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Abstract — A pherolic resin industrial wastewater containing about 41,000 mg/l of phenol and
2,800 mg/! of formaldehyde was biologically treated by a mixed culture GE2 immobilized on ceramic
beads. This study was carried out with three experimental groups . Control-only added the sludge
of papermill wastewater ; GE2 treatment-added GE2 to Control ; Ceramic treatment-applied cera-
mic carrier to GEZ2 treatment. When the original wastewater was diluted 80 times with aerated
tap-water, influent CODw, was 1,140 mg/l and that of the effluent was in the range of 22~35
mg/l, which was not much different among the experimental groups. However, at 20-times dilution,
influent CODy, was 4,800 mg// and the effluent CODw, of Control, GE2 treatment and Ceramic
treatment was 179, 128 and 94 mg/l, respectively. CODw, removal efficiency by Ceramic treatment
was the highest, at 98.0%. At this time, the effluent phenol concentration of Control, GE2 treatment
and Ceramic treatment was 10.71, 7.93 and 5.60, respectively. As the dilution times decreased,
the removal efficiency of CODy, and phenol did not change much, but CODy, and phenol concent-
ration of the effluent increased. Consequently, it is likely that the phenolic industrial wastewater
containing phenol and formaldehyde can be biologically treated using a GE2 and ceramic carrier
and that at 40-times dilution, the effluent completely meets the effluent standards for industrial
wastewater treatment plant.
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Fig. 4. Time course of formaldehyde concentrations in

the influent and the effluent at the dilution times of
80, 40 and 20.

Symbeols are: @, Influent; O, Control; (3, GE2 treat-
ment; &, Ceramic treatment.
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Fig. 5. Change of pH in the influent and the effluent
at 20-times dilution.

Symbols are: @, Influent; O, Control; [0, GE2 treat-
ment; A, Ceramic treatment.

140

120

100 +

(77777

60 -

D NN N

- |

1000 2080 41 50

CODs of effluent (mg/1)
oo
o2
I

CODs of influent (mg/1)

Fig. 6. Effluent COD, vs. influent COD, in Control
(L)), GE2 treatment (N) and Ceramic treatment (E).
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80 Vorticella Rotaria Rotaria
Lecane Lecane Vorticella
Aspidisca Vorticella
40 Opercularia Epistylis Epistylis
Vorticella Vorticella Vorticella
Tokophrya Peranema Rofaria
20 Colpidium Vorticella Vorticella
Colprdium
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Table 3. Change of pH, CODy,, phenol and formaldehyde concentration in the influent and the effluent. The
removal efficiencies were in parentheses.

S rofimveibereren
PP RS o

Dilution Effluent
Item : Influent :
times Control GE2 Ceramic
freatment treatment
pH 80 7.08 7.52 7.53 7.56
44} 6.87 741 7.58 7.33
20 6.55 7.25 742 7.32
CODp," 80 1,140 30 (94.6) 35 (96.9) 22 (98.1)
(mg/l)} 40 2,060 o2 (97.0) 43 (98.0) 32 (98.4)
| 20 4,800 179 (96.3) 128 (97.3) 04 (98.0)
PhenolV 80 510 0.61 (99.9) 0.71 (99.9) 0.52 (99.9)
(mg/l) 40 935 1.36 (99.9) 1.69 (99.8) 1.02 (99.9)
20 1,887 10.71 (99.4) 7.93 (99.6) 5.60 (99.7)
Form- 80 26.0 2.91 (88.8) 2.87 (89.3) 2.74 (89.5)
aldehyde 44 47.1 4.24 (91.0) 340 (82.8) 3.28 (93.0)
(mg/]) 20 114.5 7.50 (93.4) 6.50 (9Y4.3) 6.70 (94.1)

Ymean wvalue of the last 2 measurements

Al A2 Ao Ao r AlgE 5
WS B} t]So] njAEAHHEA A2paetH
o] Al o)sle] b FFo] A3} F715HS
T slok meka, g2 YA el &5l phenol Al
g HAs] 843 F g3 E§A4 GE2 %
Azt 2 AL8g FALS HEsle] Aalgdod
R TA7E oJlE AESH A} 7Rt A
o2 s,

b4 of

AE5%2 phenol®} formaldehydeE FAIH-©.
&= phenolAd] AkjdlTE dAIFHLE 343 A,
T3l GE29} AetedA S #-8-3te] 80U
4x AWEIHoz Aelsiadch AT AAHS
= A2 3044 A A s AH3A1Z] HE
T, ol GE2E #Hr1gF GE2 At zelx A=}
A S HE8g Az AR RS
—’1‘4-4 80w A ez F952 CODu.°] 1,140 mg/!

) A 4 AT §E55F CODuy2 22~35mg/l
E. Z Zol7} glodent, 200 3|8 AL {9
CODwme°] 4,800 mg/id =, dix+, GE2 AHe|+ 1
2|l Azl Azl #&5 CODw. 179, 128
2] 7 94mg/l 2 A1 Algbe M el4-e] XMelagel 98.0%
2 714 =9t} old {&9 phenol FE+ 77
1071, 7.93 2281 560mg/leg GE2 2 Az}t

A o] ARl 2dled A& go| sAEII} gHEH, 3
Aullgo] wtolalo] wlzl CODy, 3 phenol 2| 4%
of= & W3yl gloey, #&572 CODw.3 phenol
57 Foldoh welbd, fHpE 40u] 3] 43}
GE2¢} A=t A& oyl AHelgd 3 55

2} CODw,®} phenol 3"—57} 322} 1.02mg/lE T;q]
o) vbgor pAr)Eel 28 Ay AEFHAH A
= A}ﬁE,_—J_tJr.
ZAte| &
2 AT BN T 67 #AHFTET s
}'%‘4 Ao 2]3te o] Fo3] 7}
HuEH

1. Hinteregger, C., R. Leitner, M. Loidl, A. Ferschl,
and F. Streichsbier. 1992. Degradation of phenol
and phenolic compounds by Pseudomonas putida
EKIL. Appl Microbiol. Biotechnol. 37. 252-259.

2. Kottun, G., C.W. Robinson, and W.E. Inniss.
1991. Phenol degradation by a psychrotrophic st-
rain of Pseudomonas putida. Appl. Microbiol. Biote-
chnol. 34: 539-543.

3092, A8V, 2% 1991 WEESEgEe]
o s QA A A0 &3] A 19: 631-
636.

4. Morsen, A. and H.J. Rehm. 1987. Degradation



762

10.

of phenol by a mixed culture of Pseudomonas pu-
tida and Cryptococcus elinovii adsorbed on activa-
ted carbon. Appl Microbiol. Biotechnol 26: 283-
288,

. Adroer, N., C. Casas, C. de Mas, and C. Sola.

1990. Mechanism of formaldehyde biodegrada-
tion by Pseudomonas putida. Appl. Microbiol. Biote-
chnol. 33:. 217-220.

Arcangeli, J.P. and E. Arvin. 1992, Toluene bio-
degradation and biofilm growth in an aerobic
fixed-film reactor. Appl. Microbiol. Biotechnol 37.
510-517.

Van Loosdrecht, M.C.M. and S.J. Heijnen. 1993.
Biofilm bioreactors for wastewater treatment. Tre-
nds Biotechnol. 11. 117-121.

Ehrhardt, HM. and H.-J. Rehm. 1989. Semiconti-
nuous and continuous degradation of phenol by
Pseudomonas putida P8 adsorbed on activated ca-
rbon. Appl. Microbiol Biotechnol. 30: 312-317.
Morsen, A. and H.-J. Rehm. 1990. Degradation
of phenol by a defined mixed culture immobili-
zed by adsorption on activated carbon and sinte-
red glass. Appl Microbiol. Biotechnol 33: 206-212.
2 EE, AL o) A3, HEEA, o|FE. 193, &
B, 1994, ghed Sl oke] E§Ha ol 2]%F Benzene,
Toluene % Phenol &35 F3). 4kgdv]) A &-3F3] %]
22: 415-422.

11

12.

13.

L4,

[3.

16.

17.

18.

Kor. J. Appl. Microbiol. Biotechnol.

S5 ds. 1987, Ao dF A Y. &
5715
APHA, AWWA, and WEF. 1992, Standard Me-
thods for the Examination of Water and Waste-
water. 18th ed. APHA, Washington.
Matsuda, Y., H. Moriya, C. Morniwaki, Y. Fuji-
moto, and M. Matsuda. 1976. Fluorometric me-
thod for assay of kallikrein-like arginine estera-
ses. J. Biochem. 79: 1197-1200,
Ambujom, S. and V.B. Manilal. 1995. Phenol de-
gradation by a stable aerobic consortium and its
bacterial isolates. Biotech. Letters 17 443-448.
Zache, G. and H.-J. Rehm. 1989. Degradation of
phenol by a coimmobilized entrapped mixed cu-
lture. Appl Microbiol. Biotechnol 30: 426-432.
P 3 AFE 1990. Hge FEAEA] a3l
o slkell @R A HII|EA.
Bitzi, U., T. Egli, and G. Hamer. 1991. The bio-
degradation of mixtures of organic solvents by
mixed and monocultures of bactena. Biotechnol
Bioeng. 37: 1037-1042.
Wiesel, 1., SM. Wubker, and H.-J. Rehm. 1993.
Degradation of polycychic aromatic hydrocarbons
by an immobilized mixed bacterial culture. Appl.
Microbiol Biotechnol 39: 110-116.

(Received 6 September 1995)



