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CSIRO LAND and WATER
GUIDELINES FOR MINIMISING OFF-SITE
MOVEMENT OF PESTICIDES IN THE
ORD RIVER IRRIGATION AREA

Irrigation channel in the Ord River Irrigation Area

Important Disclaimer:
CSIRO Land and Water advises that the information contained in this publication comprises general
statements based on scientific research. The reader is advised and needs to be aware that such
information may be incomplete or unable to be used in any specific situation. No reliance or actions
must therefore be made on that information without seeking prior expert professional, scientific and
technical advice.
To the extent permitted by law, CSIRO Land and Water (including its employees and consultants)
excludes all liability to any person for any consequences, including but not limited to all losses,
damages, costs, expenses and any other compensation, arising directly or indirectly from using this
publication (in part or in whole) and any information or material contained in it.
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Acronyms used in this document
Australian and New Zealand guidelines for fresh and marine water
quality

ANZECC 2002

Commonwealth Scientific and Industry Research Organisation

CSIRO

Department of Agriculture Western Australia

DAWA

Enzyme-Linked Immunosorbent Assay

ELISA

North West Monitoring Program 1

NWMP 1

Ord Bonaparte Program

OBP

Ord Irrigation Cooperative

OIC

Ord Land and Water

OLW

Ord Land and Water Management Plan 2000

OLWMP

Ord River Irrigation Area

ORIA

Pesticide Impact Rating Index

PIRI

Polyacrylamide

PAM

Water Use Improvement Program

WUIP

This information was collated by Ms Danni Oliver. Any comments, additional information or
suggestions would be gratefully received. Please forward any additional information to
Danni.Oliver@csiro.au.

4

Guidelines for Minimising Off-Site Movement of Pesticides: May 2005
_________________________________________________________________________________________________________________

INTRODUCTION
Ord River Irrigation Area (ORIA) Stage 1:
The ORIA is situated within the Ord catchment surrounding the town of Kununurra. It
includes around 14,000 hectares of developed land irrigated by water supplied from Lake
Argyle (see appendix – map 1). The combined value of horticulture crops grown in the ORIA
in the past decade has been estimated at over $544 million. In the 2002 wet and 2003 dry
season the value of crops was just over $50 million. The biggest contributors were
horticulture fruit production ($23.8 million) and sugar ($18.4 million), other crops include
hay, chickpeas hybrid seeds and irrigated pasture.
The irrigation delivery system was built and largely completed in the early 1960’s with the
Ord Dam and the filling of Lake Argyle completed in 1972. The system was designed around
a furrow irrigation system gravity fed from Lake Kununurra built in 1963 to maintain a ‘head’
for water delivery. This system of irrigation was considered at the time as ideal based on the
flat topography and predominantly heavy clay soils.
The current annual average water allocation to ORIA Stage 1 area is 335 gigalitres. Water is
delivered to farms through a series of channels to supply points situated on the boundaries of
property blocks. Water is sub-divided on the properties through a further series of channels
that deliver water directly to crops through siphons. On almost all blocks the water flow down
the furrow exceeds its lateral movement across the soil surface and into the profile. As a
consequence there is a flow of water off farm prior to adequate soil moisture levels being
achieved. Excess irrigation water is removed from the system through a series interlinked
drainage systems that re-enter the river at points along its course.
This type of irrigation system carries an inherent risk of moving off farm potential pollutants
such as pesticides and fertilisers. There have been a number of ‘fish deaths’ within the
drainage and river systems of which some have been attributed to pesticides being present.
Water quality monitoring:
As a result of the 1997 fish kill in the Dunham River a water quality monitoring program was
established in April of 1998. The intent of the program was to monitor levels of pesticides and
nutrient present in the water of the supply channels, drains and the river. The program known
as the North West Monitoring Program 1 is jointly operated by the Ord Irrigation Cooperative
(OIC) and the Department of Environment (DoE).
The program monitored a total of 3 supply points, 18 drainage sites and 13 river locations.
This however was reduced to 1 supply point, 5 drainage points and 4 river locations in
November 2004. In April 2004 the range of pesticides monitored was significantly expanded
to include ‘high risk’ chemicals currently used but not included in the program. The selection
of ‘high risk’ chemicals came from work carried out in the Project – Minimising the off-site
impacts of pesticides in the ORIA (see page 9).
In addition to pesticides and nutrients, monitoring also includes salinity, total suspended
solids (sediment), water depth and physical parameters such as pH, dissolved oxygen,
temperature and conductivity.
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Nutrients:
In the six years since water sampling commenced nutrient concentrations in the lower Ord
River have been relatively constant. Nutrient concentrations, namely nitrogen and
phosphorous, generally increase between the upstream (un-affected by irrigation) to the
downstream sites (irrigation affected). This is expected as the irrigation and sewerage waste
water treatment outfalls enter the river, adding nutrient enriched water.
The Australian and New Zealand guidelines for fresh and marine water quality (ANZECC
2002) provide trigger values for nutrients in tropical Australian high land and low land river
systems. This area includes northern Queensland, Northern Territory and north-west Western
Australia. The ANZECC guidelines acknowledge that if locally relevant guidelines have been
developed, they should be used in preference to the ANZECC guidelines.
A comparison of ANZECC guidelines and the average values of nitrogen and phosphorous
from the upstream sites of the Ord River, unaffected by irrigation (Figure 1) shows that the
nutrient concentrations are generally above the ANZECC guidelines. This identifies a need to
develop locally relevant water quality targets.
Comparsions Australian Guidelines
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Figure 1 – Average concentrations of Nutrients from Ord river sampling compared to ANZECC Guideline trigger levels

Pesticides:
Pesticide chemicals are analysed from water samples collected each month from both river
and drainage channel sites. Only two chemicals are regularly detected each year, those being
atrazine and endosulfan. The majority of detections have occurred in the drainage channels.
Trends in atrazine concentrations and frequency of detections have varied since 1998 when
sampling commenced. The frequency and concentrations generally increase between 2001
and 2002, and then decreased in 2003 – 2004.
Endosulfan concentrations and frequency of detections have reduced since sampling
commenced in 1998, this is presented in Figure 2. However a single incident of endosulfan
movement off farm in August of 2004 did result in a further fish kill in the Dunham River.
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This was dealt with through the Ord Reference Group and as a consequence a review of the
local code of conduct for endosulfan use will be held and implemented prior to renewed usage
in season 2005 (see appendix – Safeguards for Endosulfan Use in the ORIA).

Endosulphan Total Since Sampling Commenced
1.8

Endosulphan Total (ug/L)

1.6
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1.2
1.
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Figure 2 – Total endosulfan concentrations in water samples from drainage and river sites in the Ord region.

Water Use Improvement Program (WUIP):
The OIC is responsible for the diversion of water from Lake Kununurra and its distribution to
OIC shareholders. Water at the Ivanhoe Plain diversion is also diverted and distributed on
behalf of the WC for the M1 private channel pumpers.
The OIC is required to obtain a surface water license under Section 5c of the Rights in Water
Irrigation Act 1914 from the DoE. The surface water license contains conditions that require
the OIC to complete an Operating Strategy for the diversion, distribution and management of
water supplied through the irrigation system. This Operating Strategy explains how the OIC
will implement the terms and conditions of their surface water license. Specifically, the
Operating Strategy identifies water management targets, performance monitoring
requirements and reporting responsibilities.
In addition, the surface water license contains conditions that require the OIC to develop and
implement a water use improvement program. The WUIP identifies strategies and actions
which describe how the OIC will achieve the improved water management targets identified
in the Operating Strategy.
The primary purpose of the WUIP is to provide direction for the OIC to work toward
achieving their surface water license responsibilities. Secondary to this, the WUIP is an
opportunity to consolidate all actions currently being implemented in the Stage 1 Channel
System Supply Area of the Ord River and in doing so identify further possibilities for
collaboration with agency and community organisations. The WUIP also provides an
7
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investment framework which identifies the indicative financial costs of achieving improved
water management in the ORIA.
The four key intended outcomes of the WUIP include –
Improved water use efficiency of the irrigation delivery system.
Improved water use efficiency of irrigation on-farm.
Improved quality of irrigation drainage water.
Improved management of groundwater across the irrigation area.
Ord Land and Water Management Plan 2000 (OLWMP):
This plan is the outcome of a four year community process that developed a series of Goals to
address a wide range of environmental issues. The goals addressed include–
The sustainability of the irrigation area through a ‘Land’ component.
Healthy river systems through a ‘Water’ component.
Sustainable native ecosystems through a ‘Conservation’ component
An environmentally responsible community through a ‘Town’ component.
With the release of the OLWMP came a commitment from the irrigation industry and the
community to protect, maintain and manage the Ord Catchment environment. Goals from the
Plan that specifically address this intent areTo improve irrigation management to achieve 65% average annual water use
efficiency on all irrigation farms within five years.
To improve irrigation infrastructure and management to achieve a water delivery
efficiency of 75% (community target) within five years.
To reduce the load of chemical contamination in tailwater by 40% within five
years.
To reduce the load of nutrient contamination in tailwater by 40% within five years.
To reduce sediment loads in tailwater by 40% within five years.
Reduce ground water levels to below two metres from the surface across the whole
irrigation area within five years while preventing any new areas from rising above
that level.
Hold the quality of ground water at or above the high quality present in 2000.
Reduce the off farm exports of chemicals nutrients and soil into the Dunham River
during the dry season by 50% within 5 years.
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PROJECT: MINIMISING THE
PESTICIDES IN THE ORIA:

OFF-SITE

IMPACTS

OF

As a means to achieve water quality goals within the OLWMP and the WUIP Ord Land and
Water (OLW) in partnership with the local farmers, the Ord Bonaparte Program (OBP) and
CSIRO developed a project to find ways to reduce agricultural impacts on the local
environment.
Objectives:
The objective of the project was to support the long-term sustainability of irrigated agriculture
in the Ord through the development of guidelines with the agricultural industry for
minimising the off-site impacts of pesticides in the Ord River Irrigation Area.
The major aims of the project were to:
Carry out a risk assessment and identify pesticides of most concern in terms of
threat to the riverine ecosystem health in the Ord River.
Conduct monitoring of pesticide residues in tail waters.
Enhance the natural attenuation of pesticides prior to the release of drainage water.
Develop with industry guidelines for better on-farm management of pesticides to
minimise off-site impact on surface and groundwater.
Methods:
Stage 1 – Risk assessment and monitoring
This initial stage was to develop a risk assessment for surface and groundwater resources of
the ORIA. This involved the gathering of pesticide use data (dosage and frequency) for
selected major production systems, information on soil and climatic conditions, hydrological
conditions (recharge rate) and an integration of pesticide loading, toxicity and transport
parameters.
Key factors included in the risk assessment were the agronomic practices prevalent in the area
and how these related to pesticide migration, with particular reference to the prevalent water
management practices. The risk assessment provided a list of compounds that represent the
greatest risk to the environment and therefore would be targets of focused monitoring and
management.
Stage 2 – Monitoring and experimentation
This stage was to develop on farm experiments that would achieve the following –
Minimise residue moving of the farm: Options included the use of improved
furrow design and use of polyacrylamide (PAM) as a flocculant. Improved furrow
design was being trialled already by the Department of Agriculture Western
Australia (DAWA) for improving water use efficiency, and this work could be
linked in with this project. Experiments would also investigate the effectiveness of
PAM in reducing the off-site migration of water-soluble and colloid associated
pesticides such as atrazine and endosulfan.
Enhanced natural degradation: Options likely to be investigated included:
grassed tail water drains, retention of portions of drainage water rich in pesticides,
either on-farm or in parts of waterways that are vegetated heavily and may be
efficient in removing residues. Other options would be developed with industry
stakeholders.
Removal of residues from drainage water: Novel cost-effective sorbents for
removal of pesticides from water were being developed by CSIRO and other
agencies. Laboratory tests appeared to be promising, and there was an option to
9
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test their effectiveness in mopping up pesticide residues remaining in the
waterways
In addition, experiments would be carried out to test the commercially available rapid
screening kits for pesticide residues under ORIA conditions, for selected pesticides such as
atrazine.
Stage 3 – Data analysis and development of Guidelines for on-farm management
During this stage of the project the results from the first two stages would be analysed, the
practical options that were shown to be effective would be identified and in consultation with
the growers and stakeholders guidelines to minimise off-site migration of pesticides in ORIA
developed.
If the kits tested in Stage 2 are found to be sufficiently practical and accurate, training in their
effective use will be provided to growers in the ORIA. This will empower growers with
simple techniques to detect residues moving off-farm providing early warning and facilitating
better management.
Outputs:
The major outputs expected for this project are:
A better understanding and awareness of the impact of pesticide residues on
ecosystem health in the ORIA and associated riverine ecosystems.
A list of pesticides considered ‘high risk’ using present management practices,
based on properties of pesticides; their toxicity to organisms; and site soil,
hydrological and environmental conditions.
Identification of on-farm management approaches for minimising the off-site
migration of pesticides and enhancing their natural breakdown on farm and in
drainage water.
Practical guidelines for better management of pesticides in the ORIA.
Validation of simple residue analysis kits and training of industry users.
Partners:
CSIRO
Department of Transport and Regional Services
Horticulture Australia Limited
National Action Plan for Salinity and Water Quality
Ord Bonaparte Program
Ord Land and Water
Ord River Farmers
Implementation:
Stage 1 – Risk assessment and monitoring
CSIRO carried out a risk assessment for commonly used pesticides in the ORIA, using
Pesticide Impact Rating Index (PIRI). PIRI is a tool that integrates a number of factors to
assess the impact of a given pesticide under the local conditions. The assessment was carried
out for four land uses: sugarcane, hybrid seeds, melons and tree crops. The following factors
were considered in this assessment:
Pesticide use rates (application rates, frequency of application)
Pesticide toxicity to fish and waterflea – from literature
Pesticide properties (persistence, sorption) - from literature
Soil conditions (texture, organic matter content etc.)
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Water input (rainfall and irrigation) – From Bureau of Meteorology.
Others (e.g. topography, buffer zones, etc.).
A land use map for Ivanhoe and Packsaddle Plains was developed through consultation with
growers. This showed that sugarcane was grown in about 50% of the ORIA followed by
hybrid seeds (sorghum, maize, sunflower), cucurbits (rock melon, water melon, pumpkins);
tree crops (bananas, mangoes, citrus) and other crops (culinary beans; sandalwood, cotton,
lucerne).
For the four major land uses in the area (sugarcane, melons, hybrid seed and tree crops), an
inventory of pesticides used, their application rates, the frequency and timing of application
was gathered. A number of different pesticides (sugarcane 14, melons 17, hybrid seeds 9 and
tree crops 6) with diverse chemistry, toxicity and potential for off-site migration were noted to
be in use in the area.
A short list was prepared of pesticides that have the greatest probability of adverse impact and
those which need greater attention with respect to on-farm management in the ORIA. These
are summarised below in Table 1.
Consistent with the monitoring data from the area, endosulfan and atrazine were assessed by
PIRI to be of high risk.
The other pesticides that had not been monitored but were found to be of moderate to high
risks were: ametryn, diuron, thiodicarb, pendimethalin, trichlorfon, mancozeb and
chlorpyrifos.
Land use
Sugarcane
Hybrid seeds
(sorghum, maize,
sunflowers)
Melons
(rockmelons,
watermelons,
pumpkins)
Fruits
(bananas, mangoes,
citrus)

Higher risk
Atrazine,
Ametryn
Diuron
Atrazine
Thiodicarb
Pendimethalin
Endosulfan
Endosulfan
Trichlorfon
Chlorpyrifos
Mancozeb
Cypermethrin
Mancozeb
Chlorpyrifos

Moderate Risk
Chlorpyrifos
2,4-D
Chlorpyrifos,
Cypermethrin,

Low risk
Fluroxypyr
Glyphosate
Isoxaflutole*
Trifluralin
Glyphosate

Fenarimol
Carbaryl
Chlorothalonil
Bupirimate

Imidacloprid

Propiconazole

Glyphosate

Table 1: Results from the assessment for off-site migration potential for the four main land uses in the ORIA.
* This is based on the parent compound only which has a short half-life.

Stage 2 – Monitoring and experimentation
From 2002 to 2004 a series of experiments were conducted to assess the effectiveness of
several management strategies to minimise off-site movement of pesticides. Prior to and
during the experiments regular meetings were held with growers and other stakeholders in the
area to assess and develop a range of likely management strategies that would form the basis
of the experiments. The management strategies were divided into two categories based on the
11
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major transport pathway from furrow irrigation, namely as a soluble compound moving with
irrigation water or as a colloid-associated compound moving with eroding sediment.
Growers then prioritised the options as seen in table 2 and the strategies chosen on the
likelihood of the practice being adopted by the growers or because it was practice already
being used in the area.
Colloid associated pesticides (e.g. endosulfan)
Buffer strips.
PAM.
Research alternative pesticides.
Minimum tillage.

Ranking
14
10
4
2

Soluble pesticides (e.g. atrazine)
Pesticide locking material/structures.
Spraying on beds.
Light incorporation of chemical into soil.
Temporary holding of water.
Spray and irrigation timing.

Ranking
19
6
5
4
4

Table 2. Ranking by growers of management practices suggested for evaluation

The management practices evaluated to minimise off-site movement of soluble pesticides (as
represented by atrazine) were –
spraying pesticides onto beds only,
incorporation of pesticides before irrigation (one experiment with incorporation by
cultivation and one with incorporation with power harrows)
addition of PAM to irrigation water
The management practices evaluated to minimise off-site movement of colloid-associated
pesticides (as represented by endosulfan) were –
Incorporation of pesticide with power harrows after application
Addition of PAM to irrigation water
Other management practices such as buffer strips and pesticide locking material/structures
were initially under consideration for evaluation. However it was shown in the course the
work done that those options would be very difficult to manage from a practical basis as a part
of a farm management strategy, therefore they were discounted.
Summary of findings:
Experiment 1 (see appendix – experiment 1)
The treatment of incorporation of atrazine by cultivating the water furrows after spraying
decreased the amount of atrazine leaving the bays.
The total amount of atrazine (mean across both bays) leaving the conventional treatment
(spraying atrazine with no incorporation) was 0.106 kg. Incorporating the herbicide after
spraying decreased the amount of atrazine leaving by 53% to 0.05kg.
There were no significant differences between treatments in both experiments in the grass and
broadleaf weed count.
Experiment 2 (see appendix – experiment 2)
12
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The treatment of spraying the tops of the beds only significantly decreased the amount of
atrazine leaving the bays.
The total amount of atrazine (mean across both bays) leaving the conventional treatment
(spraying beds and furrows) was 0.148 kg. Spraying the tops of beds only, decreased the
amount of atrazine leaving by 83% to 0.026kg.
There were no significant differences between treatments in both experiments in the grass and
broadleaf weed count.
Experiment 3 (see appendix – experiment 3)
The addition of PAM resulted in a 54% decrease in the mean total load (mg) of Thiodan (sum
of endosulfan I, II and sulfate) leaving the irrigated bays.
The concentration (mg/L) of endosulfan I and II leaving the bays treated with PAM was
nearly always lower than that leaving the bays with the conventional treatment.
The concentration of endosulfan sulfate (degradation product) was nearly always higher from
the PAM treated bays than from the conventionally treated bays. This most likely reflects the
lower volume of water leaving the PAM treated bays. It may also be due to increased
degradation of endosulfan I and II to endosulfan sulfate in the PAM treated bays due to the
slower movement of water down the furrows giving more time for the degradation process to
occur.
The mean load (mg) of endosulfan I, II and sulfate individually, leaving the irrigated bay over
time was consistently lower for the PAM treatment than the conventional.
The mean total load of endosulfan leaving the irrigated bays over 8 hours, represented as % of
total endosulfan applied to the bay (i.e. 0.945 kg), was 1.59% for the conventional (no PAM)
treatment and 0.51% for the + PAM treatment.
Experiment 4 (see appendix – experiment 4)
The concentration (ppb) of endosulfan I, II, -sulfate, metolachlor and atrazine in water leaving
the irrigated bays was always less from those bays where the pesticide had been incorporated
compared with those that were treated conventionally.
For all pesticides measured, except endosulfan sulfate, the concentration (ppb) in the tail
water decreased over time. The concentration of endosulfan sulfate increased over time for
both treatments.
The mean total load (g) of total endosulfan (sum of endosulfan I, II, -sulfate), metolachlor and
atrazine moving off-site for the duration of the irrigation was consistently lower for the
incorporated treatment compared with the conventional treatment.
Incorporating the pesticide after application decreased the amount of total endosulfan,
metolachlor and atrazine moving off-site by 74%, 53% and 38%, respectively, compared with
the conventional method. However, there was a lot of variation in atrazine concentration
between the bays for each treatment so the decrease in atrazine load was not statistically
significant.
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The weed count on bays 1 and 2 showed there was no difference in the number of broadleaf
weeds or grasses between the two treatments.
Experiment 5 (see appendix – experiment 5)
The addition of PAM to the channel water had no effect on decreasing the off-site movement
of the soluble herbicide atrazine.
The average amount of atrazine leaving the conventional treatment bays (no PAM) was 1.4%
of atrazine applied, and from the PAM-treated bays 1.6% of atrazine applied.
The addition of PAM decreased the average sediment load by 58.4%. The average sediment
load leaving the bays was 10.98 kg/ha for the conventional treatments and 4.57 for the PAMtreated bays.
The addition of PAM to the irrigation water did not significantly increase the movement of
atrazine down through the profile. No atrazine was detected in the soil below 10cm from any
of the bays after the experiment whether PAM was or was not used.
ELISA kits:
Experiments were carried out to test the commercially available rapid screening kits Enzyme-Linked Immunosorbent Assay (ELISA) for pesticide residues under ORIA
conditions for selected pesticides such as atrazine. Initially it was hoped that these kits would
be able to be utilised as a field kit that would give a result on the spot. However it was
concluded by the experimental work that even though testing could gain a result in a relatively
short time period it did require a workbench environment and close to two hours for testing to
be complete.
On that basis a demonstration course was held for OLW, OIC and the DAWA personnel with
the expectation that one or more of those organisations would be able to develop a farm usage
program with the equipment.
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GUIDELINES FOR ON FARM MANAGEMENT
The primary route of pesticide off-site loss under current furrow irrigation practices is with
irrigation water that moves down the paddock and straight off into the tail drain. This water
has the greatest potential to transport pesticides off-site. The following recommendations deal
exclusively with ways to restrict that movement under normal irrigation management and
chemical rate/hectare application.
Mechanical incorporation of pesticide
Pesticide incorporation before commencing irrigation was found to be a highly effective
method to minimise off-site movement of pesticides. The decrease in off-site movement of
pesticides ranged from 38% to 75%. A greater decrease by incorporation was found with
colloid-associated pesticides such as endosulfan 75%. Soluble pesticides such as atrazine
registered a decrease of between 38 and 53%.
Two methods of incorporation were used, power harrows that incorporated across the beds
and furrows and a cultivator bar that was limited to the furrows only. In both cases the
treatment areas showed a reduction of pesticides moving off site compared with the control
(see appendix – experiment 1 and 4).
In both experiments a weed count was done to test the efficacy of the technique on weed
control (see appendix – experiment 1 and 4). Results of counts showed no difference in weed
populations between the experiment and the control, however it is understood that more work
needs to be done in a variety of paddocks with different weed populations and pressures to
verify this. OLW is currently encouraging farmers to trial these techniques and is monitoring
the results in order to build a more complete assessment.
Until more information becomes available this management practice should only be
considered by growers for those fields where historically there has been a low weed pressure.
Targeted pesticide application
Spraying pesticide to the top of the bed only and minimising its contact with the soil within
the water furrows was found to be an extremely highly effective method to minimise off-site
movement of pesticides. The decrease in off-site movement of pesticide was 83% (see
appendix – experiment 2).
This form of pesticide application is already in use by farmers within the ORIA as a means to
reduce some pesticide costs and to reduce off site movement of endosulfan when spraying
small plants (see appendix – Safeguards for Endosulfan Use in the ORIA). The process
generally applies a full rate of pesticide to a strip of ground that constitutes 25 – 40% of the
cropped area.
In the experiment a weed count was done to test the efficacy of the technique on weed control
(see appendix – experiment 2). Results of counts showed no difference in weed populations
between the experiment and the control; however significant weed pressure spread across
some of the treatments did cloud the results. It is understood that more work needs to be done
in a variety of paddocks with different weed populations and pressures to verify this. OLW is
currently encouraging farmers to trial these techniques and is monitoring the results in order
to build a more complete assessment.
15
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Until more information becomes available this management practice should only be
considered by growers for those fields where historically there has been a low weed pressure.
Application of PAM to irrigation
There was mixed success with these experiments. In experiment 3 the colloid-associated
pesticide endosulfan was used as the focus for the experiment, in addition PAM was
incorporated into the irrigation cycle by means of small pucks placed under the outlet of each
siphon. Results showed that PAM was a highly effective method to minimise off-site
movement of colloid-associated pesticides. The decrease in off-site movement of pesticide
endosulfan was 54% (see appendix – experiment 3).
In addition two more chemicals bupirimate (nimrod) and chlorothalonil (bravo) were found to
be present in the test samples from a previous application a few days prior to the experiment
taking place. Respectively levels of these pesticides leaving the treated and non treated areas
were reduced by 38 and 49% (see appendix – bupirimate and chlorothalonil data from
experiment 3)
In experiment 5 the soluble pesticide atrazine was used as the focus for the experiment,
although PAM acts primarily on colloidal particles by settling them out of the water flow it
was considered that PAM may still have a positive effect in restricting movement on the more
soluble pesticides. Liquid PAM rather then pucks were used, as that means of application was
seen to be favoured by farmers over pucks. Results showed that PAM had no effect on
minimising the off-site movement of soluble pesticides such as atrazine.
This experiment also looked at the movement of pesticides within ground water and the
influence PAM may have on increasing pesticide infiltration into the soil profile. Results
showed that an application of PAM with irrigation did not increase the infiltration of the
soluble pesticide atrazine into the soil profile (see appendix – experiment 5). However it
should be remembered that this was only one experiment and further work would be needed
to fully determine PAM’s impacts on ground water.
Nutrients: As a part of the project nutrient runoff and the effect that the experiments had on it
was noted. With the exception of the usage of PAM other treatments had no effect on
minimising the off-site movement of nutrients or soil.
In the experiments where PAM was used it was shown to be a highly effective method to
minimise off-site movement of nutrients and soil particles.
Chemical
Phosphorus
Nitrogen
Carbon
Soil

Reduction
93%
56%
60%
72%

Table 3. Reduction in soil and nutrients by using PAM

Further recommendations:
Funding did limit the extent of the work done within the project. As a consequence not all
potential avenues could be explored. However some conclusions can be drawn, either from
the work that has been done in this project or from other current local practices that appear to
be giving similar results of reducing pesticide movement off farms.
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Pesticide application vs. irrigation timing
An experiment looking at spraying and irrigation timing was prioritised by farmers but not
done due to funding constraints. However the concept is a part of a current local management
strategy for endosulfan use where it is recommended that irrigation be scheduled for no earlier
then three days after application (see appendix – Safeguards for Endosulfan Use in the
ORIA). This gap in application and irrigation is based on the assumption that the pesticide
will degrade over a period of time due to environmental influences such as temperature,
humidity and sunlight.
The voluntary adherence to the safeguards along with a reduced reliance on the pesticide has
significantly reduced the risk of adverse impacts of endosulfan of the riverine environment.
On this basis maintaining as large a gap as practical between pesticide application and
irrigation should be a part of a farm chemical management strategies. The inherent flaw in
this is that some pesticides rapidly reduce in efficacy as they degrade and also require
irrigation to activate, atrazine being a good example.
Reducing irrigation runoff
On examination of a typical of a graph showing the mean amount of pesticide leaving the
paddock over a period of time (see figure 3) it can be seen that most of the pesticide leaves the
paddock between 100 minutes and 400 minutes after water first starts to run out of the tail
drain. However for as long as there is water moving off the paddock there is a level on
concentration of pesticide in that water (see figure 4).
Reducing the total load of pesticides leaving a paddock in the first irrigation after spraying
could be achieved by reducing the time of irrigation so less contaminated tailwater runs off.

Experiment 1 Atrazine
No incorporation
mean amount mg

25000
20000
15000
10000
5000
0
0

100

200

300

400

500

600

700

800

time mins
Figure 3.Amounts of atrazine running off experiment 1
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Experiment 1 Atrazine
No incorporation
400
350
300
Atrazine
concentration
(ppb)

250
200
150
100
50
0
0

100

200

300

400

500

600

700

800

time (mins)
Figure 4. Concentrations of atrazine running off in experiment 1.
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APPENDIX
ORIA map
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Safeguards for Endosulfan Use in the ORIA
February 2005
1. Apply only to crops that have 100% ground cover present unless band
spraying tops of beds only.
2. Do not irrigate for at least three days after application (furrow and flood
only).
3. Use coarse droplets > 250 microns.
4. Avoid drift into channels and drains.
5. All soil in the field must be dry including tail drain.
6. Always read and adhere to label instructions.
7. Ensure employees are made aware of these safeguards.
8. This document will be reviewed on an annual basis.
Additional points to consider
1. Other means of control should be considered before making a decision to
use endosulfan.
2. Many frequently used chemicals behave similarly to endosulfan; please
consider these safeguards prior to spraying.
3. Trials done locally have shown that the use of PAM whilst irrigating and
cultivating the furrows after spraying and prior to irrigation will reduce
the movement off farm of endosulfan.
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EXPERIMENT 1 AND 2
These two experiments were conducted simultaneously in June of 2003. The objectives were
to determine if mechanically incorporating soluble pesticides such as atrazine into the water
furrows prior to irrigation and if applying atrazine to the top of the beds would reduce the
chemical’s movement off the paddock.
Summary of findings:
Both the treatments of incorporation of atrazine after spraying, and spraying beds
only, significantly decreased the amount of atrazine leaving the bays.
In Experiment 1 the total amount of atrazine (mean across both bays) leaving the
conventional treatment (spraying atrazine with no incorporation) was 0.106 kg.
Incorporating the herbicide after spraying decreased the amount of atrazine leaving
by 53% to 0.05kg.
In Experiment 2 the total amount of atrazine (mean across both bays) leaving the
conventional treatment (spraying beds and furrows) was 0.148 kg. Spraying the
tops of beds only, decreased the amount of atrazine leaving by 83% to 0.026kg.
There were no significant differences between treatments in both experiments in
the grass and broadleaf weed count.
Background and Methodology:
After consultation with growers and an advisory committee a range of experiments were
confirmed for testing to assess the effectiveness of selected practices to minimise off-site
movement of pesticides. The first set of experiments was aimed at minimising off-site
movement of soluble pesticides. Atrazine was used as a representative chemical for this
group.
Two experiments were conducted
1. Conventional spraying onto soil and incorporation with a cultivator rig prior to irrigation
compared with conventional spraying onto soil and then irrigation.
2. Spraying atrazine onto the tops of beds only compared with conventional treatment of
spraying the whole area (beds and furrows).
Both treatments were replicated.
At the beginning of each day 1kg/ha of Atradex WG900 (atrazine) and 150gms of Balance
(isoxaflutole) was applied to the bays that were to be irrigated that day. This ensured there
was the same time difference between spraying and irrigating for each bay. Each bay
consisted of 30 furrows. Information about the paddock is given in Table 1. The
experimental plan is shown diagrammatically in Fig. 1.
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HEAD CHANNEL
Experiment 2
(T)
(C)
(T)
Bay 4
Bay 3
Bay 2

(C)
Bay 1

(C)
Bay 1

Experiment 1
(T)
(C)
Bay 2 Bay 3

(T)
Bay 4

Buffer
Section
Between
Two
experime
nts

Tail drain
Fig.1.Schematic representation of the experiments.

Date cane was cut and burnt
Date of fertiliser application
Fertilisers used
Age of cane crop
Previous crop
Incorporation details

May 6 – May 8 2003
June 6 2003
400 kg urea (46%); DAP 250 kg; 10 kg zinc; 15 kg
sulphur
1 year old. 2003 was first cut
Sugar that had been ploughed out
A cultivator was passed over the area after the
application of atrazine. Incorporation was an
uneven depth

Table 1. Background information about the sugar cane paddock.

Water samples were collected in duplicate at the following time intervals:
15 mins, 30 min, 1h, 2h, 3h, 4h, 6h, 8h, 10h and 12 h
Water samples were taken for atrazine measurements and for N, P and organic carbon
measurements. Only atrazine measurements are presented here.
Flow data from the bays was measured using Doppler flow meters that were positioned in the
tail drain at the end of bays 1 in Experiments 1 and 2.
A weed count was done 7 weeks after the experiments were conducted. This data was
analysed statistically to determine whether there were any differences between treatments in
each experiment. In bays 2, 3 and 4 of Experiment 2 there was a very high count of grasses,
which is thought to be to be due to historical problems with grass control in this area of the
paddock.
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RESULTS
Flow data:
Experiment 1

Flow(AVE) l
3000
2500
2000
1500
1000
500
0
6/9/200 6/9/200 6/10/20 6/10/20 6/11/20 6/11/20 6/12/20 6/12/20 6/13/20 6/13/20 6/14/20
3 0:00 3 12:00 03 0:00 03 03 0:00 03 03 0:00 03 03 0:00 03 03 0:00
12:00
12:00
12:00
12:00

Experiment 2

Flow(AVE) l
3500
3000
2500
2000
1500
1000
500
0
6/9/200 6/9/200 6/10/20 6/10/20 6/11/20 6/11/20 6/12/20 6/12/20 6/13/20 6/13/20 6/14/20
3 0:00 3 12:00 03 0:00 03 03 0:00 03 03 0:00 03 03 0:00 03 03 0:00
12:00
12:00
12:00
12:00
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Concentration (ppb or µg/L) of atrazine in water:
Experiment 1

Atrazine concentration (ppb)

Experiment 1
400
350
No incorporation
Incorporation

300
250
200
150
100
50
0
0

100

200

300

400

500

600

700

800

time (mins)

Experiment 2

Experiment 2

concentration (ppb)

800
700
Spray beds & furrows
Spray beds only

600
500
400
300
200
100
0
0

100

200

300

400

500

600

700

800

time (mins)
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Amounts (mg) atrazine in water leaving the bays:
Experiment 1
Experiment 1 Atrazine
No incorporation vs incorporation

mean amount mg

25000

No incorporation

20000

Incorporation after
spraying

15000
10000
5000
0
0

100

200

300

400

500

600

700

800

time mins

Experiment 2

Experiment 2 Atrazine
Spraying beds only vs conventional
30000

amount mg

25000
20000

Beds and furrows

15000

Beds only

10000
5000
0
0

200

400

600

800

time mins
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Total amount of atrazine leaving each treatment (kg)
(mean across both bays)
Experiment 1
Conventional (Bays
1 & 3)
0.106
Experiment 2
Conventional (Bays
1 & 3)
0.148

Spray and Incorporate % Reduction in atrazine
(Bays 2&4)
moving off-site
0.050
53%
Spray beds only (Bays % Reduction
2 and 4)
moving off-site
0.026
83%

in

atrazine

Weed count:
Broadleaf

Spray
trial
2
9
2
4
3
9
0
0
0
1
0
2
0
32
Grass
Spray
trial
34
19
7
0
29
47
30
39
2
1
0
0
0
208

Control
12
10
9
7
6
44
8
11
2
4
3
2
0
118

Spray
trial
4
5
4
2
7
6
1
3
5
2
4
3
0
46

Control
17
5
1
5
1
11
4
1
1
5
4
1
0
56

Gap

Control
4
6
5
1
9
3
7
6
1
4
5
1
1
53

Control
35
22
37
19
69
17
21
38
56
17
4
11
0
346

Spray
trial
7
6
24
2
21
21
22
14
14
3
0
12
0
146

Control
1
1
0
1
0
10
0
0
0
1
0
0
0
14

Gap

Control
6
0
0
0
3
1
0
3
3
0
0
0
0
16

Incorp
trial
0
6
1
3
2
0
1
2
2
0
1
1
2
21

Control
3
2
4
2
1
6
0
9
4
8
3
2
4
48

Incorp
Trial
2
1
12
11
4
13
5
5
1
1
2
3
11
71

Incorporat
Incorporat
ion trial Control ion trial
0
2
0
7
0
0
1
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
0
0
1
0
0
1
0
0
4
9
3
16
11
4
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Weed count:
E x p e r im e n t 1 ~ B r o a d le a f c o u n t
8
7
mean weed count

6
5
4
3
2
1
0
c o n tro l

in c o rp o ra tio n
T r e a tm e n t

E x p e r im e n t 2 ~ B r o a d le a f c o u n t
18
16

mean weed count

14
12
10
8
6
4
2
0
c o n tro l

s p ra y b e d s o n ly
T r e a tm e n t

mean grass count

Experiment 1 Grass count
3.5
3
2.5
2
1.5
1
0.5
0
control

incorporation
Treatment
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mean grass count

Experiment 2 Grass count
35
30
25
20
15
10
5
0
control

spray beds only
Treatment

There was no statistical difference between the either the grass or broadleaf weeds count in
both treatments in Experiments 1 and 2.
Acknowledgements:
Sincere thanks to Greg Cummings for allowing us to use his property for this experiment.
Lewis kindly obliged us for watering and spraying when we requested and farmers of the
ORIA for their ongoing support. Duncan Palmer and Leith Bowyer from DoE are thanked for
providing flow meters, training us in their use and helping with downloading the flow data.
Finally, thanks to the staff at the Frank Wise Institute DAWA, especially Gae Plunkett who
allowed us access to their facilities and laboratory space for processing the samples. Their
understanding was greatly appreciated.
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EXPERIMENT 3
This experiment was conducted in September of 2003. The objectives were to determine if
PAM applied with irrigation would reduce the movement off the paddock of colloid
associated pesticides such as endosulfan
Summary of findings:
The addition of PAM resulted in a 54% decrease in the mean total load (mg) of
Thiodan (sum of endosulfan I, II and sulfate) leaving the irrigated bays.
The concentration (mg/L) of endosulfan I and II leaving the bays treated with
PAM was nearly always lower than that leaving the bays with the conventional
treatment.
The concentration of endosulfan sulfate (degradation product) was nearly always
higher from the PAM treated bays than from the conventionally treated bays. This
most likely reflects the lower volume of water leaving the PAM treated bays. It
may also be due to increased degradation of endosulfan I and II to endosulfan
sulfate in the PAM treated bays due to the slower movement of water down the
furrows giving more time for the degradation process to occur.
The mean load (mg) of endosulfan I, II and sulfate individually, leaving the
irrigated bay over time was consistently lower for the PAM treatment than the
conventional.
The mean total load of endosulfan leaving the irrigated bays over 8 hours,
represented as % of total endosulfan applied to the bay (i.e. 0.945 kg), was 1.59%
for the conventional (no PAM) treatment and 0.51% for the + PAM treatment.
Methodology
Thiodan (2L/ha) and 1L/ha Lepidex (trichlorfon) were applied to the bays. The same time
difference between spraying and irrigation was maintained for each bay. Each bay consisted
of 35 furrows, but only 25 furrows were planted and irrigated. Information about the paddock
is given in Table 1. The treatments were replicated and consisted of conventional practice (no
PAM) or the addition of PAM. The PAM was a disc (55 diameter x 23 mm height; weight 50
g) and was placed at the top of each furrow before irrigation commenced. A total of 60g
PAM was applied to each furrow of 300m length. During the irrigation period the PAM
gradually dissolved. No samples were taken after 8 hours from the bays with the PAM
treatment because in the first replicate there was contamination from the neighbouring bay
and in the second replicate the water stopped flowing after 8 hours.
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Block number
Date melons sown
Area of irrigated bay
Date of first irrigation
Details of Thiodan application

44~2
August 12 2003
1.35 ha
September 18 2003 (no watering prior to
experiment starting)
2L Thiodan applied/ha; Thiodan contains 350g
endosulfan/L; so to each bay the amount of
endosulfan applied was..

1.35 ha x 2L/ha x 0.35 kg/L = 0.945 kg
Date of fertiliser application
Fertilisers used
Previous crop
Melons planted March 20 2003
Number of previous endosulfan One previous application at 2L/ha for earlier melon
applications
crop, 24 April 2003.
Table 1. Background information about the melon paddock.

Water samples were collected in duplicate at the following time intervals:
15 mins, 30 min, 1h, 2h, 3h, 4h, 6h, 8h, 10h and 12h
Water samples were taken for pesticide measurements of endosulfan I, II and sulfate and for
N, P and organic carbon measurements. Only pesticide measurements are presented here.
Flow data from the bays was measured using Doppler flow meters that were positioned at the
end of bay 1.
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RESULTS
Flow data
1600
1400
Flow L/min

1200
1000
800
600
400
200
0
18/09/200 19/09/200 19/09/200 20/09/200 20/09/200 21/09/200 21/09/200
3 12:00
3 00:00
3 12:00
3 00:00
3 12:00
3 00:00
3 12:00
Date and time

Concentration (ug/L or ppb) of endosulfan I, II and sulfate:
The active ingredient (endosulfan) in the commercial product, Thiodan, exists as two forms:
endosulfan I and endosulfan II. Endosulfan degrades in water very rapidly to endosulfan
sulfate. So when the chemical endosulfan is analysed in the laboratory, both forms and the
degradation product are reported (i.e. endosulfan I, II and sulfate).
Endosulfan I

Endosulfan I concentration

concentration (ug/L)

25
20
15

No PAM
+ PAM

10
5
0
0

200

400

600

800

time (mins)
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Endosulfan II
Endosulfan II concentration
16
concentration (ug/L)

14
12
10
No PAM
+ PAM

8
6
4
2
0
0

200

400

600

800

time (mins)

Endosulfan sulfate
Endosulfan sulfate concentration
3
2.5

concentration (ug/L)

2
No PAM

1.5

+ PAM

1
0.5
0
0

200

400

600

800

time (mins)
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Over time the concentration of both endosulfan I and II leaving the irrigated bay decreased for
both treatments (with and without PAM). Generally, the bays with the PAM treatment had
lower concentrations of I and II than the bays with the conventional treatment. By contrast,
the endosulfan sulfate concentration gradually increased for the first 8 hours, but for the
conventional treatment sharply increased thereafter. The endosulfan sulfate concentrations
were higher in the PAM treatment than in the conventional treatment. This most likely reflects
the lower volume of water leaving the PAM treated bays. It may also be due to the longer
residence time of endosulfan in the furrows treated with PAM. This would allow longer for
degradation and hence, an increase in formation of endosulfan sulfate over time.
Amount (mg) of Thiodan:
The load (mg) of each component (I, II and sulfate) was determined by multiplying
concentration (mg/L) by the volume (L) of water leaving the irrigated bay for each time
period. Details are given below.
Endosulfan I

amount (mg)

Mean amount Endosulfan I (mg)
3000
2500
2000
1500
1000
500
0

No PAM
+ PAM

0

500

1000

time (mins)
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Endosulfan II

Mean amount Endosulfan II (mg)

amount (mg)

2000
1500
No PAM
+ PAM

1000
500
0
0

200

400

600

800

time (mins)
Endosulfan sulfate

Mean amount Endosulfan sulfate (mg)

amount (mg)

200
150
No PAM
+ PAM

100
50
0
0

500

1000

time (mins)

34

Guidelines for Minimising Off-Site Movement of Pesticides: May 2005
_________________________________________________________________________________________________________________

Thiodan

amount (mg)

Mean amount Thiodan (mg)
5000
4000
3000
2000
1000
0

No PAM
+ PAM

0

200

400

600

800

time (mins)
The amount of endosulfan I, II, sulfate and Thiodan leaving the irrigated bay over time was
consistently lower for the PAM treatment compared with the conventional (no PAM)
treatment. For the 8-hour period of irrigation the total amount (mg) of Thiodan leaving the
bays was 0.013 kg for the conventional treatment compared with 0.005 kg for the PAM
treatment (Table 1). This represented a 63% reduction in the total mean load (mg) of Thiodan
leaving the irrigated bays treated with PAM compared with the conventionally treated bays.
Table 1. Total mean amount (kg) of Thiodan (sum of endosulfan I, II and sulfate) leaving the
paddock for an 8-hour period of irrigation. A comparison is made after 8 hours for
consistency because sampling of the +PAM treatment was only made for 8 hours. Area
irrigated was 1.35 ha.

Amount (kg)
Amount
(kg/ha)

Conventional
(Bays 1 and 3)
0.013

PAM treatment
(Bays 2 and 4)
0.005

0.0096

0.0037

% Reduction in Thiodan
moving off-site in 8h
63%
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Table 2. Mean amount of endosulfan leaving the two treatments represented as a percentage
of the total endosulfan applied to the irrigated area (i.e. 0.945 kg).
Conventional
(Bays 1 and 3)
Amount (% of endosulfan 1.59%
applied to irrigated area)

PAM treatment
(Bays 2 and 4)
0.51%

Acknowledgements:
Sincere thanks to Dave Menzel, Barradale Farms, for allowing us to use his property for this
experiment and farmers of the ORIA for their ongoing support. Thanks to Gary Ramsay,
Barnyard Trading, for kindly donating the PAM pucks for the experiment. Thanks also to
Duncan Palmer of the DoE for providing the Doppler flow meter and helping with
downloading the flow data. Finally, thanks to the staff at the Frank Wise Institute DAWA,
especially Gae Plunkett, who allowed us access to their facilities and laboratory space for
processing the samples. Their understanding was greatly appreciated.
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BUPIRIATE AND CHLROTHALONIL DATA FROM
EXPERIMENT 3

Mean total amount of
Bupirimate (Nimrod)
leaving the bay
Mean total amount leaving
as % applied

Conventional (No PAM)
2.77

With PAM
1.72

1.64%

1.02%

Table 1 Mean total amount (g) of bupirimate leaving the bays with and without PAM.

The amount of bupirimate leaving the PAM treatments was 38% less than that leaving the No
PAM treatment.

Mean total amount of
chlorothalonil (Bravo)
leaving
Mean total amount leaving
as % applied

Conventional (No PAM)
53.65

With PAM
27.32

4.92%

2.51%

Table 2 Mean total amount of chlorothalonil (g) leaving the bays with and without PAM.

The amount of chlorothalonil leaving the PAM treatment was 49% less than that leaving the
No PAM treatment.
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EXPERIMENT 4
This experiment was conducted in May of 2004. The objectives were to determine if
mechanically incorporating soluble and colloid associated pesticides such as atrazine and
endosulfan into the water furrows and the tops of the beds prior to irrigation would reduce the
chemical’s movement off the paddock.
Summary of findings:
The concentration (ppb) of endosulfan I, II, -sulfate, metolachlor and atrazine in
water leaving the irrigated bays was always less from those bays where the
pesticide had been incorporated compared with those that were treated
conventionally.
For all pesticides measured, except endosulfan sulfate, the concentration (ppb) in
the tailwater decreased over time. The concentration of endosulfan sulfate
increased over time for both treatments.
The mean total load (g) of total endosulfan (sum of endosulfan I, II, -sulfate,),
metolachlor and atrazine moving off-site for the duration of the irrigation was
consistently lower for the incorporated treatment compared with the conventional
treatment.
Incorporating the pesticide after application decreased the amount of total
endosulfan, metolachlor and atrazine moving off-site by 74%, 53% and 38%,
respectively, compared with the conventional method. However, there was a lot of
variation in atrazine concentration between the bays for each treatment so the
decrease in atrazine load was not statistically significant.
The weed count on bays 1 and 2 showed there was no difference in the number of
broadleaf weeds or grasses between the two treatments.
Methodology:
Thiodan EC (2L/ha), Farmozine (1.1 kg/ha) and Metoken 720 (2L/ha) were applied to the
bays that were to be irrigated that day. The same time difference (i.e. approximately 1-2 hrs)
between spraying and irrigation was maintained for each bay. Each bay consisted of 24
furrows, except bay 4 which had 27 furrows. The area was sown to sweetcorn on May 20.
Information about the paddock is given in Table 1. The treatments were replicated and
consisted of conventional practice (no incorporation) (Bays 2 and 4) or incorporation of
pesticide with power harrows (Bays 1 and 3). A comparison of characteristics of the
pesticides used is given in Table 2.
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Block number
Date crop sown
Area of irrigated bay
Date of first irrigation
Details
of
pesticide
application
Date of fertiliser application
Fertilisers used

Previous crop

53 B (Fritz Bolton)
Fallow at time of spraying; sown to sweetcorn May 20.
Bays 1-3 (2.25 ha) and Bay 4 (2.53 ha)
May 8, 2004
Thiodan: 2L/ha (350 g endosulfan/kg)
Metoken 720: 2L/ha (720 g metolachlor/kg)
Farmozine: 1.1kg/ha (900 g atrazine/kg)
May 7, 2004
250 kg/ha DAP
10 kg/ha Zn
420 kg/ha urea
100 kg/ha sulfate of ammonia
Pumpkins planted and harvested Sept. 2003;
previously had 5 yrs of sugarcane

Table 1. Background information about the paddock

Use
Solubility
Koc (sorption coefficient1)

Endosulfan

Atrazine

Metolachlor

insecticide
0.32 mg/L
3000-20 000

herbicide
33 mg/L
39-173

herbicide
488 mg/L
121-309

Table 2. Comparison of the pesticides analysed.
1
Koc is a measure of the ability of a pesticide to bind to soil. High Koc means strong binding and low Koc means weak
binding.

Water samples were collected in duplicate at the following time intervals:
15 mins, 30 min, 1h, 2h, 3h, 4h, 6h, 8h, 10h and 12h
Water samples were taken for pesticide measurements of endosulfan I, II and sulfate, atrazine,
metolachlor and for N, P and organic carbon measurements. Only pesticide measurements are
presented here.
Flow data from the bays were measured using Doppler flow meters that were positioned at the
end of bay 1.
On 21st June 2004 a weed count was done on the trial to test the efficacy of the herbicides
used in combination with the incorporation treatment and the control. Due to a poor
germination towards the end of the field the replicated trial and control were reseeded,
therefore the weed count was only able to be done in the initial trial (Bay 1) and control (Bay
2). The results from this count are shown in Table 3.
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RESULTS
Weed Count:
Broadleaf Weeds
Bay 1 Bay 2
69
63

Bay 1
4

Grasses
Bay 2
7

Bay 1
73

Total Weeds
Bay 2
70

Table 3 Count of broadleaf weeds and grasses in Bays 1 (incorporation with power harrows) and Bay 2 (conventional)
approximately 1 month after the experiment had been conducted.

The weed count on Bays 1 and 2 showed no difference between the incorporation treatment
and the conventional treatment.
Flow data:
Flow L for each 10 min time period
30000
25000
20000
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Mean concentration (ug/L or ppb) of endosulfan I, II, sulfate, atrazine and metolachlor
over time. Days 1 and 3 – incorporated with power harrows; Days 2 and 4 –
conventional treatment:
Endosulfan I

Endosulfan I concentration mean over treatments
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Endosulfan sulfate

Endosulfan sulfate concentration mean over treatments
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Atrazine
Mean concentration Atrazine over treatments
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The concentration (ppb) of endosulfan I, II, -sulfate, metolachlor and atrazine in water leaving
the irrigated bays was always less from those bays where the pesticide had been incorporated
compared with those that were treated conventionally.
For all pesticides measured, except endosulfan sulfate, the concentration (ppb) in the tailwater
decreased over time. The concentration of endosulfan sulhate increased over time for both
treatments, which is due to the parent compound (endosulfan I and II) degrading over time
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Cumulative amounts (g) of endosulfan I, II, sulfate, atrazine and metolachlor Days 1 and
3 – incorporated with power harrows; Days 2 and 4 – conventional treatment:
Endosulfan I
Endosulfan 1 cumulative mean amount
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Endosulfan sulfate
Endosulfan sulfate cumulative mean amount
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Total Endosulfan (I, II and sulfate)
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Metolachlor
Metolachlor cumulative mean amount
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Atrazine cumulative mean amount
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The mean total load (g) of endosulfan I, II, -sulfate, total endosulfan, metolachlor and atrazine
moving off-site for the duration of the irrigation was consistently lower for the incorporated
treatment compared with the conventional treatment. Incorporating the pesticide after
application decreased the amount of total endosulfan (sum of endosulfan I, II and –sulfate),
metolachlor and atrazine moving off-site by 74%, 53% and 38%, respectively, compared with
the conventional method. However there was a lot variation between bays in the atrazine
concentration data and the decrease in the atrazine load was not significant.
Conventional
Incorporation
(Bays 2 & 4)
(Bays 1 & 3)
mean area = area = 2.25
2.39
ENDOSULFAN
(sum I, II & sulfate)
Amount (kg)
0.027
(Amount kg/ha)1
0.011
As % of applied active 1.67%
ingredient

% reduction
in
off-site
movement

0.007
0.003
0.45%

74%

METOLACHLOR
Amount (kg)
0.046
(Amount kg/ha)1
0.019
As % of applied active 1.36%
ingredient

0.021
0.009
0.66%

53%

ATRAZINE
Amount (kg)
0.023
(Amount kg/ha)1
0.010
As % of applied active 0.98%
ingredient

0.014
0.006
0.64%

38%

Table 2 Total mean amount (kg) of endosulfan (sum of endosulfan I, II and sulfate), atrazine and metolachlor leaving the
paddock.
1
Area of Bays 1, 2 and 3 was 2.25 ha. However, Bay 2 received 5% less chemical than the other bays.

Area of Bay 4 was 2.53 ha. So the amount lost (kg/ha) and amount as % of applied active
ingredient is based on an average area for bays 2 and 4.
Acknowledgements:
Sincere thanks to Fritz Bolton, Oasis Farms, for allowing us to use his property for this
experiment. The Ord River District Cooperative for the supply of Thiodan and farmers of the
ORIA for their ongoing support. Thanks also to Tara Gawned DAWA for providing the
Doppler flow meter and to Duncan Palmer, of the DoE for helping with downloading the flow
data. Finally, thanks to the staff at the Frank Wise Institute DAWA, especially Tony Tully,
who allowed us access to their facilities and laboratory space for processing the samples.
Their understanding was greatly appreciated.
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EXPERIMENT 5
This experiment was conducted in October of 2004. The objectives were to determine –
If PAM applied with irrigation would reduce the movement off the paddock of
soluble pesticides such as atrazine.
If PAM applied with irrigation would increase the infiltration through the soil
profile of pesticides.
Summary of findings
The addition of PAM to the channel water had no effect on decreasing the off-site
movement of the soluble herbicide atrazine.
The average amount of atrazine leaving the conventional treatment bays (no PAM)
was 1.4% of atrazine applied, and from the PAM-treated bays 1.6% of atrazine
applied.
The addition of PAM decreased the average sediment load by 58.4%. The average
sediment load leaving the bays was 10.98 kg/ha for the conventional treatments
and 4.57 for the PAM-treated bays.
The addition of PAM to the irrigation water did not significantly increase the
movement of atrazine down through the profile. No atrazine was detected in the
soil below 10cm from any of the bays after the experiment whether PAM was or
was not used.
Methodology:
Atragranz (1.5 kg/ha) was applied to the bays that were to be irrigated. Due to strong winds
in the afternoon the conventional treatment bays (Bays 1 and 2) were sprayed on Friday Oct
22 and the bays that received PAM were sprayed on Saturday Oct 23. Each bay was 2.13 ha
and consisted of 40 furrows. Information about the paddock is given in Table 1. The
treatments were replicated and consisted of conventional practice (no PAM in channel water)
(Bays 1 and 2) or the addition of PAM to the head channel water (Bays 3 and 4). Soil cores
were collected pre and post experiment and sectioned every 10cm. The soils were then
analysed for atrazine concentration to determine whether the addition of PAM to the irrigation
water affected the infiltration of atrazine through the soil profile.

48

Guidelines for Minimising Off-Site Movement of Pesticides: May 2005
_________________________________________________________________________________________________________________

Block number
Date crop sown

55-2 (Greg Cummings)
Cane planted in June 1995. Cane cut last on Sept 16
2004.
2.13 ha

Area of irrigated bays
Date of first irrigation
Details
of
pesticide Bays 1 and 2 were sprayed Friday Oct 22, 2004 and
application
bays 3 and 4 sprayed Saturday Oct 23, 2004 with 1.5
kg/ha Atragranz (900 g atrazine/kg).
No atrazine was used for the previous 2 years.
Sprayseed (paraquat/diquat) sprayed October 22, 2004.
Table 1. Background information about the paddock.

Water samples were collected in duplicate at the following time intervals:
15 mins, 30 min, 1h, 2h, 3h, 4h, 6h and 8h.
Water samples were taken for pesticide measurements of atrazine and two major breakdown
products, deethylatrazine (DEA) and deisopropylatrazine (DIA).
Flow data from the bays were measured using Doppler flow meters that were positioned at the
end of bay 1. After the experiment problems with the flow meter were identified and the flow
data had been determined by calculations.
Soil cores (approximately 1m) were collected prior to the experiment starting as soon after
completion of the experiment. The cores were sectioned into 10cm segments and were
analysed for atrazine content to determine the impact of PAM on vertical movement of
atrazine through the soil profile.
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Results
Flow data:
Raw Doppler Data & Calculated Data
80
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70
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12:00

25/10/2004
0:00

Date and Time

Fig 1. Data from the Doppler flow meter and the calculated data.

Average atrazine concentration
Day 1 (No PAM)

120.00

Day 2 (No PAM)

Accidental extra spray

Day 3 (PAM)

100.00

Day 4 (PAM)

concentration
ppb
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Fig. 2 Mean concentration (ug/L or ppb) of atrazine. Days 1 and 2 – conventional treatment; Days 3 and 4 – addition of
PAM to irrigation water.
During the spraying of Bay 3 the end furrow in Bay 2 accidentally oversprayed with atrazine (increased concentration
marked on figure).
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Day 1 (Convent)
Day 2 (Convent)
60.00

Experiment 5

Day 3 (+PAM)
Day 4 (+PAM)
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Cumultive
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Fig. 3 Cumulative amounts (g) of atrazine leaving the bays in the irrigation water. Days 1 and 2 – conventional treatment;
Days 3 and 4 – addition of PAM to irrigation water (concentration data for accidental spray have not been included).

Total amount of atrazine (g) leaving each bay:
Conventional
(Bays 1 & 2)

PAM in head % change
channel
in
off-site
(Bays 3 & 4)
movement

0.041

0.047

Amount (kg/ha)
0.019
As % of applied active 1.4 %
ingredient1

0.022
1.6 %

ATRAZINE
Amount (kg)

No significant
change

Table 2 Total mean amount (kg) of atrazine leaving the paddock.
1
Atragranz contains 900 g atrazine/kg;
1.5 kg Atragranz/ha x 2.13 ha x 900g atrazine/kg = 2875.5 g atrazine applied
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Sediment Load:
Day 1 (No PAM)
Day 2 (No PAM)
Day 3 (PAM)
Day 4 (PAM)

E5 Cumulative TSS amount
30.00

TSS kg
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time (mins)
Fig. 4. Cumulative total suspended sediment (TSS) (kg) leaving the four bays.

The total suspended sediment (TSS) load was significantly less from those bays that received
PAM compared with those that did not (Fig. 4). The total sediment load from the bays that
received PAM was less than half that of the bays that had no PAM.

Amount (kg)
Amount (kg/ha)

Conventional
(Bays 1 & 2)

PAM in head channel
(Bays 3 & 4)

23.4
10.98

9.7
4.57

% change
in
off-site
movement
58.4%

Table 3 Total mean sediment load leaving the paddock.
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Atrazine concentration in soils before and after experiment:
Atrazine Pre vs Post
conc ug/g

depth cm

0.000
0
-5
-10
-15
-20
-25
-30
-35
-40

0.200

0.400

0.600

0.800

1.000

1.200

Conv~ bef ore sparying
PAM~bef ore spraying
Conv~af ter spraying
PAM~af ter spraying

Fig. 5 Mean atrazine (+ s.d) concentration in soil (ug/g) at each depth to 40cm. Means were determined over 3 reps collected
in each bay and 2 bays for each treatment. Depth 0-10cm is shown as -5cm; 10-20cm is shown as -15cm; 20-30cm is shown
as -25cm etc.

The average atrazine concentration in the surface soil (0-10cm) was not different between the
conventional and PAM treatments for either soils collected before the experiment started or
those collected after completion of the experiment. However the average concentration of
atrazine in the surface soils (0-10 cm) was much greater after the experiment than before.
After the experiment atrazine was only detected in the top 10 cm and not deeper in the soil
profile. This indicates that the addition of liquid PAM to the irrigation water did not cause
atrazine to move deeper into the soil profile.
It is important to note however, that the method of application in the previous experiment was
as a puck placed in the furrows, while in this experiment it was as a liquid in the head channel
about 1km away from the field. The method of application of PAM may have an impact.
Acknowledgements:
Sincere thanks to Greg Cummings, for allowing us to use his property for this experiment and
farmers of the ORIA for their ongoing support. The Ord River District Co-Operative for the
supply of PAM. Thanks also to Duncan Palmer of the DoE for providing the Doppler flow
meter. Finally, thanks to the staff at the Frank Wise Institute DAWA, especially Tony Tully,
who allowed us access to their facilities and laboratory space for processing the samples.
Their understanding was greatly appreciated.
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Trade names for chemicals in Pesticide Project risk assessment.
Higher risk
Atrazine,
Ametryn
Diuron
Thiodicarb
Pendimethalin
Endosulfan
Trichlorfon
Chlorpyrifos
Mancozeb
Cypermethrin
Isoxaflutole
Moderate Risk
Chlorpyrifos
2,4-D
Cypermethrin
Fenarimol
Carbaryl
Propiconazole
chlorothalonil
bupirimate
Low risk
Fluroxypyr
Glyphosate
Trifluralin
Imidacloprid

Trade names
Atradex, Gesaprim, Atramax Nutrazine.
AA Combi, Gesapax Combi.
Diurex, Diumax.
Larvin, Showdown.
Stomp, Rebel.
Thiodan.
Dipterex, Lepidex.
Lorsban, Strike out, Fortune.
Pencozeb, Diathane, Manzate.
Scud.
Balance
Trade names
Lorsban, Strike out, Fortune.
24D Amine, 24D Surpass, Amicide, 24D KenScud.
Rubigan.
Bugmaster.
Tilt, Bumper.
Bravo
Nimrod
Trade names
Starane.
Roundup CT, Ken-Up, Power Max.
Trefelan, Triflur.
Confidor.
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CLASSIFICATION OF PESTICIDES USED IN THE ORIA
ON THE BASIS OF SOLUBILITY
PESTICIDES LIKELY TO MOVE WITH WATER (i.e. more soluble)
2,4 – D
Ametryn
Carbaryl
Thiodicarb
Diuron
Fenarimol
Balance
PESTICIDES MORE LIKELY TO BE ASSOCIATED WITH COLLOIDS
Propiconazole
Mancozeb
Pendimethalin
Chlorpyrifos
Trifluralin
Endosulfan
Glyphosate
Cypermethrin
Chlorothalonil
Bupirimate
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