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Purification properties and change of dominant bacteria flora in the biological filter.*
Yosummara, K.,** K. Osanua, Y. Funo, and S. Usoa (Department of Food Science
and Technology, Faculty of Agriculture, Kyushu University, Hakozaki, Higashiku,
Fukuoka 812) Hakkokogaku 58 : 131-138. 1980.

Three biological filters different only in the depth—1, 2 and 3 m—were seeded
with Flavobacterium sp. S78 which grows well around the polypropylene filter media
(average diameter of 25 mm) used in this study. To develop and maintain the biological
film, fresh synthetic wastewater consisting of glucose, Polypepton, and KH:PO« had
been recirculated every day on a batch basis keeping several controllable factors
constant as follows; ambient air temperature of 25°C, wastewater temperature of 20 C,
applied organic loading of 1.4kg COD/m?/day, recirculation flow rate of 180 m?/m2/
day and forced ventilation flow rate of 180 m*®/m?/day from the top of the filter.

During the course of operation, the changes of the dominant bacteria flora in
the biological film were investigated in connection with the purification properties
of biological filters.

It took about two weeks for the purification capacities of each biological filter
to reach nearly constant levels after the fluctuation of the early working-in period,
which was attributable to the following fact; the biological film developed early by
the forced inoculation of Flavobacterium sp. S78 was dislodged from the media and
new film was successively regenerated by different types of bacteria.

The relationship between two variables—filter depth and hydraulic loading—and
purification efficiency was followed with the general form (C./Ci=10"%"/9"%) of the
removal equation developed by Howland and Schulze. The rate coefficient k, and
the exponents m and 7, which are considered to depend on the nature of wastewater
and the other conditions, were 0.49, 1.34 and 0.69, respectively, under the conditions
established in this study. It was found as well that COD removal capacity could be
related linearly to the COD loading applied to the filter (COD removal capacity =
0.135 COD loading + 1.5), assuming the removal capacity by biosorption to be about
1.5kg COD/m®/day. These results suggest that the three biological filters used in
this study bhad closely similar properties from the viewpoint of purification.

Sixty one strains were isolated from various levels of each filter, with members
of the genera Arthrobacter, Flavobacterium, Klebsiella, Pseudomonas, Alcaligenes
and Bacillus as the predominant types. The apparent changes had been effected in
the dominant bacteria flora established in the biological film of each filter throughout
the operation. Flavobacterium, which was used as the inoculated source, was detect-
able only within the first two weeks and subsequently there were changes to other
dominants : Pseudomonas and Alcaligenes via Klebsiella and Arthrobacter for alm
depth biological filter ; unidentified genus, Klebsiella, Alcaligenes, and Bacillus for
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both 2 and 3m depth biological filters.

The changes from Flavobacterium to the

other bacteria corresponded closely with the dislodgment of biological film developed
in the early period from the media. Members of the genus Klebsiella and Alcali-
genes were more prevalent bacteria than the others for all filters.
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Fig. 1. Plot of percent COD removal vs. hydraulic
loading for each biological filter.
The synthetic wastewater with a COD of 200
mg/l was applied to each biological filter at
hydraulic loading ranging from 20 to 180 m3/
m?/day. Data (@, 1m; ®, 2m;and O, 3m
depth filter) had been obtained from about
one to two months after the beginning of
operation. Three curves show the theoretical
relationship between hydraulic loading and
% COD removal as the parameter of filter
depth (——, 1m;—-—, 2m;--~--, 3m
depth filter) according to the experimental
equation obtained from Fig. 2.
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Fig. 2. Correlation of biological filter perform-
ance data.
Relationship between filter depth (D), hydrau
lic loading (@) and COD remaining (C./C:)
was analyzed according to the general form
of the removal equation developed by Howl-
and and Schulze® (C./C:=10-%"/e*), Under
the conditions established in this study, the
following experimental equation was obtained
3 CefCy==10"0-49D1.84/0.69
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Fig. 3. Relationship between COD loading and
COD removal capacity.
For three different biological filters (O,
Im; A, 2m;[], 3m depth filter), it was
apparent that COD removal capacity was
related linearly to COD loading : COD remov-
al capacity=0.135 COD loading + 1.5. The
extrapolated value(l.5kgCOD/m3/day)to the
vertical axis is possibly indicative of the
removal capacity by biosorption.
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" Table 1. Identification of dominant bacteria in biological film.
Characteristic Dominant bacteria isolated from biofilm
Form pleomorphic short rod short rod short rod long rod long rod long rod
Size (gm) variable 0.3X2 1.0X0.5—3.2 1.0x1.5 1.5X6.0 1.0x8—15 (0.3x1.7
Gram stain + - - L = o+
Oxygen® aerobic facult. aerobic facult. aerobic aerobic aerobic
Motility. - — polar e peri. - +
Spore - — = = - = central -
Appearance pink orange straw pale olive straw gray - olive
Catalase +H -+ + + + H +
Oxidase - + . - ‘weak + Ho -
NOs to NO:  weak - - o+ - R n.d.
NO: to N: - — - - —_ — n.d.
Gelatin® - weak o+ - - - -
MR v ad - - - + -
VP - nd. . - + — + -
Citrate® - - — o+ - - -
OF (glucose)® acid alkali  acid, oxi.® acid, gas  alkali acid, ferm.!  acid
HsS - - - - - — - -
Starch® - " weak - - - + -
Indol .nd.® o+ - - - - -
Identified genus »Ar tgzg;er Flavt:br?;-m P “%an'as Klebsz'ellq__41\qal_z'gengs‘ ‘Bac‘ilrlus X

- 2 oxygen requirement
b gelatin liquefaction
¢ citrate utilization
¢ OF test by Hugh, R. & Lelfson, E.
(J. Bact., 66, 24 (1953))

¢ starch utilization
t facultative anaerobic
g not’ determmed
b oxidative
i fermentative

The dominant bacteria which occupied more than 30% of total colony counts on a
nutrient agar plate (glucose, 10 g ; meat extract, 10 g; Polypepton, 10 g NaCl 5g;
agar, 15 g ; deionized water 1,000ml ; pH 7.0—7.2) were isolated from biological film
during the course of operation. All morphologlcally different colomes were taken
and purified by repeating streaking or dilution techniques. Several representatlve
strains of all isolates were tentatively identified on the basis of their charactenstxcs

tabulated above.
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Fig. 4. Change of dominant bacteria flora and “g'- s Of
purification efficiency for 1 m depth filter. S < -
The dominant bacteria were isolated from *® o0k
the biological film at sampling depths of 5oL | Kteb3Terla % %
0.25 and 0.75m. Synthetic wastewater (200 2.751 ok Alcaligenes f
mg/l of initial COD) was applied to the e a4,
filter at a flow rate of 45m3/m?/day and the O 10 20 30 40 50 60

COD of the effluent was assayed to obtain
the purification efficiency.
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Fig. 5. Change of dominant bacteria flora and
purification efficiency for 2m depth filter.
The dominant bacteria were isolated from
the biological film at sampling depths of
0.30, 0.90and 1.75m. Purification efficiency

was obtained by the same procedure as in
Fig. 4.

* Time (day)

Fig. 6. Change of dominant bacteria flora and
purification efficiency for 3m depth filter.
The dominant bacteria were isolated from
the biological film at sampling depths of
0.25, 1.25, 1.75 and 2.75m. Purification
efficiency was obtained by the same proce-
dure as in Fig. 4.
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