¢! Desalination and Water Treatment
www.deswater.com

33 (2011) 132-139
September

1944-3994 / 1944-3986 © 2011 Desalination Publications. All rights reserved.

O doi: 10.5004/dwt.2011.2624

Effects of influent composition on activated sludge protozoa

C.A. Papadimitriou®™, P. Samaras®, A.I. Zouboulis?, D. Petridis‘, G.P. Sakellaropoulos®

“Department of Chemical Engineering, Aristotle University of Thessaloniki, 54006, Thessaloniki, Greece

Tel. +30 2310 498254; Fax +30 2310 498255; email: papadim@cperi.certh.gr

*Chemical Process Engineering Research Institute, 6th km Harilaou Thermi Road, 57001, Thessaloniki, Greece

‘Department of Food Technology, Technological Education Institution of Thessaloniki, P.O. Box 141, 57400, Thessaloniki, Greece
Division of Chemical Technology, Department of Chemistry, Aristotle University of Thessaloniki,

PO Box 116, 54124, Thessalniki, Greece

Received 20 January 2010; Accepted in revised form 15 November 2010

ABSTRACT

In the present study the characteristics of activated sludge protistan community in two sequential
batch reactors operating with activated sludge (SBR) and with activated sludge and plastic biofilm
carriers (SBBR) was assessed in terms of species present, biovolumes of the species and their sta-
tistical importance to the treatment efficiency. The study identified two important factors affecting
the protistan community. These factors were the influent composition and the presence of biofilm
carriers. Statistical analysis revealed that protozoan species observations may be used as indicators
for the determination of trophic relations in the activated sludge and thus comprise precursors for

the prediction of effluent quality.
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1. Introduction

Activated sludge is a widely used process, based on
the development of appropriate bacterial aggregates and
other associated organisms in an aeration process. The use
of ciliated protozoa found in activated sludge biocenosis,
as indicators of operational efficiency has been widely
advocated [1-3]. Microfauna play an essential role in the
whole process by removing dispersed bacteria, through
grazing, which otherwise may result in high turbidity
effluents [4,5]. Moreover microfauna reported to reduce
sludge production [6,7], have an effect on floc size distri-
bution through predation activity [8] and increase settle-
ability in the secondary sedimentation tank by increasing
effluent quality [9]. Protozoa have been used for the as-
sessment of operation problems in wastewater treatment
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plants [10,11]. Several studies have been reported towards
the correlation of protozoan populations to the treatment
parameters and the effluent quality; these studies were
based on monitoring the protozoan microfauna in mu-
nicipal activated sludge plants [10-13]. In the last decade,
Madoni [1,14] exploited the potential use of protozoa as
indicators of wastewater treatment efficiency. The inter
and intra species relationships have been categorized and
quantified in order to comprise an index, the sludge biotic
index (SBI) that can be used to evaluate the sludge quality
and consequently the potential efficiency of the activated
sludge in degrading influent pollutants. However, influ-
ent composition has an important role in the formation
of microfauna. Particularly successful settling has been
reported in good colonized activated sludge [15,16]. These
characteristics are in turn dependent on factors such as
retention time, oxygen concentration, predation/grazing
effects, levels of filamentous bacteria and floc size [17].
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An alternative to conventional activated sludge sys-
tems, sequential batch reactors (SBR) have gained great
attention due to their improved treatment performance
and their minimal space requirements, however, this op-
erational scheme pose stressful conditions to the activated
sludge microorganisms, which have to acclimate to the
intermittent feeding mode, thus the dominant organisms
will be those that are the most adapted to such condi-
tions [18]. Additionally the mixing bed biofilm processes
promote attached growth biological treatment [19] and
thus the dominance of sessile species is favoured. This
process is based on the use of suspended polymeric car-
riers where biomass grows as a biofilm. Comparing this
method to other types of biological treatment processes,
such as suspended growth activated sludge the main
advantages are [20]:

1. higher biomass concentrations in the aeration tank,
which correspond to lower wastage of biomass

2. minimization of long sludge settling periods

3. aerobic and anoxic metabolic activity within the same
biomass ecosystem

4. up-grading of existing wastewater treatment plants
at a minimum cost

5. lower sensitivity to toxic effects, as well as to other
adverse environmental conditions and

6. head loss through the reactor is insignificant.

Studies have investigated the use of activated sludge
ciliated protistan species as indicator species for the treat-
ment efficiency and/or possible operational problems
in both activated sludge and biofilm operations. It has
been stated the number of ciliated protozoans living in
a normally functioning activated-sludge plant is about
10¢ individuals/L. When the numbers fall below 104/L, it
indicates insufficient purification [21]. In this case, there
is a proliferation of dispersed bacteria which renders
the effluent turbid and consequently causes a greatly
increased biological oxygen demand (BOD) in the output
water. Some authors were able to demonstrate that the
number and diversity of ciliate communities change ac-
cording to the quality of the influent settled-sewage and
operating conditions of the plant [1,22]. Nevertheless,
due to the large variability in size among ciliate species
in wastewater treatment processes, the counts of ciliate
numbers may often result only in approximate estimates
of the mass of these organisms in both activated sludge
and biofilm. The colonisation dynamics in a full-scale
activated-sludge plant and in an RBC pilot-rotating bio-
logical contactors plant were studied [1,22]. Although
these investigations have provided useful information
on various aspects of activated-sludge biota, they were
based on continuous processes having a typical municipal
wastewater influent. The aim of this study was to cor-
relate the activated sludge microfauna to the treatment
efficiency in two activated sludge reactors, one supplied
with biofilm carriers, operating under intermittent feed-

ing, with two influent types of wastewater, synthetic and
municipal wastewater.

2. Materials and methods
2.1. Bench scale reactors

Both reactors were constructed from Plexiglas, hav-
ing a total volume of 7 L. The content of the reactors was
mixed with a magnetic stirrer, while sufficient aeration
was provided by suitable ceramic diffusers located near
the bottom of the reactor and producing medium size
bubbles. Peristaltic pumps were used for the feeding
and withdraw of the treated effluent (Fig. 1). In one of
the reactors (SBBR) 50% of the working volume (5 L) was
covered by plastic biofilm carriers by Anoxkaldnes™.
The biofilm carriers (model K1) were of 7 mm length and
9 mm diameter having a total surface area of 800 m*m?
and 500 m?/m® of protected surface.

2.2. Operation of the bench scale reactors

Both reactors were operated under 2 daily cycles,
which was controlled by a computer-assisted program.
The 12 h cycle comprised by the following steps:

1. 2 h feeding of the reactor with stirring

2. 6interchanging aerobic and anoxic stages having 4 h
of aeration and 2 h of anoxic stage

3. 2 h for settling of the biomass

4. 2 h decanting

2.3. Wastewater composition

Two types of wastewater influent were fed to reac-
tors in two different periods each comprised of 90 days
operation time. In the first period synthetic wastewater
was prepared daily and supplied to the systems. The
synthetic wastewater used in the study was composed
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Fig. 1. Schematic diagram of lab-scale sequencing batch reac-
tors (SBR).
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of sodium acetate CH,COONa 2.472 g/L. (PANREAC) as
carbon and energy source, while NH,Cl 60 mg/L (PAN-
REAC), Na,HPO, 18.7 mg/L (PANREAC), MgSO,-7H,O
100 mg/L (MERCK) and NaHCO, 1.3393 g/L. (PANREAC)
were used as the required nutrients. In order to obtain a
nutritionally balanced wastewater, the composition of the
synthetic wastewater was adjusted to yield a COD/N/P
ratio of 100/5/1.5 with initial content of COD of 1200 +
50 mg/L, TN =60 + 3 mg/L and P =18 + 2 mg/L [23].

In the second period wastewater was obtained 3 times
a week from the primary sedimentation tank of a munici-
pal activated sludge plant in the area of Thessaloniki. The
composition was variable, COD values ranged from 156
to 800 mg/L, BOD, values ranged from 64 to 230 mg/L,
nitrogen ammonia and total phosphorus ranged from 32
to 58 mg/L and from 15 to 27mg/L respectively.

2.4. Physicochemical analysis

Samples were collected from the influent, effluent
and the mixed liquor of the aeration tank and were ana-
lysed for the measurement of the following parameters
according to standard methods of analysis [24] COD,
BOD,, mixed liquor suspended solids (MLSS), effluent
suspended solids (SS), nitrogen nitrate, nitrogen ammonia
and phosphorus.

2.5. Microfauna identification, enumeration and biovolume
calculation

For the analysis of protozoan community, aliquots of
200 pL were collected from the activated sludge of both
bench scale reactors, during the aeration phase. Analysis
was conducted for the identification of species in vivo
using an optical microscope (OPTIKA). Direct counting
procedures were carried out at magnifications of 10x, 40x
and 100x magnifications, according to the sizes of spe-
cies, and were expressed in number of individuals per
ml of mixed liquor. Identification of protozoa was mainly
based on morphology and movement based on identifi-
cation keys [25,26]. Protistans were counted by placing
the sample on a Fuchs—Rosenthal 3.2 uL. chamber. The
results for each sample were determined by averaging
the counts of three replicates.

In the case of SBBR the protistan community on the
plastic biofilm carriers was also examined. Calculation
of the biovolume was conducted by the measurement
of the dimensions of each species under the microscope.
The shape of each organism was simulated to the nearest
3-D geometrical shape and the mean genus biovolume
was estimated in pm?®. Conversion of the cells abundance
(cells/mL) to biovolume (um?/mL) was necessary because
of the differences in cell size of eukaryotic microorgan-
isms [27].

2.6. Statistical analysis

Two statistical techniques were selected for data
analysis and evaluation: Pearson’s correlation coefficients
and factor analysis (factor extraction method: principal
components with varimax rotation), enabled by STATIS-
TICA 7.0°. The abiotic variables selected for the correla-
tion analysis were effluent organic loading (BOD,, COD);
effluent nitrogen content (NH,-N, NO,-N, TP); effluent
phosphorus; mixed liquor suspended solids (MLSS). Fac-
tor analysis enables the correlations between variables of
interest as reflecting putative underlining of causes or
factors [28]. Because variables (species abundance) are
assumed to respond linearly to the underlying factors ef-
fective results are expected for data with a small range of
community variation such as that of the activated sludge.
The biotic factors were selected according to protistan
species frequency and abundance of each taxon [28].

3. Results and discussion

The operation time of the bench scale reactors was
divided into two periods depending upon the influent
wastewater composition:

1. Introduction of a synthetic wastewater
2. Introduction of municipal wastewater

3.1. Introduction of synthetic wastewater

In the SBR removal of COD ranged from 80 to 90% and
BOD, ranged from 80 to 100%, while nitrogen ammonia
ranged from 45 to 85% and phosphorus removal ranged
from 60 to 80%. It should be underlined that in both sys-
tems the treatment efficiency increased with the operation
time, suggesting the significance of acclimatization of the
activated sludge organisms both to intermittent feeding
conditions and to the synthetic wastewater as a carbon
source. Protistan community of the activated sludge was
co dominated by sessile and carnivorous species (Fig. 2).
Free swimming ciliates and amoebae were present in 13
and 7% of the total protistan community.

In the SBBR COD, BOD, and nitrogen ammonia
showed comparable removal efficiencies to SBR, reaching
up to complete removal however, phosphorus removal

Amoeba  Free swimming

Crawling

Sessile

Fig. 2. Mean abundance of protistan community in SBR.
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Fig. 3. Biovolume of each species found in SBR.

was achieved up to 89%. Protistan community comprised
mainly of sessile species which occupied 46% (Fig. 4).
Carnivorous species were present at 24% of the total
protistan community, while free swimming and crawling
ciliates were present at 6 and 12% respectively, however,

Sessile

Fig. 4. Mean abundance of protistan community in SBBR.
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increased presence of amoebae was observed in the SBBR
reactor compared to the SBR.

The biovolume of each of the species found in the reac-
tors are shown in Figs. 3 and 5 for the SBR and SBBR re-
spectively. Eleven and nine ciliate species were observed
in SBR and SBBR respectively. Opercularia and Vorticella
sp. were the most dominant species in both reactors and
their biovolume was significantly higher comparing to the
rest of the species, however, in the case of SBBR both spe-
cies occupied percentage of the total ciliated community
and thus their presence is of increased importance in the
treatment process. Podophrya and Tokophrya sp. were also
found to occupy increased volume of the activated sludge
protistan microfauna. It must also be noted that biovol-
umes of all species were higher in SBBR rather than in SBR,
suggesting that the presence of the biofilm carriers enhance
the increase of sessile colony forming species abundance.
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Fig. 5. Biovolume of each species found in SBBR.
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Factor analysis for the SBBR and SBR is presented
in Figs. 6 and 7 respectively. In the case of SBR, the two
factors explained 66.96% of the total variance. Aspidisca,
Euplotes and Colpidium sp. showed the strongest negative
correlation with the effluent BOD; values, suggesting that
these species mostly contribute to the organic content re-
moval efficiency of the SBR system. Stylonychia and Chi-
lodonella sp. exhibited inversely proportional relationship

Active and Supplementary variables
*Supplementary variable
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Fig. 6. Factor analysis of SBR operating under synthetic waste-
water influent, explaining 66.96% of the total variance.
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Fig. 7. Factor analysis of SBBR operating under synthetic
wastewater influent, explaining 77.1% of the total variance.
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to effluent COD, while Stylonichia sp. was also positively
correlated to the efficiency of nitrogen ammonia removal.

In the SBBR factor analysis explained 77.1% of the total
variance. Podophrya, Colpidium, Chilodonella, Aspidisca,
Euplotes and Stylonychia sp. showed negative correlation
to effluent organic load suggesting that these species are
mostly responsible for the organic load removal. Epistylis
and Carchesium sp. showed strongly positive relationship
to MLSS content suggesting that the increase of these
species attribute to the increase of the MLSS. Nutrient
removal in the case of SBBR operating under synthetic
influent showed no strong relationships with any of the
species found.

3.2. Introduction of municipal wastewater

Variations of the treatment efficiencies were observed
as a result of the variable influent quality. Although the
organic load removal efficiency was comparable to that of
the period in which it operated under synthetic wastewa-
ter, the nitrogen and phosphorus removal efficiency was
decreased and variable throughout the operation time.
In general variability of the removal efficiencies were in
accordance to influent composition variations. Increased
nutrient removal was observed in the SBBR comparing
to the SBR, where TN and N-NH, reached 85 and 90%
removal respectively.

The composition of the protistan communities in SBR
and SBBR operating with raw sewage are shown in Figs. 8
and 10 respectively. Higher abundance and biodiversity of
species was observed in SBR during this period. Families
with the higher abundances were represented by more
species than those present in the period of operation
with the synthetic substrate. Sessile species were more
abundant in the SBBR, while species such as Vorticella
and Opercularia were present in comparable abundances
both occupied 30% and 42% of the total sessile species
abundance in SBR and SBBR respectively. Carnivorous
species and free swimming ciliates were more abundant
in the case of SBR than in the SBBR. Aspidisca sp showed
increased abundance in the SBR system. Podophrya and
Tokophrya sp during this period exhibited an inversely
proportional relationship. In the SBR Podophrya occupied
a significant part of the protistan microfauna (Fig. 9),
while in SBBR Tokophrya co dominated in comparable

rawling

Sessile

Fig. 8. Mean abundance of protistan community in SBR.
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Fig. 10. Mean abundance of protistan community in SBBR.

biovolumes with Opercularia sp., with Litonotus sp., while
Metopus sp to occupied greater part of the activated
sludge protistan community (Fig. 11).
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Factor analysis revealed two factors explaining 50.47%
and 65.06% of the total variance for SBR and SBBR re-
spectively (Figs. 12 and 13). The most significant negative
relationships for the SBR were between Euplotes sp. and
nitrate removal as well as between Podophrya sp. and COD
and MLSS removal. In SBBR Pokophrya and Tokophrya sp.
showed significant correlations between COD and MLSS
removal, however, the strongest correlation was observed
for the latter. Metopus sp. showed the strongest relation-
ship to the nitrification process. However, it should be
noted that the strongest relationships between the pro-
tistan species were found in the first period of operation
rather than the second one.

Microfauna community structure of activated sludge
in both reactors under different influent conditions pre-
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Fig. 12. Factor analysis of SBR operating under municipal
wastewater influent, explaining 50.5% of the total variance.

sented a general common characteristic, the dominance
of sessile species. However, significant differences were
observed in the diversity and abundance of the species
found not only between the different periods of operation
but also in the same period at the different reactors. The
differences in protistan community and species abun-
dance between various operational parameters and/or
influent quality have been also observed in other studies
[29]. The raw wastewater influent was able to support
greater biocenosis than the synthetic influent, this may
be attributed to the greater biodiversity of bacteria, which
constitute the basic prey for most of the protistan species
[1,2]. Moreover the increased biovolume of the species
found in the reactors operating under raw wastewater
increased sedimentation ability of the sludge [27], which
under great fluctuations of F/M ratio may be deteriorated
[28]. In the case of the reactors operating under synthetic
wastewater the good sedimentation ability can be at-
tributed to the increased abundance of the carnivorous
protistan species that are usually favoured under syn-
thetic wastewater influent [30]. The parameters assessed
in this work are mainly related to the removal of organic
matter and nutrients. The statistical analysis showed very
good explanation percentages 66.96 and 77.1% of the total
variance for the SBR and SBBR respectively in the cases of
synthetic wastewater influent, although that low species
diversity was observed. However, in the second period
of operation under the municipal wastewater the greater
biodiversity didn’t enhance the relationship between the
treatment efficiency and the protistan community, since
low correlations were revealed by the statistical analysis.
It should be underlined that changes in the C:N:P ratio,
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Fig. 13. Factor analysis of SBBR operating under municipal
wastewater influent, explaining 65.1% of the total variance.

which are frequent in the case of raw wastewater enter-
ing a wastewater treatment plant may shift the feeding
preferences of protozoan species stimulating on the one
hand C-mineralization and on the other hand nutrient-
mineralization, depending on the prevailing limitations.
Enhanced C-mineralization only is possible when carbon
isnotlimited and a nutrient limitation (N or P) is neutral-
ized [9], thus the “stability” of C:N:P ratio of the influ-
ent in the case of synthetic wastewater, result in a more
acclimated and stable biocenosis that will be acclimated
towards either C or nutrient mineralization and thus
correlate better to the treatment efficiency. In the case of
competition between protozoa and bacteria for carbon
mineralization, which may occur in the cases of high
organic load, fast carbon-mineralization is inhibited by
the uptake of substrate by protozoa because of shorten-
ing of the food chain. In every link of a food chain, part
of the food is converted into biomass. The remaining
carbon-compounds are used as energy source, inter alia
for maintenance. When the chain becomes longer, less
energy will remain locked into biomass. This means more
carbon-mineralization and less biomass production [9].
Crawling and sessile species were increased in the
operation under raw sewage, the increase of Podophrya
sp. in conjunction to the reduction of Tokophrya sp. may
suggest that these species compete for the same food
resources consuming the same protozoan species [16]. It
should be underlined that both species are carnivorous,
while the percentage of carnivorous species in the total
protistan community is relatively low in the case of raw
sewage influent. However, the biovolume of these species,
which was high, may give an indication about the impor-
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tance of their ecological niche in the activated sludge. The
distinctive dominance of sessile species in the SBBR can
be attributed to the greater surface area offered by the
plastic biofilm material as well as to the succession of the
species in the activated sludge aggregates on the biofilm.
The observations of all SBR approaches documented that
peritrichous ciliates were crucially implemented in the
granule structure-forming process, since they served as
the basis for bacterial biofilm growth. Thus, the question
of which specific interactions occur between ciliates and
bacteria in granular biofilms arises. It is known that pro-
tozoa can excrete growth-stimulating compounds which
enhance bacterial activity [9].

4. Conclusions

From the present study it was evident that the bio-
film reactors were able to support increased protozoan
biodiversity and abundance of sessile species due to the
supply of greater surface area, and to the development
of integrated food webs on the surface of the biofilm
material. Thus the reactor configuration can be one of
the most important factors for the determination of the
activated sludge microfauna. Another factor that played
a significant role in the configuration of activated sludge
microfauna characteristics was the influent composition.
The fluctuations of organic load may initiate competition
between bacteria and protozoa for carbon resources and
that fact may affect the removal efficiency of the wastewa-
ter treatment unit. Finally statistical analysis revealed that
protozoan species observations may serve as indicators
for the determination of trophic relations in the activated
sludge and thus comprise precursors for the prediction
of effluent quality.

References

[3] P.Madoni, A sludge biotic index (SBI) for the evaluation of the
biological performance of activated sludge plants based on the
microfauna analysis. Wat. Res., 28(1) (1994) 67-75.

[4] J.Puigagut, H. Salvado, D. Garcia, F. Granes and J. Garcia, Com-
parison of microfauna communities in full scale subsurface flow
constructed wetlands used as secondary and tertiary treatment,
Wat. Res., 4(8) (2007) 1645-1652.

[5] A. Nicolau, N. Dias, M. Mota and N. Lima, Trends in the use
of protozoa in the assessment of wastewater treatment, Res.
Microbiol., 152(7) (2001) 621-630.

[6] H.Salvado and M.P. Gracia, Determination of organic loading
rate of activated sludge plants based on protozoan analysis. Wat.
Res., 27(5) (1993) 891- 895.

[7] S.Lee, S. Basu, C.W. Tyler and I.W. Wei, Ciliate populations as
bio-indicators at Deer Island treatment plant. Adv. Environ. Res.,
8(3—4) (2004) 371-378.

[8] N.M. Lee and T. Welander, Reducing sludge production in
aerobic wastewater treatment through manipulation of the
ecosystem, Wat. Res., 30(8) (1996) 1781-1790.

[9] J.H.Rensink and W.H. Rulkens, Using metazoa to reduce sludge

production Wat. Sci. Technol., 36(11) (1997) 171-179.

J. Arévalo, B. Moreno, J. Pérez and M.A. Gémez, Applicability of

the sludge biotic index (SBI) for MBR activated sludge control,

J. Hazard. Mater., 167 (2009) 784-789.

[10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

139

C.H. Ratsak, K.A. Maarsen and S.A.L.M. Kooijman, Effects of
protozoa on carbon mineralization in activated sludge, Wat.
Res., 30(1) (1996) 1-12.

S.M. Al-Shahwani and N.J. Horan, The use of protozoa to indicate
changes in the performance of activated sludge plants. Wat. Res.,
25 (1991) 633-638.

J. Fried, G. Mayr and H. Berger, Monitoring protozoa and
metazoa biofilm communities for assessing wastewater quality
impact and reactor up-scaling effect. Water. Sci. Technol., 41
(2000) 309-316.

G. Esteban, C. Telez and L.M. Bautista, Dynamics of ciliated
protozoa communities in activated-sludge process. Wat. Res.,
25(8) (1991) 967-972.

S. Chen, M. Xu, H. Cao, J. Zhu, K. Zhou, J. Xu, X. Yang, Y. Gan,
W. Liu, J. Zhai and Y. Shao, The activated sludge fauna and
performance of five sewage treatment plants in Beijing, China.
Eur. J. Protistology, 40 (2004) 147-152.

P. Madoni, The allocation of the ciliate Drepanomonas revolute to
its correct functional group in evaluating the sludge biotic index.
Eur. J. Protistol., 36 (2000) 465-471.

A.S. Stasinakis, N.S. Thomaidis, D. Mamais, E.C. Papanikolaou,
A. Tsakon and T.D. Lekkas, Effects of chromium (VI) addition on
the activated sludge process Wat. Res., 37(9) (2003) 2140-2148.

Ch. Papadimitriou, G. Palaska, M. Lazaridou, P. Samaras and G.P.
Sakellaropoulos, The effects of toxic substances on the activated
sludge microfauna Desalination, 211 (2007) 177-191.

B.Q. Liao, I.G. Droppo, G.G. Leppard and S.N. Liss, Effect of sol-
ids retention time on structure and characteristics of sludge flocs
in sequencing batch reactors. Wat. Res., 40(13) (2006) 2583-2591.
L.F. Cybis and N.J. Horan, Protozoan and metazoan populations
in sequencing batch reactors operated for nitrification and/or
denitrification. Wat. Sci. Technol., 35(1) (1997) 81-86.

G. Pastorelli, G. Andreottola, R. Canziani, C. Darriulat, E. de
Fraja Frangipane and A. Rozzi, Organic carbon and nitrogen
removal in moving-bed biofilm reactors Wat. Sci. Technol., 35(6)
(1997) 91-99.

M.X. Loukidou and A.I. Zouboulis, Comparison of two bio-
logical treatment processes using attached-growth biomass for
sanitary landfill leachate treatment, Environ. Pollut., 111(2)
(2001) 273-281.

D. Jenkins, M. Richard and G. Daigger, Manual on the Causes
and Control of Activated Sludge Bulking and Foaming, 2nd ed.,
Lewis Publishers, Chelsea, M1, 1993.

G. Esteban, C. Téllez and L.M. Bautista, Dynamics of ciliated
protozoa communities in activated-sludge process Wat. Res.,
25(8)(1991) 967-972.

F. Kargi, A. Uygur and H.S. Baskaya, Phosphate uptake rates
with different carbon sources in biological nutrient removal
using a SBR. Environ. Manage. J., 76 (2005) 71-75.

APHA, Standard Methods for the Examination of Water and
Wastewater, 17th ed., American Publication Health Association,
Washington, DC, 1989.

S. Serrano, L. Arregui, B. Perez-Uz, P. Calvo and A. Guinea,
Guidelines for the Identification of Ciliates in Wastewater Treat-
ment Plants, IWA Publishing, 2008.

J.J. Lee, E.B. Small, D.H. Lynn and E.C. Bovee, Illustrated Guide
to the Protozoa. Soc. Protozoologists, 1980.

V. Kaimakamidou and T. Yiannakopoulou, Activated sludge
community structure and effluent quality. An ecological ap-
proach. Proc. 3rd International Water Association: International
Specialized Conference on Microorganisms in Activated Sludge
and Biofilm Processes, V. Tondoi, R. Passino and C.M. Blundo,
eds., CD ROM, No 83, Rome, Italy, 2001.

H.J. Zar, Biostatistical Analysis. Prentice-Hall International,
Inc., 1996.

LJ. Forney, W.-T. Liu, ].B. Guckert, Y. Kumagai, E. Namkung, T.
Nishihara and R.J. Larson, Structure of microbial communities in
activated sludge: Potential implications for assessing the biodegrad-
ability of chemicals. Ecotox. Environ. Safety, 49(1) (2001) 40-53.



