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Abstract

Cases of deliberate, illegal animal poisoning are widely documented
in the literature. Recently, there has been an increase in number of cases
of poisoning of domestic and wild animals with highly toxic pesticides in
the Republic of Serbia. During the two-year period (2016-2017), in total 40
autopsies of dogs and 2 cats from the territory of the South Backa District
were performed at the Department of Pathology at Scientific Veterinary In-
stitute “Novi Sad” to determine the cause of death. Reasonable suspicion of
poisoning in 13 dogs and 2 cats was made based on anamnestic data. The
expertises were performed on request of the Republic veterinary inspec-
tor in 5 cases, and on the request of the owner in 8 cases. After autopsy,
liver, kidneys and stomach content were sampled for toxicological analysis.
The presence of carbofuran was determined in three dogs and one cat and
the presence of 4,6-dinitro-ortho-cresol in one dog by method of gas-mass
chromatography. In these cases of poisoning, on the basis of anamnestic
data, clinical picture and autopsy finding it was concluded that poisonings
were deliberate. Although the number of confirmed cases of domestic car-
nivores poisoning during the two-year period is relatively low, it is assumed
that the number of undetected and undiagnosed poisoning cases is much
higher. Abuse of highly toxic pesticides can have severe consequences for
both public health and the overall biodiversity.
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Slu¢ajevi namernih, nezakonitih trovanja Zivotinja se mogu nadi u
ve¢em broju literaturnih izvora. U novije vreme u Republici Srbiji belezi se
porast slucajeva trovanja domacih i divljih Zivotinja visoko toksi¢nim pes-
ticidima. U periodu od dve godine (pocetak 2016. do kraja 2017. godine) u
cilju utvrdivanja uzroka uginuca, na Odeljenju za patologiju Nau¢nog insti-
tuta za veterinarstvo ,Novi Sad“ obdukovano je ukupno 40 pasa i 2 macke,
sa teritorije Juznobackog okruga. Na osnovu anamnestickih podataka, os-
novana sumnja na trovanje postavljena je kod 13 pasa i 2 macke. Ekspertize
su obavljane na osnovu zahteva Republickog veterinarskog inspektora u 5
slu¢ajeva, dok je po zahtevu vlasnika zabelezeno ukupno 8 slu¢ajeva. Nakon
izvr$ene obdukcije, izvrseno je uzorkovanje organa: jetra, bubrezi i sadrzaj
zeluca u cilju toksikologkih analiza. Metodom gasno-masene hromato-
grafije utvrdeno je prisustvo karbofurana u sadrzaju zeluca i jetri kod tri
psa i jedne macke kao i prisustvo 4,6-dinitro-orto-krezola kod jednog psa.
U navedenim slu¢ajevima trovanja je na osnovu anamnesti¢kih podataka,
klinicke slike ili nalaza prilikom patomorfoloskog pregleda zaklju¢eno da se
radi o slu¢aju gde je trovanje namerno. lako je broj potvrdenih slu¢ajeva tro-
vanja domacih karnivora u toku dvogodisnjeg perioda relativno mali, moze
se pretpostaviti da je broj neotkrivenih i nedijagnostikovanih slucajeva tro-
vanja zivotinja znatno vedi. Zloupotreba visoko toksi¢nih pesticida moze
imati ozbiljne posledice kako na javno zdravlje tako i na celokupan biodi-
verzitet u regionu.

Kljucne redi: trovanje, domaci karnivori, zabranjeni pesticidi, karbo-
furan, dinitro-orto-krezol.
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INTRODUCTION

Cases of acute pesticide poisonings of wildlife and domestic animals have
been documented worldwide since the middle of the 20th century (Cramp,
1973; Fleischli et al., 2004). The pesticides most frequently involved in animal
poisoning are insecticides and rodenticides (Segev et al., 2006; Wang et al.,
2007; Yas-Natan et al., 2007; Berny et al., 2010; Anastasio and Sharp, 2011;
Caloni et al., 2012; Waddell et al., 2013). Animal poisoning cases by herbi-
cides, molluscicides and fungicides have also been reported but less frequently
(Berny et al., 2010; Caloni et al., 2012). There are many data in the literature
on unintentional or accidental poisonings with pesticides used in agriculture
in target and non-target species. Wild animals are most frequently exposed to
accidental poisoning (Kwon et al., 2004; Berny and Gaillet, 2008; Martinez-
Haro et al.,, 2008; Slaninova et al., 2009; Wagner et al., 2013; Ogada, 2014). It
is estimated that pesticides were illegally used in 68% of animal poisonings
(Berny, 2007).

Restrictions have been made in the European Union on the use of certain
chemical preparations used in agriculture, due to their high toxicity (EC
2003, EC 2006). Non-selective and unsafe use of pesticides, as well as the
use of poisonous baits for killing non-target species, are some of the most
serious problems for public health and biodiversity. Also, there is a growing
problem of the conservation of endangered animal species due to the illegal
use of pesticides (Ruiz-Sudrez et al., 2015). The ban on the use of highly toxic
pesticides can reduce their availability and hence the possibility for poisoning
of domestic and wild animals. For example, after 1998 the percentage of
poisoning of cattle with organochlorine pesticides declined significantly
because of the ban on use of these pesticides (Guitart et al., 2010; Caloni et al.,
2012). However, intentional or accidental cases of poisoning of animals with
banned pesticides are still present in a large percentage worldwide (Tennakoon
etal., 2009; Berny et al., 2010; de Siqueira et al., 2015; Ruiz-Suarez et al., 2015).
An increased percentage of cases of deliberate, illegal poisoning of domestic
and wild animals has been recorded in Republic of Serbia. Although the
literature data on the incidence of pesticide poisoning in domestic animals in
our country is very scarce, it is known that this number is significantly higher
than statistical data show (Aleksic et al., 2014). Killing, causing of injuries,
torture or any other form of animal abuse is a criminal act and is regulated
by the Criminal law of the Republic of Serbia, Article 269 (SI. glasnik RS", No.
85/2005, 88/2005 - ispr., 107/2005 - ispr., 72/2009 i 111/2009). The aim of this
article is to describe cases of poisoning of dogs and one cat by forbiden highly
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toxic pesticides (carbofuran and 4,6-dinitro-ortho-cresol) on the territory of
the South Backa District, in the period from the beginning of 2016 to the end of 2017.

MATERIAL AND METHODS

From January 2016 till the end of 2017, due to a reasonable suspicion of
poisoning and to determine the cause of death, autopsies of 13 dogs and 2 cats
were performed at the Department of Pathology at the Scientific Veterinary
Institute Novi Sad. Autopsies were performed according to the standard proto-
col of Scientific Veterinary Institute “Novi Sad”. Data about breed, age, gender,
estimated time of death, body condition and in some cases anamnestic data
from the owner about the possible circumstances that led to the death, were
collected. In only 3 cases, a suspected bait was found in the immediate proxim-
ity of the body, which was also subjected to toxicological analysis. Macroscopic
changes in the organs were photo-documented, and samples of stomach con-
tents as well as parenchymal organs (liver, kidney) were collected for toxico-
logical investigations. Quick, easy, cheap, effective, rugged, safe (QUEChERS)
sample preparation was used for toxicological analysis and it was adapted from
the Association of Analytical Communities (AOAC) Official method 2007.01
for extraction and clean up.

Reagents and Chemicals
All chemicals and reagents used were of analytical grade with high purity.

Standard Solutions

Standard solutions were prepared using a carbofuran and 4,6-dinitro-
ortho-cresol standard, manufacturer by Dr. Ehrenstorfer Lot number 10910,
Germany and Lot number 41217.

Sample Preparation

According to Kartalovi¢ et al. (2016) adapted method of sample prepa-
ration for pesticides (OCP), polychlorinated biphenyl’s (PCB) and polyciclic
aromatic hydrocrbons (PAHs) was used. This modified method was based on
the extraction with acetonitrile (ACN, Sigma-Aldrich) in the presence of an-
hydrous magnesium sulfate (MgSO4; Merck, Darmstadt, Germany) and anhy-
drous sodium acetate (CH3COONa; Merck, Darmstadt, Germany). Sample (3
g) was measured and transferred into centrifuge tube, 3 ml of water and 3 ml of
Acetonitrile were added. After intensive stirring on a vortex, 3 g of anhydrous
magnesium sulfate and 1 g of anhydrous sodium acetate were added. Exother-
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mic reaction occurred within 1 min after the intense stirring on vortex. The
sample was then centrifuged until 5 min at 3000 rpm. One milliliter of upper
acetonitrile extract is transferred into the 5 ml tube, which contained 150 mg
of anhydrous magnesium sulfate, 100 mg of Primary and Secondary Amine
(PSA), Merck manufacturer (Darmstadt, Germany), and 50 mg of C18, Merck
manufacturer (Darmstadt, Germany), (Anastassiades et al., 2003). The tube
content was centrifuged for 5 min at 3000 rpm. After centrifuging, purified
and clear extract was obtained. Then, 0.5 ml of the extract was evaporated in
nitrogen and reconstituted with hexane. A sample prepared in this way was
ready for the analysis on GCMS (Agilent 7890B/5977A, USA).

GCMS Analysis

Carbofuran and 4,6-dinitro-ortho-cresol identification were based on
comparison of the retention times of the peaks and target ions, with those ob-
tained from standard (standards supplied by instrument manufacturer).

Quantification was based on matrix calibrations curves prepared from the
standard solution of carbofuran and 4,6 - dinitro-ortho-cresol. The coeflicients
of determination (r2) for the carbofuran and 4,6-dinitro-ortho-cresol standard
calibration plots were more than 0.99.

Instrumentation

Agilent 7890B/5977A MSD, gas - mass chromatography was used for
analysis. The GC operating conditions were as follow: fused silica column
[30m*0.25pum film of HP-5M (thickness)]; injection temperature was set at 280
°C using splitless mode and volume injected was 4 pL. The column tempera-
ture was programmed as following: hold at 50°C for 0.4 min; 50-195 °C at 25
°C/min, hold 1.5 min; 195-265 at 8 °C/min and maintained at 315 °C for 1.25
minutes on 20 °C/min, MSD temperature was 280 °C. Verification of peaks
was carried out based on retention times and target ions, compared to those
of external carbofuran and 4,6-dinitro-ortho-cresol. Procedural blank and sol-
vent blanks were analyzed and quantified, but no carbofuran and 4,6-dinitro-
ortho-cresol were found in these blanks.

RESULTS

From January 2016 till the end of December 2017, in total 40 autopsies
of dogs and 2 cats were performed at Department of Pathology at Scientific
Veterinary Institute ,Novi Sad” to determine the cause of death. Reasonable
suspicion of poisoning in 13 dogs and 2 cats was made based on anamnestic
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data, the appearance of nervous system symptoms as well as the finding of a
suspected substance in the proximity of the bodies. The chemical-toxicological
analysis of the sampled material was performed in only 7 cases. The expertises
were performed on the request of the Republic veterinary inspector in 5 cases,
and on the request of the owner in 8 cases.

The finding of toxic pesticides was confirmed in four dogs and one cat by
method of gas-mass chromatography. The presence of carbofuran was con-
firmed in three dogs (two pulin and $arplaninac breed) and one domestic cat,
while the presence of 4,6-dinitro-ortho-cresol in gastric content and parenchy-
mal organs was confirmed in one dog (Hungarian viszla breed). In all the cases
with carbofuran poisoning, death occurred within 15-30 minutes after the on-
set of the first clinical symptoms. Clinical signs included convulsions, rotation
in circles, appearance of foam in the mouth. There were no anamnestic data
about dog poisoned with 4,6-dinitro-ortho-cresol. Two dogs were poisoned
in public areas, and other two dogs and the cat in house yards. All poisoned
animals had owners. In all these cases of poisoning based on anamnestic data,
clinical picture and autopsy findings, it has been concluded that poisonings
were done deliberately.

Autopsy findings

All bodies of dogs and cat that died due to the ingestion of toxic bait were
in good body condition. The gross pathology finding of the dog poisoned with
4,6-dinitro-ortho-cresol was greatly unspecific. Hair around the muzzle was color-
ed in yellow. The dominant macroscopic finding in the stomach was the presence
of particles of round shape and intense yellow color, mixed with stomach content.
Mucus of the stomach was extremely wrinkled and hyperemic (Figure 1).

Figure 1: Stomach of the dog. Intense yellow particles are seen in the lumen (arrow).
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In 3 dogs and a cat poisoned with carbofuran, the main macroscopic le-
sions were in the form of bowel congestion (4/4), presence of haemorrhagic
exudate in the abdominal cavity (3/4), and foamy-haemorrhagic content in the
lumen of the trachea (4/4). In the lumen of the stomach, the presence of par-
tially digested poisonous bait of intense pink color was determined (Figure 2).

Figure 2. a) Stomach content of the cat. Partially digested poisonous carbofuran
bait of intense pink color; b) Stomach content of the dog with poisonous bait
inside.

Method for validation of carbofuran and 4,6-dinitro-ortho-cresol

Validation plan included determination of precision, reproducibility, ac-
curacy, linearity, LOQ, LOD and uncertainty (Kartalovi¢ et al., 2016). The
method precision was evaluated by repeatability using the meat fortified with
carbofuran concentrations injected in triplicate (50.0 mg kg!, n=20). Accuracy
was calculated by recovery. Linearity of detector was tested in range of 5 to500
mg kg, and was satisfactory in all range. Limit of detection (LOD—stand-
ard deviation equal to 3) and limit of quantification (LOQ— standard devia-
tion equal to 10) were calculated using the excel program. LOD values ranged
1.6 mg kg, and the LOQ was 5mg kg for carbofuran and 4,6-dinitro-ortho-
cresol. Method preparation and method determination for carbofuran and 4,6
dinitro-ortho-cresol is the same like for pesticides and PCB and because of
that in calculating measurement uncertainty the contributions PT (FAPAS-
Pesticide Residues in Olive Oil, July - September 2014 Round 0598), the con-
tribution of reproducibility and contribution of bias are taken into account.
Calculation of faithfulness for expanded measurement uncertainty for pesti-
cides and polychlorinated biphenyl’s in the observed matrix was 38.7%, what
satisfies the conditions that are recommended by SANCO 2014 (Kartalovi¢ et
al., 2016).
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Table 1. The average values of precision, reproducibility, accuracy, linearity, LOQ
and LOD for carbofuran and 4,6-dinitro-ortho-cresol

Preci- | Reproduc- |Accuracy|Linear-| LOQ | LOD
sion (%) | ibility (%) (%) ity (r*)* | (ug kg™) |( pg kg™)

Contaminent

Carbofuran 11.3 6.33 95,02 10,99853| 1,21 0,36

Dinitro-4,6-

13.2 7.24 94.21 10.99893 1.91 0.56
ortho-cresol

(*r? - correlation coefficient)

DISCUSSION

Three cases of acute poisoning of dogs and a cat with carbofuran, as well as
one case of poisoning of the dog with 4,6-dinitro-ortho-cresol in the territory
of South Backa district during two year period (2016-2017) are described in
this paper. In recent years there has been an increase in the number of cases of
deliberate poisoning of domestic and wild animals with prohibited pesticides
in the Republic of Serbia (Mihaljev et al., 2013; Aleksic et al., 2014). When it
comes to poisonings of domestic animals in Europe, reports from many coun-
tries show that the highest percentage of poisonings is recorded in dogs, then
in cats, horses and small ruminants (Berny et al., 2010). The most commonly
used poisons included carbamate insecticides such as aldicarb and carbofuran
(Tennakoon et al., 2009; Berny et al., 2010; Novotny et al., 2011; Ruiz-Suarez
etal., 2015).

Carbofuran is one of the most toxic carbamate pesticides. The active sub-
stance is 2,3-dihydro-2,2-dimethyl-7-benzofuran-1-methylcarbamate. Carbo-
furan acts as a reverse inhibitor of acetylcholine esterase enzyme. It is eas-
ily consumed by target species because its formulation is suitable for mixing
with pet food, meat, fish (De Siqueira et al., 2015). Animal owners mostly find
their pets dead or with a severe clinical picture typical for a cholinergic crisis
involving dyspnoea, diarrhea and convulsions (Khan, 2012). Such conditions
require urgent veterinary intervention. Brain and skeletal muscles (target tis-
sues) are mostly affected by the toxic effect of carbamate insecticides, while
cardiovascular, respiratory, reproductive and immune systems can also be af-
fected. Atropine sulphate is used for the control of muscarinic receptors as the
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only specific physiological antidote for carbamate toxins (Tse et al., 2013). In
most animals that died due to carbamate pesticide poisoning, the macroscopic
and histopathological findings were mostly unspecific, and the changes were
usually in the form of systemic congestion and hemorrhage in most organs
(De Siqueira et al., 2015), which match our findings. Histopathologic changes
in the form of neuron death in several parts of the brain (hippocampus, cor-
tex, thalamus, amygdala) are described in acute carbamate poisoning in rats.
In severe forms of poisoning necroses of skeletal muscles are also described
(Gupta, 2007). Since 2007, the European Union has prohibited trade of prod-
ucts containing carbofuran (EC, 2007). Although the ban on the use of this
pesticide is expected to reduce the number of animal poisonings, researches
worldwide suggest that poisonings are still common (De Siqueira et al., 2015;
Bille et al., 2016; Caloni et al., 2016;). Carbofuran is forbidden for use in Serbia
since 2014, due to its high toxicity and negative ecotoxicological effects.
4,6-Dinitro-ortho-cresol (DNOC) is a cresol derivative, yellowish crystal-
line solid. It is used in agriculture as larvicide, insecticide and ovicide. DNOC
is classified in class Ib, ‘highly hazardous’, in the WHO Recommended Classifi-
cation of Pesticides by Hazards (WHO, 1999). Although the use of DNOCas a
pesticide is prohibited in many countries, significant quantities of unused pes-
ticides exist, especially in developing countries (World Health Organization,
2000). Dinitro-ortho-cresol can be absorbed through the skin as well as by
ingestion or inhalation of aerosols. Workers in the agricultural and chemical
industries are most often exposed. In acute exposure to dinitro-ortho-cresol by
ingestion, inhalation or through skin, there are signs of poisoning in the form
of difficult breathing, increased thirst, accelerated breathing, nausea, anorexia,
and intense yellow pigmentation occurs. Liver, kidney and central nervous
system damage has been reported in acute poisoning of people. Chronic expo-
sure to DNOC results in the occurrence of the same symptoms. According to
Dere et al., DNOC causes cellular damage at vital organs such as liver, kidneys,
and lungs, thus inducing changes in the physiological and metabolic activities
(Dere et al., 2007). Acute oral exposures to DNOC resulting in toxicity and
death have been reported in rats, mice, cats and pigs at relatively similar doses.
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CONCLUSIONS

Intentional and accidental poisonings of animals with high toxic pesticides
pose a threat to human health as well as to general public health and safety.
Pesticides such as carbofuran and 4,6-dinitro-ortho-cresol are forbidden for
usage in the European Union as well as in Serbia, but poisonings continue
to occur both in domestic animals and wildlife. Toxico-epidemiological data
from most European countries show that pet poisoning is a very important
and frequent veterinary problem. The results obtained in this paper show that
poisonings of companion animals by banned pesticides such as carbofuran
and 4,6-dinitro-ortho-cresol are still present in our country. Considering that
this study covers a short period of time (2 years) and population of carnivores
from a small geographical area (South Backa District), more detailed country-
wide studies need to be carried out to obtain an insight into the incidence of
poisoning of domestic animals in our country.
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