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Linear alkylbenzene sulfonate(LAS) & &3 4t sl & 8422 Hejd 7 e 4E3HE d7siick
A ee] HeAYPS 5o Bug LAS Haf v AEL oS =3 AR S Zhe ubd v

1A A 2H4-S okt §-55 AESolA 9] of 154 ghel] HAbAde)e] o] 4E gto] gl ded 2 FAE
64 pmAch. FEZ vher)o] 27] F5e LAS ¥%7} 120 mg/LY o LAS #| 7 &o] 934%2 Huge B
o}, LASSY tEAH<ql 7} 422l sulfophenylalkanoates(SPA) £ %7] LAS sxol o} 60-88% Hx9]
AAEL 2ot HE 55 52 SPA AAEE Eol7] Hsled FwHA vb-&7] f-94ell sodium benzoate &
Z9)3t A 2% A 94L& 7S ¥} SPAS AHEeo] 40% HAstgom k7| &gl Az SRS FUT
A3 §9% 27] LAS $%7} 350 mg/Ld o LASE Al 100% AASUL SPAE 962% A= %ich

Abstract—A fluidized-bed bioreactor was used to treat the industrial wastewater containing linear alkylben-
zene sulfonate(LAS). Microorganism obtained by acclimation showed low growth rate and substrate inhibition
at relatively high substrate concentration. It was found from the experiment using fluidized-bed bioreactor
that 64 um-thick biofilm was made after 15 days. The 93.4% LAS removal efficiency in the reactor was obtained
at 120 mg/L of initial LAS concentration, while the removal efficiency of sulfophenylalkanoates(SPA) which
is a representative intermediate of biodegradation of LAS was 60-88% depending on the initial concentration
of LAS. When sodium benzoate was added to the second reactor, the remaining SPA became lowered by
40% compared to the control experiment. And when activated carbon was added to the reactor, the removal
efficiency of SPA was 96.2% and that of LAS was 100% when initial inflowing concentration of LAS was
350 mg/L.
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o] Bg3 ojEo] vl pA AAe g uhd, A4
Az wid 2F 20% HE Zrbsta gk o nl# sl
FAAA T2 Qg g ey FAvE & AL EAR
grsded, L o2 s AEYPe g 3 s
el g sl o Eel u& YA FFol
2o aba g Ao 2 Q1% s ) Al 5E Y
3l B40] Fojoksl, 5 AEA WG S
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o8l gt e F dale iR AAe FoAdRq
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40%% 23 ADEdAe AP5HE e
AH o] FAR0 2 oo L3 =9 of Sk
defjol] whebA] f-o]2 AlHEAG A, o) ARYAA,
vjo] & ARG Z i 5 AUk Sl delell o A}
E5= ADHAdA 9] o 80% olate] Sol AHA
Aldl, o] FollA 7} we] AMEEE AW =
LAS(Linear Alkylbenzene Sulfonate Sodium Salt, or
Linear Alkylbenzene Sulfonate)olt}, LASE 7]&9]
24251 9l"d ABS(Alkylbenzene Sulfonate)7} )43
Zoll ofste] Hal==] o, Ao FHES|] AL
FFFAE LY wE) Fo) o] YEol o3 AR
37} 8-0] 5t=F, ABS2] T2 4ol 4 benzene o) £o]
2l alkyl group &k3:9] Z3Hg branch 3ejelA lin-
earyef] & 7§ A& Zojr}. LASS| A¥-3)= ABSY 4
B o ) e}, duk spA A P A Bl of3te]
FelEed o dFY AL de og HIuHI
e 1].

LASe] QJ#-all= -2 Pseudomonas(2, 3], Alcali-
genes[4], Bacillus[5] -9 bacteriaol ¢]slo] S35
=, 21 F A% Pseudomonassol 438 #3571 7}
4 Hold FaleHe #i dlde] Rausgdeh 53]
o2 A5 5438 LAS 554 o] A elivt Hall 5
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tactor) 53} & AF HAYlT v b $Ho]
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W AF7} A3 Fo|rH6-8]. v}t A F7HR| L] o
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A g8 AN 23 el 233l Bacte-
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sto] AtmE 4 glied), WA WA= alkyl group?
et gbdv) AbslElE terminal, 33 w-oxidation
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Fhak-golt). o] F v] o o7 F&f oA A
az)o] AEhge kS x Ay AR A vtk st
Al M & ¢ olite] Al ZHOoRE HaFe] 9lom,
PR F2 AYER F oleld WA 2§ FHsl
9l B39 s11}ql SPA(sulfophenylalkanoates)+= =
AA EHste], ofE EAHY AYstY 75 AE
Ao 53 BAE Hshd shsAel A9 oSl
SPAE= A¥al A3l A3 2= Methylene
Blue A]2F¥ (MBAS-Methylene Blue Active Substance-
Method) o 2jsle] HEH A %7] il o]e 2%
elal7] glste] A= b B FAuby o] Al&-5 o]o} gt}
ul2ba] LASe) AldEA 539 A7 wtelz, wlat
zeje) shdRs7R ned ¢t Fasc)

whapa] B odFoll 4= LAS & o]9f dEH 9l AF-sl

74549l SPAS] ¥-3) £&-S Fo]7] $1’ Xel-FTHY
g Aoz gk WA LASE Ao E 3=
QAFd ol A2 UE F4-3] HSA1A Ao AHEE
55 &, flask wjgFs 53t 579 A%
EX & nFsgd =23 A4 S04 A 53
A Eu-S7]2 o] &38te] alkyl groupd] 43t I Al
229 h& uhg-g AlEste] LAS % SPA2] b A A
EEE ¥ol7] Sig WS ALt
2. A H
2-1. gt
2-1-1. o5

£ Q7o A g5 AT A
QxzHe Frjze WEEHe FHUE T]leke,
o] & LASE §rdt o FollA HEAA stk
e AgPe 7R FH2YE MLSS of 1yl §
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o 10 mLY Flets], Aol dad f Aoz
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HWAHAK KONGHAK Vol. 33, No. 6, December, 1995



714 oQ1F - A E -

Table 1. Properties of the SCL Brown Coal A/C

Content Quantity
Hardness No.(%) 90
Ash(%) 50
Iodine No.(%) 900
Specific surface area(m?/g) 900
Particle size(mesh) 8X30
Pore volume(ml/g) 0.9-1.0
Apparent density(g/ml) 04-0.5

Table 2. Composition of synthetic wastewater

Component Quantity(mg/L)
LAS variable
NaC;HqO, variable
KH,PO, 200
K;HPO, 150
(NH,)-SO, 150

MgSO4 80

CaCl, 15

glucose ¥& AA3F] ZodA 3d Foll= LASHE
*%_ 3 qz)e 2 sg-sldch g4 e e H8
£ AFY 29¥ge 2 s 80 5 e,

°—J 4 A2 2422 Methylene Blue 2 Aol oJs}e]
galalgdch. Aol A4y g5 LASe| 333 &
e ZEE, oHF wyeg 6719 Fo HIAA
gy shgdch Flask AL Al vkl A 27] pH7Y,
30T, wukEE 150 rpme} 2A 02 3 3igich

2-1-2. ¥4 ¥ 9| BE A4S A

LASY &% 9 739 u43 dARe Y44
%24 ¥A=(SCL Brown Coal A/C, (F)AHe]) &
AHgstg o, o) AlE) FA| A A4 Table 13} Zct.
FIgH A EL A E o] &35t 02-05mme] 27 E e
2wk Aty o] F 23} FHFE )R] AAI F 100
co] AZxIA o5 AE AZE F B, A

2-1-3. AT A=

B ogFo] A2 A9 24-& Table 29} 3t
Brdo s LASE AH4-8l91, LAS 2 SPAS] HE
8ol tH§t sodium benzoate?] 33-& AL ool
g4y 2 U gde s glucosedE Hrhslgdth LASE
SIGMAA} A]=(D-2525) 2.2 4], dodecyl benzene sul-
fonic acid®] #eFo] MA| F=ke) oF 80%%l AMEE A}

S5 H33H 6D 199544 1258

Fig. 1. Schematic diagram of the bioreactor.

1. Reactor 1 8. Flowmeter

2. Reactor 2 . 9. Air diffuser

3. Bioparticle 10. Influent line

4. Stock solution tank 11. Effluent line

5. Settling tank 12. Bioparticle recyle

6. Air compressor 13. Synthetic fiber mesh
7. Pump

o s} pooy)4ke] B BPo R PRIk
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ge Ae FololF ARe| HrFEHA Uskeh
2 1-5. o] 4B HA

241 % oLz 912 24 sodium benzoate 3 g/L%}
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Z71gk 718 B ¥ AR 456 g FYste] =AY
Zate] yAe AL Tl JASAch AE5A
AL AT FUF F v Az A A
Zzol feed lined AA3l A%4LAE AAFHHA
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Table 3. Operation conditions of the bioreactor

Parameter Quantity
Air flow rate 4(L/min)
Space time 0-0.9(mL/min)
Solid volume fraction 54%
Temperature Start-up; 31C
steady state; variable
Inftuent pH 6.7-7.0

Fastsich. o) W 29I A& Table 33 2ok

2-2. B4 9y

2-2-1. W|YE Fx9 &7

10 mle} 2)& 23 3be] 41 %-2] 7| (Hitachi, RPR
20-2)ol 4 15000 rpm o2 1087t YAEe st o)Ay
% A=e A4F5dE Bojsln Reld n)yEe 2%
FHTE Al 95T Az7|olA] 36417 A2A|
A AzxFgs AAsld o, o5 23354 (Kont-
ron, UVICON930) & A}-4-3te] 660 nmell 4] &g+ &
B9 vwste] WHZAE AAST o] RAHITMO
25 vAEe] FEF 245

2-2-2. LAS ¥x =7

LASe] % ZA2 A sample 0.2 um filter
(Model; A25B)& Al43led mQEE w2 Y45
A& AAF ¥ Methylene Blue Method & o]4, 652
nmoll A FFEE FAste BAstgoi10].

2.2.3. SPA X% 27
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THE AL W o Agolnt. £ AgPdAe
LAS 9l SPA7} ¥4 o2 27 & benzene iLe|of
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Fig. 2. Specific growth rate of microbials acclimated in
LAS synthetic wastewater.
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63t 7ALolol A A ) A4S BT, pH T o]F Ao
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zb-gof of¥ HaldaneA]-2 t}-&3} Zch

[T

KA S+ SYK
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Fig. 3. Floes of the microbials in bioreactor(A: Floc, B:
Activated carbon).
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Fig. 4. The change of biofilm thickness on activated car-
bon.
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Bastglch weba] 2 Aol re v]gE e
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Fig. 5. Photograph of biofilm developments on activated
carbon.
(a) virgin activated carbon, (b) 1.5 days, (c) 5 days,
(d) 8 days, (e) 12 days, (f) 16 days.

334 Adg Fald vAEY ¥4 Age @
Az, Ag AlzE £ 10d 5o oA E e 018
AR w[AEE HAE A dokch Wb, Fig 3ol 4]
Xz ule} 3o} v]AEE2] 2L flocso] A7 33U AH-E
vel}r] Alabste] Azbe] AdE A& Fr)Ekedoh
QA4A AP FFgolle AY XA F oF 4847 o]
Foll= vy Eate] & Ado] A w 7] A3}t Jijhuis
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Fig. 7. Effect of wastewater space time on LAS and SPA

removal(initial LAS concentration: 120 mg/L).
®: LAS, m: SPA

Table 4. Effect of initial LAS concentration on the remoy-
als of LAS and SPA

LAS LAS removal SPA removal
concentration efficiency efficiency
(mg/L) (%) (%)
60 93.7 59.8
120 96.0 67.0
160 96.0 79.0
200 96.6 74.1
240 96.4 78.0
300 96.7 844
350 96.1 88.4

yl-g-7] Zojo] w2 LAS A&7} zHE3h= SPA
F& zAbstgich. Fig 60149} o] LAS 3l SPAS] A
A7 g g shrld Aot ASE & F
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Fig. 7¢il ttebfiglch. 27kA12be] 2.35 hr¥-Ef 0.95 hr7t
2] Wg 79 LASY) 2 AHE& 934%0 4 86%2 d
ojg o} SPAS AEke Ao Hsrl gk

=9 LAS 59| g%
Z9] LAS 3:% 99
s mas}

3-3. }¢ #hdEs
ghg7lel Fd = AT
ated #-29) LAS A A&7 SPAS] A&
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lismef] 2]%F SPA2] A|7] &89 A4S A=sledch 1
A A3 FHA uke-7) {5l sodium benzoate

5123 H33A HeE 19954 123

05g/L F3stadct. 27) LASe] %7} 60 ppm?l
£ A WA gEe REFS FEF FY AA
A 2] 3§52 9Fo] sodium benzoated @] ¢

el 8X10° MRl : 40%7} 72HA%F 48X 10 °
£ Jehdde) ol#id A4S AH7}RE sodium ben-
zoate7t wIQER FoEe] v]AES] SPA A I
o5 AEs 7)15-2] &4E F7HA9]E, cometabolism
of 23t dAte s wrtxich

“}“'7]4 frE 7ol gkl SAeks Fiste] 3t
LAS % SPAS] 749 4 2 HAHo] Shur &
< A&t Fig 82 v Eo] gl AdolA ub

X-3
=

2 30 & o

€}
=

& iy

27l fd=Ee 7] LAS 557} 350 ppmal A,
b2 7] %45 50 mL4 sample 47 33l o 7]l
FAErS 7h2}t 50, 100, 150, 200 mg® -Ero,ga}o:] 22¢C 9
52 shakerol| 4} 48417 F34A)7) & &8k LAS ¢
SPA2) & zAHgF ZHto|r). LASE z—;‘%% zE 7
ol QA HZ2H A ki, SPAY HEGL F]I7H

o] 1g/La A% 37% pEshge m} gHRE 4
gL FRI% A5E 23% ol A gk 27)
TEES] LASY BHUE FUstel LASE AAshe
R wlAA A 7Y, W37] 8] fE ol Ao} o] e
29| LAS B SPAC| Aael S4RE Fsted Al
Aste A AQAQ el A AA Aol ot Ao
Forch '

Aol Qe g 2ol SPA 4417 | 4 B2
o)gste] RYA WAL LASE FHA BANA
SPAS AAsHE 2dA Al wHe meE 4 At
o] 4% SPA Mg wl4EE Hushedl o 74U 4
59 77be] 289 AL o4Hg}

4.4 £

Linear alkylbenzene sulfonate(LAS)2} 1 F7} 41
E-9l sulfophenylalkanoates(SPA) & &g4 o2 AA
s17] $1% AE T N A5 FEk o5 e
A7 AE Ik B HE AYew P v
AEL AL -7 vy vnF & FRi 7|4
a2t s 4 ¢ Uk F5F YEHEI
oA LASES§ A5 sodium benzoatesZ H7}
o] g3 vgELE JAXNAL F5F AE

werle] ex7} 220U W 7% =& LAS ¥ SPAY
AAEZEL Jepdgdel =3 27] §d=+ LAS F
X7} 120mg/LY o wk$7] LAS A A& 934%E
1o AAEL ngov), SPA2 AAEL 27] LAS
FEol W&E ik gk wkgle fEF
Z2] SPA A A &< Zo}7] Y% ueto g sodium ben-



zoate§ F-J3 23} SPA2) &L 40% 7FAA| AL,
BhE-71e]l §E T #S4es 1g/L $ske] LASE
71¢] 100%, SPA= 96.2% A7 2 #c}.

A

+ AdTe

LG g}ste] 2] 41 ojsf pais)glom oo
FAHE =3)ivdh

D2

1. Swisher, R.D.: Yukagaku, 21, 130(1993).

2. Ley, D.: Ann. Rev. Microbiol, 18, 17(1964).

3. Sranier, R. Y. and Palieroni, N. J.: J. Gen. Microbiol.,
43, 159(1966).

4. Mckinney, R.E. and Symons, J. M.: Sewage Ind.
Wastes, 31, 549(1959).

& LASSH 57+ 42

10.
11

12.

13.

C A, A, 295

3 OJ 7§ E"‘! —1—1_. —1
. Swisher, R.D.: “Surfactant Biodegradation”, Mar-

dE SPAS] Al# 719

. Schonborn, W.: Seifen-ole-Fetle-Wache, 88, 870(19

62).

- o1l e etel Al 2 i Ale) e} el

Hell B AT,
81).

A #AmE =g (19

ek 5=, 12, 47
(1990).
: o k3 3-3H3] =], 13, 23(1991).

cel Dekker, New York(1987).

o] 77, Ad A AR, 14, 1(1992).
Livingston, A. G. and Chase, H. A.: AICKE ], 35,
1980(1989).

Fan, L.-S., Fujie, K, Long, T.-R. and Tang, W.-T.:
Biotechnol. and Bioeng, 30, 498(1987).

Jijhais, L., van Coosdrecht, V. P. and Heijnen, J.].:
Water Sci. and Technol, 26, 2015(1992).

HWAHAK KONGHAK Vol. 33, No. 6, December, 1995



