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Fig. 1 Diagram of wastewater treatment system: a)
UASB and b) activated sludge

Sl 5l ey cpl yo oolawls jee UASB abas piew
o -V gl wlole a5 conl ouls L Sis Lol e
oz Ve | ez 4 IS0 CaSe e () &S s
Ol o e opl j0 a5 ool adgl (3B 8)ly eisds
Y M glis )l o oS Ll oike 4 1, ool 5 cusls 8
a Shgs Ll 5l g o508 o0 Jiie woudls J8 adsl (35
S Y el a5 e381) Yl oo By el 5T,
m Jsb 4 Ve cm s L UPVC 4y > ;) UASB
5B eaisSlas milge 4 o] 51 Sy oYL ,0 5 0040 V/O
eltocaSo S5 4 45 Slod o5 —F g 0dh dsss
(V) U 50 09 Blads Saadl i 51 9 VO | oz
saalie UASB Ol abad i 5l (Sleds yygual
Low-’ ‘)515‘) /\ 9 V ‘; (5LQO)LO—M:
‘UASB )915‘) g Oy 6.)%]9) )lf b Y. O)LQ.X:J 9 0._;‘
O 3 e Gl 5l g ead 5eST) 3)ls ol 5 ML

MY‘O)@‘”L&o)

Environment and Water Engineering

G LM arar sl slisyse wilepley Jials
,o De Graaff et al. (2010) wges lgicds 0 yoeio
55581y e ilag oMo ahar 4 pladl YO °C sles
8,8 AV day (HRT?) Sy 000 wileyle; ,o UASB
Mo/l oyl eoliuls e oMo COD
addllas 1o yzmen b olii 1) COD Gl 7VA Gds gl

JISSVIRY PR

B> dwo,0 3 YY 1, COD Gds> vuoys 5 5,50 aliw
5 AUV VA ot |y glee Slasls 5 lags 2T wlind
(Nair et al. 2015) ws 5 5,155 AF

abas o |, UASB g1, o,Slee Lew et al. (2004)
oy Syse YAV °C el o S Ol
Sl plas 1, COD Gis JAY oyl mbs .aisls)l,3
(2008)
58Ty 5l el L (S 5 olie mlio slaodsls
I, oMols COD 7YY Gix gyl zls  asls ,, UASB

ol olas

Sy adal ey 4 Tawfik et al.

UASB |51, 5l oslaxwl L Luostarinen et al. (2007)
Yo °C  los o albjpsl OMOB abal vy «
Azimiet .aas ] COD 78+ Gi> o 3850 5 aislo
Aol asar ;o UASB 51, o,Slee al. (2004)
3,5 G155 5 00l I3 gy 390 |y SeS lelaz]
Sio |, o] 3Ll COD 78T el 3 qiamas ol 45
5l Rizvi et al. (2018) 5,50 alie Liagh ;o oS
clelaiz] @l sl o6 azims gl UASB g1,
Yfe mg/l 5 fY0 554 BOD 43 COD L S48
Ot 555STy £ ol a5 ol i oy T gyl io S eolic
Cowl 0B 5 058 o Hlul (glaslel, 5 YL day @as )l
I, oMl COD
Syl 13T -YD °C o3b ,o Loyl

oolatwl 5,50 sled amo uals YA~

Aol as s )}E*ﬁ“
3oy (—LeSS

s Gy il 5o
ails s il

ass oK
sl el 5y a5 ool JUASB g s
e >g0 o> s COD Ga_ > , G Lk
s 8 Shac oM ma b (DL
3 Sy b JLad o i Ly UASB
28558

2Hydraulic Retention Time

u‘ w%jw)h&u

Vol. 7, No. 4, 2021

V.o uL».w.n)sf o) Lo Y 0,99 A



OAY

\f"ag».o?" )

WLQJ » 9 IR &5)....: alisee ‘SuLo) le;bo)jb ) ;J)'{..alﬁ

Ao Sl s 4 (5395 ST b

.................................................................

o leis UASB Mol ddal i 3 (Silods =Y S
Lo 55T, A 5 Y o8 (cloolad es g 30 4 5 F oY )
Lgmjy)lfb\' o)LmLSyT%Vo)Lo.&sﬁ.ﬁa

Fig. 2 Schematic of the UASB wastewater treatment
system, No. 1, 2, 4 and 9 storage tanks, No. 6, 7 and 8
reactor, No. 5 valve, No. 3 water pump and No. 10
gas production line

LIRS PCIUOWRPS IRV PR £
L UASB adas e 3Shos anilie 5 (o) Gl
B okt Jlab () s S b () A
(@39 s 935 gl (Sl (33 el i
Tawfik ) i >,k ol o5 5 4l (Gdias 35
Jbd o s o150 (0 (V) S o (et al. 2008
Jolss gadoes ol jo colaiul 9,90 553STy 05 co cnnlive
ooz 5l Yo | o S0 JiltscaaSe (550 ()]
o7 5] s Ol 3ol (sl gy Blid Kol
oS5 Sl oKl DL ail bl s Jla
w5 Jb ol b esSTy aeme LY lazl s s eolinul
Lol Sl S )50 jshatedy g
5 B8, ol 4 OB Y i b 0gz g0 LS (DL
s 23518 1 STy o Y g 58T 0 s el
b plul caolgn ooz OMSL 8g55 oo ¥V daY o 4
Ll 5 St by 555 b ) sl Seo
COD lade L oMol (gom a0 40 oS 5 was
cos Voday Gae 4oy ,68T, o)l VA0 mo/l bl
b dtugy Ojgots ML ol o 285 )13 (aslen
5 00d Jb o) i 0l ) day (g0 wile (lej
i3S | e g Ab oo 7, e ahal O K00 (sgm

Environment and Water Engineering

3o ol |y WS ol S5 (Suislses sk 4 o
plmil Sloj avhas «oplpls (Nair et al. 2015) oS
a8 sl wles jo dlgil 3 o b OB oS 0gd 0
O 5 DAL LS o slsn s Ll ph cod oy
4 odd g oo p JBls o a5 I8 5l (g ke g o
als a aS SlaslE 5 0ad adei a3l g vz o Lasls
Mainardis ) wiss oo aily, ;35 YU B boas dloduns
S saisSlas milge ol Cwad 4 1,3 (et al. 2020
4y Agil,S ol g lar SIS 51 g 00,5 5,95 0 By e
S g celie lpl S (0 S o s ol S50
it Sleogas b o2 oy o UASB 5],
Spdse megm Sbj Shile g oSTie slagl S e

(Rajagopal et al. 2019)

Wil )5 o) as -Y-Y

b 53 45 ol bl g Sece 51 (oS 5 syl S 020
a5y Sl (Sgpaee bz g Ol o b ol B ol
(Mainardis et al. 2020) 545 o JuSis lama ;0 YU
UASB (s ,5Lié Lol aa saas JoSas dlgl 5 o
cbile &g i adgil S Lo )3 Sezge o515 ol
@l YU 8550 Gl (Jled (slo oSl S (YL
——e w2l B YL w ) (b Gilsee o e ST,
Ol ) Sileae bulyd o dgil,S ol JSas o5l
(Powar et al. 2013) ccils UASB coibge Lol cle
Wlarhal gl (20 5l Glisyse slaJsilS Sl Gl
ol Q‘)H) k_’){.»olﬂ 9 (55lf o)l.: e ‘(5)'&"‘" u)l.»alﬁ
Comnd b i i olge cpl o oolainl  LeoSS OMeass
Heydari et al. ) oo, 5 byl Ko LY g ¥ o) o>
25551, S0 0958 |y T (Blo 5l e 5l ey 5 (2019
ol A S e b Gl Setadly i 1 sl
Js=l,S ©ldes s Joie Fe CM glis o VA 151
39> B Sde ol b ad e bl VY dAY Sue b s5le
A oo a3lal 351, 4 SIS VIO g e

A&l SR Qj)& aQ ‘..\.u‘ UASB 4.».9.»4.' W ‘_g)L.\.s‘o‘) (_.;“).1

5 4y depedlSly e Jole 51V T o yeasTgs S
Bed s el byl a4y 20S1)e5 0 daY G (b e
&S, cale ¥ L peosSlyss cgslailely wnls (b

u‘wwsw)m

Vol. 7, No .4, 2021

[@3

V.o uL».w.o)sf o) Lo Y 0,99



DAY

A il O 4yl

Ly e Joloxe 51 +/A R ol (gslailel, g (2008
b Jie by giST) 51Ss 58 09)0 4 el )y Soe S
L) 35315 Jalona 1Y+ 5 LSBT+ i b STy
JslS ot 5 el (sl (o3Lols COD L 1, COD
ez b bl S anldab G, e8], JSlea
Jsl 099 50 0 plssl Ve day Soeds x O DAY 0,90
ol AL YD clale sl )55, 4 5355 ST)g>
9 b G,y STy an 0 day Saean 00 Mo/l s
J‘)P o dale 4 YARA (GI— I\ day le@o)jé 9D
COD dile b LS YO B YY 5, 51 45 el b b o093
‘)9_.5‘ 4_.605)551)59013...:4_;\‘\(5 mg/l )_:‘).7
00 4o (V) S ;0 COD &l s 5 o oolal

2000 4
1800 f
1600 4 ‘j Fe
S 1400 P e | p "
E om0 "‘ ' \I -
o _ f‘w = »/ :
1000 . LS
(@) F:‘ / u > 5
800 | f - —— 05
600 |
400 - 33
0 5 10 15 20 25
Time (day)
2 UASB s 5 (29,5 oMoll COD ol s -V S
&ledsil S anl

Fig. 3 COD changes of the effluent from the UASB
system in the granulation process

‘S}Lwooloi MTP -y-y
oolitel b gjlodsl S ollee 5l am
LS, Mol COD L 55515 Jslne CODY; 518
2 Db g by, eolel g Yoo day b ML
S5 LSl 5l
day ;o 5 ol eolatwl Yo a4y Vo ML 4 S6l5 Jgloa
Gl Y 4 (60955 SThe> )0 S5 Jolowo woyo pgo V¢
J3ls 4 Lalls Ol cps V- daY (o Coles o 0,5 oy
Ssd 9959 5, ol b @dly o wd 5,5 UASB 0],
3 05dsr SyS sl w0 ool Al S slax 4
Sosboled .l sadesls i COD ol e (F) IS
ol COD  Jlaie floy cdS b gl o odlie a5
S 55 6lS dy O s il b 5 b o talS

NEE I

9 (w‘

day cowas «g3laslel, a8 glowl

Environment and Water Engineering

8 6 o5l LoLols

oolawls yg0 oliws —8-Y

oo ) COD U1 5 b CuisS sy ol

COD (s oK jo ol ooliiwl gm0y, zwCOD
Odedy qeola Jolowe L LM 51 L8 baiged (Dol
a5 Z 233 M-2 Jow) §euis sl olSiws ;o ¥ MiN
Slge B ools S8 Yeur rpm o0 L (olJT HERMLE
9y Hlie (s (gl Al Al 0g2g ladigas )5 lee
5 > sl 00T olatinl 5l bediges ;o oy g
D295 4 9 O35 JT Pl SaS 4y ol 56 0 95750 (9
(5l paiges a5 Cewl S5 a4y p3Y ol olaiwl (6 esgl 5

S50 3 il sla by, Gab bl 5JUT g ladiges Uiz
(Rice etal. 2012) cs,5

Cony 5 assly ¥
A oolarwl GL..QS: EHeass olKisls u‘)w) u)LoLS
(8 Pl )‘ gs”"l" ol&esls Qlﬁ:.w) N RN =
9 &7 d‘él.u ).M)LD.A aS Cewl ool 9w 6‘;\.{: dj).‘o
L oMol SO ay yaum,y §lp 0,0 ol e 1) ronis gl
Mol 5l pasin Jlade i jg, 2 Sy Slasin
om b i3 Glwo S (55 (19,0 5 dgd AL 5]
ol gl 5 43S o] 5 laises ¥ day cosis
5 FIE el ol PH s ol olSslesl 4y cilisee

‘5}|AJ|G|) REAJER ¢
S5 (DLSL 55 ;o (Fanj dphai ;0 pad (g
&slasilely el ;a5 5,50 OIS l_g L 519,50
§ Wit 095 ol Pl Sl s5lso o oozl
(Sl sloal b s s 5 i lejone aieils
o=, (Wang et al. 2018) o ls Lo (s3lasslel, gl o
M 5l Callas olaé slge a5 HlapendlS )l o ue
POEIWOORIS| IR N [PUR- L PRV AP VIR CEL SN RGO P
4S5 olopilS )l S degomme blie ;o 29l g0 B>
Lol sl oMol 1o canlie (o138 gio g diiied duhe

u‘ w%ﬁw)h&m

Vol. 7, No. 4, 2021

V.o uw)sf o) Lo Y 0,99 Z



OAY

\f’ M ?Lo$>)

o 1 oy —F-V
ol aloailes ol Les slos g (595 ML IS sba
Oste solatdl L
&l oges ysbay Yo-F: °C 10815 glos o3l o0 4850
Lhal ;S (b ol g Sl i Sy sl STy
Wk p o awld Ol a0 ookl OB
bl Sligel (59000 Spilge wiile SleS
S5 o oo SN leewd bl 5 1
Kalyuzhnyi et al. (1997) z s (Fang et al. 2004)
WYy ol
782 B Y0 °C sles ;o a5 vao o las UASB 451,

I, &ilope anld sl eolawwl as

)JYla COD L.\.o.a l;).....v u‘ 4...&.4; SS9y »
oy Ve °C & Lo rals b Ll ogs o B3> COD
(5,590 adllas jo a8 oo lay els 4 4, COD G-
31 COD Bd> vwoyo (Y-
(Lew et al. 2004) cil jials VY a4 AY

Caaspo VA ke oSl

2 UASB i 5,Skee 5 Los 51 sy 6l ol il
HRT 51306 mg/l L ,i1,, COD ,lode b oMb abns
s ol a3l 00-Y0 °C sleo ol o \Y hri o,
L aS oo o lis uls 09l o cvalie (7) S0 o Q—
2 46,5k 0ad iy bl lg S 5 Shoe Los al3)
RS 4kl w5l (g3 ML T 7C les
Saie 0 °C 5 FO w oo Ll b g oo 1, COD lade
g 45 S5 lgioe cnlply silis 15 COD
oMol COD /Af el o8 ¥+ °C ks ,0 UASB

&S Bl ‘) 99,9

86

84+
—~ 824 \
S .
= 804
| |
3 8-
g
76
@
Q 74
@]
O 72 4 u
704
| |
68
T T T T T T
25 30 35 40 45 50
Temp (°C)

UASB i 3l (25,5 HLals COD Bis woyo -7 S
lizo glalos o

Fig. 6 Percentage of COD removal of effluent from
UASB system at different temperatures

Environment and Water Engineering

9 Ve by o e 0gd co atwls COD ol ,oss
COD wlposs wb oo (ialydl Mo clale a5 Y- day
39y 82 & el )ly See @Bly 55 S ol ML

A 1) OB s Sl b 6,550 sl oo

2000 -
.\
"
1800 \
> 1600
3 \"-\
8 1400 - 5
o .
|
1200 4 B
'\.\
1000 - \.
T T T T T T T
0 5 10 15 20 25 30
Time (day)

S UASB i jl 25,5 oMl COD ol i -F S
lailely a8
Fig. 4 COD changes of the effluent from the UASB
system in the start-up process

10 0y T 3 Y-

Al 50 bl g | (2,5 ol COD ol
& Sosboles web o csalin (0) S5 50 )l e e
Al COD  jlaie loy cutsdS L was o lis mls
ol e Loy am 0 00 day 5l 5 abioe 225 (25,5
o W23 (o0 O3 45Tty o0 (glly ST 5 oalul
ol uzen sl solatul g ()00, colel abal
30 bl i (29,5 COD Hlode a5 vao o oylis
YA Fooo beay el $Y MO/l Ll y 0+ day L
Ll 0083 LML COD

1000 -

900 4
800 - \
700 AN

600 -| \
500 -| \

400 T

COD (mg/l)

Time (day)

S UASB s 5l 25,5 ool COD &l i -0 S5

‘5)‘\)){0){,.! ».\.u])_%
Fig. 5 COD changes of the effluent from the UASB
system in the operation process

u‘wwsw)m

Vol. 7, No .4, 2021

V.o uw)sf o) Lo Y 0,99 Z



OAD

A il O 4yl

Slegyle; yo a8 (5ysb 058 co 5 i OB COD i
— i 4 O COD Bis woys YF M Sy 0ue
Slopley a5 Sloj sy o0 AV/O S 095 Jlade (p )3
SV g) Sy m 355 ke ) dAY I (S5 pae
03300 S5 a4 bl g el 5eS e, (9,0 o2
3 5 50 Sos 5 05bise S 59551, g0 o slaals
3,185 0929 WM COD i sl o slaasls 5T,
el )8, (nl oS Wed go riids H5i51,) S )5 (Sen s

S so ol COD Gis voyo als

% B> 50 s 3 Ko 7Y
0oliols yg0 a5l 5] OO diges 10 Sg3 g0 o2y loie
S jlagme 4y 09,9 51 b 0l a5 05, YYO MO/
S5l (ml Sl gt Bdo A e (0 5eS b g (S0
29 LB Ad il i (29,5 50 09790 (257 e
—oy dl> o 0 Y I (S 00 wilegle; 5 ¥+ °C slos
s ol aulbne ] Bis 0o)0 5 o pSelal gl
Ahal i 3 (54100 40 ol O DAY o a5 sls las
BA> (63g,5 BB ;0 05250 o,z 5T FAID OB
S b 2l G e ol plaj SB35 L 355
5 oy 355 ylie (5 ke 0l Ve dAY Sl
Bi> doys 4 ol ol mbs wgdleas b ol Ly i
Sy LAPID 4 olys ;0 UASB s jo OB oy
Ol adal )0 ppe g diad)l s A S A
30 DLl g5 ol ol St See 5 ol ails 5]
55 4y oY S e By oIS glot |, oy aons
5 = e OB (9,5 o lasli] bl a8 cul
e @iz ol jo a3 (gl OB 1o 05290 (48,
Ahal i ] 00l wl b a5 el sayuns Ve MY
C8lwss mge opl @ ol o UASB

Ol pid BA> 0 i O ySlos - V-V
@ Glalime 1o jaud 5 (39555 O97 Ghke dlge 579
eBeSs oy wile gewjlaore Ol jep o
rlple gdee 2l o Jsle ()}:«5‘ el g (Sl
Sl 3950 B OBl anar Blaal o yegs 51 (SO
5 Fise G S (Siden slasty, Ygene oS
Gl sl ol Clasin oo,y Sl goladl
WY MY/l aS sas o plis (eSS EDeass oKisls
L ool sl alold a5 oo 0gzg OB ol o &l s

Environment and Water Engineering

COD Removal (%)

Sy dbo ploj Fl (o) 2 -0-F
Llyd 5 Db Slosas 4 Sy sl ol
b asl GYsb B ojlailay wl g o)l Sy Jaoxs
L oad dgls 9wl iS5 ojlal sjlen o slas S
&S Cowl JJs wenas (Chen et al. 2020) aasl acsls
SFpS S wle ploy war wl; b b et
Ramakrishnan et al. ) .asls 5L5 Gleo o, 4 Cos
Ol (Sdgyaum wile yley Lialidl b as wils Las (2008
ol Jy wbe omlEl UASB 8T, o i Bd>
3975 SLlag o)lpe 51 (S 50 g 0095 (Kiver il
A, O COD Bi> o yd (5,550 (a4 3yl
sIY ﬁ‘).ng )° AR mg/l ).sl).,ula.lsl.:‘_g)u”.wf
sdel Cawsas +/0-YO hr 5l HRT ¢l 7¥a-3F ,olis
e et g1y ijai et al. 2016) wb o iol58l s
T COD Slade ¥ °C sk g alizee wilegylo;

D9 o oddline (V) Ui )0 g (5 S0l

95
90 ./

85 +

80
754
70

65

60

00 05 10 15 20 25 30
HRT (day)

UASB s jl o255 oMol COD i woys -V S
Gz Sdgyoee wibe slagyle; o

Fig. 7 Percentage of COD removal of effluent from
UASB system at different hydraulic retention times

abogley ialidl b osms oo lis gl a5 (5,9blen

o 5 >9,5 COD lade VA NI &y 4 51 S j0un
30 DL 5 iy jeas Jdoay plaS cdl ialS abas
aibogley ol b yioran g Cowl onls il 5 o LS
UASB 55T, o g oYL a4 g e pu o Sdsjone
58Sy B0 0 5SSy Oygoas bl g ol 568

(_gb.‘v J‘)P EY L&bu—‘ 6....:).';...:0 ;)Lo.c 9 ..\49,....:69 od.;5|ﬁ:

u‘ w%ﬁw)h&m

Vol. 7, No. 4, 2021

[@3

V.o uL».w.o)sf o) Lo Y 0,99



OAF

\f"ag».o?" )

o Sdes 5l G
- o= 4wlS COD Gi > jo Jlad oy adal it
3 Jooe slamyz ooy 38 L o Bly )0 090
I8 Sl Glap—cilS)lg Sn o (59, 70 A2
Sl Lopl an (LS 5] s 3l @il 5 a3 8
S yShes j9 e am )L8) (il 48 09 b e ;ST 5 0
Sy-dise ;S 55 COD als ;o Jlad o g
COD Gi> oo, - day coinds 5l om aS s 0b

Loy cmddS L cams e o las () S

8l als T8 @

G5 azms ¥
gy A Mol aa ai o, Slee mpgi— ol jo
YN sl il ol Ol

ol lad gl

o>y ol< ;:Lé aa oy

S 51 G Al e g ol 1y il il OB 5l el s

WS Bas | Ol COD

COD Gis oy lsiee HRT 5 Lo Jyus b ¥
2,5 a3 |, oMl

b s 45 3 L5 S5l 5 Sl
ol g ols Jlsd o N5l ah al i

os.w‘:a QLQ_M it

‘5)‘ ’,S.w’ Lo..w
ojle—i (—dagh g b B o ags
—agn Sl I L VI el AAIYAD
po—de g ats, i ol adisg g pgle caS_iagh
AU

el 5l oslic

azs ol

s o l.. L:.. ol

PR, & Ll ‘s

o] oMﬁL?u‘ U‘J"‘ ‘ulA)s ‘4-*-9)*“""*’ L§)5t‘§

Losld 4 o yiwd 090
Shl dlie e jo gl opl 50 cad eolawl sleosls

RGO PN

Environment and Water Engineering

3o adss gl OMBB o vezge Sl o luilinl lade
Sl Jlade oplply oo Ve MO/ i Sl slaol>
30 g UASB o gl j0 O abms ailys b
xSyl Y day  Sdgyaue sl ley 9 Fr °C sles
oS Sls Jlade floy cubdS Lol lid bl ¢ ol
535l o e L i s a4 Yo day 5l e 55k il
w5 sl Jyb B laie o e, 1Y MO & caly

55 1

B w w
o = w
!

COD Removal (%)

N
~

N
[

0 5 10 15 20 25 30 35
Time (day)
S 4bal i 5l (9,5 COD Bi> v o -A s

Solo oy Hloy LubdST L Jld o g5 @
Fig. 8 Percentage of COD removal of effluent from
activated sludge wastewater treatment system in the
operation process

J 2 s Sae ~A-Y
= 6ol ez lade as ol s aJgl Slaslie
S 0 iS85 4y A 5e e 5 ol e 55,
25y 5 o ol e jema Jdsan L8,
ORISR P AENCHOIN e
i o ol 53 LSl > 1 FO 4§ ol Lis aJyl
GO St S 095 ol 45 05 b o Ta OB
s i sgdy 6l 5 ST OB aial 4t o
COD Gi > aopns (A) i o ol JLad o =l
slagbe) yo Jod o adal i Laiwgs OB
aS ol i mlos ogb oo ooly ol od o Lises
s 50 A5 e 45 LS COD Jlaie wSla >
S i TV s i JLab oy g, s Ak
o 8y Shae s aslie ,0 COD Bi> as o ol
JSie ol p 505 L UASB U5l abas
o da gy A ] OISl ahay 0wl
45 Sl BB o 09290 Yo (2 (JLod
3 yShoe y 1) 055 5L5 ey b3S Ly g, Ui
P rmlsas gsbilen aas i e ai i

u‘wwsw)m

Vol. 7, No .4, 2021

[@3

V.o uL».w.o)sf o) Lo Y 0,99



DAY

A il O 4yl

References

Ahmad, R., Sanghamitra, P. and Mazumder, D.
(2020) Treatability of oily wastewater by
anaerobic treatment system — A mini review.
J. Indian Chem. Soc., J. Indian Chem. Soc.,
97, 2859-2863.

Azimi, A. and Zamanzadeh, M. (2004).
Determination of design criteria for UASB
reactors as a wastewater pretreatment system
in tropical small communities. Int. J. Environ.
Sci. Technol., 1(1), 51-57.

Chen, H., Wei, Y., Xie C., Wang, H., Chang, S.,
Xiong, Y., Du, C. Xiao, B. and Yu, G.
(2020). Anaerobic treatment of glutamate-rich
wastewater in a continuous UASB reactor:
Effect of hydraulic retention time and
methanogenic degradation pathway.
Chemosphere. 245, 125672.

Chen, X., Chen, G. and Yue, P. L. (2000).
Separation of pollutants from restaurant
wastewater by electrocoagulation. Separat.
Purif. Technol., 19(1-2), 65-76.

Daud, M., Rizvi, H., Akram, M. F., Ali, S.,
Rizwan, M., Nafees, M. and Jin, Z. S. (2018).
Review of upflow anaerobic sludge blanket
reactor technology: effect of different
parameters and developments for domestic
wastewater treatment. J. Chem., 1596319.

De Graaff, M. S., Temmink, H., Zeeman, G. and
Buisman, C. J. (2010). Anaerobic treatment of
concentrated black water in a UASB reactor
at a short HRT. Water, 2(1), 101-119.

Dutta, A., Davies, C. and Ikumi, D. S. (2018).
Performance of upflow anaerobic sludge
blanket (UASB) reactor and other anaerobic
reactor  configurations for  wastewater
treatment: a comparative review and critical
updates. J. Water Suppl. Res. Technol. Aqua,
67(8), 858-884.

Fang, H., Liu, Y., Ke, S. and Zhang, T. (2004).
Anaerobic  degradation of phenol in
wastewater at ambient temperature. Water
Sci. Technol., 49(1), 95-102.

Goli, A., Shamiri, A., Khosroyar, S.,
Talaiekhozani, A., Sanaye, R. and Azizi, K.
(2019). A review on different aerobic and
anaerobic treatment methods in dairy industry
wastewater. J. Environ. Treat. Tech., 6(1),
113-141.

Environment and Water Engineering

Heydari, B., Rafiee, S., Abdollahzadeh Sharghi,
E. and Mohtasebi, S. S. (2019). Considering
an up-flow anaerobic sludge blanket for the
treatment of spearmint essential  oil
wastewater and biogas production. J. Renew.
Ener. Environ., 6(2), 1-7.

Ibrahim Idham, S. N. F., Abdullah, N. M. (2021).
Efficiency of dual functional fat, oil and
grease (FOG) trap in treating Kkitchen
wastewater. Progress Eng. Appl. Technol., 2,
102-111.

Jijai, S., Siripatana, C., Sompong, O. and Ismail,
N. (2016). Kinetic models for prediction of
COD effluent from upflow anaerobic sludge
blanket (UASB) reactor for cannery seafood
wastewater treatment. J. Teknol., 78, 5-6, 93-
99.

Kalyuzhnyi, S. V., Martinez, E. P. and Martinez,
J. R. (1997). Anaerobic treatment of high-
strength  cheese-whey  wastewaters in
laboratory and  pilot  UASB-reactors.
Bioresour. Technol., 60(1), 59-65.

Lew, B., Tarre, S., Belavski, M. and Green, M.
(2004). UASB reactor for domestic
wastewater treatment at low temperatures: a
comparison between a classical UASB and
hybrid UASB-filter reactor. Water Sci.
Technol., 49(11-12), 295-301.

Lu, X., Zhen, G., Estrada, A. L., Chen, M., Ni, J.,
Hojo, T., Kubota, K. and Li, Y.-Y. (2015).
Operation  performance and  granule
characterization of upflow anaerobic sludge
blanket (UASB) reactor treating wastewater
with starch as the sole carbon source.
Bioresour. Technol., 180, 264-273.

Luostarinen, S. and Rintala, J. (2007). Anaerobic
on-site treatment of kitchen waste in
combination with black water in UASB-septic
tanks at low temperatures. Bioresour.
Technol., 98(9), 1734-1740.

Mainardis, M., Buttazzoni, M., and Goi, D.
(2020). Up-flow anaerobic sludge blanket
(UASB) technology for energy recovery: a
review on state-of-the-art and recent
technological advances. Bioeng., 7(2), 43.

Nair, A. T. and Ahammed, M. M. (2015). The
reuse of water treatment sludge as a coagulant
for post-treatment of UASB reactor treating
urban wastewater. J. Clean. Product., 96, 272-

Ol ot 5 S jlarmne

Vol. 7, No. 4, 2021

281.
[

V. uL»..MuO) sf o)Lo.:: Y o)jd



OAA

\f"ag».o?" )

Powar, M. M., Kore, V. S., Kore, S. V. and
Kulkarni, G. S. (2013). Review on
applications of UASB technology for
wastewater treatment. Int. J. Adv. Sci., Eng.
Technol., 2(2), 125-133.

Rajagopal, R., Choudhury, M. R., Anwar, N.,
Goyette, B. and Rahaman, M. (2019).
Influence of pre-hydrolysis on sewage
treatment in an up-flow anaerobic sludge
blanket (UASB) reactor: A review. Water,
11(2), 372-399.

Ramakrishnan, A. and Gupta, S. K. (2008).
Effect of hydraulic retention time on the
biodegradation of complex phenolic mixture
from simulated coal wastewater in hybrid
UASB reactors. J. Hazard. Mater., 153(1-2),
843-851.

Rice, E. W., Baird, R. B., Eaton, A. D. and
Clesceri, L. S. (2012). Standard method for
the examination of water and wastewater. 22"
Ed. Washington: American Public Health
Association.

Ridzuan, M. B., Daud, Z., Ahmad, Z. and
Awang, H. (2018). Leachate treatment using
up-flow anaerobic sludge blanket system. Int.
J. Integ. Eng., 253, 109691.

Rizvi, H., Ali, S., Yasar, A., Ali, M. and Rizwan,
M. (2018). Applicability of upflow anaerobic
sludge blanket (UASB) reactor for typical
sewage of a small community: its biomass

Environment and Water Engineering

reactivation after shutdown. Int. J. Environ.
Sci. Technol., 15(8), 1745-1756.

Saghir, A. and Hajjar, S. (2018). The treatment
of slaughterhouses wastewater by an up flow-
anaerobic sludge blanket (UASB) reactor.
Sakarya Universitesi Fen Bilimleri Enstitisii
Dergisi. 22(5), 1378-1384.

Tawfik, A., Sobhey, M. and Badawy, M. (2008).
Treatment of a combined dairy and domestic
wastewater in an up-flow anaerobic sludge
blanket (UASB) reactor followed by activated
sludge (AS system). Desal., 227(1-3), 167-
177.

Wang, Q., Liang, J., Zhan, Y., Yao, X,, Liu, Z.,
Li, Q. X,, Guo, S., Chen, C. and Yoza, B. A.
(2018). Treatment of petroleum wastewater
using an up-flow anaerobic sludge blanket
(UASB) reactor and turf soil as a support
material. J. Chem. Technol. Biotech., 93(11),
3317-3325.

Zheng, T., Wang, Q., Shi, Z., Huang, P., Li, J.,
Zhang, J. and Wang, J. (2015). Separation of
pollutants from oil-containing restaurant
wastewater by novel microbubble air flotation
and traditional dissolved air flotation. Separat.
Sci. Technol., 50(16), 2568-2577.

Zulaikha, S., Lau, W., Ismail, A. and Jaafar, J.
(2014). Treatment of restaurant wastewater
using ultrafiltration and  nanofiltration
membranes. J. Water Process Eng., 2, 58-62.

g‘w%jw)m

Vol. 7, No .4, 2021

Z@w

V.o uLuM)sf o) Lo Y 0,99



OAQ A il O 4yl

Research Paper

Treatment of Kitchen Wastewater Using Upflow Anaerobic Sludge
Blanket (UASB)

Mahmoud Rahmatil”

Assist. Professor, Department of Chemical Engineering, Graduate University of Advanced
Technology, Kerman, Iran

“Corresponding author: m.rahmati@kgut.ac.ir
Received: October 14, 2020 Revised: July 15, 2021 Accepted: July 15, 2021

Abstract

Restaurants and kitchens release large amounts of wastewater into the environment on a daily basis.
Upstream anaerobic sludge bed system (UASB) can be effective in the treatment of this type of
wastewater due to its advantages. In this method, granulated sludge, large molecules of oil, fat and
detergents in wastewater are converted to biogas under anaerobic conditions. Therefore, the
performance of the UASB in removing of COD and fat from wastewater of restaurant was
investigated with 1925 and 225 mg/lit, respectively, COD and fat was investigated. The results show
that the UASB wastewater treatment system is able to remove 78% of wastewater COD at
temperature of 25 °C and a hydraulic residence time of nine hours. In addition, the effect of
temperature and hydraulic residence time on the performance of the UASB system was investigated.
The results show that with increasing temperature, the percentage of COD removal first increases and
then decreases, so that at 40 °C, 84% of COD wastewater is removed. Also, by increasing the
hydraulic retention time to one day, the highest percentage of COD removal, i.e., 92.5%, was obtained
at 40 °C. The optimal treatment conditions for this type of wastewater in the UASB system, are this
condition, and also the UASB system can be removed fat and nitrate 96.5 and 90%, respectively. In
addition, the performance of the activated sludge aerobic treatment system was investigated and the
results show the maximum removal of COD is 53.5%.
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