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Introduction

Effluent discharges from many industrial facilities are
complex, comprising different components which vary
in quantity and quality, and also can be polluted by
toxic or non-biodegradable organic compounds [1].
Wastewater borne toxic chemicals may cause disease
for aquatic organisms and generally are a serious threat
to the environment. Different industries can pollute the
environment, but residual pollutants [1] from the
pharmaceutical industry can have a negative impact on
biological systems. Pharmaceuticals can also
contaminate water with detrimental effects on aquatic
organisms and possibly human health [2].

As in a big industrial plant, it is difficult to trace the
treatment loss, which can extend for months before
normal operation can be recovered [3]. Toxicants can
accumulate in the produced sludge, causing health risks
for the plant operators [4]. The lack of treatment
effectiveness could, in case of unexpected toxic
influents to waste water treatment plants, lead to
discharge of toxic and undegradable effluents into
receiving waters. Chemical analysis alone cannot
provide sufficient information on the potential harmful
effects of chemicals on the aquatic environment [5]. A
complete evaluation of wastewaters supplementing the
chemical characterization therefore should include
ecotoxicological tests as well, especially when
concerned with complex wastewaters [6].

In many countries’ jurisdiction, toxicology tests are
introduced, as a lot of national and international
organizations have standardized methods for
ecotoxicity tests. Biological testing is now also rapidly
expanding involving many bioanalytical techniques that
are being developed and applied to organisms at
different levels [5].

Toxicity characterization would be needed both for
influents and effluents of a wastewater treatment plant
and in such a way ecotoxicity tests are a useful tool for

the identification of environmental impacts, and also
could be useful as a tool for screening toxicity to avoid
the disruption of activated sludge processes in order to
protect biological treatment plants from toxic influents
and to monitor the effectiveness of wastewater
treatment plants.

This article gives an overview of the literature search
results we obtained by focusing on the selection that is
more promising and suitable aquatic toxicology test for
sewage treatment plant influent toxicity monitoring.

Importance of ecotoxicity in evaluation of
wastewaters and trophic levels

The early approach for wastewater analysis and
monitoring for toxicity was on a chemical-specific
basis. However the chemical specific approach alone
has many shortcomings [4]. The measurement of COD
and BOD are time consuming and inadequate for
continuous monitoring of the wastewater quality. The
toxic effects of unknown substances in complex
mixtures or with possible synergistic effects can be
detected only by toxicity testing [5]. At the same time,
little is known about the potential interactive effects in
the complex mixtures themselves [7].

In the United Kingdom Direct Toxicity Assessment
programme [8] it was also found the limited assessment
of toxicity by chemical effluents since in. 70% of
screened effluents were found instances of effluents to
be toxic to aquatic organisms even if all the effluents
tested were compliant with their current discharge
license conditions [9]. Ecotoxicity tests include the
evaluation of the synergistic, antagonistic and additive
affects of all the chemical, physical and biological
components, which may adversely affect the
physiological and biological functions of the test
organism [10].

A variety of types of organisms representing different
trophic levels and many different genera and species
have been used for aquatic toxicity testing. The most



commonly used tests include examples of plant,
invertebrate and fish species in order to determine
effects at various trophic levels [6], [7].

For the purpose of screening biological wastewater
treatment influent, toxicity to activated sludge
microorganisms is important. In this case, the toxicity
data specific to activated sludge microorganisms are
more important than the general toxicity data like
toxicity to higher life forms [11]. However, for
example, some widely used non-ionic surfactants are
degraded by activated sludge microorganisms, but in
this way a range of intermediate products which are
formed can affect further fish, mammals and other
organisms [12], [13]. In such a way an impact of
disposed effluents in nature should take into account
further evaluations, and the best way would be to
include tests with different species and organisms, as
each one may have a different sensibility. The
environmental toxicity system ideally should consist of
a primary producer (e.g. an alga), a primary consumer
(e.g. aquatic arthropod), a secondary consumer (e.g.
fish) and perhaps a tertiary consumer (e.g. a bird) in
order to represent a typical aquatic system [10]. This
approach is especially important since in biological
testing it is known that organisms within the same and
different trophic levels respond differently to a range of
toxicants, both a single or complex mixture and there is
therefore a need to develop toxicity bioassays using a
suite of organisms [13].

Some species are most often used in ecotoxicity testing
like Daphnia magna, fish tests, algal tests, Vibrio
fisheri tests [14]. From these fresh water crustacean
Daphnia magna is the species most used in the world
for toxicity testing [15] and widely used in aquatic
toxicology to assess the adverse effects of individual
substances or complex mixtures. Testing is typically
carried out according to internationally standardized
protocols, however, according to this test the results
cannot be interpreted for other organisms [ISO
6341:1996/Cor1:1998].

Microbial bioassays for toxicity detection offers many
advantages over other bioassays, since they are
functional and can represent and mimic higher
organisms so as to allow better understanding of the
effects on an ecosystem. Microbial tests are also
inexpensive and less time consuming compared with
complex toxicity tests involving higher organisms [9].
Also recently, phytotoxicity tests have become more
popular. The freshwater algal species most frequently
used are green microalga, Selenastrum capricornutum,
and also Chlorella vulgaris. The use of algae in
ecotoxicity tests has several advantages since they
belong to the first level of the trophic chain, so any
disturbance can affect the ecosystem at its higher levels,
the algae are also very sensitive in regard to changes in
the environment. Chlorella vulgaris has especially good
sensitivity to toxicants and this alga is also easily

cultured in the laboratory and is considered economical
[10].

Ecotoxicity tests in different countries, legislation
backgrounds and standard testing

Nowadays, national and regional authorities use
ecotoxicity tests to meet various regulatory and
legislative requirements [7].

The situation is more complicated because it is not
known what substances industrial wastewater contain.
Chemical analysis gives information about hazardous
substances in water if they are used as individual
substances. However, as a rule, wastewaters from the
manufacturing process produce parent compounds,
byproducts, different metabolites and their mutual
interaction products. This is the reason why a simplified
toxicological approach is not useful for the evaluation
of pharmaceutical wastewaters.

However, bio-assessment does not provide information
on the reason for the toxicity. As many as 100
compounds could be the source of the toxicity and it is
important to assess exactly which compounds could
damage the active sludge.

According to the EU Water Framework Directive and
subsequent updating, 2006/11/EC [17] and 2008/32/EC
[18], all water bodies must be protected and preserved.
In order to improve water quality and guarantee the
survival of species of aquatic organisms, the
biodiversity of ecosystems should be protected and
therefore quality concerning the ecotoxicological
characteristics is required [10]. For countries to comply
with good ecological status under the European
Community Directive 2000/60/EC, the ecotoxicity of
effluents is important [6]. In many countries ecotoxicity
tests are already used in wastewater management.

The traditional way of identifying the toxic elements is
to conduct a Toxicity Identification Evaluation (TIE)
which is a procedure set out by the Environment
Agency of England and Wales (EA) for identifying the
substance(s) responsible for the toxicity of complex
samples [7].

A number of countries are evaluating the use of aquatic
toxicology testing under different names (WET (Whole
effluent toxicity) in USA, DTA (Direct Toxicity
Assessment) in UK etc.). WET testing has been in use
for effluent and receiving water quality in the USA
since the 1940’s. The purpose of WET is to identify,
characterize and eliminate the toxic effects of
discharges on aquatic resources. WET has been also
used in Australia as part of an ecological and human
risk assessment in support of regulatory requirements
[7].

DTA, the UK terminology for WET is seen as a third
component in an integrated approach to water quality



management, complementing the existing elements of
substance specific control and biological assessment.
There is also increasing interest in the WET approach in
Europe with Germany and Sweden having the most
experience and the Netherlands committed to WET
development work and trial. WET is likely to play an
important role in the implementation of legislation such
as the Integrated Pollution Prevention and Control
(IPPC) Directive and the proposed EU Water
Framework Directive.

In Germany toxicity tests are used in conjunction with
chemical parameters for the regulation of a number of
different industries under the Federal Water Act, the
Wastewater Ordinance and the Wastewater Charges
Act. Tests specified within legislation include fish,
Daphnia, luminescent  bacteria and algae.
Ecotoxicological testing of industrial wastewater has
been used for more than 20 years in Denmark.

Also, according to Greek legislation, there is no
obligation to test the effluents of wastewater treatment
plants with bioassays in Greece [14]. The situation is
similar in Latvia. Nonetheless some enterprises have
introduced ecotoxicity tests such as in Olainfarm where
the company is growing Daphnia magna and testing
effluents with them.

Various organizations have developed standard test
methods for acute and chronic aquatic testing including

Organization for Economic Cooperation and
Development (OECD), the United States
Environmental Protection Agency (USEPA), the

American Society for Testing and Materials (ASTM)
and the American Public Health Association (APHA).
EU countries mainly used methods proposed by ISO,
but the OECD proposed to implement both standard
and national methods. ISO acute toxicity standards are
similar to the OECD guidelines [19].

Toxicity tests to activated sludge

One of the tasks of ecotoxicity tests would be to protect
the treatment plant from the shock of incoming polluted
toxic wastewaters.
For treating industrial wastewaters, the activated sludge
process (ASP) is that which is most used [20], [21].
Toxicants in ASP influent can cause disturbance to the
operations of ASP. These upsets could be a decrease in
waste organics removal, reduction of solids separation
efficiency and modification of sludge. Such upsets can
be avoided if ASP influent wastewater is screened for
toxicity and protective actions are taken.
Based on the organisms and processes in ASP-
microorganisms, toxicology tests which are used for
monitoring of influent to WWTP according to Ren [21]
could be grouped in the following way:

1) Bioluminescence methods;

2) Respirometry methods;

3) Nitrification/denitrification inhibition assays;

4) Molecular-based assays and sensors.
The most widely used and studied biotests for
wastewater toxicity evaluation for aerobic treatment are
bioluminescence and respirometric methods as they are
practical and have the biggest significance of screening
the toxicity of wastewater treatment plants. The biotests
for wastewater treatment plant influent also need to
exhibit rapid detection because these tests would be
needed not only for detection but also for preventive
actions [9].

Bioluminescence methods.Bioluminescence has been
widely used in toxicity tests [9]. For wastewater toxicity
evaluation, the most thoroughly investigated test system
is the Microtox assay [21], and it is reported as one of
the most commonly applied. The Microtox assay is
based on naturally occurring luminescent marine
bacterium  Vibrio fischeri, which possesses a
constitutive promoter controlling the luxCDABE
cassette that encodes for enzymes that catalyze light-
producing reactions [21], [22]. This test is also a
standard ecotoxicological bioassay in Europe (DIN EN
ISO 11348). It is a very rapid, cost-effective and
widely-accepted method for toxicity determination [15].
V. fisheri is also often used to compare various
microbial bioassays [13].

The natural bioluminescent bacteria however, can be
particularly sensitive to some industrial wastewater and
therefore their response to mnormal operational
conditions does not reflect the status of the microbial
community responsible for treatment [23], [24]. Tzoris
[9] also reports that V.fischeri assay is not ideal for
monitoring influent wastewater toxicity.

Organisms isolated from activated sludge are more
resistant to wastewater toxicants and can respond to the
appearance of a toxicant. On this basis Ren and
Frymier, 2003 developed a continuous wastewater
toxicity testing system using the luminescent bacterium
Shkl (genetically modified organism) carrying the
luxCDABE operon of V. fischeri. It was found that Shk1
assay is less sensitive than the Microtox assay and
could be more suitable for influent wastewater toxicity
monitoring [21], [25]. However there may be a
question as to whether genetically modified bacteria
would be accepted by environmental agencies [24].
Philp et al [17] has tested the system as a biosensor
using natural and genetically modified bioluminescent
bacteria and have found that an immobilization system
and a modified bioluminescent Pseudomonad
performed to expectations with pure toxicants phenol
and 3-chlorophenol.

Enzymes can be used as test systems instead of
organisms to evaluate the potential hazard of
contaminants in wastewater or river water. Thus in the
study by Gagne [12], the toxicity of industrial
wastewaters were evaluated with a very rapid and



sensitive chemiluminescent peroxides assay-based on
the peroxidase —catalyzed oxidation of luminal by
hydrogen peroxide. It is responsive to the presence of
radical scavengers and the assay is rapid. It was found
that this assay complied relatively well (60%) with
Microtox assay, suggesting that the light inhibiting
effects of the effluent correspond to toxic effects in
bacteria. This assay may be used for prescreening
studies when the number of test samples is very high.

Respirometry methods. Compared to bioluminescence
methods, activated sludge respirometry is a more direct
method for assessing sludge activity and toxicity to
sludge [26]. Many activated sludge respirometric
methods are well established and standardized tests
have existed for a long time (e.g. Organization for
Economic Cooperation and Development (OECD),
1984; USA Environmental Protection Agency (EPA),
1966; and International Organization for
Standardization (ISO), 1966. The approach in these
tests is based on Oxygen Uptake Rate (OUR) testing to

determine the basic cause for inhibition of
microbiological respiration rate. These methods are
easy, fast and inexpensive compared to other
approaches.

Respirometry has been used extensively for decades.
Literature describes the use of biosensors, assays and
respirometers for this toxicology testing method. As has
been described, the biosensor for wastewater toxicity is
based on inhibition of the respiration of oxygen-
sensitive bacteria (strain unspecified) isolated from
activated sludge [12], [26].

There has been described the use of biosensor
CellSense (Euroclone, Pero, Italy) for organic toxicants
in wastewater. In this study the immobilized E.coli cells
were used, though other options of sensor organisms are
possible. In the biosensor, the resultant electric signal
was an indicator of bacterial respiratory activity [26];
[27].

In the other sludge respirometry—based assay using well
microplates the respiration was indirectly quantified,
the color being the indicator of sludge respiration [26],
[28].

In the activated sludge respiration inhibition assays
conducted by Pernetti et al [23], [26] the organic carbon
removal by sludge was monitored, in addition to
measuring the specific oxygen uptake rate.

The combined use of an activated sludge respirometer
with a titrimetric technique has been used for activated
sludge monitoring. Inclusion of titration to respirometry
provided additional information about the carbon
source [26], [29].

Using the principle of respirometry installed
instrumentation is functioning in the sewerage authority
of Thessaloniki [14]. When there is inhibition in the
oxygen, the uptake rate is higher than a preset value and
an alarm is activated and wastewater can be diverted to

a calamity basin. In this way the toxic shock of the
activated sludge microorganisms can be prevented.

Comparative studies. Many reports and publications
have been done on comparison of different bioassays.
Like in Dalzell et al. study [13], five rapid direct
toxicity assessment methods —nitrification inhibition,
respirometry, adenosine triphosphate luminescence and
enzyme inhibition were tested. It was found that the V.
fischeri test was more sensitive compared to the tests
using activated sludge. It was recommended also by this
study that at least two of the toxicological tests utilizing
activated sludge should be used to reduce the possibility
of missing a particular toxic effect.

Girotti [24] reports that V. fisheri is the most sensitive
compared to other bacterial  bioassays such a
nitrification inhibition, respirometry, ATP
luminescence and enzyme inhibition. Several studies
are reporting and have found out that V.fisheri is more
sensitive than activated sludge respirometry [9].

Also different commercial systems based on the
bioluminescent bacterium V. fisheri are compared. In a
study by Jennings [30] commercial assay systems
ToxAlert 10®, Microtox® and LUMIStox® have been
compared. It was found out determined that these
assays show very similar results and there is no
significant difference.

The study by Mendonca [7] has evaluated the
sensitivity of different tests and the following gradient
of  test sensitivity ~ has been detected:
Microtox<Thamnotox< Daphnia=AlgalTox>Lemna.

Conclusions

The whole effluent testing is increasing rapidly as a
cost-effective means of evaluating and controlling the
environmental impact of such emissions. Toxicity tests
are especially important in pharmaceutical production
as there are a lot of changes, the flow is in batch mode
and very often it is even difficult to say what products
are forming in the chemical process not to mention the
possible impact to microorganisms.

Data in literature shows that some invertebrate and fish
assays that are commonly used in aquatic toxicology
are not suitable for sewage treatment plant influent
toxicity monitoring. The best correlations between
toxicity tests and the actual behavior of an activated
sludge plant can be obtained when microorganisms
from the particular activated sludge plant themselves
are used in toxicity tests. The results of bioassay should
be directly extrapolated to predict the toxicity effect to
microorganisms in the bioreactor. Different ecotoxicity
tests are used in order to detect the toxicity of activated
sludge. The respirometry methods seem to be very
valuable. As an advantage these methods are not
difficult, easily implemented and inexpensive.



As an additional tool the ecotoxicity tests would be
needed in order to determine the necessity for the
pretreatment of industrial wastewaters already near the
production.

In many countries biotesting is developed and is
required by law. In Latvia, chemical monitoring is
conducted for evaluation of the wastewater. Ecotoxicity
is only a little developed but it would be a future
direction in the evaluation of wastewaters, especially of
complicated industrial ones. Bioassays would be a
significant tool, especially for the evaluation of
industrial wastewaters in order to protect the biological
treatment plant from toxic shock and also to avoid the
release of toxic substances into the environment.
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Beata Cébere, Elina Faltina, Normunds Zel¢ans, Daina

Kalnina, Toksicitates testu izmantoSana riipniecisko
notekiidenu attiriSanas iekartu sekmigas darbibas
nodrosinasanai

Ripnieciskie notekiideni ir sarezgiti un var biit piesarnoti ar
nebiodegradabliem un toksiskiem organiskajiem
savienojumiem, kas var bit drauds apkartéjai videi. Kimiskas
analizes nevar dot pietiekamu informdaciju par tudenu
piesarnojumu raksturu. Pilnigai notekiidenu izveértésanai ir
Jjaietver arl ekotoksikologiskie testi, ipasi svarigi tas ir
kompleksiem  notekiidepiem. Musu literatiuras izpété
mégindjam noteikt, kas ir piemérotaka idens toksikologijas
metode notekildenu attirisanas iekartu iepludes toksicitates
monitoringam. Peétijuma aprakstiti dazadi organismu veidi,
kas parstav dazadus trofiskos limenus un daudzas dazadas
sugas, kuras tiek izmantotas udens toksicitates testos.
Toksicitates raksturojums ir nepieciesams gan ieplistoSiem,
gan izpliustosSiem notekiideniem no attiriSanas iekartam. Lai
parbauditu biologisko attiviSanas iekartu ieplidi, ir svarigi
izmantot toksicitates testos aktivo dunu mikroorganismus.
Plasak izmantotie toksikologiskie testi ir respirometrija un
bioluminescences  toksikologijas  testi.  Respirometrijas
toksicitates testi ir viegli, atri un ari nav dargi, salidzinot ar
citam pieejam. Ari bioluminescence ir plasi izplatita un
visvairak Seit izmantotd testa sistéma ir Microtox. Veikta
toksicitates testu salidzinasana. Starptautiskas, naciondalas un
regionalas varas iestddes izmanto Sos testus, lai sasniegtu
dazadus regulatoros un likumdoSanas merkus. Biotestesanas
nozime ir art uzsverta ES likumdosana.

Beata Cebere, Elina Faltina, Normunds Zelcans, Daina
Kalnina, Toxicity tests for ensuring successful industrial
wastewater treatment plant operation

Industrial wastewaters are complex and can be polluted by
non-biodegradable end toxic organic compounds and are a
serious threat to the environment. Chemical procedure alone
cannot provide sufficient information. A complete evaluation
of wastewaters should include ecotoxicological tests too,



especially concerning the complex wastewaters. In the
literature review the authors attempted to establish which is
the more promising and suitable aquatic toxicology test for
sewage treatment plant influent toxicity monitoring.

A variety of types of organisms representing different trophic
levels and many different species are used for aquatic toxicity
testing. Toxicity characterization would be needed both for
influents and effluents of wastewater treatment plant. For the
purpose of screening biological wastewater treatment
influent, toxicity to activated sludge microorganisms is
important and toxicology tests here used are respirometry
and bioluminescence toxicology tests. Respirometry toxicity
tests are easy, fast and inexpensive compared to other
approaches. Bioluminescence has been widely used, the most
thoroughly investigated test system is the Microtox. The
toxicity tests have also been compared by different authors.
International, national and regional authorities use these
tools to meet various regulatory and legislative requirements.
Importance of biotesting has been emphasized also in EU
legislation.

Bbrara Iledepe, Dauna Daaruns, Hopmynac 3emauanc,
Jauna Kaauuus, Ucnosib30BaHHe TECTOB TOKCHYHOCTH
Il oDecrieyeHUsl  YCHENIHOH  pafoThbl  OYMCTHBIX
YCTaHOBOK /ISl OUMCTKH MPOMBIILJIEHHBIX CTOYHBIX BOJ

IHpombiunennvie cmounvle 600bl CLOJICHBIE U MO2YM OblMb
3aeps3Henbl  HebuooezpaoupyemviMu U - MOKCUYHbIMU
Op2AHUYECKUMU COCOUHEHUAMY, KOmopble Mo2ym Oblimb
Vepo3otl 0ns OKpysicaroujeli cpedvl. Xumuieckue auaiusbl He
Moeym O0amb 00CMAMOYHYIO UHGOpMaAyuo o0 Xxapakmepe
3aepsasHenus 600. /i NOIHO20 AHANU3A CIOYHBIX 800 HYICHO
UCNONB308AMb  IKOMOKCUKOAO2UYECKUe — mecmbl, Mo
0CODEHHO 8AHCHO 011 KOMNJIEKCHbIX CMOYHBIX 600. 1Ip0600s
uccne0o8aHusl IUMepamypvl Mbl npobosanu onpeodenums
camvlli. NOOX0OAWUN MemoO OonpedeieHusi MOKCUYHOCHU

600bl  OUUCMHLIX — COOpPYXHCEHUUl Ol MOHUMOpUH2d
MOKCUYHOCMU  8X005We20 NOmokd. B ucciedosanuu
ONUCAHbl ~ pasHvle  MUNbl  OP2AHU3MOS, Komopule

npeocmagnaom pasHvle mpoguyeckue YposHU U pasHbvle
8UObL, KOMOpble UCHONLIVIOMCSA 6  MOKCUKONOUYECKUX
mecmax  600vl.  Tokcukonozuueckas — Xapakmepucmuxa
HeoOXo0uMa KAk GMeKaemMblM, MAaK U 6bIMEKAeMbIM U3
OUUCMHBIX — COOPYHCEHUN  CMOYHBIM — 600am.  Hmobwl
npoeepums GnYCK COOPYICEHUN OUOIOSUYECKOU OYUCTKU, 8
MOKCUKOJIO2UYECKUX — THeCmax — BAdXCHO  UCHONIb308AMb
MUKDPOOD2AHU3MblL  aKMUeHo2o uia. Pecnupomempus u
MOKCUKOJIO2UYeCKUe mecmbl OUOIIOMUHECYeHYUU ABTAIOMCSA
Haubonee WUPOKO UCHOTbIVEMbIMU MOKCUKONOSUYECKUMU
mecmamu. Tokcuxonoeuyeckue mecmovl pecnupomempuu
npocmole, Ovicmpule, a mMakdyice Hedopocue 8 CPABHeHUU C
opyeumu cnocobamu. BuomomunecyeHyus maxdice wupoKo

pacnpocmpanend, 0oabuie 6Ce20 UCHONIb3YeMdas Mecmosas
cucmema  Microtox.  Beiio  nposedeno  cpaeHenue
MOKCUKOO2UUECKUX mecmos. Mesicoynapoonwie,
HAYUOHATIbHBIC U PESUOHAIbHLIE YUPEHCOCHUS UCTONb3VIOM
omu mecmul, umobbl AOCMUYL pPa3Hble pPeyIAMOPHbIE U
3akoHodamenvhvie  yeau. 3Hauenue  OGUOMECMUPOBAHUs
noouépkuymo 6 zaxonooamenscmee EC.



