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Abstract

Water is the fundamental life source that sustains all beings on Earth, and the driving force of the
development of mankind. Perhaps due to the high degree of development and industrialization,
drinkingwater of good quality and quantity becomes less and less accessible. A largeamount of
pollutants are found in water recources, coming from agriculture, industry and households. Some
of these are endocrine disruptive, mutagenic or carcinogenic. Disinfection-byproducts are poorly
studied pollutants of drinkingwater. Based on literature, the number of compounds formed during
drinking water treatment is estimated to be over 200. Since more and more pollutans are
explored, monitoring of water quality becomes more and more important. Effects of chemicals
can hardly be assessed on the basis of chemical test, thus biological tests come into view. These
tests are carried out according to international guidelines so results are highly comparable. To get
a complex picture, experiments should be conducted on different trophic levels. As a new trend,
model ecosystems and biomagnification field studies become famous again. Interestingly, food
chain models are neglected, however could serve valuable information on the potential ecosystem
effects of previously unknown compounds. The goal of this work is to present the actual
problems, possibilities and trends in drinking water testing.

Keywords: drinking water, toxicology, zebrafish

This study has been prepared with the support of the MOB-DAAD Projekt 29836, TAMOP-
4.2.1.B.-11/2KMR-2011-0003 and Research Centre of Excellence- 17586-4/2013/TUDPOL
project supports.

Az ivoviz tesztelésének aktualis problémai, lehetoségei és trendjei
Osszefoglalas

A viz a foldi 1ét alapja, az emberiség fejlddésének mozgatorugdja. Talan pont a nagy mértékii
fejléddésnek, iparosoddsnak kdszonhetden egyre nehezebb megfeleld mindségli és mennyiségii
ivovizhez jutni. Szamos, a mezdgazdasagbol, az iparbol és a haztartdsokbdl szarmazo
szennyezbanyag taldlhatdé meg ivoviz bazisunkban. Egy résziikrél bebizonyosodott, hogy
hormonrendszert zavard, mutagén vagy éppen karcinogén hatastiak. Az ivovizben talalhato,
napjainkban még kevéssé vizsgalt szennyezok a viztisztitdsi melléktermékek. Ezen vegytiletek az
ivoviz fertdtlenitése soran keletkeznek, egyes publikaciok kettdszaz felettire becsiilik a szamukat.
Mivel egyre tobb szennyezd 1étére deriil fény, ezért egyre fontosabba valik a vizek mindségének
ellendrzése. Csupan kémiai vizsgalatokkal nem lehet felmérni az egyes vegyiiletek hatasat, igy
egyre jobban eldtérbe keriilnek a bioldgiai tesztek. Ezeket nemzetkozi iranyelvek alapjan végzik
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a laboratoriumok, igy az eredmények jol Osszehasonlithatéak. Hogy komplex képet kapjunk, a
lehetd legtobb trofikus szinten sziikséges vizsgalddni. Legtjabb trendként jra eldtérbe keriilnek
a modell okoszisztémak, a terepi biomagnifikacios vizsgalatok. Frdekes azonban, hogy a
laboratoriumban modellezett taplaléklancok tanulmanyozasa hattérbe szorult, pedig ezekkel a
vizsgalatokkal értékes informaciokhoz juthatnank az eddig ismeretlen vegyiiletek 6koszisztémara
gyakorolt esetleges hatasair6l. A munkam célja, hogy bemutassam a ivovizzel kapcsolatos
aktualis problémakat, valamint a vizsgalati lehetdségeket, trendeket.
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Concept and importance of drinking water in the development of mankind

Drinking water is water for human consumption meeting the prescriptions about the
quality requirements and control order of potable water. Water is not just the basis of the life on
Earth, but it is also the driving force of the development of mankind. It is more and more difficult
to provide enough food of good quality to the increasing population of our planet. To produce
large volumes of food farmers have to implement industry-like agriculture methods, which
require lots of water. Unfortunately these activities also imply high degree of water
contamination affecting the water bases as well.

The quantity of water is Earth is estimated to 1.4 billion cubic kilometers, but only
0,003% of it can be used as drinking water or for sanitation, agricultural and industrial purposes.
In case the population increases in the current rate, by 2030 the water might be not enough to
sustain mankind. A FAO survey showed that the branch of economy requiring most of the water
is agriculture. The production of each kilogram of grain requires 1000-3000 liters of water. The
potable water consumption per capita is not merely the direct consumption as 2-5000 liters of
water are needed to produce the daily food requirement of one person.

Problems of the developing and developed countries

The distribution of the water resources is not even. There are regions, where the water is almost
wasted, while in other areas tens of thousands of people die every day due to the lack of water. In
the developing countries hunger is a major problem as they cannot produce enough food due to
the lack of water. Many diseases (malaria, typhoid, salmonella, hepatitis, E. coli infection) take
their victims in these countries because of the absence of adequate sanitation and clean drinking
water.

Developed countries face totally different problems. Here the water reserves are available,
but due to the high degree of industrialization they get contaminated. Besides the pollutants
emitted by the industry and agriculture there are also other contaminants, detergents, chemicals,
drug residues reaching the waters. In order to remove these materials and to prevent the water-
borne diseases the waste waters of the settlements are subject to different water-cleaning
procedures. Although these procedures are modern, still they are not suitable for example for
removing many endocrine disrupters. EDC compounds offset the natural balance of the hormones
in the living organisms, affect reproduction and ontogenesis and acting as analogues of natural
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hormones they result in numerous adverse biological effects (such as distortion, development
disorders) (Bakos et al. 2013).

Nowadays more and more attention is paid in toxicology to the compounds forming
during the disinfection of drinking water.

Providing good quality drinking water free from harmful contaminants/pollutants has

become a vital, strategic task all over the world and in our country too. The water purification
processes currently used (chlorine, chlorine dioxide, ozone or UV treatment) are aimed primarily
at killing the bacteria in the water and in addition a variety of filtration techniques seek to reduce
the chemical contamination.
The oxidizing disinfectants can interact also with inorganic materials in the drinking water
therefore the result of these chemical interventions, besides the obvious benefits of the
disinfection, can be the formation of many organic compounds (by-products of water
purification), which might have harmful, mainly mutagenic (Sujbert et al. 1993) and carcinogenic
impacts (Bull et al. 1995).

Importance of and possibilities to check harmful materials present in the drinking water

In order to safeguard human health and the environment laboratory tests become more and
more important. This is the safest way to map up the effects of certain compounds or
environmental samples. In order to obtain a complex picture about the impact of a compound it is
important to have information about as many species as possible, from the lower living beings up
to the vertebrates.

The toxicity tests of the various substances are usually performed in the laboratories based
on internationally accepted regulations, standards or guidelines. In most of the cases the OECD
guidelines are applied. They contain the regulations relating the conduct of studies as well as the
method of determining the parameters needed for the evaluation of the tests.

From the elements of the ecosystem, the testing usually starts with the bacteria tests, for
example with the Ames-test (OECD 471), which is used for the detection of genotoxicity, but
toxicity tests are made on Aliivibrio fischerii too. This latter test organism shows the toxicity of
the tested substance through the reduction of its bioluminescence (Thouand, 2011). The lower
plants are represented by algae, where the growth inhibition test of unicellular algae (OECD 201)
is widely used. The effect of the compounds on macrophytic aquatic plants is tested on duckweed
species (Lemna sp.) in accordance with OECD 221 standard. As to the animals, tests made on
lower crabs are essential as these tiny organisms serve as food for the higher vertebral consumers,
fishes. The most commonly used tests are also recorded in the OECD standard (i.e. OECD 202),
which describes the tests of the acute immobilization and reproduction parameters of the Daphnia
magna.

The above mentioned acute test draws a picture about the impact of the tested materials or
environmental samples on the lower living beings and the researcher can move on to the testing
on vertebral organisms.

Fish as ideal model in the water toxicity tests

Fish as a taxonomy group represents the only vertebral group, which lives exclusively in
water therefore they are indispensible part of the integrated toxicological tests (Spitsbergen and
Kent, 2003). It is now recognized on an international level (EU regulation 233/1996) that fish is
one of the most suitable aquatic organizations for the examination of environmental pollution.
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Acute and chronic toxicological tests performed on fishes are widely used animal tests for the
examination of the effects of different chemical substances on vertebrates.

A popular model-animal of the biological research performed on aquatic organisms is a
tiny team-fish, zebrafish (Denio rerio) (Engeszer et al. 2007), which is well known from the
fishbowl. These fishes have many features, which makes them outstanding from the other animal
species used as models. They have short generation intervals, high quantity of brood can be
obtained from them, the development of embryos takes place ex utero, and it can be followed
easily through the transparent eggshell (Lieschke and Currie, 2007). They are widely used for
development biological and genetic (Eisen, 1996; Grunwald and Eisen, 2002), gerontological,
(Gerhard and Cheng, 2002), tumor-biological (Lieschke and Currie, 2007), behavior-biological,
(Engeszer et al. 2007; Spence and Smith, 2005), toxicological (Ankley and Johnson, 2004; Hill et
al. 2005, Rdcz et al. 2012), morphometric (Staszny et al. 2013) and immune-biological
examinations (Csenki et al. 2010).

Of course, OECD standards are connected to tests performed on fish as well. These tests
are: acute toxicity test (OECD 203), test on poisoning in an early age (OECD 210), and the short-
term effect test made on the embryo (OECD 212).

Possibilities of using complex testing systems

To make a complex picture about the effects of the different compounds it is not enough
to examine only individual elements of the food chain. Laboratory ecosystem models were
created in order to monitor the changes taking place in nature. Their use was widespread in the
1970-80’s mainly for examining pesticides, drugs and drug residues. (Metcalf et al. 1973 a,b;
Coats et al. 1976 ; Lutnicka et al. 1999). Maybe due to the development of the computer aided
modeling, nowadays the use of the highly complex, multi-trophic-level laboratory models is
loosing its importance.

Since many compounds (heavy metals, pesticides, etc.) can accumulate in the food chain,
the development of test systems which can model this process seems to be appropriate. The
essence of the food chain models is that the first element and then sequentially the species located
on the next steps of the chain are treated by the pollutant (Pickhardt et al. 2005; Ferard et al.
1981). The first element present in the aquatic food chains as the primary producer is alga. The
next level, the lower crabs are fed with the treated algae and then the crabs serve as food for the
fish. In each step, the counter-measuring of the tested substance by analytical methods is
essential. Presently the use of this method is not popular in the research, but in my opinion it
should be re-introduced again, as in the case of many substances it is not clear if they can reach
the to top of the food chain (that is: people) through the different elements of the chain.

As a summary one can state that the monitoring of the drinking water is extremely
important since everybody drinks it every day, therefore people can be subject for long term to
the contaminants possibly present in the water. In our days research sees the potable water not
only as a substance. It rather examines the effects of more and more compounds detected in the
drinking water on the different groups of living beings. This is indispensible if we want to protect
our health and also the health of the generations to come.



Bencsik / AWETH Vol 9.3. (2013) %0

Acknowledgements

This study has been prepared with the support of the MOB-DAAD Projekt 29836, TAMOP-
4.2.1.B.-11/2KMR-2011-0003 and Kutat6 Kari Kivaldésagi Tamogatas— Research Centre of
Excellence- 17586-4/2013/TUDPOL project supports.

Bibliography

Ankley GT, Johnson RD (2004): Small fish models for identifying and assessing the effects of
endocrine-disrupting chemicals. ILAR J, 45. 4. 469-483.

Bakos K., Kovacs R., StasznyA., Kanaine Sipos D., Urbanyi B.,Muller F., Csenki Zs., Kovacs
B.(2013): Developmental toxicity and estrogenic potency of zearalenone in zebrafish
(Daniorerio), AquaticTox., 136-137. 13-21.

Bull RJ, Birnbaum LS, Cantor KP, Rose JB, Butterworth BE, Pegram R, Tuomisto J. (1995):
Water chlorination: essential process or cancer hazard? Fundam. Appl. Toxicol., 2. 155-
166.

Coats J.R., Metcalf R.L.,Lu P-Y., Brown D.D., Williams J.F.,Hansent L.G. (1976): Model
Ecosystem Evaluation of theEnvironmental Impacts of theVeterinary Drugs
Phenothiazine, Sulfa-methazine, Clopidol, and Diethylstilbestrol, Env. Health Pers., 18.
167-179.

Csenki Zs., Zaucker A., Kovdcs B., Hadzhiev Y, Hegyi A., Lefler K. K., Miiller T., Kovdcs R.,
Urbanyi B., Varadi L., Miiller F. (2010): Intraovarian transplantation of stage I-11 follicles
results in viable zebrafish embryos, The International Journal of Development Biology,
54. 585-589.

Eisen JS (1996): Zebrafish make a big splash. Cell, 87. 6. 969.

Engeszer RE, Patterson LB, Rao AA et al (2007): Zebrafish in the wild: a review of natural
history and new notes from the field. Zebrafis, 4. 1. 21-40.

Ferard J.F., Jouany J.M., Truhaut R., Vasseur P. (1983): Accumulation of Cadmiumin a
Freshwater Food Chain Experimental Model. Ecotox. and Env. Safety, 7. 43-52.

Gerhard GS, Cheng KC (2002): A call to fins! Zebrafish as a gerontological model. Aging Cell 1.
2.104-111.

Grunwald DJ, Eisen JS (2002): Timeline—Headwaters of the zebrafish emergence of a new
model vertebrate. Nat. Rev. Genet., 3. 9. 717-724.

Hill AJ, Teraoka H, Heideman W et al (2005): Zebrafish as a model vertebrate for investigating
chemical toxicity. Toxicol. Sci. 86. 1. 6-19.

Lieschke G. J. and Currie P. D. (2007): Animal models of human disease: Zebrafish swim into
view. Nature Reviews Genetics, 8., 353-367.

Lutnicka H.,Bogacka T., Wolska L. (1999): Degradation of Pyrethroidsin an aquatic ecosystem
model,Wat. Res. 33:3441-3446

Metcalf L., Kapoor P., Lu P-Y., Schuth C.K., Sherman P. (1973): Model Ecosystem Studies of the
Environmental Fate of Six Organochlorine Pesticides. Env. Health Pers., 16. 35-44.

Metcalf L., Booth G.M., Schuth C.K., Hansen D.J., Lu P-Y. (1973): Uptake and Fate of Di-2
ethylhexyl Phthalate in Aquatic Organisms and in a Model Ecosystem. Env. Health Pers.,
16. 27-34.

OECD Guidelines (OECD 202, OECD 203, OECD 210, OECD 212, OECD 471)



91

Bencsik / AWETH Vol 9.3. (2013)

Pickhardt P.C., Folt C.L., Chen C.Y., Klaue B., Blum J.D. (2005): Impacts of zooplankton
composition and algal enrichment on the accumulation of mercury in an experimental
freshwater food web. Sci. of the Total Env., 339. 89-101.

Racz G., Csenki Zs., Kovdcs R., Hegyi A, Baska F., Sujbert L., Zsakovics 1., Kis R., Gustafson R.,
Urbanyi B., Szende B. (2012): Subacute Toxicity Assessment of Water Disinfection
Byproducts on Zebrafish. Pathol. Oncol. Res., 18. 579-584.

Spence R, Smith C (2005): Male territoriality mediates density and sex ratio effects on oviposition
in the zebrafish, Danio rerio. Anim. Behav., 69. 1317-1323.

Spitsbergen J.M. and Kent M.L. (2003): The State of the Art of the Zebrafish Model for
Toxicology and Toxicologic Pathology Research- Advantages and Current Limitations.
ToxicologicPathology, 31. 62-87.

A. Staszny, E. Havas, R. Kovacs, B. Urbanyi, G. Paulovits, D. Bencsik, A. Ferincz, T. Miiller, A.
Specziar, K. Bakos, Zs. Csenki (2013):_Impact of environmental and genetic factors on the
scale shape of zebrafish Danio rerio (Hamilton, 1822): a geometric morphometric study.
Acta Biologica Hungarica, In press.

Sujbert L, Kollar G, Ollos G, Ribari L. (1993): Measuring the genotoxic potential in two drinking
water resources of Budapest in Salmonella/microsomesystem. Bull. Environ. Contam.
Toxicol., 1. 3. 349-55.

Thouand G., (2011): Microorganisms for analysis. Anal. Bioanal. Chem., 400. 893-894.



