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The introduced arboreal marsupial brushtail possum (Trichosurus wulpecula) is regarded
as New Zedand's number one vertebrate pest, with an estimated $27 million spent on
control in 1993/94 (Livingstone 1994). Large-scale possum control is based on the aerial
application of toxic baits containing sodium monofluoroacetate (1080), which is highly
toxic to mammals, including marsupials (Morgan 1994). Sodium monofluoroacetate is
extremely water soluble and may be leached by rainfall from toxic baits into the
environment. This has generated public concern about the contamination and persistence
of 1080 in aguatic systems, particularly after aerial application of 1080 baits (Thomas
1994).

Various micro-organisms have the ability to catalyse the cleavage of the C-F bond of
fluoroacetate, degrading fluoroacetate to glycolate and fluoride ions (e.g., Goldman 1965,
Goldman et al. 1968, Bong et al. 1979, Wong et al. 1992). For aquatic systems,
degradation of 1080 has been shown in aguaria containing plants and invertebrates, where
the concentration of 1080 declined by approximately 70% in 24 h and to below detectable
levels (0.0003 pg/mL) after 100 h (Eason et al. 1993). Although these experiments
indicated that significant contamination of waterways is unlikely, they were undertaken
a a temperature of 20°C. Water temperatures in winter in New Zealand, when possum
control operations are often scheduled, are likely to be less than this. This paper therefore
presents a preliminary study on the influence of both 21°C and 11°C temperatures on the
biodegradation of 1080 in the water and plant components of an aguatic ecosystem.

MATERIALS AND METHODS

Streamwater and plant material (the introduced aguatic plant Elodea canadensis) were
collected in November 1993 from the Waimakariri River, Canterbury, New Zealand.
Sodium monofluoroacetate (95% purity) was obtained from the Sigma Chemical Company
St. Louis, USA.

Two experimental aguaria containing 80 L of streamwater and approximately 1.5 kg of
E. canadensis and a third containing deionised water (control) were set up in each of two

controlled temperature rooms at 11 °C and 21 °C. All aguaria were left to equilibrate for
4 days before experiments began. The water temperature stabilised in the controlled
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temperature rooms a 11 +0.5°C and 21 +0.5°C. The mean overall pH was 6.98 (SE. =
0.02) in the experimental agquaria and 5.58 (S.E. = 0.07) in the control aguaria. The mean
dissolved oxygen concentration for all aguaria was 93.3% (S.E. =0.51).

Sufficient 1080 was added to each agquarium to give an initial concentration of 0.12 pg
1080/mL, which is equivalent to three possum baits (4 g baits containing 0.08% 1080
wiw) falling into 80 L of water. This is 40 times greater than the highest concentration
measured in field samples after control operations (Eason 1995), and so is representative
of a scenario which is likely to be worse than expected in a fidd situation. Temperature,
pH, and dissolved oxygen were monitored daily. Water samples were taken from all
aquaria at 0, 2, 24, 48, 72, 101, and 141 h after the addition of 1080. Plant samples were
taken at O, 2, 8, 24, 32, 77, 192 and 240 h from four random sites within each aquarium.
All samples were stored at -20°C for later analysis.

Concentrations of 1080 were measured and quantified by gas chromatography based on
procedures developed by Ozawa and Tsukioka (1987). In the water samples, 1080 was
acidified with hydrochloric acid and converted to the dichloraniline derivative, using
dicyclohexylcarbodiimide and 2,4-dichloraniline. The derivative was extracted with ethyl
acetate, cleaned with a silica column, and quantified by gas chromatography using
electron capture detection. In the plant tissue samples, the 1080 concentration was
determined the same way, with the addition of an initial extraction in which the agueous
content of the plant material was obtained by dispersing it in an acohol/water mixture,
then deproteinsing, centrifuging, filtering and passing it through an ion exchange column.
Using these techniques, the limit of detection is 0.0001 pg/L in water and 0.0015 pg/kg
in plant tissue.

The fluoride ion concentration of the water samples was determined using a fluoride ion
specific electrode. A volume of 20 mL of the water sample was added to 20 mL of
buffer and the reading of the electrode was recorded. Fluoride ion concentration was
subsequently calculated from a standard curve.

The rate of change of 1080 concentration in each experiment was compared using
repeated-measures Analysis of Variance with temperature as the categorical variable.

RESULTS AND DISCUSSION

Although the concentration of 1080 remained relatively constant in the deionised water
at both temperatures, the concentration in streamwater decreased with time (Figs 1 & 2).
This degradation of 1080 in streamwater suggests that micro-organisms with the ability
to bresk down 1080 are present in aquatic ecosystems in New Zeadand.

The overall rate of degradation of 1080 in streamwater was significantly different at the
two temperatures (P<0.001). During the first 24 h the concentrations of 1080 declined
by approximately 25% at both temperatures (Figs 1 & 2). However, between 24 and 48
h the streamwater maintained at 21°C showed a significantly larger decrease in 1080
concentration than that at the lower temperature (P=0.042). The different rate of
degradation was maintained for the 48 to 72 h time period (P=0.023). No 1080 could be
detected in the warm water after 141 h, but approximately 30% of the initiadl dose was
still present in the cool water.
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Figure 1. Degradation of 1080 in streamwater (m) (two replicates) and deionised water
() a 11°C.
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Figure 2. Degradation of 1080 in streamwater (®) (two replicates) and deionised water
() a 21°C.

The amount of inorganic fluoride ions measured in streamwater increased with time at
both temperatures. The highest rate of fluoride ion release was measured between 24 and
72 h in the water at 21°C which corresponded with the highest rate of 1080 degradation.
The amount of 1080 and fluoride ions present at given time points formed a
stoichiometric relationship (Table 1). This relationship provides further evidence that
some micro-organisms degrade 1080 by cleaving the carbon-fluorine bond to yield
fluoride ions and glycolate (Meyer et a. 1990; Wong et a. 1992).

The 1080 concentrations in the plant samples indicated that E. canadensis plays a
mediating role in the degradation of 1080 in aguatic systems. The 1080 concentration in
E. canadensis reached a maximum at about 24 h for both temperatures (Figs 3 & 4). The
subsequent degradation of 1080 was temperature-dependent; it was significantly faster at
21°C than at 11°C (P=0.022). After 192 h 1080 was undetectable in the plant samples at
21°C but traces of 1080 were still detectable at 11°C.
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Table 1. Stoichiometry of 1080 and fluoride ion abundance. Amount (mol) of 1080
disappearing and fluoride ions being formed over time a two temperatures.

11°C 21°C
Time (h) 1080 Fluoride 1080 Fluoride

0 0 0 0 0

2 52 8.4 10 19.0
24 28.1 37.9 24.3 37.9
72 42.6 59.0 88.8 88.4
141 65.9 674 96 105.3
192 77.2 88.4 - -

- Data not recorded

Our study could not distinguish the relative role of plants and micro-organisms in the
degradation of 1080, but other plants such as the peanut (Archis hypogeae) are able to
cleave the carbon-fluorine bond of fluoroacetate and liberate inorganic fluoride (Preuss
& Weingtein 1969). Determining whether E. canadensis has the same capacity is worthy
of further investigation, as is the possible role of endemic plant species in the
biodegradation of 1080 in New Zeadand.

The strong evidence from our study that biodegradation of 1080 in this aguatic ecosystem
is temperature-dependent indicates that it is likely that any 1080 faling into streams will
persist longer when it is applied a colder times of the year.
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Figure 3. Uptake and persistence of 1080 in E. canadensis at 11°C (two replicates).
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Figure 4. Uptake and persistence of 1080 in E. canadensis at 21°C (two replicates).
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