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Poisoning investigations
In the United Kingdom, the Wildlife 
Incident Investigation Scheme (WIIS) 
investigates suspected poisoning of 
non-target vertebrate wildlife, livestock, 
companion animals and beneficial 
insects (essentially honey/bumble 
bees) when exposure to pesticides is 
suspected. In Scotland, the scheme 
is operated by Science and Advice for 
Scottish Agriculture (SASA), a scientific 
division of the Scottish Government.1 
WIIS was set-up in the 1970s to moni-
tor effects of persistent organochlorine 
insecticides on birds and has evolved 
since then to provide a means of post-

registration surveillance of pesticide 
use as part of the pesticide registration 
process. The scheme also provides 
evidence for use by the Scot tish 
Government and police to enforce 
the correct use of pesticides, identify-
ing and penalising those who deliber-
ately or recklessly misuse and abuse 
 pesticides.

Poisoning incidents are usually 
 categorised as follows:

■■ Approved■ use—where a pesti-
cide is used in accordance with its 
 conditions of authorisation but non-
target species are still affected; 

■■ Misuse—where the pesticide product 
has not been used according to the 
conditions of use, either carelessly or 
accidently, without the intention of 
harming non-target species; 

■■ Abuse—where a pesticide (often a 
product that is no longer approved 
for use) has been used illegally in a 
deliberate attempt to poison animals;

■■ Unspecified■use—where a pesticide 
is detected but the source of the 
chemical is unknown.

The number of suspected poison-
ing incidents investigated at SASA in 

2011 was 237.2 Of these, only one inci-
dent resulted from the approved use 
of pesticides, three incidents resulted 
from misuse of pesticides and 16 inci-
dents from abuse. In five incidents, 
pesticides were detected but it was not 
possible to establish the source of the 
chemical.

Pesticide analysis
The main challenges in pesticide resi-
due analysis of samples associated with 
suspected poisoning incident investiga-
tions arise from:

 ■ the wide range of specimens that 
need to be tested, such as animal 
liver and kidney tissues, diges-
tive tract material, bait material, i.e. 
animal carcasses deliberately laced 
with pesticides and beneficial insects 
(for example, honeybees); 

 ■ the hundreds of pesticide products 
currently approved for use in the UK;

 ■ products that are no longer approved 
for use in the UK but are still 
 obtainable and their use has been 
abused by some individuals;

 ■ the regular introduction of new 
 products to the market;
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 ■ the need to comply with rigorous 
quality assurance procedures as the 
analytical results may be presented, 
scrutinised and challenged in 
enforcement and legal proceedings;

 ■ analytical methods, techniques and 
instrumentation used must be capa-
ble of the detection, unequivocal 
identification and quantitation of 
the poison in a variety of complex 
 matrices.

Until 2010, gas  chromatography 
t a n d e m  m a s s  s p e c t r o m e -
try (GC-MS/MS) was used at SASA for 
multiple pesticide residue  analysis in 
biological samples, but this was only 
useful for pesticides amenable to the 
t e c h n i q u e .  H o w e v e r ,  l i q u i d 
 chromatography tandem mass spec-
trometry (LC-MS/MS) was routinely used 
in the laboratory for the analysis of multi-
ple pesticide residues that could be 
present in various fruit and vegetables. 
LC-MS/MS was also used for the analysis 
of biocides (i.e. anticoagulant roden-
tides) and other chemicals such as 
alphachloralose.3 So, it seemed long 
o v e rd u e  f o r  u s  t o  d e v e l o p 
an LC-MS/MS method to complement 
the existing GC-MS/MS method and 
thereby significantly increase the WIIS 
pesticide target lists.

A new LC-MS/MS target l ist of 
102 pesticides and metabolites was 
devised using Scottish pesticide usage 
data and records of chemicals impli-
cated in UK poisoning incidents. The 

sation was achieved using a Quattro 
Ultima tandem (triple quadrupole) 
mass  spectrometer. The instrument was 
operated in positive-ion mode. HPLC 
separation was achieved using gradient 
elution for screening. When a positive 
result was indicated following the initial 
[multiple reaction monitoring (MRM)] 
screen, a separate confirmation experi-
ment was performed which included 
the original screen transition and an 
alternative MRM transition using a faster 
isocratic HPLC separation.

Chicken livers and chicken breasts 
were purchased from local retail outlets 
for use as pseudo-matrix material for 
recovery experiments and for prepara-
tion of matrix-matched calibration stand-
ards. A mixed pesticide standard solution 
was added to blank chicken liver and 
blank chicken muscle at 0.1 mg kg–1 
and 1.0 mg kg–1 prior to the extraction 
stage in order to validate the method 
in  accordance with European Union 
Analytical Quality control (AQC) guide-
lines for method validation and quality 
control procedures for the determination 
of pesticide residues in food and feed4 
and in food of animal origin.5

GC-MS/MS method that was already 
in place at SASA was based upon an 
ethyl acetate extraction with a gel 
 permeation  chromatographic (GPC) 
clean-up prior to analysis by GC-MS/
MS. For the new method, a portion 
of the crude ethyl acetate extract was 
solvent exchanged into methanol and 
simply filtered prior to direct analy-
sis by LC-MS/MS. Electrospray ioni-

Figure■1. The range of specimens that require sample preparation for analysis includes (a) chem-
icals seized during police searches and (b) animal tissues. 
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Figure 2. LC/MS-MS ion chromatograms relating to the positive determination of aldicarb and 
bendiocarb in the extract from the crop contents of a golden eagle Aquila chrysaetos (inset) found 
dead in the Scottish Highlands in March 2012.   

Aldicarb was approved for use in the UK as an insecticide.  It lost its approval status in 2007 
and it is illegal for anyone to still have the substance in their possession.  Approvals for 
agricultural uses of bendiocarb were withdrawn in 2003.  Pesticide formulations containing 
bendiocarb are however still approved for professional use for public health/hygiene purposes 
(e.g. destruction of wasp’s nests).  There are many amateur use products also available.  Illegal 
use of more than one chemical together has been seen frequently in WIIS. 

Bees 

The increased target list also includes neonicotinoid 
insecticides (namely acetamiprid, clothianidin, 
imidacloprid, thiacloprid and thiamethoxam).  
Neonicotinoid insecticides have come under scrutiny 
recently due to concerns about their contribution to 

Figure■2. LC-MS/MS ion chromatograms relating to the positive determination of aldicarb and 
bendiocarb in the extract from the crop contents of a golden eagle Aquila chrysaetos (inset) 
found dead in the Scottish Highlands in March 2012.
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Poisoning incidents
The new LC-MS/MS method is success-
fully and routinely used at SASA and, 
since its introduction in 2011, we have 
confirmed and refuted the presence of 
different pesticides in several non-target 
species that were believed to be victims 
of accidental or deliberate poisoning. 
This latter circumstance demonstrates 
the major benefit of using LC-MS/MS 
for multiple pesticide residue analysis, 
i.e. the rapid discovery of illegal prac-
tices. Our results, to date, indicate that 
the substance most abused in Scotland 
is the carbamate insecticide carbo furan, 
even though products containing this 
active ingredient lost their “approval for 
use” in the UK in 2001. Residues of 

carbofuran and its metabolite 3-hydroxy-
carbofuran have been detected in 
numerous poisoning incidents investi-
gated by us during 2011, 2012 and 2013. 
Victims of carbofuran poisoning through-
out this period include the common 
buzzard (Buteo buteo), golden eagle 
(Aquila chrysaetos), red kite (Milvus 
milvus), raven (Corvus corax), sparrow-
hawk (Acipitor nisus), domestic cats and 
pet dogs. Other pesticides and metabo-
lites detected by LC-MS/MS include other 
carbamate insecticides aldicarb, aldicarb 
sulfoxide, bendiocarb and methiocarb.

Aldicarb was approved for use in 
the UK as an insecticide. It lost its 
approval status in 2007 and it is illegal 
for anyone to still have the substance 
in their possession. Approval for agri-
cultural uses of  bendiocarb were with-
drawn in 2003. Pesticide formulations 
containing bendiocarb are, however, still 
approved for professional use for public 
health/hygiene purposes (for exam-
ple,  destruction of wasps’ nests). There 
are many amateur use products also 
 available. Illegal use of more than one 
chemical together has frequently been 
seen in WIIS.

Bees
The increased target list also includes 
neonicotinoid insecticides (namely 
acetamiprid, clothianidin,  imidacloprid, 
th iac lopr id and th iamethoxam) . 
Neonicotinoid insecticides have come 

under scrutiny recently due to concerns 
about their contribution to the decline 
in bee populations. In April 2013, the 
European Commission adopted a 
proposal to restrict the use of  clothianidin, 
imidacloprid and thiamethoxam for a 
period of two years. The restrictions will 
apply from December 2013.

Reassur ing ly,  a t  the t ime o f 
 publication of this article, no residues of 
 neonicotinoids have been detected in 
bee samples submitted to SASA since 
2011. In November 2012, however, the 
method was used to successfully detect 
and quantify a very low background 
 residue of propiconazole (a fungicide 
used on many crops) in honeybees, 
which had not caused the death of the 
bees.

Conclusion
Since adopting the LC-MS/MS method 
in 2011, it continues to prove useful in 
providing quick, quantitative results in 
many different species.6,7
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Figure■3. Buff-tailed bumblebee Bombus 
terrestris terrestris on Shetland cabbage crop.
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