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Analysis of the Activated Sludge of a Municipal
WWTP by Several Bio-Parameters
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The activated sludge from the aeration basin of the Su-yeong municipal wastewater treatment plant which
has operated by a standard activated sludge process in Busan, Korea was investigated during April 2004 and
January 2005 with several bio-indicators. The number of bacteria and fungi per gram of dry weight of MLSS
were estimated to be 3.1x10°~1.5x10° and 1.1x10°~1.1x10° colony forming units, respectively, by the plate
agar method. By cultivation-independent methods, such as 4°,6-diamidino-2-phenylindole stain and fluorescence
in situ hybridization, the ratio of eubacteria to the entire biomass was evaluated by more than 80% (v/v). The
ratio of ammonia-oxidizing bacteria and nitrite-oxidizing bacteria to the total eubacteria was determined to be
7.0~9.8% and 3.3~6.2% without heavy variation in spite of a period of relatively low temperature in the basin.
It would be expected that the nitrification would occur or at least co-exist throughout the year in the sludge
of many municipal WWTP with influents that contain the sufficient nitrogen sources although the WWTP does
not have any specialized processes for the removal of nitrogen.
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1. Introduction

Wastewater is a primary source of pollution of the
natural water environment. Most modern municipal
wastewater treatment plants (WWTP)s have one or
more biological processes for the removal of pollutants
from wastewater”. Because the biological processes
are known to be the most economical and safe proc-
esses, they are used not only in classical activated
sludge processes for removing organic materials from
wastewater but also in the advanced treatment proc-
esses for removing nutrients, such as nitrogen or phos-
phorus” ™. Although numerous studies have been con-
ducted on the ecology and microbiology of sludge, lit-
tle is known about the sludge. The aims of this re-
search were to investigate the monthly variation in the
numbers of microorganisms in conventional activated
sludge and the dynamics of the ratio of ammonia oxi-
dizing- and nitrite-oxidizing bacteria in sludge from a
WWTP. The investigation involved the following two
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categories of physico-chemical tests, such as the sludge
volume index (SVI) and mixed liquid suspended solids
(MLSS) as well as a biological tests such as the clas-
sical cultivation method” for detecting the dynamics
of heterotrophic bacteria numbers and a cultivation in-
dependent method for identifying ammonia- and ni-
trite-oxidizing bacteria groups®.

2. Material and Methods

2.1. Sampling

Samples of mixed liquid from the activated basin of
the S municipal WWTP were collected once per
month between April 2004 and January 2005. The
samples were immediately transported to the laboratory
after sampling and physico-chemical factors and bio-
logical factors were examined.

2.2. Physico-chemical factors

The pH and temperature of the mixed liquid in the
aeration basin were measured directly at the.site with
a pH probe. The sludge volume (SV);, devotes the
percent value of the volume of which one liter of
mixed liquid is settled during 30 minutes in an Imhoff
cone cylinder. The MLSS measurement was measured
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based on Standard Methods”. The SVI (sludge volume
index) was calculated using the formula below.

SVI=SVs (%)/MLSS (mg/L)} x10,000

2.3. Biological test by classical cultivation method

For the biological test by the classical cultivation
method, we counted the numbers of general bacteria
and fungi per g of dry weight of MLSS by the stand-
ard plate method in triplicate experiments. Plate count
agar (Merck) was used for counting the numbers of
general aerobic and facultative anaerobic heterotrophic
bacteria. Potato dextrose agar (Merck) was used for
fungi. The pH of the PDA was adjusted 3.6+0.1 with
10% (w/v) tartaric acid” and
amphenicol was added to repress bacterial growth.
Bacteria were cultivated at 37°C for 48 h and fungi
were cultivated 30°C for 48 h.

30  pg/ml  chlor-

2.4. Community structure by cultivation indepen-
dent method

It is well known that the cultivation and quantifica-
tion of ammonia- and nitrite-oxidizing bacteria are dif-
ficult and time- and labor-consuming®. For that rea-
son, we examined the dynamics of ammonia- and ni-
trite-oxidizing bacteria in the sludge by the fluo-
rescence in situ hybridization (FISH) technique with
their bacteria-specific 16S .DNA-targeted probes (Table
1) For the in situ hybridization, after washing
the sludge samples three times with two volumes of
phosphate-buffered saline (PBS, pH 7.2), they were
immediately fixed with 4% (w/v) paraformaldehyde in
PBS for 3 h at 4°C. The samples were subsequently

probes were removed from the slides with washing
solution and the slides were immersed in 50 ml of a
48°C pre-warmed washing solution and incubated for
30 min. After in situ hybridization with the EUB
probe, the sludge was stained with 4°,6-diamidino-2-
phenylindole (DAPI, 0.33 gg/ml in H,O) for 5 min.
The fluorescent-labeled probes used in this research
are listed in Table 2. The probes were labeled at
their 5°-ends with either Cy 5 (EUB, Nso190) or rhoda-
min green (EUB, Nb1000). For dual staining, a ammo-
nia- or nitrite- oxidizing bacteria-specific probe was
employed for the first hybridization and, after wash-
ing, followed by a second hybridization with the EUB
probe''®. Images were obtained by epifluorescence
microscopy (Axioskop 2 plus, Zeiss, Germany) using a
Neoflur lens. Quantification of probe-targeted bacteria
to the area of all bacteria was determined by an
area-based method from ten images“'m
values were averaged with the other data, after dis-
carding the highest and lowest values.

. The gained

2.5. Statistical Analysis

We used the single linear regression analysis pro-
gram to determine the correlation coefficient between
temperature in the basin and other parameters, such as
the number of bacteria and fungi per g MLSS of dry
weight and the ratio of ammonia- and nitrite- oxidiz-
ing bacteria to entire bacteria. The correlation could
be divided into 3 parts: strong correlation (| r | >

Table 2. Physico-chemical conditions of the aeration basin
on the sampling day

washed twice with PBS, and add to 1ul on silane Month Temp. (°C) pH  MLSS (mg/lL)  SVI
coated slide glass. Then, they were dehydrated with Apr™ 18301 6.6£0.1  1,600+60 301-324
series of 50, 80, and 100% (v/v) ethanol solutions. May — 212:0.1  6420.1 1,500 200
. . . Jun. 22.8+0.1  6.5£0.1 1,200£50 152-168
The dried samples were used in the FISH experiments. Tul. 273:0.1  6.6:0.1  1.120:20 351-364
FISH with 16 rRNA targeted probes was done on Aug.  24.7+0.1  6.7+0.1  1,040%10 167-170
slides according to modified protocols'”. The samples Sep  22.3:0.1  67%0.1  1,050+30 241-254
1 . Sy . Oct. 19.6£0.1  6.820.1 1,500£60 353-382
were hybridized with 9 ul of hybridization solution Nov.  157:0.1  7.040.1 27200 276
containing 50 ng of probe and then incubated for 90 Dec, 15.140.1  6.6£0.1  2,000+0 325
min at 46°C in an equilibrated humid chamber. The Jan. 9.6£0.1 6.9+0.1  2,100+60 241-255
Table 1. The rRNA targeted oligonucleotide probes for FISH
Probe name Nucleotide sequence (5°?3) Target position® Specificity
EUB 338 GCTGCCTCCCGTAGGAGT 16S, 338-355 All bacteria
Nso 190 CGATCCCCTGCTTTTCTCC 16S, 190-208 Ammonia-oxidizers of [-subclass of proteobacter
Nb 1000 TGCGACCGGTCATGG 16S, 1000-1014 Nitrobacter spp. of a-subclass of proteobacter

*16S rRNA position according to Escherichia coli numbering
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0.75), intermediate correlation (0.25 < | r | < 0.75)
and weak correlation (| r | < 0.25)"%.

3. Results and Discussion

By the 2003 year data reported from the S WWTP,
the WWTP was operated under a year-average of
BOD 95.8 mg/L, total-nitrogen of 26.2 mg/L in the
influent, and a year-average of BOD 8.5 mg/L and to-
tal-nitrogen of 14.5 mg/L in the effluent.

The mixed liquid in the aeration basin on the sam-
pling day was in the temperature range of 9.6~27.3°C,
pH range of 6.4~7.0, MLSS range of 1,040~2,720
mg/L and the SV3, range of 17.5~75% (Table 2). The
numbers of microbes contained in the mixed liquid
were 3.1x10°~1.5x10° colony-forming units (CFU) bac-
teria per g of dry weight of MLSS and 1.1x10°
~1.1x10° CFU fungi per g dry weight of MLSS (Fig.
1). The number of bacterial cells per g dry MLSS was
higher when the temperature in the basin was high
than when the temperature in the basin was low. This
suggests that the bacterial activities for degrading or-
ganic materials were controlled, not only by the con-
centration of MLSS which is one of main parameters
in operating general municipal WWTPs but also by
the number of viable bacteria per g of dry MLSS. The
number of bacteria observed in our results is agreed
well with the data reported by Kampfer'”. Concerning
that bacterial cells per g dry MLSS, they were more
when the temperature in the basin was high than when
the temperature in the basin was low. This suggests
that the bacterial activities for degrading organic mate-
rials were -conttolled, not only by the concentration of
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The number of cells / gMLSS
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Sampling {month)

Apr. 2004 May  Jun.  Jul.

Fig. 1. The distribution of the number of bacteria and fungi
per g of dry weight of MLSS on each month.
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MLSS which is one of main parameters in operating
but also by the number of viable bacteria per g of dry
MLSS. The number of bacteria was approximately
10>~10* times higher than that for fungi. It thus ap-
pears that the main degraders of organic materials in
wastewater are heterotrophic bacteria, and not fungi as
shown in Fig. 1. The SVI was even higher than the
generally recommended value (<150) of managing ac-
tivated sludge in municipal WWTPs'
problem was noted in the quality of the effluent. This

. However, no

indicates that activated sludge is tolerant and doesn’t
pose a problem with respect to poor settle-ability with
high SVI values in operating plants.

The proportion of eubacteria in the complete bio-
mass was more than 80%, indicating that the sludge
was largely composed of eubacteria with less amounts
of eucaryotic cells. The average ratio of ammonia-oxi-
dizing bacteria and nitrite-oxidizing bacteria were
7.0~9.8% and 3.3~6.2% of the entire eubacteria pop-
ulation, respectively (Fig. 2). These results are in agree-
ment with the results of Daims et al that ammonia-ox-
idizers occupy a higher percentage of the total bacteria
than nitrite-oxidizers'”. The ratio of ammonia-oxidiz-
ing bacteria to eubacteria was higher at a high temper-
ature than at a low temperature of the basin, and ni-
trite-oxidizing bacteria showed a different tendency
than the ammonia-oxidizing bacteria group as shown
in Fig. 2. However, the ratio to eubacteria remained
relatively constant, in spite of a period of relatively
low temperature in the basin. It would expected that

Sl ammonia-oxidizing bacteria
12 7 EZTE nitrite-oxidizing bacteria

i
4 : -
21 g
0 4 é ] g i
Apr.04 May Jun. Jul. Aug.

Sep. Oct. Nov.

percent to eubacteria

Dec. Jan.05
sample {(month)

Fig. 2. The distribution of the ammonia- and nitrite-oxidiz-
ing bacteria group to eubacteria of S municipal
WWTP Sludge.
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0.7204

correlation coefficient
(=]
.
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NB/gMLSS NF/gMLSS ammonia-OB nitrite-OB

Fig. 3. The correlation coefficient values for several bio-
logical indexes to water temperature.
NB : numbers of bacterial cells, NF : numbers of
fungal cells, OB : oxidizing bacteria

nitrification would occur or at least co-exist through-
out the year in the sludge of many municipal WWTP
with influents that contain sufficient nitrogen sources.
Therefore, the sludge itself could be a candidate as a
good inoculum for developing WWTP that would effi-
ciently support nitrification. By a simple correlation
analysis, the number of bacteria and fungi per g of
dry weight of MLSS and nitrite-oxidizing bacteria
showed a negative correlation coefficient while ammo-
nia-oxidizing bacteria displayed a positive correlation
coefficient with the temperatures of the basin (Fig. 3).
These results can be explained that the activities of
ammonia-oxidizing bacteria were higher at high tem-
peratures than at low temperature in the basin whereas
the activities of others including them of nitrite-oxidiz-
ing bacteria were lower at high temperature than at
low temperature in the basin.

4. Conclusion

From the biological investigation of sludge of a
municipal WWTP operating by standard activated sludge
process, we gained following results. The numbers of
microbes contained in the mixed liquid were 3.1x10°
~1.5x10* colony-forming units (CFU) bacteria per g of
dry weight of MLSS and 1.1x10°~1.1x10° CFU fungi
per g dry weight of MLSS. The proportion of cubac-
teria in the complete biomass was more than 80%, in-
dicating that the sludge was largely composed of eu-
bacteria with less amounts of eucaryotic cells. The
average ratio of ammonia-oxidizing bacteria and ni-
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trite-oxidizing bacteria were 7.0~9.8% and 3.3~6.2%
of the entire eubacteria population, respectively. The
ratio of ammonia-oxidizing bacteria to eubacteria was
higher at high temperature than at low temperature of
the basin, and nitrite-oxidizing bacteria showed a dif-
ferent tendency than the ammonia-oxidizing bacteria
group. By a simple correlation analysis, the number of
bacteria and fungi per g of dry weight of MLSS and
nitrite-oxidizing bacteria showed a negative correlation
coefficient while ammonia-oxidizing bacteria displayed
a positive correlation coefficient with the temperatures
of the basin.
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