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Summary
Sheep were treated off shears in southern Queensland with a backline formulation of a
benzoylurea insect growth regulator by a commercial wool grower. ‘Band’ samples taken from
around the girth of two sheep were collected at shearing 12 months later and broken into
backline, upper side, lower side and belly segments. Pesticide was determined at tip, base and
mid staple on each segment to determine the extent of migration of the active agent away from the
application site. Most of the residual pesticide on the sheep was found on the tip of the staple on
the backline. There was little migration down the staple, or around the body of the sheep.
Implications of the findings will be discussed.
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Introduction

When sheep are treated with backline or pour-on ectoparasiticides, there is a general perception
that, to be effective, the active agent needs to move around the animal, and certainly to skin level
on the sheep. However it is difficult to devise a mechanism whereby this translocation on the
animal can occur.

This study examines the distribution, after 12 months of normal weathering in southern
Queensland, of triflumuron on 2 sheep that were treated off shears with a backline formulation.

It is important to emphasise that these results make no inferences as to the biological
effectiveness of the treatment for the purposes for which it is registered. It is not in dispute that
this is a highly effective treatment for control of ectoparasites on sheep. Indeed, at the grower
level, its use is regarded as an essential element of good animal husbandry and for production of
high quality wool.

It should also be noted that these results are likely to not only apply to the active agent
triflumuron that was used in this study. They are likely to be replicated for other similarly
formulated active agents with similar physical properties and applied in a similar manner.

The purpose of this paper is to generate discussion on the mechanism by which these treatments
exert their action. It also highlights the difficulties in residue analysis caused by the final
distribution of the active agent on the sheep.

Methods

Fleece samples
Single band samples of wool were taken from around the girth of two sheep which were run at
the property of a Traprock group wool grower in southern Queensland. The sheep were selected
at random from a mob that had been treated off-shears with a backline formulation of
triflumuron. The samples were collected at normal shearing time, 12 months after treatment.

The band samples were laid flat, wrapped in aluminium foil and transferred to CSIRO Textile and
Fibre Technology in Geelong. The wool from the backline of the sheep was identified by
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inspection and a 30 cm wide sample was marked. The wool from the sides of the sheep were
identified and separated into upper side and lower side samples. The belly wools were collected
as a single sample. Each of the wool staples in the sections of the fleece wools were separated
into a tip segment (upper 1.5 cm) a base segment (lower 1.5 cm of wool) and mid segment
(remainder). Each separate segment of the band sample was weighed and analysed for
triflumuron content.

Analysis procedures
All wool samples were conditioned for at least 2 hours at 20 ºC, 55% RH before subsampling.
Samples were extracted by gentle agitation in dichloromethane at ambient laboratory temperature
(20 –22 °C) overnight (15-16 h). The liquor volume was 10 mL per g of wool.

The solution was subjected to validated concentration and clean-up procedures to remove
interfering materials. Analysis was conducted using normal phase HPLC. Quantitation of
triflumuron was performed at 280 nm. The spectral purity of the triflumuron peak in all samples
was confirmed using a diode array detector in series with variable wavelength detector. The limit
of reporting of the method was 1 mg/kg on wool.

Results
The results in Tables 1 and 2 show the residue analyses for the staple segments. The
concentrations in the band sections are calculated by dividing the total mass of triflumuron on the
staple segments in that section of the band and dividing by the mass of wool in the section. The
total concentration of triflumuron in each band sample was calculated from the total mass of
triflumuron on the band and the total mass of wool . Each table shows a summary of the
concentrations and percentages of triflumuron on the band sample as received, and the calculated
total concentration on the band.

Table 1. Analysis of triflumuron in band sample sections and staple segments from Sheep 1

Band sample
section

Staple
segment

Wool mass
of segment

(g)

Concentration on
staple segment

(mg/kg)

% of total
mass

Concentration on
band section

(mg/kg)

% of
total
mass

Tip 16.7 1489 77.5
Middle 40.9 51 6.5Backline
Base 11.8 8 0.3

389 84.3

Tip 9.6 313 9.4
Middle 26.8 10 0.8Right Upper
Base 7.0 5 0.1

76 10.3

Tip 8.6 35 0.9
Middle 32.2 2 0.2Right Lower
Base 7.4 3 0.1

8.0 1.2

Tip 8.9 81 2.2
Middle 28.3 6 0.5Left Upper
Base 7.9 <1 0.0

19.6 2.8

Tip 8.3 24 0.6
Middle 34.3 <1 0.0Left Lower
Base 8.8 <1 0.0

3.9 0.6

Belly 79.2 3 0.8 3.3 0.8

Summary: Concentrations in sections of girth sample (mg/kg)
Section of band sample belly left lower left upper backline right

upper
right
lower

TOTAL
BAND

Concentration (mg/kg) 3.3 3.9 20 389 76 8.0 95 mg/kg
% of total mass 0.8 0.6 2.8 84.3 10.3 1.2
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Table 2. Analysis of triflumuron in band sample sections and staple segments from Sheep 2

Band sample
section

Staple
segment

Wool mass
(g)

Concentration on
staple segment

(mg/kg)

% of total
mass

Concentration on
band section

(mg/kg)

% of
total
mass

Tip 21.0 785 43.9
Middle 51.9 45 6.2Backline
Base 16.8 17 0.8

213 50.9

Tip 16.9 837 37.7
Middle 53.5 36 5.1Right Upper
Base 13.2 16 0.6

195 43.4

Tip 17.7 46 2.2
Middle 54.5 3 0.4Right Lower
Base 14.3 <1 0.0

11 2.6

Tip 11.4 56 1.7
Middle 41.3 6 0.6Left Upper
Base 10.7 4 0.1

14 2.4

Tip 16.1 9 0.4
Middle 43.6 1 0.1Left Lower
Base 14.4 <1 0.0

2.6 0.5

Belly 74.9 1 0.1 0.7 0.1

Summary: Concentrations in sections of girth sample
Section of band sample belly left lower left upper backline right

upper
right
lower

TOTAL
BAND

Concentration (mg/kg) 0.7 2.6 14 213 195 11.3 79 mg/kg
% of total mass 0.1 0.5 2.4 50.9 43.4 2.6

The results in Tables 1 and 2 show that there is relatively little movement of triflumuron down
the staple and around the sheep even 12 months after application. For sheep 1 the application
appears to be symmetrical on the animal, and 78% of the total mass of triflumuron on the sheep
was found at the tip of the fleece on the backline. A further 6% was found on the mid staple on
the backline. It is not clear whether this represents actual movement down the staple, or
difficulties in cleanly cutting the highly contaminated tip wool from the rest of the staple.

For sheep 2, the application appears asymmetrical where 94% of the triflumuron on the sheep
was equally split between backline and upper right side of the animal. The left side of the sheep
contained only 3% of the triflumuron.

The total concentrations of triflumuron on the band samples of 95 and 79 mg/kg are higher than
would be expected from core wool samples, but this relates to the fact that the band samples were
taken through the backline treatment strip on the animal. Because there appears to be little
movement of pesticide on the animal, the chest, neck and rump wools on the animal would have
little pesticide, but they are present in overall fleece wools that are cored, and would ‘dilute’ the
treated wools by as much as 50%. The concentrations expected from core wool samples from
these sheep would be of the order of 40 mg/kg.

Discussion

Translocation on sheep
Triflumuron is a crystalline solid that is poorly soluble in lipids and in water (solubility in hexane
is < 100 mg/L, solubility in water is 0.025 mg/L). It has low volatility (40 nPa vapour pressure) at
20 °C) (Tomlin, 1994). For a material of these physical characteristics it is difficult to define a
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mechanism that would allow its ready migration on the fleece of a sheep away from the point of
initial application, once the initial formulation has dried.

It is unlikely to be washed to skin level by rain, and with its poor lipid solubility, diffusion in
wool wax would be difficult, especially as the wool wax ages and oxidises on the exposed tips of
the fleece. If triflumuron has the same solubility characteristics in wool wax as in hexane (100
mg/L), it is unlikely to be dissolved in the wax on the surface of the wool fibre at concentrations
on wool above 10 mg/kg.

Low but significant concentrations of triflumuron were found on the tips of the staples on the
lower half of the body of the sheep, and this may indicate that some triflumuron transferred there
soon after application while the formulation was still fluid, and that it then grew out with the
fleece.

Effectiveness
Despite the apparent uneven distribution of triflumuron on the fleece, it is clear that this current
treatment is effective in controlling lice on sheep. It is equally clear that the concentrations of
triflumuron on the wool near skin level are very low, of the order of 1 mg/kg or below on the
wool on much of the animal (this corresponds to a concentration of 10 mg/kg in the wool wax).
This suggests by inference that the concentration at skin level is equally low.

It is likely therefore that either the active agent is potent at this low concentration, or that the lice
migrate on the sheep to the wool ‘canopy’ where they are exposed to higher concentrations.

If the agent is indeed active at concentrations around 1 mg/kg on wool, it is possible that overall
mass loadings on sheep could be substantially decreased by improved formulations that provide
better distribution on the animal. More likely however is that lice are significantly mobile on
sheep and this is confirmed by anecdotal observations.

Previous studies have shown that backline or ‘pour on’ applications of synthetic pyrethroids
generally distribute active agent poorly on sheep (Savage, 1998). In fact, with time, there is
relatively little movement down the staple, let alone around the animal.

Residue testing

On farm mid side samples: Mid side or shoulder samples of wool may be taken from sheep for a
variety of purposes, however it is clear from this work that they provide an unreliable point for
assessment of the treatment status of the sheep or the residue status of the wool.

Core samples: Because the active agent is concentrated at the tips of the fleece along the backline
of the sheep, only a small percentage of the fibres on the sheep will carry a significant
concentration of pesticide. This uneven distribution of pesticide causes significant variability
between 50 g ‘keeper samples’ supplied to the analytical laboratory for testing, and unless
particular care is taken, this can result in greater variability between 10 g analytical subsamples.
Care needs to be taken in the analytical laboratory in preparing analytical subsamples from larger
samples, whether from on-farm cores or from test houses, to thoroughly break up any ‘clumps’ of
wool. Analytical laboratories need to validate their subsampling procedures, or to analyse several
subsamples or analyse larger samples to avoid unacceptable variability in any analytical result.

Conclusion

Analysis of two band samples from sheep treated off shears with a backline formulation of
triflumuron showed poor distribution of the pesticide, even after 12 months of weathering.



Proceedings of the FLICS Conference, Launceston, June 2001

148

Almost 80% of the pesticide remained at the tip of the fleece in the application area, and there
was relatively little residual pesticide found at the base of the staple on most of the animal body.

This raises questions of how effectively the target organisms interact with the main mass of
pesticide, and it has implications for residue testing and on-farm monitoring to see if sheep have
been effectively treated.
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