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1. Introduction

Accidental HNS spills can pose a significant threafishing and aquaculture
resources. Some of the major concerns after aext@l spill is the economic loss
from fishery interruption and the contamination @dmmercial fish and shellfish.
Severe contamination can give rise directly to eomduman consumers, for example
high concentrations of carcinogenic chemicals imtiteg of edible tissues.

In the context of Arcopol project, CIIMAR have piiced two reports within the
activity 6.3, concerning the kinetic of decontantioi from fish and shellfish after oil
and HNS spills (Neupartret al., 2011a), and the definition of procedures for
management of contaminated marine marketable ressaffected by oil and HNS
spills (Cunha et al., 2011). The data produced in these two documents coultsetul to
better anticipate economic losses during the densdrrdmpensation for damages and
to improve accidental spill response, specificéilg management of risks to fisheries
and consumers. However, as was pointed in thesgestunuch more is needed to be
done concerning the assessment of potential conédion and decontamination of
marine marketable resources after an HNS spillréibee, experimental studies on the
chronic toxicity and decontamination kinetics of 8Nhemicals in selected fish and
selfish should be performed in laboratory. In thentext, the report here produced
ensemble the main findings produced in a laboratmmytamination/decontamination
assay conducted with one of the priority HNS ideedi by Neuparth et al. (2011b), the
Acrylonitrile, and the target marine organism, tBeropean seabas®itentrarchus

labrax).

2. Methodology

2.1. Selection of thetarget marine organism - the seabass (Dicentrar chus labrax)

The European seabasBicentrarchus labrax, was chosen due to its ecological
and economic relevance. The seabass is a marmsgdecies widely distributed in the
Mediterranean and European Atlantic coasts andobttee species mostly produced in
aquaculture of Mediterranean areas (Ferretfral., 2010). Its biology is well known,

they are easy to maintain in laboratory.
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2.2. HNStested

The selection of HNS to conduct the laboratorytaonnation/decontamination
study was based on 23 HNS identified as priorityN&yparth et al. (2011b). From the
dataset created in the Neupagthel. (2011b), with the acute and chronic toxicity data
for marine species, the priority HNS selected waes acrylinitrile. This HNS was
chosen considering the limited ecotoxicologicabdatailable for marine organisms, its
involvement in previous accidental spills, the gadion to be carcinogenic to mammals

and to be highly transported in European waters.

2.3. Contamination/decontamination assay with D. labrax exposed to Acrylonitrile

The experiment was carried out with juverfieabassly. labrax), weighing 30-
34qg, from the fish farm "Maresa" in Huelva, Spain. Threendred animals were
acclimated to controlled laboratory conditions,i@00L tanks with constant filtered
seawater circulation, for ten weeks before the expmnt began.

The assay was carried out in 30-L glass aquarih @ijuvenile animals each
during 22 days (15 day exposure phase and 7 daymt@@enination phase) at 16-17°C
under a photoperiod of 8h light:16 dark and aeratias provided continuously. In the
exposure phase, the animals were divided in faattnents, with four replicates each
(control - natural seawater at 33-35%0 salinity athdee acrylonitrile nominal
concentrations: 0.15, 0.75 and 2mg/l). 75% of #&& media of each aquarium was
replaced every day and animals were fed with coroialefish food, three day per
week. Test aquaria were inspected daily for aeraditd to remove dead animals (figure
2). The real concentration of acrylonitrile wergedmined once per week, immediately
after the change of water and 6 and 24h later. dt¢rglonitrile in water of each
treatment was measured by high performance lighmroatograhy (HPLC) with a
photodiode array detector (DAD). Detection and diiaation limits (LOD and LOQ)
were 25 and 75 pg/L, respectively.
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Figure 2 - Representation of the experimental ecegiged in acrylonitrile chronic toxicity assay
with seabasdjcentrarchus labrax),

At the end of the 15 days exposure, six animalsepeh treatment (two aquaria
per treatment) were immobilized in ice-cold watehlood sample was collected from
fish caudal peduncle for comet assay. Then fishewarmediately decapitated, their
length and weight were measured, and sampleseaf\were frozen and stored at -80°C
for later quantification of the following biomarlgerCatalase (CAT), Glutathione S-
Transferase (GST), Hepatic ethoxyresorufin O-ddafiey (EROD), Superoxide
dismutase (SOD), and Lipid peroxidation (LPO). Tiseudy of acrylonitrile
bioaccumulation was also performed in liver and creisamples stored a -80°C. See
the methods description below.

After the 15 days exposure phase, the remainingasuaaria per treatment (6
animals) were cleaned and fish were placed in ctesmawater, during the 7 days of
depuration phase with the same physical conditminge exposure phase described
before. At the end of the depuration phase, theet@ssay, the activity of CAT, GST,
EROD, SOD and LPO; and the study of the acryldaitpersistence tissues and were
determined according the methods described below.

The comet assay was used to determine the leM@N#f damage (DNA strand
breaks) in blood cells of all fish. The preparatiof slides for the comet assay,
subsequent electrophoresis and staining were daotig as described previously by
Liney et al. (2006).

The study of acrylonitrile bioaccumulation (uptaked depuration) in liver and
muscle are being performed according the staticlspace technique combined with
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gas chromatography-mass spectrometry (GC/MS), asrided by Venturaet al.
(2004).

Catalase (CAT) activity was determined by measutireggconsumption of 30, at 240
nm. The reaction volume was 1ml containing 67.5ndapsium phosphate buffer, pH 7.5, and
12.5mM HO,. The reaction was started by the addition of thenpe. CAT activity is
expressed agmol/min/mg protein.

Glutathione S-transferase (GST) was determinedrdicgp to the method of
Habiget al. (1974) adapted to microplate, using glutathioneH80mM in phosphate
buffer 0.1M, pH 6.5, and 1-chloro-2,4-dinitrobengef(CDNB) 60mM in ethanol
prepared just before the assay. The reaction neixdonsisted of phosphate buffer, GSH
solution and CDNB solution in a proportion of 4.95(phosphate buffer):0.9ml
(GSH):0.15ml (CDNB). In the microplate, 0.2ml oftlheaction mixture was added to
0.1ml of the sample, with final concentration ImMNsiband 1mM CDNB in the assay.
The GST activity was measured immediately everys 28t 340nm, during the first 5
min, and calculated in the period of linear chamgabsorbance. The GST activity was
expressed immol/min/mg protein.

The EROD activity was measured according to Fexreial. (2008). Briefly,
liver and gills were homogenized separately inaokt buffer (50 mM Tris—HCI, pH
7.4, 0.15 M KCI). Microsomes were obtained by adéngation of the 9008
supernatant at 36 0§dor 90 min. The pellet was then resuspended ineo (60 mM
Tris—HCI, 1 mM NaEDTA pH 7.4, 1 mM dithiothreitol, 20% v/v glycerognd spun
down at 36 000 g for 120 min. Microsomes were sadeéd in EDTA-free resuspension
buffer and stored at -80°C until use. Microsomalpgmsion (50 ml) was incubated with
ethoxyresorufin 0.5 mM for 1 min, and the enzyma#eaction was initiated by the
addition of 45 mM NADPH. EROD activity was measufed5 min atie,=530 nm and
Ler=585 Nm, and determined by comparison to a resosifindard curve. The EROD
activity in liver and gills was expressed in pmalifmg protein.

The SOD activity was determined by an indirect mdtimvolving the inhibition
of cytochromec reduction. In this method SOD competes with cytooie c for the
superoxide anion generated by the hypoxanthinexanthine oxidase reaction. SOD
activity was determined in the mitochondrial fractias the degree of inhibition of
cytochromec reduction at 550 nm. The concentration of the reastwas potassium
phosphate buffer 50 mM, pH 7.8, hypoxanthine 50 m&hthine oxidase 1.98 mU/mi
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and cyto-chrome 10 mM (Ferreiraet al., 2010). The activity is given in SOD units (1
SOD unit=50% inhibition of the xanthine oxidaseat&n) per mg of protein.

The peroxidative damage to lipids that occurs viriée radical generation, and
results in the production of malondialdehyde (MD#gs assessed by the determination
of thiobarbituric acid reactive substances (TBARBIDA was determined by the
thiobarbituric acid method, the homogenates wecehated with trichloroacetic acid
(TCA) 100%, after centrifugation the supernatans wecubated at 100°C, for 30 min,
with thiobarbituric acid (TBA) 1%, NaOH 0.05 M a8HT 0.025%. The absorbance
was measured at 532 nm. Lipid peroxidation (LPOpxpressed agmol of MDA

equivalents per mg of protein.

2.4 Statistical analyses

A one-way analysis of variance (ANOVA) was carriedt for each studied
variable (Comet assay and enzymatic activitieg)ettermine if there are differences in
responses between treated - control organisms atdebn exposed - depurated
animals. Significant differences were establishad pg0.05. The Fisher’s least
significant difference test (LSD) was used for nplét comparisons between pairs of
means and all statistics were performed using diftevare Statistica 8.0 (Statsoft, Inc.,
2007).

3. Results
3.1. Chemical analyses

Table 1 summarises the real acrylonitrile cone@itin measured during the
exposure phase of each water samples (control 001B5 and 2mg/l). The
measurements were made once per week in threeetiffémes: immediately after the
daily water change (initial time); 6 hours aftee timitial time (middle time) and at

24hours immediately before the daily water chaffigal(time).

Tablel. Acrylonitrile concentrations (mg/l) in water sampleollected in each treatment during the
exposure phase. Data expressed as mean = starlgatian

Nominal concentration 0.15mg/l 0.75mgl/l 2mg/|
Actual In?tial 0.16+0.004 0.80+0.002 2.07+0.055
concentrationj—iddle 0.14+0.002 | 0.76x0.013| 1.95+0.066
Final 0.13+0.002 0.70+0.013 1.78+0.01(
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Acrylonitrile proved to be a very stable chemidal water. The actual
acrylonitrile concentrations were very close to theminal concentrations at all

sampling times with a small percentage of loss iwig# hours.

3.2. Acrylonitrile bioaccumulation (uptake and depuration)

The acrylonitrile bioaccumulation are under anialgs the time of this report.

3.3 Survival

All the animals survived in control and 0.15mg/hdeonitrile concentration but
one and two animals dead in 0.75 and 2 mg/l actiide concentrations respecively at
the end of the exposure phase. Fish from 2mg/ll@aityile concentrations presented
the skin extremely dark and low swimming capaciynparatively with fish from the

other acrylonitrile concentrations.

3.4. Comet assay

In the exposure phase, the incidence of total-dtRANA breaks (% of DNA in
the tail) was greater in acrylonitrile-exposed fiean in controls (Figure 2). Fish blood
collected from fish from all the acrylonitrile caosdrations presents significant
induction of total DNA strand breakage (TSB) relaly to control fish. The increase in
TSB, ranging between 1.6-fold (fish exposure to5thd/l acrylonitrile) and 2.5-fold
(fish exposure to 0.75 and 2mg/l acrylonitrile).thre depuration phase, no statistical
differences were observed between the depuratgtbaitrile fish and control fish, and
therefore the TSB levels of depuration acryloretfish reduced to control levels. Also,
significant reduction of TSB was recorded in théS0and 2mg/l acrylonitrile groups of
the depuration phase comparatively with the samgagtrile groups of the expousure

phase (figure 2).
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Figure 2 - Comet assay results (% of DNA in th§ tdor the treatments: control, 0.15, 0.75 and @Im
Acrylonitrile concentrations during the 15 dayseaposurel Exposure phase) plus 8 days of depura
(@ Depuration phase). Values are presented am m&k. Dissimilar letters denote statistical siigaint

differences (p <0.05).
3.5. Enzymatic activities

The determination of the antioxidant status obssa exposed to acrylonitrile is
important to study its mechanism of toxicity andptedict the potential damage in the
organism. Also, it is very important to know thetgntial mechanisms of detoxification
in the decontamination phase where fish were mamdafor 7 days in clean seawater
free of acrylonitrile.

The activity of CAT, GST, SOD, LPO, and EROD inakass liver, for the
acrylonitrile exposure phase and subsequent depuarnaeriod, is displayed in Fig. 3.

In the exposure phase, a significant inductiorCAT and GST (p<0.01) was
recorded on the highest acrylonitrile concentradmg/l for CAT and 0.75 and 2mg/I
for GST). An inhibition of SOD activity was obtauhdor the two highest acrylonitrile
concentrations (p<0.05 and p<0.01 respectively)tife LPO and EROD, no significant
differences were observed between exposed andot@mnbups, despite a decrease on
the LPO levels was register for the highest aciylibem concentrations but not
statistically significant.

After 7 days of depuration, no significant changese detected between the
depurate acrylonitrile groups and control, and ¢fae all the activities of the tested

enzymes in the depurated acrylonitrile groups wedeiced to control levels. In the case
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of CAT and GST activities, which were significanthduced in the exposure phase, a
significant reduction was also recorded in somelanitrile groups of the depuration

phase comparatively with the same acrytonitrileugeoof the exposure phase (figure 3).
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Figure 3 - Activity of the enzymes Catalase (CAT), Glutatigo S-transferases (GST), Superoxide
dismutase (SOD), lipid peroxidation (LPO) aHépatic ethoxyresorufin O-deethylase (EROID),
the treatments control, 0.15, 0.75 and 2 mg/l acigfile concentrations during the 15 days of expe{H
Exposure phase) plus 7 days of depuratilin ( Cxjour phase ). Error bars indicate the standanasr
asterisks indicates differences from control ofesype phase: * - p < 0.05 and ** - p < 0.01, anaspl
indicate differences between exposure and depuratiase for each acrylonitile concentration: +< p
0.01.

4. Discussion

Acrylonitrile has been found to contaminate theiemment due to accidental
spills, or from industrial waste discharge (Watetsdtet al., 2009). Because of the large
amounts of acrylonitrile transported by sea andaetatively high water solubility, this
HNS is of high hazard to aquatic organisms. Acriffde, is also a potent toxicant that
can induce oxidative stress, immunotoxicity and ragxicity in mammalians
(Gagnaireet al., 1998; Hamadat al., 1998; Watcharasét al., 2009). Additionally, this
HNS has been described to be mutagenic, teratogedicarcinogenic in rodents after
chronic exposure (Colet al., 2008; Watcharasdt al., 2009) being classified by EPA
as a environmental priority pollutagteith and Telliard 1979).

There are a considerately body of work that stiindyacrylonitrile toxicokinetic
in mammalians, mainly in rodents and humans (Jeiafy, 1998; Whysneet al., 1998;
IARC, 1999; Zhangt al., 2002; Chanast al., 2003; Colest al., 2008; Watcharast

al., 2009). However, the current knowledge aboutetifiects of acrylonitrile on marine
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organisms is scarce, and also none is known abeahamism of acrylonitrile toxicity

in fish. Therefore, the study here presented vélvbry important to predict the chronic
effects of acrylonitrile in marine environment, itlecontamination kinetics and to
investigate if acrylonitrile produce DNA damage andidative stress to marine
organisms, as induce in mammalians.

The results of the present study indicate thatlawitrile showed several
toxicity effects to seabass. Some mortality weoomed in the two higher acrylonitrile
concentrations (0.75 and 2mg/l) and the fish frowan 2mg/l acrylonitrile concentration
presented the skin extremely dark and low swimneiagacity comparatively with fish
from the other acrylonitrile concentrations showindications of acrylonitrile toxicity.
Also, important alterations in several parametérsud-individual level (biochemical
markers) were observed, that were recovered aftensdays of depuration.

In liver, acrylonitrile significantly induced thactivity of Catalase (CAT) and
Glutathione S-transferase (GST), and the Superodidmutase(SOD) activity was
found to be significantly inhibited. Also, no sifpant effects were found on Lipid
peroxidation (LPO) levels. Apparently, the CAT a@&T induction were enough to
cope with the oxidative stress induced by acrytdajtsince no significant differences
in LPO levels were detected between exposed antlotdish. CAT and GST are very
responsive enzymes to increasing levels of contamistimulated reactive oxygen
species (ROS) production. CAT, is one of the fire#s of antioxidant defenses, and its
induction could indicate the presence of: and that the generation oL®; are still
within the CAT elimination capacity. GST, as a nadimponent enzyme is involved in
the detoxification of many xenobiotics and playiaaportant role in protecting tissues
from oxidative stress. Thus, the increased activitythese two antioxidant enzymes
may reflect an adaptation to the chronic exposoredrylonitrile, since this would
confer increased protection from oxidative str@$mse findings suggest that in seabass
liver, the acrylonitrile was not implicated on aweaall increase in intracellular ROS
and oxidative damage.

In mammals, several studies have indicated the obloxidative stress in the
toxicity of acrylonitrile (Jianget al., 1998; Zhanget al., 2002, Guangwei et al., 2010).
and some authors have demonstrate that acrylenitiduce tissue-specific toxicity

effects in rodents. Jiang al. (1998) showed that a chronic exposure to acrylmitr
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increased the levels of LPO and ROS, accompanieal fignificant reduction in CAT,
SOD and GSH levels in rat brain with no changethes$e indicators of oxidative stress
in the livers of acrylonitrile treated rats. Theaghors concluded that rat liver is not a
target tissue for acrylonitrile toxicity. In the gzent study, no oxidative stress was
produced by acrylonitrile in seabass liver, in agnent with the findings obtained in
rats exposed to this HNS (Jiaetgal. 1998).

In this study, the comet assay results revealetgaificant dose dependent
increase in DNA strand breaks in blood cells ofbssa exposed to acrylonitrile
compared with control. These results indicate pakgenotoxic effects of acrylonitrile
on seabass. These results also showed that the essay is a rapid and sensitive way
to assess DNA damage induced by HNS chemicals. mbeu of studies have been
shown that during the oxidative process, the owehpetion of ROS can induce several
kind of negative effects including the DNA damagewever, the potential mechanism
of acrylonitrile genotoxicity in seabass requiresare specific investigation.

In the depuration phase, when fish were transletce clean seawater, the
activity of antioxidant enzymes and the level of ANtrand breaks returned to the
control level. This may be explained by such reagd) some of acrylonitrile which
may had been accumulated in fish tissues (liverkdadd) was released to water; (2)
when the acrylonitrile exposure stopped, the ptmecconferred by the antioxidant
enzymes to acrylonitrile ROS production was reducglich means that fish had
adjusted itself the prooxidant/antioxidant balanaed returned to the normal
physiological conditions; (3) The decrease of DN&knége recorded in the depuration
phase would be related with compensatory mechanibatsrepaired the DNA strand

breaks produced by the exposure to acrylonitrile.

5. Conclusions

The data generated by this study gathered infaomain the chronic toxicity
and decontamination kinetics of the priority HNSy&unitrile to seabass. These data
will improve our knowledge about the effects of HM® marine organisms.The
importance of undertaking this research is esdgnt@assist relevant bodies to predict

the adverse effects of acrylonitrile in marine gstsms if an accidental spill occurs.
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