MARINE ECOLOGY PROGRESS SERIES
Mar Ecol Prog Ser

Vol. 328: 41–49, 2006

Published December 20

Temporal variation in the levels of polycyclic
aromatic hydrocarbons (PAHs) off the Galician
Coast after the ‘Prestige’ oil spill
Óscar Nieto1,*, Janire Aboigor1, Raquel Buján1, Momar N’Diaye1, Jesús Graña1,
Liliana Saco-Álvarez2, Ángeles Franco3, José Antonio Soriano3, Ricardo Beiras2
2

1
Departamento de Química Analítica e Alimentaria, Universidade de Vigo, 36200 Vigo, Spain
Departamento de Ecoloxía e Bioloxía Animal, Facultade de Ciencias do Mar, Universidade de Vigo, 36200 Vigo, Spain
3
Instituto Español de Oceanografía, Cabo Estay, Canido, 36200 Vigo, Spain

ABSTRACT: We studied the temporal variation of polycyclic aromatic hydrocarbons (PAH) levels in
the wild mussel Mytilus galloprovincialis, water and sediment from 3 sampling sites on the Galician
coast of Spain between the rias of Arousa and Muros, which were dramatically affected by the large
oil spill from the oil tanker ‘Prestige’. The samples were collected periodically, from November 22,
2002, 3 d after the tanker sank, until December 23, 2003. The total hydrocarbon content in the water
and sediment samples was determined by fluorescence and expressed as concentration of chrysene. In addition, individual PAHs — analytes recommended by the US Environmental Protection
Agency — were analysed in the mussel samples by HPLC using fluorimetric detection. A maximum
concentration of 2.07 × 103 µg equiv. of chrysene l–1 was found in the water column at the sampling
site of Furnas on November 29, 2002 which decreased to 0.21 µg l–1 by October 2003. Likewise, the
concentrations of the sum of the 16 PAHs determined in the mussel samples collected at the sampling
points were between 2.5 × 103 and 5.9 × 103 µg kg–1 dry weight in the days immediately following the
oil spill and then decreased to 0.13 × 103 µg kg–1 in October 2003. However, no relevant information
could be obtained from the PAH content of the sediment samples. A relation between parent PAHs
accumulated in the mussels and their molecular weight (MW) has been found to provide an indication of hydrocarbon pollution. A good approximation was obtained when the total PAH content
(ΣPAH) was represented versus the ratio of low MW PAHs to high MW PAHs (ΣLPAH:ΣHPAH). When
the depuration rate r of individual PAHs by the mussels was fitted to an exponential model, 2 different values of r were found depending on the PAH concentration. The change from a slow to fast
depuration rate was produced when the logarithm of the concentration was 1.0.
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On November 13, 2002 the oil tanker ‘Prestige’, carrying 77 000 t of heavy fuel, started leaking through a
15 m crack in the hull while the tanker was being
towed. It broke apart 6 d later and sank to 3700 m. An
estimated 50 000 t of fuel were spilled, according to
local press reports. On November 16 the oil slick
reached the coast of Spain, affecting a coastline zone
between cape Corrubedo and Ferrol. We started sampling a small area near cape Corrubedo, between the

rias of Muros and Arousa. Water, sediments and mussel Mytilus galloprovincialis samples were collected in
order to determine the impact of the fuel on the coastal
ecosystem. During the first days of December 2002 a
second black tide, originating from the tanker when its
hull broke into 2 pieces, reached the southern Galician
coast. This affected one station we had previously considered as unpolluted.
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous components in the marine environment. They are
among the compounds included in the Oslo and Paris
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(OSPAR) Commission List of Chemicals for Priority
Action and the EU Water Framework Directive List of
Priority Hazardous Substances. In addition, the US
Environmental Protection Agency (USEPA) has identified 16 PAHs as priority pollutants. PAHs originating at
high temperatures (combustion) are dominated by the
parent species, while the crude oils contain a wide
range of alkyl derivatives. Several tanker accidents
have occurred off the Galician coast before that of the
‘Prestige’, and include the ‘Andros Fortune’ (1961), the
‘Polycommander’ (1970), the ‘Urquiola’ (1976), the
‘Andros Patria’ (1979) and the ‘Aegean Sea’ (1992);
however, studies on PAHs were only performed after
the last one (Sole et al. 1996, Albaiges et al. 2000, Porte
et al. 2000a,b, Pastor et al. 2001). The heavy fuel that
spilled from the ‘Prestige’ contained a complex fraction
of aromatic hydrocarbons. This mixture included low
molecular weight aromatic hydrocarbons, such as
naphthalene and their alkyl derivatives, and high molecular weight aromatic compounds, but in a lesser proportion (Bayona et al. 2004 p. 13–20). We monitored
the concentrations of PAHs in samples taken concurrently of seawater, sediment and the mussel Mytilus
galloprovincialis in order to evaluate the impact of the
‘Prestige’ oil spill in a representative stretch of the
affected coastline and follow the recovery during the
first year after the spill. Depuration rates of individual
PAHs as a function of their molecular weight and their
bioaccumulation levels were also investigated.

MATERIALS AND METHODS

Fig. 1. Location of the water, sediment and mussel sampling
stations (M1, M2, M3) in the Galician rías (northwestern
Iberian Peninsula)

Sampling stations. Samples of water, sediment and
non-commercial wild populations of the mussel Mytilus
galloprovincialis (40–60 mm length) were collected
from 3 sampling stations in an exposed strip off the
Galician coast in northwestern Spain (Fig. 1): (1) a narrow sandy creek (M1; 42° 38’ 38” N, 9° 02’ 15” W), (2) a
long sandy beach (M2; 42° 33’ 05” N, 9° 01’ 40” W), and
(3) a rocky shore (M3; 42° 30’ 59” N, 9° 01’ 00” W). On
the first sampling date (November 22, 2002), the fuel oil
slick had reached M1 but not M2 nor M3; on the second
sampling date (December 17, 2002) the fuel had already reached all 3 sites. We sampled every 2 wk
between December 2002 and February 2003, and every
2 mo afterwards. The number of mussels collected
ranged between 200 and 400 depending on their availability, date and site. Multiple water and sediment samples were taken from the sampling stations and then
pooled into composite samples for analysis.
Reagents. Stock solutions of 5 mg l–1 of the following
hydrocarbons in acetonitrile were prepared without
previous purification: (1) benz[a]anthracene and benzo[b]fluoranthene (Supelco); (2) naphthalene, acenaph-

thene, fluorene, phenanthrene, chrysene, benzo[e]pyrene, benzo[k]fluoranthene and benzo[g,h,i]perylene (Fluka); (3) anthracene and indeno[1, 2, 3-c,d]pyrene (Riedel de Haën); (4) fluoranthene, pyrene and
benzo[a]pyrene (Sigma); and (5) dibenz[a,h]anthracene
(Aldrich). From those solutions, subsequent dilutions
were prepared for HPLC calibration. We used 2methylchrysene (Dr. Ehrenstorfer) as an internal standard. All reagents and solvents were of HPLC and analytical grade quality.
Apparatus. The analysis of PAHs by HPLC was
carried out using a chromatographic system model
Alliance 2690 (Waters), equipped with a Vydac
201TP54 column (4.6 × 250 mm, 5 µm particle size;
Grace Vydac) and coupled to a fluorimetric detector
model 474 (Waters). All experimental conditions for
recording the chromatogram and the data acquisition
from the detector were controlled with the software
Millenium 32 (Waters). A water-jacket (Altech) maintained a constant column temperature during the elution process. The sediment and the soft tissue of the
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mussel samples were freeze-dried using a model
Alpha 1–4 (Martin Christ). A spectrofluorometer
model RF-1501 (Shimadzu) was used for the determination of the total content of hydrocarbons in the samples of water, sediments and mussels.
Condition index. The condition index was calculated on samples of 15 mussels per site as dry weight
to length ratio (g m–1). Electronic callipers were used to
measure the length of mussels.
Chemical analysis. The water samples were collected in 2 l amber glass bottles. The water was poured
into a separatory funnel, 3 liquid-liquid extractions
with dichloromethane were carried out, and the
organic phases obtained (USEPA 1980; Method
3510B). After substitution of the solvent by n-hexane,
the total hydrocarbon content was determined by fluorimetry at fixed excitation and emission wavelengths
of 310 and 360 nm, respectively. The fluorescence
intensity was compared with standard solutions of
chrysene in n-hexane as well as with solutions of naturally aged oil from the tanker ‘Prestige’.
The hydrocarbons from sediment and mussel (40 to
60 mm length) samples were extracted for 7 h by
means of a soxhlet system that used a mixture of nhexane and acetone as solvents. Then, a solid phase
extraction clean up of the extract was carried out with
a 10% deactivated alumina column and n-hexane.
Subsequently, the eluate obtained from sediment samples was determined by fluorimetry under the same
conditions as the water samples, and the PAHs
obtained from the mussel tissue samples were determined by HPLC with fluorimetric detection.
We injected 20 µl of sample into the column and a
gradient elution was performed by using water and
methanol as eluents (López et al. 1996, Viñas 2002).
The column temperature was maintained at a constant
23.5°C. These measurement conditions allow the
separation of the PAHs with good resolution, although
recording the chromatogram takes about 60 min.
Nevertheless, these conditions avoid erroneous measurements due to the presence of interferences. The

fluorimetric detection was carried out by programming
the specific excitation and emission wavelengths of
each PAH analysed.
The analytical data were verified through the participation in an intercalibration exercise organised by the
Spanish Institute for Oceanography (IEO). The reference material was wet mussel tissue and was the
same as that used in the last intercalibration exercise
organised by Quality Assurance of Information for
Marine Environmental Monitoring in Europe. Satisfactory results were obtained (|z| < 2). Subsequent analyses of that reference material were used as internal
quality assurance.
Statistical methods. The decrease in PAH concentration in the mussels was fitted to the following equation:
Ct = C0(–rt) exp (–rt)
where C0 is the maximum concentration found in the
mussel, Ct is the concentration of a hydrocarbon at
a given time t, and r is the depuration rate for each
individual PAH.
Condition index data were analysed by ANOVA and
an a posteriori Tukey test.

RESULTS AND DISCUSSION
Sample characterisation
Table 1 shows the location and general environmental variables of the surface water and sediment
for the 3 sampling sites. Salinity, pH and dissolved
oxygen (DO) were typical of oceanic water. Sampling
site M3 had the highest 5 d biological oxygen demand
(BOD5), whereas hydrocarbon levels in the water (see
next section) were the lowest. Thus, this variable as it
related to general organic pollution was not useful for
monitoring the fuel contamination. At sites M1 and M2
the bottom was sandy, poor in organic content and well
oxygenated, conditions that minimize the persistence
of hydrocarbons (Marchand & Caprais 1981).

Table 1. Locations and physical and chemical variables recorded at the 3 sampling sites M1, M2 and M3 (see Fig. 1). For surface
water the range of annual variation is shown with maximum values of temperature (T) found in August. Surface salinity (S) and
pH were reduced in rainy conditions. BOD5: 5 d biological oxygen demand; DO: dissolved oxygen. Sand data were collected
on November 29, 2002 (mean ± SD; n = 3). Eh: redox potential; OM: organic matter content

T
(°C)
M1
M2
M3

S
(psu)

Surface water
pH
DO
(mg l–1)

12.0–18.8 29.8–35.1 7.8–8.4 9.1–10.6
11.1–21.7 30.8–35.5 7.9–8.2 6.8–10.5
12.7–20.3 30.4–35.2 8.1–8.3 6.6–10.0

Sediment
BOD5
(mg l–1)
0.91–1.51
1.27–1.59
1.67–1.93

1 cm
Sand 173 ± 12
Sand 154 ± 12
Rock

Eh (mV)
3 cm

5 cm

OM
(%)

Particles
< 63 µm(%)

170 ± 24 183 ± 18 0.41 ± 0.07 0.71 ± 0.12
138 ± 2 131 ± 9 1.51 ± 0.08 1.54 ± 0.21
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Fig. 2 shows the condition index observed for the
mussels collected at each sampling station. The lowest
indices were found in the samples collected at M1,
which received the impact of 2 oil spills. No statistically
significant differences in condition index were found
between M2 and M3 (p > 0.05).

Hydrocarbon fate in water and sediments
Water
The total hydrocarbon concentrations found at the 3
sampling stations versus time are represented in
Fig. 3. The highest concentrations were found on the
Fig. 2. Condition indices obtained for the mussel samples at
first day samples were collected. A maximum value
each station. For each station the bars follow in chronological
order (dw = dry weight)
of 2.07 × 103 µg equiv. of chrysene l–1 (12.4 × 103 µg
equiv. of fuel l–1) at M1 and 45.4 µg
equiv. of chrysene l–1 (272 µg equiv.
of fuel l–1) at M2 were obtained on
November 29. Likewise, a maximum
concentration of 29.8 µg equiv. of
chrysene l–1 (176 µg equiv. of fuel
l–1) was found at M3 on January 3,
2003. The maximum concentrations
found at the sampling stations M2
and M3 were similar to those
observed in Prince William Sound,
Alaska after the ‘Exxon Valdez’ oil
spill (Neff & Stubblefield 1995) or in
Point Judith Pond, New York after
the ‘North Cape’ oil spill (Reddy &
Quinn 2001). However, the maximum concentrations detected in the
water samples at M1 were higher
than those reported in the references cited above. Stn M2 was chosen as an apparently unpolluted
zone on November 21, 2002 because it was not visibly affected by
the first oil spill, but on the first
sampling day the water samples
contained high concentrations of
hydrocarbons. Although these concentrations increased after the second oil slick affected that zone, they
rapidly declined during the following days. From April 4, 2003
onwards, values ranged between
1.43 and 0.18 µg equiv. of chrysene
l–1 (8.48 and 1.21 µg equiv. of fuel
l–1). These concentrations are considered background levels in other
studies (Maldonado et al. 1999,
Fig. 3. Variation of the total hydrocarbon concentration (conc.) found in the water
–1
Telli-Karakoç et al. 2002).
samples over time. White bars: µg equiv. of chrysene l ; hatched bars:
µg equiv. of fuel l–1. Dates given as dd/mm/yy
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centration of 0.8 µg equiv. of chrysene
kg–1 (4.9 µg equiv. of fuel kg–1 dry
weight) was detected on M1 at October
27, 2003.

Determination of PAHs in mussel
samples by HPLC
The sum of the concentrations of individual PAHs determined by HPLC in
the mussels over time is represented in
Fig. 4. This graphic does not include the
variation of concentrations with time of
naphthalene, acenaphthene and fluorene because they are markedly different to the rest of the parent PAHs.
Between November 2002 and June
2003 the concentrations found at M1
were higher than at M2, and the latter
higher than at M3 for all the samples
collected. The hydrocarbon contents
found at M1 were very high from the
first sampling day and a maximum
value of about 5.9 mg kg–1 dry weight
was detected on January 3, 2003. The
concentrations found during the period
November 2002 to June 2003 were
higher than those previously reported
(Boehm et al. 1996, Baumard et al.
1998, 1999, Porte et al. 2000a) except
for one case after the ‘Exxon Valdez’ oil
spill (about 8 × 103 µg kg–1 dry weight;
see Carls et al. 2001). In the beginning,
M2 was chosen as an apparently unpolluted area and the concentration of
PAHs found in November 2002 supported that assumption (0.3 × 103 µg
Fig. 4. Variation of the total hydrocarbon concentration (ΣPAH, except naphthakg–1 dry weight), despite the high
lene, acenaphthene and fluorene) in mussel samples over time. Dashed line:
hydrocarbon content detected in the
background values. Dates given as dd/mm/yy
seawater. However, there was a drastic
increase in PAH levels in mussels to a
Sediments
maximum concentration in January 2003 of 3.5 mg
kg–1 dry weight after the second oil slick reached the
Sample sediments from M1 and M2 were sandy
coast. Rapid incorporation of PAHs into the mussel
with the percentage of particles < 63 µm in size being
Mytilus edulis has been previously demonstrated
0.71 ± 0.12% (mean ± SE) and 1.54 ± 0.21%, re(Wolfe et al. 1981, Widdows et al. 1982). Moreover, the
spectively. Similarly, the percentage of organic matter
maximum amount of hydrocarbons was found at Stn
in sediments from M1 and M2 was 0.41 ± 0.07% and
M3 on January 3, the first day of sampling in 2003.
1.51 ± 0.08%, respectively. As a result very little
We used a reference value for an unpolluted area
adsorption of hydrocarbons occurred. No trend was
(0.1 × 103 µg kg–1 dry weight) obtained in a previous
observed in concentration of hydrocarbons with time.
study (Ó. Nieto et al. unpubl. data) from mussels
A maximum concentration of 4.7 µg equiv. of chrysene
collected close to the mouth of the ría of Pontevedra
kg–1 (25.9 µg equiv. of fuel kg–1 dry weight) was found
in February 2002. In all cases, the concentrations
declined to near background values, but in some cases
at M2 on August 12, 2003 and a minimum con-

46

Mar Ecol Prog Ser 328: 41–49, 2006

those concentrations remained above,
from April to June 2003 and onwards.
An exponential decrease in hydrocarbon concentrations has been observed
in depuration studies in the laboratory
(Farrington et al. 1982). An increase
in the burden of hydrocarbons was
observed in the samples collected at
Stns M1 and M3 in December 2003,
probably as a consequence of the
remobilization of the fuel deposited on
the sea bed because of bad weather
during the previous weeks.
The percentage of each parent PAH
determined in the mussels is represented in Fig. 5 for the 3 sampling stations. Two distinct time periods have
been determined according to the
results observed above: from November 2002 to April 2003 and from June to
December 2003. In the first period, as
expected, the profiles were almost
identical at the 3 sampling stations
because the pollution was from a
single source. The predominant compounds were chrysene and benzo[e]
pyrene. In the second period, different
profiles in the proportion of parent
PAHs were observed. Phenanthrene,
fluoranthene and pyrene were the
predominant hydrocarbons, whereas
those with higher molecular weight
were found in lesser proportions. Bearing in mind that a decrease in PAH
concentrations occurred from January
to April and the percentage of parent
Fig. 5. Percentage of parent PAHs detected in the mussel samples. Left column:
samples collected in the period from November 2002 to April 2003. Right column:
PAHs was very similar in that period,
samples collected in the period from June to December 2003. Phe: phenanit follows that the decrease in the
threne; Ant: anthracene; Fla: fluoranthene; Pyr: Pyrene; BaA: benz[a]anthrene;
concentration of each parent PAH
Chr: chrysene; BeP benzo[e]pyrene; BbF: benzo[b]fluoranthene; BkF: benzooccurred at the same rate.
[k]fluoranthene; BaP: benzo[a]pyrene; BghiP:benzo[g,h,i]perylene; DahA:
In studies on marine and coastal polludibenz[a,h]anthracene; Ipy: indeno[1, 2, 3-cd]pyrene
tion by PAHs, special emphasis is put
on the ratios between particular hyPAH = fluoranthene + pyrene + benz[a]anthracene +
drocarbons, such as phenanthrene: anthracene, fluoranchrysene + benzo[b]fluoranthene + benzo[k]fluoranthene:pyrene and benzo[e]pyrene:benzo[a]pyrene inthene + benzo[e]pyrene + benzo[a] pyrene + bendices, in order to determine the origin of the
zo[g,h,i]perylene + dibenz[a,h]anthracene + indecontamination (see reviews in Baumard et al. 1999 and
no[1, 2, 3-c,d]pyrene). The results obtained are shown in
De Luca et al. 2004). In this case no uncertainty exists
Fig. 6 and all the points in the plot can be fitted to the
about the source of hydrocarbons, but a relationship
following exponential equation (r = 0.89):
between parent PAHs has been determined in order to
test the degree of hydrocarbon pollution. A good apΣPAH = 6.82 exp (–6.51 ΣLPAH:ΣHPAH)
proximation was reported by De Luca et al. (2004) where
In addition, most of the points can be gathered into 2
the total PAH content (ΣPAH) is plotted against the
well defined areas of the plot. The points for which
ΣLPAH:ΣHPAH ratio (ΣLPAH = naphthalene + acenaphΣPAH > 0.8 mg kg–1 (dry weight) and ΣLPAH:ΣHPAH
thene + fluorene + phenanthrene + anthracene, and ΣH-
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Depuration rate
Several experiments have been carried out to better
understand the depuration of hydrocarbons in marine
organisms. As Figs. 4 & 7 show, the decreases in the
hydrocarbon concentrations with time follow an exponential curve that can be adjusted to the following
equation (Farrington et al. 1982):
Ct = C0(–rt)
where Ct is the concentration of a parent hydrocarbon
detected at each sampling station at a given time t (d);
C0 is the maximum concentration of that hydrocarbon
detected at this sampling station (both expressed as ng
g–1 dry weight) and r is the depuration rate.
The values of r obtained for some parent PAHs at
each sampling station are shown in Table 2. The
depuration rate of some hydrocarbons were not calFig. 6. Plot of the total PAH content in mussels (ΣPAH) versus
the ΣLPAH:ΣHPAH ratio. The hydrocarbons used for the sum
of ΣPAH, ΣLPAH and ΣHPAH are described in the text

< 0.6 correspond to the mussel samples collected
at the 3 sampling stations during November
2002 to April 2003. However, the points for
which the total content of PAHs is < 0.8 mg kg–1
dry weight and a ΣLPAH:ΣHPAH ratio is > 0.6
correspond to the mussels collected from June
2003 onwards. Hence, these limits, which are
similar to those proposed by De Luca et al.
(1999), can be considered as a good index to
distinguish between a polluted and unpolluted
zone.
Five points from all the results obtained are
located in an intermediate zone where ΣPAH and
ΣLPAH:ΣHPAH are < 0.8 mg kg–1 and < 0.6,
respectively. They can be considered as alert
values indicating light levels of pollution or the
remobilization of fuel deposited on the seabed.
The recommendations from the Spanish Agency for Food Safety, following those of the World
Health Organization (WHO 1991), indicate that
the sum of the parent PAHs (benzo[k]fluoranthene + benz[a] anthracene + benzo[b]fluoranthene + benzo[a]pyrene + dibenz[a,h] anthracene
+ indeno[1, 2, 3-c,d]pyrene) should be lower than
0.2 × 103 µg kg–1 dry weight. Fig. 7 shows the concentration of these hydrocarbons over time, which
has a similar pattern to that in Fig. 4. The maximum concentrations at the 3 sampling stations
were found in December 2002 and January 2003
and they declined to below the recommended
limits in April 2003.

Fig. 7. Variation of the sum of 6 PAHs (benzo[k]fluoranthene + benz[a]anthracene + benzo[b]fluoranthene + benzo[a]pyrene + dibenz[a,h]anthracene + indeno[1, 2, 3-c,d]pyrene) in mussels over time. Dashed line:
maximum concentration (0.2 × 103 µg kg–1 dry weight) allowed in seafood
by the Spanish Agencyfor Food Safety. Dates given as dd/mm/yy
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Table 2. Depuration rates (d–1) in mussels obtained for each parent PAH at the 3
sampling stations studied. A sampling station with 2 values given for a
PAH indicates those with first and second phase depuration rates

Anthracene
Fluoranthene
Pyrene
Benz[a]anthracene
Chrysene
Benzo[e]pyrene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Dibenz[a,h]anthracene

M1

M2

M3

0.0047
0.0070
0.0099/0.0030
0.0121/0.0028
0.0145/0.0039
0.0080/0.0020
0.0084/0.0027
0.0120/0.0021
0.0174/0.0018
0.0139

0.0120/0.0009
0.0019
0.0006
0.0218/0.0035
0.0194/0.0019
0.0108/0.0022
0.0064
0.0157/0.0001
0.0115/0.0026
0.0056

0.0023
0.0006
0.0088/0.0003
0.0162/0.0021
0.0100
0.0104/0.0022
0.0119/0.0045
0.0038
0.0130/0.0011
0.0236

culated because either their concentrations did not
follow a variation with time similar to those represented in Fig. 4 (such as acenaphthene, fluorene,
naphthalene and phenanthrene) or were not detected on the dates that the samples were collected
(benzo[g,h,i]perylene and indeno[1, 2, 3-c,d]pyrene).
In most cases the data showed 2 phases of depuration with different slopes. A first phase of fast depuration (from January 2003 to April 2003) had values ranging from 0.0218 to 0.0080 d–1, and a second
phase (from June 2003 onwards) had depuration rates
of 0.0001 and 0.0045 d–1. The change in depuration
rate is produced when the logarithm of the concentration Ct is between 1.0 and 1.5. Consequently, these
results suggest the existence of 2 depuration mechanisms for all the hydrocarbons that do not depend on
their nature, but on their concentrations. These findings agree with previous studies of the depuration of
PAHs in other bivalves (Rantamäki 1997, Hwang et
al. 2004).
In conclusion, the massive fuel oil spillage from the
oil tanker ‘Prestige’ caused elevated aromatic hydrocarbon concentrations in coastal seawater in the order
of the 2.07 × 103 µg equiv. of chrysene l–1 during the
first days after the spill. This was reflected in a peak in
PAH accumulation in mussels a few weeks after that in
seawater. Afterwards, depuration followed an exponential pattern independent of PAH molecular weight,
but the depuration rate seemed to decrease when total
PAH concentration decreased to < 0.2 × 103 µg kg–1 dry
weight. During the following winter, there was a slight
increase in hydrocarbon concentrations as a consequence of subtidal remobilization during winter
storms, and PAH levels in mussels remained above
background levels 1 yr later. In contrast, the hydrocarbon concentrations in the sandy sediment did not follow any consistent geographical or even temporal pattern within the 1 yr study.
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