INSTITUTE OF ECOLOGY OF NATURE RESEARCH CENTRE
VILNIUS UNIVERSITY

Laura Andreikénaité

GENOTOXIC AND CYTOTOXIC EFFECTS OF CONTAMINANTS
DISCHARGED FROM THE OIL PLATFORMS IN FISH AND MUSSELS

Summary of doctoral dissertation
Biomedical Sciences, Ecology and Environmental Sciences (03B)

Vilnius, 2010



The dissertation research was carried out at the Institute of Ecology of Nature Research
Centre in 2006-2010.

Scientific Supervisor:
Dr Habil. Janina BarSien¢ (Institute of Ecology of Nature Research
Centre, Biomedical Sciences, Ecology and Environmental Sciences —
03B)

Scientific Consultant:
Dr Steinar Sanni (International Research Institute of Stavanger, Norway)

The defence of the doctoral dissertation is held at the Vilnius University Ecology
and Environmental Research Council:

Chairman:
Prof. Dr Habil. Vincas Biida (Vilnius University, Biomedical Sciences,
Ecology and Environmental Sciences — 03B)

Members:
Dr Habil. Janina Syvokiené¢ (Institute of Ecology of Nature Research
Centre, Biomedical Sciences, Ecology and Environmental Sciences —
03B)
Prof. Dr Algimantas Paulauskas (Vytautas Magnus University,
Biomedical Sciences, Ecology and Environmental Sciences — 03B)
Ass. Prof. Dr Virginijus Sruoga (Vilnius Pedagogical University,
Biomedical Sciences, Zoology — 05B)
Dr Dalius Butkauskas (Institute of Ecology of Nature Research Centre,
Biomedical Sciences, Ecology and Environmental Sciences — 03B)

Opponents:
Prof. Dr Grazina SlapSyt¢ (Vilnius University, Biomedical Sciences,
Biology — 01B)
Prof. Dr Habil. Aniolas Sruoga (Vytautas Magnus University,
Biomedical Sciences, Ecology and Environmental Sciences — 03B)

The official defence of the dissertation will be held at the open session of the Research
Council on the 21% October 2010 at 2.00 p.m. at the Institute of Ecology of Nature
Research Centre,

Address: Akademijos 2, LT-08412 Vilnius-21, Lithuania

Tel. +370 5 2729257, fax. +370 5 2729352

The summary of the doctoral dissertation was distributed on 21* September 2010.
The dissertation is available at the libraries of Vilnius University and of the Institute of
Ecology of Nature Research Centre.



GAMTOS TYRIMU CENTRO EKOLOGIJOS INSTITUTAS
VILNIAUS UNIVERSITETAS

Laura Andreikénaité

NAFTOS PLATFORMU TARSOS GENOTOKSINIO IR CITOTOKSINIO
POVEIKIO [VERTINIMAS ZUVU IR MOLIUSKU LASTELESE

Daktaro disertacijos santrauka
Biomedicinos mokslai, ekologija ir aplinkotyra (03B)

Vilnius, 2010



Disertacija rengta 2006-2010 metais Gamtos tyrimy centro Ekologijos institute.

Mokslinis vadovas:
habil. dr. Janina BarSiené¢ (Gamtos tyrimy centro Ekologijos institutas,
biomedicinos mokslai, ekologija ir aplinkotyra — 03B)

Mokslinis konsultantas:
dr. Steinar Sanni (Stavangerio tarptautiniy tyrimy institutas, Norvegija)

Disertacija ginama Vilniaus universiteto Ekologijos ir aplinkotyros Kkrypties
taryboje:

Pirmininkas:
prof. habil. dr. Vincas Buda (Vilniaus universitetas, biomedicinos
mokslai, ekologija ir aplinkotyra — 03B)

Nariai:
habil. dr. Janina Syvokiené (Gamtos tyrimy centro Ekologijos institutas,
biomedicinos mokslai, ekologija ir aplinkotyra — 03B)
prof. dr. Algimantas Paulauskas (Vytauto Didziojo universitetas,
biomedicinos mokslai, ekologija ir aplinkotyra — 03B)
doc. dr. Virginijjus Sruoga (Vilniaus pedagoginis universitetas,
biomedicinos mokslai, zoologija — 05B)
dr. Dalius Butkauskas (Gamtos tyrimy centro Ekologijos institutas,
biomedicinos mokslai, ekologija ir aplinkotyra — 03B)

Oponentai:

prof. dr. GraZina SlapSyt¢ (Vilniaus universitetas, biomedicinos mokslai,
biologija — 01B)

prof. habil. dr. Aniolas Sruoga (Vytauto DidZiojo universitetas,
biomedicinos mokslai, ekologija ir aplinkotyra — 03B)

Disertacija bus ginama vieSame Ekologijos ir aplinkotyros mokslo krypties tarybos
posédyje, 2010 m. spalio mén. 21 d. 14 val. Gamtos tyrimy centro Ekologijos instituto
sal¢je.

Adresas: Akademijos 2, LT-08412 Vilnius-21, Lietuva.

Tel. 4370 5 2729257, fax. + 370 5 2729352

Disertacijos santrauka iSsiuntinéta 2010 m. rugsé€jo mén. 21 d.
Disertacija galima perzitréti Vilniaus universiteto ir Gamtos tyrimy centro Ekologijos
instituto bibliotekose.



INTRODUCTION

Relevance of the study. Despite new technological inventions in offshore oil
platforms, aquatic ecosystems are still being polluted with crude oil and other
technogenic contaminants (PAHs, alkylphenols, heavy metals, sulphur and nitrogen
compounds, and radionuclides). In 2007, about 20000 tones of crude oil were spilled to
the marine environment during the oil drilling processes (GESAMP, 2007), and 162
million m® of produced water (PW) were discharged in the Norwegian sector of the
North Sea (OLF, 2008).

Many of pollutants produced by oil industry are genotoxic to the aquatic organisms.
The interaction of these compounds or their metabolites with DNA can cause various
genetic effects, which are often irreversible, can be transmitted to the next generations
and thus affect the organisms up to population level. The number of biomarkers is
applied to evaluate biological effects of oil pollution, in order to evaluate genotoxic and
cytotoxic impact, micronucleus test and analysis of the other nuclear abnormalities is
rather frequently being used (Lehtonen et al., 2006). There are literature data on
genotoxicity induction in aquatic organisms inhabiting the oil platform zones or areas
affected by the oil spills (Bolognesi et al., 2004, 2006; BarSien¢ et al., 2006; Laffon et
al., 2006; Hylland et al., 2008; Rybakovas et al., 2009). Caging is more and more
frequently used tool for the assessment of contaminants impacts in Situ in areas with
pollution gradient (Bolognesi et al., 2004; Aarab et al., 2008; Bocchetti et al., 2008;
Klobucar et al., 2008). Furthermore, in aquatic ecosystems contaminants usually
discharged in complex mixtures, can provoke interactions between unknown substances
and lead to the unpredictability in genotoxic responses to pollution (Jha, 2008).

Objective and main tasks of the study. The main objective of the study is
assessment of genotoxicity and cytotoxicity effects in fish and bivalves exposed to the
crude oil and other technogenic contaminants discharged from the different oil
platforms.

The following tasks were set to achieve this objective:

e To examine genotoxicity (induction of micronuclei and nuclear buds) and
cytotoxicity (formation of fragmented-apoptotic and bi-nucleated cells) in cells of
fish and mussels deployed to different zones of the Statfjord B and Ekofisk oil
platforms and in polluted Karmsund fjord area of the North Sea;

e To investigate genotoxicity and cytotoxicity (geno-cytotoxicity) of crude
oil extracted from different oil platforms (North Sea, Barents Sea and Lithuania)
and other technogenic contaminants in various fish and bivalve species under
laboratory conditions;

e To define inter-specific peculiarities of geno-cytotoxicity responses after
treatment with crude oil and other technogenic contaminants discharged from the
oil platforms;

e To assess inter-tissue differences in fish after treatment with oil platform
contaminants (crude oil, produced water and different mixtures of alkylphenols
and PAHs).

Novelty of the study. For the first time, the genotoxicity and cytotoxicity effects of
contaminants discharged from oil platforms were analyzed in fish and bivalves under



field and laboratory conditions. Environmental genotoxicity was assessed using
micronuclei (MN) and nuclear buds (NB), and environmental cytotoxicity was evaluated
by measuring the frequencies of fragmented-apoptotic (FA) and bi-nucleated cells (BN)
in hemocytes and gill cells of M. edulis and in liver erythrocytes of G. morhua. In the
study, for the first time were assessed:

e Environmental genotoxicity and cytotoxicity in the blue mussels and
Atlantic cod caged in the Statfjord B and Ekofisk oil platforms and in Karmsund
fjord areas;

e Regularities of genotoxicity and cytotoxicity in fish and mussels after
experimental treatment with crude oil from the North Sea oil platforms and Minija
well in Lithuania;

e The formation of nuclear abnormalities in turbot liver erythrocytes after
treatment with arctic oil;

e The impact of microorganism infection on genotoxicity and cytotoxicity
induction in gill cells of mussels;

e Regularities of genotoxicity and cytotoxicity induction in cod liver and
kidney erythrocytes after exposure to crude oil, produced water (PW) from the
Oseberg C platform, to different mixtures simulating content of alkylphenols (AP)
and PAHs in the PW, as well as to mixture of crude oil+AP+PAH;

e Inter-specific differences between mussels, turbot, Atlantic cod, clams and
perch exposed to crude oil;

e Peculiarities of geno-cytotoxicity in different fish tissues after treatment
with contaminants discharged from the oil platforms;

e Geno-cytotoxicity effects in rainbow trout O. mykiss, caused by the model
mixtures of the heavy metals.

Scientific and practical significance. The study results provide new information on
environmental genotoxicity and cytotoxicity in different zones of oil platforms in the
North Sea and in Karmsund fjord system, polluted by PAHs and heavy metals. In
different fish and bivalve species, geno-cytotoxicity of crude oil (from the North Sea and
Barents Sea, from Minija oil-well) and other oil industry contaminants was investigated
under laboratory conditions. There were determined time-tissue-species-concentration-
related relationships in induction of nuclear abnormalities in studied fish and mussels.
The levels of geno-cytotoxicity in mussels were significantly higher than in fish;
consequently, mussels are more relevant indicators in assessment of environmental
genotoxicity and cytotoxicity in zones impacted by the oil industry. Nevertheless,
consider induction of genotoxicity and cytotoxicity at significant levels in experimental
treatment with crude oil and other contaminants, indigenous fish species should be used
to monitor distribution of aneugenic and clastogenic compounds in zones of offshore oil
platforms. The study results revealed usefulness of genotoxicity endpoints, as well as
cytotoxicity endpoints for the evaluation of damage, caused by the contamination
discharged from the marine oil industry. The statement was proved when genotoxicity
was studied participating in numerous of projects, financed by the Norwegian Science
Council and different oil companies. Geno-ecotoxicological risk was identified in
environment of oil platforms, and, also recovery of organisms was shown after
installation of modern technologies in the Norwegian oil industry. The used endpoints of
environmental genotoxicity could be successfully implemented in monitoring systems as



early biomarkers for the investigation of effects caused by accidental spills of oil and
other compounds. Additionally, the relevance of the study could be suggested as at first
time it was shown impact of microorganism infection on genotoxicity and cytotoxicity
induction in gill cells of mussels.

Defended statements:

e Geno-cytotoxicity approach can be used in assessment of environmental
pollution effects in areas close to offshore oil platforms in situ and it is sensitive
tool in prediction of eco-genotoxicological risk for the indigenous organisms
inhabiting oil platform zones;

e (Crude oil and other technogenic contaminants discharged to the North Sea
from oil platforms provoke geno-cytotoxicity effects in mussels and fish;

e Induction of nuclear abnormalities in mussel and fish cells depends on
exposure time and concentration, and differences also defined as a tissue-species
related process;

Scientific approval and publications. The results of the present study were
published in 9 scientific papers in Lithuanian and international peer-reviewed scientific
journals and discussed during 10 presentations on international conferences and
symposiums: 7" and 10" Lithuanian Young Scientist Conferences (2005, Anyks¢iai;
2007, Molétai); 3" International Conference ,Metals in the Environment* (Vilnius,
2006), 2™ Regional Student Conference ,,Biodiversity and Functioning of Aquatic
Ecosystems in the Baltic Sea Region* (Klaipéda, 2006); World Congress of Malacology
(Antwerp, 2007), ICES Annual Science Conference (Helsinki, 2007); Scientific-practical
Conference “Sea and coastal research (Palanga, 2008), “BONUS” Joint Baltic Sea
Research Annual Conference (Vilnius, 2010).

Structure of dissertation. The dissertation manuscript is composed of the following
chapters: introduction, literature review, material and methods, results, discussion,
conclusion, references and list of author‘s publications. The material and results of the
dissertation are presented in 172 pages. The text contains 23 figures and 10 tables. The
list of references contains 440 sources; the list of author’s publications comprises 9
publications.
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LITERATURE REWIEW

This chapter deals with marine environment pollution (polycyclic aromatic
hydrocarbons (PAHs), alkylphenols, heavy metals), with description of the sources of
pollution due to oil industry activities in the North Sea, including produced water. There
were presented peculiarities of bioaccumulation and biological effects of contaminants
(PAHs, alkylphenols and heavy metals) and most popular exposure and effect
biomarkers in mussels and fish. In details were reviewed the formation of micronuclei
and other nuclear abnormalities in marine organisms. Other genetic methods and
bioindicators used in genotoxicity assays are reviewed.

MATERIAL AND METHODS

For the assessment of the genotoxicity and cytotoxicity of discharged pollutants in the
North Sea oil platforms, fish and mussels were caged in the gradient towards the
Statfjord B and Ekofisk oil platforms. In order to examine the potential contamination by
PAHs and heavy metals, geno-cytotoxicity parameters were analyzed in mussels caged
in the Karmsund fjord area.

Table 1. Material for genotoxicity and cytotoxicity analysis in mussels and fish caged in
different study sites.

1 lentelé. Aktyvaus monitoringo tyrimy vietos ir medziaga.

Species (number of specimens), Study area/ Caging sites/distance from the
studied cells exposure pollution source
time
Gadus morhua (60), Statfjord B 500,1000 and 10000 meters
liver erythrocytes 6 weeks Pre-exposure, Reference
Mpytilus edulis (60),
hemocytes
Mytilus edulis (93), Ekofisk 1 st*.(1600m SW¥*), 2 st. (600m SW)
hemocytes 6 weeks 3 st. (close to discharger (southern flare),

4 st. (close to discharger/ 2/4J)
5 st. (1100m NE*), 6 st. (2000m NE),

Reference (20000m)
Mytilus edulis (50) Karmsund 1 st. (to SW* from discharger)
gill cells 4 weeks 2 st. (to E* from discharger)

3 st. (close to discharger)
Reference (Forlandsfjorden)
Pre-exposure (Forlandsfjorden)
*st — station, SW — to the south west from discharger, NE — to the north east from discharger, E — to the east from
discharger.

Geno-cytotoxicity of crude oil processed from the Statfjord B and Oseberg C
platforms in the North Sea and the arctic crude oil from the Barents Sea and Minija oil
well (Lithuania) were studied under laboratory conditions. Moreover, geno-cytotoxic
effects of Oseberg C oil platform produced water (PW), different alkylphenols and crude
oil, PAH and alkylphenol mixtures, as well as different concentrations of heavy metals
mixtures were analyzed in fish tissues.



Table 2. Material for genotoxicity and cytotoxicity analysis in mussels and fish after
experimental exposure.

2 lentelé. Naftos pramonés terSaly genotoksinio ir citotoksinio poveikio eksperimentiniy tyrimy

medziaga.
Species (specimens) Time of exposure/
studied cells compound/concentrations
Scophthalmus maximus (44) 3 weeks exposure to Statfjord B crude oil
blood and kidney erythrocytes 0.5 ppm oil
Gadus morhua (56) 0.5 ppm oil+8AP*(0.1 pg/D)+11PAH*(0.0915 ng/l),
blood and kidney erythrocytes 30 ppb NP*, Control
Mytilus edulis (41) 3 weeks exposure to Statfjord B crude oil
gill cells 0.5 ppm oil, 0.5 ppm 0il+8AP (0.1 pg/1)+11PAH (0.0915
pg/l), 30 ppb NP, Control
Mytilus edulis (40) 1, 2, 4 and 8d.*exposure to Statfjord B crude oil
gill cells 0.5 ppm oil, Control
Scophthalmus maximus (120) 4, 8 weeks exposure to Arctic crude 10, 40, 120, 360 and
liver erythrocytes 720 ppb oil, Control
Perca fluviatilis (40) 10-day exposure to Minija crude oil (Lithuania)
blood erythrocytes 0.25, 0.5 and 1.0 ppm oil, Control
Anodonta anatina (40) 10d. exposure to Minija crude oil (Lithuania)
gill cells 0.25, 0.5 and 1.0 ppm, Control
Gadus morhua (140) 2 weeks exposure to Oseberg C crude oil and PW*
liver and kidney erythrocytes Mixture of 4 alkylphenols (AP) — 2, 10 and 2000 ng/1
Mixture of 9AP (37 pg/l)
0.2 ppm 0il4+9AP (37 pg/1)+21PAH (12 pg/l)
Produced water—1:200 PW; 1:1000 PW dilutions
Crude oil 0.2 ppm, Control
Oncorhynchus mykiss (40) 14 d. exposure to mixture of heavy metals
blood erythrocytes 21.79%, 10.89%, 5.45% and 1.1% concentrations, Control
Oncorhynchus mykiss (104) 4-day exposure to mixture of (Zn+Cu) 0.06, 0.125 and
blood erythrocytes 0.25 mg/1 concentrations and 4, 8, 12- day recovery, Control

* AP — alkylphenols, PAH — polycyclic aromatic hydrocarbons, NP — nonylphenol, d — days, PW — produced water.

Preparation and analysis of slides. The arch of M. edulis and A. anatina gills was
placed in a drop of 3:1 ethanol acetic acid solution on clean microscopic slide and gently
nipped with tweezers for 2-3 minutes. Then the cell suspension was softly smeared on a
surface of the slide. Smears of fish blood from caudal vessels and mussels hemolymph
were directly overspread on slides and air-dried. After the sacrifice, a small piece of fish
liver and cephalic kidney was dissected, softly dragged along clean slide and allowed to
dry for 1-2 h. Smears were subsequently fixed in methanol for 10 min., and were stained
with 10% Giemsa solution in phosphate buffer pH=6.8 for 8 min. (BarSien¢ et al., 2004).
The stained slides were analyzed under the light microscope Olympus BX51 at a final
magnification of 1000x. Micronuclei were identified according to the following criteria:
(1) round and ovoid-shaped non-refractory particles in the cytoplasm, (2) color and
structure similar to chromatin of the nucleus, (3) a diameter of 1/3-1/20 of the main
nucleus, (4) particles completely separated from the main nucleus (Fig. 1). Nuclear buds,
bi-nucleated and fragmented-apoptotic cells were identified using criteria described by
M. Fenech with co-authors (2003). The morphological features of studied nuclear
abnormalities are shown in Fig. 1. For each studied specimen of mussels, 2000 cells with
intact cytoplasm were scored. A total of 10000 erythrocytes with intact cellular and
nuclear membrane were examined for each fish specimen (5000 mature erythrocytes
from peripheral blood and 5000 immature erythrocytes — from cephalic kidney and



liver). Nuclear abnormalities were photographed with Olympus DP 700 digital camera.
The frequency of micronuclei and other nuclear abnormalities was evaluated as the
number of abnormalities per 1000 cells scored (BarSien¢ et al., 2004).
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Figure 1. (a) micronucleus (MN), (b) cell with nuclear bud (NB), (c-d) nuclear-bud with
nucleoplasmic filament (NBy), (e) fragmented-apoptotic cell (FA), (f) bi-nucleated erythrocyte
(BN), (g) bi-nucleated erythrocyte with nucleoplasmic bridge (BNy) — in fish; (h) MN, (i) NBy,
(j) FA, (k) BN — in mussels.

1 paveikslas. (a) mikrobranduolys (MB), (b) branduolio pumpuras (BP), (c-d) branduolio
pumpurai susijungg¢ su branduoliu nukleoplazmine jungtimi (BP;), (e) fragmentuota-apoptoziné
lastelé (FA), (f) dvibranduolé lastelé (DB), (g) dvibranduolé lastelé, kurios branduoliai susijunge
nukleoplazminiu tiltu (DB;) — zuvy eritrocituose; (h) MB, (i) BP, (j) FA, (k) DB lastelés —
moliuskuose.

Statistical analysis was carried out using PRISM 5.0 statistical package. Mean and
standard error was calculated for each experimental group. Data was analyzed with one
way ANOVA. Non-parametric Mann-Whitney U-test was used to compare alteration
frequencies between control and treatment groups.

RESULTS AND DISCUSSION

Assessment of environmental genotoxicity and cytotoxicity by caging approach in
situ

After 6-week caging of M. edulis and G. morhua in the Statfjord B oil platform
zones, the gradient — 500 m >1000 m >10000 m by the frequency of MN and BN in
mussels and by the MN and NB — in cod was found. The induction of MN in mussel
hemocytes was 13-19 times higher, induction of NB — 2-11 times higher than in liver
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erythrocytes of Atlantic cod. The lowest frequency of micronuclei (MN) in mussel’s
hemocytes was observed in pre-exposure (2.13%o) group and in that caged in a distance
10000 meters from the platform (2.58%o), the highest — in mussels caged close to the
platform (7.66%o). Comparatively high MN level was detected in mussels caged in 1000
meters from the Statfjord B platform (Fig. 2).

mMN @NB OFA BN ® MN B NB O FA
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Abnormalities / 1000 hemocytes
w
Abnormalities / 1000 cells

Pre- Reference 500 m 1000 m 10000 m

exposure Pre-  Reference 500 m 1000 m 10000 m

(B) exposure

(A)

Figure 2. (A) Frequencies of MN, NB, FA and BN hemocytes of Mytilus edulis and (B) the
frequencies of MN, NB and FA erythrocytes in liver of Gadus morhua caged for 6 week in
different zones of Statfjord B oil platform. Asterisks show statistically significant differences
compared to reference group of the mussels: *P<0.01 and ***P<0.0001 levels of significance.

2 paveikslas. (A) Branduolio pazaidy dazniai valgomyjuy midiju (Mytilus edulis) hemocituose ir
(B) Atlantiniy menkiy (Gadus morhua) kepenuy eritrocituose po 6 savai¢iy laikymo skirtingose
Statfjord B naftos platformos zonose, *P<0,01 ir ***P<0,0001 patikimumo lygis tarp
kontrolinés ir prie naftos platformos laikyty midijuy grupiy.

Significant induction of MN levels was found in mussels caged in 500 and 1000
distance from the oil platform. The highest frequency of nuclear buds (NB) was in the
mussels deployed to the site in 1000 m distance from the oil platform (Fig. 2). The
highest level of cytotoxicity (BN=2.78%o) was determined in mussels caged in 500 m
from the platform. In G. morhua liver erythrocytes, a clear genotoxicity gradient was
observed too. The lowest frequencies of MN (0.14%) and NB (0.25%) were found in
liver erythrocytes from fish group, which were caged in 10000 m distance from the
Statfjord B oil platform (Fig. 2). Therefore, the impacts of genotoxins were detected in a
distance up to 1000 meters from the Statfjord B oil platform, but the differences were not
statistically significant.

6-week caging of mussels in Ekofisk oil platform area (Fig. 3) showed 4.8-fold
increase of MN (5.97%o) induction in mollusks caged in station 3 (Fig. 4A). In station 4
the frequency of MN was 3.2 times higher than in reference group of the mussels
(1.24%0). These two stations were located close to Ekofisk oil platform discharges.
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Figure 3. Caging stations of mussels in Ekofisk oil platform area.

3 paveikslas. Moliuskuy laikymo varzose stotys esanc¢ios Ekofisk naftos platformos zonoje.
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Figure 4. (A) Frequencies of MN, NB, FA and BN haemocytes of M. edulis caged for 6 weeks
in different zones of Ekofisk oil platform and (B) in gill cells of blue mussels caged for 4 weeks
in different zones of Karmsund fjord area. Asterisks show statistically significant differences
compared to reference group of the mussels: **P<0.001 level of significance.

4 paveikslas. (A) Branduolio pazaidy dazniai midijy hemocituose, laikant moliuskus 6 savaites
skirtingose varzose Ekofisk naftos platformos zonoje bei (B) midiju ziauny lastelése laikant
moliuskus 4 savaites skirtingose varzose Karmsund fjordy sistemoje. **P<0,0001 patikimumo
lygis tarp kontrolinés ir uzterStose vietose laikyty midijy grupiy.

From 2 up to 2.9-fold increase of MN incidences was found in hemocytes of Mytilus
edulis caged in stations 2, 1 and 5 comparing to the reference group. The level of NB in
hemocytes ranged from 0.68%o in reference group to 3.57%o0 — mussels from station 4.
Environmental cytotoxicity effects according to FA incidences varied from 0.1%o
(station 2) to 0.46%o (station 5). The lowest frequency of BN cells was observed in
reference group (1.28%o) and in station 6 (1.44%o), the highest — in hemolymph cells of
mussel deployed to station 3, the nearest station to the oil platform (Fig. 4A).

Furthermore, genotoxicity (MN and NB induction) gradient was found in gill cells of
mussels, which were translocated for 4 weeks to Karmsund fjord area. The study
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stations were located in zones near the aluminum smelter and were heavily polluted with
heavy metals (Andersen et al., 2003) and PAHs. Induction of MN varied from 1.40%o in
pre-exposure group to 6.33%o in gill cells of the mussels caged in station 3, which was
nearest to the discharger (Fig. 4B). The highest frequency (1.4%0) of NB was found in
hemocytes of mussels from station 2, and the lowest one (0.46%o) in the reference group.
Analysis of cytotoxicity in mussels deployed to station 3 showed low responses,
evidently resulting from the suppression of their induction, due to overwhelming of the
contaminant threshold. There were tremendously increased (3464-fold) concentrations of
genotoxic benzo(a)anthracene and 2384-fold, increase of benzo(a)pyrene compared to
the concentration in control group of molluscs. Genotoxic fluoranthene was at the level
of 4489-fold, chrysene — of 2226-fold, dibenzo(a,h)anthracene — of 174-fold increment.
Elevated concentrations of these genotoxic compounds (about 100-388-fold increase
compared to control group) were found also in mussels caged at station 2 and in station 1
(about 5-40-fold increase). Increased levels of Al, Zn, Pb and Hg were identified also in
mussels caged at station 3 (IRIS data). It has been reported data on genotoxicity of 10
polycyclic ~ aromatic  hydrocarbons  (anthracene,  benz[a]anthracene, 7,12-
dimethylbenz[a]anthracene, dibenz[a,h]anthracene, dibenz[a,C]anthracene, 3-
methylcholanthrene, benzo[a]pyrene, benzo[e]pyrene, chrysene and pyrene) in
organisms and was pointed that genotoxicity of these compounds in general correlated
with their reported carcinogenicity (Nishikawa et al., 2005).

Experimental studies of geno-cytotoxicity effects of oil industry contaminants

Statfjord B oil platform. There were performed two experimental exposures of
mussels to the Statfjord crude oil, as in the first exposure, microorganism infection was
identified in gills of control group. Analysis of geno-cytotoxicity in mussels from the
control group showed exceptionally high levels of MN and FA in gills. Therefore second
treatment to oil using the native mussels from the reference Forlandsfjorden site was
carried out; the results on responses in second exposure are shown in Fig. 5.

Statistically significant MN induction was observed in gill cells of M. edulis, in
kidney erythrocytes of G. morhua, and in kidney and peripheral blood erythrocytes of S.
maximus after 3-week exposure to Statfjord B 0.5 ppm of crude oil, alkylphenols (AP)
and PAH mixture (0.5 ppm oil+AP+PAH; AP+PAH — spike) (Figs. 5, 6). Significant
differences in NB (P=0.0232) and FA (P=0.0029) induction in mussels, also FA and BN
cells in kidney and NB in blood of turbot were detected after treatment to 0.5 ppm
oil+spike. Furthermore, genotoxicity (MN induction) was found in gill cells of mussels
and both turbot tissues after treatment with 0.5 ppm oil and it was statistically
significant. Significant induction of FA cells (P=0.0115) in mussels, and BN cells (in
kidney of turbot) was observed after exposure to 0.5 ppm crude oil. Dispersion analysis
(ANOVA) showed statistical significant differences in MN (P=0.003, F=7.25,
R’=0.3494) and NB (P=0.0264, F=4.168, R*=0.2359) between studied mussels groups

(Fig. 5).
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Figure 5. (A) Frequencies of MN, NB, FA and BN gill cells of M. edulis and (B) MN induction
in Gadus morhua blood (bl) and kidney (kd) erythrocytes after exposure to nonylphenol (NP),
crude oil (from Statfjord B oil platform) and mixture (spike) of oil, alkylphenol (AP) and
polycyclic aromatic hydrocarbons (PAH) for 3 weeks. Shown are max, min, in box — 25
percentile, average values and 75 percentile.

5 paveikslas. (A) Branduolio pazaidos moliusky ziauny lastelése bei (B) MB indukcija
Atlantiniy menkiy kraujo ir inksty eritrocituose, po 3 savaiCiy poveikio nonilfenoliu, bei
Statfjord B platformoje iSgaunama zaliavine nafta, naftos, alkilfenoliy (AF) ir poliaromatiniy
angliavandeniliy (PAA) miSiniu.

In blood erythrocytes of S. maximus, the lowest frequencies of MN and NB were in
control group, the highest MN (0.66%0) — in blood erythrocytes after exposure to 0.5
ppm oil+spike, and 0.54%o0 — to nonylphenol (NP). Treatment with 0.5 ppm oil+spike
mixture induced also highest levels of BN erythrocytes (0.82%o) (Fig. 6A). In kidney
erythrocytes of control group of S. maximus, the lowest frequency of geno-cytotoxicity
effects was observed. The highest induction of FA cells was in turbot after treatment to
0.5 ppm oil+spike mixture (Fig. 6B). Significant differences in MN and BN incidences
were found in turbot kidney after 3 weeks exposure to NP, 0.5 ppm oil and 0.5 ppm
oil+spike mixture compared to control group.

Comparison of MN frequency in mussels, turbot and Atlantic cod showed that in all
treatment groups of mussels MN levels were 4 times higher than in turbot and 10 times
higher than in cod blood erythrocytes. Inductions of NB in gill cells of M. edulis were 4-
times higher than in turbot peripheral blood and 7.5-times higher than in turbot kidney
erythrocytes. Similar inter-specific differences were found between M. edulis, G.
morhua and S. maximus after exposure to certain organic pollutant (bisphenol A, diallyl
phthalate and tetrabromodiphenyl ether-47) (BarSien¢ et al., 2006).
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Figure 6. (A) Frequencies of MN, NB, FA and BN erythrocytes in peripheral blood and (B)
kidney of Scophthalmus maximus after 3 weeks exposure to nonylphenol (NP), Statfjord B
crude oil, and spiked oil.

6 paveikslas. (A) Branduolio pazaidu daZniai oty (Scophthalmus maximus) kraujo ir (B) inksty
eritrocituose po 3 savai¢iy poveikio nonilfenoliu, bei Statfjord B platformoje iSgaunama
zaliavine nafta, naftos, AF ir PAA (ZN+AF+PAA) miSiniu.

The time-dependent induction of geno-cytotoxicity effects in gill cells of M. edulis
was analyzed after 1, 2, 4 and 8 days exposure to Statfjord B 0.5 ppm of crude oil. Time-
related elevation of MN was detected in all experimental groups compared to control
group of mussels. Significant induction of MN was found even after 1-day exposure, and
MN elevation levels increased progressively with increasing duration of exposure, from
1.9-fold increase after 1-day to 2.4-fold - after 8-day exposure (Fig. 7).
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Figure 7. Frequencies of MN, NB, FA and BN gill cells of M. edulis after 1-,2-,4- and 8-day
treatment with 0.5 ppm of crude oil extracted in Statfjord B oil platform.

7 paveikslas. Branduolio pazaidy dazniai valgomyju midiju ziauny lastelése po 1, 2, 4 ir 8 dieny
ekspozicijos.
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Significant induction of FA cells (P=0.0115) was detected in M. edulis gills after 4-
day exposure and bi-nucleated cells - after 8-day treatment (P=0.0232). Sundt et al.
(2006) pointed that the naphtalenes constitute about 87.7% of all PAHs of the Statfjord B
crude oil used in all experiments. An increase in genotoxic response, measured as
erythrocytic nuclear abnormalities, was observed during the first 8 h in Anguilla anguilla
treated with naphthalene (Teles et al., 2003). Genotoxic potential of naphthalene was
described in Dicentrarchus labrax (Gravato, Santos 2002).

Arctic crude oil. After 4-week exposure of turbot to arctic crude oil, the highest
genotoxicity (according to MN and NB frequency) in liver erythrocytes was found in
turbot group treated to 40 ppb concentration and there was MN and NB suppression after
exposure to 120, 360 and 720 ppb concentrations (Fig. 8A). The same tendency was
found in analysis of cytotoxicity (FA, BN). Moreover, additional type of bi-nucleated
erythrocytes was identified — BN, where two nuclei are connected with nucleoplasmic
bridge (Fig. 8B).
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Figure 8. (A) Frequencies of MN, NB and NB¢ (B) frequencies of FA, BN and BN, in liver
erythrocytes of S. maximus exposed for 4 and 8 weeks to different concentrations of arctic crude
oil extracted in the Barents Sea. NB¢ nuclear-buds with nucleoplasmic filament, (BNy) — bi-
nucleated erythrocytes with nucleoplasmic bridge.

8 paveikslas. (A) MB, BP ir BP; (B) FA, DB ir DB, daZniai oty kepeny eritrocituose po 4 ir 8
savaiCiy ekspozicijos. BP; — branduolio pumpurai su nukleoplazmine jungtimi, (DB —
dvibranduoliai eritrocitai, kuriy branduoliai susijung¢ nukleoplazminiu tiltu.

Interestingly, the highest induction of NB with nucleoplasmic filament (NBy), FA and
BN, were after 8-weeks exposure to 360 ppb of arctic crude oil (Figs. 8AB). In the arctic
oil, two rings naphtalenes constitute about 90.3% of all PAHs (IRIS data). It should be
pointed, that after treatment with arctic oil, different types of nuclear buds in turbot liver
erythrocytes were observed. The formation of nuclear buds may reflect unequal capacity
of organisms to expel damaged, amplified, failed replication or condensed improperly
DNA, chromosome fragments without telomeres and centromeres from the nucleus
(Lindberg et al., 2007). Therefore, the formation of other nuclear abnormalities in marine
organisms is useful markers for pollution effects assessment and in order to validate the
battery of genotoxicity and cytotoxicity biomarkers in aquatic media (Guilherme et al.,
2008). Recently high levels of micronuclei and other nuclear abnormalities were found
in fish exposed to crude oil (BarSien¢ et al., 2006; BarSiené¢, Andreikénaité, 2007), to
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different PAHs (Maria et al., 2002; Gravato, Santos, 2002; 2003; Teles et al., 2003), to
diesel oil (Pacheco, Santos, 2001). Significantly increased levels of micronuclei, nuclear
buds and fragmented-apoptotic cells have been found in bivalves inhabiting the Baltic
Sea closely to the Biiting¢ oil terminal (BarSien¢ et al., 2006) and in close to the Russian
oil platform D-6 (BarSiené et al., 2008). Increased MN levels have been described in
zones affected by oil spills (Parry et al., 1997; Harvey et al., 1999; BarSiené¢ et al., 2004,
2006). Environmental genotoxicity and cytotoxicity was studied in different zones of the
Baltic and the North Sea by the analysis of MN, NB, FA and BN in blood and kidney
erythrocytes of Platichthys flesus, Limanda limanda, Gadus morhua (Rybakovas et al.,
2009).

In order to assess geno-cytotoxicity of oil from the Minija well (Lithuania), 10-day
exposure of freshwater bivalve (Anodonta anatina) and perch (Perca fluviatilis) to 0.25
ppm, 0.5 ppm and 1 ppm of the crude oil was carried out. Nuclear abnormalities were
studied in bivalve gills and perch peripheral blood. The non-parametric Mann-Whitney
U-test showed the significant differences in MN induction between mussels or perch
from the control groups and those treated with 0.5 ppm. MN levels found in bivalve gills
were 2.4-3.5 times, NB levels — 10-25 times higher than in perch blood erythrocytes
(Fig. 9). Earlier species-specific pattern in genotoxicity response to crude oil exposure
has been shown in bivalve molluscs (Hamoutene et al., 2002) and in fish (BarSien¢ et al.,
2000).
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Figure 9. (A) Frequencies of MN, NB and FA erythrocytes in blood of Perca fluviatilis; (B) in
gill cells of Anodonta anatina exposed for 10 days to different concentrations of Minija crude
oil (Lithuania).

9 paveikslas. (A) Branduolio pazaidy dazniai paprastojo eSerio (Perca fluviatilis) kraujo
eritrocituose; (B) antinés geldenés (Anodonta anatina) ziauny lastelése 10 dieny veikiant zuvis
ir moliuskus skirtingomis Minijos Zaliavinés naftos (Lietuva) koncentracijomis.

Genotoxicity and cytotoxicity effects caused by produced water (PW). Produced
water (PW), discharged from oil and gas platforms contains oil-derived substances such
as polycyclic aromatic hydrocarbons (PAHs), alkylphenols (APs), and metals. It is
known that certain compounds are geno-cytotoxic to aquatic organisms. Significantly
increased levels of micronuclei were detected in mussels and cod deployed in 500 meters
from the platform, compared to the reference site (Hylland et al., 2008). The induction of
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genotoxicity after exposure to PW from the North Sea oil platform has been described
earlier. The highest frequencies of MN were detected in the kidney and peripheral blood
erythrocytes of cod exposed to 1:200 PW and 2000 ng/l of C4—C7 mixture (Bagni et al.,
2005).

In the present study, geno-cytotoxicity of produced water, different mixtures of
alkylphenols, alkylphenols, crude oil and PAH mixture (0.2 ppm oil+spike), 0.2 ppm of
crude oil from the Oseberg C oil platform was analyzed in kidney and liver erythrocytes
of G. morhua. In cod liver erythrocytes frequency of MN ranged from 0.13%o (in control
group) to 0.63%o after treatment to 9AF mixture. 3.7-fold higher induction of MN was in
liver erythrocytes of cod exposed to 2000 ng/l of 4AP mixture and 1:200 of PW (Fig.
10).
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Figure 10. (A) Frequencies of nuclear abnormalities in liver and (B) kidney erythrocytes of G.
morhua exposed for 2 weeks to PW 1:1000 and PW 1:200, different concentrations of 4AP
mixtures, 9 alkylphenol mixture (9AP), crude oil and spike (AP+PAH) and 0.2 ppm of Oseberg
C crude oil.

10 paveikslas. (A) Branduolio pazaidy dazniai Atlantiniy menkiu kepenuy ir (B) inksty
eritrocituose, 2 savaites veikiant menkes skirtingomis Oseberg C platformos gamybiniy
vandeny, 4AF miSinio koncentracijomis, 9AF bei Z/N+AF+PAA misiniu, taip pat zaliavinés
naftos 0,2 ppm koncentracija.

In all treated groups the frequencies of NB were 2-4 folds higher than MN. The
highest induction of NB (1.31%0) was observed in fish exposed to 0.2 ppm oil+spike, it
was 7.3-fold higher than in control group. Statistically significant differences of MN
were in fish exposed to 10 and 2000 ng/l concentrations of 4AP mixture (P=0.0084 and
P=0.0015), 9AP mixture (P=0.0087), 0.2 ppm oil+spike mixture (P=0.0105), 0.2 ppm oil
(P=0.0002) and 1:200 of PW (P=0.0014), compared to control. The frequencies of NB in
most exposure groups were statistically different (P ranged from 0.0236 to 0.0003)
compared to control group, except groups exposed to 0.2 ppm oil and 2 ng/l of 4AP
mixture. In kidney erythrocytes of G. morhua, MN ranged from 0.18%o in control group
to 0.65%o in those exposed to 1:200 of PW, NB — from 0.46%. (control) to 1.29 %o (2000
ng/l of AP) (Fig. 10).
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Tissue-specific differences were observed in liver and kidney erythrocytes of G.
morhua. MN and FA cells induction was higher in the kidney erythrocytes; meanwhile,
the inductions of NB were similar in both analyzed tissues (Fig. 11). The highest
frequency of FA erythrocytes was found in fish kidney after exposure to PW 1:1000 and
it was 16.5—folds higher than frequency observed in liver erythrocytes. After treatment to
PW 1:200, the frequency of FA cells was 10-folds higher in kidney erythrocytes than in
liver ones. It should be emphasized that the frequencies of nuclear buds were higher (up
to 4.5-fold) than MN incidences in all cod groups exposed to three different
concentrations of 4AP mixtures, 9AP and to mixture of 0.2 ppm oil+spike, as well as to
used dilutions of PW. Shimizu et al. (1998, 2000) showed that amplified DNA is
localized selectively to specific sites at the periphery of the nucleus and can be
eliminated via the nuclear budding process. Therefore, the formation of nuclear buds
may indicate clastogenic action of agent and capacity of organisms to expel damaged
DNA and non-telomeric or non-centromeric, chromosome fragments from the nucleus
(Lindberg et al., 2007). Hereby, exceptionally high induction of nuclear buds in Atlantic
cod treated with Oseberg C produced water or PW components present evidence on
clastogenic compounds existing in the PW. Comparatively high induction of MN
evidently appeared under the action of aneugenic and clastogenic compounds in the PW.
The induction of MN and the absence of nuclear buds in fish have been suspected as a
result of aneugenic agent action. The correlation between MN and nuclear buds
induction has been identified as the result of agent clastogenicity (Cavas, 2008).
Differences were occurred in cod responses to PW exposure, which could arise as a
result activity of PAH metabolic reactions in cod kidney and liver. In kidney of flounder,
unexpectedly high of 2- and 3-ring PAH metabolites have been detected, and
consequently was pointed on importance of kidney in PAH’s metabolism (Kreistberg,
Tuvikene, 2009).

Exposure of fish to heavy metals (HM) was carried out considering HM presence in
crude oil and PW of oil platforms. After exposure to model mixture of heavy metals
(Vosylien¢, Jankaité, 2006), the highest induction of micronuclei in blood erythrocytes
of Oncorhynchus mykiss was found in the fish treated with the highest concentration
(21.79%) and it was 4.3-fold increased compared to the control group of fish (Fig. 11). A
3.4-fold elevation of MN level was detected after exposure of fish to the 10.89%. A
statistically significant increase in MN frequency was observed in the rainbow trout after
exposure to 21.79% (P=0.0147) and 10.89% (P=0.0068). Comparatively low levels of
NB were identified only in the groups treated with 21.79% (0.10%o) and 5.45% (0.14%e).
There was very low induction of FA erythrocytes in blood of certain O. mykiss
specimens. Induction of MN by heavy metals is likely related to the accumulation of free
DNA - damaging radicals or simultaneously to clastogenic and aneugenic actions in
aquatic organisms (Nepomuceno et al., 1997).
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Figure 11. Frequencies of MN and NB in blood erythrocytes of Oncorhynchus mykiss exposed
for 14 days to different concentrations of heavy metal mixture. Shown are max, min, in box — 25
percentile, average values and 75 percentile.

11 paveikslas. MB ir BP dazniai vaivorykstinio upétakio (Oncorhynchus mykiss) kraujo
eritrocituose, 14 dieny veikiant zuvis skirtingomis sunkiyjy metaly koncentracijomis.

In the other experimental treatment using 4-day exposure of Zn+Cu mixture, MN
frequency in blood erythrocytes of rainbow trout varied from 0.27%o in control group to
1.40%o in the fish treated with a mixture of 0.25 mg/l. In fish, treated with a mixture of
0.125 mg/l, 2-fold increase of micronuclei was found compared to the control level.
Statistically significant increase of MN frequencies was found only in fish exposed to the
highest concentration of the Zn+Cu mixture. 4-day depuration resulted in slight decrease
of MN frequency in fish group exposed to 0.25 mg/l (Fig. 12). After 4-day depuration,
significantly increased MN frequencies remained in erythrocytes of fish, previously
exposed to Zn and Cu mixture consisting of 0.125 and 0.06 mg/I concentrations. Further
post-treatment depuration during 8 days, fish recovery reached maximum level, but after
12-day depuration, the levels of MN were increased significantly again. Whilst, One way
ANOVA analysis with post Tukey test showed significant differences in MN values
between exposure and recovery groups of the rainbow trout (P<0.0001, F=8.010). The
values of nuclear buds (NB) were rather lower than the frequency of micronuclei in all
exposed and control groups of rainbow trout (Fig. 12).
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Figure 12. Frequencies of MN, NB and BN erythrocytes in blood of O. mykiss exposed for 4
days to different concentrations of Zn and Cu mixture and after 4, 8 and 12 days recovery.

12 paveikslas. Branduolio pazaiduy dazniai vaivorykstinio upétakio kraujo eritrocituose, po 4
dieny poveikio Zn ir Cu skirtingomis koncentracijomis, bei 4, 8 ir 12 dieny atsistatymo laikant
Zuvis $§variame vandenyje.

The non-parametric Mann-Whitney U-test showed statistically significant increase of
NB in blood erythrocytes of rainbow trout after 4-day exposure to Zn and Cu 0.25 mg/l
compared to the control level (P=0.0110). Cytotoxicity parameters (FA and BN cells)
were at very low levels. Summing up the results on geno-cytotoxicity in both HM
exposures, can be stated, that used experimental heavy metal mixtures did not induce
cytotoxicity at all. Only the induction of MN was at statistically significant level, while
NB induction in general was low. The absence of nuclear buds (NB) in fish has been
suspected as a result of aneugenic agent action, the correlation between MN and NB
induction — the result of agent clastogenicity (Strunjak-Perovic et al., 2003; Cavas,
2008). There are many studies describing the genotoxicity effects of heavy metals in fish
under laboratory and field conditions (de Lemos et al., 2001; Sanchez-Galan et al,. 2001;
Ferraro et al., 2004; Arkhipchuk, Garanko, 2005; Porto et al., 2005; Ergene-Gozukara et
al., 2007). Geno-cytotoxicity effects in different fish species after treatment with various
concentrations of Cd (Ayllon, Garcia-Vazquez, 2000; Sanchez-Galan et al., 2001;
Arkhipchuk, Garanko, 2005; Cavas et al., 2005, 2008), Cu (Arkhipchuk, Garanko, 2005;
Bopp et al., 2008; Oliveira et al., 2008), Hg (Sanchez-Galan et al., 2001; Cavas, 2008),
Cr (Cavas et al., 2005) and Pb (Cavas, 2008) have been previously described.
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CONCLUSIONS

1. The caging of Mytilus edulis and Gadus morhua in the Statfjord B oil platform
zones (the North Sea) revealed the environmental geno-cytotoxicity gradient
reliant on the distance 500 m >1000 m > 10000 m to the source of pollution.

2. In the North Sea Ekofisk oil platform zones, the highest level of
environmental genotoxicity and cytotoxicity was evaluated in M. edulis, which
were caged closest to the produced water discharges. Significant differences of
nuclear abnormalities were detected in mussels caged in 600 m SW (P=0.0014),
1100 m NE (P=0.0076) and 1600 m SW (P=0.0437) distance from the oil
platform.

3. Induction of micronuclei (MN) was detected in gill cells of the blue mussels
also in turbot blood and kidney erythrocytes after treatment with Statfjord B 0.5
ppm crude oil under laboratory conditions. While treatment with Statfjord B 0.5
ppm crude oil+spike (PAH+AP) mixture induced statistically significant increase
of frequency of micronuclei in gill cells of M. edulis, blood and kidney
erythrocytes of Scophthalmus maximus and kidney erythrocytes of G. morhua.
Statistically significant differences of nuclear buds (NB) and fragmented-
apoptotic (FA) cells were detected in mussels, bi-nucleated (BN) and fragmented-
apoptotic erythrocytes in turbot kidney and nuclear buds in turbot blood
erythrocytes.

4. Time-related MN frequency gradient: control < 1-, 2-, 4-, 8-day exposure was
found in gill cells of M. edulis, treated with Statfjord B 0.5 ppm crude oil.
Significant induction of FA was determined after 4-day, BN — after 8-day
exposure to the crude oil.

5. After 4 and 8 weeks exposure of turbot to different concentrations of arctic oil,
the highest induction of genotoxicity was found in liver erythrocytes after 4-week,
whilst cytotoxicity — after 8-week treatment. After 4-week exposure, an extensive
induction of different types of nuclear buds and bi-nucleated erythrocytes with
nucleoplasmic bridge was found.

6. Exposure to 0.5 ppm Statfjord B oil platform and to 0.5 ppm oil+spike mixture
revealed interspecific differences in genotoxicity responses. MN induction in
mussels was 4-fold higher than in turbot blood and 10-fold higher than in Atlantic
cod blood. NB incidences in gill cells of M. edulis were 4-times higher than in
turbot blood and 7.5-times higher than in turbot kidney erythrocytes.

7. The geno-cytotoxicity analysis of produced water, different mixtures of
alkylphenols, alkylphenols, crude oil and PAH mixture (0.2 ppm oil+spike), 0.2
ppm of crude oil from the Oseberg C oil platform revealed exceptionally high
induction of nuclear buds (up to 4.5-fold higher than MN). The frequencies of NB
and MN were significantly elevated in most of exposed groups (P range from 0.01
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to P<0.0001) compared to control group. No significant induction of cytotoxicity
was found.

Statistically significant tissue-specific differences of MN frequencies were
observed in liver and kidney erythrocytes of G. morhua treated with Oseberg C
0.2 ppm crude oil, and 0.2 ppm oil+spike. The induction of MN and FA cells was
higher in cod kidney erythrocytes; meanwhile, the level NB was similar in both
analyzed tissues.

8. Experimental heavy metal model mixtures induced genotoxicity in rainbow

trout (Oncorhynchus mykiss) blood erythrocytes, but the induction of cytotoxicity
was not observed.
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[VADAS

Darbo aktualumas. Nepaisant naujy technologiju idiegimo intensyviai
besivystanc¢ioje naftos pramongje, 1 vandens ekosistemas vis dar patenka dideli kiekiai
zaliavinés naftos bei naftos iSgavimo technologiniy procesy metu susidaranciy terSaly,
savo sudétyje turinCiy ivairy spektra organiniy riugséiy, angliavandeniliy, fenoliy,
sunkiyjy metaly, sulfatiniy ir azoto junginiy, radionuklidy. Vien 2007 metais | jiiring
aplinkq pateko apie 20000 tony gavybos metu 1sgaunamos naftos (GESAMP 2007), 01
Siaurés jiira Norvegijos teritorijoje buvo iSleista apie 162 milijonai m’ gamybinio
vandens (OLF, 2008).

Daugelis naftos pramonés terSaly pasizymi genotoksiniu vandens organizmams
poveikiu (Gorbi et al., 2009; Nahrgang et al., 2009). TarSos agentams saveikaujant su
organizmy genetine medziaga formuojasi {vairlis pazeidimai, kurie daznai yra
negriZztami, paveldimi ir gali jtakoti populiaciju ir genetinés jvairovés struktiirinius
poky¢ius (Johnsen et al., 2000; Belfiore et al., 2001; Jha, 2004). Norint jvertinti aplinkos
terSaly neigiama poveiki vandens ekosistemoms in Situ pastaraisiais metais vis dazniau
taikoma vandens organizmy laikymo varzose technika (Bolognesi et al., 2004; Aarab et
al., 2008; Bocchetti et al., 2008; Klobucar et al., 2008). Vertinat genotoksini naftos
tarSos poveiki hidrobiontams gan daZznai naudojama mikrobranduoliy bei kity branduolio
pazaidy analizé, kurios rezultatai koreliuoja ir su kitais biologiniais Zymenimis
(Lehtonen et al., 2006). Literatiroje yra duomenu apie naftos tarSos indukuota genetini
poveiki vandens organizmams gyvenantiems naftos platformy aplinkoje ar po naftos
avariniy issiliejimy (BarSiené, 2002; Bolognesi et al., 2004, 2006a; Laffon et al., 2006;
Barsien¢ et al., 2006a; Hylland et al., 2008; Rybakovas et al., 2009).

Naftos pramonés terSalai yra sudaryti 1§ jvairiy skirtingomis cheminémis savybémis
pasizyminéiy junginiy ir aplinkoje pasklid¢ kompleksiniy miSiniy pavidalu. Norint
tvertinti atskiry naftos komponenty zalinga poveiki organizmams tikslinga atlikti
eksperimentinius tyrimus. Siame darbe analizuojant naftos pramonés ter$aly genotoksinj
ir citotoksinj poveikj, mikrobranduoliy bei kity branduolio pazaidy susiformavimas buvo
nagrinétas vandens organizmuose po poveikio i§ jvairiy jiriniy platformy iSgaunama
zaliavine nafta, skirtingais gamybiniy vandeny atskiedimais, jvairiy poliaromatiniy
angliavandeniliy ir alkilfenoliy bei sunkiyjy metaly miSiniais laboratorinémis salygomis.
[vertintas Siaurés jiroje esan¢iy Statfjord B ir Ekofisk naftos platformy aplinkos
genotoksiskumas ir citotoksiskumas in situ. Siuose tyrimuose nagrinéty citogenetiniy
pazaidy analizé yra jautrus ir informatyvus metodas vertinant biologinj aplinkos terSaly
poveiki vandens organizmuy lastelése, tiek lauko, tiek ir laboratorinémis salygomis
(Dixon et al., 2002).

Darbo tikslas ir uzdaviniai:

Pagrindinis §io darbo tikslas — iStirti skirtingose naftos platformose iSgaunamos
zaliavinés naftos bei naftos i§gavimo technologiniuose procesuose i aplinka patenkanciy
terSaly genotoksini ir citotoksini poveiki Zzuvy ir moliusky lastelése.

Darbo uZdaviniai:
e Taikant aktyvaus monitoringo principus Siaurés jiros naftos platformy aplinkoje
bei Karmsund fjordy sistemoje nustatyti genotoksiniy (pagal mikrobranduoliy ir
branduolio pumpury daznius) ir citotoksiniy (pagal fragmentuoty-apoptoziniy ir
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dvibranduoliy lasteliy daznius) pazaidy lygi valgomyju midiju (Mytilus edulis)
ziauny lastelése ir Atlantiniy menkiy (Gadus morhua) eritrocituose.
Eksperimentiniy tyrimy pagalba nustatyti jvairiose Siaurés ir Barenco jiiry naftos
platformose, taip pat Lietuvos Minijos naftos grg¢zinyje iSgaunamos Zaliavings
naftos indukuota branduolio pazaidy lygi skirtingose zuvy ir moliusky riiSyse.
Nustatyti pagrindiniy naftos pramonés terSaly genotoksinio ir citotoksinio
poveikio ypatumus moliuskuose ir Zuvyse.

Ivertinti naftos pramonés terSaly genotoksiniy ir citotoksiniy efekty pobiidi
skirtinguose zuvy audiniuose.

Darbo naujumas:

Pirma karta kompleksiSkai lauko ir laboratorinémis salygomis buvo jvertintas naftos
pramongs terSaluy genotoksinis ir citotoksinis poveikis jvairiy Zuvy ir moliusky lastelése.
Aplinkos genotoksiSkumas nagrinétas pagal mikrobranduoliy (MB) ir branduolio
pumpury (BP) susiformavima, o aplinkos citotoksiSkumas buvo tiriamas nustatant
fragmentuoty-apoptoziniy (FA) ir dvibranduoliy (DB) lasteliu daznius midijy Mytilus
edulis ziauny ir hemolimfos lastelése, bei ivairiy zuvy rasiy kraujo, kepeny ir inksty
eritrocituose. Atliekant Siuos tyrimus pirma karta nustatyta:

Genotoksinis ir citotoksinis Siaurés jiiros Statfjord B ir Ekofisk naftos platformy
bei Karmsund fjordy tarSos poveikis midijoms ir Atlantinéms menkéms in situ
taikant aktyvaus monitoringo principus;

Mikrobranduoliy indukcijos midijy Mytilus edulis Ziauny lastelése ypatumai,
atsirandantys laikant $iuos dvigeldzius moliuskus Siaurés jiiros Statfjord B naftos
platformos iSleidziamy gamybiniy vandeny jtakos zonose;

Genotoksinis ir citotoksinis skirtingose Siaurés jaros naftos platformose
iSgaunamos Zaliavinés naftos poveikis Zuvims ir moliuskams vykdant
eksperimentinius tyrimus;

Branduolio pazaidy susiformavimo tendencijos veikiant paprastuosius otus
(Scophthalmus maximus) Barenco jiiroje iSgaunama arktine Zaliavine nafta;
Mikroorganizmy itaka genotoksinio ir citotoksinio poveikio susidarymui midijy
ziauny lastelése;

Genotoksinis ir citotoksinis Siaurés jiiros Oseberg C naftos platformoje
produkuojamo gamybinio vandens, Zzaliavinés naftos, ivairiy alkilfenoliy
koncentracijy, alkilfenoliy ir poliaromatiniy angliavandeniliy miSinio poveikis
zuvims laboratorinémis salygomis;

TarpriiSiniai genotoksinio ir citotoksinio poveikio ypatumai midijose, otuose,
menkése bei antinése geldenése (Anodonta anatina) ir paprastuose europiniuose
eSeriuose (Perca fluviatilis) veikiant Zaliavine nafta;

Genotoksinio ir citotoksinio naftos terSaly poveikio ypatumai skirtinguose juriniy
zuvy audiniuose;

Modeliniy sunkiyjy metaly miSiniy genotoksinis ir citotoksinis poveikis
vaivorykstiniams upétakiams (Oncorhynchus mykiss).

Moksliné ir praktiné tyrimy reikSmé:

Sio darbo tyrimy rezultatai suteikia esminés informacijos apie Siaurés jiroje
veikianCiy naftos platformy (Statfjord B ir Ekofisk) bei Karmsund fjorduy zonoje
18leidZiamy terSaly genotoksini ir citotoksini poveiki midijoms ir Atlantinéms menkéms
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in situ. Eksperimentinémis salygomis nustatyti Siaurés ir Barenco jiirose bei Minijos
grezinyje iSgaunamos Zzaliavinés naftos bei kity pagrindiniy naftos pramonés tarSos
agenty genotoksinio ir citotoksinio poveikio désningumai ivairiy moliusky ir Zuvy
lastelése. Nustatyta priklausomybé nuo Zaliavinés naftos poveikio laiko, koncentracijos,
organizmy risies bei audinio. Moliusky lastelése nustatytas susiformavusiy branduolio
pazaidy lygis buvo kelis kartus aukStesnis negu tirty zuvy rusiy lastelése. Gauti tyrimy
rezultatai parodé¢, kad moliuskai yra jautresni naftos pramonés iSleidZziamy ir
genotoksinémis savybémis pasizyminéiy terSaluy poveikiui, taigi, M. edulis turéty buti
naudojama kaip bioindikatoriné riiSis vykdant naftos platformy tarSos monitoringa.
Siame darbe naudoti terSaly genotoksiskuma ir citotoksiskuma apibiidinantys parametrai
yra tinkami jvertinant naftos pramonés terSalu (poliaromatiniy angliavandeniliy,
alkilfenoliy, sunkiyjyu metaly) aneugeninius ir klastogeninius efektus hidrobionty
lastelése. Dalyvaujant jvairiose Norvegijos mokslo tarybos ir naftos kompaniju
uzsakomuosiuose projektuose gauti duomenys apie Siaurés ir Barenco jiros naftos
platformose iSmetamy terSaly genotoksini ir citotoksini poveiki buvo naudojami kaip
pagrindas aplinkos tarSos ekologinés rizikos vertinimui, naftos platformu technologiniy
procesy tobulinimui. Darbe apraSyti metodai gali buti sékmingai naudojami kaip
ankstyvieji biozymenys jvairiy avarijy (naftos, kenksmingy cheminiy junginiy i§sipylimo
atvejais) poveikio aplinkai vertinimuose. Be to, atlikti eksperimentiniai naftos pramonés
tarSos genetiniy pasekmiy ivertinimai turi didele reikSmeg tiek nustatant jvairiy tarSos
komponenty geneting rizika jlriniy naftos platformu zonose, tiek iSrySkinant tarSos
citogenetinio poveikio svarba bei naftos tarSos genotoksiskumo désningumus in Situ.
Prakting Sio darbo reikSme sudaro ir tai, kad aprasyta mikroorganizmy infekcijos itaka
genotoksiSkumo ir citotoksiSkumo susiformavimui, kas parodo butinybg vertinti
biologiniy stresoriy efektus vykdant eksperimentinius bei ekotoksikologinius in situ
tyrimus.

Ginamieji teiginiai:

e Mikrobranduoliy ir kity branduolio pazaidy tyrimo metodai gali buti taikomi
aktyvaus aplinkos monitoringo programose vertinant genotoksinj ir citotoksing
tarSos poveiki vandens organizmams in Situ bei nustatant eko-genotoksikologing
rizika jlriniy naftos platformy zonose.

e Skirtingose Siaurés ir Barenco jiiry naftos platformose i§gaunama Zaliaviné nafta,
taip pat kiti technologiniuose procesuose susidarantys terSalai pasizymi
genotoksinémis ir citotoksinémis savybémis.

e Genotoksinis ir citotoksinis Zaliavinés naftos poveikis priklauso nuo
koncentracijos, poveikio laiko, tyrimuose naudojamy bioindikatoriniy organizmy
rusies bei tirlamo audinio.

e Moliuskai Zymiai jautriau nei Zuvys atspindi genotoksiniy ir citotoksiniy naftos
platformose technogeniniy procesuy metu susidaranciy terSaly bei zaliavinés naftos
poveiki.

Rezultaty aprobavimas ir publikacijos. Sio darbo rezultatai paskelbti 9
straipsniuose Lietuvos ir uzsienio moksliniuose recenzuojamuose Zurnaluose.
Disertacijos tema skaityti 10 praneSimy, regioninése ir tarptautinése konferencijose bei
simpoziumuose. 7-ojoje Lietuvos jaunyju hidroekology konferencijoje ,,Vandens
ekosistemy jvairove, funkcionavimas ir kaita®“(Anyksciai, 2005), 3-ojoje tarptautinéje
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konferencijoje ,,Metalai aplinkoje* (Vilnius, 2006), 2-oje Regioninéje konferencijoje
,Baltijos jiiros regiono vandens ekosistemy bioivairove ir funkcionavimas® (Klaipéda,
2006), Pasaulio malakologijos kongrese (Antverpenas, 2007), ICES kasmetinéje
mokslingje konferencijoje (Helsinkis, 2007), 10-ojoje Lietuvos jaunuyju hidroekologu
konferencijoje ,,Vandens ekosistemy ivairove, funkcionavimas ir kaita* (Molétai, 2007),
mokslinéje — praktingje konferencijoje ,Juros ir kranty tyrimai® (Palanga, 2008);
tarptautiniame seminare ,,Rizikos analizé ir aplinkosauga Baltijos jliros regione*
(Vilnius, 2008), tarptautiniame jurose paskandinty cheminiy ginkly problemai skirtame
seminare ,,Perspektyvos ir tarptautinis bendradarbiavimas® (Vilnius, 2008), Jungtinés
Baltijjos juros moksliniy tyrimy programos “BONUS” metiné konferencija (Vilnius,
2010).

Disertacijos struktiira. Disertacijos rankrast] sudaro Sie skyriai: {vadas, literatiiros
apzvalga, medziaga ir metodai, tyrimy rezultatai, rezultaty aptarimas, i§vados, literatiiros
sarasas, paskelbty darby sarasas. Disertacijos medziaga ir rezultatai pateikti 172
puslapiuose. Tekste pateikti 23 paveikslai ir 10 lenteliy. Literatiiros sarase 440 Saltiniai,
autoriaus publikacijy sarase 9 publikacijos.

LITERATUROS APZVALGA

Siame skyriuje analizuojama vandens ekosistemy tar§a naftos junginiais
(poliaromatiniais angliavandeniliais (PAA), alkilfenoliais (AF), sunkiaisiais metalais),
apibiidinama tarSa Siaurés jiros naftos platformy aplinkoje didesni démesj skiriant
naftos iSgavimo metu susidarantiems gamybiniams vandenims ir jy cheminei sudéciai.
Apzvelgti naftos pramonés tarSos pagrindiniy komponenty (PAA, AF ir sunkiyjy metaly)
biotransformacija ir bioakumuliacija Zuvyse ir moliuskuose, taip pat ju biologinis
poveikis bei daZniausiai naudojami poveikio biozymenys. Pateikiami literatiiros
duomenys apie tyrimuose naudota mikrobranduoliy ir kity branduolio pazaidy
susiformavima moliuskuose bei zuvyse. Trumpai aprasomi kiti genetiniai metodai bei
vandens ekosistemy genotoksiSkumo tyrimuose naudojami bioindikatoriai.

MEDZIAGA IR METODAI

Aplinkos genotoksiSkumo ir citotoksiSkumo (geno-citotoksiSkumo) tyrimai buvo
atlikti Statfjord B ir Ekofisk naftos platformuy zonose taikant aktyvaus monitoringo
principus. Statfjord ir Ekofisk yra ne tik seniausiai atrasti, ilgiausiai eksploatuojami, bet
ir didZiausi naftos telkiniai Norvegijos ekonomingje zonoje. Geno-citotoksinis i§ Siy
platformy pasklindanciy terSaly poveikis vertintas M. edulis hemocituose ir G. morhua
kepeny eritrocituose. ISvengiant organizmy adaptacijy prie chroniskai 1§ naftos gr¢Ziniy
terSiamos aplinkos, tyrimuose naudotas aktyvus monitoringas t.y. organizmy perkélimas
1§ Svariy viety 1 skirtingas naftos platformy zonas, atsizvelgiant | vandens sroves, naftos
platformos artuma bei iSleidziamuosius gamybinius vandenis (1 lentelé). Geno-
citotoksinis pirogeniniy poliaromatiniy angliavandeniliy (PAA) bei sunkiyjy metaly,
patenkanciy i aplinka dél intensyvios laivybos ir i§ aliuminio gamyklos produkuojamais
vandenimis (Bayer et al., 1998) poveikis tirtas midijose Karmsund fjordy sistemoje ties
Hogevarde (Siaurés jiira). M. edulis moliuskai buvo surinkti Forlandsfjorden zonoje, ir
perkelti | 3 stotis atsizvelgiant | atstumus nuo tarSos Saltinio. Kontroliné grupé perkelta
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atgal | Forlandsfjorden zona, kuri ankstesniuose ekotoksikologiniuose tyrimuose naudota
kaip kontrolin¢ vieta (BarSiené et al., 2004, BarSien¢, Andreikénaite, 2007).

I$ skirtingy Siaurés ir Barenco jirose esanciy naftos greziniy iSgaunamos Zaliavings
naftos geno-citotoksiniy savybiy jvertinimui buvo atlikti laboratoriniai tyrimai
Stavangerio tarptautiniy tyrimy institute (International Research Institute of Stavanger —
IRIS), naudojant automatizuota vandens ir terSaly padavimo sistema. Minijos grezinio
(Lietuva) zaliavinés naftos ir sunkiyju metaly geno-citotoksinis poveikis nagrinétas
zuvyse ir moliuskuose pusiau statinémis laboratorinémis salygoms Gamtos tyrimy centro
Ekologijos instituto Hidrobionty ekologijos ir fiziologijos laboratorijoje (2 lentelé).

Laboratoriniuose eksperimentuose buvo analizuotas Statfjord B ir Oseberg C
platformose (Siaurés jira), taip pat Barenco jiroje i§gaunamos arktinés bei Minijos
grezinio (Lietuva) zaliavinés naftos poveikis. Tiriant geno-citotoksini Statfjord B naftos
platformos poveiki, buvo naudojamas modelinis miSinys i$ zaliavinés naftos, alkilfenoliy
ir PAA (ZN+AF+PAA), kurio sudétis sudaryta atsizvelgiant { Statfjord B naftos
platformos gamybiniuose vandenyse esanciy alkilfenoliy sudétj. PAA miSinio nominali
koncentracija buvo 0,0915 pg/l, o alkilfenoliy 0,1 pg/l (Sundt et al., 2006).

Tam, kad istirti Oseberg C platformoje naftos iSgavimo technologiniy procesuy metu
susidaran¢iy gamybiniy vandeny (GV) bei 1 ju sudéti jeinanciy alkilfenoliy,
poliaromatiniy angliavandeniliy miSinio organizmuose indukuota efekta geno-
citotoksinis poveikis analizuotas G. morhua inksty ir kepeny eritrocituose. Tuo tikslu
buvo sumodeliuoti alkilfenoliu bei PAA miSiniai, kuriy sudétis ir kiekis pasirinkta
atsizvelgiant 1 alkilfenoliy ir poliaromatiniy angliavandeniliy koncentracijas randamas
Oseberg C naftos grezinio gamybiniuose vandenyse. Tyrime naudotos 2, 10 ir 2000 ng/I
keturiy alkilfenoliy miSinio (4-tert-butilfenolio, 4-n-pentilfenolio, 4-n-heksilfenolio ir 4-
n-heptilfenolio) koncentracijos. Taip pat naudota devyniy alkilfenoliy (9AF) miSinio 37
ug/l  koncentracija, kurio sudétyje buvo: 2-metilfenolis, 4- metilfenolis, 3,5-
dimetilfenolis, 2,4,6-trimetilfenolis, 4-tert-butilfenolis, 4-tert-butil-2-metilfenolis, 4-n-
pentilfenolis, 4-n-heksilfenolis ir 4-n-heptilfenolis. PAA miSinys sudarytas 1§ 21
skirtingo poliaromatinio junginio, bei naudota 12 pg/l koncentracija. Atlantinés menkeés
buvo veikiamos 0,2 ppm zaliavine nafta ir dvejomis gamybiniy vandeny (GV)
koncentracijomis (1:200 bei 1:1000), kurios apskaiciuotos imituojant 200 ir 1000 metry
atstumus nuo Oseberg C naftos platformos (2 lentelé).

Sunkiyjy metaly geno-citotoksinis poveikis jvertintas O. mykiss kraujo eritrocituose
paveikus sumodeliuoto sunkiyju metaly modelinio miSinio (SMMM)), kurio 100 % sudéti
sudaré: Cu 0,874; Zn 0,93; Pb 4,7; Ni 0,66; Cr 0,33 ir Mn 18 mg/l. Eksperimente
naudotos 21,79%, 10,89%, 5,45% ir 1,1% SMMM koncentracijos (Vosylien¢, Jankaite,
2006). Norint jvertinti sunkiyjy metaly geno-citotoksini poveiki zuvims ir zuvy
atsistatymo galimybes buvo atliktas eksperimentas, kurio metu, Zn ir Cu (1:1) miSinio,
0,06; 0,125 bei 0,25 mg/l koncentraciju poveikis jvertintas O. mykiss kraujo eritrocituose
po 4 dieny veikimu misiniu ir po 4, 8 ir 12 dieny O. mykiss laikymo $variame vandenyje
(2 lentelé).

Zuvy ir dvigeldziy moliusky lasteliy preparaty paruoSimas ir ju mikroskopiné analizé
buvo atlieckama pagal anksCiau apraSytas metodikas (BarSiené et al., 2004). Geno-
citotoksiniai efektai buvo nagrin¢jami Olympus BX 51 mikroskopu, naudojant 1000x
padidinima. Mikrobranduoliy ir kity branduolio paZaidy identifikavimas atliktas pagal
Fenech ir bendraautoriy (2003) apraSytus kriterijus.
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Statistiné duomenuy analizé buvo atlikta naudojant PRISM 5.0 statistini paketa.
Apskaiciuotas kiekvienai tyrimy vietai biidingas branduolio pazaidy daznio vidurkis
1000 lasteliy, nustatytos paklaidos. Dispersiné duomeny analizé atlikta ANOVA testu.
Skirtumai tarp grupiy buvo jvertinti naudojant neparametrini Mann-Whitney U-testa.

REZULTATAI IR JU APTARIMAS

Geno-citotoksinio terSaly poveikio jvertinimas organizmuose taikant aktyvaus
monitoringo buda

M. edulis hemocituose atlikta mikrobranduoliy analizé parodé Statfjord B naftos
platformos aplinkos genotoksiSkumo gradienta — 500 m >1000 m >10000 m.
Zemiausias mikrobranduoliy (MB) daZnis nustatytas moliusky lastelése iki poveikio
grupéje (2,13%o0) bei laikytuose 10000 m atstumu nuo platformos (2,58%0), o
auks$c¢iausias — arciausiai (500 m) prie Statfjord B naftos platformos laikyty midiju
hemocituose (7,66%o). Santykinai aukSta MB indukcija (4,8%o) buvo ir 1000 m atstumu
laikytose midijose. Moliuskuose laikytuose 500 ir 1000 metru atstumu nuo platformos
nustatyti statistiSkai patikimi MB dazniy skirtumai. AukS¢iausias branduolio pumpury
(BP) daznis (6,31%0) nustatytas midijose laikytose 1000 m atstumu nuo naftos
platformos. Didziausia citotoksiSkumo indukcija pagal dvibranduoliy (DB) Iasteliy
susiformavima nustatytas 500 m atstumu nuo platformos laikyty moliusky hemocituose
(2,78%0). Tokiu biidu nustatyta, kad genotoksinis i§ Sios naftos platformos 1 aplinka
patenkanciy terSaly poveikis iSplinta iki 1 km atstumu pasroviui, todél §ia zong galima
priskirti prie genetinés rizikos zony. Tokia pati genotoksiSkumo gradiento tendencija
nustatyta ir G. morhua kepeny eritrocituose. Zemiausia MB (0,14%) ir BP (0,25%)
indukcija rasta toliausiai nuo Statfjord B platformos (10000 m) varZose laikyty Zuvy
eritrocituose (2 pav.). Palaikius eksperimentinius organizmus jvairiose Statfjord B naftos
platformos zonose M. edulis hemocituose nustatytas 13-19 karty didesnis MB daznis ir
2-11 karty didesnis branduolio pumpury daznis negu tirty menkiy kraujo eritrocituose.

Nagrin¢jant Ekofisk naftos platformos geno-citotoksini poveiki (pasroviui ir pries
sroves) M. edulis hemocituose, 4,8 karto didesné MB indukcija nustatyta moliuskuose
laikytuose 3 stotyje (5,967%o) ir 3,2 karto — 4 stotyje, palyginus su kontrole (1,24%o).
Sios abi stotys buvo i§déstytos aréiausiai Ekofisk naftos platformos isleidéju (3 pav.).
Lyginant su kontroline grupe, nuo 2 iki 2,9 karto daugiau MB registruota hemocituose ty
moliusky grupiy, kurios laikytos varzose 1, 2 bei 5 stotyse. Branduolio pumpury daznis
svyravo nuo 0,68%o (kontrolingje grupéje) iki 3,57%o (midijose laikytose 4 stotyje).
Ekofisk naftos platformoje varzose laikyty moliusky bei ju hemocituose nustatyty
fragmentuoty-apoptoziniy (FA) lasteliy daZnis kito nuo 0,1%o (2 stotyje) iki 0,46%o (5
stotyje) ir 0,36%o (4 stotyje), kuri buvo arti platformos (4 pav.). Zemiausi DB lasteliy
dazniai rasti kontrolinéje (1,28%o) ir labiausiai nutolusioje nuo platformos 6 stotyje
(1,44%0). Auksciausias DB daznis 4,77%o rastas 3 stotyje laikyty moliusky hemocituose.

Aplinkos genotoksiSkumo gradientas nustatytas midijy ziaunuy lastelése, kuomet
moliuskai buvo perkelti { skirtingas varzas ir 4 savaites laikyti Karmsund fjordy
sistemoje, kurioje buvo nustatyti auksti PAA ir sunkiyjy metaly kiekiai. MB daZniai
midijy Ziauny lastelése kito nuo 1,40%o (iki poveikio grupéje) iki 6,33%o (3 stotyje, kuri
buvo pasirinkta ardiausiai terSaly iSleidéjo). Zemas MB daZnis taip pat buvo ir
kontrolingje grupéje — 1,8%o. Didziausias BP (1,4%o) daznis rastas moliusky ziauny
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lastelese, kurie laikyti 2 stotyje, Zemiausias — kontrolinés grupés moliuskuose (0,46%o)
(4 pav.). Zemas BP (0,75%o) ir FA lasteliuy (0,87%0) daznis rastas 3 stotyje laikyty
moliusky Ziaunose.

Ankstesniuose tyrimuose nustatyta, kad Siaurés jiroje tos pacios Statfjord B (2004
m.) bei Troll B (2003 m.) platformy aplinkoje MB indukcija taip pat buvo priklausoma
nuo uzterStumo gradiento (Hylland et al., 2008). Padidéjes aplinkos genotoksiskumo
lygis nustatytas ir naftos avariniy i$sipylimy vietose (Parry et al., 1997; Harvey et al.,
1999; Barsien¢, 2002; BarSiené et al., 2004, 2006, 2006; Frenzilli et al., 2004; Bolognesi
et al., 2006), laikant moliuskus varzose skirtingose duju platformy itakos zonose (Gorbi
et al, 2008). Aplinkos tarSos gradientas nustatytas Mytilus galloprovincialis
moliuskuose atliekant vakarinés VidurZemio jiiros dalies monitoringa (Magni et al.,
20006).

Eksperimentiniai geno-citotoksinio naftos platformy tarSos komponenty poveikio
tyrimai

Statfjord B naftos platforma. M. edulis, G. morhua ir S. maximus po 3 savaiciy
poveikio Statfjord B naftos platformoje i§gaunamos 0,5 ppm Zaliavinés naftos (ZN) bei
0,5 ppm zaliavinés naftos, alkilfenoliy ir poliaromatiniy angliavandeniliy
(ZN+AF+PAA) miSiniu statistiskai patikima MB indukcija gauta visose tirtose risyse.
Zemiausios tirty parametry vertés rastos M. edulis kontrolingje grupéje, aukséiausios
nustatytos po 3 savaiéiy poveikio 0,5 ppm ZN+AF+PAA misiniu. (5 pav.) Naudojant
neparametrini Mann-Whitney U-testa gauti statistiSkai patikimi MB ir FA lasteliy daznio
skirtumai tarp kontrolinés ir midijy grupiy, kurios buvo veiktos 0,5 ppm ZN (P=0,0288
MB; P=0,0115 AF) ir 0,5 ppm ZN+AF+PAA misiniu (P=0,0015 MB; P=0,0029 FA).
Patikimai aukStesnis BP daznis nustatytas M. edulis Ziaunuy lastelése po poveikio
ZN+AF+PAA misiniu (P=0,0232). ANOVA dispersiné analizé parodé, kad patikimi
skirtumai tarp tirty midijy grupiy buvo pagal MB (P=0,003, F=7,25, R*=0,3494) ir BP
(P=0,0264, F=4,168, R*=0,2359).

G. morhua zuvyse po 3 savaiéiy poveikio 0,5 ppm ZN ir 0,5 ppm ZN+AF+PAA
miSiniu MB indukcija buvo 3,2 karto bei 4,5 karto didesné¢ inksty negu kraujo
eritrocituose. Mann-Whitney U-testas parod¢ statistiSkai patikimus MB daznio skirtumus
Atlantiniy menkiy inksty eritrocituose po poveikio 0,5 ppm ZN+AF+PAA misiniu,
lyginant su kontrole (5 pav.). S. maximus Kraujo eritrocituose, po poveikio 0,5 ppm ZN
ir 0,5 ppm ZN+AF+PAA miSiniu zemiausi MB ir BP daZniai nustatyti kontrolinés
grupés Zuvyse. AukSciausi mikrobranduoliy dazniai rasti oty kraujo eritrocituose po
poveikio ZN+AF+PAA misiniu (MB — 0,66%o) bei paveikus nonilfenoliu (NF) — 0,54%o
Be to, ZN+AF+PAA misinys indukavo auks¢iausius BP (0,42%0) ir DB (0,82%o)
daznius. FA lasteliy daznis buvo labai Zemas visose eksperimentinése oty grupése (6
pav.). Lyginant su kontrole, statistiSkai patikimi MB dazniy skirtumai rasti visose
eksperimentinése grupése — NF (P=0,0024), 0,5 ppm ZN (P=0,0054) ir 0,5 ppm
ZN+AF+PAA miSinys (P=0,0001). Branduolio pumpury indukcija oty kraujo
eritrocituose nustatyta tik po poveikio 0,5 ppm ZN+AF+PAA (P=0,0172). Kontrolinés
grupés oty inksty eritrocituose visy tirty branduolio pazaidy dazniai buvo zemiausi: MB
(0,29%o0), BP (0,07%0), FA (0,04%0) ir DB (0,43%0). Didziausias FA lasteliy lygis inksty
eritrocituose buvo po poveikio ZN+AF+PAA misiniu (6 pav.). Statistiskai patikimi MB
ir DB inksty eritrocity skirtumai, rasti otuose po poveikio NF, 0,5 ppm ZN bei
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ZN+AF+PAA misiniu, lyginant su kontrolinés grupés zuvimis. Gauti statistiikai
patikimi BP daZniai — veikiant otus 0,5 ppm zaliavine nafta, o FA — paveikus
nonilfenoliu bei ZN+AF+PAA misiniu. Eksperimentinése midijy grupése MB daZnis
buvo 4 kartus didesnis negu oty ir net 10 karty negu menkiy kraujo eritrocituose. BP
indukcija midijose buvo 4 kartus didesné negu oty kraujyje ir 7,5 karty didesné negu oty
inkstuose. Tarprii§iniai organizmy skirtumai nustatyti paveikus midijas, Atlantines
menkes, otus ir Kkitais organiniais terSalais (bisfenoliu A, dialilftalatu bei
tetrabromodifenileteriu-47) (BarSien¢ et al., 2006).

Tiriant Statfjord B naftos platformoje iSgaunamos naftos geno-citotoksiSkuma, su
midijomis buvo atlikti du eksperimentai, kadangi pirmojo metu kontrolinés grupés
moliusky Ziaunose buvo nustatyti mikroorganizmai, kurie salygojo santykinai dideli
atsaka, tad eksperimentas buvo pakartotas. Pirmojo eksperimento duomenys pateikti
disertaciniame darbe. Rezultatai tiesiogiai rodo infekcijy sukeliama genotoksini ir
citotoksini poveiki moliuskuose, kas yra svarbu Zinoti atliekant tiek eksperimentinius,
tiek ir lauko tyrimus.

Nagrinéjant 0,5 ppm Statfjord B zaliavinés naftos geno-citotoksiskuma M. edulis
ziauny lastelése po 1-, 2, 4 ir 8 dieny ekspozicijos nustatytas palaipsninis MB ir DB
dazniy didéjimas priklausomai nuo poveikio trukmeés kontroliné gr.< po 1-dienos <po
2-dieny <po 4-dieny<po 8-dieny (7 pav.). StatistiSkai patikimi MB dazZniy skirtumai
rasti tarp kontrolinés grupés moliusky Iastelése nustatyty dazniy bei pirmos (P=0,0185),
antros (P=0,0039), ketvirtos (P=0,0068) ir aStuntos dienos (P<0,0001) ekspozicijy. M.
edulis moliusky grupiu. FA lasteliy indukcija nustatyta po 4 dieny (P=0,0115), o DB —
po 8 dieny ekspozicijos (P=0,0232). Tyrimuose naudotos zaliavinés Statfjord B naftos
sudétyje vyravo maZzos molekulinés masés PAA (naftalenai sudar¢ — 87,7%).
Disertaciniame darbe pateikiami Statfjord B naftos platformoje iSgaunamos Zaliavinés
naftos PAA sudétis ir ju kiekiai (Sund et al., 2006).

Arktinés Zaliavinés naftos poveikis. Po 4 savaiCiy poveikio oty kepenuy eritrocituose
rasta didziausia MB ir BP indukcija veikiant Zuvis 40 ppb naftos koncentracija, tuo tarpu
veikiant didesnémis koncentracijomis (120, 360 ir 720 ppb) registruota genotoksiskumo
supresija (8 pav.). Ta pati tendencija gauta analizuojant citotoksini Sios naftos poveiki —
didziausios FA, DB ir DB su nukleoplazmine jungtimi (DBy) reik§més buvo po poveikio
40 ppb ZN koncentracija, Siek tieck maZesnés paveikus 120 ppb ir Zymiai maZesnés — po
poveikio 360 ppb ir 720 ppb (8 pav.). Tafiau po 8 savaiciy poveikio auksc¢iausia BP;
(0,89%o), FA (1,9%o) ir DB, (1,62%o0) indukcija nustatyta otuose po poveikio 360 ppb ZN
(8, 9 pav.). Ryskuy geno-citotoksini Barenco jiroje iSgaunamos arktinés naftos poveiki
parodé oty kepeny eritrocituose registruotas labai intensyvus ivairiy tipy branduolio
pumpury taip pat dvibranduoliy eritrocity su nukleoplazmine jungtimi formavimasis.
Tokiy branduolio pazaidy nesukélé Siaurés jiroje Statfjord B ir Oseberg C platformose
bei Minijos grezinyje iSgaunama nafta. Arktinés Zaliavinés naftos sudétyje dar didesng
dali (90,3%) negu Statfjord B naftoje, sudaré 2 ziedus turintys naftalenai (IRIS
duomenys). Naftaleno (0,3; 0,9 ir 2,7 uM) koncentracijos indukuoja aukstus MB bei kity
branduolio pazaidy daznius unguriy Anguilla anguilla lastelése (Teles et al., 2003).

Branduolio pumpury su nukleoplazmine jungtimi susiformavimo mechanizmai
aprasyti Lindberg ir bendraautoriy (2007) darbe, kur pabrézta, kad mikrobranduoliai ir
branduolio pumpurai su nukleoplazmine jungtimi susiformuoja lasteliy dalijimosi
proceso eigoje ar S fazés metu. Susidarant BP vyksta DNR i§ branduolio iSstiimimas,
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todel kaip ir mikrobranduoliai, BP atspindi juos sukelianiy agenty genotoksinius
efektus. BP indukcija tikslinga yra nagrinéti tiriant tarSos genotoksini poveiki zZuvyse, ar
kituose vandens organizmuose (Guilherme et al., 2008). Literatiiroje yra pateikiami
duomenys apie teigiama koreliacija tarp MB ir BP indukcijos midijose (Bolognesi et al.,
2006; Ergene et al., 2007). Ivairiy branduolio pazaidy analizé zuvyse buvo atlikta po
poveikio zaliavine nafta (BarSiené et al., 2006), skirtingais PAA junginiais (Maria et al.,
2002; Gravato, Santos, 2002, 2003; Teles et al., 2003), naftos distiliacijos produktais
(Pacheco, Santos, 2001) bei kitais junginiais (Pacheco, Santos, 1998; Ayllon, Garcia-
Vazquez, 2000, 2001; Gravato, Santos, 2002). Vertinat skirtingy Baltijos ir Siaurés jiiry
zony genotoksiSkuma buvo nagrinéjamas MB, BP ir FA Iasteliy susiformavimas
Platichthys flesus, Limanda limanda, Gadus morhua inksty ir kraujo eritrocituose
(Rybakovas et al., 2009).

Minijos greZinio Zaliavinés naftos poveikis.

Vertinant Lietuvoje iSgaunamos naftos skirtingy (0,25; 0,5 ir 1 ppm) koncentraciju
geno-citotoksiSkuma, A. anatina ziauny lastelése nustatytas 2,7-3,5 kartus didesnis MB
daznis ir 10-25 karty didesnis branduolio pumpury daznis negu, kad eserio P. fluviatilis
kraujo eritrocituose (9 pav.). Tokie rezultatai gauti dél biologiniy bei fiziologiniy tirty
rusiy ypatumy, tarSos komponenty kaupimo, transformavimo ir Salinimo Zuvyse ir
moliuskuose skirtumy (BarSiené et al., 20006).

Naftos platformose susidaranciy gamybiniy vandeny geno-citotoksiskumas

Su juriniy naftos ir dujuy platformy gamybiniais vandenimis (GV) i aplinka patenka
genotoksinémis savybémis pasiZymintys PAA, alkilfenoliai ir sunkieji metalai. Stipriai
uzterStose GV Siaurés jiros zonose apraSytas mikrobranduoliy daZnio menkiy
eritrocituose padid¢jimas (Hylland et al., 2006). Auksciausia MB daznio indukcija
nustatyta menkiy inksty ir kepeny eritrocituose po poveikio GV 1:200, Siek tiek zemesni
MB daZniai rasti veikiant C4—C7 alkilinty fenoliy miSinio 2000 ng/l koncentracija
(Bagni et al., 2005). Siame darbe tiriant geno-citotoksini Oseberg C naftos platformos
GV ir atskiry jo komponenty poveiki menkés kepenu eritrocituose nustatyta, kad MB
daznis kito nuo 0,13%o kontrolingje grupé¢je iki 0,63%o paveikus zuvis 9AF miSiniu, kas
sudaré 4,8 karto daugiau nei kontroléje. 3,7 karto aukStesni MB dazniai rasti po poveikio
didziausia (2000 ng/l) 4AF miSinio bei GV (1:200) koncentracija (10 pav.).

Didziausia BP indukcija (1,31%0) Atlantiniy menkiy kepeny eritrocituose rasta
paveikus zuvis (ZN+9AF+PAA) misiniu, kuri buvo 7.3 karto didesné nei kontrolingje
zuvy grupeje (10 pav.). Citotoksinis poveikis, ir ypa¢ dvibranduoliy eritrocity daznis
visose tirtose menkiy grupése buvo gan zemas. StatistiSkai patikimi MB dazniy
skirtumai inksty eritrocituose gauti Zuvy grupése veiktose 4AF miSinio 10 ng/l ir 2000
ng/l koncentracijomis (P=0,0084 ir P=0,0015), 9AF (P=0,0087), ZN+9AF+PAA
(P=0,0105) bei 0,2 ppm ZN (P=0,0002) ir GV (1:200) koncentracija (P=0,0014), lyginat
su kontrolinés grupés menkeémis. BP daZniai patikimai skyrési tarp kontrolés ir visy
eksperimentiniy grupiu (P reik§més kito nuo 0,0236 iki 0,0003) iSskyrus 0,2 ppm naftos
ir 4AF 2 ng/l koncentracijos grupes, FA lasteliy — po poveikio 4AF miSinio 10 ng/l
koncentracija (P=0,4045). Atlantiniy menkiy inksty eritrocituose MB daznis svyravo nuo
0,18%o kontroleje iki 0,65%0 paveikus GV 1:200, BP — nuo 0,46%o. kontrol¢je iki 1,29 %o
paveikus 4AF misinio 2000 ng/l koncentracija. FA ir DB indukcija daugumoje menkiy
grupiy buvo labai maza (10 pav.). Lyginant branduolio pazaidy lygius Atlantiniy menkiy
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inksty ir kepeny eritrocituose iSryskéjo, kad MB ir FA indukcija yra didesné inkstuose
negu kepenyse. Abejuose audiniuose rasta labai nedaug dvibranduoliy lasteliy ir
mazdaug vienodas BP daZnis. Didziausi FA eritrocity indukcijos skirtumai tarp audiniy
rasti po poveikio GV 1:1000 , kur FA daZnis inkstuose buvo 16,5 karto didesnis nei
kepenyse, o paveikus GV 1:200, Sis skirtumas sieké 10 karty.

Pabréztina tai, kad visose eksperimentinése grupése branduolio pumpury buvo 2-4
kartus daugiau negu mikrobranduoliuy tose paciose menkiy grupése.Yra Zinoma, kad
branduolio pumpurai susiformuoja i§ branduolio Salinamos amplifikuotos DNR (Shimizu
et al., 1998, 2000), ar vykstant pazeistos DNR reparacijai (Haaf et al., 1999).
Aneugeniniy junginiai sukelia didele¢ MB ir nesukelia BP indukcijos, o klastogeniniai
junginiai i$Saukia MB ir kity branduolio pazaidy indukcija (Cavas, 2008). Misuy
tyrimuose nustatyta, kad Oseberg C naftos platformos gamybiniai vandenys, ir
modeliniai alkilfenoliy miSiniai sukelia ypa¢ didel¢ branduolio pumpury indukcija.
Gautus duomenis galima bity paaiSkinti tuo, kad Oseberg C naftos platformos
gamybiniuose vandenyse yra gausu klastogeninius efektus sukelian¢iy junginiy.

Genotoksinis ir citotoksinis sunkiyjy metaly poveikis

Technologiniuy procesu metu i§ juriniy naftos platformu i aplinka patenka jvairiis
sunkieji metalai, dazniausiai kartu su gamybiniais vandenimis ir nafta. Vertinat sunkiyjy
metaly itaka geno-ekotoksikologinés rizikos susidaryme naftos platformy aplinkoje,
Siame darbe buvo nagrinétas sunkiyjy metaly modeliniy miSiniy (SMMM) geno-
citotoksinis poveikis zuvims. Modelinio miS$inio, kurio 100% sudaré — Cu 0,874 mg/l; Zn
0,93 mg/l; Pb 4,7 mg/l; Ni 0,66 mg/l; Cr 0,33 mg/l ir Mn 18 mg/l, naudotos 21,79% ir
10,89% koncentracijos (Vosylien¢, Jankaite, 2006) indukavo statistiSkai patikima MB
daznio padidéjima vaivorykStinio upétakio kraujo eritrocituose, ta¢iau BP, DB ir FA
indukcijos nesukele (11 pav.). Lyginant su kontroline grupe, 4,3 karto aukStesnis MB
daznis nustatytas veikiant zuvis 21,79% ir 3,4 karto — veikiant 10,89% SMMM
koncentracija. Kitame eksperimente, paveikus 4 dienas Cu ir Zn modelinio miSinio 0,06;
0,125 ir 0,25 mg/l koncentracijomis vaivorykstinius upétakius, MB indukcija buvo 5
kartus didesn¢ 0,25 mg/l grupéje, o 2 kartus — 0,125 mg/l Zuvy grup¢je lyginant su
kontroline grupe (12 pav.) Sias Zuvis palaikius 4, 8 ir 12 dieny $variame vandenyje,
didziausias MB dazniy sumazéjimas buvo po 8 dieny. Taciau po 4 ir 12 d. laikymo
Svariame vandenyje 0,25, 0,125 ir 0,06 mg/l eksperimentinése zuvy grupése buvo gauti
statistiSkai patikimi MB daZnio skirtumai nuo kontrolinio lygmens. Apibendrinus abiejy
eksperimenty rezultatus iSryskéjo, kad sunkieji metalai vaivorykstinio upétakio kraujo
eritrocituose sukelia tik MB indukcija, kuri stebima net esant Zemoms sunkiyjy metaly
koncentracijoms, o perkélus zuvis i Svary vandeni, net po 12 d. iSlieka gan dideli MB
dazniai. Tai rodo aneugenini sunkiyjy metaly poveikj. Literatiroje yra apraSytas jvairiy
Cd koncentraciju (Ayllon, Garcia-Vazquez, 2000; Sanchez-Galan et al., 2001;
Arkhipchuk, Garanko, 2005; Cavas et al., 2005, 2008), Cu (Arkhipchuk, Garanko, 2005;
Bopp et al., 2008; Oliveira et al., 2008), Hg (Sanchez-Galan et al., 2001; Cavas, 2008),
Cr (Cavas et al., 2005), Pb (Cavas, 2008) genotoksinis ir citotoksinis poveikis jvairioms
Zuvy rasims.
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ISVADOS

1. Siaurés jiros Statfjord B platformos skirtingose zonose palaikius midijas (Mytilus
edulis) ir Atlantines menkes (Gadus morhua) varZose, nustatytas aplinkos
genotoksiSkumo ir citotoksiSkumo lygiy gradientas priklausantis nuo atstumo iki
tarSos Saltinio (500 m>1000 m>10000 m).

2. Siaurés jiiros Ekofisk naftos platformos aplinkoje auki&iausias genotoksiskumo ir
citotoksiSkumo lygis nustatytas moliuskuose M. edulis, kurie laikyti varZose
arCiausiai gamybinio vandens iSleid¢jy. StatistiSkai patikimi branduolio pazaidy
skirtumai taip pat rasti midijose, kurios buvo laikytos 600 m | PV (P=0,0014),
1100 m i SR (P=0,0076) ir 1600 m i PV (P=0,0437) atstumais nuo $ios naftos
platformos.

3. Eksperimentinémis salygomis organizmus paveikus Statfjord B 0,5 ppm Zaliavine
nafta, mikrobranduoliy indukcija nustatyta oty kraujo ir inksty eritrocituose bei
midijy ziauny lastelése. Tuo tarpu, tos pacios naftos 0,5 ppm, alkilfenoliy bei
poliaromatiniy  angliavandeniliy miSinys, indukavo statistiSkai patikima
mikrobranduoliy daznio padidéjima M. edulis ziauny lastelése, oty (Scophthalmus
maximus) kraujo ir inksty bei G. morhua inksty eritrocituose. Taip pat rastas
patikimas branduolio pumpury ir fragmentuoty-apoptoziniy lasteliu dazniy
skirtumas nuo kontrolinés grupés midijy Ziaunose, dvibranduoliy ir fragmentuoty-
apoptoziniy lasteliy — oty inksty bei branduolio pumpury — oty kraujo
eritrocituose.

4. Statistiskai patikimas mikrobranduoliy daznio didéjimas nustatytas M. edulis
ziauny lastelése veikiant 1, 2, 4 ir 8 dienas 0,5 ppm Statfjord B nafta.
Fragmentuoty-apoptoziniy lasteliy daznis patikimai skyrési nuo kontrolés po 4
dieny, o dvibranduoliy lasteliy - po 8 dieny poveikio.

5. Didziausias arktinés Barenco jiiros naftos genotoksinis poveikis S. maximus
kepeny eritrocituose nustatytas po 4 savaiciy, o citotoksinis — po 8 savaiciy. 40
ppb Sios naftos koncentracija sukélé didziausia geno-citotoksiSkumo indukcija.
Arktiné nafta indukavo iSskirtinai didel; dvibranduoliy eritrocity ir branduolio
pumpury su nukleoplazminémis jungtimis formavimasi.

6. Po poveikio 0,5 ppm Statfjord B zaliavine nafta bei naftos, alkilfenoliy ir
poliaromatiniy angliavandeniliy miSiniu nustatyti tarprii§iniai genotoksiskumo
lygiu skirtumai. M. edulis Ziauny lastelése mikrobranduoliy dazniai buvo 4 kartus
aukstesni negu S. maximus ir 10 karty negu G. morhua kraujo eritrocituose, o
branduolio pumpury dazniai — 4 kartus aukstesni negu oty kraujo ir 7,5 karty negu
oty inksty eritrocituose.

7. Oseberg C platformos gamybiniai vandenys, ju komponentai (AF, PAA) ir
zaliaviné nafta G. morhua kepeny ir inksty eritrocituose indukavo iki 4,5 karty
auksStesni branduolio pumpury nei mikrobranduoliy dazni. Eksperimentinése
grupése gauti patikimi branduolio pumpury ir mikrobranduoliy formavimosi
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skirtumai (P kito nuo 0,01 iki P<0,0001), palyginus su kontroline grupe.
Statistiskai patikimy citotoksiSkumo pokyc€iy nerasta.

. G. morhua kepenu ir inksty eritrocituose, statistiSkai patikimi mikrobranduoliy
dazniy skirtumai nustatyti Zuvyse veiktose 0,2 ppm Oseberg C platformos
zaliavinés naftos koncentracija bei 0,2 ppm naftos, alkilfenoliy ir poliaromatiniy
angliavandeniliy miSiniu.  AukStesnis mikrobranduoliy ir fragmentuoty-
apoptoziniy eritrocity daznis rastas G. morhua inksty eritrocituose, o branduolio
pumpury dazniai buvo panasis abejuose audiniuose.

. Sunkiyjy metaly modeliniai miSiniai Oncorhynchus mykiss kraujo eritrocituose
indukavo genotoksiniy pazaidy formavimasi, o citotoksinio poveikio nenustatyta.
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motiniSka riipest], didelg kantrybe bei visokeriopa parama ir pagalba kasdien¢je veikloje.

Dékoju savo konsultantui dr. Steinar Sanni (Stavangerio tarptautiniy tyrimy
institutas, Norvegija) uz pagalba, naudingus patarimus ir S$ilta bei nuoSirdy
bendradarbiavima. Labai esu dékinga dr. Rolf Sundt, dr. Anne Bjornstad, dr. Nadia
Aarab bei visiems IRIS (Stavangerio tarptautiniy tyrimy institutas, Norvegija) mokslo
darbuotojams.

NuosirdZiausiai dékoju visam Gamtos tyrimy centro Ekologijos instituto Hidrobionty
ekologijos ir fiziologijos laboratorijos kolektyvui — dr. Mildai Zitai Vosylienei, dr.
Nijolei Kazlauskienei, dr. Gintarui Sveceviciui ir kitiems. A¢il Jums visiems!!!

Dékoju Genotoksikologijos laboratorijos darbuotojoms — habil. dr. Janinai
Syvokienei, dr. Lionginai Mickénienei uz mikroorganizmy identifikavima bei
naudingus patarimus ruoSiant disertacijos rankraSt;. Didelis acii — dr. Aleksandrui
Rybakovui — vz patarimus, pamokymus ir pastabas.

Taip pat dékoju savo draugams ir kolegoms — dr. Simonai Smilgevicienei, dr.
Audrutei Matuseviciiutei, dr. Daivutei Kalytytei, dr. Sandrai RadZiiitei, dr. Vaidui
Palinauskui. A¢it Jums uz draugiSkuma, pagalba ir moraling parama doktoranttros
studijy metu!!!

Uz palaikyma ir supratima, ypac¢ esu dékinga savo Seimai ir artimiesiems.
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