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RESEARCH ARTICLE

Primary poisoning risk for encapsulated sodium nitrite, a new
tool for pest control
Lee Shapiroa,b, Paul Aylettb, Donald Arthurc and Charles Easona,d

aCentre for Wildlife Management and Conservation, Ecology Department, Lincoln University, Lincoln, New
Zealand; bConnovation Ltd, Auckland, New Zealand; cSelwyn Rakaia Veterinary Services, Dunsandel,
Canterbury, New Zealand; dCawthron Institute, Nelson, New Zealand

ABSTRACT
Acute toxicity of sodium nitrite (NaNO2) was assessed in chickens
(Gallus gallus domesticus) and domestic mallard ducks (Anas
platyrhynchos domestica) by oral gavage and in free-feeding trials
with chickens, domestic mallard ducks, pigeons (Columba livia
f. domestica), budgerigars (Melopsittacus undulates) and wētā
(Family: Rhaphidophoridae). Free-feeding trials involved the
presentation of toxic paste and pellet baits containing
encapsulated NaNO2 developed for the control of common
brushtail possums (Trichosurus vulpecula) and feral pigs (Sus
scrofa). The oral gavage LD50 value for NaNO2 in solution was
approximately 68.50 mg/kg (95% CI 55.00–80.00 mg/kg) for both
chickens and ducks. In feeding trials, six out of 12 chickens
consumed toxic paste bait and four of these birds consumed a
lethal dose. When chickens consumed toxic paste bait, the LD50

value was approximately 254.6 mg/kg (95% CI 249.1–260.2 mg/
kg). Of the other three species of birds presented with toxic baits
only one duck consumed a lethal dose of paste bait. There was no
evidence of wētā feeding on toxic baits.
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Introduction

Sodium nitrite (NaNO2) has been researched in New Zealand, Australia and the USA as a
potential vertebrate toxic agent (VTA) because high doses can lead to death in < 2 hours in
target species. In New Zealand this research has focused on the control of brushtail
possums (Trichosurus vulpecula) and feral pigs (Sus scrofa). As possums are a problem
specific to New Zealand, the focus in other countries has been on controlling feral pigs
because they are a major economic and ecological problem (Gentle et al. 2011; Barrios-
Garcia & Ballari 2012; Engeman et al. 2016). Baits containing encapsulated NaNO2

were registered to kill possums and feral pigs in New Zealand in 2013.
The suitability of NaNO2 as a VTA relies on the target animals consuming a lethal dose

as well as delivering the toxic bait in a safe manner to limit risk to non-target species. The
key to ensuring that target species consume a lethal dose of NaNO2 has been the develop-
ment of an effective method of encapsulation (Shapiro et al. 2016); this enables the
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extremely bitter and salty taste to be masked. The successful research and development of
this new toxin for possum and feral pig control has relied heavily on this encapsulation
method (Shapiro et al. 2015, 2016).

Research in pen and field trials demonstrated that an encapsulated form of NaNO2,
when presented in palatable bait, is effective at killing possums and feral pigs (Shapiro
et al. 2015, 2016). NaNO2 toxicity is mediated through the elevation of methaemoglobin,
a form of haemoglobin unable to transport oxygen, leading to methaemoglobinaemia and,
in high enough doses, to cyanosis, cerebral anoxia and death (Chui et al. 2005; Bradberry
2011).

The potential risk of secondary poisoning to dogs (Canis lupus familiaris), cats (Felis
catus) and birds, from consuming carcasses of possums poisoned with baits containing
encapsulated NaNO2 has also been asssessed (Shapiro 2016). Carcasses from possums poi-
soned with baits containing encapsulated NaNO2 were found to have a low risk of causing
secondary poisoning to domestic dogs, cats and chickens (Shapiro 2016).

The use of VTAs to control pest animals involves a certain amount of risk. Risks to the
environment and humans through bio-accumulation, through residues entering the food
chain or being detected in wildlife (Eason & Spurr 1995; Eason et al. 1999; Booth et al.
2001; Spurr et al. 2005). There is also a risk to non-target species through the potential
consumption of baits (primary poisoning) (Powlesland et al. 2000; Eason et al. 2011) or
the consumption of carcasses of animals that have been poisoned (secondary poisoning)
(Stone et al. 1999; Eason et al. 2011). These risks can be lowered through best-practice
baiting strategies, including the selection of specific toxins for particular situations,
amount of bait used, as well as through the delivery, i.e. in bait stations or smart new
devices that enable target-specific delivery of VTAs (Blackie et al. 2016). Despite best-
practice methodology, there will always be a level of risk of non-target species accessing
toxic baits and it is important to quantify this level of risk during the development and
registration of new VTAs.

To determine the risk that NaNO2 poses to non-target species previous trials have
involved feeding non-target wildlife baits containing NaNO2 as well as orally gavaging
wildlife with NaNO2. In Texas, raccoons (Procyon lotor) and white-tailed deer (Odocoileus
virginianus) (both important non-target species in the USA), and feral pigs were orally
gavaged with NaNO2 (Foster 2011). Values of the median lethal dose (LD50) were reported
as 58, 154 and 133 mg/kg for raccoons, white-tailed deer and feral pigs, respectively
(Foster 2011). Four native Australian species, Bennett’s wallabies (Macropus rufogriseus),
Tasmanian pademelons (Thylogale billardierii) (Fish & Statham 2009), brushtail possums
(Fisher et al. 2009) and dama wallabies (Macropus eugenii) (Shapiro & Eason 2009), were
all presented with baits containing NaNO2. Bennett’s wallabies and Tasmanian pademe-
lons did not consume any baits whereas possums and dama wallabies both consumed
lethal doses. An Australian study calculated the potential risk of NaNO2 to 28 marsupial
and nine eutherian mammal, four reptile and two bird species (Lapidge & Eason 2010) and
concluded that NaNO2 is toxic to most species with an LD50 of approximately 60 mg/kg or
greater in solution and a larger dose in food. To increase the safe use of this VTA the deliv-
ery method and bait type are of key importance to minimising risk to non-target species.

The main aim of this study was to determine the risk of primary poisoning from bait
containing encapsulated NaNO2 to a range of non-target species through a series of acute
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toxicity trials. No previous non-target testing with NaNO2 has been carried out in New
Zealand with native species.

Materials and methods

For primary poisoning trials it is common and preferable to include non-native species as
surrogates for native species (OECD 2010; Eason et al. 2013). Domestic mallard ducks
(Anas platyrhynchos domestica) were chosen for trials reported here as they have pre-
viously been used in non-target primary poisoning trials in New Zealand (Eason et al.
2010) and they are commonly used in Organisation for Economic Co-operation and
Development (OECD) guideline studies. Pigeons (Columba livia f. domestica) and budger-
igars (Melopsittacus undulates) are also suggested as suitable species for oral toxicity
testing (OECD 2010). Chickens (Gallus gallus domesticus) are a useful surrogate for
weka (Gallirallus australis), a ground-dwelling bird species native to New Zealand that
belongs to the rail family (Eason et al. 2013). Cave wētā (Family: Rhaphidophoridae), a
native invertebrate, were also included as they are commonly found sheltering in bait
stations and could potentially access baits in this manner and then be eaten by other
non-target species including birds.

The methodology used for the oral gavage and free-feeding trials was adapted from that
outlined in Eason et al. (2013). All the trials were carried out Lincoln University Johnstone
Memorial Laboratory, Lincoln, Canterbury.

Gavage trial—chickens and domestic mallard ducks

Fifteen female domestic chickens were purchased from a commercial poultry farm
(Lamond Poultry, Christchurch, New Zealand). They were weighed and housed individu-
ally in 1.5 m × 2 m outdoor enclosures constructed of plywood and wire mesh. Each cage
had a wooden nest box filled with straw. The chickens were fed a commercial grain-based
chicken feed and water was available ad libitum.

Fifteen domestic mallard ducks (ten males and five females) were purchased from a
private breeder in Hororata (Canterbury, New Zealand). The ducks were weighed and
fitted with coloured leg bands to aid identification and housed together in a 6 m × 6 m
stall in a barn with sawdust flooring and straw bedding. They were fed a commercial
grain-based duck feed with water available ad libitum. Three days before the trial 15 indi-
vidual pens, each 2 m × 1 m were created with wire fences within the existing 6 m × 6 m
stall and ducks were individually penned.

The outline for the gavage trial methodology was a modified version of the OECD
guidelines for the testing of chemicals using the Up and Down Procedure to determine
acute oral toxicity (OECD 2008). The Up and Down Procedure suggests that when no
information exists on the toxicity of a substance to a particular species, then the starting
dose should be 175 mg/kg with a dose progression factor of 3.2. The suggested starting
dose of 175 mg/kg was used in these trials.

The chickens and ducks were each dosed in groups of three; the first group were each
gavaged with 175 mg/kg. The NaNO2 granules were dissolved in approximately 10 ml of
distilled water immediately before each chicken or duck being dosed. Target doses were
based on the weight of individual birds and so each bird was weighed directly before

NEW ZEALAND JOURNAL OF ZOOLOGY 3



dosing and the concentration of NaNO2 in the solution was then calculated. All birds were
orally gavaged by a veterinarian with the solution in a syringe that was delivered to the
birds crop via a gavage tube. Once dosed, birds were returned to their pens and observed
to determine the dose level for the following group. The time to the first symptoms being
displayed, symptoms observed, and time to death were recorded for individuals. Birds
were observed for signs of NaNO2 poisoning including difficulty breathing, vomiting
and diarrhoea, and methaemoglobinaemia (such as shortness of breath, cyanosis, lethargy,
loss of co-ordination and loss of consciousness) (Eason et al. 2010). Necropsies were
carried out on all birds that died.

When a dose group experienced mortality of two or three birds, the next group
received a dose 1/3.2 times the initial dose—in this case 55 mg/kg. When a dose
group experienced mortality of none or one bird then the next group received a dose
3.2 times the initial dose—in this case 550 mg/kg. The dose progression factor was
abandoned once two different consecutive results were found, so when a dose group
experienced mortality of two or three birds and the next dose group experienced mor-
tality of none or one bird then the dose progression factor was abandoned. At this point
a dose rate mid-way between the two previous doses was tested, and the mortality rule
described above was used to determine whether the next midpoint dose was higher or
lower than this dose.

The end point for these trials was a result of using the least number of animals possible
while generating the most meaningful data possible. Although a conventional LD50 will
provide robust data, these trials are out of favour for ethical reasons due to the require-
ment for testing large numbers of animals. It was possible to calculate an approximate
LD50 using probit curve analysis (Finney 1971). Group sizes and the overall number of
animals were kept as small as possible while still generating meaningful data. This
reduction in numbers is in keeping with the ‘3Rs’ principles (Russell & Burch 1959),
namely the second of the 3Rs, reduction, which aims to use as few animals in research
trials as necessary.

Free-feeding trials

Free-feeding trials were undertaken with chickens, domestic mallard ducks, pigeons,
budgerigars and cave wētā. This involved presenting toxic paste and pellet baits con-
taining encapsulated NaNO2 and non-toxic paste and pellet baits, produced at Conno-
vation Ltd (Auckland, New Zealand), to each species. Toxic baits were presented to
each species for a 4 hour period. Although exposure to baits in the field will potentially
be over a longer period, this period was chosen because it reduced the likelihood of
animals consuming baits solely due to having no other food for an extended period
of time. The toxic paste and pellet baits each consisted of 10% NaNO2, 0.5% encapsu-
lant material and 89.5% non-toxic bait. A proprietary encapsulation technique (Con-
novation Ltd) was applied to NaNO2 for the purpose of taste masking when
delivered to target species as well as improving stability of NaNO2 in toxic baits.
The non-toxic paste bait formulation is outlined elsewhere (Shapiro et al. 2016) and
the pellet bait formulation is a proprietary formulation. Paste and pellet baits contain-
ing encapsulated NaNO2 will, from here on, be referred to as NaNO2 paste and NaNO2

pellet baits.
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Chickens
Twenty-four female domestic chickens were purchased from a commercial poultry farm
(Lamond Poultry). They were housed individually with housing conditions and husbandry
identical to that described for chickens in the gavage trial. Chickens were assigned to two
treatment groups and two non-treatment groups. For the initial non-toxic phase of the
trial, chickens in Group 1 (n = 12) were each presented with 20 g of the non-toxic paste
bait, Group 2 (n = 6) were each presented with 20 g of the non-toxic pellet bait, Group
3 (n = 3) were each presented with 20 g of the non-toxic paste bait and Group 4 (n = 3)
were each presented with 20 g of the non-toxic pellet bait. This feeding regimen was
carried out every second day during the week before the toxic trial. The chickens were
fed non-toxic baits to acclimatise them to the bait formulation as this is routine procedure
in pest control operations before deploying a toxic form of the same bait. Non-target
species can potentially become acclimatised to non-toxic bait and be at an increased
risk when toxic bait is deployed, so it is important to replicate what happens in control
operations.

For the toxic phase of the trial chickens in Group 1 were each presented with 20 g of
NaNO2 paste bait, Group 2 were each presented with between 27.60 g and 29.70 g of
NaNO2 pellet baits, Group 3 were each presented with 20 g of non-toxic paste bait, and
Group 4 were each presented with between 27.60 g and 28.50 g of non-toxic pellet baits.

The chickens were observed closely for bait consumption and any symptoms of poison-
ing every 10 minutes for the first hour and then every 20 minutes for the next 3 hours.
They were observed for signs of NaNO2 poisoning including difficulty breathing, vomiting
and diarrhoea and methaemoglobinaemia (such as shortness of breath, cyanosis, lethargy,
loss of co-ordination and loss of consciousness) (Eason et al. 2010). Baits from all groups
were weighed immediately before feeding and again when baits were removed after the
4 hour exposure period. For individuals that consumed toxic bait, time to the first symp-
toms being displayed and the time to death were recorded.

All chickens were observed over 14 days following the trial. Post-mortem inspections
were conducted on any birds that died during the trial. Chickens that consumed toxic
bait and survived as well as three randomly selected birds from Groups 3 and 4 were
euthanized after being observed for the 14 days following the trial and necropsies were
conducted. An approximate LD50 for NaNO2 paste bait was calculated for chickens in
Group 1 using probit curve analysis (Finney 1971).

Domestic mallard ducks
Fourteen domestic mallard ducks (ten males and four females) were purchased from a
private breeder in Hororata, Canterbury. Ducks were weighed and fitted with leg bands
to aid identification. Ducks were penned under identical conditions as outlined for the
gavage trials, including being initially housed in one group and then individually
penned 3 days before the trial. Ducks were assigned to one of four groups, Group 1 (n
= 5) were each presented with 50 g of NaNO2 paste bait, Group 2 (n = 5) were each pre-
sented with 50 g of NaNO2 pellet baits, Group 3 (n = 2) were presented with 50 g of non-
toxic paste bait, and Group 4 (n = 2) were presented with 50 g of non-toxic pellet baits. In
the week before presentation of NaNO2 baits the ducks were presented non-toxic paste
and solid baits every second day.
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The presentation of baits and monitoring of the ducks, once exposed to bait, followed
that outlined above for chickens. All ducks were observed for 14 days following the trial
and any ducks that had consumed toxic bait and survived, as well as one randomly selected
duck from each of Groups 3 and 4, were euthanized and post-mortem inspections were
conducted on them. Baits from all groups were weighed immediately before feeding
and again when baits were removed after the 4 hour exposure period.

Pigeons and budgerigars
Eighteen domestic pigeons (eleven males and seven females) and 16 domestic budgerigars
(seven males and nine females) were purchased from private breeders in Canterbury. The
pigeons were housed individually in cages approximately 1.5 m × 1.5 m × 1 m in size. All
pigeons were fed a commercial cereal-based feed and budgerigars were also fed millet.
Water was available ad libitum. The pigeons were given 1 week to acclimatise in cages
before the trial.

Pigeons were assigned to one of four groups: Group 1 (n = 6) were each presented 50 g
of NaNO2 paste bait, Group 2 (n = 6) were each presented with 50 g of NaNO2 pellet baits,
Group 3 (n = 3) were presented with 50 g of non-toxic paste bait, and Group 4 (n = 3) with
50 g of non-toxic pellet baits. Budgerigars were assigned to one of four groups: Group 1 (n
= 6) were each presented between 48.23 g and 49.96 g of NaNO2 paste bait, Group 2 (n =
6) were each presented between 43.06 g and 49.37 g of NaNO2 pellet baits, Group 3 were
either presented with 48.86 g or 49.37 g of non-toxic paste bait, and Group 4 (n = 2) with
either 44.06 g or 44.38 g of non-toxic solid bait. Every second day, during the week before
the toxic trial, each bird was fed 50 g of either non-toxic paste or pellet baits depending on
the type of bait they were scheduled to receive in the toxic trial.

In both budgerigar and pigeon trials, the presentation of baits and monitoring of birds,
once exposed to bait, as well as necropsies followed that outlined above for ducks. Baits
from all groups were weighed immediately before feeding and then when baits were
removed after the 4 hour exposure period.

Cave wētā
Sixteen cave wētā were collected from a private property in Hororata, Canterbury and
under these circumstances a permit for collecting this species was not required. Wētā
were individually housed in wooden enclosures measuring 30 cm × 15 cm × 20 cm in a
temperature controlled room. Room temperature ranged between 19.2°C and 19.9°C
and the humidity between 55% to 71%. Wētā were acclimatised for a week before the
trial commenced and kept under the same conditions as outlined by Barrett (1991).
Wētā were assigned to one of three groups and presented bait for 14 days. Group 1 (n
= 7) were presented between 12.111 g and 12.382 g of NaNO2 paste bait, Group 2 (n =
7) were presented between 12.742 g and 13.204 g of NaNO2 solid bait, Group 3 (n = 1)
was presented 12.541 g of non-toxic paste and Group 4 (n = 1) was presented 11.248 g
of a non-toxic pellet. Baits were weighed every second day and examined for any traces
of feeding marks. NaNO2 paste (n = 2) and pellet baits (n = 2) as well as non-toxic
paste (n = 2) and pellet baits (n = 2) were also kept in cages without wētā to account for
any bait weight fluctuations that were due to temperature or humidity. Fluctuations in
the weights of baits in enclosures without wētā were then used to adjust any changes to
baits in wētā cages to better gauge potential consumption by wētā.
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At the conclusion of the trial all wētā were euthanized by freezing at −10°C and sent to
Flinders Cook Technical Services Ltd (Auckland, New Zealand) to be assayed to determine
if any trace of NaNO2 could be detected. The preparation for each assay involved grinding
wētā to a paste using a mortar and pestle, and then an extraction with distilled water. The
minimum level of detection of the assay is 5 µg/100 ml, the methodology is outlined in the
Laboratory assays section below.

Laboratory assays

All assays of NaNO2 paste and pellet baits, NaNO2, encapsulated NaNO2 and indivdual
wētā were carried out by Flinders Cook Ltd (Technical Services). The method of analysis
was based on an internationally recognised analytical method described in Vogel (1979).
All samples had their fat component removed using solvent hexanes that rinsed any
hexane-soluble material (namely peanut oil) from the sample. The remaining solids
(including NaNO2 active) were treated with alkaline solution to dissolve the NaNO2

encapsulant material to allow a colorimetric determination.
Encapsulated NaNO2 used in paste and pellet baits, manufactured for the free-feeding

trials, contained 95% weight/weight (w/w) NaNO2 for the chicken, pigeon and budgerigar
trials and 94% w/w NaNO2 for the duck and wētā free-feeding trials. The NaNO2 paste
and pellet baits manufactured for the free-feeding trials contained 10% w/w NaNO2 for
the chicken, pigeon and budgerigar trials and 9.9% w/w NaNO2 for the duck and wētā
free-feeding trials.

Results

Oral gavage trial

An oral LD50 of 68.50 mg/kg (95% CI 55.00–80.00 mg/kg) was calculated for both chick-
ens (Table 1) and ducks (Table 2). Both chickens and ducks displayed symptoms of
methaemoglobinaemia including lethargy, shortness of breath, loss of co-ordination and
loss of consciousness. These symptoms were first observed on average after 18.25

Table 1. Chickens orally gavaged with NaNO2 at four dose rates.

Bird
Weight
(kg)

Dose (mg/
kg)

NaNO2

(mg) Fate
First appearance clinical symptoms

(min)
Time to death

(min)

1 1.915 175 335 Died 12 19
2 1.767 175 309 Died 8 19
3 1.745 175 305 Died 15 19
4 1.708 115 196 Died 16 21
5 1.774 115 204 Died 32 34
6 1.961 115 226 Died 26 28
7 1.872 85 159 Died 16 20
8 1.902 85 162 Died 17 20
9 1.903 85 162 Died 16 26
10 1.726 55 95 Alive 27 –
11 1.759 55 97 Alive 8 –
12 1.842 55 101 Alive 26 –
13 1.702 Control 0 Alive – –
14 1.745 Control 0 Alive – –
15 1.675 Control 0 Alive – –
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minutes (± 2.24 SE) for chickens and on average after 10.33 minutes (± 1.29 SE) for ducks
(Tables 1 and 2). The average time to death for chickens was 22.89 minutes (± 1.77 SE).
The average time to death for ducks was 28.11 minutes (± 3.79 SE).

Necropsy of chickens and ducks that died found that all the birds appeared cyanotic—
they were very pale with a bluish discolouration of the skin and mucous membranes. Their
blood had a dark brown coloration attributed to methaemoglobinaemia induced by
NaNO2. Necropsy of surviving birds carried out 14 days after being gavaged found no
gross abnormalities and nothing of note.

Free-feeding trials

Chickens
Six of the 12 birds presented with NaNO2 paste bait consumed between 0.5 and 20 g and
four of these birds consumed a lethal dose (Table 3). Chickens displayed the same symp-
toms of methaemoglobinaemia observed in the oral gavage trials. These symptoms were
first observed on average after 31.00 minutes (± 3.91 SE) (Table 3). The average time to
death for chickens was 69.75 minutes (± 16.11 SE). An approximate dietary LD50 of
254.6 mg/kg (95% CI 249.1–260.2 mg/kg) for chickens feeding on NaNO2 paste bait
has been calculated using probit curve analysis (Finney 1971). Findings of the necropsies
of the four birds that died were identical to those from chickens that died in the oral gavage
trial. Necropsy of the two birds that consumed toxic paste bait and survived and three
birds fed non-toxic paste bait found no gross abnormalities and nothing of note.

Domestic mallard ducks
Two of the five ducks presented NaNO2 paste bait consumed 1.3 g and 0.3 g, respectively
(Table 4). The duck that consumed 1.3 g of NaNO2 paste bait displayed the same symp-
toms of methaemoglobinaemia as the gavage trials and died after consuming approxi-
mately 99.3 mg/kg of NaNO2. This calculation was based on the NaNO2 paste bait
containing 9.9% w/w NaNO2. A dietary LD50 for ducks feeding on NaNO2 paste bait
could not be calculated due to the small number of individual ducks that ate toxic
baits. The necropsy of the one bird that died was identical to that for birds that died in

Table 2. Ducks orally gavaged with NaNO2 at four dose rates.

Bird Sex
Weight
(kg)

Dose (mg/
kg)

NaNO2

(mg) Fate
First appearance clinical symptoms

(min)
Time to death

(min)

1 F 1.081 175 199 Died 4 20
2 M 1.168 175 215 Died 6 17
3 M 1.449 175 267 Died 10 18
4 M 1.530 115 185 Died 13 23
5 M 1.355 115 164 Died 6 27
6 F 1.149 115 139 Died 7 21
7 M 1.072 85 96 Died 18 48
8 M 1.226 85 110 Died 13 37
9 F 1.076 85 96 Died 17 42
10 M 1.380 55 80 Alive 11 –
11 M 1.381 55 80 Alive 12 –
12 M 1.238 55 72 Alive 7 –
13 M 1.774 Control 0 Alive – –
14 F 2.205 Control 0 Alive – –
15 F 1.265 Control 0 Alive – –
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the oral gavage trials. Necropsy of the bird that consumed NaNO2 paste bait and survived
and three birds fed non-toxic baits found no gross abnormalities and nothing of note.

Pigeons
Three of the six pigeons presented NaNO2 paste bait consumed between 0.18 g and 0.29 g
(Table 5) and none of these birds displayed any symptoms of poisoning. All six birds in
Groups 3 and 4 ate non-toxic paste or pellet baits with birds consuming an average of
1.69 g of paste bait and 0.29 g of pellet baits (Table 5). Necropsy of the three birds that

Table 3. Chickens free-fed with NaNO2 paste (group 1) and pellet baits (group 2) and non-toxic paste
(group 3) and pellet baits (group 4).

Bird
Weight
(kg) Group

Bait fed
(g)

Bait eaten
(g)

NaNO2 eaten
(mg/kg) Fate

First appearance clinical
symptoms (min)

Time to
death (min)

1 1.927 1 20.00 3.49 18.11 Alive 35 –
2 1.535 1 20.00 20.00 1302.93 Dead 32 35
3 1.567 1 20.00 0.00 0.00 Alive – –
4 1.676 1 20.00 5.99 35.73 Dead 43 72
5 1.754 1 20.00 0.50 2.85 Alive – –
6 1.766 1 20.00 0.00 0.00 Alive – –
7 2.026 1 20.00 0.00 0.00 Alive – –
8 1.343 1 20.00 0.00 0.00 Alive – –
9 1.577 1 20.00 0.00 0.00 Alive – –
10 1.843 1 20.00 0.00 0.00 Alive – –
11 1.932 1 20.00 17.10 88.50 Dead 23 114
12 1.732 1 20.00 20.00 1154.73 Dead 22 58
13 1.388 2 28.30 0.00 0.00 Alive – –
14 1.956 2 29.00 0.00 0.00 Alive – –
15 1.803 2 29.40 0.00 0.00 Alive – –
16 1.636 2 27.60 0.00 0.00 Alive – –
17 1.776 2 29.70 0.00 0.00 Alive – –
18 1.694 2 27.70 0.00 0.00 Alive – –
19 1.729 3 20.00 20.0 N/A Alive – –
20 1.936 3 20.00 1.40 N/A Alive – –
21 1.946 3 20.00 0.34 N/A Alive – –
22 1.683 4 26.70 0.00 N/A Alive – –
23 1.726 4 28.00 0.00 N/A Alive – –
24 1.862 4 28.50 0.00 N/A Alive – –

Table 4. Ducks free-fed with NaNO2 paste (group 1) and pellet baits (group 2) and non-toxic paste
(group 3) and pellet baits (group 4).

Bird Sex
Weight
(kg) Group

Bait eaten
(g)

NaNO2 eaten
(mg/kg) Fate

First appearance clinical
symptoms (min)

Time to death
(min)

1 M 1.296 1 1.3 99.3 Died 28 55
2 M 1.154 1 0 0 Alive – –
3 F 1.099 1 0 0 Alive – –
4 M 1.282 1 0.3 23.2 Alive – –
5 M 1.410 1 0 0 Alive – –
6 M 1.385 2 0 0 Alive – –
7 M 1.396 2 0 0 Alive – –
8 M 1.272 2 0 0 Alive – –
9 F 1.216 2 0 0 Alive – –
10 F 1.187 2 0 0 Alive – –
11 M 1.559 3 11.4 – Alive – –
12 M 1.509 3 15.9 – Alive – –
13 M 1.302 4 0 – Alive – –
14 F 1.119 4 0 – Alive – –
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consumed NaNO2 paste bait and two birds fed non-toxic baits found no gross abnormal-
ities and nothing of note.

Budgerigars
Three of the six budgerigars presented NaNO2 paste bait consumed between 0.02 g and
0.03 g (Table 6) and none of these birds displayed any symptoms of poisoning. Both
birds in Group 3 ate non-toxic paste bait, consuming an average of 0.26 g of paste bait.
Necropsy of the three birds that consumed toxic paste bait and two birds fed non-toxic
baits found no gross abnormalities and nothing of note.

Cave wētā
All wētāwere alive at the conclusion of the trial and therewas no evidence ofwētā feeding on
NaNO2 paste or pellet baits.Wētā bitemarkswere observed on a single non-toxic pellet bait.

Table 5. Pigeons free-fed with NaNO2 paste (group 1) and pellet baits (group 2) and non-toxic paste
(group 3) and pellet baits (group 4).
Bird Sex Weight (kg) Group Bait eaten (g) NaNO2 eaten (mg/kg) Fate

1 M 0.351 1 0.00 0.00 Alive
2 F 0.313 1 0.00 0.00 Alive
3 M 0.317 1 0.18 56.78 Alive
4 M 0.344 1 0.29 84.30 Alive
5 M 0.377 1 0.21 55.70 Alive
6 F 0.296 1 0.00 0.00 Alive
7 M 0.364 2 0.00 0.00 Alive
8 F 0.281 2 0.00 0.00 Alive
9 F 0.299 2 0.00 0.00 Alive
10 M 0.312 2 0.00 0.00 Alive
11 M 0.337 2 0.00 0.00 Alive
12 M 0.339 2 0.00 0.00 Alive
13 F 0.272 3 1.50 0.00 Alive
14 F 0.288 3 2.33 0.00 Alive
15 M 0.354 3 1.25 0.00 Alive
16 F 0.294 4 0.26 0.00 Alive
17 M 0.311 4 0.46 0.00 Alive
18 M 0.301 4 0.15 0.00 Alive

Table 6. Budgerigars free-fed with NaNO2 paste (group 1) and pellet baits (group 2) and non-toxic
paste (group 3) and pellet baits (group 4).
Bird Sex Weight (kg) Group Bait fed (g) Bait eaten (g) NaNO2 eaten (mg/kg) Fate

1 F 0.0463 1 48.23 0.00 0.00 Alive
2 M 0.0529 1 49.69 0.03 56.71 Alive
3 F 0.0655 1 48.66 0.00 0.00 Alive
4 F 0.0517 1 49.69 0.02 38.68 Alive
5 M 0.0554 1 49.96 0.03 54.15 Alive
6 M 0.0469 1 49.21 0.00 0.00 Alive
7 M 0.0445 2 49.37 0.00 0.00 Alive
8 F 0.0671 2 46.36 0.00 0.00 Alive
9 F 0.0438 2 49.20 0.00 0.00 Alive
10 F 0.0439 2 49.34 0.00 0.00 Alive
11 M 0.0405 2 43.06 0.00 0.00 Alive
12 F 0.0421 2 47.81 0.00 0.00 Alive
13 F 0.0395 3 49.37 0.18 0.00 Alive
14 M 0.0380 3 48.86 0.27 0.00 Alive
15 M 0.0363 4 44.38 0.00 0.00 Alive
16 F 0.0373 4 44.06 0.00 0.00 Alive
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All four bait types increased in weight over the course of the trial due to moisture; however,
the weight fluctuations of baits in cages with wētā (Table 7) were comparable to those of
baits left in cages with no wētā (Table 8). Assays performed on wētā detected NaNO2 in
one wētā from Group 2 (NaNO2 pellet bait) and the assay detected 10 µg of NaNO2.

Discussion

An oral LD50 of 68.50 mg/kg (for chickens and ducks) and a dietary LD50 of 254.6 mg/kg
(for chickens) shows that NaNO2 is toxic to birds and that baits containing encapsulated
NaNO2 are potentially hazardous for non-target species. This is reinforced by unpublished
study data on NaNO2, which calculated an LD50 of 120 mg/kg in blackbirds (Turdus
merula) and 619 mg/kg in bobwhite quail (Colinus virginianus) (pers. comm. Simon
Humphreys, IA-CRC). The LD50 for NaNO2 is high for birds when compared with
other vertebrate pesticides, but when manufacturing and using NaNO2 paste and pellet
baits, similar precautions to those applied to other VTAs that are ground laid should be
applied. This includes colouring the baits green as well as baits being used in appropriate
bait stations.

Lapidge and Eason (2010) suggested that when NaNO2 baits are consumed slowly there
is potentially a lower risk of poisoning due to methaemoglobin reductase being able to
keep pace with the conversion of methaemoglobin back to oxyhaemoglobin.

Non-target testing has previously been carried out on another methaemoglobin-
inducing VTA para-aminopropiophenone. Para-aminopropiophenone was registered in
New Zealand for stoat (Mustela erminea) and feral cat control in 2011 (Eason et al.
2014). The oral LD50 value for ducks gavaged with this toxin was estimated as 32 mg/kg
(95% CI 14–62 mg/kg) and the average time to death was 12.2 hours (Eason et al. 2010).
The LD50 calculated for ducks gavaged with NaNO2 was 68.50 mg/kg (95% CI
55.00–80.00 mg/kg) and the average time to death was 22.89 minutes (±1.77 SE). This illus-
trates the speed at which NaNO2 is absorbed and metabolised and that small doses can be
eliminated without lethal effects. This also further reinforces the hypothesis that NaNO2

baits need to be consumed quickly to exert a lethal effect.

Table 7. Wētā free fed with NaNO2 paste (group 1) and pellet baits (group 2) and non-toxic paste
(group 3) and pellet baits (group 4).
Wētā Group Bait fed (g) Bait remaining (g) Weight change (g) Fate

1 1 12.119 13.154 +1.035 Alive
2 1 12.203 13.102 +0.899 Alive
3 1 12.189 12.996 +0.807 Alive
4 1 12.220 12.792 +0.572 Alive
5 1 12.147 12.569 +0.422 Alive
6 1 12.382 12.806 +0.424 Alive
7 1 12.111 12.522 +0.411 Alive
8 2 13.014 15.874 +2.860 Alive
9 2 12.921 15.216 +2.295 Alive
10 2 13.204 14.358 +1.154 Alive
11 2 13.185 14.079 +0.894 Alive
12 2 12.944 14.072 +1.128 Alive
13 2 13.060 13.958 +0.898 Alive
14 2 12.742 13.827 +1.085 Alive
15 3 12.541 12.593 +0.052 Alive
16 4 11.248 11.475 +0.227 Alive
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Determining whether wētā had fed on NaNO2 paste and pellet baits was difficult, but
there was no mortality during the trial, possibly indicating that those baits are either unpa-
latable to wētā, that any potential effects were not observed, or that they are simply unaf-
fected by NaNO2. NaNO2 residue at a very low level (10 µg) was detected in one wētā
when assayed suggesting that the potential for bioaccumulation and secondary poisoning
is also low. The concentration detected in this wētā was only just above the minimum
detection level and was potentially the result of some bait material contaminating the
wētā when collected at the conclusion of the trial. Based on the dietary LD50 calculated
for chickens, a 1 kg chicken would need to consume over 25,000 wētā (each with a
residue of 10 µg) in quick succession to receive an LD50 dose.

For many reasons, testing the toxicity of baits to native species is a very difficult
process. As such, it is deemed more acceptable and practical to undertake non-toxic
bait consumption trials. These are used to extrapolate potential consumption of toxic
baits and compare this to the dietary studies carried out on non-native surrogate
species like chickens and ducks. Four chickens and one duck consumed a lethal dose
of NaNO2 paste bait in free-feeding studies and this reinforces the need to ensure
that NaNO2 paste baits are used in a bait station to ensure access by non-target
species is limited.

We conclude that there is a risk to birds from NaNO2 paste baits. However, these baits
have to be accessed and then eaten quickly to have a lethal effect. The risks to birds and
other non-target species can be substantially reduced if baiting is carried out according to
the suggested best practice (which is yet to be established). This includes baits being
ground-laid in bait stations for possums (Shapiro et al. 2016) and feral pigs (Shapiro
et al. 2015). Bait stations for feral pigs are self-closing and exclude non-target species
like birds due to the weight of the self-closing lid. There is no evidence for NaNO2

having insecticidal effects.
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