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EVALUATION OF BIOFILM DEVELOPMENT AND DETACHMENT
IN WATER AND WASTEWATER TREATMENT REACTOR

AB BB RE &Y BhHE BE
Akiyoshi OHASHI; Hideki HARADA* Kiyoshi MOMONOI**

ABSTRACT ; For rational design and operation of biofilm reactor for treatment of
water and wastewater it 1s necessary to clarify the mechanism of biofilm formation
and detachment and to estimate biomass hold-up retained within the reactor. In this
study a relationship between the adhesive strength of cells, the biofilm detachment
rate and the content of extracellular biopolymer was quantified to investigate what
factors govern the phenomenon of Dbiofilm detachment. Experimental biofilm which
consisted of denitrifying microorganisms were established on inner surface of tubes.
The critical value as Bingham fluid for biofilm which corresponds to adhesive
strength between cells was much higher than fluid shear stress acting on biofilm
surface. Therefore not only extrinsic factors like fluid shear stress but also
intrinsic factors of biofilm physiological conditions may take a important role in
biofilm mechanical structure and detachment. The high correlation between biofilm
loss rate and biofilm mass per unit area was observed. With an increase in biofilm
mass per unit area, the content of extracellular biopolymer decreased, whereas gas
content within biofilm increased. The magnitude of biofilm detachment seemed to be
attributable to the content of extracellular biopolymer and gas production.

KEYWORDS ; biofilm reactor, water and wastewater treatment, extracellular biopolymer,
biofilm development and detachment, adhesive strength
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2. EB
2.1 EREBRBIOLE
HEREBOEE % Fig LitRy, I/BELLT
B3 1lmOF2—7T2H, thzEFIK10~12
KEHELTH2, BRF 2—TIMBSLV L 51T, feed
F.—TONREALHBO7 7Y VETHE T tank
HB, Fa—THOBHRERIL, B4 7 LBER
2o LTI L - THEMNIKKTL TV S, effluent

surge tank test tube
P

WU HHEHRHYE

EBiL, Table 1 iT/RL TH % 4 RIIOKHETET 11% 100 cm
, recyc
>72o RUN 11, AYBEREOHS 28ET 5% tank -\\mm%m
T, RUN 28,4 BRHELHERHROBIL 24
MEOBEELEZRDRELTIT->7, HRUN Fig.1 Schematic diagram of the tubular
b, BEIIKESAKELTHERS Y Y4, reactor with effluent recycle.

IKEHEEHKE LT A & 7 —b & EEBIEED & R

ANTWVWBALTFTAT, VoBEGK( 4 BEIDTH=T0RLTH%, BEBL /AR —2—F
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A TOMBREEEL Y = — VT, EWED b HEET 2 EY R RBIICHEET 32010, ERE V2R

Table 1 Experimental conditions

RUN Tube Flow rate Substrate concentration
(ml*min™ ') in feed tank
Material Inner Segment Feed Recycle NO ,-N Methanol
diameter{mm) tank tank (mg*1T') (mg-17')
1 Silicone 2(each diameter).
rubber 6.8,10,12,15 10 (total) 60 190 100 300
2 Polyvinyl
chloride 8 10 28 170 300 900
3  Polyvinyl
chloride 10 12 28 166 400 1200
4 Polyvinyl
chloride 8 10 28 120 400 1200
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EMES L CRIBEEHOMEA T ) v —~DME 2RKESHEBEICL > T2, £, RIRUITEH 2+
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ErLBEHINZEEID EREOHI/NIL22ETFHEIN%, Fig. 2~41wH T, RUN 2 & RUN4
L2 EZRL TS5, RUN 8 EiddhDBOIEH SN, RUN 2,4 & RUN 8 OEBRFRLED B
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Fig.2 Temporal change of biofilm Fig.3 Temporal change of biofilm

mass per unit area Xp. Symbols : thickness §. Symbols : (O )RUNZ,

( O )RUN2, (@ )}RUN3, (D )RUN4. (@ JRUN3, (O )RUN4.

—212—



- " 50
o 100 ' ]
3 by
% ap
gﬂ E 40 “
3 3
L2 50 1 a | o o
=) z 30 @O
o %
Z -] = g='1sh
a a 20 g
: z Qoo
a 2 D
io—
= <
= | b
=
2 10 ! 1 S 0 .
/M 0 20 40 60 m 0 1 2 3
TIME (day) BIOFILM THICKNESS 6&(mm)
Fig.4 Temporal change of biofilm Fig.5 Relation between biofilm dry
dry density Pbg. Symbols : (O )RUNZ, density Ppbq and biofilm thickness §.
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Fig.6 Temporal change of volume ratio Fig.7 Temporal change of biofilm
of biofilm components for RUN3. wet density ppy. Symbols : (O )RUN2,
Symbols : (O )water, (®)cells, (0)gas. (@ )RUN3, (O)RUN4.
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Fig.11l Result of viscosity test for

RUN4 (26 day, ppg=13.4 mgeem™?) . Fig.12 . Influence of biofilm dry
density ppg on plastic viscosity.
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Fig.15 Grain-size-distribution curves of detached biomass fragments.
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carbohydrate per attached( O ) and of biofilm mass per unit area. Symbols
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Table 2 Result of multiple regression analysis

Partial regression Partial corvelation

coefficient coefficient t-value
Coefficient (mgem=%.h=") 15.7
Phgt 8 (mgecm™?) 45.6 0.536 2.6417
To (dynecm™?) -16.5 -0.301 1.224
Va/v (%) - 1.93 -0.186 0.734
ECP/VBW (%) - 1.81 -0.098 0.379
Multiple correlation coefficient 0.813
Ratio of variance 7.45%%

% : Significant at 0.05, s+x: Significant at 0.0l
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RUN 8 OBEDERIIC 2O TIZBES » T,
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BOBEWRA—THd-» T HNEEYEE

Table 3 Correlation coefficient

(BERTE, BE) 520 nEEmT Pogré T Va/V  ECP/VBW  Rd
2128, #FBEMR L HELEMEREE ebd.s 1.000
BrBEIC S D L EL BN D, Fig 1742 0.569° 1.000
i o Fig. Va/V 0.534 -0.182  1.000
COBFEPEAFELI & DT, Rittmann 5 ECP/VBW  -0.774  -0.348  -0.437 1.000
Rd 0.788  0.314  0.448  0.672  1.000 -
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