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ABSTRACT

Microfauna, comprising protists and little metazoan, has proved to be a useful tool for assessing the oc-
currence of pollution in wastewater treatment systems, namely on activated-sludge plants. In the present
work, the response of the microfauna communities of activated sludge to three toxicants—copper, zinc,
and cycloheximide—was studied by means of a series of assays using a bench-scale plant. Along with
the community descriptive parameters such as density, taxonomic richness, and the use of biological in-
dexes—the Shannon-Wiener Index and the Sludge Biotic Index—several operating parameters were de-
termined in order to allow for the comparison and possible correlations between the biological and the
physical-chemical parameters. The results emphasize the ability of activated sludge communities, both
bacteria and microfauna, to survive and to react to toxicants. High concentrations of copper and zinc (20
and 50 mg/L) prevented the satisfactory plant efficiency and the healthy state of the microfauna, includ-
ing its survival. Cycloheximide did not have important and lasting effects below 5 mg/L. Among physi-
cal-chemical parameters, removal of soluble chemical oxygen demand seems to be the only one that pre-
sents patterns revealing a cause—effect relation along toxicological assays. Biological parameters were
much more sensitive and coherent. The Sludge Biotic Index was, by far, the best tool in detecting intox-
icant effects in the microfauna communities. Considering all parameters studied, copper was more toxic
than zinc. Cycloheximide, in the range of concentration tested, was less toxic than these metals. The work
highlights the role of microfauna as an indicator of toxicants entrance, besides the well-documented in-
dicator value of plant operation conditions and efficiency.
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INTRODUCTION tists seem to be an excellent tool to assess both toxicity

and pollution: they are regarded as biological indicators

HE PRESENCE OF TOXICANTS in the aquatic environ- of pollution when their presence or absence can be re-
ment has become, in the past years, a problem of lated to particular environmental conditions (Esteban et
common occurrence. As concerns to water pollution, pro-  al., 1990, 1991; Madoni, 1993, 1994a,b, 1994b; Gracia
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et al., 1994; Fernandez-Leborans and Novillo, 1995,
1996; Abraham et al., 1997; Abraham-Peskir et al., 1997,
Chen et al., 2004; Lee et al., 2004; Nicolau et al., 2005),
and they are considered test organisms when a species or
a population is used to evaluate the toxicity of relevant
toxic compounds (Lynn and Gilron, 1992; Madoni et al.,
1992, 1994, 1996; Nalecz-Jawecki et al., 1993, 2003;
Schultz, 1997; Nicolau et al., 1999, 2001, 2004; Sauvant
et al., 1999; Schlimme et al., 1999).

Diversity and biotic indexes

The way biological communities are established and
how their structure is affected by toxicants is a question
of great interest to ecologists. This led to the appearance
of methods that try to relate the effects of pollution to the
community structure and to the presence of indicator
species.

Diversity indexes attempt to combine both species
richness and evenness in to a single value, which is as-
sumed to reflect environmental quality. It is assumed that
a well-balanced community presents, always, a high di-
versity, with no dominance of a particular species. It is
also assumed that pollution alters the community struc-
ture by reducing diversity (Cairns and Pratt, 1987). Re-
gardless of numerous cautionary remarks concerning
their use, diversity indexes have remained very popular
among ecologists (Washington, 1984).

Biotic indexes reflect in another way the environmen-
tal quality, because they use the concept of an indicator
organism. These indexes are usually specific for a cer-
tain type of pollution, because indicator organisms are
not simultaneously sensitive to all kinds of pollution. The
concept of indicator organism is also very controversial,
but there are some consensual characteristics essential to
the determination of an indicator organism (James and
Evisson, 1979): to have a wide geographic distribution,
to be abundant in the habitat in which it occurs, to have
narrow and well-defined ecological tolerances, and to be
easily identified. The most frequently referred as indica-
tor organisms are the algae, the bacteria, the protists, and
the aquatic macroinvertebrates and vertebrates. In the
present work, the Sludge Biotic Index (SBI), proposed
by Madoni (1994a), was used to evaluate the microfauna
community changes along the toxicological assays. This
index is based on the abundance and diversity of the pro-
tistan community in the activated sludge of the aeration
tank and on the different sensitivity revealed, by some of
the microfauna groups, to physical-chemical and opera-
tional factors prevailing in the system. SBI may range
from O, indicating the poorest condition, to 10, indicat-
ing the best condition. SBI values are grouped in four
classes corresponding to different quality levels: class I
includes SBI values of 10, 9, and 8; class II includes 7
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and 6; group III includes 5 and 4; and class IV includes
the remaining values. The numerical evaluation allows
for the comparison of different sludge or of sludge bio-
logical quality through time, and is based on the rela-
tionship occurring between plant performances and op-
erating conditions on one hand, and structure of the
microfauna on the other.

The protistan community of activated
sludge processes

Among protists, ciliates often reach densities of about
107 cells/L in the aeration tank (Madoni, 1993, 1994a)
and play an essential role in the purification process by
removing, through grazing, the majority of dispersed bac-
teria, which would cause high turbidity in the final ef-
fluent.

Most of ciliates present in biological wastewater treat-
ment plants feed, by filtration processes, upon dispersed
populations of bacteria and can be divided into three main
groups according to their feeding behavior (Madoni,
1994a): free swimmers, which swim in the sludge liquid
fraction and remain in suspension in the sedimentation
tank; attached ciliates, which are attached to the bacte-
rial aggregates and settle in the sedimentation tank; and
crawlers, which live in the floc surface, and settle in the
sedimentation tank as well.

An efficient activated sludge plant should present in
the aeration tank (Madoni, 1994a): (1) high microfauna
density, at least 10° cells/L; (2) specific composition
based in attached and crawling ciliates, with the absence
of flagellates which, along with the free-swimming
forms, are typical of the colonization stage; (3) a diver-
sified community, where no group dominates numeri-
cally by a factor greater than 10. It is also considered that
the dominance of swimming forms, flagellates, or sessile
as Opercularia sp. usually indicate, for different reasons
(e.g., high organic load, lack of dissolved oxygen, toxi-
cants entrance), a lower performance of the wastewater
treatment plant.

In the present work, a bench-scale plant was exposed
to three toxicants—copper, zinc, and cycloheximide—in
order to provide better understanding of the microfauna
community changes along with the performance of the
plant and the possible correlations between the former
and the latter.

In what activated-sludge concerns, the relation be-
tween metals and decrease of depuration efficiency is
proved, but the way they affect each of its components
is still misunderstood. Metals play a dual role in the phys-
iology of microorganisms, as some of them are vital to
development and survival, while others are toxic even at
low concentrations (Abraham-Peskir et al., 1997). Cop-
per and zinc were selected because of the importance

ENVIRON ENG SCI, VOL. 24, NO. 4, 2007



436

metals generally have in toxicological studies. Cyclo-
heximide is an antibiotic that inhibits protein synthesis
in eukaryotic cells, allowing for the comparison between
the effects on the bacterial component and on the mi-
crofauna.

MATERIALS AND METHODS

Experimental plant

The bench-scale plant used in the present work had an
aeration tank and a sedimentation tank (Fig. 1). Table 1
shows the information about several parameters in the
experimental prototype. The pilot plant was continuously
fed with real sewage coming from the Municipal Waste-
water Treatment Plant of Braga, after primary treatment,
that is, after the removal of solids, sands and grease and

NICOLAU ET AL.

primary sedimentation. Sewage was collected three times
a week to prevent self-degradation in the laboratory,
which could affect the results. The chemical oxygen de-
mand (COD) of the sewage had a medium value of 450
mg/L. and the medium ratio COD (soluble)/N (soluble)/P
(soluble) was approximately 100/33/4, which shows that
the sewage arriving to the Municipal Plant is highly rich
in nitrogen and phosphorous.

The experimental plant was previously inoculated with
activated sludge from the Municipal Plant, and a 3-week
period elapsed until the community was considered sta-
ble, as confirmed by assessing the microfauna diversity
and COD removal efficiency. Sludge age was nearly con-
stant during the assays through daily sludge removal in
the sedimentation tank. Each assay began with “fresh”
sludge followed by a stabilization period to ensure the
absence of acclimatization phenomena.

om

40

20

10

Legend:

- Feeding Tank

- Stirring

- Penistaltic Pump

- Aeration

- Aeration Tank

- Sedimentation Tank
- Air Pump

- Effluent Qutlet

TQEED QD>

Figure 1.

Experimental prototype of wastewater plant.
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Table 1. Operational parameters of the bench-scale plant.

Capacity of the aerated tank 2L

Total capacity of the system 5L

Feeding 370 mL/h
Residence time in the aerated tank 55h
Residence time in the system 130 h
Dissolved oxygen in the aerated tank 3.6-4.8 mg/L
Mean temperature 19°C

pH of the sewage 6.5-7.5

pH of mixed ligour 5.8-6.3

Toxicant concentrations

Copper, as CuCl, - 2H,0, and zinc, as ZnCl,, were
used to obtain different final concentrations of metal: 4
(only for zinc), 8, 20, and 50 mg/L, and were added in
one single dose to the aeration tank. Copper and zinc
chlorides were previously dissolved in 10 mL of mixed
liquor. Considering that only the soluble fraction of met-
als is toxic to organisms (Madoni et al., 1996), soluble
copper and zinc were measured in the mixed liquor of
the aeration tank just before and 24 h after the adding of
the copper and zinc chloride solutions. The soluble cop-
per and zinc concentrations were determined, after fil-
tration and digestion with nitric acid (65%), by photo-
metric Merck Spectroquant Methods.

Cycloheximide was added, also in one single dose, to
obtain three final concentrations: 1, 5, and 20 mg/L.

Physical-chemical parameters

During the period of assays, suspended solids (MLSS),
volatile suspended solids (MLVSS), sludge volume in-
dex (SVI), temperature (T), dissolved oxygen (DO), and
pH were measured in the aeration tank, following Stan-
dard Methods (APHA, 1985). Determinations of soluble
COD, total N, nitrate, and ammonia (all soluble) of the
influent and of the effluent were carried on (using also
photometric Merck Spectroquant Methods) to calculate
COD removal efficiency and the possible occurrence of
nitrification and/or denitrification in the system. The pa-
rameters were determined daily during the assays, by cal-
culating the average of two samples taken at the same
time.

Biological parameters

Microscopic analysis was performed using bright-field
and, whenever necessary, phase-contrast illumination to
inspect two subsamples of 25 uL taken from the aera-
tion tank according to the subsampling technique de-
scribed by Madoni (1984). Protists were identified ac-
cording to Madoni (1994b) and Foissner et al. (1991,
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1992, 1994, 1995). Each sample was studied according
to the method proposed by Madoni (1994a) and the cor-
respondent functional groups and SBI were achieved. To
calculate the SBI, it is necessary to previously find the
number of species (or supraspecific level whenever
species identification could not be achieved), the abun-
dance of each species and of total microfauna, and to es-
timate the number of small flagellates. For each sample,
the Shannon-Wiener Diversity Index (Shannon and
Weaver, 1949) was also determined. Based on the Infor-
mation Theory, this index is a measure of the average de-
gree of uncertainty in predicting to what species (or other
taxonomic category) an individual, chosen at random
from a collection of S species and n individuals, will be-
long. The equation used for the Shannon function was:

s
H = —Z (Pi X logy Pi), where Pi = ni/n

i=1
Toxicological assays

The assays lasted, in most cases, 7 days, that is, 168
h: hour O (zero) corresponds to the hour just before the
adding of the toxicant; along each assay, the already men-
tioned physical-chemical and biological parameters were
assessed at the beginning of the assays, just before the
adding of the toxicant, at 24, 48, at 72 h, and at the end
of the assay. As said above, soluble metal content was
determined just before and 24 hours after the adding of
copper and zinc chlorides.

RESULTS

It is known that organic matter can, in a variable de-
gree, complex metal ions, making them less toxic for
aquatic life (Sujarittanonta and Sherrard, 1981; Madoni
et al., 1996). The results of the determination of soluble
metals after the adding of the copper and zinc chloride
solutions are shown in Table 2. The results of soluble
metal concentration after 24 h did not reflect the added
feed concentration; therefore, results are discussed upon
the initial concentration of each toxicant.

The patterns obtained for the variation of MLSS in the
experiments varied a lot. The initial values were around
1,250 mg/L in the copper and cycloheximide assays and
around 1,500 mg/L in the zinc assays, with the exception
of the assay with 8 mg/L (MLSS 1,815 mg/L). The os-
cillations during the assays, along with the variation of
COD in the effluent, led to complex patterns of variation
of other parameters such as organic load, for example.
Anyway, the MLVSS presented the same patterns of vari-
ation of MLSS in all assays and the ratio VSS/TSS was
always around 0.8.
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Table 2. Mixed liquor metals concentrations.

NICOLAU ET AL.

Nominal concentration

Concentration before

Increase 24 h after

Compound mg/L mM adding (mg/L)? adding (mg/L)?
Copper 8 0.126 0.12 £ 0.01 0.35 + 0.05
20 0.317 0.11 = 0.03 0.58 + 0.06
50 0.794 0.13 = 0.02 344 + 0.13
Zinc 4 0.062 0.47 + 0.05 0.59 *+ 0.09
8 0.123 0.55 = 0.06 0.63 + 0.06
20 0.308 0.46 = 0.05 1.79 = 0.05
50 0.769 0.37 £ 0.05 2.30 = 0.02

2Arithmetic media of three dosing * standard deviation.

The high concentration of DO allowed for a wide ni-
trification in the aeration tank, well shown in the content
of ammonia and nitrates in the influent and the effluent
(Table 3). The values presented are referred to soluble
concentrations. Experimental results do not allow for the
establishment of a cause—effect relation between them
and the adding of toxicants. The content of nitrite was
always below 2 mg/L.

Among physical-chemical parameters, removal of sol-
uble COD seems to be the only one that presents patterns
revealing a cause—effect relation along toxicological as-
says. Among biological parameters, and in a general way,
the toxic compounds caused a decrease of species rich-
ness and of population density. In the case of cyclohex-
imide, however, the patterns of variation are less consis-
tent. Figures 2, 3 and 4 present the most significant results
of the assays with copper, zinc and cycloheximide, re-
spectively: the removal of COD, the taxonomic richness,
the Shannon-Wiener Index, the SBI, the relative abun-
dance of functional groups according to Madoni (1994a),
and the abundances of crawlers and the genus Opercu-
laria, as they are often related to opposite environmen-
tal conditions in plants, favorable and prejudicial, re-
spectively.

In Figure 2, the initial degradation of the system in the
assay with 8 mg/L of copper is clear for the COD re-
moval and the biological parameters as the SBI and the

species richness, but not for the Shannon-Wiener Index.
The distribution of functional groups and the ratio Op-
ercularia sp./crawlers do not reflect per se the disturbance
of the community: there was a significant stimulation of
the crawlers due to the growth of Aspidisca cicada. By
the end of the assay, the system was apparently com-
pletely recovered. The adding of 20 mg/L of copper had
not significantly stronger consequences on most of the
parameters, but the sessile clearly dominated the samples
and Opercularia sp. prevailed upon crawlers. Recovery
was possible in 7 days for the species richness and the
Shannon-Wiener Index. The highest concentration of
copper, 50 mg/L, was significantly more toxic then 8
mg/L considering all the parameters, and did not allow
for the recover in 7 days, with the exception of species
richness that reached 10 by the end of the assay. In con-
clusion, the higher concentrations of copper caused dis-
turbances that, by the end of the assay, did not disappear
completely, and the lower concentration of copper caused
changes that could be recovered from in 1 week and, in
this case, a significant increase of the crawler Aspidisca
cicada could be observed.

Figure 3 allows for the conclusion that all concentra-
tions of zinc affected the biological communities in the
aeration tank. This was less apparent in the case of 4
mg/L, because, in this case, the disturbance was abrupt
only in the first 24 h for the soluble COD removal effi-

Table 3. Concentrations of soluble nitrogen compounds in the influent and in the final effluent (no relevant differences be-

tween assays were found).

Conc. in the effluent (mg/L)j?

Nitrogen

compound Conc. in the influent (mg/L)
Total nitrogen 62.0-81.5

Nitrate 0.3-14
Ammonia 61.5-75.8

54.5-73.0 (—10 to —12%)
10.0-50.4 (+2,500 to +3,500%)
32.5-38.0 (—42 to —52%)

@Between ( ), the relative decrease (—) or increase (+).
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Figure 2. Variation of COD removal, taxonomic richness, Shannon-Wiener Index, Sludge Biotic Index (SBI), relative abun-
dance of functional groups, and ratio crawlers/Opercularia sp. in the assays with copper.

ciency or when the ratio Opercularia sp./crawlers is con-
sidered. On the other hand, it seems that there was a wider
recovering in the case of 50 mg/L than in the case of 20
mg/L of zinc, except for the SBI value. The relatively
high value of the Shannon-Wiener Index by the end of
the assay with 50 mg/L. was due to a substantial im-
provement on the species richness, not so reflected in the
SBI: the SBI is not as sensitive as the Shannon-Wiener
Index to changes in the species richness. The concentra-
tion of 20 mg/L of zinc only allowed for the recovering
of the soluble COD removal efficiency and the species
richness, but it was especially toxicant considering the
Shannon-Wiener Index, the description of functional
groups and the ratio Opercularia sp./crawlers. The con-

sequences of the adding of 8 mg/L of zinc seem less dras-
tic than in the case of 4 mg/L, and the main effects in the
microfauna were observed only 48 h after the adding of
zinc. The unusually high organic load determined in the
beginning of the 8 mg/L assay can account for this fact.
Figure 4 shows that cycloheximide affected all the pa-
rameters in a much smoother way than metals did. Even
the highest concentration, 20 mg/L, allowed for the re-
covering of all the parameters, except for the SBI, that
was still 4 by the end of the assay; this was due to the
supremacy of swimming forms. For the higher concen-
trations of cycloheximide, a stronger stimulation of the
growth of the swimming forms was always observed.
Table 4 presents the taxa observed during all the as-

ENVIRON ENG SCI, VOL. 24, NO. 4, 2007



440

g

NICOLAU ET AL.

8

£ .4 ]
2w w
K 81
g X ]
S0
©
g g
2 z2s
4
0 v T T T T v J od
0 2 48 72 % 120 144 168 0 24 a8 ” % 120 144 168
Time (hours) Time (hours}
| wamgl  -aBmgl  -8-20 mgl -0-50mgILJ [wamg. wo8mgi @z0mgl +50mgL |
4 10
&
2 Be
2 4
£
F 2
o T T Y v v T ] o
° 24 48 72 98 120 144 168 ° 24 48 72 o6 120 144 168
Time (hours) Time (hours)
4mglt 8mgiL 50 mglL
100 9 100 o
é100 a 100
@ m
o
gw 50 50
=
3
£
< 9 v v v v 3 04 T T 0
0 2 4 7 168 0 U 8 2 1688 0 % 4 2 188 0 % 8 n 18
Time {(hours) Time (hours) Time (hours) Time (hours)
[ Crawlers B Sessile Ml Techaete amoeba Swimming forms Others
4 mg/fl 8 mglL 20mglL §0 mgil
_100
®
@
25
b -
=
FEN
< 0 2
0 24 48 2 168 2% 48 168 0 b 48 2 168
Time (hours) Time (hours) Time (hours)
l:' Crawlers Opercularia sp.

Figure 3. Variation of COD removal, taxonomic richness, Shannon-Wiener Index, Sludge Biotic Index (SBI), relative abun-
dance of functional groups, and ratio crawlers/Opercularia sp. in the assays with zinc.

says. Some of the organisms were not identified to the
species level, but different species were distinguished as
species 1, species 2, etc.

DISCUSSION

Authors usually refer to soluble concentrations,
namely when metals are considered, as organics matter
can, in a variable degree, complex ions, thus reducing its
toxicity. In the present work, an attempt was made to re-
late soluble concentrations, determined 24 h after the
adding of metals, to the other results: as said before, the
results do not reflect, in any case, these soluble concen-
trations, and sometimes even contradict them. Moreover,
these soluble concentrations do not reflect the feed added
concentrations. The major effects were probably inflicted

in the first 24-h period. Despite the variations potentially
introduced by the oscillations of the organic and volu-
metric load or the suspended solids in the toxicant solu-
ble fraction, it was decided to present and discuss the re-
sults in terms of the concentrations of metals added to
the aeration tank (nominal concentrations).

The high concentration of dissolved oxygen in the aer-
ation tank and the high amount of ammonium in the in-
fluent had notorious consequences in the general work of
the plant, the more evident being the nonexpectable high
rate of nitrification, considering the prevalence of low pH
values in the aeration tank (Bitton, 1994) and the pres-
ence of toxicants (Eckenfelder, 1992; Bitton, 1994).
Madoni et al. (1999) states that nitrifying micro-organ-
isms of activated sludge are, in a general way, less af-
fected than heterotrophic by metals as copper, lead, and
cadmium, but not in the case of zinc or chromium. Stasi-
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Figure 4. Variation of COD removal, taxonomic richness, Shannon-Wiener Index, Sludge Biotic Index (SBI), relative abun-
dance of functional groups, and ratio crawlers/Opercularia sp. in the assays with cycloheximide.

nakis et al. (2003) corroborated this, in what chromium
(IV) concerns. In the present work, no significant differ-
ences were detected between the assays with copper and
zinc, in what nitrification respects. The high concentra-
tions of oxygen and ammonium had apparently over-
lapped the inhibitory factors, allowing for the nitrifica-
tion to occur. Nitrification had, on the other hand,
contributed to the low values of pH in the aeration tank.

The soluble COD removal was inhibited by all toxi-
cants, especially by copper. Cycloheximide was not ex-
pected to have such a strong effect: cycloheximide is
known for its effects on the eukaryotes (Frankel, 1970;
Heyer and Frankel, 1971, Robert and Orias, 1973), and
COD removal is mainly assigned to prokaryotes. Effects

on this component could be indirect: cycloheximide may
have affected the bacterivorous protists, and this could
have been reflected either on the amount of dispersed
bacteria in the effluent or on the health state of the bac-
teria, turning COD removal less effective.

The effects of toxicants on the microfauna were rele-
vant in the variation of both indexes, but the SBI appears
to be more sensitive than the Shannon-Wiener Index: at
the end of the assays, there were communities which
seemed recovered when the Shannon-Wiener Index was
considered, but not in the case of the SBI. Furthermore,
the disturbance following the adding of the toxicants was
frequently more evident in the case of the SBI than in the
case of the Shannon-Wiener Index, and this was espe-

ENVIRON ENG SCI, VOL. 24, NO. 4, 2007
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Table 4, Taxa of microfauna found in the tested mixed liquor
during the assays.

Crawling ciliates
Acineria uncinata
Aspidisca cicada
Aspidisca lynceus
Chilodonella uncinata
Drepanomonas revoluta
Euplotes patella
Euplotes affinis
Stylonychia sp.
Trachaelophyllum pusilum
Trithigmostoma cucullulus
Trochilia minuta

Testate amoebae
Arcella sp.

Difflugia sp.
Euglypha sp.

Swimming ciliates
Cinetochilum margaritaceum
Cyclidium sp.
Colpidium sp.
Paramecium caudatum
Paramecium putrinum
Spirostomum teres
Uronema nigricans

Sessile ciliates
Carchesium sp.
Epistylis sp.
Opercularia sp. 1
Opercularia sp. 2
Vorticella sp.
Vorticella convallaria
Vorticella microstoma
Vorticella aquadulcis
Zoothamnium sp.

Carnivorous ciliates
Amphileptus sp.
Coleps sp.

Litonotus sp.
Prorodon sp.

Suctoria
Podophrya sp.
Tokophrya sp.

Metazoans
Nematode sp. 1
Rotifer sp. 1
Rotifer sp. 2
Rotifer sp. 3
Rotifer sp. 4
Oligochaeta sp. 1
Oligochaeta sp. 2

NICOLAU ET AL.

cially true in the assays with cycloheximide. Both indexes
warranted, as expected, more information than taxonomic
richness itself.

The Shannon-Wiener Index is considered by several
authors and despite many criticisms, the best diversity in-
dex (Hulbert, 1971; Gray and Pearson, 1982; Washing-
ton, 1984; Ludwig and Reynolds, 1988; Kingston and
Riddle, 1989). The relation between the structure of the
microfauna communities and the performance of the
wastewater plants is strongly established, so some au-
thors have emphasized the advantage of using diversity
indexes in these studies (Morishita, 1976). However,
other have commented on the problem of using directly
the diversity indexes and the biological indicators of the
saprobic system in the assessment of the wastewater treat-
ment processes, commenting that those indexes lead to
an excessive simplification of the extreme complexity of
these systems. This could be true in the case of the Shan-
non-Wiener Index, but not for the SBI. The fact of hav-
ing been created specifically for the evaluation of these
complex ecosystems, and a deep knowledge of the com-
munities of the activated-sludge processes, accounted for
the applicability of the SBI in the present study. Even
when crawlers were stimulated by the lower concentra-
tion of copper, the SBI reflected the worsening of the en-
vironmental conditions. The association between the con-
cept of indicator species, taxonomic richness, and
abundance appears to be the basis of the success of this
index.

As said by Abraham et al. (1997), the lack of correla-
tions between the protistan populations and the prevalent
physical-chemical parameters in the wastewater treat-
ment plants is expectable, as the determination of these
populations in activated-sludge systems is complex and
multifactorial. Gracia et al. (1994) suggested that many
factors beyond concentration and time of exposure must
be taken in consideration in the study of toxicant effects
in these studies.

On the other hand, it is true that the toxicants can in-
fluence other variables beyond those strictly correlated
with the microfauna, thus creating a complex web of
causes and effects and turning difficult to distinguish be-
tween direct and indirect effects. The lower concentra-
tions of toxicants limit the interpretation of the results,
more than the higher concentrations of toxicants. The ex-
ception was the assay with 50 mg/L of zinc, where a sud-
den recovery of the system took place.

Aspidisca cicada showed a remarkable tolerance to the
lowest concentration of copper, in accordance to what
happened in other works (Madoni et al., 1992, 1994; Gra-
cia et al., 1994; Abraham et al., 1997). In addition to As-
pidisca cicada, other works point out other crawlers re-
sistant to the exposure to metals: Euplotes sp. (Madoni
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et al., 1992, 1994; Cingolani, 1997), Chilodonella unci-
nata (Abraham et al., 1997), and Acineria uncinata (Gra-
cia et al, 1994). Abraham-Peskir et al. (1997) highlight
the possibility of Aspidisca cicada, beyond vorticellids,
to tolerate soluble metal; they show the potential resis-
tance of Aspidisca cicada to zinc, which is not corrobo-
rated by the present study. On the other hand, the toler-
ance of Opercularia sp., namely O. coarctata and O.
minima, to toxic compounds (Esteban et al., 1991; Gra-
cia et al., 1994; Madoni et al., 1994, 1996) and its inti-
mate relation with low-quality influents (Curds and
Cockburn, 1970; Curds, 1975; Salvadé et al., 1995) is
well established and documented. In the present work,
this was especially shown in the assays with copper and
zinc. Stasinakis et al. (2003) reported the degradation of
the microfauna from 1 mg/L of chromium (VI) and did
not refer to any stimulation of the community.

The highest concentration of cycloheximide, 20 mg/L,
caused a slight increase of Opercularia sp. 24 h after the
adding, but the stimulation of swimming forms was more
consistent in this case.

CONCLUSIONS

In this study some relations could be obtained through
the observation of microfauna during toxicants entrance.
Copper, at 8 mg/L, stimulated the crawler fraction,
namely Aspidisca cicada, known for its well-established
relationship with good performance parameters. That
must prevent the generalization of the concept of indica-
tors of good quality of water treatment whenever there is
the possibility of contamination by metals, namely cop-
per. Zinc did not allow for the same observations. In a
general way, zinc and copper at 4 (only for zinc) and 8
mg/L caused little effects and allowed for the recovery
of the microfauna within a week. Concentrations of 20
and 50 mg/L caused much more drastic effects and mi-
crofauna could not recover completely in the period of
the assays. Cycloheximide had smoother effects and only
a concentration of 20 mg/L did not allow for the recov-
ery of the system. Remarkable effects were the stimula-
tion of swimming forms, and the fact that, despite being
an antibiotic that inhibits the metabolism of eukaryotic
cells, it also affected the COD removal ability of the sys-
tem; the possibility of being a direct or an indirect effect
was not clear.

Toxicants modify the structure of the protists commu-
nity by altering the taxonomic richness or the density, al-
though some authors emphasize the former and others the
latter. In the present study, the taxonomic richness was
more consistently affected then density. At any rate, the
SBI correlated better to the alterations of the microfauna
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then the Shannon-Wiener Index, perhaps due to the fact
that associates the concept of indicator species to taxo-
nomic richness and to overall density.

ACKNOWLEDGMENT

Ana Nicolau was supported by grant BPD/11594/02
from FCT-Portugal.

REFERENCES

APHA. (1985). Standard Methods for the Examination of Wa-
ter and Wastewater, 16th ed. Washington, DC: Author.

ABRAHAM, J.V,, BUTLER, R.D., and SIGEE, D.C. (1997).
Ciliate populations and metals in an activated-sludge plant.
Water Res. 31, 1103.

ABRAHAM-PESKIR, J.V., BUTLER, R.D., and SIGEE, D.C.
(1997). Seasonal changes in whole-cell metal levels in pro-
tozoa activated sludge. Ecotoxicol. Environ. Saf. 38, 272.

BITTON, G. (1994). Wastewater Microbiology. New York: Wi-
ley-Liss.

CAIRNS, J., JR., and PRATT, J.R. (1978). Ecotoxicological ef-
fect indices: A rapid evolving system. Water Sci. Technol.
19, 1.

CHEN, S., XU, M., CAQ, H.,, ZHU, J., XU, J., YANG, X,
GAN, Y., LIU, W., ZHAL J. and SHAO, Y. (2004) The ac-
tivated-sludge fauna and performance of five sewage treat-
ment plants in Beijing, China. Eur. J. Protistol. 40, 147.

CINGOLANI, L. (1997). Considerations on the role of some cil-
iate protozoans in the activated sludge. In D. Jenkins, S.W.
Hermanowicz, Eds., Proceedings of the Second International
Conference on the Microrganisms in Activated Sludge and
Biofilm Processes, 21-23th July, Berkeley, California, p. 359.

CURDS, C.R. (1975). Protozoa. In C.R. Curds, and H.A.
Hawkes, Eds: Ecological Aspects of Used Water Treatment.
London: Academic Press, p. 203.

CURDS, C.R., and COCKBURN, A. (1970). Protozoa in bio-
logical sewage treatment processes—II. Protozoa as indica-
tors in activated-sludge. Water Res. 4, 237.

ECKENFELDER, W.W. (1992). Industrial Water Pollution
Control. Singapore: McGraw-Hill.

ESTEBAN, G., TELLEZ, C., and BAUTISTa, L. M. (1990). Ef-
fects of habitat quality on ciliated protozoa communities in
sewage treatment plants. Environ. Technol. 12, 381.

ESTEBAN, G., TELLEZ, C., and BAUTISTA, L.M. (1991).
Dynamics of ciliated protozoa communities in activated-
sludge processes. Water Res. 25, 967.

FERNANDEZ-LEBORANZ, G., and NOVILLO, A. (1995).
The effects of cadmium on the sucessional stages of a fresh-
water protozoa community. Ecotoxicol. Environ. Saf. 31, 29.

ENVIRON ENG SCI, VOL. 24, NO. 4, 2007



444

FERNANDEZ-LEBORANZ, G., and NOVILLO, A. (1996).
Protozoan communities and contamination of several fluvial
systems. Water Environ. Res. 68, 311.

FOISSNER, W., BLATTERER, H., BERGER, H., and
KOHMAN, F. (1991). Taxonomische und ecologische revi-
sion der ciliaten des saprobiensystem. Band 1: Cyrtophorida,
Oligothrichida, Hypotrichia, Colpodea. Miinchen: Bay-
erischeslandesamt fiir Wasserwirtschaft.

FOISSNER W., BERGER, H., and KOHMAN, F. (1992). Tax-
onomische und ecologische revision der ciliaten des sap-
robiensystem. Band II: Peritrichia Heterotrichida, Odon-
tostomatida. Miinchen: Bayerischeslandesamt fiir Wasser-
wirtschaft.

FOISSNER, W., BERGER, H., and KOHMAN, F. (1994).
Taxonomische und ecologische revision der ciliaten des sapro-
biensystem. Band IlI: Hymenostomata, Prostomatida, Nassul-
ida. Miinchen: Bayerischeslandesamt fiir Wasserwirtschaft.

FOISSNER, W., BERGER, H., BLATTERER, H. and
KOHMAN, F. (1995). Taxonomische und ecologische revi-
sion der ciliaten des saprobiensystem. Band IV: Gymnosto-
matea, Loxodes, Suctoria. Miinchen: Bayerischeslandesamt
fiir Wasserwirtschaft.

FRANKEL, J. (1970). An analysis of the recovery of Tetrahy-
mena from effects of cycloheximide. J. Cell Physiol. 76, 55.

GRACIA, M.P., SALVADO, H., RIUS, M., and AMIGO, J.M.
(1994). Effects of copper on ciliate communities from acti-
vated sludge plants. Acta Protozool. 33, 219.

GRAY, J.S., and PEARSON, T.H. (1982). Objective selection
of sensitive species indicative of pollution-induced change in
benthic communities. Mar. Ecol. Prog. Ser. 9, 111.

HEYER, C.B., and FRANKEL, J. (1971). The kinetics of re-
sensitization of Tetrahymena following recovery from effects
of cycloheximide. J. Cell Physiol. 78, 411.

HULBERT, S.H. (1971). The non-concept of diversity: A cri-
tique and alternative parameters. Ecology 52, 577.

JAMES, A., and EVISSON, L. (1979). Biological Indicators of
Water Quality. New York: John Wiley and Sons.

KINGSTON, P.F., and RIDDLE, M.J. (1989). Cost-effective-
ness of benthic faunal monitoring. Mar. Pollut. Ser. 20, 490.

LEE, S., BASU, S., TYLER, C.W., and WEI, L.W. (2004). Cil-
iate populations as bio-indicators at Deer Island Treatment
Plant. Adv. Environ. Res. 8, 371.

LYNN, D.H,, and GILRON, G.L. (1992). A brief review of ap-
proaches using ciliated protozoa to assess aquatic ecosystem
health. J. Aquat. Ecos. Health 1, 263.

LUDWIG, J.A., and REYNOLDS, 1.F. (1988). Statistical Ecol-
ogy. A Primer on Methods and Computing. New York: John
Wiley Sons.

MADONI, P. (1984). Estimation of the size of freshwater cil-
iate populations by a sub-sampling technique. Hydrobiolo-
gia 111, 201.

NICOLAU ET AL.

MADONI, P. (1993). Comparative analysis of the activated
sludge microfauna in several sewage treatment works. Wa-
ter Res. 27, 1485.

MADONI, P. (1994a). A sludge biotic index (SBI) for the eval-
uation of the biological performance of activated sludge plant
based on the microfauna analysis. Water Res. 28, 67.

MADONI, P. (1994b). La Microfauna nell’Analisi di Qualitd
Biologica dei Fanghi Attivi. Azienda Gas Accqua Con-
sorziale di Reggio Emilia, Italy: Universitad degli Studi di
Parma.

MADONI, P, ESTEBAN, G., and GORBI, G. (1992). Acute
toxicity of cadmium, copper, mercury and zinc to ciliates
from activated sludge plants. Bull. Environ. Contam. Toxi-
col. 49, 900.

MADONL, P., DAVOLI, D., and GORBI, G. (1994). Acute tox-
icity of lead, chromium and other heavy metals to ciliates
from activated sludge plants. Bull. Environ. Contam. Toxi-
col. 53, 420.

MADONI, P., DAVOLI D., GORBI, G., and VESCOVI, L.
(1996). Toxic effects of heavy metals on the activated sludge
protozoan community. Water Res. 30, 135.

MADONI, P., DAVOLI, D., GORBI, G., and GUGLIEMI, L.
(1999). Response of SOUR and AUR to heavy metal conta-
mination in activated sludge. Water Res. 33, 2459.

MORISHITA, I. (1976). Protozoa in sewage and wastewater
treatment systems. Trans Am. Micros. Soc. 95, 373.

NALECZ-JAWECK]I, G., DEMKOWICZ-DOBRZANSKI, K.,
and SAWICKI, J. (1993). Protozoan Spirostomum ambiguum
as a highly sensitive bioindicator for rapid and easy deter-
mination of water quality, Sci. Total Environ. Suppl. 1227.

NALECZ-JAWECKI, G., GRABINSKA-SOTA, E., and
NARKIEWICZ, P. (2003). The toxicity of cationic surfac-
tants in four bioassays, Ecotoxicol. Environ. Saf. 54, 87.

NICOLAU, A., MOTA, M., and LIMA, N. (1999). Physiolog-
ical responses of Tetrahymena pyriformis to copper, zinc, cy-
cloheximide and Triton X-100. FEMS Microbiol. Ecol. 30,
209.

NICOLAU, A., DIAS, N., MOTA, M,, and LIMA, N. (2001).
Trends in the use of protozoa in the assessment of waste-
water treatment. Res. Microbiol. 152, 621.

NICOLAU, A., MOTA, M., and LIMA, N. (2004). Effect of
different toxic compounds on ATP content and acid phos-
phatase activity in axenic cultures of Tetrahymena pyri-
formis. Ecotoxicol. Environ. Saf. 57, 129.

NICOLAU, A., MARTINS, M.J.,, MOTA, M,, and LIMA, N.
(2005). Effect of copper in the protistan community of acti-
vated sludge. Chemosphere 58, 605.

ROBERT, C.T., and ORIAS, E. (1973). A cycloheximide-re-
sistant mutant of Tetrahyemna pyriformis. Exp. Cell Res. 81,
312.



MICROFAUNA AS AN INDICATOR OF TOXICANTS

SALVADO, H., GARCIA, M.P., and AMIGO, J.M. (1995). Ca-
pability of ciliated protozoa as indicators of effluent quality
in activated sludge plants. Water Res. 29, 1041.

SAUVANT, M.P,, PEPIN, D., and PICCINNI, E. (1999).
Tetrahymena pyriformis: A tool for toxicological studies. A
review. Chemosphere 38, 1631.

SCHLIMME, W., MARCHIANI, M., HANSEKMANN, K.,
and JENNI, B. (1999). BACTOX, a rapid bioassay that uses
protozoa to assess the toxicity of bacteria. Appl. Environ. Mi-
crobiol. 65, 2754.

SCHULTZ, T.W. (1997). TETRATOX: The Tetrahymena pyri-
Sformis population growth impairment endpoint—A surrogate
for fish lethality. Toxicol. Methods T, 280.

445

SHANNON, C.E., and WEAVER, W. (1949). The Mathemat-
ical Theory of Communication. Chicago, IL: University 1li-
nois Press.

STASINAKIS, A.S., THOMAIDIS, N.S., MAMAIS, D., PA-
PANIKOLAOU, E.C.,, TSAKON, A., and LEKKAS, T.D.
(2003). Effects of chromium (VI) addition on the activated
sludge process. Water Res. 37, 2140.

SUJARITTANONTA, S., and SHERRARD, 1.H. (1981). Ac-
tivated sludge nickel toxicity studies. J. Water Pollut. Con-
trol Fed. 53, 1314.

WASHINGTON, H.G. (1984). Diversity, biotic and similarity
indices. Water Res. 18, 653.

ENVIRON ENG SCI, VOL. 24, NO. 4, 2007



