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Abstract – Increasing environmental pollution and the continuous development of new chemicals and drugs has led to
ever growing concern about the potential effects of these compounds directly or indirectly on human health. As concerns
water pollution, protozoa seem to be an excellent tool to assess both toxicity and pollution: they are regarded as biological
indicators of pollution when their presence or absence can be related to particular environmental conditions, and they
are considered test organisms when a species or population is used to evaluate the toxicity of relevant toxic compounds.
Thus, an integrated approach is being developed to assess how toxic compounds affect the different biological levels of
organisation – from the community level to the species level – of ciliated protozoa. The present paper reports and discusses
the current state of the art of this approach. 2001 Éditions scientifiques et médicales Elsevier SAS

ciliated protozoa / activated sludge / toxicity / biological indicator / test organism

1. Introduction

The mechanisms by which toxicants affect organ-
isms can be assessed in two major ways: by observing
the cytological and physiological characteristics in a
single population with the ultimate goal of construct-
ing a life table (figure 1) and by studying the conse-
quences of the toxicant in the maintenance of several
populations within a community.

2. A microbiological community
of activated sludge

In recent years, the presence of toxicants in the
aquatic environment has become a common occur-
rence. Originating mainly from industrial sewage,
they reduce the efficiency of biological wastewater
treatments due to intoxication phenomena. Heavy
metals are toxic to most microorganisms even at mod-
erate concentrations, but the mechanisms by which
they affect the biological systems are not well de-
fined. Though the general response of biological
wastewater treatment systems to varying concentra-
tions of heavy metals is well documented, only in the
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last few years have investigators became aware of the
influence that this class of pollutants may have upon
activated sludge microfauna [1, 3, 9 – 11, 14, 18 – 21,
36]. Different organisms can present varying sensitiv-
ities to chemicals; moreover, the sensitivity of a sin-
gle species may vary from one toxicant to another.
This means that a model of action of a set of chem-
icals found for one species can hardly be applied to
another one. However, the toxicity of a chemical or
set of chemicals in terms of depletion of both or-
ganisms and species can be demonstrated by testing
the whole microfauna community inhabiting the acti-
vated sludge [21].

Activated sludge treatment processes are based on
formation of bacterial aggregates and other associated
organisms which may be easily separated from the
effluent in sedimentation tanks. Ciliated protozoa
often reach densities of about 107 cells L−1 in the
aeration tank [18, 19] and play an essential role
in the purification process by removing, through
grazing, the majority of dispersed bacteria, which
would cause high turbidity in the final effluent. They
are very sensitive to environmental variations and,
furthermore, it is recognised that changes in the
protozoan community may affect the whole food
web of these artificial ecosystems, thus affecting
the biological performance of wastewater treatment
plants; the structure of the protozoan community is
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Figure 1. Conceptual framework showing the integrated approach of the parameters studied to assess the protozoan condition in
wastewater treatment.

therefore an indicator of the operating conditions of
the plants [5, 16, 18 – 21, 26, 36].

Most ciliates present in biological wastewater treat-
ment plants feed, via filtration processes, upon dis-
persed populations of bacteria and can be divided into
three main groups according to their feeding behav-
iour [19]: free swimmers, which swim in the sludge
liquid fraction and remain in suspension in the sedi-
mentation tank; attached ciliates, which are attached
to the bacterial aggregates and settle in the sedimenta-
tion tank; and crawlers, which live in the floc surface
and also settle in the sedimentation tank. A popula-
tion of organisms associated with the flocs are at great
advantage compared to those which swim freely in
the liquid fraction and thus can be washed out of the
system through the effluent. Furthermore, free swim-
ming and attached ciliates are food competitors for
dispersed bacteria whereas the crawling ciliates, with
a “ventral mouth”, feed on the lightly adherent bacte-
ria of the floc surface [19], living in an exclusive eco-
logical niche. In healthy established activated sludge,
the latter are therefore prevalent.

In this context, Madoni [19] suggested the use of
the Sludge Biotic Index (SBI) based on the abun-
dance and diversity of the protozoan community in
the activated sludge of the aeration tank and on the
differing sensitivities revealed, by some of the mi-
crofauna groups to physicochemical and operational

factors prevailing in the system. The SBI may range
from 0, indicating the worst condition, to 10, indicat-
ing the most favorable condition. Numerical evalua-
tion allows for the comparison of different sludges or
of sludge biological quality through time, and is based
on the relationship occurring between the structure of
the microfauna and the operating conditions and per-
formance of the studied plant.

3. Effects of toxicants
on the protozoan community

To study the influence of toxicants on the mi-
crofauna community, two experimental wastewater
plants (figure 2) were exposed to several copper con-
centrations in order to provide better understanding
of the protozoa community evolution along with the
performance of the treatment plant. A first set of as-
says was carried on with synthetic sewage; then the
assays were repeated with real sewage, enabling the
comparison of results.

This study led to similar conclusions for both ex-
periments (submitted for publication): 1) copper af-
fects the efficiency of the activated sludge process,
but also affects the sludge microfauna and the two ef-
fects may be related, in light of current knowledge of
the importance of the microfauna in activated sludge
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Figure 2. Experimental prototypes of wastewater treatment plants
used in the study of the protozoan community following exposure
to toxicants. Scale bar on the right.

processes; the structure of microfauna was affected
by changing both species dominance and density;
2) high concentrations of copper strongly affected the
microfauna community, but recovery occurred with-
out any special measures, in the range of concentra-
tions tested. Sludge efficiency in removing dissolved
organic matter was also affected, but recovered even
sooner than the microfauna. This corroborates the
idea that both sludge bacteria and protozoa are able to
survive in the presence of heavy metals, namely cop-
per, and this highlights the possibility that purification
can proceed even when additional amounts of copper
are entering the system: however, heavy metals are
likely to bioaccumulate – in sludge, in this particu-
lar case – and sludge is often used in the amendment
of agricultural soils; 3) low concentrations of copper
seem to have a stimulatory effect, not only on the re-
moval efficiency of COD (chemical oxygen demand),
but also on the growth of some species, namely the
crawling forms.Acineria uncinata andAspidisca ci-
cada, in our study, showed a remarkable tolerance
to low concentrations of copper in the assays with
synthetic and real sewage, respectively. Other authors

have mentioned the occurrence ofA. cicada in these
situations [1, 21, 36]. Crawling forms are in general
considered useful indicators of good quality of wa-
ter treatment [18, 19], but these results indicate that
the concept must not be generalised whenever there
is a risk of contamination by heavy metals. On the
other hand,Opercularia sp. seems to be exception-
ally tolerant to copper, emphasising the well docu-
mented resistance of these species to stressful envi-
ronmental conditions; they are particularly frequent
in plants receiving industrial waste containing toxic
substances [14] and show a close association with
poor quality of the activated sludge [19]; 4) results
were comparable in the two experiments, i.e. with
synthetic and real sewage, despite the problems due
to the uncontrolled variability of real sewage and the
gradual supremacy of carnivores occurring when syn-
thetic sewage was supplied; 5) the sludge biotic in-
dex (SBI) closely reflected the efficiency of biological
treatment, even considering the above limitations.

4. Image analysis contribution
to protozoan identification

About 230 species of protozoa have been iden-
tified in the wastewater treatment plants: 33 flagel-
lates, 25 rhizopodi, 6 actinopodi and 160 ciliates [19].
Fortunately, only a small number of them occur fre-
quently and most are cosmopolitan species present
throughout the world [17, 18, 36, 43]. Two of the ma-
jor drawbacks to using protozoa for wastewater treat-
ment diagnosis are the need for skilled workers in
protozoology and the time it takes to be carried out.
Image analysis is currently a well-established com-
plement of optical and electronic microscopy. It al-
lows for routine classification and quantification of
microorganisms in an automated and nonsubjective
manner. The most common applications are as di-
verse as the enumeration of bacteria in solid foods,
in situ microscopy for online fermentation monitor-
ing and texture analysis of colonies [39]. With the
exponential increase in the processing capabilities of
computers as well as their price reduction, image
analysis has become a routine in cellular technol-
ogy studies. A program was created to semiautomat-
ically analyse protozoan digitised images. A princi-
pal component analysis technique was explored for
species identification [2]. In that work, the morphol-
ogy of the main protozoan species present in waste-
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water treatment plants was analysed in terms of sev-
eral mathematical morphology parameters in order to
identify different protozoa groups. After data collec-
tion and mathematical treatment a three-dimensional
representation was generated and several protozoa
species could be completely separated from the oth-
ers. To our knowledge, this work is the first con-
tribution towards completely automatic analysis of
the protozoan community present in activated sludge
and may be of considerable interest, especially in the
case of well-established sludge, rendering the time-
consuming monitoring of a well-documented com-
munity a much easier task. However, an expert team
will always be needed to validate the quality and fea-
sibility of the results, as well as to overcome the prob-
lems that computation cannot solve, such as differen-
tiation of similar species.

5. Toxicological studies using ciliated protozoa
as test organisms

Over recent years, much research has been car-
ried out on the toxicity of various relevant toxic com-
pounds in a series of biotests using several test or-
ganisms. The appeal of these tests lies in their sim-
plicity and high degree of reproducibility. However,
test organisms for assessing environmental risk and
impact must possess a number of desirable features:
they must be eukaryotic, their biology and general
responses must be well known, laboratory handling
must be relatively easy and a short generation time
is desirable whenever studies of long-term effects are
necessary [29]. Ciliated protozoa fulfill all these re-
quirements. Furthermore, as they have wide distri-
bution and ecological significance, performing key
functions in energy flow and elementary cycling in
aquatic food webs, they can be ideal early-warning
indicators of aquatic ecosystem deterioration [38].
Recently, the use of ciliates in toxicological tests
has been investigated and their potential in standard
bioassays has been demonstrated in aquatic environ-
ments [15, 30] and elsewhere [4].

The ciliated T. pyriformis was for more than
four decades the organism of choice in analyses,
evaluation of protein quality and determination of
effects of several toxic substances. Moreover, it was
the first protozoon to be cultivated axenically, i.e.,
in a standard medium, free from bacteria or other
organisms, making it a suitable model cell system,

since the addition of a compound is, in principle, the
only change in culture conditions.

6. Toxicological assays with T. pyriformis

The sensitivity of protozoa to environmental chan-
ges suggested a study on the physiological responses
arising from exposure to toxic compounds. In the lit-
erature, reports exist which are devoted to separate
studies of growth, mortality, grazing or biochemi-
cal changes of protozoa, namelyT. pyriformis, in the
presence of toxicants [6, 7, 24, 28, 31, 33, 40]. An in-
tegrated approach searching for interactions between
these parameters was missing. In our conceptual
framework presented infigure 1, these parameters
were considered in order to collect data at the species
level. Consequently, growth, viability/mortality, graz-
ing ability, ATP (adenosine-5′-triphosphate) content,
ACP (acid phosphatase) activity and MTT (3-[4,5-
dimethyl-thiazol-2-yl]-2,5-diphenyl-tetrazolium bro-
mide) reduction were evaluated simultaneously in a
series of miniaturised assays using axenic cultures of
T. pyriformis [6, 7, 26]. The final goal of this approach
was to collect data in order to compare the physiologi-
cal response patterns of the protozoa to different toxic
compounds. The toxicants used were copper (as dihy-
drated copper choride), zinc (as zinc chloride), Triton
X-100 and cycloheximide.

Results are with reference to soluble concentra-
tions, in the case of heavy metals, since most metal
ions suffer from binding effects due to the organic
matter of the culture medium. Soluble concentra-
tions of heavy metals were obtained after dialysis of
the PPY medium through a cellulose membrane of
3500 D (molecular weight cut-off). For each concen-
tration, two replicates of 10 mL were subjected to
dialysis for 24 h in 5 L of deionised tap water with
0.02 g L−1 of sodium azide, at 20± 1◦C. This wa-
ter was renewed three times, after which both cop-
per and zinc remaining in the medium were deter-
mined by photometric Merck spectroquant methods,
after acid digestion with nitric acid (65%). This was
considered to be the amount of metal bound to the dis-
solved organic matter, allowing determination of the
true bioavailable fraction of each metal. Less than 1%
of total protein was lost during dialysis. Protein was
determined by the Sigma microprotein determination
method, based on the Biuret and Lowry procedures.

Prior to the toxicity assays, a control assay was per-
formed to investigate the influence of the chloride ion



A. Nicolau et al. / Res. Microbiol. 152 (2001) 621–630 625

Figure 3. T. pyriformis with ingested fluorescent beads in the
grazing assay (amp. 100×).

present in copper and zinc assays using sodium chlo-
ride. No effect was detected in terms of growth, mor-
tality or grazing ability at the chloride concentrations
of the metal assays.

6.1. Physiological toxicological assays

Growth and mortality assays were carried out si-
multaneously. Grazing assays used fluorescent la-
belled latex beads of 0.5 µm diameter (figure 3), as-
suming that ciliates do not discriminate between dif-
ferent particles on the basis of properties other than
size and shape [37].

Table I shows results of all toxicological assays af-
ter 48 h, except for the grazing assay which was ac-
complished in 20 min. Data indicate that zinc was
more toxic than copper forT. pyriformis in the tested
conditions, in contrast to other studies in which cop-
per was systematically considered more toxic than
zinc to protozoa [20, 21], to bacterial communities of
activated-sludge or even to algae. Madoni et al. [20]
define the sequence Cu> Hg > Cd> Pb> Cr > Zn
to order the toxicity of heavy metals for a series
of species of protozoa taken from a community of
activated sludge tested in vitro and not fed during
the tests. They define a slightly different sequence
for the toxicity of metals to a community of proto-
zoa studied as a whole under field conditions: Cd,
Cu> Pb> Zn > Cr [21]. In the present study,T. pyri-
formis was cultured as the sole species in a nutrient-
rich medium and the tests were performed under
the same conditions, without additional stress from
starvation, competition for food or change of envi-
ronmental conditions. This may partially explain the

strong differences in the concentrations that proved
to be toxic to the organisms involved. Protection of
organic growth medium against the toxic effects of
heavy metals onTetrahymena is ascribed to the bind-
ing or chelating of heavy metals to organic com-
pounds, thus leaving little in the ionic form [29 – 31,
38]. Would this explain the initial difference in the
concentration of copper tolerated by cells in the pres-
ence and absence of organic matter? Results of dos-
ing after dialysis seem to indicate that this may not be
the only cause and that toxicity will also depend on
the physiological state of the organisms. Nilsson [28]
reports that cells forming granules are resistant to
higher concentrations of copper and states that these
granules can be regarded as structures involved in
detoxification and metal ion regulation. In the present
experiment, granules were not initially looked for,
and confirmation of this detoxification mechanism
cannot be given. Madoni et al. [21] found LC50 values
of 0.31–2.05 mg L−1 of copper and 0.57–50.0 mg L−1

of zinc for protozoa in an activated sludge commu-
nity. These values were even lower for cell suspen-
sion protozoa, as they are unfed. In the present study
LC50 was not determined but mortality of around 50%
in 24 h was determined for much higher values, e.g.
above 200 mg L−1 copper or 45 mg L−1 zinc. Ya-
maguchi et al. [42] observe complete inhibition of
growth of T. pyriformis in axenic cultures at 1 mM
copper (approximately 63.5 mg L−1). In the present
study, this value occurred at 275 mg L−1, though at
a concentration of 145 mg L−1, growth was reduced.
In contrast, Piccinni et al. [31] observed no effect on
growth following addition of copper to axenic cul-
tures ofT. pyriformis at a concentration of 10 mg L−1.
Nilsson [28] states that the addition of 100 mg L−1

copper (nominal concentration) to the normal 2% pro-
teose peptone medium is tolerated byTetrahymena
and stimulates phagocytosis; cell proliferation is ob-
served to resume after a lag period, but at a decreased
rate. These results are in accordance with those of the
present work.

Studies on the influence of different toxicants on
the grazing capacity of ciliates have not been recently
carried out, but some authors state that heavy metals
at low concentrations may stimulate grazing [28, 40],
which, in our study, is supported for copper but not for
zinc (table I). Additional assays were made to test the
possible influence of lower concentrations of zinc on
grazing, but at 25.0 and 12.5 mg L−1, no stimulation
of grazing was observed.



626 A. Nicolau et al. / Res. Microbiol. 152 (2001) 621–630

Table I. Results (average values of two independent assays of three replicas each) of toxicological assays using T. pyriformis.

Toxicant (mg/L)a Mortalityb Growthc Grazingc ATPc ACPc MTTc

Copper 30.0 0.0 47.0 135.0 50.3 117.3 90.8

65.0 0.0 27.2 114.5 24.9 153.3 57.6

145.0 0.0 9.7 8.8 20.2 133.3 30.6

200.0 1.7 4.6 3.0 14.9 98.8 12.6

275.0 19.7 2.4 3.3 8.2 54.3 7.0

Zinc 15.0 0.0 41.8 8.0 54.5 98.4 61.6

45.0 5.3 11.6 3.2 17.0 77.8 62.4

120.0 63.4 1.5 1.4 10.8 65.1 20.2

200.0 100.0 1.5 0.0 0.7 39.7 5.2

Triton X-100 12.5 0.0 88.0 57.0 78.3 92.3 73.3

25.0 0.0 71.5 37.8 67.4 93.8 59.9

37.5 0.0 1.1 2.5 76.6 83.1 51.8

50.0 100.0 0.6 1.4 43.2 66.2 14.4

Cycloheximide 0.0002 0.0 30.4 91.4 283.6 232.5 106.6

0.001 0.0 0.5 42.3 241.0 317.5 118.2

0.01 0.1 0.3 24.7 93.8 292.5 101.2

0.1 0.1 0.2 14.1 55.2 247.5 68.6

1.0 0.1 0.2 11.0 2.4 42.5 16.7
aConcentrations are soluble concentrations of the toxicant.
b Expressed in terms of percentage of total individuals.
c Expressed in terms of percentage related to the control observations.

As a surfactant, Triton X-100 disrupts all cell
membranes above a certain concentration. There
are no other studies available on the toxicity of
surfactants onT. pyriformis or on other ciliates, with
which the results of exposure to Triton X-100 can be
compared.

Cycloheximide, an antibiotic that inhibits protein
synthesis, did not cause mortality but inhibited the
growth and the grazing capacity ofT. pyriformis.

6.2. Biochemical toxicological assays

Assays of ATP content have been widely used to
characterise biomass viability [13] and to detect po-
tential spoilage microorganisms in the beer and food
industry [8, 12], assuming that it is possible to use the
concentration of ATP to measure the viable cells of
a certain species. In the work mentioned above, ATP
content was determined to give information about the
general energetic state of the culture when submitted
to the toxicants.

Previous works have been devoted to studying the
ACP activity of other hydrolases to detect digestive
activity in protozoa [22, 32, 34, 35, 41], since there is
an intimate relationship between lysosomal function
and intracellular digestion inTetrahymena and other
ciliates. In the referred work, ACP activity was used
as an indicator of the metabolic state of the cultures,
namely of the intracellular digestive function.

Colorimetric assays based on tetrazolium dye re-
duction, like MTT, have been extensively used in the
in vitro evaluation of cellular proliferation and cyto-
toxicity as well as screening for additives, mycotox-
ins or anticancer drugs. The MTT assay is a quan-
titative method that consists of metabolic reduction
of the tetrazolium dye, a group of water-soluble qua-
ternary ammonium compounds, by dehydrogenases
of viable immobilised or suspended cells. Production
of intensely coloured formazan water-insoluble crys-
tals is the result of the tetrazolium reduction assay.
Formazan crystals can be either observed microscop-
ically in the cell cytoplasm or extracted and dissolved
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with organic solvents, such as DMSO, enabling spec-
trophotometric quantification [25].

Suspended cells in culture do not adhere to the
bottom of the well, leading to a loss of cells during
the medium removal step, and further reading is im-
paired. To overcome this limitation, a modification of
the tetrazolium-based MTT assay was implemented,
enabling the innovative application of this method to
free-swimming protozoa [7].

The results of assays on ATP content, ACP activity
and MTT reduction are also shown intable I. In most
cases, increasing concentrations of toxicants caused
increasing inhibition of the physiological responses
of T. pyriformis, but in some cases toxicants caused
stimulation of ATP content or ACP activity.

Zinc and Triton X-100 affectedT. pyriformis neg-
atively, and significant values of Kendall’s coefficient
of correlation between the ACP activity and ATP con-
tent indicate that zinc and Triton X-100 similarly af-
fect these two parameters in the range of concentra-
tions assayed. A positive correlation between these
two parameters was expected: energy is needed for
phagocytosis of food particles, anabolism, synthesis
of enzymes and the activity of these enzymes. MTT
is also inhibited by all assayed concentrations of Tri-
ton X-100 and zinc.

Copper, in contrast, decreased MTT reduction and
ATP content at all assayed concentrations, but some
concentrations stimulated ACP activity. All but one
were also the concentrations that stimulated grazing
activity in the previous study [26]. This coincidence
is quite satisfying since ACP activity reflects lysoso-
mal function and thus intracellular digestion in cil-
iated protozoa: they ingest food molecules endocyti-
cally from the environment in membrane-limited vac-
uoles (food-vacuoles or phagosomes); after ingestion,
the latter are fused with one or more lysosomes and
the hydrolytic enzymes of the latter then digest the
content of the newly formed phagolysosome. Small
molecular weight products of digestion can then pass
through the membrane of the phagolysosome and be
utilised by the cell. Surprisingly, there was a decrease
in ATP content at these three concentrations, mean-
ing that there was a lower energy level available for
increased grazing and ACP activities. The study of
longer exposure times would be of great interest for
determining the long-term consequences of ATP con-
tent decrease on cellular functions, such as grazing
and ACP activity.

Finally, in the cycloheximide assay, ATP and MTT
were stimulated by the lowest concentrations and
were virtually unaffected by others, but there is
clearly a more complex set of influences in the case
of ACP activity, perhaps including the disposable
energy amount and some related energy-dependent
functions such as enzyme synthesis, enzyme activity
and even grazing itself. The fact that cycloheximide is
a toxicant toward eukaryotic organisms by inhibiting
protein synthesis at the 80S but not at the 70S
ribosomes, makes interpretation of data difficult,
especially at lower concentrations where toxic effects
are not as drastic.

6.3. New approaches to the determination
of viability and death in toxicological assays

Population growth impairment is the most fre-
quently used sublethal toxic endpoint [23]. A growth/
mortality bioassay using microscopic observation of
morphological changes at low magnification is a sim-
ple reproducible technique that does not require tech-
nical expertise or operational expenses [26]. Never-
theless, some limitations detected in such an assay
can make it unsuitable with several toxicants. Recog-
nising dead cells was sometimes ambiguous, since
nonmotile cells as well as altered shape cells were
counted as dead cells. It was found that light mi-
croscopy observations underestimated the true num-
ber of viable cells, i.e. false-negative counting, since
several abnormal cells were not in fact dead. Indeed,
they recovered their normal shape immediately after
toxicant removal and began growing in the recovery
assay. As verified, Triton X-100 is a detergent that has
reversible effects at concentrations under 100 mg/L,
if cells are removed immediately after contact with
the toxicant. Agents such ethidium bromide [24] and
dimethyl sulphoxide [27] were reported to alter the
morphology ofTetrahymena sp. with reversible ef-
fects, with the cells able to grow after toxicant re-
moval. On the other hand, when using another tox-
icant such as copper, light microscopy observations
provided overestimated or false-positive counting as,
when transferred to dilute medium, cells treated with
some concentrations of copper and considered alive
did not grow in the recovery assays, showing they
were nonviable.

A novel cellular cytotoxicity assay using two fluo-
rescent dyes was developed as an alternative method
to standard direct counting of viable protozoa un-
der light microscopy. The compound calcein/AM is a
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Figure 4. Viable and nonviable T. pyriformis, using calcein/AM
and EthD-1. The two nonviable cells show red stained nuclei.

nonfluorescent substance that diffuses passively into
cells and is converted by intracellular esterases to
green fluorescent calcein in viable cells. EthD-1, that
binds to DNA-stained red dead cells, was also added.
These dyes were used to assess the viability of the cil-
iated protozoaT. pyriformis after exposure to Triton
X-100 and copper at several concentrations (figure 4).
In a shorter time exposure, less than 1 h of contact
with the toxicants at sublethal concentrations, the flu-
orescent method proved to be more sensitive and pro-
vided more accurate results than direct counting un-
der light microscopy. With increasing exposure time,
the results obtained for both methods were similar.
However, fluorescent methods provide new opportu-
nities for using advanced techniques, such as flow cy-
tometry or image analysis, to assess cytotoxicity in
protozoa.

7. Conclusions

Protozoa have proven to be excellent tools for as-
sessessing the occurrence of pollution during waste-
water biological treatment, along with its role in the
control of pollution itself, through the grazing of dis-
persed bacteria and maintenance of a healthy trophic
web in those artificial ecosystems. The protozoan
community in the aeration tank of activated sludge
plants remains an innovative and useful instrument to
monitor biological wastewater treatment. More stud-
ies on this subject, aimed at collecting data and com-
paring the effects of toxicants on this community, will
be of great interest and should make the protozoa a
better tool in the monitoring of these processes.

The use of protozoa as actual test organisms was
validated as well. Conventional toxicological assays
are often slow and labour-intensive, and become im-
practical when many compounds and/or concentra-
tions are being tested rapidly. This has led to a
greater interest in colorimetric and fluorimetric as-
says that can be miniaturised in 96-well microtitre
plates and assessed using an ELISA spectrophotomet-
ric microtitre plate reader [23]. In this respect, the
ATP content, ACP activity and MTT reduction as-
says and the use of protozoa seem to be excellent
options: they allow for simultaneous tests of differ-
ent toxicants at various concentrations and even in
this case are rapid and easy to carry out. ATP con-
tent, ACP activity and MTT reduction assays may be
good alternatives to conventional toxicological tests
using suspension cultures – since they are based on
growth or mortality. The grazing activity test is by far
the least labour-intensive and time-consuming, even
when studies of mortality and/or growth of protozoa
are involved. They do not require technical expertise
or operational expenses that are needed in bioassays
carried out by regulatory agencies at higher trophic
levels such as in fish.

The results obtained should encourage further re-
search on possible response patterns to other toxic
compounds. Furthermore, this study may be enlarged
to other significant protozoa present in activated
sludge.
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