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Pyrethroid pesticides were analysed in liver of striped dolphin (Stenella coeruleoalba) from the Alboran
Sea (south of Spain, Mediterranean Sea). The occurrence and bioaccumulation of pyrethroid insecticides
in marine mammal tissues from the northern hemisphere had never been determined before. Pyrethroids were detected in 87% of the specimens with a mean total concentration of 300 ng g-1 lw ± 932
(range 2.7e5200 ng g-1 lw). Permethrin and tetramethrin were the main contributors to the pyrethroid
proﬁles, with enantiospeciﬁc accumulation for the ﬁrst and isomer speciﬁc accumulation for the latter.
Bioaccumulation of pyrethroids was unlike that of persistent organic pollutants (POPs), as pyrethroid
concentrations were not correlated to the maturity stage of the specimens. Concentrations slightly
increased from calves to juveniles, whereas juveniles presented similar concentrations to adults.
Metabolization of pyrethroids after achieving sexual maturity might account for this pattern.
© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction
Pyrethroids are insecticides used for household, commercial and
farming applications, in medicine against scabies and lice and, in
tropical countries, to control malaria by impregnating mosquito
nets and indoor walls with them (Bradberry et al., 2005). Pyrethroids seemed to be an ideal class of insecticides as they are presumed to be not persistent in the environment, and they were
believed not to accumulate and to be metabolised by mammals
(Casida et al., 1975; Leng et al., 1997). Hence, they became very
popular during the 1970s, substituting other banned pesticides
such as organophosphate insecticides (Ridgway et al., 1978). They
currently represent 25% of the insecticides used worldwide (Casida
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and Quistad, 1998; Shafer et al., 2005).
Regarding toxicity, pyrethroids disrupt the function of the
neurons’ sodium channels causing repetitive after-discharges in
neurons and muscle cells that translate into repeated stimulation
(Narahashi et al., 1998; Pollack et al., 1999). At high concentrations,
the sodium intake might be such to block conduction and provoke
paralysis. Type II pyrethroids can also affect chloride channels and
g-aminobutyric acid receptors inducing cataleptic seizures in
humans (Ray and Forshaw, 2000). Pyrethroids are 2250 times more
toxic to insects than mammals, as insects have more sensitive sodium channels, smaller bodies and lower body temperatures
(Bradberry et al., 2005). It would also seem that pyrethroid skin
adsorption in mammals is low and they can metabolise them into
non-toxic compounds. However, dermal penetration may cause
paresthesia for 12e24 h. Pyrethroid ingestion can cause sore throat,
nausea, vomiting and abdominal pain in few minutes. Systemic
effects that may show after 4e48 h after exposure are dizziness,
headache, fatigue, palpitations, chest tightness or blurred vision(Bradberry et al., 2005). As for chronic toxicity, symptoms caused
by the accumulation of pyrethroids in nervous tissue are cerebral
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dysfunction, polyneuropathy, locomotor disorders and immunosuppression (Muller-Mohnssen and Hahn, 1995; Kolaczinski and
Curtis, 2004). Permethrin also proved to affect fertility in
rats (Issam et al., 2011). Conversely, some publications disagree
about the irreversible effects of pyrethroids on the sodium channel
(Narahashi, 1992; Moshammer, 1996). The United States Environmental Protection Agency (EPA) and the International Agency for
Research on Cancer (IARC) list pyrethroids as possible carcinogens;
with permethrin and resmethrin as more likely to be carcinogenic
to humans according to EPA (IARC, 1991; EPA, 2015).
Due to their toxicity, concern has always existed about aquatic
organisms’ exposure to pyrethroids (Mauck and Olson, 1976).
Applied to land or for domestic purposes as vector control, they can
enter the aquatic environment through processes such as atmospheric deposition, river runoff and municipal waste discharges.
Once associated with sediments, benthic organism exposure of
pyrethroids can be by ingestion or contact of sediment particles or
from interstitial water. In ﬁsh, exposure to pyrethroids can be
through diet or gill absorption due to their lipophilicity (Edwards
et al., 1987).
Despite the assumption that pyrethroids are converted to nontoxic metabolites by hydrolysis and oxidation in mammals
(Abernath et al., 1973; Casida et al., 1975), possible evidence of their
bioaccumulation was recently found in marine mammals from
Brazil (Alonso et al., 2012). Pyrethroids have also been detected in
human breast milk (Zehringer and Herrmann, 2001; Corcellas et al.,
2012).
Derived from allethrin, type I pyrethroids contain a carboxylic
ester and type II adds a cyano group; the vast majority of pyrethroids also contain a cyclopropane (Bradberry et al., 2005).
Because of these groups, type I pyrethroids contain 2 chiral centres
and type II contain 3, thus presenting 2 and 4 diastereoisomers
(hence enantiomer pairs), respectively, that may behave differently
regarding toxicity and accumulation (Jin et al., 2012). An enantiomeric analysis could reveal selective accumulation of a speciﬁc
enantiomer if it were the case. This is relevant as isomeric
composition is an important toxicological parameter for a number
of compounds (Zhao et al., 2010; Sun et al., 2016; Wang et al., 2016).
The present study investigates the occurrence of 10 pyrethroid
compounds in liver samples from striped dolphins along the
Mediterranean coast of Andalusia (south of Spain). The interest of
cetaceans as subjects of study derives from being top predators,
occupying a high position in the food web, which allows for biomagniﬁcation, and from them being big mammals and therefore
somewhat comparable to humans.
It is the ﬁrst attempt to determine the occurrence and bioaccumulation of pyrethroid insecticides in marine mammal tissues
from the northern hemisphere, more precisely, from the Mediterranean Sea in Europe.
2. Materials and method
2.1. Sampling
Samples of dolphin liver (37 samples consisting of 27 males and
10 females of different maturity stages) were collected from striped
dolphin (Stenella coeruleoalba) from the Mediterranean coast of
Andalusia (Alboran Sea, Spain). Samples were collected from
stranded animals in the Alboran Sea, by personnel of the stranding
monitoring program run by the regional government of Andalucía
(southern Spain) who are responsible for the examination of
cetacean carcasses and the collection of samples. Samples were
collected and frozen for later examination at the laboratory.
From these samples, 7 belong to dolphins found stranded between 2003 and 2005 and the remaining 30 were found stranded
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between 2008 and 2010. Body lengths of individuals ranged from
90 to 128 cm for calves, 137e184 cm for juveniles and 197e231 cm
for adults (Calzada et al., 1996; Calzada et al., 1997) (Table 1).
The Alboran Sea connects the Mediterranean Sea with the
Atlantic Ocean and provides an important corridor for migratory
species (Rubin et al., 1999). It presents one of the highest densities
~ adas et al.,
of cetacean populations in the Mediterranean Sea (Can
~ adas et al., 2005; Can
~ adas and Va
zquez, 2014).
2002; Can
The Mediterranean subpopulations of the striped dolphin are
listed on Appendix II of the Convention on the Conservation of
Migratory Species of Wild Animals (CMS) since they have an
unfavourable conservation status (CMS, 2015). They are also classiﬁed as vulnerable by the International Union for Conservation of
Nature (IUCN) Red List of Threatened Species (IUCN).
2.2. Standards and reagents
Bifenthrin, l-cyhalothrin, ﬂuvalinate, resmethrin and a mixture
of pyrethroids containing cyﬂuthrin, cypermethrin, deltamethrin,
fenvalerate, permethrin and teramethrin were used as analytical
standards. Internal standards were d6-trans-permethrin and d6trans-cypermethrin. All of them were purchased from Dr. Ehrenstorfer (Augsburg, Germany). Organic solvents were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Standard solutions were prepared in ethyl acetate. Solid phase extraction (SPE) C18 (2 g/15 ml)
and basic alumina (5 g/25 ml) cartridges were obtained from Isolute Biotage and Interchim, respectively.
2.3. Sample preparation
Sample preparation was carried out according to Feo et al.
(2012). Dolphin liver (0.1 g dry weight (dw)) was spiked with
deuterated internal standards (2.5 ng of d6-trans-permethrin and
1.25 ng of d6-trans-cypermethrin). The sample was stirred and
extracted by sonication with 20 ml of hexane:dichloromethane
(2: 1) for 15 min and centrifuged at 3500 rpm for 7 min. This was
done twice. Both organic phases were mixed in a vial and the solvent was changed to 10 ml of acetonitrile. The extract underwent a
clean-up by SPE using basic alumina and C18 cartridges in tandem.
The cartridges were conditioned with 25 ml of acetonitrile. The
extract was ﬁltered through the cartridges and recovered. The
extract vials were washed with 20 additional ml of acetonitrile,
which were added to the extract. The eluate was evaporated and redissolved with 100 ml of ethyl acetate.
To determine the lipid content of the samples, 1 g of liver was
also extracted with 40 ml of hexane:dichloromethane (2: 1) and
evaporated. Then the lipid content was determined gravimetrically.
2.4. Instrumental analysis
The pyrethroid analysis was performed with an Agilent 7890A
gas chromatograph coupled to an Agilent 7000B triple quadrupole
mass spectrometer (Agilent Technologies, Palo Alto, CA, USA) according to Feo et al. (2011). A DB-5ms capillary column
(15 m  0.25 mm, 0.1 mm ﬁlm thickness) containing 5% methyl
phenyl siloxane was used as chromatographic column. Chromatographic conditions were as follows: injection volume was 3 ml; inlet
temperature was 270  C; carrier gas was He at 1 ml min-1, and
temperature was 100  C for the ﬁrst minute, then rose from 100 to
230  C for 8 min, then from 230 to 310  C for 8 min and, ﬁnally, was
constant for 2 min. The mass spectrometer was operated in the
negative chemical ionization (NCI) mode, using ammonia at
2  104 torr as the reagent gas. The ion source temperature was
250  C. Selective reaction monitoring (SRM) mode was used with
two transitions monitored for each compound. The most intense
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Table 1
Sample data including sex, maturity stage and length of the striped dolphins from the Alboran Sea.
Sex

Males

Maturity stage

Calves

Females
Juveniles

Adults

Calves

Juveniles

Adults

n

8

12

7

2

6

2

Length (cm)

90e128

137e184

197e225

94e98

158e180

214e231

tetramethrin
(ng/g lw)

range
mean
frequency of detection (%)

0.59e54
14
56

5.8e1700
220
69

2.4e27
14
57

1100
1100
50

6.5e3400
1200
50

10e20
15
100

bifenthrin
(ng/g lw)

range
mean
frequency of detection (%)

3.5e11
6.9
78

2.7e24
11
38

4.8e36
15
71

12
12
50

6.1e14
11
50

nda
0

cyhalothrin
(ng/g lw)

range
mean
frequency of detection (%)

1.4e5.4
3.4
22

2.9e18
9.4
38

5.8e6.8
6.3
29

nd
0

3.8
3.8
17

8.7
8.7
50

permethrin
(ng/g lw)

range
mean
frequency of detection (%)

9.8e13
11
22

16e760
130
77

18e78
44
71

430
430
50

16e1800
600
50

14e740
380
100

deltamethrin
(ng/g lw)

range
mean
frequency of detection (%)

8.5e28
21
33

30
30
8

nqb-78
78
29

nd-nq
50

23
23
17

2.9
2.9
50

range
mean
frequency of detection (%)

6.5e94
30
78

2.7e2500
280
92

7.0e140
63
100

12e1500
760
100

31e5200
1300
67

27e770
400
100

total
(ng/g lw)
a
b

Below limit of detection (LODbifenthrin ¼ 0.03, LODcyhalothrin ¼ 0.07, LODdeltamethrin ¼ 0.02 ng/g lw).
Below limit of quantiﬁcation (LOQdeltamethrin ¼ 0.08 ng/g lw).

transition was used for quantiﬁcation and the second transition
provided a conﬁrmation comparing the SRM1/SRM2 ratio calculated for the samples with the ratio found in the standards. Details
of the MS/MS conditions as well as the selected transitions in the
SRM mode are found in Feo et al. (2011).
The enantiomeric analysis was performed with the same mass
spectrometer according to Corcellas et al. (2015). A BGB-172 column (20% tert-butyldimethylsilyl-b-cyclodextrin dissolved in 15%
phenyl-, 85% methylpolysiloxane; 30 m  0.25 mm, 0.25 mm ﬁlm
thickness) (BGB Analytik, Switzerland) was used as chromatographic column. Chromatographic conditions were as follows: inlet
temperature was 270  C; carrier gas was He at 1.5 ml min-1, and
temperature was 180  C for the ﬁrst 2 min, then raised to 220  C
and held for 30 min, then it was increased to 230  C and held for
25 min and, ﬁnally, it was ramped to 240  C for 5 min, all ramps
were at 5  C min1 and total analysis time was 74 min. The ion
source temperature for NICI-MS/MS was 250  C and the reagent gas
was ammonia at 2  104 torr. The mass spectrometric parameters
were the same as before by Feo et al. (2011).
2.5. Analytical parameters
The analytical method was selected to monitor 11 different
pyrethroids: bifenthrin, cyﬂuthrin, cyhalothrin, cypermethrin,
detamethrin, fenvalerate, ﬂuvalinate, permethrin, resmethrin, tetramethrin and tralomethrin. Method recoveries ranged from 53 to
116%, with relative standard deviations (RSD) always below 20%.
Method detection limits (MDLs) and method quantiﬁcation limits
(MQLs) ranged from 0.02 to 0.46 ng g-1 lipid weight (lw) the former
and from 0.08 to 1.54 ng g-1 lw the latter.
2.6. Enantiomeric study
The enantiomeric factor (EF) is deﬁned as the chromatographic
peak area of the selected enantiomer divided by the total area of
both enantiomers. In this study, the ﬁrst enantiomer to be eluted

was selected. An EF could be calculated for each enantiomeric pair.
The exception was the trans enantiomeric pair of permethrin since
they co-elute. EF ¼ 0.5 corresponds to a racemic mixture of enantiomers, that is, equal amounts of both. EF > 0.5 means dominance
of the selected enantiomer, while EF > 0.5 shows that the other
enantiomer is present in a higher quantity. The cis/trans diastereoisomeric ratio (Rcis/trans) was also assessed.
2.7. Statistical analysis
Prior to the statistical analysis, all data were checked for
normality and for homogeneity of variance using the Shapiro-Wilk
test and Levene's test, respectively. Parametric and non-parametric
tests where used in accordance with the obtained results. Differences between groups were tested using a t-test or Kruskal-Wallis
test using p-value < 0.05 to determine statistical difference. Statistical analyses were conducted using R v.3.3.1. (The R Foundation,
2004).
3. Results and discussion
Hepatic pyrethroid concentrations in striped dolphins from the
Alboran Sea are presented in Table 1. Results are expressed in lipid
weight (lw) for the different maturity stages (i.e. adults, juveniles
and calves). The hepatic lipid content of female and male dolphins
ranged from 1.84 to 5.19% (mean 2.48% ± 0.96) and from 1.04 to
24.4% (mean 4.97% ± 4.98), respectively. Females’ livers had slightly
lower fat content (Wilcoxon rank sum test: W ¼ 206, p ¼ 0.0488).
Pyrethroids were detected in 87% of the samples, with ﬁve
different pyrethroid insecticides (i.e. bifenthrin, cyhalothrin, deltamethrin, permethrin and tetramethrin) being found. Mean total
pyrethroid concentration was 300 ng g-1 lw ± 932 (range
2.70e5200 ng g-1 lw) (Table 1). These concentrations were
compared with those reported in the previous investigation of
pyrethroid bioaccumulation in Franciscana dolphins (Pontoporia
blainvillei) from the Brazilian coast (S~
ao Paulo 34 ng g-1 lw ± 24.8,
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Rio Grande do Sul 22 ng g-1 lw ± 13.1) (Alonso et al., 2012) and no
differences were observed (Kruskal-Wallis test: Х 2 ¼ 1.2761, df ¼ 1,
p ¼ 0.2586).
It must be pointed out that these studies represented two
different habitats, northern hemisphere (Mediterranean Sea) and
southern hemisphere (Atlantic Ocean), and that the dolphin samples corresponded to different species, striped dolphin and Franciscana dolphin, respectively. No speciﬁc information on the diet of
striped dolphin in the Alboran Sea has been published so far.
However, it is known that Mediterranean striped dolphins feed on
cephalopods from the families Enoploteuthidae, Histiotheuthidae,
Ommastrephidae and Onychoteuthidae, as well as on bony ﬁshes
from the families Gadidae, Gonostomiatidae and Sparidae (Pulcini
et al., 1992; Würtz and Marrale, 1993; Blanco et al., 1995; Meotti
, 1997). Franciscana dolphins are found in coastal waand Podesta
ters, whereas striped dolphins live further offshore. It should be
expected that Franciscana dolphins have higher concentrations of
pesticides. However, contrary to the big and open Atlantic Ocean,
the Mediterranean Sea is completely surrounded by human population and the Alboran Sea is only 180 km at its widest.
All the Spanish coast of the Alboran Sea is part of Andalusia. In
2003, 44.5% of the Andalusian surface was destined to agriculture,
including olives, vineyards, rice and greenhouses (Junta de
Andalucía, 2012). Permethrin and deltamethrin, which were present in the striped dolphins, are typically used on these crops, as
well as cyﬂuthrin and fenvalerate (Metcalf, 1995; U. S. Geological
Survey, 2001; USNLM, 2001). Permethrin and tetramethrin, the
main contributors to the pyrethroid proﬁles of this study are also
applied in human and veterinary medicine (e.g. against lice and
scabies), gardening and domestic uses (Metcalf, 1995; U. S.
Geological Survey, 2001; USNLM, 2001). It is important to note
that some of the most populated urban areas in Andalusia are by
laga (560,631 inhabitants, 2006),
the coast of the Alboran Sea: Ma
Almería (185,309 inh. 2006) and Marbella (125,519 inh. 2006) (INE,
2016).
A previous study on the impact of PCBs on cetacean species in
European waters showed that striped dolphins, as well as bottlenose dolphins (Tursiops truncatus) and killer whales (Orcinus
orca), around the Iberian Peninsula had their mean and median PCB
concentrations among the highest published for cetaceans globally,
regardless of the year of sampling, individuals’ sex, age, health
condition, etc. (Jepson et al., 2016). That study also states that the
western Mediterranean Sea and the south-west Iberian Peninsula
are global PCB hotspots for marine mammals (Jepson et al., 2016).
Therefore, it would seem that, although the present article is the
second report available on pyrethroids in dolphins, the south of
Spain should be considered a pyrethroid hotspot as well.
The striped dolphins analysed in our study are larger than the
Franciscana dolphins, whose adult length was around 120 cm
instead of 240 cm of the striped dolphins. Differences in the biology
of both species might also affect the accumulation of pyrethroids.
Fig. 1 shows the mean percentage contribution of each pyrethroid to the total content. Permethrin and tetramethrin had a
major contribution in the pyrethroid proﬁles for the striped dolphin
livers with 10e96% and 2.6e72%, respectively. These proﬁles were
compared to those observed for Spanish human breast milk samples (Corcellas et al., 2012). Also in human breast milk, tetramethrin
and permethrin were the most abundant (Fig. 1). This may account
for a speciﬁc use of these pyrethroids in Spain as the proﬁle corresponding to Brazilian dolphins was differently dominated by
permethrin and cypermethrin (Alonso et al., 2012). However, a
greater number of samples of this species and other organisms
would be required to conﬁrm this hypothesis.
The published work on pyrethroids in Brazilian dolphins
showed the presence of these insecticides in breast milk and
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Fig. 1. Percentage of contribution of each pyrethroid to the total pyrethroid content in
dolphin livers from the Mediterranean Sea (this study) and Brazilian coast (Alonso
et al., 2012), and human breast milk (Corcellas et al., 2012).

placenta samples, suggesting a mother-to-calf transfer of pyrethroids by both gestational and lactation pathways (Alonso et al.,
2012). Thus, pyrethroid concentrations should be higher for adult
males than for adult females, as contamination is transferred from
mother to calves. In our study, a comparison between pyrethroid
concentrations found in male and female individuals was conducted
revealing
no
differences
(Kruskal-Wallis
test:
X2 ¼ 0.083963, df ¼ 1, p ¼ 0.772). Mean concentrations including all
samples were 770 ng g-1 lw ± 1639 (range 12e5200 ng g-1 lw) for
female individuals and 140 ng g-1 lw ± 461 (range 2.7e2500 ng g-1
lw) for male individuals. Also, a mean value of 340 ng g-1 lw ± 525
was observed for female adult dolphins, whereas males showed a
mean value of 63 ng g-1 lw ± 49. However, few adult female samples (n ¼ 2) prevented the adequate comparison between adult
males and females. As the study depends on the ﬁnding of stranded
dolphins, it is impossible to predict, let alone select, the amount of
samples or the number of males and females included.
The samples of male dolphins were used to assess age-related
bioaccumulation as there were enough samples for all three
maturity stages. Fig. 2a shows total concentrations for livers according to the three different maturity stages: calves, juveniles and
adults. There were no signiﬁcant differences between the three
maturity stages (Kruskal-Wallis test: X2 ¼ 4.3458, df ¼ 2,
p ¼ 0.1138). It seems, nevertheless, that concentrations increase
somewhat from calves (mean value of 15 ng g-1 lw) to juveniles and
adults (mean value of 74 and 63 ng g-1 lw, respectively). This proﬁle
could be explained as follows: concentrations in calves are due to
pyrethroids received by maternal transfer, by both gestational and
lactation pathways (Alonso et al., 2012). Then, concentrations increase by accumulating pyretroids coming from diet sources.
Finally, after achieving sexual maturity, the adult dolphins seem to
be able to metabolize pyrethroid compounds at a rate that could
prevent further accumulation. This would explain why the concentrations are stable from juvenile to adult individuals. This bioaccumulation proﬁle is similar to that proposed in our previous
work carried out with Brazilian dolphins (Alonso et al., 2012).
However, it should be noted that the hypothesis is based on a very
limited number of samples for both studies. These studies were
conducted using individuals that were found incidentally either as
by catch in ﬁshing gears or stranded on shore. Because of that, the
number of samples, the sex and maturity stage of the dolphins were
random and impossible to predict or control. Therefore, future
studies involving a larger number of individuals are required in
order to conﬁrm our hypothesis.
As the collected samples corresponded to different periods of
time, an evaluation of a potential time trend was performed. The
aim was to assess whether the increased use of pyrethroids led to
an increase in the concentrations accumulated in marine mammals.
Data from samples collected in 2003e2005, both males and
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Fig. 2. Box plots for total pyrethroid concentrations for livers according to (a) age group, males only, and (b) collection period, all samples (B outlier). Wiskers are set at Q3 þ 1.5 IQR
and Q1 e1.5 IQR (Q3 ¼ third quartile, IQR ¼ interquartile range, Q1 ¼ ﬁrst quartile).

females, were compared with those collected ﬁve years later, in
2008e2010 (Fig. 2b). Total pyrethroid concentrations were similar
in the two sampling periods, with no signiﬁcant differences
(Kruskal-Wallis test: X2 ¼ 0.003142, df ¼ 1, p ¼ 0.9708). Typically,
studies of temporal trends are carried out with a minimum difference of 10 years. The time period evaluated in this study was too
short to detect signiﬁcant changes. Moreover there was a high
variability between individuals. This fact has been reported in other
studies about lipophilic contaminants and is usually attributed to
factors such as age, body condition and habitat. Therefore, it is
important to keep monitoring marine mammals in the next years
procuring as large a number of dolphin samples as possible in order
to detect any clear time trend.
Levels of pyrethroids were compared with those of other pollutants analysed in the same species and in the same area, the
Mediterranean Sea. Fig. 3 represents the comparison with concentrations of polybrominated diphenyl ethers (PBDEs), halogenated norbornenes (HNs), hexabromobenzene (HBB), halogenated
natural products (HNPs), polychlorinated biphenyls (PCBs) and
dichlorodiphenyltrichloroethane (DDT) (Castrillon et al., 2010;
 n et al., 2015). Other striWafo et al., 2012; Fossi et al., 2013; Baro
ped dolphins from the Alboran Sea and the same period
(2004e2011) showed a higher mean for PBDEs (940 ng g-1 lw) but
n et al., 2015). Those
in the lower half of our pyrethroid range (Baro
same dolphins showed HNs and HBB concentrations in the low
range of our results (12e380 and n. d.-8.2 ng g-1 lw, respectively).
Conversely, HNPs were present in higher concentrations (mean
3400 ng g-1 lw, range n. d.-9700 ng g-1 lw). Comparing our

pyrethroid concentrations with further recent studies for the same
species in the Mediterranean Sea, PCBs and DDT are present in
much higher concentrations (2.1e170 and 1.1e260 mg g-1 lw,
respectively) and detected in 100% of the samples (Castrillon et al.,
2010; Wafo et al., 2012; Fossi et al., 2013). On the other hand, PBDEs
(12e290 ng g-1 lw) and PAH (200 ng g-1 lw) were included in our
pyrethroid range (Fossi et al., 2013; Fossi et al., 2014). PBDEs and
HBCD were found in 100% of samples from Japan (13e850 and
10e940 ng g-1 lw, respectively) in the same range as well (Isobe
et al., 2009). However concentrations of PCBs and DDT, which
were also found in all those Japanese samples, were much higher
(3.2e42 and 3.5e130 mg g-1 lw, respectively). Finally, Cd and As
were found in Mediterranean striped dolphins ranging 0.2e16 m
g g-1 dw in 88 and 75% of the samples, respectively (Bellante et al.,
2012).
To sum up, PBDEs, HNs and HBB were in the lower half of our
pyrethroids range; HNPs were almost an order of magnitude higher
and PCBs and DDT were 1e2 orders of magnitude higher. Regarding
frequencies of detection, while pyrethroids were detected in 87% of
the samples, the other compounds were found in all the samples,
except for HBB and HNPs. Thus, whereas pyrethroids are not
persistent pollutants, their occurrence in dolphin samples from the
Mediterranean Sea was similar to that of some persistent organic
pollutants (POPs) in terms of frequency of detection as well as in
concentrations. Pyrethroids have been observed to be highly toxic
for aquatic organism such as ﬁsh and arthropods (Mauck and Olson,
1976; Ural and Saglam, 2005; Osti et al., 2007). For ﬁsh, pyrethroid
96 h LC50 oscillates between 400 and 2200 ng l-1 (Stephenson,
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Fig. 3. Comparison of levels (mean, range and frequency of detection) of several contaminants in striped dolphin from the Mediterranean Sea. Location codes: AS - Alboran Sea; MS
 n et al. (2015) and the present
- Strait of Gibraltar, France and Italy; NES - north-eastern Spain; F - France. Data from Castrillon et al. (2010); Wafo et al. (2012); Fossi et al. (2013); Baro
study.

1982; Werner and Moran, 2008). Additionally, recent studies have
suggested potential neurotoxic, carcinogenic, immunosuppressive
and reproductive toxicity of pyrethroids in mammals (Shafer et al.,
2008; Scollon et al., 2011; Jin et al., 2012). PBDEs and HBCD show
toxic effects on hormonal regulation as well as neuronal, thyroid
and liver activity, with the addition of the immune and reproductive systems for HBCD (Branchi et al., 2003; Mikula and Svobodova,
2006; Costa and Giordano, 2011; CONTAM, 2011). The similarities
between pyrethroids and POPs regarding their occurrence and the
organs and systems affected by their toxicity highlight the existing
concern about aquatic organisms’ exposure to pyrethroids and urge
the monitoring of these pesticides.

3.1. Enantiomeric study
Because of their prominence in the pyrethroid proﬁles (Fig. 1),
tetramethrin and permethrin underwent an enantiomeric analysis.
Tetramethin and permethrin have four enantiomers including a cis
pair and a trans pair. In this study, EFcis, EFtrans and Rcis/trans values
were calculated for dolphin samples and compared with those
obtained in Spanish commercial formulations. The latter ones gave
us information about environmental releases. The commercial
formulations were purchased from regular supermarkets and
included eight domestic insecticides, one pet insecticide solution
and one cream against crabs and scabies (Corcellas et al., 2015).
They contained all pyrethroids studied except for bifenthrin,
cyhalothrin and cyﬂuthrin. Comparing the environmental releases
to the values obtained for the dolphin samples allowed to determine whether or not isomeric or enantiomeric bioaccumulation
processes occurred.
The EFcis and EFtrans for tetramethrin in dolphin samples were
EFcis ¼ 0.51 ± 0.17 (range 0.20e0.79) and EFtrans ¼ 0.47 ± 0.10 (range

0.31e0.63) (Fig. 4) (Corcellas et al., 2015). Household insecticides
purchased in Spanish supermarkets showed EFcis ¼ 0.51 ± 0.01 (ttest: t ¼ 0.47,301, df ¼ 16, p ¼ 0.6426) and EFtrans ¼ 0.48 ± 0.01
(Kruskal-Wallis test: X2 ¼ 0.069,967, df ¼ 1, p ¼ 0.7914) for tetramethrin (Corcellas et al., 2015), corresponding to a racemic
mixture. Thus, dolphin samples and commercial formulations
showed no differences regarding their EF values for tetramethrin.
The fact that the proportion of enantiomers in dolphin livers was
the same as in commercial insecticides means that, within tetramethrin's enantiomeric pairs, both cis enantiomers and both trans
enantiomers accumulate equally, i.e. we found was no enantiomerspeciﬁc accumulation of tetramethrin in liver of striped dolphins.
The EFcis for permethrin in samples were EFcis ¼ 0.42 ± 0.05
(range 0.30e0.51) and commercial insecticides showed
EFcis ¼ 0.35 ± 0.04 for this pyrethroid (Corcellas et al., 2015). The
samples’ EFcis values were statistically lower than those of the
commercial mixtures purchased in Spain (t-test: t ¼ 2.9078, df ¼ 21,
p ¼ 0.008415), meaning that striped dolphins would have an
enantiospeciﬁc preference to accumulate the (1S,3S)-permethrin
enantiomer rather than the 1R,3R enantiomer in their liver.
Rcis/trans of commercial insecticides were Rcis/trans ¼ 0.32 ± 0.09
for tetramethrin and Rcis/trans ¼ 1.47 ± 0.44 for permethrin
(Corcellas et al., 2015) (Fig. 4). The values obtained for dolphin
samples were Rcis/trans ¼ 0.42 ± 0.28 (range 0.24e1.07) for tetramethrin and Rcis/trans ¼ 1.88 ± 0.52 (range 1.25e3.40) for
permethrin. While there was no difference for permethrin (Kruskal-Wallis test: X2 ¼ 2.8249, df ¼ 1, p ¼ 0.09281), the dolphin's Rcis/
trans values for tetramethrin were statistically higher (KruskalWallis test: X2 ¼ 4.0653, df ¼ 1, p ¼ 0.04377), meaning that for this
compound there appears to be a selective accumulation of the cis
isomer.
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Fig. 4. Enantiomeric factors and cis/trans diastereoisomeric ratio for tetramethrin and permethrin in commercial formulations (Corcellas et al., 2015) and dolphin liver samples.

4. Conclusions
Pyrethroids were detected in 87% of the striped dolphins with a
mean total pyrethroid concentration of 300 ng g-1 lw ± 932. This
study showed no differences with the mean concentrations of total
pyrethroids observed in Franciscana dolphins from the Brazilian
coast (Alonso et al., 2012) (Kruskal-Wallis test: X2 ¼ 1.2761,
p ¼ 0.2586). Although we expected that the concentrations in the
Brazilian coastal species would be higher, differences in the biology
of both species as well as the possibility that the western Mediterranean Sea should be a pyrethroid hotspot (as it is for PCBs
(Jepson et al., 2016)) might account for this result.
Permethrin and tetramethrin were the main contributors to the
pyrethroid proﬁles. (1S, 3S)-permethrin and cis-tetramethrin
seemed to accumulate in striped dolphins’ livers more than (1R,
3R)-permethrin and trans-tetramethrin revealing enantiomeric
and isomeric speciﬁc accumulation, respectively.
Bioaccumulation of pyrethroids was unlike that of persistent
organic pollutants (POPs), as pyrethroid concentrations were not
associated with the maturity stage of the dolphins. Levels increased
slightly from calves to juveniles, whereas juveniles presented
similar concentrations to adults. Metabolization of pyrethroids after achieving sexual maturity might account for this pattern.
Comparing pyrethroids with other contaminants in stripped
dolphins of the Mediterranean Sea, some halogenated ﬂame retardants (PBDEs, HNs and HBB) were included in our pyrethroids
range. Therefore, whereas pyrethroids are not persistent pollutants,
their occurrence in dolphin samples from the Mediterranean Sea
was similar to that of some POPs. Moreover, the potential toxic
effects of pyrethroids and POPs seem to target the same organs and
systems. These results remark the importance of including pyrethroids in environmental quality and monitoring studies.
Even though the randomness of the sampling forced some restrictions, this study shows that these pesticides deserve environmental concern similar to POPs due to their concentrations,
occurrence and toxicity. Further studies are required to conﬁrm our
predictions on bioaccumulation through an individual's life.
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