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• what are vertebrate pesticides

• why are they used

• importance of understanding fate 

• focus sub-lethally poisoned animals

• re-classification

• influence on use and new products



Uses 

• most common killing rodents

• invasive species less common but  extensive



Why kill

• rodents  homes/dwellings

• crop protection 

• conservation- biodiversity

• disease control

• overabundant native species
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Anticoagulant rodenticides

Second generation
First generation

Indandiones
Coumarins

pindone

diphacinone

warfarin

coumatetralyl

brodifacoum

bromadiolone

flocoumafen



ToxicityToxicity

NonNon SlightlySlightly ModeratelyModerately VeryVery ExtremelyExtremely

PAPP  PAPP  

cholecalciferolcholecalciferol
cyanidecyanide

10801080

brodifacoum brodifacoum 
LD 50 0.23 mg/kLD 50 0.23 mg/kg



Baits  & application



Why is metabolism important?

• risk assessment (R= H x E) humans-environment. 

• withholding periods for livestock 

• registration dossiers

• wildlife contamination – food -web bio-accumulation-secondary 
poisoning risk

• suitability for field use

• PC activation to toxic metabolites-detoxification

• can contribute to selective toxicity 



Literature ADME

• > 50 years -incomplete-synthesis possible-
patterns emerge

• extensively metabolised excreted –diphacinone, 
warfarin, cholecalciferol and PAPP

• poorly metabolised persistent- brodifacoum

• huge variation 



PersistencePersistence --hours, weeks, hours, weeks, 
months or  years?months or  years?

NonNon SlightlySlightly ModeratelyModerately ExtremelyExtremely

CN, ZP, CN, ZP, 
PAPPPAPP,,

(1080)(1080)

pindonepindone

diphacinonediphacinone

coumatetralylcoumatetralyl

cholecalciferolcholecalciferol
brodifacoumbrodifacoum



Proposed persistence based 
classification

• Group 1-sub lethal doses mostly excreted in 24 hours

• Group 2 within 2-4 weeks

• Group 3 within 2-4 months

• Group 4  > 8 months to years



Group 1 examples

• 1080 t1/2   <12  hours

• PAPP metabolites excreted in urine within 24 hours 

• Cyanide- < 24 hours carcasses fed to hunting dogs!

• ZP in carcasses 3-6 days- likely < 24 hours in live animals

• Acetaminophen < 24 hours



Group 1 – excreted unchanged or  
extensively metabolised 

• 1080 > activation to toxic metabolite required, excreted unchanged 
non-toxic metabolites

• PAPP >activation to toxic metabolite, further hydrophilic metabolites 
excreted in urine within 24 hours 

• Cyanide > HCN gas and conjugates in urine

• ZP > phosphine, metabolites in urine.

• Acetaminophen > extensive metabolism- species variation



•• natural toxinnatural toxin-- vertebrate vertebrate 
pesticidepesticide

•• converted to converted to fluorocitratefluorocitrate--TCATCA

H

F C

H

C
O

O Na

10801080--sodium sodium 
fluoroacetatefluoroacetate



1080 conc in blood

Days



SheepSheep plasmaplasma 11.011.0

GoatGoat plasmaplasma 5.55.5

PossumPossum plasmaplasma 9.09.0

t1/2 Plasma and Muscle
tt11//22 (hrs)  (hrs)  



PAPP metabolism



PAPP sub-lethal doses excretion in urine within 24 
hours –adapted from Wood et al 1991.

-224-48

26366-24

51530-6

DogRat

% of radioactive doseResidues found hours 



Group 2 examples- within 2-4 weeks-
metabolised – hydroxylation  + conjugation

• pindone t1/2 in rat liver  2 days

• diphacinone t1/2 in rat liver  3 days

• diphacinone t1/2 in pig liver  5-14 days

• diphacinone eliminated from sheep liver 2 weeks

Distribution of AG similar regardless of half-life



Distribution in  rat tissue diphacinone (0.4 mg/kg) . Results are
ppm (ug/gm) (Adapted from Yu et al. 1982)

0.02Muscle

0.03Fat

0.03Heart

0.05Blood

0.08Spleen

0.08Gonad

0.11Lung

0.24Kidney

1.42Liver

ConcentrationTissue



Group 3 examples- within 2-4 months 

• cholecalciferol t1/2 10 to 68 days (like 1080 & PAPP required metabolic activation)

• coumatetralyl t1/2 in rat liver  55-70  days



Group 4 examples- > 8 months to years

• brodifacoum  t1/2  in rat liver  130 -300 days

• bromodialone t1/2 in rat liver 170  days

• flocoumafen t1/2 in rat liver  220  days



Brodifacoum
• 3-[3[(4’-bromobiphenyl-4-yl)-1,2,3,4-tetrahydro-1-

naphthyl]-4-hydroxycoumarin
• C31H23BrO3 

•Key points:
•Lrge molec
•Not water sol
•Slow acting
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Group 2 diphacinone/pindone  group 3 coumatetraly/warfarin

group 4 brodifacoum  (adapted from Fisher, O’Connor, Eason 2003)

1 2 3 4 5 6 7

time (weeks)

liv
e

r 
re

si
du

e
 c

on
ce

n
tra

tio
n

Brodifacoum t1/2 113.5 days

Coumatetralyl t1/2 62 days

Warfarin t1/2 26.2 daysDiphacinone t1/2 3 days

Pindone t1/2 2.1 days



Summary- pharmacokinetically based –re classification

24 months or longer220 daysFlocoumafen

24 months or longer170 daysBromodiolone

24 months or longer130 -300 daysBrodifacoum4

4 months50-70 daysCoumatetralyl

3 months10-68 daysCholecalciferol3

4 weeks3 daysDiphacinone

2-4 weeks2.1 daysPindone2

7 days< 11 hours1080

4 days< 12 hours+Para-
aminopropiophenone

12 to 24 hours< 12 hours+Zinc phosphide

12 to 24 hours< 12 hours+Cyanide1

Likely persistence of 
residues after sub-lethal 

residue exposure

Half-life valuesCompoundGroup

+ no published value but likely to be < 12 hours



Implications-so what?

• group 1-3 lower risk accumulation on repeat 
use-more appropriate for field use

• bioaccummulation and food web contamination 
with group 4 compounds-brodifacoum like DDT

• global concerns re sustained field use SGARs

• EPA Rodenticide Mitigation Decision May 2008-
remove SGARs from consumer market



Welfare & low residue/secondary 
poisoning risk 

-combining the “best of the old”-cyanide

-and “best of the new” a new candidate- para-aminopropiophenone
PAPP

Both compounds deprive brain of oxygen through different modes of 
action: lethargy, unconsciousness.



Feratox®-cyanide

• Low secondary-poisoning risk

• Humane

• No residues



Designed for safe handling and 
effectiveness-no HCN emissions



Welfare Assessments

LowExternal 
bleeding, lame, 
crouching

21 
days

7 days14 daysBrodifacoum
Littin et al 2002

Mod-lowTremors, 
spasms,vomiting, 
seizures

11.5 
hrs

9.5 hrs1.5-2.5 
hrs

1080
Littin et al 2008 
in prep

HighUnconscious 
after 6 mins

15 
mins

12 mins3 minsFeratox®
Gregory et al 
1998

RatingSignsDeathDurationOnset



Para aminopropiophenone (PAPP)

• Low secondary-poisoning risk
• Antidote
• Proven paste product
• Humane in stoats and cats –death < 2hrs
• Promising mortality in field trials 



Welfare Rating of Para-aminopropiophenone in 
Feral Cats and Stoats



Conclusions

• vertebrate pesticides  vary widely in persistence profiles

• some require metabolic activation

• similar pharmacokinetcs/metabolic pathways in different species-exception 
PAPP-selective tox

• CN, PAPP, ZP, diphacinone in groups 1-3 have low risk of bioaccumulation-
suitable for sustained field use.

• focusing on low-residue + welfare


