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Influence factors and Efficiencies Characteristics for Treatment
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Abstract

Influence factors and efficiency characteristics for treatment of wastewater con-
taining phenol were studied with using Pseudomonas sp. B3. It took 130 hours to
remove phenol, when only activated sludge of terminal disposal palnt of sewage was
innoculated in bateh culture, but it was required just 36 hours, when bacteria
degrading phenol and activated sludge were simultaneously innoculated. If only phe-
nol an carhon source was used, it necessary 36 hours for biodegradation of phenol,
while glucose was added to medium, it took 73 hours. It was revealed as excellent
effluent and SVI, when the F/M ratio, COD and phenol concentration were 53 mg/l
and 1.2 mgfl, reapecively, and optimum F/M ratio was revealed 0.31. The reaclor
were seriously shocked as reducing hydraulic retention time at constant phenol eon-
centration more than increasing phenol concentration at constant hydraulic reten-
tion time, when volumetric loading rate was increased to 0.8kg phenol/m? - d from
1.6kg phenol/m3 - d. And alsu the effluent phenol concentration was 34 mg/l after
starting 12 hours of shocking and reaclor was recovered as steady state afler 65
hours of changing in the former test. Although the effluent phenol concentration was
maximum value with 12mg/l afler starting 20 hours of shocking and reactor was
recovered as steady state after 54 hours of changing in the later test.
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Tahle 1. Compuaszition of the syuthetic wastewater

Components Concenlration(g/]
Phennl 0.50
(NH 504 D.30
NaH,PO, 0.05
MgS0, - TH,O 0.05
KC1 .05

pH 7.0
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Table 2. Fxperimental conditions of batch cullure using activated sludge

Items p.sp. B3 Activaled sludge
Inacnlation volume (%) Innculation volume (%)
Reference 7.0 0.0
A 3.0 3.0
B 0.0 7.0

4

=4<€ 47 ZASIS Y. Phemol Eme =
7l phenol’sX= 500mg/le] S 535 ojaks =
AEATEE HE dwigdozm Algsiziod
olmf % 30°C. Mgde 27 pH= 7.02
2 &Zstn gAY fAss 150mpme #
Z| &ttt

AP FH= Table 28} Zr}

2. Glucose?| Al

dguiokd 218 TR §22 xdibe]d
M oA gsts BT w3 WY fed o
7] W Eel BElse] A FFEE 4L
Dlti'

Pl 2 2 phenoldt ¥4 glucoseZ & 13}
4 phenol EajFFe 7] Ei EAL =i}
akgith. ¥4 Table 12] §FA#H 48 A}gstyl
o, glucoseE Omgd, 250mgd 2 500me/l
= 7P H bt HEdlREH o, o)
300mi M7 Tet~HE At8stglern] . phenol
E_gﬂ_&_gq ﬂuﬂagnﬂ :{—13%131*_*2. -1 6}-17?11'-]-

gl AW 202 919 TLEA 48
I eAx544
1. &HE=x|

AHAF] AA e Fig, 13 2 2717 843
+ 4. 82 72 17em. AE ldem. ¥
20cme|n] FARe LA () 8ioln of2d
Al g A =Erd o

FeRE AlE3le Er) Lo LT E 30 +
I'C2 FA3tEr F21e E7)£2 dxdA

A7 S Fobo] #ddl WbS-FIUie) DOE
2mg/l ol % FEEtEv Eg g4 H s peri-
staltic pumpz Al &3l Z7|z2] AR &

_B‘LE_@

L
';' 0
o | @ B
1\.:: 3
ol I @
(1) Feed tank & Sedimentation tank
@ Feed pump (7) Constant temperature bath

(3} Air diffuser @) Effluent wastewater
) Aerationtank (9) Air compressor

®) Sliding baffle

Fig. 1. Schematic diagram of the experimental con-
finuous reactor

259, e pHE 4~72 FTH5] =2

713¢ pHZ 7.0 £ 0.28 &A sbgdck MLSS
+ %+ sliding baffleg Al 830 =Adslde
o, FERe AR ATl MBS
H 28 o

2. F/MH|8] HEY| &
Fig. 12| v271F A} 258l F/Me| 2 w3}
W= phenolit CODA 7 ® SVI 2& =A}E
drt, 2 FMUd M e o)alEe A absa] 7}
Eefat =& F/MUloM o Al4ge <=
o 2 sludge bulkinge] L4357 4 el
F/Me| o] 2o wi}l A 2|$2| phenolst COD
T W BVIE ZAEl 2 o256 33z F/M
el A [JAILE &S}

42 phenol ¥:& 1 000mglelw, =)
A1 30hrel 4] L7 Z o] MLSSe| 528
Hetote] FMEIE 0 0504 1.2703] w74 e
= ZHaET

H2 EA
L— -

—191-



0% F 4R

_}'ﬁ'l' [T }‘lﬁ-?—anl:

1996, 9

3. EARgo d3jof Mg S S¢
2o =34 phenol E#l 752 phenold] of
g =24 2 Az #Hrlalv] Astd FHSS

o gk FHeee wEH TR 58 A
7t mAbebT}. old FHLdd W FY
T AFAGAS Y ]:-hent:-l EE.—';_‘-—
1, 000mgiel~ 2.000mgles WA 7] A
47 phenol Tl AFALS rﬂ[}hrfﬂl S
15hr2 #H3&te] HHSHT} |

Phenol 23l&-& 247 A3l 100mé 4
#rxgl 2 Fe] J0mie! phenol FTHFUIRE T
Zuf ke 0. lml-S BE5H 30°Cell4 30hr 2
ebwjeF Sgct. @4 45t spectropho-
tometer(Spectronic 20) 2.5 660nm~1A &3
=2 el

Her g2 g8 PEoR &
Aol WA 2 A} gstgen, As Bmlig A al
o 3. 000rpmo 208 Q2= 3 AT
dle] &&= phenol?] & FFsthd

Phenol 3o 248 FAAFTHAHY
of Z3¥on CODe MLSS 2 MLVSSE
22) ¢ Standard methodiie] 23] =23 &t
DO 242 New BrunswickA}2l DO analyz-
erd ALE3ld S ST

P

FLH

A% ¥ nE

Phenol 2slMZ2 =3
pw @5 % Aol M $48 TFE
AR el HyEy 43R gugdyd EA

g2 zZAEY FTAY ZIy B HFE
Psendomonas sp.& & A 5 o ¢ &
Psendomonas sp. B32 298 &% ':'“1 a| 2
Apdd 4 ASAPT 9@ FAFTE AE

skt

1. gMdEexe g

dxgAeAe] €A 7t phenals T -
Azd + A=AE F2AE] sk Fr s
£l 3} phenol #aliTe Awhgkd & 747
AEete] Wuiratden AHAIAE Fig 2o
bl S

rFaaa)de] EFrF EZFY
5312 1] phenole] £#A 3] AlAS=H 130hr
o] AZau9ert B - 4% phenol 3t

L] - 2z

3 AsegAde EE2edde £

A 23lg L o phenol a7t A3 st
36hr o= #28] AU

Zrlzx =g g FFA Téhr TUA ME
2 @A HA$ile FErIE = 7 SleH,
o] 717to] R|1}H 54hr Fo] phenole] Y- F
A7 5, els) @e Aol Bacteriat 9
EH A st ”Eﬂ"'ﬂ bk S R jle

B8 : Reference

A A A lll'l
8 .0 \

300

200

100

Remained phenol concentration {mg!1)

60 80 100 120 14D

Culture time (hrs)

Fig. 2. Effeet of activated sludge on phenol degra-
dation {Inoculation volume, Reference: p.
sp.33 7.0%, A: p. =p.B3 3.5% and activated
sludge 3.5% of the N sewage treatment
plant, B: activated sludge 7.0% of the N
sewage treatment planth

—122—



& 104 & 488

Phenol @& # 2] 212]E 94 dakoajel A3 Ea

2. Glucose=| €%
Eb4-21 2 2 phenol?} A glucoseE
o« phenol H&ETFY FFRHSEAS
2oz Fig. 3« el
HAigla s phenolthE FisldlEs A% B
4] k-2 36hro] 2 9x9 21} glucoseE A
#7138 S T3hro] ALa 9o
Soda®} UdakaZ4'= phencl® ZE& 3=
veasts! Trichosporon Cutaneum POBl4S
gl &t phenolie] J A4

H 718t
AL

¢l catechol 1, 2-oxyge-
nases TH3ty s FYUT @hgle] W
z5to] whebd] phenol3} glucosed Ale] F A
activity 7} wslgicin Sf9ich Es] afA]of &
A HrE A
£ glucose BTl phenolE FHHo T o)&
sl ., phenol®] F=7F A& gldd o glo-
coseE o| £l W matdo

E AEM g2 plueoseE #A H7|
33 & 4+ phenol® FalE=rs 2l o
= phenol?} glucosed AAFH o2 o] 24517
=2l AeR AlgHE

2810 2 phenold glucosesS

]

500

Eﬂ 400 & : Reference
”"é" 1 a8
E EE
g 300
:
g 200
A
% 100
s .
0 i | l' A |

0O 10 20 30 40 50 &0 70 BO

Culture time (hirs)

Fig. 3. Effect of glucose addition on phencl degra-
dation (Refersnce: 500mg/l, C: Phenol
500mg/] and glucose 250mgdl, D: Phenol
b00mg! and glucose H5Mmg/1).

V. oS4y

1. F/MB|E| HE| e HE 54

Fig. 4= F/MH]{kg phenol/kg MLVSS - d) &
5}l w2 phenol ¥xs} COD A4 2 SVI
T Jehdo, F/Mel= 00544 1.2 7=
*Eﬁrﬁ}‘xl Of: L0 e

F/MB] /F 0059 0.62 7F3 = RAZR &
23 Aod2 SVIE vehvyict. F/My
0.62¢+ 8SVIE= &5 COD%Y phenol T 5TE
z}zt E3mgflst 1.2mghS JEl L a8 A]
AAe FMEE= (. 315 ekt gdulden
2 2ol #= FMH| 2] HAAes 035 0.6
Abel= e A gith, B A¥Hg FMu = oA
FE A M FHHe FE Vel ol
phenole] ®lAE« =4E& iz r|AE<
Aegd Aaldgs T et shyel #7152
T & phenols] 7]5E3 Aol 7915k o=
AR E U

';{' il

2. 2452 HEd = HE5d

AR A Ay phenol T E

Fig. 52 Zv. T3 F3t&y HE(0 8ke
phenol/m? - d=llA] 1 6kg phenol/m3 - d}| o
sl AAT FEOH AFAME a2
o] 4WF AFATAS I slAE Am

350 350
ﬁl
= 3 *—8  5V] 300
E d—d - OO cone.
£ 230 © w @ - Phenal cone - 250
5t
5 200 - 200
= s
& 150 |- 50 &
z oy
= 100 | s 4 100
z . s
T S0 el & = |50
¥ Aa e .
LEL (R — - - | I 0

acqa a2 04 d6 Q08 MQ M2 Q14

Fd raho (kg phenolfd. kp MLY5S)

Fig. 4. Variation of phenal and COT} concentra-
Lions, SVT according to FM ralio.

—123—



¥10 & 55 4%

KB | TS

E{] - ——
50 & & -HETr 30hr —= 150
" B - Pheno! conc. 1,000 mgd —=2,000 mg/
=
2 al
E | - shockmg paint
B apf-
8§  af
;
40 60 BO

100
Time (hrs)

Fig. 5, Variation of phenol concentration according
to shocking load.

o} @4 g7l 240 YetEn. =3 A
A7 Azte] 45 FHAF 12hr Feol phenol

= 3dmgfielm 65hr Fof) E5|Z7l G
At 2 Bolsic}. wbE 59 phenol FE=HSH
o A% 20hr ¥ HAWFY 12mpic =z VElR
i1 54hr §o] 448 g3 dc. F #E
g yage] A5 AT AFALAAN F
w7t TR 7] =rbele ABRT Y4 d pholA
A H21zZke] ZHaA7] EolEW FrxY FTHe
A5t ®WE ARYe 234 dig g3k

<00

8% -HRT 30 hs —= |5hr

BN . Phenol cone, 1,000 e —=-2,000 mgd
400

300

200

COD concentration {mgf1)

100 - shocking point

0 20 40 50 a0 100
Time (hrs)

Fig. 6, Variation of COT cancentration according to
shocking load.

- 1996, 9
Eptet
Fig. 6& 2+2%8&d e CODEmel
3= vlelh AT}t Phenol X 8f W% AE

cheldlLt H FA|Ee] Zelris  phenole] F‘,.;fsﬂ
o] o}E < TaAz HaEe %»‘ME_ o
dosia 443 2RaHA w& FLEELE
CODn =719 fdcle] Y= Aol A]—EE-_I]:_]
Fig. 7¢- 2Z %5 m2 8VIg was o}

ehdich,
2212 F/Ae SVIE 80013 F4%3
a2hrie] 4R Sl ARAT Ve 3

o= asnolz, dAE HFADAA FEE
o] H$= 2585 Yegur, SVIY F51 &
ole oy 7IA7E e B gddde a3
A2l =22 5-&3 phenole] H7de] 7% A
oz AtEHT}

SVIe| HoiS7t & A A3 Zaste Ebhr¥
4] H Az Eolgdot &7 a80 2
2 =yl et A 7ke] o] ulelA F/MH
AoER girslat. F FA5E 272
MLSS =x& 2, 051mglggor) H RS §
20hr. 45hr, §0hr %2 MLSS ¥+ &
2 254mg/l, 2. 548megld ¥ 2 98Tmgl = ZHE
el 2428 §0hr Tode F/Mu|FL 078
o A ().54% Tradhsich,

500 - e
& & HET 30hr—> 15hr
400 - w8 : Phenol cone. 1,000 mg —==2,000 mg/
200 L f,hmking point
= V”\
& ; —
. /\1“ .
i 8
100
0 . | ! | ]
a 20 44 60 80 100
Time (hrs)

Fig. 7. Variation of SVI according to shacking load.



s 108 48

Phenol 3 5m 58] Hal8 slq QB 43} A5en

el - 448

VM. & =

Pseudomonas ap. B3E o] &¢&le] phenol %
7 HorY Melz §3 gz AE 54
& ZAbalsd o)

SteF x| lae] Zrz=EY wE 3£
@& ul phenolo] $hA3] AF =0 130hre)
22 ¥E o} phenol BeFy E7) LGS
EF9t31= o phenol 36hr Ty ¢HF
Al A = st

Eht9l o2 phenol3hs Folalddg #HL
A Al 72 36hre] 485421} glucoseE 37
HA7Me 4% 73hre] A85F9YY, ¥iges
glucoseE 7 Hrlotsi€ 7% phenold] &
MELE =&, o9l phenoldt glucoseE A
AR olgsty] fiel de AlgHet

F/MH[ 7} 0.05<01A] 0.62 A4 Az ok
% Meleg3 SVIE elgiglct. F/Mu)
0.62<4 SVI= 85, CODs} phenol &=
2z b3mgide 1, 2mgds YER T 24 FM
Ale 0. 3158 velske)

3o 0. 8kg phenol/m? - do|A] 1. 6kg
phenol/m? - d= H&3 25 Ut Fro A
AFALE FAasts Aol Lald A FAl<Ho]
M FEE Frlsle= ARTE g8 e &

— L ™
Aste) A4 3
-

M

o] el EF A FA7E
HAZ 12hr £ phemolisy £ & 34mgfiol 1
65hr $o) 7120 FUNH T Forgeh W
T % phenol FxWsE] #H S 20hr T FHo

N 12mgle 2 et D Rdhr Fo] 3 A4
el EEsR T

ML=

1. Borja R, A. Martin, M. Maestro, M. Luque and
M. M. Duran: “Improvement of the kinctics of
anaerobic digestion of malazses by the removal
of phenolic compounds”, Biotechnology letters,
15(3), 311, 1993.

4., AWWA: Standard Method for the Examination
of Water and Wastewater, 15lh ed, 5-9. 1971,

J.

14,

11.

13.

14,

16.

—1256—

(Gustafson, R. L. and J. A. Lirio: *Adserption of
arganic 1vns by anion exchange resins®, Ind.
Eng. Chem. prod. Res. develop . 7, 116, 1965,
ot ol T elFU TEeH S
Phenol waldaoe] T4A8F%, Kor J Appl.
Microbiol. Biotechnal., 19(6), 824, 1991,

Weber, W. JJ. Jr. and M. Pirbazari: “Ad=orption
of Toxic and Carcinogenic compounds from

Water”, J. AWWA, 4, 203, 1982,

. Goto, M., N. Hayashi and 8. Goto: “Adsarption

and desorption of phencl on anion exchange
resin and activated carbon”, Environ. Sci.
Technal., 20, 463. 1956,

. Craok, E. IL, R. P. McDonell and J. T. McNulty:

“Removal Recovery of Phenol from Industrial
Waste Effluents with Amberlite XAD Polymeric
Adzorbents”, Tnd. Eng. Chem. Prod. Hes.
Develop., 14, 113, 1975,

Van Viet. B. M. and W. .J. Weher: "Comparative
Performance of Svynthetic Adsorbents and
Activated Carbon (or Specific compounds
Eemoval from Waste water”, J. Water Poll.
Control Fed,, 53, 685, 19481,

Bayly, K. C., S. Dagley and D. T. Gibaon: “The
metabolism of eresols by species of
Pzeudomonos”, Biochem. J., 101, 298, 1964.
Harris. (3. and R. W. Ricketts: *Metabolism of
phenolic compounds by yeasts”, Naturc, 195,
473, 1962,

Henderson M. E. K. “The metabolism of aromat-
ic compound:s related to lignin by some
hyphomyceetes and yeast-like fungi of s0il”, J.
ren. Microbiol., 26, 155, 1961.

. Mckinny, R. E., H. C. Tomlinzon and R. L.

Wilcox: “Metabolizm of Aromativ compunds hy
Activated Sludge”, Sew. and Ind. Waste, 28, 4,
1356,

Eckenfelder, W. W.: “Comparative Biclogical
Waste Treatment Design”, Jour. San. Engr. Div.,
Proe. Amer. Soc. of Civil Engr., 93, 546, 1967,
Kostenbader, P. T}, and J. W. Flechateiner:
“Biolugieal Oxidation of Coke IMlant Weak
Ammonia Liquor®, J. WPCF, 41, 2, 1969,

. Radhakrigshnan, 1., and A. K 8., Ray: “Activated

sludge Studies with Phenol Bacteria”®, J. WPCFE,
46, 10, 1974,

Kilby, B. A "The Bacterial Oxdation of Phenal
to B-EKEetoadipic Acid™ Bio-Chem. Journal,



%10 % o 4% i 1 AGER R
43(1948),
17. %24, 94 CBILHA T4 T phenolic

18.

19,

200

1996, ©

Adla F2 HAxd=ld 4P SF-FHFSHIER
1. dERAZA &R =], 15(5), 697, 19493,
Manickam, T. 8. and A F. JJr. Gaudy: “Compari-
son of achivated sludge response to quantitative,
hydraulic and cambined shock for the same
increases in masgs loading”, proceedings, 37th
Waste
University, Ann Arbor Fress, Ann Arbor,
Michigan, 1982,

Rozich, A. F., A. I, Jr., Gaudy and P. C.,
D Adamo: “Predictive model for treatment of

Industrial Conference, Purdue

phenolic waste hy activated sludge”, proceed-
ings, 37th Induatrial Waste Conference, Purdue
University, Ann Arbor Preas, Ann Arhor,
Michigan 1952,

Rozich, A. F. and A, F. Jr.,Gaudy and P. .,

21,

23.

24

—126—

Fadamo: “Predictive model for treatment of
by activated sludge”,
Proceedings, 87th Industrial waste Conference,
Purdue University, Ann Arbor, Michigan, 19582,
Krieg, N. R. and J.G. Holt: Berggy's Manuals of
gvstematrics Bacleriology, The Williams and
Wilkins Co., Baltimore, U.S.A., 1954,

waste

. Cappueceing, J. G. and N. Sherman: Microbiclogy

2nd ed, The
Benjamin/Cummings Publishing Co., Tne., Menlo
Pack, 1956.

R s EBe. AHBROERSE, A
e, 1992,

Makoto shoda and Shigezo udaka: “Preferential
utilization of phenol rather than glucose hy

s Laboratory Manual,

Trichasporon Culuneum posscssing a partially
canstitutive catechol 1,2-oxygenasc”, J. Appl.
and Environ. Microbiol,, 39(6), 1129, 1980.



