R T ke e
ke Olas pudige
WRAJL oLt cpig 0553

Sl (910 ou¥T Bi> g I Wl s gl )by (o y
(CBR) ISaw 59398 gn 395515 31 00liiw! b ()3 giwolin!

rdl.:‘ uﬂ-h-'ﬁ-“ ":K'YJ'L,:J: oo c\uﬁ? S

Lf))‘}} oK..i.;‘J cw)h@ —Q‘JA.Q w.\..@ao .,LI:)‘ WL\.;)\S 6@\5 =\
L;‘))lf aK.lJ‘: ‘O‘JQ.G L;.-:.L@,o ajjf ‘L;""J"."é‘“ 9 Lfﬁ oSSl )L:...':..;‘: -y
Oldaa u’<"‘f~' f_}lﬁf NERHE c.]a.;:ua w‘.\.@; L;.u.l.».@.o )L:Mg‘.) -y

*delnavaz@khu.ac.ir

QY i sl ANANARTCE ISR
Dsbe ol adas oS Wloks b ol mlio 305 051> SLS 5 alar 3l 5 54b 5 pland Glaod VT eamar (5153 5wl b0 L
5 aS (ACT) o yeslend osjls odo¥T Gl Jiass opl o5 ool (65,0 (5l ansl Sl 5 bl o W) 5 Sy Slaes Lai
M 3l eslital b andlas ol il ol gy » (CBR) JSKe (S35 5m Joss 3l eslitad bl gloasd 25,05 LS 5 op 505 1m0
Sdo 4 b gaslil s iS5 Sl ls Koo (85l hlasT Ul Al e 3 3 plonil AT e 55 b sl (S5l 2 ynae
dalsl 53 o sslial (g3lus)ls S 8 S dlbtahal Ay a5l ol s o) 31O sSTy adsl as s sl plnil 555 00 50
COD lks (Veo=Ve e mE/L) (g35,5 eV cale (V=YY hr) S5 08 Sleoles (A-Y¢ hr) (Ko Ol 5l e ol
BV asa 53 5 J S PH i Jole oles 53008 8 515 s 550 55815 0 Shas  (06-T4) Lo 5 ML=V mg/L) (63555
4 COD 5 ACT Gl 0letily S5ke L CBR w8 515 0L s aslie sl SBR 5 CBR s 53 5 Shas 35 Sulgs A2
B B sl 0L s (53555 el VT Chale J a8 Al o 55 3l [y 3 Shas o g el WA IS 53 AUV 5 QE/AVL L ol 5 5
i 1, COD 1AV/ 5 b sl 447 51 2 15 o CBR sl V1 sl IS b sl £4/7A S 5508 be0le 5 00+ mg/L
on B e AL 5 AV S e i S e Veeemg/L g5, clale B Lyl i s 53 COD 5 ACT Gl Olekily pioear . les
Sl bl bos (il b oS 10658 4 el b Lo 1531 4 COD G 3 555815 5 Shes S 315 0L s 3 Shes 2 Les 1
5CBR 51, 555 Slas anslis e T S R VAPPRE COD G- plesly X+°C 418 °C 5l les [l b uS o ldy als
SialS V0l 5V 350> 55 4 SBR s COD 5 ACT Gl 0leily 0Ll Ml Loyl 15 55 4S (g sbas 550 4> 5 L6 Sl 55 SBR

O35 3L5 4 455 ol san ol gy 3 Shes sl had g 4 ol VT G5 oS UG (S5 am ST 5 Shee @ a5 Ll

\a



BBICOVIPRGCPR-PETRT

ezl VT Gl S8 36 s byl e

G S35 ) 45 e o b endlE s S Lo 5 (6 i G b A sl e i 555 g U8 sl g 4 LS5 Sn

L}J.U.»);Q,Li;«__')j:ﬂjéaﬁywbéﬁ)w\w.aﬁ@wﬁ[_)LiﬁQéuwﬁbngjﬂfdbghxbuiﬂ\)él

201> DS 5 (S g aieal (b suelial ((JSw SC5 5 LS 1SS G 3M9

ols cpl il ods 518 A pg/L 55 U Lyl 0,6 (5 s
BV s 5K el et VLI 528 b ot o
[4] cl ot 2158 1) 55 0 35 SN0
55 Kol sdaze VLI 3 0l ey L35, VT
Vo pg/L s sd> B 51553 glls b gusliad (Yere 51444 JLo
wes oaelsl OT 55 ol SlS 5 ol ol o3y
sdowte SNVLL 528 53 LSl 5 g g0 (ST el
A 535S opl gelsl O ab e leds 3L COgW]
53 Ol 50 S155a8 (gileiilo e el
oY pg/L chle U sl gl oo gladlbtaias
S el sdoze SVLI o poe O e dcs o Lok 55158
VAL PE/L 550 b s 5 slacl L3 1 o puslead clale
Slases 53 sl pl B e CHse 3 Caul ol LaslS
W I OA 55 53) S5l 5l e s B lads L
59> aS 35l 0 & Ol lysl 2y Gk sl (A s
old MBS glaailtaias 5505 is O esle ol 5l Aoy
Loowe 53 50 4 Al O Ll e 555 10 - b
il Jlis a1y ol damacns Ol bl 5 il 3L
Loy ol o gllass 5 bl Ods il
Clo s O Chle ey el whas Jolize sla i,
o o3ly el ol 53 e SEldo - b oy S
Sy s OL)Ken s Rabiet law o a5 gladlas 55 [5] col
A 3 1y i Ol Glaelr 53 b saslinl e ool 4338
ol s BB sy [6] Llesls jasis 2] s c_)fjjlj\’\\
Sl (S35 ol il sl 5 S slame 3 o3l

dodo—)
Sl g 5 lagludl Sla s J‘}AJ";)_},}@);&})‘J ols 5
Ll e oslanal Olgz ol 53 (6oL Slude 4 a5 dies
w15 5555 s il o5 T sladasee 53 0T e dir
Gl et el sbml e LOT 3 0T uaslys
L 3 cpl by 5 e LOT SlaendE ) 5 G b slalaes
g SMan S obSs el Jb
S Ll g Jaa s 5

Lile) el ks s WS e pssls LSS
sboly wl) (..:S:,Mf.o 5 (alusls @l.l.w oMol
BT s 4 s ol sl 5 Jamn 35 (Sl sla 5 (5 0
S Ulse w5 OLL 5 slge ) e
s ol s 1] Sl et o dae gk slasa T
Sl lagls 055 o 5 sy odiyled Ol g 0 gl
L (*d)*-"’ﬁn*’T Jeelll o dpeliael L) b b gl Lol ol
353 Ao e b guuls K CsHONO, plard Jge
ol (gl oS c VYA mg/L 0l - c B L LS
slasys \j.f}}fuf 9 uS/.Ujp'-LaJw )3 Wil olas s
5> Pl 6a)l5e 53 5 aazals 5 Joolis 555 Joe i
OS2 KlF e mmen [2] 25500 SIS as Olas]
Sl las s g (>l 5l e slan s aibe Sual slas s
L Lo e slaislsS [3] 35 eslinad iy slaolb o |
333 slite OSL wdal Slaptc 31 b snelind Gl
Ols G O 5 Sy Sl b S 5 ol S G |
salbtagar glacley 3 OS5l chle ool sl

Y Para-acetylaminophenol

¢

\ Acetaminophen

Y Paracetamol



\YAQ JL»I/-\ aJW/M 092

oS Jsne DS 5 G 59, YOV Ul s OKes 5O
3 O3s el (om0 pslind das 3l 550550 24
5 Bl mbde 53 MBR Sty buy Oy 50,
P alial oS Lsls DL s s S anlllas Al
ole b o sShhse o S jsba EA ng/l clale b (o555
clie b sSlhse 0 S oses Ll Bl Al
[11] s Gl (@355 sl 31 740 aKa LSl
Ca (IT)- yow b dedl g YoV Jle s 0L 5 Rahman
Olge w ) o3l cpl il doped chitosan/B-cyclodextin
sl adylo 1 palial Gl gl O3l el S
L ol pH s oS sls OLas sel oty 2B Al
b gnlial STAA/ANT Cod 4y 558 O3l osle 3l 0/0 N gr V/Y
[12] sl Yomg/L b sslind Clale U T Jgloes Yoml )
Lo s SO dme LYV dL s 0LSes  Mojiri
3ol Gl el Bl 4 Gige Vo sl (63 Shes
3 Ol A e S el a8 iyl Ll T gl J gl
ot S5 ol e b O s B 5 S a0 S
L o swelial AE/AL ol oy chitosan/bentonite |
sl Ul g 3l e iles Gl 1 o/ Ymg/L J 5l ke
5 Ahed [13] A& lald b salial mn pss do e |
2l amlie 4 ladlas 3 YoYr e s Oban
Sad shoes 51 3 salial 4 35 53 Z00 5 TiO; (sla 5 5J6LS
Lz PH L3 K15 0 ZnO o sl 0L il s o
s el ) Ll Olos 53 1y b suslind 51 AV 550 A
P el rvaﬂlﬁpHﬁ cele Y Ol e 5s 5 Ll
Gos TVE b s OLes 5 I [14] Wssed i |,
S s el Gl s Sl eslinad b Jl s, 58
S S5 oS Sl adlas oyl s s S alas
BB 5 5 sy YL slaclals Gd- (¢l (CBR)
3308 55050 Aul b b e akas iy Il b, sl
Bbobes Oy gl el Sb e 5 d eslin
Ol A1 5 Jsis (UL chle (st
Joolo gl o et 555155 Shes 53 COP L agiess iy

1o

b ol andlas Cyp}a w“uﬂ))b UL\.;SJ.: )\ o)J§ U'i‘
LU 5 oS laesllil 5o s slazee 55 sl oyl ke

a g s Jad x5l slse pl O s T
O ] N PRSP P PP oS oo [ pam e
(S o gllas 53 3 e SlapsilS ) (sl b
QL¢§J3 )" Loy Q. S9d>= 43 "’”J":”Ls" CJUU.;-} laglud!
Cope o gAS sladsle s el
o s esdpbe (DU e s Ks8I
Sl 5 ol o WIS il ) as e Sas
el ke w81l [7] 558 65l 5 GAS slad she
43)\JJJL>w;‘jw‘MUJFJMM)JoJD
5 olal codl S ks ST Wls e s s s U

slad!

2o e B bl sl Gl lee S s 500
g e Oy 5 0Ll e
MBSl il g5, YoVE Jle 3 Ol Kes 5 Mowla
Sl 8 gl aha 3l 50l OS5 (g5l Sz
Jsltze Jled oz a3 Lo g ISKeel IS 5 ST IS0 !
EA Sdaodes Lboley 53 aS wsls OLiS ml LS axJlas
Yo mg/L (g35,5 bl b b guslind G- 7V el
=L Y Jl s OLes 5 Fan H [9] 4s pll
S5 gy S o 1 (SMBR) G it plis 585
5 omilels SLISGs (S L el ol
ksl 3 aadllas sy S S CBL 5 J sl 2l
Saodes Ll Oles 53 ol asllas B aivs slis g5l 40
03 S Bl |5 s 4 (535,55 O senlind SIAV/Y el
Gdm s, TV e s Ol es 5 Abdullah [10] s
R L JJIr LoV g PO e S PN PRV
adlae ol s b s3lpa 558 s (S3le sl
05 am Sl Sl re 53 Hsls LS s Wles S
5l de TOC 74T 5 COD 78A Gl (ool U (g5l5m o

Komesli [2] el cwes P seslial Yo mg/L 05 S asls]



BBICOVIPRGCPR-PETRT

ezl VT Gl S8 36 s byl e

em gliyl) SBsE Cand 3 sde s s Obr S
Jols Slilae sle Olebl 5 Ol geay (O35 S 51 YO
b O gk d (OABB Gu P G sle S
S 580 Sl ol Slay O35 5 ol UGB O (S
ol ol el OlES (V) (_}KM 33

s 5L bl (S5 s sk
oaseis Ola3 G sk pl sl il s8 5 (6,8 5l
5> s libe BL oVl clale oS gu- b Syd e ab S b g
53 o VT - TAr 81 e IS5 4 il 2l e
o DLl o0l 5,8 Spo s o0 Jib
by uwlf)\))_(?a d> e ol OLL s ol 8L
o 'JJ)JTJ Gty asedos Olo SO 53 1) 0Vl w520
Lo el 5 S 5l el 3V (IS5l b e ol
(Sl b glaws esls ade el Hs b Al
JAr Gl Olelily a4 Oy pskae 4 B 5550 Olej lalS
o2 o Ol oS sl e Ll Gl el s YT
eslinal $3lasls 8 5 K Slbtaiat daly a5l niin
A

Sl S LBl sl st eslinal g8,
o= b Sl O SOl 5o 8 geelial s diS 4 2
S5 10 5 G o S VO sl Y
Sl e nl 533 b saalinl 35 5 (Sdae slse ke
oo s pSly bl Jsb w55, 00 e 4 6 il
Slp Bl bkl el Hskie 4 5 LS (g5lLlel, SBR
Sl S 4503 (Bl al e OLL 578 Bl 4 O
Pl e (Sl pizen 5 COD iulesl ol
el e alle) 53 5 4wl Cose 4 e
S

SIS I eop s sk opl o &S Do
ats i yeelial oy Sl eslanad b ALl s o sian
a4 AL VL ot bl LS S0 Sl e
Sge o atle &l Dope 4 s ki OT L 3leid)
e Olgea) g padgel rosdle eslinad 3,5 slke

O304 (83 ey 5 Dlind 05 550n by (63 (0] %

"

A3 QA 5l i el 535 CBR &S sl 0L is ol 5l
b 3555 cbells 53 1, Jslas COD s ,3 VY 5 U1 5, 56
LYY (Sasds Lol s Jlyseye 51 VY mg/l
Jlyshyss Bl o Sle bl Gl aele T asln S
SAVV s i« CBR (g ml, 5y55 Jsb s COD
[15] A2 cpand ds 3 AY))

Wl g By S LL sl gl adlae ol s
o3lial o513 (glao VT 51 8 sualiad G gl (S5 4) s
(CBR) S (S5 5050 5551, 51 pskaie ol (gl o
Sl ansol 5l St s diFNol flil 1A
sl o Fege S| S eslinel el Cjlaze (SBR)
4 SB35 CBR 3 45 Sl 12 SBR 5 CBR s
g el St 5y Sl elinal b aae 5 &) 50
s Ol o Al Jsb s elsen S Dse
Ol 4 Ol e OF glln 51 cnl by ol 135 0L~
Gk e lolasl 5 e SLS 5 ol LONSL abas
S eze OB S s STaoder 5 J bl S Gl
[17] 55 eolal sl (g 0aly 5 S olailr

(S Lleole) (K Ol ooy a4 andllas oy
380 i ey 5 (635,55 COD lale (g35,5 oV ol
(el als st VT Gl 3 IS S5 5 5551,
3CBR 81 555 Ses 58 Colgns 55l 0 LG S
A3 alis ool SBR

L 59y 9 Mg
3 IS Sy i Sl eslinal 550 STyt cpl )
Yooglisl 5 pemle Yoo s k3 L S sl sl
AT e 53 2] 470 550 IS e b e sl
HAILEA, ACO- Jdo 138 coay G 3l aiila 5 1 b
B s sl el sl boisks ees o 308
o b el ¥ mg/L s e 4 s edlS )l See
3o ki cedd amp Sl sde Y ST o)l
ol s 5l Y/e em Cw,\);s&%gwu wdss gl



\YAQ JL»:/-\ UL.;.\Z/M 092

Gk gas 5 s glaclile O ons Glp s ol
MGl Sl Gsed K g s e ol Sl Lol
BHEPAPECOE ol oy saul CSgr &S o gan
GoF et Sl ey 4 gl £re LYY s
Sk sbay OF e 5 33 O Lo g5 ol (slacSys
Slr gedsh essdoes ul SIS s e gL YEV L g
Sldlas 5 (255 Sl i) 4 b selial (5805100

[18-19] el o oslinal 35 s

e (5 g 0581 Sl N IS

Item Number Name
1 Synthetic wastewater container
2 Peristaltic pump
3 Aeration pump
4 Cyclic biological reactor
5 Timer
6 Electric valve
7 Treated wastewater container

Fig. 1. Belongings of cyclic biological reactor
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Fig. 2. COD removal efficiency in adaptation stage
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Fig. 3. Removal efficiency in the second stage of adaptation
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Abstract

As a result of progressing of industries and population growth, new chemical contaminants have entered to
natural water resources that in order to protect the environment and promote hygiene, they should be purified.
Acetaminophen is the most widely used chemical pharmaceutical compound. In this study has been tried to
omit acetaminophen from water solutions by cyclic biologic procedures. This kind of procedures are friendly
environment. The CBR process is a modification of the sequential split reactor (SBR) process. However,
instead of the wastewater being injected into the reactor, the contaminant is injected into the process using a
continuous drip pump, thus the possibility of shock to the reactor. The purification process is reduced. This
treatment system can be used for treatment of various types of municipal and industrial wastewater. In this
study synthetic sewage includes acetaminophen, in laboratory scale, has been treated. The first phase of the
test involved the adaptation of acetaminophen-degrading microorganisms that lasted for 50 days. Secondary
settling sludge from a pharmaceutical company was used for primary seeding. Then the effect of cycle time
(6-24 hours), hydraulic retention time (10.03-27.30 hours), density of inlet contaminant (100-1000 mg/L),
density of inlet COD (360-7600 mg/L), and temperature (14-30°C), on the reactor's performance was
investigated. The pH value has been checking and setting on 7 at all stages. At the end of study, the
performance of the two CBR and SBR reactors was compared. During the tests, the concentration of ACT was
measured by UV-Vis set. The other parameters were measured based on the standard procedures. The results
showed the reactor had the best performance in 18 hours' cycle. The average of removal efficiency of COD
and ACT in during this period was 94.70% and 94.97%, respectively. In the phase of control of the
concentration of inlet contaminant, the result showed in density of inlet acetaminophen 500 mg/L, hydraulic
retention time 44.38 hours, and the 16 hours' aeration cycle, the reactor can remove more than 99% of
acetaminophen and 97% of COD in the contaminants. In the same condition and concentration of inlet
acetaminophen up to 1000 mg/L, removal efficiency of ACT and COD was more than 96% and 94%,
respectively. Also temperature changes had a great effect on the reactor performance, so that with increasing
temperature up to 30°C, COD removal efficiency decreased by 16% to 78%. Whereas with the change of
temperature from 14° to 30°C the ACT mean removal was 97.8%. The results of comparing the performance
of the two CBR and SBR reactors were also significant, so that, in the same condition, in the SBR, the removal
efficiency of COD and ACT were decreased 15% and 10%, respectively. Since the cyclic biological reactor is
injected by stepwise process, the results show foodstuffs are more rapidly absorbed by microorganisms,
because microorganisms are more than foods. This feature increases the removal efficiency of organic matter
in this system over continuous flow systems. Also, due to this feature, the reactor is highly resistant against of
load shock. Given that all the phases, settling and discharging processes, take place in one storage, without
worrying about leaving MLSS through the effluent, it can be greatly increased.

Keywords: Cyclic biological reactor, Acetaminophen, Biological treatment, Pharmaceutical compounds
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