RIB TR/ - H35% + 1998 (Environmental Engineering Research. Vol. 35, 1998)

(36) AYROHABMIERRT - FBLURBEOHRARBICLSFME

Evaluation of Detachment-resistant Strength of Biofilm
by a Novel Tensile Test Device

A RR* /L 2 FER FhH*
Akiyoshi OHASHI*, Takashi KOYAMA**, Hideki HARADA*

ABSTRACT ; Biofilm mechanical strength could be categorized into two different concepts, tensile
strength and adhesion strength. The former and the latter can be defined, respectively, as biofilm internal
force that is resistant to erosion and as that resistant to sloughing at biofilm/substratum interface, when
external force is imposed. In this study a novel methodology is proposed to evaluate separately these two
different biofilm strengths by using a tensile test device. Test biofilms consisting of denitrifiers were
formed on the outer surfaces of tygon-made tubes (diameter 4.76 mm, connected with each other by 2 cm
length) submerged in a rectangular open-channel reactor.

The results demonstrated that biofilm tensile strength consistently increased up to about 1000 Pa as biofilm
formation proceeded, accompanied with variations in biofilm thickness from 0.4 to 2.9 mm and in biofilm
dry density from 2.0 to 8.5 mg SS/cm3 for a period of 50 days reactor operation. Whereas biofilm
adhesion strength drastically dropped to below 50 Pa as the biofilm became aged. The live-cell ratio of
the biofilm determined by INT method decreased to about 40% with biofilm maturation. This suggests
that dead-cell is likely responsible for lessening the adhesion strength. For tensile test, biofilm body is
assumed to behave as an elastic material. FElastic index of the biofilm was considerably related to the
tensile strength and to the density. However, the behavior of extracellular biopolymer content (ECP) was
not dependent on the tensile strength. SEM observations also suggested that rather than the biofilm
physiological properties such as ECP content, the biofilm structural properties such as elastic index are
more determinative factors for the tensile strength.

KEYWORDS : Adhesion strength; attached biofilm reactor; biofilm density; denitrifying biofilm;
detachment; elastic index; erosion; extracellular biopolymer; sloughing; tensile strength.

1. [FU®HIC

AL, MAEMESESRRTICNE L TR LRSLT Y F— M2 BR Lz b0 TH S, KAEOLEF
TiE, EHL<OLEMEELRHA L) 7 7 2 —BRABREENICAW N TE s, /2 AMBNIAKLE ORI 59,
BMARBTRADEFRBIZEE LEE2RIELTWS, fIXE 7Y 5—27 OEM. KRORASFA L E—Tx A
A, BEBBONSE 770 VS RRRY, KOIBAEM L ITMERANCEF ER R WAEEOMFENS B LA
FELNTND, —F, KLELSBIZEWTIE, fEROABESALEIZIEE ST, RBEHORSE -
XF—ifhE - 27 MEEREE - MERFEH o R FORBARSEMLB~OERNE L . EWEECXIIHE - &
FLOBLBEHRIZELNL TV

TOLSRBRIPL. TNETOT 7u—Fitx. HHOFEERANTEMRICETIBROEERN2EN
D0Hb. . ATEDENFEEROT, £MEOMEMERZHALI,IZLEL 5 EVIMEBEDO—DOTH
Y. 19954Ei2F 5 o X THME & 17 Biofilm Workshop? DEEM SIEHENK L, BAEIZBNTDH. 16S rRNA
R4y N LEFISHEZBE 5133 REMREDFEICERLTRY . £7UASBY F=a— L OB 4
) RBEALALNTWD, Z0M0Y—A & UTH/NEBRET b3, B/NERIIERIZENEMEH TOin situ

* £ B MR A2 T %80 (Department of Environmental Systems Engineering, Nagaoka University of Technology)
** (¥k) B4 (Kounoikegumi Co. Ltd.)

—329—



RREE HRWBEFERICHET 22 EMNTRETH Y. UASBY S=a— 1. Bt - BIsEmis, #ii Rk
MEREEFRAEYIRIGER U T, SMROMBEAS M, RPN EE RS S MAEME RN LN T
N3,

EWMRRERIC L BKMBER ORERBERIIBEBREOMEN LR TEDZ Z L TH D, IOk, KILEEERD
BERLRRAT-PRE - WEE TS £ T, AMBEBROESICET IHNARLERTR Thb. LaLaers, i
LORRIBOTRELTWS, Lhb, M MR BETHENINEL. T/LF~2 20 T30ThH
B507 KTV —var TR linkoT, Wil A AN RN RS LA BB LTVWEOT
HAHOM INOHOMEEDERN LM BIZET 2RI IEE IR,

EMERIIEMIROF B L I ORI X > THAY A LEET 220, ZOHIBIZIZES - HBEEHE O
BEF—RA L MTHY, HBEEGIZARZ TR AR H2 0NN+ 2 ) ERE HOERBILIIAATRT
bHEEZLND, LI L. HENOBESIFMHEIIRVOPBERTHEZ, 22 TEELIZ. TRETEIR
LIRS A LA BT E A NICEL IR MR TEWEERERNCH B LT, 20 L EOMLIE
ERLMBENE RO O | EARNFEME S S 2 L 522 S THRY: I X 2 kI3 & m iRt E e
LT . REL, BB NRIEE - TETIIARL,. HIHANICHEET I LWIER R SLETHD
e, EMEOWMME L B L OBREHBICIER T2 TIRES R Te, B, #FHEL—DiznoT
by FTOEXHILL> TRV IZKBIEND, —DI3EMELNEZRHEE OO EN. — B4 MRS
1, ThbbHliECHEAR Y v~ X THERESN D EMEOMER LONBENTH D, £io. EWEOHER
RBIZ L, AW O —ER0% R A0IT #IBE 35 erosion 0 MIRE 24 M Refhas BN D X 5 A KR R R EE (
sloughing) 72 EBATH D, EVEONEREIHEZ LI TAMIT IR N EEHINDN, Yok
HIFIMEAEZ DPICE > THEREOEERAWVIZRAL S,

AT, EMEAOHAEMR LORBE 2R TEMES H OFBRRE D 2V I3/ L AW e O %
REAHEBEOZHETIHHOFELER LT, RELBEAYBICEA L. EWEOREICE - TEBTHEY
MR, MR ~—AF 8. 48/ HREHE R L ONERERTIEEIE FHEBBEREMOIRETE S
MR L SREB LU BB & OBEIZ OWTRE T o T,

2. R
2.1 EYREBROERBLUEE

EMEOTERIZIZ. Fig BIAT L 5 RERBMEREBRARY 77 & — (KE1000X 45300 X % X200mm) % A0
Teo RUT 7 Z—13, BEMEGEZOW TR AT AN TR ST, HWEOFI5RRER L UM ERE & JIE
TEDIRHEITER L b OTHY, EMER AR GKIE: 1Sem, BRE315L) LEREE ki : 10,
BR:TS5L) REPNTHD, EYEBRETIZF 2 — T ERENERBEINTED, Fa—T70REY ICHEEY
AR T, #AIE<Z2y MV ERAVWTERIN, BAOKIREIIN0mymnbzYy, U7/ ¥—0
L FHREIZEAREZERE L TBRREBERO L SIZLTHS.

Fig1-b) iz V7 7 & —OWiER & 7T EWEOTRAHRICIZ, 5424 Tomm, WE3 18mmDF A AV Fa—7
2emiz A v b LicbDERWE. AF L A# (ER2mm. £320cm) I2XHEE LTOF 2 —T 263D
BLELOSEET 7 VAMOTF A MY —Ra=y Mty PL. BRI Y=y F20/EE3K - RESETH
b, oT VT 0 Z—HAIZIZF60EDRAT L ABHRRESEN. GFI0MEDF 2 — 7' — AREICEWE
PBEREND, EWHNIZ—FRIZHEERS 20T, H—REVEEZERETD LDILAT VL ABEO LIFIZT—
U —#WY i, T—F -tk o T 1lpmTHES YL, V7 7 X —IXERBEMICHE L T25°Clz il Lk,

MEEMBII A TEE CTHEMICER L, RERRZRLESRF+ERERECHT T, 2hEnRERED
ANy 7 EEY, RABEBTTAEKRTHERLT T 4 — KU, KEPHMEERIT 2 RS Lz, BEIIIKES
BHIZIEEET NV v A, kBRI LV —2E BV, EAREIRFNEN40meN/L, 100meg/LTH 5. %
fo. EHEEEL—HIZ) VRN Y 77— (00IM) EEINL. pHE70MGRIZERE Uk, ERiEHHE R A B

—330—



BMLTAZ— b Lk, 2B, ERERCBOTERBREZITV., BEKOEFRZIRL % ¥ o (BRI Uik,

Baffle wall Gear unit Baffle wall
N X

Biofilm

— T e
- n HH - Effluent ;
I‘ I Test prece unit
/ Stainless stick
\Test piece unit Motor —— - “'/ =
4 Recycle pum y Timer /,/
- = yd
o [ ¢
.| - 1%l
Carbon Nitrogen Tap water
source  source ‘
(a) Reactor (b) Cross Section of Reactor

Fig. 1 Rectangular open-channel reactor used for formation of biofilms to be provided for the
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Fig.2 Schematic diagram of tensile test system for measurement of biofilm strength.
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Fig. 3 Time courses of biofilm stretch during the tensile test on 11th and 29th days.
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Fig. 4 Two types of behavior of biofilm breakage on tensile test. Biofilm tensile strength
and adhesion strength are estimated from breakage (a) and (b), respectively.
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Fig. 5 Changes in thickness and dry density of the denitrifying biofilm formed on the tube.
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Fig. 6 Changes in biofilm strength of tensile: @ and adhesion:[[], estimated by the tensile test device.
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Fig. 11 Scanning electron micrographs of denitrifying biofilm on the 40th day.
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