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Abstract

In order to evaluate the Getúlio Vargas refinery oil spill - 2000, Paraná State - Brazil the presence of PAHs in the sediment, 
PAHs bioavailability through bile chemical analysis and biochemical and morphological biomarkers were investigated in 
a native fish species Hyphessobrycon reticulates. The histophatological parameters were also considered to another native 
species Phalloceros caudimaculatus. Sediment analysis showed the presence of 5-6 rings PAHs on the surface layer and 2-3 
rings PAHs in the deepest sediment showing that oil is still accumulated in sediment, and its bioavailability is confirmed by 
the accumulation of PAHs in bile. Lipid peroxidation, catalase (CAT), GST and cholinesterase activities indicated respectively 
oxidative stress in liver of H. reticulatus and neurotoxicity, also evidenced by genotoxic and histopathological damages. 
Despite of the occurrence of other pollutants not identified in the current study, the data presented here may suggest that 5 
years after the accident animals as fish can be still affected by hydrocarbons and PAHs presented in the sediment. Concluding, 
studies must be done to confirm that with a more sophisticated chemical analysis, but this work is the only study realized after 
the accident. We strongly suggest a new study to compare and verify if still there is risk to biota 
Keywords: Biomarkers, bioavailability, freshwater ecosystems, oil spills, PAHs. 

Introduction

Approximately twelve years ago, about 4.0 millions liters 
of crude oil spilled from Getúlio Vargas refinery (UN-REPAR/
PETROBRAS) situated at the industrial complex of Araucaria 
– Parana State, south of Brazil (Fig. 1).

Spilled oil affected around 2,250 m2 of a freshwater 
wetland denominated Arroio Saldanha and more than 50 
kilometers of the river courses of Barigui and Iguaçu rivers 
(Bastos Neto et al., 2001). The Iguaçu hydrographic basin is 
considered one of the most important in the south of Brazil 
due to human water supply and its rich biodiversity with many 

endemic species (Zawadzki et al., 1999). The construction of 
small oil barriers in the Arroio Saldanha streams was efficient 
to avoid oil dispersion but critical for the contamination of 
the area due to the oil retention. According to Meniconi et al. 
(2002) only 30% of the spilled oil reached Bariguí and Iguaçu 
Rivers, and of the total retained oil, only 25% was removed 
from Arroio Saldanha. 

Environmental factors tends to alter the composition of 
spilled oil along time and biological factors present in soil, 
water and sediment tend to alter the molecules from oil 
spills, making hard to predict precisely the composition of 
the residual oil and the biological consequences (Pedrozo 
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et al., 2002). Due to the toxicity to aquatic organisms and 
the persistence of some hydrocarbon compounds in the 
environment, the consequences of accidents involving oil 
spills have been more investigated in the last years. Biomarkers 
are frequently reported as an efficient tool to evaluate the risk 
assessment of hydrocarbons in oil spill (Jewett et al., 2002; 
Marty et al., 2003; Kammerer et al., 2004; Carls et al., 2001, 
2004; Marigómez et al., 2006). After the Aegean Sea oil spill 
in Galician coast, significant levels of lipid peroxidation in 
digestive glands of mussels were related with the increase 
of PAHs in the tissues (Solé et al., 1996; Porte et al., 2000). 
Increases in DNA damage were found in different tissues of 
fishes after Sea Empress oil spill in South West Wales (Lyons 
et al., 1997; Harvey et al., 1999). In the Ligurian Sea, eight 
years after the Haven oil spill Pietrapiana et al., (2002) found 
genotoxic effects of the residual oil. Marigómez et al. (2006) 
reported morphological effects and lysosomal enlargement in 
fish and mussel species from Biscay Bay after the Prestige 
oil spill. After the Exxon Valdez oil spill in Prince William 
Sound, acute (Khan & Nag, 1993; Marty et al. 1999) and 
chronic (Jewett et al. 2002; Hugget et al., 2003; Marty et al., 
2003) histological damages were found in fish.

The aim of the present work was to evaluate the long-
term impacts of the Getulio Vargas Refinery oil spill using 
chemical analysis of PAHs in sediment, and through the study 
of biochemical and genetic biomarkers five years after the oil 
spill. In addition, histophatological analyses of sentinel native 
fish species Hyphessobrycon reticulatus and Phalloceros 
caudimaculatus were conducted to assess biological effects of 

chronic exposure to the oil spill. To assess bioavailability of 
residual hydrocarbons it was performed a short term bioassay 
(96h) with Astyanax sp. Exposed to Arroio Saldanha water to 
estimate PAH metabolites in bile.

Materials and Methods

Animals and Sampling

Hyphessobrycon reticulatus (Characidae, 
Tetragonopterinae) is a small sub-tropical benthopelagic 
species of freshwater fish widely distributed in Brazilian 
streams (Gerry, 1977) and Phalloceros caudimaculatus 
(Poeciliidae, Poeciliinae) is a pelagic species thoroughly 
distributed along Brazil, Paraguay and Uruguay (Froese & 
Pauly, 2006). Astyanax sp. is a freshwater fish species (Family 
Characidae, Order Characiformes), widely distributed in 
Brazilian  rivers and streams (Gerry, 1977; Godoy, 1975). 

Thirty adults individuals of H. reticulatus, and 17 larvae 
and 27 adults individuals of P. caudimaculatus were collected 
in the same site in February 2005 using small bolter, and 
transported in tanks (100 L) with oxygen supply to the Cellular 
Toxicology Laboratory for biochemical, histopathological 
and genotoxic studies (Table 1). For biochemical studies 
samples were frozen (-80°C) until analysis procedure. The 
same number of individuals of H. reticulatus was used as 
controls; specimens were obtained from reference site at 
Park Costa located at Curitiba Municipality. In addition 274 

Figure 1 - Map of the studied area in Araucária city, Paraná State – South of Brazil.
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individuals, between adults and young, of P. caudimaculatus 
were collected to investigate external anatomic deformations.

Sixty adults individuals of Astyanax sp. were obtained 
from a pisciculture farm in Araucária Municipality and 
acclimatized in the laboratory for 15 days before the bioassay 
experiments, under controlled temperature (22-21ºC) and 
photoperiod (12h ligh/12h darkness). After 96 hours of 
exposure the PAH´s bioavailability was determinate by bile 
chemical analysis. During the acclimatization period fish were 
fed with commercial food daily (Alcon Guppy®), except 
during the experiments.

Biochemical Procedures
Cholinesterase (ChE) activity: Muscle tissue was unfrozen 

and homogenized in ice-cold 0.1M potassium phosphate 
buffer in pH 7.5. Homogenates were centrifuged at 10000 x g 
for 10 min at 4°C for enzyme activity measurement according 
to Ellmann et al. (1961) adapted for microplates (Silva de 
Assis, 1998). The enzymatic activity was expressed as nmol.
min-1.mg protein-1.

Glutathione S-Transferase (GST) activity: Liver tissue 
was unfrozen and homogenized in ice-cold 0.1M potassium 
phosphate buffer, in pH 6.5 for GST and catalase analysis. S9 
fraction was obtained from liver of H. reticulatus and the global 
GST activity was determined by measuring the increase in 
absorbance, using reduced glutathione (GSH) and 1-chloro-2,4-
dinitrobenzene (CDNB) as substrate according to Keen et al. 
(1976). The concentration of 1.5 mM GSH and 2.0 mM CDNB 
was used. The absorbance increase was measured at 340 nm.

Catalase (CAT) activity: S9 fraction was obtained 
from liver of H. reticulatus and CAT activity was assayed 
spectrophotometrically by measuring the decrease in absorbance 
of H2O2 (Aebi, 1984). The concentration of 20 mM H2O2, 50 
mM Tris buffer, 0.25 mM EDTA, pH 8.0, 25°C was used). The 
decreasing absorbance was measured at 240 nm. 

Lipid Peroxidation (LPO): LPO was determined by FOX 
(ferrous oxidation-xylenol) assay (Jiang et al., 1991, 1992) 
with minor modifications. Liver fragments of sacrificed 
H. reticulatus were immediately frozen (-80oC) and the 
homogenates centrifuged at 1000 x g for 10 min at 4°C. 
For the assay, 30 μl of supernatant and 270 μL of a solution 
containing 100 μM xylenol orange, 25 mM H2SO4, 4 mM 
BHT (butylated hydroxytoluene) and 250 μM FeSO4.NH4 

(ammonium ferrous sulfate) in 90% grade methanol were 
added to a 96 well microplate. Blanks were prepared by 
replacing the supernatant for Tris–sucrose buffer. Samples 
were incubated at room temperature for 30 min until the 
reaction is complete and absorbance was measured at 570 nm. 
To determine the hydroperoxides concentration, it was used 
the apparent molar extinction coefficient for H2O2 and cumene 
hydroperoxide of 4.3x104 M-1 cm-1.

Protein concentration

Total proteins were quantified in the samples following 
Bradford (1976). Supernatant (10 µl) and 250 µL of Bradford 
reagent (“Coomassie brilliant blue” BG-250) were placed in 
a 96-well microplate and absorbance was measured at 595 
nm. Protein content was calculated through comparison with 
a standard curve of bovine serum albumin.

Genotoxic Procedures

Comet Assay: DNA damage (unspecific DNA cleavage) 
was analyzed by means of the Comet assay (Singh et al., 1988). 
Hepathocytes of H. reticulatus were suspended in 0.5% low 
melting point agarose (LMPA), layered onto precoated 1.5% 
normal melting point agarose microscope slides and spread 
with a cover slip. After LMPA solidification, the cover slips 
were removed and the slides were kept in a cold lysing solution 
(220 mM NaCl, 9 mM EDTA, 0.9 mM Tris, 1% Triton X-100 
and 10% DMSO, 0.9% sodium sarcosianate, pH 10.0) for 1 h 
at 4°C. Then, the slides were placed in electrophoresis buffer 
(300 mM NaOH, 1 mM EDTA, 2% DMSO, pH>13) for 20 min 
to allow DNA unwinding. Electrophoresis was performed at 
25 V and 300 mA for 20 min. After electrophoresis, the slides 
were neutralized in 0.4 M Tris (pH 7.5), fixed in absolute 
ethanol during 10 min and stained with ethidium bromide (2 
μg ml-1). All procedures were performed under red light. For 
analyzes, a hundred nuclei per slide were blindly classified 
by their tail size (0, 1, 2, 3 and 4) under a ZEISS Axiophot 
microscope and scored as follow: Score = ∑(damage class x 
percentage of incidence).

Micronucleus Test: It was followed the proposed method 
by Heddle (1973) and Schmid (1975) with modifications. 
Blood samples of H. reticulatus were obtained from the 
caudal vein of the specimens and distended on clean slides. 
After fixation in ethanol for 30 min, slides were left to air-dry 
and stained with 10% Giemsa solution for 10 min. Besides the 
micronucleus (MN) counting, the nuclear alterations (NAs) 
in erythrocytes of H. reticulatus were also registered.  Small, 
nonrefractive, circular or ovoid chromatin bodies showing the 
same staining pattern as the main nucleus were considered 
as MN (Al-Sabti & Metcalfe, 1995). NAs were classified 
according to Carrasco et al. (1990). From each slide 2000 
erythrocytes were scored under 400× magnification.

Histopathological Procedures morphological analysis 
adult specimens of H. reticulatus and P. caudimaculatus were 
collected to light microscopy (gills and liver) and Scanning 
Electron Microscopy (SEM) (gills) analyses, and larvae of P. 

Table 1 - Numbers of Hyphessobrycon reticulatus and Phalloceros 
caudimaculatus collected to morphological (light and scanning microscopy), 

biochemical (cholinesterase, glutathione S-transferase, catalase and lipid 
peroxidation) and genetic (comet assay and micronucleus test) analyses.

Analyses H. reticulatus P. caudimaculatus
Adults Adults Larvae

Arroio 
Saldanha

Morphological 30 15 53          
Biochemical and 

genetic 30 ne ne

Reference Biochemical and 
genetic 30 ne ne

ne = not evaluated; 
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caudimaculatus were removed from the females’ peritoneal 
cavity to internal histological evaluation (liver, gills, kidney, 
thymus, pseudobranchi and retina). 

Light microscopy: Gills and liver from both species and 
larvae samples of P. caudimaculatus were preserved in Alfac 
fixative solution (16 h) dehydrated in a graded series of 
ethanol and embedded in Paraplast Plus resin (Sigma®). The 
sliced sections (5 µm) were stained in Hematoxilin/Eosin and 
observed under a ZEISS Axiophot photomicroscope according 
to Akaishi et al. (2004).

Scanning electron microscopy (SEM): Gills were fixed in 3% 
glutaraldehyde, 0.1 M sodium cacodylate, pH 7.2 - 7.4, washed 
in 0.1 M sodium cacodylate buffer, dehydrated in graded series 
of ethanol (Merck®), and critical point with CO2. The samples 
were observed using a JEOL JSM-6360LV scanning electron 
microscope according to Alves Costa et al. (2007).

PAH´s Bioavailability Experiment

Sixty adult individuals of Astyanax sp. were exposed to 
water collected in the same site used in field studies. Water 
was transported to the bioassays laboratory facility of the 
Aquatoxi research group (Aquatoxi/UFPR) and distributed in 
six 15 liters glass aquaria (two 100% and two 50% diluted 
in reconstituted water) according with Akaishi et al. (2004) 
with 10 individuals per aquarium. As experiment control, two 
aquaria with reconstituted water were used. After 96 hours 
exposure, bile was collected from individual animals, pooled 
(3 animals per pool) and frozen at -76oC to be analyzed as 
described below.

Sediment and Bile Chemical Analyses

Sediment and bile chemical analysis were performed 
following the same fluorimetric protocol (Aas et al. 2000), 
differing in the pre-treatment of the samples. Sediment cores 
(30 cm depth) were collected in duplicate from the principal 
stream of the Arroio Saldanha and frozen (-20°C) until analyses. 
Sediment core was divided in four sub-samples cores (7.5 cm 
each) at different depth, dried (45°C), solubilized in methanol 
(48%) (1:600 v/w) and filtered (0.45 µm) to fluorimetric 

measurements. Bile samples were also diluted in methanol 
48% (1:600 v/v). PAHs were detected by fixed wavelength 
fluorescence performed in a RF-5301 PC Spectrofluorimeter 
using the 16 PAHs considered priority pollutants by the US 
Environment Protection Agency (USEPA) as references. The 
wavelength pairs of excitation/emission used to detect PAHs 
were: 288/330 nm (2 ringnaphthalene type), 267/309 nm (3 
ring phenanthrene type), 334/376 nm (4 ringpyrene type), 
364/406 nm (5 ring benzo(a)pyrene type) and 380/422 nm (6 
ringbenzo(ghi)perylene type). The bile values were normalized 
related to proteins content as described above according to 
Bradford (1976).

In compliance with the protection of human subjects and 
animal welfare, authors team also assure that the animals used 
in the experimental design described in the current work were 
treated in accordance with the guidelines of NIH for care and 
use of laboratory animals.

Statistics

 Non parametric statistics (Mann-Whitney Test) were 
used for genotoxic assays. For other assays, normality of data 
was tested by Kolmogorv-Smirnov test followed by t-test 
comparing control and exposed animals at p<0.05 (significant 
difference) and p<0.001 (high significant difference). All 
statistical analyses were conducted with Staview (SAS 
Institute Cary, NC, USA.).

Results

In sediment, the majority of PAHs were found in shallow 
layers (until 15 cm depth) (Fig. 2A). After 15 cm depth, higher 
5 and 6 aromatic rings concentrations were found (6 and 8 µg 
g-1); deepest samples reveled a higher concentration of 2, 3 and 
4 aromatic rings (1 - 3 µg g-1) (Fig. 2B). The chemical analysis 
of PAH´s in bile Astyanax sp. exposed to water from Arroio 
Saldanha wetland revealed that PAHs are still bioavailable in 
water (Table 2).

From the biochemical analysis, individuals collected in the 
Arroio Saldanha showed a decrease in the ChE activity (56±6.59 

Figure 2 - Profile of the sediment cores dry weight (dw) PAH concentrations from Arroio Saldanha. (A) Total PAHs. (B) Specific aromatic groups (2–6 
rings). 2-rings PAHs main include naphthalene; 3-rings PAHs main include acenaphthylene, acenaphthene, fluorene, phenanthrene and anthracene; 4-rings 

PAHs main include fluoranthene, pyrene, benzo(a)anthracene and chrysene; 5-rings PAHs main include benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(a)pyrene and dibenzo(ah)anthracene; 6-rings PAHs main include indeno(123-cd)pyrene and benzo(ghi)perylene.
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Figure 3 - Comparative biochemical and genotoxic findings in H. reticulatus from Arroio Saldanha and reference site. (A) ChE activity. (B) GST activity. 
(C) CAT activity. (D) Lipid Peroxidation. (E) Comet Assay. (F) Micronucleus Test.  Bars = mean ± SE. * P < 0.05. *** P < 0.001.

nmol.min-1.mg-1 protein) compared to the control (75.81±5.38 
nmol.min-1 mg-1 protein) (Fig. 3A). An increase in GST activity 
was found in individuals from Arroio Saldanha (95.59±4.16 
nmol.min-1.mg-1 protein) compared to individuals from reference 
site (55.07±4.43 nmol min-1 mg-1) (Fig. 3B). Animals from 
Arroio Saldanha did not show any significant differences in 
CAT activity with respect to individuals from reference site (Fig. 
3C). For LPO, an increase in production of lipid hydroperoxides 
(28.38±1.25 nmol mg-1) was observed in the hepatic tissue of 
H. reticulatus from Arroio Saldanha when compared with the 
reference site (15.64±1.22 nmol mg-1) (Fig. 3D).

Table 2 - PAHs distribution in bile of Astyanax sp. (mg kg-1) after 
waterborne exposure (96 hours) to water sample from Arroio Saldanha six 

years after the accident – 2005 (pools mean ± standard desviation).

2 rings 3 rings 4 rings 5 rings 6 rings ∑PAHs
Control 1.46±0.23 2.77±0.28 2.77±0.92 4.77±1.42 0.87±0.23 12.48±2.11
Arroio 
Saldanha 4.53±0.56 5.30±0.73 5.42±0.52 5.58±0.48 1.09±0.11 21.94±2.11

Higher levels of DNA damages (comet assay) were found 
in fishes from Arroio Saldanha (210.66±3.77) compared 
to individuals from reference site (58±2.99) (Fig. 3E). In 
individuals from Arroio Saldanha also the micronucleus test, 
showed higher values of NAs + MNs (1.63±0.21) in relation 
with animals from reference site (0.66±0.12) (Fig. 3F). 

Histopathology revealed damages in both studied species 
(Table 3). In liver of H. reticulatus from Arroio Saldanha it 
was found eosinophilic centers (Fig. 4B) and neoplastic focus 
indicating a chronic exposure (Fig. 4C and 4D). Leukocytes 
infiltrations were also found (Fig. 4A). In gills, aneurysms, 
secondary lamellae disorganization, cellular proliferation and 
hypertrophy of branchial epithelium were found indicating acute 
exposure (Fig. 5B and 5D), and fusions in secondary lamellae 
(Fig. 5C) and secondary lamellae degeneration, indicating chronic 
exposure. Fig. 5A showed gills of animals from reference site.

No external anatomical alterations were found in individuals 
of P. caudimaculatus. Liver of adult P. caudimaculatus 
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from Arroio Saldanha presented high incidence of severe 
pathological lesions as the occurrence of necrotic areas (Fig. 
6B), inflammation with leucocytes infiltration, melano-
macrophage centers (Fig. 6F) and cellular vacuolization (Fig. 
6C and 6D). Other lesions as cellular hypertrophy (Fig. 6A) 
and neoplastic foci (Fig. 6E) were found in few individuals. In 
gills of adults P. caudimaculatus, the Fig. 7A shows the normal 
aspect of gills in animals from reference site and Fig. 7B and 
7C show alterations as secondary lamellae fusion representing 
the most predominant lesion. Some alterations as the intense 
mucous release is also observed on primary lamellae surface 
(Fig. 7C). Low occurrence of cellular proliferation in primary 
lamellae, secondary lamellae degeneration and increase of 
mucous cells pores size were found.

In larvae of P. caudimaculatus, the spinal marrow, 
skin, retina, thymus, gill and pseudobranch did not present 
morphological damages. The liver in these specimens showed 
the same organization as described in adult individuals 
(Hybia, 1982; Rabitto et al., 2005), where polyhedral cells 
and a basophilic rounded nuclear shape of the hepathocytes 
were observed. Also the limit between hepathocyte was found 
as described to other teleostean species. Few individuals 
presented lesions in liver as cellular vacuolization and 
inflammatory response like leukocyte infiltration.

Discussion

Despite of the limited chemical analysis the current results 
revealed and suggest that the sediment from Arroio Saldanha 
wetland is still highly contaminated by PAH´s. It is know 
that other molecules nor PAH´s can be found in sediment and 
also interpreted by fluorimetric method and without a GC/MS 
analysis this data is incomplete. But when associated with the 
chemical analysis in bile we can affirm that PAHs are still 
bioavaialable to fish evidencing the sediment as the most 
important source.

The predominance of 2–4-ring PAHs in the deepest cores 
of sediment indicates a petrogenic source of pollution, while 
the 5–6-ring PAHs on sediment surface indicates a pyrolytic 
source (Norta et al., 2001; Dahle et al., 2003; Olajire et al., 
2005). The presence of pyrolytic PAHs on surface indicated 

Table 3 - Occurrence of lesions found in liver and gills of H. reticulatus 
and P. caudimaculatus from Arroio Saldanha (light and scanning electron 

microscopy).

Hyphessobrycon 
reticulatus

Phalloceros
 caudimaculatus

Adults Adults Larvae
Lesions Occurrence % Occurrence % Occurrence %
Liver
Leukocyte 
infiltrations 5(30) 16% 6(15) 40% 2(53) 3%

Neoplastic foci 2(30) 6% 1(15) 6% 0(53) 0%
Eosinophilic 
center (pre-
neoplastic foci)

1(30) 3% 0(15) 0% 0(53) 0%

Necrosis 0(30) 0% 7(15) 46% 0(53) 0%
Cellular 
Vacuolization 0(30) 0% 4(15) 26% 2(53) 3%

Melano-
macrophage 
centers

0(30) 0% 5(15) 33%

Gills
Fusions in 
secondary 
lamellae

8(30) 26% 7(15) 46% ne ne

Secondary 
lamellar 
degeneration

0(30) 0% 3(15) 20% ne ne

Cellular 
Proliferation 
between 
secondary 
lamellae

10(30) 33% 6(15) 40% ne ne

Hypertrophy 
of branchial 
epithelium 

4(30) 16% 0(15) 0% ne ne

Secondary 
lamellar 
degeneration

1(30) 3% 0(15) 0% ne ne

Secondary 
lamellar 
disorganization

6(30) 20% 0(15) 0% ne ne

Aneurisms 9(30) 30% 0(15) 0% ne ne
Damages on 
primary lamellae 
surface

0(30) 0% 4(15) 26% ne ne

Neoplasic foci 0(30) 0% 4(15) 26% ne ne

Figure 4 - Liver cross-section of H. reticulatus from Arroio Saldanha. HE 
stains. (A) leukocyte infiltration; (B) eosinophilic center; (C) (D) neplastic 

foci. Bars=10µm.

Figure 5 - Gills scanning electron microscopy of H. reticulatus from Arroio 
Saldanha. HE. (A) Normal aspect of gills; (B) (D) hypertrophy of branchial 
epithelium; (C) fusions between secondary lamellas; (E) secondary lamellae 

disorganization; (F) cellular proliferation between secondary lamellae.  
Bars= 100µm.
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a deposition of hydrocarbons by industrial activities. The 
important levels of petrogenic PAHs found in deepest layers 
could be related to Getulio Vargas oil spill, although other 
sources of contamination can not be discarded. The absence of 
2-4-ring PAHs on superficial layers could be due to the lower 
stability of these compounds. Previous studies demonstrated 
that 2-4-ring PAHs are fast degraded in sediments (Jones et 
al., 1986). According to Zoest & Van den Hurk (1990) the 
volatilization, photodegradation and biological mediation can 
also remove some of these compounds from sediment surface. 
Present data suggest that the PAHs found in the sediment are 
characterized by both pyrolytic and petrogenic inputs.

Hydrocarbons found in bile of Astyanax sp. confirm that 
PAHs presented in Arroio Saldanha’s water are bioavailable. 

Figure 7 - Gills scanning electron microscopy of P. caudimaculatus from 
Arroio Saldanha. HE. (A) Normal aspect of gills; (B) secondary lamellae 
disorganization; (C) secondary lamellae fusions; (D) damages on primary 

lamellae surface.  Bars= 100µm.

Figure 6 - Liver cross-section of P. caudimaculatus from Arroio 
Saldanha. HE stains. (A) Cellular hypertrophy; (B) necrosis; (C) (D) 

cellular vacuolization; (E) neoplastic foci; (F) melano-macrophage center. 
Bars=10µm.

These findings confirm the use of biliary PAHs metabolites 
contents as an efficient biomarker of exposure to fish, as 
described by others (Leadly et al., 1999; Lin et al., 2001; Yang 
et al., 2003). Camus et al. (1998) found PAHs metabolites in 
bile of  Scophthalmus maximus after 24 hours of exposure to 
crude oil increasing the values until 4 days, and  van den Hurk 
et al. (2006) described the presence of benzo(a)pyrene (BaP) 
after 48 hours of waterborne exposure in Ictalurus punctatus. 
The results of the current work show the bioavailability of 
PAHs present in the aquatic environment of Arroio Saldanha 
that could be related to a release of residual oil from sediment 
even after approximately 5 years of the accident. The bile 
chemical results indicated that PAHs are available for the 
native stream species, supporting the toxic effects described to 
H. reticulatus and P. caudimaculatus. These data demonstrate 
the continuous absorption of 2-6-rings PAHs by aquatic 
organisms probably available dissolved in water or available 
in food chain is even a potential risks to the ecosystem 
found in Arroio Saldanha water. Recently Silva et al. (2006) 
described experimentally the bioavailability of PAH´s in 
Barigui River water, closed to the accident area. This river 
present high industrial and urban impact and also were found 
the bioavailability of PAH´s and also metals.

Despite of the ChE inhibition has been more frequently 
related to organophosphate insecticides and carbamate 
(Oliveira Ribeiro et al., 2006) the absence of agriculture 
activities in the Arroio Saldanha wetland eliminated any 
possibility of this finding be related with pesticides exposure. 
According to other ChE is also inhibited by some toxic metals 
(Payne et al., 1996; Guilhermino et al., 1998; Cajaraville 
et al., 2000; Rabitto et al., 2005; Alves Costa et al., 2007), 
that can corroborated with the presence of oil once metals 
are frequently associated with oil composition. Otherwise, as 
verified in the present work the inhibition of ChE means also 
be related to crude oil exposures as described by Rodríguez-
Fuentes & Gold-Bouchot (1999) and Akaishi et al. (2004). 
Organic compounds are also related with an activation of 
antioxidant enzymes as GST, GPx, GSH and CAT. That 
increase in enzymatic activity was observed to GST in the 
present work. GST activation was also observed for Carassius 
auratus (Zhang et al. 2004) and for Oreochromis mossambicus 
(Shailaja & D’Silva 2003) exposed to different fractions of 
PAHs. Despite of this, no differences in CAT activity were 
observed among individuals from both studied sites. A possible 
explanation is that an activation of glutathione peroxidase 
(GPx) or other compensatory mechanisms not investigated 
in the current work could compensate the role of CAT in H. 
reticulatus. Another possible reason is that the presence of 
other contaminants not investigated in chemical analysis (e.g. 
heavy metals also presented in the oil composition) could be 
inhibiting the CAT activity.

A well known effect of organic compounds is the lipid 
peroxidation (Cossu et al., 1997; Shi et al, 2005; Barron et al, 
2005; Almroth et al. 2005). Free radicals can react with nucleic 
acids and biological membranes rich in polyunsaturated fatty 
acids, resulting in increase of LPO (Halliwell & Gutteridge, 
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1984; Livingstone et al., 2000). An increase in lipid 
peroxidation was found in fishes from Arroio Saldanha. An 
LPO increase caused by PAHs can indicate induction in ROS 
production and an increase in enzyme activities as GST. These 
findings support the evidences that the fish populations from 
Arroio Saldanha exposed to PAHs, are under continuously 
effect of oxidative stress. The presence of ROS has been also 
associated with DNA damages (Marnett, 1999). Frenzilli et 
al. (2004) found DNA damage directly associated with LPO 
in Göteborg Harbor. Another genotoxic effect observed was 
the formation of MN and the prevalence of NAs in fishes 
from Arroio Saldanha. Although the mechanisms of MN and 
NA formation are not completely elucidated, studies have 
indicated a positive correlation between its appearance and 
the exposure to genotoxic contaminants (Tolbert et al., 1992; 
Serrano-Garcia & Montero-Montoya, 2001). The increases 
of NA levels observed in H. reticulatus in the current work 
were also described by Venier et al. (1997), and an apparent 
specific lobed nuclei induction were related to fish exposed 
to petroleum refinery effluents (Çavas & Ergene-Gözükara, 
2005). The genotoxic effects observed in individuals from 
Arroio Saldanha, support the hypothesis that the presence 
of ROS is responsible for fatty acid oxidative damages, 
possibly affecting the DNA repair system and resulting in the 
maintenance of some unrepaired DNA breaks. As indicated, the 
cell’s antioxidant defense systems were not efficiently enough, 
resulting directly in damages to DNA and lipid membranes, 
as observed in fishes from Arroio Saldanha compared with 
control group. These statements were previously indicated as 
a positive correlation between DNA strand breaks and PAHs, 
when aquatic organisms are chronically exposed (Mitchelmore 
et al. 1998; Cotelle & Férard, 1999; Large et al., 2002).

Histopathological findings, when analyzed together 
with biochemical endpoints, facilitate the observation of the 
physiological response in individuals, thereby establishing a 
more realistic diagnosis for evaluating environmental health 
(Akaishi et al., 2004). In the present work we have showed 
lamellar fusions of secondary lamellae suggesting an acute 
exposure, also described by Çavas & Ergene-Gözükara (2003) 
in Oreochromis niloticus exposed to petroleum refinery 
effluents. This kind of lesion can lead to a total fusion of 
secondary lamellae reducing the capacity for gas exchange. 
Branchial alterations as aneurysms, cellular proliferation 
between secondary lamellas and lamellar fusion found in 
individuals from Arroio Saldanha were also described in 
organisms exposed to petroleum compounds (Spies et al., 
1996; Akaishi et al., 2004; Nero et al., 2006; Oliveira Ribeiro 
et al., 2005). In addition, Rudolph et al. (2001) observed in 
Onchorhynchus mykiss exposed to PAHs the presence of 
branchial epithelium hypertrophy also described by Çavas 
& Ergene-Gözükara (2003) in the same species exposed to 
refinery effluents. These lesions were also observed in H. 
reticulatus and are associated with chronic exposure (Oliveira 
Ribeiro et al., 2005). In liver, the occurrence of leukocyte 
infiltrations in H. reticulatus indicates an inflammatory 
response or an immune susceptibility to external opportunist 
organisms as virus, bacteria or parasites.

Due to the potential carcinogenicity of PAHs (Shailaja 
& D’Silva, 2003) mainly after chronics exposures (Roche 
et al., 2002), the occurrence of neoplastic focuses and PAHs 
exposure has been strongly related (Myers et al., 1998). These 
damages were considered by Nuñez et al. (1991) as ‘transitional 
lesions’ between a focus of cellular alteration and a carcinoma, 
indicating the nature of diversion subcellular disturbances 
(Boorman et al., 1997; Vethaak & Wester, 1996). In the 
present work, the occurrence of carcinogenic focus and the 
high indexes of DNA damages demonstrated by comet assay 
revealed a strong evidence of chronic exposure to residual oil 
in sediment. The neoplasms described to both studied species 
(H. reticulatus and P. caudimaculatus) reinforce the hypothesis 
of PAHs bioavailability in Arroio Saldanha streams even six 
years after the accident. The eosinophilic centers found in H. 
reticulatus from Arroio Saldanha were also considered as pre-
neoplastic focuses (Hawkins et al., 1990).

According to Bickham et al. (2000), the constant exposure 
to pollutants on the genetic structure of natural populations, as 
in Arroio Saldanha, could lead to two probable consequences: 
the increase of genetic variability by the emergence of new 
mutations, or its reduction conducting to serious disturbs to 
population and community structure.

Conclusions

The current results suggest the  persistence of residual oil 
in the Arroio Saldanha sediment five years after the oil spill. 
Today, twelve years after the accident no more studies were 
developed in the area and now the access it is forbidden by 
the Petrobras Oil Company. We strongly recommend a more 
accurate biological and chemical analysis to verify the real 
conditions of the ecosystem. The current studies show that 
these compounds are bioavailable and represent a constant 
source of exposure to aquatic organisms. Also the chemical 
data reveals the contamination by the accident and also 
suggests an input of contaminants by industrial activity. In 
addition, the biomarkers used demonstrated that the residual 
oil in sediment is related with lesions in different levels of 
biological organization in both studied species of fish used 
as sentinels. Summarizing, the residual oil found in the 
sediment of Arroio Saldanha due to the accident in 2000 is 
still bioavailable to biota of Arroio Saldanha even five years 
after the accident and nothing was investigated after to know 
if this condition are still present in the area.
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