
Introduction

Zebra fish adults and embryos are increasingly used in
toxicology and, especially, eco-toxicology as reliable diag-
nostic and experimental models in order to test various sub-
stances – from pollutants to active medicinal substances. 
In this aim the zebra fish eggs and embryo assays can pro-
vide an easily available, low-cost option that can offer
enough accurate results in a limited time and therefore
being able to be replicated rapidly [1-10].

Toxicity effects of diverse components from waste-
waters can be highlighted by the changes in the anatomical
and ethologic development of the zebra fish embryonic and
larval stages. Also, their eggs could be used, with promis-
ing outcomes, in the pollution hazard and risk assessments,
because of their unique qualities: transparency, lack of
adhesion, reduced diameter, egg availability, and ease of
method reproducibility [11-14]. 

Another notable advantage of this testing methodology
is that, according to European welfare regulations, zebra
fish embryo testing is categorized as an in vitro testing and
thus not subject to animal protection legislation [15, 16]. 
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Abstract

Our study used mortality and developmental abnormalities present in fertilized zebra fish eggs as a pos-

sible useful bio-indicator to assess water pollution from the vicinity of five great swine units using 48-hour 

in vitro zebra fish eggs acute toxicity test. In assay, 1,300 (Test) and 220 (Control) healthy fertilized zebra fish

eggs were used. During the test duration, a number of dead eggs or embryos and/or any other disturbance in

the embryonic development that could indicate pollution were ascertained. In parallel, embryonic mortality

was assessed for each swine unit possible farm effluent source, using double samples and 10 different water

dilutions provided from the environs river. It was found in some situations that fertilized fish egg development

was disturbed by the water components at the assay moment. Statistical results, analyzed according to the

Kolmogorov-Smirnov normality test (significant P<0.05, or lower), revealed that, from the five observed units

at the sample collection moment, the river water was polluted in the surroundings of swine Units 1 and 4,

which was also confirmed by the acute toxicity endpoints presence in developed embryos in the water sam-

ples provided. This qualitative assay could be a helping tool for small-scale environmental risk assessment due

to the opportunity to achieve, in a short amount of time, an accurate analysis.
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In areas where an intensive swine industry is developing
rapidly and the threat of eco-pollution with farm effluents
can become a reality [17-19] due, in part, to the lack of
more severe legislation, the periodical quality inspection
and monitoring of the river waters from the vicinity of
swine farms can be a helpful early risk assessment tool for
eco-toxicology and public health domains.

In this respect the aim of the present study was to imag-
ine and follow a 48-hour acute toxicity test using zebra fish
eggs as early indicators of possible aquatic environmental
pollution with effluents from the vicinity of the five great-
est swine farms in Timiș County, Romania, in conformity to
EN ISO 15088:2007 embryo assay methodology.

Materials and Methods

The Units

The study is a part of a greater soil and water eco-risk
study and was carried out in the five greatest swine units in
Timiș County, Romania, where – with more than one mil-
lion swine per year – can be found the biggest integrated
intensive swine producer in Romania, where the possibility
of pollution from farm effluents could easily become an
eco-problem. The water samples were obtained from rivers
in the vicinity of these units. From the nearest point to water
source, the location coordinates and main measured physi-
co-chemical parameters of sampled waters are presented in
Table 1.

Test Methodology

In order to produce fresh fertilized eggs, healthy zebra
fish, aged between 10 and 12 months, and not subjected to
any pharmaceutical treatment or study (acute or prophylac-
tic) were used. A lighting period of 16 h light/8 h dark was
maintained during the entire experiment. Fresh fertilized
eggs, differentiated in the first hour after spawning were
used, and following, embryos were observed using an LCD
microscope (Celestron LCD 44340, USA) to the ×10 and
×40 magnifications. 

Initially all freshly fertilized eggs presented a periv-
itelline space, containing the nucleus surrounded by yolk
membrane, the germinal centre being present at the apical
pole of the nucleus and then the first cell division was
observed generally after 15 minutes at 26ºC. 

As a result, the germination disc divided in 4 (after cell
division stage 4, fertilized eggs could be easily differentiat-
ed by the non-fertilized ones), 8, 16, and 32 blastomeres,
respectively.

During testing, healthy 1,300 Test (T) and 220 Control
(C) freshly fertilized zebra fish eggs were used following
EN ISO 15088:2007 methodology. For analysis, 10 con-
secutive dilutions – 1×, 2×, 3×, 4×, 6×, 8×, 12×, 16×, 24×,
and 32× – of 40 mL initial sampled river water were used,
and from dilutions 2 mL were transferred into wells. 

A single embryo was transferred in each well, to which
was added the measured quantity of 2 mL test water accord-
ing to each dilution, and for each water sample concentra-
tion a minimum of 10 healthy fertilized eggs were used. 
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Water samples S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

GPS coordinates of the units:

Longitude 45º62'75" 45º45'6" 45º45'6" 45º46'66" 45º51'65" 45º46'66" 45º45'6" 45º51'65" 45º45'6" 45º62'75"

Latitude 21º1'30" 21º1'05" 21º1'66" 21º1'33" 21º1'49" 21º1'33" 21º1'66" 21º1'49" 21º1'05" 21º1'30"

Water temperature (ºC) 8.2 7.1 7.0 6.4 7.8 9.7 8.1 9.4 8.8 6.9

Ambient temperature (ºC) 3 3 3 3 3 7 7 8 7 7

Atmospheric pressure (hPa) 1,048 1,048 1,048 1,048 1,048 1,012 1,012 1,012 1,012 1,012

Weather condition Light rain Cloudy sky

Relative humidity (%) 98 97 98 98 98 63 63 63 63 63

Conductivity (μS·cm-1) 142.5 458.2 496.7 403.5 679.9 460.8 538.0 730.7 509.0 109.2

Salinity (mg/dm3) 61.0 262.0 225.0 262.0 265.0 221.0 255.0 351.0 242.0 51.0

pH 7.5 8.7 8.2 8.3 8.0 7.1 7.5 7.7 8.6 7.9

Dissolved oxygen (mg/dm3) 4.9 4.4 4.7 5.9 4.7 7.34 4.62 9.45 9.75 11.66

Chlorides (mg/dm3) 38 21 31 65 12 50 100 120 130 150

Nitrates (mg/dm3) 1.59 1.87 1.72 1.90 1.91 1.79 4.20 4.07 4.10 4.05

Phosphates (mg/dm3) 0.035 0.017 0.022 0.017 0.024 0.017 0.005 0.005 0.008 0.006

Table 1. Characteristics of water samples and sampling conditions.



Per each 24-well culture plate (Thermo Fisher Scientific,
USA), two dilutions (20 wells) and the corresponding con-
trol samples (4 wells), which consisted of system water,
were distributed. After 48 h exposure of the freshly fertil-
ized eggs, concentration in which no toxic effect could be
observed was determined. In conformity to ISO methodol-
ogy, the acute toxicity main end points in zebra fish-
obtained embryos to be ascertained were: lack of tail
detachment, heartbeat absence, and coagulated eggs [20].

Statistics

The results were analyzed with the Kolmogorov-
Smirnov (K-S) normality test, a non-parametric test for
the equality of continuous, one-dimensional probability
distributions that compare one or two samples with a ref-
erence probability distribution. The K-S test is one of the
most useful for comparing two samples, as it is sensitive
to differences in both location and shape of the empirical
cumulative distribution functions of the two samples, the
results being considered significant when P<0.05 or
lower.

Results

Eco-Test of Water Samples from Unit 1 Vicinity

Water samples from Unit 1 vicinity were labeled S4 and
S6, and the results of embryo testing were interpreted by
making a correlation between them. The highest mortality
was registered in dilution 2× followed closely by dilution
12× for sample S6. In control dilutions, embryos died at
dilution 4× and 32× and just for sample S4. For dilutions
3×, 4×, 16×, and 24× the number of dead embryos was
found to be identical for both samples.

Eco-Test of Water Samples from Unit 2 Vicinity 

Water samples from Unit 2 vicinity, labeled S3 and S7,
revealed a high embryonic mortality for sample S3 at dilu-
tions 2× and 8×, and for sample S7 at dilution 4×. A low
mortality was recorded for sample S3 at dilutions 12× and
16×, and for sample S7 for dilution 12×. The number of
dead embryos was identical for both samples collected at
dilutions 12×, 24×, and 32×.
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Table 2. Comparative embryo-lethality on the studied samples.

Samples S5/S7 S4/S8 S1/S11 S3/S10 S6/S9

Dilutions
Dead embryos

No./%

1×
1 4 4 2 4 4 3 1 3 3

8% 33% 33% 17% 33% 33% 25% 8% 25% 25%

2×
1 6 5 3 5 7 5 6 3 4

8% 50% 42% 25% 42% 58% 42% 50% 25% 33%

3×
3 3 4 3 21 2 2 3 2 1

25% 25% 33% 25% 7% 17% 17% 25% 17% 8%

4×
3 3 2 5 3 4 5 1 2 4

25% 25% 17% 42% 25% 33% 42% 8% 17% 33%

6×
3 4 3 2 5 4 2 3 3 3

25% 33% 25% 17% 42% 33% 17% 25% 25% 25%

8×
3 3 5 3 4 1 4 2 3 3

25% 25% 42% 25% 33% 8% 33% 17% 25% 25%

12×
3 5 1 1 4 2 2 5 1 2

25% 42% 8% 8% 33% 17% 17% 42% 8% 17%

16×
4 4 1 3 3 1 1 4 3 4

33% 33% 8% 25% 25% 8% 8% 33% 25% 33%

24×
2 2 2 2 4 3 3 2 3 4

17% 17% 17% 17% 33% 25% 25% 17% 25% 33%

32×
2 5 2 2 2 2 3 4 3 3

17% 42% 17% 17% 17% 17% 25% 33% 25% 25%
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Fig. 1. Normal vs. abnormal aspects of embryo developments found in assay.



Eco-Test of Water Samples from Unit 3 Vicinity 

For the samples taken from the Unit 3 area (S1 and
S10), the greatest mortality rate was observed for sample
S10 at 2× dilution, and for sample S1 at dilutions 2× and
6×. The lowest mortality rate found was for sample S10 at
dilutions 8× and 16×, while for sample S1 at dilutions 3×
and 32×. Identical values for embryonic mortality were
observed for both samples at dilutions 1×, 3×, and 32×.

Eco-Test of Water Samples from Unit 4 Vicinity 

Samples taken in the vicinity of Unit 4 were labeled S2
and S9. High values of mortality were recorded for sample
S9 at dilutions 2× and 12×, and for sample S2 for dilutions
2×, 4×, and 8×. A low mortality rate was observed for sam-
ple S9 at dilutions 1× and 3×, and for sample S2 at a dilu-
tion of 16×. No similar mortality values were found for S2
and S9 samples.

Eco-Test of Water Samples from Unit 5 Vicinity

Samples taken from water courses in the vicinity of Unit
5 (S5 and S8) registered the highest mortality for sample S8
at dilutions 2×, 4×, 16×, and 24×, and for sample S5 at dilu-
tions 1×, 2×, 6×, 8×, 16×, 24×, and 32×. The lowest values
recorded were for sample S8 at dilution 3× and for sample S5
at dilution 12×. Identical values for mortality in both samples
were identified for dilutions 1×, 6×, 8×, 16, 24×, and 32×.

The embryonic lethality assessed by us revealed a link
between the numbers of dead embryos at the same concen-
tration for different samples taken from the same water
source. 

The microscopic images of embryos helped us to ascer-
tain that the development of the freshly fertilized eggs was
clearly disturbed by the water components at the moment of
analysis. The main observed abnormalities were: fish
embryos with small hemorrhagic spots in the thoracic 
cavity, blocked embryo development, the rugged appear-
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Fig. 1. Continued.



ance of a dead embryo, hyperpigmentation of larvae body,
a tail’s lack of detachment, and the impossibility of head
and related parties development. 

The comparative embryo-lethality percentage on the
studied samples and water dilution is presented in Table 2,
and the main normal vs. abnormal aspects of embryo devel-
opments found in our assay are presented in Fig. 1.

The embryo mortality analyzed according to the
Kolmogorov-Smirnov statistical normality test (only the sta-
tistically significant results) revealed that the units consid-
ered having a water-polluting potential and importance for
public health were units 1 and 4. The statistical results for the
provided samples from units 1 and 4 are shown in Fig. 2.

Discussion

Zebra fish embryos are complete organisms that allow
their use as alternatives in acute fish tests for diverse efflu-
ent testing [12, 21-23].

Numerous authors have conducted tests concerning the
early development stages of zebra fish, all revealing an
increased sensitivity of this test to estimate: the maximum
acceptable concentration of a toxin [2-4, 6-8], developmen-
tal neurotoxicity [24], teratogenicity [5, 23], embryotoxici-
ty [3, 25], and/or screening a large number of chemicals
[10, 13, 14, 26].

The results we obtained can be considered to be of inter-
est because they bring up-to-date information about the
general status of the freshwater sources in geographical
regions where there is a possible risk of pollution. In this
aim, we are confirming that the establishment of water pol-
lution risk criteria can be ascertained with this test. In this

respect some authors have used the zebra fish tests, propos-
ing this analysis as a certain general model for ecotoxicol-
ogy [1, 7, 10-12, 21, 22].

Other researchers conducted tests on zebra fish
embryos focusing especially on: pigmentation disorders,
effects on heart rate, and teratogenicity of the chemicals,
reaching the conclusion that these assays are very useful in
the screening tests that can be used in preclinical trials 
[5, 11, 14, 25-27].

In this respect, we have also observed the presence of
acute toxicity main end points such as pigmentation disor-
ders and lack of tail detachment, etc., in water samples from
the vicinity of the polluting units. Our study confirmed that
zebra fish eggs and embryos could become a valuable
model for assessing the risks of chemical substances in the
environment due possibly achieving a cheap and precise
analysis at a reduced scale, being also an alternative for the
adult zebra fish acute tests [12, 17, 28-31]. 

As a modern research alternative, we agree with other
authors who have appreciated that zebra fish are fully com-
plementary to rodents (especially in the early stages of drug
research), and with authors who linked the zebra fish
embryo development models to the human embryogenesis
which, with the developing of this in vitro model, will be
able to substitute and provide relevant results useful to ver-
tebrate research [1, 3-10, 14].

Conclusions

The embryonic lethality assessment revealed a link
between the numbers of dead embryos at the same concen-
tration for different samples taken from the same water
source. The microscopic images of embryos for the acute
toxicity main end points and the statistical analysis con-
firmed that the units found with river-polluting potential
were units 1 and 4. 

Despite the fact that it is a qualitative method rather
than a quantitative one (in this case) we consider that using
eggs and embryos is preferable due to its numerous advan-
tages (including that they aren’t subject to the legislation for
animal protection during experiments) and could be includ-
ed in the usual methodologies of the interested labs as a rou-
tine methodology.
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