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To evaluate the treatability of activated sludge induced by benzene with microorganisms, isola-
tion and characterization of benzene-degrading microorganisms were carried out. Six bacterial isola-

tes from the activated sludge were identified ; Pseudomonas fluorescens, Enterobacter agglomerans,
Enterobacter cloacae, Klebsiella oxytoca, Citrobacter freundii and Klebsiella pneumoniae. P,

Sfluorescens degraded 55% of benzene contained in the medium as a sole carbon source, E. cloacae
24%, E. agglomerans 41%, and K. oxytoca 32%. Optimal temperature, pH and benzene concentra-
tion for growth of P. fluorescens appeared to be 31°C, pH 7.0, and 300mg benzene per liter. When
the P. fluorescens was dominant in the activated sludge induced by benzene, the indicator protozoa
was Aspidisca sp. When concentration of benzene was about 387 mg per liter, the growths of
Aspidisca sp. and Litonotus sp. were high. Protozoa, Litonotus sp. and Vorticella sp. did not grow

over 1600 mg of benzene per liter.
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Table 1. Characteristics of microorganisms isolated
from the activated sludge

Strains of microorganisms isolated
JK-1 JK-2 JK-3 JK-4 JK-5 JK-6

Characteristics

Isolation AS AS AS AS AS AS
Oxygen SA SA SA SA SA SA&AA
Gram staining - - - = = -
Cell shape R R R R SR R
Lecithinase + - o+ - - -
Motility + o+ 4+ - + -
Oxidase - - - - — -
Catalase + o+ o+ + +
Indol - - + + - -
Methyl red - + + - + _
Voges-Proskauer + + + + - +
ONPG - + + + +
Simmon’s citrate  + + - + - +
Gas production - + + + +
HsS - - - = -
Arginine T -
Urea - + + - +
Gelatine - - - - -
Glucose - + + o+ +
Manitol - + + + +
Inositol - + - + o+ +
Sorbito! + o+ -+ % +
Rhamnose -+ o+ o+ + +
Saccharose - + + + + +
Arabinose + + o+ o+ o+ +

Symbols: As, activated sludge; SA, strict aerobe; AA,
anaerobes; SR, short rod; R, round; (-), negative reac-
tion; ( +), positive
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Table 2. Microorganisms isolated from sludges

Sorces | TS Swaims ol

collected isolated identified identified

BA 19  Pseudomonas fluorescens 18
(JK-1)
Enterobacter agglomerans 1
(JK-3)

GA 12 Enterobacter cloacae (JK-2) 2
Klebsiella oxytoca (JK-4) 3
Citrobacter freundii (JK-5) 3
Klebsiella pneumoniae 1
(JK-6)

BA &GA P. fluorescens (JK-6) 3

BA, an activated sludge induced by benzens; GA, an ac-
tivated sludge induced by glucose.
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Fig. 1. Growth curve of Pseudomonas fluorescens(0),
Enerobacter agglomerans(0), Klebsiella oxytoca(o)

and Enterobacter cloacae( ®) at the benzene concentra-
tion.of 300 mg/liter).

Table 3. Degradation ratios of benzene by microorga-
nisms.

Concentration of

Ratio
Microorganisms Mdegraded (%)
Oh 18h
E. cloacae 300 228 24
E. agglomerans 300 178 41
K. oxytoca 300 204 32
P. fluorescens 300 137 55
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Fig. 2. Effect of temperature on.the growth of Pseudo-
monas fluorescens.

Symbols; (@): 20°C, (&): 28°C, (O): 31°C, and (0):
34°C.
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Fig. 3. Effect of pH on the growth of Pseudomonas flu-

orescens.
Symbols; (e): pH 5, (2): pH 5.5, (O0): pH 7, and (0):
pH 9.
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Table 4. Frequency of protozoa observed in.the activa-
ted sludge.

Protozoa isolated from sludge

Benzene Litonotus Aspidisca Vorticella Lecane Worm

mgh B G B G B G B G B G
298 + + ¢C cC + r r cc cc
387 ¢cc € cc ¢ + + T + € C
900 c¢cc ccc r + rcc + ¢
1144 + € 4+ cc I ¢ r ¢ ¢ ¢
1098 + ¢ 4+ ¢ r cc I cc + +
1622 IT ¢c¢C 4+ + Ir cc r ¢ r +
1214 Irecc + + rmr ¢ r c o+ +
1580 Ir ¢cc + + Imr cc r cc + +

Symbols: cc, so many; ¢, many; +, medium; r, a few;
rr, few; B, an activated sludge induced by benzene; G,
an activate sludge induced by glucose.

pHell =& 9 FAF412 Fig, 3ol Xﬂ*lﬂ
pH 7. 0%} 9.00\1*%% 570 g &
A&zl o],
g pH7. 0004 xﬂ 9 =& Ad= vebdla, 595,
bell A& t4-7I7F A% 12417 Foll vebsta, FAl
71 18417F Fofl =&3iet. pHS5, 0olA & 475
A & Aoz ¥ef pHb50 olste] AbgelAe A
Abo] A= = it

A ZojdEo| &

HASEE |7 AulgoAz Ay
Lolstuz AA ofFoAE g Aeie} A4F
=9 Fof ket AugE ol AEr|AE
2 gol odstx drh(12, 13). £ Agol4 A5
E5 TASte] A Axl= Table 4ol o), A4
4 ] o-] OJ"EOEL :l‘%_'/ka & EH
=439 A% Litonotus sp.,, Aspidisca sp.,
Vorticella sp, &° Datg A wa Ao

;O

o ¢

7hA)8) AR FEel DHEP 54 e AT 4

lN oL r"

o= e
goh, o A WA st Fo1ESE Lionotus
sp. &+ Vorticella sp, 7} Zrasle] WAl Fx 1,000

5 A
+3 5+ gy,

, 600 mg/ (7 A5 o]
ol Aol Sl Ao Azt
2 Uromema  parduczi®l 735 486
5ol ggkg ubo} Fale] AAEct=
2ozl glewd(15), ¥ aAT-9 WM Aspidisca
1,600 mg/lol s #EAH A& &
2 24 wp=ql wAldA FAE

ok

wL

mg/l °olAd = A9 =
Aspidisca sp,< #WA %7}
L A 3AT 5 g

!



Vol. 16, No. 5
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