Journal of Research in Environmental Health

Volume 8, Issue 1, Spring 2022

Comparison of Artificial Neural Network and Multiple Linear
Regressions in Predicting the Turbidity of Slow Sand Filtration of
Tabas Water Treatment Plant “ANN and MLR Application

in Turbidity Prediction”

Mohsen Niazi

MS.c Student, Environmental Health
Engineering, Birjand University of Medical
Sciences, birjand, Iran.

Ali Naghizadeh

Associate Professor, Medical Toxicology
and Drug Abuse Research Center (MTDRC),
Birjand University of Medical Sciences
(BUMS), Birjand, Iran.

Mansour Baziar

Assistant Professor Department of Environmental
Health Engineering, Ferdows School of
Allied Medicine and Public Health, Birjand
University of Medical Sciences, Birjand, Iran.
(Corresponding Author):

Email: baziar.ehe@gmail.com

Received: 2021/10/26
Accepted: 2022/01/18

Document Type: Research article

ABSTRACT

Background and Aim: The turbidity of treated water is measured as an
important parameter to determine the quality of drinking or industrial water
in all treatment plants. In research on the relevance of pathogens like Giardia
and Cryptosporidium, which cause hazardous illnesses like dysentery, the link
between lowering turbidity and improving the clearance of these bacteria has
been shown.

Materials and Methods: An artificial neural network (ANN) model and
multiple linear regression (MLR) were developed, and their performance was
compared to predict the turbidity of treated water at Tabas water treatment
plant. Total dissolved solids, pH, temperature and input turbidity of raw
water were used as the input parameters of models in the predictions. The
best backpropagation algorithm and number of neurons were determined to
optimize the model architecture.

Results: The results showed that the Levenberg—Marquardt algorithm was
selected as the best algorithm and the number of optimal neurons was
determined to be 16.

The sensitivity analysis of the neural network model also revealed that the
input turbidity, with a value of 29%, is the most essential parameter in the
creation of the ANN model.

Conclusion: The results of the correlation coefficient of MLR and ANN models
were obtained to obtain data 0.63 and 0.8921 and for testing data 0.60 and
0.8571, respectively, which show the superiority of ANN model to predict the
turbidity of the output of Tabas water treatment plant.

Keywords: Turbidity, water treatment, artificial neural network, multiple
linear regression, prediction
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1. World Health Organization
2. Nephelometric Turbidity unit



gasllan mon (Jlnl L L(0Y) wind sslinad e 5 CMSG
5 b glaald s it 03 ANN 1S 5500 s
5o B s s ,S) S5k 5ls )l ssms O slbagias
bt 53 3,Shes aglin gl sliliad iy K oy
e elio G b Lols aalllan oyl g5 S Sl
b olBuy (hs 05asSs 5 soyian ras S5 gL
Las PH) lbazias & 3555 ol 58S sla,zel,l Sl ssliza
38 es 5 dmmss dalin 5 (92039 5508 5 Jsloe Dlaals IS
Oz 3 (51 Ogmmlytlad Sl (ze 3 S90S ot el
e b el 105 e 6l el [l S, L

i ol 3 e (gl 2 D508 (e 0

SLICTS

b Sl adai Olasin

b Sl 53 e s ol il S e Of $lbagias
uitté\J’L.’ U2 Lséj"i' aisds A4 5 s o7 Lsil':-e‘_;"-’ LJ}L
OF sls 513 b a8 G,5 s et dids £Y 5 oy TY
cLSJL.u‘G;J | J}‘JA GL J‘ o 43L'>4.:.&..a.7 L (83959
s> Job 4 () o> 30k 5l g (2ls5aS 5 gamlialid
D0+ +e 390> Géfa.a A_JT 5 oS 2,3 (y35ee 3yl J:A)l:S A
sl sildyy Sl apiar SV o5 a8 o edli |y i
b e Ol it s Ol apiar Calii ol e Sl
sl Shials JS i ol s wols ples VIS8 s
3598 5oy PH iomiw 572 i, TDS Meter g5
NEPIES ST PRy T oy Loy s

ij.xs (5':"»71’0:‘3‘7’ 6‘;; Jﬁ’b’:‘:‘i ANN JJ.A g.ﬁi L&:.:L?L? U'i\ BE
dr gl (U‘Ji‘) u““‘L “-j 4JL’>4:..6..4? Ls;"i' O}:“‘"‘J:'L:-é LS.’)J”

s (Jue lorn 5 Szl 6>L,Ja 35 .(Y ‘_}S’Z) L esls

3. Multiple linear regression
4. Lobster
5. Endress+Hauser

S S50 S o 4 03l Sl ey alS o ba 2L S €x
el sl atls [y ot o (S5slses 5 saliand (oS
(F) ol atly N Sloias oo 5,8 4 o oz
S Jls elal p ibdiias o0, Sae Jldy s 0]l
(bl 3 il s w5 e 1S pmed sl Joe 3l sslizal b
a5 (Suie aon iz Jult b aiad 55 Of aphas
L s Lol olodl b 5 Vyams o atlpo (Sebsly s
Cilsta Jolye SMan sy o8 53 g0 ool byl bays
e S5 it 5 Jles) opl LS whas b
Sl obb gl 3 e St ey 6l aiias
o Sl S8 Olitlid 23 S90S Ol i

.S

G

5o 4ol A58 s5g
wle sesiman hea gl dyy 5l sslinal (ool oliiee

Gy lamn (So gl oo 53 |y osimn rae slaeSos
ol 03gs slezel LB 5 oanb 6Lﬂri—-—:- S ey ©
S Vst so5ian sras (el ws,S osi b Sy
S g s S (8500 s 93 (Sl gla iy, S
3,5 gl sl (o e 31 S aitn loalne s
GolS s (Ve Q) wmS e il [ SLeMb b bassls
03255 S Sl Wl S (glonaijls sy ((Hlmlons s
3 (ANN) esimn gas b i aisdon sl
> Gl S el i LSS sy wae a0 (9ol shs
smas §Leed (W) wisS o 285 Jlos! o b S0 S
38les (glodd 53 O3 g SlS b esian
G Comd g b 9 Slede 0 VL i ey
Cilaza sl s slazel B claslil olsises ool (Slo s
S Gl e ras aSd aisd e asll
oz Ol wile O CpiS jasls s
G e gy s ool CBE ity O (SAR) o L

aias s e (312) sl et O b agias

1. Artificial neural network
2. Sodium adsorption ratio

-
o

VBN Sl ol Sl otin 593/ dagme bl 53 nsy alibad



—=
<

w3 S8 Nz b g S 5 (5 yean s 4K duns e / O 5 (555 puains

o e

A5 g oS udaia 0981

o9

omeb e OT GBduias )3 O dias Cilisee Jopo Swledd L) JSb

scaled - resilient
backpropagation Polak—Ribiere
conjugate gradient (traincgp) - one step secant
(trainoss) - BFGS quasi-Newton (trainbfg) -

gradient  (trainscg)

(trainrp) -

gradient descent with momentum (traingdm)

2U ripees i wlizl baasls Gl sl 5 sl U
(purelin) Jl> Jusl 26 5 7 (Tansig) ab5eSw Uizl
sl anys Sladan 5205 5 oley sleaY Gl sy
oeens MSE dslas 5l eslizal UMSE oslie 05,8 3L sus
Jae 0l &Y gl s sl imlie (lulis (gl as
B uf*:’\*"j 350 0n5 V0 B Solie (oogian as S
By ralsl g s sl Bl o wadlas ool 5l Gus 08,8
Gy ol bl g et eols anys oo (2t S
sl 3 Gl e szmilzsl o ¥ s S5V b silae
S (l?ﬁ‘

2. Hyperbolic tangent sigmoid
3. purelin

Sloeize sl b gollae (3935 5 (o205 slad s gy
sl ool el s w,S i s Jae oo 5 sars
Gons sl b posiae gmas Sl gbadas 5l @il
w3l Jao iisal anls s geas 02 oley oY s Silise
bl bdae s (s gl 5 omtaslizsl Jolpe s s
5 " (MSE) s Sl oSl wbe syl sloasls
(ledas anls 5o ad gupn Jan (R) 050y i
eI~ RN Yol Cos w0 Lassls S fal
3 sl W i ke (FA) osls ) (s e
el 710 5 AV IO o b i szemaslins]
i oslial (oS5 oysail sl (70) oosls s (3 5 wins
2 S i s sl ol oS Sl (gl
i 2SIV ) (pepian rae K gladan 15

el

Levenberg—Marquardt (trainlm) - conjugate

1. Mean squared error



(\5‘) ’ﬁ":'u'“ Y'L’u‘ QT Lg\_,g o.,\.nT G ds 6"”053 3 (smRE

(1) dlas

ke (§8 52 (69913 yeiia Cyaal] (s Sl [ (Y sl 5
Oles Y 5 a35 Y oy b s NK g Ni (2,5
50 0 shel gl sl o 534S 0355 Y s 135 W aiecn
Sk sm e boldl o255 0l (o0 glaaY
(V) dn (53035 5 0le 2> Loy s Lagygypi slans
bdde 2b
MSE 5" (MAE) ks lla> .S5ls (R)

Zé .
‘51‘;“?4.{& S

5,8 L5 5s badae 85 s e 5 (3l (2555 (ALl sl
Soalie &S el Jue 4 bigsye Jue g (IS jsbas al
b asls ol ols |, MAE 5 MSE S>sS uolia 3 R UL
(V) aosls dmss 5 oty e BULIE Sl

R = corr (Real Turbidity values, anticipated
(V) doles
MSE = mean ((Real Turbidity values -anticipated

Turbidity values)

Turbidity values)2) (F) doles

MAE = mean (abs (Real Turbidity values

-anticipated Turbidity values)) (Q) dslas
laadly

P DS gl esias ras S Jas dres
b Ol 6l aias

Ll 53T 4y S s

2 2SI Y e jlasl ey sl S bl ¢l
Sl pisS 5,Shes S 8 fgail 350 ) dsiz L
Sl MSE Jlaie Il 25,8 s 55 U Lacsl ey 55l
Esan smas (il oley o s Logy I S e

1. Mean absolute error

\_Y_/ \ y )

1ot 1 ¢

235 0313 dugi s gito smas 45 (5 oo ¥ S
Sz o 030 5

Shaadd ot st Gis Wiz b (505, 5
() ol iy e G (g0 2 Jins joito G Sl e
Wiz b (5emnsSy dito szl 35 sl SIS ssbe
L Vyoma |y sy ol S 3508 salital s 5lo o) 5 a0k
Ls dslae (VF) wS o 55500 1y bnzally 5 asls oo 153l 5
il 5 Dyt () dolas) 680z G50y

(V) il

sl Szt o yd Slie b (2ol e g dslas ol
sless 5 andlan ol s ol e g5 X 5 seiie o gl
s wlazal 8z s ¢ gans, Sy Joe drss (gls e
ANN Jus Comle i
PH wle Jits b yusie Coodl (ol ks 5 4520
ANN slaJue 55 1) ke Slaals IS 5 (5355 <908 des
S il by b Jdd Cdds s S e b5l
st ties S o Sldie puiees Olsise O o
rise el 6. (V0) 5,8 sluls |y G)ls Juw 29,5
Oy Wslae o 4S5 L Sl Jdos ANN Juo oaze
St oo i 4 55 b lslas ol ol a5 (V dslas)

—
>

VE Dl sl bt oihe 5553 / e Sblg o Ghe s aelibad



-
D

w3 AN s (s S 5 (8 e s it e / 0L 5 (53LS s

wrlis a5al oS e Olsieas oo e w2
Jute s 53 158k —S,s) 255 5 ld s

..x_“»sjf sslazl S 6&:‘53\.15)\ 3 (55 5an gmas Sk

BEl .A:A.w\ 4........‘:‘L5.A ENCEI qu Lﬁr.:.i.)ji.n CJ.‘!“ Lj [N b.)‘.) 4.*.“‘,3
sl @S ol s sl slaces Pl b aallan !
Y ols Sl (trainlm) o758l -S5,5) e2sS) ol e

TR = _
Ol Y 099 (e 1SS slas MSE R SO

\Y ) NI SIYON YD traincgp (Polak—Ribiére conjugate gradient)
traingdm (gradient descent with

\Y \- </ 80 S/YAYYYF momentum)

Y. 0 NAREVE JAFAYA trainscg (scaled conjugate gradient)

Ve v. S/ AP CJASYVE trainrp (resilient backpropagation)

q V0 e AYAY S /AYYAD trainoss (one step secant)

A Yy L/ \FO L /AON S0 trainbfg (BFGS quasi-Newton)

\§ q R LY CJAQY Y trainlm (Levenberg—Marquardt)

TN )9S (S 0O L0995 3 Sdes gy Y Jgax

PHENS

MSE MSE MSE MSE o
halo)T sloosls  adly sosls  ijgel slaesls  ggaze S0
S/ eYV-E /L YPPAYDS /. -Y¥S /o588y \
S eYOAY /o AVEELEY /o vrY) SV Y
JeYOOA /- YYBV-YA o/l YYYY R T &
S/ NASY [ YYAVIAL /- 754 ./--0fFd  F
feesqFS o[- Y.YAYAY  o/--1YYO o/ ¥Y )
/o YYAY /- \FSOOFY /- -YYFO /-0%8A  §
S YOPY /e A-FAQE /- l\YYO Y )
AT L] YA PO 7N SRRV SRR P Y S/e08YY A
/e N AN o[- YSVA-FY o/ -QAF -/ F54 q
R P /e AASAY /e YEA /o FOOA -
N R AP N 17 E YR 1 7 SBEAY 1N
SJSYPYY O /F08514) -/--100F SYEVY Y
RN VT2 L YRR /- YSY ks
SLeNONE /e NOFBIYY /e AVY R L A
[ RYEY o/ YPYYOAS /.l ATY SYEAY b
/e NSOY /N SFAY /o AYY /e TEA \$
/- YEYS /o \SOFAYS  o/.--A-§ -/ - OAAY VY
S ARAY [ APARVED /e sEY /%0 VA
S/ YOAY /- YYAFED)  +/--Y1VA SeeYeRY 04
SLNENY [V YOASY /e A [-PFA4 Y.

b (Sshan as S e Oy Sl G)ledng
T8 5l -E g oy K1

Sl Sl 5! r‘i)ﬁin b osian mas &S Jue
Ol Y s Y b Y gys8 shuas dagygy s shs giludig sl
LY baggsg onl 51 SG o s 48,8 L5 5 paae oSt Ja
Loianssi 5 S s st o5 Conlinncl 4 oo el it 1S3
s eSS Hledie s Conlond asle e St Jua T
ol olS bl it Bl [0S b aglin glyy cazzts |,
groran b Sl S 5 isal ¢ srelazsl doa s MISE e
b SsS ol sali LB Y Jsas 53 &S jshailen .ol sl
onl ol s V8 o)l 49y (gl trainlm r:wﬁ\ ,»MSE
2 2 D988 o @l e SBl lsted 058
sy e (Y US2) FoVP) glomn iy ol o 4z S s
Sl sE5man sras G5 sbda (i SIilns e
VooV sliel G3dns ool 0 8 WAL 2,5 DpgaS St by
&5 s s 93939 5 5205 gl 5o o shad i S
s tansig Jll @L: el 52 9 st el s Jlis
53 5 Wosls (g3l Jla s s3game s s purelin las Jlis| (}’U
(5 o) 1,8 Lo+ /A6 4/ i,



s o 0 g2l Sslie ol 3 d sols drss gy Joe
ol slonls Sten sy a3t plyiey (Stores
NG TS S B FYUR Y | P P F G A SO o
ot o5 p3lie (sl 354n 5l3 500 cpl 534S Hphailen
CINFF i s 5 isal milazel J5le gl
Loosls o3 (gl o o 5l ey < /AOY 5 4 /4AF
25,5 w055 on ol it Lol < /AAYY 1Rl
b aldiad 29,5 ysaS slie 0l o0 adlann s Jus S

.XﬂLu Ls'.‘ﬁuj"ﬁ LST“"L:A C,é:o

(%) las

Koy mesls 4yl Slie swmsolts x sbas opl s
S samspltig s bels Shade Bl sasmsles
el Laesls jlade

Jibe i g (i yls!

FANO) ozl 5 s Lolm g Lausls 1 7¥+ LS ybo
Wosls (ot 38 as 8 S 513 wolizal 550 (LS 52 g
(25, 5 i 3350 MAE 5 MSE 3l ssbizd UANN s 5

L.a_,.’f CJJ}..\S X% LS;?fL;*ﬁ'e’ J?.-’LE"‘ OMJQL;"J Y 9 \ 6\.%)‘3}.0.’

Sjgel eols : R=0.90868

0.5

Jln.l..n.n

0.45
t 0.4
m35
0.3
0.3 035 04 045 05 05
2dlg eols
S ool 1 R=0.85031
0.55
© Data
0.5 Fit o
¥=T

Jake

EEd

“

o
0.3 03 04 045 05 055
lg ools _

7= el aole 1 R=0.85668

=
Fit
¥=T

0.35
lg sols

0.4 0.5

0.3

0.45

aale |¥ @ R=0.89213

035 04 045 05
(2lg sals

0.55

o3 Jbo b.ﬁl, 23lde by )3 &9aS oo [N ) 23ldo ;A..S'y Slaldges ) Jldges

-
.

VE Dl sl bt oihe 5553 / e Sblg o Ghe s aelibad



-
-

w3 AN s (s S 5 (8 e s it e / 0L 5 (53LS s

e T
o jael sals 5
e jliel ssls
T 0.5 iy e~ T T
:z:ﬁud:hn_
Tapets
045 -
|
"
Y i
4 I3
| ‘ { 9 ek
1 J o J‘
!
0.2 - 0.2
[ x ") 0 ] 100 1 0 5 0 15 F] F '
Cand 8313 sals 15
055 @ 0.5 T
—al— Prediction. —— Predictions
—@— Targets [ Targets
(133 05
045 - 045
% I
9wl 1 ]" oa I
) ol
03 - LE-3 | 1
0.3 0.3
025 i A 1 ! ! 025
L] 5 0 1% Fil F-3 n o E 0 L] L 100 14 140 160 180
X CORWER sols puaudl

G iai jl (o935 093 S i 9 (=Bl o0 Jlo pi polie W ool

by 9 Eras mas Sl olen Y 5 05 &Y mle saal
7o Y 5 olen Y @ el Jleel G bl ey s
Ll o sizn cas S

et 5 ally slaasls SIS L3I A dslee oien
booad Jlyi sleasls (gl dloaiiad 5l (29,5 2y5a8 aud
ps o s

(A) sl

Sy 20 3l dansd e ozt lazel a8 Sl )

Pt s oals Y L 5 3Ll s G 00,05 S8 (2 3350
Sagad oy amsgm o b dlon ol s B lagad
mly sloesls s, 31 mmlin IS8 & o8 st iy (slaosls F
orl 53 0 osls dmsd 38y agad (b 3l anS e (50,

L; Lf"ﬂ"u:"fﬂ 9 6’3‘«9 Qﬁ.sS O w\.uo LL:JJ‘ )‘ ul.&..t 4.1.74.»

ssad 53 sad desls glallas b bide ol poines
oo a3 MSE glhas &S ol S5 LG ool sl las ¥
5N /N G el 5 emilzel (s
eSln o il asMe (Y lsgd) il sy o/ oAY
VWY /YA e sad S5 Lol gl Uas las ud
don it gl silo 3L (glas sl el Cowsay +/+YIY
ol st als GLES Y sged 53 isal 5 sovimsslezel cns

D388 s Sl oad o3l a5 ANN Sl Jua
el s LIV dolas s s> aalllas s

(V) dslan

ANN equation= Purelin {

Oles &Y e el sy GBL 03 W g8 dolas o

Sty bl 39 W, (sorae smas Sl sz, Y



oigel esle

owilandly sl

24 A
o 20 40 80 100 12
L sl
G g0l
015

cailadly sl

-01

L Ly il

cailedl glas

oaleudl glhas

—@— Residual Errors

a0 smas dSui Jdo b Gl diua jl ;29,5 0938 w03 MAE g MSE aile 8L (slbas juslio 1 )l3505

Bsdisn S shaos i wiz L KL C“i R e
cui:..a): 6ij.:.x’;n LU 42“3‘3 gy ‘C“L,“ e & 6,&:@ C.J‘

Wiz by 5, 55 0nsS e 5 Jies gbyysie

Additinal Test Data
0.55

—@—Actud
-\ Predicted

Turbidity
=
Y

=
o
=3

0.3

0.25

Output ~= 0,79*Target + 0.077

05

o
&

o
»

e
&

sl Jlde e .l /AOY L Ll (Sied oy

i Jeols /W L s Slagse S0l
S8 s O 5

O3Sy S5 wopazaniz Jakos s s cbsie 3l S

Additional Test Data: R=0.85719

L s L .
0.35 04 0.45 05

Real Turbidity

2 8315 AR gl (o£ gt (gmas A U (SOl Cund A o gl Nl g0d

-
—

VY e sl 5ol (oitn $53 / dame Cblgy 53 i 4olidcd




-
-

8 Jeols s 5 el (glaesls gy /oo TY
55 san et St Jin ol s ek 5 4052
Jelos 5 5o i a8 o by, g 5lse tdu 534S jshilen
39S ey PH asle Jites b yusie Coenl (ol
S oo LI ANN ladus 53 1) Jslos Slials IS5 (63905
Sl el 5 525 5 Loy sl sl Cesgy ok

ol o o3ls 5Lz O Ylsges 5T Jod 45 cod i

Glaliie 5 Sus 2l S SS 4 Sl Je S byl
) S (b3 Sy S spba aisin sl doseine
el (gl andlan ol 53 (W) ol o sl 2y ey o>
KX 5 Giigal G TA i 5o & bansls Bz (s (50,5,
Sl e b ol 28,8 B kil 550 o s
] Sty /50 s Gl gy g /EY gl glassls

30/ TGl e Sl Sl (gla> Sl izes

U (S gm0 (gmac S Jdo Y (o Jlasl Oy Y Jga=>

w3 AN s (s S 5 (8 e s it e / 0L 5 (53LS s

LW W 099 o leds
79> D)9AS Jolore Olsale Js° $399 L99aS L pH
/SAFF. . F ¥OVYSA V/SAYOY- - FF o /FAVER ./ A-AF \
~/AFAVYIAY -Y/AYYoY S JARAAFLAFD —o/5A¥D —-/YAYAD Y
SVYERA-VYPY RY/SIAIS Y/111445.9Y JANTAN - /RAPVA v
~\/SAOFSYFOR V/YYAVAN -1/ $EVAAVY] Y/-4F5) V1 FASYY ¥
PAFLFPPYY — /AYAVF SVVSSFVEFS . /0FOFY o\/-YOSY 6
-/Y - YAASORA - /65005 V/YYFEYaYS /49514 S1/sYPY) s
SFAUA- 50 </A-FOAD VAFFIYAFAS o /RAYSF /PRy v
SV/VYY-OVFFS -JOYEVYY S JEYYOSSND  -V/\SYOY  —/-AYFA A
S /TOY-AQ- -5 ~\/SAVAF JYEYOYAVYS L /OVERY )\ /s.ovY q
V/¥YOSAIAF VAPYYIO S/BSAYYYANA Y/-FARYR -1/-08A) V.
- /SOVOTFFNY AT SV/AYVSOAYOY  Y/FAYAFA /VAAY-Y "
SV/CEAANIAN - /¥YaSAS SVVYSPLYOYS L /SAYFAL S\/5.50F VY
V/FAFYA-SAS SA/SY Y S/VAAFYARNA  V/10-FRA L —/FaYYO W
S1/10AAYASFE -v/ve-v VAS-SYVLVS . /FFEYS ./FYOS i
-/-YF-AOVOY \/Y\500Y VYYESYFA00  \1SYFOY  -/YAIY4D V0
- /YOYAFOY) V/0ARNY SVYVSFABYSS VN eYe) - /YSFYA) V5
“‘”"3 Relative Importance of Input Variabels

SYG oslie) Lol aadlas s el S @L:s o b 2%

s o oo (o ol aslia [FPERPTUNC O o0

5 s Sl 5 By b G5ae,Ss S so5ias

Al- Of 6l aias 5 Shee U3l olsze b glandlas o \Kan

wisls oLl gma Jua 5 se s3ls slaaa 3l salizal L Karkh

2%
Hl apias Gaunh (3l ladas S ee andllas ol S
‘-pH e [ ooy NS ‘

rroba Sl wlsie s @l G sl sl SN L

A2yl (oL giua0 guac 4Sud Uxe Cawlus JIUT s .0 Jl3gas

2% 03l



o Jlasl 039 Lawss 5,8555 nl 23,5 ol Jae 5255 s
Jsaz 2,5 e ol esiae s 2 Jas oo
7o DS siledas gl | mae S 035 il ¥
sl Censty ol Gl s s o 0L ek ST Sl ias
238 panta Comlas 5 IUT ool 5s g8 Jedo Sl
P oS i 0 el GRE L adne oled S
o glae Ltsodl LSle IS sbe il olbaias
Lo il J3las oS I 55 el ZYA i b 535y5 &p3aS
25 PG Sl el ao s LpH &

& S s

i3 oytnn e St o o aalllan sl
Wdpiad (29,5 D908 o 0 W80z Gl 05055 L
e e Oyt et 5o 230 w3 ) (g7 gl ek
DlS dolos 3y s Ll sl ad o
bl e Olye s XY Jlako b (63509 20398 &S 0 jatie
bl 2l ele i pestian ae S i g
Al 2 583000 as S S 05 patta G gla bl
O MRS SRR H PG § PEE U g 5!
L5l g popimn o K slain o oy UL
Slsilaciiad (25,5 2508 Huslie o gl

O ol

Wl il (ol Cb s Juls AW SIS plos OB 3
erizan 05,8 Zoley e ol 3 1y (g3lnsls 5 aosls iy,
Ll ol San S (b b ii> Bl slas <55,
S a3y 3 )58 il e s

Sy S

pled 4 grsmiils Slidss o5y, Oy Cov Lol aalllas
sl sbi Casles IR.BBUMS.REC.1400.255 CJL
oled 3 s Sl sl Gl wm (Say sl
3 A winges b Ghean ol K s L S sl

.Dajfuﬁ _,5\.:.3

Gob 58 sslizal Coabad ois 2 S G dihad 5, Ses
i ol O e byl 5 6 ws panie walllas ol
5 SUipdl i i S Sl cuiia (oS (IS
Sl slodan gy 35 sslizad Jao il Gl erkew
Sl o> Sl PH 5 bl (gsloasd 5 slansl a3
i pias Ol 508 iladie 3y30 3 sy s daly
Cohia ol ol slaclale s Juls i (g5 slajeize
IS st Dl s (sl IS enandS s dos (S Sl
57> it Oy sk ial Ol D508 5 wsg LIS
OS5 gade wallls cpl gl Gull 5y gy sad sl
sShee ghls Wliir Lhs gy 5 spimers k>
Ean (smas Sod jemme als Jue 5l VL eS8 ooy
sledie sy s pl s (Sren oy splie sy
G sEsan omae SE 5 ABur by (5wS,
5SLat s & s3msall 5 eale (V) 552+ /VVY 5 /AT
OsemrSy sbdas 3l slizul L Al-Wahda O 6lsias
oyt sl inlyy egian wae Ly Bux L5
Buz (b g5 S) sladse gl andlae pl s (Stacen
ol s /AYQ 5 /MY Ll sgian mas S
Eran mas Sod gl S w8 anm liine
3z D098 Gt o WBu ks 05 S
ol 53 sl s B e L) ob g dbeias
St 3o sl ok aillan U 3l el (3
S 5 i S el S5 LB 5 e ol ) s
seran i St Jio G5 @ipale e Yzod
Jae anss 5 by o3V Dlee s Dyt Sl 5 wilools plovil
2B egian pras S gadae Sz il paae K2
b aite g 3, 5 b Ly 5 Slaosas Cibn &
St a3 el s 5 505 55l anlllan s aizeen
Glrrie Coanl uyy gl 20 02l drnsd o5ime ras

(d}lm C)‘.A.ALJJS} (83919 C))}.Ag 4LA)}pH)L_§.L:.:’LAJ.S.:“A

-
—

VBN Sl ol Sl otin 593/ dagme bl 53 nsy alibad



-
[ >4

w3 AN s (s S 5 (8 e s it e / 0L 5 (53LS s

References
1. Twort AC, Ratnayaka DD, Brandt MJ. Water supply:

Elsevier; 2000.

Organization WH. Water quality and health-review of
turbidity: information for regulators and water suppliers.
2017.

Inspectorate DW. Guidance on the implementation of
the water supply (water quality) regulations 2000 (as
amended) in England. Drinking Water Inspectorate
Guidance Document. 2012.

Stevenson M, Bravo C. Advanced turbidity prediction
for operational water supply planning. Decision Support
Systems. 2019;119:72-84.

Goerger A, Darmaillacqg AS, Shashar N, Dickel L. Early
Exposure to Water Turbidity Affects Visual Capacities
in Cuttlefish (Sepia officinalis). Frontiers in physiology.
2021;12:622126.

Cleary SA. Sustainable Drinking Water Treatment for
Small Communities Using Multistage Slow Sand Filtration:
UWSpace; 2005.

matuzahroh N, Fitriani N, Ardiyanti PE, Kuncoro EP,
Budiyanto WD, Isnadina DRM, et al. Behavior of
schmutzdecke with varied filtration rates of slow sand filter
to remove total coliforms. Heliyon. 2020;6(4):e03736.
Ranjan P, Prem M. Schmutzdecke-a filtration layer of slow
sand filter. International Journal of Current Microbiology
and Applied Sciences. 2018;7(07):637-45.

Alade O, Al Shehri D, Mahmoud M, Sasaki K. Viscosity—
Temperature—Pressure Relationship of Extra-Heavy Oil
(Bitumen): Empirical Modelling versus Artificial Neural
Network (ANN). 2019;12(12):2390.

10. Saleem AT, Al-Musawi NO. Evaluation the turbidity

11.

12.

13.

14.

15.

17.

. Mahmood Yousefi AE,

removal efficiency in Al-Wahda water treatment plant
using statistical indicators. Journal of Physics: Conference
Series. 2021;1895(1):012045.

Kriegeskorte N, Golan T. Neural network models and deep
learning. Current Biology. 2019;29(7):R231-R6.

Al-Musawi N. Application of Artificial Neural Network for
Predicting Iron Concentration in the Location of Al-Wahda
Water Treatment Plant in Baghdad City. University of
Baghdad Engineering Journal. 2018;22:72-82.
Hosseinzadeh A, Baziar M, Alidadi H, Zhou JL, Altaee A,
Najafpoor AA, et al. Application of artificial neural network
and multiple linear regression in modeling nutrient
recovery in vermicompost under different conditions.
Bioresource Technology. 2020;303:122926.

Marill KA. Advanced Statistics: Linear Regression, Part Il:
Multiple Linear Regression. 2004;11(1):94-102.
Shojaeefard MH, Akbari M, Tahani M, Farhani F. Sensitivity
Analysis of the Artificial Neural Network Outputs in
Friction Stir Lap Joining of Aluminum to Brass. Advances in
Materials Science and Engineering. 2013;2013:574914.
Mitra Gholami, Ali Akbar
Mohammadi, Nadeem A. Khan, Mansour Baziar, Vahide
Oskoei,. Modeling and analysis of the groundwater
hardness variations process using machine learning
procedure. Desalination and Water Treatment.
2021;238:7.

Khudhair BH, Alsaggar AS, Jbbar RK. Performance
Evaluation of Al-Karkh Water Treatment Plant Using Model-
driven and Data-Driven Models. IOP Conference Series:
Earth and Environmental Science. 2021;779(1):012110.



	003

