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ABSTRACT

In 2002, the wreckage of the Prestige tanker and the subsequent oil spill prompted an 
epidemiological study promoted by the Spanish Thoracic Society (SEPAR). The study 
evaluated the long-term health effects of oil exposure among fishermen who participated 
in clean-up activities. The study resulted in eight original articles addressing the long-term 
respiratory and genotoxic effects of the exposure to the spill. After the Prestige accident, 
three additional major oil spills have occurred. In all of them, epidemiological studies 
addressed effects of oil exposure on different aspects of human health and prompted the 
international collaboration in investigations on health consequences of oil exposure, being 
the effects on the respiratory tract one of the most consistently substantiated. In the pres-
ent review we analyse the potential effects on human health of oil compounds and sum-
marise the main findings of the investigations conducted in the Prestige oil spill and 
subsequent accidents. (BRN Rev. 2019;5(1):62-70) 
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The Prestige oil spill occurred in November 
2002 and settled a before and after in the in-
vestigations on the health effects related to 
this kind of disasters. Until then, research 
was scarce, mostly focused on the acute or 
short-term effects, limited to reported symp-
toms, not substantiated by objective function-
al or biological assessments, and it suffered 
from a number of methodological limitations. 
Assessment of exposure to oil compounds was 
overall limited and not quantitative, and only 
few studies performed semiquantitative assess-
ments. The majority of studies reported an as-
sociation between acute exposure to the spill 
and the presence of neurovegetative symptoms 
and irritation of the skin, eyes and throat. Pul-
monary function has seldomly been evaluated1. 

In this review we will describe the accident 
of the Prestige and the characteristics of the 
oil it contained, as well as the possible health 
consequences based on predicted data of ex-
posure to the spill. Then we will review the 
studies carried out in this spill and in the 
subsequent spills that aimed to investigate 
long-term respiratory and genotoxic health 
effects. For readers interested in an exhaus-
tive review of all the research conducted in 
relation to these oil spills, regardless of their 
objectives, we recommend the one by Laffon 
et al., published in 20162.

The Prestige accident 

On November 13th, 2002 the 30-year-old sin-
gle-hull oil tanker Prestige sent out a Mayday 
signal from a position close to Finisterre Cape 
on the Atlantic coast of Spain. The tanker was 
transporting bunker oil from Saint Petersburg 
in Russia and Ventspils in Latvia to Singapore 

under a Bahamas flag of convenience. The 
first signs of the spillage were observed off 
the coast of Galicia (a region in the Northwest 
of Spain) on November 16th. After sinking 
130 miles to the Southwest of Finisterre Cape 
on November 19th, the tanker discharged the 
larger part of its 77,000-ton cargo of bunker 
oil. The resulting oil slick affected the whole 
coastline of Galicia and part of Asturias and 
Cantabria, contiguous regions. Overall, about 
300 km of coastline were affected. In the worst 
ecological disaster ever to affect Spain, the oil 
contaminated beaches, rocky shorelines, and 
the seabed. In Galicia, the spillage affected a 
considerable stretch of coastline in an irregu-
lar way determined by the particular geogra-
phy of the seaboard, the weather conditions, 
and the marine currents (Fig. 1).

Cleaning up the spilled oil was a laborious 
and predominantly manual task and much of 
the work was carried out by teams of volun-
teers (made up of local residents from the 

Figure 1. Map of Galicia showing the point of the Prestige 
sinking and the distribution of the oil slick (black spots) 
(reproduced from Rodríguez-Trigo G et al.10 with permission of the 
Publisher. © 2007 Sociedad Española de Neumología y Cirugía 
Torácica. Published by Elsevier España S.L. All rights reserved).
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affected area but also of people who travelled 
from other parts of Galicia, other regions in 
Spain and other countries) in one of the most 
impressive displays of community support in 
our recent history. The impact on local com-
munities was very significant because most 
of the crews of the fleet that usually fishes 
in Galician territorial waters (approximately 
28,000 people) could not fish and had to spend 
every day for months –in some cases over a 
year– working on clean-up activities. 

Toxic effects of oil spills

Oil is an organic mixture that is extracted 
from the earth‘s crust and transported to dif-
ferent parts of the world in pipelines and 
tanker ships. The unrefined product is called 
crude oil. In the refinery, crude oil is separat-
ed into light fractions (refinery gas and gas-
oline), intermediate fractions (kerosene and 
diesel), and heavy fractions (light fuel oil, 
heavy fuel oil and asphalt). The Prestige tank-
er was transporting a heavy fuel oil classified 
– because of its high sulphur content (4%) – as 

M100 in the Russian system, number  6 in 
English terminology, and number 2 on the 
French scale. This type of fuel is character-
ised by its high density (992.1 kg/m3 at 15ºC) 
and strong viscosity (615  centistokes at 
50ºC and 30,000 at 15ºC). It has a low evapo-
ration rate and natural dispersion and it 
forms a stable emulsion when mixed with 
water. The biodegradation rate of the spill is 
unknown and was probably under 10% in 
the first few months. The spilled fuel oil 
was composed of a complex mix of hydro-
carbons, resins, asphaltenes, and heteromole-
cules (Table 1)3,4.

People involved in the task of cleaning up 
the oil were exposed to these potentially 
toxic substances, which mainly enter the 
human organism either by inhalation or 
through the skin and mucous membranes. 
The digestive tract is another route, although 
less important, that should be taken into 
account. The subsequent kinetics of these 
substances is poorly understood. Animal 
studies show that hydrocarbons accumulate 
primarily in the lungs and in organs with a 

Table 1. Composition of the Prestige fuel and theoretical toxicity of its components

Composition Toxicity

Aromatic hydrocarbons (50%) Volatile organic compounds: benzene, toluene, xylene. Acute symptoms (respiratory 
and neurovegetative). Carcinogens.

Polycyclic aromatic hydrocarbons: naphthalene, 
phenanthrene, dibenzothiophene, fluoranthene, 
chrysene, and alkyl derivatives. 

Possible carcinogens. Endocrine alterations. 
Skin and mucosal irritants 

High molecular weight: benzofluoranthenes, perilene, 
benz[a]anthracene, benzo[a]pyrene, etc. 

Probable carcinogens. Mucosal irritants. 

Saturated hydrocarbons (22%) 

Resins and asphaltenes (28%) 

Heteromolecules with atoms of sulphur, 
oxygen, nitrogen, heavy metals 
(cadmium, lead, nickel)

Endocrine alterations. Carcinogens.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

20
19



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

65

G. Rodriguez-Trigo, et al.: Long-Term Respiratory and Genotoxic Effects

high fat content. Since the detoxification pro-
cess generates metabolites and conjugates 
that are eliminated in urine and faeces, they 
do not, in general, remain in the organism. 
The metabolic process may also generate re-
active molecules that bind to DNA to form 
adducts. 

Acute exposure to volatile organic compounds 
(VOCs) may cause neurological symptoms, 
such as headache, nausea, dizziness, and 
sleepiness. It can also cause breathlessness, 
vomiting and abdominal pain5,6. The classifi-
cation published by the International Agency 
for Research on Cancer (IARC)7 categorises 
some of the VOCs present in the oil being 
transported by the Prestige (mainly benzene) 
as Group 1 agents, that is, substances that 
have been evaluated as being proven human 
carcinogens. Substances in this group are 
closely associated with hematologic cancer. 
Others, such as toluene, ethylbenzene and 
styrene, belong to Group 2B, the classification 
applied to agents that have been evaluated as 
being possibly carcinogenic to humans on the 
basis of evidence of carcinogenicity in ani-
mals. Polycyclic aromatic hydrocarbons can 
damage skin and mucous membranes, and 
are toxic to the endocrine system8. These 
compounds have been implicated in the 
pathogenesis of tumours, and especially in 
the formation of skin tumours. The following 
polycyclic aromatic hydrocarbons present in 
the fuel oil carried by the Prestige are classi-
fied by the IARC as Group 2A agents and 
are, therefore, considered probably carcino-
genic to humans: benz[a]anthracene, benzo[a]
pyrene and dibenz[a,h]anthracene. Others, 
such as naphthalene, benzo[b]fluoranthene, 
benzo[j]fluoranthene and benzo[k]fluoran-
thene, are classified as Group 2B substances, 

possibly carcinogenic to humans. Heavy met-
als also have carcinogenic properties and may 
affect the endocrine system. No research has 
been carried out to date on the long-term ef-
fects of exposure to this combination of toxic 
substances, the possibility of interactions be-
tween these agents, or the greater or lesser 
degree of individual susceptibility depending 
on the genetic profile. 

The SEPAR-Prestige Study

The board of the SEPAR set up a multicentre, 
multidisciplinary research team in December 
2002 to investigate the impact of the Prestige 
oil spill on human health. The SEPAR-Pres-
tige Study being carried out by this team was 
an epidemiological survey of the clinical, bi-
ological and functional effects of the Prestige 
oil spill on the respiratory health of fishermen 
from the Galician coast. The study was the 
first one to analyse the long-term impact of 
exposure to oil spillage on respiratory health. 
Since people living in the affected coastal 
zone usually work in marine-related activi-
ties, the study population comprised 10,000 
inshore fishermen and shellfish harvesters. 
The initial study had a cross-sectional design 
comprising two consecutive phases. In the 
first phase, the target population was defined 
using a questionnaire. In the second phase, 
two groups were studied (a group of exposed 
subjects and a group of unexposed controls). 
Participants completed a symptom question-
naire and underwent pulmonary function 
testing (forced spirometry and a methacho-
line challenge test). Sensitivity was assessed 
using biomarkers of oxidative stress and cy-
tokines in exhaled breath condensate and 
serum immunoglobulin E. Chromosomal 
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instability was studied using both conven-
tional cytogenetic techniques and molecular 
analyses (Fig. 2). 

A follow-up study was conducted 5-6 years 
after the spill in non-smoking exposed and 
unexposed fishermen who participated in the 
initial study to investigate the persistence of-
respiratory and genotoxic effects.

Major findings  
of the SEPAR-Prestige  
Study

Fishermen who participated in the clean-up 
activities of the oil spilled by the Prestige 
tanker showed an increased prevalence of re-
spiratory symptoms more than a year after the 
start of the spill, as shown in the first phase 
questionnaire9. This association was related 
to several types of cleaning activities and was 
consistent in different subgroups. The risk of 
presenting symptoms increased with the du-
ration of cleaning activities and with the 
number of tasks performed and decreased 

as the time elapsed from the cessation of 
cleaning.

A more detailed assessment conducted in 
fishermen two years after the spill, compar-
ing them according to the exposure to the 
spill10 (second phase), showed that partici-
pants in clean-up activities had a higher prev-
alence of respiratory symptoms, increased 
levels of biomarkers of inflammation and re-
modelling in the exhaled breath condensate, 
and greater prevalence of chromosomal alter-
ations in peripheral blood lymphocytes, as 
compared with those who had not participat-
ed in cleaning activities.

A more thorough cytogenetic analysis of chro-
mosomal lesion locations revealed three chro-
mosomal bands commonly involved in haema-
tological cancer as those most affected by the 
acute oil exposure: 2q21, 3q27 and 5q3111. De-
oxyribonucleic Acid repair errors were assessed 
in lymphocyte cultures with aphidicolin, and 
significantly higher dysfunction in DNA repair 
mechanisms, expressed as chromosomal dam-
age, was detected in oil-exposed participants 
compared to non-exposed participants. Nucle-
ar anomalies (micronucleus [MN], nucleoplas-
mic bridges, and nuclear buds) were similar 
in exposed and non-exposed individuals12. 

Results of the longitudinal study conducted 
more than five years after the Prestige oil 
spill13 showed that fishermen who had partic-
ipated in clean-up activities had an increased 
prevalence of upper and lower respiratory 
symptoms, and used more frequently inhaled 
or oral medication for respiratory condi-
tions, as compared to fishermen who had not 
participated in any cleaning activity. This ex-
cess risk was more evident when respiratory 

Figure 2. Pulmonary function studies in a mobile laboratory  
at the villages of fishermen participating in the study.
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symptoms were present both in the initial 
study and in the follow up, and increased 
according to the intensity of exposure to oil 
during the cleaning work.

There was no improvement in the pulmonary 
function and biological respiratory parame-
ters after four years of follow-up in the fish-
ermen exposed to fuel, although there was no 
clear data indicating that the degree of expo-
sure was associated with the long-term ef-
fects14. A long-term genotoxic study, con-
ducted in 52 exposed and 23 non-exposed 
individuals, showed that structural alterations 
remained high in exposed individuals, al-
though the association with the exposure to 
the oil spill could not be substantiated be-
cause there was a relevant increase of struc-
tural alterations in nonexposed individuals15. 
Nevertheless, 2p23 and 2q23 chromosome 

bands were only detected in exposed individ-
uals16 The main results of the SEPAR-Prestige 
Study are summarised in table 2. 

Additional studies on the 
Prestige oil spill

The first investigations on acute genotoxicity 
related to the exposure to the oil of the Pres-
tige tanker were carried out in subjects in-
volved in autopsies and cleaning of oil-con-
taminated birds17 and in volunteers and hired 
workers participating in clean-up tasks18-22 
using different parameters, which showed a 
significant increase in relation to the corre-
sponding control group.

An in vivo study using a rat model of sub-chronic 
exposure to a fuel oil with characteristics 

Table 2. Summary of publications reporting the results of the SEPAR-Prestige Study

Study Design Subjects Time elapsed 
after exposure

Main findings

Zock et al9. Cross-sectional 6780 1-2 years Association between participation in clean-up work and prolonged 
respiratory symptoms

Rodriguez-Trigo  
et al10. 

Cross-sectional 501 E
177 NE

2 years Association between participation in clean-up work and persistent 
respiratory symptoms, markers of airway injury in breath condensate 
and chromosomal damage

Monyarch et al11. Cross-sectional 91 E
46 NE

2 years Chromosome bands affected (2q21, 3q27, 5q31) and DNA repair 
dysfunction in exposed individuals

Biern et al12. Cross-sectional 14 E
14 NE

2 years No differences in nuclear abnormalities

Zock et al13. Longitudinal 466 E
156 NE

5 years Respiratory symptoms persist in clean-up workers

Zock et al14. Longitudinal 230 E
87 NE

6 years No formally demonstrate persistence of respiratory health impairment 
was due to exposure (methodological issues)

Hildur et al15. Longitudinal 52 E
23 NE

6 years Chromosome damage persist in exposed and increase in nonexposed

Francés et al16. Longitudinal 47 E
22 NE

6 years Chromosome bands affected in exposed: 2p23, 2q23

E: exposed; NE: non-exposed.
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similar to those of the oil spilled by the Pres-
tige tanker was carried out by Valdiglesias et 
al.23, in order to determine the potential 
genotoxic effects under strictly controlled ex-
posure conditions. Their results showed that 
oil exposure by inhalation induced DNA 
damage in rats, and alterations in DNA re-
pair responses, although the sensitivity to 
oil substances varied depending on the rat 
strain. These data provide further support 
for the genotoxic effects shown in individu-
als exposed to the Prestige oil during clean-
up tasks23. A follow-up study of genotoxic 
damage, carried out seven years after the 
Prestige accident, in individuals exposed to 
the oil for a mean of nine months, failed to 
show differences between exposed individu-
als and controls in the comet assay of DNA 
damage, the T-cell receptor mutation assay, 
and the cytokinesis-block micronuclei test24, 
suggesting that bone-marrow hematopoietic 
stem cells do not necessarily display perma-
nent damage in their DNA, as long as sub-
jects remain free of exposure for a long peri-
od of time.

Studies on oil spills after  
the Prestige accident

Three oil spills occurring after the Prestige 
accident in 2002 have deserved investigations 

on the effects on human health (Table 3). 
These investigations have focused on the 
acute effects, the repercussions on mental 
health and different measures of exposure. 
Two investigations deserve particular atten-
tion in the context of the present review. 

Jung et al.25 evaluated the effects of the expo-
sure to oil in children. These investigators 
conducted a cross-sectional study in 2013, 
1.5 years after the Hebei Spirit accident (South 
Korea), to analyse the respiratory effects in 
436  children who lived along the Yellow 
Coast. Children who lived close to the oil spill 
area showed a significantly lower forced ex-
piratory volume in one second (FEV1), an in-
creased prevalence of asthma and airway hy-
perresponsiveness, as compared with children 
who lived far from the oil spill area. Male 
gender, family history of asthma and resi-
dence near the oil spill area were significant 
risk factors for asthma. 

The most important oil spill was the one that 
occurred in the Gulf of Mexico in 2010, where 
680,000 tons of crude oil were released from 
a wellhead after the explosion and sinking of 
the drilling platform Deepwater Horizon. Ad-
ditionally, over 1.8 million gallons of chemical 
dispersants –Corexit 9500 and 9527A– were 
applied to the surface and subsurface envi-
ronments. In relation to this spill, Rusieki et 

Table 3. Prestige oil spill and subsequent accidents

Oil spill Size (tons) Type Site Year

Prestige   67,000 Fuel oil # 6 Galicia, Spain 2002

Tasman Spirit   37,000 Crude oil Karachi, Pakistan 2003

Hebei Spirit   10,900 Crude oil Taean, Korea 2007

Deepwater Horizon 680,000 Crude oil Gulf of Mexico, US 2010
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al.26 investigated long-term effects of oil expo-
sure, using an approach similar to that in the 
SEPAR-Prestige Study. A cohort was estab-
lished using administrative databases of over 
50,000 US Coast Guard members on active 
duty or in the Selected Reserve, between the 
start of the oil spill on April 20th, 2010 and 
December 17th, 2010. For many of these mil-
itary workers, health data from periodical 
medical contacts and health assessments were 
available. More than 8000 of them had partic-
ipated in clean-up activities of the oil spill, 
and hence the large remaining group could 
be used as an appropriate control population. 
More than half of the Coast Guard members 
who participated in the clean-up work com-
pleted a questionnaire on exposure character-
istics and self-reported health outcomes. Lon-
gitudinal analyses, 2 years after the exposure, 
revealed that exposure to the oil spill was 
associated with an increased risk for chronic 
respiratory conditions, asthma and dermal 
conditions26.

The investigation of the repercussions of oil 
spills on human health in the long term 
entails significant methodological difficul-
ties. The studies conducted on the Prestige 
oil spill represented a step forward in this 
field and contributed to settle the method-
ological approach for subsequent studies. 
Lessons learned in the Prestige spill under-
score the necessity to design broad popula-
tion studies, with documented prior infor-
mation on the health status of the population. 
It is important to have an adequate control 
group not exposed to fuel. Ideally, objective 
measures of exposure and its consequences 
are needed. In longitudinal studies, we 
must ensure the size of the control group to 
avoid bias.

CONCLUSIONS

Oil spills occur with certain frequency and 
cause serious consequences to ecosystems, 
economy and human health. Cleaning activ-
ities of the spills are undertaken by profes-
sionals or volunteers that may not be well 
prepared or protected. Since, regrettably, these 
disasters may occur again anywhere, we con-
sider it essential to use adequate protection 
measures and actively monitor the health sta-
tus of individuals exposed to the oil. From 
the point of view of research studies, the re-
sponse should also be immediate and funded 
by public health authorities.
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