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Abstract The risk of oil contamination, either through produced water discharges, accidents, or non-pointsources, has increased, and it is attributed with the negative impact on the Black Sea ecosystem, and especially
in coastal waters. Coastal marine waters are known as the areas of fish and invertebrates spawning sites,
including commercial species, which early developmental stages are highly sensitive to crude oil and its
derivates. The aim of the present study was to investigate the effects of mazut at concentrations of 0.00001,
0.0001, 0.001, 0.01, 0.1, and 1 ml l-1 on the biomarker response in the developmental embryos (stages IV and
V) of tubenose goby Proterorhinus marmoratus. We used the biomarkers of antioxidant enzyme activities,
namely superoxide dismutase (SOD), catalase (CAT), peroxidase (PER) and glutathione reductase (GR). The
non-uniform response on mazut impact at tested concentrations on fish embryos was shown. The best biomarker was peroxidase activity, which was highly sensitive to oil pollution and reflected the response of the
organism on stressful environment. The imbalance between tested antioxidant enzyme activities was clearer at
low and high levels of mazut, and it was less in the case of medium values. The obtained results can be applied
for the development of oil toxicity tests for monitoring management and for perspectives of conservation
ecology.
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Introduction
Usually, the investigators report the elevated levels of the man-made pollution and its deleterious effects on
marine environment and aquatic organisms in all levels of their biological organization. Sewage and hazard
chemicals from industrial, agricultural, maritime transport and domestic effluents are the main sources of
contamination in the Black Sea ecosystem. Coastal waters are the main recipients of discharges, and combine
effects of the various kinds of toxicants result in dramatic ecological consequences such as eutrophication,
biodiversity loss, elimination of some species, worsening of their health and decline in the population size
(Rudneva and Petzold-Bradley 2001; Oguz 2017). The risk of oil contamination, either through produced
water discharges, accidents, or non-point-sources, has increased, and it is accompanied with the negative
impact on marine ecosystems, sometimes resulting in extreme consequences for the marine environment,
characterizing physical, chemical and biological damage of the water, sediments and impacted natural
resources. Besides that, the Eastern Mediterranean and the Black Sea along with Bosphorus and Dardanelles
I. I. Rudneva (&)
A.O. Kovalevski Institute of Marine Biological Research, Russian Academy of Sciences, Sevastopol, Russian Federation
e-mail: svg-41@mail.ru

123

Int Aquat Res

straits are located along a heavy oil traffic and the important accidents in recent decades really take place in
this region (Çokacar 2008; Florin et al. 2015; Carpenter and Kostianoy 2019). Moreover, the increasing of
shipboard transport of petroleum products, consequently, ship operation, oil drilling, pipe cracks and transport
of bunker fuel have the risk of oil spills (Patin 2015; Oguz 2017; Sardi et al. 2017). In the Black Sea alone, oil
production has been increased, it was estimated that annually 80–130,000 tons of oil enters the ecosystem, and
1% of this is associated with the accidents (Leonov and Fashuk 2006). Therefore, the study of the consequences of oil pollution in the Black Sea and especially in its coastal waters is an important problem for the
evaluation of the ecological status of the marine ecosystem, because petroleum contamination is chronic in the
Black Sea. Oil is distributed in the water and accumulated in bottom sediments and biota. In future, petroleum
pollution in the shelf zone of the sea will rise intensively, and so the risk of oil spills (Kuznetsov and Fedorov
2010).
On the other hand, marine coastal ecosystems are known as the spawning areas of many commercial fish
and invertebrate species. Early developmental stages of them are very sensitive to pollution, including oil and
its derivates. Previously, the researchers have reported the negative impact of oil contamination on fish eggs
and larvae (Rudneva 2014; Mu et al. 2018; Pereira et al. 2018; Hansen et al. 2018). Oil induced a series of
abnormalities during fish embryonic development, increased embryo mortality at various stages, changed the
morphogenesis and organ formation, and modified the responses of the defense antioxidant and immune
systems (Pauka et al. 2011; Mu et al. 2018; de Andrade et al. 2018).
Fish biochemical parameters could be directly related to the area, where the fish were collected. In polluted
sites, the exposure of fish to xenobiotics results in the interaction between these chemicals and biological
systems, which may give rise to biochemical and physiological damage or/and adaptive mechanisms via the
induction of defense immune and antioxidant systems. Therefore, biochemical and physiological parameters
are used as biomarkers for contaminants and could be applied to evaluate environmental stress and its aftereffects in aquatic organisms. Biomarker exposure to environmental stressors varies widely depending on the
type of anthropogenic activity involved. In this context, a series of studies have determined levels of
antioxidant biomarkers and assessed their response to crude oil and its derivates in fish and invertebrates in
field and experimental conditions (Van der Oost et al. 2003). The toxicity is associated with the growth of
ROS (reactive oxygen species) generation, resulting in the imbalance of oxidative and pro-oxidative processes
in the organism, pathological changes, diseases and, finally, death (Lesser 2006).
Antioxidant enzymes are known as adequate biomarkers for oxidative stress, which is induced by many
unfavorable factors. Antioxidant enzyme activities in various tissues and organs of aquatic organisms and their
changes are good biomarkers for the organism status in the unfavorable living conditions, and they are used
successfully as tools for biomonitoring. The researchers reported the fluctuations of antioxidant enzyme
activities in the tissues of marine organisms indicated that they inhabited polluted sites or impacted different
toxicants in experimental conditions (Sarkar et al. 2006; Rudneva 2014; Mu et al. 2018). However, it is
necessary to establish a causality between measurable changes in biomarkers and contamination level both
from laboratory bioassays and in the field conditions (Depledge and Galloway 2015; Sardi et al. 2017). On the
other hand, the information of the biomarker response in early life of the aquatic organisms is scarce despite
many of them being used in national and international monitoring programs for the evaluation of the water
quality of the ecosystems, including the consequences after oil accidents and spills (Martinez-Gomez et al.
2006; Van der Oost et al. 2003). In the case of the Black Sea, we could propose that intensive exploitation and
transport of oil and its derivatives are increasing the risk of coastal water and sediment contamination by either
dramatic disasters or diffuse sources. Tools for monitoring diffuse contamination, such as crude oil and its
fractions that leak from marine vessels, are much needed.
The aim of the present study was to investigate the response of antioxidant enzyme activities in tubenose
goby Proterorhinus marmoratus embryos (stages IV and V) treated by mazut at the concentrations of 0.00001,
0.0001, 0.001, 0.01, 0.1, and 1 ml l-1. For assessment of multiple biomarker responses in fish eggs, we
determined the biomarkers of exposure, used antioxidant level in the form of enzymes activity that reflects the
response to the toxicity of reactive oxygen species (ROS): superoxide dismutase (SOD), catalase (CAT),
peroxidase (PER), and glutathione reductase (GR).
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Materials and methods
Fish egg collection
Tubenose goby Proterorhinus marmoratus is a benthic fish, which is distributed in the basins of Black Sea, the
Sea of Azov, Marmara Sea, Caspian Sea and in the northern part of Aegean Sea. Spawning time covers the
period from April to June; the spawning process occurs at the depth of 10–80 cm. Individual female spawns
from 200 to 1000 eggs. Maturation begins at the age of 2 years, lifespan continues 2–3 years. It is abundant at
shell rock and seagrass biotopes. It is usually found in Sevastopol bays and estuaries (Rudneva et al. 2016).
Eggs were obtained in field conditions in Streletskaya Bay (Black Sea), at the coastal line of the city of
Sevastopol (Crimea) at the spawning time in May–June.
After collection, the eggs were immediately placed in the aerated tank and transfer to the laboratory. The
eggs at the stages IV and V were incubated at ? 12.5 to 13 °C at different concentrations of mazut. Morphological characteristics of the embryos are presented in Table 1.
Preparation of mazut solutions
Mazut (black mineral oil) is a heavy, low-quality fuel oil used in generating plants and similar applications. It
may be used as an energy fuel for heating houses and for ships. For experimental purposes, in our study, mazut
was mixed at the concentrations of 0.00001, 0.0001, 0.001, 0.01, 0.1, and 1 ml l-1 in the filtrated marine water
(the Black Sea, salinity 18 g l-1), and the mixtures were stripped using magnetic stirrer for 20–30 min, and
after 30 min the mixture was used in experiments (Chesalina et al. 2000).
Experimental design
Test emulsions of mazut with the concentrations of 0 (control), 0.00001, 0.0001, 0.001, 0.01, 0.1 and 1 ml l-1
were made using filtrated marine water. 50 embryos in stages of IV and V were randomly transferred into test
solutions in aerated tanks of the volume 1.5 l. Each treatment was replicated three times. At the end of the
tested developmental stage (68 h at the case of stage IV and 98 h at the case of stage V) the living embryos
were homogenized in cold 0.85% NaCl using glass homogenizer, and the homogenates were centrifuged at
8000g 15 min at cool conditions. The supernatants were used for biochemical determinations.
Biochemical assays
Antioxidant enzyme activities in the supernatants were determined according to the methods described previously (Rudneva 1999), with a few minor modifications. The activity of superoxide dismutase (SOD) was
assayed on the basis of inhibition of the reduction of nitroblue tetrazolium (NBT) with NADH mediated by
phenazine methosulfate (PMS) under basic conditions (Nishikimi et al. 1972). All measurements were performed in 0.017 M sodium pyrophosphate buffer, pH 8.3, at ? 25 °C. The reaction mixtures contained 5 lM
NBT, 78 lM NADH, 3.1 lM PMS, and a 0.1 ml sample; the final volume was 1.5 ml. The reaction was
carried out in a spectrophotometer (Carl Zeiss, Jena, Germany) at 560 nm. The enzyme activities were
calculated as arbitrary units U per (min mg protein)-1. Catalase (CAT) activity was measured by the method
involving the reaction of hydroperoxide reduction (Asatiani 1965). The enzyme activities were calculated in

Table 1 Morphological characteristics of the tested goby embryos (Dechnik 1973; Kalinina 1976)
Stage of embryonic
development

Time of
development, h

Morphological characteristics of embryo development

Stage IV

68–74

The formation of embryonic strip, head, neural system, chorda, brain bladders,
eyecup, the beginning of body segments and ear capsules

Stage V

98–104

Growth of the tail, the separation of the tail from the egg yolk. The formation of the
hart, gut, liver and the fin formation
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mmol per (min mg protein)-1. Peroxidase (PER) activity was detected by a spectrophotometric method using
benzidine reagent (Litvin 1981). The reaction mixture contained 1 ml acetate buffer, pH 5.4, 0.4 ml 0.09%
benzidine, 0.2 ml 0.03% H2O2, and 0.2 ml sample. The reaction was followed in a spectrophotometer for
1 min at 20 °C and at 600 nm. The enzyme activities were calculated in optical units U per (min mg protein)-1. Glutathione reductase (GR) activity was assayed spectrophotometrically using a method modified
after Pereslegina (1989). The reaction mixture contained 0.1 ml mM NADPH, 0.5 ml 7.5 mM oxidized
glutathione, 0.2 ml mM EDTA, and 2 ml 0.05 M phosphate buffer, pH 8.0. After incubation for 10 min, the
extinction of the mixture was determined at 340 nm. The enzyme activities were calculated in nmol NADH
per (min mg protein)-1. Total soluble protein concentration was quantified spectrophotometrically using the
method of Lowry et al. (1951). The enzyme activities were calculated in mmol or specific units U
(min mg protein)-1.
Statistical analysis
Biochemical measurements were detected in duplicate for each sample. Simple, descriptive statistics were
performed using an ANOVA (Halafian 2008). P value of 0.05 was used for the determination of statistical
significance between control values and the values of individual experimental group. Statistical analyses were
performed using Statistica software. The differences in the levels of antioxidant enzyme activities in the eggs
and the mazut concentrations among the sampling points were examined by post hoc test. Statistical correlations between studied biochemical parameters and mazut concentrations in tested experimental groups were
calculated by the least-squares method using the computer program CURVEFIT (Version 2.10-L). The graphs
were constructed using Microsoft Office Excel software.

Results
The activity of studied antioxidant enzymes in the developing fish embryos exposed to different concentrations of mazut fluctuated non-uniformly (Fig. 1).
In stage IV embryos, SOD activity varied insignificantly at all tested concentrations (- 63/? 76% to the
control) with the exception of the mazut concentration of 0.1 ml l-1, when the enzyme level elevated 658% as
compared with the control (p \ 0.05, Fig. 1). No significant differences were observed in stage V embryos,
and enzyme activity ranged between – 17 and - 82% in all experimental groups as compared with the control.
However, the activity was significantly decreased at the concentration of 0.01 ml l-1 (more than fivefold,
p \ 0.05). We could mark also that in stage V embryos, the trend of enzyme activities in low mazut
concentrations (0.00001–0.01 ml l-1) was similar to the fluctuations of SOD level in the egg in stage IV.
CAT activity in stage IV embryos ranged insignificantly between - 70 and ? 87% as compared with the
values of the intact group. The highest enzyme level in stage V embryos was indicated at the mazut concentration of 0.0001 ml l-1 (? 416% to the control, p \ 0.05); in other experimental groups, CAT level
varied insignificantly from - 39 to ? 76% compared to the control. The trends of enzyme activity in stage IV
and V embryos were similar, as we described above for the case of SOD activity.
At all tested mazut concentrations, PER activity in the embryos of stage IV was significantly higher
(? 247/? 511%, p \ 0.05) as compared with the intact eggs, with the exception of the embryos exposed at
the concentration of 0.0001 1 ml l-1 (? 56%) and 1 ml l-1, when enzyme activity reduced significantly
(- 95%, p \ 0.05 to the control). PER activity in stage V embryos was higher at all examined mazut
concentrations as compared with the control (? 103/? 1058%, p \ 0.05).
The response of GR activity was not uniform; in stage IV embryos, the enzyme level was increased at
mazut concentrations of 0.0001 ml l-1 and 0.1 ml l-1 (? 137% and ? 110% correspondingly, p \ 0.05), at
the other tested concentrations, GR activity was insignificantly lower as compared with the control
(- 6%/- 80%). In stage V embryos, GR activity was increased significantly at the concentrations of
0.00001 ml l-1 and 1 ml l-1 (? 189% and ? 346%, respectively, p \ 0.05), while at the other tested mazut
levels, it was lower as compared with the control (from - 81 to - 31%).
The ratios of examined enzymes activities and their fluctuations at different mazut concentrations in both
the tested stages of embryo development are presented in Fig. 2.
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Fig. 1 Antioxidant enzyme activities in developing fish embryos Proterorhinus marmoratus exposed to different concentrations
of mazut. SOD superoxide dismutase, CAT catalase, PER peroxidase, GR glutathione reductase. Enzyme activity is represented as
(min mg protein)-1, mean ± SD. Asterisk: the differences are significant as compared with the control

High imbalance of the ratio SOD/CAT activity was indicated in stage IV embryos exposed to low mazut
concentration of 0.00001 ml l-1, then the ratios declined and varied less. In stage V embryos, the ratio SOD/
CAT fluctuated insignificantly at tested mazut levels. The ratio SOD/PER demonstrated similar trends in both
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Fig. 2 Antioxidant enzyme activity ratios in developing fish embryos Proterorhinus marmoratus exposed to different
concentrations of mazut. For other explanations, see Fig. 1

the embryonic stages; however, at high concentration of oil (1 ml l-1), it increased. The values of SOD/GR
ratio had two peaks for stage IV embryos exposed to the concentrations 0.00001 ml l-1 and 0.1 ml l-1, while
the fluctuations of the enzyme ratio in stage V embryos were insignificant. The highest value of CAT/PER
ratio was observed in stage IV embryos treated with 1 ml l-1, and in stage V embryos exposed to
0.0001 ml l-1. The CAT/GR ratio was increased at low mazut concentrations of 0.00001 and 0.0001 ml l-1 in
stage IV and 0.0001 ml l-1 in the case of stage V. The trends of PER/GR ratio were similar in stage IV and V
embryos with the exception of the values of the eggs exposed to the highest mazut level (1 ml l-1). In the case
of stage IV, it was increased, while in stage V, the trend showed the opposite tendency.
Therefore, the obtained results demonstrated the responses of antioxidant enzymes in the goby embryos in
stages IV and V to the tested concentrations of mazut. The responses were not uniform, and they depended on
the toxicant level and the developmental stage of the fish embryos. Additionally, the balance between the
examined enzyme activities also varied, which could be connected with the imbalance between ROS production and antioxidant defense status.

Discussion
Aquatic organism embryo tests have been used in hazard assessments of different kinds of unfavorable factors
successfully because they are highly sensitive to hazardous chemicals. The sensitivity of early developmental
stages to various pollutants has been frequently reported for many aquatic animals, such as sea urchins,
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bivalves, corals and fish species (Bellas et al. 2005; Farina et al. 2008; Cao et al. 2010; Rudneva 2014).
Because oil spills and other accidents are frequent events in marine environment, the development of the
corresponding tests for the evaluation of their consequences for the aquatic biota is very important (Heintz
et al. 1999; Pereira et al. 2018). Although oil and its derivatives are widely used in human activity, and they
are highly distributed pollutants in aquatic environment, the information of their toxic effects on marine
organisms is yet scarce and contradictory (Martin et al. 2014; Hansen et al. 2018). For this, in experimental
conditions, various test organisms are used, including early developmental stages of marine fish and invertebrates (Franco et al. 2018). Fish embryo testing in ecotoxicological studies has been largely utilized as a
good tool for the toxicity assays. Zebrafish (Danio rerio) embryos are well known as a good model for toxicity
assessment. They were also investigated for assessing oil toxicity. For instance, they were used for the
evaluation of the potential toxicological differences between unrefined crude and residual fuel oils, and test the
effects of sunlight as an additional stressor (Domingyes et al. 2010; Martin et al. 2014). Studies have been
performed using the different life stages of Japanese medaka (Oryzias latipes), fathead minnow (Pimephales
promelas), goldfish (Carassius auratus), rainbow trout (Oncorhynchus mykiss), etc. The life cycle stages of
fish (through the embryo–larval stage) may represent a way to establish definitive testing strategies and will
provide another option for the acute testing of juvenile and adult fish (Heintz et al. 1999; Embry et al. 2010; de
Andrade et al. 2018).
Embryos and larvae have important roles in the life cycle of marine organisms as during this phase there are
dramatic morphological and physiological changes that lead to the adult form. Despite their importance, data
concerning the toxicity of pollutants in fish eggs and larvae are yet scarce. In the present study, we used as the
test organism the embryos of benthic fish tubenose goby Proterorhinus marmoratus, which is highly distributed in the basins of Black Sea, the Sea of Azov, Marmara Sea, Caspian Sea and in the northern part of
Aegean Sea. It inhabits coastal waters, its eggs are demersal, and they are impacted to various pollutants,
including oil and its derivates (Rudneva et al. 2016). Taking into account that the oil and gas production in the
shelf of these water bodies is intensively exploited (Çokacar 2008; Florin et al. 2015; Carpenter and Kostianoy
2019), the early life stages of this fish could be used as a good model for the oil toxicity effect evaluation both
in natural and laboratory conditions.
Many investigators reported that the oil pollution of marine environment induces multiplicative stress in
marine organisms, which is accompanied with the generation of ROS (reactive oxygen species) (Mu et al.
2013, 2018; Rudneva 2014). The toxicity of oil fractions and its derivates differed, and the response of fish in
early life stages also varied and depended on experimental duration, species peculiarities, toxicant concentration, etc. There are several studies of oil effects on adult fish using the battery of biomarkers, while the
information of the response of early life stages of fish and invertebrates is limited. Generally, the investigators
describe the hatching process, mortality and abnormalities of development of the embryos and larvae exposed
to oil and the values of these end points are discussed (Pauka et al. 2011; Martin et al. 2014).
Because mazut is used as a fuel in maritime transport, it contaminates marine environment and damages it;
although that part of the oil is evaporated, the other one degrades resulting in photochemical reactions and
microbial activity (Geraudie et al. 2016; Sardi et al. 2017). In the present study, our findings have shown that
in fish embryos exposed to different mazut concentrations, oxidative stress has been induced, which revealed
the changes of antioxidant enzyme activities in the treated groups as compared with the intact embryos. The
most sensitive enzyme was PER, which activity elevated more than 100% compared to the control
(103–1058%). Generally, the trends of enzyme fluctuations were similar in both the tested fish embryo stages.
The enzyme level tended to increase at low concentrations and decreased at the highest concentration of
mazut, which explained enzyme inhibition, especially in stage IV embryos. However, enzyme activity in stage
V embryos remained higher as compared with intact eggs at the mazut concentration of 1 ml l-1 Additionally,
we could note that PER plays a role in the processes of eggshell function, because one of its component—
ovoperoxidase—was detected in fish eggs and it uses H2O2 as substrate which is generated in NADPH oxidase
system on the surface of eggshell. Superoxide anion and other metabolites containing tyrosine cation are
formed during the process of egg development, and they are degraded by ovoperoxidase which protects the
embryos against ROS damage (Rudneva 2014). Therefore, PER was the most sensitive enzyme to mazut
toxicity.
The activity of other tested enzymes varied lesser and the fluctuations were not uniform. We could note a
decrease in activity of all tested enzymes at the highest mazut concentration (1 ml l-1) in both stages of goby
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embryogenesis with the exception of GR and PER activities in stage V, which was connected with the strong
damage of the antioxidant defense and imbalance between oxidative and antioxidant processes, impacted by
toxicant. We did not find any correlations between antioxidant enzyme activities and mazut concentration.
Furthermore, we could propose that no linear correlations are present. Additionally, we could note that
energetic resources of developing embryos on examined stages of development were involved for the first time
in organ formation and growth (see Table 1), and the lack of energy for the synthesis of the components of
defense systems resulted in poor response of the antioxidants to oil treatment. However, at high concentrations
of mazut, the inhibition of majority of antioxidant enzyme activity in stage IV was observed, while in stage V,
PER and GR activities were increased, perhaps it was connected with the metabolism change and increased
synthesis of the components of defense system before hatching.
Additionally, we could conclude that the oxidative stress stimulated not only the changes in enzyme
activities in developing fish embryos, but also the imbalance of their ratios, which is shown in Fig. 2. This
imbalance was clearer at low and high levels of the oil and it was less in the case of medium values. Therefore,
we could propose that low concentrations of mazut initiated the antioxidant defense, at the medium toxicant
values the response was relatively stable, and at high concentrations, it was greater which also caused the
inhibition of the enzyme activities and dissociation of interactions between them.
In our previous studies, we used various several Black Sea fish species in their early developmental life
stages as a model for ecotoxicological experiments for the assessment of different kinds of oil toxicity, namely
Neogobius melanostomus, Lypophys pavo, Atherina hepsetus, Liza saliens, Liza aurata (Rudneva 2014). The
response of antioxidant system depended strongly on kinds of oil components, their concentrations and time of
exposure (from 1 to 3 days of exposition in our previous experiments). We showed also that fish larvae were
more sensitive than embryos. The response of embryos depended on eggshell thickness: high thickness of shell
protects the developing embryo against toxic impact of oil and the response of antioxidant enzyme activities
was less sensitive as compared with the embryos with thin eggshell; and fish species individual peculiarities
(Rudneva 2014).
The present data agree with the results of other authors who studied oil toxic effects using fish in their early
developmental stage as a model. For instance, the experimental studies of Carassius auratus eggs exposed to
the water-soluble fraction of diesel at concentrations of 0.05 and 0.1 mg l-1 during a period of 40 days
showed the induction of antioxidant enzyme activities and decreased immune reactions in the tissues of the
fish (Zhang et al. 2004), and in invertebrates, the neurotoxic response was observed (Geraudie et al. 2016).
The induction of antioxidant enzymes SOD, CAT and GST was demonstrated in the mollusks, exposed to
water-soluble fraction of diesel fuel at a concentration of 4 mg l-1l (Jiang et al. 2017). The authors found the
decrease of hatching rate and the increase of mortality of the larvae, and high mortality of embryos exposed to
high oil concentrations (20–40 mg l-1). The hepatopancreas of the crabs had elevated levels of oxidative
stress and a higher abundance of blister cells, which play a role in secretory processes. Crude oil is likely to
impact fiddler crabs and many species that depend on them for their diet or for the ecological changes that
result from their burrowing (Franco et al. 2018).
Finally, we could propose the following scheme of the oil (mazut) impact on fish eggs (Fig. 3). Oil changes
the marine environment and impacts the early developmental stages of aquatic animals directly and indirectly,
through the changing environment. In both cases, the high generation of ROS provokes oxidative stress in the
organism (Lesser 2006) and modifies the oxidant/antioxidant ratio, for the first time caused antioxidant
enzyme activity, as we see in our study. This is the ‘‘early warning’’ response of the organism on the toxic
impact and it can differ depended on developing stage, species, and toxicant concentration.
The ecological characterization of the coastal waters of Sevastopol city showed the presence of diverse
contaminants in the sediments and in water, which are the result of human activities. The main anthropogenic
sources of these pollutants are attributed to industrial and agricultural discharges, domestic effluents, shipping
and recreation activities. High concentration of xenobiotics, including oil and its derivates in the bottom
sediments and in the water in the spawning area of fish, causes oxidative stress in their early life stages
resulting in their transfer via water. Ecotoxicological studies of oil toxicity both in laboratory and field
conditions using fish eggs as a model suggest that this mode of action should be considered in the assessment
of bunker oil spill impacts, and indicate the need for a broader approach to understand the aquatic toxicity of
different oils.
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Fig. 3 The scheme of mazut toxicity on fish embryos

Conclusions
Biomarker variables in the fish embryos reported in this study seem to be useful indicators of oil toxicity and
the health status of water quality in monitoring studies. The best biomarker is the PER activity, which was
highly sensitive to oil pollution and reflects the response of the organism to stressful environment. The
response of other tested antioxidant enzymes was not uniform and depended on embryonic developmental
stage and mazut concentration. The response of biomarkers is not uniform and only measuring a battery of
bioindicators can provide insight only into the fish health and ecological status of their habitats. The imbalance
between tested antioxidant enzyme activities was clearer at low and high levels of mazut and it was less in the
case of medium values. We could propose that low concentrations of mazut initiated antioxidant defense in
developing fish embryos, at medium toxicant values, the response was relatively stable, and at high concentrations, it caused the inhibition of the enzyme activities and dissociation of interactions between them.
The obtained results can be applied to the development of oil toxicity tests for monitoring management and for
perspectives of conservation ecology
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