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Abstract

Deliberate poisoning of domestic animals and wildlife with commercial formulations of pesticides has been documented worldwide.

We have compiled the analytical results obtained by four Spanish Laboratories of Veterinary Toxicology since 1990. The frequency of

poisonings and the intentional use of pesticides were compared between formulations with restricted and unrestricted use, including the

toxicity of the commercial formulations as a covariant in the model. The frequency of poisoning was inversely related with the lethal dose

of specific formulations, but not with the amounts consumed in agriculture in Spain. The intentional illegal use of some pesticides as

poisons was not affected by the commercial restriction of their formulations, but was inversely correlated with their LD50. The

examination of the data permits us to detect three highly toxic compounds (aldicarb, carbofuran, and strychnine), more widely

implicated in animal poisonings than other compounds of similar toxicity.

r 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Acute pesticide poisonings of wildlife and domestic
animals have been documented since the early 1950s
(Cramp, 1973; de Snoo et al., 1999; Fleischli et al., 2004).
The circumstances involving lethal exposures can be
classified as due to accidents with the approved use,
misuse, and deliberate abuse of pesticides. In the first case,
animal poisonings occur when pesticides are applied to the
approved target and at the proper application rate (Stanley
and Bunyan, 1979; Augspurger et al., 1996; Pain et al.,
2004). In the second case, pesticides are not applied
according to the specified conditions for use (Swiggart et
al., 2002; Greigsmith et al., 1994; Guitart et al., 1996). In
the last case, pesticides are used in a deliberate or illegal
attempt to poison animals, and secondary poisonings in
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scavengers can occur because of the high doses of pesticide
usually employed (Allen et al., 1996; Berny et al., 1997;
Whitfield et al., 2003).
Monitoring studies of poisonings in domestic animals

and wildlife have been conducted in France (de Snoo et al.,
1999; Berny, 2007), Greece (Antoniou et al., 1997), Korea
(Kwon et al., 2004), the Netherlands (de Snoo et al., 1999),
Spain (Guitart et al., 1999; Motas-Guzmán et al., 2003),
United Kingdom (Cramp, 1973; de Snoo et al., 1999), and
the United States of America (Forrester and Stanley, 2004).
The pesticides most frequently involved in animal poison-
ings are insecticides and rodenticides (Guitart et al., 1999;
de Snoo et al., 1999; Motas-Guzmán et al., 2003; Berny,
2007). Poisonings by herbicides (Burgat et al., 1998) and
molluscicides (Studdert, 1985) are also described, but the
number of incidents is much lower (Table 1).
The use of specific pesticides in deliberate animal

poisonings relies on several factors, such as the type of
agriculture of the region, the popular knowledge of the
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Table 1

Groups of pesticides involved in animal poisonings in European countries

Country Period n % References

Fungicides Herbicides Insecticides Rodenticides Mollusquicides

Greece 1990–1994 223 – 2.2 84.3 13.5 – Antoniou et al. (1997)

France 1994–1995 144 – – 69.4 30.6 – de Snoo et al. (1999)

United Kingdom 1990–1994 262 – 1.1 27.9 69.9 1.1 de Snoo et al. (1999)

Netherlands 1990–1994 121 – – 86.8 13.2 – de Snoo et al. (1999)

Spain 1990–2005 260 0.8 3.5 66.1 26.9 2.7 Present study
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toxicity of a specific product, and its availability in the local
market (Navas et al., 1998; Grey et al., 2005). As the
median lethal dose (LD50) of some pesticides can be as low
as 1mg/kg of body weight (Dreisbash and Robertson,
1982; Hudson et al., 1984), the percentage of such active
ingredients in the commercial formulations will greatly
determine the risk of intentional poisonings by the use of
these products.

We have studied the relationship between the frequency
and intentionality of poisoning by each pesticide with the
restriction of their use and the toxicity of their commercial
formulations found in the market in Spain. The hypothesis
was that frequency of poisoning by pesticides or the
intentional use for illegal poisoning is related to their
commercial availability and the toxicity of their commer-
cial formulations. This approach would permit to identify
pesticides positively selected for deliberate poisoning and,
consequently, to establish a more strict control or even the
prohibition of some formulations.
2. Methods

Wild and domestic animal poisonings (number of cases ¼ 260)

diagnosed in four Spanish Veterinary Laboratories between 1990 and

2005 have been reviewed. The domestic species affected have been

dog (number of analyzed animals, n ¼ 132), cat (n ¼ 31), cow (n ¼ 2),

sheep (n ¼ 8), goat (n ¼ 2), horse (n ¼ 1), pigeons (n ¼ 10),

chicken (n ¼ 3), and common peafowl (Pavo cristatus, n ¼ 3). The

species of wildlife involved in the cases have been fox (Vulpes vulpes,

n ¼ 12), common genet (Genetta genetta, n ¼ 4), marten (Martes

martes, n ¼ 1), wolf (Canis lupus, n ¼ 1), red kite (Milvus milvus,

n ¼ 11), black kite (Milvus migrans, n ¼ 10), black vulture (Aegypius

monachus, n ¼ 10), griffon vulture (Gyps fulvus, n ¼ 5), Bonelli’s

eagle (Hieraaetus fasciatus, n ¼ 4), eagle owl (Bubo bubo, n ¼ 3), golden

eagle (Aquila chrysaetos, n ¼ 2), marsh harrier (Circus aeruginosus, n ¼ 2),

common buzzard (Buteo buteo, n ¼ 2), red-legged partridge (Alectoris

rufa, n ¼ 2), Egyptian vulture (Neophron percnopterus, n ¼ 1), Spanish

imperial eagle (Aquila adalberti, n ¼ 1), hen harrier (Circus cyaneus,

n ¼ 1), Montagu0s harrier (Circus pygargus, n ¼ 1), magpie (Pica pica,

n ¼ 1), common raven (Corvus corax, n ¼ 1), grey heron (Ardea cinerea,

n ¼ 1), greylag goose (Anser anser, n ¼ 1), and common coot (Fulica atra,

n ¼ 1). Baits involved in poisoning of different mammal species were also

analyzed (n ¼ 8). Some of the cases of bird poisoning implicated more

than one individual. Statistics were performed on the basis of cases and

not individuals.

Intentionality of the poisoning was established for each case according

to information of the owner or wildlife rehabilitators, presence of baits or

massive amounts of the toxicant in the digestive tract of the animals. A

percentage of cases deemed to be the result of intentional poisoning was
established for each active ingredient. Further epidemiological and

analytical details of the studied cases have been published before by

each laboratory (Guitart et al., 1999; Motas-Guzmán et al., 2003;

Soler-Rodrı́guez et al., 2006; Martı́nez-Haro et al., 2006). Domestic

animals are potential sentinels of the use of poison to kill wildlife

because the same compounds have been found in both animal groups.

Moreover, the suspected cases of poisoning in domestic animals

give more positive analytical results in domestic animals (56%) than in

wildlife (37%) because the necropsy is done earlier, with the possibility

of making a complete anatomopathological study and biomarker

analysis that limits the type of toxicants to be investigated (Mateo and

Guitart, 2000).

Acute oral LD50 (mg/kg of body weight) data of the pesticides involved

in animal poisonings in Spain were compiled from the Hazardous

Substances Data Bank and ChemIDplus Advanced from Toxnet

(Toxicology Data Network http://toxnet.nlm.nih.gov/) and Extoxnet

(Pesticide Information Profiles http://extoxnet.orst.edu/pips/ghindex.

html). In order to analyze independently the cases of mammals and birds,

the LD50 values were compiled for rat and birds (mallard duck or quail).

The contents of the active ingredient in the commercial formulations of

pesticides available in Spain were obtained from de Liñán (1982, 1994,

2003) and D.A.R.P. (1992). In the case of banned substances,

such as strychnine, the purity of the poison was assumed to be 100%.

The toxicity of the commercial formulations of pesticides was estimated

from the LD50 of the active ingredients and considering the highest purity

found in the market. The use of pesticides in Spain is only available for

groups of applications (AEPLA, 2005), but not for specific active

ingredients.

The statistical analysis was performed independently for mammals and

birds because of differences in the sensitivity to some toxicants between

both groups. The frequency of poisoning by each pesticide and the

intentionality of the illegal use was arcsine transformed to approach a

normal distribution. The frequency of poisoning or the intentionality of

use was then compared between the formulations classified as toxic or

highly toxic, which are commercially available only for authorized

applicators (restricted use), and those formulations of lower toxicity

categories more widely available (unrestricted use) with two different

generalized linear models (GLMs). The toxicity of the commercial

formulations was included as a covariant in the analyses after a

logarithmic transformation to fit a normal distribution (Kolmogorov–

Smirnov test, both birds and mammals with P40.3). The relationship

between the lethal dose of formulations and the frequency of poisoning or

the intentional use of product was also studied by linear or curvilinear

regression analysis. The frequency of poisoning by groups of applications

(fungicides, herbicides, insecticides, rodenticides, and mollusquicides)

was also evaluated with respect to the amounts used in agriculture in

Spain by a linear correlation. Our hypothesis considers that an efficient

control of the most toxic formulations would result in lower occurrences in

animal poisonings, taking into account that the LD50 of the formulation

can also determine this. On the contrary, a significant relationship between

the intentionality of poisonings with certain active ingredients and the

LD50 of the formulations may reflect the selective use of highly toxic

pesticides. Statistics were performed with the SPSS 13.0 program (SPSS

Inc., 2004).

http://toxnet.nlm.nih.gov/
http://extoxnet.orst.edu/pips/ghindex.html
http://extoxnet.orst.edu/pips/ghindex.html
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3. Results

Most of the animal poisonings registered in Spain have
been caused by insecticides, followed by rodenticides
(Table 1). The frequency of use of pesticides in agriculture
does not imply a higher involvement in animal poisonings
(P ¼ 0.93). For example, the insecticides (including acar-
icides and nematicides) represent 30.8% of the total
amount of pesticides consumed in Spain, while they
represented 66.9% of the animal poisonings (Table 1).
On the contrary, fungicides and herbicides represent 53.3%
of the consumption, and these have been detected in only
4.18% of the cases.

Most of the reported poisonings were due to a few
pesticides with extremely low LD50 like aldicarb, carbofur-
an and strychnine in mammals and also methomyl in birds
(Table 2). The restrictions on the use of toxic and highly
toxic formulations of pesticides are not accompanied by
lower occurrences of poisoning in mammals (P ¼ 0.741;
Fig. 1a) or birds (P ¼ 0.361; Fig. 1b). On the contrary, a
significant relationship exists between the lethal dose of
formulations and the frequency of poisoning by their active
ingredients when removing the restriction of use from the
analysis in mammals (curvilinear regression analysis, cubic
r2 ¼ 0.199, F3,36 ¼ 2.99, P ¼ 0.044; Fig. 1a) and birds
(cubic r2 ¼ 0.238, F3,34 ¼ 3.537, P ¼ 0.025; Fig. 1b).

The restrictions on the use of formulations were not
associated with lower intentional use as poisons in
mammals (P ¼ 0.899; Fig 2) or birds (P ¼ 0.3). In fact,
the intentional use of an active ingredient in mammal
poisonings slightly depends on the LD50 of the commercial
formulations (linear regression analysis, r2 ¼ 0.127,
F1,33 ¼ 4.803, P ¼ 0.036; Fig. 2), which may indicate some
knowledge of the users about the toxicity of pesticides.

4. Discussion

The use of poisons to kill wild predators has been
banned in Spain since 1989 (Ley 4/1989), but this
activity was supported by the Spanish government before
1975. The Spanish law (Real Decreto 3349/1983) restricts
the use of the toxic and highly toxic formulations of
pesticides to authorized personnel and should force to
register sales in the specialized stores. However, our data
show a high percentage of intentional animal poisonings by
the use of these restricted formulations or even by products
that are nowadays banned as pesticides. Special attention
should be paid to strychnine and endrin, as banned
pesticides, and to aldicarb and carbofuran, as restricted
pesticides.

One of the most widely used poisons to kill predators
was strychnine, which was finally banned in 1994 (Orden
1994/03824) but it is still occasionally used for the
deliberate poisoning of wildlife (Martı́nez-López et al.,
2006). The source of strychnine used today is unclear, but
old stocks, chemists or veterinarians are possibilities. A
similar situation exists for the case of endrin. The use of
this organochlorine had been gradually restricted and then
totally banned (Orden 1991/03665), but this is still being
used for illegal poisonings of animals.
Aldicarb and carbofuran have always been found as

granular formulations in the studied cases. The high
toxicity of these carbamates (acute oral LD50o10mg/kg)
(Schafer et al., 1973; Hill and Camardese, 1984) and the
significant content of the active ingredient make their
granular formulations very attractive for the deliberate
poisoning of domestic animals (Delaunois et al., 1997;
Frazier et al., 1999) and wildlife (Tataruch et al., 1998;
Fleischli et al., 2004; Salyi et al., 2005). Aldicarb and
carbofuran have also been involved in many fatal poison-
ings in humans (Gupta, 1994; Garcı́a-Repetto et al., 1998;
Nisse et al., 2002).
The use of aldicarb and carbofuran has been restricted in

the last decade in Europe and North America due to the
impact on non-target animal species observed with the
labeled application (Mineau et al., 1999). The use of
aldicarb has been restricted to cotton and to citrus and
other trees in the EU since 2003 and in 2007 this carbamate
will be totally banned (2003/199/CE). In the USA, the
Environmental Protection Agency initiated a ban on all
granular formulations of carbofuran, with five minor-use
exceptions, that became effective in 1994 (EPA, 1991).
Phase-out began in 1991 with a ban on the use of granular
carbofuran in certain ecologically sensitive areas. In
Canada, the use of the granular form of carbofuran has
been banned since 1995 (Mineau et al., 1999). The large
number of casualties from carbofuran even when it is used
in the approved manner and the extended use of granular
formulations of carbofuran for the illegal poisoning of
wildlife, in many cases endangered species, and domestic
animals (Mineau et al., 1999; Fleischli et al., 2004; Wobeser
et al., 2004; Salyi et al., 2005), should be taken into account
to exclude carbofuran from the list of authorized pesticides
in EU (91/414/CEE).
The possibility of exposure to lethal doses of those

formulations with lower toxicity is small compared with
formulations that can be lethal at very low amounts like
granular carbamates. Because a larger quantity of a
product of lesser toxicity would be required in the illegal
baits, this may reduce the attractiveness to animals, or it
may be easier for the animal to form an avoidance response
which may reduce the risk of exposure to lethal amounts
(Mason and Epple, 1998; Sayre and Clark, 2001). Future
regulations to reduce the content of the active ingredients
in the formulations of the most toxic pesticides and to
incorporate repellent substances for non-target animals
might reduce mortality. Some repellents used or evaluated
to reduce the risk of unintentional poisonings by pesticides
in non-target animals are D-pulegone, quinine hydrochlor-
ide, methyl anthranilate, 2-heptanone, lithium chloride,
ortho-aminoacetophenone, pine oil and extracts from
plants (Mastrota and Mench, 1995; Ries et al., 2001).
Additionally, the incorporation of an emetic could be
useful, in some cases, to decrease the absorption of the
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Table 2

Pesticides involved in animal poisonings (n ¼ 260, 202 mammals and 58 birds) in Spain with the maximum content of the active ingredient in the

commercial formulations (MCcf), the oral acute LD50 in rat and birds, the lethal dose of the commercial formulation (LD50cf), the cases of poisoning and

the percentage of intentional poisoning observed for each active ingredient

Use Family Compound MCcf (%) LD50 (mg/kg) LD50cf (mg/kg) Cases (%) Intentional (%)

Rat Birds Rat Birds Mammals Birds Mammals Birds

Fungicide Sulfamide Dichlofluanid 50 500 5000a 1000 10,000 0.5 ndc 0 –

Dithiocarbamate Thiram 80 600 2800b 750 3500 0.5 nd 0 –

Herbicide Phenoxyacetic MCPA 70 750 377a 1071.4 538.6 0.5 nd 0 –

Bipyridyl Paraquat 20 130 199b 650 995 3.96 nd 12.5 –

Insecticide Carbamate Aldicarb 10 0.65 3.4b 6.5 34 24.75 27.59 100 100

Bendiocarb 18.4 95 21a 516.3 114.1 0.99 nd 0 –

Carbaryl 85 540 1559.5a 635.3 1834.7 nd 3.45 – 0

Carbofuran 20 9.55 0.44b 47.8 2.19 10.4 27.59 100 93.75

Methomyl 25 20.5 15.45b 82 61.8 1.98 8.62 100 100

Organophosphorus Chlorfenvinphos 24 9.66 85.5b 40.3 356.3 0.99 3.45 0 100

Chlorpyrifos 75 176 98.65b 234.7 131.5 2.48 nd 20 –

Coumaphos 50 46.5 29.8b 93 59.6 0.99 nd 0 –

Diazinon 60 175.5 3.50b 292.5 5.8 0.5 1.72 100 0

Dichlorvos 20 48.5 7.8b 242.5 39 nd 1.72 – 100

Dicrotophos 24 18.5 4.19b 77.1 17.5 nd 1.72 – 100

Dimethoate 50 179 47.3b 358 94.6 0.5 nd 100 –

Disulfoton 5 4.55 6.50b 91 130 nd 1.72 – 100

Fenamiphos 40 2.85 1.68b 7.1 4.2 0.5 1.72 0 0

Fenitrothion 60 525 1190b 875 1983.3 0.5 nd 100 –

Fenthion 50 239 10.92b 478 21.8 0.99 3.45 50 100

Fonofos 55 10.85 16.9b 19.7 30.7 0.5 nd 100 –

Malathion 97 845 1485b 871.1 1530.9 0.5 1.72 100 100

Methamidophos 60 17.25 8.48b 28.8 14.1 0.5 nd 100 –

Methidathion 40 39.5 23.6b 98.8 59 0.5 nd 0 –

Pirimiphos methyl 50 1350 140a 2700 280 1.98 nd 50 –

Parathion 20 16 2.05b 80 10.3 0.99 3.45 50 100

Phosmet 50 136.5 1830b 273 3660 1.49 nd 100 –

Propetanphos 35 89.25 – 255 – 0.99 nd 0 –

Terbufos 5 1.52 15b 30.4 300 nd 1.72 – 100

Organochlorine Chlorfenson 22.3 2000 4600a 8968.6 20,627.8 0.5 nd 0 –

Endosulfan 36 89 33b 247.2 91.67 2.97 nd 100 –

Endrin 99.99 3 5.49b 3 5.49 0.5 nd 100 –

Lindane 90 133 2000b 147.8 2222.2 1.98 1.72 100 0

Mollusquicide Carbamate Methiocarb 50 22 13.00b 44 26 1.98 nd 75 –

Aldehyde Metaldehyde 5 458.5 – 9170 – 1.49 nd 33.3 –

Rodenticide Coumarin Brodifacoum 0.005 0.16 3.3b 3200 66,000 4.46 1.72 22.2 100

Bromadiolone 0.25 0.7 1600a 280 64,00,000 0.99 nd 100 –

Warfarin 0.7 2.3 2000b 328.6 2,85,714 7.92 nd 68.75 –

Indane Chlorophacinone 0.25 2.1 100b 840 40,000 1.49 nd 0 –

Alkaloid Strychnine 99.99 2.35 3.10b 2.4 3.1 17.33 6.9 100 100

aLD50 in quail.
bLD50 in mallard duck.
cnd: Not detected.
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toxic agent. Some manufacturers, for example, add
stenching agents (of deterring odor), an emetic and a blue
dye to the toxic herbicide paraquat (de Liñán, 2003), which
is frequently involved in human poisonings (Klein-
Schwartz and Smith, 1997). It may be important to notice
that some highly toxic formulations are not frequently
being involved in animal poisonings, which can be as a
result of a proper control of the use of specific formulations
and/or a lower popular knowledge of the toxicity of such
formulations.
The illegal poisoning of wild predators in Spain, like fox

or wolf may be a significant threat for their populations
and for other opportunistic scavengers like kites and
vultures. Red kite is one of the most affected species by the
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Fig. 1. Relationship between the LD50 of commercial formulations of

pesticides (mg/kg body weight) and the frequency of poisonings produced

by their active ingredients in mammals (a) and birds (b). LD50 in birds

correspond to mallard duck and quail.

Fig. 2. Relationship between the LD50 of commercial formulations of

pesticides (mg/kg body weight) and percentage of intentionality of the use

the active ingredients to poison mammals.
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illegal use of poison and its breeding population in Spain
have suffered a decline of 40–46% between 1994 and 2004
(Cardiel, 2006). Mortality of breeding adults is specially of
concern for long-lived birds that are late to mature like
raptors (Wobeser et al., 2004).
5. Conclusions

The deliberate poisonings of animals by banned
compounds show that not only the ban on the use is
important, but also that a more strict control of the
distribution among professionals is needed. Apart of the
restriction to authorized personnel, formulations of
pesticides should contain repellents and a lower percentage
of the active ingredient to reduce the risk of ingestion
of lethal amounts by non-target animals. In conclusion,
more efforts should be done to prevent the use of
highly toxic formulations for the illegal and deliberate
poisoning of animals, suicide or other criminal uses of these
products.
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