
Proceedings of the FLICS Conference, Launceston, June 2001

18

Validating the assumptions in the Australian NRA environmental risk
assessment protocol for sheep ectoparasiticides.
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Summary
The Australian National Registration Authority environmental assessment process for sheep
ectoparasiticides makes certain assumptions about the behaviour of these chemicals in wool scours and
in sewage treatment processes. This report describes two studies that validate these assumptions.

The first study provides a pesticide and wool wax mass balance where all ectoparasiticides entering and
leaving a commercial wool scouring plant were monitored over 1 week of operation. Diazinon and
cypermethrin were the main ectoparasiticides found in the commercial wools processed. To evaluate the
performance of diflubenzuron, wools specifically treated with that pesticide from farm trials were
included. Pesticides leaving the scour in the scouring waste liquors were tracked through a sewerage
system and measured at entry and exit from a municipal sewage treatment plant.

In a second study pesticides entering the scour over a 1 week period were measured, and compared with
the amount found at entry and exit from the sewage plant.

The potential environmental impact from discharge of the treated effluent at an ocean outfall is briefly
assessed.
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Introduction

This report describes two studies to monitor diflubenzuron, diazinon and cypermethrin ectoparasiticides
entering a commercial wool scour for a period of one week. In one study, the masses of each pesticide
leaving the scour in each of the product and waste streams (on scoured wool, in recovered wool wax and
in scour liquors discharged to sewer) were measured. In this study, five 1-tonne batches of wool treated
with diflubenzuron in farm trials were processed between normal commercial production runs to assess
the degree of mixing of liquors in the scour, and to ensure that diflubenzuron would be detectable
entering and leaving the sewage treatment plant.

In both studies, the discharges were tracked through a sewage system and concentrations of each
ectoparasiticide entering and leaving the municipal sewage treatment plant, to an ocean outfall, were
measured. The masses entering the sewage treatment plant were compared with the masses of pesticide
leaving the study scour. This gave an estimate of pesticide release from other wool scours that operate in
the same sewage catchment.

These studies test the main mass balance assumptions of the Australian National Registration Authority
assessment process for hydrophobic sheep ectoparasiticides. These are that (a) all pesticide entering a
wool scour will appear in the product and waste streams according to their lipid content, (b) that the
pesticide discharged to sewer will appear at the entry to the sewage treatment plant, and (c) that sewage
treatment plants will remove pesticides according to the hydrophobic nature of the pesticide.
Specific operations undertaken were:

•  Collection of a core sample from every bale of wool scoured in the commercial scour during
the full week of operation.
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•  Blending of cores from each commercial scouring lot and analysis of blended cores to
determine mass of diazinon, cypermethrin and diflubenzuron and wool wax entering the
scour in each processing batch.

•  Collection of strong flow liquor leaving the scouring line on a four-hourly basis and analysis
of the effluent for pesticides and wool wax.

•  Collection and analysis of a wool wax sample from each 200 L of wool ‘grease’ recovered in
the scour by centrifugation of scour liquors.

•  Collection of four-hourly samples of sewage entering the sewage treatment plant before the
aerated pond system for pesticide analysis.

•  Collection of four-hourly samples of treated effluent leaving the sewage treatment plant for
pesticide analysis.

The commercial wool lots weighed from 7.5 to 37 tonnes and these may take from 7 to more than 30
hours to process. In the scour there is a significant volume of liquor which is recycled through wax
recovery loops. Liquor samples were taken every two hours and were combined into a four-hour
accumulation of discharged liquors for analysis.

When one tonne wool lots with known amounts of diflubenzuron were scoured, the frequency of
sampling was increased. Each of these wool lots took approximately one hour to pass through the scour.
A sample of liquor was taken immediately before the wool entered the scour and then at half-hourly
intervals for a period of two hours after the wool was processed, to obtain the rate of loss of
diflubenzuron from the system.

Procedures

Scour Configuration
The inputs to the commercial wool scour were greasy wool, water and detergent and the discharges were
clean wool, wool grease, and scour liquors containing entrained wool wax and dirt.

Wool was passed through the scour which operated with a suint bowl (no added detergent), three hot
scour bowls and two rinse bowls. There was no separate rinse bowl discharge nor was there in-scour dirt
recovery. All water entered the scour through the rinse bowls (approximately 12,000 L/hr) and the suint
bowl (1450 L/hr), and was discharged from the scour bowls and suint bowl through a single common
drain. The liquors pass through settling pits to remove the bulk of the dirt before discharge to sewer.

Figure 1. Post-scour liquor treatment flow diagram.

Sewage Treatment
The municipal sewage treatment plant treats approximately 55 million litres of raw sewage per day before
discharging to the ocean through a 1.2 km outfall. The treatment plant uses primary treatment (screening)
to remove the large solids from the sewage followed by secondary treatment, an aerobic activated sludge
process, before ocean discharge or re-use.

Residues on wool lots entering scour
A single core sample was taken from each bale of each commercial wool lot entering the scour during the
period of the study. These cores from each processing lot were extensively blended to prepare a 100 g
subsample for analysis for all pesticides. The wool bales supplied by Schering-Plough Pty Ltd were hand-
cored and at least 2 separate 100 g blended subsamples were analysed for diflubenzuron and wool wax.



Proceedings of the FLICS Conference, Launceston, June 2001

20

Recovery efficiencies of all pesticides and internal standards from scour liquors, centrifuge greases, raw
and treated sewage were generally greater than 80%. Results were corrected for recoveries of internal
standard added to each sample, but not for recoveries of pesticide spikes in spiked samples.

Results

Two separate scouring studies were performed. In Study 1, diflubenzuron, cypermethrin and diazinon
entering and leaving the scour in all waste and product streams were monitored. In Study 2, these
pesticides were only measured on the incoming wool. In both studies, the masses of each pesticide
entering and leaving the sewage treatment plant were determined.

Study 1: Masses of wool and wool wax entering scour
Table 1 shows the sequence and masses of the wool scoured in the first study. The wool wax content of
each lot was determined to allow calculation of the mass of wax entering the scour. Commercial wool lots
are designated as ‘Comm’ with a lot descriptor.

The six commercial wool lots were 25, 20, 7, 20 and 37 tonnes (the 20 tonne lot was divided into 2 runs).
Each commercial lot was made up of many sale lots, and given that the average wool sale lot in Australia
weighs less than 1500 kg, the 107 tonnes of commercial wool was made up of at least 73 sale lots. These
would have been obtained from many more farms, as many lots offered for auction are made up from
interlotted and re-offered wools.

Wool scours use extensive blending schemes (both pre-scouring and post scouring) to produce a scoured
product that is as uniform as possible from beginning to end. Wools of similar ‘type’ are distributed
across the scouring run, and attempts are made to spread wools from the same sales lots across the
processing lot.

The five one-tonne wool lots supplied by Schering-Plough Pty Ltd (designated by the scour as CSIRO
Lots 1-5) were specifically acquired from on-farm trials with ‘Magnum®’ to contain significant
concentrations of diflubenzuron, so that it could be detected in the sewage treatment system.

Table 1. Masses of raw wool and wool wax entering scour.

Residues on wool lots entering scour
Table 2 shows the concentration of diflubenzuron, diazinon and cypermethrin on the wool and calculates
the masses of each that entered the scour during the scouring period. The concentration of each
ectoparasiticide in the wax on the wool is also calculated.

Sample time (Start
08/11/1999 17:30)

Wool lot ID % Wax on Wool Wool mass scoured
(kg)

Mass of wax entering
scour (kg)

08/11/1999 18:17 CSIRO 1 12.41 1001 124
09/11/1999 17:16 Comm565 10.39 25440 2644
09/11/1999 18:00 CSIRO 2 14.18 852 121
09/11/1999 20:50 Cleanout
10/11/1999 17:13 Comm238S 17.14 19804 3395
11/11/1999 0:20 CSIRO 3 11.92 1114 133
11/11/1999 3:15 Comm566-8 16.39 7474 1225
11/11/1999 10:15 Comm60S-1 18.01 3651 657
11/11/1999 11:45 CSIRO 4 13.26 1212 161
12/11/1999 5:15 Comm60S-2 18.01 17214 3100
12/11/1999 6:25 CSIRO 5 12.50 1073 134
13/11/1999 14:30 Comm03S 12.30 36590 4501

TOTALS 115425 kg 16195 kg
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The commercial wool lots contained relatively little diflubenzuron and the CSIRO lots, especially lots
CSIRO 3 and CSIRO 4, provided by far the major mass. From the total masses of wool and pesticide
entering the scour, the average concentrations of diflubenzuron, cypermethrin and diazinon on the wools
entering the scour were calculated as 7.7, 0.23 and 1.76 mg/kg. The average concentration of
diflubenzuron on the commercial wool alone was 0.6 mg/kg.

The concentration of diflubenzuron and cypermethrin on each of the commercial wools were lower than
the average on the Australian wool clip in 1999/2000 (average diflubenzuron: 2.9 mg/kg, synthetic
pyrethroid concentration (mainly cypermethrin): 2.0 mg/kg, organophosphate concentration (mainly
diazinon): 2.2 mg/kg (Russell, 2001)), while two of the lots contained slightly higher concentrations of
diazinon.

Table 2. Analysis of raw wool entering scour.

Diflubenzuron Cypermethrin Diazinon
Sample Conc. on

wool
(mg/kg)

Conc. in
wool wax
(mg/kg)

Mass on
wool (g)

Conc. on
wool

(mg/kg)

Conc. in
wool wax
(mg/kg)

Mass on
wool (g)

Conc. on
wool

(mg/kg)

Conc. in
wool wax
(mg/kg)

Mass on
wool (g)

CSIRO 1 44 357 44 0 0 0 0 0 0
Comm565 0.61 6 16 0 0 0 0.21 2.0 5.3
CSIRO 2 43 301 36 0 0 0 0 0 0
Cleanout 0 0 0
Comm238S 0 0 0 0.31 1.8 6.1 2.5 15 50
CSIRO 3 265 2226 296 0 0 0 0 0 0
COMM566-8 0 0 0 0.24 1.5 1.8 0.3 2 2
Comm60S-1 1.4 8 5 0 0 0 2.1 12 8
CSIRO 4 299 2259 363 0 0 0 0 0 0
Comm60S-2 1.4 8 24 0 0 0 2.1 12 36
CSIRO 5 80 640 86 0 0 0 0 0 0
Comm03S 0.53 4 19 0.50 4.1 18.3 2.8 23 102

TOTALS 889 g 26 g 203 g

From the total masses of pesticides and the mass of wool wax on the wool, the average concentrations of
diflubenzuron, cypermethrin and diazinon in the wool wax on the incoming wool were calculated to be
55, 1.6 and 12.5 mg/kg respectively.

Analysis of clean wool leaving scour
Table 3 shows the analysis of the cleaned wool leaving the scour. The cleaned wool contained 0.5 –0.8 %
of wool wax, i.e., over the 1 week period the scour left 3.7% of the total mass of wool wax on the wool.
From the total masses of pesticide on the scoured wool, it can be calculated that the scoured wool
contained 3.6% of the diflubenzuron and 6.4% of the diazinon, i.e. the residual pesticide on scoured wool
can be reasonably well estimated from average residue concentration on the greasy wool and the residual
lipid content. The results for cypermethrin were low as the concentrations on the scoured wools were
below the limits of reporting for most samples.
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Table 3. Analysis of scoured wools.

It should be noted that the residual pesticide on the scoured wool is governed by the pesticide
concentration in the scour liquors that it contacts. High residue wools will contaminate low residue wools
in the lot. In this study, there is some carryover of diflubenzuron from the high residue CSIRO wools to
the lower residue wools that followed.

Scour liquor discharges.
The scour water flow-down rates varied from 218 kL to 372 kL/day (depending on wool type), and, on
average, the scour used 13.3 L of water per kg of greasy wool. The average wool yield was 73% (mass of
clean wool/mass of greasy wool).

The majority of the mass of wool wax and pesticide leave the scour in the scour liquor
discharges. The concentrations of diflubenzuron in the wax entrained in the scour liquor
discharged to sewer throughout Study 1 are plotted in Figure 2, together with the corresponding
concentration in the wool grease recovered by centrifugation of the scour liquors (the
concentration in the wool grease is multiplied ten fold in the Figure for comparison purposes).
The influence of all five CSIRO wools, especially lots 3 and 4, on the discharges is clearly
visible.

Diflubenzuron Cypermethrin DiazinonWool lot ID Wax
(%)

Mass of
scoured

wool (kg)

Mass of
wax (kg) Conc. on

wool
(mg/kg)

Mass on
wool (g)

Conc. on
wool

(mg/kg)

Mass
on

wool
(g)

Conc. on
wool

(mg/kg)

Mass
on

wool
(g)

CSIRO 1 0.50 779 4 0.37 0.3 0.04 0.04 0.11 0.1
Comm565 0.81 16184 131 0 0 0 0 0.06 1.6
CSIRO 2 0.64 608 4 0.33 0.2 0 0 0.10 0.1
Cleanout

Comm238S 0.68 14069 95 0 0 0 0 0.10 2
CSIRO 3 0.64 877 6 4.95 4.3 0 0 0.06 0.1

Comm566-8 0.72 5524 40 1.23 6.8 0 0 0.06 0.4
Comm60S #1 0.79 2954 23 0.85 2.5 0 0 0.06 0.2

CSIRO 4 0.64 964 6 4.40 4.2 0 0 0.03 0
Comm60S #2 0.79 13925 110 0.85 11.8 0 0 0.09 1.5

CSIRO 5 0.67 794 5 2.03 1.6 0 0 0.07 0.1
Comm03S 0.75 27455 205 0 0 0 0 0.18 6.7
TOTALS 84133 kg 630 kg 31.8 g 0.04 g 12.9 g
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Figure 2. Concentration of diflubenzuron in wool wax in scour liquors and in wool grease

The one-tonne CSIRO wool lots passed through the scour in around 1 hour, but there was significant
retention of wool wax in the scour liquors causing ‘tailing’ of the main diflubenzuron ‘peaks’ as the
residual diflubenzuron in the liquors was diluted by fresh wool and water. Table 4 shows the masses of
wool wax and pesticides discharged from the scour in the main aqueous effluent stream. Note that this
scour does not generate a separate rinse liquor, nor does it use decanter (dirt recovery) centrifuge so that
this stream contains all of the pesticide discharged to sewer. Dirt is removed in a settling pit after the
sampling point.

Table 4. Total discharges of water, wax, diflubenzuron, diazinon and cypermethrin from the scour in main
aqueous discharge stream.

The average concentration of wool wax in the discharge liquor was 0.65%. The average concentrations of
each pesticide in the wax in the liquor waste stream shown in Table 4 are reasonably consistent with the
concentrations in the wax in the incoming wool (55, 1.6 and 13 mg/kg respectively). This indicates that
each ectoparasiticide is associated with the wool wax in the scour liquors. Again the mass recovery of
cypermethrin is low. It was likely to be present, but below the limit of reporting, for most of the liquors in
the study.

Analysis of wool greases from the grease centrifuge
Wool wax is collected continuously in the scouring process by centrifugation of the most concentrated
scour liquors. The centrifuged liquor is returned to the scouring bowls, while the ‘cream’ collected from
the centrifuge is taken to further dehydration centrifuges for recovery of anhydrous ‘wool grease’. The
scour recovered 39% of the incoming wool wax as wool grease.

A sample of wool grease was taken for analysis from each of the 35 drums (200 L capacity, 6369 kg)
collected during the study. The concentration of diflubenzuron in each drum is plotted in Figure 2 and
shows an increase in concentration when the high residue wools were processed. The peaks of
diflubenzuron concentration were not as sharp as in the scour liquors as the dehydration centrifuge was
not operated continuously. The wool wax was accumulated and blended in an accumulator tank before the
wool grease was collected. Table 5 shows the total masses and average concentrations of pesticides in the
wool grease retained in the scour. The concentration of each pesticide was in good agreement with the
overall concentration in the wax on the incoming wool (55, 1.6 and 13 mg/kg respectively), again
indicating that these lipophilic pesticides were associated with the wool wax in the scouring system.

Liquor Discharges Diflubenzuron Cypermethrin Diazinon
Water

Volume (L)
Mass of
wax (kg)

Mass Calculated
conc. in wax

Mass Calculated
conc. in wax

Mass Calculated conc.
in wax

1552803L 10103 kg 493 g 49 mg/kg 6.2g 0.6 mg/kg 143 g 14.2 mg/kg
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Table 5. Total masses and concentration of ectoparasiticides in 6369 kg wool grease collected in
study.

Summary for Study 1: Scour mass balance.
Table 6 summarises the inputs of wool wax and diflubenzuron into the scour and the discharges. The
overall mass balances in the scour in this study were good and the results clearly show the dominance of
the CSIRO wool lots in providing the bulk of the diflubenzuron mass entering the scour.

The commercial wool lots which initially were low in diflubenzuron have picked up diflubenzuron by
immersion in the scour liquors following the high concentration CSIRO lots, and the CSIRO lots contain
less diflubenzuron (based on the calculated concentration in residual wool wax) than if they were scoured
alone. Similarly the CSIRO wool lots have acquired diazinon by immersion in the scour liquors.

Table 6.  Study 1: Scour mass balance.

Diflubenzuron Cypermethrin Diazinon
Sample Total mass or

volume
Av’ge %

wax
Mass of

wool wax
(kg)

Calc.
conc. in

wax
(mg/kg)

Mass
(g)

Calc. conc.
in wax

(mg/kg)

Mass
(g)

Calc.
conc. in

wax
(mg/kg)

Mass
(g)

Scour Inputs
CSIRO
wool

5252 kg 12.8 673 1226 825Greasy
Wool

Comm.
wool

110173 kg 14.1 15522 4 64 1.7 26 13 203

Total 115425 kg 16195 889 g 26 g 203 g

Scour Outputs
CSIRO
wool

4022 kg 0.62 25 430 11 0.04 16 0.4Clean
Wool

Comm.
wool

80111 kg 0.76 605 35 21 0 20 12.4

Liquors 1540000 L 0.65 10103 49 493 0.6 6.2 14 143Scour

Grease 6369 kg 100 6369 50 319 1.0 6.3 11 70

Total 17102 844 g 12.5 g 226 g

Study 1: Sewage treatment plant
Liquors from the scour passed to a sewage system where they were diluted around 200 fold with other
industrial and domestic sewage. The sewage travel time from discharge from the scour to sewage
treatment plant was approximately 6 hours.

Ectoparasiticides were measured in sewage at entry to the treatment plant and in the outflow channel after
treatment (Table 7). These outflow channel liquors are discharged via the ocean outfall.

The masses of diflubenzuron, cypermethrin and diazinon entering and leaving the sewage treatment plant
(Table 7) were calculated from the average of the concentrations measured multiplied by the average flow
of sewage (estimated as 55 ML/day; a total sewage volume of 285 ML was estimated over the period of
the trial).

Diflubenzuron Cypermethrin Diazinon
Average Concentration (mg/kg) 50 1.0 11

Mass of Pesticide (g) 319 g 6.3 70
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Table 7. Concentration and masses of diflubenzuron, cypermethrin and diazinon entering and leaving
sewage treatment plant.

Entering Sewage Treatment Leaving Sewage Treatment
Diflubenzuron Cypermethrin Diazinon Diflubenzuron Cypermethrin Diazinon

Average
Concentration (µg/L)

1.9 0.25 1.18 0.08 Not detected
(< 0.01 µg/L)

0.62

Total volume (kL) 285000 285000 285000 285000 285000 285000
Mass 540 g 72 g 336 g 23 g 178 g

The mass of each ectoparasiticide entering the treatment plant were greater than the mass discharged from
the scour in the scouring liquors (493 g, 6 g and 143 g), as there is the likelihood that there could be other
inputs of each pesticide from other wool scours in the sewage catchment.

Based on the default assumptions used in the Woolmark/NRA Report (Savage, 1998) and using the
1999/2000 Woolmark residue survey results (Russell, 2001), it is possible to calculate that the mass of
diflubenzuron, cypermethrin and diazinon generated in 6 working days in this sewage catchment where
several scours are operating would average 585, 400 and 440 g per week respectively. In this study week,
discharges of diflubenzuron and cypermethrin from other scours in the catchment were lower than
expected.

Figure 3 plots the times of entry and exit of the diflubenzuron at the sewage treatment plant and compares
them with the discharge from the study scour. Appropriate multipliers and divisors have been used to
bring all results to a comparable concentration scale. The major concentration surges at the entry to the
treatment plant correlate with the major discharges from the scour, although delayed because of the transit
time.

Figure 3. Concentration of diflubenzuron at entry and exit of sewage treatment plant.

There may be a small corresponding increase in the discharge concentration of diflubenzuron as the major
peaks pass through the treatment plant, however this particular treatment system has longer hydraulic
retention times compared with ‘traditional’ batch process activated sludge treatment plants, and this tends
to spread peak discharge loads over longer times.

For traditional activated sludge sewage plants retention times may be around 20 hours (4-6 hours
aeration, up to 16 hours settling before the treated liquors are decanted from the biomass (Villarosa,
1994)). The current plant operates in a ‘semi-continuous’ mode by cyclically directing incoming sewage
into separate tanks that operate on a four-hourly cycle. Around 10% of the supernatant liquor is then
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drawn after each treatment cycle. The average sewage retention time is 36-48 hours. This type of plant is
regarded as having superior efficiency to remove pollutants, as well as ability to cope with shock
loadings, however calculation of removal efficiencies is more difficult. It is possible that some of the
discharge mass loading of pesticides from previous and current scouring operations may not have fully
cleared the system.

On a mass basis, the sewage treatment plant was 96% effective in removing diflubenzuron. However, if
another 50% of diflubenzuron from the scouring of CSIRO lots 3-5 had not fully cleared the system, the
removal efficiency could be as low as 93%.

Cypermethrin was not detected in any discharge flow from the sewage treatment plant. This indicates that
the discharge of cypermethrin was below the detection limit of the current analysis method (around 10
ng/L of cypermethrin), so that the treatment plant was at least 95% effective in removing cypermethrin.

The sewage treatment plant was only 47% effective in removing diazinon. This removal rate is expected
from sewage plant models and this supports the default removal efficiency of 50% used in the Woolmark
NRA Report (Savage, 1998).

Study 2: Wool entering the scour
In this study, the masses of pesticide entering the scour on commercial wool lots (Table 8) were
compared with the masses entering the sewage treatment plant (Table 9). In this study, detailed analyses
of the scour discharges (wool, wool grease and scour effluent) were not performed.

The sizes of the commercial wool processing lots varied from 7.4 to 25.5 tonnes (Table 8). The average
concentrations of diflubenzuron, cypermethrin and diazinon on the wool entering the scour were
calculated as 0.88 mg/kg, 0.43 mg/kg and 2.09 mg/kg respectively. These concentrations are lower than
the average on Australian fleece wools in the 1999/2000 wool sales. (The average concentrations of
diflubenzuron, synthetic pyrethroids (mainly cypermethrin) and organophosphates (mainly diazinon)
were 2.9, 2.0 and 2.2 mg/kg respectively (Russell, 2001)). The only commercial wool lot that was
significantly contaminated was Comm336S which contained three times the national average
concentration of diazinon. At only 8 tonnes total mass, it may have contained a single sales lot that was
moderately contaminated with diazinon.

Table 8. Study 2: Masses of wool and pesticide residues on raw wool entering scour.

The masses of diflubenzuron, cypermethrin and diazinon leaving the study scour were estimated from the
finding in Study 1, Table 6, that 62% of the wool wax (and therefore pesticide) was found in the scour
liquors. The masses of each pesticide discharged from this scour were calculated as 82 g, 25 g and 150 g
respectively.

Diflubenzuron Cypermethrin DiazinonSample Mass of
Wool (kg) Conc. on

wool (mg/kg)
Mass on

wool     (g)
Conc. on

wool (mg/kg)
Mass on

wool     (g)
Conc. on

wool (mg/kg)
Mass on

wool     (g)
Comm7309S 18026 0.16 2.85 0.05 0.96 0.60 10.80
Comm327AS 8888 1.98 17.58 0.47 4.16 2.76 24.55
Comm290AS 15984 0.54 8.70 0.43 6.81 0.49 7.87
Comm290BS 7367 0.07 0.52 2.08 15.36 0.95 6.97
Comm22S 25500 0.87 22.11 0.06 1.50 0.82 20.93
Comm3611/1 20920 2.31 48.23 0.11 2.22 2.00 41.92
Comm3065 16735 0.77 12.93 0.13 2.14 2.47 41.38
Comm635 17830 0.82 14.68 0.23 4.06 1.89 33.63
Comm336S 7788 0.43 3.38 0.32 2.53 6.82 53.14

Total 139038 131 40 241
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Study 2: Sewage Treatment Plant
Diflubenzuron, cypermethrin and diazinon were measured in sewage at entry to the treatment plant and in
the outflow channel after treatment (Table 9).

Table 9. Concentration and masses of diflubenzuron, cypermethrin and diazinon entering and leaving sewage
treatment plant.

The masses of diflubenzuron, cypermethrin and diazinon entering the sewage treatment plant (Table 9)
were calculated as the product of the concentrations and the average flow of sewage (total sewage volume
was estimated as 266 ML over the period of the trial). The other scours operating in the catchment
therefore contributed significant amounts of each of these pesticides, and while the masses of
diflubenzuron and cypermethrin were lower than expected for this catchment, diazinon was higher.

Again cypermethrin was not detected in the discharge flow from the sewage treatment plant and
calculations show that the treatment plant was at least 97% effective in removing cypermethrin. This is
better than the predicted 95% removal efficiency for synthetic pyrethroids used in the Woolmark NRA
study.

In this second study, the sewage treatment plant was 85% and 55% effective in removing diflubenzuron
and diazinon. Again these calculations are approximate because of the long hydraulic retention time. In
fact the highest diflubenzuron concentrations found in the discharge were at the start of collection,
presumably from previous scouring of a highly contaminated batch which had not fully cleared the
system.

Discussion

Sewage Treatment Efficiency
In the Australian NRA environmental assessment protocol, default sewage removal rates for
diflubenzuron, cypermethrin and diazinon are estimated as 80%, 95% and 50% for traditional activated
sludge sewage treatment systems. These estimates were based on laboratory studies (Villarosa, 1994) as
well as on theoretical models.

In this work the removal efficiencies of diflubenzuron were estimated as 96% – 85%, and the removal
efficiency of cypermethrin as > 97% and 95%. For these hydrophobic pesticides, the sewage treatment
efficiency in the current plant is higher than the NRA estimates, presumably because of the longer
retention times that are used. However when the laboratory scale sewage removal study for diflubenzuron
was repeated as part of the current study, a removal rate above 90% was also obtained. There may be
some grounds for reviewing the default sewage removal rate for diflubenzuron in the EPA assessment
model.

Previously, removal efficiency of diazinon in a laboratory scale model of a traditional activated sludge
process was measured as 50% (Villarosa, 1994), and efficiencies of 47 and 55% were found in this full-
scale sewage treatment plant in this current study. The removal rate of 50% used for diazinon in the
Woolmark NRA Report (Savage, 1998) should be retained.

Aquatic Toxicity
The Australian environmental assessment process used in the Woolmark NRA study is based on the
discharge requirements for the Black Rock sewage treatment plant that services the Geelong catchment. The
assessment requires that the effluent at discharge is not toxic in acute testing against sensitive aquatic
organisms. In the assessment process, the concentration of each pesticide at discharge is compared with the
acute (48 or 96 hr) toxicity concentrations (as assessed by LC50 values) (Savage, 1998).

Entering Sewage Treatment Leaving Sewage Treatment
Diflubenzuron Cypermethrin Diazinon Diflubenzuron Cypermethrin Diazinon

Average conc.(ug/L) 0.57 0.37 2.47 0.09 < 0.01 µg/L 1.11
Total Volume (kL) 266000 266000 266000 266000 266000 266000
Mass of Pesticide (g) 152 98 658 23 0 296
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A more sophisticated environmental assessment is possible based on actual environmental concentrations
after dilution of the treated effluent by sea water, but that analysis is complicated by considerations that
different dilution factors will apply at various distances from the outfall. In this latter assessment, calculated
environmental concentrations would be compared against ‘whole of life’ or ‘no-effect’ concentrations for
long term exposure. These data are not always available for the most sensitive species, and end points are less
certain.

In this discussion, the environmental endpoints will be assessed using the approach used in the
Woolmark/NRA, and will use the data from that study, i.e. LC50 concentrations for diflubenzuron,
cypermethrin and diazinon will be taken as 1 µg/L, 0.05 µg/L and 1 µg/L respectively.

Diazinon
In Study 1 the mass of diazinon entering the treatment plant was 25% lower than predicted based on the NRA
assumptions for a catchment scouring 50 tonnes of wool daily, while it was 50% higher in Study 2.

The average discharge of diazinon from the sewage treatment plant in Study 1 was 0.62 µg/L, and only
exceeded 1 µg/L on 1 of the 28 measurements taken. In Study 2, the discharge of diazinon averaged 1.1 µg/L
and exceeded 1 µg/L for 60% of the 1 week study. Clearly the discharge status of diazinon is delicately
balanced.

Diflubenzuron
In Study 1 the overall mass of diflubenzuron entering the sewage treatment plant was of the order expected
for a catchment scouring 50 tonnes of wool daily, however it was mainly derived from two farm wool lots
scoured over the period of 1 hour each. The removal efficiency and buffering capacity of the sewage
treatment system was sufficient to ensure that the highest concentration of diflubenzuron in the effluent
discharged was 0.14 mg/kg, around 1/7th of the acute toxicity concentration.

In Study 2 the mass of diflubenzuron from wools scoured in the catchment was only 25% of the expected
mass, but in this case, several discharge concentrations around 0.2 µg/L near the start of the study were
found, presumably from high residue wools that were scoured before the current monitoring program started.
It is relatively unlikely that concentrations approaching the target concentration of 1 µg/L from the current
catchment would be reached, but longer term monitoring would be required.

Cypermethrin
Because of the high efficiency of the sewage treatment plant for removal of cypermethrin, it was not detected
in the effluent, but the mass detected at the entry to the sewage treatment plant in each study was only around
one quarter of that expected on average. The limit of detection of cypermethrin (10 ng/L) for the analysis
method used is below the acute toxicity of cypermethrin (estimated as 50 ng/L in the Woolmark NRA
report (Savage, 1998)) so that potentially toxic concentrations were not observed in the two weeks of
monitoring.

Environmental discharge
The study shows significant masses of pesticides, especially diazinon, being continuously discharged to the
environment as a result of wool scouring activities.

The design engineer for the sewage treatment plant in this study estimated a 50-fold dilution of the sewage
discharge plume at the surface of the sea water immediately above the outfall diffuser system (Figure 4) as
the treated sewage, which is warmer and less salty than the surrounding ocean, initially rises to the surface.
Beyond this point, there will be further dilution as the waters mix and concentrations will decrease rapidly
beyond the mixing zone.
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Figure 4. Dilution of sewage discharge plume in seawater

Conclusions

A commercial scour was monitored for 1 week period to determine the mass of diflubenzuron, cypermethrin
and diazinon entering and leaving the scour. A good mass balance was obtained where the pesticides closely
followed the wool wax in the scoured wool, in the retained wool grease and in aqueous scour discharges.
Peak discharges of diflubenzuron were found when special high residue one-tonne farm lots were processed
between normal production scouring lots.

The pesticides in the discharge from the scour were tracked through the sewage system and through a
municipal activated sludge sewage treatment. Peak concentrations of diflubenzuron were observed at the
entry to the sewage treatment plant corresponding to discharge from the scour, however, because of the
hydraulic retention time of the sewage treatment plant, no clear discharge peaks were seen. Concentrations at
the sewage outfall were below acute no-effect toxicity values for sensitive marine organisms for
diflubenzuron.

In a second study, diflubenzuron, cypermethrin and diazinon on normal scouring lots were monitored
entering the scour.

In each study, the masses of each pesticide found at the entry to the sewage treatment plant were higher than
from the study scour alone, indicating that other scours in the catchment were contributing pesticide. In both
studies, the total masses of diflubenzuron and cypermethrin entering the sewage treatment plant from normal
scouring activities were lower than the average mass that would be expected from the average residues on
Australian wools.
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In the two studies, the sewage treatment system was at least 93% and 85% effective in removing
diflubenzuron, where as the default removal rate in the Woolmark/NRA report suggested a default removal
rate of 80%. This may be because this sewage treatment plant has longer hydraulic retention times than
traditional batch process activated sludge effluent treatment systems. The highest concentration of
diflubenzuron in the discharge stream from the treatment plant was only one-quarter of the acute toxicity
target concentration, even when small batches of high residue wools were scoured.

The plant was more than 95% effective in removing cypermethrin (in fact cypermethrin was not found in any
discharged effluent).

Removal of diazinon in the sewage treatment plant was only around 50%, and this is consistent with the
default value used in the Woolmark NRA report. Because of this poor removal efficiency, concentrations in
the treated effluent stream frequently exceeded the target concentration of 1 µg/L, depending on whether the
diazinon scoured in the catchment exceeded the average concentration.

These studies validate most of the environmental assessment assumptions used in the Woolmark NRA report.
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