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ABSTRACT

Laboratory scale experiments to remove benzene in solution by using the bio-carrier composed of dead biomass have been
performed. The immobilized bio-carrier with dead Bacillus drentensis sp. and polysulfone was manufactured as the
biosorbent. Batch sorption experiments were performed with bio-carriers having various quantities of biomass and then,
their removal efficiencies and uptake capacities were calculated. From results of batch experiments, 98.0% of the initial
benzene (1 mg/L) in 1 liter of solution was removed by using 40 g of immobilized bio-carrier containing 5% biomass
within 1 hour and the biosorption reaction reached in equilibrium within 2 hours. Benzene removal efficiency slightly
increased (99.0 to 99.4% £ 0.05) as the temperature increased from 15 to 35°C, suggesting that the temperature rarely
affects on the removal efficiency of the bio-carrier. The removal efficiency changed under the different initial benzene
concentration in solution and benzene removal efficiency of the bio-carrier increased with the increase of the initial
benzene concentration (0.001 to 10 mg/L). More than 99.0% of benzene was removed from solution when the initial
benzene concentration ranged from 1 to 10 mg/L. From results of fitting process for batch experimental data to Langmuir
and Freundlich isotherms, the removal isotherms of benzene were more well fitted to Freundlich model (*=0.9242)
rather than Langmuir model (*= 0.7453). From the column experiment, the benzene removal efficiency maintained over
99.0% until 420 pore volumes of benzene solution (initial benzene concentration: 1 mg/L) were injected in the column
packed with bio-carriers, investigating that the immobilized carrier containing Bacillus drentensis sp. and polysulfone is
the outstanding biosorbent to remove benzene in solution.
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& SAdo] 73t Wb EZo|tHIARC, 1987; USEPA,

3712 9E(VOCs: volatile organic compounds)
o BTEX| &3he wlde 5 BEF 2 Agkee] +
AR, A 1097 L HE TR o] LERA
ol A WAl AAE g Edrtde] ol Fo - TH(Jung et
al., 2004). #A-S-
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|5 7IEXZE 0015 mg/lLE, 287 71FX= 0.01 mg/L
2 Ao JAg 74 slar glon, 83l|=7} H
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A} 2 VOCsE 298 EYH Aeks Ashst
HOH ot 8l AESAQ WSl A8Eo
gkom, o] FollA mAEe] AEa 717k ol8shs A
4 AEiRe oE WSl Blste] 7HAe] A-st
i, Al & FAkee] Hom, AR olg= RS 7t
ZaL QoA QoA de] ATtE] oStk (Volesky and
Holan, 1995). B} A|gloll ] &5dhs mAES &
/5% 5wt At (live microorganism)e] AYE-3)
5o o83 Al AE] WHE A2 10d R A
A TR AFelMe 58 F71LdE et
AAES Yeflio, A4 o ddoxe @ Zﬂﬂ
§85 WAL AAEEC] AT AEHA] = 5 &
4 09 Aairel Agskedl we WS Uehia ck
(Kim et al., 2009; Riser-Roberts, 1998; Choi et al.,
2009; Bedient et al., 1994; Atlas and Philp, 2005).
719 A7AH B3 Ae] tiik(metabolism)ol] ©J&
She AA7IRRS ek 21 SeE TR slo A
o] Aol YT MR B HEES A &
2] 207 A= ©] Aloke] Bol & o A
M A AA BES S vl ofHokaL <l
2= ok, webA e Ak gskE fsl Al A
i o838k 7IRETE 29 @-lMe] 2-84]
Holval 7R AARES =4 AT e AEE
AESH AA 717S Adelal JE FAlolthBai and
Abraham, 2003; Aksu and Gonen, 2004; Lazaro et
al,, 2003; Texier et al, 2002). ©] & w]AYE] At
(dead microorganismye ©]-83l] A3 vE 1
A (bio-carrien)E ©18<F LA Aok #g] WHo R, o
E F25ol] Holuar Akte] 71d#3 {7159 (polymer)
o 2ol ol U7He] ¥ WA ANusle] ol
A el A&ske A77F JFEAL Ark(Lee et
al., 2010; Zouboulis et al., 2003; Cabuk et al., 2006;
El-Naas et al, 2009). WA} Z-& VOCsZ Ao
Qe AekrE BEE olgsl Ao Ase] A
T oA Y8k B5FQA A=Y (pumping and treat)
HE A A 38 7 S8k A oleldd=
FAN Al=H Al B RS Zeke] Bel7t dast
of Bl§ tivl A &&o] =4 X3 Ao vt
(Mackay and Cherry, 1989). Wb VOCsZ 9% A
sk A3E S8l IFLA air sparging(F7RE2H) W
o] da] AREHAo o= 378 A ti7] FoE W
=3k VOCss JAs7] 913+ $48] Aldo] dastal,
Aeke] EtdAdel sl 7] 5859 ‘thief zoneo] F/3

AT

= 7 AARSC] 343 oAl AoE HilEy

ATHUSEPA, 1994) E}‘ﬂ'i AFAAA I Ho| HAS
o] §A It 8 WO R A5l 35S Welst
A ¥ —?ﬂJéHLa“i?XJ](PRB' permeable reactive barrier)

£ X, vl 38 249 X84 W VOCs
oo} F2HAEel Wk 55 sl HhHAE Tkt X
sl Aslehs Wl tigh Ayt Es] 218 FO]‘;]'
(USEPA, 1998). @AIA] 2 Ale® whouly 22
= 97Fd(zero-valent iron), 343 zeolite 5™ O]ES
f71E L9 Aekrite S5 248 Ask A A
|ERoH, HE A9 VOCs AAE 9§+ vkeHA|
E2S el 997t J3E T (Chung and Lee,
2012).

B A= VOCsE 299 EUAE: a4 Exn
A Aol 7183} F71E A polysulfones 2351
Azg vEFAY] 84 W WA AAEE AAE
< Trske Hix] 9 48 AFHOZ o]Fojx lom, ul
WN@ ANE FAT2d A83ste] vBEEA ] Wl
A FHERS Zé%k o= Hslas} stk 7 A7E
FAE VOCs= 2d9 Ask AElE
g FAnkgd Xﬂ AR AR o, L AAst
o] okt APFA s 282 & S Aol

=135

2. Al g

i

VOCsZ 9% i Ege gy Rt E2 w)A)
E Bacillus drentensis sp. /‘]“?ﬁl} F71%58A polysulfone
o= vs AEEAE FHAIZ ol8dte] WidloR
T FEAS gslehs i, ZEAFS AT
AshA] W Alte] BlE-S thksiAl 283t H2 9
Al AA &S Yells /‘]"?'L STEE 2o,
A T8 U bzt GAES FYske viAEES S5t
of QAT il HHY ‘:Lxﬂ FAFS 2HsA Hl
AEE s FHE2H Hlasio UV@ A1) WA
A 7R FASAS A oE skt skdar, A
& RS Fote] AERAY M) edgE Wl

Al A A5 (removal capacity: mg/gyS -5

o & K fo

2.1. OJMEEA| (bio-carrier) MZ=0| AL2EH EXIO[ME
=233

VOCsZ 299 =] 00 54 U 2§ EolA A
2lele B2l nAES FE5te] A3 o83ttt 2
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Table 1. Biochemical and microscopic characteristics of
Bacillus drentensis LMG 21831 (from Heyrman et al., 2004)

Characteristic Baczllus. Characteristic Baczllus.
drentensis drentensis
Gram strain vy Acid production
from :
Cell ends Tapered  Amygdalin v
Ellipsoidal/  D-Cellobiose -
Spore shape .
Circular L-Fucose —
.. Paracentral Gentiobiose -
Spore position .
(Subterminal) Glycerol -
S . 1L + Glycogen -
orangia swollen
P g + Lactose +
Growth at 50°C + D-Mannitol -
Anaerobic growth + D-Melibiose +
Hydrolysis of : D-Melezitose v
Casein - D-Turanose \
Gelatin - Raffinose v
ONPG + Ribose v
Storage inclusions + Salicin +
Urease - Starch v
Nitrated reduction
% Sucrose \%
of N2
G+ C content Methyl
(mol %) 39.3-39.4 o-D-glucoside v

* +: positive; —: negative; v: results vary between strains

15 mghkg® & F LU F3F AFYAY T 9
3t Ao Barg XYo|th(Lee, 2011). EYAIEAIZANA
712 Al AAR RS 1~1.5m Zo)) 3RtollA B
NEE AQFEI] EYF 1S 15mL S8 Uit FHO
il GESRT 10mLE 718 § £88 AR
(peptone 5 g/L, beef extract 3 g/L, agar 17 g/Le} S5
Fell E=Zate] 35°CoA 19 B midEte] & 16709
e S FASIACH, o T LYMA(NHL).S0,
0.3%, Na,HPO,, 0.3%, KH,PO, 0.08%, MgSO, + 7TH,O
0.04%, MnCl, - 2H,O and CaCl, - 2H,O 0.0002%, crude
oil 2%} SFT)eIM 7P B colonys /3% PAE
S XAs}e] 16S rRNA gene sequencings ©]-8-3F #4}
AESZ AL AAIEITHMoyer et al,, 1994). T]4E
o] Al%EZ(phylogenic tree)S Z}Ad3te] A A}
Bacillus 201992 ™, Bacillus drentensis2F 99.162% L3
st= 292 YEKtype strain IDA1967"'=R-16337"
=LMG 21831"=DSM 15600"), Bacillus drentensis sp.
ol Aoz v ATH(Park, 2012). TIBE2] B EA
< Table 19 YERASIT. P2 O SHE Sl8) 5

Ak vAE #FE YA (nutrient broth medium: 1
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2B & beef extract 10g, NaCl 5g and peptone
20 gy7F E3FE 100 ml ZER=T00] FYste] oA
35°C 0= 48ARF F3b 13F wjdBIaL, 13k v
< 5008]E] "REH]E7| (. BioS 500 L BioTron)
oM 22 FHow 4ARF wigeE - AAEE(15,000
pm)st] A 719 BEjete] 4 AREEE: )Y
213 PVTFD30V)stt. B4 AxE $18 Akts 471
A3 2 7FZE Bacillus drentensis sp. 7132 I4F
71Eet 716l ¥aL, 120°C, 1714004 3023t Bk & 7
Tl A7gskdt.

2.2. Bacillus drentensis sp. A2} polysulfoneE O|E
5101 O|SSEH M=

7RES] AFllM 295 A=l flal AResE B 22
FA polysulfone, PVA(polyvinyl-alcohol), polyacrylamide,
polyisoprene®} 22 715 A (polymer)2} silica, clay
Y FIUIEE YE F UthLoépez et al, 1997;
Lozinsky et al., 1997; Veglio et al., 1998; Lazaro et
al., 2003). & Aole $1o] B2 FollA Hlge] AH
sial GA| Az o] Thdsh BHLlS FERIFelA
27178 S bstar, TRk s1719] HI=(beads)
Z AZ3] 4% polysulfone(Sigma-Aldrich A} A5F)
< 471EEAZ A3 tHBeolchini et al., 2003; Lee
et al, 2010). Polysulfone 1965%d Union Carbide 3
AtellA 25 Bl e, ‘aryl-SO-aryl’ 712 ©]F0]
71 ssulfone’ 727} WA 02 AZ=A)E 7158
(polymer)°|tH(Wikipedia, 2012).

Wit dE8g SAE Axsl] flsl 2 dxE Ak
T 78S Hpps ol8ste] Euslet & AAS A
150 pm)ske] ARSI 2] Az WHL Spinti et
al.(1995)%} Kapoor and Viraraghavan(1998)°] #|A|eF &
A Az S Wl vAE AR FAE Al
WA 200ml S8}l 90 g2] DME(WV, N-dimethylfor-
mamide; (CH;),NC(O)H) &3} polysulfone 10 g &
atal, DMFO| 35 7] flsiA wledEo = B3t
125 pmeE AR 20°C)01M  16A7F FEskd 10%
polysulfone 8-S A Z3IH}. 10% polysulfone -8
AAE 228 ARt Bacillus drentensis sp~ D7d%F
71k & AR7IE olgste] ddstAl Sttt Akt
I} &3 polysulfone HAEN (slurry)S A&H=Z9} vl
A717F 18 Gl FAPIE o83l AT £=2 80%
Hghs Fgadlo] "oy, "olx|= &ejElEo] 78
o] AgH o3l AE 2mm olate] TAS H=
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1. Dead Bacillus drentensis sp. with polysulfone in DMF
2. Peristaltic pump
3
4. Methanol of 80% H
5. Magnetic stirrer
Av4
‘ R
\vd 090 0

3. Syringe
6. Bio-carriers (beads) 3
o
Fig. 1. Schematic of the process to produce the bio-carriers.

adr]

(bead) TS| FA7F FAEA st FAE HAH= 3
2775 o83l Sl 1X7E B9 shaking A7)
5, 7oA 48A17F B xSl mAEEAE ALSS}
ot PPAEEA Al A4S Fig. 19 YERSITH

2.3. O|MSHANE 0|88t 22| MM X7 HiX|AE

QdFEYE WS 7P AR AAT F AUe
HAESEA Y] Ao} QHATT A8 1S =3 2
Sto] Tt 23dell ] 8o W WAl AAEES TrEst
= XS ANEITE 99.9% oY S JHRE #

FA|oRE WAl (Aldrich Chemical Co. AJ3F)2 ARSI

U%, teflon PPIE ©]FofZ 50 ml f-2]-8-7](Wheaton 3]
AL AlFE ARSSHAT

L

23.1. F39 AALES Yehlle g4 W Al &%
HlE 9 89 o &4 7 2% A3

A AZ Al polysulfone &Nl 3161 = ARt Bacillus
drentensis sp. HlE-= ©2]3}] Xﬂ St AEHAIES o]
B3t 8 U WAl AARES FEEeEN =2
A AAEES 7= PIBEEA AZRE g HZQ] AL
T F7F HE(%)S 2SIt =g WAl A5l dist
o kel rdERAR] W WA AARES 14

Table 2. Conditions of GC-FID (Purge/Trap) for benzene analysis

292 o188 89 v W A 49

e AIAEES AXlsl, HH] WAl AAEES 7
£ g U nES AEEE 1Y AR 2
g0 2 FANS AAIATE 10% polysulfoneol L3l
DMF £4EGE 100 gl J7lstke ARTES 0, 1, 2, 5,
10, 15%= 47t gejslo] nEEAS Xﬂwuo}%ittl, o]
2o WAl FE8es SRR & EAS SRl 3
7}3%@1 WA FEE 1mgLZ A AT U 40
= 87l 92 &, ARt st uE e
zﬂtgi 247} 0, 0.1, 0.2, 05, 1, 2, 5g¥ F7tela &
7] W B F7ho] YIEE UA] Q1 QAFE AHY)et &
& 29 S0ml=02ml) teflon WPiZ LBSHCE
Egtels FFE)(20°C, 120 rpm)S ©8-310] 244]
7t AHAIA ATAIZ] £ GC/FID(purge and trap 34|
FFHE ol g3t &4 W WAl s=5 SAHsI 27
S=golo] WAl Exol lmg/l_rq- Hlwgko 21 nAyET
Aol oJgk WAl AATES %= QE}HJ%E} Tgeie]

o

Hslol] W mgEEAle] WAl

vl §a%ﬂl-°4 L= AAEEC] 3

wohstdeks 45 %

i AAEETA] Edehs WheAIZo] AW Aol o
Po| 09 kg Aelahen] Mgl 1 oJ2i9), A ]
& 9 5 ZHox wgEle] WAl A HgARRe
HEFE Z0} B AFoAE WAl Q95E gPfoZ w
FEHIS) 25hrel WgAIo) TE AAERS Fol,

HHe] WreARMS BakaAl Sisick. Sle) A At

WAl AAGI} 2 AR YRt Bacillus drentensis
sp. ARt 5%E ket Axg AEEA 2 g8 50ml
QAFl A7t 40 gL), ¥HSAIRES SE, 102, 158,
204, 258, 30, 605, 180%, 300, 4804, 7204,
14408-0.2 Ag3)o] WA 8 WA AATES Toh
Fom, AL 23.1.2 A 2.

Purge and trap condition

Purge for 10 min — desorb at 210°C — baking for 10 min at 310°C

Trap column type BTEX Trap (from Supelco)
GC column type
Carrier gas

Inlet temperature 200°C
Detector

Oven temperature condition

Run time Total 25 min

Capillary VOC column (ID: 530 um, length: 30 m, film thickness: 3 pm)
N, (degree of purity over the 99.99%)

Flame Ionization Detector (FID) at 220°C
45°C (10 min hold) — (5°C/min) — 70°C (1 min hold) = (10°C/min) — 155°C (0.5 min hold)
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29 @I A Aslre] 2= Hslel] thsle] v
J=HA ] AARS] FFSHAl FrAIE oo 371 A2
H]%o] WRAIEER] ko AA FAHL AT EoF S-S
7] e, 2% Hale] e vEGAY WAl A
RS BEE TS AT S A,
E%J L9 5E sl A9 *5F 15°C, 20°C,
25°C, 30°C, 35°CE Z}z} #XA AlZl 3 Bacillus
drentensis sp. ARt 5%% 7Kt Azt wAEEA
2¢gS 50ml @5l Hrlste] wix| A ES WSS

™

7) ol =gl it 5
A AARES S xSt “ﬂ
ol 3498 WAl EEEAE ol83jo] S8l 5

7} 242} 0.01, 0.05, 0.1, 0.5, 1.0, 5.0, 10.0 mg/L3] °1
FLAFTE A= =, 2] 245 50mLoll Bacillus
drentensis sp. 5%} polysulfone® 2 A2+ 23] 2 g2
A7kl LTI 120 rppm(20°C)CF 24417+ amk
§l._‘,_ _cg)_oﬂ LH u];q] L= H/Ho],oq OO:V\Q q]_]x]

Lol wE mEEAe] AAEES At

-—

SX= o o=
24. S3&242 0|28

=
e e WAl AlA

0| dSEAe g3 S Y

e sk AL
AIE oj32Rl %7{ 52X (sorption isotherm curves)©ll
EH*’\V# g o2 HE O] Wil = A|A 7]zto] T
W F&l ok Zﬂﬂ 71Aeks dsskaat skt mAg

ool ol 824 Wale] FALgel HAeol =
ga =g u, "B el REE B WA

(CoF mAEEAlS] S9jd=dd 28 WAlss(g,)d] &
AE FHEFA R FYsigon, FAHIFALS nE
DAlel WAk FHEAe] o)
HWAERE WAl F2ol o3 vEEFA Y] AA

Z3lato] AEFAY AASS BRI ATl
e FFREPAoZ Ho| ARSEE Langmuir 5213
Freundlich 52215 283139t} Langmuir %‘ e &
2 €] E‘ﬁ"ﬂ‘#ﬂﬂ' TAgE vAEEA] WA
SO FHo| o]FolAl= 75 mAEEA EL—?: Eix:!
o °‘_§ AT vhEwke] wlidlo] F3 4 dn
T A Alldlle B
At wlebA Langmmr = —]01] Eﬂp—a{; 735 4=
WAl §2jo) o}ol F AARE O ol 27 o
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- o]13)

‘1‘;‘4«] Xﬂ—ng_ 347” "=
7]—‘3—’3]—1:} Langmmr 52213} Freundlich &
Q1 ¥ ol Eq. 1% Eq. 20 242+ U
E}IHQiU}(Langmulr, 1918; Freundlich, 1906).
4, bC,
9e™ T r
(1+5-C,)

~
—
~

A7, g2 FF eI nAETA i WA &
AFE[mglg), CE BREN MR B &
F5) $EEE /L], g, VIBEEAC] het WA
HNEFZE = [my/g], b= F2F 3= (sorption affinity)E
YERN= Langmuir “35=°]th.

q,=kC, )

oA71A, kS 1Une

Freundlich A}5=o|t}.

FATLA BBk ke e v
9e1 ) 2

A1) o4 sl §1o] e

e

2.5. 2ol HIM M 1% %E’é%
|A&E e
LEFE deE ATt %%91 Hilxﬂ AASES 838t
7] 91t A& RS AT miAARS Bl Al
A o] =XE FA Wl HAE dol 5% BEEA
= AlZske] A}&o}gicmq A7 2.5cm, =°] 100 cm8!
R 25 em 0| vtk & AR A3 WEZF A=)
= AR83keH %}E* W AAE rBEEA 61.8 g2
2 8. /S o83k 1 pore volumed] <F
(260.1 mly& 24 OHETH FYg o, WA s=7t
1.0mg/LE AZ3 0¥ LG9-ES A} £222ml
minE FY sIACH, Alg AFH WH Ad 423N
U4 pore volume ZFZ(1, 2, 3, 4, 5, 6, 7, 8, 12,
15, 18, 24, 30, 36, 42, 48, 54, 60, 66, 78, 114,
126, 174, 318, 420, 450 p.v)oE & A|EE Z7} |
ml iﬂﬁﬁ}‘ﬂﬂ} 24 gL Fig. 20 VERAI A
Alge] WAl FEE GCE #4514 *‘?“0“94 Evdl]
11 521 1.0 mg/Le} Rlughe 24 AAEES ALtei
t}. & 450 pore volume LGTE FYdI] FUZ o}
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A AA T8 Hsls A5 Ao =t 3

87K olskE frAske

Ly W A7Fs (melge AT

~

Effluent

25 cmfs A

Influent (2.2 m/min)

g A7 Qs

Fig. 2. Schematic of the column experiment (A, B, C and D:

sampling points).
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E9

3.4 %

3.1. Bacillus drentensis sp. At22} polysulfone2 0|2
5l0{ M|=&t O|4EEHN S

Bacillus drentensis sp. AFT %S 5%Z polysulfone
F71EA 23] AlEgk rPAIEGA =) 54
g 725 vofaly] flsle] 2A] o)y} Hde gas
SEMZ o83l X519t (Fig. 3). 2423 nEF
A Ago] oF 1-2mm Z7]Q) FHOZ EHMNE]
W7 the s @Adsial e, EHolxE W
i Yo S v 7Pt SRR Ui v
o] FWE 4 um 719 FEUYAEE o]FolA WA
F4% 4 ol 2R FUERANS I e A

o7 A ckFig. 3(c)2t Fig. 3(d)).

3.2. O|MEEHE 0|28 22| HIH X7 uiX|AE
At

3.2.1. FA9 AAEES veille A4 W AR £
HlE 9 8 o 2A 37k 2% A% Ay

Bacillus drentensis sp. ARt S BElsle] 2449
WAl AA 58-S Es A A, WA AlARo] vl
ol ©A W ARt kel 1% o3l B9, 295 1L
B 40 ¢S FY Al BT 99.0% olde] =& A
AGES VERo] A7 & 78] Wil w57t 585
71FA] 0.01 mg/LET S4THFig. 4(a)). BA W WA

ATVOSOLOHd

Fig. 3. SEM images of a bio-carrier ((b) modified from Lee et al., 2010)).
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0.01 100
—&— Conc. of benzene (mg/L) >
- Q =0O= Removal efficiency (%) /_ 99.8
ED 0.008 v ‘o\?
~— bl
o \1 ~ F 99.6 e
S 0.006 S 3
3 > £
N, F99.4
2 AL °
‘s 0.004 RES [
H ~ r99.2 =]
£ S £
8 0.002 RN g
' é o 99
0 T T T T 98.8
0% 2% 4% 6% 8% 10%
Amount of biomass in bio-carrier (%)

(a)
O 100
-y -
?E” - 80 §
E 60 g
= S
c =
g ]
:g —@— Conc. of benzene r 40 T)U
g (mg/L) g
8 =O= Removal efficiency(%)| | 20 g
0+ T @ T T 0
0 20 40 60 80 100
Amount of bio-carrier in solution (g)

(b)

Fig. 4. Results of the benzene concentrations in solution and the
benzene removal efficiencies for (a) bio-carriers produced with
various amounts of dead biomass Bacillus drentensis. sp. and (b)
various amounts of immobilized bio-carriers in solution.

E o] VIS gAY WAl AAEES TSI
u, LA AUk ©@A ¢ 3 WAl AARER] AAT
(mg/gye B4 W VAE w57} S71RE ot Z718)
= %S JERSlTE 24 AR B8-S aEsie] g
o] WAl F5Tt 58 7RIS 60% ©lstE A=,
7122] A (Lee et al., 2010004 E& 54 A4 &
S A8k Ha vAE dol] 5%0lReS TRIEt
A W AR =) 5%21 7397 wiAle] AlAe 71
Zaitiar Adeision, o]fe] dgE= A=
22 W 5% RE S st Alxg SAE AR

AT W AR FA FHHES A8sh] A XA
A}, 04 U T8k FAEe] 7SS 89 U
wiAle] AAEES] ok 034 117 10g 7Y Al Al
AEELS 93.8%5 HERNAIL 40 g Y Al 99.4%= =
oA WAl F57t 584 7IER 0.01 mg/LETE Wokth
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Table 3. Benzene removal efficiency, residual concentration and removal capacity of bio-carriers for various amounts of biomass in the

immobilized bio-carriers

The amount of biomass Removal efficiency

Benzene concentration (mg/L)

Removal capacity

in a bio-carrier (%) after experiment (mg/g)
1% 99.82 0.00167 0.01971

2% 99.65 0.00324 0.02023

5% 99.38 0.00569 0.02108

10% 98.99 0.00925 0.02196

Table 4. Langmuir and Freundlich sorption parameters derived
from the isotherm curve fitting for benzene in the bio-carrier

Langmuir parameters Freundlich parameters

gm (mg/g)  91.2083 k 252.1738
b 0.0007426 n 04557262
I 0.7453 » 0.9242

* ¢,,: maximum benzene uptake, b: sorption affinity, &: indicator of
sorption capacity, 7: sorption intensity and #: correlation coef-
ficient of curve fitting
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