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Anticoagulant rodenticides are used extensively for rodent pest-control. However, the active ingredients (figure 1) 
can be highly toxic to people, domestic animals and wildlife.

Rodents are key dietary elements for many predators and scavengers and 
poisoned rodents that are dead or dying are easy targets.  Unfortunately, predators 
and scavengers can also become victims if the prey or bait consumed contains 
residues of any chemicals used for rodent control.

In 1999, investigations into the deaths of several red kites (Milvus milvus) 
confirmed that they had died from anticoagulant rodenticide poisoning.  Tests 
performed on the livers from other red kites revealed the presence of sub-lethal 
(background) residues of anticoagulant rodenticides.  This discovery raised 
concerns about the wider environmental impact of rodenticide use.  

Test material readily available from various WIIS and complementary samples, 
presented a unique opportunity to probe the environmental impact of rodenticide 
use.  Consequently, since the start of 2000 SASA has monitored the presence 
of anticoagulant rodenticide residues in birds of prey and some wild mammals.  
Studies carried out at SASA utilised Liquid Chromatography (fluorescence 
and UV detection) and latterly Liquid Chromatography – Mass Spectrometry 
(LCMS) techniques.  
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Figure 1.  First and second generation 
anticoagulant rodenticides.

The Scottish Agricultural Science Agency (SASA) is responsible for the operation 
of the Wildlife Incident Investigation Scheme (WIIS) in Scotland.  The principle 
function of the scheme is to investigate the death and intoxication of wildlife, 
pets, livestock and beneficial insects (i.e. honeybees) where pesticide poisoning 
is suspected. SASA has however, taken the opportunity to monitor the potential 
for secondary poisoning of wildlife species following exposure to 1st and 2nd 

generation anticoagulant rodenticides.  

Selective and sensitive analysis of animal tissue for residues of brodifacoum, 
bromadiolone, coumatetralyl, difenacoum, flocoumafen and warfarin is achieved 
using HPLC-negative ion-ESI-MS/MS detection following a simple extraction 
and GPC clean up procedure. The method also provides for the semi-quantitative 
analysis of chlorophacinone and diphacinone. 

Limits of detection and certainty of identification were found to be superior to 
earlier analytical methods employed at SASA. 

Introduction

METHODOLOGY:

HPLC-UV and HPLC-Fluorescence methods employed by SASA were replaced in 2003 by the HPLC-MS/MS method 
featured in this poster.  The current method developed and used routinely by SASA facilitates the quantitative analysis 
of the anticoagulant rodenticides: brodifacoum, bromadiolone, coumatetralyl, difenacoum and warfarin in animal 
tissues, whole-blood, baits and/or digestive tract material.  The method also provides semi-quantitative analysis of 
chlorophacinone and diphacinone.  Liver is the preferred organ although kidney may be used as an alternative. The 
method covers the concentration range from limit of determination up to 3mgkg-1 in animal tissues.

Rodenticide residues are extracted from animal tissues by tumbling in chloroform-acetone (1:1, v/v) incorporating 
0.075% ascorbic acid, cleaned up by gel permeation chromatography (GPC) and determined by HPLC-MS/MS.

HPLC

Instrument:   Agilent Technologies 1100 

Column:    Betabasic-18 3µ (300 x 3.0 mm)

Mobile Phase:     Channel A Mobile Phase: 5mM Dibutylammonium 
acetate (DBA) in methanol:5mM DBA in water, 
90:10, v/v

   
      Channel B Mobile Phase: 5mM DBA in methanol/

5mM DBA in water, 20:80, v/v

     Gradient 
     
     Time  %A  %B  ≡%methanol
         0            30    70        41
         4     90    10        83
         8   100      0                90
       12     30    70        41

Flow-rate:   0.5mlmin-1

Temperature:   40 °C
Injection volume:  10μl
Flow splitting:    50% of column effluent diverted to mass spectrometer

Mass Spectrometry 

Instrument:   Waters-Micromass Quattro Ultima
Data system:   MassLynx 4.0 
Acquisition:   Electrospray negative ionisation; Multiple Reaction Monitoring (MRM)
Collision gas:   Argon

Transitions:

Compound MRM Screen
m/z → m/z

Cone Voltage
(V)

Collision Energy
(eV)

MRM Confirmation

Warfarin 307 → 161 60 20 307 → 250
Coumatetralyl 291 → 141 40 30 291 → 247
Diphacinone 339 → 167 50 25 339 → 144
Chlorophacinone 373 → 201 60 20 375 → 203
Bromadiolone 525 → 250 80 40 527 → 250
Difenacoum 443 → 293 70 30 443 → 135
Flocoumafen 541 → 161 70 35 541 → 289
Brodifacoum 521 → 135 + 

523 → 135
70 35 521 → 187 +

523 → 187

Figure 2 shows a typical HPLC-MS/MS ion chromatogram obtained using the above method.

Figure 2.  HPLC-MS/MS (negative) ion 
chromatograms obtained following analysis of a 
standard anticoagulant rodenticide mixture.
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Results

Figure 3 shows the ion chromatogram 
corresponding to a residue of difenacoum (≡ 
0.17mg/kg) detected in the liver extract from 
a red kite found dead in Inverness (November 
2006).  Complementary ion chromatograms of 
a matrix blank (chicken liver extract) and the 
proximate reference standard are included to 
illustrate the scope of quantitation.  

The magnitude of this residue was determined 
using linear regression data obtained from 
the relevant (matrix-matched) multi-point 
calibration curves (inset). The simultaneous 
detection of this active ingredient is consistent 
with the composition of commercially available 
formulations used on agricultural holdings.

Liver residues ≥ 0.2mg/kg have been considered 
to reflect a lethal dose.  Our observations indicate 
that haemorrhagic symptoms may be expressed 
in some birds where the liver residue is lower.  
Equally, animals may carry significantly greater 
residues without showing any apparent signs of 
haemorrhagic symptoms.  For the purposes of 
this study, animals with liver residues ≥ 0.15mg/
kg are considered to be in an ‘At Risk’ category, 
in terms of secondary poisoning (Table 1).
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Figure 3.  Ion chromatograms associated with the discovery of difenacoum in liver extract from 
a red kite found in Daviot, Inverness (November 2006).

Table 1. Rodenticide residues in non-target animals

Scottish Agricultural Science Agency. Roddinglaw Road, Edinburgh, Scotland.Email: Anna.Giela@sasa.gsi.gov.uk

Overall residues were detected in 67% of red kites tested.  By comparison residues were detected in 39% of buzzards 
and 20% of barn owls.  

Much lower proportions of buzzards and barn owls were in the At Risk category.
  
Interrogation of red kite data revealed:

●  36% of the 39 red kites tested up to 2003 
were At Risk (61% of those carrying 
residues)

●  22% of red kites tested from 2003 onwards 
were At Risk (29% of those carrying 
residues)

●  Only bromadiolone and difenacoum were 
detected at concentrations ≥ 0.04mg/
kg, although brodifacoum was detected 
@ 0.2mg/kg in a single 2006 incident 
(Figure 4).

●  More sensitive HPLC-MS/MS methodology (2003 onwards) demonstrated a high frequency (41%) of residues 
≤ 0.05mg/kg and of the occurrence of multiple rodenticide residues (49%)  

●  Residues of brodifacoum and the first generation rodenticides, warfarin & coumatetralyl, have been detected in 
9 birds since 2003.

The data set for the fox was the most extensive for the larger mammalian species.  Once again interrogation of the 
data obtained using HPLC-MS/MS facilitates an assessment of the extent of secondary exposure:

● 56% of foxes carried rodenticide residues (1990-2006)

● 29% of foxes (71) tested were in the At Risk category (53% of those carrying residues)

● Residues ≥0.15mg/kg included brodifacoum (1), bromadiolone (13), coumatetralyl (3), and difenacoum (1)

● Residues were detected in a significant proportion of badgers (18%) and of otters (50%)

● 9% of badgers tested were in the At Risk category, as were 12% of otters

Species (Latin name) Number tested Residues detected (%)  ‘At Risk’ (%)
Buzzard (Buteo buteo) 271 38.7 4.1
Golden eagle (Aquila chrysaetos) 17 17.6 0
Goshawk (Accipiter gentilus) 1 100 0
Hen harrier (Circus cyaneus) 5 0 0
Kestrel (Falco tinnunculus) 16 31.3 6.3
Peregrine falcon (Falco peregrinus) 11 45.5 0
Red kite (Milvus milvus) 80 67.5 28.8
Sparrowhawk (Accipiter nicus) 9 66.6 0
Barn owl (Tyto alba) 64 20.3 6.3
Tawny owl (Strix aluco) 30 23.3 3.3

Badger (Meles meles) 22 18.2 9.1
Fox (Vulpes vulpes) 71 56.3 29.6
Otter (Lutra lutra) 8 50.0 12.5
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Figure 4. Rodenticide residues in red kites

Conclusions

HPLC – MS/MS has become a front-line technique used to monitor the environmental impact of secondary exposure 
of wildlife to anticoagulant rodenticides. The technique has significantly extended the detection range and facilitated 
a more detailed assessment of the magnitude and frequency of residues present in wildlife.  

The data may not be fully representative of the wildlife populations in Scotland, hence only tentative interpretations 
may be made. The species most vulnerable to the risk of secondary poisoning were the red kite and the fox.  Although 
the direct risk of secondary poisoning for most species appears to be limited, the widespread occurrence of rodenticide 
residues in non-target animals continues to be of concern and demands further vigilance.


