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Abstract

Microbial communities in wastewater play an important role in treatment, and especially microbial
community composition and changes have great influence on biological treatment. In these cases, monitoring
and evaluating the changes with practical methods becomes important. Ecoplates may be an effective and
quick method for assessing microbial activity. Therefore, we observed, with Ecoplates, the microbial
community function of different operational units from wastewater treatment plants.

Wastewater and sludge samples used in the study were taken from different units of a sewage treatment
plant located in the Eskisehir in two different time intervals. Changes in wastewater samples’ metabolic
diversity and microbial activity were evaluated. High similarity rates were obtained from samples, as
indicated by the diversity indices and average well color development (AWCD) values. A return activated
sludge pump and anaerobic digestion unit were highly active in the community. Low substrate usage
rates were observed in the secondary classifier unit and the lowest used substrate was 2-hydroxybutyric
acid from the carboxylic acid group. The most actively used substrates were from the carbohydrate group
substrates. These results refer to the degradation capacity. In addition, results showed that sampling intervals
and operational conditions caused changes in the functional diversity of communities. This study allowed
us to gather general information about microbial community structures in different operational units of
wastewater treatment systems. The results obtained from the study showed that this method is useful for

monitoring the treatment process, bacterial changes, and operational parameters.
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Introduction monitoring of water quality in Europe and other parts of

the world. Wastewater treatment is crucial for the reduction

As aresult of climate change and the estimated scarcity of health risks and adverse impacts on the environment

of clean water resources, it is necessary to enhance the caused by the discharge of untreated wastewater [1-2].

Typically, wastewater is treated in wastewater treatment
plants in the activated sludge process. Fundamentally,
the process is identical as it was a century ago. However,
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the technological development enabled the removal of
phosphorus and nitrogen in addition to organic material.
This is carried out by exploiting the features of various
microorganisms. Nevertheless, it is imperative to improve
the process further because of increased volumes of
wastewater and because accepted effluent concentrations
of nutrients are becoming lower. Accordingly, it is critical
to comprehend the factors behind the composition and
dynamics of the microbial communities located in the
wastewater treatment plants. Groups of bacteria have been
identified and described for several processes in biological
wastewater treatment, such as unwanted foaming [3],
phosphorus removal [4], and nitrogen [5].

Furthermore, it is necessary to know the requirements
of phosphorus accumulation and nitrifying bacteria and the
growth rate to appropriately configure the activated sludge
process. Nevertheless, there are numerous unanswered
questions related to the communal level of bacteria in
an activated sludge at a community level. The method
of community formation is unknown, as well as the
dynamics of the communities and the optimal community
composition. Finding answers to these questions is a
requirement for improving the treatment of wastewater
[6-9].

The applied ecological research uses The Biolog
system to identify microbes and to discover modifications
primarily in soil microbial communities [10-17]. The
objective of the study was to use a community-level
physiological profiling (CLPP) methodology as an assay
for describing the wastewater microorganisms’ metabolic
diversity. Our study used metabolic fingerprints collected
from chosen samples to analyze functional diversity
indicated by the carbon substrate shifts. The results
enabled us to collect general information about the
structure of microbial communities in several operational
units of treatment systems for wastewater. The method
proved efficient for monitoring operational parameters,
bacterial changes, and treatment processes.

Materials and Methods
Sample Collection

Wastewater and sludge samples used in the study were
taken from different units of a sewage treatment plant,
located in the Eskisehir, in two seasonally different time
intervals. This wastewater treatment plant is a biological
treatment plant consisting of a conventionally activated
sludge process.

Sampling units were the fat/sand removal unit (FSRU),
primary clarifiers unit (PCU), activated sludge unit
(ASU), secondary clarifiers unit (SCU), return-activated
sludge pump (RASP), and anaerobic digester unit (ADU).
In total, 12 samples were taken in winter (January) and
spring (April). All samples were obtained manually,
and 3,000-5,000 ml samples were taken and placed
in labeled plastic bottles from each sampling point.
Samples in plastic carriers were quickly transported to the

laboratory and the experimental procedures were carried
out immediately.

Physico-Chemical Analysis

The pH of samples was measured with a pH meter
(Mettler Toledo) and chemistry of samples were
determined with a Perkin Elmer Optima 4300 DV optical
emission spectrophotometer in the Anadolu University
Medicinal Plants, Drugs, and Scientific Research Center.

For inductively coupled plasma (ICP) analysis of
samples at the different dilution rates (10- , 100- , and
1,000-fold dilutions) were prepared and analyzed. Data
analysis was carried out by SPSS (version 16) software.
To compare the ICP data in both groups (January and
April), we used Student’s T-test. The significance level
applied for test analyses was 0.05.

Enumeration of Mesophilic Bacteria

The number of mesophilic bacteria was determined by
counting bacterial colonies on a plate count agar (PCA)
media. Serial dilutions of samples on solid agar medium
were used. 1 ml samples were placed in glass tubes
containing 9 ml of 0.85% sterile NaCl. Serial tenfold
dilutions of samples were inoculated to solid media by the
spread plate technique. Plates were incubated for 24 hours
at 37°C and enumerated [18].

Community-Level Substrate Utilization Profile

To determine the community physiological profile
we used a 96 well Biolog EcoPlate (Biolog Inc.,
Hayward, California). Ecoplate contains 31 carbon
sources and one blank in three replicate sets. These
carbon sources are included in various groups (Table
1) [19-20]. Brief centrifuging was applied to viscous
and particulate samples. Then, 150 microliters of each
sample was transferred to each Biolog Ecoplate well
and 150 microliters of water was added to the control
well. Absorbance at 590 nm was measured on a Biolog
Microstation at 24-hour intervals for up to four days. Data
was recorded by using Microlog Data Collection Software
(Biolog, Inc.) and, with this data, carbon utilization
profiles of samples were verified.

Determining Functional Diversity

Data recorded for 96 hours was used in the calculation
of various diversity indices. For every 24 hours, substrate
richness or catabolic richness (S) were determined. S
value was calculated as the total number of oxidized
substrate (C). This number was the total number of wells
in the absorbance value over 0.25.

The Shannon-Wiener functional diversity index (H)
was calculated by the following formula (Eq. 1) [19]:

H=- Zj;l(pi(lnpi)) (1)
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Table 1. Biolog EcoPlates carbon source groups.

Well C-source Group Well C-source Group

Al Water - A3 D-Galactonic acid-y-lactone Carboxylic and Acetic acids
B1 | Pyruvic acid methyl ester Carbohydrates B3 D-Galactyronic acid Carboxylic and Acetic acids
Cl1 Tween 40 Polymers C3 2-Hydroxybenzoic acid Carboxylic and Acetic acids
D1 Tween 80 Polymers D3 4-Hydroxybenzoic acid Carboxylic and Acetic acids
El a- Cyclodextrin Polymers E3 v-Hydroxybutyric acid Carboxylic and Acetic acids
F1 Glycogen Polymers F3 Itactonic acid Carboxylic and Acetic acids
Gl D-Cellobiose Carbohydrates G3 o-Ketobutyric acid Carboxylic and Acetic acids
H1 a-D-Lactose Carbohydrates H3 D-Malic acid Carboxylic and Acetic acids
A2 B-Methyl-D-glucoside Carbohydrates A4 L-Arginine Amino acids

B2 D-Xylose Carbohydrates B4 L-Asparagine Amino acids

C2 i-Erythritol Carbohydrates C4 L-Phenyloalanine Amino acids

D2 D-Mannitol Carbohydrates D4 L-Serine Amino acids

E2 | N-Acetyl-D-glucosamine Carbohydrates E4 L-Threonine Amino acids

F2 D-Glucosaminic acid CarbOX);léic d‘s& Acetic F4 Glycyl-L-glutamin acid Amino acids

G2 Glucose-1-phosphate Carbohydrates G4 Phenylethylamine Amines and amides

H2 D’Il;il(:gﬁ;:r()l Carbohydrates H4 Putrescine Amines and amides

..where pi in the formula is the ratio of the absorbance of
each substrate (ODi) to the sum of the absorbance for all
the substrates (3 ODi).

In addition, after the Shannon-Weiner functional
diversity index (H) and catabolic richness (S) value
were calculated, the Shannon Evenness (E) index was
determined by the following formula using these values

(Eq. 2):

Ins )
Statistical Data Analysis

Each of the carbon source Ecoplate well values
were normalized using the readings in control wells OD
values [21]. After normalization, kinetic analysis was
performed to data. Kinetic analysis is a time-dependent
color change analysis and widely used. A sigmoidal
curve is often obtained at the end of this type of ana-
lysis. The average well color development (AWCD)
in each reading interval for all samples was calculated
[22]. The following formula (Eq. 3) was used for analysis

[23]:
0D1
AWCD =
Z 3)

..where ODi is the optical density of each well normalized
with control well.

AUC (Area Under the Curve) value was calculated
using the following formula (Eq. 4) [24]:

AUC 2 An+An+1
n=1 2X(tns1-t) 4)

..where A and A ,  are the absorbance values of each
well in two consecutive time intervals, and t and t | refer
to two consecutive times.

All these analysis results were compared to evaluate
the effects of incubation time and sampling period on
functional diversity.

Results and Discussion

Biological wastewater treatment plays an important and
crucial role in wastewater treatment [25], and efficiency of
operations depend on the activity of microorganisms [26].
The wide variety of bacteria and their role in wastewater
are found in two biological treatment units: the active
sludge process and anaerobic digestion units. Hence,
treatment plant operators must understand the biological
processes and organisms involved in wastewater treatment
and ensure the presence of an adequate, active, and
appropriate bacterial population in each process [27]. The
growth of bacteria in wastewater treatment plants and the
consequent efficiency of treatment is influenced by various
nutritional and physical factors [27] and these factors must
be controlled at the same time. In this study, the effects
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Fig. 1. The pH value of the different operational units in January
and April samplings.

of operational parameters and microbial communities in
treatment plant units were investigated. For this purpose
the Biolog Ecoplate culture-based approach was selected.
Biolog Ecoplates were used for diverse applications
of microbial ecology and concluded that Ecoplates in
detecting population changes in soil, water, wastewater,
activated sludge, compost, and industrial wastes are
important and practical tools [12, 20, 25, 28-34].

Physico-Chemical Analysis

pH and ICP measurements for wastewater samples
taken at two different times from treatment plants were

obtained and produced different results (Fig. 1 and
Table 2). When the pH values of sampling units were
evaluated, values ranged from 7.13 to 8.32. January and
April samplings did not yield a significant difference
between pH values. Control of pH is an important
parameter in determining the treatment method to be
applied, in removal of turbidity, disinfection in water
softening, and corrosion control [35]. In addition, the
precipitation of some heavy metals and biological activity
in wastewater treatment systems depend on the various
pH values [27, 36]. Bacteria suggest the most effective
activity in the range of 6.8 to 7.2. When these values
change, efficiency decreases [27]. So, we measured pH
values to analyze changes of parameters for treatment
process and microbial activities. In our results, the pH
of all operational units were similar to other studies [24-
25, 37]. Only FSRU and PCU values were higher in
January. Temperature, waste type, operational conditions,
or waste loads may affect these values. But for biological
activity, the pH values of ASU and ADU were near neutral
in all samplings. The neutral pH values were obtained
from another study for anaerobic digester units that also
indicated suitable conditions [38].

ICP analyses were performed to determine some of
the elements in the samples. Na*, Ca?", Mg>*, and K* ions
were dominant in all samples. Na+ was higher in January,
while Ca*" ions were higher in April. The K* ion ratio
was higher in ADU in all samplings. When results were
compared, dominant ion values also increased in April.

Table 2. The ICP values of the different operational units in January and April samplings.

SAMPLES Mg?* Ca* Na* K* Fe** Zn* Niz* Mn?* Cr** Al
FSRU 38.2 5133 | 78.61 23.86 37.85 26.08 - 12.59 - -
ppm ppm ppm ppm ppb ppb ppb
49.10 | 7534 | 107.8 28.43 29.59 35.96 10.02 | 3.63
PCU < <
v ppm ppm ppm ppm ppb ppb ppb ppb
22
% ASU 46.13 | 61.31 88.81 31.89 42.94 17.25 - - - -
% ppm ppm ppm ppm ppb ppb
<
< RASP 51.81 55.66 | 85.08 4445 6.572 6.165 11.82 - - _
ppm ppm ppm ppm ppb ppb ppb
sCU 38.58 | 59.51 | 79.96 22.58 - 173.2 - - - -
ppm ppm ppm ppm ppb
ADU 14.04 | 5320 | 74.67 2525 194.6 2398 | 2049 | 3.861 - _
pm ppm ppm ppm ppb ppb ppb ppb
ESRU 1029 | 1794 | 107.8 51.05 <0.16 83.24 - 31.30 - -
ppm ppm ppm ppm ppm ppb ppb
PCU 93.27 180.6 | 95.34 35.24 <0.16 88.20 - - - -
ppm ppm ppm ppm ppm ppb
8724 | 167.8 | 104.2 39.87 <0.16 161.7
. ASU < < < <
2 ppm ppm ppm ppm ppm ppb
[}
b RASP 99.24 218 185.1 61.67 <0.16 6150 | 12.12 - - -
ppm ppm ppm ppm ppm ppb ppb
89.05 1822 | 105.5 38.65 <0.16 196.5
SCU < < < <
ppm ppm ppm ppm ppm ppb
4639 | 1962 | 97.46 385.6 0.302 7795 | 31.79 | 10.94 27.43
ADU <
ppm ppm ppm ppm ppm ppb ppb ppb ppb
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Table 3. Results of statistical analysis (group statistics and Student T-test) using SPSS software.
Group Statistics Levene’s Test for Equality of Variances
Month | N | Mean | Std. Deviation Stg/'[iior F | Sig. |Sig (2-tailed) Dil\ffeeraerr‘lce Sggf'ef;‘fe
Mg® January 6 | 39.6433 13.69874 5.59249 325 | 581 .001 -46.70500 10.05170
April 6 | 86.3483 20.45886 8.35229
Ca January 6 | 59.3917 8.66367 3.53693 2.343 | 157 .000 -127.97500 7.98024
April 6 |187.3667 17.52275 7.15363
N January 6 | 85.8217 11.85963 4.84167 2.205| .168 .069 -30.07833 14.79336
e April 6 | 115.9000 34.24046 13.97861
. January 6 | 67.2850 91.07449 37.18101 521 | 487 .620 -34.72833 67.93488
a April 6 |102.0133 139.27069 56.85702
- January 6 | 47.1058 62.55938 25.53976 .024 | .880 .086 -64.40917 33.80362
April 6 | 111.5150 54.24419 22.14510
(P<0.05)

When measured in terms of other elements, although
the amount was a low rate, Zn?>" was determined. As the
statistical analysis showed in Table 3 for elements, there
was a significant difference (Students t test, p<0.05) in
Mg?** and Ca*" levels between January and April samples.
The Na*, K*, and Zn** levels of January and April samples
showed no significant difference.

Ions such as Na*, Ca**, and Mg*" are the measure of
salinity. While it is normal to have a low amount of salt in
the water, mixing wastewater with domestic, agricultural,
and industrial waters increases salinity. In this situation,
the NaClI concentration affects the biological treatment
performance. Studies showed that the addition of NaCl
leads to an increase in respiration rates and a certain
concentration causes the decrease. Also, this ratio affects
floc structure [39]. Another important parameter in
wastewater analysis is the detection of trace and heavy
metal contamination. Determining these elements is an
important step for human and environmental health [40].
In addition, high amounts of sludge require effective
treatment. Storage of this sludge causes environmental
problems. Sludge includes very rich organic matter and
nutrients, so it can be used biotechnologically in some
areas, such as agriculture. But heavy metal contamination

|
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Fig. 2. Total mesophilic bacteria counts of different operational
units in January and April samplings.

is an undesired property. For this purpose the use of sludge
and determination of quality needs rapid methods [25].
ICP analysis shows increased heavy metal contamination.
This contamination affects microbial communities,
diversity of substrate utilization, and catabolic functions
[23]. If we compare our metal concentrations with other
studies our results show that sludge quality was good and
had a low amount of heavy metal contamination, and that
operational treatment conditions were nearly optimal [41].

Enumeration of Mesophilic Bacteria

Total mesophilic bacteria count was calculated from
different operational units as shown in Fig. 2. When the
number of microorganisms in winter (January) and spring
(April) were compared, enumeration results showed that
in spring, the number of microorganisms is higher than
in winter. In terms of FSRU and SCU operational units,
the number of bacteria increased nearly two-fold, and
PCU, ASU, and ADU showed a 10-fold difference in two
sampling intervals. The enumeration results of operational
units listed in January, in descending order, were:
FSRU > RASP > ADU > ASU > PCU > SCU, and for
April: ADU > RASP > FSRU > PCU > ASU> SCU.
The reasons for these results may be seasons. In winter
temperature is generally lower than in spring. Effluent
loading rate may decrease in winter. The rain rate is high
in the spring. This affects effuluent rate, organic load, and
operational conditions. In our results, especially SCU cell
density were lower than and ecoplate data were different
from other units. The main reason for the SCU last step in
treatment and after treatment, is that it is expected that the
number of bacteria and organic rate are low. The number
of living cells is important for biological treatment
processes and cultural methods and can also be used to
identify and enumerate pathogenic bacteria [42]. In our
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Table 4. January sampling AWCD. Shannon-Weiner functional diversity index (H), catabolic richness (S), Shannon Evenness (E) index,
and area under the curve (AUC) values for 24-48-72 and 96 hours.

Samples (24-hour) Indices
JANUARY AWCD H E S AUC
FSRU 1.605+0.062 3.378+0.011 0.984+0.003 31
PCU 1.300+0.035 3.340+0.021 0.973+0.006 31
ASU 1.553+0.059 3.383+0.011 0.985+0.003 31
RASP 2.751+0.031 3.432+0.001 0.999 31
SCU 0.549+0.065 2.799+0.094 1.018+0.018 15.667+1.155
ADU 1.969+0.096 3.400+0.001 0.990+0.002 31
Samples (48-hour) Indices
JANUARY AWCD H E S AUC
FSRU 1.651+0.075 3.399+0.005 0.990+0.002 31
PCU 1.334+0.201 3.319+0.096 0.966+0.028 31
ASU 1.785+0.033 3.405+0.003 0.991+0.001 31
RASP 2.680+0.077 3.415+0.018 0.995+0.005 31
SCU 1.537+0.065 3.358+0.015 0.994+0.002 29.333+577
ADU 2.386+0.103 3.427+0.002 0.998+0.001 31
Samples (72-hour) Indices
JANUARY AWCD H E S AUC
FSRU 1.643+0.087 3.409+0.003 0.993+0.001 31
PCU 1.352+0.165 3.333+0.085 0.971+0.025 31
ASU 1.758+0.025 3.395+0.002 0.989+0.000 31
RASP 2.705+0.093 3.415+0.016 0.995+0.005 31
SCU 1.841+0.114 3.406+0.008 0.992+0.002 31
ADU 2.355+0.042 3.428+0.002 0.998+0.001 31
Samples (96-hour) Indices
JANUARY AWCD H E S AUC
FSRU 1.641+0.106 3.413+0.001 0.994+0.000 31 118.2568
PCU 1.380+0.201 3.326+0.103 0.969+0.030 31 96.62632
ASU 1.791+£0.078 3.402+0.005 0.991+0.002 31 125.7799
RASP 2.796+0.115 3.418+0.012 0.995+0.003 31 197.4979
SCU 1.881+0.141 3.416+0.006 0.995+0.002 31 96.626
ADU 2.330+0.034 3.427+0.001 0.998+0.000 31 166.696
study approximately 10°-107 cfu ml! mesophilic bacteria Functional Community Analysis
counted. In another study, a heterotrophic bacteria count
revealed 10" cfu ml "' on TSB agar. This study indicated Tables 4 and 5 indicate average well color development
that for substrate utilization, cell density was important and (AWCD), Shannon-Wiener functional diversity index (H),
the low number of cells required a long time for adaption catabolic richness (S), Shannon Evenness (E) index, and
to environmental conditions [38]. Our data supported this area under the curve (AUC) values for the January and

and have similar results. April samples. In most of the operational units we used
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Table 5. April sampling AWCD, Shannon-Weiner functional diversity index (H), catabolic richness (S), Shannon Evenness (E) index, and

area under the curve (AUC) values for 24-48-72 and 96 hours.

Samples (24-hour) Indices
APRIL AWCD H E S AUC
FSRU 1.687+0.005 3.366+0.007 0.980+0.002 31
PCU 1.457+0.235 3.3594+0.025 0.981+0.004 30.333+0.577
ASU 1.34+0.028 3.313+0.010 0.965+0.003 31
RASP 2.749+0.054 3.423+0.003 0.997+0.001 31
SCU 0.787+0.029 3.166+0.023 0.958+0.018 27.333+2.082
ADU 2.311+0.034 3.413+0.003 0.99440.001 31
Samples (48-hour) Indices
APRIL AWCD H E S AUC
FSRU 1.871+0.264 3.364+0.093 0.993+0.004 31
PCU 1.746+0.197 3.405+0.012 0.992+0.004 31
ASU 1.826+0.032 3.383+0.005 0.985+0.001 31
RASP 2.797+0.044 3.425+0.006 0.997+0.002 31
SCU 1.265+0.054 3.281+0.022 0.968+0.006 29.666+0.577
ADU 2.525+0.053 3.423+0.003 0.997+0.000 31
Samples (72-hour) Indices
APRIL AWCD H E S AUC
FSRU 1.871+0.262 3.368+0.099 0.994:0.006 31
PCU 1.746+0.192 3.411+0.004 0.993+0.002 31
ASU 1.932+0.041 3.398+0.011 0.990+0.003 31
RASP 2.746+0.053 3.442+0.009 0.996+0.003 31
SCU 1.329+0.093 3.304+0.022 0.965+0.010 30.667+0.577
ADU 2.468+0.041 3.425+0.002 0.997+0.000 31
Samples (96-hour) Indices
APRIL AWCD H E S AUC
FSRU 1.883+0.240 3.381+0.080 0.991+0.012 31 132.6625
PCU 1.755+0.176 3.414+0.007 0.994+0.002 31 122.3605
ASU 1.936+0.052 3.402+0.009 0.991+0.003 31 129.5079
RASP 2.696+0.036 3.422+0.010 0.996+0.003 31 200.7845
SCU 1.380+0.122 3.322+40.026 0.970+0.010 30.667+0.577 88.25484
ADU 2.384+0.037 3.425+0.002 0.997+0.000 31 179.5467

31 carbon sources. This is indicated by the high diversity
index values. RASP was a highly active community when
H was evaluated, as were ADU, ASU, and FSRU. The SCU
had the lowest values. The same results were obtained for
AUC values. The metabolically richest two operational
units in both samplings were RASP and ADU. Next, the
third active units were ASU in January and FSRU was
in April. Microbial community analysis was performed
using the Ecoplate in this study. Substrate usage profiles

and high diversity index values are the indicator of intense
microbial activity and diversity [25]. Low substrate usage
rates were observed in the SCU. The reason for this may
be that it was the last step of the biological treatment
so that organic matter rate is lower and treated water is
discharged. AWCD, H, R, S, E, and AUC values describe
activity and diversity of microorganisms [43]. AWCD
indicates the oxidative ability of microorganisms. At
the same time high values of other indices show a high
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number of oxidized C substrates [25]. These indices have
different means for bacterial physiological diversity [13].

When we evaluated the other studies results inlet,
aeration tank and outlet samples index values showed
changes. Shannon diversity index values averaged between
3.2-2.3 in inlet samples, between 3.0-2.1 in aeration tank,
and between 2.7-0.6 in outlet samples. Evenness values
were approximately 0.9, and AWCD values were high
depending on substrate richness and Shannon diversity
[37]. Our index values did not support these values,
especially the Shannon diversity index, and AWCD values
and substrates richness values were higher in our study.
The reasons for these changes may be the presence of
more organic compounds, the biodegradation potential of
microbial communities, cell numbers of microorganisms,
and operational effectiveness [24].

Substrate Utilization in Communities

Ecoplate contained 31 carbon sources in three
replicate sets; results were measured for 96 hours. It was
determined that all the carbon sources used at the end of
the time period, but not used or lower usage potential
carbon sources, were detected within 24, 48 and 72
hours. Carbon utilization profiles varied between the two
intervals’ sampling time as shown in Figs 3 and 4. Many of
the samples were observed to show over OD 0.25 within
24 hours. However, differences were detected in the SCU.

The January sampling observation showed that, in
PCU, 2-hydroxybenzoic acid from carboxylic and acetic
acid group was not consumed within the first 48 hours and
the OD values of the carbon sources increased in the 72
hour. When the SCU results were analyzed, o- ketobutyric
acid from the carboxylic and acetic acid groups were used
within the first 48 hours, while some carbon sources within
the first 24 hours were not. Tween 80 and a-cyclodextrin
from group of polymers, i-erythritol from carbohydrate
group, D-glucosaminic acid, 2-hydroxybutyric acid,
4- hydroxybenzoic acid, y-hydroxybutyric acid, itactonic
acid and D-malic acid from carboxylic and acetic
acid group, in addition from the group of amino acids
L-arginine, L-phenylalanine, L- threonine, glycl-L-
glutamin acid, putrescine and phenylethylamine were not
used. When April samples were analyzed, a-ketobutyric
acid, 2-hydroxybenzoic acid and y- hydroxybenzoic acid
from the carboxylic and acetic acid groups, a-cyclodextrin
from polymers, were not used in the SCU within first
48 hours.

Comparison of samples carbon source utilization rates
(considering OD 0.8) in January showed that in PCU
and FSRU, 2-hydroxybenzoic acid, y-hydroxybutyric
acid, itactonic acid, a- ketobutyric from carboxylic and
acetic acid group, L-arginine and phenylethylamine from
amino groups were consumed very slowly within the first
24 hours. In the ASU, usage of the amino acid L- arginine
was slow. The use of many substrates, during the first
24 hours, was found to be slow, when the SCU data was
examined. Specific substrates were used well such as
glycogen from polymers, D-cellobiose, a- D-Lactose,

B-Methyl-D-Glucoside, D-Mannitol, N-Acetyl-D-glucose
amine, Glucose-1- phosphate, D-L -0 Glycerophosphate
from carbohydrates.

In April, 2-hydroxybenzoic acid was used slowly
in PCU and FSRU. In the ASU 2- hydroxybenzoic acid
from carboxylic and acetic acid group and i-erythritol
from carbohydrate group usage took a long incubation

a) JANUARY
M Amines & Amide B Amino acids
m Carboxylic & Acetic acids = Polymers
M Carbohydrates
ADU
SCU s
P
RASP
__
AS U |
__
PCU
FSRU
0 5 10
b) APRIL
M Amines & Amide B Amino acids
m Carboxylic & Acetic acids ' Polymers
M Carbohydrates
ADU
. ____________________________________|
SCU
. ____________________________________|
RASP
ASU
PCU
FSRU
0 5 10

Fig. 3. a) January and b) April samplings of carbon substrate
group utilization profiles for 24 hours.
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time. When the SCU was examined within the first
24 hours, only 9 of the carbon sources were well-used.
These carbon sources were glycogen, D-cellobiose,
a- D-lactose, p-methyl-D-glucoside, D-mannitol,
N-acetyl-D-glucose amine, glucose-1-phosphate from
carbohydrates and D-galactyronic acid, D-galactonic acid-
v-lactone from carboxylic and acetic acid group. Results
for 96 hours, 2-hydroxybutyric acid, y-hydroxybutyric
acid, o- ketobutyric acid, D-malic acid and
phenylethylamine from carboxylic and acetic acid group
usage rate was slower than other carbon sources. In
summary, the lowest used substrate was 2-hydroxybutyric
acid, from the carboxylic acid group. The most actively
used substrates were from the carbohydrate group
substrates. In organic matter degradation, carboxylic and
acetic acids acts as intermediates [44]. These results refer
to the degradation capacity. The high catabolic capacity
may indicates high number of heterotrophic bacteria.
When we compared our experimental results with other
studies in literature, other studies’ results supported our
results, 2-hydroxybutyric acid and y-hydroxybutyric acid
were not utilized as a substrate [26, 37].
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Fig. 4. a) January and b) April secondary clarifier unit (SCA)
carbon substrate group utilization profiles for 24, 48, 72, and 96
hours.

Kinetic Analysis and Incubation Time Effect

Kinetic analysis of the data was used to determine
microbial community differences [19]. The highest
AWCD values were determined for RASP and ADU, and
the lowest values were determined for the SCU samples.
AWCD values for January, in descending order, were
listed as RASP> ADU> FSRU > ASU> PCU> SCU.
The lowest AWCD value was 0.549 + 0.065 with SCU.
However, these values varied depending on the incubation
time. AWCD graphics, depending on the incubation time,
were analyzed in Fig. 5. When these graphs and diversity
indices were examined, differences were observed.
Measurements for 96 hours showed that the PCU and
SCU’ AWCD values increased. In other units, AWCD
values increased up to 48 hours after remaining constant.

When results were evaluated for the April sampling,
again RASP> ADU > FSRU > ASU > PCU > SCU. ASU
and SCU” AWCD values varied depending on the time of
incubation.
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Fig. 5. a) January and b) April sampling AWCD graphics.
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When AWCD data from January was compared with
the April samplings, within the first 24 hours FSRU, PCU,
SCU, and ADU values were high in April, ASU of AWCD
value was high in January, and the RASP values were the
same in both samples. The ASU was high in April and
SCU was high in January for other incubation times.

In addition, AWCD graphics showed development
phases of the samples, such as lag phase or exponential
phase. The lag phase may show the adaptation of the
community to substrate degradation. The lag phase may
also be an indicator of the low number of microorganisms.
In this phase, microorganisms synthesize new enzymes
for organic matter. Communities can increase population
numbers in this process. SCU entered the exponential
phase in January, and RASP entered the exponential phase
within 24 hours. The ADU also entered within 48 hours.
In April, SCU was the last one and after ASU, PCU, and
FSRU were listed. RASP and ADU were entered within
48 hours. In these units, rapid response can be correlated
with high population rates. This can also be determined by
increases in values.

In summary, Biolog Ecoplates used microbial
community analysis, with a community level physiological
profiles approach. This method is used for evaluating
metabolic profiles for dairy sewage sludge [25, 45],
composting process [46], constructed wetlands [47], soil
[48], wastewater treatment system [25], and activated
sludge [26]. This technique is practical, effective, and
easy. However, there are some disadvantages in using this
technique. Because of the microbial diversity, different
nutrient demands and species interactions affect substrate
utilization on a plate. Fast growing bacteria utilize carbon
sources; also, in low-density populations, slow-growing
bacteria are not detected with this technique. In addition,
some microorganisms do not utilize substrates on a plate,
and some of them are not able to reduce tetrazolium
dye. So, this technique investigates functional metabolic
activity for only part of a community [29]. Despite these
disadvantages, studies support the idea that this technique
supplies a quick view of the wastewater treatment process.
Our study results indicated that the utilization of 31
substrates and the high diversity values showed highly
active microbial communities. The lowest-level substrate
utilization was observed for SCU. The reason for this
result may be the low microbial population after treatment.
Utilization profiles were analyzed for specific groups of
substrates for 24, 48, 72, and 96 hours. The least utilized
substrate was 2-hydroxy benzoic acid from carboxylic
and acetic acid. Highly utilized substrates belonged to
carbohydrates. Kinetic analysis was also performed. SCU
required a long lag phase. Higher AWCD values belonged
to RASP and ADU. The reason for the high values was
the rapid response of the high population level. Also, we
monitored microbial communities of wastewater treatment
units for two different time intervals. We selected these
two intervals seasonally. The reason was the investigation
of temperature changes, operational differences, and
waste loading effects on bacteria. Temperature changes
may affect dissolved oxygen capacity and efficiency of

nitrification and bacterial interactions [49]. Optimum
temperatures for bacterial activity are in the range 25-35°C
[50]. When temperature decreases, a number of important
changes occur in cell physiology, such as a decrease in
membrane fluidity and stabilization of the secondary
structures of nucleic acids. Upon temperature downshift,
it becomes a temporary stop in cell growth for 3 to 6 h
[51]. If we associate it with our work, samples were taken
in winter and spring, so temperature differences in two
season and this parameter may affect wastewater treatment
plants’ microbial composition and effluent loading, and
then in parallel our results are affected. Results showed
that there was no significant change in diversity indices,
but total mesophilic bacteria number and dominant ion
values were higher in spring (April) sampling.

Conclusions

In this work, Biolog-Ecoplates were used to evaluate
the microbial community function of different operational
units from wastewater treatment plants. These wastewater
treatment systems are contaminated with hundreds of
compounds, and the pollution load of the system depends
on many variables, such as hour, season, waste type,
population density, operation type of the operator, and
operational conditions. Certain parameters need to be
kept constant to provide an efficient biological treatment.
The most critical parameter is the variety and number of
microorganisms. For this purpose, Biolog Ecoplates are
useful for determining microbial communities and factors
affecting communities and most utilized substrates,
and are also cheap, practical, and fast. This technique
is a good indicator of understanding ecosystems, in
terms of having detailed analysis about communities
in wastewater treatment systems, and if necessary, it
is important to determine the amount of inoculum and
microorganism diversity in order to achieve biological
treatment efficiency. This technique is crucial and
effective for determining physiological properties of
microbial communities and changes in ecosystems. Our
study was preliminary in wastewater bacteria monitoring.
In this study we tested results with two seasonal samples.
In future work method efficieny can be evaluate with
daily and hourly samples. Also, alternative methods
can be used for detailed investigations of physiological
profiles of microbial communities, such as the deep-well
microtiter plates method and microplates with the use
of fluorometric detection of oxygen consumption as a
measure of microbial activity.
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