EE T ¥R RSUE - §33% « 1996 (Proc.of Environmental Engineering Research.Vol. 33, 1996)

(12) BEHBEREWIERN OREBRRLF O8I BT 5 AR

Transport of Inert Fluorescent Microparticles in Multispecies Biofilms

FES BT, RM EHET. EE AT O /A
Satoshi OKABE", Takeo YASUDA™, Hisashi SATOH", Yoshimasa WATANABE"

ABSTRACT: The dynamics of spatial distribution of particulate components in mixed population biofilms was
investigated using ! um fluorescent microparticles as tracer. Shifts of the tracer bead spatial distribution in the biofilm were
measured by sectioning the biofilm with a microslicer and were compared with model simulations to evaluate the growth-
advection concept in the existing biofilm models. The tracer beads could traverse throughout a 360 pum thick biofilm within
23 minutes, could be attributed to advective transport via water channels and pores. The release of the entrapped beads were
much slower than predicted by a one dimensional model due to spatial and temporal changes in cell density in the biofilm.
This evidence implied that cell growth and advection was not balanced due to the presence of biofilm heterogeneity (e.g.,
pores and voids). Three dimensional observation by a confocal scanning laser microscope clearly indicated that the biofilm
consisted of semicountiguous base film and relatively high thickness variation of loose surface film. The substratum was
not uniformly covered by the biofilm and cell-free spaces and voids were observed near the substratum. This suggested that
the pores, voids and cell-free spaces in the biofilm were firstly filled with growing biomass, thereafter displacement of the
tracer beads took place once the cell density reached certain levels. Model assumptions of constant cell density and a
continuum concept (flat biomass) are clearly over simplified and should be revised. It was concluded that microbial
population dynamics in the biofilm can be determined by not only microbial growth kinetics and physiology, but also by
the biofilm structure and growth pattern. One dimensional approach (modeling) is, therefore, adequate to predict biofilm
accumulation and its performance, but inadequate to accurately describe the microbial population dynamics in the biofilm.

KEYWORDS: population dynamics, biofilms, fluorescent microbeads, confocal scanning laser microscope (CSLM),
oxygen microelectrode.
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Table 1. Experimental Protocols

Experiment Medium Dilutionrate Time atbead Lengthofbead  Average L, at the

M addition addition end of bead addition
(day) (hour) (um)
Run-1 Synthetic 0.26 0 24 25
Run-2 Synthetic 0.26 14 24 170
Run-3 Wastewater  0.35 6 24 40
Run-4 Wastewater 0.14 49 24 360
2-1. <A 7 uab— XDk EMETHNEEHET T v 2Av A 7 12— X (No.15702,

Polysciencs)id FHE A Lum, HLEILL. 05, BEIADOEBW AT N TS, #EEFEFITO I E—XHN
HICER D IAEN TV EDFIRTAZ e, MAEDICR L CEE LB 20, @ E o8 LM
EEAVDZ LI L O OWE L BB ICEMINRTRETH B,
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T e O KE R AR AR AR E (ROSHAREL. 4L, EMIERER2830en’) & A\, MRO—5iLE
WREOY ) L PO DIEERNE L OIMI L Thd, WL, BT AKRBIEOELTTR %
s s LTHGWKH—BEEAN Yy FCTEE L, £0%. AL FA(runs-1&2) & 54000 58 5E H A
{runs-3&4) & RAJEE & U CHllfoEin 21720V 5538 L7z (MRETAHEE 14rpm) . A TIB O AIENH,CI,
73.4: NaHCO,, 600; K,HPO,, 70; MgSO,* 7H,0, 100; NaCl, 71; sodium acetate, 17.1 (mg/L) Tdh 5, T
it K QSRR T IE ORI S B (13) LR CH D,
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N, DO) & EHIRICHIE L.
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Table 2. Initial conditions and parameters used in the model simulations.

Parameters Values Reference
Liquid boundary layer thickness (um) 70 (12)
Fraction of liquid phase in the biofilm (-) 0.8 20)
Fraction of solid phase in the biofilm (-) 0.2° Q0
Intrinsic density of cell mass (g m™)
heterotrophs 5.0x10* -
nitrifiers 1.07x10° -
Ratio of diffusivity i biofilm to water (-) 0.8 20)
Diffusion coefficient (m” day™)
acetate 1.04x10*  (14)
NH,” 1.86x10*  (14)
NO, 1.86x10*  (14)
NO, 1.86x10"  (14)
0, 2.19x10% (14
Reactor Volume (m’) 1.37x10° -
Biofilm area (m?) 0.283 -
Initial NH;-N conc. (mg L) 20 -
Initial acetate conc. (mg L™) 5 -
Initial DO cone. (mg L) 35 -

* Fraction of solid phase (f=0.2)=fraction of microbial species+fraction of tracer beads.
The imitial fraction of heterotrophs, NH,-oxidizers and NO,-oxidizers was 98:1:1. 1213
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Figure 1. Progressins of biofilm thickness. Arrows Figure 2. Penetration of the tracer beads into the
indicate the tracer bead addition. The tracer beads biofilm (run-4). The tracer beads were added at
were added at T=0 for run-1. T=49days.
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Figure 4. Changes in the tracer bead spatial distribution in actively growing biofilms for (a) run-1 and (b) run-3
during the bead release period. The beads were added at the early accumulation stage.
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Figure 5. Changes in the tracer bead spatial distribution in the mature biofilms for (a) run-2 and (b) run-4 during
the bead release period. The beads were added at the later accumulation stage.
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Figure 6. A oxygen contour plot, measured at flow velocity of
0.04 m/s and DO concentration in the bulk liquid of 7.3 mg/L. The

water flows perpendicular to the x-axis. The thick line represents
the surface of biofilm.
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Table 3. Measurements of the release rates of tracer beads from biofilms in various reactors.

Run-1  Run-2 Run-3  Run-4 Tijhuis et a/.”® Drury et al’

Type of reactor Rotating disk reactor BASR Rototorque™
Type of microorganisms Mixed population Mix. pop. P. aeruginosa
Type of substrate Synthetic Wastewater Synthetic Synthetic
Biofilm surface specific

substrate load rate

(g-TOCm™d") 0.15 0.15 0.21 0.08 25 5* 1.7 1.7

(geNm>dh 0.62 0.62 0.83 0.33 7.2 20 055 055
Ist order release rate coeff.

in the outermost layer (h™) 0.0098  0.0061 0.0041  0.0031 S 2L 2 2L

in the entire biofilm (h™") 0.0009 0.0004 0.0002  0.0016 0.0021 0.0024 0.021 0.030
Average cell growth rate

in the active layer (h') 0.015  0.017 0.043 0.023 0.037 0.056 0.077 0.110

*(g-CODm” d"). " Not available.

3-5. CSIMIC k2B

EMBEORE FET 2010, EEAL— P —EEREEBEEBECSIMEZ AV TRE LA, X
—Ta~dIZiFrun-4 I BT e — XM 1B % (5528550 B) O &EWEL~T, K—T7aldCSLMIZ L Y
287 (BRI S 5 1) 12 10umfEifE Coptical  sectioning L7 BH{R D 3 U — X &7R3, FRBIZR W TN
ERFRE—ChDH I EMPRZD, Z D308k L boptical  sectioning D & 3R TTAVICEHEE L2 b
DHRE-ToTh D, EVEREEEIMMICE S, XFEERITI—BRICAEYRE TREDR TR L TER (V).
A OEEPEOEE(CF) . KEWOERFET LI ERBETEL, HENMNOEYRIL
patchy CdiscreteZs~ A 7 B man =—"TCH ) 2N L P XRAESEICHEN L2ER. 20X 9 e RiEli22base
film®D Bz~ XTI B DREABKRINZ B2 b5, B—Tcii R 2HEICR W TERRE
S 140umiZ BT Bx-yWrE OBEE TH O . ZR (V) MR BIER N5, A-A, B-BOALRBICKIT 5]
WA —7d, 7e Th 5, SHEFMOEIEE (HEH) & SOOI IEHE A MO 2 Wi
EEREIIKBOBESNE R LTV D, ZIOKBITEYIEOERBES & AR 2 85 LR R R
E— XOBMBICERL TS L0 L Bbh 3,

—109—



(B)

CF 250um

Figure 7. Confcal micrographs of a 55-day-old biofilm, showing a representative biofilm heterogenous structure. (a) series
of optical sectioning images (10 um interval) of a vertical scan, (b) three-dimensional reconstruction of the optical sectioning
images (CF: cell-free space, V: void or pore, WC: water channel), (c) horizontal (x-y) image, 140um from the substratum,
(d) sagittal (x-z) view at A-A optical cutting position, (e) (y-z) view at B-B optical cutting position.
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Figure 7. (continued)
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Figure 8. Model simulations on changes in the tracer bead spatial distribution in the biofilms for (a) run-1, (b)
run-3, (c) run-2 and (d) rin-4.
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Figure 9. Changes in spatial distributions of total cell density in the biofilms for (a) run-1 and (b) run-4.
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