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The conservation of the natural environment
requires the recruitment of everyone, to take the
necessary steps for the sustainable development
of the natural resources. The extended shortage
of water, the gradual reduction of water resources
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ABSTRACT
The evaluation of total toxicology is achieved by using FETAX (Frog Embryo Teratogenesis Assay).
This method is applied in many toxicological studies and is a rapid test for the identification of
developmental toxicants. Due to the sensitivity of embryonic and early life stages, FETAX provides
information that can be useful in determining the chronic toxicity of a test material on aquatic
organisms. This method has been established and tested using chemicals which are known to cause
specific phenotypes in Xenopus laevis embryos. In this study, water samples were collected from 26
dams and reservoirs throughout Cyprus and in addition the assay was applied to determine water
quality from both small and large scale biological wastewater treatment plants. Dams and reservoirs
are the major water sources of the island. During the water sample collection; temperature, pH and
conductivity were measured on site. All the samples were subsequently measured for nitrates,
phosphates, carbonates, magnesium and calcium salts and were used to carry out FETAX in order to
test for developmental toxicity. Overall the tested samples showed very low levels of developmental
toxicity using the FETAX assay. Out of 26 dams only two that are located near agricultural areas (of
which the watershed encompasses substantial agricultural areas) and they may contain a very high
concentration of pesticides. In addition a reservoir that is very close to an old pyrite mine was
identified to have extremely high developmental toxicity. Embryos exposed to water from this reservoir
died or developed severe abnormalities. The samples taken from the waste water treatment plants
showed that despite clear developmental toxicity of the incoming water, the outgoing water from all
tested systems had very low levels of developmental toxicity. This is a good indication that water
treatment methods used at these stations are effective in producing water suitable for agricultural
use without adversely affecting the development of living organisms.
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INTRODUCTION
as well as the exacerbation of the water pollution
problems in many regions of our planet, constitute
a real and serious threat to the environment and
mankind. In the island of Cyprus, the issue is
serious and demands immediate attention. The
water supplies of Cyprus are faced with depletion
due to the fact that the demands exceed the*Author for correspondence
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amount of water available. During the past several
years the severity of the problem has escalated
due to the observed prolonged periods of reduced
rainfall. Water conservation is very important. It
is known that around 20% of the river water
bodies in Cyprus are at risk due to nutrient loads,
toxic substances or other pressures like mines and
major landfills.1 Therefore, it is necessary to
examine all the water reserves for developmental
toxicity and see whether they cause any problems
to living organisms.
In Cyprus, the overall toxicity of the water
reserves has never been studied. Previous projects
have studied certain toxicants but none of them
mention the total toxicity of the water sample.2-8

Another major point of interest was to determine
if the outgoing water from water treatment plants
has developmental toxicity. If that water does not
affect the living organisms then it can be used
directly for irrigation purposes or to enrich the
reservoirs that are being used for irrigation
throughout the island. The evaluation of total
toxicity is achieved by using FETAX (Frog Embryo
Teratogenesis Assay) and this method is applied
in many toxicological studies due to the fact that
it is a rapid test for the identification of
developmental toxicants. Amphibians are
considered to be excellent bioindicators and thus
a perfect model for the present study.9

The FETAX system was initially created to fill
the need for a reliable method of assessing toxicity
of complex environmental mixtures. The purpose
of FETAX for ecotoxicological assessment is to
identify and prioritize aquatic environments that
contain naturally occurring or anthropogenic
substances, which pose a developmental hazard
to living organisms.  Due to the sensitivity of
embryonic and early life stages, FETAX provides
information that can be useful in determining the
chronic toxicity of a test material on aquatic
organisms. More recently it has emerged as a
reliable method to monitor acute, chronic,
developmental, and behavioral toxicity for
ecological and human health hazard assessment.
After 15 years of development, validation, and
standardization and over 100 scientific publications,
10 the utility and versatility of this assay is well
established for both ecological and human health
hazard assessment.11-13 Over 300 compounds

have so far been used in validation tests and the
predictive accuracy of the FETAX model
compared to costly conventional mammalian test
systems is approximately 85-95%. 14 More
recently Xenopus laevis was shown to be a good
model organism in which systematic chemical
genetic screens can be carried out.15 We took
advantage of the versatility of the FETAX assay
and Xenopus laevis16 to establish a method for
the systematic early toxicity evaluation of water
samples. We took advantage of this method to
determine the developmental toxicity of the major
water reserves of Cyprus and we have checked
the outgoing water from waste water treatment
plants.
The assay was first established using known
developmental toxicants such as BIO, HDAC
inhibitors and ZnSO4. Samples were collected
from 26 dams and reservoir throughout the island.
The water from these dams and reservoirs is used
for domestic and irrigation purposes, while small
quantities are also used for industrial purposes.
The water samples were tested for the main
water parameters such as pH, conductivity,
nitrates, phosphates, carbonates, magnesium and
calcium salts. After that the implementation of
FETAX method began to check the
developmental toxicity of the samples. We have
seen that the main water reserves of the island
have no developmental toxicity. Only three
reservoirs show some toxicity and these reservoirs
are not being used for domestic purposes. The
outgoing water from water treatment plants has
no developmental toxicity, so it can be widely used
for irrigation.
Water is a valuable resource. In a  dry
Mediterranean climate such as that of Cyprus
there exist prolonged periods of reduced
precipitation every year. Cyprus’s water reserves
are limited, making their correct and sustainable
use necessary. It is critical that information about
the toxicity of the water reserves of the island of
Cyprus be collected in order for the causes of the
pollution to be eliminated. The water bodies and
consequently the water and irrigation, depend
directly on the availability of surface and
groundwater sources and indirectly on rainfall.
Since the water availability is low, the outgoing
water from the treatment stations can be a
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considered as a new reliable source for local water
supply. It is necessary to check the water coming
from water treatment stations for developmental
toxicity in order to be sure it does not affect living
organisms. As previously mentioned, FETAX is
widely used for toxicity evaluation and the
Xenopus laevis embryo has been shown to be a
good model for toxicity studies. This way we aim
to provide an early toxicity evaluation and search
for the reasons that cause toxicity to the water
reserves of the island.

AIMS   AND   OBJECTIVES
The objectives of this study are : (a) to establish a
fast, accurate and reliable toxicity screening assay
in the laboratory using known teratogenic
substances, (b) to use this assay to initially evaluate
the toxicity of the water samples collected from
26 dams and reservoirs throughout the island, (c)
to evaluate the toxicity of the water samples
collected from 8 different water treatment plants
and (d) check if the water from treatment stations
can be used to enrich the dams and reservoirs
and used for irrigation without affecting the flora
and the fauna of Cyprus.

MATERIAL   AND   METHODS
Embryos
Xenopus laevis embryos from induced spawning17

and were staged according to Nieuwkoop and
Faber (1967). Operation techniques and buffer
(MMR)18, have been described17.   Xenopus
embryos were  fertilized in vitro and  dejellied
using 2% cysteine–HCl, pH 7.8, then maintained
in 0.1× Marc’s Modified Ringer’s (0.1×MMR).
Water parameters
The water and the environmental temperature,
the conductivity and the pH were measured in
the field using a portable conductivity and pH
meter. For the sample collection sterile tubes were
used.  In the laboratory, the water samples were
filtered through 0.45 lm Millipore membrane filters
to separate floating residues. The samples were
analyzed for pH, conductivity, major cations (Ca2+,

Mg2+, Na+, and K+), major anions (NO3
–, PO4

2–)
and trace metals following standard analytical
methods. Then the samples were refrigerated at
4oC until use.
FETAX test method protocol

During the assay stage 8-11 embryos were used
and they were carefully selected according to
Newkoop and Faber. As  defined by FETAX
guideline (1991, 1998)19,20 the samples tested were
diluted in a buffer solution. The FETAX solution
contained 625mg NaCl, 96mg NaHCO3, 30mg
KCL, 15 CaCl2, 60mg CaSO4.2H2O and 75 mg
MgSO4 in 1L of deionized water with pH 7.5.
The samples preparation was carried out in
FETAX solution. Three different dilutions of the
water sample were prepared (25%, 50%, 75%
and 100% water sample with 75%, 50%, 25%
FETAX solution) and control embryos were kept
in 100% FETAX solution. The selected embryos
for the assay were transferred to a sterile 24 well
plate and 1ml of FETAX solution was added to
the sample as prepared above. The embryos were
left for 24 hours at a temperature of 22°C. Every
24 hours, solution was replaced and dead embryos
were discarded. The embryos were allowed to
develop to stage 46 (roughly 96 hours) so that
any deformities were easily detectable. The
embryos were then fixed in 1x MEMFA and are
documented using a stereoscope.
Imaging embryos
Embryos were  imaged  on  a  Zeiss  Lumar.V12
stereoscope, with a Zeiss NeoLumar S 0.8× FWD
80mm lens. A Zeiss Axiocam MRc5 and the
Axiovision software 4.7 were used to acquire the
images.

RESULTS   AND   DISCUSSION
The FETAX assay has been established in the
laboratory using several known teratogenic
substances which produce distinct phenotypes. We
have used two of these previously characterized
substances to ensure that the assay is properly
established and implemented. First we used BIO
(6-bromoindirubin-3'-oxime), an organic
substance which inhibits development of posterior
structures in Xenopus laevis embryos. BIO is
an effective and specific inhibitor of glycogen
synthase kinase-3 (GSK-3), a component of the
Wnt signal transduction pathway. In Xenopus
laevis embryos, maternal Wnt activity is
necessary for dorsal axis formation, while
inhibition of zygotic Wnt activity is required for
head formation.21 Fig. 1(a). We then used ZnSO4,
a standard teratogen for FETAX. ZnSO4 inhibits
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growth and development, leaving embryos at
st.8.22 (Fig. 1(b)). Finally, we used a Valproic
acid analog which is a Histone Deacetylaces
inhibitor (HDACs inhibitor).  Histone
Deacetylases regulate chromatin structure by
removing acetyl groups from lysines in the amino-
terminal tails of core histones in the nucleosome
and this way they regulate chromatin structure
and gene expression.23 HDAC inhibitors promote
histone acetylation levels and transcription of only
certain genes that are associated with termination
of cell proliferation and differentiation of tissues
or apoptosis.24 Xenopus laevis embryos treated
with 5ìM of this substance have several defects

including axial malformations such as crooked tail
and shortened anterior-posterior axis, neural
patterning defects, cardiac malformation and a
large deal of transcriptional changes. (Fig.1(c)
and Fig. 1(d)). These results show that this
method is accurate and sensitive enough to be
used for toxicity evaluation of the water samples
collected from the dams, reservoirs and the water
treatment stations.
The samples were collected from 26 dams and
reservoirs throughout the island (Fig. 2) and from
8 waste water treatment plants from the incoming
and the outgoing water supply. The water samples
were tested for the main water parameters such

Fig. 1 (a) : Previously characterized substances have been used to ensure
that the assay is properly established

Fig. 1 (b) : BIO is an inhibitor for dorsal axis formation. (B) ZnSO4 inhibits
growth and leaves embryos at st.8.22

ZnSO4

(A) (B)
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Fig. 1(c) : HDACs inhibitor brings several defects to embryos including axial malformations such as
crooked tail and shortened anterior-posterior axis

Fig. 1(d) : Control embryos that have been cultured in FETAX solution

Fig.  2 : The samples were collected from 26 dams and reservoirs throughout the Island
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Table 1 : The water and the climate temperature, the pH and the conductivity were
measured on site and the other parameters were tested in the laboratory

with standard analytical methods

as pH, conductivity, nitrates, phosphates,
carbonates, magnesium and calcium salts and the
results are shown in Table 1 and Table  2. We
then implemented the FETAX method as
mentioned before to check the developmental
toxicity of the samples.
Three of the water samples show developmental
toxicity, the first of which was collected from a

reservoir located near an agricultural area and
contains high concentrations of pesticides
(Fig. 3). Previous studies 25-28 have examined the
effect of a single pesticide on Xenopus laevis
embryos, and most of them examined mortality
and teratogenesis. Two of these studies addressed
the effects of these pesticide mixtures on larval

/ Dam/Reservoir Water Climate Conductivity pH Gh kh NO3 PO4

T°C T°C us dGH dKH mg/L mg/L

1 Kalo Chorio Klirou 20 22 499 8,9 13 7 5 0,25

2 Farmakas 20 22 378 9,7 8 4 10 0,1

3 Vizakia 19 23 560 8,7 12 8 0 0,1

4 Lagoudera(mine) 18 22 >1999 4 >40 1 0 0,5

5 Xyliatou 18 22 410 7,8 10 8 0 0,25

6 Kiti 24 25 400 7,2 10 6 0 0,5

7 Chirokitia 24 25 765 9,5 16 5 0 0,15

8 Ag. Vavatsinias 19 22 598 7,7 10 9 0 0,5

9 Melini 1 20 21 715 8,2 19 8 20 1

10 Melini 2 19 21 649 8,1 13 8 10 0,5

11 Eptagonia 19 19 483 8,7 12 4 0 0,25

12 Kalavasos 22 22 985 7,7 26 7 0 0,5

13 Germasogia 13 15 845 8,4 22 15 0 1

14 Polemidia 12 15 1560 8 29 18 10 2,5

15 Kourris 12 14 793 8,2 16 10 0 3

16 Evretou 15 17 715 7,9 14 11 0 2

17 Kannaviou 19 18 567 8,3 13 12 0 0,5

18 Mavrokolymbos 16 17 980 8 24 7 0 5

19 Asprogremmos 16 17 610 8,27 14 10 0 2

20 Agros 10 12 239 8 8 5 0 0

21 Aradippou 16 18 450 7,4 14 10 10 0,25

22 Dasaki Axnas 16 18 512 7,8 15 7 0 0

23 Athalassa 14 16 890 7,6 15 9 5 0

24 Lympia 15 17 568 8 20 10 5 0

25 Tamasos 11 14 400 8,2 8 6 0 0

26 Ergates 12 14 450 8 11 9 0 0
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Table 2 : The water samples from waste water treatment stations were collected
and the main parameters were measured in the laboratory

Fig. 3 : Samples collected from a reservoir located near an agricultural area (contains high concentrations of
pesticides, so the embryos in high concentration of the water had several defects and high lethality).

/       Waste water treatment Conductivity pH Gh Kh NO3 PO4

                    station us dKH dKH mg/L mg/L

1. Sewerage Board of Larnaca – >1999 8,1 >40 15 10 6
incoming water

2. Sewerage Board of Larnaca – >1999 7,2 >40 13 0 4
outgoing water

3. Appartments 1 - incoming 1104 7,6 12 6 100 6

4. Appartments 1 – outgoing 1044 7 10 3 20 4

5. Appartments 2 - incoming 1297 7,9 12 15 10 6

6. Appartments 2 – outgoing 936 7,3 10 8 10 6

7. Appartments 3 - incoming 1082 7,5 13 7 50 4

8. Appartments 3 – outgoing 955 7,3 10 7 10 4

9. Appartments 4 - incoming 1159 7,4 12 5 30 5

10. Appartments 4 – outgoing 982 7 10 5 10 5

11. Appartments 5 - incoming 1236 7,8 10 6 40 4

12. Appartments 5 – outgoing 1103 7,5 9 6 10 4

13. Hotel - incoming 1500 7,9 25 10 80 6

14. Hotel – outgoing 1355 7,4 22 10 10 4

15. University - incoming 1029 7,8 16 9 10 3

16. University – outgoing 980 7,4 14 7 0 3
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growth and development.25-28 Another study
reveals that a pesticide mixture based on a mixture
that is being used on a field at low ecologically
relevant concentrations can have dramatic effects
on development and growth of aquatic
organisms.29  Due to their toxicity, pesticides are
harmful to all organisms and are thus
environmental pollutants.
The second sample which came from the
Polemidia Dam showed extremely high
developmental toxicity (Fig. 4). The river that
feeds into this dam passes through a landfill. Also
effluents from animal farms end up in this specific

dam. Nitrogen and phosphorus may be found in
large concentrations in wastewater effluent, which
leads to low oxygen levels in the water of the
dam and also has an impact on aquatic organisms.
Furthermore there is a desalination station in the
area and the brine flows into the river and
consequently into the dam. Desalination processes
create waste products, including salt
concentrates, cleaning and conditioning reagents,
and particulate matter, that must either be disposed
of or reused.30 If all these waste products are not
diluted properly the discharge waste with elevated
salinity may extend for a large distance beyond

Fig. 4 : Sample from the Polemidia dam (showed extremely high developmental toxicity since the river that
feeds into the dam is enriched with polluted effluents and products from desalination).

the mixing zone 31 and in this specific case leads
into the river which feeds into the dam. Different
species have different levels of tolerance to
increased salinity, so the organisms may not
tolerate the different osmotic pressure and die.
Subsequently, this harms the ecosystem. The
elevated salinity and sewage have considerable
effects on living organisms’ development.32

The most interesting observation comes from a
sample collected from a reservoir that is very close
to an old pyrite mine and is located at Lagoudera.
The embryos treated in this water sample had

numerous defects (Fig. 5). When the mineral
pyrite (FeS2) comes into contact with water and
oxygen it reacts to form dissolved ferrous ions,
dissolved sulfate ions and acidity. Therefore
ferrous ions and acidic hydrogen ions are released
into the waters.  The ferrous iron is then oxidized
to ferric iron. Aqueous ferrous (Fe2+) ions react
with oxygen and acidic hydrogen ions to form
ferric (Fe3+) ions and water if oxygen is present.
Finally the ferric ions hydrolyze in water to form
ferric hydroxide and release more hydrogen ions
into the aquatic environment and thus reduce the
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Fig. 5 : Sample collected from a reservoir (Very close to an old pyrite mine. The embryos treated in this water
sample had numerous defects and in high concentration of the

water sample none of the embryos survived).

pH further. 33 The overall pyrite reaction series is
among the most acid-producing of all weathering
processes in nature. The pH may be responsible
to some degree for the toxicity, for the growth
inhibiting effects and to the developmental
inhibition as well. It is possible that low pH values
may increase the severity of the malformations
observed. Uncontrolled discharge of
contaminated water from abandoned mines is one
of the most important environmental problems
related to mining in many parts of the world.34-35

For public safety it is therefore essential to drain
the water from this reservoir since it pollutes
nearby under water reserves.1

The other 23 water samples from the dams and
reservoirs did not show any developmental toxicity
and did not affect the living organisms. Our results
indicate that the water quality of the dams and
reservoirs in Cyprus is very good.
In parallel, water samples were also collected
from eight waste water treatment plants. Our
results showed that the embryos cultured in the
incoming water samples either developed with
many defects or died. However, the embryos
treated with the outgoing water developed
normally (Fig. 6). This is a very good indication
that water treatment methods used by these
stations are producing water which is suitable for

Fig. 6 : Water samples from waste water treatment plants (Showed that the embryos cultured in the
incoming water samples either developed with many defects or died. However, the embryos treated with the

outgoing water developed normally).

agricultural use without adversely affecting the
development of living organisms. Therefore, more
water treatment plants must be built in Cyprus,

since it is an island with severe drought problems.

CONCLUSION
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Due to the dry Mediterranean climate Cyprus has
low annual rainfall. Since the amount of water in
the reservoirs depends on the rainfall and
consumption, the water level is variable. The
concentration of chemical substances in the water
depends on the water volume. The results that
we have at this point show that only two dams
have developmental toxicity issues due to the fact
that they were near industrial and agriculture
areas. The water volume at the time of sample
collection was low and it is likely that the results
will be different during another time of year.
Another important finding of the project is that
there is a polluted reservoir next to a pyrite mine.
Therefore, since the mine has been closed down
the reservoir should also be drained because the
release of mining waste into the environment can
result irreversible destruction of the ecosystem
since it pollutes the underwater reserves. The
outgoing water from waste water treatment plants
did not cause developmental toxicity and thus can
be a considered as new reliable sources for local
water supply. This in turn will help serve against
future droughts, given the fact that at present the
water bodies depend directly on the availability
of surface and groundwater resources and
indirectly on rainfall.
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