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Abstract

The discharge of wastewater from various industries such as petroleum and petrochemical, pollute water

resources. The presence of these pollutants in water resources will cause disorders in the ecosystem and it
has various risks to human health. The effluent usually contains organic matter, including phenol and its
derivatives. In this study, three different types of reactors were used in the activated sludge process to
study the biological removal of o-nitrophenol from the petrochemical industrial effluent. These reactors
include Continuous Moving-Bed Sequencing Batch Reactor, Moving-Bed Sequencing Batch Reactor and
conventional sequencing batch reactor. For this purpose, the operational indicators of each reactor were
investigated and optimized. For MSBR, active sludge volume ratio (30%), aeration flowrate (18 L/min),
operation time (4h), pH (7), filler to reactor volume ratio (4.7 %) and SVI (89 ml/g) were considered.
Also, For C-MSBR indicators such as initial volumetric flowrate (20 ml/min), aeration flowrate
(12 L/min), filler to reactor volume ratio (5.8 %) and SVI (98 ml/g) were optimized. As SBR is
structurally similar to the other reactors, only initial volumetric flowrate was considered (40 ml/min) and
based on the results, this reactor has better SVI (88 ml/g) than the other two reactors. Finally, based on
the optimized parameters, percentage removal of ortho nitrophenol from a synthesized effluent, analogous
to Karoon Petrochemical company effluent, was investigated by C-MSBR. In addition to o-nitrophenol,
other chemicals such as Toluene and Benzene were also present. The results show the indicators
including ortho nitrophenol percentage removal (84.7%), Chemical Oxidation Demand (COD) (94%),
Biochemical Oxidation Demand (94.8%), BODs/COD (0.57) and SVI (74.45 ml/g) comply with
environmental standards and the treated effluent can be used in irrigation and agriculture by addition of
one more processing step.

Keywords: Wastewater, O-Nitrophenol, SBR, MSBR, (COD), (BOD:).

Journal of Water and Wastewater Mo 5 of doxa

9
Vol. 33, No. 1, 2022 V) Jlo ) led P o,ps &



by 3 o

dx.doi.org/10.22093/ww;j.2021.277116.3120

YY-AA ez ) o e FY 098 oLl g T alxe

MSBR ¢ SBR < jgdon (s ygi51y o Ko 4w lio
(P29 7 @lo Sl S LS9 gyl Sde 50

sl e g b Bl Loy ol iy W

«S5 e (0,) (e plol SIS0l xly pole 0uSLasls ¢ o 09,5 5SS (gemmils -\
ol e 5 el o5 oSl
«S) poed (o)) (Fuos fln‘ PLAARESN sp,ls saSiasls sord 09,5 ¢ slyoliul -Y
ol e 5 gDl o5 olSils
ghasri_mr@yahoo.com (stue o gl)
«Sy 2D (o) (Sue> Pl.al SESL asly .5519 oasiasls (goud 09,5 ¢ )Lkl -¥
ol e 5 gDt o5 oSl

& /M ik WA Y/YY il s)

1w lo i PISI 5 Oy 4 dlio ol 4 £l5l (Sl p
g yides sl i )aMSBR g SBR (5359850 (510595515 3 yShos dusgliue” V¥ o} (e cban ) 603 p 6(5 3B BN i ¢l s (i
Doi: 10.22093/wwj.2021.277116.3120 .vV-AA (V)Y Y (0oL § 0T aloe "oty 5 glid oluy 3

0 S

Slge S9l Jgore yobar gl (nf lay dgad o0 ol @lio (S35 &) i comni iy (i Wiilo (liSee qulio Dl 4SS
PgmiCun 5 53 diaile CYWA 599 Casly o ailio g 5yl (Slenl 53 o ¥T aslio owl 392 g ] o Ot g Jid dloa 31 JT
o g 45 Jdg piwiad yl 53Lio i w0 B b iy cyal o alg Uy land] _sieVaw (g1, cillieo ol ybole
JUd o jomdn )3 diwenl g dwgm 3Ly MSBR g SBR 551, £95 ¥ 5, Sos dumgliio 9 (5909 (09 b cowmdn 2
Ol e Jolo wgllae (5l (ad L i (g jlwdings L )9iST,) 51 S0 (513 00 0 9 (Flos L ad L jeliie (nl4) 0 plo]
FIV) 1981y pmirs dy 00iiS 33 > Cownd ¥ gl pH ((Fh) Clldos boj (YAL/min) 25152 551 o(suoyd Yo ) Jlad o
oLty MSBR 551, Jllos diage Jolge cmiceod i Jols dwoanU b s MSBR 9557, ¢ly (AAml/g) SVI g (o5
9 (YYL/min) 25192 51 (o yd O/A) ;9551 poxs &) 0405 g poxs Cowd oV eml/min) (634,59 by ol wlo w3 diwge
6599 Plowy Blidee oz (S Gl w3 Bpo g5l bw 4lis JJda SBR 55T, 55 .wd opei(AAmL/g) SVI
dan gl L Caled 45 oW sdlin (g cavlio 3,50os (AMmML/g) SVI 4 (Foml/min) (539,9 oyb s> Cowi 45 o5 399 Jhaie
S 09)LS (rouig iy Dl wlide (5w Slug 593 4951 93 & S A b > MSBR 551, 3,Sos (55
Sz 5\t MSBR 15351, b 4 Soldos 5 10h s (15 g ,3) by i 3 55 ccoglgh oloonsh (Slois
(9= > AF/A) BOD;s Lyials (o yd AF) COD Lials (o yd AF/Y) (paise oaia¥T) Jidg yinigi )] Bl o yd a5 uid el
ot jlasmo (g3 bl b audsd g1y o dubucl Gl b s line (VF/FOMI/E) SVI g (+/0Y) COD 4 BODs G
Byl 3 03! Ly g dglitd Cnlil a5 als yo oSy b L 5 el ks gl yg, b g Candld anlesd sl Ly i

31315 (5559LS 5 ol

BODs 5 COD SBR MSBR . Jis 5 isi 551 el :c5ulSestools

Journal of Water and Wastewater ) W s,JT E

9
Vol. 33, No. 1, 2022 VEN Jlo ) soled P o5 =

YA



Y4

dx.doi.org/10.22093/wwj.2021.277116.3120

i isaet 510555, 8 Ko duylico

{Zularisam et al., 2006, Mohammed and Hameed, 2016,
L . ¢ 44 w7 Raza et al., 2019, Benosmane et al., 2018)

(Roostaei and Tezel, 2004, Mehrizad b slo3ls

and Gharbani, 2014, Abussaud et al., 2016, Zhang et al.,
2015, Hameed et al., 2008, Abu-Nada et al., 2021)

L .. 5 5 (Ustun and Biiyiikgiingdr, 2007) Jo> L )l
(Abdelwahab et al., 2009, Tasic et al., olody S iy,
sl s rl;g’\ 2014, El-Ashtoukhy et al., 2013)

G o) 5o s s eale bt SLS 5 OB s
(Shokri, 5050 g, L Jbms-F 5 Judyms-Y usle
Ly Ly - zdblS s Gis 52015, Shokri, 2016)
(Shirsath and  Ceo sl U 8500 wblize b O3ls
Jedg =Y Gl gl ool jand rl;g\ Shrivastava, 2015)
SBR s MSBR sLa, 5581, 5l sslital Uy (05505 sy s
o=l 53 ead ol sla, 81, 5l (S5 L s OBlas & 50
sl s azs 218 058G ims s

Ohas 3hesli Wl Lo Yo N0 Jlw 55 oL Sen 5 (2S5
olas e 53 5 Dbl elde b glazd 5> (s5la 0 (S350
a,\_.:uz)\}f@\.ﬁw\)>.x3;w)ﬂ\)pa;,)\mjj,a
e bl o a o3 0/A J Bl ol w a S
[(Dargahi et al., 2015) <l 55,0 by S 550+ » mg/L

Bi ol o lend adar Jlaslazal LY VO Jlo s o S
o) 530S s 215 G303 s 3 s Se e b Js 28 50
PH U3 5 031 51 (s miite 553 ol ot 0 dw s e 5 581, 23y
(Shokri, ceules S 21815 w0589 il i sy UG
2015)

3B TiO, 53U s slaslinal b S0 ot y3 3 652
a.x_.:u:)b_f@\_ﬁ.>;$.wﬁ\)J;é;,}:._s\)\.;d.bolkng;\
Sheslawl U b mil, b Bis ol a STl ol 5l S
(Shokti, 2016) 5.5 i35 5+ ko3 ote 55 asy> 4Y.05/Tio,

Shasla ol Ly 218 55 YN0 Jlw 5o ol ,LSen 5 ST3
) 3,8 s |y Jbg s 1L Bl ol LSt 28l St
LYo mg/L clle gl am,n e 5l i Gds olimess S
el VY ol Gue s St el S5 51 P g/l luss
.(Zhang et al., 2015) 13 S 5,155

Journal of Water and Wastewater

doddo —
SLamlils o Fate ol 3 5l s o o plin 5 T
DTG5 e 09530 505 Gl 31 5555000 Slades b 58
53 mbin g 55 Loy 5 O i L e
(Esm Hoseyni et al., Coulss S s55,5 1, 5,5LaS G las
2010, Abdelfattah et al., 2016)

$lanazzSos ll o e 51 S Ol pee ciliia mlis Oy
PET PR SRS (EPPRE- PECE. JUEWS SV PP sle
e sl 5 i CBl b (ST slaasls ol s
5 ol S 3 g D0 4 0 Sl (AU s BT il
SIS 1yt 51 54 o535 a ol 4y o S ane
Shadie a8 il andig 5 s g Kis Yl OB L s
S sl Soa lre D5 & g0 2z (E a0 3L
{(Dargahi et al., s,ls s s > JVslsn 5 Jib oK s
2014)

ot palie Sy s Jslze slasa YT 6151 51 (S
Gl 03 JeB LS jax S ol ol Dlizis 5 b b
3 i 530 ) 1 e 55U et 2y ol
15 sl (Pasdar and Marandi, 2013) s 15 it 2
plol sass) setale dibais 53 w8ly (15l g1 Jow 5 s
e el ane Dlinte S 5 Jabs 20 i) Jold ((ies
csoba iyl ke g J g5l Olay Gl (5 V40 550
.(Gharbani et al., 2010, Shokri, 5 3% . 8’ sods 9 g5legsls
2015)

353 e 4o Ol 55 o0 Ol 95 2 (S5 DS 5 s 5 6T 5
b gLl 5 izl s 55 5 She 2 Sl S e e
55 oLl 5l LS 08 5 0Ll 0o o 5l 4 Ol
.(Pasdar and Marandi, 2013, Shokri, 2015)

B (gl gaanie Lo tas iy oy e mlie oLl
2ile 9 SUS sl B, b calise mlio Sl 51 2 LS 5
il 5 3lse (i am Sl a5 il sl s,
44 o5 (Moussavi et al., 2009, Dargahi et al., 2015)
(Turhan and Uzman, 2008, ;03 SSas ol
05 2ld 5 WLiE Law 5 ias Shokri, 2015, Shokri, 2016)

Vol. 33, No. 1, 2022

Ve JL«H\ a)l.o.:.\"?’a)p



dx.doi.org/10.22093/wwj.2021.277116.3120

oen s thriri I

:ﬁw&nWJSVI‘pH‘M_:S\JWQM_;SA
sl L 281,

s oY
ol 5 2 booundd 3150 ==Y
O3PS Bl el gy cal s sad salizal sl e
sl s ol r;—éy'T Dlid 05 9053 pemnlyy
Gl ahar o 8 bas 515k 50 Jlad oo 57 S 0 28,5
slag —Seslasl gl s g ol 4 ks O S
pH ,la_is . Varian/Cary100 oK 31 (g 20 55 58 5 2l
U595 L COD Lluis Sartorius Jua e pH L Lo ytxs
i3, L SVI ,SEM.5210-B 35, L BODs . StM.5220-D
el StM.2710D

0Lz MSBR 58, 5l il 5 (g 5lmags Lol ¢
glissl sV rom by Bl (oS oSy i ) 4t
oSy VA GUkes 5 )Y IS o Y oem
( Limin >33 L 2slsn glocws s Yom Jbs o Ll L
Slasiin U g 0l > MSBR 5581, putmen a5 sslic
A s o 5 YOxY Y slad Uy oIS oy i 51)
L ool slocmy 5 Yom b3 Ly (il gbsasS sy o2
Slasis LSBR 581, .00s 428 84S (F L/min > 5,5
A Glles o 5 YOXYoxY e sl b oIS 8Ly i)
ol (FL/MIin > 5 b slse by s

Sl 5 5kwoalel ~Y-¥

2 Shles sl byl glaag sl ialasT gl il
8 a8 gl Vemg/L e it sla, 2550,

3l e sontin ity ol wlit 50 Ol clatlosl gt o
Ly slsasse slapa 03 cd 54 05 5 sl 5 o J2ds i)
A Jpj.l:'mjii,&.l{,\_@;\//aj\//a AO slcas

S sbasls J S Jbs 26 55l g Sl -Y-Y
53 g0 551 (Chale- Gl ) ¢ gl LS i )

3 Merck

Journal of Water and Wastewater

Sl oo 1S o o Ol sl (S35 sloasy) 3
T O L S R L e
1 Sl e s b gy o5, S5 s
93 s 2} 35 Dl g Ay Sllasil 5 555 ) Do g2
.(Khosravi et al., 2009) Cl ddas cilises lual ol 5

Y S o) 311wl ol il Lo e
o o=y ksl - F o ig ds e Y 28]y i
SBR (s sle S5 5l (Nazari Alavi, 2003) ¢S
O FSU""‘ a8y s 3 4 U (0 S o }\-:-‘rv\&
It ol e 55 Vo shye i w55 il 55,
G oty e 5 Sdssa 5 LS5 L5 Jasd (5]
.(Khosravi et al., Cul Jlad -2l Lng‘..:.w.:..,, L oanolie j5 o5
2009)

Sl G ol Sty 3 st e ] U5 s
=) 3 S b s s Slas s g (gLl 53 SBR s o5
J_azﬁj)jl;_.z«Sa;ﬁr.:w._woi\g‘a.wsﬁga;éu\b{\,:
(Lim et al,, 2011, Lim et al., ol ui Jb s slas! b 4
ek Lol «SMSBR ssile S5 5550 Loy 5515 2012)
O e 30355 Jlail Gl i St iy g0uis 2
Joos s 53ab b mloss g 3l 0l 2 by S Gl ol
Slakad U g glails S camwle o0 il 5 oo b Juls oploaiS o
&l 5l .(Broch-Due et al, 1994)._sl sl L
S5 iy i 5 S 0l 5 MSBR 5,
5 S Ll Ll (S Led il 5 (K8 il miy o Ui
.(Abdelwahab et al., 2009, Lim et al., 2013)

oSy Pl wieal 53 (3NS5 e mlie bl
3515 552 s MSBR 581, 5haslinal b Jad g 1 5] (551>
st bty anl b ol il slaay S bl
G ol s el ) 3l Sl 5 51 s
prbime Sl 5l b 23 50l Bl lagsy ol 5l Lo
5 4wsm 0L ) MSBR 5 SBR (sla, 581, bv s by
(s ol eble Jald o Sl Cilose Lyl 8 55 (4 sl

2 o oz Ol DAl 8z Ol alsn 03 S

' SBR
2 Media

Vol. 33, No. 1, 2022

AR den\ ULQ.:”\‘Y’UJ:



M

dx.doi.org/10.22093/ww;j.2021.277116.3120

i isaet 510555, 8 Ko duylico

MSBR 351, b aiai Olles -0-Y
S elaSm gl sad i Lyl 5 s J2b g 25 5] kel Dlles

MSBR 5351, b (g 5 4 wlden (5 0 Dl diai=F-Y
L g Ob >

055 6 SeaS LSl s i Shes s el
Lo, s8)y 4 o Jd g i 5l Bl s e g oL > MSBR
D oall e g e (g5t Olay il gl Ol
MSBR 5581 a5l s 5 oy VU JT (Su VT s
Sim gl ¥ IS ildae Jlge O soin a0l 2
o oslinad by 25 5|

Alr pung |
waslewater
30 1t
1210t fmin 120t fumin 120it fmin
3 (7|
; Y o
‘ Y i S :|;, Irentod Water
y S

30%a Activated Sludge

Fig. 2. Schematic diagram of the MSBR
continuous flow reactor

< gy 0L > MSBR, 81, Slad - b - JSS

cag,@l:d—\‘

Olo > MSBR ) 5815 53 (Sldes (gbo pitie (g -\ -Y
L b

Ogdr.ga;,l)?e—\—\—ﬁ"

L Qi e o e o s Ve i) Jsaz w2 5L
Sl s ) o 00 46 258 5 0 g g i
L’.ﬁ\—z)—:io‘SVIJ‘-*—iﬂjéw‘»—‘gJﬁ’Mﬁr‘ e
LSzssamsplis Yeml/g 51 S SVI Vs a Sl o
Loy | -8 saaspLas N O oml/g 5l st 5 (55 e slaeS5l3
wals JWb e 51 enlin 65 e 51 .@\’O;.Jwr_,p

! Balking

Journal of Water and Wastewater

S s L sl sl g S0l (gl oy (Amax =3170m)
g adolar ) s 5Ll (UV-visible) jze 5 56 5 Sl
L 5 st Sl Bslse 53 osle ol (65505003l (gl ien
08in pge dsb 15 € e i g o Dlislows 8 8 L s

i pladl g sl ol Cile IS 2,

04 - 0.358
0.35 A
0.3 -
0.25 A
<
3 02 -
=
< 0.15 -
y = 0.0682x + 0.0052
0.1 - 0.078 R? = 0.9924
0.05 -
0 T T T T T "
0 1 2 3 4 5 6
Concetration (mg/L)
Fig. 1. Calibration curve of ONP
85525 35 51 & sl ped S e =Y IS
% Removal = coc—0c1 x 100 (V)
u—" BL) 45
S e ol s ol g ble 54 G 5 G

w5le guls e 5 slajesls winr Ol b s
gy 64,:5@}‘.,\5\ E) JJ’:..SCA.‘JJ BODs 9 COD SVI pH

IMSBR sla, 581, Sldes slo pate solwae -F-¥
SBR

e 0 ot Lot Ules gL sizo o ol s
5o o PH (00158 Ol boenisS sy slans by (52505
545 0l 2 MSBR gLe, 5581, s ol oldes glas
GelS ;s it 53 g W 5leang aBlus b a0t
ol 5 (2 a3 la s d LSBR S, 5s Jiby 2 s )
oLy Jdsas a5 0L 2 MSBR 5815 55 0l aigy Slade

A e gl

UWUJUT%

Vol. 33, No. 1, 2022

Ve LJLN&\ yL«i.Y‘Y’n),:



dx.doi.org/10.22093/ww;j.2021.277116.3120

Ohon s S|

w3l oL MSBR g8, 55 oslgn b ol5ea =Y Jgur
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Table 1. The effect of active sludge on the removal of
ONP in the MSBR rector with discontinuous flow
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Fig. 3. The effect of time on the removal of ONP in the
MSBR reactor with discontinuous flow
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Table 4. Effect of fluent flow rate in SBR reactor

Sample
T specification Sample specification after
est
before treatment
treatment
- — Sample 1 Sample 2 Sample 3 Sample 4
Influent flow rate (ml/min ) - 20 30 40 50
pH =7 =7 =7 =7 =7
Concentration (mg/L) 10 3.43 2.85 0.44 2.83
Removal percentage —= 65.7% T71.5% 95.6% 72%
SVI (ml/g) - 76 77.93 88 78

S COD 5BOD (5,831l [S5585 53 ol o0 1y b,z 55
9035 S Dl 1355250 sl S lSus 5, s
s 158 Bl aio s 45T Yo aasls sl 6,855l
Jsdes 53 53La () (65eS031i) 4y by a6 b5 25 55, ol
3| 23,5 53 BODS/COD sl 03 51 (6 55w ol

(B Jsaz) 35 /O 2l L5581,

s s i) 5 olerd sles S Bis as s Sl
ao s 0Lk 53 pes e S i gy (LB ST, 4 s [ S0,
ATV (5t Clg) LGS ple g 55 Jiby sl Gl
3 saslie o ys
Af/A 54F 5 545 BOD; ,COD S5, 1, 2als

uA_..lYpo Ao 3 S ng)\.ﬁ.a o33 S YL S sls é) Aoy

sy 0L UMSBR s b (52 Ol 4iias -0 J s

Table 5. Synthetic wastewater treatment with continuous flow system MSBR

Test Input waste MSBR; MBSR, MBSR;
pH =7 =7 =7 =7
SVI = 68.22 70.20 74.45
Removal percentage - 48% 67.3% 84.7%
COD 1711.2 1150 460 102.59
Percent reduction (COD) — 32.7% 73.1% 94%
BOD:; 1126.7 e e 58.554
Percent reduction (BODs) . —— —_ 94.8%

MSBR sle 551, b Ol adas asl b b ;3 COD 3 BODs &l uss % J s
Table 6. Changes in BODs and COD during wastewater treatment with MSBR reactors

Test Input waste MSBR; MBSR, MBSR;
COD 1693 1143 503 116.3
Percentage reduction __ 32.4% 70.2% 93.1%
(COD)
BOD;s 1004 667.5 292.75 67
Percentage reduction —— 33.51% 70.84% 93.32%
(BODs)
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