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trays around their homes currently, such isolated indoor uses would not be expected to result in
releases to the environment such as would occur with the REP. It is assumed that LHI residents
use brodifacoum-containing products such as Talon in accordance with the manufacturer’s
recommendations such as not removing the pellets from the provided tray, placing the trays in
and around buildings (within 2 m) and not placing the trays in the open or locations accessible to
children and pets. In addition, areas around homes where residents already have bait trays
would be substituted and not duplicated during the placement of bait trays for the REP.
Therefore, no TRV adjustment has been made.
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6.1

6.1.1

EXPOSURE ASSESSMENT

Exposure assessment involves the estimation of the magnitude, frequency, extent and duration
of exposures to chemicals, and identifies exposed populations and particularly sensitive sub-
populations. The exposure assessment process involves:

e identification of exposed populations;

e identification of potential exposure pathways;

¢ estimation of exposure concentrations for each pathway; and

e estimation of chemical intakes for each pathway for a range of scenarios.

Exposure Point Concentrations

An exposure point concentration (EPC) is the estimation of the concentration of the source
chemical in the medium that the population is exposed to, at the location where exposure is
predicted to occur. EPCs are identified for each ‘exposure unit’, which is defined as the area
throughout which a receptor moves and encounters an environmental medium for the duration of
exposure. Typically, an individual receptor is assumed to be equally exposed to media within all
portions of the exposure unit over the time frame of the risk assessment, which is a protective
assumption.

The predicted concentration of brodifacoum in soil, air (dust), sediment, groundwater, surface
water, tank water, seafood, and vegetables is described below.

Estimation of Brodifacoum in Surface Soil

As described in Section 4.4.1.1, following decomposition of the Pestoff 20R pellet there is the
potential for brodifacoum to remain in surface soil. The physical and chemical properties of
brodifacoum (Section 5.1.2) indicate that brodifacoum is strongly bound to soil particles and
studies reported by the World Health Organization (1995b) reported that radiolabelled 14C-
brodifacoum was found to be effectively immobile in a range of soil types tested including coarse
sand, sandy clay loam and calcareous sandy loam. Binding to soil was reported to be rapid and
strong, and desorption very slow.

Brodifacoum can be broken down by soil microorganisms to its base components, carbon dioxide
and water; and the bromine gas is expected to volatilise to the atmosphere. The half-life of
brodifacoum in soil has been reported to be between 12 and 25 weeks (Shirer, 1992; US EPA,
1998; EC, 2010).

Brodifacoum in soil collected from near or under disintegrating baits demonstrated varying
concentrations under differing canopy cover conditions:

e Fisher et al (2011) reported a brodifacoum concentration of 0.2 pg/g directly under a
decomposing pellet or where it had lain for 56 days following an aerial bait drop in
grassland areas on Little Barrier Island in New Zealand. This concentration had reduced to
0.03 ug/g after 153 days post aerial bait drop. The reported concentrations were slightly
higher in forested areas with a concentration of 0.9 pg/g and 0.07 pg/g of brodifacoum in
soil 56 days and 153 days post aerial drop, respectively.

e In a baiting trial conducted in New Zealand in 2002, Craddock (2004) reported soil
concentrations of between 0.02 pug/g and 0.2 pg/g from directly beneath disintegrating
Pestoff 20R baits (containing 20 mg/kg of brodifacoum) at 56 days after first exposure to
the elements. Brodifacoum concentrations were below the laboratory detection limit 84
days after the pellets were placed on the ground.

e In June 2009, soil samples were collected within 20 cm of Pestoff 20R 10 mm baits
(containing 20 ppm of brodifacoum) in three habitat types (pasture, bare rock, centim
scrub). After 28 days, brodifacoum concentrations in the pasture were 0.0016 pg/g and
after 58 days were reported to be 0.002 pg/g (Vestena and Walker, 2010).
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The concentration of brodifacoum in soil on LHI following completion of the REP is likely to be
localised to the area immediately under or adjacent to a Pestoff 20R pellet. As suggested by the
study results described above, brodifacoum in soil will eventually breakdown.

Studies which sampled soil directly beneath or adjacent to decomposed Pestoff 20R pellets
reported concentrations of brodifacoum below the laboratory detection limit by between 60 and
180 days following placement in the open (LHIB, 2016).

As a conservative approach in this HHRA, the average soil concentration reported beneath or
adjacent to a Pestoff 20R pellet after 38 to 58 days (placed in a variety of habitats ranging from
grassland to forested areas) will be used as the soil EPC for this HHRA. This is considered
protective because the specified time period corresponds to when the pellets would be expected
to be well into their degradation process and the underlying soil would have contained relatively
high concentrations of brodifacoum compared to the time immediately after the baiting, when the
pellets would not yet have degraded and transferred the brodifacoum into soil, or later times,
when the soil concentrations would be decreasing in accordance with the expected half-life.
These data are presented in Table 7.

Table 7 Reported Brodifacoum Soil Concentrations either beneath or adjacent to a Pestoff 20R pellet

Brodifacoum

L . Days post
concentration in soil ) )
Study i placement of Habitat pellet placed in
beneath or adjacent to a

pellet
pellet (mg/kg)
Fisher et al (2011) 0.2 56 Grassland
0.9 56 Forested
Open areas to full canopy
Craddock (2004) 0.02 - 0.2 56
cover
Vestena and Walker (2010) 0.002 58 Pasture
0.012 38 Bare Rock
0.045 38 Scrub

Mean concentration (n = 7) 0.20

The concentration of 0.20 mg/kg represents the mean concentration of brodifacoum beneath or
immediately adjacent to a decaying or decayed pellet which has been exposed to the weathering
processes for 38 to 58 days post placement. This concentration will be used as the EPC in soil for
this HHRA.

The standard soil ingestion rate of 100 mg/day for a child, assumed for HHRA purposes in the
enHealth guidance (enHealth, 2012b), was derived from studies that account for the total daily
intake of soil constituents by children. This is made up of a combination of actual soil ingested
while outdoors and ingestion of dust, which contains both soil transported indoors and other
contributions, while indoors. For the HHRA we have accounted for this difference by applying a
factor of 50% to account for the fraction of soil from the contaminated location (i.e., the soil
immediately beneath the degraded pellet). The remaining 50% of daily intake is assumed to
relate to indoor dust and soil from other locations.

The apportionment of soil intake between outdoor soil and indoor dust for risk assessment
purposes has been specifically evaluated in recent USEPA guidance documents. In the Child-
Specific Exposure Factors Handbook (USEPA 2008), EPA effectively recommends that indoor dust
be assumed to account for 50% of incidental ingestion:
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6.1.2

6.1.3

“When assessing risks for children who are not expected to exhibit soil pica or
geophagy behavior, the recommended central tendency soil + dust ingestion
estimate is 100 mg/day for children ages 1 to <6 years. If an estimate for soil
only is needed, for exposure to soil such as manufactured topsoil or potted plant
soil that could occur in either an indoor or outdoor setting, or when the risk
assessment is not considering children's ingestion of indoor dust (in an indoor
setting) as well, the recommendation is 50 mg/day” (pg. 5-3).

The USEPA Exposure Factors Handbook (USEPA, 2011) identifies an intake ratio of 45% outdoor
soil and 55% indoor dust (see especially Table 5-1 in USEPA 2011) to account for the cumulative
daily intake by a child. The basis for this apportionment is an extensive set of scientific studies
that have looked specifically at intake using geochemical and other markers to distinguish
outdoor soil from indoor dust. Since this factor has been well studied and incorporated into
guidance from international sources, the use of a 50% apportionment factor in the HHRA is
consistent with a protective characterisation of soil intake from the locations where pellets have
degraded upon the soil. Children are assumed for HHRA purposes to be exposed to soil from
such locations, but would also be expected to have exposure to soil from other areas and to
indoor dust. While outdoor soil is a component fraction of indoor dust, this would reflect average
soil conditions from the area and would not reflect the concentration assumed to be beneath a
rodenticide pellet.

Estimation of Brodifacoum in Creek Sediments

Following an accidental release of Pestoff 20R pellets into a tidal marine habitat (approximately
360g of brodifacoum), Primus et al (2005) reported a brodifacoum concentration of 0.04 mg/kg
was detected in one out of seven sediment samples, one day following the spill. Nine days post
spill, brodifacoum sediment concentrations were below the laboratory detection limit.

Operational monitoring of freshwater and marine sediment following an aerial baiting program on
Ipipiri Island, sporadically detected a brodifacoum in eight out of 30 samples collected between
0.001 mg/kg and 0.018 mg/kg; with an average concentration of 0.007 mg/kg (n = 8) (Vestena
and Walker, 2010). These samples were reportedly collected within 20cm of visible baits between
24 hours and two months post aerial baiting.

Sediment concentrations reported by Primus et al (2005) following the isolated and concentrated
Pestoff 20R spill, is likely to be an overestimate of potential sediment concentrations in
freshwater creeks on LHI. Therefore, the average sediment concentration reported by Vestena
and Walker (2010) (0.007 mg/kg) following aerial baiting on Ipipiri Island will be used as the
sediment EPC in this HHRA. Protectiveness in the use of this EPC relates to the circumstance that
the measurements were obtained within 20 cm of visible baits resting on sediment. With the
planned density of one 10 mm bait per 1 m?2 being distributed during the more intensive, first
baiting, the measurements from the immediate vicinity of a bait are expected to overestimate the
overall sediment concentrations.

Estimation of Brodifacoum in Air (dust)

In 2006, a bait fragmentation field study was undertaken using a 10 mm cereal pellet on a
variety of underslung helicopter spreading buckets to estimate the amount of bait breakup
occurring due to mechanical abrasion as the bait passes through each bucket during spreading
(Torr and Agnew, 2007). The study reported that the amount of fine material produced from each
bucket during testing ranged between 0.22% (50 g/bag) and 1.35% (330 g/bag) of the bait
placed into the bucket at the start of each test. The study also reported that approximately 130 -
150 g of material less than 2 mm in size was found in a 25 kg bag of Pestoff 20R pellets upon
delivery.

Based on the results from the Torr and Agnew (2007) study, it can be assumed that the
maximum amount of fine particles to be dispersed during aerial application is the sum of the
particles (<2mm size) in the bag (150 g) and particles generated during aerial broadcast (330 g)
which equals 480 g. This is approximately 2% of the total bait content.
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6.1.4

6.1.5

Assuming the proposed application of 12 kg/ha of pellets will be distributed via aerial spreader
buckets in the first drop (at a concentration of 20 mg/kg brodifacoum) and 2% of this weight
comprises dust (< 2mm in size), this equates to a total brodifacoum dust concentration of
0.00048 mg/m2. Assuming a drop height of 50 m, the concentration of brodifacoum in ambient
air during baiting is estimated to be 9.6x10°¢ mg/m3.

It should be noted that this concentration assumes particle sizes up to 2000 pm in diameter, of
which particulates less than 10 um are considered to be respirable dust. NEPM (2013) assumed
that for both indoor and outdoor dust exposures, the respirable fraction is estimated to be 37.5%
of the inspirable fraction. This assumes that 75% of the inhaled (respirable) dust will be retained
in the respiratory tract (25% exhaled) of which 50% is small enough to reach the pulmonary
alveoli, resulting in a respirable fraction of 37.5%.

Therefore, in absence of site-specific information, this HHRA has assumed an ambient air dust
EPC of 9.6x10® mg of brodifacoum/m?3 of which 37.5% of this concentration is considered to be
respirable (i.e. particles less than 10 um in diameter).

Estimation of Brodifacoum in Tank Water

Toxikos (2010) estimated the concentration of brodifacoum in tank water should birds consume
the bait and excrete droppings onto roof surfaces. Assuming a 1 g bird dropping is deposited onto
a roof once per hour (during daylight hours), for 25 days and each dropping has a brodifacoum
concentration of 17 pg/g, a water concentration of 0.01 ug/L (or 1x10-> mg/L) was estimated into
a half full 10,000 L capacity rain water tank. A number of uncertainties were identified
associated with this tank water concentration relating to the ingestion of pellets by birds, the
frequency of bird droppings on roof surfaces and the weight of each dropping.

During the aerial distribution of pellets, there is a small potential for the pellets to land on roof
surfaces that are used to collect rainwater for potable consumption, including drinking water. This
potential is considered to be a ‘worst-case’ scenario because it does not take into account the
buffer zones (30 m or 150 m) around the settlement area, and the fact that aerial distribution of
the pellets will not be undertaken in the settlement area (refer to Section 1.1.2). Based on the
aerial bait density deposition of one bait per 2 m2, and a roof surface area of 150 m2, a worst-
case scenario may result in 10% of pellets accidently dropped onto a roof surface (i.e.
approximately 8 baits). Should baits be deposited on the roof, it is understood that the REP calls
for mitigation by team members removing baits on a roof. For the purpose of protectiveness,
the EPC is calculated assuming the mitigation team misses 50% of the baits on the roof, in which
case, four baits could theoretically be left on a roof surface. This equates to 8 g of bait (each bait
weights approximately 2 g), containing a total of 0.16 mg of brodifacoum (each pellet contains
0.02 g of brodifacoum/kg). Assuming all this brodifacoum is washed into a half empty 10,000 L
tank (to be consistent with Toxikos’s calculations), a rain water concentration of 3.2 x 10> mg/L
can be derived. This concentration will be used as the theoretical rain water tank EPC in this
HHRA.

The EPC used in this HHRA for tank water is the sum of estimated brodifacoum from bird
droppings and pellets accidently deposited onto roof surfaces (i.e., 4.2x10°> mg/L)

Estimation of Brodifacoum in Groundwater

As discussed in Section 5.1.2, brodifacoum is essentially immobile in soil hence not expected to
contaminate groundwater. At neutral and acidic conditions, the substance adsorbs relatively
strongly to soil, resulting in an average soil adsorption coefficient Koc of 9155 L/kg.

Data presented by Broome et al (2016) supports the assumption of low brodifacoum
concentrations in groundwater where it was reported that based on the analysis of 324 surface
water samples, collected over 11 aerial bait applications the detection of soluble brodifacoum is
extremely rare. Even after an aerial accidental release of 700 kg of Pestoff 20R pellets over a
30 ha freshwater lake in Fiordland, no residual brodifacoum concentrations were detected in
samples of lake water (Fisher et al, 2012). The limitations on partitioning to surface water are
also applicable to what would be expected to actually occur with regard to groundwater.
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To estimate the concentration of brodifacoum in groundwater, Ramboll Environ adopted the
approach recommended by ASTM (2010) which estimates the concentration of chemicals in
groundwater infiltrating past immobile compounds sorbed to soil. This approach assumes:

e the rate of mass transport within a given phase is slow with respect to the transfer of
mass between phases in contact with one another;

e the equilibrium between any two phases is independent of the presence of additional
phases; and

e physical contact and mixing among the various phases is 100% efficient, neglecting the
effects of heterogeneities and preferential pathways.

Ramboll Environ used the concept of equilibrium partitioning between two phases (e.g. soil to
water) to estimate the concentration of brodifacoum in groundwater. Equilibrium partitioning is a
common assumption that allows the contaminant concentration in any phase to be expressed as
a function of soil concentrations. ASTM (2010) recognises that the assumption of instantaneous
equilibrium partitioning will tend to overestimate the contaminant mass transferred from the
contaminated soil zone to infiltrating water.

The mathematical equations used to estimate the average brodifacoum concentration in
groundwater is presented below, and the equation definitions are presented in Table 8.

C, = r
' (%) + kg 4+ (%)
Cy

C -
L Exposure Unit
P Asoil
A

exposure unit

CLexposure unit

Caquifer = DAF
Table 8 ASTM (2010) Equilibrium Partitioning Model Equation Parameters
Parameter Definition
CL Concentration of brodifacoum in soil leachate (mg/L)
cT Brodifacoum concentration estimated directly beneath Pestoff 20R pellet (refer to
Section 6.1.1) (0.2 mg/kg)
Bws Volumetric water content of surface soils (0.12 cm?® H20)/cm? soil) (sand, silt profile)
pb Soil bulk density (0.6 g soil/cm? soil) (average value from Nanzyo, 2002))
Kd Soil-water partition coefficient (Koc x foc)
Koc Organic carbon partition coefficient for brodifacoum (9155 L/kg; Table 5)

Fraction of organic carbon (50 g/kg, low end of range for average values for weathered

foc . .
volcanic material from Nanzyo, 2002)
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Parameter Definition

H’ Henry’s Law constant for brodifacoum (unitless) (8.9x107; Table 5)

Bas Volumetric air content of vadose zone soils (0.29 cm?® H.0)/cm? soil) (sand, silt profile)
Asofl Area of impacted soil directly beneath a Pestoff 20R pellet (0.005 m?; assumes a 10 cm

X 5 cm area of impacted soil)

Aexposure . X

I Exposure unit area for each pellet (2m?; assuming one pellet per 2m?)

DAF Aquifer dilution attenuation factor of 20 (US EPA, 2004)

Caquifer Average concentration of brodifacoum in the aquifer within a 2m? area (pg/L)

The Cy term in the ASTM formula is the concentration of brodifacoum in soil. This value (0.20
mg/kg was assumed based on site-specific derivation for this HHRA (see Section 6.1.1)

The Ows and Oas terms are the volumetric water content and air content, respectively, of surface
soils. These values (0.12 and 0.29) were taken from the National Groundwater Association
(NGWA) table of Default Moisture Soil Parameters and Saturated Hydraulic Conductivity Values
Based on USCS Soil Type. For the purposes of this evaluation, the soils were assumed to be
classified as ‘SM’ - Sand, silty based on third party observation of the soils.

The Pp term is the bulk density of the soils. This value was estimated to be 0.6 grams per cubic
centimetre (g/cm3). This value was chosen following a literature search for bulk densities of
volcanic soils. Figure 4 in a paper by Masami Nanzyo entitled ‘Unique Properties of Volcanic Ash
Soils’ plots the relationship of bulk densities and organic carbon content in volcanic soils. The
majority of the samples plotted had a bulk density around 0.6 g/cm3.

The Kq term is the soil-water partition (desorption) coefficient. This term was calculated based on
the relationship between the organic carbon partition coefficient (Koc) and the fraction of organic
carbon (Foc) in the soil.

The reported Koc for brodifacoum is 9,155 litres per kilogram (L/kg).

The Foc for the site soils was selected from the aforementioned paper by Nanzyo. According to
the table, organic content in volcanic soils with a bulk density of 0.6 g/cm?3 range from
approximately 50 g/kg to 175 g/kg. The lower end of the range (50 g/kg) was used for HHRA
purposes because this assumption is more protective (lower Foc corresponds to more leachability
to groundwater).

The H term is the reported Henry’s Law Constant for brodifacoum. The value shown on Table 2,
however, is not the unitless term for H. Conversion to the unitless value (also known as H’) was
completed using the relationship of H' to H and the inverse of the universal gas constant (R =
0.08206) and a temperature (°K = 298.15 - conversion of 25° C).

The estimated concentration of brodifacoum in the groundwater (Caq) is calculated from the
application of a dilution attenuation factor (DAF) to the C. (concentration in leachate). A DAF of
20 was selected based on its widespread acceptance as a default value for estimating
groundwater concentrations from soil impacts as exhibited in the USEPA Soil Screening Guidance
document (USEPA, 1996).

Because the DAF as described and used above assumes that leaching from impacted soil occurs
across the entire exposure area, this corresponds to assuming that the soil concentration beneath
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6.1.6

6.1.7

a degraded pellet (the assumed soil concentration) applies to the leaching of all soil impacting
groundwater. Since the pellets are expected to occur at a density of only approximately 1 per
2 m?, the corresponding ratio of the impacted soil area to the area where no pellet was present
was used

The ratio of the impacted soil beneath a pellet to the exposure unit of 2 square metres was
calculated by assuming the area of the impacted soil beneath a weathered pellet. The area was
assumed to be 10 centimetres (cm) by 5 cm. This area (50 square centimetres — cm?) is 1 400%
of the entire 2 square metre exposure unit.

An estimated concentration of brodifacoum in groundwater of 5.55%10-% mg/L was derived
based on the groundwater modelling methodology described above. While groundwater could
theoretically be consumed as drinking water by residents, it is much less likely than tank water to
be used for this purpose. And, since the brodifacoum concentration estimated for tank water
from bird droppings and pellets falling on the roof (Section 6.1.4) is approximately 1000-fold
higher than the modelled groundwater concentration (2.2x10°> mg/L vs. 5.5x10% mg/L), for
quantitative risk characterisation purposes the drinking water for the receptors will be assumed
to be tank water. The much higher projected EPC for tank water makes this a protective
assumption for evaluating drinking water and the results based on this approach will also be
protective in the unlikely case where groundwater is used as drinking water.

Estimation of Brodifacoum in Surface Water

LHI has three main streams and a number of ephemeral streams (refer to Section 2.10).
Assumed groundwater concentrations are likely to be similar to ephemeral streams where the
source of water would predominantly be from surface water runoff in contact with soil.
Concentrations in the main streams (e.g. Solders Creek) however are likely to be diluted by at
least a factor of 10 and therefore have lower brodifacoum concentrations.

Therefore, as a conservative approach in this HHRA the groundwater EPC of 5.55x10% mg/L will
be adopted for surface water. The concept of equilibrium partitioning used to model the
groundwater EPC is also relevant for leaching of brodifacoum into surrounding pore water that is
subsequently discharged to stream.

Estimation of Brodifacoum in Seafood

The bioconcentration factor (BCF) of a chemical is defined as the ratio between the concentration
of that chemical in an organism (or in the fat, or in certain tissue of the organism) and the
concentration of the chemical in the aqueous environment. Typical biological factors that affect
the BCF include uptake rates and efficiency, body size and percent lipid (especially for non-polar
organic compounds).

Bioaccumulation typically increases as water solubility decreases (ANZECC, 2000). An indication
of the potential for organic chemicals to bioaccumulate is given by the octanol-water partition
coefficient (Kow), which is the ratio of the concentration of a chemical in n-octanol (a surrogate
for animal lipid) to the concentration in water, at equilibrium and at a constant temperature
(ANZECC, 2000). ANZECC (2000) states that “chemicals with log Kow values below 3 are not
considered to bioaccumulate, while highly fat soluble, lipophilic chemicals are most likely to
bioaccumulate. Most of the potentially bioaccumulating compounds have log Kow values between
3 and 7, and bioconcentration tends to decrease beyond 6 due to increasing molecular size and
decreasing solubility in fat”. Based on ANZECC (2000) guidelines, brodifacoum with a log Kow of
between 6.2 and 8.5 (Table 3) can be expected to have some ability to bioaccumulate in fish
tissue.

Experimental data on aquatic bioconcentration of brodifacoum into fish tissue is not available. A
bioconcentration factor of 35,134 was calculated by EC (2010) using the equation described
below and a log Kow of 6.12 (estimated from measured Koc). ANZECC (2000) states that
“chemicals with BCF values greater than 1000 are assumed to have some potential for
bioconcentration...”.
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6.1.8 Estimation of Brodifacoum in Vegetables
Brodifacoum is not likely to be transported through soils and taken up into plant tissues since it
strongly binds to soil and has a very low solubility.

Only one study was found that sampled plants (grasses) following the application of brodifacoum
at 15 kg/ha on Anacapa Island, California (Howald et a/, 2010). Of the six samples analysed, no
detectable concentrations of brodifacoum were detected. Therefore, empirical information
regarding brodifacoum concentrations in plants/roots is not available for use in this HHRA.

In absence of chemical-specific information relating to plant uptake or concentration factors for
brodifacoum, the ‘plant uptake model’ recommended by EA (2006, 2009) and used by NEPM
(2013) in Australia, will be used in this HHRA. It should be noted however, that use of plant
uptake models can be highly variable, and the majority of models tend to over-predict root
uptake by at least an order of magnitude (EA, 2006). The adopted ‘plant uptake model’ predicts a
soil-to-plant concentration factor for brodifacoum in fruits and vegetables (green/leafy, tubers
and root vegetables), reported in mg/kg fresh weight to mg/kg soil dry weight. This
concentration factor is then multiplied by the assumed concentration of brodifacoum in soil (an
assumed concentration beneath or immediately adjacent to a degraded/degrading pellet, refer to
Section 6.1.1) to derive a predicted concentration of brodifacoum in fruit/vegetables. Due to the
reported ability of these models to over predict concentrations by ‘at least an order of magnitude’
(EA, 2006), the estimated fruit and vegetable concentrations were reduced by an order of
magnitude. This assumption is supported by the results published by Howald et a/ (2010) which
reported no detected brodifacoum concentrations in plant samples.

There is also the potential for soil to adhere to vegetables and subsequently be consumed if the
vegetables are not washed properly enough. The potential to consume soil via this pathway is
discussed in Section 4.4.3.1.

Table 10 presents the input values for the ‘plant uptake model’ and Table 11 presents the soil-
to-plant concentration factors and concentrations of brodifacoum based on an assumed soil
concentration of 0.2 mg/kg (refer to Section 6.1.1)

Table 10 Input Values for the ‘Plant Uptake Model’
Parameter Value Source
Koc (cm3/g) 9155 EC, 2010
Log Kow 6.2 ECA, 2013 (refer to Table 5)
Kow 1.58x108 ECA, 2013 (refer to Table 5)
Dwater (cm?/sec) 3.35x10°® g::iu(lra:?:r :ji_r:_:tl;:se EI;A el
Soil bulk density (g/cm?) 1.63 Assumed for typical soil in root
zone (NEPM, 2013)
Soil-water content by volume 0.13 Assumed for typical soil in root
(cm3/cm?3) zone (NEPM, 2013)
Assumed based on increases of
Fraction organic carbon (foc) 2% foc following long-term

cultivation of home-grown
produce (NEPM, 2013)
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6.1.9

Table 11 Modelled Soil-to-Plant Concentrations Factors and Brodifacoum Concentrations in
Fruit and Vegetables

. i Modelled Concentration of
Soil-to-Plant Concentration . .
Produce Brodifacoum in

Fact k
actor (mg/kg) Fruit/Vegetable (mg/kg)

Green/leafy vegetable 0.009 0.002 (0.0002)*
Tuber vegetable 0.403 0.081 (0.0081)*
Root vegetable 0.054 0.011 (0.0011)*
Tree grown fruit 0.002 0.0004 (0.00004)*

Note: *value in brackets represents the fruit and vegetable EPCs that were adjusted by an order of
magnitude to account for the ability of plant uptake models to over predict chemical concentrations.

Although it is acknowledged that some residents rely on produce grown on the island at times,
due to the reported limitations of the ‘plant uptake model’ to over predict plant uptake (EA,
2006), and the low likelihood that produce will be grown beneath a Pestoff 20R pellet, it is
assumed that 1% of residents fruit/vegetable intake will be from produce grown on the island
directly beneath a degrading/degraded pellet with a soil residue concentration of 0.2 mg/kg. This
is an approximation based on the expected density of pellets after the REP distribution. As
discussed above with regard to groundwater transport, the area of soil over which a pellet
degrades and is released is approximately 1/400% of the 2 m2 expected to contain each 10 mm
pellet. Since plant root networks can spread substantially, this areal proportion was multiplied by
4 (i.e., set to 1%) for the proportion of produce assumed to be grown over impacted soil.

Concentration of Brodifacoum in the Pestoff 20R Pellet

Brodifacoum is present in the Pestoff 20R pellet at a concentration of 20 mg/kg (LHIB, 2016). For
the 10 mm-diameter pellets with an approximate mass of 2 g, this corresponds to 0.04 mg of
brodifacoum per pellet. For the 5.5 mm-diameter pellets with an approximate mass of 0.6 g,
this corresponds to 0.012 mg of brodifacoum per pellet.

6.1.10 Adopted Exposure Point Concentrations

The exposure point concentrations of brodifacoum in the media assessed in this HHRA is
presented in Table 12.

Table 12 Adopted Brodifacoum Exposure Point Concentrations
Media Brodifacoum Concentration
Surface soil 0.20 mg/kg
Air (dust) 9.§x10'6 mg of.bro.difacou.m/m3 of which 37.5% of
this concentration is considered to be respirable.
Groundwater 5.5x10® mg/L
Surface water 5.5x10® mg/L
Tank water 4.2x10°mg/L
Sediment 0.007 myg/kg

Seafood 0.016 myg/kg
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Brodifacoum Concentration

Media
Vegetables Refer to Table 11
Pestoff 20R pellet 20 mg/kg

6.2 Human Behavioural and Lifestyle Assumptions
Human behavioural and lifestyle assumptions adopted in the HHRA were obtained from the

enHealth (2012) Exposure Factors guidance and site-specific information where available.

The human behavioural and lifestyle assumptions adopted in this HHRA for the identified human
receptors are presented in Table 13.
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c) Mean weight for females aged 19 to 24 years, Table 2.2.1 (enHealth, 2012b).

d) Average mean weight for male and females 218 years, Table 2.2.1 (enHealth, 201b2).

e) Recommended mean water intake for a 2-3 year old child, Table 4.2.5 (enHealth, 2012b).

f)  Recommended mean water intake for a 6 to <11 year old child, Table 4.2.5 (enHealth, 2012b).

g) Recommended 90" percentile water intake for pregnant and lactating females (enHealth, 2012b).

h) Recommended lifetime average daily intake for adults (enHealth, 2012b).

i)  HHRA assumes 59% of vegetables are green vegetables, 18% are root vegetables and 23% are tuber vegetables for the adult; and 55% are green vegetables, 17% are root vegetables and 28% are tuber
vegetables for the child. This is consistent with NEPM (2013) approaches as recommended by EA (2009).
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6.3

6.4

Estimation of Chemical Intakes
The chemical intakes are estimated for each receptor and pathway separately for brodifacoum,
and the methodology follows that described in enHealth (2012).

The equations used to estimate chemical intake are presented in Appendix C for the following
exposure pathways:

¢ Incidental ingestion of soil/sediment

¢ Incidental ingestion of surface water

e Dermal contact with soil/sediment

e Dermal contact with surface water

e Ingestion of seafood and vegetables

e Outdoor inhalation of dust

¢ Ingestion of tank water for potable purposes

Human Exposure Uncertainty

Risk assessment requires the adoption of a series of assumptions relating to human behaviour
and characteristics in order to quantify potential human exposure. However the exposure
scenarios for the LHI residents and visitors have a degree of uncertainty associated with them.
To account for this uncertainty, the assumptions used for the LHI residents and visitors were
intentionally chosen to be protective and developed to provide an estimate of reasonable
maximum exposures rather than the actual exposures. The specific assumptions and basis for
choosing factors expected to be protective that tend to overestimate and ensure against
underestimating exposure are discussed for each exposure pathway listed above.

This approach tends to overestimate the associated risks because it is highly unlikely that the
level of exposure assumed would occur on LHI and therefore this conservatism, or over
prediction, of risk is considered to have more than catered for potential exposure uncertainty in
the risk assessment. Uncertainty in the assessment is, therefore, taken into account by erring on
the side of over estimation and health protection.
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7.1

RISK CHARACTERISATION

Risk characterisation is the final step in the quantitative risk estimation aspect of the risk
assessment process. In this step, information gathered and derived from the toxicity assessment
and exposure assessment are combined to derive humerical estimates of potential risk to human
health. Conclusions reached during the risk characterisation process conveys the nature and
existence of (or lack of) human health risks in a manner useful for decision makers.

Methodology

In the standard environmental risk assessment method specified by enHealth (2012) and used
internationally, potential risks for non-carcinogenic chemicals are represented in the form of
Hazard Quotients ("HQs"”) computed for each completed pathway of exposure. The HQ is a ratio
between the projected daily intake of a chemical by each pathway and the adopted reference
values established in the toxicity assessment. Since these values are derived to correspond to
doses expected to be safe for the most sensitive endpoints of a chemical and sensitive
subpopulations, where the projected daily dose is less than the reference value (HQ <1), the
dose is below a threshold recognised to be safe and no adverse effects are expected.

Conversely, if the projected daily dose exceeds the reference value, the HQ will be greater than
one and the conclusion that no effects are expected is not supported. In these cases, further
evaluation is required to determine the potential for actual health effects, since the reference
values correspond to “no-effect” levels.

A determination of the HQ for each pathway is made and these are calculated as follows for the
three routes of exposure (oral, dermal, and inhalation):

Oral and Dermal Pathways

Mean Daily Intake (MDI) (? day)
Hazard Quotient (HQ) = g

Reference Dose (RfD) (rl?_g day)

Inhalation Pathways (dust)

Airborne EPC Concentration (,u_gs
Hazard Quotient (HQ) = m

Reference Concentration (RfC) % )

Since an individual might be exposed via several exposure pathways and their overall daily dose
corresponds to the sum of exposure by each pathway, the HQs (from multiple exposure
pathways) can be summed to calculate an overall risk level, or Hazard Index (HI), as described
below:

Hazard Index (HI) = X Hazard Quotients

Where the HI is less than one, the total daily dose from all relevant pathways is less than the
reference values. This outcome supports indicates the overall projected dose is below a
threshold recognised to be safe and no adverse effects are expected. And, analogous to the
individual pathway HQ, where the HI is greater than one, the projected daily dose exceeds the
reference values and the conclusion that no effects are expected is not supported. Again, further
evaluation is required to determine the potential for actual health effects. It is particularly
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7.2

7.3

important to consider the reasonable exposure pathways combinations and to assess whether it
is likely that the same individual would consistently face the projected exposure by each
pathway.

The evaluation of acute health risks for individuals (particularly children) from acute, direct
ingestion of rodenticide pellets, identified as being a topic of interest and concern by residents, is
not readily characterised using the standard environmental risk metrics (See Section 5.2.2).
This evaluation is described separately below and, to put the exposures into the most convenient
context, risks are characterised using a metric of the number of bait pellets required to
correspond to the WHO dosage (WHO, 1995a) recognised to produce observable, readily treated
anticoagulant effects. These are the most sensitive effects expected from acute exposures for a
child.

Risk Acceptability Criteria

The HQ and HI approach described above are used under the enHealth guidelines (2012) and by
EU and US agencies as the metric to determine the acceptability of non-cancer risks from
environmental exposure. The HHRA adopts this approach and the risks relating to the
environmental releases from the REP will be concluded to be acceptable if the HI (i.e., projected
exposure by all cumulative pathways) is below 1. The HQs are used to determine the risk-driving
pathways and, if the HI exceeds 1, these can be the focus of further evaluation or risk
management.

With regard to the acute ingestion of bait pellets, using expected actual occurrence of adverse
health effects as a metric is not suitable for a risk assessment relating to evaluating and
managing a plan such as the REP. Stakeholders including the community, LHIB and OCSE would
be expected to require, manage and oversee a prospective pesticide release on the basis of a no-
effect standard. Accordingly, no specific amount of acute pellet ingestion will be characterised to
be safe. However, interested adults, particularly parents and guardians can refer to the
evaluation based on the number of pellets to determine the scale of an incidental ingestion by a
child that would be necessary to produce clinically important effects. This type of comparison
allows for the margin of safety to be recognised by parents or guardians should a child ingest one
or more bait pellets. Refer to Section 7.6 for a more detailed discussion of the exposure
scenario.

Summary of Quantitative Risk Estimates for Environmental Exposure Pathways
The mean daily intakes (mg of brodifacoum per kg of body weight per day) of brodifacoum and

hazard quotients for all human receptors via the exposure pathways assessed quantitatively are
presented in Table 14 and Table 15, respectively.

Table 14 Mean Daily Intakes (mg/kg/day) for Brodifacoum Exposure
) Pregnant Young
Exposure Pathway Toddler School Child Adult
Woman

6.67x107 2.74x107 9.01x108 7.69x10°
Incidental soil ingestion

2.33x107 1.78x107 1.73x107 1.60x107
Dermal contact with soil
Inhalation of outdoor dust during aerial 3.00x107 7.50x107 1.20x10® 1.20x10®

distribution

Dermal contact with surface water 1.24x10® 9.03x107° 8.43x107° 8.06x10°
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7.4

school child, pregnant woman and adult receptor scenarios is below the reference values
representing sensitive, no-effect levels. The HI is less than 1 for each receptor. This outcome
supports the conclusion that the projected exposures are below a threshold recognised to be safe
and no adverse effects are expected.

The exposure pathways responsible for contributing to more than 70% of the overall HI include
(in decreasing order of contribution):

e Toddler and School Child: ingestion of tank water for potable drinking use, incidental soil
ingestion, and dermal contact with sediment.

e Pregnant Woman and Adult: ingestion of tank water for potable drinking use and
inhalation of outdoor dust during aerial distribution of pellets.

Even though the Toddler had a lower drinking water ingestion rate and skin surface area
compared to the other receptors, the hazard index was highest for the Toddler primarily because
this receptor has a lower body weight and therefore they consume more soil and drinking water
per unit of body weight, and have a higher ratio of body surface area to volume than older
children and adults. For non-carcinogenic effects, smaller child scenarios commonly drive risk
estimates due to their low body weight - it takes a less exposure to achieve a given dose in
mg/kg body weight. Thus, consideration of the Toddler scenario is protective for older, heavier
children that could be exposed via similar pathways and exposure scenarios.

The School Child scenario was included as a second child-based evaluation because the relevant
exposure pathways differ, with the school child having higher intensity contact with soil due to
outdoor playing activities, larger exposed skin surface area, and other distinct features from the
Toddler. The HI was less than 1 for the School Child scenario also, however, demonstrating that
when the different pathways relevant for activities by an older child were accounted for the
exposures still remained below the threshold level recognised to be safe.

The Pregnant Woman scenario was included specifically to allow for evaluation of circumstances
that could relate to reproductive and developmental concerns. Since warfarin is recognised to
produce teratogenic effects on the developing musculoskeletal structures for foetuses in some
cases where female patients have taken it to control blood clotting conditions, and the EU-
derived toxicity reference values specifically account for this endpoint by “reading across” the
warfarin effects to apply to brodifacoum, consideration of an adult woman of reproductive age
receptor was included. Addressing potential reproductive/developmental effects and evaluating
risks to the developing foetus is understandably of interest and concern to the LHI community.

To make the scenario protective and relating to the types of activities common on the island, the
Pregnant Woman receptor was also assumed to be out of doors extensively (8 hr/day), as might
occur for a resident or visitor hiking in the mountains. This assumption explains why the dust
inhalation pathway turned out to be among the highest projected exposure. The Pregnant
Woman receptor (as well as the general adult receptor) is assumed to be out of doors throughout
the time that dust is settling in her immediate vicinity after the aerial distribution of baits. This is
clearly a very protective set of assumed exposures and the HI still remained below 1.

Evaluation of Potential for Impacts to LHI's Water Supply

Concerns by the community about drinking water was the basis for including this type of
scenario. For the purposes of the HHRA, very unlikely, compounding assumptions were included
pertaining to the tank water, but the HQ was less than 1.

The relative contribution of the tank water pathway as among the higher HQs for several
receptors is driven by the assumed presence of a number of bait pellets reaching the water tank
after deposition from the aerial distribution. Further, the HHRA assumed that only half of the
pellets on a roof were found and removed by the REP implementation staff.
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7.5

7.6

The REP specifically provides an exclusion zone and restricts the aerial distribution such that baits
are not expected to land on roofs routinely. In addition, the mitigation plans in the REP call for
staff to remove any baits accidently landing on a roof and given the importance of this task, it is
unlikely that 50% of these baits would be missed by the mitigation team, as assumed for
protective evaluation.

Concern and interest about transfer of brodifacoum from soil to the underlying groundwater was
another topic identified by the community. Groundwater concentrations were projected using a
model that accounts for partitioning of chemicals between soil and groundwater, and does not
include any degradation (See Section 6.1.5). Due to the strongly preferential binding of
brodifacoum to soil versus water, the projected concentration in groundwater turned out to be
low - approximately 1000-fold lower than the projected tank water concentration. Accordingly, it
is reasonable and protective to assume that tank water is the important drinking water source for
the receptor scenarios. If groundwater was consumed for drinking water purposes without
treatment, unlikely given the actual uses described, the exposures would be on the order of
1000-fold less than those from tank water, which as described above yielded risk estimates that
were not indicative of a health risk.

Risk via Consumption of Locally Caught Fish

Another topic of interest and concern to the community was the potential risk from exposure to
fish or seafood that had taken up brodifacoum transported to surface water or bait pellets landing
in the Lagoon or ocean where brodifacoum could accumulate in the marine foodchain. The
potential exposure concentration via this pathway was evaluated using standardized
bioaccumulation approaches to address the possible uptake of brodifacoum in fish tissue (See
Section 6.1.7).

The HQs calculated based on consumption of fish that had taken up brodifacoum ranged from
0.036 for the Toddler to 0.016 for the adult. Not only are these very low relative to the threshold
HQ of 1, the contribution relative to other pathways, such as soil ingestion and tank water
ingestion, is very low. This supports conclusions both that transfer of brodifacoum to seafood
would not be expected to present a risk to residents or visitors and, further, that this pathway
would be a small contributor to human exposures compared to other sources of brodifacoum.

Characterisation of Risks from Acute Ingestion of Bait Pellets

In addition to characterising potential exposures to brodifacoum released to the environment
from the REP, the presence of the bait pellets themselves as possible drawing the attention of
children that might play with or ingest them is of interest and concern to the community. While
the use of rodenticides is common on the island via the LHIB bait stations and use of bait by
individual property holders, the distribution of baits during the REP would be substantially
different and bait pellets would be expected to be encountered in the open outdoors. Thus, it is
foreseeable that a child could find and ingest bait pellets.

To characterise the extent of ingestion of bait pellets that could produce a recognised adverse
effect level for humans, a supplemental approach considering exposure levels recognised to
produce anti-coagulant effects was introduced and the adverse effects level (0.015 mg/kg body
weight) was determined based on information from US EPA (2013) (Section 5.2.2).

The adverse effects level was converted to an ingested dose for the two child receptors using
their assumed body weights (15 kg for the toddler, 35.6 kg for the school child) (Section 5.2.2).
Both sizes of bait pellet contain 20 mg/kg brodifacoum and the 10 mm pellets have an
approximate mass of 2 g, while the 5.5 mm pellets have an approximate mass of 0.6 g. These
parameter for the bait pellet characteristics can be used to estimate the number of pellets
needed to produce the adverse effect level (Table 16).
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Table 16 Accidental Ingestion of Bait Pellets — Margin of Safety Information
Dose to Reach Number of 10 Number of 5.5
Child Adverse Effect mm Pestoff 20R mm Pestoff 20R
Level (mg) pellets* pellets**
Toddler 0.23 5.6 13.4
School Child 0.53 18.8 44.5
Notes

*10 mm pellets are approximately 2 g, and at 20 mg/kg brodifacoum, contain 0.04 mg/pellet (20 mg/kg
*0.002 kg)

*5.5 mm pellets are approximately 0.6 g, and at 20 mg/kg brodifacoum, contain 0.012 mg/pellet (20 mg/kg
* 0.0006 kg)

To reach the dose corresponding to the human adverse effects level, the toddler would have to
ingest more than 5 of the larger bait pellets or more than 13 of the smaller bait pellets. And, the
school child would have to ingest approximately 19 of the larger bait pellets or more than 44 of
the smaller bait pellets. These values have been calculated on the basis of a one-time, daily dose
(i.e., the pellets are consumed all at once, or over the course of a day). In light of the relatively
slow elimination of brodifacoum, the scenario could be extended to also apply where a child
consumed the same number of total pellets over approximately 2 days. Longer scenarios where
children consume bait pellets on multiple consecutive days are not anticipated due to the
presence of the dye, which would serve to alert adults to the initial incident. This circumstance
provides a margin of safety that parents and guardians can consider with regard to exposure
incidents. Given the concentration of 20 mg/kg brodifacoum in the bait pellets that would be
used for the REP, it would take substantially more than incidental contact or mouthing and
ingesting a pellet or two to reach the threshold from WHO. However, rodenticide bait pellets are
not intended for consumption and exposure via this scenario should be minimised to the extent
possible.

As determined during the site visit and interview at the island hospital, both the prothrombin
time testing used to determine anticoagulant effects and the treatment for such effects (vitamin
K therapy) are readily available locally. This provides additional context for parents or guardians
with regard to the ability to manage the risks of accidental ingestion. The presence of the green
marker dye in the pellets is another factor that is useful in the regard, as accidental ingestion
events should be readily recognisable from dye on the face or hands of a child.

For further context to understand the margin of safety between the threshold for adverse effects
and the dose of brodifacoum that could be lethal, comparisons can be made to another value.
Toxikos (2010) identified 15 mg of brodifacoum as a potentially lethal level for adults. Using the
body weights above, this converts to approximately 3.4 mg for a toddler and 8 mg for a school
child. For the children, this projected lethal dose is approximately 150 times higher than the
threshold for producing readily treatable effects (3.4 mg / 0.023 mg; or 8 mg /0.053 mg).
Estimated lethal levels are not suitable for managing potential risks, but these comparisons
provide context to recognise the margin of safety and scale of the ingestion required between
minor observable effects and potential lethality.

Risk to Human Health if the Proposed REP Does Not Proceed

The REP presents specific new potential risks related to rodenticide exposure on LHI by virtue
primarily of the proposed distribution of the baits throughout the island and the corresponding
releases to a variety of environmental media. However, these are not the only potential risks
relating to rodenticides, which are routinely used on the island currently. The LHIB distributes
coumatetryl in bait stations and to residents upon request. Commercially available products
containing 50 mg/kg brodifacoum are available and used in the settlement area in open bait
trays.
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To our knowledge, there have been no recorded incidents of rodenticide poisoning producing
adverse health effects at the hospital or to poison control authorities. Since observable
anticoagulant effects are expected to be the most sensitive effects for such exposures, it is not
likely that there are substantial adverse health effects of other kinds occurring in conjunction with
the current rodent management program.

However, there is analogy and comparison between the current management program and the
REP that is informative to residents and visitors on the island. Under both the current program
and REP there is potential for exposure to rodenticides in soil, water and food items (fruit and
vegetables, fish). The evaluation in the HHRA documents that the residual levels and likelihood
of exposure to these hypothetical sources are low and there are no indications of risks for
adverse health effects in relation to the REP. By analogy, the less intense use of rodenticides in
the management programme would be expected to result in a similar conclusion for this
programme.

In contrast, however, in the absence of the REP, the management program would likely continue
indefinitely and the expected trend would be to increase rodenticide use over time, driven by the
potential for rats and mice to develop resistance to currently used compounds. Transition to new
rodenticides in response to developing resistance would introduce new and unknown risk
considerations.

With the REP and if it is successful, there is basis to expect that rodenticide use would be
eliminated as it would no longer be necessary. In this case, the pulse of increased use and
release of brodifacoum would be followed up by a continuing downward trend of rodenticides in
the various environmental media as degradation occurred over time and there was little or no
new rodenticide being released.

An additional area of contrast relates to the comprehensiveness and emphasis on management of
the REP process. There are extensive plans in place and being optimised and there are financial
and staffing resources available and expected to implement the REP in a thorough manner. The
current management plan relies on a combination of efforts by the LHIB staff and residents and it
is reasonable to anticipate that efforts are not coordinated to the same extent as envisioned in
the REP.

Uncertainty in Risk Characterisation

Uncertainties can be introduced into the risk characterization stage of a HHRA when risk
estimates are added across multiple exposure pathways. In some situations, chemicals may not
affect similar target organs, may not act via similar mechanisms, or may interact in ways that are
not additive. As a result, adding risk estimates may not appropriately reflect the potential risks
associated with multiple chemical exposures. Similarly, the risks posed by a chemical following
exposure via different pathways may differ in ways that are not adequately reflected by simple
addition of the risk estimates derived for each individual pathway.
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DERIVATION OF ENVIRONMENTAL CRITERIA

During and following completion of the proposed REP, it is understood that LHIB plan to
undertake an extensive environmental monitoring program to monitor the breakdown rates of
baits, and brodifacoum concentrations in soil (from directly below some baits and control
locations), surface water bodies, rainwater tanks and groundwater bores.

To assist with these efforts, Ramboll Environ derived site-specific environmental criteria for soil,
sediment, tank water, surface water, groundwater and seafood that take into account the likely
exposure scenarios residents and visitors may experience on Lord Howe Island.

The equation below was used to derive the site-specific environmental criteria for brodifacoum in
a variety of environmental media.

Target Hazard Index (1)
(Sumof HQ for media) X Concentration of Brodifacoum in Media

Environmental Criteria =

The site-specific environmental criteria derived for brodifacoum to assist with post monitoring
efforts are presented in Table 17. These concentrations are based on the assumed exposure
scenarios in this HHRA, and are protective of a ‘Toddler’ for which the estimated health risks were
the highest of the four receptor groups assessed.

Table 17 Site-Specific Environmental Criteria for Brodifacoum
Media Environmental Criteria
Soil 0.68 myg/kg
Sediment 0.047 mg/kg
Surface water/Groundwater 1.1 x 10° mg/L
Seafood (edible flesh) 0.45 mg/kg

Tank water 1.4 x 10* mg/L
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9. SENSITIVITY ANALYSIS

Sensitivity analysis provides a quantitative estimate of the effect of uncertainty and/or variability
in the input parameters on the results of the risk assessment. The analysis should be performed
when a risk assessment has been conducted using a deterministic exposure model where a single
value has been used to represent likely exposure scenarios (such as ingestion rates). The process
involves changing one variable at a time within a defined range while leaving the other variables
constant and determining the effect on the output.

The results of the sensitivity analysis are used to identify important input variables (or groups of
variables) and develop bounds on the distribution of exposure or risk. A sensitivity analysis can
also estimate the range of exposures or risk that result from combinations of minimum and
maximum values for some parameters and mid-range values for others (US EPA, 1989). Effort
may then be directed to the collection of additional data for these important variables; as
additional data is collected, the uncertainty in the ‘true’ value is reduced (NEPM, 2013).

The sensitivity analysis for this HHRA is provided in Appendix E, and was conducted for the
‘Toddler’ exposure pathways that contributed to greater than 80% of the Hazard Index which
included:

e Soil ingestion
e Dermal contact with sediment
¢ Ingestion of tank water for potable use.

A review of the sensitivity analysis data presented in Appendix E identifies that the parameters
most sensitive in influencing the resulting risk estimates are associated with:

e Concentration of brodifacoum in tank water
e Concentration of brodifacoum in soil
e Exposed skin surface area for sediment contact.

When the range of identified values for the various assumptions relating to the pathways
evaluated in quantitative sensitivity analysis was considered, the corresponding HQs remained
less than one with one exception. The tank water concentration, driven by assumptions about
the number of bait pellets that could land on a roof and end up reaching the attached water tank,
could be projected to vary across a wide range and the corresponding HQ range estimated was
from 0.07 to 17 for the toddler receptor. The selected assumptions used in the HHRA yielded an
HQ of 0.30 for this receptor and pathway. This outcome indicates that, while expected to be
protective (i.e., a substantial number of pellets land on a roof despite the exclusion zone and
50% of these are missed by the removal team), the assumptions about the number of pellets on
a roof and the efficiency of removing them are important factors to the outcome of the HHRA and
should be managed with high priority.

The concentration of brodifacoum in soil, not surprisingly, is another factor that is subject to wide
variability reflecting the differences occurring as pellets degrade over time and the extent that
brodifacoum spreads out from the location where the pellet rests. However, even using a broad
range of reasonable concentrations, the HQ for the toddler receptor by this pathway still
remained below one. For the HHRA, the soil ingested by receptors was assumed to reflect the
approximate average concentration detected in sampling of soil directly beneath degraded
pellets. Given the expected density of pellets (1 per 2 m2 for larger pellets), assuming that a
receptor gets the entirety of their exposure from soil immediately beneath a pellet is a highly
protective assumption. On this basis, the variability in potential soil concentrations of
brodifacoum is expected to be addressed via the assumption that was included in the HHRA and
the likelihood for health risks via this pathway is effectively considered.
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The exposed skin surface area for sediment exposure is another factor that is subject to
substantial variability depending on the nature of the activities undertaken by children playing in
a streambed or along the beach on the Foreshore. For the toddler receptor, the value used in the
HHRA was the total skin surface area of the hands and feet. If the exposed skin surface area is
expanded to include the arms and legs in addition to hands and feet, the HQ remains below one.
Accordingly, despite the potential for different assumptions, the outcome of the HHRA would not
be altered by a reasonable set of alternative assumptions about exposed skin surface area. The
HHRA assumptions are concluded to be protective and the likelihood for health risks via this
pathway is effectively considered.
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10. CONCLUSIONS

The objective of the HHRA is to characterise the potential human health risks to residents and
visitors on Lord Howe Island due to use of Pestoff 20R pellets containing the ingredient
brodifacoum during and following the rodent eradication program proposed for the island. This
was undertaken using a standard risk assessment approach recommended by enHealth and also
used widely internationally. This approach was supplemented by specific considerations of
potential exposures and the nature of potential effects from brodifacoum that have been raised
by stakeholders including the island community and the LHIB.

The potential exposure pathways identified by which exposure could occur to brodifacoum
relating to the REP were defined and assigned quantitative assumptions that were intentionally
expected to be protective (i.e., likely to overestimate exposure). The pathways included for
quantitative risk estimation include exposure to soil, air (dust), sediment, surface water, tank
water as a drinking water source, seafood, and locally grown fruits and vegetables. Groundwater
as a potential drinking water source was also evaluated but since the estimated concentration of
brodifacoum was approximately 1000-fold lower in groundwater than tank water, the assessment
used the tank water scenario since it was a more protective assumption.

Potential risks via these pathways were then estimated for two exposure scenarios involving
children (a toddler and a school child) and two exposure scenarios for adults (an adult woman
that might be pregnant and a general adult scenario such as a trekker where the receptors might
be out of doors extensively during the time of bait distribution). The risk estimates from each
identified exposure pathway were summed for each receptor so that the potential for cumulative
exposure via all of the pathways was addressed.

The results of the quantitative risk estimation demonstrate that for all of the receptor scenarios,
the expected exposures would be below the corresponding dose level derived to be safe for
sensitive subpopulations and accounting for the sensitive effects of brodifacoum (i.e., potential
developmental effects linked to anticoagulants in the same chemical family as brodifacoum).
This outcome supports a conclusion that adverse health effects would not be expected from the
projected brodifacoum exposures related to the REP.

The pathways that contributed most to the projected exposures included ingestion of soil
(assumed to be from directly beneath bait pellets), ingestion of tank water as drinking water
(assumed to result from bait pellets landing on roofs during aerial distribution), dermal contact
with sediment (assumed to be directly beneath bait pellets landing in streams or on the beach),
and inhalation of airborne dust during the aerial distribution operations. The assumptions
relating to these pathways were intended to be protective of the actual extent of exposure likely
to occur. In addition, the specifications of the REP recognise that management steps relating to
limiting deposition of baits into water bodies and preventing deposition on roofs are relevant and
controls for these pathways are expected to be implemented and monitored.

In summary, a comprehensive evaluation of the environmental releases projected from the REP
did not identify exposures expected to lead to adverse health effects. In addition, a supplemental
evaluation to consider accidental acute ingestion of bait pellets by a child was included to respond
to community concerns about such incidents. This evaluation demonstrates that incidental
exploratory contact such as handling or mouthing/ingesting one or a few pellets would not be
expected to result in observable anticoagulant effects and provides information that stakeholders
can use in judging the margin of safety for children. The overall conclusion from this risk
assessment is that estimates of exposure from all the potential sources associated with the REP
are below those likely to result in adverse health effects in any individuals.
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12. LIMITATIONS

Ramboll Environ prepared this report in accordance with the scope of work as outlined in our
proposal to OCSE dated 7 September 2016 and in accordance with our understanding and
interpretation of current regulatory standards.

Proposed programs may change over time. This report is based on conditions encountered at
Lord Howe Island and the proposed program at the time of the report and Ramboll Environ
disclaims responsibility for any changes that may have occurred after this time.

The conclusions presented in this report represent Ramboll Environ’s professional judgment
based on information made available during the course of this assignment and are true and
correct to the best of Ramboll Environ’s knowledge as at the date of the assessment.

Ramboll Environ did not independently verify all of the written or oral information provided to
Ramboll Environ during the course of this investigation. While Ramboll Environ has no reason to
doubt the accuracy of the information provided to it, the report is complete and accurate only to
the extent that the information provided to Ramboll Environ was itself complete and accurate.
This report does not purport to give legal advice. This advice can only be given by qualified legal
advisors
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Site Visit Photographs
Lord Howe Island, Rodent Eradication Program

Photo 3: Rodenticide ‘Talon’ currently used by some LHI residents, containing brodifacoum

Photo 4: Example of a bait station proposed to be used during the eradication program
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Site Visit Photographs
Lord Howe Island, Rodent Eradication Program

Photo 5: Example of a ‘L-shaped’ rodent bait station currently used by LHIB across the island

Photo 6: Example of a ‘T’-shaped rodent bait station currently used by LHIB across the island
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Photo 7: Lord Howe Island Central School

Photo 8: Vegetable garden at the Lord Howe Island Central School
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Photo 9: Lord Howe Island Bowling Club green

Photo 10: Sports ground on Lagoon Road
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Photo 11: View of Lagoon Beach, The Lagoon and Mount Gower in distance looking south
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Photo 12: View of Blinky Beach, looking south
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Photo 13: View of Ned’s Beach, looking north

Photo 14: View of Kings Beach, looking north
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Photo 15: Cattle paddocks located south of the airport, looking south
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Photo 16: Example of a groundwater extraction bore used as drinking water for cattle
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Site Visit Photographs
Lord Howe Island, Rodent Eradication Program

Photo 17: Example of a groundwater bore with low profile (located adjacent to airport)

Photo 18: View down a concrete lined groundwater bore (located adjacent to airport)
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Site Visit Photographs
Lord Howe Island, Rodent Eradication Program

Photo 19: Rainwater tank with ‘first flush’ system

Photo 20: Groundwater filtration unit owned and operated by LHIB
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Site Visit Photographs
Lord Howe Island, Rodent Eradication Program

Photo 21: Example of a rainwater tank with first flush/sedimentation tank
Photo 22: Example of a rainwater tank collecting water from a roof surface
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Site Visit Photographs
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Photo 23: Playground on Lagoon Road, looking west towards Lagoon Road
Photo 24: Commercial Nursery owned by ‘Kentia Fresh’
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Photo 25: Waste management facilities, looking north
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Photo 26: Community consultation session set up at the Community Hall
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Site Visit Photographs
Lord Howe Island, Rodent Eradication Program

Photo 27: Fish population at Ned’s Beach
Photo 28: Foreshore environment at Ned’s Beach, looking north east
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Site Visit Photographs
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Photo 29: Soldier Creek, looking north
Photo 30  Old Settlement Creek, looking south west
. Lord Howe Island HHRA Site ) . . .
Title: Visit (8-11 November 2016) Approved: Prolect . e 16
Site: Lord Howe Island, NSW “hov-
Client: NSW Office of the Chief Scientist |[FLILA: 4N ENVIRON

and Engineer




Proposed Lord Howe Island Rodent Eradication program

APPENDIX C
RISK ASSESSMENT ALGORITHMS

0-3



Appendix C

Risk Assessment Algorithms



1 Estimation of Chemical Intakes

The algorithms used to estimate chemical intakes for each receptor and chemical of potential
concern are presented below, and the definitions for the variables are presented in Table B1.

1.1 Incidental Soil Ingestion (US EPA, 1989)

Cs XIRs X CF X FI X EF XED
BW x AT

. . mg
Soil Ingsetion Intake (E day) =
1.2 Incidental Groundwater Ingestion (US EPA, 1989)

mgd )_CWXIRWXCF X EF XED
kg ‘YY)~ BW x AT

Groundwater Ingestion Intake (
1.3 Ingestion of Fruit and Vegetables (US EPA, 1989; EA, 2009)

mg )_ Cs X Fsp X (CFpyir X IRpryi) X EF X ED
kg ‘YY)~ BW x AT

Ingestion of Fruit Intake (

1.4 Dermal Contact with Soil (US EPA, 2004)

The dermal absorbed dose or dermal intake is estimated using the concept of absorbed dose per
event (US EPA, 2004), where the overall absorbed dose depends on the number of events, the
adherence factor and the fraction of contaminant absorbed.

mg | )_Cs X CF x AF x ABS X EF X EV x ED x SA
kg ‘YY)~ BW x AT

Soil Dermal Contact Intake (

1.5 Dermal Contact with Water (US EPA, 1992 & 2004)

The chemical intake via dermal absorption with water is calculated depending on the exposure
duration as follows:

mgd )_DAeventhF X EV XED X SA
kg ‘YY)~ BW x AT

Water Dermal Contact Intake (

For short duration exposures with organic compounds in water (tevent <t*):

DAevent =2 x FA x Kp x Cw X /M
(1+B)?
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Table D1

Human Health Issue/Concern

Summary of Human Health Related Issues and Concerns Raised by the Lord Howe Island Community

Section of HHRA Report
Where Issue/Concern is
discussed

Potential health risks from dust exposure during distribution of pellets from
helicopter and hand broadcasting methods

Potential for brodifacoum to enter the groundwater table and drinking water
supplies

Potential for brodifacoum to bioaccumulate in fish and health risks to
residents/visitors who consume locally caught fish

Potential risk to school children due to the ‘bare foot’ policy

Potential for brodifacoum to cause birth defects and risks to pregnant and
breastfeeding women (and their foetuses)

Solubility of brodifacoum and its potential to enter water ways

Exposure to brodifacoum via flooding on the island

Ecological impacts of the eradication program to terrestrial and marine
receptors

Mental health issues (e.g., stress, anxiety) experienced by the community due
to the proposed eradication program

Potential for children to pick up and ingest the Pestoff (20R) pellets and
associated health risks

Potential for brodifacoum to be ‘washed off” down hillsides and into residential
properties

The length of time for the Pestoff (20R) pellets to breakdown in the
environment, persistence of brodifacoum in the environment

Actions to be taken if community members ‘feel sick’
Signs and symptoms of poisoning by brodifacoum exposure

Risks to community members who are taking coumarin based derivatives such
as warfarin for medical purposes

Questions regarding the concentration of brodifacoum in the environment on
Lord Howe Island currently (i.e. before the proposed eradication program)?

Perception that the method for distributing the Pestoff (20R) pellets is not
controlled, and the pellets will be deposited in areas they are not meant to go
(e.g. on roofs)

Potential for the Pestoff (20R) pellets to be deposited in bore water wells that
are not covered, and the associated health risks

Concerns regarding entry of pellets and dust from pellets entering into
rainwater tanks via roofs and gutters

Potential impacts to water originating from Mount Gower
Potential toxic effects from the antidote (Vitamin K)
Potential for hikers to track soil from the mountain into the community area

Health risks from use of Talon and Ratex currently used by community

4.4.3.2,6.1.3,6.3,7.3
4.4.3.7,5.1.2,6.1.4,6.1.5,
6.3,7.4
4.4.3.5,5.1.3,6.1.7, 6.3,
7.5
4.4.2,4.4.31,51.6.2,
6.1.1, 6.3

4.4.2,51.4,5.1.5,5.1.6.1,

.3.6,4.4.3.7, 5.1,
6,6.3,7.4

2.7,2.8,3.3
3.3

4.4.3.9,522,7.6
4.43.7,4.4.3.8,5.1.2

5.1.3.1,6.1.1

2.6,5.1.5
5.1

2.6,4.4.2,5.1.6.3

5.2.3
1.1.2,4.4.3.6,6.1.4

4.4.3.6,6.1.4,7.4

44.36,6.1.4,7.4

1.1.2,4.4.3.7

Beyond the scope of HHRA
6.1.1

1.1.1,7.7



Why can’t bait stations be used across the island rather than distribution of
pellets? Community would feel ‘safer” if only bait stations were used.

Concerns that the total concentration of brodifacoum to bhe distributed will
exceed maximum permissible levels

Concerns that brodifacoum is a teratogen
Concerns that brodifacoum is extremely bioaccumulative in the environment

Concerns regarding the toxic effects of brodifacoum during early childhood
exposure

Concerns regarding the toxicity reference value adopted in the HHRA.

Concerns regarding tank water contamination from poisoned rats and birds.

1.1.1,1.1.2

6.1,7.3

A
.1.3,4.4.3.5,5.1.3,6.1.7,
A

aun Oun

3
8
4.4.2,51.6.2,7.3

5.2
6.1.4
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of concentrated amounts of impacted sediment is low. Even if the
maximum reported sediment concentration is adopted, the resulting
hazard quotient is still within acceptable levels (i.e. less than 1).

Ingestion of Tank Water for Potable Use

Water
ingestion 0.356 = 0.7" 0.30 - 0.31
(L/day)

Tank water
concentration 4.2x10° 1.0x10°® 2.4x1073 0.30 0.07 17

(mg/L)

When the 90 percentile water ingestion rate is used for the child, the
hazard quotient increases by almost two orders of magnitude however
the health risks are within acceptable levels (i.e. less than 1).

LHIB (2016) identifies a number of procedures that will take place
during aerial baiting to reduce the likelihood that bait will land on roof
surfaces and enter rainwater drinking supplies. This HHRA has assumed
these procedures will take place, with a small amount of contingency in
the event that some pellets enter rainwater tanks. Should the
procedures fail, and pellets land on the roof surfaces at a density of one
bait per 2 m? and enter drinking water supplies, unacceptable health
risks are likely to result.

Notes:

a) Minimum brodifacoum soil concentration reported by Vestena and Walker (2010) (Table 7 of Section 6.1.1)

b) Maximum brodifacoum soil concentration reported by Fisher et al (2011) (Table 7 of Section 6.1.1).

c) Mean surface area for hands only for a 2-3 year old child (enHealth, 2012; Table 3.2.5)

d) Mean surface area for hands, arms, feet and legs for a 2-3 year old child (enHealth, 2012; Table 3.2.5)

e) Sediment adherence factor for a child playing in sediment with contact via hands only (enHealth, 2012; Table 3.3.5)

f) Sediment adherence factor for a child playing in sediment with contact via hands, arms, feet and legs (enHealth, 2012; Table 3.3.5)
g) Maximum and minimum brodifacoum sediment concentrations reported by Vestena and Walker (2010) (Section 6.1.2).

h) 90t percentile value for a child aged 2-3 years (enHealth, 2012; Table 4.2.5)

i) Assumes brodifacoum enters rain water tanks via bird droppings, and no pellets are deposited onto roof surfaces during aerial deposition (Section 6.1.4)
j) Assumes brodifacoum enters rain water tanks via bird droppings, and pellets are deposited onto a 150 m? roof surface at the anticipated aerial distribution rate of

1 pellet/2 m? (Section 6.1.4).
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APPENDIX3 SUMMARY OF SUBMISSIONS TO THE HHRA

LHI community members and other stakeholder were invited to provide submissions to the
OCSE on the HHRA to ensure all human health matters of concern by the community were
considered in the HHRA report. Four submissions were received. The information from these
submissions have been summarised below. No attempts have been made to verify the
information included in the submissions.

HHRA Comments

e The REP presents a serious risk to human health — short, medium and long term
health effects need to be explored
e The HHRA needs to consider the 2014 opinion of the European Chemicals Agency
on brodifacoum
e The REP needs to address the concerns raised by SA Health in their review of the
previous HHRA
e The HHRA needs to consider
o The toxicity to aquatic organisms and subsequent bioaccumulation and risk to
human health from eating seafood
o The survival of brodifacoum in organisms, sediments and soil and its
subsequent accumulation up the food chain
o Pellets and dust from pellets entering the waterways and ground water and its
subsequent use for livestock and produce
o Pellets and dust from pellets entering into rainwater tanks via roofs and
gutters
o Alllocally produced food— milk, meat, eggs, vegetables and fruit
o Ingestion of pellets by children
o Exposure to other vulnerable groups including children, the elderly, pregnant
women and those taking medications likely to interact with brodifacoum
o Exposure to the dust from the pellets

Other comments raised by stakeholders

The LHIB was provided with this summary of the issues raised in the submissions, and
responded with the relevant section of their reports: Lord Howe Island Rodent Eradication
Project NSW Species Impact Statement (LHIB SIS; 2017), and Lord Howe Island Rodent
Eradication Project Public Environment Report (LHIB PER, 2016). No attempt by the OCSE
has been made to judge the adequacy of these measures.

Non-HHRA Issue/ Concern Report and section
where issue/concern is discussed

A similar REP has not been undertaken on inhabited island Eradication programs on inhabited islands

with similar populations to LHI and unlike other area, most discussed in LHIB SIS Appendix |; and this report

people cannot relocate during the REP Appendix 4

Consideration of alternative eradication methods: Alternatives to brodifacoum considered in LHIB

e Suggest there is overall support on LHI for the REP, PER Section 3. Fencing considered in LHIB SIS
although many do not support eradicating with Section 2.9.1.5. Alternative distribution methods
brodifacoum by hand broadcast or aerial baiting considered in LHIB PER Section 3.4.3

e Use of bait stations across LHI needs to be seriously
considered and assessed — more safer option and
would be easier to implement

e The REP should be delayed until more safer
alternatives are available

e  Other alternatives need to be explored — less toxic
rodenticides, rodent-proof fencing with a staged
implementation, use of brodifacoum as per
manufacturer’s instructions
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e What options for rodent control other than the use of
anticoagulants have been considered?

e There is an increasing opposition to aerial baiting of
uninhabited islands internationally and greater
opposition can be expected on inhabited islands

The ‘precautionary principle’ should apply to the REP

The number of rodents on LHI has been extremely
exaggerated and some of the birds are causing more
damage

There is a high risk of failure (50% to 90% quoted)

Environmental and agricultural risk:

Risk mitigation strategies implemented by the US EPA
Consequence of using brodifacoum on organic farms
Risk of extinction of land and sea birds

Effect on coral

Impact on bees

Risk to poultry and dogs

The abundance of Kentia Palm seeds on LHI may impact on
the success of the REP

Legal approvals and brodifacoum use:

e The proposed distribution method for brodifacoum is
contrary to that mandated by the US EPA which has
been developed to minimise possible ingestion by
children and wildlife

e Legal status of using Pestoff20R contrary to
manufacturer’s instructions

Liability:

e Liability should ill-health effects be observed due to
exposure to brodifacoum

e There is no insurance coverage (or compensation) for
the REP

Costs and benefits:

e What are the expected, measurable benefits and costs
of embarking on this program, now and in five years?

e Loss of income during and after the REP

e What are the risks/costs of doing nothing?

Community well-being:

e The proposed REP is cause anxiety and social division
in the community

e The proposed REP is having an impact on the mental
health of LHI residents

Water supply:

e Protecting rainwater supplies from poisoned (dead)
rodents and birds

e Strategies for covering roofs and gutters, protecting
rainwater supplies from pellets and dust

Precautionary principle in relation to
environmental damage is considered in LHIB
PER Section 1.10

Damage from birds not compared. Estimates are
described in LHIB PER Sections 1.9, Appendix
D1 and D2

Likelihood of success considered in LHIB SIS
Section 2.13 and LHIB PER Section 3.6

e Australian Government approvals in LHIB
PER Section 7.10; other countries
requirements mentioned in 5.2.2 of this
report

e LHIB have informed they are not aware of
registered organic farms on LHI

e Risks from rodent predation addressed in
LHIB PER Section 1.9.1. Risk to bird species
from REP addressed in Section 5.2.3 and
528
LHIB PER Section 5.2.10
LHIB PER Section 5.2.5
LHIB PER Section 10.2 and Appendix K.
Management of domestic and farm animals
is also discussed through Property
management plans

Palatability of bait considered in LHIB PER

Section 3.2, Appendix D1 and D2. Alternative

food sources considered in LHIB SIS Section

2.13

Australian Government approvals in LHIB PER
Section 7.10; other countries requirements
mentioned in 5.2.2 of this report

LHIB has advised they have insurance covering
all legal activities (this would include the REP
when all approvals received). Community has
previously been provided with LHIB's insurance
certificates

LHI PER: biodiversity benefits and the risks of
doing nothing are considered in Sections 1.9 and
3.1.3; biodiversity monitoring program described
in Section 2.8; economic benefits in Section 10.1
and full economic report:
http://Amwww.lhib.nsw.gov.au/community/news/eco
nomic-evaluation-lhi-rodent-eradication-project

Considered in Section 6.3 of this report

Collection of dead rodents from settlement area
listed in LHIB PER Table 3: Project Phases. Use
of buffer zones and the Property Management
Plans in the settlement area in LHIB PER Section
2.3.5and 2.3.8
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APPENDIX 4 ISLAND RODENT ERADICATIONS

Summary

This supplementary report provides a summary of available information on rodent
eradications undertaken or proposed on islands.

In undertaking this report, OCSE consulted the most comprehensive compilation of historical
and current invasive vertebrate eradication projects on islands, the Database of Island
Invasive Species Eradications (DIISE, 2015). The DIISE attempts to compile all historical
and current invasive vertebrate eradication projects on islands since the 1950’s. Data
includes island geography, target species, methods, outcomes, contact details and links to
more information about each project.

Overview of island rodent eradications

Data on historical and current invasive eradication programs on islands was obtained from
the Database of Island Invasive Species Eradications DIISE (2015). There have been 875
eradication programs specific to rodents on a total of 724 islands worldwide, with 645 (74%)
of these attempts classified as successful across 577 islands. The majority of these
programs were for black rat, brown (Norway) rat, polynesian rat and house mice. Many
islands target more than one species of rodent through a single eradication program. The
total number of programs includes eradication programs with multiple target species on 19
islands, which are listed separately as some species were successfully eradicated while
others were not, or the status of one species was unknown. Of the 15 records where the
status of all species has been declared, 87% involved a failure to eradicate house mice while
successfully eradicating rat species.

Of the total rodent eradication attempts noted above, 749 of them used a toxicant as the
primary method (with 68 trapping/hunting and 58 unknown/other). Only a few eradication
programs were not a whole-island attempt (3%). Further details about eradications using
toxicants are in Table 1. The majority of toxicant programs used a single method of
deployment (e.g. aerial only). Only 53 programs using aerial baiting (as a primary or
secondary method of bait broadcasting) were also reported to use bait stations and/or hand
baiting. The success rate of the combination of aerial and other methods was 83% (44
successful programs out of 53) compared with 68% success for aerial alone (110 successful
programs out of 161).

According to the database, 94% of the rodent toxicology eradication attempts have occurred
on islands with 10 or fewer inhabitants. There have been 44 attempts using toxicants on 29
islands with greater than 10 inhabitants, 64% of these have succeeded in eradication and
23% are known failures.

On islands with greater than 10 inhabitants, aerial broadcast has been used as the primary
technique for 18 programs, and is planned for Lord Howe Island. Bait stations have been
used as the primary technique for 20 programs, with an additional trial/research program.
Fewer programs used hand broadcasts as the primary eradication technique (3). The
number of successes for aerial broadcast and bait station on inhabited islands is quite
similar (13 and 14 respectively). There were more known failures for bait station attempts (6)
than for aerial attempts (2).

Brodifacoum is by far the most common primary toxicant used, accounting for 546 (73%) of
all eradications using toxicants. Of these programs 79% are known successes. For aerial
baiting on inhabited islands, 17 of 18 attempts used brodifacoum, a further one on Lord
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Howe Island is planned. Of these attempts, 13 were successful (76%), two failed (12%) and
the rest are either in progress or to be confirmed.

When examined separately, there have been a total of eradication attempts for house mice.
Of these, 71 have been declared successful, 26 have failed, and 14 are as yet unconfirmed
(success rate of 73%; DIISE, 2015). There have been 428 eradication attempts for black
rats, 316 of these attempts have been declared successful, 43 have failed and 69 are as yet
unconfirmed (success rate of 88%; DIISE, 2015).

Table 1: Toxicant rodent eradication programs (DIISE, 2015)
Primary baiting method No. (% of total)

Overall Aerial Bait Hand broadcast Other/
No. station and piles unknown
Total attempts 749 212 290 210 37
Success 571 (76%) 161 (71%) 225 (78%) 172 (82%) 23 (62%)
Failure 86 (11%) 23 (11%) 40 (14%) 18 (9%) 5 (14%)
Other: planned/in progress/to be 92 (12%) 38 (18%) 25 (9%) 20 (10%) 9 (24%)
confirmed/incomplete/trial or
research/unknown
Primary toxicant
Brodifacoum total 546 (73%) 194 (92%) 187 (64%) 155 (74%) 10 (27%)
Success 434 146 153 127 6
Failure 58 18 25 12 3
Other 56 30 9 16 1
Diphacinone 61 10 25 26 0
Bromadiolone 32 2 13 16 1
Pindone 18 0 18 0 0
Warfarin 11 0 8 3 0
Other/unknown 81 6 39 10 26
Human Population
>10 inhabitants total 44 (6%) 19 (9%) 21 (7%) 3 (1%) 1(3%)
Success 28 13 14 1 0
Failure 10 2 6 2 0
Other 6 4 1 0 1
Brodifacoum used 34 18 13 3 0
<10 inhabitants total 705 (94%) 193 (91%) 269 (93%) 207 (99%) 36 (97%)
Success 543 138 211 171 23
Failure 76 21 34 16 5
Other 86 34 24 20 8
Brodifacoum primary toxicant 512 176 174 152 10

Repeat eradication attempts

Eradication programs on islands have recorded a higher number of successes rather than
failures. Holmes et al. (2015) provides a detailed analysis of factors associated with failure,
and reasons behind a higher failure rate in tropical islands.

Records from the Database of Island Invasive Species Eradications (DIISE, 2015) reveal
that initial failures may be followed by a successful program. On 12 islands a successful
eradication of a species using brodifacoum occurred after an initial failed attempt, also using
brodifacoum (Table 2). While some of these subsequent attempts occurred more than a
decade later, three were within two years of each other. Of the 12 islands, nine used aerial
baiting for their most recent and successful program. In addition, nine other islands recorded
a successful eradication following failure using methods other than brodifacoum baits in both
attempts.
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Table 2: Whole-island eradication successes after failure using brodifacoum, using data from
DIISE (2015) unless otherwise indicated

Island Species Year/Status Baiting methods
Crocus, Montebello Islands, Australia black rat 1996 Failure Bait station
1997 Success Bait station
2001 Success’ Aerial
Hermite, Montebello Islands, Australia black rat 1996 Failure Bait station
1999 Failure Aerial
2001 Success Aerial
Primrose, Australia black rat 1996 Failure Bait station
1997 Success Bait station
2001 Success® Aerial
Low Cay, Bahamas black rat 1999 Failure Bait station
2000 Success Bait station
Bainbridge 1, Ecuador black rat 2002 Failure Bait station
2011 Success Aerial
Pinzon, Ecuador black rat 1998 Failure® Bait station/hand
2012 Success Aerial
Coppermine, New Zealand Polynesian rat 1992 Failure Bait station
1997 Success Aerial
Mokoia, New Zealand house mouse 1996 Failure Aerial/hand
1989 Failure Bait station
2003 Success Aerial/hand
Rakino, New Zealand brown rat 1992 Failure Bait station
2002 Success Bait station
Isabel, Mexico black rat 1995 Failure Bait station
2009 Success Aerial
Denis, Seychelles house mouse 2000 Failure Aerial
2002 Success Bait station
Palmyra, United States black rat 2001 Failure Bait station
2011 Success Aerial/hand

2Lohr, Van Dongen, Huntley, Gibson, and Morris (2014)
® Brodifacoum used as secondary toxicant

Successful long-term eradication requires ongoing mechanisms and monitoring to ensure
reinvasion does not occur. Records from the Database of Island Invasive Species
Eradications (DIISE, 2015) reveal that 43 islands plan to or have conducted another whole-
island eradication program following an earlier program that was declared a success for the
same species. This may be due to reinvasion or it may be possible that some of these initial
‘successes’ were incorrectly declared.

In order to avoid reinvasion, successful eradication generally requires a quarantine
management system, which includes strict protocols for any goods or transport before
departure and arriving on the island (Greenslade, Burbridge, & Lynch, 2013; Chevron
Australia, 2014).
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Current Agreed Best Practice (Pacific Invasives Initiative, 2016) recommends waiting two
rodent breeding cycles to detect possible survivors before confirming whether the program
was a success. In temperate environments this generally equates to two years, in tropical
environments this is after one year (Keitt, Griffiths, Boudjelas, Broome, Cranwell, Millett, Pitt,
& Samaniego-Herrera, 2015). It is recommended that monitoring and determination should
use at least two independent and suitable detection methods (Russell, Towns, & Clout,
2008).

Rodent eradications on inhabited islands

To provide greater context for the HHRA report, rodent eradication programs on inhabited or
seasonally inhabited/visited islands were examined in greater detail (Table 3). Each island is
ordered by region, country, and then alphabetically. The OCSE assessed the quality of the
data used by the DIISE (2015). Table 3 only includes DIISE data that could be independently
verified. Additional references are included in the reference column.

The contents of all other columns are explained here:

Year: Year of eradication attempt. If two years are listed, this corresponds to an initial failed
eradication attempt followed by a subsequent attempt.

Area: Total island plan area.

Population: Island inhabitation as reported in references collected from census data or
online reports and sources, and when available, from the time period closest to the
eradication program. Conservative estimates were made for islands that experience
seasonal habitation.

Method: Rodenticide used and some detail about the concentration and application.

Target: Target eradication species: MM = Mus musculus (house mouse); RE = Rattus
exulans (Polynesian rat); RN = Rattus norvegicus (Norway/ brown rat); RR = Rattus rattus
(ship rat); RT = Rattus tanezumi (tanezumi rat). Some programs include other non-rodent
species.

Status: Using DIISE eradication status codes: S = success; F = failure to remove all rodents;
TBC = to be confirmed; P = planned; T/R = trial or research only.

Tropic: Tropical islands as defined by the UN Island Directory (UNEP, 2006).

Max elevation: Maximum elevation above sea level retrieved mainly from the UN Island
Directory (UNEP, 2006), and indicated with superscript (*) where obtained from ArcGIS
(2016).

Natural features, land use: Relevant information where known on the terrain and land use
that was considered in the eradication program.

Notes: Relevant information where known on HHRA and other risk management
assessments, community consultation, and reasons for eradication success or failure.
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APPENDIX 6
ERADICATIONS

SUMMARY OF EMERGING TOOLS AND TECHNIQUES FOR RODENT

The following table is a summary of recent information on emerging tools and techniques for rodent eradication obtained primarily from a paper
on new eradication tools (Campbell et al., 2015) unless noted otherwise. Other references include the paper commissioned specifically for this
report (see Swegen et al., 2017) updated with additional information including examples of specific applications where available.

It must be emphasised that this list is not an exhaustive list of all technologies; rather it is mainly a summary of those identified as available or
in development, recent and promising from these two references.

Technology or technique
Toxic agents
Norbormide (prodrug form)

Description

Reformulation of the existing but
infrequently used rodenticide
norbormide (non-anticoagulant
rodenticide) to delay action and
increase palatability.

RNA interference Ribonucleic acid (RNA)
interference selectively inhibit
target gene expression — can be
applied selectively to target
specific life function.

Advantages

Other mammals and birds less
sensitive than rats therefore it
could be used near people, pets
and other species.

Can be delivered orally, rapid
research and development
occurring in a number of fields
(agriculture, human disease),
extremely species specific.

Fertility control (immunocontraception and genetic mutation)

Virus vectored
immunocontraception

Immunisation triggers a
response where the immune
system of an organism attacks
the reproductive cells resulting
in sterility.

The virus would be delivered
aerially via a food pellet (U.S.
Fish & Wildlife Service, 2013).

Humane and likely to be
environmentally benign, the
virus is self-spreading therefore
less labour intensive and
possibly cheaper than other
methods and could be used at
large scales.

Disadvantages

Rattus-specific only (not
mouse), effect on reptiles,
amphibians, snails and other
invertebrates unknown, trials
show that target organism
mortality <100%.

Socio-political acceptance may
be low due to similarities
between genetic engineering
and nanotechology, many
techniques protected by patents,
persistence and fate in the
environment unknown.

A genetically modified vector is
required, irreversible, potential
for development of host
resistance, difficult to control
vectors once released, potential
for transmission of animal
infectious agents to humans,
socio-political controversies.

Commercialisation

Approx. 5 years before potential
commercialisation. Still in
development.

Approx. 5 to 10 years before
potential commercialisation. Still
in development. The only
development of an RNAI
vertebrate toxicant that the
authors were aware of was for
the sea lamprey (Petromyzon
marinus).

Approx. 5 to 10 years before
potential commercialisation.
Whilst research is being
conducted in the U.S. into this
technology for rats (U.S. Fish &
Wildlife Service, 2013), there are
no immediate prospects for a
commercially available rodent
immunocontraceptive since no
registered products exist either
in the U.S. or elsewhere at
present.
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Technology or technique
Other
Crab deterrent in baits

Prophylactic treatment for
protection of non-target species

Drones or unmanned aerial
vehicles (UAVs)

Species-specific self-resetting
traps and toxicant applicators

Detection probability models

Description

A chemical deterrent to inhibit
bait consumption by land crabs
without deterring rodent
consumption.

Applying a controlled-release
vitamin K1 (antidote for
anticoagulant rodenticides) slow
release system such as an
implant in non-target animals.

Record high resolution imagery
day or night via infra-red
cameras with pre-programmed
flights, for animal detection or
the delivery of baits.

Species specific traps and
applicators including a self-
resetting device delivering baits,
and a spray system that relies
on the grooming behaviour of
the target animal for toxin
ingestion.

Computer modelling to deliver
more accurate detection of
survivors and confirmation of a
successful eradication.

Advantages

Reduce or eliminate land crab
interaction with rodenticide bait,
a significant contributor to
unsuccessful eradications in
tropical islands.

Labour and stress on the non-
target species less than captive
holding or translocation, disease
and other risks avoided.

Reduced on-ground labour and
therefore cost, available in a
range of sizes.

May be used in areas where bait
stations or broadcast techniques
are considered inappropriate,
protect non-target species,
reduced risk of target species
receiving a sub-lethal dose,
device can remain active in the
field for extended durations.

Can be adapted for use in
current projects, incorporating
digital data collection and
automated analyses will reduce
costs and increase accuracy.

Disadvantages

Nil.

Labor intensive, difficult to trap
and treat non-target animals.
Many unknowns including:
species variation in drug
absorption rates, required
dosages and tissue reactivity to
implants, particularly for island
endemic species.

Gaining operating permissions
can be difficult, some countries
don’t permit use to deploy
pesticides, the size and type of
UAV’s likely to be used are
limited to low wind conditions.

Insufficient as the only method
in an REP - ideally limited to
exclusion areas or potential
reinvasion points; long-life
attractants and toxicants (if used
in trap) required.

Requires appropriate detection
methods with replication and
statistical rigor.

Commercialisation

No current known research on
developing a product, although it
is possible a known compound
could be applied as a crab
deterrent.

Approx. 1-3 years before
potential commercialisation.

Approx. <5 years expected to be
adopted for aspects of REPs.

Traps available.

Approx. 2-4 years before
potential commercialisation of
toxicant applicators.

Available
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10.

11.

12.

13.

14.

15.

16.

17

18.

According to the final PER, the occupational exposure limit applied to protect workers from
the effects of Brodifacoum during manufacture of rodent bait is 0.002 ug/L or (2 ug/m3).
Thus the maximum estimate of Brodifacoum in inhalable particulates in air during aerial
broadcasting is orders of magnitude lower than the concentration used to protect workers,
which the final PER considers presents negligible risk to the environment.

Consideration was given to adding a bittering agent (such as Bitrex which is added to
commercially available rodenticides containing Brodifacoum) to the bait to make pellets
unpalatable to children. LHIB decided not to add bittering agent because it is likely some
rats and mice will not consume bait containing a bittering agent.

The Toxikos Human Health Risk Assessment (2010) recommended that in addition to the
mitigation measures outlined in the draft LHI Rodent Eradication Plan residents should not
consume the livers of fish that have been caught within 200m of the shore line until 6
months after the |last bait broadcast, rainwater in household tanks should be tested and
wild ducks should not be eaten.

These matters are generally outside the scope of the EPBC Act but the Department
understands that they are being considered by the LHIB and the NSW Government. A
human health risk assessment was undertaken by the NSW Chief Scientist and Engineer
(Appendix 4 to the Recommendation Report). A copy of the report and will made available
to LHI residents and the Department.

The Review on the Human Health Risk Assessment (HRAA) for the Lord Howe Island’s
proposed Rodent Eradication Program by the NSW Chief Scientist and Engineer
assessment looked at potential exposure pathways of Brodifacoum to humans, including
through soil, air (dust), sediment, surface water, tank water and food sources such as
seafood and locally grown fruits and vegetables. Potential risks from these pathways were
then considered for those most sensitive which included toddlers, school children, pregnant
women and adults spending large amounts of time outside.

A quantitative risk assessment of these exposure pathways and population groups
concluded that exposure to Brodifacoum from all potential sources is below those likely to
result in adverse health effects. The HRAA also assessed potential exposure due to
ingestion of pellets and found that ingestion of one or two pellets by a child is unlikely to
result in observable anti-coagulant effects.

Brodifacoum baits are already widely used within the settlement, and large quantities of
warfarin bait are used at bait stations. Many of these stations are readily accessible, and
pose a risk to humans, particularly children. Residents are therefore familiar with the risks
of consuming and handling rodenticides. According to LHIB, residents will be provided with
information about the hazards associated with Brodifacoum.

Children at the island’s school will be informed about the operation and how they should
behave around the toxic bait. Residents will be informed of the date of baiting well in
advance, and will be issued with reminders closer to the time. Residents will also be kept
informed of progress and will be notified when baits have disintegrated and there is no
further risk of poisoning. A successful eradication will end the current use of rodenticides,
thereby removing the risks to human health posed by the ongoing use of rodenticides and
rodents.

The Department notes that the hospital will have supplies of vitamin K to treat anyone who
ingests bait.
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20.

21
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23.

24.

25,

26.

The Department reviewed a case study that was undertaken following the spillage of 18
tonnes of Brodifacoum cereal pellet bait into the tidal zone near Kaikoura on the south
island of New Zealand on 23 May 2001 following a road accident. This case study is
relevant to LHI where it is possible humans could consume fish or shellfish containing
Brodifacoum or swimmers, snorklers and scuba divers could be effected by Brodifacoum
pellets that fall or are washed into the ocean in sufficient concentrations.

Immediate monitoring was undertaken because of the importance of the area for human
food collection and the lack of information at the time regarding the toxicity and residual
persistence of Brodifacoum in marine species.

The report states that initial high environmental Brodifacoum concentrations in the
immediate locality were probably sufficient to cause mortality of some invertebrates and
fish, however, no dead fish were found and mortality would have been extremely difficuit to
measure in these mobile animals. Brodifacoum residues in the sea water and sediment
declined to below detectable concentrations within 3 and 9 days respectively.

Residues in shellfish including edible mussels and paua took up to 31 months to decline to
concentrations below the minimum lethal dose and therefore to acceptable levels for
human consumption. This persistence of Brodifacoum was thought to be due to a
combination of prolonged half-life in these invertebrates and re-exposure of the
invertebrates to Brodifacoum in the highly wave exposed and dynamic tidal marine
environment.

These issues will be addressed in the approval from the Australian Pesticides and
Veterinary Medicines Authority (APVMA) in the form of a “Minor Use Permit” (for use of the
toxin for the LHI rodent eradication program) which is required under the Agricultural and
Veterinary Chemicals Code Act 1994. As the active constituent (Brodifacoum) is registered
for use in Australia by the APVMA and therefore has established regulatory standards, a
Limited Level Environmental Assessment is applicable. The Limited Level Environmental
Assessment considers the of Brodifacoum fate in the environment (soil, air and water)
environmental toxicology, bioaccumulation and potential impacts to all species present.

The NSW EPA is responsible for ensuring that the LHIB complies with the conditions
specified in the minor use permit issued by the APVMA. The NSW Chief Scientist and
Engineer also conducted a review of the potential impacts of the proposal on human health

(Appendix 4).

The Department notes the high rainfall on the island and the importance of fresh water for a
range of island inhabitants. However, once the bait pellets have disintegrated Brodifacoum
will bind strongly to soil and sediments, be largely bio-unavailable and unlikely to affect
lower order tropic levels. The chemical however has a long half-life in soil and its
persistence in the volcanic soils of LHI has not been measured. Brodifacoum is also highly
insoluble and therefore unlikely to be transported in waterways if not bound to sediments.

According to the LHIB, Brodifacoum’s suitability and efficiency in eradicating rodents has
been proven and it has been used on islands with human populations (e.g. Fregate,
Laucala and Denis islands). The Island Eradication Advisory Group (worldwide eradication
advisors) confirm that Brodifacoum is the most efficient poison for rodent eradications. The
Department agrees with this conclusion.
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If the eradication program fails to eradicate rats and mice on LHI any benefits deriving from
a reduction in rodent populations (ie the vast majority of the population killed, a few
individuals remaining as occurred on Henderson Island) would be short-term, probably less
than two years.

Any temporary benefits could be negated by an irruption of rodent numbers as they
recovered. There could be a temporary population boom before the rodent population
stabilises to a sustainable level. Such an irruption occurred on Tristan de Cunha in 1885,
three years after rats arrived on the island, causing potato crop failures and severe short
term effects on biodiversity.

If the eradication program succeeds in removing rats but not mice, the benefits will not be
as great as if both species were successfully removed. Mouse populations will increase,
causing greater damage than they currently do, including increased impacts on the istand’s
ecology. However, it is unlikely mice would evolve to become significant predators of
seabird chicks, as they have done on Gough Island. The absence of other mammalian
predators and competitors on the island, meant that mice expanded their niche and
attacked seabird chicks. It is unlikely that such behaviour would also evolve on LHI in the
absence of rats.

Eradication of rats on LHI could contribute to the removal of mice in the longer term. The
failure to eradicate mice in some rat-mouse eradication programs may be due to
interactions between the species. Rats may prevent mice from accessing the bait.

According to the Guidelines for eradication of introduced mammals from breeding sites of
ACAP-listed seabirds (ACAP being the Agreement on the Conservation of Albatrosses and
Petrels) by 2007, rodents had been eradicated from at least 284 islands world-wide, most
of which were relatively small (<100 ha). The target species were mainly black rat (159
islands) and Norway rat (104 islands) and to a lesser extent, kiore (Pacific rats 55 islands)
and house mouse (30 islands).

Mice are harder to eradicate than rats: 19% failure rate compared with 5-10% failure rates
for attempted eradications of the three rat species. This is probably because mice have a
smaller home range, different foraging behaviour and bait densities may have been
inadequate. Rats kill mice and mice are actively deterred by rat odour. Rats therefore can
suppress mice populations. A number of successful rat eradications have led to
subsequent explosions in mice numbers from previously low or undetectable levels.

The risks to non-target birds and other wildlife from primary and secondary poisoning by
the anticoagulant rodenticide Brodifacoum, varies between vertebrate species, being
particularly toxic to birds and mammals. However, all vertebrates that eat baits or poisoned
prey are at risk. Brodifacoum will persist for at least six months in organs and tissues
including the liver, kidney, and pancreas.

Vertebrate pest control programs in New Zealand using bait containing Brodifacoum have
resulted in the primary and secondary poisoning and sub-lethal contamination of non-target
species including fourteen indigenous and eight introduced bird species such as the
Australasian harrier (Circus approximans), Morepork (Ninox novaeseelandiae), the
southern black-backed gull (Larus dominicanus), and kiwi (Apteryx spp.). Populations of
three species (Western weka, Stewart Island weka and Pukeko) have been severely
reduced in areas where Brodifacoum has been broadcast.

There are increasing numbers of reports worldwide of wildlife contamination and toxicosis
after the use of second-generation anticoagulants such as Brodifacoum. Consequently all
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pest control activities require careful risk—benefit assessment in view of their potential to
cause adverse environmental impact.

The Department notes that significant deaths of non-target birds have occurred, such as
the death of 420 birds including between 43 and 46 Bald Eagles, 173 Glaucous-Winged
Gulls and Pelagic Seabirds in September 2008 on the 2,800 ha Rat Island in the Aleutians
following helicopter and ground-based broadcasting of 46 tonnes of Brodifacoum pellets in
seven days. Glaucous-winged gulls nibbled on Brodifacoum pellets and died. Bald Eagles
were attracted to the carcasses and succumbed to secondary poisoning. These deaths
were not anticipated by the US Fish and Wildlife Service.
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s22
From: s22
Sent: Wednesday, 9 August 2017 11:54 AM
To: s22
Cc: s22
Subject: RE: 2016-7703 Approval Proposed conditions post teleconference 8 August
[SEC=UNCLASSIFIED]
Attachments: A545304 - LHIB - Draft Letter to OCSE - rodent eradication program - HHR....pdf
s22 , thanks for sending this through promptly.

We have no additional changes to make and now accept the proposed conditions.

In regards to Condition 3. We believe the Human toxicologist requirement has been addressed through the Human
Health Risk Assessment process led by the NSW Chief Scientist and Engineer at the request of the NSW Minister for the
Environment, Local Government and Heritage. Monitoring and reporting back to our Minister with regards to human
health will be further addressed as per letter attached

Condition 4 (f) - Twice annual frequency of Woodhen and Currawong survey is correct
Condition 4 - Specification of a timeframe for report submission is fine

Thanks
s22

From:s22
Sent: Wednesday, 9 August 2017 10:02 AM
To:s22

Subject: 2016-7703 Approval Proposed conditions post teleconference 8 August [SEC=UNCLASSIFIED]
Importance: High

Dears22 ,

Thank you for providing comments on the proposed conditions of approval. Following yesterday’s teleconference, we
have updated the conditions accordingly. In reviewing the agreed changes | have identified a few additional edits |
consider necessary to provide clarity regarding the changes. These are summarised below. | have also provided a
comment for each in the track change version attached:

e Condition 3 — | have reduced the number of TAG members by one to reflect the removal of the human
toxicologist.

0 Asdiscussed, please get back to us with advice regarding how the human toxicologist requirement will
be met through other approval/governance mechanisms.

e Condition 4(d) - We think specifying the Masked Owl makes clear the intention of this sub-condition.

e Condition 4(f) — I had in my notes we discussed a frequency of twice a year. | have amended the condition
accordingly. | am seeking your confirmation twice a year is correct, and if so, the amended conditions is
implementable.

e Condition 4 (last paragraph) - Upon reading the revised sub-condition 4(f), | thought it was appropriate to
specify a due date for submission of these results — that way it is clear to you and us when to submit these
results (see the above paragraph, where we similarly define a due date (5 months)).

1
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Please reply tos22  and myself as soon as you are comfortable with the revised conditions. Please note - it is the
Minister’s Delegate who will ultimately decide the conditions which are necessary and convenient for the protection of
matters of national environmental significance to attach to the approval.

Feel free to call myself ors22  if you wish to discuss further.

Regards

s22

Assistant Director

NSW Assessments North Section
Department of the Environment and Energy
GPO Box 787

Canberra ACT 2601

P(s22

s22
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