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The present study constitutes the first investigation to demonstrate pyrethroid bioaccumulation in marine
mammals, despite the assumption that these insecticides are converted to non-toxic metabolites by hydroly-
sis in mammals. Twelve pyrethroids were determined in liver samples from 23 male franciscana dolphins
from Brazil. The median concentration values for total pyrethroids were 7.04 and 68.4ng/g lw in adults
and calves, respectively. Permethrin was the predominant compound, contributing for 55% of the total pyre-
throids. Results showed a distinct metabolic balance of pyrethroids through dolphin life. High loads are re-
ceived at the beginning of their lives and, when they reach sexual maturity, these mammals seem to
degrade/metabolize pyrethroids. Maternal transfer of these compounds was also evaluated through the anal-
ysis of breast milk and placenta samples. Pyrethroids were detected in both matrices, with values between
2.53–4.77ng/g lw and 331–1812ng/g lw, respectively. Therefore, for the first time, a study shows
mother-to-calf transfer of pyrethroids by both gestational and lactation pathways in dolphins.

© 2012 Elsevier Ltd. All rights reserved.
1. Introduction

During the 1990s the pesticide use in Brazil rapidly increased
as a consequence of globalization (trade liberalization) and
agroindustrialization. Pesticides have been extensively used on crops
in the country, including soybeans, sugarcane, tobacco, cotton and fruits
(Dasgupta et al., 2001). According to Martinelli and Omoto (2006) in-
sect control in cotton crops is responsible for an annual application of
approximately 10,000kg of insecticide active ingredients in Brazil. The
major insecticide use in crops occurs in the Southeastern (SE) and
Southern (S) Brazilian regions. In this context, the Brazilian states of
São Paulo (SE region) and Rio Grande do Sul (S region) accounted for
81% of all pesticide use in the country during the 1990s (Dasgupta
et al., 2001).

Besides the agricultural use, insecticides are also used for control-
ling insect-borne diseases, such as malaria, dengue, typhus and leish-
maniasis, in Brazil. During the 1950s and 1960s the use of DDT was
thought to be appropriate for achieving this goal (D'Amato et al.,
2002). After a rapid spread of DDT resistance, other chemical insecti-
cides including pyrethroids were introduced. However, resistance to
these compounds has also been developed, becoming a big challenge
rights reserved.
in vector control strategies (Hemingway and Ranson, 2000). Since
1996, the Brazilian Government Health Agency has supported the
use of pyrethroids as vector control (Santos et al., 2007).

Pyrethroids are organic contaminants with high hydrophobicity
(log Kow ranging between 5.7 and 7.6) and very low water solubility
(of a few μg/L) (Laskowski, 2002). For these reasons this group of in-
secticides tend to rapidly bind to suspended particulate matter or
sediments (Hill, 1989; Solomon et al., 2001) and low concentration
is generally present in water (Feo et al., 2010). Applied to land or
for domestic purposes as vector control, pyrethroids can enter the
aquatic environment through different processes such as atmospheric
deposition, river runoff and municipal treatment discharges. Once as-
sociated with sediments, benthic organism exposure of pyrethroids
can be via sediment particles (by ingestion or contact) or from inter-
stitial water (Power and Chapman, 1992). In fish, exposure to pyre-
throids can be through gill absorption due to their lipophilicity or
through food webs.

Historically, concern has existed regarding aquatic organism ex-
posure to pyrethroids, particularly arthropods and fish, because of
the high degree of toxicity observed in standard laboratory studies
(Mauck and Olson, 1976; Osti et al., 2007; Ural and Saglam, 2005). Py-
rethroid 96h LC50 for fish is typically in the range of 400–2200ng/L
(Stephenson, 1982; Werner and Moran, 2008). Moreover, a number
of recent studies have also suggested the carcinogenic, neurotoxic,
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immunosuppressive and reproductive potential toxicity of pyre-
throids in mammals (Jin et al., 2012; Schafer et al., 2008; Scollon
et al., 2011).

However, pyrethroids are considered to be safe because they are
converted to non-toxic metabolites, such as phenoxybenzoic acid,
by oxidative metabolism in fish and by hydrolysis in mammals
(Chambers, 1980; Demoute, 1989; Godin et al., 2007). This seems to
be a consequence of the fact that most studies on exposure to pyre-
throids are based on the determination of this metabolite in urine
samples. Contrary to this assumption, recent works have shown the
presence of pyrethroids in human breast milk, with levels up to
1200ng/g lipid weight (lw) (median value) (Bouwman, 2009; Feo
et al., 2012). However, no investigations have been found related to
pyrethroid levels in tissues of aquatic organisms. There is only one
study reporting the concentration level of cypermethrin in one mus-
cle sample and one liver sample of crucian carp (5.4ng/g and
7.2ng/g, respectively) (Zhao et al., 2011).

Marine mammals are at the top of the food chain, which results in
high exposure to a number of toxic compounds. Cetaceans have long
been used as sentinel species for environmental contamination by or-
ganic pollutants. They have a large reserve of energy in the blubber,
making them the ideal repository for high concentrations of lipophilic
pollutants. Small odontocete cetaceans have also relatively low mo-
bility and a long life span (Bjørge, 2001). Franciscana dolphin
(Pontoporia blainvillei) is a small cetacean that occurs exclusively in
western Atlantic coastal waters. They have limited movement pat-
terns and a small home range (Bordino et al., 2007). Due to its near-
shore distribution, this dolphin species are especially vulnerable to
the effects of human activities.

The present study investigated the occurrence of twelve pyrethroid
compounds (resmethrin, tetramethrin, bifenthrin, λ-cyhalothrin,
deltamethrin, tralomethrin, fluvalinate, esfenvalerate, fenvalerate, per-
methrin, cyfluthrin, cypermethrin) in liver samples from franciscana
dolphins along the Brazilian coast, Southwestern Atlantic. The present
investigation is the first attempt to determine pyrethroid insecticide
levels in marine mammal tissues, supporting their bioaccumulation.
Fig. 1. Map of South America showing the Brazilian sampled states: SP — São
2. Materials and methods

2.1. Area of study

Fig. 1 shows the selected area for this study. The Southeast Brazil-
ian region, where São Paulo State is located, is one of the most devel-
oped areas in South America and many coastal ecosystems have
historically received discharges of chemical contaminants from do-
mestic, industrial and agricultural wastewaters (Bícego et al., 2006;
Yogui et al., 2010). However, Rio Grande do Sul State, in the South
Brazilian region, is characterized as an agricultural region, that re-
ceives organochlorine pesticides (e.g. DDT) discharges from the
Plata River and Patos Lagoon drainages (Leonel et al., 2010; Menone
et al., 2001).

2.2. Sample collection

A total of 23 liver samples frommale dolphins were collected from
two locations along the Brazilian Southeastern Coast (São Paulo State,
SP — n=12, from 2004 to 2008), and from the Southern Coast (Rio
Grande do Sul State, RS — n=11, from 1994 to 2000). Sampling loca-
tions ranged from a highly urbanized area (e.g. SP Coast) to a more
agricultural zone (e.g. RS coast) (Fig. 1).

The collected samples come from individual dolphins found inci-
dentally caught in fishing nets along the Brazilian coast by a broad
set of cetacean research groups. The carcasses were classified as
early decomposition stage following Geraci and Lounsbury (2005).
Liver samples collected were placed in aluminum foil and stored fro-
zen until lyophilization. Liver samples collected were placed in alumi-
num foil and stored frozen until lyophilization.

Information on sexual maturity stage was estimated from total
length rather than generated by reproductive organ analyses.
Franciscana dolphin is a small cetacean that can reach up to 175cm
(Bastida et al., 2007). It was assumed that males were sexually ma-
ture whenever longer than 115cm for SP (Bertozzi, 2009) and
124cm for RS (Danilewicz et al., 2000, 2004). Multivariate analysis
Paulo (Southeastern coast) and RS — Rio Grande do Sul (Southern coast).

image of Fig.�1


Fig. 2. Chromatograms obtained for the two monitored transitions (SRM1 (207>35) and SRM2 (209>35)) for permethrin (isomers a and b), cyfluthrin (isomers c, d, e and f) and
cypermethrin (isomers g, h, i and j), in (A) standard solution and (B) breast milk dolphin sample.

Table 1
Analytical quality parameters of pyrethroid methodology applied to male franciscana
dolphins liver samples.

Blank
(ng/g lw)

Recovery
(%)

RSD
(%)

mLOD
(ng/g lw)

mLOQ
(ng/g lw)

Resmethrina nd 91 16 0.33 1.11
Isomer I 0.44 1.46
Isomer II 0.44 1.48
Tetramethrin 14.9 78 16 0.14 0.46
Bifenthrin 0.22 70 20 0.03 0.10
λ-Cyhalothrin nq 82 20 0.07 0.25
Deltamethrin/tralomethrin 4.99 53 6 0.02 0.08
Fluvalinate nd 68 20 0.46 1.54
Esfenvalerate/fenvalerate 3.39 57 6 0.16 0.54
Permethrina 24.9 87 18 0.22 0.72
Isomer I 0.24 0.80
Isomer II 0.71 2.38
Cyfluthrinb 7.72 91 7 0.06 0.21
Isomer I 0.11 0.37
Isomer II+III+IV 0.09 0.30
Cypermethrinb 11.0 116 2 0.11 0.37
Isomer I 0.18 0.60
Isomer II+III+IV 0.10 0.34

nd = below mLOD; nq = below mLOQ.
a mLODs and mLOQs were estimated for each isomer.
b mLODs and mLOQs were estimated for the first eluting isomer and the three other

isomers that coeluted.
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of osteological features (Pinedo, 1991) and a study of molecular biol-
ogy using mitochondrial DNA (Secchi et al., 1998) suggested the exis-
tence of at least two genetically and geographically separated
franciscana populations. Individuals were separated in 3 groups of
maturity: adults (sexually mature individuals), juveniles (immature
animals from 100cm up to the total length of sexual maturity) and
calves (immature dolphins smaller than 100cm).

Only male dolphins were analyzed in this study in order to inves-
tigate potential differences in pyrethroid concentrations among loca-
tions and to analyze the metabolic imbalance during the life cycle, in
an attempt to avoid the well-known high variation in the burden of
lipophilic pollutants of females due to reproductive stage (Dorneles
et al., 2010; O'Shea and Tanabe, 2003).

In addition, and in order to assess the mother-to-calf transfer of
pyrethroids, three samples of breast milk and three other of placenta
were collected from pregnant and lactating dead females incidentally
caught that inhabited São Paulo coastal waters from the same popula-
tion in the same period that the males were sampled. The limited
sampling number is a consequence of the great difficulty in obtaining
these samples.

2.3. Standards and reagents

All certified pyrethroid standardswere obtained fromDr. Ehrenstorfer
(Augsburg, Germany). They consist of a standard mixture of six pyre-
throids containing cyfluthrin, cypermethrin, deltamethrin, fenvalerate,
permethrin and tetramethrin, and single analytical standards of
bifenthrin, lambda-cyhalothrin, esfenvalerate, tau-fluvalinate, resmethrin
and tralomethrin. d6-trans-permethrin and d6-trans-cypermethrin, used
as internal standard, were also purchased from Dr. Ehrenstorfer. Hexane,
dichloromethane and acetonitrile were obtained from Sigma Aldrich (St.
Louis, MO, USA). The solvents used in this study were all pesticide grade.

Standard solutions were prepared in ethyl acetate. In order to
check the linearity of the method, calibration curves were prepared
at different concentrations ranging between 0.13 and 40pg/μL.

2.4. Sample preparation

Hepatic pyrethroid analyses were performed using a previously
described method (Feo et al., 2012). Liver samples (0.1g dry weight)
were placed in 40mL glass-centrifuge tubes. Samples were fortified
with d6-t-PERME (4ng) and d6-t-CYPE (2ng) as surrogate standards.
Samples were stirred and extracted by sonication with 20mL of hexane:
dichloromethane (2:1) in aRaypa,UCI-200bath for 15min. Then, samples
were centrifuged at 3500rpm for 20min. The organic phase remained at
the top of the conical tube andwas entirely transferred to a vial and evap-
orated under a nitrogen stream. This extraction step was repeated twice
and all the solvent residues were collected together. The lipid content
was determined gravimetrically. Extracts were cleaned up by elution
through C18 (2g/15mL) coupled to basic alumina cartridges (5g/25mL)
and conditioned with 25mL of acetonitrile. Samples were eluted with
30mL of acetonitrile. The acetonitrile extract was evaporated under a ni-
trogen stream and the residue was dissolved in 100μL of ethyl acetate for
GC–NCI-MS–MS analysis.

2.5. Instrumental analysis

GC–MS–MS analysis was performed in negative chemical ioniza-
tion (Feo et al., 2011) mode on an Agilent Technologies 7890A GC sys-
tem coupled to 7000A GC/MS Triple Quad. A DB-5ms capillary
column (15m×0.25mm i.d., 0.1μm film thickness) containing 5%
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Table 2
Basic statistics of pyrethroid concentrations (expressed in ng/g lw) in livers from franciscana dolphin males of Southeastern and Southern Brazil.

n Tetramethrin Bifenthrin λ-Cyhalothrin Delta/tralomethrin Fluvalinate Es/Fenvalerate Permethrin Cyfluthrin Cypermethrin Total

Sao Paulo
Adults 7
Mean 5.24 1.08 1.06 2.29 0.93 0.18 18.9 0.58 3.73 33.9
Median 3.56 1.01 0.31 2.68 nq nq 18.7 0.56 4.34 31.5
Range 0.59–15.4 0.07–2.56 nq–4.10 nd–5.93 nq–4.36 nq–1.27 4.48–41.8 nd–1.72 nq–6.05 7.04–59.5
SD 5.22 0.83 1.46 2.37 1.72 – 13.4 0.66 2.42 19.0
Juveniles 2
Mean 0.96 0.64 2.90 0.16 1.02 0.48 11.0 0.23 1.58 19.0
Median 0.96 0.64 2.90 0.16 1.02 0.48 11 0.23 1.58
Range 0.62–1.30 nq–1.29 0.40–5.39 nq–0.32 nq–2.04 nq–0.95 9.24–12.8 nq–0.46 1.22–1.94 12.5–25.5
SD 0.48 0.91 3.53 0.23 1.44 0.67 2.53 0.32 0.50 9.20
Calves 3
Mean 3.09 0.77 0.39 0.98 1.07 0.50 31.6 1.10 4.02 43.6
Median 2.59 0.85 0.35 0.96 nq 0.57 31.2 1.61 3.28 41.2
Range 2.40–4.28 0.24–1.22 nq–0.83 nd–1.99 nq–3.22 nq–0.93 9.08–54.6 nq–1.70 3.05–5.75 21.1–68.4
SD 1.04 0.49 0.42 0.99 1.86 0.47 22.8 0.96 1.50 23.8

Rio Grande do Sul
Adults 5
Mean 4.21 0.21 0.47 0.86 nq 0.36 9.66 0.40 2.34 18.5
Median 4.75 0.10 0.51 0.96 nq nq 7.66 nq 2.47 16.8
Range 0.86–8.99 nq–0.83 nd–0.98 nq–1.65 nd–nq nq–0.93 5.08–20.4 nd–1.43 1.59–2.98 9.85–28.6
SD 3.42 0.35 0.47 0.77 – 0.49 6.12 0.63 0.60 7.21
Juveniles 5
Mean 2.78 0.10 0.18 0.24 1.66 0.45 10.4 1.00 7.10 22.8
Median 1.82 nq nq nq nq 0.48 9.04 1.33 2.54 18.0
Range 1.60–4.91 nd–0.28 nd–0.92 nd–0.72 nq–5.58 nq–0.91 7.70–18.0 nq–1.81 2.03–24.8 14.1–46.0
SD 1.85 0.14 0.41 0.34 2.49 0.44 4.32 0.74 9.91 13.1
Calf 1

6.67 0.10 nq 5.36 nq 3.64 11.1 3.45 4.93 35.3

nd = below mLOD; nq = below mLOQ.
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phenyl methyl siloxane was used with helium as carrier gas at con-
stant flow of 1mLmin−1. The temperature program was from 100°C
(held for 1min) to 230°C at 15°Cmin−1, then from 230 to 310°C
(held for 2min) at 10°Cmin−1, using the splitless injection mode
during 0.8min. Inject volume was 3μL. The inlet temperature was
set at 275°C and ion source temperature at 250°C. Ammonia was
used as reagent gas at 2×10−4Torr. More details on MS–MS condi-
tion and selected transitions were reported elsewhere (Feo et al.,
2010, 2011).

2.6. Quality assurance

Quality parameters of the method had been evaluated. For this
purpose, recovery tests were carried out by addition of each pyre-
throid to a liver sample. These samples were previously analyzed in
Fig. 3. Percentage contribution of each pyrethroid to total contamination in liver (calves, ju
Paulo coast.
order to determine pyrethroid presence before spiking (blank).
Three replicates were prepared for the evaluation of the reproducibil-
ity of the method. The limits of detection of the method (mLOD), de-
fined as 3 times the noise level, and the limit of quantification of the
method (mLOQ), defined as 10 times the noise level, were calculated.

2.7. Statistical analyses

Statistical analyses were conducted using the SPSS 17.0 statistical
package. The level of statistical significance was defined at pb0.05.
Non parametric statistical tests were used since the data were found
to have a non-normal distribution (Shapiro Wilk's W test). Individual
one-way analysis of variances (ANOVAs) followed post hoc by
Tukey's honestly significant difference (HSD) tests were then used
to determine which locations were significantly different between
veniles and adults), breast milk and placenta samples from franciscana dolphins of São
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Fig. 4. Pyrethroid concentrations (ng/g lw) according to total body length (cm) of males franciscana dolphins from São Paulo coast, Brazil.
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the concentrations and profile of pyrethroid compounds in age-groups
(adults, juveniles and calves). Spearman's coefficients were calculated
to understand the correlation between age groups, locations and con-
centrations and profiles of pyrethroid insecticides.

3. Results and discussion

3.1. Quality control

Quality parameters of the methodology applied for the determina-
tion of pyrethroid insecticides in liver dolphin samples were summa-
rized in Table 1. Recoveries ranged between 53 and 116%, with
relative standard deviation (RSD) values lower than 20%. mLODs
ranged between 0.02 and 0.71ng/g lw, and mLOQs ranged between
0.08 and 2.38ng/g lw.

The GC–MS–MS identification of pyrethroids was based on the fol-
lowing criteria: (i) simultaneous responses for the two monitored
transitions (SRM1 and SRM2) must be obtained at the same retention
time than those of available standards; (ii) signal-to-noise ratios must
be >3; and (iii) relative peak intensity ratio must be within ±20% of
the theoretical values obtained with standard solutions. As an exam-
ple, Fig. 2 shows the chromatograms obtained for permethrin,
cyfluthrin and cypermethrin in a breast milk sample. Relative peak in-
tensity ratios (SRM1 (207>35)/SRM2 (209>35)) were calculated for
the milk sample, with values of 3.03, 2.43 and 2.79 for permethrin,
cyfluthrin and cypermethrin, respectively. Similar values were
obtained for the standard solution (3.06, 3.02 and 2.93), with RSDs
lower than 20%.

3.2. Pyrethroid levels in dolphin livers

Hepatic pyrethroid concentrations in franciscana dolphins from
two Brazilian states, SP and RS, are presented in Table 2. Results
were expressed in lw and the dolphin samples were separated by
age classes (adults, juveniles and calves). The lipid content in liver
ranged from 2 to 16% (mean 5.9%, SD 4.2) and from 6 to 13% (mean
7.7%, SD 2.2) in São Paulo and Rio Grande do Sul male dolphins, re-
spectively. No significant differences among states or sexual maturity
were observed. All targeted pyrethroid compounds were detected in
liver samples, with the exception of resmethrin that was not found
in any sample. Deltamethrin and tralomethrin were detected in 73–
75% of the samples and cyfluthrin in 82–83% of the samples from
both states. In RS, tetramethrin and λ-cyhalothin were detected in
82% of the samples while bifenthrin and fluvalinate were detected
in 91%. The other pyrethroids were found in all samples from both
study areas.

Total pyrethroid concentrations ranged from 7.04 (adult from SP)
to 68.4 (calf from SP) ng/g lw. Permethrin was the compound that
presented the highest concentrations, which ranged from 4.48ng/g
lw (adult from SP) to 54.6ng/g lw (calf from SP). The next compounds
in descendent order of concentrations were cypermethrin (below
mLOQ (nq) to 24.8ng/g lw), followed by tetramethrin (0.59 to
15.4ng/g lw), deltamethrin/tralomethrin (below mLOD (nd) to
5.93ng/g lw), fluvalinate (nq to 5.58ng/g lw), λ-cyhalothrin (nq to
5.39ng/g lw), esfenvalerate/fenvalerate (nq to 3.64ng/g lw),
cyfluthrin (nd to 3.45ng/g lw) and bifenthrin (nq to 2.56ng/g lw).

Fig. 3 shows the mean percentage contribution of each pyrethroid
to the total pyrethroid content in calf, juvenile and adult dolphins.
Permethrin was the predominant pyrethroid in all samples, with
mean percentage contribution of 73%, 58% and 56% in calf, juvenile
and adult dolphins, respectively. The next contributing compounds
are tetramethrin and cypermethrin, with contribution values be-
tween 5–15% and 8–11%, respectively.

To be able to compare concentrations in the two dolphin
populations from the two selected areas, it is important to remark
that franciscana dolphins have limited movement patterns and a
small home range (Bordino et al., 2007). It is worth mentioning that
a correct comparison should be carried out with samples collected
in the same period. This is not the case, since the RS samples were col-
lected during 1994–2000, while SP samples were taken between
2004 and 2008. As no information regarding the use of pyrethroids
over these years, and assuming that such use has remained constant,
we compare the concentration values obtained in the two different
locations selected for this study. We found higher pyrethroid levels
in dolphin samples collected in SP. This fact may indicate a greater
use of pyrethroids in urban areas (SP) compared with their applica-
tion for agricultural purposes (RS). Similar findings were observed
by Weston et al. (2009a) in California, where the urban runoff con-
tributed more to pyrethroid input than the discharge of irrigation
runoff. Although, in the colder areas, as the temperate zone of RS, py-
rethroids could become more toxic (Weston et al., 2009b, 2011) and
could put franciscanas from Southern Brazil at risk even at lower con-
centrations. Regarding specific pyrethroids, significantly higher con-
centrations were found in dolphins from SP than in individuals from
RS for bifenthrin and permethrin (p=0.003 and 0.043, respectively).
Also deltamethrin/tralomethrin concentrations presented significant
differences, with values up to 5 times higher in calves from RS than
in those from SP coast. These could be related to their use in Rio
Grande do Sul State since 1980s for controlling stored grain insects
(Lorini and Galley, 1999).

Total pyrethroid concentrations had a peculiar pattern of distribu-
tion according to the total length of the sampled dolphins (Fig. 4). The
major concentrations appeared in the smallest individuals (calves)
and decreased until dolphins reached youth. Then, the concentrations
started to increase again when approaching the age of sexual matura-
tion. Finally, concentration levels began to decline again. This profile
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Fig. 5. IF values of esfenvalerate/fenvalerate, permethrin and cypermethrin isomers in
calf, juvenile and adult liver samples from franciscana dolphins collected in Brazilian
coast (SP and RS).
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could be explained as follows: the high levels in calves may be due to
a high load of pyrethroids received by the dolphin from maternal
transfer. According to animal growth, pyrethroid concentrations
could dilute in its body and then return to accumulate with predation
on squids and fish until the sexual maturity. When adults, these
Table 3
Pyrethroids concentrations (expressed in ng/g lw) in milk and placenta from
franciscana dolphin of Southeastern Brazil.

Breast Milk Placenta

n=1 n=2 n=3 n=1 n=2 n=3

Tetramethrin 0.6 0.2 0.1 37 25 96
Bifenthrin 0.7 0.4 0.6 38 51 86
λ-Cyhalothrin nq nq nq 22 9.3 49
Deltamethrin/tralomethrin 0.3 0.4 0.6 nd 13 39
Fluvalinate nq nq nq 20 7.1 nq
Esfenvalerate/fenvalerate 0.4 0.2 0.2 6.9 12 10
Permethrin 2.3 0.9 0.8 259 103 385
Cyfluthrin 0.2 0.1 0.1 14 15 42
Cypermethrin 0.3 0.2 0.3 459 96 1106
Total 4.8 2.5 2.7 856 331 1812

nd = below mLOD; nq = below mLOQ.
mammals seem to be able to degrade/metabolize pyrethroid com-
pounds. This would be the explanation for the fact that the lowest
concentrations were found in the longer franciscana dolphins. How-
ever, it should be noted that this hypothesis is based on a very limited
sample number. Therefore, future studies involving a larger number
of individuals are required. Moreover, some other assumptions must
be also confirmed through additional determinations. For instance,
there are not currently available data reporting pyrethroid levels in
fish in order to support the accumulation by food intake.

It is known that isomeric composition is an important toxicologi-
cal parameter for a number of compounds. In order to quantify the
weight of each isomer of selected pyrethroids in dolphin samples,
the isomeric factor (IF) was calculated as the proportion of one iso-
mer relative to the total of analyte:

IFij ¼ Aij=AiT ð2Þ

where i is a pyrethroid, j is one isomer, Aij is the area of the isomer j
and AiT is the total area of pyrethroid i. In this study, these IF values
have been calculated in order to detect potential isomer-specific
mechanisms. For instance, to determine whether there is a greater ac-
cumulation of a specific isomer or if there is a greater degradation of
one of the isomers in the mammalian metabolism. Fig. 5 shows the IF
values obtained for three different pyrethroids (esfenvalerate/
fenvalerate, permethrin and cypermethrin) separated by age classes
(calves, juveniles and adults). As can be seen, the behavior of
esfenvalerate/fenvalerate was similar, with no significant differences
between IF values for calves (0.53–0.67), juveniles (0.54–0.61) and
adults (0.48–0.63). Also for cypermethrin there are no differences be-
tween the contribution of isomer I and the sum of isomers II+III+IV.
In this case, the first eluting isomer is the less contributing, with IS
values between 0.33 and 0.38 for calves, 0.30–0.49 for juveniles and
0.28–0.42 for adults. However, some differences can be observed for
permethrin. IF values are similar for juveniles (mean value of 0.60)
and adults (mean value of 0.69) indicating that there is no
isomer-specific metabolization of this pyrethroid when dolphins
reach sexual maturity and become able to degrade/metabolize pyre-
throids. In contrast, IF values for calves (mean value of 0.84) showed
a higher contribution of the first isomer compared with juveniles and
adults. These results indicate that there may be an isomer-specific ac-
cumulation of the isomer II during the pyrethroid accumulation by
food intake in juvenile dolphins. Obviously, it would be necessary to
study a larger number of individuals in order to confirm this behavior.
However, an enrichment of the isomer II of permethrin was also ob-
served in a recent study on humans (Feo et al., 2012).

3.3. Maternal transfer of pyrethroids

Based on these results, we proceeded to evaluate the potential
maternal transfer of these compounds through the analysis of breast
milk and placenta samples. Breast milk reflects maternal body burden
and the post-natal transfer of pyrethroids from mothers to calves,
whereas placenta provides a good indication for pre-natal exposure.
Three milk and three placenta samples of franciscanas from SP were
analyzed. Pyrethroids were detected in both matrices, with values be-
tween 2.5–4.8ng/g lw and 331–1812ng/g lw, for breast milk and pla-
centa, respectively (Table 3). So for the first time, this study shows
the maternal transfer of pyrethroids by both gestational and lactation
pathways.

It is interesting to note that pyrethroid distribution presented
some differences between milk and placenta samples (Fig. 3). Similar
to the distribution observed in liver samples, permethrin is the dom-
inating pyrethroid in milk samples, with a mean contribution of 40%
of the total. In placenta samples the contribution of permethrin de-
creased to 25%. Also for bifenthrin, the contribution decreased when
we move from milk (17%) to placenta (6%) samples. Similar behavior

image of Fig.�5
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was also observed for tetramethrin (from 10% to 5%), deltamethrin/
tralomethrin (from 13% to 3%), esfenvalerate/fenvalerate (from 8%
to 1%) and cyfluthrin (from 5% to 2%). In contrast, other compounds
presented higher contributions in placenta compared with those of
milk samples. The most prominent was the case of cypermethrin,
which becomes the dominant pyrethroid in placenta with a mean
contribution of 55%, whereas their contribution in milk samples was
only 8%. Moreover, λ-cyhalothrin and fluvalinate were not detected
in milk samples, and their contributions in placenta were 3% and
1%, respectively. Analyzing this scenario we can assume that some py-
rethroids, such as permethrin, bifenthrin, tetramethrin, deltamethrin/
tralomethrin were maternally transferred through both gestational
and lactation pathways, but mainly through the breast milk. In con-
trast, other pyrethroids, such as cypermethrin were basically trans-
ferred through gestational pathways by the placenta. The different
pyrethroid behavior may be due to their physico-chemical properties.

4. Conclusions

Contrary to the assumption that pyrethroid insecticides converted
to non-toxic metabolites by hydrolysis in mammals, the present
study showed for the first time the presence of different pyrethroids
in marine mammal tissues, supporting their bioaccumulation. The ef-
fects of these compounds are still unknown, but cypermethrin, per-
methrin and biphenthrin were classified by EPA as possible human
carcinogens (Cox, 1996). In addition, it is known that cypermethrin
is harmful to aquatic life even in low levels (Friberg-Jensen et al.,
2003; Gowland et al., 2002; Jaensson et al., 2007).

Results showed a distinct metabolic balance of pyrethroids in the
different life stages of dolphins: high levels in calves may be due to
the maternal transfer, and when adults, these mammals seem to be
able to degrade/metabolize pyrethroids. Maternal transfer was evalu-
ated through the analysis of breast milk and placenta samples. And,
for the first time, this study shows mother-to-calf transfer of pyre-
throids by both gestational and lactation pathways. However, it
should be noted that the hypothesis of a lack of metabolism in
young specimens is based on a very limited sample number. There-
fore, future studies involving a larger number of individuals are re-
quired before strong conclusions are drawn.

Taking into account the potential toxic effects of pyrethroids and the
exposure to these pollutants in an early period of life, the need for fur-
ther studies related to marine mammal exposure to these compounds
becomes clear. Some recent works have also raised a similar concern
in humans, as the presence of pyrethroids was found in human breast
milk samples from different geographical areas (Africa, America and
Europe) (Corcellas et al., 2012; Feo et al., 2012; Sereda et al., 2009).
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