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O ABSTRACT 0O

The measurement of the BODs level in wastewater treatment plant (WWTPSs) influent
takes five days, and using a prediction model to estimate BODs saves time and allows the
use of an online control system. This study investigates the application of artificial neural
networks (ANNS) in predicting the influent BODs concentration and the (WWTPS)
performance in terms of (BODs, COD, TSS) effluent concentrations. To determine the best
performing ANN network structure and configuration, sensitivity analysis was performed.
The results revealed that the ANN model developed to predict the COD concentration
performed the best among the three parameters. The best performing ANN models yielded
R? values of (0.92, 0.99, 0.94) for the prediction of the BODs, COD and TSS effluent
concentrations, respectively. The optimal performing models were obtained (four inputs —
one output), which indicated that the influent pH, TDS, TSS and BODs greatly affect the
(WWTPs) performance as inputs in all models. The developed prediction model for the
influent BODs concentration achieved a high accuracy (R?= 0.974) which indicates that the
model is viable as an accurate tool for online control and management systems for
(WWTPs). Generally, the ANN model provides a simple approach for the prediction of the
(WWTPs) complex processes.

Keywords: wastewater treatment plants, modeling, artificial neural networks, forecasting,
biochemical oxygen demand (BODs).
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:Linear Transfer Function ddaall allall -
ool LS Lgilalbaa ¢ SLE piatll Ay e Glldly (=1) 5 (1) o lajiall o o

fx=xforallx Eq.6
s Clily Ja) DA e 4S80 arerd iy ey any . Cllall $pcinsall LYl DA o 3080 (s
Lads L) Aallees Dbl olatll dejus 3 ANN ISl Tasd )l Wil (S 3l J8 e Afipe
Aglall Jlad (<3 dahaal) ye ddal) i e gy
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(Jaay) dida V) ASL e Aty ASed liihs DG (g 0585 ¢ASjitia (FFNN) 4 (3) JS8 sy
Lispanll AN QB o Ladall Gladall LAgdal clidall ) bl el dugis JBaY) by s all
Oo waal) pe Bidl ikl e paall a5 of Baaly AE B S Baaie Aigiac WA e 0Ky
5 ANN Uee Tase cainda sl alaill et a0 g Lidad) clidal) ae auliy dale L4 suanll DAY
O lealley & QLAY bl (puanll culad) dallaall jeaie B aell ClSul g sl Ll 4w
Oe Aypue Lapliil) algis Aisuac s IS )y Ol el ) ALLYL Lz 5L sy Jandill Adday A

ralabaall (8 A gmal) 35 Jao Tase (bl il iy AN Al ) Al (pe HLEY) el

Y, = f(ZL, WyX; + by) Eq.7

2l 4 M Jaxs JSI paadall sl o Wy cdaplsill ali oo f ol adgiall polill dad o Vi Cus
LS [16, 17] dyseipms qili s lesad Tl ads g1 ST .pae IS0 5Lai¥V1 58 b codlandl eyl

.13.7\.“ )9
-
.
¢ 4
pH_inf ( ) ) Q
TDS inf ) y
b (' BOD_efl
: or
1SS inf () D) ( ‘ { con_er
or
I'SS et
COD_int } { (
BOD. inf () £ O
¢ '®
, |
, -
Input Laver Hidden | ayer Hidden Laver Output Layer

A Liguas 4040 Aadgall Ll 4353 44, (3) Jsa
Al o3 b dantill s Jane g8 X Cus Agmiis dpguac 4S80 Ladsa 48 A (3) JSa s
Faaled) Aiguanll 3K (s pgkil MATLAB 2017b Jac i 8 uissanl) aSul) 31l Gulsi &
Aasinly ANN i oy L cilinhall asead (4) Alsladd) tan—sigmoid sl 3l JIl ageiss ol alasinl
Joasall d8lsal) cilajdall (o ISV mydie S DA Aused ) Jiay L o (ggind saaly JIA) ddghias
Aallae 255 Auball oda 8 dexdieal)l il Sl el (2) Jsand) Gadly sacieall LSl Gig Gag )yl
A (i plal et Cupill J G JIASY) clily
Luhal) 6 5 adinall cBEAA @l (2) Jgaad

Input Parameter’s combination
o & input 01 pH_inf & TDS_inf
s2fer - -
EcEo input 02 pH_inf & TSS_inf
o input 03 pH_inf & COD _inf
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jixa il 4 prmal) OIS 225l aall Cipeal slie Aallae illane & ZaSLEN Cughil) el a3l

input 04 pH_inf & BODs_inf
input 05 TDS_inf & TSS_inf
input 06 TDS_inf & COD _inf
input 07 TDS_inf & BODs_inf
input 08 TSS_inf & COD _inf
input 09 TSS_inf & BODs_inf
input 10 COD_inf & BODs_inf
input 11 TSS_inf & pH_inf & TDS _inf
% input 12 TSS_inf & COD_inf & BODs_inf
5 input 13 TSS_inf & pH_inf & COD_inf
g input 14 TSS_inf & pH_inf & BODs_inf
s input 15 TSS_inf & TDS_inf & COD_inf
§_ input 16 TSS inf & TDS_inf & BODs_inf
é input 17 pH_inf & TDS inf & COD _inf
E input 18 pH_inf & TDS_inf & BODs_inf
input 19 pH_inf & COD_inf & BODs_inf
input 20 TDS inf & COD _inf & BODs_inf
- o input 21 pH_inf & TDS_inf & TSS_inf & COD _inf
§. % input 22 pH_inf & TDS inf & TSS_inf & BODs_inf
= £ input 23 TDS_inf & TSS_inf & COD_inf & BODs_inf
2 8 | input24 TSS_inf & ph_inf & COD_inf & BODs_inf
input 25 pH_inf & TDS inf & COD_inf & BODs_inf
Five Input |- 1t 06 pH_inf & TDS_inf & TSS_inf & COD_inf & BODs_inf
parameters

A Gl e daall Jlaa) ey Al JS (8 Adad) Aguanll WA Glidall Y] ssadl yasil
) s O R B A gaanll LAYy ikl e St Tase of e ae )l e AS0E S ool anils g
Of Al cladall (e e aaal (K (Jilial) 3L AD e 383 ) Ll ag a8 4l V) cnlia agens
ASul) Al Adbiaal) il sSl sl o5 L [18] Al alad Jajh e 23 o oSar oK1y il ek e IS
20 (Jaasall JSE) CpeSil) cliahls e Uadlly i) DA e mid @l JS Bl A0S yaas 5

i) Aadl 8 dyiguamal) LAY, diaall hliglally cUAA)

tAEBial)y gl
Ll ddghan —
g yaad) cliahlll sl G Adea b 3D 3 ) (3) Jsaa) & Aaslll L)Y ddias s
Grb o () sieal) LYY Jalae ady Cam cl®lad) (e AT g1l 6T agmg pre () 138 0l Y celld e
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@l G Jaay) el g ety ) ALYl Lstaad) GUail 1 Jie sl dalie je Al lassy)
) Aaipal) JAY) bl a3 Cus A8sise ANN 23l Capal Cisllae el a5 clein Lo Lol
clsiallll oda il ga Lgdlyaily ANN 3

Badinal) cfialilll Bl ) ddshian (3) Jsaad)

Correlations (Pearson Correlation)

pH_inf | TDS_inf | TSS_inf | COD_inf | BODs_inf | pH_eff | TDS_eff | TSS_eff | COD_eff | BODs_eff

pH_inf 1

TDS_inf |0.284" 1

TSS_inf | 0.333" | 0.706" 1

COD_inf | 0.075 | 0.186 | 0.309" 1
BODs_inf | 0.2407 | 0.465 | 0.513" | 0.687" 1
pH_eff | 0.140 | 0.003 | 0.123 | -0.091 | 0.037 1

TDS eff | 0.088 | 0.857" | 0.604" | 0.029 0.340" |0.193" 1

TSS_eff | 0.159" | 0.325" | 0.374" | -0.026 0.167" | 0.149" | 0.263" 1

COD_eff | -0.067 | 0.082 | 0.240" | 0.100 0.168° |0.204" | 0.138 | 0.334" 1

BODs_eff | -0.048 | 0.207" | 0.242" | 0.172" | 0.268" | 0.106 | 0.207" | 0.330" | 0.578" 1

**_Correlation is significant at the 0.01 level (2-tailed).

*_Correlation is significant at the 0.05 level (2-tailed).

ANN Aoy aiillg dadalll —
JS Gl i Yl L Y £ 1) gy ANN 23l e Jpemall dilise il alainls ANN z3gai sl o
2y (aaly il Guliag) Aslall cliablll e ISy sl CAAS Alasdll ) ALl Sl bl (e
&zl 08 sl (CDlae ded 4lal) DA pen Gulal 8 s Lagyst cOEA) a5l Cadd celld
dcgane a5 LB AGEN Gl o Bay Atgeadd) DAY 2oy Ladd) Glihl) s pasd Laf
sl e (10:10:80) duwsty HLaa¥ls 3aailly capaill Cile sana ) iyl
(9) slaal) xpsil Undll Javogiag ¢(8) dabeall (R?) aanill Jalea sa Al o3a & awi)ll oIV e
gk 25 il ANN 23l JS) Alial) ailly dasiall ol oo
R? _ [Zi”l(_xi;x)(yi—y)f _
> (% =x) 2Ly —Y)

MSE = —- RIZ2(Xi — Yi)? Eq.9
o lagie X o iall dadgiall Aell & Y uriall Auliall dadl o X cblall leay) 202l g8 n G
Yol af hugie YO OX il
(BODs, COD, )i i Jal (se saaly ddda Aislag ANN 2als zaal Galine ziles gl il Gl
5% ) L daiiyall R® o8 i Cus (4) Jsaad) 3 oaeall Cipeall ol dallas dass (40 4231 TSS)
Glpleaddl @85 (pH_inf, TSS_inf) L Jiy) griahl aladiul olaidll dada o dusuaall @l
(4) Jsa)) 3 dniasdll

Eq.&
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Jina Aanioall ) KD 210850 el Capal) oba Aalles il 8 ALl gl el ads )
.(BODs, COD, TSS) - 3.l Jal (e aaly grdag Culdsal ANN il £1af (4) Jgaall
BOD; effluent Model COD effluent Model TSS effluent Model
KRN | ANN ) Li<a | R? MSE ANN 1) id<a | R? MSE | ANN . ixa | R? MSE
pH_Inf & 2-58-1 | 06133359 | 2991 | 076 | 18012 | 2611 | 08 | 7.4123
TDS inf
pH_Inf & 2971 | 082| 17333 | 2-60-1 | 0.77 | 15626 | 2791 | 0.86 | 5.3247
TSS inf
pH_inf & 2411 | 0.68 | 27.806 2-43-1 0.67 | 214 2-89-1 | 0.82 | 7.4341
COD_inf
pH_inf & 2951 | 0.75| 23.459 2-67-1 0.74 | 17.681 | 2-46-1 | 0.73 | 95753
BODs_inf
TDSInf& | 5731 |078| 21260 | 2961 | 072 | 20783 | 2951 | 0.82 | 6.8102
TSS_inf
TDS P& | 5431 | 07 | 26.723 2-58-1 071 | 19.414 | 2561 | 0.74 | 93981
COD_inf
TDSInf& | 5201 | 07 | 27.202 2-92-1 071 | 19.926 | 2701 | 0.72 | 10.081
BODs_inf
TSS_inf & 2311 | 0.68 | 28533 2-51-1 0.73 | 18603 | 2-99-1 | 0.85 | 6.461
COD._inf
PSR 248-1 | 079 | 22.88 2-97-1 0.77 | 15.664 2-82-1 0.76 | 8.6196
BODs_inf
COD_Inf& | 5601|065 | 31.678 2-58-1 0.71 | 20.556 2-45-1 0.65 | 11.886
BODs_inf

0o &) (BODs) ssnl) a1 e callally sl & odle 5580l z3lall ¢laf Jumdl e Jpasll
S Aslall TSS 4K Zallal) sally ddasall ) Jalall pH s sned) () 4 cDlaad) oda cdlaadl)
PH mgaedl () & COD L sall Jalse &0 Juadl cilS Lty +(2-97-1) dplenad) PDIA (10 dlasdll
bl G ((2-60-1) dplend) PIA (e dasall ) Aslall TSS IS0 dallall dsally ddaadll ) Jalal
(2- Aplenall PIA (g ddasall ) Alalall TSS LISH Zallall algally ddaadd) 1) J3lal) goall annS N1 e
LS5 DA e zilall elal Juadl IS8 Daadll (e daylal) LI Ailadl) ddiall Mgall dpailly W .97-1)
lend) Gig Adandll 1) A0 TSS LN dallall ofsally Aaaall 1) Jalall pH s yuedl O3 cpliad)
(2-79-1)

3y ey Aldimal)l il (385 COA Aasady Axgly A ezl Gapn o AL sshall culs
LS dogene J€ 8 Ll 5 adl ) 3)LaY) aads cAalledd) ddass (e dayall (TSS 51 COD 4 BOD:)
O it il SIS By Abde Ak aladinly deedl) JWASY) il (g

(BOD; Effluent) z i) sl ¢Syl o qullally 5tl) 1 Jg¥) g igalll -

Jay) degane (S dallaall dlane (e Al gonll S ol 5ll R o (4) JS8
Jsaall o (18) a) i) 4y &5 (3568 Liamy 38l L Aall clilall (pe (e Gl 30n )y da) Hladily
ek L ot i dgay Alla 8 gAY adlaad @l e (PH_inn TDS_jni, BODs inf) 525 (2)
COdiae (il ol vie Lgigyd sl 48y Als (JIasY) Cile sane 8IS duwailly adf L sl
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BOD, effluent Model

..
T

0.9
0.8 i

0,7
0.6
0.5
04
0.3
0.2

® | hidden layer

® 2 dden layer

-~
=

Coefficient of determination (R%)

_—l MM T Ve X =0l Vi oM 0 N2 e T v N
OO O 0O C OO0 O v orm ovm e et st v e e o )OS0y Y
s " o 1 s o wn ) iz r % o ha s o N o w o u |25 7 bl w o
________________ - = a8 s a8 S a8 a8 a8
T~ TR = SO~ o~ T T~ e SR - - SR = T RO R T P W MR RUC Tk R R TR
|~V ~ PR~ ~ W~ NN~ ~ N ~VIN ~ EEE ~ VI N ~ PR N~ O~~~ SR ~EN — N~ IR ~ NN~V ~ N ~ N~ R
C E € £ 8 EQ E 5§ &E £ € £ 8 E g s 8 8 8 &8 8 £ &8

input combination

LOpdda (yiiidag Baaly Ak aladinly cdlAdal) wle gana aaad glAl) BOD; G..:}A.'\g aiil) 48y (4) Jedd)

Jalea Bl ANN 20 i e spanll GISED (e diliie @l e (18) JAsY) degane (i &
A 49 e Gfigie ofid 3y a3 (MSE=7.812) awsill aall hugies  (RP=0.92) aaas
s LS ((3-49-32-1) dyleadl Gis dgll) Lgdal) dadall guae 32 5 V) Lgdal dadall Agguac

A(5) s & munse

4 functico Firting Neural Netwoek (view) - m] >

ST e e

(BODs_eff). gsiall (s ¥) o callally 550 L Yial) ANN L (5) Jsi)

e o Aadgially Luliall ol (pn 43)6e Lalaie A DB ANN z3gai el (7) 5 (6) ISEN sy
Gy IS Aulid) ol we (3T Lygund) adlly dille R? deg Loed Gun . gl e il Julas
e 333 ULl Ao sane o Al ail) o3a (oS5 38 L Aima a6 Ll
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iza Aninall 4 preanll GIGED aladinly avall Gipall ol dallas illhae 8 2a5LEN S ghil) eyl a5l
. - Validation: R=0.81679
A B
: 40 : 40 = ?:h Q‘
+ + ; Y=T1 |
o o
£ = ‘
5 g |
o 5 S oon {
', y |
- - 20
2., g |
3 ‘ 3 i
10 2
Test: R=0,71292 All: R=0.92035
5 asf = = 43 o o
ei— . =2
g,: o 0.3 3 35 ‘
E 0 Q% 4
2 S |
o o {
! 20 % 0 ‘
B 3 |
-g's E 15| {
e | \ ‘
10t 107
10 20 0 40 10 20 0 40
Target Measured BOI)5 ot (mg)
BOD; - ‘sl z 3gail 4yguuinall aihl) aa dlial) ol (34Uai Jalaia (6) Jsa
50 T T T r T T T
—Measured 8005 off
45 - Predicted BODsw -
2w ~
= |
k3 | | I
a” 35 ' 1
Qo { 1
2 sl | " |
g 30 ! \ | |
o ‘ V l
-] | - \ ‘ 15[ ;
£ 25, ‘ L l l
o ' I ' I ‘ t Syt ) 1
g LR ' L’ tﬂ [
3l ! ‘ | I ([
e d \ { s
H | { f !
g 15
10
5 L} ) |} | ! | L}
0 20 40 60 8o 100 120 140 160 180
20 T T
I Error |
10} i
0
A0 1 ] 1 1 l 1
0 20 a0 420 140 160 180

80 100
Samples sequence

BOD; 3 25l ¢ dgail Aygusnall asilly Auallial) pil) A3jta (7) Jeil
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(COD Effluent) g i) cuans s (Alasll callally 5.3 ¢ B 7 3gadl) —
4aday ANN Glasiuly dasall (e z)lall COD 1L sl (8) Sl 3 Jla) desane JSU 480 il el
(TDS_inf & TSS_inf & (23) cdlasal s (38 Ladl Liddal) clishll (e (s XS 3aaly
(22) sl g Loy daals i 4k Ala 8 oa4Y) byl e COD_inf & BODs_inf)
Gl aea Sle (26)5 (24) s s (pH_inf & TDS_inf & TSS_inf & BODs_inf)
@sind Gl cln gl o Uad Jaagly lad (e oiidag saaly Lite digda Alla b slsm o AY) CDEA)
el ) @l (15, 19, 23, 24, 26) il @by é (pH_inf, TSS_inf, TDS_inf, COD_inf) e

AY) by &l )il e el

COD effluent Model

- |

2 0.6

® | lidden layer

# 2 hidden layer

Coeflicient of determination (R4)
s o = o

RS e S Rt s

e — - — —————

— e — e ———————

A — . a— A — v— L

e e B e ®, & s

e — -y

— NN SRS =T OO T NN\
O QO C T Q0 C O O v v v vx ot vt v o= o= = NN O] O &Y
N N N N YNl D D N NN
uuuuuuuuuuuuuuuuuuuuuuuuuu
B30 3 B B B RS s s B NS S s 3 aa s
| 2 DN < SO =~ O =~ S - PR -~ TS SRR < SRR o W < U ~ VY ~ N = M~ T ~ S < S~ PR < SE < S o R < T~ T < T < T~ A o
B8 8:gd8 B-8 B8 e AR H M 88 . 88 8 &8 8.6

input combination

L OAE) oyl ISy Banly Agida A aladiuly cAL) Cile gana gaaad COD g igal; il 4B (8) Jea

I daled) Abal) Sfgal) SN Al Alall Sl ¢ umgpued) ) el S5 (22) Al (S
5 (R?=0.99) bl ANN £ ciia ciilisal il albiSa e gpal) omaSsY) e bl
Slo Al dadd) dadalls dgsuac 403 43 e V) Akl e it Gk asas (MSE=5.372)
(9) L&l 8 e o LS ¢ (4-43-8-1) dlenall 335 liguac 8

4 Function Fitting Neural Network (view) — D x

Cgl gl il i

COD .; 3:ill Biall ANN LS (9) gl

ZAIS) Ak ally il wll (e A5lie JahaieS MR ey ANN 230 slaf (11) 5 (10) (S sy
sl e il
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jixa Tgmiall A paanl) IS Aasiuly aeall Cijeall sl Aallae illana 8 RaSLAll Cughl) el iy 4l

Training: R=0,99039 ) Validation: R=0.49184
~ a8 QO Data Qe O Dua 4
o F + Fit o
: | Y=T g ¥Y=1
40 ) 40
é 0 n F
s g - 35
© &
3 g
, 30 o O f b
5 3
a2s 5
5 |0 o g
°© 204
— - - - - mhi- - — e e
20 2% X 3/ 4D 4% 20 2% 3 IS 4D a8
Target Target
Test: R=0.62535 All: R=0.92818 2
©ast[ O Oww st o e 1
% 1 = — .
- YT g YT
?40 < w
5 )
[=] o<
5 % 2®o 9% o
o
7 §u %
- 3
; % 2 25
2 =z 5
8 o ¢ L
sl
2 25 W 35 4b 45 20 25 3 3\ 40 45
Target Measured COD off (mgll)

COD . ‘il 3gail gunall al) aa dliial) agdl) 3olai alada (10) Jsal

50 T ] T T ] T ]

Measured COD .
1- . Predicted COD."

&

3

g

=

n
o

Measured and predicted COD_,, (mg/l)
&

20
15 1 i | 1 i 1 1 i
0 20 40 60 80 100 120 140 160 180
10 T T T T T [_Eg'ojg 2
8 .
% » ® slo alo 00 1;0 |:n 160 180
Samples sequence
.COD . 3uiil) 7 dgail 4y guunal) Al Alial) addl) 45)aa (11) gl
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LE (e Lt Qi ae ge ol Juail ANN 2350 o8y G claa Alle sl 48y of (11) JSal) sy
slal b disl iy ) g liad Y Tt (el Alews Jay) cliahls bl

ANN =350 olaly aijlie (Ko (R™= 0.99) Jia¥) edlaad) ely ANN oldf ol celly ) dalaayl

(TSS_inf, TDS_inf, COD_inf) cdlasal g (15) a8 sl zigai of aad Cum cDlane 2D shadll
Lad o caad) e Qi) 2l 1) diLayl (MSE=8.097) 5 (R*=0.98) ias: bjlice milis (3ia 3
Lokl Ay Algs

(TSS Effluent) Al A<l At ddal) ajgally i) :cudlil) 7 gall) -

el daall TSS 4 Al ddeall 2lsally 5l Cings ANN Gpmivall G gmall ClSudll 350 Apusilly
&l saaly dgie dik Als & (PH_inf, TDS_inf, COD_inf, BODs_inf) (25) & <laaal (s
@sind G Jlasy) Ay cia celly ) A8l L (12) JSa0 8 mamse s LS pa ) il Kl (g Jumdl
b -Gldl Z3sall (e s Alle 505 48 COD_inf I (e Yoy TSS_inf 2080 dabeall ddall dsall e
Al gz olailly Aijlie Bagale S50 oIV a8 ad a3 B zisall (idae O aadiu) dla
saalgl dgad)

TSS effluent Model

DY
%09
£ 0.8
20,7
= 0,6
205
< 0.4
;- 03 || ® | hidden layer
% 0.2 = 2 hidden layer
f.::‘ 0,1

3
4
525
526

pu
inputs
pu

e~~~ N~~~ =~~~ i~~~ A~ =~~~ ~ 1~ ~ I~~~ Y ~ A~ —

c s cg & C C CcCcc g cccecc cgccco C € C

|
1
1
1
1
1
1
1
1
|
1
1
i
I
1
1
I
|
1
1
1
1
1
I
|
1

input combination

Ot uiBula &353 baalg aﬂii.n :\3,\& ?\AASHQ aldaall aile gana @u@.‘ TSS Gl\,.n.'g oadil) 48y (12) Jead)

ddiad) clkll) wblka e (pH_inf, TDS_inf, TSS_inf, BODs_inf) (22) A8) 4wl s
Sle I esiad Cua Giiae Gt e AsSalls (RP= 0.944, MSE= 2.303) _till ANN iy ciia g
s - (13) JSA) 8 miase g8 WS ((4-15-29-1) Anguac A 29 e 4y dbusuac 43 15
B Aadgially Aliad) @) G A)aall LabaeS edlaad) ely ANN #3500 sldf (15) 5 (14) odsal
5n LS clulia) ailly laty Lo 4681S 433 TSS 4 5l G 5yshaall ANN aSas i i) e el

.COD BODs Il oadgai Gt aa JWa)

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
44



Tgmiall A paanl) IS Aasiuly aeall Cijeall sl Aallae illana 8 RaSLAll Cughl) el iy 4l

4 Function Fitting Meural Network (view)

a X

. TSS . suall JEall ANN i< (13) Jeal

_ Training: R=0.9927 Validation: R=0.59062
/= O D ~I© pm
S Fr w Fr D (o)
+ + | Y=1|
go o
= "
r =
& s S
=
" ]
510 3 10!
g2 ]
g o s}

5 - 5 - - - -
5 10 15 2 25 5 0 15 20 P13
Target Target
Test: R=0.79796 ‘ All: R=0.9437
- B0 oww B0 oem A
—_—rr = Frop o .
: .a {1 Y=Tlo 8 i
: 7
%15 8
o °
! g
2 0 ‘§ !
S a
o
5 3 =
5 10 15 20 25 5 ) 18 20 25
Target Measured TSS ot (mgll)

. TSS o il g igall Lygeunal) adl ga Auiliall pill) (il Jalada (14) JSi)
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Measured and predicted TSS“" (mgl)
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(PH_inf, TDS_inf, TSS_inf, uicall &gl lSulll (e <Dlate duad a5 clly ) 2Lyl

= 0.942, MSE=

1) & a3 ol Dl ol ¢ lly ey $TSS_inf L 3l COD_inf, BODs_inf)

119, 207 32 s Ladly ol 3 de 525 of U eaalgll ((5-39-23-1) Ll G35 2.307)
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LA 2aey Al clihll saey ddbiddll cAA Cilesans) ANN @l &5 e daall lidly jaglat o
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W1 Al 8 s uel) o8y K dileall Abiall dlsally AASH st Adal) 5ally e stia AANN 5l
Msally COD_inf 3815 cululd dijee J&) e o3k (Ja)all BODs inf 5 GlS J<ay ANN Ly < ¢ il
O e diey L JAa) @l LS TSS inf 2Kl dlad) ddal) slgall @l TDS inf 4 ddasd) dlal)
Y COD 385 (bl Lt slladll gl ga cilelusae ) ol dusd 0 BODs il 2301 gl s
(3-35-27-1) dpleadd) 385 ANN zisaill slaic] &5 ¢(2) Jsaall 8 dajaall dabiaall il il (pe die
(R*=0.9744, MSE=  Mies Ulle 310 zasall 3in cum (17) JSall & gl jelsiy (BOD; inf o sl
L) Lol (pe fan i a2 ¢ Lily Jalal) BODy inf oy sl 8 ANN 4<0a) Alall 484 bl aa i .71.245)

) el (e ABE cliyg<all daaall ) Jalal BOD; inf 3 4y 483 Jehy ANN cliy o< (5) Jgand)

& sall JE) @lially Aal) Adca | R? yaal Jalas
MO01 Input 15: TSS_inf, TDS_inf, COD _inf (3-35-27-1) 0.97437
MO2 | Input 21: pH_inf, TDS _inf, TSS inf, COD_inf | (4-12-41-1) 0.95957
MO03 Input 13: TSS inf, pH_inf, COD_inf (3-36-47-1) 0.9591
MO04 Input 06: TDS _inf, COD _inf (2-49-34-1) 0.95283
MO5 Input 08: TSS inf, COD_inf (2-35-33-1) 0.94144
MO06 Input 17: pH_inf & TDS_inf & COD_inf | (3-49-31-1) |  0.94111
MO7 Input 05: TDS _inf, TSS_inf (2-44-27-1) 0.93979
M08 Input 06: TDS_inf, COD _inf (2-43-1) 0.92792
M09 Input 15: TSS inf, TDS inf, COD_inf (3-23-1) 0.92405
M10 Input 13: TSS inf, pH_inf, COD inf (3-41-1) 0.90893
M11 Input 08: TSS_inf, COD_inf (2-73-1) 0.90757
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