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“Safeguard and build up our control tools” Graeme Martin NETS 2009



1. History & trends

Focus …. what was developed when and market size-
international and then national thinking



History and trends
Time Tools available and new 

developments
Comments

Pre-1950s strychnine (1800s), arsenic, cyanide, 
red squill,   phosphorus, zinc 
phosphide (1911)

Ancient or older 
toxins-date back 
hundreds if not 
thousands of years 

1950s-80s 1080 (1950s) , cholecalciferol Innovation and 1950s-80s 1080 (1950s) , cholecalciferol 
(1980s), calciferol, bromethalin, 
norbormide, warfarin , coumachlor  
(1950s),pindone, diphacinone, 
chlorphacinone (1961), 
coumatertralyl, defenacoum (1970s), 
bromodiolone, brodifacoum, 
flocoumafen, difethialone

Innovation and 
proliferation.

1980s-2009 Exploration  limited –no new a.is Anticoagulants so 
effective no further 
developments 
needed



International/EU trends 
summarised

Period Trends

Pre 1950 Slow rate of change

1950-1980s Very active period 

1980s-to present Nothing new, anticoagulants 1980s-to present Nothing new, anticoagulants 
favoured - registrations 
lapsing

>2010 Only anticoagulants left 
resistance & persistence 
may catalyse effort to 
register alternatives 



World VTA/Rodenticide Market

-small approx 0.1% of agrichemicals

Market Value

– 2010 = Forecast approx 
– US $400M

Products
– Comparatively small 

market .. 
– minor use registrations not 

supported
– R and D investment  small  

(Bayer/Syngenta/Zeneca)



2. Types & properties

Focus key aspects…. acute toxicity, persistence & secondary poisoning risk-
properties relevant to field use.



Two classes of vertebrate pesticides

Non-anticoagulants
Strychnine

Arsenic

Cyanide* - (CNS anoxia)

Zinc Phosphide

Anticoagulants
Warfarin+

Coumachlor

Pindone*

Diphacinone
��������	���

Zinc Phosphide

1080*  - (Krebs cycle)

Cholecalciferol*+ -(Ca-met)

Bromethalin

Diphacinone

Chlorphacinone

Coumatetralyl

Bromadiolone

Difenacoum

Brodifacoum*

Flocumafen

Difethialone- (inhibit 
synthesis of vit K dependent 
clotting factors)

��������	���

��
���������



Acute ToxicityAcute Toxicity

NonNon SlightlySlightly ModeratelyModerately VeryVery ExtremelyExtremely

nicotine 1mg/kg nicotine 1mg/kg 
saltsalt barbituratebarbiturate

diphacinonediphacinone
coumateralylcoumateralyl
cholecalciferolcholecalciferol
zinc phosphidezinc phosphide

difenacoumdifenacoum
bromodiolonebromodiolone
10801080

brodifacoumbrodifacoum
flocoumafenflocoumafen
< Img/kg< Img/kgAll vertebrate pesticides are very All vertebrate pesticides are very 

or extremely poisonousor extremely poisonous

Most are broad spectrum and can kill Most are broad spectrum and can kill 
nonnon--target   species, birds, dogs target   species, birds, dogs --
skill of pest control professional, farmer, skill of pest control professional, farmer, 
community for targeting.community for targeting.



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

NonNon SlightlySlightly ModeratelyModerately ExtremelyExtremely

zinc phosphide,zinc phosphide,

1080, CN1080, CN pindonepindone
diphacinonediphacinone

coumatetralylcoumatetralyl
cholecalciferolcholecalciferol

brodifacoumbrodifacoum
flocoumafenflocoumafen

difenacoumdifenacoum
bromodiolonebromodiolone

Persistence after sub lethal dosing-links to bioaccumulation
� persistence = � potential for 2°exposure

Important re suitability for  REPEATED field use (R= H x E)



1080  + and -

•• kill pestskill pests
•• effectiveeffective
•• inexpensiveinexpensive
•• not bioaccumulativenot bioaccumulative
•• not persistent in the not persistent in the 

•• outrageoutrage
•• carcasses kill dogscarcasses kill dogs
•• very toxic, extreme care very toxic, extreme care 

needed by workersneeded by workers
•• potential to kill nonpotential to kill non--target target •• not persistent in the not persistent in the 

environmentenvironment
•• potential to kill nonpotential to kill non--target target 

speciesspecies
•• no antidoteno antidote



Brodifacoum  + and -

• kills rats 

• potent and effective

• has been successfully 

• extreme persistence

• residue in game/livestock

• concerns re food chain 

used to eradicate rats (x 

80 islands)

• easily accessible

• antidote

• EPA mitigation decision

• O/s not seen as a tool for 

field use



Comparative retention in rat liver (PF)

repeated  in deer in 2009

Compounds t½ (days)

Pindone 2
Diphacinone 3                 (residues eliminated 1-2 wks in deer)
Warfarin 26
Coumatetralyl 55-62           (residues for 50 days in deer)
Brodifacoum 113-350

liv
e

r r
e

si
du

e
 c

o
n

ce
n

tr
at

io
n

1 2 3 4 5 6 7

time (weeks)

liv
e

r r
e

si
du

e
 c

o
n

ce
n

tr
at

io
n

Brodifacoum s

Coumatetralyl

WarfarinDiphacinone 

Pindones



Persistence based classification

Responding to DOC NZ request to review 
vertebrate pesticides and define those less likely 
to bioaccumulate  for repeat  field use to bioaccumulate  for repeat  field use 

Eason et al (2008) Smarter Pest Control Tools with Low-Residue 
and Humane Toxins. 
Proceedings. 23rd Vertebrate. Pest Conference. (R. M. Timm and M. 
B. Madon, Eds.)Published at Univ. of Calif., Davis. 148-153. 



Pharmacokinetically based – allocation
Group Compound Half-life values Likely persistence of 

residues after sub-lethal 
residue exposure

1 Cyanide < 12 hours+ 24 hours

Zinc phosphide < 12 hours+ 24 hours

1080 11 hours 2-4 days

2 Diphacinone 3 days 4 weeks

Pindone 2 days 3-4 weeks

3 Cholecalciferol 10-68 days 3 -4 months

Coumatetralyl 50-62 days

4 Brodifacoum 113-350 days 24 months or longer

Bromodiolone 170 days

Flocoumafen 220 days

+ no published value but likely to be < 12 hours



Welfare
• Controversial and difficult area
• Poisons cause some degree of suffering and distress
• Emotive with large  pests-feral cats, possums and feral pigs
• SPCA (NZ) & RSPCA (Aus) against 1080 and anticoagulants

• Mode of action and dose –covered re cyanide, PAPP & SN
• Duration and severity of sickness –welfare impacts

• New registration NZ require welfare dossiers
• Most research has focused on traps



3. NZ/New world perspectives

Focus …. what is different, why we are doing what we are?



NZ, Aus and USA
• Broadscale pest control-range of animals
NZ:- rats, mice, possums, stoats, ferrets, cats, rabbits, feral pigs, wallabies etc
Aus:- rat, mice, rabbits, feral cats, wild dogs, foxes, feral pigs etc

• NZ/Aus natives vulnerable 

• Welfare & residue concerns- humane & “low residue” tools sought
• Community involvement• Community involvement

• Poisons essential tools 
• >NZ$ 15.0 M supporting 1080 updating NZ registration (1990-2007)
• Significant expenditure on zinc phosphide in US

Saving endangered species, retention of existing tools until they are replaced, 
developing new tools ranks highly - national priority

Point of difference from many countries



NZ history and trends
Time Tools available and new 

developments
Comments

Pre-1950s strychnine (1800s), arsenic, cyanide, 
red squill,   phosphorus

Reliance on older 
toxins …did not 
bring in ZP 

1950s-80s 1080 , pindone,  brodifacoum. Adopted actives 
from o/s innovation from o/s innovation 
use

1980s-2009 Leadership in island clearance
Focus on improved S & E+
Smarter self -setting traps
Feratox-chole
New baits
Continued refinement in aerial 
application and ground control.  

In contract with EU
retaining existing 
tools–optimising 
practice
-accelerating new 
toxins registrations 

+ 1080 bait QA (DM), reducing weka/rat interference with  Feratox (MT, SH AM); 
deer repellent EPRO; better baits ACP, Kiwicare, Connovation 



QA sowing rates/GPS/quality control

��
�
Sowing 
rates 100%

Average % 
kills

<1kg

Non-target kills

Cost - More with Less

> 40 yrs refining use (DM, GN, 
GM- Pest control professions)

��
��� ����

70%



Safer delivery-low shatter baits-after passage through 
hooper > 95% > 10 gm (Steve Hix /Amuri Helicopters)
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• Persistent compounds
– secondary poisoning 
– non-target deaths
– residues in game and livestock

• Some poisons inhumane & unpopular 

• Community expectations and politics-tools that 

Why seek to further improve?

• Community expectations and politics-tools that 
communities can use

• Bio-control a huge challenge-common-sense not 
to rely on one class of compounds

�����������

�����



4. Advancing “low residue” and 
new toxins for NZ 

Linking with Aus/US/ EU groups on new 
developments



New VTA registrations

3 approaches

Already in use
-Feratox®

New to NZ
-ZP

Novel VTAs
-PAPP & SN 

& others



1st   already in use

Feracol ®-cholecalciferol
Current focus MS solid and paste baits & extending registrations 0.4% 

to increase cost-effectiveness (SH/SS)to increase cost-effectiveness (SH/SS)

Feratox® pellets registered 1997
Resent registration for Dama current focus extending to Bennett’s 

reducing non-target interference to increasing cost-effectiveness 
(LS)



2nd registration of agents not previously 
used in NZ (RH)

ZP and C+ C ZP and C+ C 



Zinc Phosphide

• back –up to 1080
• encapsulation improves palatability 
• no bioaccumulation
• low 2 poisoning • low 2ndary poisoning 



International status

Zinc Phosphide
(selection of countries)

1080

USA USA—very restrictedUSA USA—very restricted

Australia Australia

South Africa

Asia (China, India, Japan, etc.)

Europe (Germany)

Pacific  (Philipines,Indo)



Cholecalciferol 0.015% + 
Coumatetralyl 0.03%

• builds on past experience - Europe

• effective on possums and rodents
• lacks persistence of SGARs• lacks persistence of SGARs
• low secondary poisoning risk
• slow in onset like anticoagulants -shorter time to 

death than brodifacoum 
• Mode of action-synergy  better understood  



3rd. New  RBC toxins-PAPP & SN & more to 
come (LS/CTE)

• first new a.i for  30 yrs
• Low 2ndy-poisoning risk• Low 2ndy-poisoning risk
• Antidote
• MtHb inducer deficit of oxygen to brain



Building on PAPP analogues + altn MtHb 
inducers-for other animals pests 

• Synthesis and characterisation

• In-vitro screening in blood MtHb 
induction in target and non-target

• MtHb induction and acute oral • MtHb induction and acute oral 
toxicity and in bait
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Examples in context   

Type Existing
Low residue
products

2009-2010 2011-2013 2013-2015

Already in 
use
Altn. to 1080

cyanide
chole

Feratox® dama 
Bennets 
Cheaper –chole 
paste baits

Cheaper MS 
solid chole (p/r)

New to NZ ZP
C+C

ZP paste for  
and possums 

ZP solid bait 
(p/r) possums 
C+C solid (p)

C+C solid (p/r)

New toxins PAPP
SN
NT

PAPP paste 
stoats and 
cats + tunnel 
delivery

SN for 
possums

New RBC & 
other toxins



5.Conclusions
• Use of alt to 1080-increasing

• ZP & PAPP & low dose chole
in 2010

• C+C in 2011/12

PAST
Discontinued worst -arsenic and 
strychnine 
Retention of others

PRESENT
Refinement 
best low residue

Replacement

• RBC + other toxins 
2011/15

• optimising use of existing and new tools 

• better baits and delivery systems

FUTURE
Replacement
New RBC targeted toxins
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