Amirkabir Journal of Civil Engineering

Amirkabir J. Civil Eng., 54(3) (2022) 235-238
DOI: 10.22060/ceej.2021.19294.7128

Evaluation of the efficiency of rotating bio-disk system in domestic wastewater
treatment

M. H. Rabee Gasak, M. R. Doosti *, M. J. Zoqi

Department of Civil Engineering, University of Birjand, Birjand, Iran

Review History:

Received: Nov, 22, 2020
Revised: Aug. 09, 2021
Accepted: Aug. 12,2021
Available Online: Sep. 04, 2021

ABSTRACT: Due to the crisis of water shortage, the importance of wastewater treatment and the
reuse of wastewater, today, the application of advanced methods of wastewater treatment has been
considered. Therefore, in the present study, a rotating bio-disk system has been used to treat municipal
wastewater. To conduct the research, a laboratory-scale reactor unit made of Plexiglas with 35 discs
was used, and initially the system used a 20-liter tank in a completely anaerobic manner to increase the
reactor efficiency. The aerobic sludge of the wastewater treatment plant of the slaughterhouse has been
used for the initial inoculation of the reactor and sugar, urea and potash fertilizer have been used to feed
the reactor. The study lasted 96 days in three periods. During the study, the COD level increased from
575 mg/l.d to 1250 mg/l.d. The reactor temperature is in the mesophilic and psychrophilic temperature
range for two periods. The results showed that the thickness of the biofilm on the surface of the disks is
2 mm and the pH changes are in the range of 9 to 7. COD removal efficiency during the second period
is between 19.13-48% and during the third period is between 50-92%. During the study of the hydraulic
retention time factor and the change in the rotation speed of the disk, the highest efficiency was obtained
at 93% in 24 hours and 92% at 12 rpm, respectively. Experiment with real wastewater has an efficiency
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of 80%, which is 12% different from the efficiency of laboratory wastewater.

1- Introduction

Due to the increasing population growth, increasing water
needs and the existence of dry and low water conditions
in most parts of the country, protection of limited water
resources against pollution and reuse of treated wastewater,
is a fundamental solution to meet current water needs. It will
be the future [1]. Home and municipal wastewater treatment
methods include physical, chemical and biological methods
(aerobic and anaerobic methods). The removal process by
physical and chemical processes is costly and for this reason,
biological methods are receiving more attention today [2].
Among the various methods of bioremediation, the rotating
bioreactor is a type of wastewater treatment that uses sticky
growth for the activity of microorganisms and bacteria for
intermediate and advanced levels.

In the present study, a conventional rotating biological
disk system has been used to treat domestic (municipal)
wastewater. In the research process, the effective factors
of organic loading, hydraulic retention time, disk rotation
speed, determining the BODS5 / COD ratio and comparing
the rate of COD removal in the actual wastewater sample
compared to the laboratory sample have been investigated.
An important point in the research is the use of a 20-liter tank
in a completely anaerobic manner similar to the operation of
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the septic tank to uniform flow, sedimentation of suspended
solids and the overall increase in reactor efficiency, which has
the mentioned advantages over using a simple reactor.

2- materials and methods

The laboratory-scale reactor is made of Plexiglas
and scratched plastic disc with a diameter of 12 cm and a
thickness of 5.4 mm with a volume of 6 liters for use in
research. 35 discs with a distance of 1 cm are mounted on a
horizontal shaft and rotated in the sewer at a speed of 6-12
rpm. The driving force for the rotation of the discs is provided
by connecting to a wiper motor with a dimmer to adjust the
rotation speed. Three valves are installed on the body of the
device as inlet, outlet and sludge discharge, respectively. At
the beginning of the device, a 20-liter tank that was placed
above the reactor was used to streamline the flow, settle the
suspended solids and increase the reactor efficiency overall.

In order to inoculate the reactor, the aerobic sludge of the
wastewater treatment plant (activated sludge method) of the
chicken slaughterhouse in the secondary treatment section
was used. Sugar, urea and potash fertilizer with a ratio of
C: N: P equal to 18:10:18 have also been used to feed the
RBC reactor. It should be noted that throughout the research
period, the ratio of 100 to 5 to 1 for carbon to nitrogen to
phosphorus was adjusted by adding urea and potash fertilizer
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in synthetic wastewater, respectively [3].

The study lasted 96 days in three periods. The first period
for 30 days includes the design and construction of the reactor,
the second period for 30 days including commissioning, the
adaptation of microorganisms to existing conditions, biofilm
formation, pH and temperature measurements and the initial
study of COD removal changes and the third period for 36
days including measurement pH and temperature, the study
of COD removal efficiency, study of effective factors of
changes in organic load, hydraulic retention time, changes in
disk rotation speed, determination of BOD5/COD ratio and
finally study of COD removal rate of real wastewater. During
two periods, the COD increased from 575 mg/l.d to 1250 mg/
l.d. The reactor temperature was in the range of mesophilic
(25-25 °C) and psychrophilic (> 25 °C) during two periods.
All experiments are performed according to the methods
mentioned in the book of standard methods [4].

3- Results and Discussion

About a week after the start of loading, the formation of
biofilm has begun. The amount of COD was measured during
the second period of once a week to check the stability and
correctness of the system performance. The COD removal
efficiency during the second period was between 19.13-48%.

The output COD is measured every day during the third
period. COD removal efficiency during the third period is
under the rate of increase of COD up to 1250 mg/l.d and
rotation speed of 8 revolutions per minute is equal to 50-92%.
Due to the fact that the temperature in the above period was
in the mesophilic range and increased, the rate of removal
has increased. The most important physical factors affecting
the overall removal efficiency of the RBC system are oxygen
transfer rate and temperature [5]. The pH changes in the
present study were in the range of 7 to 9.

3- 1- Biofilm formation process

Microbial growth and distribution of biofilms were
observed under a microscope during research periods to
ensure the correctness of the purification process. The biofilm
formed on the discs was measured at the end of the third period
using a caliper with a thickness of 2 mm. The thickness of the
biofilm is controlled by the shear force [6]. The thickness of
the biofilm increases with the concentration of the substrate
and decreases with the shear forces of the surface [7]. The
appropriate thickness should be about 2 mm. If the surface
of the biofilm is too thick, it may cause excessive anaerobic
conditions, resulting in an unpleasant odor. Endogenous
metabolism may even occur, which destroys the adhesion of
the biofilms and may cause them to separate from the discs

[3].

3- 2- Investigating the effect of effective factors on removal
efficiency

In order to investigate the increase of COD removal
efficiency in the present study, the effective factors of
hydraulic retention time, changes in disk rotation speed and
determination of BOD5/COD ratio were evaluated, which are
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explained below.

v" Check hydraulic retention time

In order to investigate the effect of retention time on
system removal efficiency, at times of COD, 1250 mg/l.d
and rotation speed of 8 rpm, times of 6, 12, 18 and 24 hours
were evaluated. The highest removal efficiency occurred at a
residence time of 24 hours equal to 93%.

v' Investigating the effect of disk rotation speed

In order to investigate the effect of disk rotation speed
on system removal efficiency, under COD, 1250 mg/l.d, the
removal efficiency was evaluated at 5 different speeds of 6, 8,
10, 12 and 14 rpm. The process of COD removal efficiency
increases by increasing the rotation speed to 12 revolutions
per minute and is equal to 92%. Then, by increasing the speed
to 14 rpm, the removal efficiency decreases and causes the
biofilm to be removed from the surface of the discs.

v" Determine the BOD5 / COD ratio

During the study period, the BODS value was measured
twice by the BOD reactor to obtain the BODS5/COD ratio.
The results were 0.58 and 0.52 under COD, 1250 mg/1.d and
8 rpm.

3- 3- Experiments on real sewage

In the present study, at the end of the third period, the
experiment was performed on a real sample of municipal
wastewater with an input COD of 710.5 mg / I, which was
taken from the part after sowing. The final results are listed
below the input COD and the rotation speed of 8 rpm was
80%. With a difference of 12% in the COD removal efficiency
of the system with synthetic wastewater and real wastewater,
it can be concluded that due to the fact that the composition of
municipal wastewater with synthetic wastewater is different
and it takes time to adapt microorganisms in the system to
new wastewater. The difference is significant.

4- Conclusions

The results of the research confirm the possibility of
biological treatment of domestic wastewater by a rotating
biological disk system. The best biological removal of
domestic wastewater at the input COD of 1250 mg / 1.d was
achieved after a residence time of 24 hours and a rotation
speed of 10 revolutions per minute of 92%. During the
research, the trend of pH changes was in the appropriate range
of 7 to 9 and the temperature changes were in the temperature
range of mesophilic and psychrophilic.

References

[1] A.H. Javid, A.H. Hasani, S. Gahvarband, Evaluation of
quality and quantity of food industry wastewater and
its effect on the performance of wastewater treatment
system, Environmental Science and Technology, 17(1)
(2015) 47-38.(in persian)

[2] W.D.M.C. Perera, N.J.G.J. Bandara, M. Jayaweera,
Treatment of Landfill Leachate using Sequencing Batch
Reactor, Tropical Forestry and Environ, 4 (2014) 82-90.

[3]R. Su, G. Zhang, P. Wang, S. Li, R.M. Ravenelle, J.C.
Crittenden, Treatment of Antibiotic Pharmaceutical



M. H. Rabee Gasa et al., Amirkabir J. Civil. Eng., 54(3) (2022) 235-238, DOI: 10.22060/ceej.2021.19294.7128

Research, 2 (2017) 127-132.

[6] S. Murugesan, Performance study on Rotating Biological
Contactor, (2017).

[7]1S. Tyrrel, T. Stephenson, E. Cartmell, B. Jefferson,
Rotating biological contactors for wastewater treatment
- a review, Francis Hassard, Jeremy Biddle, Safety and
Environmental Protection, 94 (2015) 285-306.

Wastewater Using a Rotating Biological Contactor,
Journal of Chemistry, 8 (2016).

[4] APHA, Standard Methods for the Examination of
Water and Wastewater, in, Am Pub Health Associat,
Washington:, 2005.

[STP.A. Kadu, A.A. Badge, YR.M. Rao, Treatment of
Municipal Wastewater by using Rotating Biological
Contractors (Rbc’s), American Journal of Engineering

HOW TO CITE THIS ARTICLE Ll
M. H. Rabee Gasak, M. R. Doosti, M. J. Zoqi, Evaluation of the efficiency of rotating bio-disk E E

system in domestic wastewater treatment, Amirkabir J. Civil Eng., 54(3) (2022) 235-238.

DOI: 10.22060/ceej.2021.19294.7128 E L

237






785 500 ()] yo (o kien & i

VW B SO Slois AF+) Jlo o o)l dF 093 S pael 3l pos (owiie 4l
DOI: 10.22060/ceej.2021.19294.7128

‘_sfb‘lé- 9%&&%&@'): ol vy, duMbW@bG Yy

(590 dlgxdaste ¢ wgd Lo jdeste «SuS au) ymdoe

u‘).}l > o N>y olKiiily Wb 04l

18,5913 ey ,U
IAR/-4/ ¥ bl
VEe oS BNA 15,555L
VEe o DIV sl

A RRIR VAV R H PV

dshuns 458l el B9y 315 05 00l c MBS 3l dame e3liunl g OIS uhal Codl i 39508 50 4 4z g5 b i MA
ol (508 NS ahal e B2 (st S S g | Sl gy I el 485 )8 425 3)90 SIS
o o3l (Saud 316 Y0 3w g WM Sy i b 2Bl wlie 1 46551, asly G ¢ 3abo0 plovl Cag Cansl 00
Sl oo ol o olial STy losily Gl pslate 4 (sl MalS g0 0y Ve (S5 i Ll )3
ol 3,90 551 5 S 5 g5 3 55y ad) il i 49 62 () ) 2D i

1605 Clols
s b ave mg/l.duée  COD e 3xio0 plosl b 15 el Jobo 45 595 0F oo ) 093 dus 4> i .l 42 )5 )3

Sl 2l oyl )8 Silidy ;b g Sikibgio  olod 039450 43 0)93 93 (b )3 49357, (slod .ol assly iuliél y¥a- mg/l.d
b COD Gis losily el Y 5 039350 3 PH ol pois g 20 Juo ¥ lacSud g (69 phidgn cslses e 455

OB () SoSiund s

S oMl
Gy g g (Slgyen Slo (o S () pr (o sl 203 DAY (s pgs 0)93 (o 9 2403 VANT=FA (3 p93 093
2o AV (ljee 4 Aldd )3 593 VY Gy )0 g oy AV ply el YF loj 50 lodly cpyiiin iy 4y S s o
WY alilojl MLl o)y 4 Cas 45 oas Jeols dod Ae lassly ably M o9y 0 ivlej] b .ol oas Juol>

dly M

Dyl M sy

wWleloin! (gl yye0 )51 .0 tinled bus Lad 19 (6956 4 Olelass]
23S 30 by S MLl o 4y 18 005y (S5 slacalled Lol
(Byas bl Shews oS 5 pogde (o NS 13 095 o
Sz 53 g glo 089y 5 s Chig S daiulon g lse 4
olil 3y90 030j9) (SN) > G20 4 & sladsl dlge @S aMS
Ml )3 ol S5 dylse p 0gMe )y dgzg Cuwl w85 13 L]
@ Lan o pladl 40sls Sl )3 39290 Slaeusil)lg oo Elgil 500
@ oboau YT Cui 5 s [¥] b anlgs 01 55 Aitd gl cond
g 0y 3l | Ldlige 85 (gl (loly 5145 Sigdh o g Lo
a5 5 dibled e 5 g ke oligS o (5ol oo cage
o] jogad 4 g Cuwj e sl 1y Slold Sl b Sagll oyl
9 SB oS adad b by ety walsd (o )3 (e
5 Sl i) (s 9 lend ((Susd slagby) Jold (554
a5 olbord 5 (Sujd sl B g Bl wul8 s (lgncs

dodko -
blps 029 5 ol slojls (a8l cuman (1938l 59y 5y 4 25 L
sgdme lio cbilis (a8 bl 181 5 ol of 5 Suis olon g
@l dhai SlaoMSE | sume ()00 5 B Sag plp 5
D] 392 anlss 01l 5 Jlo o slajls el cags polsl Sl oS,
CudeS b g lehas mlie I (G plgte 4 OSL B2l g 8L
ol 0133 ilae ol u3] claacaes 4 LeSles cas Bleel O
s249) <l e b wlio gl adlats (glo oS 1 ()l ALo ) )5S
o S e SIS dx g B oo 4y dagi b Ll pl >
035 bld b golie ol 5l oozl b cg (s32)40by (55 slacd
Ol o cwlie yl8al) plaie 4 aore Cun e slaais
2 V] sl g5 350 o Sl (il cpiman 5 WgeaS” Sl (o
F LS olagyye s (e ol koA VO ) Sl o Slele

mdoosti@birjand.ac.ir :olsle Jsosgs sxiwgs ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

V50



» P J DA cal oS b5 culie gy )0 cee o YIVE
ol yods Ly s Sl 598 Bains > bl  (SB OMSB apns
OB 2 Seslon a8 S35 Sl po ez 9 (ANF) o581 23 L
s & Coms 1y (600 3 )Sdas gl a5 03l L 2ls ol ol
“ U5 03sr g pasisel COD Bl londly e 9 03 oLt Jgane
Cons &y TOFOLY/ S TNFNEY N TPV FE/Y ), L
M5B adas e RBC iyl s 5 TIO, 361 5598 S )5 31 eoliil
Ja.wy WY uLo..\J‘) &S ol uLu.u CJLU Gl 0l ) u.els u.g.?)‘.)
Laipo o 78V oS 039 78510 )y RBC g 1l 5558 sl S 5
IV ] sl 039 RBC sy 4y bguyo 1 47+ 5 5060 9558 cullud 4
Ca Jyeme (2 () oS i I pSb oS )
Joloe (8855 Mgy 5 .Cawl odd oolaiw] (g ) (SSB NS dppun)
o> i oy ( (Sgyam o Gloj (JI L olzse g
wges » COD Gis e awslio 3 BODJ/COD cons oy
Pl S5 ol odd wyp bKile] dged 4y Cans OB Bl
Silgre al8 ©yg0 4 (I Ve (350 S jlodlitl 3,80 )5 Conen
Sy uuisds (b > (ilwedleSy Hslaie 4 SOb St 5, Sl aliio

Dby 1y ead S (sblie ool

o9, 9 dlge ¥
oalaiwl 350 (slRoKiwd g dlge =) =¥

BB aaa; gilon od ol (35 el Cas W 250 dlge
‘ZQ/\ L_gg)}fljam A.:.»)‘ 5(\AZ\':\A) u»L.J .)9; 50)9‘ c)g.»:i 5OK)M
YLD 5 0ud mawlls ol Slog S (65 0ge Sl w0 ya5 ld)gus
WAdg )Jasbo u] 9 (KHP)

9315 S S B ygse Jold 15 35 )3 oslitul )90 (slvolSiws
‘BOD )yfl) ¢COD )yfb ‘).a.opH ‘P;UL.O ’/”\ Laﬁ.)l)JLa?U.)

1 LiandLu
2 Talwar

95 390 Yl (Safslom Sl 09 el (s (e 4y g 4 VL
o) 9SNy e st el lisee gla gy Glee )3 [F] 005 0 )8
Sy odns 1) 5 O] 2 a4 Gl OB duanns Dy £9 SO ol
oMl 4id yuliy 5 bawgio gsbaw (sl Lo 7S 5 baeusilSlg Sm cillud
Sy &S ol OB Suwd (s SO ol ¢t L};.I Do oo
s & (4233 )3 )93 V=0) 057 93 L 595909 iUl G bawgs (o >
238 o 518 MBS )0 L Siwd Jopd Fo=Fr bods Dgd 0 W]
)5 o (US4 Sigd (152 S 45 5 ks ol 4]y 05
Py oo S Sud g9, (29,50 4Y gy Lo SIS Sl e
Ve Jlo 35 0855 kg lall 08,3 RBC 4581, 5 sl (sl
)8 oolatwl 3y5e (uwj dtuad (gly g b it g Olxis jl (60Mee
opyS Gl cly g 03,8 Iy b S aw RBC aul g0 p)l8 [£] s )5
68 Sygo 4 e Glall 9188 Jls )3 )L (s RBC s
s SO lgie 4 i opl 5l Jlo cpl 53 cd)S 148 solatwl 550
Cop & o1 2L sblze p Lo g ab odlitel (gyed NS Sbdsiias
2 lodes @l VAV aad blgl 948« amd )0 oy pliwl (b 5l ool
[2]edpdy )90 RBC gius (sicSins iz g plas (s S5
s () e 2 (an§ SBSind s 3b 5 Hlons sbl3e 4 a5 L
D] ol ool OB ashas wile alite slaodMsb abas |
Y] s NSl VY] s BB VY] lbj o485 3 y0 il s
s 3ySdas oy 2 WTAF Jlo ) (Ko g (o008 oy (s
ol sla by lan oM abas (RBC) OB ) S
dol>4.».9.a.a.> b)ﬂa.c d95 Lshl.«o—db).g)lf L}..o:o 2 .\...1'.'>|.)).s u.’l).‘x.o 9
5 48,5 )5 i) 3,90 e RBC g5 1 ol el plilon
bMJl?uﬁg\»))JéJ9)M9L§.\»])£ Jol.’x]é\;u]go.uo9u95 bls
oMol i as bld 4 oles <oy liwley OB ol
sl cils g (slhb 3 CMase (S p 0 pfpule 5 009 Cazs
Joleo )b (slol (3 41 (2555sly 1yt s JS cs32] B 5 (ks

V\EF



VWVE B AVE0 doxio VF) Sl oF 0yl F 095 ¢3S ol () po i 4yl

Fig. 1. View of the reactor used

ol5 355 < Jleb o ok i Slgr 358 eyt oS 045 s
IV el g, oM )3 o o2

slbadal gilon o2 jlHeS]) adsl il jolate 4 pols Budod
olisul 9l el i > Epe oS (JUb o (hg)) SIS
ol o Jio g8y ol Cuomd 4y a5l s (el odlo L3S

oly (0395 Alo (ke dlge bl )lgSee (0 JUS (6l
onl o SIS (S a8le (gdko 1) dlgo pslalied 5 0 g mrjeto phud
s by ol 355 g 051 xS 5| bl a5 11 VY] i 55 3,90
o33l gl LS 5590 (gdke dlge ST (ggls a8 VAN VA ol C:N:P
e oy olizl RBC (g8, 435 olgis 4 bl o 15551, 5,Skas
iy ) A0 AV Cad (3855 0y9d JS 50 Sl S5 LB &S
AL > by 355 5 0psl (39381 b pand & oy & S Sl
DIV] A by gt

) ol sle —F —¥
@ Jol 093 bl Jobo &) jg, AF Sode 4y 0y9d dw ,d Bui>S

Jor Ve e a pod )93 e8]y il g (b Jold g, T e
JSits ogrge bulps b lapusdlly S (6, B5ko csjlulely Jols
COD dils clyuss 559y adgl (wyp g bod g PH (65051051 colidgn

V\EY

RBC 951, s5lsilely g el =Y =Y
el OV Job) o35 dlal b alilojl (wlie ,> 5651,
9 M Sy i (o Bl WO Elis)l g sto bs VYA (1350
0¥ cuobus g yio ol VY jlad by odd oduil 3 Sy Saud i
238 YO Caol oads ad b 500 ) oalatwl sy £ w4 o Lo
wﬁbgowmuﬁlw&d”y)mwb\&obbgﬁwb
Slp aS e (g M 0 OMBB 50 ;0 dlBy e F-VY
wealS sl poud olped 4 (S SL B y9ige 4 Jlail b nSiuns (535
Wiy A daw oSwd B (gay p Gl 0l ol i s G g
50 0&wd (gl §3 .l 00 du > AT 5 (293 (6955 Ol
4 392 045 03> )18 55, 1 VL (tend )3 85 G Ve (e S
olesily Gl S )3 g Blae dlge (ndiad (b2 (Gjlecd Sy slaie
G2t ) odlatwl D50 5981y (sles V S 50wl o oolaiiol giSTy

Cw) 005 01> uL.MJ ).,.éal>

as I)_'> ] L:\.:.o.bl )3[> wa d)‘.b‘bl) 4.1>).o 5 wl.m u?rj ul.’?wl
099 Jobo (b obsS cge il (6l (e yed o (20
O Jols oy a8 )3 I8 4y oudls dlge (5 Jolie g oo (g jlulel,



P93 2593 (b (2955 COD plime Slyudi K9, ) Jgs>

Table 1. The trend of changes in the amount of COD output during the second period
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Table 2. Results of the study of retention time changes
on removal efficiency
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Table 5. Test results on real wastewater
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Table 3. Results of the study of rotational speed
changes on removal efficiency
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Table 4. BOD5 and COD test results and determination
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