosphorus (TP) and chemical oxygen demand (COD)
from commercial LWW. The coarse aggregate of ceramic tile waste (CTW) was used as the
adsorbent. The effectiveness of CTW as an adsorbent to remove TP and COD in LLW was
determined by using different adsorbent dosages, contact times, and shaking speeds in a batch
experiment. LWW samples were collected from the discharged point of commercial laundry
shop. The results revealed that the highest TP removal was 71% with a dosage of 6 g/100 ml
ceramic adsorbent, a contact time of 90 minutes, and a shaking speed of 100 rpm. Meanwhile,
the highest removal of COD was 80% at a dosage of 6 g/100 mL of ceramic adsorbent, a contact
time of 90 minutes, and a shaking speed of 300 rpm. The optimal value of removal for COD 60
mg/L and TP is 1.79 mg/L while pH value is 7.13. Thus, it can be concluded that the CTW
aggregate as an adsorbent was effective in reducing TP and COD from LWW.

1. Introduction

Commercial laundries are among the service industries that consume a lot of water and consequently
produce a large amount of wastewater. LWW exerts detrimental effects on both the environment and
human health if discharge untreated. Studies had found that LWW from washing machines has
significant amounts of nitrogen, phosphate, heavy metals, linear alkylbenzene sulfonates (LAS), volatile
organic acids, and alcoholic chemicals, all of which can have harmful effects on the ecosystem and
biodiversity [1,2,3]. Eutrophication of water bodies is caused by phosphorus content that originated from
various sources of wastewater such as LWW. Thus, various techniques such as biological processes,
physicochemical processes, filtration, and adsorption are used to treat or reuse laundry wastewater to
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remove or minimize these pollutants [4]. Among these techniques, adsorption is a feasible and relatively
inexpensive approach to treat laundry wastewater [5,6]. Adsorption is a simple method to perform, has
a wide pH range and high metal binding capacity [7]. The use of adsorption processes to remove
parameters has attracted much attention in recent years [8].

Currently, the use of waste as adsorbent material has become a research edge which resulted from
the quest of finding a sustainable or green solution that applies the cradle to grave concept. Ceramic
waste is a type of adsorbent that offers many advantages. Clay-based ceramics have high ion exchange
potential and can absorb some anions and cations, which are exchanged for other anions and cations in
aqueous solution [9]. Ceramics can remove impurities, which greatly facilitates the adsorption and
absorption processes. Porosity is a fundamental requirement for ceramic substrates to perform well in
solid-gas reactions at high temperatures; it should be as stable as possible throughout use to minimize
compaction even after multiple treatments at high temperatures [9]. Ceramics have a pore diameter of
less than 30 um and are chemically resistant to weak acids and bases [10].

According to Wen et al. [11], the ceramic was very effective in reducing TSS and ammoniacal
nitrogen (NH4-N) in combined effluents, with up to 100% and 95% effectiveness, respectively. While,
according to Malapane and Hackett [12], ceramics have 83% to 99% effectiveness in reducing turbidity
in domestic wastewater. Since the coarse aggregate from ceramic tile waste had a smaller size, it
performed better in the removal parameters of wastewater [3]. This study evaluates the removal
efficiency of each parameter by adsorption processes using coarse aggregate from ceramic tile waste
with different adsorbent dosages, contact times, and shaking speeds.

2. Materials and Methods

2.1 Preparation of CTW

The ceramic tile wastes were collected from Gian Hong Tiling & Trading Sdn. Bhd. Parit Raja, Batu
Pahat, Johor. The waste was brought to the laboratory in a tightly sealed plastic bag. The ceramic tiles
were crushed and pulverized using a jaw crusher machine at the Construction Engineering Laboratory,
UTHM. A sieve was used to separate the aggregates and the powder. The size of the ceramic waste was
2 mm (for batch study) and the powder size was 63 um (for characteristics analysis) at the Geotechnical
Engineering Laboratory of FKAAB, UTHM. Final products were kept in plastic container for further
use.

2.2 Fourier Transform Infrared (FTIR) spectroscopy
FTIR was used to identify surface functional group of CTW sample. The Agilent Technologies Cary
630 FTIR is used to examine a 63u sample of raw ceramic tile waste.

2.3 Filed Emission Scanning Microscopy (FE-SEM)

FE-SEM was conducted to determine the surface morphology of the microstructure image CTW
materials. The CTW samples were mounted on the copper stub using adhesive carbon tape. The analysis
was conducted at Microelectronics and Nano Technology-Shamsuddin Research Centre (MINT-SRC)
laboratory, UTHM.

2.4 LLW Sampling

Samples were collected from the effluent point (figure 1) of LLW at Dobi Al-Hijrah, at Parit Raja,
Batu Pahat, Johor. The sampling and storage were carried out according to APHA standard method.
Samples of LLW was collected manually by grab sampling and immediately transferred into a cool
room of 4°C at wastewater laboratory, UTHM. The analysis of LWW characteristics were measured
according to standard method (table 1).
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2.5 Batch Method Experiment

In the batch method, orbital shakers were used to mix, blend, or agitate samples and substances in a
flask by shaking. It contains an oscillating plate on which the flasks are placed. The batch method, in
which the dosage of adsorbent in the solution, contact time, and shaking speed were varied, was used in
all batch tests. In this method, different adsorbent dosages, contact times and shaking speeds were used
to study the results of contact time as a function of shaking speed, using different total adsorbent dosages
such as 3 g, 6 g and 9 g. Figure 2 shows the diagram of laundry wastewater during the shaking process
while the process was used in the batch experiments with the shaking set.

Discharge
point

250 ml flask

100 ml LLW with

CTW

Orbital shaker

Figure 2. Laundry wastewater during shaking process in a batch method

2.6 Optimization process using RSM

Respond surface methodology (RSM) was used for optimizing the best conditions for pH, COD, and TP
removal from LWW. To account for all potential combinations of factor values, 20 runs were completed.
Adsorbent dosage (3-11g), contact duration (60-120min), and shaking speed (100-300rpm) were
chosen as independent variables to explore the whole range of variables that could affect the reduction
of pH, COD, and TP removal. For each run, a fixed volume of the LLW sample (100 mL) was mixed
with different CTW dose and mixed for different times according to the expert designed program
suggestions. To measure the efficiency of the CTW the percentage reduction of TP and COD were
calculated by using Eq. (1).

% removal = (COC;C@X 100 @

[
Where: Co is the initial concentration (mg/L), C, represent the final concentration (mg/L) in the filtrate.
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2.7 Statistical Analysis

The interaction between independent factors as well as first, second order model was subjected for
statistical analysis using ANOVA with 95% of confidential level. The interactions and effects of the
independent factors were considered as significant at p < 0.05.

3. Result and Discussions

3.1 Characteristic of Laundry Wastewater (LLW)

Raw laundry effluent results were evaluated and compared to previous studies and the Environmental
Quality Act (EQA) of 1974 in the Environmental Quality (Sewage) Regulations, Second Schedule
Regulation 7 for Acceptable Conditions of Sewage Discharge of Standards A and B. For effluent
discharge standards A and B, Table 1 lists the parameters that can be used to distinguish the effluent
discharge within the standard compared to the literature review from the previous study and the
Environmental Quality Act of 1974.

Table 1. Characteristic of laundry wastewater compared with EQA 1974 and previous study

Parameter Unit Laundry wastewater EQA, 1974 EQA, 1974 Previous study
Dobi-Al-Hijrah Standard A Standard B
pH mg/L 9.80 6.0-9.0 55-9.0 3.3-8.3[13]
COD mg/L 127 120 200 220-280 [14]
TP mg/L 4.38 5.0 10.0 4-27.6 [15]

Table 1 shows that the pH of the wastewater sample from Dobi Al-Hijrah laundry was 9.80,
which indicates that the sample was alkaline. The results show that the laundry wastewater from Dobi
Al Hijrah is not acceptable because the pH of the wastewater exceeds the EQA 1974 quality standard,
which requires a value between 6.0 and 9.0 for standards A and B, respectively. It was also higher than
the pH of the previous study, which was still within the acceptable range of the standard. In addition,
the volume of COD in the laundry effluent of Dobi Al-Hijrah was 127 mg/L, which was higher than
the permissible value of 120 mg/L of standard A, but lower than the permissible value of 200 mg/L of
standard B. Therefore, the effluents from Dobi Al-Hijrah can be discharged to other inland waters
or Malaysian waters, but not to inland waters within catchments (EQA, 1974). Moreover, the COD
values of laundry effluents from Dobi Al-Hijrah are lower compared to previous studies. The value of
total phosphorus (TP) in the laundry wastewater is 4.38 mg/L, which is lower than the acceptable value
of standard A or B compared to EQA 1974. However, the amount of TP in the laundry wastewater is
quite close to the acceptable value of 5.0 mg/L of standard A. Compared to previous studies, the
concentration of TP in the laundry's wastewater exhibits a noticeable increase.

3.2 Characteristic of the CTW

3.2.1 FTIR Analysis.

Samples of ceramic tile waste examined by infrared spectroscopy contained functional groups, C=0, C-
O=H, C=C group vibrations, C-N amines, and C-H aromatics. The functional group of NH>- and NHs-
amine salts was also included in the FTIR test results. The FTIR test results on the ceramic tile waste
samples showed that the peak of wavelength is at 1006.38 with intensity of 100 and followed with
775.29, 693.28, 674.65, and 663.47 peak value of wavelength. The major functional group on the CTW
were C=C, C=0, C-O=H and were responsible for the removal of the physic-chemical parameters in
LLW [3]. The maximum intensity values in the FTIR spectrum are necessary for the identification of
the constituents of the ceramic samples [16,17]. The FTIR spectra of the tile samples in the range of OH
stretching vibration of hydroxide were more broadened when a higher firing temperature was used in
the production of the tile bodies [16,17]. It is obvious that the FTIR spectrum is broadened between
3328 and 3250 cm-1. Therefore, due to the high intensity and broad spectrum for adsorption of
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parameters in laundry wastewater, ceramic tile waste is intended as a good adsorbent. The peak value
of IR spectrum is shown in figure 3.

1 0.15 1
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Wavenumber (cm-1)

Figure 3. FTIR spectra of CTW

3.2.2 FESEM-EDS Analysis.

Magnifications of 1000 X and 2000 X were used at SEM to analyze the surface morphology of the
ceramic aggregate at a particle size of 200 mm. The processed CTW has an irregular and uneven outer
surface with crater-like pores that promote the accumulation of toxic metal ions, as shown in the
microscopic image SEM. CTW exhibits rough and large voids. Energy dispersive X-ray spectroscopy
at a radiation of 20.00 kV (figure 4) was used in conjunction with SEM to further determine the
elemental composition of the ceramic aggregate. Analysis of SEM revealed that the CTW consists of
the elements oxygen (O), silicon (Si), aluminum (Al), potassium (K), iron (Fe), sodium (Na), and
calcium (Ca). The highest percentages of composition are contained in O and Si. These materials have
a high percentage of parameter removal and absorption [18].

Figure 4. FE-SEM of CTW
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3.3 Response Surface Methodology (RSM) Optimization

The efficiency of CTW in removing pH, COD, and TP from the LLW are presented in Table 2 and
Table 3. The results revealed that the highest TP removal was 71% with a dosage of 6 g/100 ml ceramic
adsorbent, a contact time of 90 minutes, and a shaking speed of 100 rpm. Meanwhile, the highest
removal of COD was 80% at a dosage of 6 g/100 mL of ceramic adsorbent, a contact time of 90
minutes, and a shaking speed of 300 rpm. These findings revealed the potential of CTW in removing
pH, COD and TP from the LLW. The ANOVA analysis revealed that the CTW dosage, contact time,
and shaking speed play important role in removing pH, COD and TP (Table 2).

The linear and quadratic equation regression coefficients are presented in the Egs 2-4.
You =7.18+0.0272A +0.1485B — 0.1778C — 0.0113AB - 0.0687AC — 0.2412BC —

0.0463A2 + 0.3232B2 - 0.0587C2 (2)
Ycop =42.55-2.03A +1.73B-5.15C (3)
Yrp =1.64 + 0.1040A —0.0348B + 0.0763C — 0.0438AB + 0.0112AC + 0.0387BC —

0.0041A2? - 0.0766B2 - 0.0500C? 4)

where X1 (Adsorbent Dosage), X2 (Contact Time), X3 (Shaking Speed), Y1 pH), Y2 (COD), Y3 (TP)

Table 2. Central composite design arrangement and response for removing pH, COD and TP from
LLW using CTW

Run X1 X2 X3 Y1 Y2 Y3
Adsorbent Contact Shaking pH COD TP removal
Dosage Time Speed removal (%) = (%)
(Gram) (min) (rpm)
1 3 60 300 7.22 63.78 66.21
2 3 60 100 6.58 59.84 69.43
3 3 120 300 7.38 66.93 67.12
4 6 120 200 8.09 64.57 69.63
5 3 120 100 7.79 52.76 68.04
6 9 60 300 7.13 65.35 60.73
7 6 90 200 7.2 63.78 64.84
8 6 90 200 7.2 63.78 64.84
9 6 90 100 7.89 66.14 70.55
10 6 39 200 8.46 80.21 67.12
11 9 60 100 6.85 60.63 59.13
12 9 90 200 7.26 76.38 61.19
13 6 90 300 6.5 80.31 62.79
14 3 90 200 7.2 75.59 66.21
15 9 120 100 7.93 64.57 67.58
16 6 90 200 7.16 62.99 61.19
17 6 90 200 7.16 62.99 61.19
18 6 90 200 7.16 62.99 61.19
19 6 90 200 7.16 62.99 61.19
20 9 120 300 7.33 73.23 59.59

Based on the results of ANOVA analysis, it was noted that the models of pH, COD were not significant,
while for TP was significant with a p-value of 0.1207, 0.1207 and 0.0216 respectively. The ANOVA
analysis showed that adsorbent dosage has a linear effect on the pH, COD and TP, while, quadratic
effect on pH and COD with a p-value <0.05. Furthermore, the ANOVA analysis displayed an
interaction between X1 and X3 affected the responses of Y3 significantly (p-value<0.05). Moreover,
the model of Y1, Y2 and Y3 can be considered as a significant with a confidence level more than 90%.
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Table 3. Show significant of the quadratic model for removing pH, COD and TP from LLW using

CTW

F-value P value

pH COD TP pH COD TP
Model 2.18 2.26 3.95 0.1207 0.1207 0.0216
X1 (Adsorbent | 0.0670 0.8295 13.69 0.8010 0.3759 0.0041
Dosage)
X3 (Contact 2.00 0.6047 1.53 0.1873 0.4481 0.2441
Time)
X3 (Shaking 2.87 5.35 7.37 0.1210 0.0344 0.0218
Speed)
X1X2 0.0067 1.42 1.42 0.9362 0.2610 0.2610
X1X3 0.2516 0.0939 0.0939 0.6268 0.7656 0.7656
XoX3 3.10 1.11 1.11 0.1089 0.3161 0.3161
X,? 0.2516 0.0222 0.0222 0.6600 0.8845 0.8845
X3? 10.02 7.83 7.83 0.0101 0.0189 0.0189
X3? 0.3300 3.35 3.35 0.5784 0.0973 0.0973

The graph 3D produced by quadratic equation showed interaction between the independent factors as
shown in Figure 5. RSM analysis performed 3D graphical for each removal metals to determine the
interactions between the variable factors and affect the percentage removal of pH, COD and TP.
According this study 3D curve plot represented ceramic composite bead versus concentration as
important factors affected to removal of pH, COD and TP in LLW. According to the Figure 5(a), the
interaction between adsorbent dosage and CTW has been recorded the optimum removal of pH (7.13).
Regarding the effect of interaction between contact time and CTW showed the optimum of removal
COD content 60 mg/L (Figure 5(b)). The interaction between adsorbent dosage and CTW has been
recorded the optimum of removal TP 1.79 mg/L (Figure 5(¢)).

Overall, the concentration of COD is lower at a contact time of 90 minutes than at a contact time
of 60 minutes, but it increases at 120 minutes regardless of the mixing speed value. However, the best
performance was recorded for 6 g/100 ml CTW at 300 rpm shaking speed and 90 minutes contact time.
At this condition, lowest COD concentration was obtained with 80% removal efficiency. CTW showed
higher removal of COD as compared steel slag adsorbent that recorded only 55% removal [19]. The
highest TP removal (71%) was recorded at 100 rpm shaking speed, 6 g/100 ml CTW dose and 90
minutes contact time. Due to the larger total surface area of the adsorbent and the increasing number
of available adsorption sites, the removal concentration increased at higher adsorbent dosages.
However as, the shaking speed increased to 200 rpm and 300 rpm, the optimum TP removal was
obtained at a lower dosage (3 g/100 ml). Increasing the shaking speed should improve the ability of
the contaminants to diffuse into the surface of the adsorbent [10]. However, based on the result of this
study the increment of shaking speed changed the optimum dose to 3 g/100 ml however the final
concentration of TP was still lower than 9 g/100 ml at100 rpm shaking speed. Thus, it can be concluded
that for TP removal, slow shaking speed required higher dose of CTW meanwhile lower dose required
increment of shaking intensity as well as reduction of contact time. A study by Yi et al [20] obtained
good removal of TP from wastewater as they applied steel slag activated by high temperature. CTW
were made from clay that had been through burning process that probably resulted in the removal of
TP.
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Figure 5. Three-dimension response surface plot for removing (a) pH, (b) COD, (c) TP from LLW
using CTW a response if interaction between independent factors.

4. Conclusion

The study performed to optimize removal pH, COD and TP from LLW by using CTW. According to
the data analysis, the results discovered that the highest TP removal was 71% with a dosage of 6 g/100
ml ceramic adsorbent, a contact time of 90 minutes, and a shaking speed of 100 rpm. Meanwhile, the
highest removal of COD was 80% at a dosage of 6 g/100 mL of ceramic adsorbent, a contact time of
90 minutes, and a shaking speed of 300 rpm. The optimal final concentration value for COD is 60
mg/L and TP is 1.79 mg/L while pH value is 7.13. The major functional group on the CTW were C=C,
C=0, C-O=H and were responsible for the removal of the physic-chemical (COD and TP) parameters
in LLW. Instead of being disposed of as waste, CTW can be used extensively as adsorbent for various
polluted water due to its low cost and good adsorption capacity.



Symposium on Technologies for Sustainable Urban Development 2023 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1238 (2023) 012018 doi:10.1088/1755-1315/1238/1/012018

Acknowledgement
This research was supported by Universiti Tun Hussien Onn Malaysia (UTHM) through TIER 1 Grant
(Vot Q470).

References

[1] Jefferson B, Palmer A, Jeffrey P, Stuetz P, and Judd S 2004 Grey water characterization and its
impact on the selection and operation of technologies for urban reuse J. Water Sci. & Tech.
50(2), 157-164 https://doi.org/10.2166/wst.2004.0113

[2] Mohamed R M, Al-Gheethi A A, Aznin S S, Hasila A H, Wurochekke A A, and Kassim A H
2017 Removal of nutrients and organic pollutants from household greywater by
phycoremediation for safe disposal J. Energy & Environ. Eng. 8(3) 259-272, 2017
https://link.springer.com/article/10.1007/s40095-017-0236-6

[3] Saphira M, Adel Al-Gheethi, Ahmad and Amir 2019 Ceramic Tile Waste for Treating Laundry
Greywater Pertanika J. Sci. & Tech. 27 (3) 1051 — 1059 http://www.pertanika. upm.
edu.my/pjst/browse/archives?article=JST(S)-0487-201

[4] Schouten N, Van Der Ham L G J, Euverink G J W, De Haan A B 2009 Kinetic analysis of an
ionic surfactant adsorption from aqueous solution onto activated carbon and layered double
hydroxide with the zero length column method J. Separation & Purification Tech. 68(2)
199-207, 2009 https://doi.org/10.1016/j.seppur.2009.05.004

[5] Ciabattia I, Cesaro F, Faralli L, Fatarella E and Tognotti F 2009 Demonstration of a treatment
system for purification and reuse of laundry waste-water Desalination. 245(1-3) 451-459
https://doi.org/10.1016/j.desal.2009.02.008

[6] Tsyntsarski B, Petrova B, Budinova T, Petrov N, Teodosiev D K, Sarbu A, Sandu T, Yardim M
F, Sirkecioglu A 2014 Removal of detergents from water by adsorption on activated carbons
obtained from various precursors Desalination & Water Treatment. 52(16-18), 3445-3452
https://doi.org/10.1080/19443994.2013.801327

[7] Renu Madhu Agarwal and Singh K 2017 Heavy metal removal from wastewater using various
adsorbents: a review J. Water Reuse & Desalination. 7 (4) 387-419 https://doi.
0rg/10.2166/wrd.2016.104

[8] Ayub S and Khorasgani F C 2014 Adsorption Process for Wastewater Treatment by Using
Coconut Shell Research J. Chem. Sci. 4(12) 1-18 https://www.academia.edu/7561692/
ADSORPTION_PROCESS FOR_WASTEWATER_TREATMENT_BY_USING_COCO
NUT_SHELL

[9] Samadi M, Hussin M W, Seung Lee H, Mohd Sam A R A, Ismail M, Lim A S and Khalid N H
2015 Properties of Mortar Containing Ceramic Powder Waste as Cement Replacement J.
Teknologi, 77(12) https://journals.utm.my/index.php/jurnalteknologi/ article/view/6315

[10] Abd El-Gawad S A and Abd ElAziz M H 2018 Effective removal of chemical oxygen demand
and phosphates from aqueous medium using entrapped activated carbon in alginate MOJ Biol.
Med. 3(5) 227-236 https://doi.org/ 10.15406/mojbm.2018.03.00104

[11] Wen X, Xing C and Qian V 2000 Ceramic ultrafiltration membrane bioreactor for domestic
wastewater treatment Tsinghua Sci. & Tech. 5(3) 283-287 https://ieeexplore.ieee.org/
abstract/document/6083300

[12] Malapane T A, Hackett C, Netshandama V and Smith J 2012 Ceramic water filter for point-of-
use water treatment in Limpopo Province, South Africa IEEE Systems and Information
Engineering Design Symp. 107-111 https://ieeexplore.ieee.org/abstract/document/6215150

[13] Braga J, and Maria Bernadete Varesche 2014 Commercial Laundry Water Characterisation
American J. Analytical Chem. https://www.scirp.org/html/2-2200743_41855.htm

[14] Sevil Veli, Arslan A, Eylem Topkaya and Anatoli Dimoglo 2021 Deep purification of pretreated
laundry wastewater through the adsorption by polymeric composites and optimisation of the



https://doi.org/10.2166/wst.2004.0113
http://www.pertanika/
https://doi/
https://www.academia.edu/7561692/
https://ieeexplore.ieee.org/

Symposium on Technologies for Sustainable Urban Development 2023 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1238 (2023) 012018 doi:10.1088/1755-1315/1238/1/012018

process International J. Env. Analytical Chem. 1-19 https://doi.org/10. 1080/
03067319.2021.1889530

[15] Lade O and Zainab Gbagba 2018 Sustainable water supply: Potential of recycling laundry
wastewater for domestic use J. Civil Eng. & Env. Sci. 4 (2) 056-060 https://www.ijaemr.
com/uploads/pdf/archivepdf/2020/ijaemr_01_331.pdf

[16] Alabarse F G, Conceicao R V, Balazaretti N M, Schento F and Xavier A M 2011 In-situ FTIR
analyses of bentonite under high pressure Appl. Clay Sci. 51(1-2) 202-208
https://doi.org/10.1016/j.clay.2010.11.017

[17] Smith B C 1996 Fundamentals of Fourier Transform Infrared Spectroscopy 28-30, CRC Press.

[18] Udochukwu E C and Akpoviri C U 2022 Morphological Characterization Of Banana Peel Powder
As A Bio-Adsorbent For Waste Water Treatment International J. Eng. 1(8)1-6.
https://www.ijeast.com/papers/289-295,%20Tesma0706.pdf

[19] Ramdzan S N, Mohamed R M S R, Kamaruzaman N H, Gheeti A A S A, Hamdan R and Musa
S 2022 Pre-Treatment of Laundry Greywater by Steel Slag for Safe Disposal 10P Conf.
Series: Earth & Environmental Sci.1022(1) 012060 https://iopscience.iop.org
/article/10.1088/1755-1315/1022/1/012060/meta

[20] LiY, LiuY and Du G 2010 Removal of Phosphate from Wastewater Using Steel Slag Modified
by High Temperature Activation 4th Int. Conf. Bioinformatics & Biomedic. Eng.IEEE 1-5
https://ieeexplore.ieee.org/abstract/document/5517488

10


https://doi.org/10
https://www.ijaemr/
https://doi.org/10.1016/j.clay.2010.11.017
https://www.ijeast.com/papers/289-295,%20Tesma0706.pdf
https://iopscience.iop.org/

