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Abstract. A spiral bioreactor inoculated with microorganisms obtained from activated

Q. I’
operated continuously snder various phenol loadings ranging from 53 to 201.4 g m>
hr!, and under different hydrauhc retenﬂon tlme\ (HRT) in the range of 20-180 min to

estimate the performance of the bwpeaet@r /\Results showed that phenol removal

r’f{ pdar )
efficiency ranging from 82.9 to 100% can be reached as'the spm&lvbmreactor was

operated at d HRT of 1 h and a phenol loading of less than 111.9 g m" Sht E@r an

Lr_; Avndan ’Y

1 TPV N i
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sludge was used to earryiout a feasibility study for phenol removal. The reactor was

The

i
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influent phenol concentration of 201.4 g m™, the removal efficiency efphenﬁl
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Besides, a firstorder model with a rate constant of 0 1178 min™ was estabhshed for
= 248

predicting substrate conversion. Ihe model is able—teag-wa»a—ge@dwa,ppmmmau@n-of

&4 J. '7("

adatmn.patewm“)
phenehnﬂ%ﬁg&pH@l%&@r@%t@m@l&&ml«mfaad 34.95-mg 1" respectively.
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increased from 18.6 % to 76.9 % with th€ increase @ﬁ\HRT (20 120 mm) Ih%
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] ¥ Even betfer #7M1 nes | Sound toxic would be 15 TOXI8 — wnless \Jf‘ hee: }) o hedge.

s *’ku'v’fr 0l
*Research” is an wicoundable nown. Do not attempt meke 11 pleta 5 you
%‘}’V“d’”}' mean “reseqrehe FS” here.. Pardon. me !

1 1. Introduction

2 Phenolic compounds and their derivatives are the maJ or pollutants dlscharged

3 from many industrial processes, including oMmmms synthems
AN T8
4 A photographlc chemicals preparation, and explem@&manufa@tme (S1tt1g, 1997:

5  Alemzadeh et al., 2002; Nuhoglu et al., 2005; Jiang et al., 2006; Mohanty etal,

'T‘hx‘: p TNt J_h\r/p};znj

6  2008). Among/(them, phenol, a Water%oluble and highly mobile chemical that can

( riA '
1 % 7  cause severodor and taste problems, has early been shew{wo—bg_ltoxlc to many L" duce verbosrty
Mari e
{ predion) 8  biochemical functions and fish life, even at low concentrations (Sufit, 1978).
restal el
2% 9 In glae’?ecent years, r@seamhzjs have madre gre&t»eﬁf@m@ to develop more efficient [dreon)

10  and cost-effective control technologies for phenol treatment. Biological treatment is a

11  more preferable alternative to traditional physical and chemical oontrol methods due
Firiert destrie vfredu J
e ACd f /
12  toits low cost, reliable operational stability, and pellution- d@stru@tlon eﬁi@lene»y |
II o |
¥ 13 We phenol is considered to be inhibitory at high concentratlor} (Yoong etal., 1997),

r(’ 1l ,U).A (U\'L‘
14  biological treatment techniques are widely used for treatment of wastewater or soil

Ls

15 containing moderate amount of phenol (5-500 mg 1) (Patterson, 1985;

16  Bandhyopadhyay et al., 2001).

g \
{gprarad As

17 Immobilized- cell technology is a recent advancement in blotechnology which
9 Y = (7 12
1% 18  allows for compacting and maintaining a large amount of cells in biotreatment | ;_){( priof
M YE.OVENX LnD‘P”"C o
5%19  systems for remediating contaminants. Besides, down stream separatlon and ¥
T, | pixhuela T & GEN < f i

20  processing costs could'be eliminated by 1mm0b11121n0 the nncrobeu,gd-nnw@@; a sp;ral

o remone. Organie et i Y4 119 LAPRDIL. o it Z1hg “.‘_r",u.‘r’,z.‘r'i")‘
21 bloreactor{thawtmwuldurmmmlze channehng effécts ani maximize the 4 l ’ .

Il .‘7,"1’» e ‘ O ruazi ;SH".' h] Fi ! 7") ])l" fl(: L‘{./w-'""" b ‘ (™

eyl 22 micrebe- contammants 1nteract10n, was developﬁdta remcm&mgamc comy E@undsan.dﬁ **%

i ¢ . ’”LL/U’TA‘ ’d’ul
ré /_"J't 0’1. N ELD 'L“ul.]"l T per: J Faras N F’f"‘,'?l'

o L "} Sz
Uit ) 23 excellent performanee-was- @btameé—@aiehwa]&ermalﬁ-l%}) A’Eh&k&pmaal readior shows o PArelle) ~

] ' ) r Sratlin
24 potent1al for kinetic studies-as-well-as-for sc»ale up/dowr}{studws of multiphase
(y.‘l“'l -
25  processes because it is easily reproduciblefand its hydrodynamics‘activities approach

3¥ Reserve usage oF “While®> Jor its temporal [fime ] sense. ;
- oF " with wncowsta ble.
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1 the plu'giilow operation (Kallinikos and Papayannakos, 2007). Rues and-coworkers -/
{oomm
2 ( 1 995) tlsmg a spiral bioreactor for removal and recovery of metals from aqueous

\ao ;/)"t prié A
3 wastes and found that the splral bioreactor was efficient in binding metal ions from

4 the waste stream. Cl@sete 90% recovery by acid wash can be achleved in the pH
_ o
5  range of 2.0 to 2.5. Apart from aqueous waste treatments, 'ehe-spwal alse haé been Y TJ
6  used to treat gaseous wastes. Eer—-mst»anee Shim andeeowerkers (1995) used a fixed- < h hyphen]

7  film spiral bioreactor containing immobilized activated sh{dge microorganisms to
U/p \V !
8  degrade ethanol vapors in the range of 600 to 7000 ppmy Yand a maximum elimination

vnﬂ‘f"l’

9 capacity of 185 g ethanol h' m™ of reactor volume was observed. Guo et al. (2001).

10 used a spiral-wound fibrous bed bioreactor to co- metabohe degradmg
Mhlh’\ﬂ/

11 trlchloroethylene (TCE) by Pseudomonas putida Fl and found that 98.5% TCE could

12 be removed ¢ over 4 hours However, it should be note that this bioreactor was mainly
dai ly , ¥, ?

L “ o . 7 ] ly b .2 / o, S""(’ 3 ) A
oy #4213 Operate@tunder batch conditions. WG, s, Lyt &8 &

1,1
JNosSe |

14 The aim of this research was to evaluate the capa01ty of a mixed culture to grow

15  and degrade phenol in a spiral bioreactor opera;ed under dlfferent hydraulic retention

1 1e I i i3] J I\( y
re :
16 timg ‘and Ewarteus organic loadmg\ Befndes, a mathematic model capable of predicting
T y Pkn ﬁf) =

L7 phenol-removal efficiency and the time needed to obtain certain conversion was

18  successfully developed. The resulj:{'obtained in-present.work could be a useful
9 |

19  reference for engineered biotreatment processes.

20

21 2 Materlals and Methods

128 jyopt.
b |
2% 22 2.1. WCROORGANISM AND GROWTH MEDIUM{

23 A mixed culture obtained from a wastewater treatment plari' in central Taiwan

24  was acclimated in a bioreactor fed with phenol as‘.lsole carbon source. After
H"low l“"f) & o o] TP
25  acclimation and incubation for a—peraodef t}me the,ﬂcultures were prepared as-seed
2% Use. the nexd—smaller Sont size §y;,r all excgf;i” 'H)g Siret charedter in eath sub-he vacler
Tl Lis level. Preswmably, this showld be lipt. A



% Li)/'m:f!s @ “moderzte amount ? This f’mﬂ se. (s Too general in a conText which shoiwld
‘Dr/ )PC-VIJJ”_ "‘DLU WH([‘ ? (2‘) A}lllﬁil W??.ﬁi’k’” WAas '{'}')(.7 Pll(‘l’!i/ Q[}S}PC; i) 7 /Dlrl hﬂ,’v’t !15+EC) {2

fivums in Lines 2— —5 on this page. Merely add's’iS you mean more than one medium. IF
Gilsiass you mean somrﬂmmj elsc let s ’{IS‘L((“-: how 4 word (1.

’ Avg,) o | 1 cultures for the spiral bu;areactor. The mineral medlum}\’used in the present work were
Yf.-"f ey

- 2 as follows: KoyHPOy, 427 g 1I''; KH,POy, 3.48 g I'; (NH,),S04, 0.34 g 1I''; MgSOy -

e

3 7H,0, 0.46 g I''; FeS04, 0.001 g I''; CaCl, - 2H,0, 0.018 g 1'; CuCl, - 2H,0, 0.01mg
4 I CoCl - 6H,0 0.2 mg 1™ ZnSO4 - 7H,0, 0.1 mg I''; MnCl, - 4H,0, 0.03 mg I
5  Na;MoO4 2H,0, 0.03 mg I; and NiCl, + 6H,0, 0.02mg I''. All chemicals used were

6  analytical grade reagent*

7 L’Dsrxw
12
J,/P\I‘Pf N -\_.J

i s |
§ 22 BIOREACTOR SET Up| (See Nofe 2 p- ]

b

ﬁ')‘\ i ,l

9 Figure 1 shows the configuration of the spiral bloreactor The—-r%aetgnwa*sumade
10  -ap of seven layers of polypropylene columns with an internal diameter of 120 mm and
11  aheight of 22 mm. The overall height and working volume of the spiral reactor a:re |

12 230mmand 1 L respectively. Each,‘layer of-eelumn was packed with spiral-wound

13 bio- support to leavé a space for hquld to pass thre'&gh the channel _The bio-support e |
]'.i,‘."\\ T i ( il"[; 5{?}' ULL("I S e

m"

rin

14 was made of filter sponge attached QPI a sheet of plastlc rnat this tontest.)
’L '
15 The artificial wastewater was prepared by the—aédﬁi@mf moderate amount of 3 |
ire J/mdyu ‘I‘J

16  phenol i to the mineral salts medlum Bes-rées 2% Ca0; was added t

17  wastewater to provide sufficient dissolved O, (7-9 mg 1™ for\ microbial respiration
18  and metabolic degradation of phenol. As jsshoxi in Figure 1, the influent enters the

19  center of the lowestlaye_r)c;:alumn‘ of the bioreactor and passes through the spiral

.- f 7 /.
20  channel as shown,\in Figure 2. As it flows through the channels, phenol was oxidized

21 by the microorganisms grew, and attached on the bio-support sheet. After passing

22 through the seven layers of the bi@reactot,,{treated water leaves the-reactor from the 2o : |
| redunaan sy

23 top ofthe-biereaetor.
24 Experiments were carried-out in the continuously operating bioreactor for more

25  than 300 hours. The loading of phenol in the influent was varied from 53 to 201.4 g
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1

1 m>h', while the different hydraulic retention time (HRT) of the inlet stream was in [SYegr]

2 the range of 20-180 min. The samplmg ports were located at the inlet and ex1t of the

\

|5 3 spirak-biereactor. A llquld sample of 2 ml was taken from each sampling port; usmg a

4

ThisTword is redundast wnless the
4 glass gastight syringe periodically. reaster also 1,,.,‘,; vher types v ports.
5 23 ANﬂ*‘fﬁCAL METHODS] [See Nete 2, p-t] | |
6 Liquid samples taken from the bioreactor were ﬁlter@gl by a blo-ﬁlter (TITAN r‘i u* A wndaref3
7 Nylon -0.2 um) to removal microorganisms and inert materials that may 1nterfer¢;d¢¢ ",FnJ & | ‘."’JV’; :
8 \the analysis results. Thereafter, a/ihe}u»‘td sample ef-+-t was taken &Q,L;Q}h@f—;?'}ltjered _

9  sample and was-then injected into a model GC-14B gas chromatograph (Shimadzu

10  Corp., Japan) equipped with a RTX-1 capillary colamn (30 mx*0.53 mm) and a flame
l

11  ionization detector by‘a gastlght syringe equipped with a Teflon Mininert valve fitting. =&

(‘K" i“t" ILJJ”’ M
12 Helium (99.98% pur:»ty) was used as the carrier gas; a,lad nitrogen Wa&used asa e
- 1 e »,'1‘@, | Qgrjna’iv 5 .
Jietiont 13 makeup gas. \Oven temperature was contmlled at a constant tempemtur@—e«f 105°C; wherza .ji'& "

aNe e \ w_f\,}_\‘ 14 whﬂ‘é injector temperature and detector temperature were set at 200°C and 250°C,
{ A i . .
15 respectively. Calibration curg were obtainedusing identical experimental sample

16 v1als N

\ S\ s V"/\Lu /m )

u ; e Neote 2, j
17 2.4, KINETICi\ST-HBy [See N p

cyn X .18 An equatlon modified from Mlchaehs Menten model was used in-this.study to
""“" ' fed undan Q\
19 detcrmme the kinetic parameters for phenol degradaimn gad’ the gegfaéaﬂ@ﬁ rate
’ Y [l “ |
elete tolon)

20 could-be ¢ given by?)*

vy .=,
. ‘ m l / C S -
7 Cm t Caul - néC CW" ) )«;.,{L oo hym a,j (1)
K

(G, /1 Co)

22 where C;, and C, are the phenol concentrations (g m’ %) at the inlet and outlet of the
Seiato »»Wm,

AonIny \
23 iral biereactor, respectively, Vm j&’the maximum degradation rate (g m™ h’ )\cénd Ks ¥ .
Sp: P p
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!',11114

\
Lt

[ ‘ \ E 5 '
¥ 1 jsthe halfsaturation constant (gm™ ) t i€ the hydr—&uh&retent}on time (h). While C;,,

4%

2  Cuus and ¢ can be obtained from experiment data, values of V,, and K were ca\culate.d
3 numerically by fitting the biodegr;aation data to the solution of Equation (1) through
4  nonlinear parameter regression and a least-square minimization procedure. All efthe

5 calculations were done by using Microsoft Excel 2003 Solver. -

7 26t (It 3. Results and Discussion

§ 3.1 REACTOR PERFORMANCE [Bee. Nt 2, ]
9 Figure 3 illustrates thef perfoance of the bloreactor operated-continuously

¥ 10  under various experimental conditions. The hydfa&he-%%t@nmen time and liquid flow
A
11 rate were controlled at 60 min and 0.001 m* b, respectively.AHigh removal efficiency

12 (RE)of 100% can be reached as the phenol loadlngs (LO) were in the range of 5.3 to
'I, L \
13 699gm>h’ Aindwatmg that the sparal-bxo\reactor @xlubﬁsan-ex@eﬂc%ﬂt abﬂ}«‘ey fer vr - bom TY A
I o
(Zaun ’\J' Lo =
% 14  phenol removal under moderate phenel leading conditions. However, the remeval

(U i N

% 15  efficiency dropped dramaticallytfrom 82.9% to 30.9% as the mlet phenel }eadmg was

Merec j
16 increased from 111.9 to 201 4 gm™ h', Besides, for inlet phenol concentrations below
as i HR
¥ 17 201.4 gm>, the r@mo—uaelm@ﬂie«renoy mcreased w1th Ihe increase .@fhyndnam;e-«pe«teﬂtrﬂn
] /‘( Ip Yob il ) J —\

¥ 18  time. Note-that the lﬂadmg ([LO) and rernwaL&ﬁf’wLenG«y (RE) are defined asy < I elefe eolon]

19
20 LO:%XC,-,, wnd )
21

"v..r;Ll"('gr
2 RE:CLC'&LxloO% 3)
23 . ."fﬁﬁijé

‘*.“1'

24  where Q is the liquid flow rate (m’ h'l);. and V iseffective volume (m?).

7
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3.2. EFFECT OF ORGANICLLOADINGf ON| REMOVAL EFFICIENCYJ
f» [

Figure 4 shows the effect of orgamc loading on the pemefva-laeﬁi@leney and 1
l 1eTR Plurent

J |
elimination capacity (EC) of phenolyléEhmmalmenweafpaeﬂay(EC) is defined asff @& ®

EC= %X (Cin - Cour ) (4)

mm—e o ‘
A ‘AI‘\N RE "

Itis shown in Figure 4 ‘that the removal -efficiency is always meore than 80% when the

residence time ;s 60 min and the inlet phenol concentratlon is’less than 111.9 g m>
& 1 U , ey

However, the rem@u&lef-ﬁolency drepped dramatlcally;as the inlet phenol

concentrations were greater than 111.9 g m™. This phenomenon might be due to that \
, O T Gomnta 3
t];le “organic loadmg was-dver t!l(lerenammum tolerable value of the mixed culture and’
consequently oaused EheqnlubLteLy_eﬁeeL;m culture growth. Hence, the apparent
remwal;efﬁeleney was reduced.
The remevalﬂefﬁei’ency was in the range of 100 to 47.2% when the spiral

LD

(e an
bioreactor was operated at an inlet phenol Joading of 5.3 t0 201.4 g m™ h” and a HRT
of 60 min. As is%demeﬁs%ra‘tred in Figure 4, the elaimwiﬁat-leﬂfa-e‘apaei&y of the spiral

biereactor is equal to( phenol leadmg Jas the»-leadmg was less than 69.9 gm™ h’.
L a‘- v I
Besades phenol is degraded completely@nd au:emoval efficiency of 100% also can be

yl_
12\

reached at this loading ra.nge Therefore, th1s bwreactor was performed as a mass®

Wit

transfer limited system while the ehmmauo&@apae}ty is in proportlon to/{phenol '. VT

tp 4. Wmited reacd W h

leadmg However, the system tumed-to be-reaction.rate- lmrted-as the phenol l@admg
X

was greater than 111.9 g m” Snl. That is, the inlet loading rate was-over the maximum
1 l &
degradation capacity of{bwreacton Hence, the ehmmatwn eawpaeity obtalned diverged

gradually from the 100% degradation line. Furthermore, the mm@val-eﬁfwlem&y

dropped to a range of 45 to 50% at a phenol leadmg 0f201.4 g m> h™. The maximum

8

.
2.0 10 |

}1112



- See Na‘ff"'f') p- T. .

1  elimination-capacity of the-spiral bioreastor for phenoli;&és approximately 150-155 g

B s HRT, RE
¢ 3 33 BFFECT OF‘*HYDRAULIC RETENTION TIME/ONREMOVAL EFFICIENCYJ

¥ 4 Figure 5 shows the effect of hydrauhe fetentmn time on the remmzal eﬁ'w}@ﬂcy of
w17l

I:4ion) 5 the spiral bloreactor The 1nvest1gat10n was cam@d»eu»‘t at an inlet phenol concentration

A "“.L, l“/;, H’ 1 A |

« 6 of20l4g m> sfand | hydrauhc retention-time fr@»m 20 to 180 min (correspondlng(hquld

7  volume ﬂow rate from 0. 003 to 0 0003 m* h™h). Azs the reactor was operated at a
*8 hydfauhc retentlon—ﬂme from 20 to 60 mm the rengval- efﬁclency was ga%y in the .
T l T | /f"; Dl | T2 @ inedi 'T\ o l\v, ‘i,‘:f\b!ﬂ.‘
9 range of;‘l 8. 6 to 46.2%. mupmm@d-%h»a«t—-@k%mesuﬁ-wa&attﬂbut@ tg-the-;eas@n-that il

10 th”S operation COHdlthl}\ G@H'}d-ﬂ@’t' provide suﬁiment time fox;, phenol to pas-s—thpeughv [drehon]

1
r\“ /{ ALy

11  the biofilm and te re\éct Fhlﬂﬂpeéﬁla%m&c@«ul&b&pﬁwfed as the liquid retention time
The ¥ E LT

# 12 doubled. Removal efficiency increased from 46.2 to 76.9% as the hydmuhe—metemgn

13  time was extended from 60 min to 120 min.

» 14 However, as can.be-seen in Figure 5, the r@m&;‘glfefﬁe’ien@y increased only

¥ 15  slightly when the hydraulie Irétéﬁtmn time 1.5' ;greater than 120 min. Fen;m&tanee as the
4 16  hydraulic reténtmn time mcreas\e‘:)d from 120 miti to 180 min Anémmi@eﬂimen@y only
ntox) 17 1ncreased)fr0m 76.9% to 87. 2% ;},lhis mdlcatﬁ;l that there-must-be something 177 f

|
\\".'E'H SE.

18  happened in the bu-)reactor a:srd limited the removal ability of the-biereacter. After a

\\r\

o} 19 semous of tests, it }s’ found that thlswvas due to the shortage of dissolved oxygen for
o 1 j

20 aeroblc degradlng{ﬁhenol Ity ;s found that the effluent contained only 0.72 mg 1"

: +\
21 oxygen ;Nhereas the influent contained 7-9 mg I’ (;xyéf%; jﬁince for j[}}e biereactor
22 operat;ﬁ' at an inlet phenol concentratlon‘ ?f 2“0“% Agm czcmdihydrauh!cl retention time
23 0of 180 m{in dissolved oxygen was the rat&llmltgd” factor.
2P ji-pt
24 34, KHNEITICS ‘
ohen)
25 The kinetic parameters for the mlxed-s/:ulture degrading phenol in the spiral



v

10

11

12

13

14

bioreactor were } 82) mg 1" min”and 34.95 mg 1" for the maximum degradatlon rate
i [hyphen

(V) and ]):relf—saF:turatlon constant (K;), respectively. The low value of half saturatmn

constant indicates that the mixed culture has a high affinity to phenol. T};t rs the

biereactor eeuié provide a large surface for mlcrobg contarmnant,é contact and

Moreove \veroOmﬂ
reaction. Imddmon it-is observed-that the maximum degradation rate increased with

r ] LD

P

kincreasing HRT ot 'decreasing phenol leading.

yi
A

\"-"
nl
{ \(l‘»'{a"L Uiy

As can-be-seen in Figure 5, the data obtained fromAexperlment resul’g Seems can
[hyph
be best approximated by an exponential line. Hence, it is suggested that a ﬁrst-order
reaction model may be suitable for describing the kinetic behavior under the given

experimental conditions - .

‘C ~ ‘.,.\rr\a,x

out

i 3 )
by P! }

Where K is the ﬁrst—order reaction ra;e constant (h” ) and can be obtained by{drrect
1““

\thn k i' v
linear plot of Zn(Cm/Couz)—versus—t andhasa value of 0.1178 h! in this study.

(Rearrangmg Equatlon (5) after combm,eﬁ it with Equation (3), an equation capable of

N E o X

predicting the removal efficiency of phenol under various HRT may be grven es €

RE =(1- ™ )x100% - </ peri 0. ©)

\"

N
HT'\ Xt ;
)

The sohd line shown in Figure 5 is the result of model predrctrons As ea&beeeemrr

'F ¥

thabs—ﬁgure,‘ the sfimulated results compared favorably with the experimental data | V7

obtained. Therefore, the proposed model could be,,.rltilized to predict phenol

[ A : N
(. Her( Ve aie Jﬁﬂ(')“f.’?l" J) )

10

¢, Jorma)
]_n i = K 3 - = 5
[C j ‘ \ )

.

re Auce
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1 4. Conclusmns ‘
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3 1mp0rtant roles in the design and operatlon of a bioreactor. AT-h@ size eﬁa-biereae’eeia-ﬁ‘&\ Josr ™
.“‘ , BAUAS rec ) \'
\ gt 4 the—fwal"of certain pollutants )ﬁprlmarlly depend on these two parameters. Such ‘ verbesrly 2
Yietion) ¥ 5 endeafis presently is' in progress. This study shows that a laboratory-scale spiral
R
T 2% 6  bioreactor yyas effective for remov,a,‘? pf phenol from wastewater. The removal
7  efficieney in the biereactor decreased with an increase in th_e inlet lj?uid flow rate or > duse
8 the inlet phenol concentratlon& Besldes the low Value of Ks mdlcated that the spiral | T e A
a } kyPhCn Al
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[1\!‘. ;Crl r -
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N "X a y —
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12
13 Nomenclature b N,
: ) , Aline qr# mmar (1-€-,
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" Che ) iN l{sTs.
b r/“‘f' The
15 C,: phenol concentrations at th€ outlet (g m?)
16 K first-order reaction rate constant (h'l)
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18 O  the'liquid flow rate (m® h™)
19 ¢ hydraulic retention time (h)
20V effective volume (m3)
21  V, maximum degradatien rate (g m> h™)
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Figure 1. Schematic diagram of the-newvel spiral bioreactor. LS@& Note, p. ij

fedundant)
Figure 2. Cross-section of th€ spisal-biereactor and mechanics of flow in-the-spiral

redundant)
bioreaetor. (a: Inside view of-the-spiral-biereactor; b: Wastewater enters
edundent)  (deleepriod) n »\;@;w&a‘ﬂ
ioreactor via:the center of jhe’yeacgiog layer ferdayers 1, 3, 5 and 5; c:
pdherdur] (2elefriod)
Wastewater enters bioteactor via, ;ﬁe edge of the reaction layer for-layers 2,
4 and 6)
I
Figure 3. Reactor performance for continuous operation under various experimental
conditions. (I: Acclimation period; II: Inlet phenol loads of 5.3-69.9 g m™
h', HRT of 60 min, @?vg removal of 100%; III: Inlet phenol loads of
111.9-201.4 g m™ h', HRT of 60 min, Avg. removal of 82.9-47.2%; IV:
o
Inlet phenol loads of 201.4 g m> h'l, HRI\%f 20, 40, 60, 120, 180 min, Avg.
removal of 18.6-82.2%)
(7
Figure 4. Effect of organic loading on phenol removal efficiency and elimination

capacity (EC) of the-spiral-biereactor.

%,
s é

Figure 5. Effect of hydraulic retention time on phenol removal efficiency of the-spire

=i ilt .
biereactor and simulatiye result of ihme‘mathematig{"r‘nodel.

. 1y - ) T ) i il o
2% In this sase, my Nete on p.7T is overruled by a prescription under Figures” in the

stylesheet: “. .. 'egel d (withowt abbreviahions), -« -

2% Remember 4 indicate in the M@,’,,;:“Inse,rn‘ Figmr& o

3

about here.

14



O &0 3 & U B W N —

W W W W W W W W W N RN R DR NN D = = = e = e e
0 N O W B W N~ O O 0NN R WO Y ey R WD - O

288

sp2

,
b, ¢

(@ . —
Biosupporter Biofilm
5 —
- =
j Legend * Flow Ko o=
3 Zﬂ Liquid sample sites 2 Spiral
2 ] Nen-return valve channel
1 )
-6 Sampling pump (b) (c)
Wastdwhier [rm spe '—‘) Input Output
storage system — h
/ A
(1
@i
& ! i
5 \\ N ;f/ 1/’:‘
é |
Figure 1. Figure 2.
100
it
2 80 4
% Eed
! S, ™
. 16 Ci
g e
g 40 ,"(
e [ 250
20 o 100% convetsion ling 4 100
|
. ) . ‘ 200
o 200 20 a0 3% | l 180
Operation timg(hr) ft = | i T
[ > Tnfluent ~@~ Outfluent ~®~ Removal efficiency| \ o 150 | 460 L .=
N g 1 s
| Shas e‘,‘.‘ - g o
| SpaLe,s 2100 fe——mmm e ; 140 -
% : |
Figure 3. il l 1o
I *» EC® RE
. ML / 1 .
0 0
0 50 100 150 200 250
Loadingkg/l% - h)
-
Figure 4.



[space]—>

AW N =

e
80 [
il
A0
20

RE(%)

] L.
Transieit

y o TP
thine ::f |

Figure 5. Bl A

16



May 20, 2008
Dear Editor:

Attached please find t ,he'manuscnpt ‘entltledi“Blotreatment of Phenol

[ ﬂ/u[)li x

Contaminated Wastewater in a Nps@ Spiral Bloreactor submitted for publication
in Wate:)l ‘z; and Soil Pollution. The aim of this research was to evaluate the capacity
of a mixed culture to grow and degrade phenol in a spiral bioreacter operat,éfd under
d\iff‘ferent‘ hydraulic retention time'\'and various-organic loading;- Bwesrdres, a mathematic:/
model capable of predicting phenol removal efficiency and the time needed to obtain

certain conversion was successfully developed The result, obtalned in present—wmk

could be a useful reference for engmeere,d' brotreatment processes.

i ha
T~he orlgmal paper -was not pubhshed elsewhere The experlments beem properly
% ,},] ';‘,‘l V \
conducted with controls replication af procedures /&Dae artlcle also rs—eflmternatronal
value. The authors all consent to submit the"manuserlpt to the Journal, and all agree to

transfer the copyright to the publisher.

] l,. ':.". i[o(7g Nﬂll\ ,) \

o 2
Please feel free to contact with me at ¢ : 23 , if you need

further information.

Sincerely,

~
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