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ABSTRACT ARTICLE INFO

The use of wastewater outflowing from the municipal wastewater Receive Date: 13 March 2022
treatment plants for irrigation of agricultural lands is one of the important ~ Revise Date: 13 August 2022
and fundamental issues for reuse of the plants’ effluent. In recent years, Accept Date: 23 August 2022
the artificial neural networks (ANN) have received considerable attention

for modeling the sewage treatment process. Accordingly, the ANN models, Keywords:

fuzzy logic (FL) and adaptive neuro fuzzy inference system (ANFIS) have Sewage treatment Plant,
been utilized in this paper to predict quality of the effluent running out of Effluent,

the treatment plant. For this purpose, first, three scenarios were chosen Artificial Neural Network
and their inputs were reduced using the principal component analysis (ANN),

(PCA) method. Finally, the process of modeling was conducted with and Multivariate Statistical
without this method and then, the results were compared. Evaluating the Analysis Method, Statistical
results obtained from the predictions using the statistical indicators Indicators

revealed that the ANFIS model with mean error reduction value of

13.92% compared to that of the FL model and a reduction value of 8.22%

in contrast to the ANN model, benefits from a higher accuracy and this

trend has been held true with and without PCA. Moreover, calculating the

percentage of pollutant removal efficiency indicated that the maximum

removal efficiency is obtained when total suspended solids (TSS) are

removed which is equal to 96.68%. It bears to mention that the rest of the

pollutants had values approximately equal to that of TSS. Based on the

results, as a simple, accurate, efficient and reliable approach, the ANN

models can be applied to predict quality of the effluents.
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S. If (input1 is in1mf1) and (input2 is in2mf1) and (input3 is in3mf2) and (input4 is in4mf2) then (output is out1mfS) (1)
6. If (input1 is in1mf1) and (input2 is in2mf1) and (input3 is in3mf2) and (input4 is in4mf3) then (output is out1mf6) (1)
7. If (input1 is in1mf1) and (input2 is in2mf1) and (input3 is in3mf3) and (input4 is in4mf1) then (output is outimf7) (1)
8. If (input1 is in1mf1) and (input2 is in2mf1) and (input3 is in3mf3) and (input4 is in4mf2) then (output is out1mf8) (1)
9. If (input1 is in1mf1) and (input2 is in2mf1) and (input3 is in3mf3) and (input4 is in4mf3) then (output is out1mf) (1)
10. If (input1 is in1mf1) and (input2 is in2mf2) and (input3 is in3mf1) and (input4 is in4mf1) then (output is out1mf10) (1)
11. If (input1 is in1mf1) and (input2 is in2mf2) and (input3 is in3mf1) and (input4 is in4mf2) then (output is outimf11) (1)
12. If (input1 is in1mf1) and (input2 is in2mf2) and (input3 is in3mf1) and (input4 is in4mf3) then (output is out1mf12) (1)
13. If (input1 is in1mf1) and (input2 is in2mf2) and (input3 is in3mf2) and (input4 is in4mf1) then (output is outimf13) (1)
14. If (input1 is in1mf1) and (input2 is in2mf2) and (input3 is in3mf2) and (input4 is indmf2) then (output is out1mf14) (1)
15. If (input1 is in1mf1) and (input2 is in2mf2) and (input3 is in3mf2) and (input4 is in4mf3) then (output is out1mf1S) (1)
16. If (input1 is in1mf1) and (input2 is in2mf2) and (input3 is in3mf3) and (input4 is in4mf1) then (output is out1mf16) (1)
17. If (input1 is in1mf1) and (input2 is in2mf2) and (input3 is in3mf3) and (input4 is in4mf2) then (output is out1mf17) (1)

4" oS5 gl by, b i g5 5 Cogde @l Y PCA 50 Y 5 Y ) (slagy L (sl ANFIS Jas (g5loJoe ;o
el 00 00)3] OA) s 9 (7)J5J.> 5o Lﬁy)h...u )‘ S5 B @Lg ] 00 oozl ;\.L\A e S guas &-‘LJ Y )‘ o PCA

PCA o3y 590 9 b (a3 (omas piwns )bl 50UT : £ Jgu

PCA L PCA (59
wmare  RwsE ok AWl el guape pwse _wmeliel ol gl e
R R
£14) ne ALY JAEYYAVYS Y/ “IFA “AYBA ARV -33Y  BOD
Nz Y5 SAFEF AFAY - AVEY YTy W VY AYAY  -A%Y  coD
Yy 0 SA0YY JAVFA A4 VA “IAY SIAYYY JAYSQ -ARFY Tss

Mol lsaaas 6“@5)5 L PCA 39 9 L Ga...».b; djlé (S (i u>"~>5)’:> L;Lmoeb dos 8o )‘.59.0.3 ‘(\/\)Ji..‘l} 5o

RGO PN DQ)BT

PEEUP O P N a2y Jresza
I8 v
) )
¥ Y-
I I
Ve V-
a s
- = 3 o a9 ~ > 3 o T ~ = b o aq — > - >+ o 9 ~ ® ¥ & 94 —- > ¥ a 9 = =
- = > ¥+ b - - a6 & > > X o oo - = ¥ + 3+ 3+ a0 &K = > 2 & &
PCAL Js! 52 lem PCA 5o Jsl 52,

31 Hybrid

1A Y760 amio AF+Y Jlu ¥ o loui Ve 0550 (clu 90 jlw (witigo (o g 3 — (ode 49 gt



O 2 0 3lw (qwsigo o2l Jbeleolo

—i ey ez — g g T Jae e
#- #
o o
£ .
. e
Y. Y.
K B
— = ¥ o 9 - > }+ o 494 - > } o a9 - = - > 3 o a9 -~ > } o a4 —~ > } o a9 - >
= 2 ¥+ b vy r o aw & X E Z oo - = ¥ 3+ 3L oy o a6 & > > 2 o o
PCA L pgs 55,1 PCA (50 pe0 52,k
<
T Ak ey ooz Ak et T Jaey S
Vo 10
WY 1w
4 4
4 i3
A3 Y
- > 3 o 4@ ~ > 3+ a A — > }+ a a -~ > - = 3 o a9 -~ > + o 9 — > ¥ g 9 - >
- =y 3+ + v o+ a & AN > > < & o - - r + o - 4 b > > L2 oo o
PCAL pom 53 PCA 5 ps s2,lm

.TSS(w COD (< BOD (! : (gl ANFIS lawgi 0ol (S sy yolio b Gblf.&abﬂ rolio duy Lo Hlogad 1 VA SO

p9° 5 sl sl 5 Ll sl oogy (Jou8 LB 5 05 s PCA (g 5 L (o5 99 58 5l ol oy @l (IS b &

IS 50wl 0ogr (5 ol (DS WS L el Cewss PCA G99y 9 sl (5B pmas piw il o 1 aST ol
olid o3 5l osllas o, Sles 4 Sylo 1, OB acany S Ol gt <ol aohy 6B eas piw 8,8 A Olei o
).u 6)...9‘) CL:L.J 9 o.)y )‘Q)PJ" 6).4‘4 Gbls )| L{bJ.,\./o ).al....: l.a d...ual.ﬂ.a ).) ANFIS a5 .)5,...4‘59 oddlive (\‘\)Js.m L d.‘>5.a L ..\.ﬂboks‘o

S alo

RMSE

4 \
5 A
* s
. .
V I I I y

oY
1 .
. I i I ] III ll .

ANN ANN+PCA FL+PCA ANFIS  ANFIS+PCA ANN ANN+PCA FL FL+PCA ANFIS  ANFIS+PCA
EBOD mCOD =TSS =BOD mCOD =TSS

Ya

ANN ANN+PCA FL+PCA ANFIS ~ ANFIS+PCA

EBOD mCOD =TSS

n ko s iy CenllB 51903 114 IS

Y7 G0 axio AF+Y Jlu (Y o5loid Yo 0,98 ol g 0 b (witign (g 33 — (o5 41 g Yy



G191 0 3w (gwiigo oo sioleolo

ouss¥T Bis 603L vuoyd s lic -V

S adllas 9550 bhaasie a5 5 gilulaz )0 poian (ige slooe mls 5 Albaaal 25,5 2Ll sl ObL o

Olis il Jos jlasm 1) ML a5 sbaasin | SO o gilulas as s (sl ol ol colaul Bl (590 o do 0 Lals

g dldabal 9,5 5 (699,5 ,0 Loau¥ 51 G je ouldh (6 Sojlail Cledlbsl g baools yulwl 5 (o «dl> g0 jo alaly pul aes o

Sals oLl colys o ol Jleel cotan cmac aSd | oad gl g (689,59 40 e mSejluil Bledbl g Wesls wlwl p 6,50

033l b TSS 4 bgye B 003l oyt (V) giz Gob 0 anlio 5 arulne ozl aon 0 oV jo S 4y laoaryV]
Aol so do o AF/FA

(s gman g s Joo b Aildasial (o295 10 addllie 5)50 (S slrdasiice I SO 2 i 0030 duslie 1 Y Jgu

TSS COD BOD S axlg
YFovs YSANY YY5F 5939
ANY YAIVY \YIvE sl agics Sl
a8/#A ay/-a A/ B> o33l
YFovs YSANY YY5F 5939
vis - Yany WYY (PCA y3) gt 45 o5l
25/4- 1/2A ar/a¥ i ool
YFovs YSAINY YY5¥ 5939
ALY YAIYO Vg (PCAL) e 4Si o5l
a5y avs Af/¥ i ool
YFovs YSAINY YY5¥ 5939
ATFA Y5y V¥ioF (PCA ) (536 shae o5l
s Y avrs i 3l
YRONF YFAAY YY5¥ 3929
AY - YAV Y (PCAL) (56 3laie o5l
a5/5) Vs e i a33l
YFOINF YSAIAY Y5 A 39,5
Vo YA/¥D \Yj55 S e g 35l
(PCALs)
5/V0 a4 /70 i e33l
YFOINF YSAAY Y5 39,5
AIYA Y4/ ¥ \Y-Y e o5l
(PCAL)
a5/5) av/ a¥/- A i ool

ooV Bis o33k (Shoy alawly 4y g dilosg cawlie dilzaany o Slas RSNy &l C>.3L7’L'Z.§‘ sl Jow (V) IS 5ub
A 1855 5 58 295 2l 51 aS C8 5 Al (g oo (DL wilabai b e Jos o

Yy Y760 amio AF+Y Jlu ¥ o loui Ve 0550 (clu 90 jlw (witigo (o g 3 — (ode 49 gt



G191 0 3w (gwiigo oo sioleolo

BODout CODout TSSout

PSRN P

ANN ANN+PCA FL FL+PCA ANFIS ANFIS+PCA

Jousu YT Bis 003l duws lio Hloges : Yo JSi

G S A - A
o3latul 0,50 sl g, alez 3l .ol ool oolaul SEFae oy s sl Joe BTy ol e el o &S jebles
2,5 o)l andai (63 ceac piwaw 9 (551 Blate ( Lotan cuac a4 el 0

T sleosls (405l sy Jolis a5 aodls (53105 s g (g 4 2B iul38l jelaie 4 daosls (5 )glae 5l ol yo

b b Ble sl zg,5 9 sog)g b gojbiw du DLl 4y Cugh dm aloye j0 a4l wed e (ol adle Julod g 03500

bl sylre 5l eslitul b sl 51 S5 je ol LS 5 <85 g0 e Gl lag i 59) 2 il e G ST 50 e,

el @l dmlio & a9 b g 5 ganger S 50 w0 S dnlio po b gl 5 85 )15 Jhani 090 (S 9 0Sles
145 9,5 oo Olgies Slalllas plo (cnien

e 5l kel (558 o s 5 oo Dlas 4 B85 5 ool (S5 5 el o3 VL S Sl cas aSLS s <)
2 lse el ilgi oo o] Ghjsel pog Sy Lo 4 (5B haie Joo Lol ol Salie bl cds 5 (heel ey
aS ANFIS Jow ;o as8g,5 slaws Cogame lgi oo Lol ol |y JSCie (pl Bodai (638 gmae piwcew a5 Jb> 0 098 (g5le Jo
Sk St G plye 4] 098 o0 (ileaned b S Yok ol @S 4 g Jae JlSle ol edizmy 5 (ilsB slaw il Sl
g g0 Sl oals 418 )5 L 0 Bas 4y axgi b e Juw 3l plaS o el (pl b oS

g oolitul S92 g0 sbas3s,5 Shil & 2 9F St Sln clie IR Blare 4 ATl 0 (egian SB9n slaoe Y

gy 3l eolatwl pl egdle g 009y jome PCA 90y g b aigy ol oS iloogs loy95 55 oL 8o 5l oad 00y JI5 4 oo Y
YIPND iyl nSile b loJoe 51 (B (somiinn o ,Shes p (63905 b ax ST daools (5318 5 i (s PCA o i wix (5,k]
il g higel slas Sles bl 35 PCAL o> b Jow ded  guin oble Ll ol ailds aie (30 Uas g0,
el 009 YU oo lioren

5500 Jde 90 b awslie ;0 ANFIS Jow a5 sls Lzs (RRMSE,MAPE) (s )bl slaasls 5l solatul b bo s i mbs ob;,! -F
ol 0395 510595 1 (6 YL o

Jos 5585 ANN Joo 4 Cd (50u0,0 AIYY ialS g FL Jow 4 caes Loz 00,0 VW/AY oS .Sk L ANFIS Jowo -0
ol 0891 yuina PCA 90y g b &g, ol aS 00,8

ol ol 4 Slosgs jlo a5 5 oYL Ba> Sl 5l san VT dw jo 4 54d e odblive hal duld 0 Bi> eojl Al L -F
ol dilapial cpl )0 oolaiwl 850 i (gl IS sais L

Slrasal )0 Bl> (5,900 SSlas dS 09l 0 (atin Albadal 25,5, oan ¥ Bd> 003l do o dile b opizmen Y
Dl TSS a4 K05 (6 polae 5 osu ¥l sl .cwwl a0 AF/FA Joleo ¢ TSS oVl & by yo

Y7 60 axio AF+Y Jlo ¥ o kou Ve 0550 (cdlu 90 jlw (wicigo (i g 33 — (o8 &3 pitd



G191 0 3w (gwiigo oo sioleolo

Lo Joe 5o ooVl Bis> osjb (Soop alawly 4 g Wloog cawlie ailbaia; o,Slee ot ¢l LBl sloJos -A
NS SUEW- ) )“5)55)'.‘ ‘59? ‘5>|)l5 )‘ ‘w.ib5).v U"‘ ).) OQLQ.».MJ‘ 0)5A LSLCDJJ.A 45 uﬂ)f dDL..u U‘yLSA su)/l..olﬁ C\Jl?w

Gl CuaS St Gl sSaan (ued AL sl Jaw 5l colaiul a5 v o las iee () o o] Ty b ):'>—| o -4
J.u—ltsa UL..O =L| ul.n.m.b‘ J.'lﬂ 9 ;.\.A—l)ls ‘L_ﬁ"j‘b ‘ooL..; ‘5..49) 9 0094. )J..\Juls.ol LS)@:“ u)LolB L.SLQ‘L‘L’W (5'>5)_‘>

&=l

[1] Row, D. Abdelmagid, I. (1995). Handbook of Waste Water Reclamation and Reuse. Lewis Publisher, by
CRC press INC.

[2] Hamed, M. Khalafallah, M.G. Hassanein, E.A. (2004). Prediction of wastewater treatment plant
performance using artificial neural network. Environmental Modeling and Software. Vol 19, pp: 919-928.

[3] Hong, Y.T. Rosen, M.R. Bhamidimarri, R. (2003). Analysis of a municipal wastewater treatment plant
using a neural network-based pattern analysis.Water Research, Vol 37, pp: 1608-1618.

[4] Ouyang, Y. Nkedi-Kizza, P. Wu, Q.T. Shined, D. Huang, C.H. (2006). Assessment of seasonal variations in
surface water quality. Water Res, 40, pp: 3800-3810.

[5] Camdevyren, H. Demyr, N. Kanik, A. Keskyn, S. (2005). Use of principal component scores in multiple
linear regression models for prediction of Chlorophyll- in reservoirs. Ecol. Modell. 181, pp: 581-589.

[6] Gontarski, C.A. Rodrigues, P.R. Mori, M. Prenem, L.F. (2000). Simulation of an industrial wastewater
treatment plant using artificial neural network. Computer & Chemical Engineering, 24, pp: 1719-1723.

[7] Mahmoud, S. Nasr, Medhat, A.E. Moustafa, Hamdy, A.E. Seif, Galal El Kobrosy. (2012). Application of
Artificial Neural Network (ANN) for the prediction of EL-AGAMY wastewater treatment plant
performance-EGYPT. Alexandria Engineering Journal, 51, PP: 37-43.

[8] Abba, S.I. Elkirana, G. (2017). Effluent prediction of chemical oxygen demand from the astewater
treatment plant using artificial neural network application. Procedia computer science, 120, pp: 156-163.
[9] Abbaa, S.I. Hadia, SJ. Abdullahia, J. (2017). River water modelling prediction using multi-linear

regression, artificial neural network, and adaptive neuro-fuzzy inference system techniques. Procedia
Computer Science, 120, pp: 75-82.

[10] Elkiran, G. Nourani, V. Abba, S.I. Abdullahi, J. (2018). Artificial intelligence-based approaches for multi-
station modelling of dissolve oxygen in river. Global J. Environ. Sci. Manage., 4(4), pp: 439-450.

[11] Djeddou, M. Aouatef, H. Loukam, I. (2018). Wastewater Treatment Plant Performances Modelling Using
Artificial Neural Networks. The international water association ecotechnologies for wastewater treatment.
Western University, London, Ontario, Canada, pp: 25-27.

[12] Abba, S.I. Abdulkadir, R.A. Gaya, M.S. Saleh, M.A. Esmaili, P. Jibril, M.B. (2019). Neuro-fuzzy ensemble
techniques for the prediction of turbidity in water treatment plant. 2nd International Conference of the
IEEE Nigeria Computer Chapter, pp: 1-6.

[13] Alsulaili, A. Refaie, A. (2021). Artificial neural network modeling approach for the prediction of five-day
biological oxygen demand and wastewater treatment plant performance. Water Supply, 21(5), pp: 1861-
1877.

[14] Tarun Gupta, (2019). Data Preprocessing in Data Mining & Machine Learning. Towards Data Science.

[15] Abba, S.I. Elkiranb, G. Nouranic, V. (2021). Improving novel extreme learning machine using PCA

algorithms for multi-parametric modeling of the municipal wastewater treatment plant. Desalination and
Water Treatment, 215, pp: 414-426.

[16] Chandak, A. Lee, W. Stamp, M. (2021). A Comparison of Word2Vec, HMM2Vec, and PCA2Vec for
Malware Classification. Publisher: Springer International Publishing.

[17] Real-Olvera, J. Morales-Rivera, J. Patricia, Gonzalez-L6pez, A. Sulbaran-Rangel, B. Zdfiga-Grajeda, V.
(2020). Adsorption of Organic Pollutants from Cold Meat Industry Wastewater by Electrochemical
Coagulation: Application of Artificial Neural Networks. Water, VVol. 12(11).

[18] Qasaimeh, A. Al-Ghazawi, Z. (2020). Regression modeling for rapid prediction of wastewater BODs.
Desalination and Water Treatment, 201, pp: 165-172.

Y760 amio AF+Y Jlu ¥ o loui Ve 0550 (clu 90 jlw (witigo (o g 3 — (ode 49 gt



G191 0 3w (gwiigo oo sioleolo

[19] Gaya, M.S. Abba, S.I. Abdu, A.M. Tukur, A.l. Saleh, M.A. Esmaili, P. Wahab, N.A. (2020). Estimation of
water quality index using artificial intelligence approaches and multi-linear regression. IAES International
Journal of Artificial Intelligence (1J-Al), Vol. 9, No. 1, pp: 126-134.

[20] EI-Nasr, M.S. Nguyen Dinh, T. H. Canossa, A. Drachen, A. (2021). Game Data Science. Published to
Oxford Scholarship Online.

[21] Mariani, M.C. Tweneboah, O.K. Beccar-Varela, M.P. (Edition November 2021). Data Science in Theory
and Practice, p: 400.

[22] Hanteh, M. Malek, H. Akbari, M. (2022). Development of the integrated MARS-PSO and ELM-PSO
models for estimating the compressive strength of concrete in circular concrete columns confined with FRP
polymer fibers. Scientific and Research Journal of Civil Engineering Sharif.

[23] Hanteh, R. Hanteh, M. Kheyroddin, A. & Rezaifar, O. (2020). Determination of Strength Parameters in
Roller Compacted Concrete (RCC) Dams using Laboratory Results and Forecasting based on Atrtificial
Neural Networks. Modares Civil Engineering journal, 20(2), pp: 55-70.

[24] Akbari, M. & Henteh, M. (2019). Comparison of Genetic Algorithm (GA) and Particle Swarm
Optimization Algorithm (PSO) for Discrete and Continuous Size Optimization of 2D Truss Structures.
Journal of Soft Computing in Civil Engineering, 3(2), pp: 76-97.

[25] Naderpour, H. Rafiean, A.H. Fakharian, P. (2018). Compressive Strength Prediction of Environmentally
Friendly Concrete Using Artificial Neural Networks. Journal of Building Engineering, Vol 16, pp: 213-219.

[26] Naderpour, H. Sharei, M. Fakharian, P. Heravi, M.A. (2022). Shear Strength Prediction of Reinforced
Concrete Shear Wall Using ANN, GMDH-NN and GEP. Journal of Soft Computing in Civil Engineering 6
(1), pp: 66-87.

[27] Ghanizadeh, A.R. Ziaee, A. Khatami, S.M.H. Fakharian, P. (2022). Predicting Resilient Modulus of Clayey
Subgrade Soils by Means of Cone Penetration Test Results and Back-Propagation Artificial Neural
Network. Journal of Rehabilitation in Civil Engineering 10 (4), pp: 146-162.

[28] Naderpour, H. Fakharian, P. (2018). Predicting the Torsional Strength of Reinforced Concrete Beams
Strengthened with FRP Sheets in terms of Artificial Neural Networks. Journal of Structural and
Construction Engineering 5 (1), pp: 20-35.

[29] Naderpour, H. Rezazadeh Eidgahee, D. Fakharian. P. Rafiean A. H. Kalantari. S.M. (2020). A New
Proposed Approach for Moment Capacity Estimation of Ferrocement Members Using Group Method of
Data Handling. Engineering Science and Technology, an International Journal, Volume 23, Issue 2, pp:
382-391.

[30] Naderpour, H. Nagai, K. Fakharian, P. Haji, M. (2019) .Innovative Models for Prediction of Compressive
Strength of FRP-Confined Circular Reinforced Concrete Columns Using Soft Computing Methods.
Composite Structures, Vol 215, pp: 69-84.

[31] El Alaoui, M. (2021). Fuzzy TOPSIS. Boca Raton, 1st Edition, p: 216.

[32] Vilela, M. Oluyemi, G. (2022). Value of Information and Flexibility. Springer International Publishing.

[33] Mansouri, I. Kisi, O. (2015). Prediction of debonding strength for masonry elements retrofitted with frp
composites using neuro fuzzy and neural network approaches. ELSAVIER, Composites Part B:
Engineering, Vol. 70, pp: 247-255.

[34] Manu, D. S. Thalla, A.K. (2017). Artificial intelligence models for predicting the performance of biological
wastewater treatment plant in the removal of Kjeldahl Nitrogen from wastewater. Appl Water Sci 7, pp:
3783-3791.

[35] Zhu, S.L. Heddam, S. Nyarko, E.K. Hadzima-Nyarko, M. Piccolroaz, S. Wu, S.Q. (2019). Modeling daily
water temperature for rivers: comparison between adaptive neuro-fuzzy inference systems and artificial
neural networks models. Environ. Sci. Pollut. Res, 26, pp: 402-420.

Y7 60 axio AF+Y Jlo ¥ o kou Ve 0550 (cdlu 90 jlw (wicigo (i g 33 — (o8 &3 pitd



