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ON THE POSSIBILITY OF USING BIOLOGICAL TOXICITY TESTS TO MONITOR
THE WORK OF WASTEWATER TREATMENT PLANTS
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Abstract — The aim of this study was to ascertain the possibility of using biological toxicity tests to monitor influent and
effluent wastewaters of wastewater treatment plants. The information obtained through these tests is used to prevent
toxic pollutants from entering wastewater treatment plants and discharge of toxic pollutants into the recipient. Samples
of wastewaters from the wastewater treatment plants of Kragujevac and Gornji Milanovac, as well as from the Lepenica
and Despotovica Rivers immediately before and after the influx of wastewaters from the plants, were collected between
October 2004 and June 2005. Used as the test organism in these tests was the zebrafish Brachydanio rerio Hamilton -
Buchanon (Cyprinidae). The acute toxicity test of 96/h duration showed that the tested samples had a slight acutely toxic
effect on B. rerio, except for the sample of influent wastewater into the Cvetojevac wastewater treatment plant, which had
moderately acute toxicity, indicating that such water should be prevented from entering the system in order to eliminate
its detrimental effect on the purification process.
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INTRODUCTION information on the potential harmful effects of
chemicals on aquatic environments. The complex
nature of effluents cannot be overcome by specific
chemical approaches. The toxic effects of unknown
and often undertermined substances in complex
mixtures or with possible synergistic effects among
compounds on wastewater can be detected only by
toxicity testing. Even though the quality of efflu-
ent wastewaters conforms to allowed standards,

The environment in the 21st century is becoming
increasingly polluted, and surface and underground
waters are directly or indirectly threatened by every
day discharge of wastewaters with various composi-
tion.

Wastewaters are waters that after use have altered
their physical, chemical, and biological properties ) . ) )
and increased content of admixtures. colloids and wastewaters can in certain cases still be toxic. Many

solutions that can be of organic or mineral origin chemicals that are discharged into aquatic environ-
(Stoimenov, 2001). ments are not directly monitored (Sponza, 2003).

Toxicity tests are used to establish and explain
negative effects of wastewaters on aquatic organ-
isms. Toxicity can be determined experimentally in
the laboratory by exposing sensitive organisms to
the influence of wastewaters. For selection of test
organisms, it is very important that they can be eas-

Before discharge of wastewaters into the recipi-
ent, it is necessary to purify them with adequate
treatments in a way and to an extent that does not
threaten natural processes and does not reduce the
possibilities of their multi-functional use.

The presence of harmful chemicals in aquatic ily maintained in laboratory conditions, reproduce
environments is routinely monitored using physi- rapidly, and are sensitive to even minimal quantities
co—chemical and biological parameters. However, of toxic substances. Toxicity tests are sooner used for
chemical procedures alone cannot provide sufficient assessment of combined pollution factors than as a
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conventional method of monitoring chemical toxic-
ity (SETAC, 2004).

In order to assess the toxicity of a sample, test
organisms such as fish, invertebrates, or algae are
exposed to diluted or undiluted wastewaters in con-
trolled conditions. When diluted water is used in
toxicity testing, the test can reflect natural mixing
of the effluent with the receiving water. The diluted
water experiment often shows that the situation is
improved when the quantity of water in the flow
is increased, with a dilution effect, which probably
happens during rainy periods.

Combining the results of toxicity tests and
chemical analyses with other information can pro-
vide a more complete and realistic picture of the
influence of wastewaters on aquatic ecosystems
(SETAC, 2004). The obtained results can be used
to prevent discharge of toxic pollutants into aquatic
systems (Mantis etal., 2005).

Discharge of industrial wastewaters is allowed
only if it does not increase the presence of pollutants
above the established standards and on condition
that the industry involved ensures purification of its
wastewaters to the degree stipulated by the relevant
agencies in charge of regulating water utilization and
protection (P uki¢, 2005).

Wastewaters treatment at plants in the cities of
Kragujevac and Gornji Milanovac consists of pre-
liminary processes, primary and secondary treat-
ment, and treatment of sludge.

In wastewater treatment, removal of crude and
fine substances and elimination of sand on the sand
separator (preliminary processes) are followed by
the primary precipitation stage. In the biological
block, aeration is conducted with active sludge, after
which precipitation occurs in secondary precipita-
tors. The purified water is discharged from the sec-
ondary precipitators into rivers.

Besides the wastewaters of the aforementioned
cities, some industrial plants are also connected
to the treatment plant (situated on the banks of
the Lepenica and Despotovica Rivers respectively,
downstream from the city center), and they dis-

charge untreated or partially treated wastewaters
into sewage.

The central process in both treatment plants is
microbiotic degradation of organic substances in
bioaerating tanks. The prerequisite for the function-
ing of microbiotic degradation is pretreatment and
removal of heavy metals and other toxicants from
industrial wastewaters.

The aim of this study was to ascertain the
toxicity of incoming and outgoing wastewaters at
the Cvetojevac (Kragujevac) and Mlakovac (Gornji
Milanovac) plants, as well as that of the Lepenica
and Despotovica Rivers before and after wastewater
inflow with the aid of a toxicity test, i.e., to establish
the possibility of monitoring the work of wastewater
treatment plants by means of biological toxicity test-
ing.

MATERIAL AND METHODS

The experimental part of this work was per-
fomed in the Hydrobiological Laboratory of the
Institute of Biology and Ecology (Faculty of Science,
University of Kragujevac, Serbia) between October
2004 and June 2005.

The toxicity test organism was the fish Brachy-
danio rerio Hamilton-Buchanan (Cyprinidae).

Spawning and breeding of fish for the experiment
took place in the spawning facility of Kragujevac
Aquarium.

Wastewater sampling sites were selected in keep-
ing with the defined goals. Samples were collected
from two plants: the Cvetojevac wastewater treat-
ment plant (outside the city of Kragujevac) and the
Mlakovac wastewater treatment plant (near Gornji
Milanovac).

The following samples were collected at both
plants: incoming wastewater (from the primary pre-
cipitator); wastewater from the bioaerating tank; and
outgoing wastewater (from the secondary precipita-
tor). Simultaneously, samples were collected from
the tested rivers at two points: upstream from the
inflow of wastewater from the treatment plant and
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downstream from it.

Sampling of wastewaters from the plants and
rivers was conducted using plastic bottles of an
adequate volume cleaned with water from the tested
basins of treatment plants and rivers before and after
the inflow of wastewaters. The collected samples
were transported with as little change in quality as
possible to the laboratory for further testing.

Measurements of the following parameters
were conducted in the laboratory: temperature,
dissolved oxygen, pH value, and electrical conduc-
tivity. Temperature, pH, and electrical conductivity
were measured with a combined digital instrument
(combo HANNA HI 98129), oxygen concentration
with an oxymeter (HANNA HI 9143).

After parameter measurements, the samples
were transferred to experimental aquaria of adequate
volume, after which the test organisms were intro-
duced. In each toxicity test, 10 B. rerio were used
per test vessel containing 5-liter samples.During the
experiment (96 h), the test organisms were not fed.
After 24, 48, and 96 h, dead organisms were counted
in each aquarium, death being the effect used to
express acute toxicity. Each experiment comprised
two series, including controls.

After the experiment, the results were subjected
to statistical processing, where mean values of test
organism survival were determined, as well as mini-
ma, maxima, and the standard deviation.

Based on the number of surviving test organisms
in different samples, acute toxicity of wastewater was
determined (Sponza, 2003) (Table 1).

RESULTS

Table 2 presents the acute toxicity of wastewater,
mean values of survival of the test organisms, and
the standard deviation. The acute toxicity results
were obtained after two-month sampling of waste-
water from treatment plants and from the rivers
immediately before and after wastewater influx.

The obtained data indicate significantly lower
survival of B. rerio in samples of incoming and

outgoing wastewater from the Cvetojevac treatment
plant in comparison with survival in samples taken
from Mlakovac (7.22 vs. 56.11% for incoming and
51.25 vs. 91.8% for outgoing wastewater). Also, the
mean survival value of B. rerio was lower in samples
from the bioaeration tank at the Cvetojevac plant
in comparison with the tank at the Mlakovac plant
(63.89 vs. 71.81%). In samples from the Lepenica
before and after wastewater influx, we noticed a
lower survival rate of the test organisms in compari-
son with samples from the Despotovica before and
after wastewater influx (87.92 vs. 92.5% before and
55.69 vs. 91.25% after).

It can be seen from Table 2 that the lowest mean
value of B. rerio survival was in samples of incom-
ing wastewater at the Cvetojevac plant, the highest
in samples from the Despotovica River before the
influx of wastewater from the Mlakovac plant.

The obtained data indicate better efficiency of
the wastewater treatment system or lower charging
of the system with toxic materials at the Mlakovac
plant than at the Cvetojevac plant.

DISCUSSION AND CONCLUSION

As the chemical industry grows rapidly, the
number of potential toxicants in water is growing at
the same place.

Industrial wastewaters cannot be allowed freely
into a town’s sewage. Before being discharged into
sewage, they must undergo preliminary treatment
at the industrial site to reduce significantly their

Table 1. Acute toxicity of wastewaters (Sponza, 2003).

Percentage of surviving test ~ Assessment of wastewaters'

organisms acute toxicity
<1% Acute toxicity
1-10% Moderate acute toxicity
10 - 99 % Low acute toxicity
100% No acute toxicity
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Table 2. Brachydanio rerio toxicity test results..

Sampling site

Mean value of survival, %

Standard deviation Results (see Sponza, 2003)

Incoming wastewaters — Cvetojevac 7.22
Incoming wastewaters — Mlakovac 56.11
Bioaerating tank — Cvetojevac 63.89
Bioaerating tank — Mlakovac 71.81
Outgoing wastewaters — Cvetojevac 51.28
Outgoing wastewaters — Mlakovac 91.81
Lepenica before treatment 87.92
Despotovica before treatment 92.5
Lepenica after treatment 55.69
Despotovica after treatment 91.25

13.94 Moderate acute toxicity
32.26 Low acute toxicity
32.84 Low acute toxicity
31.84 Low acute toxicity
20.14 Low acute toxicity
13.79 Low acute toxicity
11.11 Low acute toxicity
11.65 Low acute toxicity
16.19 Low acute toxicity
16.04 Low acute toxicity

mechanical and organic charge and the content
of toxic substances that aggravate or completely
prevent operation of the town’s plant. Further puri-
fication takes place in wastewater treatment plants,
where industrial wastewaters together with util-
ity waters undergo mechanical and microbiological
processing treatments (Cibuli¢, 2000).

The 96-h acute toxicity test is a standard method
used for assessing the impact of wastewaters on the
environment (Leonard etal., 2005). Fish are good
test species for water toxicity assessment (APHA,
1995). Their economic and ecological importance
make them relevant test organisms. Generally, sal-
monid fish species are more sensitive than cyprinid
species (Nagel, 2002).

B. rerio is a highly productive tropical fish fre-

quently used as a model in many studies involving
wastewater toxicity assessment.

In our toxicity tests, B. rerio was used to assess
the toxicity of wastewaters and their impact on
behavior of the tested fish, i.e., to establish the
possibility of monitoring the work of wastewater
treatment plants. Wastewaters of various chemical
composition directly influence fish activity. The
main symptoms exhibited by fish in tested waste-
water samples are red gills and uncontrolled surface
swimming.

Based on the number of surviving test organ-
isms, it can be asserted that all samples showed low
acute toxicity with small variances in the percentage
of survival, except for the sample of incoming waste-
water at the Cvetojevac plant, where acute toxicity
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was moderate, indicating that such water should
not be let into the treatment plant if we want to
maintain discharge within defined limits, i.e., reduce
the harmful effect of this water on the purification
process.

Although acute tests with fish have a signifi-
cant role, it is sometimes necessary to substitute
the embryo test with Brachydanio rerio because the
acute test covers only situations after chemical spill-
age. The use of fish embryos in studying toxicity is
a promising approach to ecotoxicity testing permit-
ting chemical testing in living and fledgeling organ-
isms (Herrdez-Baranda etal, (2005).

Gelleart and Heinrichsdorff (2001)
researched the toxic impact of various concentra-
tions of chemical industry wastewaters on zebra
fish (Brachydanio rerio) eggs. The research showed
age-dependent differences of egg sensitivity related
to the ontogenetic phase in which the experiment
commenced.

Many authors have investigated acute toxicity
of different reagents using aquatic and terrestrial
organisms. Dobsikova (2003) researched acute
toxicity of carbofuran (a pesticide widely used
against insects and nematodes) on various aquatic
(the guppy Poecilia reticulata, water flea Daphnia
magna, and green algae Raphidocelis subcapitata)
and terrestrial (white mustard Sinapis alba) organ-
isms. It was established that D. magna is the most
sensitive of these organisms, whereas Sinapis alba is
not a convenient (sensitive enough) plant species for
carbofuran toxicity assessment.

Neither biological control nor biomonitoring in
the narrower sense are proposed in current regula-
tions applied to the control of wastewaters and their
impact on recipients, since data on the immediate
impact of wastewaters on aquatic organisms are
inferred only from scientific papers published in
the past few years. They noted a negative impact
of urban wastewater on aquatic ecosystem in Novi
Sad, Serbia where unpurified utility wastewaters and
partly purified wastewaters from industrial facilities
flow into the Danube (Teodorovié etal., 2004).
This research indicated that the recipient water

does not mitigate toxicity of the tested wastewaters.
Other tests showed an unfavorable impact of indus-
trial wastewaters on the Ni$ava River, even in condi-
tions where industry works at reduced capacity and
industrial wastewater meets MDK values for dis-
charge into sewage (Stoimenov, 2001). Negative
impact of urban wastewaters is also evident in the
Veternica, Croatia, where purification of industrial
wastewaters is necessary, at the city’s central plant
even after mandatory preliminary treatment at the
industrial site, tests having revealed the presence
of hazardous toxic substances in the wastewaters
(Cibuliéetal, 2000).

Wastewaters of many industries contain a mix-
ture of several complex compounds, and it is often
possible only through biological toxicity testing
to establish the level of toxicity and determine the
method and extent of purification required. In such
a way, it is possible to realize significant savings
while designing and commissioning purification
plants.
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MOI'YRHOCT KOHTPOJIE PAJA CUICTEMA 3A IIPEYUIITRABAIBE
OTITAJHMX BOOA BMOJIOIKVM TECTOBMMA TOKCUYHOCTU

JEIEHA 30PUR, B. CMUMWTG u AHA IIETPOBU'R

Wncmumym 3a 6uonoeujy u exonoeujy, Ipupoorno-mamemamuuxu daxynmem,
Yuusepsumem y Kpaeyjesuy, 34000 Kparyjesau, Cp6uja

OrmajiHe Bofie peiCTaB/bajy KOMIUIEKC CTOYKEHIX
jelumbea U 9eCcTo je caMoO OMONMOLIKMM TeCTOBMMA
TOKCUYHOCTY MOTyhe yTBPAUTY TOKCUYHOCT KOMITTEK-
CHUX OTHA/IHMX BOJIA 1 IIpeMa TOMe OfipeiuTI HaulH
u o6um mpeunurthabama. Ha Taj HauuH ce ocTBapyjy
Be/IVKe YIITesie KOJ IIPOjeKTOBaba 1 pajia CUCTeMa 3
npeunithaBasbe.

LInmb oBe cTynuje je 610 fa ce yTBpAu MoryhHoct
KOHTPOJIE Y/Ia3HMX ¥ M3/Ia3HIX OTIIA/{HIX BOZA CUCTe-
Ma 3a mnpeuninhaBame OTIAJHNX BOKA OMOMOLIKIM
TeCTOBMMA TOKCMYHOCTU. VIHpopmaumje nobujeHe
OBJVIM TeCTOBMMA KOPIUCTe ce fia 011 ce CIIpeyno yrazak
TOKCMYHMX 3arahyBava y cucreMm 3a npeunnrhaBame
OTIIAIHMX BOJiA KAO ¥ MCITYCT TOKCMYHUX 3arahupaya
y peLmnujeHT. Y30pLiy OTIaJHMX BOZA U3 CHUCTEMA 3a

npeunmhaBame OTHAafHKX Bofia Tpafa Kparyjesua u
Topmwer MunanoBLa Kao u peke Jlenennte u Jlecrioro-
BIIIe HEIIOCPEIHO IIpe U II0C/Ie YIuBa OTHAHUX BOfla
U3 CHUCTEMAa CaKyIUbeHM Cy y HepHomy Of OKToOpa
2004. mo jyna 2005. rogune. Kao mopen opranmsam y
OBMM TecTOBMMa KopuinheHa je 3ebpuia Brachydanio
rerio Hamilton-Buchanon (Cyprinidae). TecroBuakyT-
He TOKCMYHOCTH Y Tpajamby of 96 yacoBa II0Ka3yjy Ja
VCHIUTUBAHM y30PLY MIMAjy Majay aKyTHU TOKCUYHM
eexar Ha B. rerio, 0CMM y30pKa y/Ia3He OTIIa/{HE BOJIe
y cucteM 3a npeunnhaBame oTmagHux Bopa IIBerto-
jeBall KOju IIOKasyje YMEPEHO aKyTHY TOKCMYHOCT,
IITO yKasyje fa TakBe BOfe He 6u Tpebano YBOJUTH Y
CHICTEM KaKO OJ ce CMAEbIIO BJIXOBO LITETHO JIejCTBO
Ha Ipoliec mpeunnrhaBama.



