[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

@‘A}kg&‘suw‘kﬁ:‘a}u%&u
Q|ﬂ| .h,?u L..Z‘.\.@.: ‘_;a.l.ﬁ Ja:u‘
VP B IYY oo OYAY DLl 53 o5bed o o0

IS (S5 P 0 8S)) bw g OWBL G I, 8,8 Bl anslie 5wy
0503955 pailis o6 sdsl 8 5 (CBR)

\‘LSJJ"“} ‘J}“"’J “’uju_; V‘E\S ‘YQS}""J"’ L’}"w e ‘\uJ‘:‘." g;‘h"-‘

AV B/ F s QY0¥ o5 il

e LS~

g o s G ame 5 Old] (ol SULS 5 e plond S5 S CHO, ol o8 b disd 6 idds 5 dins
o3 AiSSon oolizl el sl iy A 57 Sl Gkt o3l b s il (38 U b s _lg Ly oy 8 S ciile O oliin 5 L, 08, 58
sl SV s adal iy yo Sl Pl S Olsie 40 48 Sl L5 5 Oliss Jio oDl Ay a0 Ly o Jisd ) 58 mge 2,508
bl i b s ol 485 ool (sl Sliiond U3y 55 LSl 5 Sl i) 032000 L5 0018 1 Y panme Sl Lo iSOy
el 45,8 5 s 0 3 g0 G ams o s sla gy ol Sl eslizi] axllae ol 5 Ll S5 s sla g, 48

Sbecble Sidls 2 Sl paisedsS paolish g6 sbadslS 5 (CBR) S (S s 5581 Sl adllls ol 5o s S
oSy Loueyi s 58 sl Olips ool (Slis o Lo imine i oliz] il (g ponly Lyl > Uoles COD 5 ULy sh 58 ilie
Dy i STy Sy s 4 2 5 (52505 COD ks (50101 5 (6 anly 0,55 Sk oo o pid 5 Sl

slas plod o i (oealy sléte Jiloj sloeyss sl 5 JLsbosé (ol DUSE Cilie sla oo b A (a0 0551, claassle
b slize slalos s 55 pslish golf sl sLS A fols 78+ 5 749 Sl Lt it COD 5 Jlysi, 5 o Olipe corkd oaline]
sls OLE 33 1 Ul sd 58 Gl s oY _oUle 45 Wk 0303 15 agomgo 3 UL 58, 58 Cilisin slacile

22 CBR IS b & s osalio JI 585 55 Sl 1 oVl (SlaOlocily o S5 g (Slaptomnn (S aly Coslita Lt Comei 216 S e
T 51 Ol o baptomms ol tmce i b ol ey a0 5,50 5 pllao Ololily &0 alisST (slolej 3 palis 200 slad S b ey Lo
e edlinal Uy g8, 58 Solm SANSE dal o plend slais) e

tdeai (BB 350055 0521555 g6 IS (CBR) ASws K560 555515 Iy s 58 15 4lS O3,

Q\J.g_? ot S S SLisls 4§.ZJ.3 fjl"‘ PRCH cla.:aﬂ C,\..::\.,\@ L;U:S: 6}?91.3‘:—\

moussavi@modares.ac.ir O modte S 5 o8NS ( Sy r_,,Lr— o dSliils Hlosbinl cases Clilig (gl 1S (U g 0y 58) Y
O Ol Sy psle SRl (g oSl HLisls dass Cuilig (gl S5 =Y
Q‘Jgj cw)-)w C,.:.:J:: AK...:;..:\J 4}.2;3 fjj& o.)\)/\.f._':lb gja.:zﬂ C,\..::\.,\.é_: .,\.j:_)l L;.AL.I:)S C&-}AT a.;""’b -¥


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

Ll oddeslinal g8 s sl (OF) olse
Aren ool b 5 Ll Glls e s cpl Sl plas e
G103 pauza 5 0l 4 Ol o i) Gl las )
» o) W5 (S sS mlo s el Sl eslinal Ol pue
Lodlr ll s b (6005 b S Sl glayl b
glable Gl Ol pds 5 5 A58 Jd 0 S 65 5o
2S5 oslal el S5 gla sy ks Jlshs 8 VL L
b bt Gl Sl eslinad oS iy o s S b
S5 Lo b dauly OV s W5 Jlezs| bl
@l pl s e 5 S S s el
O35S il agpn 5 (Sole oleel CLB bt
Slaias b anslin 53 Lol (1585 5 (513 000 slaasy 3o
ol ) Lot NT a8l o 5 oland O genl LS|
GOl o sy dole Lil eslil S| (g3lulir L &S
ik Ol ST OBl (Jld S odr L e L
Gorde 8l gmaly 53 g pdicillan! el VT 51 e
oAl e lalaeS 5 i S L BB 0L o DUl s
Slacnss &S pl e 2L 5 0bsl Sl Gl G O e
adllas pl 5o ((VF) (SSSssm o fs) 0350 s Lo
4 el 0dd ASE (S5 Glahss Sl eslial
S 5,8 or el lalS 515 Sn S eslizal b S5 5
S 5 S AeSles a4 ) M olS 5wl e
5 CO, Laes 38 51 balse) 5850 4 5 s3lsn Ll
Sl OV geme S S LS s3lea o Ll i cowCH,
s il & bl glls 45 ) 5 odle ol A g
53553 .000) 3,8 oslinal 35 6550 W 55 6l Wl 51 0155 o
Moz B ol bS5l S 31 pnomn s o o 55 il 5 0
3550105 50wl 3035 gmn sELCOli J2o ola(g 8L s jases
o adlas cpl 5l Gaa (V=Y ) Y) 5 S 5w
S5 oo se 5l esliad b dl g, Bl aslie
Shestizal Jols b j2s; ool o AR lST el 53 15oea
(Cyclic Biological Reactor) S 545 5551,
Ll b s passelsS pslis 2B GbdS 58
<l (SBR) Jisme shiie 551, Al 3 5 ~dsl CBR

\Y¥

..... OGS 1 19,98 B duunsli g oms

4o dle

dadlD) o ol sosle S (CH,0,) U1y s, 58
mlhe sl N gams 148 Sy 5T 5 e (Sl )]
gl Gl le Dl D Olge @) andis 5 &
O a0 st w5 olelsie 5 B (LK,
i 4B GLls 5 ess Dl T s 53 Iy
S 5l ke DS 5 s nl b (el 12VA OC
23 eleed Ly osle Ol o dly 5,58 51 .(05F) 555 s
3 i o 03l Ol 315 5 Ol g IV el sl 55 W 55
A5 ediSOlss e, satas 5 GV sl Ol 5,08
03,315 pdir A5 Ol oden ol 51 s 58 IS
Jsshs 53 oslizal 3050 s 5 aiS sl oo JI olocd
Ep T U P RTALEY SN FPE JPL PEPR PRSP
Olpe @ 55 5 oknspab bole Ol e 4 by 46 L0L
V5P F) o plend bS5 W5 Gl sle iy S
S STy sl Cols Wl o agrlse D50 5o JIo 50,58
23 et S LSS Sl ey (S5
sl 5 1S oBs o sl 0 edals 0
S Sl Gliaal Sppo 5o 5 il 5 pae Sl
5 G o5 5 et Saesy bml s i oS
s L LaalS el e Vb uled &ojs0 o
LS ol agrlse alsl D50 5o Lilg 5 655 0 Slasl
50 03 Slllas 5 S (1) 550 508 S e s
<35 el VAAY Jl 350 s o glalass 5 0T &l
53 el s lews S gladaes 5550 3 axlllas J
S Okzl e Jlsis Sk sl gl ol glakae
b 5h 55 o slaals ol 5t oslizal sl Ol s 4 ale
St e A s Dl il Ol (b s b
o Ol el Oad 4 Sl Canlie o A0 A
255 68 S il s
5 dbsssh 5l AU il O Bl 4 n ol
255053 O B e Oln )3 o yrad o 3,50 55 Blod 4 o
S, Sl LML 51158, 58 oLsk 5 Gl
Slatss 3 s S plonil 48 ilalllan 3 il plal Jl 3
OY) ol e sl 20V 5V) olacd S5 5 olard

%ﬁ l\fjﬁﬂy
1BQb lisgls /g o lashs /it 0 )93

Ulpl bazo Cublsgy ole ol s g fu ole swlilad


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

Ol 80d 9 (sawge Lo pole daw

S plaiin 555815 ol 5l (Sl CBR iyl 325 8
Gy 0o phie gbr 4 S Syl pl L el (SBR)
e R N T2 LT B ST ISV
Aol 5 Sl S el 0d sl sl ol ply 5 S s
W gy 4 Ol oo Al ol Llse 51l oo 1S aidal
Joms 5 Ol (,maly VT (S5l BB Ol > 03
aliul 3503 Oly 1y ol ¥T (VL L slaclale 550
s i Ja 5 Lo VT G ol 50 2y ol )
(YOYY) ol a § 13 s 5y5m

23 SO b Gl 4 ar g b oaadlas ool s
S5 s oS 5 el 1 i s ool ais
L lp edd el lag SL L sdd mil IS
A3 i s s s eslind cilite gla s b Ul 8
53 pslis 2l b § b BBlus S 4 0
13 S ged b S 13 andllas 350 pes 0 NT ol 42
S oSl o3 el Bl st e Ll s
CoiS lee 53 5 (45 0) S 2 03) LY Ll SIS
Al e Do 4 g6

b B, g 50s
Ol gz 5 3l g0 A

slge Jlysio 5 akemr 5l andllae plsil (sl 5L 55 50 M5
g Ol bz COD 3] plosil (5l 5L 3550
36 sk L 8A) S8l Al 0,8 Ol s
A gl = Merck oS s 5l sl ]
Joo e g S olSas 3115 585 98 0 325 Ol e w512
ol YV nm 5 Jsb ,5Unico-UV 2100 UV/ivis
z~COD oKaws 5l 55 COD i gl (Y75) A2
o3tizel WTW GmbH, WeilheimCR2200 Jus (s, 557,
(YY) A
Geios el Sy, 0
ST 0978 9 b glows ol I
Clr e Jb S e ez dsb S
S 238 bl ety Sl oSy Ly Jlygs 8

® ﬂy
%g J) 119 P il /g 6 jladh /it 0493

YO

D5 a4 BB G5 035 ke gl &S Ol l L
sl cpl pls 3 8 o plowil 4 sy Sy g0 0 0 tVT ) 55
Sl e s adal Aol B s 5 eST, 4 Sl O 5l
SLNSL plul adal gl Olf o Slahad ot ]
Olsi s dul B cnl bl Sl sses eslinal oo 5 (5,0
5 0Ll (5l VT (g5l oS Ol > 035 g
3503 Olge 1y otV (W s slaclale 2y Joss
i Lo 5 ool T Bl (gl 55 (555 ol 5 eslin

ATV YY) ol 4 S 13y s 350 il
254 e Sla S bt 4 s pases 5 lag 56 Sl eslizal
e DS s e Ll sl 5o LT Caslie e Ll
on Soge SR (pioms B e DS 5 A s
23 Oes 5 Yan Lw g oS gladlas s ol 4 S 13
6 s 1S pasie 3155 sl Y00 Jl
Gl gl Lss edd ilallr edd eyt Jlb ol
osme ol heslinad U gl .as eslizad o (VU sl bls
Lo S sty B35V me/L U glaclale anllys
G 78 h b s S j5h 4 ides S o5l S
Moussavi Lo 55 45 (5 503 andllas s e (Y0) dles
05255 B Sl S8 51 a3 planil (Vo)) 080
A sl 5 il landils Gl sy pssedsS
28 SLds1S S el b didls aallles ol Lo gl
sl Y e mE/L B ke o) 50l S 05l 50
035 s LS ib 4TV OC sl s TFd Ol e
(YY) wsled G |y Jsl=e COD 74V 51 i Olejes
S o ez 3l eslanal L (144Y) 0, Kes 5 Ivanova
s SHIAY dndls gl Sad 1S 55 » edd
S LIt (7)) sl 5o S5slse bl Soypo Iy
Jlsios edd ol (SGidsm dbatal (Y000) OLSen
350 pedne i S by 1) Jlghsss L mSaodes
Sheslizad b szl s andlas ol Wl disls 13 ) 5
S5 Yy mM b glac bkl el Sl sbaa S
(FVee) Jo8 Ssb a s Jlsh,s8 e S5 e 5 1) 0, 58
553 Bl o ol 50s G 50 (1A) bl 4 s
A3 o 205 (CBR) S (S35l 5 05515 bw sl


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

}LA}A%

Q

Al )

Ala Al Saa

BT PET 5

..... OGS 1 19,98 Bl duunsli g omvy

Sl B et

A
\ﬂjxée-*'\. ¥ /

v

Cla goae

s s ek eslial IS K05 am 5T, Siled 1) IS

SV oS s a5 ks e 305 ¢l LS b
2> St DL 3555 Gl p s S s 505 Gl
L pled 5o oS sk il AL L s w3 5 s
S0 em ol s 8 el S ,S IS e S
PGB o A a5 55 Ol ko sl 5585
45 Loy ol (gilulis Jlad o] aslen a5l &S
2SS Gl dlssh)sh il gl bl Lot ke
22580 Slad Lad 815 0l Loy 4 Sl 5 les
1y 5o 53 Cilisn (gl o a3 ol ol ool LS ) IS0

Gl lle 5l eslital b e A uens YVV M OF i
BEIVRCAHE IR S O g sl powie Cilzss
ln 55 COD (g, Se3luil o5 s Sl 2 51
os,) (Closed Reflux Method) awes 5,51, s,
w238 ool (TA) e 30kl b 5 (5220 D

(CBR) S (K585 55515 s ls 5 5106l
s s ¥ cm gLl L IS lo s gl 51,

S 3 Ll 51 (S S el o3 3 5015 Gl

——— (%) Jufas i — 0 — (%) COD =i

L.
——
Pl
i I'r ‘.\-._'___.__--—-o._.
= A~ 1
2 - -~
- ¥
g -
T -
. P
"
o
‘,
A
Y. . Fe Ae
(d) 503 Glo

COD chile 55+ mE/L 35,5 Iy, <dake) WA L/ s 53 CBR L 551, 5,0, 0555 Jsb 53 COD 4 I, 58,5 Sl ¥ K&
(/\0' mg/L RTLEBE]

\Y'F?

%ﬁ l\f\/ﬁﬂy
1BQb lisgls /g5 o lashs /it 0 )93

Ulpl bazo Cublsgy ole ol Gludg fu ole swliad


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

015 0d 9 (sawge Lo pole daw

(S5 Sl wl 5 ol Jgle SO b s S Ss
(SAS 5 Ses A5 0 (SS 5 Se sz pde 5 2
IS (K80 55 5 s heedIS Ol L 3 g5 AL 5 5
I3 Sl gast oS 13,50 B cplpl (YY) 5 O
CiS Glakas 3y 5 5l o plelid Citls 1) el
Al s glacale Ll )58 sl

SIS s P

I N I L S L I T TSI
S0 4 £ sas JS 5 Ll el 4ls3,0S 5 T Yee mL
Blol cou 5 ) mL Of 4 esls Jlasl 00r mL o)
523 Jsl [ pLSSl 4 peme O5en 0503 4 o) s S
A3 S s Vee 1pm (55, 01 53 5 YV Clsy; OF sles
meLiliﬁ)eJJL.u)v.?wn\_}ylLgba_}j&j‘\‘\‘hja)'\m
o o3 S ol b s 4 i 58 ) MLl 4t
ey YO CC o5 G 00 L5STH S yee obe SO ks
ol LS5 55 Slad Bl S aniia gl B Cs B b as
w0 @le d S al Jol8 polias Sl ey 055 0l
o ils 5L 5 sSTy o 4 ekt e glad 1S 5 ads
Yoo mg/L Jslss by 56 mL 05580 51 g 5 LS

Q)JJ 4.: o)l{jé 9 AL eJJL.u) Yoo CC v_>;>- L] J\)}ﬁ))ﬁ

Jle dd Gy osS YA 5O VE L gla s
335 s g peltd a8 paslaa slasl el ST (6l
COD 7+ mg/L 550> ol L) S MBS 5y 5
A0l 28 S el sy 0 4 (A0 mE/L 550
(el Yo min 5 o254 )/0h (aslza¥h)? hJi,,ﬂ
05818 S e el oS IS ¥ 555 8 03 oplplo sy
s YAd Cue s sWALM s s A d o ol
A Sl ol Vg LA s s 55, YT 50V LA
S A5 ey aalsh By U (gl cdie sla s 1SS
U COD jluis ;5 als 5 dlysh,ss asee Sl Ll o
Lo e LG Bl S gLy osd Jeole g A
350 Lz ¢ COD 5 dlyshs 58 a5 lekily Ol ois &S
S 5550 Saug Ok, SO e3sde 3 Jlsie
gl plebd y cis S,

e 28 a1 550 6 gl S plelid (s
Soue S 5 iS ass 5 PDA) 8T 55 2S5 s
78 sbeS Lt gl .as eslind (CLA) S8T
S o S S Sl bl B )5
SNl Joe g sSes Se Sl 5 GIS A e
JSo paS 5255l 3 0l LKL Glades s SLe IS

—m (%) JIs o e — 8 — (%) COD i

A A

hr- V- -8 -

(d) w5 e Silo

COD C,.E.L'P}?" mg/L S99 Jb_,ﬁJ‘,é C,.E.L'G)O/VL/CI d:J:CBRJJSSb dﬁA‘J S09° J‘,LJ.:COD}J‘J_#)‘,; bl “JS.&
A0 mg/L :s54,5

® ﬂy
%g J) 119P il /g 6 jlah /udnds 0493

VY


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

..... OGS 1 19,98 B duunsli g omv

—a— (%) St e — e — (%) COD <=

Voer - = e

(8 s el

L LYY a ira "wa 1Fa
(250) s mly Cha s

CODC,.B.L&}?" mg/L S99 Jl,,:”.é (L.W)V/?L/d ‘jb):CBR)}‘JSb ‘54':.&‘) Sou9° d‘,b )}COD}J')}BJ‘,A &.3.1’ YJSJ
(I\O' mg/L HELEBX]

alsl 5o Il s 4SS s asy lal s B oas esls .\L.;Lc.hcéj.\ﬁb)(_g)\éo\i}nlﬁ&id;mQ}JEZLAJJSL{),Q‘
U.)s...;;a.)u\bﬁf)j:sb &\JMOM d,:.:.:«; (_QLAJ};\; ‘v\.JLi By J‘ L;LA@J); colo AJ'i‘ QLﬂLﬂ BE J\.ib_}.f rL>u\ d)‘ ole
J;<=L>ul@ﬁbjjsb w‘)} A.ij}v.: A‘i‘]‘gt}f; %Jﬁadeiwh:m‘)év—omm#LJ};‘ﬁ

AJ;MJQSLAJJJ\;UM@%)YO' mL)}JﬁJ&-‘}uj)‘

Voo " " NdemelLadgbclilh —O Voo mg/L radgiclilé = %= PO melL gl cdi

T 8= WPBemaL cadgl cdiles —F— e mp/L radgl il
1F..

(el ke b e
>

Yoo

@) ot
Iy gy Soslite sl e 455 (5l 0555 Jsb 53 0T edile 3l il I, 58,58 syl s dals 30 0 s
(Y °C) sbos 3 & guuls 531

%ﬁ l\fjﬁﬂy
1BQb lisgls /g5 o lashs /it 093

YFA Ol =0 Cuiblsgy ole ol Ling fy ale twlilias


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

Ol Sed 9 (sawge Lo pole daw

—— e meL ol clilt —=— P mg/L adgl Clils - - e - - Fle meg/L tadgl cdat:
—— 8 mg/L sadgl CdilE = = jfes malL rad gl cdikd
Yoo |
A
4
=
Fo |
Y. |
- A ¥ r A & td ¥ A a LB
(d) oloj

sy sh osliie adsl GBS 5l s, 095 Job 53 0T Gl DL, 155,56 43l sl 36 # S
(VY OC) bos 53 O el 5TN)

Sl 788 51 Sl el sl (la o pled 53 555 o
2 03 55 COD Gl - Sols .l azils 5425 JIy 59, 40
A S eIl A 5l s s s

eaolish b LdglF bug Jgs G-
92555

a3 k5550 250 Sad 1S Lo 55 1) 55 58 4y 5 LB
Slalsges .3 S 13 ) 53,50 TV 5 Y (Y OC Lles 5B

Ladl
A (N5 55515

slaes Glr S S550sm 05Sh Goals s
o315 OLE ¥ LY (sla Ko 55 5 54 Y Q10 Qe Q «ly,
AL 5l s 5o YQ 5 V0 QeQuslas o3) .ol ol
s Proomg/L cble las ol es (ol V/IF 50V
sdalive Lol sad 55 45 € S0k A ool La o ples )2

= (LY st aEioleaity (/L) 55 555 ousilably il
—=— (L) CODr 44 jxi yloadl .
S “» e 3 —=—- (mgL)osilil COD B S
v
% -
~ y
A | ~. =
~_ _l
\'.. .J
|
. x_.' | A
oo | . s
\_\ ."
x\ Iy
# Fos " rd 3
: M - P
= E 4 B k-
} & - - - |
5 8 el =
= o ",
E - 4
—_— LY
For .:" kY
& kY - Fa
- LY
Tee | Y
_l" ‘.\
" LY
- L
Toe _| "wf LR L ve
- ~
- by
P .,
Yos | _f' ‘-\
P Ry
P .
‘l- ‘D
- T T T T T ™ -
- 1 A * ¥ & td
(d) ol

S0 ML 55555 sy e ) Yo 0C O gl sl slas gl Bl DLkl 5 skila b s VK
(Ao~mg/L:‘5>,J, COD ke

® ﬂy
%g J) 119P il /g 6 jlab /udnds 0493

AR


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

A (N5 551
L Q 5 3 COD Gl 5 Jlysss wips Sl
VO Q (o5 Gl A edalia JAY/YY 544V S S
Ar s 50 COD Gl 5 15,58 4 sl Sl 35
Slie ol Y Qs s o=V s ess JATAY 5 JAVIAY
COD w520 5550 55 5 184M 5l Jlysd 558 a5 (sl 5
Gl s o 3l plaS s s s S S eIl 7AX/Y
 COD G 5 Jlys, 58 im0 oS 5 S 1oy aslsl 8, U
Q o2 Gl oS s f et 4 e L RS S
©YQ s AL V0Q s Sl
Q sl L MLSS [ Sls i ¢ sl 555 TF Soto
Fev safe QYWemg/L ol oY Q 5 /0Q
Sl SU sss o sdalin &S j5b Oles s (5,863l
5 U5 LG 0Ll b dizdl 5 CBR 581, s ek ssls g
Aoled Bl 15 (62555 dhsoy 8 sl ot Sl

ik S RS 3 el S S o sbe

+- 8 (mg/L) Jyshg8 eilesly Sl

Yoon —

..... OGS 1 19,98 B duunsli g omv

.Ia.wj; GMYT&M(SLAW)LALGJJJJ“)y)y&JJ}
A;.wl ol eJlb QL..LJ A U O LSLAJQZ L J.ld_: J‘)j.d G‘)G
YL Ol 508 e odalie 50 bagls sad ol 534S 4580k
dl)...“«‘uh:».w\ bJLl'.é‘ éw‘ rﬁ)l))ﬂgju la..uj; Jb)ﬁ)}ﬁ‘)‘
w‘aMbD‘JduAOJ\C6&@)366\)%0@%)&.&
S 3l VO Y mg/L I, 58 sl slackle ol
Sl a2 ()0 0) JolS ) sbas Il 585 58 (0 sl SN 555
5550 Oley e Jl 5o, 50 51 FOr 540 (VO mg/L clals
S 3 55, Y 50N S JalS e 06
mg/LJ.:‘J.:d,_‘J)‘CODw&‘fo.l.&eblbuuuf L}&i)b
Sl Bl 4y V0 Ol SOl 5,50 P31 e < ADY
5 alie bl o wlel VIS 53 oS b oles o2V
oY Ol T 0C w4 Yo OC Sl 0l sS31 glos Rl 31 L LS

il Sl ey ST g sl

== (L) Ja ab 4 e glaudty

—=— (mg/L) suilesly COD —=— (L) COD w336 los’,
Ues | P - A
F
-
.
Ave | K
K
&
£ s
Waes | o
-’.
o,
rd
Foew YI‘
’/
3 4 - P i
.. -
i oo i
z "\ = =
. e
Fee - e
e .
.__:{-,
Foe | '_: e v
i
A
.. E T,
¥ ] * - Ye
i
J ",
New | F T
l' A
-
Al Y r A -]
{d) gl

_30" mg/L S99 J‘Jﬁ)}é chle )Y" C Q}:..«L»}ﬁ‘ ‘_;La: ‘5|J._» ERPS bh.ﬁ‘)} e.\.;l.ﬂ‘é\.: chle ZAJS..‘-":
(Aa~mg/L:6:3,; COD ke

%ﬁ l\fjﬁﬂy
1BQb lisgls /g5 o lashs /it 093

Ulpl bazo Cublsgy ole ol s g fu ole swlilad


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

Ol Sed 9 (sawge Lo pole daw

o gmere 0133k ale G Ol g 4 S 5 e dI 5055
omM 3l xin glaclale SLaS ol s 5 (W) 54d s
Wuwg)ld\ﬁ<a~~— Voormg/L sl 53) Ve
SV pame & Jods 5 JolS 425 Uls e sdle 4 (V7)o
S Ksh e kK2 Sldauly oY pame 5 a3l |, lg
Ll o o3 Jame 0 gl 13 5 035 e Sy 35
Sl axdllas ol 53 s il axdls ol yen a1 Ll blss
2 5l el L e osls DL FL ¥ cla IS8 3 o (5550
Jbsos8 SV Sl ble oSl oDl p sy 5ed S 050l 58
S el sl as Gl 50 (V0 mmg/L) Vo mM
Ll sl S ol als ol Ciless glaole 55 COD Ol jan
4 50 1, COD Gl b 4525 b Ol s L3506 (G555
I 5553 45 &S Ol Ll w o ol 45 L axils ol joa
G Olse g asde sk pm s w ) oy
23S o Ol eslizal 5550 p 0 l5 58 2B slad SIS (g5
Sl Oy mg/L 0 U glackle 10 IS8 b
3ok s TAY Sl i I 58 (VL 0l SO YY D
o3l Bl JalS b 4y Lo & a5 S glac ke ¢l
cble ¢ COD G 5 Jl, 58,55 450 & IS5 53 .ol
OLas YoOC 05l Sl glos 5 000 mE/L U155, 55 4
VEE D51 s o 555 e sdalie 35 byl 3 5 Gl 0l 0303
COD i 570V e Olgas 0 Il 555 40520 Lo 5 agrl ge
SV USE b o VL L ekl BLSITAY s s 5
Yo 0C &3l 55 (glos b aliie il Lol 2 LY OC (gles
D3 3 olas Gl DLy (gl o Sl s
Sl (VFF h) Yo 0C sles b awslin 53 (VY h) (g ol S
5268 6K Dl ) Jols il b baaly cuf ol
Cogr los d B les L1530 L Laedo ¥l 2y a2 s
YY) 350 85l s g sdel s 4 (FV OC 5 50>)
el (Yo ) 0L 5 Jinsheng L. 5 a5 glaallas s
S il Gl bt S B, S5 e S
A ol e g an S5) p s SKeS sin
pds 5 sy 3 s pasn ol 05l S Y B Jol ol
Ol ISl ko5t 5 5 dlysh 58 5l ciloses glacbls ) s>
A sl wilgs o YU slac ke s LS 5l oS sl

® ﬂy
%g J) 119P il /g 6 jlab /udnds 0493

V¥

Sl eSS sl sSh s Sl eslind b Wl IS
5 oMbl sl s sdaline (lad as et |y Jlysh ), 48
Sl Llg e addlas ol 5 odal s 4 sl slaasl
S dosbsd a s Gl (551 St Saru s
Boopathy . o Lal zie a5 458 Oles axdlasb (55506
Jiostos 4 dlsos S dowal s 55 (1V75)Y)
02 8 s amw g 1 Sllee g3l o ll s cos S
SIYe 5 YO mmol gl ble oS ssa 518 anllas -yl
S oSS58 Gl St Gl Ll s
siyls3h ole S o Wl 1 Lol i sl ool s
sdalie S50 Ve s0mmol glackls 55 Js Aib
L dbsios 3 W e lackle S dx s
B dxh s Ll e S5l o s 2l oslazul
omb slachle @ cas ol o slag S sl
LAV.L.\M Cy gﬁ-‘ LS‘)’ sdas Lo glwe ;13 .,\.a‘);g;a QJ".:MS\
(V44Y) ol,a s Rivard Lgﬁ: adllas 55 358 o gunses
(_5’))'{.?‘ f):.ij.‘s “’<’i )‘ saleil L |) J\)j_e))_e Jd.\...:\jj
FdS S LSl 5 ok olg SV pame 4 S3lem o
Ll b S S S Kl andlas cpl s LT .(V4) aslas
3 e LS eslinad ALl lis 5 olg 58,0
VYo mg/L/d) Jysh, 8 b sls glaclle 3l as S
L LJ;obwﬂlv"(mL)VSWWL:)}S\)&)J
a8 ol CBR I eslicel L &8 Gidos ol 53 &5 -
élj))&bjﬁabulw\j:jf“ mg/LU&L&CﬁM&)‘CMA
A esls LBV LG 5

eaolis b GLdFIE hug Jsis S
p3s54 55

Lo dlshysh e LB o a8 i o d s
aS el ol ealy OLES cw; rbu\ alises LSLA(""":"KJ
bosoa b s Sougsl al b (IS Jys8 58 40 dlyse 58
YL e lale 55 5 e3g o Lol LUIS ool Js L)l


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

@l:.a

1. Borghei SM, Hosseini SN. Comparison of furfural
degradation by different photooxidation methods.
Chemical Engineering Journal. 2008;139(3):482-88.

2. Wondu Business and Technology Services. Furfural
chemicals and biofuels from agriculture. Australia:
Rural Industries Research and Development
Corporation; 2006 [cited Sep 17]. Available from:
https://rirdc.infoservices.com.au/downloads/06-127.

3. OSHA. Occupational safety and health guideline for
furfural. Washington, DC: U.S. Department of Labor,
Occupational Safety and Health Administration;
1994.

4. Zeitsch KJ. The Chemistry and Technology of
Furfural and Its Many By-products. USA: Elsevier
Science; 2000.

5. EPA. Pesticide fact sheet. USA: Office of Prevention,
Pesticide and Toxic Substance; 2006.

6. Faramarzpour M, Vossoughi M, Borghei M.
Photocatalytic degradation of furfural by titania
nanoparticles in a floating-bed photoreactor. Chemical
Engineering Journal. 2009;146(1):79-85.

7. Singh S, Srivastava VC, Mall ID. Fixed-bed study for
adsorptive removal of furfural by activated carbon.
Colloids and Surfaces A: Physicochemical and
Engineering Aspects. 2009;332(1):50-56.

8. Capuano E, Fogliano V. Acrylamide and
S-hydroxymethylfurfural (HMF): A review on
metabolism, toxicity, occurrence in food and mitigation
strategies. LWT-Food Science and Technology.
2011;44(4):793-810.

9. Gottmann E, Kramer S, Pfahringer B, Helma C. Data
quality in predictive toxicology: reproducibility of
rodent carcinogenicity experiments. Environmental
Health Perspectives. 2001;109(5):509-14.

10. Scientific Committee on Health and Environmental
Risks. Risk assessment report on 2-furaldehyde
(furfural): Environmental part. Brussels: European
Commission; 2008 [cited 2012 18 Jan]. Available
from: http://ec.europa.cu/health/archive/ph_risk/
committees/04 scher/docs/scher o 075.pdf.

11. Chun-li K, Xiao-jian T, Xin-qian J, Ping G, Fu-
min Q, Xue-yu L. Degradation of furfural by UV/
O, Technology. Chemical Research in Chinese
Universities. 2009;25(4):451-54.

..... OGS 1 19,98 B duunsli g omv

Joosbosh S Jo dolad Wl s pases ol (S5) 50 o
g b plpls (M) 25 28 Jgyse boanslie 5o S
goB slad 513 Sl eslinal iy g5 LS 5 055 o 4
Sl oSaly Ll oo anllas ol 53 eslatal 5550 9 ol
O,Kea s Moussavi aalas ;s ail [Sae ol 5 ale
zb S8l S 3l ds sy bl ) 5 (YY) (YO)Y)
S sbcble (S35 se ams Gl paosedsS pnolis
Sl 2Ll L 61T ol aS Wsls 0L Ll s eslizad Jb
I3 sl sl COD 2als 5 s ol s VL
FHS s 45 Laged Olpe 5 das e 0L 5
Sl 3 2m 50 b Gaclale Sl Ll 5 e 0l S35
L 15 0T COD Glejan 50350 435 JolS b a1, &b
Clag adss &S sk wesls s VL Sl Ol
s el L0l ek et mba 53 4 Jol>

S S 4o
cantlon U"‘ 5 ek oalaial ;;\’.jjjj'f U".:')) 92 4«..31.5,4 L
5> glbse LB Ul CBR aulp oS 45 edalis
3,15 COD w2 55 5 dlshos ol slackle Gl
LGS Oles 53 palissh 2B slad 515 L el s s
w0 Oy S pl e ey o 0T L wlise g0l
O 5l 5SSl slos 86 i )6 slad 551 S o 55 Il 55,58

.JJ\J )‘)5

é‘b)ﬁj 7‘*0:"
s =" Olge L wlobl I s dlis oyl
9 6));:“5‘5 Lf’)d)\ J?SJS J.,_ilj_e )\ oalaiul L uwb )\
YAl 53) 6555 shade o IS S5 s oS
ot S 5 o8l Cole L aS ol (OYAAVVY o Lo

RO PR P

%ﬁ l\fjﬁﬂy
1BQb lisgls /g5 o lashs /it 093

Ulpl bazo Cublsgy ole ol s g fu ole swlilad


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

Ol Sed 9 (sawge Lo pole daw

12. Belay N, Boopathy R, Voskuilen G. Anaerobic
transformation of furfural by Methanococcus deltae
(Delta)LH. Applied and Environmental Microbiology.
1997;63(5):2092-94.

13. Yaghmaei S, Asr R, Moslehi P. Experimental
comparison of two modifications of activated sludge
fortreatment of furfural-containing wastewater. Iranian
journal of Chemical Engineering. 2005;2(1):3-9.

14. Moussavi G, Mahmoudi M, Barikbin B. Biological
removal of phenol from strong wastewaters using a
novel MSBR. Water Research. 2009;43(5):1295-302.

15. Metcalf and Eddy, Inc. Wastewater Engineering:
Treatment and Reuse. 4th ed. New York: McGraw
Hill; 2003.

16. Boopathy R. Anaerobic biotransformation of
furfural to furfuryl alcohol by a methanogenic
archaebacterium. International Biodeterioration &
Biodegradation. 2009;63(8):1070-72.

17. Gutiérrez T, Ingram LO, Preston JF. Purification
and characterization of a furfural reductase (FFR)
from Escherichia coli strain LYOl—An enzyme
important in the detoxification of furfural during
ethanol production. Journal
20006;121(2):154-64.

18. Liu Z, Slininger P, Gorsich S. Enhanced
furfural and

newly

of Biotechnology.

biotransformation of

hydroxymethylfurfural by developed
ethanologenic yeast strains. Applied Biochemistry
and Biotechnology. 2005;121(1):451-60.

19. Rivard C, Grohmann k. Degradation of furfural
(2- furaldehyde) to methane and carbon dioxide by
an anaerobic consortium. Applied Biochemistry and
Biotechnology. 1991;28-29(1):285-95.

20. Yan J, Jianping W, Hongmei L, Suliang Y,
Zongding H. The biodegradation of phenol at high
initial concentration by the yeast Candida tropicalis.
Biochemical Engineering Journal. 2005;24(3):243-
47.

21. Moussavi G, Heidarizad M. Biodegradation of
mixture of phenol and formaldehyde in wastewater
using a single-basin MSCR process. Journal of
Biotechnology. 2010;150(2):240-45.

22.Shioya S, DunnlJ. Cyclicbatchbiological wastewater
treatment. Water Research. 1979;13(9):873-7.

23. Khosravi R, Moussavi G, Roudbar Mohammadi S.

® ﬂy
%g J) 119P il /g 6 jlab /udnds 0493

\¥Y

Removal of high concentration of phenol by Fusarium
culmorum granules from synthetic solutions. Iranian
Journal of Health and Environment. 2011;4(4):451-60
(in Persian).

24. Ivanova N, Yotova L. Biotransformation of furfural
by yeast cells covalently bound to cellulose granules.
Acta biotechnologica. 1993;13(1):79-82.

25.MoussaviG, Heidarizad M. The performance of SBR,
SCR, and MSCR for simultaneous biodegradation
of high
ammonia. Separation and Purification Technology.
2011;77(2):187-95.

26. Sahu AK, Srivastava VC, Mall ID, Lataye DH.
Adsorption of furfural from aqueous

concentrations of formaldehyde and

solution
onto activated carbon: kinetic, equilibrium and
thermodynamic study. Separation Science and
Technology. 2008;43(5):1239-59.

27. APHA, AWWA, WEF. Standard Methods for the
Examination of Water and Wastewater. 21st ed.
Washington DC: American Public Health Assossiation;
2005.

28. APHA, AWWA, WEF. Standard Methods for the
Examination of Water and Wastewater. 20th ed.
Washington DC: American Public Health Assossiation;
1998.

29. Boyd-Wilson KSH, Magee LJ, Hackett JK, Walter
M. Testing bacterial and fungal isolates for biological
control of fusarium culmorum. Organics and
Biocontrol. 2000;53:71-77.

30. Siu RGH, Sinden JW. Effects of pH, Temperature,
and Mineral Nutrition on Cellulolytic Fungi. American
Journal of Botany. 1951;38(4):284-90.

31. Zhao J, Wang M, Yang Z, Yang Z. Measurement of
inhibitory effects of furfural and furfural alcohol using
coupled redox mediators. Enzyme and Microbial
Technology. 2005;37(2):246-53.

32. Zhou J, Yu X, Ding C, Wang Z, Zhou Q, Pao
H, et al. Optimization of phenol degradation by
Candida tropicalis Z-04 using Plackett-Burman
design and response surface methodology. Journal of
Environmental Sciences. 2011;23(1):22-30.


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.2.12.0
https://journals.tums.ac.ir/ijhe/article-1-5139-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

[ DOR: 20.1001.1.20082029.1392.6.2.12.0 ]

Iran. J. Health & Environ., 2013, Vol. 6, No. 2

The Investigation and Comparison of Furfural Removal from
Wastewater using Cyclic Biological Reactor (CBR) and Fusarium
Culmorum Granules

Mostafa Leili', ‘Gholam Reza Moussavi', Kazem Nadafi2, Rasoul Khosravi?
"Department of Environmental Health, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran
“Department of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

3Department of Environmental Health Engineering, School of Public Health, Korasan University, Khorasan, Iran

Received; 26 May 2012 Accepted; 25 August 2012

ABSTRACT

Background and Objectives: Furfural with a chemical formula of C.H,0O, is a toxic and hazardous
substance for human and environment. Furfural and its derivatives such as furfuryl alcohol, alone or
in combination with phenol, acetone or urea are used mainly in the production of resin. The second
major application of furfural is in the production of solvents such furan and tetrafuran frequently
used as a selective solvent in the production, treatment, and refining lubricants from petroleum
products. A few studies have recently been done in terms of removal or recovery of furfural. Due
to advantages of biological methods, the uses of theses environmentally friendly methods are being
investigated in this study.

Materials and Methods: We used cyclic biological reactor (CBR) and Fusarium culmorum
granules to biologically degrade different concentration of furfural and equivalent of COD under
different operating conditions. The analysis was based on the measurement of furfural degradation
efficiency during operational period using spectrophotometer and measuring influent and effluent
COD variations using a closed reflux method.

Results: cyclic biological reactor was operated in various flow rate (Q) of furfural-containing
wastewater for a different period. For all of the flow rate used, furfural degradation and COD removal
efficiency was over 99 and 90 percent respectively. Fusarium culmorum granules were also exposed
to different concentrations of furfural at different incubation temperatures showing high furfural
removal capacity.

Conclusion: Under different operating conditions of biological systems, high removal efficiency
of furfural was observed, but CBR in comparison with Fusarium culmorum granules reached the
optimum and desired removal efficiency in shorter time. Therefore, these systems can be developed
and replaced with chemical methods to treat furfural containing wastewater.

Keywords: Furfural, Cyclic Biological Reactor (CBR), Granule, Fusarium culmorum fungi,

Wastewater, Treatment
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