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Although nowadays the intentional poisoning of domestic and wild animals is a crime in EU, in the past the
poison was used in rural areas of a number of European countries to kill animals that were considered harmful
for human activities. In Spain evidences indicate that intentional poisonings continue to occur throughout the en-
tire country nowadays. This situation seems to be of particular concern in the Canary Islands (Spain), where this
study was performed. Our results confirmed that 225 animals were poisoned by pesticides over the study period
(32 months; 2010–2013). The intentionality of the poisoningwas confirmed in 117 cases. It has to be highlighted
that the other 108 animals also died by pesticide poisoning, although the intentionality was only suspected. This
incidence is currently the highest reported in any region from European Union. The pesticides carbofuran,
bromadiolone, brodifacoum and aldicarb were the most frequently detected involved. Among the affected
species, it has to be highlighted that endangered species are frequently affected in poisoning incidents. No-
tably, chemicals banned in the EU (carbofuran and aldicarb) were identified in approximately 75% of cases,
and in almost 100% of baits, which suggests that these pesticides are still available to the population. Several
circumstances may explain these results. Firstly, little control over the sale and possession of pesticide
products, and the potential existence of an illegal market of pesticides banned in the European Union in
the neighbouring African continent. In addition, the limited awareness of the population about the dangerous-
ness of these compounds, for the environment, animals, or even people, make the situation very worrying in
these islands. Stronger regulations, control of legal and illegal pesticide use, development of educational pro-
grams and legal action in poisoning incidents are needed to decrease the impact of pesticide misuse on wildlife
and domestic animals.

© 2014 Elsevier B.V. All rights reserved.
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1. Introduction

It is well documented that agricultural pesticides cause a large
number of accidental poisonings in target and non-target species. In
the literature it has been described that wild animals are particularly
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affected by accidental pesticide exposure (Berny, 2007; Berny and
Gaillet, 2008; Guitart et al., 1999; Kwon et al., 2004; Martínez-Haro
et al., 2008; Ogada, 2014; Slaninova et al., 2009; Wagner et al., 2013);
additionally, domestic animals (Berny et al., 2010; Guitart et al., 2010a;
Hornfeldt and Murphy, 1997), and humans are frequently poisoned by
pesticides (Eddleston et al., 2002; Litchfield, 2005). However the situa-
tion is even worst when pesticides are used intentionally to kill animals,
mainly through the use of poisoned baits. Of the chemicals that baits can
be laced with, pesticides are commonly used (Brown et al., 2005; Ogada,
2014). It has been estimated that pesticides are used illegally in up to 68%
of all suspected poisoning animal cases (Berny, 2007). Epidemiological
studies revealed that pesticides account for approximately 52.5% of
bird poisonings and that pesticides are a major cause of wild mammal
deaths (Guitart et al., 2010b). Because of their high toxicity, several re-
strictions have been applied to many compounds that are currently
banned or severely restricted in the EU (EC, 2003, 2006).

The use of poisoned baits is an illegal,massive, non-selectivemethod
affecting many species, in addition to those against whom they are
directed. Its use is a serious threat to public health and biodiversity in
Europe. In the EU, this illegal practice represents one of the biggest con-
servation problems for some endangered species, often becoming the
main cause of non-natural death. Currently intentional poisoning is an
act of animal cruelty and a criminal offense in the European legislation.

In Spain and other Mediterranean countries, where conflicting rural
uses may motivate the illegal use of poisoned baits, the problem is par-
ticularly serious. Although the current Spanish legislation condemns
and prosecutes the use of poisoned baits, this practice has been legally
used (and even promoted) to eliminate animals in Spain over the past
century (BOE, 1953). Thus, the poison was used in rural areas to kill
animals that were considered harmful for different activities, including
hunting, farming, agriculture, pigeon breeding or apiculture (De la
Bodega, 2012). In addition, poisoned baits were used in urban areas
against stray cats and dogs. Due to such circumstances, the habit of
using poisoned baits is deeply rooted in the population and is not per-
ceived as a serious risk, even currently, in rural areas.

Currently, no governmental body in Spain can provide reliable statis-
tics on the actual incidences of animal poisoning. However, various re-
ports have examined the effects of poisons on endangered wildlife
populations (González et al., 2007; Hernandez and Margalida, 2008;
Hernández andMargalida, 2009; Margalida et al., 2008). Moreover, vet-
erinary toxicology services from several universities have published sta-
tistics indicating that animal poisoning remains a common practice in
Spain (Berny et al., 2010; Guitart et al., 1999; Motas-Guzman et al.,
2003). Many poisoning cases were caused by strychnine (rodenticide)
until the year 2000, when its use was prohibited (Hernandez and
Margalida, 2008), whereas from 2000 to 2007, most primary and sec-
ondary poisoning cases were caused by anticholinesterase agents,
mainly aldicarb and carbofuran, and by anticoagulant rodenticides
(Fajardo et al., 2012; Guitart et al., 1999; Hernandez and Margalida,
2008; Martínez-Haro et al., 2008; Motas-Guzman et al., 2003). In the
EU, the marketing of products containing aldicarb was withdrawn in
2003 (EC, 2003), and products containing carbofuran in 2007 (EC,
2007). Therefore, a reduction in poisoning episodes involving these
substances should be expected. However, studies on other compounds
indicate that legal and commercial restrictions have not influenced the
intentional illegal use of these substances as poisons (Kervegant et al.,
2013; Martínez-Haro et al., 2008).

In our laboratory, samples poisoning of wild and domestic animals
are received since 2003. Our preliminary evidence indicated that pesti-
cides were often involved in poisoning episodes, and in many cases
there was also evidence of the intention thereof, with the use of banned
substances. With these antecedents in mind, we planned this study in
which samples of all cases of poisoning of animals detected in the
Canary Islands since the beginning of 2010 were taken for chemical
analysis. A careful and systematic collection of all data of each episode
was performed. Our main objective was to test the hypothesis that in
this archipelago exists a continued use of pesticides banned in the EU
for the intentional poisoning of wildlife. This paper presents and dis-
cusses the results of those cases where intentional poisoning was
suspected initially, and also those cases of poisoning of unknown origin.
Cases of accidental poisoningwith a clear accidental originwere express-
ly excluded. The collection of cases lasted for a period of 32 months. Our
results have confirmed ahigh incidence of intentional illegal poisoning in
this region aswell as the continued use of pesticides thatwere banned in
the EU for several years.

2. Materials and methods

2.1. Sampling and ethics statement

We analysed 544 samples (tissues and baits) from 188 poisoning
cases that involved the death of 225 animals. The number of animals
involved per incident ranged from 1 to 14. Samples analysed includ-
ed liver, blood, stomach contents, vomiting, brain, kidney, flesh and
bones, and plastic containers. Investigated animals belonged to 14
different species (187 dogs and cats, 22 reptiles, 75 raptors/scaven-
gers, 11 wild mammals, and 11 wild non-raptor birds). Sampling
was performed between January 2010 and September 2013 in the
Wildlife Recovery Centres (WRCs) and the Veterinary Hospital of
the Veterinary Faculty of the ULPGC, where clinical veterinary facilities
of the Canary archipelago submitted cases for analyses. During the nec-
ropsy sampleswere collected and kept frozen (−20 °C) until theywere
submitted to the Service of Clinical and Analytical Toxicology (SERTOX)
of the University of Las Palmas de Gran Canaria (ULPGC, Canary Islands,
Spain), where remained frozen at the same temperature until analysis.
Most animalswere founddead in the countryside or urban areas or died
while at veterinary facilities. No animals were killed for the purposes of
this study, and no experiments were performed on or with samples
from living animals.

2.2. Data selection

Circumstantial, medical and pathological records of all suspected
animal poisoning cases submitted to the SERTOX were reviewed. Only
cases in which one or more pesticides were identified in samples from
animals (mainly blood, liver, brain or gastric contents), and these pesti-
cides were quantified at a concentration considered toxic for that species
(http://toxnet.nlm.nih.gov/), were considered positive cases for this
study. We also included in this study all those baits, which were suspi-
cious to have been laced with toxic substances. Data analysis included
the time and location of the poisoning, seasonality, type of species, num-
ber of animals affected, and pesticide(s) detected. A major challenge in
this typeof cases is to distinguishwhether they are intentional or acciden-
tal poisonings. For this taskwehavehad the help of the veterinary experts
from the WRCs of the Canary Islands. The veterinary assessment of the
potential intentionality was based on: a) visualization of abnormal sub-
stances, baits or materials and identification of possible exposure route
or method of administration; b) estimate of time of exposure to the
toxic, based on the progression of physical symptoms or physiological
changes; c) direct evidence of intentionality, such as remains of bait or un-
usual food items in themouth, stomach contents or vomit; d) exclusion of
potential natural or accidental poisoning sources. Besides the above, the
veterinarians gave awritten report about pain or possible animal suffer-
ing associated with a particular poison, which may be necessary to file
animal cruelty charges against the perpetrator. In many cases environ-
mental protection agents of theGovernment of the Canary Islands or of-
ficers of the Service of Nature Protection of the Police (Guardia Civil)
conducted the forensic investigation of the crime scene to provide
additional evidences of poisoning. On the basis of all the above, the
cases were initially classified as: a) allegedly intentional poisoning;
b) poisoning of unknown origin; c) accidental poisoning. These latter
cases were excluded from this study.

http://toxnet.nlm.nih.gov/
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2.3. Chemical analyses

Procedure for the extraction, purification and quantification of pesti-
cides in samples from animal poisoning incidents have been fully vali-
dated in our laboratory and previously published (Luzardo et al.,
2014). This procedure was developed for the quantification of 117 pes-
ticides, which were selected because of their high toxicities in animals
or their frequent use in animal poisonings (Table 1) (Berny, 2007;
Berny et al., 2010; De la Bodega, 2012; Mineau et al., 2001). Briefly,
the samples (2 g) were subjected to a solid-extraction with 10 ml of a
mixture of dichloromethane/ethyl acetate/acetone (50/30/20) followed
by one (gel permeation chromatography, GPC) or two purification steps
for highly degraded matrices (GPC plus freezing centrifugation). The
purified extract was divided into two aliquots that were re-dissolved
in cyclohexane and acetonitrile prior to chromatographic analyses. We
used a Thermo Trace GC Ultra with split/splitless injector for the chro-
matographic analyses coupled to a triple quadrupole TSQ XLS mass
spectrometer (Thermo Fisher Scientific Inc., USA) for the analysis of 91
non-polar pesticides, using a column of 30 m × 0.25 mm, 0.25 μm film
thickness (BPX5, SGE Inc., USA) as the stationary phase and helium
(99.999%) as the carrier gas. A timed selected reaction monitoring
(t-SRM) method was constructed to analyze all the target com-
pounds plus ISs in a single run (61 min). The most polar pesticides
were analysed by two complementary methods using a Thermo LC
AccelaUltra instrument coupled to a TSQQuantumMax triple quadrupole
Table 1
Toxicities of the pesticides included in the screening.

Toxicity a T

Compound LD50 birds LD50 mammals Compound L

Acephate 125.0 321.0 Dichlorphos
Aldicarb 3.8 1.9 Dicrotophos
Aldrin 7.2 65.0 Dieldrin
Allethrin 2030.0 370.0 Difenacoum
Amitraz – 100.0 Difethialone
Azinphos ethyl 34.4 12.0 Dimefox
Azinphos methyl 8.5 10.0 Dimethoate
Bendiocarb 21.0 35.0 Dioxathion
Benfuracarb 92.0 102.0 Disulfoton
Bifenthrin 1975.0 54.5 Ediphenphos
Brodifacoum 4.5 2.5 Endosulfan sulphate
Bromadiolone 138 16.5 Endosulfan, alpha
Bromophos ethyl 20.5 125.0 Endosulfan, beta
Bromoxynil 50.0 78.0 Endrin
Cadusafos 16.0 71.4 EPN
Carbaryl 56.0 150.0 Ethion
Carbofuran 22.4 10.2 Etoprophos
Carbophenothion 5.8 14.0 Famphur
Carbosulfan 120.0 115.0 Fenamiphos
Carboxin 42.2 430.0 Fenitrothion
Chlordane, cis 220.0 50.0 Fensulfothion
Chlordane, trans 220.0 50.0 Fenthion
Chlorfenvinphos 13.0 20.0 Flucythrinate 2
Chlormephos 65.0 12.5 Fonofos
Chlorophacinone 430.0 7.5 Formothion
Chlorpyrifos 5.2 60.0 Heptachlor
Chlorpyriphos methyl 13.0 2000.0 Heptenophos
Chlorthiophos 45.0 20.0 Imidacloprid
Cifluthrin 250.0 300.0 Isazophos
Coumatetralyl 38.3 42.5 Isobenzan
Cyanazine 400.0 141.0 Isofenphos
Cyanophos 3.0 215.0 Isoxathion
Cyproconazole 150.0 352.0 Leptophos
Dazomet 424.0 415.0 Lindane
DDT 1135.0 200.0 Malathion
Deltamethrin 1000.0 22.0 Mephospholan
Diallate 167.0 395.0 Metamidofos
Diazinon 2.0 76.0 Methidathion
Dichlone – 160.0 Methiocarb

a Average data from different species. These data have been taken from Mineau et al. (
chem.sis.nlm.nih.gov/chemidplus/chemidheavy.jsp) and Hazardous Substances Data Ba
mass spectrometer (Thermo Fisher Scientific Inc., USA). An analytic
Accucore C18 column (2.6 μm, 150 × 3 mm; Thermo Fisher Scientific
Inc., USA) was used for the separation of anticoagulant rodenticides,
and an analytic Synergi Hydro-RP column (4.0 μm, 150 × 4.6 mm;
Phenomenex, Torrance, USA) was used for the analysis of the rest of
polar pesticides. A t-SRM method was contructed by directly infusing
pure standardmethanolic solutions into the source to analyze 26 target
compounds plus ISs in two separate runs. The calibration curve ranged
from 0.5 to 500 ng/mL and included all of the compounds in each cali-
bration standard level. The quantification was performed by the inter-
nal standard method. An example can be found in Supplementary
Fig. 1. In each batch of samples, three controls were included: a reagent
blank consisting of a vial containing only cyclohexane and two internal
laboratory quality controls (QC) consisting of melted meat fat and
chicken liver, both spiked at 20 μg/kg of each of the analytes, which
were processed using the samemethod as the samples. The batch anal-
yses were considered valid when the values of the analytes in the QC
were within a 10% of deviation of the theoretical value. All the details
of the methodology and validation procedure can be found in Luzardo
et al. (2014).

2.4. Statistical analysis

Database management and statistical analysis were performed with
the PASW Statistics v 17.0 statistical software (SPSS Inc., Chicago, IL,
oxicity a Toxicity a

D50 birds LD50 mammals Compound LD50 birds LD50 mammals

8.8 61.0 Metolcarb 100.0 109.0
1.2 11.0 Metomil 20.5 24.9

13.3 65 Mevinphos 1.4 4.0
50.0 50.0 Monocrotophos 0.8 15.0
0.9 4.0 Nuarimol 200.0 2450.0
1.7 3.5 Omethoate 125.0 50.0

45.6 220.0 Oxamyl 4.2 30.0
200.0 10.0 Parathion ethyl 1.3 0.9

2.4 5.0 Parathion methyl 5.0 57.0
350.0 100.0 Phenthoate 58.6 138.0
52.4 18.0 Phorate 1.0 20.0
35.0 26.0 Phosalone – 112.0
35.0 26.0 Phosmet 18.0 40.0
1.7 3.0 Phosphamidon 1.8 6.0
2.4 20.0 Phoxim 5.6 250

45.0 13.0 Pirimicarb 45.5 100.0
4.2 34.0 Pirimiphos ethyl 3.0 25.0
1.8 59.0 Pirimiphos methyl 30.0 1150.0
2.4 10.0 Profenofos 1.9 116.0

11.0 142.0 Propachlor 91.0 392.0
0.3 2.2 Propaphos 2.5 61
1.4 46.2 Propetamphos 49.0 130.0

708.0 76.0 Propoxur 19.9 51.2
10.0 3.0 Pyrazophos 118.0 184.0

630.0 175.0 Quinalphos 20.0 75.0
125.0 50.0 Resmethrin 75.0 250.0
17.0 117.0 Sulfotep 25.0 22.0

152.0 98.0 Sulprofos 65.0 70.0
244.0 27.0 Tebufenpyrad 2000.0 210.0

1.0 5.0 Tefluthrin 267.0 22.0
3.0 91.5 TEPP 1.3 2.3

21.6 112.0 Terbufos 15.0 3.5
268.8 65.0 Tetrachlorvinphos 100.0 4200.0
127.0 25.0 Thiometon 100.0 37.0
400.0 53.0 Thionazin 2.4 5.0

2.8 11.0 Triazophos 4.2 57.0
14.3 18.5 Trichloronat 1.6 10.0
80.0 25.0 Warfarin 942.0 6.5
2.4 16.0

2001) and the National Library of Medicine internet resources ChemIDplus (http://
nk (http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB).

http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
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USA). Kolmogorov–Smirnov test was employed for testing the nor-
mality of the distribution of the variables. Differences between vari-
ables were performed using Student's t-test. Categorical variables
(percentages) were compared by the chi-squared test. P values b0.05
(two-tailed) were considered to be statistically significant.

3. Results

We finally included in this study 455 samples from 225 deceased
animals and 24 baits. 117 animals were initially classified as having
been poisoned on purpose according the veterinary services. The rest
(108 animals) could not be initially classified nor as intentionally nor
as accidentally poisoned. All the baits were initially classified as inten-
tionally delivered in the environment. The number of deceased animals
in caseswhere a pesticidewas detected at toxic concentrations (Mineau
et al., 2001) (Table 1) was significantly higher than from negative cases,
this is, cases where no pesticide was detected (mean 2.73 ± 0.31 vs.
1.82 ± 0.22, P b 0001).

The species of domestic animals affected included cats (number
of pesticide-poisoned/analysed animals, n = 84/103), and dogs
(n = 42/84). The wildlife species involved in suspicious poisoning inci-
dents included Eastern Canaries lizards (Gallotia stehlini, n = 22/22),
common buzzards (Buteo buteo = 16/20), European turtle doves
(Streptopelia turtur, n = 9/11), common ravens (Corvus corax = 13/16),
European hedgehogs (Erinaceus europaeus = 11/11), common kes-
trels (Falco tinnunculus, n = 15/17), barn owls (Tyto alba, n = 8/9),
long-eared owls (Asio otus, n = 5/6), Egyptian vultures (Neophron
percnocterus, n = 0/3), and Barbary falcons (Falco pelegrinoides,
n = 4/4). In addition, pesticides were detected in 81.82% of 24
baits (meat, fish, bones and flesh, bread, milk, or plastics and con-
tainers). The pesticides that have been detected in each species or the
baits are presented in Table 2.

Pesticides were present in 61.34% of the analysed cases (76.47% of
the animals submitted for testing). Fourteen different pesticides were
detected with a mean of 1.23 ± 0.58 pesticides per incident. The
chemicals most frequently detected were carbofuran (43.12% of the
incidents, n= 119 dead animals), bromadiolone (13.62%, n= 18), aldi-
carb (12.23%, n = 51), and brodifacoum (10.56%, n = 17). The other
pesticides were oxamyl (8.32%, n = 11), methomyl (8.43%, n = 19),
difenacoum (6.85%, n = 10), carboxin (4.07%, n = 9), chlorpyrifos
(3.11%, n=7), diazinon (2.04%, n=4), fenthion (2.04%, n=3), propoxur
(1.81%, n = 2), fenazaquin (0.90%, n = 2), and fipronil (0.90%, n = 1).
Table 2
Identification of pesticides in animals and baits from poisoning episodes occurred in the Canar

Principal toxicant(s)

Carbofuran Aldic

Wild animals
Eastern Canaries Lizard (Gallotia galloti) 6 16
Barn Owl (Tyto alba)
Common Kestrel (Falco tinnunculus) 3 4
Long-eared Owl (Asio otus) 1
Common Buzzard (Buteo buteo) 9 3
European Hedgehog (Erinaceus europaeus) 11
Common Raven (Corvus corax) 8
European Turtle-dove (Streptopelia turtur)
Barbary Falcon (Falco pelegrinoides) 1
Eurasian Coot (Fulica atra) 1
Long-eared Bat (Plecotus teneriffae)

Domestic animals
Cats 59 7
Dogs 12 19
Goat

Baits and suspicious materials
Meat 3 1
Feed 3
Bones and flesh 1 3
Other 4
No significant differences in the toxic concentrations of any of the
pesticides among species were found. However we found a highly
significant relationship between the number of dead animals and
the pesticide involved. The most lethal pesticides in our study were
aldicarb and carbofuran, which involved the death of 3.92 ± 0.78
and 2.52 ± 0.46 animals per incident, respectively (P b0.01). We also
found that Eastern Canaries lizard and domestic cat were the species
where higher number of individuals died per incident (6.11 ± 1.82
and 3.76 ± 1.25 animals per incident respectively).

Interestingly, four of the 14 pesticides detected were banned prod-
ucts in the EU, including aldicarb, carbofuran, diazinon, and fenthion.
Carbofuran and aldicarbwere responsible for the death of approximate-
ly 75% of the animals from positively identified cases (Fig. 1). These
pesticides were detected in the baits and in domestic and wild animals
(Table 2). We considered very relevant the fact that 93.75% of positive
baits had been laced with either carbofuran or aldicarb (Fig. 1, and
Table 2). It was also considered very relevant that in 97.43% of the
cases that were initially classified as intentionally poisoned pesticides
were positively identified and quantified at levels that revealed the sub-
stancewas the cause of the death.Moreover in 103 of these 117 animals
(88.03%) the compound detected was a banned substance (carbofuran,
aldicarb or diazinon).

We have to note that all of the species were not affected by pesti-
cides identically. Cats, dogs, and wildlife species such as Eastern
Canaries lizards, European hedgehogs and common buzzards were
significantly affected by banned pesticides (P b0.005). On the contrary,
the nocturnal birds of prey (barn owls and long-eared owls) were
mainly affected by products that are legal in the EU (anticoagulant ro-
denticides, P b0.01).

4. Discussion

We report in this work the relevance of pesticide poisoning as a
cause of death in domestic animals and wildlife in the Canary Islands
(Spain) according to data obtained from SERTOX. Our results indicate
that the incidence of intentional poisonings in this archipelago is very
high, probably higher than that of other European regions.

It has to be highlighted that products thatwere banned several years
ago were involved in a significant percentage of the cases. Notably, the
involvement of chemicals banned in the EU (such as carbofuran and
aldicarb) in the death of animals does not seem to be decreasing as
expected.
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Fig. 1. Frequency of the implication of carbofuran and aldicarb in the animal poisoning incidents.

Table 3
“Potential of lethality” of carbofuran and aldicarb.

5 g of product

Species Number of animals
that could die

Carbofuran Common Buzzard (Buteo buteo) 926
Common Kestrel (Falco tinnunculus) 4167
Cat (Felis silvestris) 257
Human being 13

Aldicarb Common Buzzard (Buteo buteo) 11,211
Common Kestrel (Falco tinnunculus) 50,012
Cat (Felis silvestris) 3246
Human being 154
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Because this practice is greatly harmful to biodiversity as well as an
important public health problem, it is necessary that authorities enact
effective measures on the marketing of toxic chemicals, control of
banned chemical stocks, the implementation of educational programs,
and effective criminal prosecution of poisoners to prevent, or at least
minimise, the incidence of this harmful practice.

The high incidence of pesticide poisoning cases in this territory, and
the highmortality of the exposed animals are remarkable. The data pre-
sented here are much higher than other results published in Europe
(Guitart et al., 1999; Motas-Guzman et al., 2003), which reported far
fewer cases per year. However, there are no official animal poisoning
records, and recent information from many regions is lacking. From
the literature it can be assumed that the figures reported in those
studies only represent an approximation of the actual incidence of
wildlife mortality because it has been estimated that less than 10%
of poisoning cases are detected and sent to a forensic laboratory
(De la Bodega, 2012; Guitart et al., 1999). This is especially relevant
for wildlife because sick animals often become less visible and many
die in nests, burrows or inaccessible places. Nevertheless, our findings
indicate that the actual incidence of mortality from poisoning in the
Canary Islands is very high and undoubtedly higher than that of other
European regions.

It has drawn our attention that the percentage of cases in which
therewas evidence of intentional poisoningwas very high in the Canary
Islands, aswe confirmed the presence of a pesticide at toxic levels in the
great majority of the cases that were initially classified as intentional
poisonings by the veterinary services. Notably, substances that were
banned several years ago were detected in approximately 75% of the
positive cases, and this percentage raised to almost 90% in the cases
classified as intentional poisonings, and to almost 100% in the baits.
In Spain and other Western countries, these highly toxic products
have been often involved in poisonings, but the references are dated
prior to the permanent ban of these pesticides (Guitart et al., 1999;
Hernandez and Margalida, 2008; Hernández and Margalida, 2009;
Motas-Guzman et al., 2003). After the ban of other pesticides, such as
strychnine (Hernandez and Margalida, 2008) or paraquat (Kervegant
et al., 2013), poisonings continued for several years because stocks of
these chemicals that had been acquired before the prohibition
were illegally used until the supply was exhausted. Nevertheless,
the incidence of poisoning with these banned chemicals has exhibit-
ed a progressive decreasing yearly trend each year until ultimately
ceasing to occur (Hernandez and Margalida, 2008; Kervegant et al.,
2013). According to our data, the opposite situation is occurring in
the Canary Islands because an increased incidence in animal poison-
ings with carbofuran, aldicarb, and other banned compounds (such
as diazinon and fenthion) has been detected. The reasons for these
findings are not clear; however, in a recent study, some companies
agreed to the sale of banned substances when the authors attempted
to purchase 5 g on the internet, which demonstrates the existence of
an illegal market of banned pesticides (De la Bodega, 2012) that may
also be present in the Canaries.

Carbofuran and aldicarb are granular insecticides that were banned
throughout the European Union (EC, 2003, 2007) because of their
high toxicity, low handling safety and ecotoxicological effects. Table 3
presents the “potential of lethality” for these compounds, which indi-
cates the number of different animal species that would theoretically
die with 5 g of product, based on the LD50 value and average body
weight for each species (De la Bodega, 2012). Both pesticides have
been widely used in the agricultural sector of the Canary Islands, in-
cluding in the cultivation of banana (carbofuran) and vegetable
crops (aldicarb); therefore, significant amounts of obsolete product
may be present in private farms that have not been destroyed and
could be motivating their intentional use against domestic and wild
fauna. In addition to the existingmarket in internet, an illegal market
for these chemicals may exist in the neighbouring African continent
where a number of highly toxic pesticides are still permitted (De la
Bodega, 2012).

Various reasons have been proposed to explain why pesticides, and
poisons in general, have been used to kill animals indiscriminately.
When analysing the causes, some sociocultural factors should be
considered. The first issue is determining how tolerant a society is to
of animal abuse, which is a factor that varies greatly between countries
and regions, and also how important is for this society the conservation
of the environment and natural resources. In Spain, certain forms of an-
imal abuse are extensive and even accounted for in the legal system,
such as the use of animals during the approximately 20,000 popular
festivals held each year throughout the country that often results in
the death or torture of different types of animals, mainly bulls, cows
and calves. Therefore, in many Spanish regions, there is a social habitu-
ation to certain forms of animal abuse (Chew and Armstrong, 2001).
Furthermore the presence of abandoned animals in large numbers
without effective control measures performed by the administration
creates numerous problems for ranchers, hunters, farmers, and in
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residential and tourist areas of the country. Poison sometimes becomes
the quickest option to end the problem. Besides, it has been recently re-
ported that the Canary Islands and the Balearic Islands are regions in
Spain where the rate of abandoned animals is higher (N60 dogs and
cats / 10,000 inhabitants) (Segú et al., 2010) and among the highest
rates in Europe compared with countries where data have been report-
ed (Tasker, 2008). Additionally, other factors may be influencing the in-
tentional use of pesticides against animals, including a high accessibility
to toxic pesticides, or the lack of controlling the possession of prohibited
chemicals. This ease of access to chemicals is coupled with a certain
sense of impunity for poisoners because, although the crime of using
poison to control predators is included in the European legislation
(including Spain), material and human resources devoted to criminal
prosecution are usually lacking. Recently the “Strategy for eradication
of illegal use of poison in the non-urban areas of the Canary Islands”
has been approved by the regional government with the aim of prose-
cuting this illegal activity (BOC, 2014) but to date there have not been
convictions for this crime in the Canaries.

Several of the above cited circumstances simultaneously concur in
many European regions and are especially relevant in the Canary
Islands, where this study was performed. Therefore, authorities should
take different measures to correct the circumstances that motivate the
intentional poisoning of animals to curb, or at least minimise, this
serious problem that severely threatens biodiversity, animal welfare
and public health.

5. Conclusions

We present the results of a prospective analysis of all cases of
poisoning of wild and domestic animals that have occurred over a peri-
od of 32 months in the archipelago of the Canary Islands. Our prelimi-
nary experience seemed to indicate that there was a high involvement
of pesticides in these cases and, more worryingly, the involvement of
prohibited pesticides. In order to test this hypothesis we designed this
study including only those cases in which there was direct evidence of
intentional poisoning, or cases of unknown origin, being expressly ex-
cluded those cases with a clear accidental aetiology. Our results indicat-
ed that 117 animals were intentionally poisoned, which represents
52.5%of the animals thatwere included in the study, and that frequently
wildlifewas affected animals (mainly birds of prey and scavengers). The
set of results presented in this study is the highest reported to date in
any territory of the European Union. Our study confirms the involve-
ment of banned pesticides is high in this archipelago (mainly carbofuran
and aldicarb), as this product was identified in 75% of animals and 97%
of the baits. This set of results is extremely worrying, as it implies that
there is still access to these products of extremely high toxicity, which
are being used in an uncontrolled manner. This is particularly acute in
a territory such as the Canary Islands, where there are 11 protected nat-
ural areas with the highest level of protection under the European
Union (4 National Parks and 7 Parks Rural), so that the high use of
poison poses a great risk to biodiversity conservation. It is imperative
that the authorities allocate material and human resources to the pros-
ecution of this crime, and the parallel development of education and
awareness campaigns in order to minimize environmental impact of
this illegal and harmful practice.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.scitotenv.2014.10.093.
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