[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

FIA-FVF: 1 o lais o Jlaw VFAT lgs chins cudligy cutigo dlao

L (MBBR) o5 pxio s b (polasdgns 3iaT 53 in g 9 $)w g
(ANN) G (Suoc A5 9 (RSM) o wly P9 Jl o dlaiuwl

3l Lage 31505 dazee
Ol Ol gl oKy (pwdkiga 5 b 0dSils (Ol s dige 03 S

A\ S LVAV) SRR SVRVY OPITER) SV VAVVAL IV EVREIIIPRY 5

CRVITY

sl ad 2 ;s (MBBR)“SWJ;—“%L—EJ‘A‘:}H)}—S‘) Okl s i 5 Sl dug Gotos (ol 5o i g i)
.;Mnxz_ﬂ)ﬂ(ANN)_;MM&,;,(RSM)@QCJMU;JUM;L@:M\L_‘&:LJL;A}J;M
L,<.._.»L§LAAJ|J_<;_M\{M)>V~ 500 Y Jf,\.:ﬁw):b.quzgoﬁﬁngﬁl)jldju»@u:u‘;«”;;Iy
—u,':.ll_»ﬂ);4_::.@__‘.]@\]_..'2O,:.«JL;!J,{..L.l:jfa:u;..»loﬁa_kﬁiﬁV.L:éjﬁAiYL}fQJ)umm.}@j}j@JﬁiJL@Ql}&@@
S e Sk T BV g s ST Ol Jle 4 oSl Sl i Gimmes 5 o plnil la
Ol sldde oo 5 035 .03 5 50 RSM Sl eslizad b o pa Ve 500 5 ¥ Ui, dsys 5 el VY BA Wb 0l
gﬁ_w)ﬂ)_gdclx_.i}HQANNJM:&:‘»H{MQ&QBJ&\)@:{J@T,J&wJﬂANOVAwJLwUJ:bJ&AS@aJJ
NI

23 celw VY 0k 0ley s Wee MO/l STy 0 Ol 55 Gl o 2ion (8l ange ) 1 48 5l 0L Ul b (g5lwang (el
Sl op me 534S 2l 0L 55 oled L ANN Sleslinal bl B o i s il o Ao s OVAY (Ss s
il e G Ol S i 4 036 R'=0/AY L (Purelin) e 5 Radbas Jlist x5 L

CLANN s, 48w Ols5 e oy 55 opl last Ol aslie sRSM 5 oled 4L ANN Juis alio b 15 8 aoess

el 03,8 S i |y Waesls Wigy zeS glast g xiy cds b eled

Fan s S an ey B sl oSt i b el g 551, 1S lals

[ DOI: 10.29252/jehe.7.3.298 ]

Ol el oo ylss oSS ( pwdigs 5 (1B 0aSLED (ylyee cuskite 05,5 1] ghewnd Ot g
SYAAMAY A oles el - delnavaz@khu.ac.ir : |


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

alas Liago 5 5l sals wans

D5 4 alasd b 53 0328 b a il Cspd il
s A5 SV S, Sl S s 5 el esl
338 e 5l 3 eolind 55 5e e 2T 5 (53l
A5 oy e s sy a5 L 0L
535 M b s VL Ol 4 S5 ) (S0 5 Sy
2y 2O mles il o Sl
o 3 Silmiiag S 63 Sla s el
5313 5 S 4y S i slagi 5 Kb
ol a5 Bl oLl b s Ole ol
Ly 4 S el Sl e gazms lasl > b i,
G b 3 (Aol (sla pane (S3lmaig 5 (S3lwdde
Sy Slaianin 3 el 5 el bl bl sla g
=iy 3l el ol w8 S 13 a5 350 Sl o
o Sl badaly oo bl ~b 0 ne sla
Sl eslil S s amen 5 s YL o33l Cgr
23 =g Slar b Sl (ol 53l sladle s (i
s Qaderi ol 45 S 13 eslizal 3,50 Oler il Ll
o s S eslial b b slast VT Gl s 0l,Kes
05815 53 = gl sl VT Gl (g5lade (s —
S bl e 6 S el S e i b o
(Sadp doss 5 Bl S chle (eSS Ol
<l 01, 5 Navamani A.g_éﬁ)lj_s PRSP
o VoA 53 a8l (S8 sl W 5l el
ter Sl g S0 a5 DWW g (315 alie (5l 45 s S
3 5d o YL TDS 4 2 YU Ol g Ol 500 S bl 5l
ot s b Sl g slads Bl g5y Gad
ot 9 Sobwasag A el 5 IS Sl eslanal
ol 25 RSM) sy o g 51 ealinnd b ba el 5l
Wy Bl s s el b bl WV S )3
sp-value Sluie syl 4 e 55 b g bl Blod 510 as pes

Aoy Vo Kooy a5l o 2 Ol 5 S 0700 50

Y44 ¢ Yoo jladh aia Jlu A Hles ¢ Joaas Cucdilags cwdigo dlas

Ao dilo

5 G SLOSL wiar sba i 5| S MBBR
LS as S0 50 et A s Llsl o &S ol s
3 dl o) gladol b gle Sy Fp Gl b s Ad w8 S
380 g s R Cal mlee 1A 55 o b i
~dner 55 Sl Ol o 15 MBBR (sla gt .ol il La0l
O a8 5 1y SIS 3 9 50 BB dad (slaten
oA ol CdS 8y VL s a s s g e
JaW)wmﬂrﬁuMwl,MsboU.@\
Sl am 5ol 3 e d e 035 pass Ve MO/L (Glas
Jerls et 45 S o e 15 VL L SO e
23l Sde a3l 33 5 0 KB e S
53 Tl e Sl Ol S Jadl slas 5 VL
5o op e s o Lol ol MBBR aul 3~ b
3 ks Gladl B amen 5 b ol )3 lac B
So o lee 03lg LIS L s Sllse 4 0T 35 8 &
o sl S ST gl 3> 5IMBBR .cul 63 W01 5
5y s Cgr s Ol a3l VL e
o3l sy Ay (81 U Sl s el 15 e
eLas 5 MBBR (ol 5 sln, 551, 581 Cidlst S s
s ) 3 il o el s 55 8l SO e
2 sl S 5,8 e s ST 6y b e s A
S 3 5 Sl skl s AiS e &S o T L
nl il o U STy s 3 Sl odd amd s
Tl S ST 5 ln e b 38 Ll e ST,

CaHoNHy Jse 3 Ly (T 8 5 G 05 sl b el
S Sl Gy il K els SIS 5 el st
CliB o o3le S Ol gie & ekl Fnls DLl el 05 S
OF S ol 13 15 Y707 Ol s 0 ST 3 O >
doas e il 5l Ol s 1y OF 5y Sl L 6 Ol o

b ool S Olss 4 Ll 5 e gﬁgicgtﬁ).»&.{


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

(ANN) e simo rame S (RSM) s gl b, 31 0liiant b (MBBR) S ko Sy b sl s T8 e Gl 5 ol e

Gla i, cciliss Ll o o o olilesl b .l o
eJLﬂ:_wlRSM Lf;j) )‘ &:-‘;’J kﬁ" DL 45.)\5@ 45\‘)1 L;_}Ld:ﬁ
Sals (olalsl sl als Eel i)l ol o
2 2l s 6 SOS a zmen 5 (ot laas 5o
QL&%}@-‘%QK&‘W)J}GM djjlk;wu).ﬁ &JJ.AA
Bl L lasl a5 il da bl
SlaosSly Gy 2 0550 & Slads 5l (Gl 55 LS s
BLESC XY a.,\;.i\ﬂ LA):&:A Ty e rL>u‘ mej:.m;bwl:}ﬁ;
o33 Lgl 5l ol sliws oS el o3 ils Oloj 5 ol
Al g S JAK_&.LLAJT él’“di’j) .k.wjj L)J.,o e
wﬁ)‘}ﬁb)jﬂw}duit)bdéadT (Sl 0l L§J2§
A L g Sla) 5515 (oleaing 5 023k ) ol

ol T glaodNT (g5l S e

B plsil o)
OLen 5 5l A&l Sledbl 5 iagn ool 5o
(S e e b edd gy 5815 5leslanal LAYAT Jle js oS
3y 1y T glaedNT Gl 5 (6mw Ml ads
o3linel 3550 glaaST .ol ol oslizael (Lilosls Sl 3 iles]
e OS5 4y LS (sl ¢ 5 51 kot )
CS o 3l o3 A8 ol am s oS 5 il lels s 5
o=l s s S SEVL s &8 sboles L (gl > Merck
o 3 S 0L 5 5lsds aKabesT Sledbl 51 2ays
phal oS pote i Ly (oo g 5 pS1) 5 eslinad LATAR
S5 alesl ae 1y JT gl VT Gol 5 (6t DL
Lo ilasl 48 Oy o i il el eslinal (ifesls
3o e o L ool s ) slagaaly 5 4 S ol

W8S e

Sl sl 55 La e g Bl 0 Sl e Joke
53 p S ke Ver Ul (53555 COD Olge Jolt o
O35, el e Sl 53 570 Susd AL ol pH 2
L S oo s b abid s 55815 3l oslinal L p s ol )5 JS
Sl dcer BB Dbt ada js 28 5 Jld cped SWS
Sl Jebos el ol OLSas 5 35 i L
Sl ol 5 g Bl 8 2 S5 S, Sl eslid L
" ael Cws e MBBR ST, Sy LS iyl
A g MBBR I &= 5 01K 5 Zinatizadeh
iy 3 eslial L (6 OSB3l 35 5 T oS
sl lp s S eslinal Slesas D) 5o 4 050l 23
(St Ll Dy Jiee joiite a il s Shes
o b Al p ol s DLl ke ¢ 5 I glows 038
28 8 gl dde 5 o 5 4 a0 el Ve
Sl oy M s A0 (o 5 4 COD Gl gl iSlos
O5Sh 5 Cele VY Oley o Kaldnes 5 aal> AL
bl 5 OLSes 5 Jler s 2 S n £ U sl
iy 13l 5 TSS 5 2,508 (S5 COD Gl g
Sl Sl S S p b s el e )
Delnavaz " .as S eslizal 53 A 5 el IS G OB
(MBBR) S ;s e b oid s 5551 2L ObSen
deoys LANN Jis 5lestizad b il (godo VT God> (4l 5
b olame A3 S ) ) Ao s 00 b S,
5 gl o o i Sl eslial U eas 4K gl Jubs
SO LUy @olgin Jis aus S ns bs e iole]
S5 3 LMBBR 5 Shes o i 6ln b e 43
T das o 0L ol sl ML wias sl

0581 Ol w5 Sl g G ol 52
A3k i s MBBR U S omie s L ki
L el s ol S U T e 5 o

wﬂ)fjwd.&&;jcﬂh&]ﬂwulj)‘)\a)m‘

¥ o lack alda Jluw ¢ V799 lgs doaas Cocdilags crudigoe dlas 4 v


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

alas Liago 5 5l sals wans

b el s (5l l5ile 5l s ol expert
Gl ialosT sl 2alS g cimmen 3303 5 00 Lo il
Lo bl sloang (o L2 Glaces aglio Gl 355
e ol BB 5 o5 586 i bl slag b b
L aosasl 6 S Glr il 05031 SaS Ll 5 ol
s i L5y el 00 B Cilits Jal e

ol ez sl 4 5L, ol G RSM 55 50
ot bl S st 5l Al s Jies Gla ate g
Jdoe 558 on et 3 ool i 4 Oy S L jie
(V) aslas 3 35 e 2t RSM 3 2y o 53 45
ol ol 0als OLES
Y =B, +2L, 51-Xi2?=\ ﬁil—XiY + )

X Z;lq' Bl—inXj t+e

o2 Bi b B Bl e Y aslee o
s Jalse Sen o b By o ol San
Slel gl € 5 51 bline Steses <y 5 Bij p s
sl 3 42 40

S el bl gl b 5l Ko S ANOVA Jsa
aolsl 53 oS 3,5 o 515 eslinal 5550 Jue gliS L 61
b s Jader al 53 39 g Jele

R S5l o bl 5l e 03 b Cgr
el i 4 S sakilan A ealiand (V) doles 5illas
Loy Ve g S osbe e L) o cu s nl e a
el 5 g3 BB ASL s

R\‘ =\ — SSresidual — SSmodel (Y)
SStotal SStotal

SStotar 3 Jds Dln yo ¢ sazms SSoger ol ol 5o

3 odabedl Ol o psamme ol oS S Dla e ¢ gams
AL o el Jhe Dl e

P-value I, |- bl 5, 5L, el S S J ez

/00 3l S Ol P-value S Y 3 05 ST 3 o S 0

S AALIER S R [P RSN

A ¢ Yoo jladh aia Jlu A Hles ¢ Joaas Cucdilags cwdigo dlas

RSM 1 o3Laiwl s (5 jlw ding
sslil b 45 3l o (3luaigs Sl i, dax SIRSM
Jie 1y Bls bl 5 ool SsSESS 51 ) 45 goma S
Slie 68 ol (s 5 i) ol (il s S e
So b e (92505 la i) Jiaws jite i S
0> gt gn ool Ll o Ceslapas 5l (g S Rl
e e sk 4 355 sl e 55 Ol as bl
Cla_.d L;LACJ_L 03 L e sl CNL e 53 Ol s
S5 T3 SOl o sladis ol uly
A Je S5 S a4 ) opl 3 AL
als, Sl LIS 5,8 e 13 0l 3550 el s
R E o LI P (e VU .o
33,8 e plonil (6 2t SlilesT 5 353 e g b 0slss
S Sl s s alelid (s T b
NI AP ICH I PSR NV I VR VPP
e b Gl e SIS e s ek Ol
4 a0 LS A RSM Sl eslanad U (glaang andlas
S e 25
‘Wﬁpéuﬂg ol =)
ey an a5 Ll bl plowil SialesT Cb sl =Y
sdiolssl bl
S edialomusa oo glaesls 1 5l sobel s Y
ol Glakor L AU G b
Jde il olis,l -8
s Cgr 5o plamlr S5 el UGl 5 e g5 U360
< e
Faallan 3550 e a1 ne palie 03,51 Cows 4=
i) s pito de DS w5 55 sliteey
G Oleily ea3b 5 (S doys 5 Ll Ol Sl

Design 155l o 5 s RSM 3IMBBR 433 Law s JT 515


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

(ANN) e simo rame S (RSM) s gl b, 31 0liiant b (MBBR) S ko Sy b sl s T8 e Gl 5 ol e

Lo plol gla tlosl s wgy Bl 3 rens (s

53 AJ&LAJ:J«LA)T [P C N Q\)Lﬁu_g)'lj;b

Gilas 2Ll b el a2 bl oS

Mb}‘.})bﬁ‘?}d{ﬁ.}ﬁ L;Q.L;.é}:{)):s‘)‘).) L;T e.)LA &_9.:\?-

&;JJ;Q)VLAW)JJJ

el &L ANN I oslisal by il pd (i i
s Sl O3 bt s S v s L
Sheslinal (oAb 5 Ol e AT b ke 51 e
i Ol i ailie (65 Shos b 8 e e laesiS
SSLS S s, el a5 BB el (ol Ol e
J=BY 5N laakal, CIB 5o ppae ae eSS

ol sdalie

y @Y,
v

V)

folm Y s vt Jde Glass sy O s oS
Wi A claaY L Lalad slaws L JUa) &b e
E5 Sl s o ol S BT 5 Ll 8 055 ol
sl e Juasl

3 Faman geas SLaSS 5o e Y ag ol
3 e Sl ol LY e s a0y cogllas sluad e
L slasls a5 sl ods Colb a ST 55 5 o yaseis Lot
S L gl g U iludie 4 506 ase WY
&l od eslizal Sledbl IS sl e SIS ol s
Ole ol 5l aS 5 (92555 Yor Loy S0 bl g3l
5 S s b el Sledbl Olse 4 Sl i sae Vo
Glm o 35 eslial 350 4SS s g eilely
NS Al et Gl e S e
A eslizad 5 slize gladte

)Jé\jv\_ﬂ‘_;d S & oS o0 b Jde gl a8 Sliabl
S e B 5o 15 /80 Sl e am b S|
atox 45 Coulae ol 4 Fisher-Test L F-value .l )L
ol a4l 55 B )50 p b 4 Sl 4 B 5
elazel 0B el O il oo Fvalue ax » Koo
ol mlow ) 00 g S ealie e ) ey
et sy I3l da 5 nasls el S8 s aelsl
sl

ot 9 S Rlagu) 48l LAt 05 S5 2
L o e e 0 O e S5 i Ll 3,05 3 S RSM
))Wﬁ,\.ﬁw.}éwr_ﬁ\) 6331 a3 a5 ol o
s am GSL s Jlhe 53 Sl e I
5535 S & Rigjuse 5 R4 o Sk 4 S s Jas
ol ammloee ool 5 3 LB e ol AL
SN olba o g yome Sl & S0l ca b O i 0

(Y’ ‘dJL’.ﬂ) J}JJL;A oslazul C)lx.:f CM U':'<"L3‘°

(\-R)(N-Y)
Rt;djusted =\ - T N-P—y ™

Sla e Slus Peolaaline IS slaas N cdslee o5l 55
. é . pY . N

el Jhe O g S5 m o R0l f iy
Slp oSl olme SUS oo b bl
£ doles 51 aS 35, 00 L5 @ g bl glaesls 235 GSesl

a

v = (£)
Ol s 0 iasOLES a8 el lire Gl ol 0 cslas ol s
el Laesls o Sle M5 ol . Sle Sl Sl Laesls alols
sl s an Jbe AL 2aS uills ol lis 4 ,a
wly e o sl bl oo ol VL lael
Ve J_:JOMIWJMW&SQ‘)M‘)JJF&M@
s o ST s eld SLsl Jle ams A3k Ao

)lJSJ o)l_.rj.} J\_;L’ QJ_AJT c.l_.ij o d QM})Y" )\ JSVL’

Vo

.J}'w

¥ o lack alda Jluw ¢ V799 lgs doaas Cocdilags crudigoe dlas 4 vy


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

alas Liago 5 5l sals wans

@Qéﬂw&}))éoéui.u‘b)}» &ffcjbj(;wﬂ Jw)bj.l}b QLA)' gS\)}}Q‘ﬂ)Mduwﬂauﬂu JA-:L‘)TV?\JEC)J‘M-‘\JS&

g 5
AKER) Yoo Yoo Voo Vouo 0 Yo \ Sl Ol
vy EA Y¢ A Ll ol
'z 0 v S Ao
assL O So 5 0bgy Y S L oldis sk ol 6l 2

RSM )l o 3laianl b Susl pd (6 5bw ding
Gl gl MBBR il b 3 et > b lislel
VB s ey o 2 ille (sl (5l oY
5 A0k Ol (SThst Olyee gla eyl a8 54 Siles]
Sl ol las 586 Ol e ay (Sd iy o)
Sl o Sl Jolr s an S s (ileag
ST s 3 30l ol cickisne Tl 3 (i
Oledily o SVL 35 8 e il oS shailens .ol ol
33 Yrremg/l Jslas COD 5 dwm s A Jslns il
SHASL s ol a i8S ol cell VY Wl O
oles 55 Gdis obekil, You vmg/L Jsles COD G 4|
ool 4l ole dig, el YE A clakile
Sde 53 Ol Vermg/l Jsles COD 3 oS (6 g2
o3l am el YE Wl Ol 53 5 Ao ys YA el A
Oldly Veremg/L Jslae COD 3 .0l o Ao s )
SY0 e celu YE 5 A ekl Ol s i
Jslas COD (gl s sl sl a8 ol s ys 08
el A Ll Oley (gl Ao ys ¥ o3l 45 YO vmg/L
Cwl el Aulsdl celu Y8 Wb Oley (gl 2 oy

sl e ol gl m 5 B Okl o YL &S

Yoy ¢ Yoo jladh aia Jlu A Hles ¢ Joaas Cucdilags cwdigo dlas

Al e gl e avnle glast Ol bl s
Slas i ssdme Sk lbst o 28 Bl 5l e o g
R Kiad o b ity 50 aslee 3lae (RMSE)

s S

\ *
RSME = /E NG —x)T (o)

AT el X dbsesls sliws N zal b alslas ol 5o
A2l e ol i g3l Xi 5 a3ls L

o S Sl el Sl Gl s
Laasld cpl 35 oo oo ol 0l o3lial ot DLkl
sl (sl U i gl Al 3 aS ol &y s cpla
L5 S Ol 4 (2L w0 Oy B 0Ly oY slags s
Iy aelsl ol pnd (slads 5 sl ST & oo, b
Uax Sle o 0 Sle el coslinal 3550 28 0l .S 0
ol glaasin e ey LU OIS ) S ait s
Jhe S 5550 53 (0300 655 4 0l pde ol
So S b et Al 3led e Aol
s eladal laass s Y den o313 e Je
La0s o loms sliws S b io 51 olgy Y glads ;s
el 05 ST s 5 s sbeesls sl
335 o b Lot Sl o S0ls OF (531 4 5 il


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

(ANN) e simo rame S (RSM) s gl b, 31 0liiant b (MBBR) S ko Sy b sl s T8 e Gl 5 ol e

J=1e B (0 vmg/L Jslas COD) s 45 a5l 2350
sdalis (840 mg/L slee COD) i 4 a3,k =1
Oty s il ksl g5l ST, 53 5 b
5Ol ails (65 gm0 Ly, adyl slag IS0 Sl
Oy s Yoo amg/L Jslee COD 5 A S5 45  shailaa
Ao ol 51l s o3 A o3l 4 Gds O e
05 A3 Woesluil ag Gl Ol 53 Jals ey«
Jol>=Yoremg/L Jslxs COD 3 el VY Kile 0o
sl sl e 4 a3l aalsl b g ol
Ol 5o lbdsly Yorvmg/L Jslss COD 5 &S (g 4o
s LS iy Ao e oslil 4 el VY il
£osll ay il Bl Celw 1Y ale Olej )3

A J.‘pl} -Lp)b

el VY 5 EA Wle Olej )5 G Slekil,y L ASL
Ly Lsag YL ore=Voremg/L Jsles COD o3 gl
Ao L5 Vormg/L Jslss COD 3 dmys VE 31 oM
A 0k Ol 53 V0 emg/l Jslsxs COD 5 u—s s
e iy A2 Sl Ll sl el
S rNaiar ialS adsl gladtle Obey 53 Gd Olel,
Yoremg/L Jslss COD ;5 45 (gse0 4y Sl 05 S Iy
Voo cela Y 5 Al Ol o Gl Ol
3 g go odalin s e a4 anl o b Sl o Ao jn Y
s YE Sles o3l s Gl sl L Kada bl &S
03 BNl iy 4 S (geow 4 il o el EA
Oblly el o 5 a4 S Yeremg/L Jsles COD
s oo )5 Y o3Il 4y AL o 55815l (sl Bl

51 Gas Oledsl, s Gt Wsy ool 5 el sl

sl sl 5815 s B Dledily Gl 5 ot 1 b bl ¥ Jgaa

dsl L5 930556 paw B Rl dsl eS8 95 0SB paw 580 &b

IS ea¥l B Al Wl oblBl e, Co sy | LS chle A Xk LB aw,s C RPN

839,39 ;.\.\.‘a,; AP ‘5;})};.&1\” ‘;J.ﬁ:jq bl

\ Voo A Y £4/0 {4 Vo \§3 0 LAY
Y Yo A 0 YA/ 0 Vou \3 v EA/Y
Y Voo A Ve ¥4 0\ Vore LA Yo AY/E
§ Yoo Yt v £0/A oY 100 £A 0 AO
0 Yoo Yt 0 £9/Y oy Vou £A v AV
1 Yo \ Ve §A/0 0t Vou VY v AO
% Yo EA g T/ 00 Vou vy 0 M
A Yoo iA 0 WA 01 Vo VY Ve AV
q Ve £A v W/ ov Yoou A v Y
Ve Yoo vy g 14/4 oA Yoou A 0 YE/A
N Yo VY 0 vo/o 04 Yeoou A Ve YA/A

¥ o lack alda Jluw ¢ V799 lgs doaas Cocdilags crudigoe dlas 4 vy


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

alas Liago 5 5l sals wans

'Y Yoo VY Ve Ve Ay Yeuo Y¢ Y 0n

Y Yoo A 0 Lo/v ) Yeos Y¢ 0 LAY
V¢ Yo Y¢ Yo OA/\ ay ARRX \§3 Ve IAVAl
Vo Yo Y¢ 0 AY/A v ARRX A Yo AY/Y
1 Yo Y¢ Ve WA ¢ ARRX A 0 VA%
A% Yo £A Yo 04/ 1o Yoo £A Ve AY/\
A Yoo ¢EA 0 AV/A " Yeos \Al Yo ERVAl
4 Yo £A Ve A h\ Yooo VY or 4Y/A
Yo Yo vy Y va/y A ARRR] \Al Ve ay/yY
Y Yo VY 0r AN 4 YOur A Y AKVA
Yy Yo VY 2 A /Y \z Yoo A s ARTAY
Yy Vo A Yo YA/N V) Yoo Y¢ Yo Yo/4
\§ Vo A 0 Ya/vy VY YOour \§3 \Q Yo/Y
Yo Vo A Ve Y VY Youe iA Y va

Y1 Vo Yi Y. 0 /Y 43 YOur ¢A 2 MA
YV Vo Y¢ 0 0¢/v Vo YOus \Al Yo 10/
YA Vo Y¢ Ve 00/) \a Yoo VY 0 \ava%
Y4 Ve £A A N Vv Yoo VY 2 VE/A
Y Vo LA 0 Ve/A VA Yoo A 0 YV/¢E
v\ Vo LA Ve Y/ V4 AR A Ve Yy

Yy Vo \Al Yo YA/Y Ar Yoeus Y¢ Yo Y¢

A\l Vo \Al 0 A AN Yoeus Y¢ 0 Yo/4
Y Vo VY 2 Av/ AY Yoo Yt Ve YA
Yo Voo A Y Yo/4 AY AR LA Yo £0/\
™ Yoo A 0 yvA AL AN EA 0 LV/v
A\n% Voo A Ve Yo/) A0 Yoeus LA Ve LAY
YA Yooo Y¢ Yo £v/0 AM Yoeus \Al Yo VV/Y
Y4 Youn Y¢ s 0/ AV Yous VY 0n Av/
£ Yooo Y Ve EAIY A Yoo \Al \x AN

A Voo LA Y AY/¢ A Yoo A @ ARVAl
LY Voo LA 0 AO Q- You Y¢ Ve YA

LY Voo LA Ve AV q) You LA Yo LYY
%3 Yeun VY Y. A0 qy Yoo $A 0 Lv/t
£0 Youn VY 0r AY/N qy Y0u £A 'z LA/
e Yoo vy Ve AV 4t Yoo \Al Yo ay

£V Yoo A ' a1 q0 Yoo Y o 1A
LA Voo AR Y 0+ a1 You VY Ve B\rAs

Y ¢ Yoo jladh aia Jlu A Hles ¢ Joaas Cucdilags cwdigo dlas


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

(ANN) e simo rame S (RSM) s gl b, 31 0liiant b (MBBR) S ko Sy b sl s T8 e Gl 5 ol e

AL e el o el ST Ol &.5’\';4"4 203

R'=+/80 Sldie 553 o sdalin & sl 3 oS hailen

L seen odasglls Hldie cpl a8 ool Cnsas alslae Sy

b ol s i e alie QAKQLA)'T slaals Cls

MBBR ‘)):5\‘)‘).3 bl QL&J;‘) BB, 6\J.: Y e 45‘)\ JJ\A

Tl el sl 4 ST o 50,08 ol U

5> Gl Oledlily sl Wl s bt (o Solel
Glaadex 35,8 o odalin ¥ Jsux 55 sl (g5l 451,
Lo 5 (B) 5 (A) p33 a3 sladlax (B) 5 (A) s
5 23S Ol iSen p Slias 4 &S (AB) [1S(es
adox (C) ot adam 5 s Cowal b ccnd Wb 0L
s 4 45 (B.C) 5 (AC) [2Ser s 5 (C) o35 ax

el sl L 815 53 Bl Oleily iy (51 Slrs Bl ST Joaa

p-value F-value Sl o Ja g2 @5l ) Sl o g gorne e
AUARER AVVY EAAL/A q Evane/N g Jdde
<efean YeY/AL 0v40/00 \ 0v40/00 Shg A
<efeeed aS\7ats FAYVIY | ATV Lk obB-
YR Ve/No oVA/YY \ OVI/YY Sl A ,5C-
<efenn) VA/44 ARV | Yea/ey AB
S/YOAS /¥ ARE7AL) | AREZAR) AC
AR 1/01 AV/Y | AV/Y BC
<efeand oV/VY ACSR7AN \ ALSRZAN Al
<u/any Ya/0 VWAL \ VALY BO
/84X VYA Y4/A0 \ Y4/A0 Co
oY A EALN/VY s kiladly

40 EAAYO/AT [ €acs

ol sl 5581, s Gl Olel &b ¢l &bl el g

Slake L
V/oe Sl 313l ol
OV/VA Sile
YY/44 RO SV
/AA RO
/SN Adjusted RO
JAVA Predicted RO

¥ o lack alda Jluw ¢ V799 lgs doaas Cocdilags crudigoe dlas ¢ vr


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

alas Liago 5 5l sals wans

das o Ol 5 sl Je glactile Jle 5 5l 503 ¥ 515 5es
S s S b ms S Sl bekile oS
Wl ol o3ls OLES Sl gran 5500 ¥ oojled K0 s
531 Al OLeg 5 Shs Olgme jite 53 3 gl sl ()
534S yshilas 5 das o Ol Aoy 00 Sus s Aoy
Lo cela VY an S Oles s sl sdaline LB IS
53 G Sleasily o, 8 e VAve A0y o ST Ol
G Ol 8l Jasl 5 Ay A Al e o i
Your spu Sl Ol s il sl 5581, 53 AVATD
Sl g Aoy 5 Sele VY Ol 5 e e o fdeL‘A

sl 0303 To e OA/AY

sl ey (glaker iy Wslns 5 mmn S5 LT ol U
g b ekl sl L STy s el Ll ke el
Wl
X S deo s+ (e VT Clakixales) —+/+ 140Vl 5
+ o/ 0 e VT cdale 4+ V/8YEY0 xOles + +/\TENLY
G Oleily =) £/VIVYY

soolis 5 w3l olie s esls Jlo s Sty s el
L olie lased opl sl ol sy ) IS 5 el
QLS |y Gl ol s i Jbo Lo g5 a8 ol 5 8y S
BLE Jlesi 5 s w555 ol /4 5 R Ol5e s o
Ll ol il & ek 0L Sl y o 3l b

Normal Plot of Residuals

o
=]
I

O 0
[}
wli

50

20
10

Normal % Probability

Om

T I
-3.00 -2.00

-1.00

I T I I
0.00 1.00 2.00 3.00

Externally Studentized Residuals

okl sl 58T, 3 besls Jla 5 Swst Sl

Yoy ¢ Yoo jladh aia Jlu A Hles ¢ Joaas Cucdilags cwdigo dlas


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

B: time (h)

(ANN) e gimo ume 4Sud 5 (RSM) o anly (g5 5 00liien b (MBBR) S paio i b ool g wial 58 s oy 5 sl g

Predicted vs. Actual

100

80 -

60 -

40

Predicted

20

-20 |

T T T T T I T
-20 0 20 40 60 80 100

Actual
okl ol STy L3 el i polie ol 5o baedle jlaie Sasl, oY Y

Removal
=)

3500
2650

1800

100 950 1800 2650 3500 A Foediiie

A: Feed rate 16 ¢¥ 100

(&) (A

Gl olel, -ngﬁe.\;ﬁh-.mp' 2 Olsee 5 Ll Oloy SLi smad (la pine aiSan 30 ¥ Sy

¥ o ladk alda Jlea ¢ ¥4 lgs Jasae Cudilugs orudigo dlas ¢

YA


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

alas Liago 5 5l sals wans

sl b whas S OSn 5 51y AL
L s el VY 10k ol 53 MBBR Sl eslizul U -l
el sl o3y QLIS 0 IS5 3 o3 00 Sy Aoy
D33 n Cewledalie B0 ISKS s &S b0k
lsosls Loaslia 551, Js3 LB L5, RSM 5 ANN
RSME 05« RSM 55, 55 . Liles S i A&l
ANN iy 55 el s 4 48/8) Jslea R 5 £/0A Jsles
A end QAAV Usles RT3 1/00 Jsles RSME Ol5e 50
a5 SdS OlgS e has 55 ol Ut Ol aslis b
s, S gl Ol 5 2 33 L eled L ANN

el o3 S s fa 1 Laesls

ANN )l odlaiwl by ddsl )8 (Siws (yius

ol sl eSSl s Sase Sl kS 0 g £ K2
sl (53l b o Olis |y s &Y (slagy 5 slias
Sl i s Y e U Saes oo el 5
S La0 5,5 shess (il 33l b das o 0L il &S shailes
s 5 Gl AT U Ses o o N0 Ui
el 4l 2alS /Y G et Sl e Sl

s MBBR »3 gadasT B3a glodsily s yins
RSM 9 ANN sl ybg)
slaesls 55, » RSM 5 elad 4L ANN Joe aslis

Uz Slaye Sl Hgdome

e Y G0, sl il gl 4 eledal el 5 Sas Ol i o g0 1 JSU

AR ¢ Yoo jladh aia Jlu A Hles ¢ Joaas Cucdilags cwdigo dlas


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

(ANN) e simo rame S (RSM) s gl b, 31 0liiant b (MBBR) S ko Sy b sl s T8 e Gl 5 ol e

100
g
90
—-é’\
> 80
K]
)
- 70 - = ® —RSM Ly o iy
60 | S
— oliMuLa)] Zf"l“" \.
50 T T T T T
500 1000 1500 2000 2500 3000 3500

RSM )ANN uﬁ:}) )\ oslae! L gf"‘"d:"“i JJJJ 9 dﬂbl{.&iu)i LSUMQ‘: «.,.J“LEA )\J}A} :b d&w

5 ads abeily mll el el Yo BT 51 LIS
S 5 6K Oley eyl 55 By . ds Ao 3 AY B VY
Shyss cble j3 Jall oy col s wla,y 0us
) Sl 0ledsly il s o S e YOr w00 5l BLSL
934 S L;aL_<;A Wl Hs ol LAl s s AA BVY
g S dis OB Ol 5 (5SS Ol b
Olellily s 3 00 L Y0 3l wlay s 5 Ol Sl 53!
ol als il A 3 A0 s s VE I Gl
OLdly 55 1 55 i BB clale hals
S Ol oo wimen Ol azils |y i gls o doVT Gl
22 63k @UlS eolein e adllas pl S bl
ol b 1 s sla S T i
&l » p-Value jldis s S &)y byl U slas
fevo 5l 1S (AB) 5 (B) 5(AY) 5(B) 5(A) Jss
B Gl Ll s el cpl el 4 55 5 S

Yoromg/l Jslss COD s Gl Olekily o SYL
Oley 53 Gds Slakily i ol sl VY Wl by 3
Jsl 2o COD e350>e ;5 cel W VY 54A ke
Lo ols o, bl o sli 51 iy 0vv=Y0remg/L
ool Oley js Gl Olusly (s & b Sl
Bl S SRl 528 Iy 6, Radr SRalS ol
o551y s A b cele A 5 YE Sles o5l 55 ol
Iyl slag,l A8 L 5l Gl alekly s il el T gl
03 S A an ad> e ol g ol iy (g5 g Ly,
Q\)L.ia.m}é):lfe(;@@u A el 4 Gds Slel
Sy ke 2als (& oloy il 5l a8 sl OLis 50
Ol ulsal el slge OS5 dos il 5l 5 COLSL
Sy e Bl
dljj}cﬁ_ﬁlbfﬁljgjsdy&m@_ﬂﬂww

¥ o lack alda Jluw ¢ V799 lgs doaas Cocdilags crudigoe dlas ¢


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

alas Liago 5 5l sals wans

Sl s G s el e 4 oSS gl

AL e ety sl ol 50 WaaKls ol s 1SS

SalesT a1 B s « SRSM byl sy
S op mi 53l 1y ksl eda VT aias <L 24
)g_n_x_iﬁj_lﬂ)é (;;L;\:A \Weo g.s‘)j}Q‘ﬂ)J ;5.,\7-
ST 81, Suiy oy s el VY Ol
.C,».w‘-)u.a).lo-\//\\‘
0 (Vo L;LAL;MJJM)J)JWJJQAPAM{LL«L o
Ui'ﬁ)).‘ obu:_.»‘bcui.ib)'Tb)}A)jxs‘))J M)JY" 9
J—ol= a5 ) Design Expert 5l 5 5 s elas
Ao b ok s 581, 5o (Sud S a5 ol
Oliee 53 yaeid 553 ke 4 b e 13 fnn oS e
Lads,— sl il sl L el d asL ANN Jue 5 o
sealS Giw) Gds gl 4 Ol U et Olay 0
VAAY U Sien oo V00 U io 5l Lals
anl 2alS 0V B et Sl e SOl Sd 5 ol 5

Sl
slis sRSM 5 Lslet 4L ANN Jito aeslis |
CLANN sy oiS 055 e sy 90 opl sl Ol
L Laesls dl gy a8 llast Olpe 5 2l So L olad

C,-w‘ QJJS wm

References

. Delnavaz M, Ayati B, Ganjidoust H. Treatment of

Wastewater Containing Aromatic Amine compounds
Using Moving Bed Biofilm Reactor (MBBR), Master of

1 ¢ Yoo jladh aia Jlu A Hles ¢ Joaas Cucdilags cwdigo dlas

S5S1 (S Ao o sl (6 b el il Ol
23 5 BB L sSU ST, (Sud a5l
= Sl b glaosls sy L o2 (IS S
sl s 4 ke 4eS 3 03,13 542 Jaw gte s sl
3l slamal Lol o i slagals 5035 Slalae
Jioe oy o Jie S 015 ool a1 5L
L Gl 0Ll lwaiag 5 om b ook 4 ol
s il e S et jiew b edd gy (sla ) 5815 5l eslinad
ke 35 45 5l 0L 0Les 5 Jlax o s ANOVA
S a0l flise Ol el Ol 3 bl 5 PH Jie
5 K, wysdS LCOD C_wb Sl pate Gl 5 (g5l oae
& 0aoVT g opl Gl (gl g bl 3 6,15 TSS
S 810 S PH Gl 5 el S 2 55 S (e VU
LTSS 5 B «my5lS (COD o Ol Lasl 3 ol s
CiS Olg5 o Cpmmmad 350 Ao 3 AY AL A0 AN LS
JAK.:;.LU)'T Slaesls 5 et S5l s bl RS Joke
L avolae s U JBU;—LC.NL ch.ﬂ oy 4 5 3l
ahal ol b gileang Sl ke By (e s i)
ol ki 3 S 3linl 53 gl LS

- slaasis OO eladal laasl sl 5o
ShaSs ol ol s ool bl ok OISl
L s Radbas JLasl ool s Ly s 5 5 Ol w¥50
3503 slals 5 Lassls slaas  wileds |25 (Purelin)
Sl S5l s Al ooy 28 et gl s Shos s
Sl v 5l aske aY slagy 5 oslaes eladaly a5
laesls sluws ol s Lad s 5 slias Slas) el s

L asl Jhl3l 055 G (epoch) 1SS o 53 5 (20,5

Science thesis in Environmental Engineering, Tarbiat
Modares University, y+\v [In Persian].


http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

<

>

. Bering S,

(ANN) e simo rame S (RSM) s gl b, 31 0liiant b (MBBR) S ko Sy b sl s T8 e Gl 5 ol e

Mazur J, Tarnowski K, Janus M, Mozia S,

Morawski A.W. The application of moving bed bio-
reactor (MBBR) in commercial laundry wastewater
treatment. Sci Total Environ, ¥« YA;1YV: Y1EY-A.

. Chen S, Sun F, Chung J.S. Treatment of pesticide

wastewater by moving-bed biofilm reactor combined with
Fenton-coagulation pretreatment. J. Hazard Mater,
YooV a8 (1Y) ovV-AL.

. Devulapalli R, Jones F. Separation of aniline from aqueous

solutions using emulsion liquid membranes. J. Hazard
Mater, 1aa4;v+(¥):Vov—v..

. Brillas E, Casado J. Aniline degradation by Electro-

Fenton® and peroxi-coagulation processes using a flow
reactor for wastewater treatment. Chemosphere
Youx;ev(Y): YEV-¢A.

. Qi X.H, Zhuang Y.Y, Yuan Y.C, Gu W.X. Decomposition

of aniline in supercritical water. J. Hazard Mater,
Yoav;as(h): oy,

. Zangooei H, Delnavaz M, Asadollahfardi G. Prediction of

coagulation and flocculation processes using ANN
models and Fuzzy regression, Water Sci Technol,
YOVE(R) 1 YA,

. Qaderi, F, Sayahzadeh A Azizi M. Efficiency optimization

of petroleum wastewater treatment by using of serial
moving bed biofilm reactors. J. Clean Prod, v+1A;\ay: 1e-

V.

Navamani K.D, Aditya Narayana B.C, Arivazhagan M.

Removal of high concentration of sulfate from pigment
industry effluent by chemical precipitation using barium
chloride: RSM and ANN modeling approach. J environ
manage, Y+)+;Y+ a-v,

¥ o lach a3ia Jlus ¢ 1Y Hlgs daas Cacklags sedigs dlas

. Jaafarzadeh Haghighifard N, Mehrabani Ardekani M.M,

Nabizadeh Nodehi R, Yazdanbakhsh A.R. Optimization
of Moving Bed Biofilm Reactor Using Taguchi Method,
Iranian J Health and Environ, v+ +4;¥()): v-\¢ [In Persian].

. Zinatizadeh A, Ghaytooli E. Simultaneous nitrogen and

carbon removal from wastewater at different operating
conditions in a moving bed biofilm reactor (MBBR):
process modeling and optimization. J Taiwan Inst Chem
Eng, v+10;01 A,

. Jamali H.A, Dindarloo K, Panahi fard M, Moradnia M.

Response Surface Methodology to Optimize Wastewater
Treatment in Carpet Industries by Potassium Ferrate,
Water Waste, y+1A;va(Y): ¥A-tv [In Persian].

. Delnavaz M, Ayati B, Ganjidoust H. Prediction of

Moving Bed Biofilm Reactor (MBBR) performance for
treatment of aniline using artificial neural networks
(ANN), J. hazard mater, v+\+;1va(1-¥): via-vve.

. Montgomery D, Myers R. Response surface methodology:

process and product optimization using designed
experiments, Raymond H. Meyers, Douglas C.
Montgomery, A Wiley-Interscience Publications, y+y1.

. Karimifard S, Alavi Moghaddam M.R. Application of

response surface methodology in physicochemical
removal of dyes from wastewater: A critical review, Sci
Total Environ, y«\A; 1&+—181: vwy-av,

. Nasr M.S, Moustafa M.A.E, Seif H.A.E, Kobrosy G.E.L.

Application of Artificial Neural Network (ANN) for the
prediction of EL-AGAMY wastewater treatment plant
performance-EGYPT Alex Eng J, Y+\Y; o)(V): yv-¢v.

. Cohen S, Intrator N. Automatic model selection in a

hybrid perceptron/ radial network, Inform Fusion,
Yoox;¥v(e): Yoo,

¢ vy


https://www.sciencedirect.com/science/article/pii/S0048969718304170#!
https://www.sciencedirect.com/science/article/pii/S0048969718304170#!
https://www.sciencedirect.com/science/article/pii/S0048969718304170#!
https://www.sciencedirect.com/science/article/pii/S0048969718304170#!
https://www.sciencedirect.com/science/article/pii/S0048969718304170#!
https://www.sciencedirect.com/science/article/pii/S0048969718304170#!
https://www.sciencedirect.com/science/article/pii/S0048969718304170#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qi%20XH%5BAuthor%5D&cauthor=true&cauthor_uid=11777592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhuang%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=11777592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=11777592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gu%20WX%5BAuthor%5D&cauthor=true&cauthor_uid=11777592
https://www.ncbi.nlm.nih.gov/pubmed/?term=Navamani%20Kartic%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29059573
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aditya%20Narayana%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=29059573
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arivazhagan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29059573
http://ijhe.tums.ac.ir/search.php?sid=1&slc_lang=en&auth=Jaafarzadeh+Haghighifard
http://ijhe.tums.ac.ir/search.php?sid=1&slc_lang=en&auth=Mehrabani+Ardekani
http://ijhe.tums.ac.ir/search.php?sid=1&slc_lang=en&auth=Nabizadeh+Nodehi
http://ijhe.tums.ac.ir/search.php?sid=1&slc_lang=en&auth=Yazdanbakhsh
http://ijhe.tums.ac.ir/article-1-165-en.pdf
http://ijhe.tums.ac.ir/article-1-165-en.pdf
https://www.sid.ir/en/journal/JournalListPaper.aspx?ID=273719
https://www.sciencedirect.com/science/article/pii/S0048969718320060#!
https://www.sciencedirect.com/science/article/pii/S0048969718320060#!
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697/640/supp/C
https://www.sciencedirect.com/science/article/pii/S1110016812000518#!
https://www.sciencedirect.com/science/article/pii/S1110016812000518#!
https://www.sciencedirect.com/science/article/pii/S1110016812000518#!
https://www.sciencedirect.com/science/article/pii/S1110016812000518#!
https://www.sciencedirect.com/science/journal/11100168
https://www.sciencedirect.com/science/journal/11100168/51/1
http://dx.doi.org/10.29252/jehe.7.3.298
https://jehe.abzums.ac.ir/article-1-759-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-11-04 ]

[ DOI: 10.29252/jehe.7.3.298 ]

Journal of Environmental Health Engineering, May r-r-; Vol. v, No. = ris-rr

Optimization and Prediction of Moving Bed Biofilm Reactor
(MBBR) Using Surface Response Method (RSM) and Artificial
Neural Network (ANN)

Mohammad Delnavaz”, Mahsa Peidad

Department of Civil Engineering, Faculty of Engineering, Kharazmi University, Tehran, Iran
* E-mail: delnavaz@khu.ac.ir

Received: AFeb ¥« r. ; Accepted: '4Apr r.r.

ABSTRACT

Background In this study, the optimization and prediction of the efficiency of a moving bed biofilm
reactor (MBBR) in the treatment of synthetic wastewater containing organic material including aniline
was investigated using response surface methodology and artificial neural network.

Materials and Methods: Modeling results were applied to a ¢-liter volume reactor filled with Y+,

0+/ and V+7/. LECA lightweight aggtegates as a growth medium for microorganisms and biofilm layer

formation. In order to determine the optimum conditions in the experiments results and also to

predict the tests not performed, three factors were feed levels at levels of Y++ to Yerv mg/L,

retention time of A to VY hours and filling percentage of Y+ and 0+ and V+/. were performed using

RSM. The accuracy of the presented models was evaluated by ANOVA. Prediction of system removal
efficiency using radial basis ANN was also investigated.
Results: Process optimization showed that the optimum conditions for maximum removal were at

feed rate of \W+» mg/l and VY hours at 0VAY/ filling percentage. The results of the process

prediction using radial basis ANN also showed that in the best network structure with Radbas and
linear functions (Purelin) with R = LAY can predict the efficiency.
Conclusion: By comparing the radial basis ANN model and RSM and comparing the error rates of

these two methods, it can be concluded that the radial base ANN method predicts the data process
more accurately and with lower error.

Keywords: Moving Bed Biofilm Reactor, Aniline, Surface Response Method, Artificial Neural
Network
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