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Abstract of a thesis submitted in partial fulfilment

of the requirements for the Degree of Ph.D.

Residual Concentrations and Persistence of the Anticoagulant Rodenticides

Brodifacoum and Diphacinone in fauna

P.M. Fisher

Brodifacoum is a highly effective anticoagulant rodenticide that presents a secondary hazard to
some non-target wildlife. The high acute toxicity of brodifacoum to mammals and birds, and its
prolonged persistence in liver predicates secondary risk to predators and scavengers of poisoned
rodents. Hence there is a need to improve ability to monitor and predict hazards of brodifacoum
to non-targets, and optimise use patterns accordingly. Use of a less persistent anticoagulant
rodenticide, diphacinone, is an alternative approach currently under investigation in New
Zealand. This thesis describes a series of laboratory and pen studies that address information gaps
relevant to the assessment of non-target hazards in continued use of brodifacoum, and of using

diphacinone as an alternative.

Non-lethal techniques for determining sublethal brodifacoum exposure in birds was investigated
in chickens. Elevation of prothrombin time was a less reliable index than residual concentrations
in tissues. Samples requiring less invasive procedures, such as dried blood spots or faeces, have
potential to detect recent sublethal brodifacoum exposure and refinement of these indices could
be useful in proactive monitoring of avian wildlife. Residual brodifacoum in eggs of sublethally-
exposed hens raised further questions regarding wider non-target hazard and adverse effects on
development of fertile eggs or chicks. A laboratory trial with rats found a positive correlation
between residual brodifacoum concentrations in liver and the amount of brodifacoum ingested as

bait. An estimated 14-22% of ingested brodifacoum was excreted in rat faeces in the period
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between ingestion of a lethal dose and death, indicating another potentially significant

environmental pathway for brodifacoum transfer.

In considering diphacinone as a less persistent alternative rodenticide to brodifacoum, evaluation
of residual concentrations and persistence in pig tissues was required to estimate secondary
hazard to human consumers and adequate with-holding periods for hunting feral pigs in areas
where diphacinone was applied. A pen trial showed that domestic pigs were more susceptible to
diphacinone toxicity, and thus primary poisoning risk, than previously estimated. Hepatic half-
life of diphacinone in pigs was approximately 14 days, indicating reduced persistence in
comparison to brodifacoum and enabling estimates of with-holding periods for hunting feral pigs
from areas where diphacinone baits were applied. To investigate potential hazards of diphacinone
use to invertebrates a trial using tree weta, a native New Zealand invertebrate, was undertaken.
Weta readily ate diphacinone wax block baits with no mortality or weight loss evident, indicating
low susceptibility. Residual whole-body diphacinone concentrations did not increase with the
amount of diphacinone bait eaten. A simple, deterministic risk assessment suggested that, as a
single secondary exposure, the maximum diphacinone concentration measured in weta would

present a low risk to non-target birds.

Given international recognition of the high secondary hazard and corresponding restrictions on
use of brodifacoum, continued availability of brodifacoum to non-licensed users and sustained
field applications for possum and rodent control in New Zealand is an exceptional use pattern.
New data in this thesis suggest that baiting strategies that minimise the amount of brodifacoum
available in the environment are important and regulatory review of some New Zealand
brodifacoum applications should address this. In parallel, development of diphacinone as an
alternative to brodifacoum should continue, as new data here confirms lower persistence in
mammalian liver than brodifacoum, and also indicates low toxicity to invertebrates. However
further investigation of multiple-exposure hazard and potential sublethal effects of diphacinone
on non-target mammals and birds is warranted before extensive and sustained field applications

of diphacinone are undertaken.

Keywords: anticoagulant, brodifacoum, diphacinone, elimination half-life, invertebrates, liver,

non-target wildlife, pigs, residues, rodents, rodenticide, secondary poisoning, sublethal effects
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Chapter 1: Brodifacoum as a vertebrate pesticide and the need to
monitor non-target wildlife

1.1  Context of thesis

Anticoagulant poisons have an ongoing history of worldwide use for the control of pest
vertebrates, particularly rodents. Balancing benefits of rodent control and the potential costs of
applying anticoagulant rodenticides to the environment remains a challenge. This can be
addressed by risk assessments, which require data regarding the movement and degradation of
anticoagulants in different environmental media, and their effects on non-target organisms
including humans. This thesis comprises a series of studies initiated by the climate of vertebrate
pest management in New Zealand (NZ) but also have relevance to international uses of
anticoagulant rodenticides. In NZ, application of brodifacoum for control of introduced vertebrate
pests has been shown to create a persistent secondary hazard to some non-target species. For
government agencies, private landholders and other resource managers that retain brodifacoum as
a tool for effective pest control there is an interim need for better understanding of how to
minimise the non-target risks. Replacing brodifacoum with an equally effective but less persistent
alternative anticoagulant has been identified as a progressive priority for NZ vertebrate pest
management. Figure 1.3 outlines the thesis structure as a sequence of review, potential options
for anticoagulant use and corresponding research questions that were investigated in laboratory
studies. While many other research questions are also relevant, the range of specific studies
completed here were identified as ‘data gap’ priorities for a current management situation in NZ,
where the results would be applied to on-ground applications of anticoagulants and policies
regarding their use. In some cases this was research directed by management agencies (e.g. NZ
Department of Conservation). Literature review and dialogue with pest managers identified the
importance of avian and invertebrate species in the NZ context of non-target native wildlife, and

also the issue of potential contamination of feral pigs that are hunted for human consumption.

1.2 Use patterns of brodifacoum for vertebrate pest control

In common with a range of toxic anticoagulant compounds used as rodenticides, brodifacoum
inhibits the synthesis of vitamin K-dependent blood clotting factors in the liver (e.g. Thijssen
1995) by binding to the active site of vitamin K epoxide reductase (VKER) (Gebauer 2007).
When this inhibition occurs over a sufficient time, blood will fail to coagulate in response to

injury and typical clinical signs of anticoagulant toxicity are haemorrhage and anemia, with death
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through massive haemorrhage occurring several days after a lethal exposure (Pelfrene 2001). This
delayed onset of toxicity is an important factor in the effectiveness of anticoagulant rodenticides,
as rodents are less likely to associate ingestion of bait with onset of illness, and then avoid
ingestion of a lethal amount (Kaukeinen & Rampaud 1986). Brodifacoum is a synthetic
compound, developed in 1976 as a rodenticide (British Crop Protection Council 2000). As a
second generation anticoagulant (see Chapter 4.1), brodifacoum has high oral toxicity and a lethal
dose is usually ingested by target rodents in a single feed of bait, making it a very effective
rodenticide (Kaukeinen & Rampaud 1986). Worldwide the economic, environmental and human
health benefits of using anticoagulant rodenticides is undoubted. The use patterns of brodifacoum

for the control of rodents and other vertebrate pests are briefly reviewed here.

1.2.1 Commensal rodent control

Brodifacoum is used in many countries to manage commensal rodents that share habitat and food
sources with humans, particularly Norway rats (Rattus norvegicus), ship rats (R. rattus) and
house mice (Mus musculus). Proprietary bait formulations containing brodifacoum are registered
in various countries (Kegley et al. 2007), with application generally limited to ‘indoor’ use, as
defined by proximity to human habitation and infrastructure e.g. farms, sewers, factories and
warehouses. To minimise exposure of humans or non-target wildlife to bait, label instructions
may specify use only inside or within a nominated distance of buildings, or use of fixed baits in
tamper-proof bait stations. In some countries bait formulations containing brodifacoum are
available to the public ‘over the counter’ for household rodent control while in others, such as the
United Kingdom, brodifacoum use is restricted to indoor use by licensed or professional
applicators (Quy ef al. 1998). The ongoing development of resistance to second-generation
anticoagulants in British rat populations (Smith 2007) has recently required special permission
for the outdoor use of brodifacoum, as the most toxic of the anticoagulants, to effectively control

intractable Norway rat populations (Meyer 2007).

1.2.2 Controlling field populations of vertebrate pests

The scale of field application of vertebrate pesticides in NZ contrasts with other countries (e.g.
Green 2004), reflecting policy imperatives for immediate mitigation of severe impacts of
introduced mammals in the general absence of (non-target) terrestrial native mammals.
Introduced species such as ship rats, Norway rats, house mice and brushtail possums

(Trichosurus vulpecula) pose serious threats to indigenous NZ species and biodiversity values



(Anonymous 2000) and possums threaten agricultural production as vectors of bovine
tuberculosis (Animal Health Board Incorporated 2001). Broadscale field application of toxic baits
will probably remain an important component of regional NZ vertebrate pest management
strategies in the short to medium term, until more acceptable and effective control methods (e.g.

fertility control, Cowan 2000) become operationally available.

In particular, brodifacoum use in NZ differs from most other countries. ‘Over the counter’
anticoagulant baits for commensal rodent control are available but bait formulations (0.005% or
0.002% brodifacoum by weight) are also registered for field use against rodents and brushtail
possums. Earlier field uses against rabbits (Oryctolagus cuniculus) and wallabies (Macropus
rufogriseus) have been discontinued (Bell 1983). Hoare & Hare (2006a) provide a recent
overview of brodifacoum use in NZ; bait station deployments of brodifacoum can cover
considerable mainland areas (up to 300,000 ha) and may be sustained for a number of years in
key areas. A ‘controlled substances’ licence is not required for purchase and field application of
brodifacoum (National Possum Control Agencies 2006), so of the estimated 6 kg brodifacoum (as
active ingredient in bait) sold annually, approximately 50% is used by professional pest
contractors, 30% by regional councils and 5% by private landowners (Hoare & Hare 2006a). The
NZ government’s Department of Conservation (DOC) uses the remaining estimated 15% of
brodifacoum, but restrict sustained brodifacoum use over public conservation land, because of
concerns for secondary effects on non-target wildlife (Hoare & Hare 2006a) - current DOC

applications of brodifacoum are mostly for the eradication of introduced rodents from islands.

1.2.3 Rodent eradications from offshore and mainland islands

Over the last two decades, broad-scale aerial application of brodifacoum bait has developed as an
important conservation tool, instrumental in successful eradication of invasive rodents from an
increasing number offshore islands around NZ (Towns & Broome 2003) and elsewhere (Howald
et al. 2007). Aerial application is also integral to the establishment of “mainland island”
sanctuaries in NZ, through complete and rapid removal of vertebrate pests from areas protected
by exclusion fencing (e.g. Maungatautari Ecological Trust 2004). The ‘single-feed’ efficacy of
brodifacoum against rodents is an important criterion in island eradications - Pestoff® Rodent
Bait 20R (20 ppm brodifacoum), a cereal pellet formulation, is registered for these uses in NZ,
with label instructions limiting aerial and/or hand broadcast to non-stocked offshore islands, or

within areas enclosed by an effective pest-proof fence (Anonymous 2006). In contrast to
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commensal rodent control and sustained field control operations using brodifacoum, eradication
operations are deliberately engineered to be ‘one-off” bait applications, entailing clearly defined
quantities, rates and timeframes for bait application. As outlined in Chapter 4.1, the time over
which brodifacoum is available in the environment is an important consideration when weighing

potential risks to non-target wildlife.

1.3 Brodifacoum in the environment and hazard to non-target wildlife

The comparative pharmacokinetics of anticoagulants are discussed in more detail in Chapter 4. In
brief, after ingestion and absorption, the persistence of an anticoagulant in tissues is influenced
by the dose ingested and relative affinity of the compound for specific, high-affinity, saturable
binding sites for anticoagulants (Parmar & Batten 1987). Residual concentrations of brodifacoum
have been shown to persist for prolonged periods in the livers of live mammals (Eason et al.
1996: Laas et al. 1985; Fisher et al. 2003). On this basis, liver tissue has been the focus for
detecting exposure to anticoagulants. Bachman & Sullivan (1983) predicted that serum and liver
concentrations of brodifacoum would bioaccumulate in rats with repeated daily exposures.
Bioaccumulation of flocoumafen, another persistent second-generation anticoagulant, has been
demonstrated in rats (Huckle ez al. 1988). Thus it is considered likely that brodifacoum would
bioaccumulate in an ‘environmental reservoir’ of mammalian, and probably avian, liver with

repeated exposure.

An effective vertebrate pesticide requires high acute toxicity to the target species but
brodifacoum is a broad spectrum toxicant, posing an unwanted hazard for non-target mammals
and birds that ingest bait (primary exposure) or tissues of animals poisoned by brodifacoum
(secondary exposure). Brodifacoum presents a relatively high risk of secondary poisoning in
comparison to other rodenticides (Erickson & Urban 2002), through a relatively prolonged
residual persistence especially in liver. Over the last two decades, reports of secondary poisoning
and the presence of residual brodifacoum in tissues of non-target wildlife, particularly predatory

or scavenging mammals and birds appear to be increasing — these are briefly reviewed here.



1.3.1 Primary and secondary exposure pathways

Abundant literature concerning accidental poisoning of domestic animals following anticoagulant
application for commensal rodent control (Robben 1998; Petterino et al. 2004) illustrates the
primary non-target hazard of toxic bait. As discussed (section 1.1.1) non-target access to bait can
be minimised by physical exclusion or reducing the attractiveness / palatability of bait. However
in other instances e.g. broadcast applications, improper bait placement or when rodents cache
baits, it becomes more likely that some non-target species (including invertebrates) will
encounter bait and find it edible. Field applications of brodifacoum in NZ have resulted in
primary poisoning of a range of non-target bird species, as summarized by Eason et al. (2002)
and in Figure 1.1. Because brodifacoum is not mobile in water, air, soil or plants in the context of
bait applications (Eason and Wickstrom 2001) primary exposure to bait is the predominant

precursor to secondary routes of environmental exposure via tissues of living animals or

carcasses.
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Figure 1.1 Primary exposure to cereal-based brodifacoum baits (station or aerial broadcast
applications). Solid lines indicate documented instances of bait uptake, presence of residues, field
mortality or pen-based studies indicating exposure, with corresponding numbered references
cited in Appendix la. Dashed lines indicate a strong inference of primary exposure due to dietary
habits and/or analysis of residual brodifacoum in the species.



Oral exposure to brodifacoum may be lethal or sublethal, depending on the amount ingested and
the susceptibility of the animal to anticoagulant toxicity. Studies with captive birds and animals
in artificial feeding situations have demonstrated the potential for secondary mortality to occur
especially in the case of second-generation anticoagulants (e.g. Joermann 1988) and this has been
confirmed by a number of studies. In NZ, stoats (Mustela erminea), ferrets (Mustela furo) and
feral cats (Felis catus) were killed following brodifacoum bait application (Alterio 1996; Alterio
and Moller 2000) although in these cases the ‘non-target’ species were also considered pests, so
their mortality was regarded as a desirable side-effect of control operations targeting rabbits and
possums. Figure 1.2 summarises some of the pathways of secondary exposure to brodifacoum

that have been reported for NZ species.
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Figure 1.2 Secondary exposure pathways for brodifacoum. Solid lines indicate documented
instances of preying on or scavenging animal tissues containing brodifacoum, presence of
residues, field mortality or pen-based studies indicating exposure, with corresponding numbered
references cited in Appendix 1a.



From a wider international perspective, non-target wildlife mortality is also indicated by reports
of toxicosis and death following known or strongly inferred secondary brodifacoum exposure, for
example in owls (Mendenhall and Pank 1980), moreporks (Ninox novaseelandiae) (Stephenson et
al. 1999), ravens (Corvus corcorax) (Taylor et al. 2000), bobcats (Lynx rufus) and mountain lions
(Puma concolor) (Riley et al. 2007). In the United Kingdom, United States and Canada,
brodifacoum use is restricted to commensal rodent control (indoor) applications yet predatory or
scavenging wildlife species have been exposed. This is presumably through transfer of
brodifacoum in live prey. Spurr et al. (2005) provide recent evidence of commensal applications
of anticoagulant bait associated with occurrence of residues in non-target wildlife in the
surrounding areas. Similarly Brakes and Smith (2005) demonstrate that routine commensal rat
control using an anticoagulant (coumatetralyl) reduced local populations of non-target small
mammals, demonstrating a significant route of secondary anticoagulant exposure for predators
and scavengers. Borst and Counott (2002) document mortality from secondary brodifacoum
exposure in captive bird species: two turkey vulture (Cathartes aura) chicks that died of toxicosis
after being fed rodenticide-killed mice by the adult birds, previous case reports of small
carnivorous birds (Dacelo novae-guinae and Tockus deckeni) killed after eating poisoned mice
and a granivorous bird (Rollulus roulroul) that died, probably through contamination of its food
by cockroaches that transported brodifacoum. Murray and Tseng (2008) report on diagnosis and
treatment of secondary brodifacoum poisoning in a red-tailed hawk (Buteo jamaicensis).
Dowding et al. (2006) provided strong field-based evidence of invertebrates as a source of
secondary exposure, documenting mortality and brodifacoum residue in New Zealand dotterels
(Charadrius obscurus aquilonius) that had apparently fed on invertebrates containing

brodifacoum as the result of feeding on toxic bait.

1.3.2 Liver concentrations as an index of brodifacoum exposure

Retention of brodifacoum in liver provides an obvious focus for monitoring wildlife exposure and
a growing literature documents the occurrence of residues of brodifacoum in a range of predatory
and scavenging species worldwide. Appendix 1b presents three tables summarising liver

brodifacoum concentrations measured in non-target birds and animals, grouped by scenario;

A. known or inferred to have been killed by brodifacoum poisoning (Table A)
B. exposure inferred from presence of liver residues, but could not be confirmed as lethal or

sublethal (Table B)



C. sublethal exposure to brodifacoum (Table C)

Residue data in Table A were from studies involving deliberate searching for carcasses in areas
where brodifacoum bait had been recently applied, or from human and veterinary clinical cases
reported as brodifacoum poisoning. The presence of liver residues, sometimes associated with
observations of haemorrhage, thus provided strong inferential evidence of lethal exposure. In

general, the residue concentrations measured in this scenario are relatively high.

Residue data in Table B are from animals or birds collected as carcasses in general monitoring
programmes e.g. as roadkills or from wildlife rehabilitation centres, in all instances from United
Kingdom or the United States. Although brodifacoum exposure was confirmed by detectable
liver concentrations, the timing and frequency of the exposure could not be retrospectively
determined. There are proportionally more low concentrations of brodifacoum across this
scenario, raising questions of whether the exposure was sufficient to have caused or contributed
to mortality. In some instances, the presence of liver residues in association with pathologic
observations of haemhorrage prompted diagnosis of anticoagulant poisoning as the cause of death

(e.g. Hosea 2000; Stone et al. 2003; Hoops 2005).

Residue data in Table C are from live capture (thus exposure assumed to be sublethal) of animals
or birds that were then killed to obtain liver tissue, often following brodifacoum bait applications.
These are mostly from NZ field monitoring but also include captive studies and field monitoring
from other countries. The residue concentrations in this scenario span those reported in Tables A
and B, highlighting uncertainty about how diagnostic liver residue concentrations are of lethal
exposure to brodifacoum. Kaukeinen ef al. (2000) proposed a threshold liver concentration of 0.7
ppm i.e. concentrations below this in carcasses are not expected to have caused acute toxicity.
However, Littin er al. (2002) measured liver concentrations as low as 0.33 ppm in brushtail
possums that had died of brodifacoum poisoning. From studies of brodifacoum exposure and
resulting residues in voles (Microtus spp.), Myllymiki et al. (1999) estimated that the probability

of vole survival started to decrease clearly in association with liver concentrations of 0.20 ppm.

While mortality is the most unwanted outcome for non-target wildlife, use of liver tissue
predisposes to generally retrospective monitoring — looking to confirm exposure and its possible

contribution to mortality after the fact. Reliance on liver tissue to determine exposure creates
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limitations; (i) it is generally not acceptable to kill (protected) non-target wildlife species
considered at risk of exposure in order to determine whether this has occurred so that (ii) residue
data for many ‘at risk’ species that are based largely on post-mortem (carcass) samples have

reduced certainty around the contribution of brodifacoum exposure to mortality.

1.3.3 Sublethal effects of brodifacoum exposure

The toxicological implications of sublethal brodifacoum exposure are not well described (e.g.
Kaukeinen ef al. 2000; Lechevin & Vigie 1992) and as noted by Howald (1997), potential
remains for adverse effects following repeated or sustained sublethal exposure. Other coumarin
anticoagulant compounds such as warfarin have been shown to affect bone mass (e.g. Price 1988)
but this aspect has not been well studied in wildlife. Knopper et al. (2007) undertook a small
investigation of bone density and breaking strength in raptors with sublethal exposure to SGARs
including brodifacoum, as indicated by the presence of residual concentrations in liver. Coumarin
anticoagulants may also have teratogenic effects (e.g Astedt 1995). The literature on sublethal
effects of brodifacoum seems to relate mostly to reproductive or teratogenic effects in mammals,
generally suggesting maternal toxicity (haemorrhage) resulting in abortion, rather than direct

effects on the fetus.

Brodifacoum given by oral gavage to female rats at daily doses of 0.001, 0.01 or 0.02 mg/kg
during days 6-15 of pregnancy produced no apparent effects on fetuses at termination, but daily
doses above 0.05 mg/kg caused an anticoagulant effect in the mothers and a high incidence of
abortion (Hodge ef al. 1980 cited by World Health Organisation 1995). Female rabbits dosed
daily with 0.005 mg/kg brodifacoum over days 6-18 of pregnancy showed a high incidence of
haemorrhage, and resultant mortality. In surviving dams that showed signs of haemorrhage there
were no effects on the developing fetuses (Hodge e al. 1980 cited by World Health Organisation
1995). Twigg and Kay (1995) cite unpublished data where brodifacoum caused a 50% increase in
aborted or still-born lambs when administered to pregnant ewes (Ovis aries) 7 weeks after
mating, and 22% increase in lamb mortality when pregnant ewes were administered brodifacoum
one week before giving birth. An outbreak of abortions and haemorrhages in sheep and goats in
Egypt was attributed to accidental exposure to brodifacoum (Feinsod 1986). While Hornfeldt
(1996) reported successful treatment of brodifacoum toxicosis in a pregnant dog, a more recent
report (Munday and Thompson 2003) of in utero brodifacoum toxicity in dogs reported two

puppies dying shortly after birth showing haemorrhage and having liver brodifacoum residues.
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Because the bitch appeared unaffected, it was suggested that fetuses were more susceptible to
brodifacoum toxicity than adults. While no publications about reproductive effects of
brodifacoum in birds were found, Stejskal et al (1994) found that spider beetles (Ptinus tectus)
could reproduce and develop on a brodifacoum bait formulation in field conditions, but there was
a high frequency of teratologic adult individuals that was possibly due to brodifacoum exposure

of the larval stage.

Besides potential adverse sublethal effects on wildlife, there is also a concern for human exposure
through consumption of meat from wild game animals that carry brodifacoum residues (e.g. Clear
2003). Given these information gaps, it is important to continue field monitoring and research to
identify which, when, how and to what extent wildlife are being exposed to brodifacoum in their
environment and what the outcomes of this exposure might be. Sublethal exposure of wildlife to
a range of anticoagulants may be far more widespread in the environment than currently thought,
but this is not practicable to investigate using liver tissue. A reliable, non-lethal and minimally
invasive sampling procedure to determine exposure in live animals would greatly expand the
scope of monitoring, in terms of the species and numbers of wildlife that could be surveyed for
sublethal exposure to brodifacoum and other anticoagulants. It may be that single or infrequent
sublethal exposures do not significantly compromise survival or reproductive fitness of wildlife
individuals or populations, but because the effects of cumulative or long-term exposure are not
well described, the ability to characterize field exposure profiles would be of great value in a
proactive approach to identifying and minimizing risks to non-target wildlife. This is especially
so given the high toxicity and bioaccumulative potential of brodifacoum where sublethal

exposure is likely to be repeated or sustained.

1.4  Thesis structure

The general, overarching question of “how can we minimise the environmental risks of using
anticoagulant rodenticides?” was addressed by series of studies. Figure 1.3 provides an outline of
the rationale and studies (each presented as a separate chapter) undertaken against specific
research questions. Chapters Two and Three concern residual concentrations of brodifacoum in
tissues following sublethal exposure of birds (chickens) and lethal exposure of mammals (rats)

respectively. Chapter Four provides an overview of toxicological information about diphacinone
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and the rationale behind its selection as an alternative to brodifacoum. Chapters Five and Six

describe studies of diphacinone in mammals (pigs) and invertebrates (weta).

Chapter 1 (review)
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Chapter 7 (Summary)

Implications of results for wildife monitoring and continued use of brodifacoum

Implications of results for ongoing use of diphacinone as a less persistent (lower
hazard) alternative to brodifacoum

Figure 1.3 Outline of topic areas and specific research questions addressed in this thesis, in the
context of New Zealand management options for the use of the anticoagulants brodifacoum and
diphacinone for management of introduced vertebrate pests.
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Chapter 2: Sublethal brodifacoum exposure in chickens, effects on
coagulation time and residual concentrations in tissues, eggs and
faeces

2.1 Introduction

Monitoring indicates that environmental exposure to the anticoagulant rodenticide brodifacoum,
as indicated by residual concentrations in liver, occurs in a range of bird species (reviewed in
section 1.2.2). Mortality or adverse sub-lethal effects resulting from secondary exposure to
rodenticides may be an important consideration in the conservation of non-target birds,
particularly predators and scavengers (Brakes and Smith 2005). Secondary exposure to
brodifacoum may occur when birds of prey (e.g. Barnett et al. 2003) take rodents that have
ingested bait, or insectivorous birds eat contaminated invertebrates (e.g. Dowding et al. 2006). As
outlined in section 1.3, current monitoring for brodifacoum exposure relies largely on analysis of
liver tissue obtained post-mortem. The requirement for lethal sampling to obtain liver limits
practicable monitoring of protected species or large samples of wildlife, and especially does not
allow investigation of how sublethal exposure to brodifacoum may affect survival and
reproduction in the field. Hence, development of a non-lethal and minimally invasive sampling
procedure to determine anticoagulant exposure in live birds would improve the ability to
characterise sublethal exposure in field populations. This is especially relevant to NZ, because of
its relatively extensive field use of brodifacoum for vertebrate pest control (see section 1.1.2) and
the predominance of birds, including many endemic species, in its native biodiversity (e.g.

Duffey 2001).

Blood sampling has been used as an indicator of brodifacoum exposure, with plasma samples
analysed for residual concentrations, and also for increased coagulation times that may occur in
response to exposure (e.g. Howald et al 1997; Poulinquen et al. 2006). Prothrombin time (PT) is
the most commonly used to indicate an anticoagulant effect and is sensitive to Factors II, VII and
X (part of the extrinsic clotting pathway) (e.g. Poller & Hirsch 1996). However, at least 5 mL
(ideally 10 mL) of blood is required to derive sufficient plasma for testing, and this may limit the
size of birds that can be monitored as it is generally not recommended to remove more than 15%
of blood volume in a single sample (Diehl ef al. 2001). The invasive nature of blood sampling has
an additional drawback if birds have been exposed to anticoagulant, as the small injury from

sampling may pose a risk of haemorrhage to birds that have elevated coagulation times. Reducing
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the volume of blood (plasma) required for valid analysis of brodifacoum concentration would
extend the utility of this indicator in field studies, especially for small or conservation-status bird
species, where invasive manipulations are undesirable. Trudeau et al. (2007) describe application
of a small volume dried blood spot (DBS) sampling for monitoring pesticide exposure in birds.
Preliminary establishment of an analytical technique for detecting brodifacoum in DBS samples
(A. Shlosberg, Kimron Veterinary Institute, pers. comm.) indicated a potential application to
monitoring sublethal exposure in birds. Samples that do not require invasive procedures, such as
faeces or eggs, were also considered as potential indicators of brodifacoum exposure. Gray et al.
(1992) estimated that pellets regurgitated by barn owls (7yto alba) contained approximately 29%
of a brodifacoum dose the owls ingested via contaminated mice over fifteen days. Collection and
analysis of owl pellets has been used to index exposure of owls to brodifacoum and other
anticoagulants (Gray et al. 1994; Eadsforth et al. 1996), although there appears to have been no

further development of this potentially useful monitoring tool for other bird species.

Using domestic chickens (Gallus gallus) as a representative avian species, an investigation of
tissue residues and coagulation following sublethal brodifacoum exposure was undertaken. The
objectives of this study were (i) to measure residual brodifacoum over time in various tissues,
faeces and eggs; (i) compare the residues measured in DBS and plasma samples and (iii)

measure plasma coagulation over time, after a single sublethal exposure.

2.2 Methods

2.2.1 Housing, dosing and tissue sampling of chickens

All procedures carried out using chickens were conducted under Landcare Research Animal
Ethics Committee approval (No. 05/03/03 - DBS sampling to detect anticoagulant exposure in
birds). Twenty Brown Shaver strain hens (22-24 weeks old, ‘point of lay’) were obtained from a
commercial egg production facility. Each bird was given a numbered leg band, and acclimatised
for three weeks to outdoor housing at the Landcare Research animal facility, Lincoln. They were
group housed in large grassed pens with sheltered roosts with fresh water and commercial food
(Feedworld Premium Gold Poultry pellets) freely available. After weighing they were randomly
allocated to either a control (n=5) or brodifacoum treatment (n=15). A dose of 0.50 mg/kg
brodifacoum was selected to represent a low sublethal exposure, based on known brodifacoum

toxicity in chickens and other birds; Lund (1981) reported that brodifacoum killed four leghorn
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hens in 6-12 days after an average intake of 10.5 mg/kg, an LDs, estimate of 3.3 (95% CI 2.2-5.2)
mg/kg in quail (Callipepla californica) (Godfrey 1985) and a report by Bailey et al. (2005) of
100% mortality in ten chickens gavage-dosed with 3 mg/kg brodifacoum. A 0.5 mg/kg exposure
was roughly equivalent to a 1.65 kg chicken ingesting 41.25 g of bait containing 0.002%
brodifacoum. A dosing solution of 0.4 mg/mL brodifacoum in monopropylene glycol (MPQG)
(Landcare Research toxicology laboratory Cert No. P05/22, Appendix Two) was administered by
stomach tube to hens in the brodifacoum treatment at 1.25 mL solution per kg of bodyweight.
Control hens were administered 1.25 mL/kg of MPG alone, with a 2.5 mL maximum dose

volume in either treatment. After dosing, the hens were placed back in group housing.

Hens were sampled in groups of 5 (n=4 brodifacoum-dosed and 1 control hen) on days 1, 4, 7 and
14 after dosing. One hen was mistakenly dosed with control treatment, so the Day 14 sample
included only three brodifacoum-dosed hens. Dried blood spot (DBS) samples were taken first,
where hens were restrained on their side, with the legs and upper wing held and the lower wing
extended outwards to expose the brachial vein. The feathers underneath the wing were swabbed
with disinfectant and held to one side, while a second person drew blood (maximum 0.2 mL)
from the brachial vein with a 25 G needle. Single drops of blood were immediately placed
directly from the syringe onto the three marked ‘wells’ on Schleicher & Schuell No. 903 filter
paper cards. The DBS cards were dried in a slide rack at room temperature for approximately 2 h
then placed in ziplock plastic bags. Immediately after DBS sampling, the hens were euthanased
by decapitation and whole blood samples were collected directly from the blood flow into two
4.5-mL tubes (Vacutainer*Blood Collection Tubes, 3.8% sodium citrate). Samples of whole
liver, breast muscle, abdominal fat, eggs/ovaries, kidneys and cloacal faeces were dissected out,

whole organs weighed and all samples stored at -20°C.

2.2.2 Testing plasma samples for coagulation time

Within an hour of sampling whole blood was centrifuged at 2500xg for 15 min at 4°C, with
plasma divided into two Eppendorf tubes and frozen at —80°C if coagulation testing could not be
carried out that day, or stored at 4°C if testing was to be done within 4 hours. Plasma dilutions
were prepared with 0.9% saline and tested in duplicate using a commercially-available PT assay
kit (Simplastin® Excel) and an automated coagulometer (Amelung KC4Amicro, Sigma
Diagnostics). The kit included control plasma reagents, which were also tested in duplicate to

provide internal validation standards, where samples that did not clot were allocated a value of
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999 seconds. Prolonged prothrombin times result from using mammalian thromboplastin as a
reagent in PT testing of avian blood (Howald 1997), possibly due to differences in coagulation
factor activities between birds and mammals (e.g. Stopforth 1970) or class specificity of protein
reactions in thromboplastin from mammalian or avian sources (e.g. Griminger 1986; Kase et al.
1980). To account for potentially reduced sensitivity in detecting changes in chicken PT through
using the rabbit-derived thromboplastin reagent supplied with the Simplastin kit, an avian
thromboplastin solution was also prepared. As described by Bailey et al. (2005) and following the
methods of Doerr et al. (1975), twenty fresh chicken brains were homogenised, strained,
dehydrated by addition of acetone and stored in 1-g aliquots at -80°C. An extract was made by
incubating 400 mg of powdered brain tissue with 20 mL of 0.9% saline (with stirring) for 15 min
at 27°C. The resulting suspension was centrifuged for 10 min at 500xg and the supernatant
decanted in 20 mL 0.025M CaCl,. This ‘in house’ avian thromboplastin was used in a set of
duplicate PT tests on the chicken plasma samples, where samples that did not clot using the avian

thromboplastin were allocated a value of 300 seconds.

2.2.3 Analyses of brodifacoum concentration

Analysis of the various tissues for brodifacoum concentration was carried out at the Landcare
Research toxicology laboratory, Lincoln as below. Preparation methods and method limit of
detection (MLD) differed for each tissue type. In general, analyses used HPLC with fluorescence
detection and a post-column pH switching technique was used to exploit the natural fluorescence

of brodifacoum, with difenacoum as an internal standard.

Dried blood spot samples

Preparation and analysis of these samples were based on a calibration carried out by Dr. Alan
Shlosberg (Kimron Veterinary Institute, Israel) at the Landcare Research toxicology laboratory
(unpublished data). After defrosting the sample cards at room temperature, one of the three
‘wells’ containing dried blood spots was cut from each card, folded and placed in a 20-mL screw-
cap tube to which 3 mL of 0.05M tetra butyl ammonium dihydrogen phosphate (TBAP) in
methanol was added, and the blood spot extracted by vortexing and sonicating. The extract was
transferred to a clean 10-mL test tube and gently evaporated at 50°C under air. The paper was

also dried at 50°C under air, then re-extracted with 3 mL of 0.05M TBAP in methanol, and this
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second extract added to the first. The solvent was again gently evaporated at 50°C under air, the
sample dissolved in a mobile phase of methanol/water/acetic acid, and passed through a 0.45-pm
syringe filter for HPLC analysis. Aliquots were chromatographed on an Alltech Alltima C18
column using methanol/water/acetic acid as the mobile phase. The post-column reagent was
ammonia/methanol/water (10/10/80), with a flow rate adjusted until the effluent had a pH of
approximately 10.1. The HPLC was run at a flow rate of 1.5 mL/min with degassing, with the
gradient program: initial 65%A: 35%B; 8 minutes 84%A: 16%B; 16 minutes 95%A: 5% B; 20
minutes 95%A: 5% B; 23 minutes 65%A: 35%B. The fluorescence detector was at 310-nm
excitation and 390-nm emission. Samples spiked with 1, 5 or 10 uL of brodifacoum in methanol
were also analysed. The MLD for brodifacoum in dried blood spot samples was 0.04 mg/mL
(Landcare Research toxicology laboratory report T2361, Appendix Two).

Plasma samples

Analysis of 1 mL plasma samples for brodifacoum was based on methods described by Primus et
al. (2001) and Jones (1996). Plasma samples stored at -80°C were thawed in a hot water bath at
37°C and 1 mL extracted with acetonitrile to remove protein. Ethyl ether was added to remove
water and the sample evaporated on a vacuum evaporator. The residue taken up in methanol was
analysed by HPLC, with MLD 0.005 pg/mL and uncertainty +8% (Landcare Research toxicology
laboratory report T2370, Appendix Two).

Liver, muscle, fat, egg, ovary and faeces samples

Subsamples of 2 g of faeces were prepared and extracted in the same way as tissue samples. A
sample of tissue was chopped and a 2 g subsample mixed with anhydrous sodium sulphate,
followed by 15 mL of the extraction solvent (chloroform/acetone/ammonia). The mixture was
homogenised with a tissue disperser, shaken and centrifuged. The supernatant was decanted and
the extraction repeated twice more. The combined extracts were evaporated and taken up in
hexane / chloroform / acetone for SPE clean-up on an aminopropyl column. The analyte was
eluted from the column using 0.05M TBAP in methanol, which was evaporated off and the
sample taken up in a mobile phase of methanol/water/acetic acid for HPLC analysis. MLDs and
uncertainties (= 95% C.I.) were; liver 0.005 pg/g,+ 8%, muscle and fat 0.001 pg/g + 8%,
egg/ovary 0.001 pg/g + 8%, and faeces 0.005 pg/g + 10% (Landcare Research toxicology
laboratory report Nos. T2369, T2633, T2648 and T2787 respectively, Appendix Two).

16



2.2.4 Statistical analyses

Exponential decay models of the form y=ae™ (where y is the brodifacoum residue and x is time)
were fitted to the day 1 to 7 residue data (day 14 results excluded) for liver, plasma, muscle, fat
and ovary tissue. Values for the brodifacoum residue were transformed using natural logarithms
and regressed against time using the linear regression procedure in the statistical package GenStat
(Genstat Committee 2007). Elimination half-lives and their 95% confidence intervals were
calculated using the formula ty, =In(2)/b+(t4*SE) (where b is the slope of the regression, t4 is the
value of Students ¢ from tables for the relevant residual degrees of freedom and SE is the standard

error of the slope).

2.3 Results

Hens retained normal food intake, with no significant changes in bodyweight in either control or
brodifacoum groups over the 14 days after dosing (Figure 2.1). There were no signs of poisoning
e.g. anemia, lethargy, bleeding, in daily observation of the hens and no evidence of internal

haemorrhage during tissue sampling.
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Figure 2.1. Chicken bodyweight before and after dosing with 0.5 mg/kg brodifacoum or MPG
(control).
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2.3.1 Brodifacoum concentrations in tissues

Residual brodifacoum concentrations in chicken liver remained relatively constant over the 14
days after dosing (Table 2.1), with mean values (ug/g = SEM) of 0.660 £ 0.058 at Day 1, 0.645
0.069 at Day 4, 0.705 = 0.107 at Day 7 and 0.617 £ 0.64 at Day 14. These means were not
significantly different by ANOVA (F;;,=0.21, P=0.89) and a half-life calculation could not be
made because there was no decrease in concentrations over the 14 day period. At sampling the
mean bodyweight of the hens was 1.78 £+ 0.03 kg and mean wet weights of whole livers 45.16 +
1.88 g, so that liver comprised on average 2.54 % of bodyweight. Assuming that brodifacoum
was distributed evenly throughout liver tissue, chickens retained a mean total of 30.91 £+ 2.08 nug
(range 17.64-52 pg) brodifacoum in liver, which represented on average 3.81 £ 0.26% of the

brodifacoum dose administered.

Liver concentrations were consistently much higher (approximately one order of magnitude) than
concentrations in muscle and fat (Table 2.1, Fig 2.2). Brodifacoum concentrations in muscle and
fat were highest on day one, both with mean concentrations of 0.062 pg/g. In muscle,
concentrations declined to means of 0.050 pg/g on day four and 0.028 pg/g on days seven and
fourteen. In fat, concentrations declined to means of 0.030 ng/g on day four and 0.015 pg/g on
days seven and fourteen (Table 2.1, Fig 2.2). Although plasma concentrations on day one
approached those measured in liver (Fig 2.2), plasma concentrations declined to below MDL
after day four (see section 2.3.2). Half life estimates with 95% confidence intervals were; 5.3
(3.82-8.66) days for muscle, 2.79 (2.32-3.51) days for fat, 3.17 (1.22- not defined) days for ovary
and 1.14 (0.92-1.51) days for plasma.
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Figure 2.2. Brodifacoum concentrations (lLg/g) in chicken liver, plasma, muscle and fat at 1, 4, 7

and 14 days after dosing with 0.5 mg/kg brodifacoum.

Brodifacoum concentrations in ovaries were highest on day one (mean 0.135 pg/g) and declined

(day four mean 0.041 ng/g, day seven mean 0.024 ug/g) to just above detectable concentration by

day fourteen (n=1 treated hen) (Fig 2.3, Table 2.1). Brodifacoum was detected at relatively low

concentration in most egg samples from all days, with the highest concentration in a sample

measured on day fourteen (0.035 pug/g) (Fig 2.3, Table 2.1). Brodifacoum was detected in faeces

on day one (mean 0.17 pg/g) and day four (mean 0.01 pg/g) but had declined to below detectable

concentrations by day seven (Table 2.1).
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Table 2.1 Concentrations of brodifacoum (ug/g wet weight) in chicken tissues (liver, muscle, fat, egg, ovary, plasma, DBS and faeces)
at days 1, 4, 7 and 14 after dosing with 0.5 brodifacoum. Method detection limit shown as [MDL] for each tissue type. Some hens had
no egg forming at the time of sampling (‘ns’ indicates no sample) and ovary samples from two hens on day 14 were not taken due to a

technical oversight. Laboratory reports for these analyses are shown in Appendix 2.

Brodifacoum concentration (ug/g)

Day Chicken ID Liver Muscle Fat Ovary Egg Plasma Dried Blood Faeces
[MDL [MDL [MDL [MDL [MDL [MDL Spot [MDL
0.005] 0.001] 0.001] 0.001] 0.001] 0.005] [MDL 0.04] 0.005]
1 #247 0.75 0.061 0.072 0.33 ns 0.40 0.25 0.22
#686 0.49 0.056 0.053 0.13 ns 0.19 0.11 0.15
#666 0.71 0.082 0.056 0.053 0.002 0.16 0.12 0.21
#683 0.69 0.05 0.069 0.025 0.002 0.11 0.097 0.11
#229(control) <MDL 0.003* <MDL <MDL ns <MDL <MDL <MDL
4 #695 0.65 0.048 0.030 0.052 0.028 0.012 <MDL <MDL
#690 0.45 0.055 0.029 0.001 ns 0.011 <MDL 0.01
#681 0.71 0.041 0.031 0.061 0.061 0.014 <MDL 0.028
#652 0.77 0.055 0.029 0.051 0.010 0.012 <MDL 0.033
#693(control) <MDL 0.001* 0.005* 0.001* 0.002* <MDL <MDL <MDL
7 #669 0.52 0.023 0.014 0.023 0.005 <MDL <MDL <MDL
#685 0.72 0.026 0.017 0.025 0.014 <MDL <MDL <MDL
#238 0.58 0.035 0.018 0.020 ns <MDL <MDL <MDL
#668 1.00 0.029 0.009 0.026 0.014 <MDL <MDL <MDL
#677(control) <MDL <MDL <MDL <MDL <MDL <MDL <MDL <MDL
14 #218 0.49 0.028 0.006 ns ns <MDL <MDL <MDL
#653 0.7 0.025 0.017 0.005 <MDL <MDL <MDL <MDL
#700 0.66 0.031 0.025 ns 0.035 <MDL <MDL <MDL
#205(control) <MDL <MDL 0.007* <MDL ns <MDL <MDL <MDL

* control hens where analyses showed detectable brodifacoum in tissue — see discussion section 2.4.1.
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Figure 2.3. Brodifacoum concentrations (lLg/g) in chicken ovaries and eggs at 1, 4, 7 and 14 days
after dosing with 0.5 mg/kg brodifacoum.

2.3.2 Brodifacoum concentrations in DBS and plasma samples

Spiked DBS samples had an 89-99% recovery and method uncertainty (95% CI) was £10% and
spike recovery in plasma ranged from 88 to 100% with method uncertainty £8%. Concentrations
were below the MDL for plasma and DBS samples from control hens. Day 1 hens had a mean
brodifacoum concentration in DBS of 0.144 ug/mL (£ SE 0.036) and in plasma 0.215 pg/mL ( +
SE 0.064). Plasma concentrations had fallen below MDL by Day 7, and in DBS were nominally
below MDL from Day 4 onwards (Table 2.1). However, the analyzing laboratory noted that Day
4 DBS samples had detectable concentrations of brodifacoum which ranged from 0.010 to 0.029
ng/g, and while below the calculated MDL (Landcare Research Toxicology laboratory report
T2361, Appendix Two) these results were repeatable in duplicate. The Spearman Rank
Correlation Coefficient between concentrations in DBS and corresponding plasma samples from

Days 1 and 4 was 0.8.
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2.3.3 Coagulation times

The ‘plasma control’ reagents supplied in the kit for internal control and verification of the test
were; Verify 1 (normal, coagulation time c. 13.6 seconds), Verify 2 (factors II, VII, IX and X
removed) and Verify 3 (factors II, VII, IX and X removed), with the latter two representing
‘abnormal’ coagulation times of c.27 and 42 seconds respectively. Table 2.2 shows that the avian
thromboplastin reagent consistently produced higher PT values than the kit thromboplastin

reagent (4 to 7 times longer), but duplicate results were consistent for each.

Table 2.2 Duplicate coagulation time (seconds) from three ‘plasma control’ verification tests
using the kit (Simplastin Excel S) thromboplastin, and the ‘in-house’ avian thromboplastin.

Coagulation time (s)

Simplastin Excel S Avian thromboplastin
Verify 1 (normal) 15, 15.1 116.3, 113.1
Verify 2 (abnormal)  29.7, 30.6 169, 163.2
Verify 3 (abnormal)  46.1,48.4 210.6, 205.5

Control PT values were variable, with the Day 1 and 14 samples failing to coagulate with either
thromboplastin reagent. The whole blood samples for both were noted to have partially
coagulated in the tube before being spun down for plasma, perhaps due to a delay in mixing the
blood adequately with citrate reagent during sampling (see section 2.4.3 for discussion). The
large residual values presented by these two control results (failure to clot), meant it was not
possible to establish confident baseline ‘control’ PT values, so that statistical interpretation e.g.
using general linear modelling procedures, was not possible. Despite this shortcoming, there was
a possible response in chicken PT time to sublethal brodifacoum exposure (Fig 2.4) with elevated
PT in chickens on Days 1 and 4. Three of the four plasma samples from chickens at Day 4 failed
to coagulate with the nominally ‘less active’ mammalian thromboplastin, but did coagulate with
an increased PT with the avian thromboplastin (Table 2.3). Day 7 samples showed a mean
reduction in PT with both reagents, and Day 14 PT were similar to those in the two control
samples that had measurable times (Fig 2.5). A significant difference in the avian thromboplastin
data was present using a Kruskal-Wallis non-parametric analysis of variance by ranks (H=7.65,
Genstat 2007), and post-hoc multiple comparison tests (Zar 1999) identified a significant
difference between PT values on Day 4 and Day 14 (Q=2.74).
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Table 2.3 Duplicate coagulation time (seconds) from PT tests taken 1, 4, 7 and 14 days after
chickens were administered 0.5 mg/kg brodifacoum or a control treatment, using mammalian

(Simplastin) or avian thromboplastin. (-) indicates that the sample could not be tested because it

had already coagulated in the tube.

Coagulation time (s)

Chicken ID Simplastin Excel S Avian thromboplastin
Day 1 #683 539.1, 5393 55.5,55.6
#686 207.6,202.9 32.7,32.8
#247 154.5,157.9 30.7,30.6
#666° 999.9, 999.9 58.5,57.8
Day 4 #690 482.7,487.3 62.4,61.6
#652 999.9, 999.9 85.3,82.9
#695 999.9, 999.9 77.8,76.8
#681 999.9, 999.9 104.8, 103.0
Day 7 #238" - -
#668 245.5,247.1 43.1,43.1
#685 266.7,272.3 41.7,40.7
#669 243.1,245.0 41.6,41.7
Day 14 #218*° - -
#653 110.5, 111.1 27.6,27.5
#700 73.9,131.4 21.9,21.0
Controls #229 (Day 1)*  999.9, 999.9 300, 300
#693 (Day 4) 93.3,92.8 14.3, 14.1
#677 (Day 7) 43.8,44.8 7.3, 8.6
#205 (Day 14)°  999.9, 999.9 300, 300

* sample too coagulated to be tested

b coagulation visible in tube but available plasma sample tested
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Figure 2.5. Mean (* standard error of mean) prothrombin times measured in chicken plasma samples
using the ‘in house’ avian thromboplastin reagent, at Days 1, 4, 7 and 14 after sublethal (0.5 mg/kg)
brodifacoum. * indicates where the control sample for that day did not coagulate i.e. 999 seconds.
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2.4 Discussion

2.4.1 Brodifacoum concentrations in tissue after sublethal exposure

Brodifacoum concentrations in chicken livers showed little variation over the 14 days after
dosing (mean 0.66, range 0.45-1.00 pg/g). Biphasic (rapid-initial, slower-terminal) elimination
rates of anticoagulants have been reported in rats (e.g. Parmar et al. 1987) - this either did not
occur in chickens at this exposure, or the rapid-initial phase occurred in the 24 hours before the
sampling on day 1. While no hepatic half-life values for brodifacoum in avian species were found
in the literature, the results here are consistent with prolonged hepatic persistence of brodifacoum
in mammalian species (see summary in Chapter 4.1), and the estimate by Huckle et al. (1989) of

>100 day hepatic half-life of the second-generation anticoagulant flocoumafen in Japanese quail.

The highest concentrations in muscle, fat and ovaries all occurred on day 1 with means of 0.6, 0.6
and 0.13 pg/g respectively (Table 2.1). In muscle and fat, this was approximately ten times less
than the concentration in corresponding liver samples. Concentrations in these three tissues
showed a decline from day 1 (Figs. 2.2 and 2.3) but were still detectable at day 14. Given that
plasma concentrations declined more rapidly after day 1, and had declined to below 0.005 ng/g
by day 7, the presence of detectable brodifacoum in muscle, fat and ovaries at day 7 suggests that
brodifacoum was bound to some extent in these tissues. In terms of potential for secondary
exposure, chicken liver is the most hazardous tissue by virtue of retaining relatively high residual
concentrations of brodifacoum in an apparently healthy bird. While residues in chicken muscle
and fat had lower concentrations and were less persistent, by mass these are the tissues are also
likely to constitute secondary exposure to predators, including human consumers. This also raises
questions about the hazard posed to wildlife that might eat gut contents of birds contaminated
with brodifacoum. While residue concentrations were not measured in the gut of chickens in this
study (as the gavage administration used was not considered representative of voluntary ingestion
of brodifacoum in food), this may also be an important transfer pathway for brodifacoum in some

field situations if predators take birds, or rodents, that have recently fed on brodifacoum bait.

The possibility of brodifacoum contamination of eggs was previously acknowledged by
Robertson et al. (1999) in a field monitoring study, however they found no detectable
brodifacoum in nine kiwi (Apteryx mantelli) eggs collected over 18 months after adults were first

potentially exposed. The data presented here confirms transfer of brodifacoum to eggs can occur
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following sublethal exposure. The pattern of residues in ovary and eggs (Fig 2.3) suggests that if
brodifacoum is present in ovary tissue it is partly transferred to any egg being formed at the time,
and the mature egg takes with it the residue burden acquired during formation. Whether the
presence of residual brodifacoum would adversely affect the development of fertilised eggs or the
viability of hatched chicks is unknown, but such investigations are important - perhaps even
urgent, given the relative lack of information about reproductive effects of brodifacoum in birds
and the possibility of extensive but unmeasured sublethal brodifacoum exposure in avian wildlife.
Lund (1981) addressed the question of consumer risk from eggs in a study where four laying hens
were fed on brodifacoum bait, and eggs from these birds were fed to a single laboratory rat over a
period of 10 days. The four hens died within 6-12 days after an average intake of 10.5 mg/kg
brodifacoum, and the rat showed no signs of poisoning after eating 218 g of egg - this result led
Lund (1981) to state “..eggs laid during an anticoagulant feeding period contain no toxic residues
representing a risk to the consumer”. Notwithstanding this conclusion, the concentrations (0.002-
0.035 pg/g) of brodifacoum detected in eggs here would be of concern from a human consumer
perspective, for example, in NZ the maximum residue limit (MRL) for brodifacoum is 0.001 pg/g
(NZ Food Safety Authority 2007). If brodifacoum is used for rodent control at egg production
facilities, even caged hens could potentially be exposed to fragments of bait moved from stations
by rodents, or to residual brodifacoum in rodent faeces (see Chapter 3.3.2). Survey information
about the extent of brodifacoum use in egg production facilities would be useful to scope the
probability of sublethal exposure in hens producing eggs for human consumption, and the
corresponding potential for contamination of eggs. Whether brodifacoum concentrations would
decline in infertile eggs after they were laid also remains to be investigated but would indicate
whether a ‘withholding period’ for consumption of potentially contaminated eggs was

appropriate.

The presence of dye coloring in bird faeces can provide strong evidence of primary exposure to
brodifacoum baits e.g. ravens on Langara Island (Howald 1997), especially if associated with
relatively high residual concentrations in other tissues. The short-lived (four days or less after
exposure) presence of residual brodifacoum in faeces found in this study could facilitate the
development of a non-invasive means of monitoring recent exposure in field conditions. This
approach, using analysis of regurgitated owl pellets has previously been investigated as a
monitoring tool for owls in the UK (Gray 1992). Although field monitoring of faeces for residual

brodifacoum would probably require collection of fresh material and entail uncertainty in the
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identification of the individual or even species of bird that produced the faecal material, it could
be especially useful for scoping avian populations considered at high risk of exposure e.g. raptors

in the close vicinity of rodent baiting operations.

The most likely explanation for the presence of very low (just above MDL) brodifacoum
concentrations in some, but not all tissue samples from two control hens (Table 2.1) was
contamination during dissection for tissue sampling either from gloves or instruments. Fresh
scalpel blades and detergent-washed instruments were used on each sampling day, but these were
only rinsed in water between sampling the five birds on each day and this may not have been
adequate to remove all traces of brodifacoum-contaminated tissue. Each tissue type was analysed
in separate laboratory runs, so that contamination during analyses was considered unlikely since
four tissues (muscle, fat, ovary and eggs) from the control hen on day four all contained low
concentrations. It is also possible that this hen may have ingested faeces containing brodifacoum
after the hens were returned to group-housing after dosing, but if this was the case the liver
sample would also be expected to have low concentrations of brodifacoum. In the context of
comparing tissue concentrations, if contamination occurred during tissue sampling on each day it
would have contributed only a very small increase to overall tissue concentrations - so that the
data from brodifacoum-dosed hens still represent accurate estimates of the brodifacoum
concentrations that were present. The design limitations of using only one control hen on each

sample day are discussed further in section 2.4.2 below.

2.4.2 Comparison of DBS and plasma brodifacoum concentrations
The reasonably close correlation between brodifacoum concentrations measured in DBS and
plasma samples from hens at Day 1 indicates that DBS provided an accurate index of circulating
brodifacoum concentrations within this timeframe. Plasma brodifacoum concentrations had fallen
below MLD by day 7, but in DBS were below MLD from Day 4 onwards (Table 2.1). Although
the plasma analysis was the more sensitive, it is probable that brodifacoum was also present in
DBS samples at Day 4, as per the low but repeatable measurements noted by the reporting
laboratory. Coumarin anticoagulants bind to plasma albumin proteins (Sutcliffe et al. 1987), so
dilution by non-binding fractions such as erythrocytes may have accounted for the generally
lower brodifacoum concentrations measured in DBS (whole blood) in comparison to plasma
samples (Table 2.1), suggesting that a correction factor accounting for erythrocyte packed cell

volume could be applied to DBS data.
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At 24 hours after dosing, chicken plasma concentrations in this trial were approximately ten times
higher than those reported by Howald (1997) in Japanese quail (Coturnix japonica) following
sublethal exposure to brodifacoum. In his study groups of six quail were dosed with 0.7, 1.4 or
0.35 mg/kg brodifacoum and plasma concentrations were not significantly different between the
three dose groups 24 hours later with a mean of 0.028 mg/L. In quail plasma concentrations
declined to a mean of 0.005 mg/L at five days and then to 0.002 mg/L by ten days, showing a
consistent rate of decline with the concentrations found here in chickens at four days (0.012-
0.014 mg/L) and ten days (below MDL, 0.005 mg/L) after dosing. This presence of detectable
concentration of brodifacoum in avian plasma for approximately 7-10 days indicates a relatively
rapid elimination of circulating (plasma-bound) brodifacoum, probably due to sequestration of
brodifacoum in hepatic binding sites (viz. consistent concentrations in liver here). It is likely that
the duration for which residues are detectable in plasma(or DBS)will also vary with the
magnitude of the sublethal brodifacoum exposure, with higher exposures probably taking longer
to eliminate. Results here support the conclusion of Howald (1997), that detection of
brodifacoum in plasma is a more reliable index of brodifacoum exposure in birds than changes in
coagulation time. In addition, as an index of recent brodifacoum exposure DBS sampling may
also provide an alternative method that is less invasive and requires less labour to prepare than

plasma samples.

The field utility of either plasma or DBS for monitoring brodifacom exposure in birds will be
limited by the period during which brodifacoum is at measurable concentrations in blood
(plasma). From the results here, this ‘window of detectability’ is estimated as less than seven
days for plasma and less than four days for DBS samples. Improvements in the sensitivity of
analysis of DBS samples e.g. through LC-MS techniques may extend the ‘window’ of a sampling
method that offers a number of advantages over plasma or liver sampling. The results in this trial,
where repeatable but below MDL concentrations were detected in Day 4 DBS samples, suggests
that further improvements in the sensitivity of this analysis are feasible. A further reduction in
invasiveness of monitoring for anticoagulant exposure may be possible with saliva samples.
Sakai et al. (1983) found warfarin was excreted in the saliva of rabbits after oral adminstration,
the salivary concentration corresponded with that in plasma and was correlated with the effect of
warfarin on prothrombin complex activity. It would be useful to investigate whether coumarin

anticoagulants are also excreted in the saliva of birds in detectable concentrations, comparable to
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those present in plasma and DBS. Application of a low volume saliva sampling method, similar
to that used for DBS in this trial, would further reduce the sample invasiveness for monitoring
exposure of wild birds and mammals to anticoagulants, even if this retains the limitation of only

being able to detect exposure within the last few days.

2.4.3 Effect of sublethal brodifacoum exposure on coagulation time

The consistently higher PT seen with the avian thromboplastin in the verification tests (using
control samples of mammalian-derived plasma supplied with the kit) contrast with the reverse
situation in the testing of the chicken plasma samples, where use of the avian thromboplastin
produced consistently lower PT. This is consistent with previous findings that the shortest PT for
a given species is obtained when homologous (brain-derived) thromboplastin is used (Spurling
1981). Bigland & Triantaphyllopoulos (1961) noted greatly increased clotting times of chicken
plasma with bovine thrombin and with rabbit thromboplastin, taken as evidence of species
specificity for thromboplastin. Particularly with the data from the avian thromboplastin, there was
an apparent elevation in the mean PT at Day 4 and a return to ‘baseline’ times at Day 7 and 14.
However, the use of a single control hen for each sampling day was a poor experimental design,
which was selected on the basis of budgetary limitations in the number of tissues samples to be
analysed for brodifacoum. Failure of the Days 1 and 4 control samples to coagulate (Table 2.3)
meant that baseline PT values could not be confirmed for comparison to elevated values, and that
the failure of samples from treated hens to coagulate with the mammalian thromboplastin could
not confidently be attributed to the brodifacoum exposure and may have been a sampling artefact.
The use of decapitation to obtain blood samples, and delays in mixing the blood adequately with
citrate reagent during sampling probably contributed to the partial coagulation observed in some
whole blood samples before extraction of plasma (Table 2.3). Miletich 1995 (cited in Howald
1997) found that blood collected from decapitation showed a significantly shorter PT than blood
collected from the jugular vein and release of tissue thromboplastin (e.g. Stopforth 1970) upon
decapitation may have contaminated the blood samples and prompted coagulation. Future studies
of this nature should avoid decapitation as a method of whole blood collection to avoid this

possibility.

However, the mean avian thromboplastin PT in control hens from Days 4 and 7 (14.2 and 7.9
seconds respectively) may have been valid measurements. They were lower than the 25 seconds

reported in chickens by Bailey et al. (2005), and the 38.6 seconds reported by Frost et al. (1999),
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but more consistent with other values; mean 9.4 seconds and range 7.8-11.4 seconds (Doerr et al.
1975), 9.0-16.5 seconds (Stopforth 1970) and mean 13.02 seconds (Timms 1977). The use of
non-homologous (mammalian) thromboplastin in this trial produced higher mean PT values in
the control hens on Days 4 and 7 (93.0 and 44.3 seconds respectively), consistent with the
observation of Kase (1978) that plasma tend to be clotted in the shortest time by homologous

thromboplastin.

In a pen study Savarie et al. (1979) used the PT ‘Quick’ test with chick embryo thromboplastin to
measure the response of golden eagles (Aquila chrysaetos) to secondary diphacinone exposure.
Eagles consumed an average of either 0.87 mg/kg diphacinone over five days (four birds) or 1.6
mg/kg over 10 days (three birds) and showed substantial increases in PT at five days after first
feeding on meat containing diphacinone. Some eagles also showed haemorrhage from existing
wounds and general weakness, but recovered normal PT by 21 days. While these results suggest
that PT could be useful to indicate anticoagulant exposure, they were obtained in a controlled
trial where the degree and timing of anticoagulant exposure was known. In field monitoring
following a brodifacoum baiting operation for rodent eradication on Langara Island, Howald et
al. (1999) used a fibrinogen counter with mammalian reagents to evaluate PT times of bald eagles
(Haliaeetus leucocephalus), alongside analysis of plasma for residual concentrations of
brodifacoum. While there was no evidence of anticoagulation in the PT results, some eagles had
detectable brodifacoum in plasma. As discussed by Howald (1997), a demonstrable association
between tissue residue and an increase in coagulation time would provide the most compelling
evidence of an adverse effect on birds that could increase the risk of haemorrhage. While
brodifacoum residues were present in all samples from hens on Day 4 of this trial, these could not
be definitively linked with an increase in PT. Notwithstanding the equivocal results of this trial, it
is suggested that measurement of a coagulation effect as an index of exposure to brodifacoum or
other anticoagulants in birds, especially those sourced through ‘wildlife incident monitoring’ (e.g.
Stone et al 2003, Pouliquen et al. 2006), has limitations due to;
1. the short-lived nature of a coagulation response to sublethal exposure
ii.  uncertainty around the degree of coagulation compromise that will result in lethal
haemorrhage, given environmental variables such as activity and injury
1ii.  invasive sampling and technical skill required to obtain valid blood samples of suitable
volume

iv.  differences in coagulation test systems used.
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2.5 Conclusion

Measuring residues in avian tissues, particularly liver, is a more reliable indicator of previous
brodifacoum exposure than changes in coagulation time. This presents an ongoing dilemma for
monitoring of wild birds because tissue analysis is currently practicable as a post-mortem,
retrospective clue as to how brodifacoum exposure may have contributed to mortality. While
samples such as plasma, DBS, faeces and possibly saliva, have the limitation of being only able
to detect recent (within 4-7 days) exposure to brodifacoum, refinement of sampling protocols and
detection sensitivity would provide an alternative approach to incident-based, post-mortem

monitoring of avian populations where concern exists about brodifacoum exposure.
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Chapter 3: Brodifacoum concentrations in liver and faeces of
poisoned rats

3.1 Introduction

The delayed onset of brodifacoum toxicity is a practical advantage for effective vertebrate pest
control, as it minimises the likelihood of bait shyness developing (e.g. Kaukeinen & Rampaud
1986). Typical progression of the outward signs of anticoagulant poisoning in rats includes
increasing pallor and weakness reflecting blood loss (Pelfrene 2001). A loss of appetite seems to
be characteristic of brodifacoum poisoning in mammals at least; in brushtail possums
(Trichosurus vulpecula), the mean time to reduced feed intake was 13 days and mean time to
death was 20.1 days and in Norway rats (Rattus norvegicus) the mean time to reduced feed intake
was 4 days and mean time to death was 7.2 days (Littin ef al. 2000). In a radio-tracking study of
four wild ship rats (R. rattus) before and after brodifacoum poisoning, Hooker & Innes (1995)
reported times of death of 4 to 6 days, with no apparent restriction of rat movements during the
nights before death. Brodifacoum is one of the most acutely toxic of the anticoagulants with
consistently high oral toxicity to rodent species (Table 3.1), such that they only need to ingest a
relatively small amount of bait (typically containing 20 or 50 ppm brodifacoum) to receive an
effective lethal dose. Approximating bodyweights of 25 g for house mice (Mus musculus), 100 g
for ship rats and 250 g for Norway rats and assuming a toxicity of 0.77 mg/kg (highest LDs /
lowest toxicity shown in Table 3.1) these three species would have to eat approximately 1, 4 and
10 g of 20 ppm brodifacoum bait respectively for an LDsy dose. On this basis, lethal quantities of
brodifacoum are likely to be consumed in a single feed of palatable bait, a desirable characteristic

in an effective rodenticide (e.g. Hadler & Buckle 1992).

In operational pest control using brodifacoum, ready availability of palatable bait to the target
species is important to maximise efficacy. However rodents may continue to consume bait after
they have ingested a lethal dose, over the period of days until appetite loss occurs and other
behavioural signs of poisoning become evident. From a cost perspective, such ‘overdosing’ is
unwanted because more bait than necessary to kill each rodent is used. It is also undesirable
because it effectively transfers brodifacoum from a relatively controlled, concentrated primary
non-target hazard (in bait) to a more diffuse but mobile secondary non-target hazard in the
environment (in the tissues of rodents). While ‘pulsed’ baiting strategies have been proposed to

minimise the occurrence of unnecessarily high residual concentrations of brodifacoum in rodent
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liver and gut (Hadler & Buckle 1992, Merson et al. 1984, Kaukeinen 1982), Kaukeinen et al.
(2000) suggest that measuring the liver concentration of brodifacoum cannot determine the
magnitude of initial exposure, because liver binding sites have a saturable capacity, past which
anticoagulation effects occur. A laboratory study by Fisher et al. (2004) simulated three different
scenarios of anticoagulant bait intake by Norway rats and measured resulting residual
concentrations in rat liver, to underpin an assessment of secondary hazard to non-target species.
Data from the brodifacoum treatments in this study were reanalysed to investigate the

relationship between brodifacoum exposure and liver concentrations in rats.

Table 3.1 Acute oral toxicity of brodifacoum to rodent species as indicated by published lethal
dose (LDs) values. 95% confidence intervals, where reported are shown in [ ].

Species Brodifacoum Reference
LDs, (mg/kg)
Norway rat (Rattus norvegicus)
laboratory strain 0.27 Godfrey (1985)
laboratory strain 0.26 Hadler & Buckle (1992)

laboratory strain (male)
laboratory strain (female)

wild-caught

0.41 [0.35-0.50]
0.56 [0.47-0.66]
0.17

United States Environmental Protection Agency (1998)
United States Environmental Protection Agency (1998)
Booth & Wickstrom (1998)

Ship rat (R. rattus)

wild-caught 0.46 Booth & Wickstrom (1998)
wild-caught 0.77 Marthur & Prakash (1981)
wild-caught (male) 0.9 [0.27-2.9] Sridhara & Krishnamurthy (1992)
wild-caught (female) 0.7 [0.16-3.0] Sridhara & Krishnamurthy (1992)
Polynesian rat (R. exulans)

wild-caught 0.32 Booth & Wickstrom (1998)
House mouse (Mus musculus)

laboratory strain 0.40 Godfrey (1985)

wild-caught 0.52 O’Connor & Booth (2001)

A potential environmental transfer pathway of brodifacoum that has received little attention is
excretion in faeces - Lavoie (1990) estimated that voles (Microtus spp.) either excreted or
metabolised 70% of ingested brodifacoum and Laas (1985) reported that sheep (Ovis aries)

excreted an estimated third of a 2.0 mg/kg brodifacoum dose in faeces over 8 days. If rats excrete
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a significant proportion of brodifacoum as unchanged compound between ingestion of a lethal
dose and death, brodifacoum will become more widely spread in the environment especially

while rats continue to feed on bait.

Two laboratory studies were undertaken, the first having the objective of comparing liver
concentrations of brodifacoum in laboratory Norway rats after different bait intakes and the
second with the objective of estimating the proportion of an oral brodifacoum exposure excreted
in faeces by wild-caught ship and Norway rats, during ingestion of bait up to death through

poisoning.

3.2 Methods

3.2.1 Brodifacoum bait intake and liver residue concentrations in laboratory rats

All procedures were conducted under Landcare Research Animal Ethics Committee approval
(No. 01/07/03). Young adult female rats (Rattus norvegicus Wistar) were housed singly in a
controlled-temperature environment (18°C + 2°C) with a 12 hour light/dark cycle and
acclimatised with free access to water and cereal feed pellets (Weston Animal Nutrition,
Rangiora) for 14 days. They were weighed at the beginning of trials 1-3 (see below), at
euthanasia or death, and daily if anticoagulant toxicosis was evident. To account for any changes
in bait weight due to environmental conditions, in each trial ‘environmental control’ baits were
weighed into containers (» = 3) and placed in the room housing the rats. These were reweighed
each morning, and any change in weight averaged and used as a correction factor for daily
estimates of bait consumption by the rats. Trials 1, 2 and 3 used “Pestoff® rodent bait 20R”
(Animal Control Products, NZ), a cereal pellet formulation nominally containing 20 ppm
brodifacoum. To confirm the brodifacoum concentration in bait, samples of bait were analysed by
the Landcare Research toxicology laboratory, as described by Fisher ef al. (2004). Brodifacoum
doses ingested by rats were calculated according to individual’s bodyweight and the analysed

concentration of brodifacoum.

Liver samples were analysed for brodifacoum concentration by the Landcare Research toxicology
laboratory (NZ) using a method based on that described by Hunter (1983). Tissue samples were
chopped and mixed with anhydrous sodium sulphate and the extraction solvent
(chloroform/acetone). The mixture was homogenised with a tissue disperser, shaken and

centrifuged. The supernatant was decanted and the extraction repeated twice more. The combined
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extracts were evaporated and taken up in hexane/chloroform/acetone for application to a gel
permeation column for clean-up. The eluent from the column was again evaporated and taken up
in mobile phase for HPLC determination, which employed post-column pH switching and

fluorescence detection. The method detection limit (MDL) was 0.02 pg/g.

Trial 1: Rats offered an effective lethal dose of brodifacoum bait

Procedures involving rats in this study were approved by the Landcare Research Animal Ethics
Committee (03/10/02). Toxic bait was offered to twelve rats and as a control treatment three rats
were offered similar amounts of non-toxic feed pellets. Approximating an effective lethal dose as
twice the LDsg estimate of 0.27 mg/kg for brodifacoum in Norway rats (Godfrey 1985), the target
minimum brodifacoum intake per rat over three days was 0.54 mg/kg. Rats were weighed on the
first day of the trial, before normal food was removed and a weighed amount of bait equivalent to
an LDs for each rat was placed in the cage feeder. The following morning (approximately 24
hours later) remaining bait was collected and weighed, and replaced with fresh bait equivalent to
the amount required to ingest an LDsy. This was repeated for another night (total three nights of
bait offered). Rats were weighed and returned to a normal diet when they had ingested the target
intake or after three nights of being presented with bait. Signs of anticoagulant poisoning, weight
and mortality were recorded daily. Rats that lost greater than 25% of their bodyweight or were
deemed to be suffering during this time were euthanased by cervical dislocation whilst under
carbon dioxide / oxygen anaesthesia. The three control rats were euthanased within 24 hours of
all rats offered toxic bait dying. Samples of liver and muscle were taken post-mortem from all

rats for residue analysis.

Trial 2: Rats offered brodifacoum bait ad libitum for 24 hours

As for Trial 1, toxic bait was offered to twelve rats and three control rats were offered similar
amounts of non-toxic feed pellets. Rats were weighed before normal food was removed and
approximately 40 g of bait was offered in the morning. This amount was expected to be in excess
of the amount they would consume over 24 hours, after which uneaten bait was removed and
weighed. Rats were returned to normal diet and euthanased as described above after

approximately 24 hours. Samples of liver were taken post-mortem for residue analysis.
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Trial 3: Rats offered brodifacoum bait and non-toxic food ad libitum until death

As for Trials 1 and 2, toxic bait was offered to twelve rats and three control rats were offered
similar amounts of non-toxic feed pellets. Each morning rats were offered 40 g of toxic bait and a
‘maintenance diet’ quantity (15 g or approximately 5 g food per 100 g of bodyweight) of non-
toxic feed. Uneaten bait was removed and weighed after approximately 24 hours, and replaced
with fresh baits of the same amount in alternate positions in the feeder each time. This choice was
offered until the rats died, or for twelve days after which time the rats were to be euthanased. The
three control rats were euthanased within 24 hours of all rats offered toxic bait dying. Samples of
liver were taken from all rats post-mortem for residue analysis. Rats were weighed at the
beginning and end of the trial but not daily, as handling of poisoned rats may have increased the

likelihood of haemorrhage and decreased the time to death.

3.2.2 Brodifacoum concentrations in faeces of rats feeding on bait

A small laboratory study was opportunistically undertaken during an investigation described by
Morriss et al. (2008) of the effect of weathering on bait acceptance by wild-caught ship and
Norway rats. In brief, these rodents were presented with a choice of ‘Pestoff® rodent blocks’ (20
ppm brodifacoum, Animal Control Products, NZ) and non-toxic cinnamon-lured RS5 pellet bait
(Animal Control Products, NZ) to determine relative acceptance over five days. During that trial,
an opportunity to investigate brodifacoum concentrations in faeces during bait consumption was
taken. Two ship rats and two Norway rats (one male and one female of each species) were
randomly selected for collection of faeces one day before (baseline) and throughout the bait
acceptance trial until the rat died of poisoning. Each morning, all faecal pellets were collected
from the cages of these rats and total wet weight taken. Care was taken not to include any
fragments of the green-coloured toxic bait during collection - while only complete faecal pellets
were collected some of these had green colouration in them, presumably as the result of bait
ingestion. The samples were dried at 40°C overnight and reweighed to determine dry weight.
Dried samples of faeces were analysed for brodifacoum concentration using Landcare Research
Toxicology Laboratory Method 017 Assay of Brodifacoum Baits and Concentrates by HPLC, a
method based on that of Hunter (1983) and ICI method PPSM (1983). Samples were extracted in
25mL instead of 50mL and while no MDL was determined, method uncertainty (95% C.1.) was
+7% (report T2585 in Appendix 3).
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3.2.3  Statistical analyses

All mean residue concentrations are reported with the standard error of that mean in brackets.
Data from Trials 1, 2 and 3 were pooled for regression analysis of brodifacoum dose ingested
against liver residues, using the linear modelling procedure in R (version 2.6.0). Pooling of this
data was justified as the three trials used the same strain and sex of laboratory rats, were

conducted in the same housing / experimental conditions and used the same brodifacoum bait

type.

3.3 Results

3.3.1 Brodifacoum bait intake and liver residue concentrations in laboratory rats
Brodifacoum concentrations measured in ‘Pestoff® rodent bait 20R’ cereal pellets were 19.7
ng/g for Trial 1 (Landcare Research toxicology laboratory report T1422, Appendix 3) and 18.3
ng/g for Trials 2 and 3 (Landcare Research toxicology laboratory report T1588, Appendix 3).
These concentrations were used in calculations of brodifacoum exposure. None of the control rats
in Trials 1 to 3 showed any signs of poisoning, and there was no detectable brodifacoum in their

liver samples.

In Trial 1 (rats offered an effective lethal dose of brodifacoum bait) all twelve of the rats died,
ingesting a mean total of 0.64 + 0.02 mg/kg brodifacoum over the four days. They all showed
some signs typical of anticoagulant poisoning, e.g. anemic and ungroomed appearance, hunched
posture, reduced food intake, visible bleeding from nose. Times to death ranged from 24 to 168
hours, with a mean of 102.0 £ 13.25 hours (approximately 4.25 days). Liver brodifacoum
concentrations ranged from 1.50 to 2.20 pg/g with a mean of 1.86 £ 0.07 ug/g (Landcare
Research toxicology laboratory report T1475, Appendix Three) and muscle concentrations
ranged from 0.11 to 0.24 pg/g with a mean of 0.16 = 0.01 pg/g (Landcare Research toxicology
laboratory report T1491, Appendix 3). In Trial 2 (rats offered toxic bait ad libitum for 24 hours)
the three control rats consumed a mean of 15.92 g of non-toxic food. One of the twelve rats
offered toxic bait consumed only 0.20 g, but the other eleven consumed between 10.73 and 18.18
g toxic bait for an overall mean of 12.73 + 1.30 g bait (equivalent to a mean brodifacoum dose of
1.31 + 0.13 mg/kg). Liver residues ranged from 0.67 pg/g (in the rat that ate only a small amount
of bait) to 11.0 png/g, for a mean concentration of 5.01 + 0.82 ug/g (Landcare Research

toxicology laboratory report T1705, Appendix 3).
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In Trial 3, mean daily intake of non-toxic feed by the three control rats ranged from 17.94 to
24.28 g per day. In the first five days, mean daily intake of toxic bait by the twelve rats ranged
between 13.38 and 19.35 g but decreased sharply from day five onwards as signs of poisoning
and mortality occurred (Fig 3.1). Rats consistently ate more toxic bait than non-toxic food (Fig
3.1), indicating high palatability of Pestoff® 20R pellets. Rats consumed an estimated five times
LDsy dose on the first day, and ate a total mean of 93.67 £ 3.27 g bait before death, equivalent to
amean 6.55 = 0.19 mg/kg intake of brodifacoum. All twelve rats died with times to death ranging
from six to thirteen days (Fig 3.1). Brodifacoum concentrations in liver ranged from 6.70 to 17.00

ung/g, with a mean of 10.70 £ 1.1 ug/g (Landcare Research toxicology laboratory report T1751,

Appendix 3).
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Figure 3.1. Mean amounts (g =+ standard error) of brodifacoum bait and non-toxic food eaten by
rats in Trial 3, and the mortality of these rats over 13 days. The estimates of mean daily amounts
eaten were calculated for each rat on each day, so the means shown account for the decrease in
the numbers of rats alive as the trial progressed.

The combined liver residue results are summarised in Fig 3.2. There was a highly significant
effect of brodifacoum ingested (dose) on liver residue concentration (slope=1.2961, SDE
slope=0.1864, 133=6.95, p<0.0001) regardless of whether the rat had died of brodifacoum poisoning
(Trials 1 and 3) or had been euthanased for sampling (Trial 2).
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Figure 3.2. Concentrations of brodifacoum in laboratory rat liver after three different bait (20
ppm brodifacoum) intake scenarios; Trial 1 where rats were offered an effective lethal dose (c.
0.64 mg/kg) of brodifacoum bait and livers sampled after poisoning mortality, Trial 2 where rats
fed ad libitum on brodifacoum bait for one night and were euthanased for liver sampling the
following day and Trial 3 where rats fed on brodifacoum bait until poisoning mortality.

3.3.2 Brodifacoum concentrations in faeces of rats feeding on bait

Some faecal pellets were observed to have variable shades of green colouration instead of the
usual brown, indicating (at least) poor digestion of the dye contained in the brodifacoum bait. The
female Norway rat survived, preferring the non-toxic bait and eating only an estimated 0.6 g of
toxic bait over ten days (Fig 3.3). The male Norway rat died on day five, ingesting an estimated
total of 9.7 g toxic bait (equivalent total 146.2 pug brodifacoum, approximating 0.45 mg/kg dose)
(Fig 3.4). The female ship rat died on day ten, ingesting an estimated total of 9 g toxic bait
(equivalent total 134.4 ng brodifacoum, approximating 0.95 mg/kg dose) (Fig 3.5). The male ship
rat died on day eight, ingesting an estimated total of 16 g toxic bait (equivalent total 240 ug

brodifacoum, approximating 1.39 mg/kg dose) (Fig 3.6).
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Figure 3.3. Amounts of toxic (Pestoff Rodent Blocks, 20 ppm brodifacoum) and non-toxic (RS5
pellets) bait eaten by a female Norway rat, and the daily weights of faeces collected and dried at
40°C. This rat did not ingest a toxic dose of brodifacoum bait over eleven days.
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Figure 3.4. Amounts of toxic (Pestoff Rodent Blocks, 20 ppm brodifacoum) and non-toxic (RS5
pellets) bait eaten by a male Norway rat, and the daily weights of faeces collected and dried at
40°C. This rat died on day 5 after ingesting an estimated total of 0.45 mg/kg brodifacoum.
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Figure 3.5. Amounts of toxic (Pestoff Rodent Blocks, 20 ppm brodifacoum) and non-toxic (RS5
pellets) bait eaten by a female ship rat, and the daily weights of faeces collected and dried at
40°C. This rat died on day 10 after ingesting an estimated total of 0.95 mg/kg brodifacoum.
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Figure 3.6. Amounts of toxic (Pestoff Rodent Blocks, 20 ppm brodifacoum) and non-toxic (RS5
pellets) bait eaten by a male ship rat, and the daily weights of faeces collected and dried at 40°C.
This rat died on day 8 after ingesting an estimated total of 1.39 mg/kg brodifacoum.
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Brodifacoum was not detected in any faeces collected from the female Norway rat that did not eat
a lethal amount. Using the dry weight of faeces and the measured brodifacoum concentration in
each daily sample of faeces, it was estimated that the male Norway rat excreted a total 20.70 pg
brodifacoum (c. 14% of the total 146.25 ng brodifacoum ingested) (Fig 3.7), the female ship rat
excreted a total 29.08 pg (c. 21.6% of the total 134.4 pug brodifacoum ingested) (Fig 3.8) and the
male ship rat excreted a total 51.41 pg (c. 21.4% of the total 240.0 pg brodifacoum ingested) (Fig
3.9). The concentrations of brodifacoum measured in daily collections of dried faecal pellets
ranged from 0.36 pg/g (female ship rat) to 9.52 pg/g (male Norway rat), with an average

concentration (all rats and all days where brodifacoum was detectable in faeces) of 3.56 + 0.037

ng/g.
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Figure 3.7. Estimated total daily amounts of brodifacoum (ug) ingested in bait and excreted in
faeces by a male Norway rat before poisoning mortality. Concentration of brodifacoum measured
in dried faeces (ug/g) shown as --e-- with scale relative on the right hand y axis relative to
brodifacoum concentration in bait.
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Figure 3.8. Estimated total daily amounts of brodifacoum (ug) ingested in bait and excreted in
faeces by a female ship rat before poisoning mortality. Concentration of brodifacoum measured
in dried faeces (ug/g) shown as --e-- with scale relative on the right hand y axis relative to
brodifacoum concentration in bait.
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Figure 3.9. Estimated total daily amounts of brodifacoum (ug) ingested in bait and excreted in
faeces by a male ship rat before poisoning mortality. Concentration of brodifacoum measured in
dried faeces (ug/g) shown as --e-- with scale relative on the right hand y axis relative to
brodifacoum concentration in bait.
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3.4 Discussion

3.4.1 Brodifacoum bait intake and liver residue concentrations in laboratory rats

The positive relationship between amount of brodifacoum ingested and resulting concentrations
in rat liver has implications for baiting practices and minimization of secondary hazard. Morin et
al. (1990) described a similar correlation between the quantity of bromadiolone consumed in bait
by coypu (Myocastor coypus) and the amounts of bromadiolone quantified in liver. The liver
concentrations of brodifacoum measured in Trials 1 to 3 are in the general range reported in other
studies with laboratory rats; Bachmann and Sullivan (1983) reported liver concentrations of 2.9-
4.9 ug/g in male laboratory rats dosed with 0.2 mg/kg brodifacoum and euthanased 95 hours
later. Lower concentrations were measured by Mosterd & Thijssen (1991) following
administration of 0.2 mg/kg brodifacoum to laboratory rats and euthanasia of groups at intervals
from day 1 to 30 afterwards, with mean brodifacoum liver concentrations of 0.57 to 0.79 ng/g.
Ray et al. (1989) fed rats 50 ppm brodifacoum bait, and three of these died within 7 days, after
ingesting estimated doses of 7.5, 10.0 and 11.25 with corresponding liver concentrations of 8.1,
21.0 and 0.9 pg/g. If the exposure and liver residue values from these three other rat studies were
imposed on Fig 3.2, they would fall within the confidence intervals estimated for the slope of the

regression.

The highest brodifacoum concentration measured in rat liver here (17 ug/g in Trial 3) approached
the 20 ppm used in bait formulations, among the highest residual concentrations previously
reported for rat liver. Howald er al. (1999) reported liver brodifacoum concentrations of 24.8-
35.3 ug/g (wet weight) in Norway rats recovered dead after an eradication baiting operation on
Langara Island. Trials 1 and 3, where rats died of poisoning, simulate best and worst case
(respectively) for secondary hazard to scavengers of rat carcasses or predators of moribund rats.
Taking the average liver concentration from Trial 1 (1.86 pg/g), a theoretical non-target animal
weighing 500 g and with the same susceptibility as rats to brodifacoum (LDsy 0.27 mg/kg) would
have to ingest ¢.72.5 g of rat liver to be at 50% risk of mortality — but using the average liver
concentration from Trial 3 (10.67 pug/g) the same theoretical non-target animal would only need
to ingest ¢.12.6 g of rat liver to be at risk. Average liver weight in adult laboratory (Norway) rats
has been estimated at 9.62 g, approximately 3.2% of the total bodyweight (Landcare Research,

unpubl. data). A rat liver of this weight and containing the ‘worst case’ 17 ug/g residual
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brodifacoum would probably constitute a lethal exposure for a susceptible non-target animal of
approximately 600 g bodyweight. Overall these results indicate that secondary hazard to non-
target wildlife (represented by the residual concentration of brodifacoum in rat liver) can be
minimised by limiting brodifacoum bait uptake by the target species to an effective lethal dose
only. Dubock (1982) provides a comprehensive rationale for using brodifacoum in pulsed baiting
for rodent control in urban and agricultural situations, largely justified in terms of improved cost-
efficacy over ‘saturation baiting’ techniques used with other rodenticides. However he also states
“the pulsed baiting technique is designed to ensure that individual rodents ingest little more bait
than is absolutely necessary for a lethal dose. The opportunity for heavy toxicant loading of
tissues at death should therefore be reduced compared to animals which consume far more than a
lethal dose before death...”. This observation is well borne out by the positive relationship shown

here between brodifacoum ingested and residual concentration in rat liver.

Growing evidence of secondary risk (e.g. Erickson & Urban 2002) has curtailed some
applications of brodifacoum, but other use patterns continue (as reviewed in Chapter 1.1.2). In
particular, ‘over the counter’ availability to the public and ongoing bait station (field)
applications of brodifacoum in NZ are unlikely to minimise bait intake by the target species to
effective lethal doses, creating an increased residue burden in poisoned animals and subsequent
secondary hazard to non-target wildlife. Development of broadscale baiting techniques for
eradication of rodents has seen brodifacoum become an important conservation tool (e.g. Buckle
and Fenn 1992) with many potential island applications (e.g. Howald et al. 2007). While Dubock
(1982) may not have anticipated that island eradications would be added to the traditional focus
of rodent baiting on protecting human health and production values, he describes a scenario for
the use of pulsed baiting against populations where all rodents can feed on the first and only bait
application, stating “..such a situation occurs where the relationship between the number and
toxicity of bait points and number, susceptibility to the toxicant, and behaviour of individual
rodents is such that no individual animal is prevented by social interaction or any other factor
from ingesting a lethal dose of the first bait application. Consequently all rodents ingest a lethal
dose and, on the average, all are dead about 1 week after placing the bait. This situation does not
only occur when the rodent population is of a low density; it may also occur where the rodent
population density is very high but the density of the bait and its distribution is arranged so that
all individuals have the opportunity for lethal ingestion of rodenticide within the same short

time”. Perhaps not coincidentally, Dubock’s statement provides a neat summary of the rationale
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underpinning aerial applications of brodifacoum baits on islands, where all target rodents must be
put at risk to achieve eradication (e.g. Bomford and O’Brien 1995). Thus, current ‘one off’
applications of brodifacoum for island eradications of rodents utilise the principles of pulsed
baiting and are likely to minimise the amount of brodifacoum entering the environmental
reservoir comprised by poisoned rodents. This is an important contrast to sustained or repeated
applications, which needs to be considered in risk assessments or any regulatory review of

brodifacoum.

Although other tissues are likely to contain lower residual concentrations of brodifacoum than
liver, the focus on liver in this study is a limitation in full evaluation of non-target risk.
Measurement of whole-body residue burdens provide a more realistic basis for risk assessment as
predators and scavengers will consume other tissues, and sometimes whole carcasses of
contaminated rats. In particular, gut contents comprising partially digested bait may have
relatively high brodifacoum concentrations and present a hazard to predators that eat whole rats.
The presence of brodifacoum in the faeces of rats that had been feeding on bait suggests that gut

contents at all stages of digestion (not just stomach contents) are a potential non-target hazard.

3.4.2 Brodifacoum concentrations in faeces of rats feeding on bait

Field observations of rodent faeces coloured to different extents by the green or blue dyes
commonly used in anticoagulant bait formulations have frequently been made by the author.
Similar observations in other species such as common geckoes (Hoplodactylus maculates) (Hoare
& Hare 2006b) and ravens (Corvus corax) (Howald 1997) have supported inferences of bait
ingestion. In rats, colouration of faeces probably also indicates the presence of residual
(undigested) poison - the results here confirm that an estimated 14-21.6% of ingested
brodifacoum is excreted unchanged in rat faeces throughout the period between ingestion of a
lethal dose and death. Thus in field baiting situations residual brodifacoum is not just contained
in rat tissues, but some is also distributed in the environment through rat faeces. The implications
of this for invertebrates that feed on faeces, or for soil contamination with brodifacoum are not
known but could be investigated by studies of the rate of degradation of faecal brodifacoum in
different environmental conditions. Contamination of stock feed or human food by rodent faeces
is of general concern from the perspective of zoonotic disease transmission, however the
possibility of brodifacoum contamination through this pathway could be especially important

where intensive farms have large feed stockpiles and associated populations of rats subject to
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control through sustained brodifacoum baiting. While the potential for faecal brodifacoum to
pose a secondary hazard remains unclear, it would be desirable to minimise the amount of
brodifacoum entering the environment through this pathway. As for tissue residues, baiting
strategies that minimise brodifacoum intake by target pest species to an effective lethal dose

would address this.

3.5 Conclusions

The secondary hazard presented to non-target predators or scavengers by contaminated rat liver is
likely to be directly related to the amount of brodifacoum ingested by rats. Baiting strategies that
maintain high efficacy of brodifacoum against rodents and other vertebrate pest species, also
need to find some balance in minimising the amount of brodifacoum available in the environment
through rodent tissues, gut contents or faeces. While ‘one off” applications of brodifacoum for
island eradication of rodents are more likely to meet this criterion simply through discrete
delivery of a defined quantity of bait, other current use patterns do not. In particular, ongoing
field applications for possum and rat control in NZ are unlikely to minimise bait intake by the
target species to effective lethal doses, creating an increased residue burden in poisoned animals

and increased secondary hazard to non-target wildlife.
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Chapter 4: Diphacinone as an alternative to brodifacoum — a review

4.1 Overview of anticoagulant toxicity, rodent resistance and persistence

Since the 1950s, anticoagulant compounds have been used worldwide as poisons for the control
of commensal rodents, particularly rats (Rattus spp.) and house mice (Mus musculus). Their
common mode of toxicity, largely due to inhibition of normal synthesis of vitamin K-dependent
blood clotting factors in the liver, has been well described by other authors (e.g. Thijssen 1995;
Parmar & Batten 1987; Sutcliffe er al. 1987) and will not be repeated here except to note recent
identification of the molecular binding target of hydroxycoumarin anticoagulants at the site of
vitamin K epoxide reductase (Gebauer 2007). Anticoagulants can be classified as indandiones or
coumarins by chemical structure, and also as first-generation (FGAR) or second-generation

(SGAR) according to when they were first available as rodenticides (Table 4.1).

Table 4.1. Date of development and use of first- and second-generation anticoagulant
rodenticides, and their grouping by chemical structure (British Crop Protection Council 2001).

1942: Pindone 7

1952: Diphacinone Indandione 2

First ¢.1962: Chlorophacinone Fo=alefl and
generation

1944: Warfarin
1962: Coumatetralyl O O

F; = complex substitue nt
1975: Difethialone Coumarin L e

Second 1976: Brodifacoum
generation | 1978: Bromadiolone
1984: Flocoumafen

1986: Difenacoum

Development of physiological resistance in rat populations subjected to intensive use of FGARs
(e.g. Jackson et al. 1988; MacNicoll 1993) saw succession by the more potent SGARs that were
effective against resistant rodents (e.g. Kaukeinen & Rampaud 1986). Resistance to some
SGARs, including difenacoum and bromadiolone, has since been documented (e.g. Quy 1998;
Misenheimer et al. 1994) although the contribution of resistance to the reduced operational
efficacy of SGARs has been questioned (Cowan et al. 1995). The genetic basis of anticoagulant
resistance has been characterized towards DNA-based monitoring of rodent populations (Pelz et

al. 2005) and this adaptive response of rodent pests remains a challenge for their management
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particularly in Europe, the United Kingdom and the United States (table in Pelz ef al. 2005). No
published reports of brodifacoum or flocoumafen resistance in rodents were found in literature,
thus these two compounds appear currently the most ‘universally’ effective anticoagulant
rodenticides. While a more comprehensive review of anticoagulant resistance is beyond the scope
of this thesis, a lack of formal assessments of the resistance status of NZ rodent populations is

noted.

In general, FGARs are most toxic when ingested as multiple, consecutive doses whereas the
SGARs, particularly brodifacoum, are considered ‘single feed’ poisons because of their greater
acute toxicity. The operational advantages of single-feed efficacy are outlined in Chapter 1. The
generally lower toxicity of the first-generation anticoagulants is attributed to a lower binding
affinity to sites in the liver (Parmar et al. 1987; Huckle et al. 1988), however there can also be
considerable inter-sex and inter-strain differences in toxicity of the same anticoagulant to rodents
(e.g. Ashton ef al. 1987). The lethal dose (LDsy) is the amount of pesticide required to kill 50% of
a population of animals, expressed as milligram of rodenticide per kilogram of animal
bodyweight (mg/kg). Table 4.2 shows representative acute oral toxicity values (LDsy) for
anticoagulants in non-resistant Norway rats (R. norvegicus). The persistence and half-life values

reported for various anticoagulants in blood (plasma) and liver are summarised in Table 4.3.

Table 4.2 Representative acute oral toxicity values (LDsg) for different first-generation (FGAR)
and second-generation (SGAR) anticoagulants in non-resistant adult Norway rats (R. norvegicus)
of both sexes.

Anticoagulant Oral LDsy (mg/kg) or Reference
(mg/kg per day) in Rattus
norvegicus
Pindone (FGAR) 50 Dubock & Kaukeinen (1978)
Diphacinone (FGAR) 3 Correll et al. (1952)
43.3 (males) Kusano (1974)
22.7 (females) Kusano (1974)
0.35 for 5 days Ashton et al. (1987)
Chlorophacinone (FGAR) 11 Erickson & Urban (2004)
20.5 Jackson & Ashton (1992)
0.19 for 5 days Jackson & Ashton (1992)
Warfarin (FGAR) 323 (males) Hagan & Radomski (1953)
58 (femal
) 5( Seoma es) Hagan & Radomski (1953)
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Erickson & Urban (2004)

Coumatetralyl (FGAR) 16.5 Dubock & Kaukeinen (1978)

0.3 for 5 days British Crop Protection Council
(2000)

Difethialone (SGAR) 0.56 Jackson & Ashton 1992

Difenacoum (SGAR) 1.8 (males) Bull (1976)
2.5 (females) Bull (1976)

Brodifacoum (SGAR) 0.41 (males) United States EPA (1998)
0.56 (females) United States EPA (1998)

Bromadiolone (SGAR) 0.56 — 0.84 Erickson & Urban (2004)
1.12 Grand (1976)

Flocoumafen (SGAR) 0.25 Huckle et al. (1989)

The tendency for anticoagulants to persist in mammalian (rat) liver is influenced by the
magnitude of the dose ingested and the relative affinity of the compound for saturable receptors
in the liver, which determines the hepatic elimination half-life (t/2) and the proportion of the dose
retained (Parmar ef al. 1987). Hepatic elimination of SGAR coumarins is described as biphasic,
with a rapid initial phase and more prolonged terminal phase (e.g. Smith ez al. 1990). The general
trend in the coumarin compounds is for hepatic persistence to increase with toxicity (Tables 4.2
and 4.3) so that SGARs are recognised as persistent for prolonged periods in liver (e.g. Erickson
& Urban 2004). Bachman & Sullivan (1983) suggested that serum and liver concentrations of
brodifacoum were likely to accumulate with repeated daily exposures, based on simulations of
the data they obtained following a single 0.2 mg/kg dose to laboratory rats. Bioaccumulation of
flocoumafen, another second-generation anticoagulant with relatively high hepatic persistence,
has been demonstrated in rats following up to 10 weekly radio-labelled doses of 0.1 mg/kg
(Huckle et al. 1988). The persistence of the SGAR coumarins is better described than that of the
FGARs, particularly the indandiones, for which there is relatively limited data on hepatic
persistence (Table 4.3). A recent study by Fisher ef al. (2003) (Table 4.3) suggests that the
general trend seen with the coumarins, of increasing hepatic persistence with increasing toxicity,

may not also apply to indandiones.
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Table 4.3 Persistence and half-life values reported for first- and second-generation anticoagulants in blood (plasma) and liver
following a range of exposure levels and routes of administration. § Liver retention is expressed as the time period for which residues
are reported to persist in the liver unless the value is preceded by t/2. Plasma is t/2 unless otherwise specified. * Not viewed,
unpublished report cited by Erickson & Urban 2004.

Species Blood t'2 1 (hours) Liver retention i (days) Reference
First generation
anticoagulants
Warfarin rat (M,F) 18,28 Pyrola 1968
rat tva2 7-10 Thijssen 1995
rat t/226.2 Fisher et al. 2003
rabbit 6 Breckenridge et al. 1985
possum 12 Eason et al. 1999
human 35-45 Kelly & O’Malley 1979
human 14.4-57.6 O’Reilly ef al. 1963
Coumatetralyl rat - tV2 55 Parmar et al. 1987
Pindone rat t22.1 Fisher et al. 2003
dog 120 Fitzek 1978
sheep 8-16 Nelson & Hickling 1994
Diphacinone rat t2 3 Fisher et al. 2003
COW >90 Bullard er al. 1976
human 360480 World Health Organisation 1995
Chlorophacinone rat 9.6 Belleville 1981*
human 156264 Burucoa et al. 1989
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Species

Blood t'4 1 (hours)

Liver retention } (days) Reference

Second-generation

anticoagulants
Difethialone rat 55.2 th2 108 Lechevin & Poche 1988
rat 72126 Belleville 1986*
Y274 Belleville 1991*
dog 52.8-76.8 Robben et al. 1998
Difenacoum rat th2 118 Bratt 1987
rat t¥2 120 Parmar et al. 1987
rabbit 83 Breckenridge et al. 1985
Bromadiolone rat 26-57 Kamil 1987
rat 25-26 th2 170 Parmar et al. 1987
rat t/2 318 Hawkins et al. 1991%*
sheep 256 Nelson & Hickling 1994
Flocoumafen rat t2 220 Huckle et al. 1988
sheep >256 Nelson & Hickling 1994
quail t/2>100 Huckle et al. 1989
dog >300 Veenstra et al. 1991
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Species Blood t'4 1 (hours) Liver retention Reference
{(days)
Second-generation
anticoagulants
Brodifacoum rat t2 350 Batten & Bratt 1990*
rat t’2 128 (terminal) Batten & Bratt 1990*
rat th2 282 Hawkins et al. 1991%*
rat t¥2 150-200 Bratt & Hudson 1979*
rat th2 136 Belleville 1991*
rat 6.5 >80 Bachmann & Sullivan 1983
rat t/2 130 Parmar et al. 1987
rat t/2 113.5 Fisher et al. 2003
rabbit 60.8 (terminal) Breckenridge ef al. 1985
dog 144 Woody et al. 1992
dog 21.6-112.8 Robben et al. 1998
dog 1.4 (initial) Murphy et al. 1985
8.7 (terminal)
possum 480-720 >252 Eason et al. 1996
sheep >250 Laas et al. 1985
horse 28.8 Boermans ef al. 1991
human 16-36 Weitzel et al. 1990
human 487 Breckenridge et al. 1985
human 580.8 Hollinger & Pastoor 1993
human 1488 (terminal) Stanton et al. (1988)
human 945.6 (terminal) Lewis-Younger & Horowitz (2001)
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4.2 Diphacinone as an alternative to brodifacoum

In selecting appropriate poisons for vertebrate pest control, managers need to balance benefits
and cost efficacy against unwanted effects, such as mortality or sublethal effects on non-target
wildlife. Increasing evidence of secondary effects and contamination of wildlife by brodifacoum
(outlined in Chapter 1) has in some cases prompted re-evaluation of the use patterns of this
highly effective rodenticide. For example, the NZ Department of Conservation implemented
restrictions on the use of brodifacoum for conservation purposes on the NZ mainland because of
documented levels of direct and indirect poisoning of nontarget species (Department of
Conservation 2000). Restrictions of the use of brodifacoum for commensal rodent control in the
United Kingdom and Europe are in recognition of its potential for unwanted impacts on
biodiversity (e.g. Baker ef al. 2007). The relatively high risk of secondary poisoning posed by
brodifacoum to non-target wildlife is mediated by the persistence of brodifacoum in liver and
carcasses, and accordingly attention has turned to identifying less persistent but equally effective
alternative rodenticides. While all of the anticoagulants have the advantages of delayed onset of
poisoning, and the availability of an effective treatment for accidental poisoning, on current data,
diphacinone offers an optimal combination of lower hepatic persistence (Table 4.3) but relatively

high toxicity to rodents (Table 4.2).

4.2.1 Diphacinone metabolism, elimination and persistence

Yu et al. (1982) reported that diphacinone was not extensively metabolised by rats following oral
administration of C'*labelled diphacinone at 0.2 or 1.5 mg/kg, with more than 60% of the dose
excreted in faeces and 10% in urine over eight days, with a similar elimination pattern observed
in mice. Continued elimination in faeces over four to eight days indicated that biliary excretion
rather than incomplete absorption was the major route of elimination in both rodent species. At
eight days after dosing rat tissues retained c.20% of radiocarbon, with highest concentration in
the liver, “significant” residues in kidney and lung and lower residues in brain, fat, blood and
muscle (Yu et al. 1982). Another study using radio-labelled diphacinone in mice (Cahill &
Crowder 1979) reported similar results, with radioactivity reaching highest levels in liver and
lungs, with maximum liver concentrations at 3.0-7.5 hours after administration. In contrast to
findings in rodents, Bullard et al. (1976) reported that cows (Bos taurus) dosed with 1 mg/kg
diphacinone by intraruminal injection had almost constant liver residues of up to 0.15 mg/g from
30 to 90 days after dosing. However, rats fed for 14 days on the livers of the cattle dosed with

diphacinone showed no signs of toxicity during the test period or for 14 day afterwards, and liver
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samples taken from the rats at the end of that period contained no detectable diphacinone residues
(Bullard et al. 1976), indicating relatively rapid clearance. On the basis of this small number of

studies, significant inter-species differences in diphacinone elimination were a possibility.

4.2.2 Use patterns of diphacinone

Diphacinone has been used in human treatment (e.g. ‘Dipaxin’; Katz et al. 1954) for prevention
of thrombosis. Systemic treatment of livestock with sublethal doses of diphacinone can cause
secondary poisoning in vampire bats (Desmodus rotundus) that repeatedly feed on the livestock,
which has been utilised for control of vampire bats (e.g. Thompson et al. 1972; Sald-Fernandes &
Flores-Crespo 1991). Diphacinone has been used in a range of countries for commensal rodent
control since the 1950s (Pelfrene 2001), and for field control of agricultural pests such as
Californian ground squirrels (Spermophilus beecheyi) in the United States (Salmon et al. 2007).
In NZ, diphacinone is currently under consideration by the Department of Conservation as the
best potential alternative to replace (now restricted) brodifacoum use for control of field
populations of rodents for conservation benefits (Animal Control Products 2003). Results of field
efficacy trials of different 0.005% diphacinone bait formulations against rats in mainland sites
(Gillies et al. 2006) have indicated that registration of diphacinone should proceed for this
application. It is uncertain whether diphacinone would also be effective for possum control.
Rammell & Fleming (1978) reported that possums survived single oral exposures of 300 mg/kg
diphacinone, although multiple-dose toxicity of diphacinone in possums remains to be estimated.
Assuming that diphacinone would not have the single-dose efficacy of brodifacoum against both
rodents and possums, future effective control of multiple vertebrate pest species in NZ is likely to

rely on a combination of control methods (see Chapter 7 for further discussion).

While brodifacoum has an established ‘track record’ in successful eradication of introduced
rodents from islands (Chapter 1.1.3) concerns over secondary risk to non-target predatory or
scavenging wildlife, especially island species of high conservation value, have led to
consideration of diphacinone as an alternative. Recent successful use of diphacinone in
eradication of ship rats (R. rattus) on one of the San Jorge Islands, Mexico (Donlan et al. 2003)
and on Buck Island, Virgin Islands (Witmer ef al. 2007) represents the beginning of a successful
‘track record’ for diphacinone in this context. Registration is being sought for a 0.005%

diphacinone bait formulation to be applied by aerial broadcast for the control of rodents in native
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Hawaiian ecosystems, with the selection of diphacinone over other rodenticides based on
demonstrated effectiveness against rats in Hawaii, favourable environmental track record and
previous use as a human pharmaceutical (Eisemann & Swift 2006). A proposed rodent
eradication on Mokapu Island, Hawaii, will use diphacinone because of the lower non-target risk

expected in comparison to brodifacoum (Dunlevy & Lee 2007).

With registrations of diphacinone formulations for broadscale field applications ongoing in both
NZ and the United States, existing regulatory toxicity and environmental data has been collated
towards hazard assessment (Eisemann & Swift 2006). Information gaps exist around species
differences in toxicity and the environmental transfer of diphacinone viz. secondary or tertiary
hazard to non-target species, including invertebrates and humans. While monitoring during and
after field applications of diphacinone baits will be important to validate the predictions made by
prior risk and hazard assessments, laboratory studies can selectively address information gaps
with data that can be fed into the hazard assessment process. In the NZ context, specific
information gaps included the effects of diphacinone exposure on invertebrates i.e. does
diphacinone pose a risk of primary poisoning to native species such as weta? Do invertebrates
that eat bait retain residual diphacinone concentrations that could pose a secondary risk to
insectivores? Accordingly Chapter 5 describes a laboratory study of weta that investigated
whether these native NZ invertebrates would ingest diphacinone bait, and described subsequent
effects and residual concentrations of diphacinone in the bodies of the weta. Another information
gap relevant to NZ ecosystems and resource use concerned the toxicity of diphacinone to pigs
and characteristaion of the residual persistence of diphacinone in pigs, with respect to potential
hazard to humans hunting and consuming feral pigs. Chapter 6 describes a pen study with

domestic pigs designed to address these questions.
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Chapter 5: Persistence of diphacinone in pig tissues

5.1 Introduction

As an introduced species to NZ, feral pigs (Sus scrofa) can have localized pest status but
nationally are also a significant resource for recreational hunters (Mcllroy 2001). Similarly, in
Hawaii pigs are an introduced species that also have status as a game animal (Wood & Barrett
1979) hunted for human consumption. In NZ, feral pigs may be exposed to anticoagulants
through toxic baits laid for possum or rodent control (primary exposure) or when they scavenge
carcasses of poisoned animals (secondary exposure, e.g. Morriss et al. 2005), creating the
potential for additional exposure of humans consuming meat from feral pigs (Engemann & Pank
1984). The NZ Food Safety Authority (NZFSA) specifies guidelines designed to minimise the
risk of meat contaminated with vertebrate toxic agents, including anticoagulants, entering human
food. These include certification of suppliers of wild game meat and guidelines for recreational
hunters of feral pigs (NZFSA 2006). Where game is to be taken from areas where vertebrate
pesticides have been used, the NZFSA currently advises withholding periods of 3 years for
brodifacoum and other second-generation anticoagulants, and 2 months for pindone, warfarin and
other first-generation anticoagulants. Residue testing of game meat for brodifacoum,
bromadiolone or flocoumafen is required, against a maximum residue level (MRL) of 0.001 ppm

for brodifacoum (Clear 2003), although there is currently no MRL specified for diphacinone.

Toxicity estimates (LDso values) of brodifacoum to pigs range from 0.1 mg/kg (Godfrey 1985),
0.5 mg/kg with 95% confidence intervals of 0.17-1.2 mg/kg (O’Brien & Lukins 1990) and <2.0
mg/kg (Erickson & Urban 2002). Thus, a 50 kg pig consuming approximately 500 g of bait
containing 20 ppm brodifacoum would probably receive a lethal dose, a feasible scenario
especially where pigs access bait stations. Five feral pigs fitted with mortality transmitters died
within 10 days of aerial application of brodifacoum baits in the Maungatautari fenced reserve
(NZ) during September 2006 and had brodifacoum liver concentrations (2.08-3.49 ug/g)
suggestive of poisoning. Eason et al. (2001) reported brodifacoum concentrations of 0.72-1.38
pg/g in liver and 0.02-0.07 pg/g in muscle of captive pigs at five days after ingesting 500-1776 g
of bait. A survey of feral pigs taken from areas with a history of brodifacoum use showed that
29/37 (78%) had detectable liver residues, ranging from 0.01-2.4 ug/g (Eason ef al. 2001). In
general, detectable muscle residues (0.1-0.05 pg/g) in these pigs were associated with liver

residues greater than 0.5 pug/g. The occurrence of brodifacoum residues in feral pigs in NZ (e.g.
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Booth et al. 2001) and subsequent potential for human exposure is one reason that diphacinone is

being investigated as an effective but less persistent alternative to brodifacoum (see Chapter 4.2).

With registration of diphacinone bait formulations for broad-scale field control of rodents in NZ
(Gillies et al. 2006) and Hawaii (Eisemann & Swift 2006), potential human exposure to residual
diphacinone through consumption of ‘wild pork’ required assessment. While diphacinone is less
persistent than brodifacoum in laboratory rat liver (Fisher et al. 2003), it was important to
establish whether this was also the case in pigs. The acute oral toxicity of diphacinone in pigs has
been reported as LDsp>150 mg/kg (Hazelton Laboratories 1957 cited by Pitt et al. 2004) although
this estimate was based on two pigs that survived doses of 27 or 150 mg/kg. It suggests that pigs
are less susceptible to diphacinone than other mammals: Mount & Feldman (1983) reported an
LDsy of 3 - 7.5 mg/kg in dogs, and Jackson & Ashton (1992) reported 1.93 - 43.3 mg/kg in a
laboratory strain of Norway rat. In general, the oral toxicity of first-generation anticoagulants to
mammals is increased when these compounds are ingested in multiple, consecutive doses (see
Table 4.2). In a recent study in the United States (Fletcher 2002), pigs fed with diphacinone at
0.133 mg/kg/day for 7 days, all survived without any obvious signs of poisoning. However, pigs
fed with 0.333 mg/kg/day for 7 days showed some signs of poisoning and showed haemorrhage
pathology on necropsy 21 days later. In an earlier study (Keith ef al. 1990), pigs were offered
diphacinone in food at doses of 0.6 mg/pig/day for 2 days and 1.5 mg/pig/day for 5 days, but
since no bodyweights were given for the pigs, the doses (mg/kg) they received are unknown. Pigs
showed no signs of poisoning and had normal coagulation times 2 and 10 days after dosing.
Given that a diphacinone dose of 0.333 mg/kg/day produced obvious signs of poisoning followed
by recovery (Fletcher 2002), the multiple-dose LDsy for pigs is likely to be higher. However,
even the single acute toxicity estimate of >150 mg/kg is very general and does not allow a precise
estimation of what might constitute lethal and sublethal intakes of diphacinone in pigs. It was
important to refine estimates of oral toxicity in pigs before selecting an exposure level for the

residue persistence study.

An initial pen trial with domestic pigs, simulating single and multiple oral diphacinone exposures
that could eventuate if (feral) pigs accessed bait stations in the field, was undertaken to evaluate
whether such exposures caused toxic effects. Coagulation time of plasma samples were used to
indicate toxicity: prothrombin time (PT) is widely used to monitor the extrinsic coagulation

pathway (clotting factors II, VII and X), while the activated partial thromboplastin time (APTT)
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test can detect abnormalities in the intrinsic coagulation pathway (clotting factors II, V, VII, IX,
X, XI and XII). Prolonged coagulation times in either or both test would indicate a toxic effect.
Results of this first trial were used to gauge sublethal oral diphacinone exposures for a second
trial simulating a worst-case scenario for concentrations of residual diphacinone in pig tissues
(liver, muscle, fat and kidney) and measurement of their decline over time. Some data from these

trials has been published in Fisher (2006).

5.2 Methods

5.2.1 Pig housing and husbandry

All procedures were approved by the Landcare Research Animal Ethics Committee (Project No.
04/06/03). Domestic weaner pigs (c.8 weeks old; equal sex ratio) identified by numbered eartags
were housed in groups of 12. Their 10x12 m pen was contained in a large shed, with wood
shavings over a concrete floor and a roofed sleeping area constructed of hay bales and filled with
straw. Twelve individual feeding bays formed one wall of the pen. Water was freely available
through an automatic drinker and pigs were fed twice daily on commercial pellet feed (Weston
Animal Nutrition, Rangiora) to approximate a daily intake of 5% bodyweight. The feed pellets
contained Vitamin K3 at a maximum 2.5 g per tonne, which was not expected to compromise the
effect of diphacinone on pigs, as Vitamin K is the antidotal form for anticoagulant poisoning.
For two weeks pigs were acclimatised to entering a feeding bay and being shut in while
consuming their ration. A dough made of flour and sugar was a palatable food later used to
deliver the diphacinone exposures, and a ¢.30 g portion of this was also offered to pigs alongside
the morning ration as part of the acclimatisation. Pigs were weighed at least every two weeks to

monitor growth and general health.

5.2.2 Trial 1: Coagulation time responses to diphacinone exposure

Pigs were randomly allocated to treatment groups (Table 5.1) intended to simulate potential field
exposures to bait. These exposures in food were intended to simulate potential high exposures of
feral pigs to diphacinone baits in the field, assuming that a bait station held up 2 kg of 50-ppm
diphacinone bait, thus a 40-kg pig eating this would ingest 2.5 mg/kg diphacinone. Individual
diphacinone doses, according to bodyweight, were prepared by uniformly mixing the appropriate

amount of diphacinone powder (supplied Animal Control Products, assayed as 1.98% by the
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Landcare Research toxicology laboratory) into ¢.30 g of the palatable sugar dough. Individual
‘dough ball’ doses were offered before morning feeds on appropriate day(s) and consumption
noted. Pigs were then returned to normal diet and observed at least twice daily for signs of
poisoning such as haemorrhage, anemia or inappetance, over the following three weeks. At two
weeks after last exposure, surviving pigs were euthanased by captive bolt gun and liver samples

were taken and analysed for diphacinone concentrations as described in section 5.2.3.

Table 5.1. Oral diphacinone exposures of pigs in Trial 1.

No. pigs Diphacinone dose Exposure scenario (per single 40 kg pig)
(sex) (mg/kg) or
(mg/kg/day)

3 (2F, IM) 12.5 mg/kg (single)  Ingests contents of five bait stations within 1 day

3 (1F,2M) 2.5 mg/kg (single) Ingests contents of one bait station in 1 day

3 (1F,2M) 2.5 mg/kg/d (3 days) Ingests contents of one bait station per day for 3 days

3 (2F, IM) 0.5 mg/kg/d (5 days) Ingests c. 400 g of bait per day for 5 days

Baseline blood samples were taken one week before diphacinone exposure and then at days 2, 7
and 14 after first exposure. The pigs were restrained while lying on their backs and blood drawn
from the anterior vena cava using a 18Gx1 1/2" needle into a 10-mL syringe. Samples were
immediately divided between two 4.5-mL tubes (Vacutainer® Blood Collection Tubes, 9NC,
3.8% sodium citrate, Becton Dickinson), stored on ice and centrifuged within 2 h to obtain
plasma. Whole blood was centrifuged at 2500g for 15 min at 4°C. Plasma from each blood
sample was divided into two Eppendorf tubes, with one ‘split’ retained at —80°C. The other was
also kept at —80°C if testing for coagulation time could not be carried out that day, or at —4°C if
testing was to be done within 6 h. Plasma from the day 2 and 7 samples were tested for
coagulation time within 6 h to ascertain whether toxicity could be occurring and the pigs were
observed at least twice daily for signs of poisoning during this time. A licensed bolt-gun operator
was on hand to perform euthanasia in the event of evident toxicosis. Where thawing was required
before testing, samples were placed in a hot water bath at 37°C. Plasma samples were tested in
duplicate using PT and APTT testing kits (respectively Simplastin® Excel S and Platelin® ,

BioMerieux Inc., USA) and an automated coagulometer (Amelung KC4Amicro, Sigma
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Diagnostics). The control plasma reagents supplied with each kit were tested to provide internal
validation standards for the pig plasma samples. The PT times were converted to International
Normalised Ratio (INR) values, which provide a uniform scale for comparing PT data obtained
using different thromboplastin reagents in different tests. INR values were calculated as the ratio
of the mean PT value obtained from duplicate testing of the plasma from a diphacinone-treated
pig to the mean baseline PT, then raised to the power of the International Sensitivity Index (ISI)

figure which was 1.23 for the Simplastin® Excel S kit.

5.2.3 Trial 2 Persistence of diphacinone in pig tissues

Based on the results of Trial 1, where all exposures tested caused similar temporary elevations in
coagulation times, a single 12.5 mg/kg diphacinone exposure was selected to represent a ‘high’
sublethal dose in Trial 2. Twelve weaner pigs (6 male, 6 female) were group-housed and
acclimatised as previously described, and then administered 12.5 mg/kg diphacinone in a dough
ball, representing a high sublethal exposure (based on coagulation-time responses from the
previous trial). Pigs were randomly allocated to three groups (each n = 4) for tissue sampling on
day 1, 4 or 10 after exposure. Tissue sampling was carried out immediately after euthanasia by
captive bolt gun. Pigs were bled by severing the carotid artery and jugular vein and whole-blood
samples (at least 10 mL) were collected from this flow into citrate tubes. Liver and kidneys were
removed from the carcasses and weighed. Samples (approximately 50 g) of liver, kidney, muscle
(from the rear haunch) and abdominal fat were stored at —20°C until analysis for diphacinone
concentration. Blood samples were centrifuged as before and divided into two plasma samples

that were stored at —80°C until analysis for diphacinone concentration.

Concentrations of diphacinone in tissues and plasma were determined by the Landcare Research
toxicology laboratory, Lincoln. A sample of tissue (1 g or I mL plasma) was weighed into a glass
tube. Chlorophacinone (100 pL) as an internal standard and anhydrous sodium sulphate (5 g)
were added, followed by chloroform/acetone/formic acid (0.25%, 35 mL), and the contents of the
tube shaken and centrifuged. The supernatant was decanted and the extraction process repeated
twice more. The combined extracts were evaporated and taken up in hexane/chloroform for
clean-up on a carbograph SPE column, followed by an aminopropyl column. The analyte was
eluted from the aminopropyl column with mobile phase A, which was then evaporated to dryness

and taken up in mobile phase for quantification by HPLC analysis, using a C8 10-um column and
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UV detector set at 284 nm. A method detection limit (MDL) of 0.02 pg/g and analysis
uncertainty (95% confidence interval) of £20% was estimated according to TLM067 (IANZ-

registered toxicology laboratory, Lincoln).

5.2.4 Statistical analyses

Coagulation time data were analysed using procedure LME in the statistical package R (R
Development Core Team 2007). Linear mixed models were fitted to test for significant
differences in the response variables (PT, PT-INR, APTT) with respect to diphacinone dose
group (12.5 mg/kg, 2.5 mg/kg, 2.5 mg/kg/dayx3 or 0.5 mg/kg/dayx5) and day after dosing (14, 7,
2 or O/baseline). Pigs were treated as random effects, while fixed effects were dose group and
days after dosing. An autocorrelation function was fitted to the data, as repeated blood samples
were taken from the same pigs, but was not needed in the model and was subsequently removed.
Data from the pig euthanased on day 6 after exposure (see Results) were omitted from the
analysis because its death did not fall on an allocated ‘day after dosing’. Statistical analyses of the
tissue residue data were carried out using GenStat (Genstat Committee 2007). An exponential
decay model was used to derive equations and estimate half-life figures for residual
concentrations of diphacinone in liver, muscle, kidney and fat from pigs that had received a 12.5-
mg/kg dose. To ensure conservative estimates of the persistence of diphacinone, tissue samples in
which the measured concentration was below the MDL were included in the data as having 0.02

ng/g residual diphacinone.

5.3 Results

5.3.1 Trial 1 Coagulation time responses to diphacinone exposure

From an average of 21.6 kg at first weighing during acclimatisation, the pigs gained weight

steadily during the acclimatisation and trial period (Fig. 5.1).
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Figure 5.1 Bodyweights of female ( ® ) and male ( O ) pigs during the acclimatization and Trial
1 period.

Use of an accustomed palatable food to facilitate accurate oral exposure of pigs to diphacinone
was generally successful, with all except one eating the entire dose within 15 minutes. One pig
was more reluctant than others to consume dough throughout the acclimation period, and this was
partly overcome by mixing the uneaten portions with a small amount of normal pellet feed, which
resulted in at least 80% of the intended dose (0.5 mg/kg/day X 5 days) being consumed within an
hour on each day of dosing. Two pigs in the 0.5 mg/kg/day x 5 days group were euthanased
during the trial because of increasingly severe lameness. Elevated PT (64.55 and 311.25 seconds)
and APTT (88.3 and 149.85 seconds) were measured in blood samples taken immediately post-
mortem from the two euthanased pigs, with INR values of approximately 6 and 49 respectively.
Liver diphacinone concentrations were 0.7 pg/g and 0.12 pg/g, respectively. The first pig
euthanased, a female, was slightly lame in the right front leg on the day after dosing commenced,
and lameness became more pronounced with swelling of the knee joint visible on the following
day. Although the pig remained alert, it showed a distinct reluctance to move, prompting the
decision to euthanase on day 2. Necropsy revealed haemorrhage spreading from the knee joint

upwards along the outer side of the femur, forming an extensive haematoma along the bone,
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which presented as visible swelling. The second pig, a male, became slightly lame in the left hind
leg four days after dosing commenced, and was euthanased on day 6 due to slight bleeding from
around the eartag, relatively more time spent lying down than the other pigs, and increasing
severity of lameness accompanied by evidence of pain and/or distress, i.e. squealing when
attempting to walk to food. Coagulation times were significantly elevated on day 2 (PT 75.5
seconds, INR 7.37, APTT 117.35 seconds) and even more so on day 6 (PT 311.25 seconds, INR
41.89, APTT 149.85 seconds) just before euthanasia. Necropsy showed most swelling at the top
of the right hind leg, with fluid present around the hock joint and a dark haematoma mass where

swelling was greatest, mostly in muscle at the rear of the leg.

Mean baseline coagulation times are shown in Table 5.2 (full data Appendix 4). Coagulation
times for the euthanased pigs were excluded from the analysis. Neither the interaction nor the
effect of dose group was significant in any of the analyses (all P > 0.05 with no evidence of a
dose-related response), so these were not included in subsequent models. For all coagulation
parameters, values on day 2 were significantly different from those on days 0, 7 and 14 (Table
52:PT F=623,df=3,27, P<0.001; INR F=51.1,df =3, 27, P<0.001; APPT F = 134.6, df
=3, 26, P < 0.001). Figure 5.2 shows the mean PT times measured in each treatment group,

which reflects the overall trends in APPT and INR values during the trial.

Table 5.2. Mean PT and APPT times and INR values (£95% confidence intervals) in pigs dosed
with either 12.5 mg/kg, 2.5 mg/kg, 2.5 mg/kg/days x 3 days or 0.5 mg/kg/day x 5 days. Includes
data from the one pig euthanased at day 2 due to lameness, but excludes data from a second pig
euthanased on day 6.

Baseline (Day —1) Day 2 Day 7 Day 14
PT (s) 14.94 (£ 0.34) 59.73 (£ 1.38) 17.31 (£0.53) 15.96 (£ 0.28)
INR 1.00 (£ 0.11) 5.57 (£ 0.56) 1.20 (£ 0.09) 1.08 (£ 0.11)
APTT (s) 33.35 (£ 0.60) 99.56 (£ 1.76) 40.16 (£ 0.69) 40.18 (£ 0.95)
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Figure 5.2. Mean prothrombin times (and upper 95% confidence intervals) in pigs dosed with
either 12.5 mg/kg, 2.5 mg/kg, 2.5 mg/kg/day for 3 days, or 0.5 mg/kg/day for 5 days. Values on
day 2 were significantly different from those on days 0, 7 and 14 (F = 62.3, df = 3, 27, P <
0.001).

Necropsy of the ten pigs euthanased at completion of Trial 1 did not reveal any gross
haemorrhage in organs or limbs. In two pigs, however, healing subcutaneous haemorrhages were
present on the inner rear legs, which were thought to have occurred during earlier restraint for
blood sampling, possibly because of an effect of diphacinone exposure on coagulation. In one
pig, the pericardial sac had a little fluid present and some pus was present at a point inside the
heart, probably due to a recent infection caused by one of the blood-sampling procedures. There
was no significant difference in concentrations of diphacinone in liver between the dose groups
(F=4.25,df =3, 6, P=0.06), and the mean residual concentration was 0.44 ng/g (Landcare
Research toxicology laboratory report T2262, Appendix Four). No diphacinone was detected in
muscle samples from these pigs (Landcare Research toxicology laboratory report T2508,

Appendix Four).
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5.3.2 Trial 2 Persistence of diphacinone in pig tissues

Method recovery on internal standards was 102% for liver (Landcare Research toxicology
laboratory report T2299, Appendix Four), 103% for fat and 87% for muscle (Landcare Research
toxicology laboratory report T2313, Appendix Four). Highest diphacinone concentrations were in
liver, with a mean of 2.83 ug/g at day 1, 0.69 ug/g at day 4 and 0.62 pg/g at day 10 (Fig 5.3). At
Day 1, liver concentrations of diphacinone were on average 9.2 times higher than those in
muscle, 6.2 times higher than in fat, 1.2 times higher than in plasma and 1.9 times higher than in
kidney. By day 4, diphacinone concentrations in muscle, fat, kidney and plasma were below 0.5
ung/g (Fig 5.3) with plasma samples generally below the MDL of 0.02 pg/g by day 10. Table 5.3
summarizes the elimination half-life (t }2) estimates made from these data for diphacinone in pig

liver, fat, muscle, kidney, and plasma.
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Figure 5.3. Mean concentration of diphacinone (ug/g) in liver, muscle, fat, kidney and liver at
days 1, 4 and 10 after exposure of pigs to 12.5 mg/kg diphacinone. Method limit of detection was
0.02 pg/g for all sample types.
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From whole organ weights at sampling, liver comprised a mean of 3.41% of total pig bodyweight
and kidneys 0.52% of total bodyweight. Using the highest (day 1) diphacinone concentrations
measured and the corresponding organ weights of the four pigs sampled on day 1, the estimated
burden of diphacinone in liver was 2.64 mg and in kidney 0.20 mg, comprising 0.84% and 0.06%

of the total diphacinone exposure respectively.

Table 5.3. Elimination half-lives with 95% confidence intervals for diphacinone in pig tissues,
following ingestion of a single 12.5 mg/kg dose.

Tissue Half-life estimate(days) 95% confidence intervals
Liver 5.43 (overall) 3.55-11.52
1.30 (initial phase, day 1 to 4) 0.84 -2.88
14.12 (terminal phase, day 4 to 15) 5.34 - not defined
Muscle 4.48 3.16-7.68
Fat 2.29 1.66-3.68
Kidney 0.53 0.43-0.70
Plasma 0.33 0.27-0.44

5.4 Discussion

5.4.1 Trial 1 Coagulation time responses to diphacinone exposure

Mean baseline PT and APTT values (14.95 and 33.35 s) measured here were similar to
previously reported values for pigs (e.g. Hahn ez al. 1996, McGlasson et al. 1998, Drescher et al.
2002), although lower normal APTT values have also been reported (Hahn e al. 1996, Munster
et al. 2000). The significant elevations of both PT and APTT at day 2 indicated an anticoagulant
effect of all diphacinone exposures in this trial. In human medicine, the risk of bleeding increases
dramatically when the INR exceeds 4.0-6.0 (Hanslik & Prinseau 2004). Assuming the same
applies to pigs, the diphacinone doses ingested by pigs in this study all increased the risk of
haemorrhage at day 2, with a return to baseline values in most cases by day 7. While Keith et al.
(1990) found that oral diphacinone doses to captive wild pigs of up to 1.5 mg/pig/day for 5 days
were followed by normal coagulation times at 2 and 10 days afterwards, with no signs of toxicity,
other studies of anticoagulants in pigs have documented similar effects on coagulation times to
those described here. Fletcher (2002) fed four pigs diphacinone at 0.333 mg/kg/day for 7 days
and they showed some signs of poisoning, followed by recovery at 8 days after dosing, with
hemorrhage-related pathology when they were euthanased 21 days later. McGlasson ef al. (1998)
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dosed pigs daily for 14 days with 2-3 mg of coumadin (equivalent to c. 0.07-0.08 mg/kg/d of
warfarin) and measured PT and APTT values at 0, 7 and 14 d, using two different test systems.
Pigs responded to the coumadin doses with increased APTT times at 7 d (28.0 s) and 14 d (53.0
s) and INR values above 5 at 14 d (4.3 and 12.8 depending on the test system used), although

McGlasson ef al. (1998) did not document any visible signs of anticoagulation.

Pigs in this trial appeared more susceptible to diphacinone than indicated by Hazelton (1957,
cited in Pitt e al. 2004) and Fletcher (2002), suggesting that non-target hazard to feral pigs
during field diphacinone baiting is higher than previously thought. If feral pigs have sufficient
access to bait they will be poisoned, as evidenced by the mortality of thirteen feral pigs following
an experimental field application of diphacinone bait in Hawaii, 2003 (Pitt ez al. 2004; Tummons
2004). The two pigs that developed severe leg joint hemorrhage in Trial 1 had ingested smaller
and less prolonged doses of diphacinone than those described by Fletcher (2002). Pigs in the
latter study were kept individually in 4’ x 8’ pens and thus were probably relatively restricted in
their movement compared to the group-housed pigs in Trial 1, which displayed frequent play,
mounting and running behaviour. Movements such as these may create minor joint injuries or
strains that can become starting points for haemorrhage when coagulation is compromised. These
results emphasise the unpredictable incidence of haemorrhage during anticoagulant toxicosis,
where variables such as movement and injury probably influence the occurrence of severe
haemorrhage. Lameness appears to be a typical early sign of anticoagulant toxicosis in pigs. Of
eight pigs fed with coumatetralyl, Dobson (1973) noted lameness in one at 3 days and in four
others by 6 days, also noting that pigs often showed “difficulty in rising” before death in 8 days.
Mean time to death in pigs poisoned with warfarin ranged from 5.4 to 10.0 days with necropsy of
78 pigs finding haemorrhage in fore- and hind limbs of 61.5-74.4% (Hone & Kleba 1984).
O’Brien & Lukins (1990) also reported lameness, depression and lethargy as first signs of
poisoning approximately 3 d after pigs had ingested a lethal dose of warfarin or brodifacoum,
with affected pigs reluctant to move and spending relatively more time lying down. Brakes &
Smith (2005) noted limb joint haemorrhage as a likely explanation for staggering gait and
decreased mobility of poisoned rodents. Although animal welfare is not the focus of this thesis,
the behaviours in the two haemorrhage-affected pigs in Trial 1 suggested that the lameness was
painful. While haemorrhages are probably not inherently painful if they occur in a relatively open
body cavity, they may lead to pain if they cause tissue swelling or pressure within an enclosed
area such as a joint cavity (MacLain & Weinstein 1999). In particular, intra-articular
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haemorrhage has been noted as painful in humans, probably owing to stimulation of intra-
articular nociceptors through pressure exerted by accumulating blood (MacLain & Weinstein
1999). Given the frequency with which lameness is reported to occur in pigs poisoned with
anticoagulants, some welfare compromise of feral pigs poisoned with diphacinone seems certain,

especially if times to death are in the order of days in field situations.

5.4.2 Trial 2 Persistence of diphacinone in pig tissues

The hepatic half-life estimate in pigs contrast with the findings of Bullard ez al. (1976) in cattle
(Table 4.2). While no comparable half-life estimates for other anticoagulants in pigs are
available, the results here are consistent with the findings of Fisher et al. (2003) in laboratory
rats, indicating that diphacinone persistence in mammalian liver is relatively short in comparison

to second-generation anticoagulants.

In feral pigs exposed to a trial application of diphacinone bait in Hawaii, the highest diphacinone
concentrations detected in liver and muscle were 3.07 and 0.12 pg/g respectively and were both
present in one pig (Pitt ef al. 2004). The highest residual diphacinone concentration in pig liver
reported by Keith er al. (1990) was 0.83 pg/g. Thus Trial 2 produced some of the highest residual
concentrations of diphacinone in pig liver and muscle (3.22 and 0.37 pg/g respectively) reported
to date, occurring in the same pig at one day after dosing with 12.5 mg/kg. Using the half-life
estimates for diphacinone in muscle and fat, it would take 19 and 10.5 days respectively for the
highest residue measured in these tissues (0.37 and 0.43 pg/g) to decline to below detectable
concentrations. Using the terminal half-life estimate of 14.12 days for diphacinone in liver, it
would take 104 days for the highest residue measured in liver (3.22 ug/g) to decline to below
detectable concentrations (< 0.02 ug/g). This is a conservative measure that does not take account
of the overall elimination rate from the liver, including the more rapid initial phase. To define a
with-holding period for feral pigs hunted for human consumption in areas where diphacinone has
been applied, allowance should be made for the possibility of higher residue concentrations than
those measured here. Incorporating a very conservative ‘safety factor’, by adding half again to
the estimated number of days for liver residues to become undetectable, a with-holding period of
156 days is suggested. This is longer than the 2 months currently recommended for first-

generation anticoagulants by NZFSA.
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5.5 Conclusions

Primary poisoning risks to feral pigs resulting from single and multiple exposures to diphacinone
baits in the field remain to be evaluated. However feral pigs are capable of consuming sufficient
diphacinone bait to cause mortality if access is allowed. Diphacinone is less persistent than
brodifacoum in pig tissues, thus presents a lower duration of hazard to consumers of pigs. Human
toxicity data for diphacinone are scarce, but assuming an LDs, value of 1.93 mg/kg as reported
for laboratory rats (Jackson & Ashton 1992), and using the highest residue concentration from
Trial 2, a 70 kg human would need to eat an estimated 41.9 kg of contaminated liver or 365 kg of
contaminated muscle to ingest a lethal dose. While these scenarios are unlikely, the potential for
repeated, smaller exposures to diphacinone in meat and sublethal effects on coagulation, as
discussed by Eason ef al. (2001) for brodifacoum, remain to be considered. It is suggested that
currently available analytical method limits of detection for diphacinone in tissue are refined and
validated in order to review a practicable maximum residue level. As well as confirming the
validity of the withholding period recommended for diphacinone above, residue surveys of feral
pigs from areas where diphacinone has been applied for rodent control would also help to

determine the frequency and extent to which an MRL might be exceeded.
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Chapter 6: Bait consumption and residual concentrations of
diphacinone in weta (Hemideina crassidens)

6.1 Introduction

As outlined in Chapter 1, application of brodifacoum baits to control introduced pests in NZ (e.g.
Innes et al. 1995) has resulted in primary and secondary exposure of non-target birds (e.g. Eason
and Spurr 1995) and mammals (e.g. Spurr et al. 2005) to brodifacoum. Exposure of non-target
invertebrates has also been studied - a range of terrestrial insect species feed on cereal baits used
for vertebrate pest control (e.g. Ogilvie et al. 1997; Spurr & Drew 1999; Craddock 2003) hence
undergo primary exposure to the active ingredient of the bait. Secondary exposure of
invertebrates can also occur, as demonstrated by Howald (1997) who measured brodifacoum
residues in carrion-feeding invertebrates collected from the carcasses of poisoned rats.
Investigation of diphacinone as an effective but less persistent alternative to brodifacoum
(summarised in Chapter 4.2) raises questions about possible effects on invertebrates, especially
native NZ species. It has been suggested that anticoagulants lack insecticidal properties because
insects do not have the same blood-clotting systems as vertebrates (Shirer 1992), and a number of
laboratory and field studies suggest this is the case for brodifacoum at least. Captive studies
(summarised in Booth ef al. 2001) indicate low toxicity of brodifacoum to large-headed tree weta
(Hemideina crassidens) and Ascension Island land crabs (Gecarcinus lagostoma). Craddock
(2003) found that captive locusts (Locusta migratoria) fed readily on cereal-based brodifacoum
baits with no significant increase in mortality. In captive cave weta (Pleioplectron simplex) and
ground weta (Hemiandrus sp.) weight loss and mortality was not significantly higher in weta

exposed to brodifacoum bait over 60 days (Bowie & Ross 2006).

No similar studies or published acute toxicity data was found for diphacinone in terrestrial
arthropods. No mortality was observed in captive Hawaiian snails (Oxychilus spp.) and slugs
(Limax maximus and Deroceras laeve) fed 0.005% diphacinone bait over seven days (Johnston et
al. 2005) indicating that acute toxicity to these species was low. However, there are earlier
reports of compounds structurally related to diphacinone (2-(diphenylacetyl)-1,3-indandione)
having toxic effects on invertebrates. For example, isomeric valeryl-1,3-indandiones exhibited
strong insecticidal properties against houseflies (Musca domestica) (Kilgore et al. 1942), 2-
pivalyl-1,3-indandione (pivalyl) showed toxic effects against body lice (Pediculus humanus

corporis) (Eddy & Bushland 1948), and 0.025% pivalyl cereal baits applied in field trials for
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rodent control also had insecticidal properties (Crabtree & Robinson 1953). Diphacinone is
considered “moderately toxic” to the freshwater invertebrate Daphnia magna (US EPA 1998).
Thus it was important to assess the toxicity of diphacinone in a representative terrestrial
invertebrate to confirm whether diphacinone would present low hazard to NZ invertebrates that

feed on bait.

Field monitoring following brodifacoum baiting in NZ has detected residues in some invertebrate
species, particularly those that eat baits (summarised by Booth ez al. 2001). Thus invertebrates
can also transfer anticoagulant residues in the environment, presenting a secondary hazard to
insectivores (as outlined in Chapter 1.2.1). Godfrey (1985) reports that several birds in a zoo
aviary died, apparently as the result of eating ants and cockroaches that had eaten brodifacoum
baits. More recently, sandhoppers (7alorchestia spp.) that fed on brodifacoum bait were
identified as the likely source of lethal secondary exposure in New Zealand dotterels (Charadrius
obscurus aquilonius) following a baiting operation at Tawharanui, NZ (Dowding et al. 2006). In
general, field-based assessments of secondary risk to non-target insectivores are scarce probably
because of the relative scale and complexity of the studies required. Most of the relevant
information pertains to brodifacoum residues — the only ‘field monitoring’ data for diphacinone
in invertebrates sourced was by Johnston et al. (2005), where residue concentrations were
measured in Hawaiian snails and slugs collected within 1 m of diphacinone baits during a baiting
operation. These authors then undertook a probabilistic secondary risk assessment for
diphacinone based on residue concentrations measured in gastropods. To obtain similar data
applicable to secondary risk assessment in the context of non-target NZ insectivores, a laboratory
trial was undertaken to determine whether the Wellington tree weta (Hemideina crassidens), a
regionally common, large native NZ orthopteran would feed on diphacinone bait, whether such
exposure was associated with toxicity or mortality and to measure the concentrations of residual

diphacinone in weta that fed on baits.

6.2 Methods
6.2.1 Capture and housing of weta

Tree weta were captured in December 2004 from podocarp—broadleaf coastal forest near
Harihari, South Island, NZ (2311045E, 5781505N). Adult and late-instar juvenile weta were

identified by size and appearance, each placed in a ventilated plastic container with leaf litter
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from the point of capture and transported to a laboratory at Landcare Research, Lincoln. Housing
and husbandry procedures were derived from those described by Barrett (1991). Weta were
housed individually in cylindrical plastic containers (200-mm diameter x 300 mm high) with
close-fitting lids and three 2-cm diameter ventilation holes covered with fine metal mesh in the
sides. The base of each ‘unit’ was covered with a 4-cm layer of sand and leaf litter. Hollow flax-
flower stalks (150 mm long), split in half and then held together with rubber bands were placed in
each container as daytime shelter. The housing units were kept under natural photoperiod on a
benchtop out of direct sunlight, with ambient room temperature ranging from 10 to 25°C, and
humidity of 50-75%. Two plastic tubes (9.5-cm long, 1.7-cm diameter) taped to the inner sides of
each unit were filled with water so that they could hold sprigs of native NZ plants that weta feed
on; five-finger (Pseudopanax arboreus), mahoe (Melicytus ramiflorus), and broadleaf (Griselinia
littoralis) were used. Evidence of feeding was noted during the twice-weekly checks and plant
food replaced fresh at least weekly, or more frequently if substantially eaten or wilting. Weta
were weighed every 7-10 days, although any that were moulting were not handled. When
humidity in the room fell below 60% as indicated by a digital meter, or if the leaf litter appeared
dry, the insides of the units were misted thoroughly with tap water, and the plant tubes were
topped up. During trials, faecal pellets were only removed from the housing units if they were
visibly mouldy but were cleaned completely out of the housing units between trials. During three
weeks’ acclimatisation to these conditions, weta were checked twice weekly and confirmed to be

alive by removing them from the shelter.

6.2.2 Removal of non-toxic cereal bait by weta

A preliminary trial was undertaken to determine whether bait uptake by weta was affected by the
presence of natural plant food. Twenty two adult weta were weighed and allocated by descending
bodyweight to two treatment groups (each » = 11). One group was presented with a non-toxic,
cinnamon-lured, ‘RS5’ cereal pellet bait (Animal Control Products Ltd., Wanganui, NZ) with
normal plant food present, and the other group was presented with the same bait type without
normal plant food present. Pellet baits were placed on a glass petri dish in each housing unit - as
‘environmental controls’, a pellet bait was placed in each of four housing units that did not
contain weta — two with plant food in place, and two without. These pellets were weighed daily

and replaced. Pellets in weta containers were left in situ but visually assessed for evidence of

73



consumption by weta. Visual estimates were based on intervals of either: less than 5% eaten
(recorded as 2.5%), between 5 and 15% eaten (recorded as 10%), between 15 and 25% eaten
(recorded as 20%), between 25 and 35% eaten (recorded as 30%) and so on. Daily estimates of
the percentage of original pellet remaining intact and general observations were recorded e.g.
swelling, presence of mould, ‘scrape’ marks in bait, presence of bait fragments. On the fourth
day, weta were weighed again and the dishes and remaining bait including any sizable fragments
were removed from all housing units. Each glass dish and remaining bait and fragments were
weighed together, then the dishes emptied, dry-wiped clean and weighed alone. In some cases it
was impossible to remove small quantities of sand from bait fragments in the dish or to collect all
bait fragments moved from the dish by weta, so these were a potential source of error in weighed
estimates of bait eaten. The daily weights of the ‘with plant food’ and ‘without plant food’
environmental control pellets were calculated as percentage change from original weight, and
averaged for each treatment. These figures were used to correct the calculation of the weight of
bait removed by weta in the respective treatment groups. The total corrected amount of bait eaten

or removed by each weta was expressed as a percentage of that weta’s starting bodyweight.

6.2.3 Consumption of diphacinone bait: pilot trial

In a preliminary assessment of whether weta would feed on diphacinone bait and if this would
cause mortality, four late-instar weta (2 females, 2 males) were presented with a Ditrac® bait
(Pest Management Services, Paraparaumu, NZ) placed on a glass dish in the housing unit with
normal plant food present. The baits were waxed cereal blocks weighing c. 30 g, dyed a pale
green colour, nominally containing 0.005% diphacinone. A sample of the fresh bait was analysed
for diphacinone concentration by the Landcare Research toxicology laboratory, Lincoln, using an
HPLC method based on that of Hunter (1984). Weta and baits were weighed at the start of the
trial and then regularly over the following forty days, with regular observations of the appearance

of the bait and health of the weta.

6.2.4 Consumption of diphacinone bait and residues in weta

Twenty-seven adult or late-instar weta (18 female, 9 male) were presented with a Ditrac® bait as
in the pilot trial. Weta and baits were weighed before baits were placed and for the first week,
baits were observed daily for fresh feeding marks, presence of crumbs on the bait dish and

presence of mould. After this, to minimise disturbance of weta and possible effects on feeding
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behaviour, weekly checks of bait condition and the weta were made during routine replacement
of plant food. After placement of bait, a sample of four weta (initially 2 male, 2 female) was
randomly selected on days 1, 4, 8, 16, 31, and 64. The weta were weighed, placed in labelled
specimen containers and left overnight in a —20°C freezer to kill them prior to analysis. Any frass
that had been excreted while they were in the freezer were included with the weta sample for
analysis as described below. Remaining baits and fragments for each sample group were
collected and weighed as described in 6.2.2. Two environmental-control housing units (with bait
but no weta) were established and the baits in these were observed and weighed at each sampling

interval.

Analyses of diphacinone concentrations in weta were carried out by the Landcare Research
toxicology laboratory, using a HPLC method where the method limit of detection (MDL) was 0.2
ug/g. Whole, frozen weta were dissected and mixed with anhydrous sodium sulphate and
subsequently extracted with solvent (chloroform/acetone/formic acid). The mixture was
homogenised with a tissue disperser, shaken and centrifuged. The supernatant was decanted and
the extraction repeated twice more. The combined extracts were evaporated and taken up in
hexane / chloroform / acetone for application to a solid phase extraction column for clean-up. The
eluent from the column was again evaporated and taken up in mobile phase for HPLC
determination, which employed ion-paired chromatography and UV detection at 284 nm. Each
batch of samples analysed included a spiked sample, where 50 pL of 10 pg/mL diphacinone was

added to a suitable ‘blank’ matrix in order to determine recovery.

6.2.5 Statistical analyses
All estimates of bait consumption/removal in the trials (either visual estimates of bait removed or
weighed estimates from remaining bait) were analysed by weighted regression using generalised
linear models in GenStat (Genstat Committee 2007), with weighing being the reciprocals of the
variance of the daily measurements. In the diphacinone trial (described in 6.2.4 above) bait
consumption by weta was estimated by correcting the start weight of the bait using the
corresponding mean change in the environmental control baits at each sampling interval, and then
subtracting the weight of the bait at sampling. From this figure, diphacinone intake by weta was

estimated at each sampling interval using the analysed concentration of diphacinone in samples
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of bait, adjusted according to the weight of the individual weta at sampling (i.e. intake as pg

diphacinone / g of weta bodyweight).

6.3 Results

Three of the 38 weta brought into the laboratory died within the first week. One adult female was
injured, probably during capture and the other two, an adult male and a late-instar female started
moulting soon after being placed in housing units and were found dead two and three days later.
At the end of the first week in the housing units, mean weight of 11 adult females (= SE) was
3.40 £ 0.34 g and of 9 adult males was 2.82 + 0.23 g. Overall, the weta maintained or gained
weight during the following month, with the mean weight of the same 11 adult females being

3.98+0.27 g, and 9 adult males 2.97 + 0.20 g, after one month’s acclimatisation.
6.3.1 Removal of non-toxic cereal bait by weta

There was no variation in day 1 percentage estimate of bait removal, and these data were dropped

from analysis.
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Figure 6.1. Percentage of a non-toxic RS5 cereal pellet bait eaten or removed by weta over 4
days, while normal plant food was also available.
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Figure 6.2. Percentage of a non-toxic RS5 cereal pellet bait eaten or removed by weta over 4
days, while normal plant food was not available.

There was no significant difference of slopes between ‘with plant food’ and ‘without plant food’
treatments (difference in slopes = 3.77, SEgisr = 1.96, ts4 = 1.93, P = 0.06) and overall removal of
the non-toxic pellets over 4 days (assessed by visual estimates) appeared similar for both
treatments (Figs 6.1 and 6.2). Most weta nibbled the pellets, but did not eat or remove more than
5% on the first day. Weta in both treatments had eaten or at least fragmented 5—-50% of the pellet
by the second and third days. Some weta did not eat more than 10% of pellet throughout the trial,
whereas others had eaten or fragmented an estimated 70-80% by the fourth day. Weta in the
‘with plant food’ treatment consumed a mean 0.61 + 0.05 g of pellet over the 4 days, representing
17.2% (range 9.8-26.5%) of their starting body weights. Weta in the ‘without plant food’
treatment consumed a mean 0.64 £ 0.07 g of pellet over the 4 days, representing 19.7% (range
6.8-33.2%) of starting body weights. Amounts of pellet eaten/removed in each treatment were
not significantly different (t;o = 0.31, P = 0.76). Weta in both treatments gained weight over the 4
day trial, but the amount of weight gain as a proportion of initial weight was not significantly
different between groups (tzo = 1.14, P = 0.27). The four ‘environmental control’ pellets all
gained weight over the 4 days of the trial, presumably through absorption of moisture, and had
lost some of their shape but remained intact. The mean gain from the starting weight of the two
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pellets with plant food present was 18.2 % of original weight, and that of the two pellets without
plant food was 15.3%.

6.3.2 Consumption of diphacinone bait: pilot trial

All four weta appeared healthy throughout the trial and responded normally to disturbance. Three
gained weight (+30-70% of starting weight) over the 44 days that they had access to Ditrac® bait,
but one female lost approximately 60% of starting bodyweight over this time. All weta had
nibbled the Ditrac® bait by the fourth day. Bait consumption, or at least removal, continued
steadily until about Day 15-20, after which it appeared to level off (Fig. 6.3). Mould was first
observed on the baits after approximately 1 month and covered the bait surface more extensively
after this. One of the weta continued to eat the mouldy bait although the other three did not
appear to have fed on bait once the mould was present. The bait blocks lost a mean of 1.6 £ 0.6 g
over the trial. Laboratory analysis showed that the Ditrac blocks contained 52.5 pg/g diphacinone
(Landcare Research toxicology laboratory Report T2301, Appendix Five), slightly higher than
the nominal 0.005% by weight. The analysed concentration of diphacinone in bait was used to
estimate a mean intake of 113.04 + 21.79 pg diphacinone eaten or at least removed by each weta

over the four days, without accounting for changes in bait weight due to environmental moisture.
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Figure 6.3. Changes in the weights of Ditrac® block baits accessible to two female (o) and two
male (0) weta, in the presence of natural plant food, over 44 days.

6.3.3 Consumption of diphacinone bait and residues in weta

The environmental control baits showed a mean increase of 2.68% by the end of the trial. By day
8, all weta left evidence of consumption or removal of the diphacinone bait blocks. Frass
produced by weta feeding on bait was light-coloured and often had a striped appearance, in
comparison to the uniform dark brown of frass from weta feeding on normal plant food.
Exposure to diphacinone baits did not appear to adversely affect weta bodyweight: weight gain
was greater during this trial than during acclimatisation to the housing units (Fig. 6.4; difference
in slopes = 0.01938, SEgisr = 0.00857, tjo0 = 2.26, P = 0.026) although relative growth rates
(g/g/day) showed less difference between the acclimatisation and trial phases (difference in

slopes = 0.0001955, SEgisr = 0.0000392, t133=1.82, P = 0.072).
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Figure 6.4. Bodyweights of weta during an acclimatisation period before being presented with
diphacinone bait and sampled in groups of four during the trial period.

Spiked samples analysed alongside the whole weta yielded estimates of 86, 82 and 76% recovery
of diphacinone. The method detection limit for diphacinone in invertebrate tissue was 0.2 pg/g,
with an uncertainty (95% c.i.) of £ 20%. The amount of bait consumed or removed over time by
weta increased (weighted regression slope = 0.376, se = 0.114, t,4 = 3.29, P = 0.003) (Fig. 6.5)
while there was a small, but significant decrease in the amount of residual diphacinone measured
in the weta over time (weighted regression slope = —0.0441, SE = 0.0123, ty4 = 3.59, P = 0.002).
The mean (£ s.e.m.) concentrations of diphacinone in weta showed a slight increase from weta
sampled on day 1 (3.63 = 1.59 ng/g) to those sampled on day 4 (4.85 + 0.73 pg/g), but thereafter
declined gradually to reach 0.99 + 0.51 pg/g by day 64 (Fig. 6.5). Cumulative bait intake i.e the
amount of bait removed or eaten by each sample group of weta by the day of sampling, was
expressed as pug diphacinone / g weta bodyweight (Fig 6.5) to facilitate a comparison between the
quantity of diphacinone ingested by weta and the residual concentrations subsequently measured

in their bodies.
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Figure 6.5 Diphacinone consumption by weta (ug diphacinone/g weta weight, mean + SE). (o)
estimated cumulative intake of diphacinone from consumption of Ditrac® block baits, and (O)
diphacinone residues measured in the whole body of each weta.

Using the bodyweight of each weta at sampling to estimate the total amount of residual
diphacinone contained in a weta gave mean (+ s.e.m.) figures of 11.44 + 0.88 ng diphacinone
(day 1), 14.42 £ 4.36 pug (day 4), 9.91 + 5.06 pg (day 8), 8.06 + 11.68 pg (day 16) (Landcare
Research toxicology laboratory report T2318, Appendix Five), 6.27 = 0.92 nug (day 31) and 3.64
+ 1.74 pg (day 64)(Landcare Research toxicology laboratory report T2351, Appendix Five). The
most residual diphacinone calculated to be present in a single weta was 24.99 pg, in a 423 g

female sampled on day 4.

Three male weta died during the trial period — two were found dead on day 8 of sampling, with
the other unresponsive on day 8 and dead on day 9. Weights of the dead weta were nearly half
those recorded at the beginning of the trial. All three weta had consumed bait during the trial
period, equivalent to 31.0, 29.5 and 8.09 ug diphacinone /g bodyweight. Respective residual
diphacinone concentrations in these weta were 7.9, 3.6 and 2.2 pg/g. These weta were excluded
from the overall statistical analyses as the cause of their death was not certain. The amounts of
bait these weta had consumed or removed before they died were similar to those estimated for

other weta were apparently healthy throughout the trial. Although the residual concentration in
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one of the dead weta was slightly higher (7.9 pg/g) than the next highest residual diphacinone
concentration measured in the trial (6.2 pg/g in a female sampled on Day 8), the residual
concentrations of the other two dead weta were well within the range measured in ‘surviving’
weta. Whole-body residue loads were not calculated for the three dead weta because of the
significant weight loss they underwent over a relatively short period of time and uncertainty

about the actual date of death for two of them.

6.4 Discussion

A wide range of NZ invertebrate species, including weta, have been reported to eat cereal-based
baits in field conditions (Sherley et al. 1999; Lloyd & McQueen 2000; Spurr & Berben 2004).
Recent fieldwork in the North Island showed that weta and cockroaches were attracted to cereal-
based brodifacoum bait in bait stations, and spent considerable time in contact with the baits
(Craddock 2003). The results shown here confirm that cereal-based bait formulations used for
field control of vertebrate pests represent a palatable food source to opportunistically foraging
weta. Some captive weta in this study ate, or at least removed, up to 80% of an RS5 pellet within
4 days — in field conditions, substantial feeding on baits by weta and other invertebrates may

contribute to a decrease in the availability or acceptability of baits to target pest animals.

It was assumed that mortality in the three weta (out of the 24) was due to causes other than toxic
effects of diphacinone, possibly because the housing units did not provide suitable conditions for
moulting. No adverse effects in twenty four weta following consumption of Ditrac® wax block
baits for up to 64 days were observed, suggesting a low oral toxicity of diphacinone in this
species. Although acute toxicity or mortality appears unlikely in weta feeding on diphacinone
bait, the absorption, distribution, metabolism and excretion of anticoagulant rodenticides in
invertebrates remain poorly described. The vitamin-K-dependent carboxylation reactions that
produce blood coagulation factors in mammalian liver, which are affected by anticoagulant
toxicity, are probably not present in invertebrates. However, vitamin-K-dependent metabolic
processes also occur in other tissues (Vermeer et al. 1992) and carboxylase enzyme systems are
generally distributed in invertebrate systems (Walker ef al. 2001). While the effects of
anticoagulant compounds on these aspects of invertebrate metabolism remain unknown, caution
should be used in extrapolating a general lack of acute effects of anticoagulants in arthropod

species to nil effect in other invertebrates, or to nil effect on the long-term survival fitness of
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arthropods exposed to baits. Stejskal ef al. (1994) suggested that brodifacoum caused anomalies,
particularly duplication of ovipositors and possibly also observed deformations of the elytra, in
adult Ptinus tectus (spider beetles) that fed on brodifacoum bait larvae. There is limited evidence
for mortality in molluscs (e.g. Gerlach & Florens 2000; Primus et al. 2005) and earthworms

(Booth ez al. 2003) following relatively high environmental exposures to brodifacoum.

Fig 6.5 shows that the rate of bait removal and consumption was higher in the groups of weta
sampled from day 1 through to day 7, and then the rate appeared reduced in the groups of weta
sampled later through to day 64. This may be indicative of a novelty effect where consumption of
a new, palatable food is higher when first encountered but then reduces as the food is recognised
as familiar and readily available. Weta in the day 1 sample group consumed or removed
diphacinone bait in quantities estimated from 12 to 27% of their bodyweight within 24 hours, so
over this period it was likely that the gut became filled with bait material in various stages of
digestion. Although the extent to which weta absorb and metabolise diphacinone is not known,
most of the residual diphacinone detected in them was probably in the gut contents. Weta did not
appear to accumulate diphacinone, i.e. whole-body concentrations did not increase with the
amount of diphacinone eaten which could indicate a ‘saturation’ body burden, where bait
material retained in the gut represented the majority of residue and any diphacinone absorbed was
metabolised and/or excreted relatively quickly. Frass from weta that were eating diphacinone bait
underwent a substantial change in colour and, by inference, composition. If weta excrete bait
material relatively rapidly and without extensive metabolism, they could distribute residual
diphacinone in the leaf litter and soil surface via frass. Measuring the relative proportion of
ingested diphacinone excreted in weta frass would indicate how significant this pathway of

environmental transfer might be.

Persistence of residues in invertebrates is also a determinant of the likelihood of secondary
exposure. Limited data is available regarding anticoagulants in invertebrates but generally
indicates lower persistence than in mammals. Following sublethal doses, brodifacoum residues
were not detectable after 4 days in captive weta (Booth ef al. 2001) and after 1 month in land
crabs (Pain et al. 2000). Captive locusts appeared to excrete brodifacoum rapidly, indicating that
long-term bioaccumulation was unlikely (Craddock 2003). However, a recent field-based study
showed that brodifacoum residues in various invertebrate species took more than 4 weeks to

return to background levels with trace concentrations of brodifacoum still detectable up to 10
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weeks after the bait had been removed (Craddock 2003). Brodifacoum residues were found in
both the gut and foot tissue of common garden snails (Helix aspera) 14 days after they were
exposed to soil containing ground bait at 2 mg brodifacoum / kg of soil (Booth et al. 2003).
Similarly in captive snails and slugs fed on diphacinone bait over seven days, Johnston et al.
(2005) found that residue concentrations did not decline over the seven days after exposure to
baits ended, suggesting that doses acquired over a number of days were excreted “relatively
slowly”. While diphacinone concentrations in weta had a similar range to those measured by
Johnston et al. (2005) in slugs and snails (<0.02-5.01 pg/g), future consideration of differences
between the gastropods and arthropods (rather than simply ‘invertebrates’) seems appropriate.
The study reported here did not set out to assess persistence of residual diphacinone in weta after
exposure to bait ceased. However, given the ‘gut saturation’ mechanism proposed for whole-
body concentrations in weta it is considered likely that they would excrete the majority of
residual diphacinone in frass within a period of days, rather than retain residual diphacinone
bound to certain tissues. Investigation of the gut passage time of bait material in weta, and the
retention time of residual diphacinone in their tissues and frass, as separate samples, would help
to further quantify the timeframe over which contaminated weta might pose a secondary hazard
to insectivores. Definitive measures of anticoagulant persistence e.g. exponential decay curves, in
gut and other tissues of gastropods and arthropods could specifically test this assertion and
investigate differences between invertebrates as reservoirs and vectors of anticoagulant residues

in the environment.

For estimating overall secondary non-target risks, the distribution of residues in weta tissues is of
less importance to characterise as predators or scavengers are likely to eat the whole insect, or at
least the abdomen. Birds appear to be less susceptible than mammals to single doses of
diphacinone; the lowest LDsy value (i.e. the single oral dose of diphacinone expected to cause
death in 50% of a population) reported for a bird species is > 400 mg/kg in northern bobwhite
quail (Colinus virginianus), and the lowest single-exposure LCsy (i.e. the concentration of
diphacinone in food that can be expected to cause the death of 50% of a population) is 906 pg/g
(95% confidence interval 187-35 107 ug/g) for mallards (Anas platyrhynchos) (US EPA, 1998).
The highest weta residue concentration detected in this trial (7.9 pug/g) was approximately six
times less toxic than the diphacinone concentration in the Ditrac® bait blocks, and 23 times less
than the lower 95% confidence interval for the mallard dietary toxicity value (LCsp). On paper,

such concentrations of diphacinone in weta represent a very low secondary hazard to birds — a 20

84



g bird would need to consume over 10 kg of contaminated weta in a single feed to ingest 400
mg/kg diphacinone (as a conservative LDsy estimate for birds). While acute secondary
diphacinone toxicity in birds that feed on weta seems highly unlikely on the basis of this
simplistic ‘risk of mortality’ calculation, the toxicity of diphacinone in multiple rather than single
intakes, and the possibility of adverse sublethal effects on birds requires consideration. As for
other first-generation anticoagulants, the toxicity of diphacinone to mammals is enhanced by
multiple, consecutive oral doses in comparison to single oral doses (see Chapter 4.1), and this
could also be the case for birds. These aspects of the secondary risk assessment for diphacinone
remain unquantified, and investigation in terms of lethal or sublethal outcomes in birds feeding

regularly on diphacinone bait or contaminated invertebrates is warranted.

6.5 Conclusion

Weta found Ditrac® wax block baits palatable in the presence of natural plant food, showing
steady consumption of bait over time. No mortality or weight loss was attributable to the intake
of Ditrac® bait indicating very low toxicity of this anticoagulant to this species. All weta that ate
bait had detectable diphacinone in their bodies, but did not accumulate diphacinone; i.e. whole-
body concentrations did not increase with the amount of diphacinone bait eaten over time. This
was possibly because the majority of the residues were present in the gut contents and excreted in
frass. A simple deterministic risk assessment suggests that weta containing the residual
diphacinone concentrations measured here would present a low, single-exposure risk of acute
toxicity non-target birds that ate them. However, multiple secondary exposures and the
possibility of sublethal effects in non-target wildlife feeding on contaminated invertebrates await
further investigation. Definitive measures of anticoagulant persistence in gut and other tissues of
gastropods and arthropods would be useful to investigate differences between invertebrate classes

as reservoirs and vectors of anticoagulant residues in the environment.
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Chapter 7: Summary and implications

7.1 Continued use of brodifacoum as a rodenticide

The relatively high potential of brodifacoum to cause secondary mortality is established, while
the unknown long term effects of sublethal exposure on wildlife may represent a significant and
as yet unrecognized cost. Subsequently a proactive approach to defining use patterns of
brodifacoum that optimise both benefit (rodent control) and acceptable cost (adverse effects on
non-target wildlife) is warranted. Chapters 2 and 3 describe new information relevant to
monitoring and assessing pathways of environmental transfer of brodifacoum, summarized in Fig
7.1. This can contribute to future assessment of environmental contamination and non-target risks

associated with different uses of brodifacoum as a rodenticide.

muscle, liver, fat ~._
eggs T
“~~__ | Predators of
M live birds or

Sublethal non-
target exposure
(Chapter 2) faeces rodents

9

Brodifacoum bait &

---- faeces

Lethal target
exposure
(Chapter 3)

Scavengers of

v
.- dead rodents

Figure 7.1 Environmental pathways of brodifacoum investigated in this thesis. Black lines
represent primary exposure pathways (sublethal exposure in birds, Chapter 2 and lethal exposure
in Norway rats, Chapter 3) and tissues in which residual brodifacoum was measured in trials.
Relative hazard of residual concentration magnitude is not indicated. Grey dashed lines indicate
potential pathways of secondary exposure to brodifacoum.

As a little-investigated environmental pathway of brodifacoum, the occurrence of residual
concentrations in eggs following sublethal exposure of hens raises questions around potential
adverse effects on the development of fertilised eggs and chicks. Investigation of this seems

especially warranted with respect to birds predisposed to brodifacoum exposure through diet e.g.
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raptors, where breeding success is important for species conservation. The pathways in Figure 7.1
do not show a relationship between the amount of brodifacoum ingested by rats and the
magnitude of secondary hazard presented by rat liver, or the potential for gut contents of rodents
to represent a significant secondary hazard, but these are all important factors when considering
baiting practices that minimise secondary hazards while maintaining efficacy against target
rodent pests. Baiting practices that utilize pulsed availability of toxic bait to rodents, or present a
ratio of non-toxic to toxic bait (e.g. one in ten baits contains a lethal dose) to rodents are possible

techniques to investigate in this context.

7.2  Diphacinone as an alternative to brodifacoum

The two environmental pathways of diphacinone investigated are shown in Fig 7.2. Use of
diphacinone as an alternative field rodenticide to brodifacoum is likely to pose less secondary
hazard to humans consuming meat from feral pigs. Residual concentrations of diphacinone would
be eliminated from pig liver and probably other tissues more quickly than would brodifacoum,
and diphacinone is also less toxic than brodifacoum so that relatively more contaminated tissue
would need to be consumed to result in harmful effects. Primary poisoning in feral pigs that
access diphacinone bait stations appears higher than previously estimated, with potentially lethal

haemorrhages observed in pigs at oral exposures of c. 0.5 mg/kg/day for up to 5 days.

Weta will readily feed on cereal-based bait formulations, but as for brodifacoum, diphacinone
seems to have acute low toxicity to insects. Use of diphacinone instead of brodifacoum is likely
to reduce the secondary hazard to mammalian or avian predators of insects because of the lower
acute toxicity of diphacinone. However, the increased toxicity of diphacinone in multiple,
consecutive exposure needs further consideration in estimating secondary hazard in field

situations.
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Figure 7.2. Environmental pathways of diphacinone investigated in this thesis. Black lines
represent primary exposure pathways (sublethal exposure in pigs, Chapter 6 and in weta, Chapter
6) and tissues in which residual brodifacoum was measured in trials. Grey dashed lines indicate
potential pathways of secondary exposure to diphacinone.

Continued development of diphacinone as a field-use rodenticide is warranted, with existing data
and new data here confirming lower persistence in mammalian liver than brodifacoum, and also
indicating low toxicity to invertebrates. The toxicity profile of diphacinone to mammals and birds
— having lower single-exposure oral toxicity than brodifacoum but also enhanced toxicity in
multiple consecutive exposures — will however be an important consideration in engineering bait
formulations and bait application strategies that provide effective reduction of rodent populations,
especially in the context of eradication of rodents from islands. While diphacinone appears to
present a low risk of secondary poisoning to birds, theoretical assessments to date have generally
been based on single exposures and do not take take full account of the potential for increased
risk where non-target birds or mammals might continually feed on prey containing residual
diphacinone. This aspect should be further investigated at least in captive trials with
representative bird and mammal species before extensive and sustained field applications of

diphacinone are undertaken.
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7.3 Implications for pest managers - how can we minimize the environmental

risks of using anticoagulants?

Brodifacoum and diphacinone can occupy the same environmental reservoirs, in the liver and
other tissues of mammals and birds and in the gut and possibly other tissues of invertebrates.
Hence, residual concentrations are likely to follow the same pathways of secondary transfer
within the environment to non-target predators and scavengers. However the reduced persistence
of diphacinone in liver and other tissues, means that the duration (longevity) of the secondary
hazard in this reservoir is far reduced in comparison to brodifacoum. Where a persistent
secondary hazard in mammalian or bird liver is unacceptable, the findings reported here should
encourage the use of diphacinone as an alternative to brodifacoum for rodent control — for
example in areas where there is concern for contamination of feral pigs that are hunted and eaten
by humans. This thesis has focused on measuring and assessing environmental cost aspects of
using anticoagulants for pest control, particularly in the context of field baiting operations aimed
at protecting conservation values from rodent pests. It is acknowledged there are many other
practical considerations facing pest managers who need to work within budgetary and logistical
contraints to achieve maximum efficacy against the targeted pest whilst minimising unwanted
effects on non-target wildlife and the wider environment. Thus a range of factors will influence
the outcome of decisions about which anticoagulants to apply and when, where and how best to

apply them.

The efficacy of brodifacoum against rodents, and brushtail possums in NZ, is well established
and backed by a firm track record of operational use. Currently, diphacinone is only established
as a rodenticide, and existing formulations are unlikely to be as effective against possums as
brodifacoum. This may change with new formulation developments in the future, but currently
diphacinone is not an appropriate alternative toxin for possum control. For NZ rodent pest
managers considering replacing brodifacoum with diphacinone, there may be uncertainty about
whether suitably high mortality and reduction of rodent impacts will be achieved. This can be
addressed in a trial-and-error approach to diphacinone applications but this may not be acceptable
in all instances, for example, where successful reduction of rodent populations is critical to assure
the protection of critically endangered populations of fauna or flora. In particular, brodifacoum
has played a key role in eradications of rodents from offshore islands, as an effective ‘big gun’

with concomitant high potential for non-target impacts - these are recognised and often
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considered justified against the conservation gains of removing rodents completely from an
island. Where ‘one-off” applications of brodifacoum are successful in achieving rodent
eradication from an island (and subsequent rodent-free status is maintained) this removes the
need for further application of rodenticide to the environment — this is an important distinction
between island eradications and sustained field applications of brodifacoum for maintenance

rodent control.

The sustained field applications of brodifacoum in bait stations for possum and rodent control in
NZ remain exceptional in contrast to the restrictions on its use in other countries. Continuation of
this use pattern by some regional management agencies and private land managers in NZ seems
largely driven by favourable cost-efficacy in comparison to other control tools, due to the high
efficacy of brodifacoum, availability of baits to non-licensed users and the relatively low cost of
baits and labour required to maintain bait stations. Despite earlier research and monitoring in NZ
that identified the potential for environmental transfer of brodifacoum residues and non-target
mortality, and growing international evidence that even more restricted uses of anticoagulants can
result in residue burdens in wildlife, there has been no ongoing evaluation or monitoring of the
longer term environmental impacts of ongoing NZ field applications of brodifacoum. It seems a
major oversight that the potential environmental costs of this use are not being considered in
optimising the balance of benefits and costs of pest control towards sustainable practices.
Accordingly it seems timely that such sustained field use of brodifacoum in NZ is formally

reviewed from a regulatory risk assessment and a product stewardship perspective.

Where increased and sustained field use of diphacinone for rodent control is being undertaken in
NZ, managers should recognize the potential for the development of physiological resistance
traits in rodent populations. To date, there appears to have been no formal assessment of the
‘resistance status’ of NZ rodents and this would be useful information at least as a baseline
against which to compare in future. Use of diphacinone as a replacement for brodifacoum also
should be accompanied by monitoring of environmental residues to validate the non-target risk
predictions that are currently based on laboratory data. The lower toxicity of diphacinone,
especially to birds, indicates an overall lower secondary hazard to non-target wildlife than
equivalent (weight for weight) residual concentrations of brodifacoum in tissue. It is important to
note that there is relatively much more toxicological data available for brodifacoum than

diphacinone — in particular there are very few field-based data pertaining to diphacinone residues.
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On this basis, nearly all data underpinning current risk assessments for diphacinone (e.g.
Eisemann & Swift 2006) are from laboratory-based studies, rather than monitoring of field
applications. As field applications of diphacinone increase, it is critical that risk predictions made
on the basis of laboratory data are validated by residue testing from field samples of mammals,
birds and invertebrates. This approach is currently being taken in Hawai’i where recent
applications of diphacinone baits on the small islets of Mokapu and Lehua in are being followed
by monitoring for both rodent kill (efficacy) and environmental residues of diphacinone (Peter
Dunlevy, pers. comm.). To date, NZ field applications of diphacinone appear not to have been as
formally monitored for residues, partly because of the cost of doing so but perhaps also because
of the assumption that the risk predictions from laboratory data can be extrapolated to field
conditions. Pest managers should be mindful that the extent of brodifacoum contamination in NZ
wildlife only became evident after formal research based on field monitoring was undertaken,
and extend a precautionary field monitoring approach to ensure that the field use of diphacinone
as an alternative does not have unforeseen, unwanted consequences for native wildlife. As if to
emphasise this point, within the month of finalising this thesis diphacinone was implicated in (but

not confirmed as the cause of) mortality in endangered New Zealand bats (Harper 2009).

While the persistence of anticoagulant residues in invertebrate bodies is probably shorter than
that in mammals and birds, environmental transfer through invertebrates deserves further
attention. The persistence of diphacinone and brodifacoum in invertebrate bodies may be quite
similar if neither is bound to specific invertebrate tissue in the way they bind to mammalian liver
and the majority of the residual concentration resides in invertebrate gut contents. If this was the
case, secondary hazard to insectivores would be highest in invertebrates that had very recently
fed on anticoagulant bait — an important next step would be to describe the elimination rate of
anticoagulants from invertebrates in this scenario. Prevention of invertebrates from feeding on
anticoagulant baits e.g. by incorporating a repellent into the formulation, is another area for

investigation towards minimisation of environmental risk.
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Appendix 1b. Tables A, B & C summarizing brodifacoum concentrations measured in liver of

non-target wildlife

Previous reviews by Eason & Murphy (2001) and Eason ez al. (2001; 2002) of brodifacoum residues measured in bird and mammal in
association with New Zealand brodifacoum operations for the field control of possums or rats are acknowledged. To avoid duplication,
data from these review papers are not shown in the tables below, although data from some individual studies also referenced by Eason
& Murphy (2001) and Eason et al. (2002) are included. Similarly, studies included in the review by Hoare & Hare (2006a) are
included in table below because the latter authors noted the presence of detectable brodifacoum residues, but not the concentration. All
references cited in the tables are listed in full in the ‘References’ section of this thesis.

Table A. Liver concentrations of brodifacoum measured in the carcasses of non-target animals and birds known or inferred as killed
by brodifacoum poisoning. Note analytical methods and limits of detection differed between studies.

Species (n) Brodifacoum Context Reference
concentration in liver
(ng/g)
Mammals
Stoat (n=9) 0.20-0.91 Radio-tagged, recovered (presumed secondary poisoning) after a | Alterio & Moller (2000)
(Mustela erminea) field baiting operation, NZ
Stoat (n=3) 0.94-1.72 Radio-tagged, recovered (presumed secondary poisoning) after a | Alterio (1996)
field baiting operation, NZ
Ferret (n=5) 1.47-1.97 Radio-tagged, recovered (presumed secondary poisoning) after a | Alterio (1996)
(Mustela furo) field baiting operation, NZ
Ferret (n=1) 1.59 Found after reinvading an area subject to field baiting, NZ Alterio (1996)
Dog (n=3) 1.2-12.7 Presented as veterinary cases showing signs of anticoagulant DuVall et al. (1989)
(Canis familiarus) poisoning
Dog (neonate) (n=2) 063, 0.23 Died soon after birth, suspected placental transfer of Munday & Thompson (2003)
brodifacoum
Dog (n=3) 0.08,0.4,0.3 Died 7-11 days after administration of brodifacoum by gavage Ray et al. (1989)
(laboratory study)
Cat (n=2) 2.71,3.73 Radio-tagged, recovered (presume secondary poisoning) after a | Alterio 1996
(Felis catus) field baiting operation, NZ
Cat (n=2) 0.2,0.7 Found after a field baiting operation, NZ Bell et al. 1983
Cat (n=3) 0.98, 1.38, 0.91 Found after an island eradication baiting operation, NZ Dowding ef al. 1999
Cat (n=1) 1.4 Found dead after baiting operatiom, NZ Murphy et al. (1998)
Cat (n=1) 0.71 Found 4-28 days after baiting operation, NZ Rammell et al. (1984)
Mountain lion (#=2) 0.57,0.31 Radio-collared animals living near urban areas recovered and Riley et al. (2007)
(Puma concolor) necropsied with signs of anticoagulant poisoning, USA
Bobcat (n=1) 0.05 Radio-collared animal living near urban areas determined to Riley et al. (2007)
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(Lynx rufus)

have died of anticoagulant poisoning, USA

Rabbit (#=35) 0.03-11.37 Found after a field baiting operation, NZ Bell et al. (1983)

(Oryctolagus cuniculus)

Rabbit (n=5) 0.54-2.01 Found after an island eradication baiting operation, NZ Dowding et al. (1999)

Rabbit (n=43) <0.05-0.79 Found 4-28 days after baiting operation, NZ Rammell et al. (1984)

Rabbit (n=44) mean = 4.4 Carcasses collected as target species of baiting operation, NZ Williams et al. (1986)

Hare (n=1) 0.77 Found 4-28 days after baiting operation, NZ Rammell et al. (1984)

(Lepus capensis)

Pig (n=4) 0.21 (n=1) Found after baiting operation, NZ Murphy et al. (1998)

(Sus scrofa) mean (n=3) 1.7

Sheep (n=4) 0.48-3.7 Found 4-28 days after baiting operation, NZ Rammell et al. (1984)

(Ovis aries)

Llama (n=1) 1.1 Submitted for veterinary analysis after suspected poisoning, Ray et al. (1989)

(Lama glama) USA

Norway rat (n=11) 24.8-35.3 Found after brodifacoum baiting operation, Langara Island Howald et al. (1999)

(Rattus norvegicus)

Polynesian rat (n=3) 0.6-11.0 Found after baiting operation, NZ Morgan et al. (1996)

(R. exulans)

Meadow vole (n=62) 2.07+0.17 Found within 7 days after 0.005% brodifacoum baiting at 10.5 Merson et al. (1984)

(Microtus pennsylvanicus) kg/ha

Meadow vole (n=74) 4.07+0.20 Found within 7 days after 0.005% brodifacoum baiting at 45.9 Merson et al. (1984)
kg/ha

Meadow vole (n=43) 0.35£0.03 Found within 7 days after 0.001% brodifacoum baiting at 22.9 Merson et al. (1984)

kg/ha

Vole (n=9)
(Microtus spp.)

mean 0.20-0.38

Found after baiting operation, Finland

Myllimaki et al. (1999)

Brushtail possum (n=21)
(Trichosurus vulepcula)

mean 0.53
range 0.17 -1.04

Died after ingesting a lethal dose 0.50-1.07 mg/kg brodifacoum
in bait, laboratory study

Littin ef al. (2002)

Brushtail possum (n=23)

0.25-2.9

Found after a field baiting operation, NZ

Alterio & Moller (2000)

Human (n=1) 1.37 Died after deliberate ingestion of brodifacoum bait Helmuth et al. (1989)
(Homo sapiens)

Human (n=1) 0.05 Died after deliberate ingestion of brodifacoum bait Palmer et al. (1998)
Human (n=1) 0.056 Died after deliberate ingestion of brodifacoum bait Routh ef al. (1991)
Birds

Australasian harrier (n=2) 0.12,0.34 Found 4-28 days after baiting operation, NZ Rammell et al. (1984)
(Circus approximans)

Australasian harrier (n=2) 0.61, 0.66 Found after an island eradication operation Dowding et al. (1999)
Black-backed gull (n=2) 1.3, 1.5 Found after a field baiting operation Bell ef al. (1983)
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(Larus dominicanus)

Black-backed gull (n=1) 0.58 Found after an island eradication operation Dowding et al. (1999)
Chaffinch (n=1) 8.1 Found after a field baiting operation Bell ef al. (1983)
(Fringilla coelebs)

Chaffinch (n=3) 0.12-2.31 Found after an island eradication operation Dowding et al. (1999)
Paradise shelduck (n=4) 0.24-0.80 Found after an island eradication operation, NZ Dowding et al. (1999)
(Tadorna variegatus)

Paradise duck (n=1) 4.0 Found 4 to 28 days after baiting operation, NZ Rammell et al. (1984)
Mallard (n=2) 0.90, 1.23 Found after an island eradication operation Dowding et al. (1999)
(Anas platyrynchos)

Grey duck (n=1) 0.91 Found after an island eradication operation Dowding ef al. (1999)
(Anas superciliosa)

Pukeko (#=9) 0.52-1.35 Found after an island eradication operation Dowding ef al. (1999)
(Porphyrio porphyrio)

Blackbird (n=2) 0.56, 0.78 Found after an island eradication operation Dowding et al. (1999)
(Turdus merula)

Blackbird (n=4) 0.6-11.0 Found after baiting operation, NZ Morgan et al. (1996)
(Turdus merula)

Common myna (#=3) 0.54-1.27 Found after an island eradication operation Dowding et al. (1999)
(Acridotheres tristis)

Australian magpie (n=2) 0.40, 0.99 Found after an island eradication operation Dowding et al. (1999)
(Gymnorhina tibicen)

Australian Magpie (n=1) 0.48 Found 4 to 28 days after baiting operation Rammell ef al. (1984)
New Zealand dotterel (n=1) 0.77 Found after baiting operation, NZ. Suspected secondary Dowding et al. (2006)
(Charadrius obcurus poisoning through invertebrates

aquilonius)

Kaka (n=3) 1.2,3.3,4.1 Found after a brodifacoum bait operation, NZ Empson & Miskelly (1999)
(Nestor meridionalis)

Eastern screech-owl (n=7) 0.4-0.8 Radio-tagged and recovered after baiting operation, USA Hegdal & Colvin (1988)
(Otus asio)

Common raven (n=13) 0.98-2.52 Found after brodifacoum baiting operation, Langara Island Howald et al. (1999)
(Corvus corax)

Barn owl (n=1) 1.67 Died 15 days first feeding on contaminated mice, captive study | Gray ef al. (1992)
(Tito alba)

Morepork (n=1) 34 Found 23 days after baiting operation, NZ Ogilvie et al. (1997)
(Ninox novaeseelandiae)

Morepork (n=1) 0.97 Found 22 days after baiting operation, NZ Stephenson et al. (1999)
Kakariki (n=1) 0.03 Found 33 days after baiting operation, NZ Ogilvie et al. (1997)
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(Cyanoramphos
novezelandiae)

Seagull (n=2) 13,15 Found 4 to 28 days after baiting operation Rammell ef al. (1984)

(not specified)

Little spotted kiwi (n=1) 1.2 Found 25 days after baiting operation, NZ Robertson & Colbourne (2001)
(Apteryx owenii)

Saddleback (#=1) 0.6 Found after baiting operation NZ Towns et al. (1994)

(Philesturnus carunculatus)

Table B. Liver concentrations of brodifacoum measured in non-target mammal and birds found dead from unknown causes e.g. road
killed and collected as part of wildlife monitoring schemes. Only detectable brodifacoum concentrations are included, noting that

analytical methods and limits of detection differed between studies. Exposure to brodifacoum was inferred from the presence of liver
residues, but not confirmed as cause or contributory to mortality.

Species (n) Brodifacoum liver Context Reference
concentration (ug/g)
Mammals
Red fox (n=2) 1.32,4.01 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone ef al. (1999)
(Vulpes vulpes) rehabilitation centers and associated with haemorrhage at necropsy
USA
Red fox (n=2) 0.04, 0.05 sampled from carcasses returned by government agencies and Hosea (2000)
wildlife rehabilitation groups
Gray fox (n=1) 0.03 sampled from carcasses returned by government agencies and Hosea (2000)
(Urocyon cinereoargenteus) wildlife rehabilitation groups
San Joaquin kit fox (n=3) 0.07-0.47 sampled from carcasses returned by government agencies and Hosea (2000)
(Vulpes macroitis mutica) wildlife rehabilitation groups
Coyote (n=12) <0.01-0.5 sampled from carcasses returned by government agencies and Hosea (2000)
(Canis latrans) wildlife rehabilitation groups
Bobcat (n=3) 0.018-0.07 sampled from carcasses returned by government agencies and Hosea (2000)
(Lynx rufus) wildlife rehabilitation groups
Bobcat (n=31) up to 0.56 Radio-collared animals living near urban areas that died before Riley et al. (2007)
and after a mange epizootic, USA
Mountain lion (#=1) 0.52 sampled from carcasses returned by government agencies and Hosea (2000)
(Felis concolor) wildlife rehabilitation groups
Ferret (polecat) (n=2) 0.070, 0.052 sampled from road-killed animals, UK Shore et al. (2003)
(Mustela putorius)
Ferret (polecat) (n=1) 0.008 sampled from road-killed animals, UK Shore et al. (1999)
Gray squirrel (n=4) 0.7 -4.1 from carcasses submitted 1971-1997 by public or wildlife Stone et al. (1999)

(Sciurus carolinensis)

rehabilitation centers and associated with haemorrhage at
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necropsy, USA

Eastern chipmunk (n=1) 3.8 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone et al. (1999)
(Tamias spp.) rehabilitation centers and associated with haemorrhage at necropsy
USA
Raccoon (#=5) 0.32-5.3 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone er al. (1999)
(Procyon lotor) rehabilitation centers and associated with haemorrhage at necropsy
USA
Raccoon (n=2) 0.08, 0.41 sampled from carcasses returned by government agencies and Hosea (2000)
wildlife rehabilitation groups
White-tailed deer (n=5) 0.12-0.41 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone ef al. (1999)
(Odocoileus virginianus) rehabilitation centers and associated with haemorrhage at necropsy
USA
Opossum (#=1) 0.18 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone et al. (1999)
(Didelphis virginiana) rehabilitation centers and associated with haemorrhage at necropsy
USA
Birds
Great horned owl (n=13) 0.01 -0.73 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone et al. (1999)
(Bubo virginianus) rehabilitation centers and associated with haemorrhage at necropsy
USA
Great horned owl (n=42) 0.007-0.97 sampled from carcasses submitted 1998 Stone et al. (2003)
Great horned owl (#=3) 0.015-0.35 sampled from carcasses returned by government agencies and Hosea (2000)
wildlife rehabilitation groups
Screech owl (n=2) 0.34, 0.80 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone er al. (1999)
(Otus asio) rehabilitation centers and associated with haemorrhage at necropsy
USA
Screech owl (#=8) 0.007-0.47 sampled from carcasses submitted 1998-2001 by public, USA Stone et al. (2003)
Barn owl (n=3) 0.07-0.35 sampled from carcasses returned by government agencies and Hosea (2000)
(Tyto alba) wildlife rehabilitation groups
Golden eagle (n=8) <0.01-0.13 sampled from carcasses returned by government agencies and Hosea (2000)
(Aquila chrysaetos) wildlife rehabilitation groups
Golden eagle (n=1) 0.03 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone et al. (1999)
rehabilitation centers and associated with haemorrhage at necropsy
USA
Sharp-shinned hawk (n=12) 0.008-0.22 sampled from carcasses submitted 1998-2001 by public, USA Stone et al. (2003)
(4. cooperii)
Red-tailed hawk (n=42) 0.006-1.28 sampled from carcasses submitted 1998-2001 by public, USA Stone et al. (2003)
(Buteo jamaicensis)
Red-tailed hawk (#=7) 0.16 -1.6 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone et al. (1999)

rehabilitation centers and associated with haemorrhage at necropsy
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USA

Red-tailed hawk (n=1) 0.01 sampled from carcasses returned by government agencies and Hosea (2000)
wildlife rehabilitation groups
Red-shouldered hawk (#n=2) 0.01, 0.05 sampled from carcasses returned by government agencies and Hosea (2000)
(Buteo lineatus) wildlife rehabilitation groups
Raven (n=1) 1.04 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone et al. (1999)
(Corvus spp.) rehabilitation centers and associated with haemorrhage at necropsy
USA
Common crow (n=1) 1.34 sampled from carcasses submitted 1971-1997 by public or wildlife | Stone et al. (1999)

(Corvus brachyrhynchos)

rehabilitation centers and associated with haemorrhage at necropsy
USA

Table C. Liver concentrations of brodifacoum measured in non-target mammal and birds sampled live e.g. shot or trapped and then
killed for sampling at various intervals during or after baiting operations, or administered known doses of brodifacoum in captive
studies. Only reports of detectable brodifacoum concentrations are included, noting that analytical methods and limits of detection
differed between studies. Sublethal exposure to brodifacoum was inferred from the presence of liver residues.

Species (n) Brodifacoum liver Context Reference
concentration (ng/g)

Mammals

Stoat (n=3) <0.05,0.08, 0.36 Radio-tagged & trapped 4,5 and 227 days after baiting operation | Gillies & Pierce (1999)

(Mustela erminea) NZ

Stoat (n=5 male) mean 0.28 + 0.1 Trapped after field baiting operation NZ Gillies & Pierce (1999)

Stoat (n=310f 40 tested) mean 0.37 Trapped during or after baiting operations, NZ Murphy et al. (1998)
Stoat (n=55) mean 0.15 Trapped during baiting operation, NZ Spurr et al. (2005)
(Mustela furo) range 0.0-0.74

Ferret (n=4) <0.2-0.34 Trapped 12-14 weeks after baiting operation, NZ Alterio (1996)
Ferret (n=9 of 16 tested) mean 1.01 Trapped during or after baiting operations, NZ Murphy et al. (1998)
Ferret (n=6) mean 0.82 Trapped during baiting operation, NZ Spurr et al. (2005)

range 0.0-2.43

Weasel (n=4 male)
(Mustela nivalis)

mean 0.6 = 0.1

Trapped after field baiting operation NZ

Gillies & Pierce (1999)

Weasel (n=1 female) 1.0 Trapped after field baiting operation NZ Gillies & Pierce (1999)

Weasel (7=10 of 14 tested) mean 1.26 Trapped during or after baiting operations, NZ Murphy et al. (1998)

Weasel (n=18) mean 0.33 Trapped during baiting operation, NZ Spurr et al. (2005)
range 0.0-0.93

Cat (n=1) 2.70 Radio-tagged & trapped 89 days after a field baiting operation, Alterio (1996)

(Felis catus) NZ

Cat (n=9) 2.20 -5.05 Trapped or shot after an island eradication operation, NZ Dowding et al. 1999

Cat (n=2) 0.13,0.25 Radio-tagged & trapped 91 and 212 days after baiting operation | Gillies & Pierce (1999)
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NZ

Cat (n=13 male )

mean 0.40 +0.17

Trapped after field baiting operation NZ

Gillies & Pierce (1999)

Cat (n=2 female)

mean 0.88 +0.83

Trapped after field baiting operation NZ

Gillies and Pierce (1999)

Cat (n=1) 0.39 Trapped after baiting operation, NZ Murphy et al. (1998)

Cat (n=10) mean 0.41 Trapped during baiting operation, NZ Spurr et al. (2005)
range 0.0-1.25

Rabbit (n=4) 0.03-0.42 Shot two weeks after an island eradication operation, NZ Dowding et al. (1999)

(Oryctolagus cuniculus)

Pig (n=37) 0.007-1.9 Shot in areas where brodifacoum bait being used, NZ Eason et al. (2001)

(Sus scrofa)

Pig (n=19) 0.01-2.4 Shot in areas where brodifacoum baiting had ceased at least 6 Eason et al. (2001)

months before, NZ
Pig (n=5) + (n=1) 0.01-0.03 Five released, radio tagged pigs and one resident pig shot after Morriss et al. (2005)

baiting operation, NZ

Pig (n=3) 0.007, 0.009, 1.6 Trapped or shot after baiting operation, NZ Murphy et al. (1998)

Sheep (n=11) 0.35-6.50 Shot for sampling 2-128 days after dosing with 0.2 mg/kg Laas et al. (1985)

(Ovis aries) brodifacoum (captive study)

Goat (n=2) 0.01, 0.01 Shot in areas where brodifacoum bait being used, NZ Eason ef al. (2001)

(Capra hircus)

Deer (n=36) 0.03-0.04 Shot in areas where brodifacoum bait being used, NZ Eason ef al. (2001)

(Cervus elaphus)

Black rat (n=9) mean 0.87 Trapped during a baiting operation, NZ Murphy et al. (1998)

(Rattus rattus)

Black rat (n=8) mean 0.17 Trapped within three months of a baiting operation, NZ Murphy et al. (1998)

Black rat (n=31) mean 0.76 Trapped during baiting operation, NZ Spurr et al. (2005)
range 0.0-5.65

House mouse (#=20) mean 0.49 Trapped during baiting operation, NZ Spurr et al. (2005)

(Mus musculus)

range 0.0-4.57

Vole (n=7) mean 0.23-0.33 Trapped 2-4 days after baiting operation, Finland Myllimaki ef al. (1999)
(Microtus spp.)

Vole (n=5) mean 0.01-0.03 Trapped two weeks after baiting operation, Finland Myllimaki ef al. (1999)
Hedgehog mean 0.20 Trapped during baiting operation, NZ Spurr et al. (2005)
(Erinaceus europaeus) range 0.0-1.31

Possum (n=7) mean 1.13 Trapped during baiting operation, NZ Spurr et al. (2005)

(Trichosurus vulpecula)

range 0.0-2.14

Birds

Eastern screech-owl (n=2) <0.3-0.3 Captured after baiting operation, USA Hegdal and Colvin (1988)
(Otus asio)
Northwestern crow (n=3) 0.019 Captured after brodifacoum baiting operation, Langara Island Howald ef al. (1999)
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(Corvus caurinus)

Blackbird (n=6)

0.004-0.2

Shot within one week of baiting operation, NZ

Morgan et al. (1996)

Barn owl (n=3)
(Tyto alba)

0.55, 0.67, 0.69

Killed for sampling 15 days after last feeding on contaminated
mice (captive study)

Gray et al. (1992)

Morepork (n=1) 0.61 Shot during or after baiting operations, NZ Murphy et al. (1998)
(Ninox novaeseelandiae)

Magpie (n=2 of 8 tested) 0.08, 0.41 Shot during or after baiting operations, NZ Murphy et al. (1998)
(Gymnorhinus tibicens)

Magpie (n=2) 1.21,2.04 Killed for sampling three weeks after last exposure to Myllymaki (1996)

(Pica pica)

contaminated voles (captive study)
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Appendix 2. Laboratory reports for chicken brodifacoum trial

Dosing solution 0.4 mg/mL brodifacoum in monopropylene glycol (MPG)
Landcare Research toxicology laboratory Cert No. P05/22

TOXICOLOGY LARORATORY

Lingoln Begion

P00 T 9

Banzaki Whenua Tincaln
Landcan: Reseazeh Fhr <61 5325LT00

Fam: +01 53282415

CERTIFICATE OF PREPARATION

Produet Rdentitieation Cort. Mo, IM3,22
Tescnplicm: LirediCacerurn, Dedmefml in I

Agiive ingredieni: Hrodilacoum

i Requirsd dosage: 0.5 mpikg body weighl Tose voluime: 1.23 ml/kg Amnimal; Chicken

¥
Active concenttation: 0.4 gl (abso known as 6k B wir)

Fropamtion

Crenera] precelicmy: Wear glaves when haaclng; avoid conluet wilh skin and cyes,

Weight of active: S Active strength (i fmowng: 2.23%, 4273 (ref T1W}
Final volame, ml: 50

Bremadks vr soluden prepuration;: 0,903z of 2.2%% brodifacoum solaton was sddod oo RG in a S0mil
woliemetric flnsk and moade up to volume with MPG,

Thu ermeenmanan of dus surnpie wis delermined by:

Dweumented vahee ol concenbration: (.4 myfml.
(255 enmgfidemee leved)

DU 4.0

Sigaatoce for 1’1'cpsfﬁtiou Cherk Sigaalure
Trale: May 5, HEES fior: Peesl Comirol and Wildlife Toadeology

Lincoln Region
2 DHLABE L S et ] kg 5, 1005 5 hfaw 2005
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Brodifacoum concentrations detected in dried blood spot samples, MDL 0.04 mg/mL

Landcare Research toxicology laboratory report T2361

|z-'-\'

w

"

G

-

(b Tﬂxinnlagy’ Lahnratnrj.r e

G Analysis Report o*
Wanaski Wharua i e e e T T
I ndears Redasrza A e Frd e 3 LT T

Giarald Slrest

2.0 B ES

necedr, B152

Fhe +64 3325 €700

Py +8¢ 3 525 2418 L FoportNo:  T231
GLLENT: ’ Panny Flzher, Landcare Researgs, Sewein, - .

CGLIENT REFERENGE Moe.: 444000 Q30F Telephone Ho: 226 870
SANFLES: Ten bleed spat aamplaz

RECIUIREMENT: Ewamines [ar Eradiftacoum

RECEIVED: 10, 13 May 2006

Samplers wara teeciued for snelysie. The deceils ware anterad inte e [BDoratany semple system and the samplads
glvan a rErence nuirket, The sample detalle and raaults are se follows:

No. sampes: G
flay 4 gampias show girite fepeatabic reanla ther ans befowr the umER statisfizal Snit of fetsction for the method,

LabMe.  Deectiplion Brtsdlracalm, gaginl
Bl Dy hlced speot chicken 228, day 1, 1005 <MD, =hI0L

Benn Dirigd bloerd gel, chinkea B247, day 1, 1045005 025, &S

garz ried bloed epol. chickan ¥868, day 1, 10306 0.1z, 2

e v Drised bloed epot chickan #6323, dey 1, 1VE0E 082, D03

L4l Orricd bluesl spml, Ghicken $826, day 1, 104505 01, tn

B4ET Dried hloed spot, chinken #6528, day 4, 133405 <MDL (039, 0520
BoES IJried blaed gpot. chicken #6241, day 4, 13346 =<MDL {0JHE, 0.015
Eige 2k hloed gpot. chicken #5300 day A, 105 <MDL {0012, 0.311]
BAED Drrieacd Ll gty chlaken £A93, day 4, 194005 MDL {02353 003
HiE1 giried blecd spat, chitkan $R26, day 4, 13/5/05 =pA0L 0010 0.011]

1128 rraelts liava fearn agjlusee far ogthod pacowny. AN raz:s aie ropxedod B tea signilicart fioues,

The determination was camisd outusing  TRMITE, ke Jelernination of brodilfaecusm in driced blogd spols (HE5) Ly
HPLG, NOT AN AGGREDITEDR TEST. Tha method Emit of deteolion is
0.04mg'mL and the uncerginky (A0 G iz = 10%.

TESTEDBYT: kb WORKBQOM REF  40r8

TEST PERIOO: 18-1mEiS

AUTHORISED BY; ﬂ M@ u&t

LE. Jrowm, G.A.G. Wright
Cale: 230592005
Thuws reilf rele ande fo b ranptes o receivan’ sl dmetecl Tl rpser! moay Ba reomocuzad bl onlp. Ths samas s edatiag o imis rapon wa be

Ampdes'of ANy ban en it o A resnT oo wess requasted’ olaaakies o o aent. Wiere aporconats, e 206y msuks 1Y B inckesd 1 e
antieral! VemeGiEe Ao T AT Miticave
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Brodifacoum concentrations detected in plasma samples, MDL 0.005 pg/mL
Landcare Research toxicology laboratory report T2370

@9 Toxicology Labaratory €N|o>

Marzakl Whanua s T T LTI

Landosre Regsarsh

Gerald Street

P02, B B9

Lincoin, 8152

Phe +84 3 3256700

Fee 4.B4 3325 24416 Repord Nt T2370

GI__IEHT: Panny Flsyer, Land=ase Asaesrch, Lincaln, - -

CHENT REFERENGE Mi.: 44002 0307 TaMEhoEs No: 325 G700

SAMPLES: Ten samples of blood plagrs,

REANREMENT:  Examina Far bredifuzoum

RECENED: 0, 18 May 2006 151
Pt S_aﬁnple.-'s were recalved for anal:.-ais.' Thi detalls vwers enlarad inte o labosAlon: aampie syatem and the samples o
i qiven & rederence numk 2r. Tha sample detalls and reeuiie Bre a8 follows:

No. samples: o

fiibad TI G7O baa haan mrodifiad 1o WORK wath flSsms sETinigs. TAC maan nesovery fr wo suirsd Janises wea

By,

Lablo, Descripfisn Bradifecoum, pafml

£995  Bkod plaema, chicke!t #4729, dan 1, SHEOD =0l

£99%  Beasd plagma, chicken #247, day 5, 10EDS 40

E35T  Blood plasma, sucken #2366, day 1, 1WEDS O1E

5328 Blaod plaama, civcken f563, day 1, 100805 .11

8339  Alood plasma, chicken #3566, day 1, 10505 0,19

B152  Blogd plasme, chicken #5528, day 4, 13405 0012

8454  Blood plastna, chicken #5621, day 4, 13506 04

2454 3load glasme, chicken KB, day 4, 195105 a.511

3455  @logd plasma, chicken $893, day &, |3505 <ML,
Ty 4456  DBluwd pissna, chickan #6954, day 4, 130605 0oz

Tha rmautia feve bear adjaaten Jor mathod racpeany, AN Fpsinls 21 mporod fo o egnificant fperse.

~he daleenitalian wes carled out using - TLMOFD, the deberminalion of bredifagaus In anhnal and irvartabreta fissue
by HPLE. The methad detection limét {MOL) is Cr.005e0% and the
ureEeHalnky {95% e.0.) 12 £ B3

TESTEDBY; lab WORKBODK REF: 2047
TEST PERICD: D4-I0VEHE
AUTHORISED BY: M L& : .
i A losEs macted I':r:!n
LE. Erown. @.A.3. Wrigh: PY (o) Wbty

{..._4...._ L orpt T et 0l
labormery  gogpdibnia

Ceta: SWCLA0CE

TRAC RUYAE FROEM vy &0 Ma Ama'ns B5 onoed andiesion I apod ey Gy rsidtod 07 S0 ol Tha srmnies ralabs 1o s oot mil o
WA of QAT IeT TOCATLR o Lha neoan’ 1ot Lness recuesind clheowamm o M phw, Wiend SRS ciesls, U qiewin asnbs vl e Dcheind 1 e
Nalng! Farlahaahe Posiinien Residae Calahese
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Brodifacoum concentrations detected in liver samples, MDL 0.005 pg/g,
Landcare Research toxicology laboratory report No. T2369

@") Toxicology Laboratory €

Analysls Report 0’
Manaakl Whenia Duntra Far Encumarital Tor walys
Lazndoare Resesrch B0A CLI0A0 3 o0 DAOA S0 el

Gorald Staat

P, Rew 6B
Lincoin, 8162

Ph 5 2 585 5700

Fiue 464 3 32534 18 Report No: 72369

GLIENT: Penny Fistver, Landoure Reesanch, Linealn, . .

CLIENT REFERENCE Np: 444009 D207 Telophone No: 525 570
SAMPLES: Ton semples of Ivar

REQUIREMENT: Examina far brodifacaumn
RECEWYED: 10,13 May 2005 10

Sampléss wers ‘eoglved lor anehaiz, The Uslids wiere entersd inm the lhoramny aampla'sy’st.em and the sample’s
glven a slercnac numbern, The eample detalla artd reUits are s follyws:

Ho. samples: 10

LakMa. Descripllon Erodiiacoum, ngfg
8410  Liwertiesus, chicken #228, day 1, 105 ’ ~MOL
8411 Lmvariiesus, chickal #2227, day 1, 16305 GTh
2412 Lhertleeus, chickan #8685, tay 1, 1HE0E o™
8439 Liversissue. chicien 633, day 1, 10WR0A0 .84
Ad444  Liveriissue, ohisken 888, day 1, 10WG05 0,49
adET Lhar Uzsus, ahizken #867, day 4, 1RRCE A
Adc8 Lher tieaua, chizkan ¥E671, day 4, 135103 o7
g469  |jver llzaue, chicken #0890, day 4, 13506 045
470 Liver limsud, chioken 1683, dav 4, 1306805 WL
B4T1 Ui timaus, chivksn 625, day 4, 12505 055

Tha rasulte heve bsar adiuated for medhod roptory. Al rasulie 500 regporad b teg simthzant fourss,

The cstarmination was carried ao wwlhg  TLMOFD, the deternwnallon of Erecfacoum in animal and nverteb rate Baeve
by HPLG. The mstho daletion Kailt (hi0LY 1= 0003w/ and [he
ursertalnby {B5% e 1.y ia L B .

TESTER BY: lsb WORKBOOK REF:  4CA1E
TEST PERIGD: E3-3VER0S

e g

" Bl l:ela reported herdin
L.E. Jrawn, G.F.G. WAGHL (3) Wil i
i_.__,..,. Iu:u.'a'_)_.'l:.':swl:f
Dale: SUUB/2006 e ecnevialin

TNAES MANE rasna anly b 40 S0rpas i regervend Ao TBeced. THE rant may Sa recroaocea in il o, T a9l el 2 mbs mpor il ba
SRR TG AT MATE AT By raport Tt e By SSsie e 0 amiss Ny Mactenl AMad sacroenninl, Juw ss (RS i Be Lcksd 1 the
Naloia! Vamabrm Fardyma Snaoee Calabes.
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Brodifacoum concentrations detected in muscle and fat samples, MDL 0.001 pg/g

Landcare Research toxicology laboratory report No. T2633

<‘\;)!J Toxicology Laboratory €

Analysis Aeport 0’
Manas i Whernnas - Canbd 42 B tuid
Lanndiare Huseare reoErN e

Berz o Sirest
20,00 8
_reoln, 8132

Ph: +£4 4 885 47ce —_
Fax +54 3 3252418 Repard No;  TEER3
CLIENMT: Aoy isher, berdeame Research, Yinccln, ..
CLIEMY REFEAENLCE Ma.:

Tel Ho: 335 5700
EALEIPLES: & muzcle ard 8 fa: eamples clephana
REQUIREMENT:  Examine farbsedTacoum
RECEIVED: 1

Samplods wern cceeivad B ana nis, T Jul: A ware entared into sha |sporatany camphe swlcm 2rcd bk Saraplets
QNCh & ehdreme L mbern The sanpls detaia and raaults s es followa:

Ho. aamiples: i@

Labfdo. Descrlptlon Brodlfacoum, gy
9416 Mol fissue, Ghicken #2290 Jay 1 203

B410G Muzals sissus, Chicken #6247 Day | 005

B417 Muzalz tlseue, Chickon ABEA. Doy i 0.082
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R Museks fissus, Ghickan #586. Cay 1 2055

M50 Fetfissua, Chician #2239, Dey 4 =MOL

3121 Fal liezua. Chickan 4247 Day * 0072

B2 Palb tigeue, Ciricken f8SE, Daw 1 . 056

0423 Fattisswe, Chicksn #6543, Day | o6

EB424  Fattizsue, Chickan v635. Uay 1 D55

Ed72 hlusal: fiskie, GRisken #5098 Oy 4 0055

2473 Wluacle daaua, Chicken #3681, Dey 4 0.04 1

=y Suacke tazsus, Chickarn 380, 12y 4 .55

=S NiLsGhke B gsun, Chhen #6530, Dy 4 .0

B4FG Migsckr ssuy, Crckan 4985, Day 4 2648

T Fal lissud, Chicken $UbE Jay ¢ 2032, J0xs
247L  Fotteaus, Shizian 36E 1. Day 4 .0

ddrg  Fatfiezue, Chizien MEC, Day 4 2029

240 Falfissus, Chizwen #6939, Cay 1 2.005

ada1 Frtilesiua, Ghiaden 1606, ey 4 0.03

Thd reacits hEwa baan adiusiea for maiticd mesvecs AN aesulls ars rapotad to ho sigriicant figuraa,

Tha Uslanninaion was onsded out uzing TLWCTD, the detaniimsticn of brodlfeceurn b anlrmel and irartsbmle lissoc
ey HPLG. The mislle:d delsulivn linil (ML) 2 C.0010gle and tha
L eeriainky (5% L] is & 8%
TESTEDBY: 'Fb WORKBCOK REF: &% =nd 5id
TEST PERIQD: 112506

AUTHORISED BY: d& 5 5'; . ! N
n =T
L = . Eeltvsds n g Kaloreiidin

LH.Baath, LE. Brvem, 6.0 1G5 Wrlight o raspE I pe
o [EA e
T i Tatcautary

Dabe:  19GE2003

Tt ren b i gotp 0 g ameies a5 oo anSremind, Fib idgesd |2A) 09 OIS KT T TR SIS ICRNg fi U reLat J\.}\M
A ear! CFAGS 1T MGLNA fov AT Ip Gl M0 LTy s yLe et sy Oy e ofiont Kiians Ansor i, ha Sosver recun wi o aeutes s s
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Brodifacoum concentrations detected in egg and ovary samples, MDL 0.001 pg/g

Landcare Research toxicology laboratory report No. T2648

(o

@b Toxicology Laboratary e

Analysis Heport 0¥
Manaasxi ¥Whenua
| Andsare BRerearsh

Sarald Sroet

70 Aox 3

draaln, 8152

The HEd 3325 w0 © e

A H3d 926 243 Repert Ma:  TEE43 )
H —

CLIENT: Py FIEr, Landoars Er_ﬂe‘arfm L *n_n;h h

GLIENT REFERENGE No.- Telephone Moz 25 G700

IANFLES: 18 eqg anc ovany samples

HEQUIREMENT: Ewarning T broditacod m

AECENVED: 10 Way 20035 1]

Bampleds were recelved for analysis. The detsils e Bt Intix T lasbicsa lory sarnple sysbam el J'lesarrala-s
Glucn & retereroe aamber. The sarnplo d=ails and s sulls 205 g Fallows

Neo. gamples: 15

iabMa. Deecrlptlen Brodfazoum, ppig
3425 Owsriea. Chicken #2240, Dsy 1 -+ACL

8426 Owariea, Chicken 247, Cay 1 .33

BeET Divarics, Chinkan "EEE. MDay 1 1253, 0.026
BEE  Dwarss, Glicken #8282, Day 1 0.026

8423  Cvarss, Ghicker #ad6. Day 1 01%

B30 Egp, Chicksn 666, Day | 0.0x

EB431  £qg, Chiekoe 3623, Day 1 0.0

B2 Cwarias, Shickan #0602, Day £ 2,051

E482  Owarlae, Chickan +881. Day £ : 2,051

EdBd  Owarles, Chicken 4830 Ay & 2.001, <DL
3485 Owaties, Chivioan #5583, Dy 4 .00

Fdpg  Owaries, Chiceen #8395 Day 4 0.0

EMBT  Egg, Shicken #a6s. Doy 4 QMo

&4l Egg, Chickan 1381, Day 4 ooy

4483 Egg, Chickan #8583 Day 4 o.ocg

2450 Egg, Chicken #5585 Dav 4 uRi

The rssuits hawe been adiussd for method recovens. AN rsewlts ars mparted i fva aipnfsam Sgurss.

e cetamination waa carmied cul usng  TLMOETO, the délerminabion of Eredifacoum in animal and invs debrasa siasue
by APLG. The mathod detscdan Imls (MCL; 1= 0.00 |wgip aad the
unecHalN Yy (6% o) |5 — A%

TESTEDBY: | WORKBOOK REF: o3
TEST FERIOE: 25 BB

AUTHORISED BY: égg (\\) Anp[(‘

LH.Boatn, LE. Browr, G.7. 5. Wright

Al Rl rercd b
hesabeen prcenad 1
rzartzealh i
Licural sy scoze o

Cate: 917052053

ThrRa menllz
OG5 GFAD A I i o 1 il B Ll raaien DM CF e aden L Whors L onnalee, e ELave i’ il e ST v e
Moy erialrakd Py s (T Ll wre,

1REE W I iR EATEGR 52 el Sh st 'm:rf\'.\on rrv,r’n SO 2 §1 CAT i :I"Iasmr\wa ot hE ol e i
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Brodifacoum concentrations detected in faeces samples, MDL 0.005 pg/g

Landcare Research toxicology laboratory report No. T2787

o
e i

<¢;)’) Toxicology Laboratory e

Analysis Report 0
Manaaxi YWhenua '
l.andcare Resaarch

aaeleg
LTI

Garsld Siraat
P10 B 40
Lineeim, 7640

CLIENT! Penny Flshet, Landaere Beaedrch, Linzoin, ..

CLIENT REFEAEMCE Ho.- Talsphans No: 335 G700
HAMPLES: 19 fascaz samples .

REQUIREMEMT:  Sxamine lar brexdtacaum

RECEIVED: 16 May 008 . : 18¢

Ph: +6+ 3421 9988 —_—
Feic +5¢ 321 HOGE Report MNa: TET X

ample/a were moctvod lor wrelysis, e detalls wars srarad imo tha laboratory sartele syslem and ta eamplejs
given 8 referencs number, The zampks-detaily and resihts are e follows:

Now samples: 13

Lebia.  Description Brodifacouem, gy
0408 2eces, Chicken #2293, Day 1. =ML
H406  Fasons, Chicken #3d7. Day 1. [
340?  Fasces, Chicken #3053, Dy 1. n.21
B40R  Fasces, Chicksn 822, Gay 1. 011,810
B409  Faecew. Chicken #555, Day 1. - (2N |1
2462 Fusoas, Chikan USEE. Lay 4. 1375500, [l K]
H4E3  Faeces, Thiskun U621, Day 4. 127505, 0028
B4E4 Fascpe, Chicken #2890, Day 4, 13506, 2010
465 Feeces, Chicken de9, Day 4. 125405, =MOL
8468 Facoos, Chichon BE55. Day 4. 12505, <MDL
asm Feeces, Chicken #2238, Gay 7. 167645, 5 <MDL
9502 Fancos, Chicken BEES. Day ¥. 10506, =ML
4503 Faecws, Ghisknn UBS9. Day 7. 167545, <ML
Bh04  Faanes, Chison 4577, Dy 7. 180306 oL
AE0S  Fascae, Chicken #8856, Day 7, 16405 =MOL
BEG7  [aocrs, Chicken #2045, Dey 14, 2343008, =ML
#bBS  Fapoes, Ghigsen d716. Day 34, 230505 <MLL
B56%  Fascas, Ghickan #5953, Duy 1 4, PHS0S. | «MDL
EETD  Fascos, Chicken #7000, Oy td. 23005 <MDL

he ragultz hsve bean sdiusled for melhod racowtyy. AN FOSURS S epartod 1ot sigeificant Tpures.

“ha decerminalion was caried aut udkee  TEMOTS, £e coiornir alion of ceamacin rodenticides in anincal fizsue by
HALE. Tie metad limil o dataction is 3,1 forwarfads, G.01 pgig for
crumatatralyl and O.005 g 1or tha resz.

TESTEDBY: |sb WORKEQOK REF: 432
TEST PERIQE:; Er1t-E-12M6

AUTHORISED BY: ! lrm‘fﬂ\

LHBaxh, LE. drawn

Mllnt cazerisd Fain
e zam parfacms n
amzrdires Aith e

almelog m e o
frovie

Date: SM1220CE

Thawa i A% il bn W9 aamteg ws rocclemg g fos ol | i el arie Dy e dcwd g i o', e GANGYER pAIRT 13 8L08 TR KAT b
s al STen W nannlts (I GRS rITE VTS e ey CNTEre Ly AT ke S LT, AN i MRS WY R R
fien bl Viteunma Pacira fesiun Qaakasr,

130



Brodifacoum concentrations detected in muscle, fat, ovary and egg samples MDL 0.001
ug/g. Landcare Research toxicology laboratory report No. T3187

t ) Toxicology Laboratory €

Analysis Report oy
Maaak Whenoa b
Landcars Kessarch . e

IREIERT I

P

Report Mo 1

CLIENT: enny Fisher, Landcare Research, PO Box 40, Lincoin 7640

CLIENT REFERENCE No.: Telephone No:
SAMPLES: Twebve tissus

REQUIREMENT:

RECENED:

No. samples: 2

Eample 8584 cowld nof be boated s sample BS8E is sill fo be

LabNo. Deserplion Brodifacoum, poia
8373 usawe, Checken 8205 Da) 2 > <ML

0,028

ted for method recovery. AN e

&g reported ho Mo SRIncaent Tiguires

IENMNa™on Was camed oul wuEng TILMO M N 3nema

MDL)

TESTED BY: mnc WORKEOUK REF:

TEST FERIOD: 2N

AUTHORISED BY:

all ks ragadzd bl
Farva baen parerma in
sccoiduce afih e
doralory @ aceze o
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Appendix 3. Laboratory reports for rat brodifacoum liver,

muscle and faeces

Concentration of brodifacoum in Pestoff® 20R rodent bait used in Trial 1, Landcare
Research toxicology laboratory report T1422

TOXICOLOGY LABORATORY € ’
ANALYRIS REFORT

Manaak] Wasnas et
Landeara esea:ch .

rErefreanientat Teal ¥

Crereid Strect
B0 Bex 04
Lincaln

H.. 15 2 ALT A Repaut Mo (111422
Fugi - 60 3 358 2418

CLIENT: Fermy Fisher, [andcars eearch, Tineoln.
CLIENT'S REFERFNCE No.: 44 105 001G

SAMPLES: e gt ecreal hait.

REQUIREMENT: Mdcasnre: Lrodifaconm sonteat
RLECEIVEL: 25 Augnst 2000

f SarAPLE DESCETFTINN axTy IDERTTRERA TION:

Ume Zluslic omisines was teceivenl conliing o sarcple ol vereal lel Tocanalysis, 1he ceails wesz @nezd inn die
Jatoratory sirmibe s ysiern, the serple e e dod sl a1 st SRapesam s poicd i onalysiz. The san
wiary yreeavad 1 geeos soodilions. Tie: semple Sl ad resudts ace se fellows

ol Mhia. Treserdpstlnm Active, oo
Ming Pestot= 1 {2 ikp brodilacown cait ity
i Warlarin hing, [L5gkg; 1445

Tac doberminglion. 2 branlilseunm wis somsed ] wdog WL OLT, (e e s ol ok il il vorgzmlm s
by HPLC, The uoceraiuy (995 i) is = A%,

U dled nnmtica S W i wak cacied e using TES QX0 the wasny of werferin brits ond conczauwatza by
TR The wezac Landy 135 % 2.0} ia = 3% WOT ACCREDITED,

TEST=D BY¥: «dr WIRKAOUK REE, 151,71 TERPERICHY: A1 aiiesn
bl
ACTLCIISET: BV _g M M P_VA
- L TFurtz Ladlzuted a4
nok accradibed A
C.0. Rodfood, G32.G. Wright o @ nuEEIdu thu aLEpe

Approved Eizmores W R ot cheimbzmun's
DalE: 12 Seplemirer 2000 |nhoralFY  lidaditeian

iy g il
v weall b Miraod

Thewe remlts relas cube 10 the auuinlar nr meush oo’ M s Thie Fapor mogr O sseroin i it e The susmpab rolaii
LERUATI v i BT P A1 1R 2N e ROgReRA0 amcaFe B di i Hhers approenm, (he abomr e
i thee Worronad Ferfehrar Pesifcizfe Definbnae

Repoct No: 114232 Pape1 of 1
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Concentration of brodifacoum in rat liver, Trial 1. Landcare Research toxicology
laboratory report T1475

TOXICOLOGY LABORATORY €
ANALYSIS REFORT

“Mereali Whenna crcbim Iur bl ez mmontel Tes colany
Landrase Koscarsh PP ATRAAS FARSRIIRRINE FRAAT
Creruld 8 et
0. s 65
Lincedu _ R
The -+ 325 G100 F:pml‘.‘u.: TI473 |
Fox: i6d 3733 2418
CLIENT: Danny Fignor, Landveas Beeeiech, Limcolo,
CLIENT'S ROFNTRTNCE Na.: 44120341 16
SAMPLES: FRat livar
REJUREMTNT: e 90 re hrodifacoum conienl
RELELYEI)R < Clesabicr 2
C SAMPLE DERCRIPTION AND WEN(ITTCATION:
§2 plistiv: bazs wors received with samples ol it lver Tor snalpsis. Tle dofasis wees ortonsd "ol che Jabocatore
sourple sy, the sampley jves i nelerece: And scared at - 1870 prier to anabvsiz. AT of Lhe saroples wers received
in gl eoadition. The samgls deizils anlnsoles anc os fallows:
Larle M Dereription Brvelifavnwn, pgfe
31T Rt Liver (7154, 0T Buye 1, 2007001 17
517 Han liwer # 155, DOC Step 1, 1794101 19
31m Rat Tiwer # 156, 000 Step 1, 1WT] 1.5
4173 Fat liver # 157, 11610 .%'bep 1, 1580] 17
5174 Tl Liver ¢ 154, 130K Btep 1, 170500 1n
5173 Thanl Tiwer # 159, TS Step 1, 1EATIL 21
317k Tat limee # 150, TR Step 1, 1708401 1.4
317 Rt Jivwer f 1EL, LKD Sl |, 205001 1.3
37E Rt Livesr # 162, 140 Stop 1, 21,51
51T9 Ml liwes #1035, DOC 5e2 L, 10501 2.2
3150 Tal live: #2604, DOC Siep L, 107040 L5
G158 Rt liver 3 A5, 10002 5t L, LG0M ac
.'H-.-—‘:I Thee resulia e brek chepked for tie recavery of the seibod by ripulicocyrly raaniny o RO Laferencs aterial

LN EER, the detarminasion of brod: Facowm in 1 ves U sone: Ty T The

e desleiinstion was samisd oul vk
luast dorzetakle lavel (LDL) is 0. 02 wels.

TESTEDNLY: il WORKEOOK B 1641 TELET PERICER:  15A00-24010601
ALTHORISED BY: ! ; %L&%
L] Al furee raggrey
7 Crgis hurnin hore L
C.12. Radford. SR, Wrie oJ@) e
Appioved Signatcries I _______ e HIth the QEdralorp'e
BELoratoby  sopE &7 durcdretion

TVATE: T Morcamiver 20010

s Freme o repon? T wleir reaueastad afhenase By e aiann. Where aoneon fale e bee mvide 0GR datid
roiic b flarie

Tepnee wn: L4735 Page 1nf1
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Concentration of brodifacoum in rat muscle, Trial 1
Landcare Research toxicology laboratory report T1491

TOXICOLOCY LARDRATORY €
ANALYSIS ERPORT
Manaaki Whenwa Lentia Tar Eurlrunawe Lal ~aal suluyy
Tandeare Reseanh 1A Ty e taidaEARy HdLS
Gerald Srroek
F.0O0 Row 69
Lincon
[u: =G 3225 G Rapoat o, T149)
Fawir +H1 3 322 015
CLIENT: Fonny Biaaer, Landeate Research, Linsaln.
CLIENT'S REFERENUE Me.: 444 2030] L&
SAMPLES: T2 gt musel s
REQUIRLATENT: Telcasure brodilucem cooleul
ELECEIVED: 4 {ercher 2004
':; _T." SAMILE DRESCRTPTION ANT IPENTIFICATION:
2 plasric bies were tevetvs wiil sarnplos of ral mussls Sr analysis. ‘Uhe deruils wees encered inmo Ibe laboratory

SAmple Svslem, thee zzpples given a seferenze md stomed el - 18 O prier W amalynas, Adl nfile Sal'u._.'rlEe- AErE CELEDY R
i ol winditien. The saoee Seraile and sssalis me as Dillows:

Lab Mo, Dhesicrig i Brodifacoum, pp'e
R2 S, DiOE Erep 1, WAL U1l
2185 VRS, 1200 Hen |, 1" 0.1d
118 i, TR0 Reep 1, 1909401 0.12
i i) Tl 137,00 Srep 1, 1907401 0.4, 1L1R
1IHA Fat pwsoe #2355, DiOC Seep 1. 17001 1.1
AET Rzt mwscie §2348, L0 Seep L LSRN nal
ey |2+ Feat moezae £2ALY 1HOC Seep 1, 100001 0.24
a1 Tl musz e #1071, O Szp 1, 20M001 L.14
2190 Rl umssle #1023, DN Swer 1, [INES
=TT Rt musooe 4165, DOC S0 1, 10801 014
ajnz Rat mwse e ¥ Jad, T Riop |, TS0 017

] A LY B musale #163, DOC Siop 1, 1ML 01%

! The: rusals: have begn checked far e recovery of the maifuad by soreliaaeasiy pumsing 2 Stonm referekee naterial

I'he deteorreinalion was cazricd o using TLRL 00D, (e deerminnticn sl brocifeiumn horesele asaae by HELE, The
leza - 1 leteclahls wevel [CDL] ia QUOZpaiE-

TESTIED LY s WORK RO REF: 14617 TLEST PERIOL: 18 2%
ATTIETSED BY: fgﬁé @""D’A’L )
4 sl berlr repetned
£2.12. Radferd, CLILG, Wright o @ Rmrain ik bin
. : parormsd b sooxdance
."'||_:-|:|||rl.'|.'xl. Elgl'la lrniea l.....,._.. weas Alch ERo lakestwbocy's
|aDCIAIY  ampe af 30k wkiablan

TiATER: 79 Mervembar 2001

Trmeo voghile rekale e it i Alsnien an s sk svd wered. TAE e may de aeprecdveoed igin anle Tl sanles s slindiag o e aonned wald
ta ctin e 0GR Noe Mo frome the repert st pelees coqger i Gt bine By wa eltens. Wilere sppraprioe, e ke resnln will beachiies
A the Mafeacd Verdelonde Foahwke (Auabugs

Ireport Mus 11491 Tape lol'l
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Concentration of brodifacoum in Pestoff® 20R rodent bait used in Trials 2 & 3
Landcare Research toxicology laboratory report T1588

L

THAOLAOGY LABDEATORY € 1
ANALYSIS RET'ORT

haneaki Whenue Zantrs for 2redrcamnrm | Tonies gy
Lind mare Bewaiareh Fromifasl PAFI®4aurTice taded

Cierales Sireel

P Buox 65

Th: +¢d 5125 670 : Heporl Mo.: T153E ‘
w54 1525 241§ o

-{:_:_I_-..'I]'-'_.NT.' Penny Fisher, T.endoare Bessarch, Lincobi.

CLIENT'S ERFEREENCE Mo 4 <4 203101 16

SaMEPLES: Ooe of ecrcal bait

REQINMREMENT: Aleaguce roditacomm onotenc

REL EIVET: 14 Woarch 2002

SAMTPLE DESCERIPTEOM 4 NI ATHINEILHA TTON:
Ulpe plasbic gonlaoee was comsined 26010 sample nl cereal baic for analysie. The denils were solral inlo the

laliwatory samle sysien:, te sample piven 2 rofoenes and seed 21 rooin temperisue prior W amilysis. The szl
wag icccived v good condinom, The sample: dulails £nd vosuite are os Joliove:

Lab Mo, Dhescriphinn Brodifyvonm, mky
330 lesodf Ruee OLOE LT, D025k 183

The reduwits fazve boew gaiwried for the recovery of e merhar By simelbnceoasly naosing & RaWE rgerence moterial,

Uik dleten minalon wvas cacrisd oul wengg 1T % 00T, e assay of broditocoun baits o vonzenlhiaies Ty HFTO Tho
INERrAALY (5% £.0.0 i5 L BH.

TLTE EY:_edr WORTCDOOL, 1ELEF: 1#15 TEST TDRIOT:  2- 2502
ATITHORISED BY: Q %M )
A Al eparted
LT Radford (GEG, 'In"l"l'.igh'. in @ le-riln hase boxn
Approvod Sioratoriss l_,_,u_m_ = L”E’.’fﬁfﬁ?‘ﬁ:"“
DATE: 2 hlzy 2002 [AUeratoy wmpu o wowdieting

ThonE TEEANE el ovely I e sl oF SF receiued ond peated. T e muge be eprifuced G BT agle The sanipieg relvetig s 2 S it
L IS ) ar WD vl T A e d et cgasned o D byt clienl Bliere e dpdarg, the B ave remitr ol by froclegied

e Pt Ve iing P Sl |'.>ﬁm§l.|'t";'_.

Reqort Mo T1354 Pupe 10l1
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Concentration of brodifacoum in rat liver, Trial 2
Landcare Research toxicology laboratory report T1705

TOXICOLOGY LABOEATORY € ¥
ANALYSES RETOIT

Slanmaki Whenna rrntra e r Ens lrunm | Tesicelagy
Landea-c lérsearch rr o PlTanl FAdAFIZRFIFE 14130
as ;

Gieould Street
E.O. Bux G0
Lioweolu

whe 164 3 355 600 Fuparl Moo TLIT0
Fox: 4541 328 148

CTIENT: Tanny Fielwr, [ andears Reseorch, Liscoln.
CLIENTS REFERENCE Mo <4420% 0107

SAMPLES: 15 raf fver samples

BEQUIBEMENT:  Expmine [ brodifacom

RECEIYED: 15 Aprl 2002

SAMPLE DESCRIPTION ANL IDENTIFTCATHON:

13 plasai; s wisz czecived with sanplea of cor Jiver foc snalysis. The donils wese entored into the laberatery
sampels sl ‘e amplss givon areterence ond stored ot LR prioe mooanalysty, Aol e sioniprle, wes ecevinl
11 pood zoocition, The simple Aeils and resolis e 25 fllows:

[.oh Mo, Tezcelptan Brodifacomm, goe
arig Bar lver, Dosl Blep 7, TR0 ral Nu 310, econers] =L
43317 Bk lver, 12040 Step 2, TEMAR, et e 31, comngl =M.
EEET Rar Tiver, DT Step 2, 1SA002. cat Mo 312, conl ol =WDL
4333 Rar Liver, Lo Step 4, D8thrs ool Mo 515 23
A3 Rt ey el 2 B2z X DREATZ, car Mo 314 a7
434 Tear lw, T2 Bvey: 20 TEADE, 700 Mo 315 4.5
E Rt Tz livo, DoC Stop 2, 18A007, it NoUi 18 [
4343 Fazliver, Dol Step 2, IEEDL, W 517 32
4344 R liver, Lol Steg: 2 182, ra Mo.513 La Al
EXTH) Teat liver, Tanl? Beop 2, L8, 1ar o310 1
4346 Rat liver, DoC Sep 2, VA2, rus No,s20 (R4
45347 Rt liver, Dol Step 2, PRSI, Tar e 32 1.6
155 Bal [iwer, 1320 Slep 2, VREAIL, ra Mo 522 LB

: .--'F 4344 Teal v, Toal? Bregs 20 18042, ro Ko.323 o

e dall Rt Fiver, DoC Steo 2, 186502, it M 324 0.07

Tl rseally dorve bewk gofit e for magbod vocovary, Al reseits are deperted to fn SRERITwS fnenm.

The cetermimilion was carriznl ezl ngimg TT.A COA, 1i'||£ datesiinnticn of brocifagoen in livor tizsee by HELC, The
rarhad selestion limit RITL) iz 0.0 up/p®e) and e Lmeer k. inly (55% c.il] i+ 0%,

TRSTEDBY: ok WORELOUK R 20000, 11 “TEST PERIGD: 19/7-0%04M2
AUTHORISLD BY: ﬁ % LS n—-L,e-"f' .
& Al GEH puported
.10, Redford, .16, Wright 7 () Nl
Approved Biopateriss {....._,__... Wilhy e 11E O Lyt
TALQPALEry  Tropet of accrafTTd an

DATE: 24 Augusl 2002

Toes il i ey o ke avgeler o rece o ang fesfed TR el s e o adiaied i fll amhe e cmmipier felatingy i tlale eair b

A chapatesl A s e ot MR i e e i anbitn cbrifa oo i 0 e siinh #lere aEpsepowt da aldie WA darfedd
in it ienlianad YarTelnowe asmerge LATAbere.
Reporl M T1TOS Faga 1.nf 1
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Concentration of brodifacoum in rat liver, Trial 3
Landcare Research toxicology laboratory report T1751

TOXICGLOCY LARORATORY e Y
AMALYSIS RETORT

Manaaki Wherna
Landcare Eesvarch

(roruld Srect

PO, Box &Y

Lincoln .

Phe —itd 5 500 00 Repom Mo 117351

Fuas -+ 3 35 48 _

CTIENT: Penny Fisher, Lapcoam RBeeeanch.

CLIENT'S REFERENCT Mo 444 206 0107

SAMPLES: Hat liver

REQUIRERMEMNT:  BExamina tar hendifacmen

RECEIVILIE - 4 e 200 -

SAMPLE DESCRIFTION AN LNTIFICATION:

14 plaugtic coolaioe s wows seoeivsd oith saoplss of Tiver Inranalyxis. The ders s wees cntered into the Jskazilry
ram gl Brelery, the sumples pives i melereme aml g anad 87 —1AC praw tnoanalysia. Al of the sumpled were rocuival
inpood conditiom, b sople ok le amd btz e ws follmes:

Laila Mo Trercrlptan Feracilacanw, pgio
404G Beat liwer, Lo shem 5 00T, rar o, 385 comtrol 0.03
ELES Feal ledze, Dol agp 5 400002, rar Mo, 380 cootrod 0,03
dpa? el Tver, Do atoge 3, 40002, t2t Me, 357 cootrol 0.0
165 Tzt diver, DuC atep 3, 40007, pal My, bk h
107 Rzt Jiwer, Do sieg 5 A0, e Mo, 359 10
A0S Foar fiver, T step 3. APB02. el Ma, 390 1.7
4hdh Tran tiar, Dol arp 3, ASOA0E, rat Mo, 391 A7
4R47 Tat livar, Dol step 3, #6002, Tat Mo, 390 7.7
A648 Rat .iver, 1ol stap b 45052, ma) Ma. 393 A, 0
4648 Ty, 1000 gty 3 ARG, rar Mo, 394 1l
4650 Tl liwo, Tl b 3, HGIEZ, rat Mo, 395 LN
dE51 Tiat Liver, DoC shep 3, S50, mal Ty, 306 14

E i) Rt liver, Dl slep 5, #6072, mi M. 357 T
Ly Kt liver, Lol spep 3, 0802, rat Mo, 500 16

The resmler Aave e webierad Gor rathod recovery, AN rentles ars reported mo fwo signijeciod figpwer e,

The= datermivation @as sarcied ol using 1LM 909, e CelbamiozLlion of biolfacomr o liver Hasoe by | 72, The
metiiad deceetioe limil (021 ) is 0 g,

TESTED BY: cé WORKIODE BEL: 2104 TEST PRRIDD: HrE-24unm
AUTHOREEG TY: ,éédé\)
1) Alllcio reporced
. Keiord, GRG. Wrigis 2 .
Apecraezd Sigatncies { - eoa  WiLhEhe borstary's
CRATFE: 25 Sepuenclae 2002 Ll FAE S E IR L LT

Tivre rersdly euctaal ccaly 19 e s2ual28 a8 receaved aed repod. THiG ranarr may be repraduree ingld il Yle aaenles rolalLag fo i o s
b ivm 0 o GUTEr 100 MemitEe froan dor eyt Wuie e vgacated sifeeense By he clicez. Bloes apprapeisty, the el rifadt e be mekad'ed
it Mrataal Yareahine: Ppsninide Dovmboss,

Iteperl na; T1751 Pupe 1 of 1
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Concentration of brodifacoum in rat faeces. Landcare Research toxicology laboratory

regort T2585

@’ ) Toxicolcgy Laboratory

- Anglysis Report o*
Manas«i Whenua
| andrara Rasears-

Tderald Strest

P.CxBow 69

Linzoln, 2122

Fh: 484 3 525 6TLU e

Far; +54 3826 248 Reporl No:  T2335 J
CLIEMT: Pf!_rmy Fleher. Lanceara Aeesarch, Linsor, . . - -
CUIENT FEFEFENCE No.: Telephone Mee 325 6700

SAMPLES: A rat fases s samnples .

REQUIREMENT: Exzrire for prodifacourn

RECEIVED: 10 Movambar 2005

12

Bampiefa wars racsivod Tor analysis. Tha <stalla wars entarad into 1he lizoratory sample systern ard the esmpleds
et A refarence numiber. Tho sample dulals and raeilig ara 8 fobow:

Mo, Eamples: a5

Labia. Oescriplon Brodifatoum, mua
&304 Hai Famcaz, Ship at #4821, Dascline. O 1415 =Nl
SR04 Fiat Fascaa, Bhip rat #4982, Baselne, 811405 =Rl
Bana Nl e, Hooway ret #3553, Easeline. 51 1)05 =MoL
BEUE Pat [ascas, Mosway rat $811. Baaellna. 8 105 =ML
§49C9 Fiat faecae, Ship rat #4271, Dasaling day 2. 101185 ~MDI
Ba1C Fat fascoe, Ship ret #4922 Baasline day 2, 101105 =ML
B Far famdsss, Mamy ral £559, Beaaling day 2 10M1/95 =h0L
AE12 Ra: Jaecaa, Moy ral £511, Gasgeling dey 2. 1041 105 =10
8914 M fagsaa, Ship ret #4211, Day 1. 121108 =305
a5 Fint Fawces, Ship rat ¥452. Day 1. 121100 =51DL
HH H Fal [aeces, Panvay I'ﬁldS_EE. Oay 1. 151505 <MDBL
BR1T Fat faaosa, Komey ml #6511, DAy 116106 e
Baen Aat facces, Ship rat $425. Day 2. 164108 047
gg: Fat faaces, Ship rat #4592, Day 2. 16/71/05 087
agzd Fiat faaces, Monvay et 3655, Day 2, 1611106 =MDL
2823 Mat fecas, Morway =t $611. Cay 2. 1611105 0.66
#fihE Rat [asces, Sitk ral #421. DEy 2. 1719405 i0
ERET Fat faeces, Ship ral #4008, Doy 3. 171106 ER|
RORE [at te=aae, Morwey rat F535. Day 3, 171103 =hEL
£05% Rab keaces, Morwey rat 461 1. Day 3. 3117405 C.88
B Fal Ieecas, Ship rat #221. Day 4, E110E 11
A981 [tal leeres, Ship ret #402. Doy & 181108 &L
g Fial fasoss, Monay ral 552, Day ¢ 1511405 <hEIL,
3383 Rzt faeoza, Horwey a1 #5311, Day 4. 1801105 ’ L
964 Sat fagcas, S rab #4531 Oay 61900 1195 25
EEE ret fascee, Ship rat #4568, Cay 3 19/11/06 L]
8565 RAal fasces, Monvay rat #5589, Car & 1909 505 <HDL
WEET Aat fasces, Moy rel #6511, Diy 5 131905 a5
Report No:  T25EG Pogi 1 0l 2
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AREE At faecaa, Ship ral 421, Day &, 200 105 i

SEGE Fet faecaa, Ship rat w82, Dey & 201109 £1
so70 Fla] faees, Moreay rat #4550, Dey 8, 2091405 <MLL
8871 Ao lacses, Ship Al #4421, ey 7. 231 10 =0
HETE Aai fascos, Ship ral #4492, Day 7. 251 105 34
EOT3 Rail faeeas, Morwey rat #00B. Day 7. 31551005 <MGL
EOTR RAai fagees, Ship 121 421, Day 8. =20 1105 3.2
By Aai [aecas, Ship ral #4052, Doy 3. 241106 126
BE7B Rt fascas, Moresy rat #5585, Day &, 227106 . =MCL
HoAD 1181 fagces, Ship r21 421, Day & 231 115 =3
£881 Aai facces, Mereery ral F65R, Dy . 2354405 =MOL
Ep&Ez Rat faecaa, Ship rzl #4271, Day 10, 241105 21
3pas Rat faecsa, Momey rat #6558 Cay 10, 24M 1,05 <MGL
A934 RAat tacees, Zhip ret 421, Day 11. 291106 27
2945 Rt fascs a, Mardary rat #550. Day 11. 2EM1/0E =MOL
a9aG Fiat faeces, Ship rat #4221, Day 12-13, 26-2711/08 LY
887 [l fagaiees, Moreay rat ¥550. Doy 12- 13, 25-2M11.06 <MLL

Tt skl Ll Jrdleer Bown Seereten for msthod eeovevyt AL Psults gne rp orfad (o (w signdToanl feres.

Tha dstsrmineton was camiad gul using  TLEXMT. the asaey of brodfacoum baits and conwsrabss by HELE. The
mhed uncertelnly (95% ai ) is = P

TESTEDEY: |hb WORKBOQQK REF 218, 31817, 31&-20

TEST PERICD: AN ICE-1/20E

AUTHORIGED BY: S :

L.H. Booth, LE. Brown, GG, Wiight

Malq: 2r03kE408

Thase remeirs FaTe- 'y 17 Vi saLlew sor el Ak AT, TS AERT may i marsasead it oml. Tha samales st o 2l rapuct il e
Asneses'of afar fwe monchs Eom fha mpoet odele b dasr g mie] i i Tt A0 Speratimi, te abora mRals Wi oo discad i s
Malcra! Famchratc Femacs Hesidue Dantass,

ReportMo:  T2EEE PagaZnol 2
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Appendix 4. Raw data and laboratory reports for diphacinone in pig tissues

Raw coagulation time data from pig plasma samples in Trial 1 (100% / undiluted plasma): 2.5 mg/kg x 3 days treatment group

Dose group
(mg/kg)

2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3

2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3

2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3
2.5 mg/kg/d * 3

Pig ID
27
27
27
27
27
27
27
27
26

26
26
26
26
26
26
26
44

44
44
44
44
44

- = = ™ =™ = = ™™

Sex

Sample day post
dosing

0 (baseline)
0 (baseline)
2

2

7

7

14

14

0 (baseline)

0 (baseline)
2

2

7

7

14

14

0 (baseline)

0 (baseline)
2

2
7
7

Date
sampled

20/08/2004
20/08/2004
1/09/2004
1/09/2004
6/09/2004
6/09/2004
13/09/2004
13/09/2004
20/08/2004

20/08/2004
1/09/2004
1/09/2004
6/09/2004
6/09/2004
13/09/2004
13/09/2004
20/08/2004

20/08/2004
1/09/2004
1/09/2004
6/09/2004
6/09/2004

Date tested
20/08/2004
20/08/2004
2/09/2004
2/09/2004

20/08/2004

20/08/2004
2/09/2004
2/09/2004

20/08/2004

20/08/2004
2/09/2004
2/09/2004

Replicate

1
2
1
2
1
2
1

— N

—_ N = N = N =N

N = =N

PT (s)

13.7
13.7
47

58

15.8
16.8
15.5
15.3
14.4

14.8
63

69.4
253
25.1
15.1
15.2
15.7

15.6
61.2
64

15.8
16.4

APTT (s)
33.4
33.2
97.9
91.6
32.1
435
31.7
41.8

31.2
insufficient
sample

103.3
105.4
41.2
453
34.7
51.6

34.5
insufficient
sample

124.9
88.1
33.5
39
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2.5 mg/kg/d * 3 44 M 14 13/09/2004 1 16.4 64.1

2.5 mg/kg/d * 3 44 M 14 13/09/2004 2 16.6 53.1
b) Raw coagulation time data from pig plasma samples in Trial 1 (100% / undiluted plasma): 0.5 mg/kg x 5 days treatment group
Dose group Sample day post Date

(mg/kg) Pig ID Sex dosing sampled Date tested  Replicate PT (s) APTT (s)
05 mg/kg/d x5 45 M 0 (baseline) 20/08/2004  20/08/2004 1 14.3 28.4
05 mg/kg/d x5 45 M 0 (baseline) 20/08/2004  20/08/2004 2
05 mg/kg/d x5 45 M 2 1/09/2004 2/09/2004 1 74.4 114.2
05 mg/kg/d x5 45 M 2 1/09/2004 2/09/2004 2 77.1 120.5
05 mg/kg/d x5 45 M 6 5/09/2004 6/09/2004 1 322.7 176.6
05 mg/kg/d x5 45 M 6 5/09/2004 6/09/2004 2 299.8 123.1
05 mg/kg/d x5 42 M 0 (baseline) 20/08/2004  20/08/2004 1 13.9 na
05 mg/kg/d x5 42 M 0 (baseline) 20/08/2004  20/08/2004 2 14.3
05 mg/kg/d x5 42 M 2 1/09/2004 2/09/2004 1 95.9 57.7
05 mg/kg/d x5 42 M 2 1/09/2004 2/09/2004 2 170.6
05 mg/kg/d x5 42 M 7 6/09/2004 1 16.8 40.8
05 mg/kg/d x5 42 M 7 6/09/2004 2 16.8 40.4
05 mg/kg/d x5 42 M 14 13/09/2004 1 15.9 45.3
05 mg/kg/d x5 42 M 14 13/09/2004 2 15.9 324
05 mg/kg/d x5 24 F 0 (baseline) 20/08/2004 20/08/2004 1 15.6 35
05 mg/kg/d x5 24 F 0 (baseline) 20/08/2004  20/08/2004 2 16.4
05 mg/kg/d x5 24 F 2 1/09/2004 2/09/2004 1 67.5 91
05 mg/kg/d x5 24 F 2 1/09/2004 2/09/2004 2 61.6 85.6

¢) Raw coagulation time data from pig plasma samples in Trial 1 (100% / undiluted plasma): 12.5 mg/kg treatment group
Dose group Sample day post Date
(mg/kg) Pig ID Sex dosing sampled Date tested  Replicate PT (s) APTT (s)
12.5 25 F 0 (baseline) 20/08/2004  20/08/2004 1 134 37.6
12.5 25 F 0 (baseline) 20/08/2004 20/08/2004 2 15.2 34.4
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12.5 25 F 2 1/09/2004 2/09/2004 1 56.7 92.7
12.5 25 F 2 1/09/2004 2/09/2004 2 59.6 94.6
12.5 25 F 7 6/09/2004 1 16.2 48
12.5 25 F 7 6/09/2004 2 16.4 47.4
12.5 25 F 14 13/09/2004 1 15 40.7
12.5 25 F 14 13/09/2004 2 14.8 42
12.5 28 F 0 (baseline) 20/08/2004  20/08/2004 1 na na
12.5 28 F 0 (baseline) 20/08/2004  20/08/2004 2 na na
12.5 28 F 2 1/09/2004 2/09/2004 1 423 91.8
12.5 28 F 2 1/09/2004 2/09/2004 2 45.4 105.9
12.5 28 F 7 6/09/2004 1 15.7 47.7
12.5 28 F 7 6/09/2004 2 16.2 48.1
12.5 28 F 14 13/09/2004 1 - 35.2
12.5 28 F 14 13/09/2004 2 15.3 37.4
12.5 43 M 0 (baseline) 20/08/2004  20/08/2004 1 16.6 31.8
12.5 43 M 0 (baseline) 20/08/2004  20/08/2004 2 na 323
12.5 43 M 2 1/09/2004 2/09/2004 1 82 101.6
12.5 43 M 2 1/09/2004 2/09/2004 2 77.8 118.1
12.5 43 M 7 6/09/2004 1 17.2 45.5
12.5 43 M 7 6/09/2004 2 18 45.2
12.5 43 M 14 13/09/2004 1 16.4 31.9
12.5 43 M 14 13/09/2004 2 16.8 30

Raw coagulation time data from pig plasma samples in Trial 1 (100% / undiluted plasma): 2.5 mg/kg treatment group

Dose group Sample day post Date
(mg/kg) Pig ID Sex dosing sampled Date tested Replicate PT (s) APTT (s)
2.5 mg/kg single 41 M 0 (baseline) 20/08/2004  20/08/2004 1 16.6 35.8
2.5 mg/kg single 41 M 0 (baseline) 20/08/2004  20/08/2004 2
2.5 mg/kg single 41 M 2 1/09/2004 2/09/2004 1 39.4 89.9
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2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single
2.5 mg/kg single

41
41
41
41
41
23
23
23
23
23
23
23
23
40
40
40
40
40
40
40
40

LEELELELEELEELEELEm o= XX XX

14
14
0 (baseline)
0 (baseline)

2
2
7
7
14
14

0 (baseline)

0 (baseline)
2
2
7
7
14
14

1/09/2004
6/09/2004
6/09/2004
13/09/2004
13/09/2004
20/08/2004
20/08/2004
1/09/2004
1/09/2004
6/09/2004
6/09/2004
13/09/2004
13/09/2004
20/08/2004
20/08/2004
1/09/2004
1/09/2004
6/09/2004
6/09/2004
13/09/2004
13/09/2004

2/09/2004

20/08/2004
20/08/2004
2/09/2004
2/09/2004

20/08/2004
20/08/2004
2/09/2004
2/09/2004

39.5
153
15.6
17.3
17.1
133
13.8
66.7
66.7
15.9
16.2
15.8
15.6

34
30.1
17.1
17.6

16.9

72.4
31.8
335
27.2
33.6
323
355
121.8
110.6
36
453
37.9
36.9

88.8
63.4
26.5
323
47.8
48.3
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Concentration of diphacinone in pig liver, trial 1
Landcare Research toxicology laboratory report T2262

@?} Toxicology Laboratory €
Analysis Report 0’

e inEnl 9303 ey
mewariae cana:

Mangaki Whenus
| a~drare Researzh

Gerald Biraat

F.0Hon B2

LEsenln, 8152

Phz +34 3 525 6¥0C —
Feu (64 3 2R R Report Mo:  Takge J
CLIEKT: Scrny Fisher. Lendeare Rasearch, Lincals, . .

CUENT REFERENCE No.: 444208 0136 Telephone No: 825 5700

SAMPLES: Timelve of gig liver

RECHNREMENT: Examins For diphed none

RECEIVED: T, 719, EiEmg 121

Szmplavs wera recaived for anateia. The devalle wate snle e inla e kgarakeny sample systom and b samplef
gvEn 2 IMEIENCE NUMDET. (e aAtple detais il iesels a0 as Tolls:

Mo. samplas: 2

LabMe, Daseriplion Dfgheslnone, poafy
THEOGE  Uwerizoue, plg #2<, sarmple (3 ura
7EE3  Liverdlssye, pig f46, sarmale 1} 41z
TO29  Liver lisgue, pig #2G, 15M004 P
783 Liver bisaua, pig #27, 15004 0.3
Fi=ch Lhsar tlasue. pig #23, 157504 o1
Ta3z Livor tesue, plg o0, 1R4E04 0.58
FASA P s, piy #4104 n.Ed
FH3L  Livertisaws, pig #48. 150404 041
8012 Lives tissue, pi 4205, 15804 .40
Bi1E Lives tiague, pic; W23, 155004 0L0
R e Pwgum, pig #43, - B0 .71
&5 Livertiseus, pig #ad, 1iSfg .20

Tha rastids Rave beer adivstes far methed reecvane Al results are iepoited 0 w2l Weant foves

Tha determinalion wos cardied out 2aing  TLMOGT, the doterminalien of diphacinone 5 animal and invsebrala daeine
by HPLG. Tie methad detector imlt GACL) 1 &.08wrg fos llver, and

UMSCTECT 1Y (365 1 I = 3058,
TESTEDEY:  lob WORKBOOK REF: 39,7
TEST PERIOD: 24711301 25

T
AUTHORISED BY: /éféﬁi’g .
n Al L epled hein
LI, Greme, 3,543, Wright l i (@) .

vl ] TaLcanduiga na ga- 1 F
Dale S 22004 fanneacary a5l

Trioew eI ks 0l i e Sortierton 42 i Aod femima, THE raportmay G memeaead Y ONlL PG SOTINES DN TR A e VA
AT b T d AT I PBENT L G IGLT S SN o L GANE AT L AnEs, S0 GETIS TSI YRR AR AR L A
LS P E LSRR R TN RS R IS,
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Concentration of diphacinone in pig muscle, trial 1
Landcare Research toxicology laboratory report T2508

@’ ] Toxicology Laboratory
Analysls Report

Manzaki Whanue

Lamdous: Rrgeqigi

Gewald Streat

2.0.Baw G5

Uncoln, 28152

Ph; +5d4 3 32k 6700 —l
Feoz +64 2 925 2214 i Feport No:  T2E0E i
CLIENT: Fanny Feshar, Langdeare Researoh, Linooln, . .

CLIENT AEFEREMGE Ma.: Tolophone Ma: 325 5700

SAMPLES: S=ven zamples of ply muscle tasus

REQUIREMENT: Exmmine lor diphsvivone

RECEIER: 15 Seprmver 2004 151

Hamplea wens raceived for analysis, The Aplails virs anlsred Nk the Iah_r:pi'ﬁlnry shmple ayatem and lhe sample's
glven a referenes numbar. The eampie dalgile and reeuls ams 85 [ahans:

No. eamples: 7

Lablo, Deseripllen phecinone, 455
Y825 Musce Casus, #27, 12004 =MDL

7837 Musche basue, #40, 12904 =HCL

7A28  pusche ecus, 41, |34 =HL

014 plusls Ussue, 123, 139404 <MTIL

4048 Mueale igsus, #26, 13504 ML

iy Muecls fiseus, #42, 12804 . <MOL

AOZ0 Musclo lisave, #44, 19904 =MUL

The stz lava fiean adjslad for madtiod recovay. Al resulis are reponied (e lwe sigriian fgues.

Tive datarmination was carricd cuf wsing  TLWIZEY, tha detarminalion of diphaginone in anleal and rwartebrets Bssue
hy HALES. Tha mathod dacaction limit (ML) % 0.020q Tor NG, £,2070
Tea imverls, Tl uncurtandy (99% nl) s £20%.

TESTEDBY: leh WORKBOOK REF; 42717

TEST PERIQD: =R0-a 110G

AN Sl g I
Fava bann puilormac
necaracen <At |
Kaoraloy s a0
nevadirr

AUTHORISED BY- Qf’éf L&J L-J.&

I-E. Bronm, (5.F.G. Wright

Date 871172003

Thins rarutls malars e b S8 comalaa on pecel s g eska TR mpos may A mrprssuoed A enly, Tie sanss ckiing (0 ME HooT By te
Lo OF UFT (AR It el AT o] dre Lk riyutieon CLNSTEs D Tha chis! Fimane quiendzte, (e abom amsuils uf D indlce © a0
MM ¥Rrtahram Pashoos Rescus Ootacass

Report Mo:  T2a0d rage 1 of 1
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Concentration of diphacinone in pig liver, trial 2
Landcare Research toxicology laboratory report T2299

@’) Toxicology Laboratory
L Analysis Report
Manaaki Whenua

Landuas Fressaich

Sharekd Streat

3.0.Roi g

Jweeln, 3152

P +8 S AR5 ET

Prn: +8d4 § 585 243 Report Nes  T2208
CLIENT: 12anny Flghar, Landwaes Fesvan, Lineain, .-

CLIENT REFEHENCE Ma.: 444205 0135 Talephone Me: 975 6700
EAMPLES: Tweha eemplea of pig lluar :

FREQUIREMENT:  Examing t2° diphasirene

RECEIVEDh 25, 2A January, 3 Fabruary 2005 124

EZamplee were rezeived for analysis. The dofallz WarE hsren It :nE';'éFEﬁr,- :anpigs\,fm;nmanﬂ 1ha gamplei
yiven & referorue nundeer, The sanp: deberls 2nd esulls are as lolaws:

Ha. aemplaa: 12

Elerks and apleas weke toafad 8t g speig e, e pecowe e or aaios wis 1025,

LabMNa, Descriplion Diphacinonc, g
116 Liertzeus, plg &7, day 1, ESM.05 4z
B120  Lhee tigaiee, plg 412, &3y 1, 280108 ZE
B2 Livsr timeus, pig #2, day 1, 210= 23
B123 Liwsr tieus, pig #4, day 1, 22"10s 24
B158 Liwvar lieaua, pig 14, day 4, 2a/4 05 0,46
B'd5  Liverilsuue, 5o ¥6, day 4, 26/1/05 ’ 1.5
2147 Livar lizsug, piy #, cfay 4, 261705 ’ oa7
2151 Liver tizsus, pig #8, day 4, 28105 0.58
4164  Llvertaeus, plg #1, day 10, 47265 075
163 Liveer besae, pig mh, day 16, 32405 1R 7]
a17e Live: sz, pig #10, day 10, 32105 453
8179 Liver timsue, plg #9, day 10, 205 . a:s

The rasuits have been adiusied for marhicd recovery. AY reruits am raunieo o Jwo sprifeant figures

‘e datarm nahon wae ceilad anvalng  TLRST, the detarminatian ot dphacnane i anltal ard InveAebrate feoie
by HPLG. The method dedection imE (WD) is 0.02ugdy For liver, and the
Jeoftainty {955 0l i £ 20%.

TESTERBY: Ixh WORKBOOK REF:  GR-
TEST FERIDD: 16-21/2106

AUTHORISED BY: ﬁ % L& N —
b 1met rapunted ferad

LE, rown, .76, W iant o
IS EARAmIYS. e
[=di=1] e d

Dsta: 14052005

Thaal Ly fatm angoo e PRTGLGA 5 TRoabad Andieshan T sancrf may d neoauen' o il ol The semp'es rovaling 2 ims aoped kM oo
AREERd G AT L acnie Tam mia anat dae enkass aeuRsed Slharaisa fethe clianl. TR 3pnmpdaia, M abcue nesuts m¥ B dneleced L0 ita
wiTrE Ve Pealal ARl DG e
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Concentration of diphacinone in pig plasma, trials 1 and 2
Landcare Research toxicology laboratory report T2509 & T2329

@’) Toxlcology Laboratory
Analysis Report

Manaski Whenus

Lan«care Resaanz™

Giereld Streat

F.Q.Box 83

Linwew, B162

Ph: +64 3 325 G700

Fax: +6d 3 325 2413 Feport Mo T260B
CLIENT: Penmy Flzher, Landcera Rezeanch, Linec, - -

CLIEHNT REFERENCE Ho.: - Telephone Ho: 325 5700
SAMPLES: Sy plasme semples

REQUIREMENT; Exsmins far canscd nooe

RECEIVED: 23 January, 3 February 2006 17

Sarrytare were taashved Tor amlysls. Th G=tals wers sataras i Ihe laboratory sample systein and the sample
glven a retensnga nurrber. The sampeks doatslls and resulle are 8s lollews

HNo. eamples: g

LabMe. Oescripilon Olphacinane, pgfmi.
3167 Plaema, iy ¥6, Ay 4, 214785 no3g

3168 Plaema, pig #11, Day 4, 7141005 ;082

a1Ga Plazma, pig #1, ey 10, H206 <M.

3179 Flasma, [ 86, ey 10, H2405 DET

178 Plazene, pig #19, Day 10, ¥2405 <MDL

183 Plagme, plg ¥5, Day 10, 32k o.02C

The FeELs Aave boon ke for metiod recovery. AN esilts sre repasd fo i Sigatieanr fgoes.

The decermsdion was catiad qutuging  TLAACET, tha delsrminalion of SDhscnone in anirmg | and Invarebmata tissue
Ly H2LG. The mathod debectian rl (400 fe 00807 for (hier. 0.20g%
far invesls, The uncetalnby (5% il is £ 207,

TESTEC BY: kb WOHKBOODK REF: 4317

TEST PERIOD: 2510311405

AUTHORISED BY: ﬂﬁé[ E j . o '
% Al RSO 1Epanad haain H

LE. Brown, 3.F. G, Wright :xmu;a—“;;w: "
bbby e scope o
1z ATl

Coanaz 31172000

Thvineu cRinlls RHQYE CRIY [ tha samolas 58 e ang slad. T oo oy e eorddEETE Rk S T s v i k) WS P be
AR AT ARG IA NS Mo M K] A LIk AT Shmse o e cerd. KB Sngepani, e abave revohy mil i S in e
Aliini e i AR ON Sansia Stachse,

Repord Mg; T2504 Fage 1al 1
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<¢i)b Toxlcology Labaratory e N

Analysis Report 0’
Muraski WhenLa -
| anecare Fesearch

Garald Baest

P00 B

L'resin, 5152

Fhe+84 3 225 8700 =

s +id 3 225 3448 Report Mo:  T2323
CLIENT: Panmy Fishe:, Landoars Feawan, Lineoln, - -

CLIENT REFEREMCE No.: 444204 0135 Tolophonw No: 325 6700
SAMPLES: 1& pig plagma samples

REDUREMENT: Exsmere for diphacinone

RECENED: o5, 281, 30A0s 181

Harmplels were facalvad for anslysle. ~ha details were sniemss info he 'Ii'abtlratory m‘h-ﬁlf.— wpatemn and the samplats
flern A referenee aumber. he zemple desellz Bnd reaulte Bra B8 iollows:

Ho. aBimples: 13

LabMa. Description Diphacinene, sgml
B132  Plasma, pig #7, derv 1, 25105 2.4
w3 Slaama, pig #12, day 1, 28105 2.5
2134 Flasma, pij U=, day 1, 2a/1K5 21
4135 Plasme, pig #4, diy 1, 259108 a1
4135 Plazma, pig #2. ey 4, 231005 1]
A138  Plagme, cig 46, cay 4, 25105 =m0L
234 Plagra, 3t ¥3, nay O, 20485 =0l
330 Flasma, 1 43, day 2, 17204 <RIl
d121 Flaema, g #3, day7. G804 =hi DL
4342 Pleeme, pig #9, day 14, 13804 <MDL
9343 Plazma, pig #1, day O, 260 <M oL
8344 Plesma, pig #1, day 2, /94 =Ml
g34s  Pleame.plg#1, day 7, 649704 <MOL
340 MeEame, pig A, day 14, 3304 =hBL
2347 Paginm, pig £2, ray 0, 2@ =MoL
8518 Peams, pig #2, day 2, 17904 02g
EGd@  Masrne, plg #2, day 7, 904 =mOL
LSRN Plagirna, i 462, day 14, 1250500 =h1DL
Repaort bla: 12323 Pase 1 ot 2
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Concentration of diphacinone in pig kidney, trial 2
Landcare Research toxicology laboratory report T2335 & T2330

@?) Toxicology Laboratary
Analysls Repart

rAar aaki Witanua

L_andrare Research

Gerald Street

F.0.Box BB

Lineok, 3162

Ph: +64 & 325 6700

Fenc +64 5 325 2418 Report Me:  T2335

CLIENT; 1Py Fielwr, Laninam Heseapch, Liscalr, ., -

CLIENT REFERENCE Mo.! 40D 0135 Tetaphona Mo: 935 5700

EANFLES: B aamp ea o lizaus

REQUIREMENT:  ixanmin for diphaginone

REGEIVED: 2501, A3 1

. Famplefs were recelved for analyats, |he detalls wore cnbaod Int: b lanaratesy sample system and the Sam phaes

(_ E giwen & feleenoe nuntcr, The sampe details and esulls are as folows:

Mo sampley: L]

LaBNo.  CHeanlplion Dighecinoms, pmig

B1dy Kdnear llzsus, plg B3, dayd, 25405 aia

BI1EZ  Kldseyilesue, pig 3, cayd, DEGADE LA

G166 Kldney lissug, pig 1, day10, %205 o.ay

&IT1 Kldney teaus, plg ¥5. deyid, S2/05 [+ R

a7E  Kldiey lgsug, piy 310, dayld, 32085 0.0

A181 Kidney ticsup, pig #8, dy10, L2056 0078

T iz have hase arfianed for medhod reccran. Al mmets ara rspartsd 0 o 2igrificant fouees.

The determlation was sarded ool udng  TLMOAT, 1he determinatcn of diphecinare b aromal and e slbraba s s
. hig HELG. Trg mslhiod ckaleel'on limnil (MOL g Q.08 o livar, 020
(" for inverta, Tha UnCArainty (95% c.i.) i & 50%.

TESTED BY:  lobr WORKBODK REF:  2p01d

TEST PERKOR 511,405

AUTHORISED BY: ﬂ&& . g
‘ Al AE [ hokin

] n ~ e -
L.E. Brown, G.HA4G. Wrlyh | & @ it et et 11

‘ acomrees wh e
— laharrond's aepc o
Bharatary aocf wilagon

Dlabe: 1230405005

Taman rasl: @ite Sk G RAEEYS 5 TRl ekt TIV Ao Map R Fmance T L DM, T SATOes aaiia m I s il e
G 00 oF RITRT 5 M i Ve e wrtets mepumsiad cinades vt alay. Ao anaeanatn, 400 ook 1S WO NSO I e
T Varahrre Ped e Gueite Ditease

Repart No:  T2333 Fage 1 ot 1
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@b Toxicology Laboratory
Analysis Raport

Manaaki Whetiua

Lardcare Rezearch

Berzld Siraat

[0 Eon: BB

Lvegin, B152

Tk 464 5 328 G700

Foic 6 3 425 2418 Repart Mo T2350
CLIEMT: Penny Fsher, Lendzars Reaserch, Lnecln, . .

C1IENT REFEREMNCE No.: 44203 156 Telophone No: 326 6700
SAMFLES: Six samulas of pig kidey

REQUIREMENT: Exantine for dinhacinore

REGEIVED: 2, 281,05 121

Barers was reeaivad for analysis, The detalls wsns snlarsd indo (e lalaratany sample syslem and tae sample's
gtean a ralarance mumbssr, The eample detads snd rsaulta ars B2 follows:

Ho. samples: 3

Labka.  Degcriplion Diphaednane, pof
5118 Kidney tsaua, pig #7, day 1, 26108 18

L122 widney teaue, pag ¥ 12, cay 1, 251405 15

RN iy InsUG, pig 33, 0ay 1, 2606 1.4

8130 Kidnay Lasue, piy #4, day 1, 25108 1.2

2140 Holvey tiaews, pig #11, day 4, E64405 025

144 Hichey llerua, plg #4, day 4, 2804505 L0074

The ra=wlia have baen adfiustad for mated raccveny: AN rescls ars repovted fo i signifosm fguss.

Iha detarmira4an was carded eul usig - TROEY, tha detarminetion of diphecinona in animel and imarsbrale lisass
L HALG, o rizslhod deszetn i (MOLY e & 0200 for llvs:, 0:50g0g
for invens. The uncerainty (957% o0} is £ 20%.

TESTED BY: |eb WORKBOOK REF: 5842
TEST PERIQD: 1-44/06

AUTHORISED BY: ’QMl ‘: l . e e —
B ] ezl ropusabal laran

- e e e padcmed n
_E. Brawm, 3.R.G. Wright e il

AENRNNYE 5opa ot
Zicraflanon

Debe;  S0LZHIG

Jhse renats refaln ool I e seeien 27 meRlvad and sk, Thin rgoen! ooy me R machizad ford noip. Te semales mtaring 2 05 reeaT st oG
CLme s of Ata” wa Tonrfis AT fq IRIT a6 s Mavesiar Crandsa B 13 cUEnn s RERRCEAB'R, 55 A0 A0 raaias Wil ha T aids 1 e
R VATV Peslecs Meaiong falateag

Report Ne: T2330 Paga 1 af 1
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Concentration of diphacinone in pig muscle & fat, trial 2
Landcare Research toxicology laboratory report T2313

<¢p‘ Toxicology Laboratory €

Analysis Report 0$
fdanaaki Wharnus Canire Tn; E1elccasabil Teedzale s
| nanars Secoanh 2 OO GRYECTH oL s

Garg.d Sireet

1.2, Buxc g9

lirgaln, 8162

FPh: <34 3 320 610 .

Fix: +64 5 82¢ 2a1g Regart Me;  TZ61% |
CLIENT: Peniiy Figlwr. Lendesre Reeserch, binealn, . . -
CLIENT REFERENCE Me.: Add2iE 0135 Telepnone Mo: 335 6700

SAMPLES: Plg ruace and t4]

REGLIRENFENT: Cizamine ler diphacinone

RECEVELD: 26, 28 Jan, 5 Fas 206 121

Samilais wers raceivad for Bnelyals. The dotalls wir sniared o e Isboretony aample syelarm and he samplaia
Jivan e relerence number. The eemple dekads 2nd reault are ge iollews:

Na_ samples: a¥

Mok recomonog avpnepad 87, and farrecoanan avergod Y035, Fat Renks wais <MDL

Labia.  Deserphion Diphacinong, pg'g
FESE  Muecte tasue, Pig 628, 1545004 <MLL

FEAR  Muscle Bssue, Pig #48, (49%i04 k0L,

80°7  Muecle tesue, Pig 125, 15904 =BAOL, <MDL
2117 aecke leaue, Fig 7, Day 1, 25708 9.35

119 Fak, lNig #7, Cay 1, 25505 .80

EIZ1 Mugme tissue, Pig #12, Day 1, 251705 0.2z

8123 Fat, Fig#1& Day |, 254105 044

BI25  Muscle flzsus, Plg &2, Day 1, 23105 0.ag

B127 FELPIQFE, DRy 1, PEADS 043

B128  Musik lissus, Py ¥4, Dey 1, 2601/06 237

E131 Fat, Pig #d, Day 1, 25106 043

BT Muasla Ugsue, Pig #11, Day 4, 287105 0.10

W42 Fal, Fg #11, Day 4, 281705 0.083

8145 Wuacle llzswre, Fig 86, Day 4, 200106 045

A1e6  Fet, PIg K8, Dy 4, 280105 O.042

5148 Musck: Cisue, Pig 43, Day d, 25106 0048, 017
B*E0  Fal, Pig #3, Day 4, 254 /05 0005

E153  Musals fiseus, |4ig #1, Day 4, 287105 ' 13

#HEL Fal, P 43, Doy 4. 241008 a.0a7

a3 hscls tissue, Pog#1, Day 10, 32068 014

@167 Fai. 2l 71, Day 10, A0S D025

Bl Muecle tasue, Pig #5, Dy 10, SEiins L1 =)

ET2 Fiat, Pig #5, Day 14, 22005 it

£17E Mueala tiaeue, Plg A10, Doy 10, b [#XIE]]

2177 Fab Pig 410, Day 10, 353005 =0

3180 hauschs tissus, Pig ¥, Day 10, 372045 0,19, 022
182 Fai, Pig #B, L2y 10, 3&405 <kAOL
Aeport Ho: T&373 Page 1cf 2
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Table. Diphacinone residues detected over time in pig (Sus scrofa) liver, muscle, fat, kidney and plasma

following a single oral exposure of 12.5 mg/kg. Samples taken at ‘day 15” are from the three pigs dosed with

12.5 mg/kg diphacinone in Trial 1. F = female; M = male.

Diphacinone concentration in tissue (ng/g)

Pig ID Day post

/sex dosing Liver Muscle Fat Kidney  Plasma
400/F 1 2.45 0.37 0.38 1.2 2.1
395/M 1 2.81 0.22 0.43 1.4 2.1
398/F 1 2.82 0.29 0.44 1.5 2.6
393/M 1 3.22 0.36 0.6 1.8 2.4
392/M 4 0.45 0.1 0.088 0.26 0.092
397/F 4 1.46 0.043 0.042 0.07 0.02
396/M 4 0.27 0.17 0.046 0.15 0.26
351/F 4 0.59 0.13 0.037 0.12 0.04
352/F 10 0.59 0.2 <MDL" 0.08 0.02
394/M 10 0.53 0.081 <MDL? 0.07 0.02
339/F 10 0.61 0.12 0.028 0.11 0.03
391/M 10 0.75 0.1 0.025 0.07 0.02
28/F 15 0.18 <MDL® - - -
43/M 15 0.41 <MDL" - - ]
25/F 15 0.4 <MDL® - - -

* Method Detection Limit for diphacinone in fat = 0.02 ug/g.

® Method Detection Limit for diphacinone in muscle = 0.02 pg/g.
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Appendix 5. Laboratory reports for weta/diphacinone trials

Concentration of diphacinone in Ditrac rodent block
Landcare Research toxicology laboratory report T2301

Fai)
.\_:}-

<t?b Toxlcology Laboratory
Analysis Report 01 .

Maraay Whenus

Lar; LI T
Landcars Research b A et

a0 Twalbebiny

Garald Slreat
0. Bow S8

Lmaoie, #1552
Phiz +64 3 25 8700

Fzec +64 2 205 24149 Repeor No: TR

CLIENT: tgnmy -lsher, Landaa re Aasearch, Linrals, .
CLIENT REFERENCE No.: 144200 0135 Telophone No: 325 6700
SAMPLES: Twg sunp ou of bl medorial
AEGUIREMENT: IMeazurs dishecinone content
RECEIVED: 17, 280 Jenuany 2uls
== 121

Sarnplela were racebead for analyals. The delails were enloese into the laboratory sample system and the aemple’a
gheer & refeience numzar. The Samle detai's and results are as ol ove:

Mo, samplas: 2

LabNe.  Description Diphacipone % wi
ang? Actlve igreclanl, 2% rondin gl lechinios’ diphacrer e ex AGP 1.ea

kL Bait mat2cgr, ilras ruc'enl Uloak, S0ppm nominal 5.0053

The reewlle have peon sdfustcd for method raccrery, AN reowlla 2re moarmsd 13 o sigoificant figovas.

The dstarmination wae camies cutuarsyg  TLAGTE, the dassrmoeton ol clphecinene In Bals ahif foosulations, MOT
Ak ACCREDITEL METHOWD.

TESTED BY:  leb WORKBOOK REF =33
TEST PERIDOD: BAACE

ALUTHORISED BY; ﬁ& & . { !

L.E. Brown, & AL Weinhl

Data: 032005

A rEnUE FEVTE ) G WA TS G e G0 k] T fdon nli Lae reproc o ey, Ve Samovas it moBUs mao il te
ciapannd GG s TaAMG BT A0 Y0 dlae i i nilec i e Ve il Bohers aoorconata, (o o mxiks wid i Icad G
A0 Vaiaivars Paaie'ta Aes e DRIArARE,

Report Me:  T2201 Fape 1 of |
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Concentration of diphacinone in whole bodies of weta, Days 1, 4, 8, 16 and controls

Landcare Research toxicology laboratory report T2318

’ Toxicology Laboratory
Q ) Analysis Report e N 01

tzrarki Whenua LA 1P far Lnstvanrails. Taslestagy

Lardeare Reagaich T R e

Garsll Sireat

P, Dox G4

Lincoln, #4152

FPhr +54 3 328 G700 | — T )

SR +84 3305 2445 * PeportNeo: 72214 —|
1

CLIENT: Penny Flsbsr, Lerekare Aczearch, Linsaln, .

CLIENT REFERENCE No.: 444008 007 Telaphone No: 225 6700

BAMPLES: 10 zamplee of wals

REQUIREMENT:  Exarmine taf diphaclnpng

RECEIVYED: 22,2507, 1,9, 14m0g 121

Gamplets wa reoaivad far anglysia. The cotalls were endetey inte the laborsleny semple sysiem 4k he aEmpleis
glven a refarenca nuriber. Tha zampla delaiks and reaults &re o5 Tollowe:

M. samples: 15

Spifiee v 3583 SE08, HIUE JaLe evoverss of BI%, &2 and FES, A posifive 1 3285, vaas oot 3peacant whee iy
BERWDNE Wars ravin.

LahNo  Beacription Dighaginenc, ppig
B200  Inveriabrate. Wely 46, day 1, 22205 33

aahs Invertebrato, Wed 371, day 1, 22m05 24

B2 lwertelbialy, Wt 20, day 1, 22805 1.8

E203  Inverehrabe, Wets 223, day 1, 2220F BB

8205 Inverebiate, Weln 14, day 4, 25008 59

8207 Invartskrate, Weln 30, day 4, #5208 Y

B202  Irvartabrate, Wota #17, dey 4, 25205 5.4

&3 Lvenebrala, Wata #27, day 4, 2hi0s 5.

2230 Imvarlabrala, Wela 62, Jrup 8, 1806 w43

Q2 werlstrate, Wels 822, day 9, /505 =MDL

G238 lwmriabraie, Wets #32, day 8, 15205 6

SIS lavedebrabs, Weta #7, duy 16, w805 12

2280 Inwetebrata, Wela #15, day 18, 3005 1.8

2081 nvartabeate, YWisca #23, day 16, 9/3105 13

EREE  Invensinae, Wats 135, day 16, 35306 3.3

SEB3 Invariabrate, Wty #1, control, 161204 DL, kiDL
224 Inveitebrate, Wate #3. canlrl, 41005 =hioL

B285 It e aralc, Wiste #2¢, oontral, 152005 .54, =MEL

T4y results have Deew adfusted for it reccweans A3 it am raRana e tho Sigmificant e,

Tie dstamiaater wee camed sul using  TLMOGR, tha delerminatcn of diphacinons in animal and Fuerabrala sieaua
Iy HALE. Tha mathed deteatian link] (MDL) e 052wy o livar, 0.2
for Inugrla, Tha unceralmy (955 o0} is + 20%,

TESTED B¥:; rmih WORKBOQCK REF: 152
TE=T PERIQRD: 15-23r8mE
b
AUTHORISED BY, m g\) . —_ S
N 212 3tesed herctn
Trthess Lkt perkr e in
@ zcaaranca wWih e

{...._...,.... fabors win's sonpe 0l

L.E.Brown, O.R.G. Wright o
laboritery  apcrcdglien

Oigtz: 23032035

SRS WG Y AU ST AT

Thower MO UV Orhy ;Ui SYTRNR A5 Nsiven ao uled TR S0d Wy be menadts et
" b, b spants 20 b lpetany in e

Szoces' f A arg ot (ram e A0 ekl sy TeqLasten LA ke by T AT ANAs oo,
Malional Loniomats Mesfizie Hescud Gl b,
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Concentration of diphacinone in whole bodies of weta, remaining samples

Landcare Research toxicology laboratory report T2351

-

G?) Toxicology Laboratory e

Aralysis Report 0’
Maaagi Whenua
Lanceare Szpearch

Gereld Sirect

2.0 3o 58

uncoln, 8752

17 - 3 323 BTR0

[ax; G4 2025 2413 Foport Mo: T35
CLIENT: FPanny Fizhar, Lend-ans Aeasarc:, Ungaln, ,

CLIENT AEFERENCE No.: 444003 LaN7 Telamh e

SRAMPLES: 2wk snplas e
REQUIREMENT: Exmmina Jor 4 shacinens

RECEIVED: 2o, fovdlas 13

Sampla’s was received for analysie, Toe dataile were enterad Inta 1ie laharatsny garnpla £yatem and -he samplede
yivean A ralarancs aumk:a-. The eampls detai'a and reeulte ars 25 tollows:

1o, SAMphes: a

LabMNa. Descriplion Biphacinone, pa/g
ddo Invartgluata, vasla, 117, day 31, 30306 17149
8338 nweilelicale, sl 14, day 31, 2453005 15
3337 Invadebrzle, wata, %26, day 31, 260508 1e
A330 Inveniebrate, weta, #31, dey 31, 245306 15
B354 Invartebrate, weats, &3, dey 54, JR400E 0.3
2355 Ievartanrata, welg, (13, ooy G4, 26405 1.8
WIS Inverteonabe, wola, £16, Say B4, 86400 2.5
0357 Invertsbrabe, wate, #53, day &4, &80405 =ML
s Iivertzbrate, webs, Y30, day B4, G405 25

Tiie: rosults haws bean adipetsd for matiad recovery. Al ralks qre reported 1o o sigaticam fgures.

“Fe datermingtizn wee garred out gty TLMOET, the deterninatzn of diphacinons in animal and nveriehnale lissus
Iy FPLZ. The molhod detaction lirckt (MDLY |= 9,020 Mor liver, 0,200
[arinwsne. The uncerelnty (96% ol,! |5 + 20%.

TESTEDEY: ieb WORKEGOK REF;  20vS
TEST PEROD; 26142305
AUTHORISED BY: _j M - . -
. A sk ot hemn
Fane: P R smeed i

L.E. Brown. G.FLG, wikant i i
P2 lebrimngs sope m
Date: 1 DMHE005 Fabitaiery  ancnadiabion |

TNade reanfy el paly 6 L 5370 s 25 AsRlie s 200 Spalan. Tl wodv] ey Ly Tianhrnd ulcn}v T‘»nmw Ay ﬁlm;m.m [~
i

LN 8 T R ST LTS, BTN S e L. IBL[LIAR | ELLT 1 P oL L, EN T el W P
htiena! Vomoarare ARsime Prath Dol

Report Mor  T2301 Faga 1 af 1
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