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Preface

These proceedings represent the outcomes of one of Australia’s most successful R&D programs in natural
resources management — minimisation of the impact of pesticides on the riverine environment. Conducted
over a period of four years, the program focussed on irrigated cottan in NSW and Queensland as a model for
other industries that use pesticides. The reasons for choosing cotton were several; it is the highest agricultural
user of pesticides, it has been subject ¥ ongoing criticism by environmental groups, it is an expanding industry
with a bright commercial future in Australia, and it was prepared to take on board the research required to
address the perceived problems and moreover adopt the cutcomes.

The program formally commenced in 1993 following a period of review of the issues and a collaborative funding
agreement between the Land and Water Resources R&D Corporation, the Cotton R&D Corporation and the
Murray-Darling Basin Commission. A Management Committee representing the three partners was established
under a legal partnership agreement and took responsibility for the design, commissioning of R&D and delivery
of the outcomes. Some key program management principles were established at the outset that provided for an
integrated, multidisciplinary approach with continuous feedback and refinement.

The outcomes exceeded expectations. The understanding of pesticide application, transport, degradation and
biological impact has taken a quantum leap forward, and this knowledge has been embodied in a Best Practice
Manual which has been endorsed at all levels of the cotton industry and is currently being implemented. The
program’s aims of achieving a sustainable cotton industry and a healthy riverine environment have been further
met by gaining the confidence of the regulatory agencies who now accept self-managed Best Practice Management
(BMP}, as structured in this program, as a viable way forward.

The stakeholders in this program, including the Management Committee, researchers, irrigators, resource managers
and regulators, are all to be congratulated in contributing to these achievements. Whilst the program has
formally been completed, the Australian Cotton Industry Council is supporting strongly the implementation of
best pesticide management practice, CRDC is actively funding ongoing R&D, Environment Australia is using the
techniques developed for field testing new chemicals, and LWRRDC is promoting the ‘Cotton Model” to other
rural industries.

Don Blackmore
Chairman, Program Management Committee
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1. Origins and design of the cotton pesticides program

N.d. Schofield

Land and Water Resourees Research and Development Corporation

Absivact

The program Mintmising the Impect of Pesticides
on the Riverine Environment arose from concerns
abosi the heolth of rivers and the potentiof sdoerse
economic impacts of unsubstantioted regulation of
the cotron indusiry, An integrated, focussed
program of B&D was developed to achieve the
sutcomes of adopiton of best pesiicide
management practice and sensible regulutions,
leading to g sustuinable industry and heolthy
environmersd.

In the process much has been learat about
pesticide application, tronsport, degradotion, fote
and aquatic bological impact, Mereover the
cotton industry and regulators have moved (o
odapt the research autputs in a best practice
manegement framework, The aupproach or *cotton
maodel’ is now being presented to other pesticide
using industries.

Introduction

As the opening presentation, this paper attempts to give
aninsight info the origin of the pragrarm and describe how
it was designed and implemented. The initial focus was
strangiy on protecting the rverine enwiromnment, which
showed evidence, abbeit largely anecdotal, of the impact
oof pestivides through fsh ilis in cotion growing regions.

At the same time i was felt important not to rush info a
strang requlatory response that would severely impact the
cotton indusiry economicaliv

The appropriate approach was to underiake a focussed
R&D progran: that would clearly detersnine the impact of
pesticides on the rivering envirganment, and provide
sufficient understanding of their behaviour to recommend
practices that would minimise such impact.

n 1991, discussions were held between Land and Water
Hesources Research and Develonrent Corporation
(LWRRDICY, #he Cotton Research and Developmernd
Corporation {CRDC) and the Murrav-Darling Basin
Comraission (MDBCY, who subsequently formed a
parinersbip 1o sef up the program.

Several key pheses can be idendified in the
establishment and implementation of the program
(Figure 1.1}

Figeee 1.1, Phases of the Minimising ihe Impoct of Pesticides

o the Riveringe Fuvirowment Program

Review existing knowledge

[

1dentify R&L) priorities

i

Establish the R&D program strategy and
structure

i

Commission H&D on fundamental processes

i

dentify potential solutions'best practice

!

Launch a pesticide best praciice inttiative

l

Disseminate the results and meodel to sither
indusiries and the wider community

Review existing knowledue and identification of
RE&DD priorities

Atthe oultet a detailed review of knowledge of the
impact of pesticides on the riverine environmen? was
conducted {(Bamett etal, 1991}, This was followed in
May 1992 by a major workshop in Goondiwindi on
the same topic where a wide range of stakeholders
worked through priorities ({CRDC, 19923, One of the
irmediate priorities was 1o summarise the existing
knowledge and evidence on the condition of the river
systems (see Arthington, 1995). Another early priority
was 1o run a specialist ecotoxicoloay workshop as B
was recognised that determining the ecological impacts
of pesticides was a particidary difficult task
FWRRIXT, 1993,

Establishing the R&D program sirategy and
stiucture

LWRRDC, CRDC and MDBC formally sigred a legal
parirership agreement i 1993,

Pesticides Confersnve 9



This agreement tequired fhe formation of 2 Manage-
ment Commitiee who had mespansibdin for setting
strategic divections, agreaing RED priovities, program
design and financial managemeni,

A program shategy was prepared with the following three
key ohjectives:

1. To assess the impact, ¥ any, of current neziicide
use on the rverine envivonmaent,

2. To develon nractical and economic methods o
minimise the transport of pesticides from application
sites, and o minimise thelr effects on the riverine
environment.

3. Te provide a sound scigntific basis for the development
of management quidelines and requlatory codes.

The program was structured to meet is oblectives in thres
phases. The phases are strongly linear in the sense that
the actions of the second phase could not realistically be
determined unil the first phase was well advanced arud
stmilerly with the third phase. Mowever, giventhe
cororessed fime Fame, the nhases overlapped one
anoifer which had the advaniage of providing
cominuous feechack

Phase [ had two principal obiectives — to determing and
quaniify the malor pathways of pesticide movemeniio
rivers, and 1o determine the level of impact of these
pesticides on riverine binta.

Phase I was to idenfily and test poleniial “solutions’ or
methods of ameliorating the problems identified in Phase
1. The aprwoaches and refative rescurce allocations to
hgse sohtions could not be assigned until the sutcomes
of Phase | began to emerge.

Phase i was to incomporate research outcomes into
practice. The favoured approach was through best
management practice, which the industry would
eventually ‘own’ and run with. The BMP initiative was
centrad on preparation of a BMP manual and
developmaent of an effective implementation nlan, The
best practicss, i adequately audited, were seen as g ey
means of satisfying requlaiory requirernerdts.

Criteria for oufcomes and achievement

Cleay oriteria for oulcomes and achievemenis from the
wrograrn and s various phases were set early on:

Overoll program

1. The souree oF sources of pesticides in the rivering
gndronenant are dentified;

2. The irmpacts of these pesticides on the aguatic
gromesten are detereninad;

3. Management practices for water, sediment, chemical,
spray and river management are developed;

10

4. Management practices of irrigators, sprayers and
water managers changg where the resulis ol the
research indioate change is raquired:

5. The various agencies working on the program
cooperate in research activifies and exchange of
findings; and

6. Requlations are based on the findings of this
program,

Phasel

1. The sources, types and quantities of water-bone
pesticides moving off-farm are defermineat,

2, The processes involved and fagiors affecting the
movement of pesticides in water and sediment are
determined;

3. The movement of water-botna pesticides within
and off eattan farms is modalted:

4. The magniude and Peguency of nihuptey
pesticide releases to rivers from irvigated cotion
srops are determined;

5. The quantifies of pesticides moving %o vivers by
agvial ranspart as spray driff, volatilised material
and airborne pariiculate material {dust) under
sprecified conditions are determined;

&. The persistence of pesticides, particalarly
gndosulfan, in soil and water bodies {s determined
through degradation studies;

7. The impacts of endoesulfan, profenofos and
pyrethroids on the aquatic biota of the rivers of
the cotton growing regions are determined through
laboratory and field studies; and

8. The factors and processes mbuencing the impact
of pesticides an the aguatic riverine bista,
including sources and forms of chemical, local
habital gffects, oyganism lecydes and climatic
avents are defermined,

Phase ©f

1. Polential solutions or amelioration approaches
are identified;

2. Resources avg allocated according fo highest
poteniial pavoll solutions/approaches: and

3. Sohdong/approaches are evaluated and com-
pared.

Phase {1

1. Regulatory guidelines (if requived) are developed
on the basis of outcornes from Phases [and 1;
and



2. Best management practice in tevms of farm, spray,
chermical ard vver management, as idenifigd in
Phase . are implemenied,

Principles
When the Program Management Commitiee was

formed, it established a number of policies that
amounted 10 principles for program managemant. These

> de ioblem spesifically. Some 18 months
of pfe pz‘ogmm resdew srd planning was conducted 1o
develop: broad stabehodder agreement on the pricrities
and sufficient scieniilic detail to shructure the program
achvities.

2. T be proactive. Bather than walt for the
consequences of current practice to unfeld, developa
process nwhich hose needing o achieve change
were ampowsered fo moke Hhis happen.

' herative, A diverss tange of stakeholders
wete zr}vakzed ibwug%z workshop, newsletiers, briefing
tours and so on. Slekeholders included the cotion
farmars, cotor industry, environment protection
agercies, tver rranagers, chemical industrias,
researchers, ather industries and the wider community,

ablish adequate funding. i the achievement
crlterla wers 1o be met, it was clear that a critical leve!
of funding was required, so that a fully integrated,
comprehensive set of R&ED projects could be funded,
a5 well as the implementation of results. Final
furding totalled aboet $6m, with R&D pravider
srgenEsions contribuling almost half_ Irvigators
contributed about 10 % of the funding directiy.

Il oo neher industries. Cotton was a natural
imzs a5 zt i the highest user of pesticides, s a Tairky
widespread industry, and was percelved as culpable by
the community. Bwas envisaged that the program
conled act as a modet for othey pesticide-using
nddustries. and was Cubbed the ‘Cotton Model

Comnissioning and implementing R&D

Given Aostralia’s relafively small skl base in pesiicide
management, and the need to addyess specilic research
questions, most projects were iendered or divectly
eormnrmissioned.

Initially a strong emphasis was given 1o fundamendal
field-based R&D to understand the behaviour of pesticide
application (including drift), deposition on canopy and
soils, washoff and runoff, degradation in soil and water,
wansmission inte waterbodies and impact on the rivering
Frvironment.

Onee the first resulls ememed if became appavent that
further worlc was required on aevial fransport
mechanisms, particularky drift, vapour following
volatiisation] and on dust, on transfer betweer farm and

rivey, iwd ondletwater discharges, Workwaes then
commissioned in these arsas.

Aftey about hwo years e focus fumed fo identifying
‘sglutions’ or bast practicey, Two consultancies {(Doak
19495, 1998] develoned a struciure for pasicide best
practice and a maior nHistive was launched.

Dissemination and fransfer

A conservative approach fo releasing research results
was adopted, given the contentious nature of and the
high stakes involved in, pesticide issues. This approach
had three main yequtrements:

1. Satisfactory rogram and neer review of vesults,
2. Integrated and cortexival release of results, and
3. Hapid uptake of vasults into best praciice.

The thind of these vequiremenis has been satisfied first
with the relesse of the Australian Uollon Industy Bes:
Manacement Practices Manusd (1998), Thisfirsl
manual not only moorporates some of the early R&D
findings but has bad 2 wide range of “commonsense
practices” vetted by the progran researchers and cotton
ismigaiors, This conference nrovides much more
inforradion on B program results, whilst 2 package of
12415 papers to be puiblished in the Jownaf of
Envirorsmented Quality will largely take account ol the
scignce (along with nueigrous other speciiic
publications}.

The transter of the Cotton Madet is in progress at the
tirme of wiiting. Round-fable discussions have been
argatised with & nurmber of ey indusiries such as sugar.
banana, vice and hoticulture fo see where the catron
model has appdication aad which elements other
industries canutilise, Anenthusiastic response has been
received o date,

The mansfer process is being supporied by o projecs
which {a] enable & quick assessment of the lkely risk
ourrent pesticide practices may have for waiey resourtes
and (b} allow quentification and mapping of curren?
pesticide use avd detadls of their erndronmental fate,

Acliiovemants

Borme of the major achievernents of this nrogran have
hisen:

Scientific

1. Understanding of pesticide application, transpost,
degradation, fate and biological impact;

2. Quantification of spray drift and development
of impraved application and management practices:

3, Role znd significance of volatilisation and transport
via vapour and dust:
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4. Degradation rates of pesticides and their break-
down products in soil and plants;

5. Pesticide movement with sediment and water in
runoff;

6. Importance of storm runoff;

7. Pesticide behaviour in river water and sediments;
and

8. Biological impact of pesticides in rivers.
Management and regulation

1. Agreement on the best practice approach by the
cotton industry and regulators;

2. Definition of best practices;

3. Conceptual and practical basis for BMP
implementation;

4. Basis for focussing future management effort;

5. Improvement to farm design and management;
6. Methods to monitor pesticides and their impacts;
7. Techniques for testing new chemicails;

8. Input to the review of endosulfan use by the
National Registration Authority;

9. Input to guideline pesticide values for environmental
protection; and

10. Rapid methods for assessing pesticide use and risk.
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2. Outcomes of the program for the Australian
cotton industry and directions for the future

D. Anthony

Cotten Research and Development Corporation

Abstract

We live in an era where three forces —
environmental ideals, community perceptions of
agriculture and production agriculiure — are not
in harmony. Like the earth’s tectonic plates,
these forces continually thrust against one
another bullding tension eventually spilling into
coniroversy, anxiety and uncertainty. Into this
state of tension in 1993 was thrust a five vear
scientific research and biological monitoring
program examining aspects of the cotton
industry’s interaction with the riverine
environment.

Emerging from the program in 1998 are outcomes
which are spearheading action to meet long-term
environmental, social and agricultural needs.

When Land and Water Resources Research and
Development Corporation (LWRRDC), Coiton
Research and Development Corporation (CRDC),
Murray-Darling Basin Commission (MDBC} and
NSW Environmentadl Protection Agency (NSW
EPA) initiated the joint program, ‘Minimising the
impact of pesticides in the riverine environmeni
— using cotton as a model’, (known as ‘the
program’} in 1993, there was no certainty as to
what the program might encounter.

As with most journeys these organisations had an
end in mind — a better understanding of cotton’s
interaction with the riverine environment and the
development of ways to minimise any negative
impacts.

A cooperative effort leading to ongoing action

The study was a huge cooperative venture involving
research funders, a range of research providers and the
cotton industry. Progress is usually achieved through
cooperative effort and this program has highlighted such
benefit. The mark of a successtul program is also
reflected by the activities that follow the formal end of
the program.

With the cotton industry actively moving into formalised
best management practice (BMP} as an outcome of the
program, ongoing progress and activities driven by the
industry are assured.

Perceptions and facts

The Australian cotton industry, perhaps more than
any other agricultural enterprise, has been at the
epicentre of tension over agricultural practice. Clearly
the use of chemicals and concern for the riverine
environment have been key pressure triggers. With
today’s expanding chasm between the world of urban
life and the technigues of agricultural preduction in
the bush the perceptions by an increasingly urbanised
community that agricultural practices are harmful are
adding greater tension but not solutions to society’s
supply needs for food and fibre,

For some people this perception of agricultural
practice has developed into a crusade. Like all
crusades, one has to ask what are the real issues, the
true facts and what are the desired long-term out-
comes for our community at the end of the engage-
ment. The riverine pesticide program set out to base
its results on facts and realities.

Some findings

The outcomes of the program are and will be many
and varied. Numerous scientific authors have and
will continue to produce a myriad of technical and
public interest publications. There will be some
purely technical articles adding to the techniques and
knowledge of science. Others add to our
understanding of the riverine environment while still
others have drawn out social and economic issues.

Strongest and likely to be mast long lasting of all the
outcomes has been the initiation of a world class
BMP system for cotton growers that should serve as a
model for may other broad acre agricultural
industries.

BMP provides a process for benchmarking and where
necessary methodical and rational change in
management systems. It also provides a vehicle for
cultural change, a necessary step in any improvement
process. BMP is arquably the most exciting and
responsible outcome of this research program.

The scientific information generated from the
program indicated no major impact of agricultural
chemicals on the riverine environment. Qur river
systems are complex environments where both
natural and man induced agents are in a constant
state of flux.
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Extrapolating pesticide findings from laboratory test
to Australian rivers has been clearly shown as
inappropriate for deciding on impacts in 2 western
viver system. A clear example of this is the situation
presented by European carp which frequent rivers in
cotton growing and other western areas in huge
numbers yet which are reported as being one of the
most sensitive fish species to cotton pesticides.

Traces of insecticides are detected in our rivers albeit
generally at low levels. The most commonly found
pesticide in the rivers however was Atrazine a non-
cotton chemical. The next pesticide found in order of
frequency was endosulfan, widely used on a range of
field crops including cotton, Endosulfan formed a
large part of the program study, partly because of the
controversy sutrcunding the chemical and partly due
to the ability to use this chemical as an indicator of
pathways for fate and transport studies of other
chemicals.

Modern chemical analytical procedures have reached
a level of sensitivity enabling them to detect chemical
levels down to less than 1 part in a 100 billion parts.
This is less than an eye drop of chemiical delivered
into the vastness of an olympic size swimming pool.
With these procedures and environmental thresholds
set at the limit of modern analytical detection it is
impossible for any of man's activities, urban,
industrial or agricultural to operate under a nil
tolerance regime.

The eritical issue is to understand the impacts of
chemicals in the environment and minimise their
escapes. The cotton industry realises that it must
malke every attempt to prevent pesticides moving off
target and into the river systems.

Whilst some information generated from the program
showed relationiships between chemical levels and
temporal population levels of a species of minute
invertebrates living in the Namoi Rivey, it was equally
true that other riverine factors including turbidity had
an equal or greater correlation with species numbers.
Another important finding was the non-accumulation
of endosulfan from seascn to season.

Considerable wark clearly showed that endosulfan
does not accumulate and breaks down well within a
season on agricufiural fields contrary to some beliefs.
Studies of endosulfan residues in aquatic sediments
have not shown any conclusive results and further
work will continue on this matter,

Significant chemical application work has focused on
the need to pay particular attention to weather
conditions when applying chemicals. Formulation
choice and spray volume were also found to be
important. The chemical application work has
highlighted a need for down wind buffers under
certain circumstances combined with the adoption of
spray protocols to prevent off-target problems.

iq

Control of irrigation tailwater was identified as a key
component of cotton farm management. Clearly
farmers have to ensure they have adequate recycling
and storage facilities which prevent tailwater being
transported to the riverine environment.

BMP — a key outcome

Of all the outcomes of the pragram, BMP is by far the
most far reaching and challenging. BMP has been
embraced by the Australian Cotton Industry Council
(ACIC), the body which represents all the key cotton
industry groups, and which has the full support of the
industry’s mest influential grower, research and
consultant bodies including Cotton Australia, CRDC,
the Australian Cotton Grower's Research Association
and the Cotton Consultants Association of Australia.

The adoption of a best management practice system
which is scientifically sound, auditable and continually
improving is one of the key methods by which
agriculture can move forward in a more harmonious
way with the broader community.

Society is continually bombarded with environmental
awareness prograrns and examples of pending
environmental disasters. many of which are purponted
to have agricultural origins. Often, as in the example
of Asia’s Aral Sea where cotton, rice and irrigation
were blamed for environmental problems, peaple failed
to see the real causes.

By any measure the Aral Sea saga has been a disaster
but it need not have been that way if a different
management approach had been taken. Unfortunately
emotive reporting concentrated on the symptoms and
not the causes. Misguided political decision making,
poor use of science and inadequate management
systems lacking proper accountability led to the Aral
Sea debacle.

For the Aral Sea example there was no encouragement
of long term stewardship of resources nor was there any
development of sound agricultural practices or
managerment. In no way can the Australian cotton
industry be compared to the events in the Saviet case.

BMP offers the cotton industry ownership of its
environmental and comporate performance, By its very
definition BMP offers recognition, cwnership and
stewardship of issues. What more powerful tool could
an industry adopt than one driven by its participants to
world's best standards and performance benchmarks?
There has to be realism about BMP — it cannot be
magically instituted overnight.

Firstiy BMP must be based on good science — a key
goal of the program. Perceptions often cloud the true
picture. Facts and information have to be developed,
tested and communicated. The latter ofien being the
most difficult to achieve. Previous knowledge and
experience have to be integrated as well.



Secondly a realistic phase for uptake and adoption is
required. In the cotton industry’s case the industry
leaders are looking for 80 % adoption of BMP by core
cotton producers within three years from 1998 with 100
% awareness by that time. With the strong support of
Cotton Australia and the CRDC considerable funds and
human resources have been allocated to BMP
communications, training and use. Already a large
number of trained cotton producers are using BMP but
the real in-roads will take place in the 1998-99 cotton
rowing season.

Thirdly BMP has to be a credible process recognised by
the industry and the community. Accreditation, the
right to access certain chemicals, random auditing and
perhaps farm certification under a quality assurance
program are all possibilities being looked at by the
cotton industry to provide teeth ta the BMP process.
Already one Australian cotton farm has achieved ISO
14001 certification and several other farms have won
awards for environmental management and resource
stewardship.

Publicly there are groups who would denigrate cotton
farms however the reality is that cotton farms are it
general amongst the most well designed and managed
agricultural operations in Australia. It is this drive for
professionalism that provides an excellent basis and
confidence for a very effective BMP program,

Further supporting work

Whilst the program has focused on existing chemical
use the CRDC with the support of Cotton Australia and
the ACIC is continuing a major effort to develop
integrated pest management (IPM) and integrated farm
management (IFM) systems. The most significant
breakthroughs in recent times have been the
intreduction of genetically engineered cotton that
provides significant control of Heliothis caterpillars.

Most growers report chemical application savings of 50
to 60 % when using cotton containing the Bacillus
thuringiensis (B.t.) gene. The biggest confroversy with
the first wave of genetically engineered cotton has been
the cost. Australian growers have had to pay around

two-and-a-half times the price American farmers pay for

the same technology. Despite this short-term problem
the future for engineered cotton is very promising.

Currently around 15 % of the area planted to cotton is
permitted to be B.t. cotton, Most growers plant this
cotton in ‘sensitive’ areas such as near neighbours or
areas closest to waterways or stock routes. Currently
cotton containing two Heliothis resistance genes has
been showing excellent results in trials with Australian
vatieties providing more robust control and potentially
greater chemical savings than the single gene lines.
Further research on promoter genes to improve the
expression of insecticide genes in cotton, new insect
controlling genes and investigations into ways 16 reduce
the attractiveness of cotton ta Heliothis are underway.

Genetically engineered cottons provide a valuable

" base for [PM that has been identified as an important

component of BMP Natural control of Heliothis is an
important aspect of [PM. I[ncreased utilisation of
natural predatory insects is under development and is
being considerably helped by the introduction of B.t.
cottons.

It is well recognised that a range of other issues
influence river health ineluding erosion and sediment
transport from upper catchment areas, European carp
populations, sewerage effluent discharge, urban
runoff, unsuitable vegetation clearing, and poor
management of riparian vegetation.

While clearly outside the scope of this program these
aspects must still be seen as key issues for riverine
health. Work by community and irrigator groups
locking at ways to deal with these issues is underway.
The program does not draw any inference of the
relative importance of pesticides to riverine health
compared with other critical factors.

Conclusion

There is no doubt that agriculture has to perform
responsibly and minimise its impact on the
environment. At the same time it has to satisfy an
ever increasing demand by providing good quality
food and fibre at competitive prices. It is impossible
for any of man’s activities to have nil environmental
impacts.

Cities, farms, factories and leisure activities all create
impacts to a lesser or greater degree. Some impacits
we acknowledge, others we take for granted. Most
activities can be done in ways which minimise their
effects. Nil tolerance or impact of any activity is a
false dream which can be likened to trying to return
Sydney to pre-1788.

Through the joint program the cotton industry and the
community have gained valuable information
regarding pesticides and the riverine environment.

The cotten industry accepts its responsibilities to
minimise any impacts to the environment as a result
of its activities. Considerable investment of funds and
hurnan resources is now going into BMP as a means
of demonstrating high levels of stewardship and
responsible operating procedures both now and info
the future.

The program has been an important initiative to an
industry which provides substantial national benefits
and creates significant regional employment, in many
of the nation’s riverine agricultural areas.
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3. Environment Australia’s views

J. Holland
Environment Australia

Abstract

Environment Australia (EA) has been following
the results of the LWRRDC/CRDC/MDBC
cooperative study to minimise the impoct of
pesticides on the riverine environment using
the cotton industry as a model with great
interest. The paper outlines the value of the
work of the project in relation to that carried
out in the Risk Assessment and Policy Section
of EA, in whose view it has set the benchmark
for field studies examining the fate of chemicals
in Australia. The value of translating the
results into widely adopted best management
practices for the coiton industry, and the
importance of extending the principles into
other areas of high chemical use in Australia
are highlighted.

Introduction

Since attending the first, largely planning, annual
workshop in August 1993, the Risk Assessment and
Policy Section of Environment Australia has followed
with great interest the results of the LWRRDC/CRDC/
MDBC co-operative study to minimise the impact of
pesticides on the riverine environment using the cotton
industry as a model. In fact it might be said we have
been a rather passionate supporter of the program.

We have attended all workshops held since and have
seen firstly the initial results start to come in, followed
by a more substantial body of research results, and
then watched the beginnings of the translation of the
experimental results into best management practices.
We are now here at this Conference to listen to the
“wrap up” of the program with the realisation that the
program has largely been completed and that the
Best Management Practices Manual has been
introduced into the cotton industry. We congratulate
all involved in this very important program, and
particularly those who have been with it from its very
beginnings to its now successful fruition.

Risk Assessment and Policy Section's role

It is worth spending a few moments discussing why in
the view of the Risk Assessment and Policy Section of
Environment Australia it has been such an important
program. Many participants in this Conference will be
aware that the Section evaluates the potential impact
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of agricultural (and veterinary} chemicals on the
Australian environment, We undertake these
assessments in the form of provision of advice to the
National Registration Autherity for Agricultural and
Veterinary Chemicals (NREA), which has the legal
authority to register chemicals in Australia.

We have done this for all new chemicals before they
are allowed on the market since mid-1986, during
which time we have assessed well over 100 new active
constituents, as well as many further extensions of
these chemicals. More recently we also became part
of a systematic review of the older chemicals which
were put on the market well before 1986 through the
NEA's Existing Chemicals Review Program {ECRP),
which began in the mid 1990s,

Environmental assessment of chemicals in
Australia

In performing these assessments we look at how a
chemical is introduced into, and may be transported
through, the environment, how persistent it is likely to
be and the potential toxic effects it may present to a
range of non target organisms such as native
mammals, birds, fish, crustaceae and other aquatic
invertebrates, terrestrial invertebrates, both above
ground and in the soil, as well as native plants. In
undertaking this task, we have to generally rely on a
package of overseas data.

Most people would agree that it could not be justified
by reasons of duplication, let alone costs, that a
package of data for a new chemical should be
generated solely for Australia.

Further our experience with the assessment of
chemicals indicates that generation of local toxicity
data is generally not the issue. Work in this area over
the past 10 years has indicated that Australian species
generally do not differ greatly in their sensitivity to a
broad range of toxicants. Some unique situations
might arise, however, due to differences in the
physico-chemical characteristics of the water such as
higher temperatures, which tend to increase toxicity.

QOur assessments are very much exposure based.
Knowtedge of the level of exposure experienced by
non-target organisms is much more important fo
predicting impacts than small differences in
susceptibility between related species.



An understanding of the fate of a chemical following
release into the environment is fundamental to
determining levels of non-target exposure.

Relevance of program to our assessments

One area of difficulty we have encountered lies in
drawing conclusions on fate in the Australian
environment based on overseas {laboratory and field})
data. We have requested the generation of a number
of trials examining the persistence and movement of
chemicals under local conditions,

This is an area in which the LWRRDC/CRDC/MDBC
cooperative study has focussed much of its attention
and undertaken some pioneering work, by looking at
the way in which endosulfan moves through the
environiment once it is applied (usuatly by air} onto
cotton, and following its movement through air, and
down the irrigation furrow ete, as well as how long it
persists on the plant and in soil/sediments ete where it
either lands or is washed off by rain.

A feature of the program has been how the various
research elements were integrated in the ane overall
experiment.

As noted the comprehensive studies seem to us to be
unique, allowing a complete budget to be drawn up
of what happens to a chemical once it is applied to
the cotton field. In my plenary presentation entitled
‘Environmental Fate, a Downunder Perspective’ given
at the 9th [UPAC Pesticide Congress in London in
August 1998, 1 highlighted the program as a primary
example of what can be done to understand the fate
of chemicals once they are released into the
environment.

The program provides a medel for industry, both in
Australia and overseas, to look at its use of chemicals
in a holistic way in order to minimise their impact on
the environment.

The studies have set the benchmark for new
insecticides or other agvet chemicals for which
registration has been sought in Australia over the past
couple of years. Particularly since the ECRP was
implemented the hazard part of our assessments have
been evolving, Once we were very qualitative, but we
are becoming increasingly more quantitative as we try
to define the “real world™ hazard.

As one can imagine the results formed a very
important part of our assessment of the insecticide
endosulfan under the NRA's ECRP program, the final
report of which has recently been published.

Not only have we been able to use the results of the
pregram directly in our assessment of endosulfan, but
there have also been other important spinoffs for our
other assessments, particularly of new cotton
chemicals.

The published results of the program have allowed us
make more robust assumptions about the amount that
spray drift is likely to result from particular formulations
applied to cotton, the amount of interception by the
crop at various stages of its growth, or the likelihood of
the chemical washing off the plant onto the soil and its
further transport down the irvigation furrow.

In other cases we have actually required the generation
of similar data for new chemicals, in particular when
there have been concerns about persistence or potential
off-field movement. It should be emphasised that
these have shown different results from those found for
endosulfan, in particular in respect of being less
volatile,

The importance of the best management
practices concept

We have also been very aware of the need to translate
the experimental results into practice and have been
strong supporters of the Best Management Practices
concept since it was first raised. Our assessment
experience, particularly the emphasis on exposure, has
underlined to us the importance of chemicals being
applied professionally and safely in order to help reduce
the off-target impact on the environment,

Qur assessment work may become redundant if
assumptions we use about the way a chemical is
applied, which may be pivotal to our ensuing
recommendation to the NRA that the chemical may be
registered as the potential environmental impact is
minimised, if in practice it is in fact used much less
carefully.

We have been particularly keen that not only the cotton
farmers adopt this concept, bul also that the chemical
industry which sells pesticides to the cotton farmer is
both aware of the Best Management Practices Manual
(BMPM)} and embraces it wholeheartedly. In fact some
will say that we have been overzealous at times, but it
has been accepted that our heart has been in the right
place.

It certainly has been very useful over the past six
months or so ta be able to alerl the chemical industry
to the BMPM and to allude to it on labels, particularly
in respect of the need to observe the guidelines for
down wind buffers when applying chemicals near to
environmentally sensitive areas.

The need to extend the concepts to other sectors

We also see the program and the BMPM concept as an
important signal to other sectors of the crop production
industry to take into their own hands the ownership to
ensure responsible use of chemicals they employ in
their own particular industry.

Ideally these should be based on field experiments
similar to those generated by this program.
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However, [ understand the LWRRDC and the Murray-
Darling Basin Commission do not envisage providing
similar funding to other segments of the industry.
Rather they plan, and indeed have already started, to
export the principles garnered by this program.

We cannot underline too strongly the need for this,
particularly for those industries which are intensive
users of agvet chemicals to take up the challenge and
develop their own best management practices manuals
if need be based on self-funded research.

¥

Indeed the development and adoption of Best
Management Practice quidelines for the safe use of
chemicals is an important strategic action included in
the National Strategy for Agricultural and Veterinary
Chemicals launched earlier this week. [ expect that in
the Strategy implementation documentation that will
follow, the cotton industry will be highlighted as the
pathfinder in this regard,

[understand that the cotton industry plan to continue
and extend some of their own research, again giving
leadership to the rest of the industry. We strongly
support this continuing initiative.

In spite of all the work carried out on endosulfan so far,
there are still some areas where in our view further
information is desirable, in particular the persistence
and aquatic toxicity of endosulfan sulphate and the
role of sediment in transporting and also possibly
attenuating the toxicity of both endosulfan and its
sulphate degradation product, This could help explain
why in many cases fish seem to live happily in areas
where apparently lethal concentrations of endosulfan
occur in the water.

The need to adopt consistent assumptions for spray
drift for aerial, orchard and boom sprayers in our
assessment work has been identified and will be the
basis for a consultancy we propose to let this financial
year. Also more recently identified is the need to have
a better handle on crop situations, eg. likely distance
and depth of water from say pome fruit orchards, or
the amount that may run off from particular fieid
situations.

We are currently slowly gathering this information in a
very incremental way, and this would be helped
considerably by data generated by the industries in
which intensive chemicals use is a part of life. This
could only resuit in a greater confidence by both the
regulators and the farmer that the chemicals they need
to use in their particular industry can be used safely
and with minimal impact on the environment,
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4. Aerial transport: spray application and drift

N. Woods, L.P. Craig, G. Dorr

Centre for Pesticide Application, Gatton College, University of Queensland

Summary

This report presents results from field studies
carried out during the 1996/97 cotton season to
monitor off-target droplet movement of
endosulfan insecticide applied to a commercial
coiton crop. The broad range in results
obtained implies that spray drift is a complex
process dependent upon a large number of
factors, for example windspeed, temperature,
humidity, atmospheric stabilitv and crop
structure. With Ulira Low Volume (ULV) aerial
application, an average of 14 % of the applied
dose (normalised to a 500 m wide field) moved
across the downwind edge of the field, with
approximaiely half of this quantity depositing
upon ground surfaces within 500 m of the field
boundory.

Mean ULV deposition at 500 m downwind was
approximately 2 % of the field appiied rate
which compared with 1 % for water based Large
Droplet Placement (LDP) applications, Mean
airborne drift values recorded 100 m dowmvind
of a single flight line were significantly less with
LDP application compared to ULV application.
Coverage levels on cotton leaves were
dependent upon crop maturity and decreased
logarithmically with depth through the canopy.
This information has quantified the
effectiveness of buffer distances and application
technology aimed at reducing spray drift. The
databose will provide a useful benchmark
against which the success of best management
strategies con be tested in future monitoring
programs,

Introduction

Agricultural aircraft are of great importance to the
Australian cotton industry. Specialised aircraft are
used o apply selected herbicides and lertilisers prior to
planting, insecticides throughout the growing season
and defoliants prior to harvest. The use of agricultural
aircraft has developed largely as a result of the greater
speed, better timing and etficiency of application
offered by aerial distribution. Crossing the ground in
excess of 200 km/hr, aircraft are able to apply
agricultural products rapidly over large areas within
narrow optimum application windows. When crop
height and irrigated areas restrict the passage of

wheeled vehicles, aircraft are able to place pesticides
strategically on crops in response to 2conomic
thresholds, without contributing to soil compaction
and structural breakdown. Some ultra-low
formulations of pesticide (ULV} are applied at rates as
low as 2 L/ha (neat). Previous studies (LWRRDC
project UQLD, 1998) demonstrated that, on average,
downwind depaosition levels with aerial Ultra Low
Volume application fell to approximately one to two
percent of the field applied rate at 500 m downwind
of the field boundary. These levels suggested that the
aerial transport of pesticide droplets can pose a
potential source of contamination to the riverine
environment, unless the application process could be
effectively managed.

It is therefore important that when pesticides are
applied close to sensitive areas, management
strategies are employed that can significantly reduce
the off-target aerial movement of pesticides. This
report outiines work undertaken over the last two
years to further measure the aerial transport of
pesticides on selected cotton properties and develop
effective spray drift management strategies.

Objectives

To monitor the aerial transport of commercially
applied pesticides by aircraft in the cotton industry
and to determine the effect of droplet size (and
volume) on efficacy and deposition of endosulfan on
the crop and soil.

Methods

Further to the 1993-96 programme (LWRRDC UQLS5,
1998), aerial spraying trials continued at Auscott
Narrabri throughout the 96/97 growing season
(LWRRDC UQL13, 1998). Some follow up field trials
were also conducted during the 97/98 program funded
by the Cotton Research and Development
Corporation. Since the findings of these tests can be
considered part of the overall national Best
Management Practice program. they were included as
part of the final report for LWRRDC UQL13 and are
also presented here {with permission).

The full field application of commercial endosulfan
was monitored on seven occasions. The off-target
transpaort of droplets was determined using an array of
collection surfaces consisting of chromatography
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paper placed upon horizontal flat plates, pipe
cleaners and cotton string suspended from 20 m
high towers. Applications of both endosulfan ULV
{applied at a rate of 3 L/ha using Micronair AUS000
equipment), and endosulfan emulsifiable
concentrate (EC); (generally applied at a rate of 2.1
L/ha in 30 L/ha using CP hydraulic nozzles) were
assessed.

A data logger was used to record wind speed,
direction, temperature and relative humidity during
each trial, An additional meteorological station was
used to measure wind speed {at 2.5 m and 5 m),
wind direction, temperature {at 2.5 m and 10 m),
relative humidity, solar radiation and rainfall,
Samples were analysed using an ELISA
immunoassay technique developed by CSIRQ and
the University of Sydney. In addition, some
collection devices were analysed by the NSW
Agriculture Chemical Residue Laboratory using high
performance gas chromotography (GC).

Results
Dowmwind driff

Mean off-target deposition profiles obtained on
paper covered flat plates placed downwind of the
field boundary at a height of 1 m above the ground
are presented in Figure 4.1,

The figure shows the decline in mean deposit with
distance from the edge of the sprayed area when
ULV and LDP technologies were used. The
downwind distances of some data points were
corrected to account for variation in wind direction.
Substantial variation in deposition was observed
between the trials, which may correspond to the
wide range of operating conditions observed.

Figure 4.1 also shows the output from an
overlapped Gaussian Diffusion Madel, Experimental

data was in agreement with Gaussian Diffusion Model
{GDM) predictions for downwind distances greater than
100 m.

In-crop deposition

The monitoring of commercial spray application was
progressively undertaken through the season. Trials were
undertaken at an early {19/12/96), mid (31/12/96) and a
late (21/01/97) crop growth stage. As well as monitoring
the oft-target movement of droplets, endosulfan deposit
levels on leaves and artificial targets placed within the crop
canopy were determined. Ten sampling positions were
marked in each treated field at distances of 20, 40, 60, 80
and 100 m into the crop from the downwind field margin.

At each sampling position, 4 leaves were taken from
lower, middle and upper canopy positions.

Chromatography paper covered ground sticks (3 cm x 50
cm) and chromatography covered flat plates (19 cm x 46
cm) were placed at each sampling location. Endosulfan
residues were determined using gas chromatography {for
the leaf samples, Lismore Chemical Residue Laboratory)
and immunoassay {for the paper samples, University of
Sydney),

The distribution of sprays through the canopy is shown
graphically in Figure 4.2. The data showed that
endosulfan leaf deposition (log) verses canopy depth was
approximately linear. Deposition values were higher on the
leaves when the plants were small and the row structure
was open,

Compared with ULV application, approximately two times
more endosulfan was deposited on the ground when LDP
technigques were used (Table 4.1.).

Airborne profiles

A series of experiments were also conducted to compare
airborne pesticide levels above a fallow field and full

Figure 4.1. Downwind deposition values obtained on horizontdal flai plates. Bars represent two times standard error.
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Fimire 4.2. Leof depasition with depth through conopy
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cotton canowy, Unbleached cothon string was
suspended from two 20 m high mobile masts
positioned 100 m downwind of a sprayed area.

Single Hoht ne (SFL) passes were made with an
agvicuitural sircralt and the pestivide delf monitored by
recovering a fluorescent tracey (Helics! added tothe
msecticide fank mix, Some tests were sonduct
simullangousty using two aircraft io compare the
coxmbined effect of droplet size e ULV or LDPl and
ground characteristics imadure cotlon or fallow}, Resulls
are exnprassed in Figure 4 3.

The total armounts recorded on the towers were
caloudated to produce percentage airborne drift values.
With ULY spray applied as 2 singie swath over fallow
around, on average, 18 % of wial emitted from the
abroralt was stll airbome af 100 m downwind With
LDV sproving, arborne drifwas reduced o
appronimately one trd of the ULV value. When similar
applications ware made over 5 imalure colton canopy,

airbome dift values were approximalely halved for
bath ULY and LGP cases.

LDP techriciogy

A series of single flight line studies were also performed
i determine the influence of nogale type and droplet
size Of aitborne drift values. Mobile masts were
mosioned 100 o downwing of a gpraved srea prnd
simulianecus single Jight ne (SFL passes conducted
with bwo agriculiursl alrorall

i the paired rzatiments, the airbome fraclion of tracer
recovered on verical string using hydraulic nocgies was
divectly compared with levels generated by ihe ULV
application, (Figure 4.4). This data showed clearly that
the selection of large droplets {volume median
diameters or VMD value, about 250 wim) in this case
wsing CP hydrackic nozges with 2 30° deflector plate
stgrificantly redhiced the detected sirbome fraction
mgasured of 100 m downwind,

Figure 4.3, Vertico! drift profites for ULV and LDP sprays, with amd whhout & mature cobion conopy, approximeiely 100
m downawind of o single fight line
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Table 4.1.

Summary of aerial transport charocteristics of endosulfan application

. Paramet&l“ -

Nozzle type

Formulation

Application Rate
Application

Approximate VMD
Airborne drift (% 100 m (single flight line}
Leaf coverage (full field)
Ground deposit {full field)
Fraction leaving field
Depositing within 500 m
Deposition at 200 m
Deposition at 500 m

Hydraulic CP ¢ 3G°
Endosulfan EC

AUS000 @ 4500 rpm
Endosulfan ULV

3 Lha 2.1 Ltha

applied as il in 30 L'ha water
85 um 182 pm

18 % 6%

&0 % 50 %

25 % 50 %

14 % (500 m field} ~7 % (500 m field)

7 % (500 m field}
5 % applied rate
2 % applied rate

5 % (500 m field)
2 % applied rate
1 % applied rate

Figure 4.4. Airborne drift measured on 20 m high mobile towers
placed 100 m downwind of on endosulfan EC single flight line
application, normalised agoinst simultaneous ULV application.
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Summary of data
Resuits from all these trials are summarised in Table 4.1.
Conclusions

Data from this series of studies has quantified levels of
droplet drift moving away cotton fields during
commercial ULV and LDP aerial application.
Considerable variation in deposition data was
encountered, probably as a result of a wide range in
windspeed, temperature, humidity, atmospheric stability
and crop structure encountered throughout the growing
season.

However, the large bodv of data accumulated has
allowed mean deposition levels to be set with some
confidence for both ULV and LDP application under
typical environmental conditions. Mean residue levels
also tend to support results derived using GDM. The
data is able to form the basis for establishing
management strategies for limiting drift based upon
application technology and bufter distances and.
provides a useful benchmark against which the success
of new management strategies {Woods et al 1998) can
be tested in future monitoring programs.

1. Monitoring has shown that a certain percentage of
spray droplets mave downwind away from sprayed
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cotton fields. During ULV application, on average, some
14 % of the total applied, normalised to a 500 m wide
field, moved across the downwind edge of the field.
2. A characteristic downwind falt out deposit tail on the
ground is formed which can account for 7 % of the of the
total applied, normalised to a 500 m wide field, with
ULV spraying.

. The experimental data agreed with GDM and the newly
available US (EPA-SOTF) AgDRIFT model.

. Measurements have shown that coverage levels on
cotton leaves decrease (logarithmically} down through the
crop canopy and the highest leaf deposition occurs when
the crop is immature and the canopy is open.

. Single fight line tests showed that, when compared with
an open fallow area, the presence of a cotton canopy
can lower levels of downwind airborne spray drift at 100
m downwind by up to 50 %,

. The selection of LDP application techniques (eg.
selecting CP hydraulic nozzles with a 30° deflector plate)
reduced the detected airborne fraction by up to three

times at 100 m downwind.

The significance of this data to the adoption of best
managerment practices is discussed in a following paper,
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5. Aerial transport of endosulfan: vapour and dust

movement

V.E. Edge’, N. Ahmad? and P. Rohas!

NESW Agriculture, *Australian Water Technologies

Summary

The movement of endosulfon vapour, its
deposition in water and the movement of
contaminaied dust were monitored following
seriod applications io cotton. Measurements of
dropiet deposition were also made for
comparisen. Levels of endosulfan in water-filled
trays located arownd cotion flelds indicated that
endosulfon vopour could result in concentrations
argund .01 ug/l. {the Ausiralion and New
Zeatend Envirosunent and Conservation Council,
ANZECL) guldeline for the protection of nguatic
eepsysiems) i water bodies I m in depth for
several days after sproving up to I km from the
crop. Pust movement appeared to be an order
of magnitude less important, while droplet
deposition could result in high levels of
contarmination within 400 m of the crop
immediotely after spraving.

Introduction

Endosndian & used extensively eady in the season 1o
controt helisthis caterpillats in cotton. Monitoring of
nvers in cotton growing areas of cersiral and nosth
westerss NSW from 19911997 by the NSW
Denartment of Land and Water Conservalion has
shown that endosulfan levels reqularly excead the
ANZECC ouideline for the protection of aquatic
ecosystens during the colion growing seasom Muschal
14497 Aevial ransport contribuies to this
contamination through droplet movement immediately
follovdng spay application {spray it and by the
movement of endosulfan vapour and contarninated
dust which accurs Ior some fime afler spraving,

To astimate the importance of vapour and dust
movernernt in the contamination of the rivering
environment, the movement of valatilised endosulfan,
its subsequent deposition in water, and the movement
of contaminated dust were monitored following
cormimercial applications of endosulfan to cotton.

Methods
1094/95 Trink

Two trials were carried out at Ausentt Warren, starting
on 21/12/94 and 77195 and cantinuing for five days.

In each trial 3 L/a of ULY Thiodan; (240 o/l
endosulfan — 720 gai‘ha {grams of active ingredient
per hectare); plus 4.5 L/ha of a Bt formulation were
agrially applied to 182 ha of cotton in fields 4 and 5,
An air sampler was setup 100 m inte field 4 with the
alr intake positioned L abave the crop. 4 second
alr samnpler was placed 200 m to the south of field 4
ot the same height, The aly infake of each sampler
was connecled 0 8 carbon cartridge with a Bibre glass
filter place in the line to remmove dust. The air
sarnpilers were started 1 by after spraving and
operated at 4 Limin alr Bow. The cartridges were
removedd Bl 4 hy intervalk for the firgt 24 hys and then
at 12 hr intervels for the next 4 days. Leaf samples
wipre taken over the same peviod and endosulfan
resichues determined kr comparison with the data
chiained from aiy sampling.

Clalvandsed trays 0.5 1w i surface area and 10 em
in depth} were placed an weooden pallets in fallow
fields avound fields 4 and 5. Trays were located at
200 m and 400 m {rom the crop to the N, §, E and
W, at 800 m to the S.E, and W and at 1600 m to the
5 and W, The distribution of trays was determined by
the physical configuration of the site. Clean water
was placed o the trays and maintained at 5 cm in
depth throughout the moenitaring period. Each ray
was covered during spraying with a tightly fitting lid
which was removed 1 brafter spraying and 3 Lowater
samples werz faken af 24 br intervals for five days.
Endesuifan was exiracted in the field using
dichloromethene. Four additional rays were placed
at the 200 m sampling points. Dil-iled polymeric
membranes, which absorb endosulian, were placed in
the water in these frays 1 brafter spraving and
vemoved after five days, This techpigue glves an
indication of totad endosulfan deposites ower the
sammpding period, while the concentrations in the water
were the result of endosuifan vapour absorntion,
sthesnuent volatifisation, and degradabon, The s
waere emptied and deaned at the and of aach wial.
Al samples were analysed for ¢ and § endasulian
and endosulfan sulphate.

1995496 Trinls

Tiwo trials were carried out at Augcott Warren starting
o1 1&12/95 and 27/12/95 and continuing for twao and
three days respectively, In the first trial 3 L/ha of ULV
Thiodan; 1240 g/L. of endosulfan -~ 720 gaithe plus
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0.5 Liha Cybout) was aerially applied to 120 ha of
cotton in field 7 which is adjacent to fields 4 and 5
(fields 4 and 5 were fallow). The second spray was
Thiodan EC), aerially applied at 2.1 L'ha {350 o/
endosulfan — 735 gai‘ha) plus Pix) (.45 L/ha with a
total application rate of 20 L/ha.

The movement of volatilised endosulfan and subsequent
absorption by water following the two sprays was
evaluated using water filled trays as described above.
Site configuration prevented samples being taken more
than 400 m from the edge of field 7. The sampling
periods were reduced from five days to three and two
days for the first and second sprays respectively because
the previous season’s results had shown that peak
concentrations were achieved after two days.

For comparison, the deposition of spray droplets was
measured using horizontal collectors mounted on pallets,
200 m and 400 m to the N, S, E and W of field 7 and
exposed during spraying. Dust samples were taken from
0.1 m of unsealed roads surrounding field 7 after both
sprays. Sampling was carried out 1 hour after spraying.

Semi-field experiments were conducted to determine the
loss of endosulfan from trays following “spiking’ the
water with endosulfan EC and then sampling over 24
hrs. An aqueous suspension of finely powdered soil was
added to the trays to estimate the effect of dust on the
retention and breakdown of endosulfan.

Results and discussion

1994/95 Trials

The levels of endosulfan on leaves fell more rapidly after
the first spray than after the second spray. The half lives
for oe and B endeosulfan on the upper leaves were 12 hrs
and 36 hrs respectively for the first spray and 24 hrs and
60 hrs for the second spray. These differences are
almost certainly due to the very much higher
ternperatures prevailing after the first spray, particularly
for the first 48 hrs when the average maximum
temperature was 40 °C for the same period after the
second spray. However, after 5 days the levels had fallen
by aver 85 % for both sprays. The decreases were due
to losses of o and P endosulfan, particularly the former,
while the level of endosulfan sulphate actually rose.

Five hours afier spraying endosulfan sulphate
represented around 1 % of total endosulfan, but after
five days it was around 50 % of the total.

The results obtained from air sarmpling showed the rate
of volatilisation was higher after the first spray with
82 % and 89 % of volatilisation occurring in the first 24
and 48 hrs respectively after spraying compared to only
49 % and 69 % for the same periods for the second
spray. After 5 days the cumulative amount of volatilised
endosulfan that was recorded for the second spray was
82 % of the first spray. These differences can also be
attributed to the higher temperatures that prevailed
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following the first spray. Volatilised endosulfan was
manitored outside the crop {200 m to the south} for the
first spray. As expected, the levels of endosulfan in the
air outside the crop were lower than above the crop and
the recoveries were more erratic due to wind direction.
Fortunately, the wind was predominantly northerly for
the first two days after the first spray.

Equipment failure prevented data being obtained for the
second spray. The levels of endosulfan that were
recorded in the fibre glass filters were very much lower
than in the carbon cartridges {around 10 % outside the
crop and 5 % above the crop for the first spray, and
10 % above the crop for the second spray), indicating
that the movermnent of contaminated dust is relatively
unimportant compared to vapour movement in the
aerial transport of endosulfan.

The mean concentrations of endosulfan that were
recorded in water sarmples taken from trays located in
predominantly downwind locations to the south and
west have been converted from water 5 cm in depth
to 1 m (Table 5.1.}. This gives 2 more meaningful
indication of the potential of endosulfan vapour to
cause contamination of natural water bodies.

Following both sprays, the highest eoncentrations of
endosuifan were generally recorded 48 hrs after
exposure. The concentrations tended to fall as the
distance from the sprayed fields increased, but this was
somewhat variable and far more proncunced for the first
spray than the second spray.

As expected, the average levels recorded predominantly
upwind to the north over five days were much lower
than to the south, eg. at 200 m the levels were only
around one third for both sprays.

The highest levels of endosullan recorded were
equivalent to a concentration of 0.025 ug/L in water 1
m in depth, while the average levels downwind over the
five days ranged from 0.015 pg/L - 0.004 pg/L. {Table
5.1.}. The ANZECC endosulfan guideline for the
protection of aquatic ecosystems is 0.01 pg/L. The
levels recorded for the first spray tended to be higher
than for the second. The temperatures were also higher
following the first spray.

The relative quantities of endosulfan extracted by the
polymeric membranes were in general agreement with
the average daily levels of endosulfan in samples of
water from the trays at the same locations.

The average amounts of endosulfan extracted per litre of
water by the membranes over the five days were 1.9x
and 1.7x greater than the average daily concentrations
in the water samples for the first and second sprays
respectively, indicating that at least half of the
endosulian absorbed by the water subsequently
revolatilised, or was broken down. Very little endosultan
sulphate was recorded in the water, or from the
pelymeric membranes.



Table 5.1.

Mean concentrations of endosulfan (1g'L)* in water samples from trays locaied to the south and west that

were exposed 1 hr after spraying and sampled daily.

200 0.018 0.018
400 0.004 0.022
800 0.007 0.003
1000 0.004 0.006

Spray 1 - ULV {21 December 1994)

Hrs after exposure

0.015

0.010

0.001

0.003

0.014 0.012 0.015
0.004 0.007 0.009
0.002 0.005 0.004
0.002 0.006 0.004

200 0.007 0.016

(03,010} {0.009)
400 0.006 0.012
800 0.005 0.011
1000 0.005 0.011

Spray 2 - ULV (7 January 1995)

Hrs after exposure

0.008
(0.005)

0.014
0.005

0.003

*Concentration converted to 1 m depth water [actual concentrations in 5 cm of water + 20); |

0.006 0.007 0.009

(0.004) {0.004) {0.006)

0.003 0.007 0.008

0.004 0.005 0.006

<{(.001 0.005 0.005
| duplicate

1995/96 Trials

Generally lower levels of endosulfan were recorded in
water samples from trays at 200 m and 400 m, following
the two sprays in 1995/96 compared to the previous
season. The temperatures following spraying were also
lower. There was no obvious difference between the
concentrations recorded for the ULV and EC
formulations. The average levels of endosulfan recorded
in all directions did not exceed the ANZECC guideline for
both sprays, but peak levels did (Table 5.2.),

The levels of endosultan fell equally rapidly in both clear
water and water containing 200 mga/L soil particles,
Tollowing spiking with endosulfan. On average, levels fell
by 90 % in the first 24 hrs due to volatilisation and
breakdown of the parent iscmers. No endosulfan
sulphate was detected, showing that any endosulfan
sulphate found in samples of water from trays in the field
was due to the deposition of contaminated dust.

Significant levels of endosultan diol were detected, but
the results were erratic, indicating the analytical method
needs refinement. These results indicate that levels of «
and fi endosulfan in the water-filled trays due to vapour
deposition would be rapidly reduced, if the wind changed

direction and the air passing over the trays did not
contain endesulfan vapour.

In natural water bodies this process would also operate,
butwould be complicated by some conversion of the
parent isomers to endosulfan sulphate which has a
much lower volatility. This would tend to increase the
persistence of endosulfan in the water column, but
sequestration of endosulfan by sediment may reduce
concentrations in the water column.

Kennedy et al {1997} found that around 70 % of
endosulfan applied to cotton fields dissipates due to
volatilisation in the first two-three weeks after spraying.
However, our results have shown that this should not
result in high concentrations of endosulfan in water

bodies.

Endosulfan vapour may account for diffuse low leve]
contamination of the riverine environment, but its
contribution to major contamination of river systems in
cotton growing areas appears to have been minor based
on results from the long term monitoring of endosulfan
concentrations by the NSW Department of Land and
Water Conservation's Central and North West Region's
Water Quality Program.
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Toble 5.2. Concentrations of endosulfan (ug/L)™ in water samples from trays that were exposed I hr after spraying aend
sampled dally

Spray 1 - ULV (18 December 1995)

200 N 0.011 0.010 0.010
S 0.009 0.015 0.007
W 0.001 0.008 0.002
E 0.009 0.002 0.004
Average 0.007 0.009 0.006
400 N 0.003 0,003 0.003
S 0.015 0.001 0.005
W 0.001 <0.001 0.002
E (.005 0.011 0.001
Average 0.006 0.006 0.003

Spray 2 - EC (27 December 1995)

Hrs after exposure

200 N 0.001 0.006
S <0.001 0.002

W 0.003 0.002

E 0.006 0.024

Average 0.002 0.008

400 N 0.009 0.001
5 <0.001 0.005

W 0.012 0.002

E 0.005 0.026

0.006 0.009

Average

*Concentration converled to 1 m depth water {actual concentrations in 5 cm of water + 20)

For instance, endcsulfan concentrations in 32 %
and 22 % of samples taken in the 1995/96 and
1996/97 cotton growing seasons respectively
aexceeded 0.05 pg/L (NSW DIWC, 1997) with far
higher peak levels {Muschal, 1997).

High depesiiion levels of endosulfan {up to 40 % of
the emission rate) were recorded on dust taken from
the roads immediately adjacent o field 7 and
dovmwind during spraying. Endosulfan deposited on
unsealed roads can be relocated by vehicular
movement assisted by wind. This is likely to be the
most important mechanism of contaminated dust
movement on cotton farms (Leys et al 1997). These
authors studied the movement and deposition of
endosulfan contaminated dust at Auscott Narrabri
and off-farm. The endosulfan deposition rates
recorded would result in endosulfan levels in water
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bodies 1 m in depth well below the ANZECC quideline,
except within a few metres of unsealed roads.

These results and our data on air sampling, indicate that
contaminated dust movement is likely to be an order of
magnitude less important than endosulfan vapour in the
contamination of the riverine environment in cotion
growing areas.

We were concerned that the levels of endosulfan we
recorded in the water filled trays may have been
influenced significantly by contaminated dust deposition.
However, our air sampling data and the results of Leys ot
al. {1997) indicate that the contribution of contaminated
dust to the overall levels of endosulfan recorded was
probably minor.

Endosulfan vapour does not have the potential to cause



high level contamination of riverine sustoms, but spray
drift does. Our limited measuremenis indicate that
spray drift has the potential to zesult in congeniations of
endosulfan in watsr bodies within 400w of a cotion
field that exceed the ANZECC guideline by well over 160
times. However, it should be emphagised fhat the
effects of spray drift are more transient and disimsh
more rapidly with distance away from the srop than for
endosulfan vapour contamination (Raupach and Briggs,
1996),

Implications of results, uptake snd adoplion

Ohar resulis Ingicate that endosulfan vapour is relatively
unlmportant in the contamination of the rverine
environment in coflon growing areas when compared 0
thy levels of endosulfan contamination that have been
recovded In rivers during the colion rowing season over
several years. s unikely that low volatility
formulations of erddosulfan can be produced to control
endostifan vapour, However, avoiding the use of
endosulfan during peviods of extramely high
temperahares woukd reshuce peak vapour emisstons.

Abihouah ihe movement of endosulfan contaminated
dust appears 1o have very itle importance in the
ecovidarmination of the riverine envirenment, it could be
recluced by net spraving up to the downwind edoe of the
crop. This wondd substantially reduce the deposition. of
endosulfan on raads surrounding cotion fields which are
usually the major source of contaminated dust.

bpray diift has the potential to cause high level
contamination of water bodies close to cotton farms.
Further research 1o reduee spray drift is justified, but
atiditional studies on the ransport of endosuian vapour
arvt the raovement of contaminated dust is considered
CNICRSEATY.

Conclusions

1. The movernent of endosulfan vapour mav vesuliin
concenirations at around the ANZECT guideline of
(.01 mg/l. in waler bodiss 1m in depth and within
1k of cation fields for several days afler spraving,

2. The mewernernt of endosulfan contaminated dust
appears o be an order of maonitude less imporiant
than vapour ranspord in the conlamination of the
yivgrine environment.

3 Droplet movement (sprav drift} has the potential to
cause high level contamination of water bocies within
400 m of sprayed cotton, but the effect is likely o be
maoye transient and localised than contarmination
from endosalfan vapour.

4. i is unlikely that improved management practices, or
changes o formulation can significantly reduce the
emizsion of endosuifzn vapour from cotian, although
avaiding the use of endosulian during periads of very
high termperature will rechce volatilisation,

5, Strategies o reduce spray diift should be develaped
and promoted through Best Management Practice,
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Abstract

Dust emissions from egriculivral land con travel
significont distances and be depostted well away
from the source aren. While dust emissions have
widely been studied for their Impact on off-site
eir-queality, few studies beve investivated the dust
pathieay as o means of trousporting herbicides end
pestivides off Jurm, This shudy quontified: (1} the
dust gnd endosulfun emissions coused by wind
erosion, cultivation and vehicle movement on
unsenled roads; and {2} the deposition of dust
and endosulfan both en- and off-farm in the
cotton growing vegion of northern New South
Wales over the summer of 19967,

Results indicated that wind erosion from roads is
more significont than the cotton fields ond that
erosion rates are related to the mass of loase
eroddible sediment, Endosulfan fluxes off roads ore
potentinlly high {20 micrograms (igl per metre
{ength of road}. Dust emission from a velicle
travelling at 80 kmih on an unsevled road (3.7
greams per metre travelled) was aboui double that
Jor inter-row cultivation at 8 bk (1.7 g'm).
Endosulfan source strength was 3.6 pgim for
interwow cultivation and 3.1 for vehicle on the
unseoled road.

Unseoled rouds are a greater source of endosulfon
hecause of the greater frecprency of vehicle
movements, however, emissions ave only a
problem for the fewe doys ofier gervial spraying.
Drust deposition was greatest near roads and
decreased logarithmically with distance.
Endosulfan source strength {combination of dust
und vapaur} is highest close to roads with a
measured peak deposition vode of 35 gim® of 108
m for a #wo day period,

When endosulfon deposition rates were measured
over longer perivds fiveeklyl, onfarm depositien
rates of 0.35 vaer’idey and off form rates of 0.16
vgim?iday were recorded. When these deposiiion
ratez are applied io o non-flowing river. of ¥
depth, calculated endosolfon concentrations are
100 times less than that measured in rivers o the
soime time as this study, implying that dust isnot g
maojor pathway of endosulfan i the riverine
envirommnent,
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Dust aod endosulfen emissions con be reduced by
restricting cultivation ond vehicle movements on
recently sproved wrens for o period of about three
duays after appheation and by leaving o buffer strip,
in the arder of 100 m, between sensitive vreus and
spraved ureas. The use of interception barviers
such az windbreaks is o possible option for
[Filiering dust from the oir before it Is transported
off-farm. Increused aerial spraying pracision could
also reduce spray drif to roads, thereby further
reducing gndosulfon source strengih,

Introduction

Assessrnants of the condifion of the ervironment hewe
sean agriculivral areas identified A3 a major source of
dust (Chow ard Watsan 1992}, with 34 % of emissions
in 1990 in the United States from unsealed roads, 16 %
from cultivetion and 9 % from erogion. As a resudt,
there Yes been inoreased irgerest in the frnpact of
wirdblown dust emanating from agricudieal and on off-
site alr guality (Saxton 1995, Saxton 1996, Sieflerand
Saxton 1995 Sietler and Saxion 1996) and human
health [Clhusmiteer and Singer 1998}, Dust sforms often
ezt B dust conceniations of particulates less than
10 o dimmeter (PM, ) which excesd sl quslity health
stancards,

These particulafes may travel significant distances from
sauree, n Australia, urban areas such as Brisbane
(Kright et al, 1995} and Melbourne [Raupach et al.
19043 hawve oxperienced dust storms whose solgce
msderial originated hundreds o thousands of kilometes
upawined

The depasition of dust initself is 2 problem, however,
recentstudies have alko dentified herbicides and
pesticides are essocated with the dust and thew
deposition in sensitive aress carn create envirarmental
yrablems.

Altough mast of the suspended dust emitted by
agricuthial operalions s deposited within less than
1800 o of s sowree {Lamey et ol 1998}, = portion ol it
may he fransported bong distanses by wind {Chow and
Wakon 1992] and may also carry herbicides and
vesticides, Gavnor and MacTavish {19811 reported that
anproximataly 43 % of canazine was vemovaed from a
treated avea by wind erosion on o sandy soilin
sonithwestzrn Ontario, Canada,



The simazine was deposited downwind at quantities
sufficiently high to be phytotoxic to susceptible crops or
to impair the quality of adjacent irrigation ponds or
waterways. Glotlelty et al. {1989) reported movement
of atrazine, simazine and alachlor by wind erosion,
while Larney et al. {1996) found 2,4-D} errichment in
windblown sediment compared with the source scil.

In recent years, endosulfan has been detected in
waterways of the cotton-growing region of south-
eastern Australia {Arthington 1995, Cooper 1996).

This has implications for the long-term sustainability of
both the cotton industry (the major user of endosulfan)
and Australia’s natural environment. Dust transport
has been identified as one of four possible pathways by
which the pesticide endosulfan entered the riverine
environment, the others being spray drift, waterborne
runoff and vapour transport initiated by volatilisation
(Raupach and Briggs 1996}. A recent study in Australia
quantified the dust and asscciated endosulfan emission
caused by wind and on-farm activities and the
deposition of the dust both on- and off-farm (Leys,
Larney and McTainsh 1998).

Methods

The methods are fully described for the wind erosion of
fields and tracks in Leys, Larney and McTainsh, 1998.
In brief, a portable field push type wind tunnel was
used on farm tracks and a cotton field to determine the
threshold wind speed that erosion commenced and
sediment flux rate for each surface.

Samples for particle-size and endosulfan analyses
were taken at 0.3 m height in the wind tunnel.
The methods are fully described for the dust and
endosulfan emission in Leys et al. (1998). In brief,
dust profiles between 0.3 and 3.0 m were collected
with high volume filtration system mounted on a
vehicle which followed behind the dust emission
source in the configuration as shown in Figure 6.1.
Samples for particle-size and endosulfan analyses
were taken at 0.6 m height.

The methods are fully described for the dust and
endosulfan deposition in Larney et al. {1998). In
brief, dust deposition was measured with dry
deposition (DD) traps and endosulfan deposition with
foil covered with polybutene (PB), a sticky substance
to catch the dust, mounted at 2 m height. The traps
were arranged in transects away from a busy road
and a field that was sprayed with endosulfan. A
second set of traps were located at four sites along
the Namoi river to measure dust and endosulfan
deposition rates to the riverine environment. These
traps were downloaded weekly and as such collected
total deposition of endosulfan via the acrial pathway.

Dust emission

A portable wind tunnel was used to determine the
threshold friction velocities, sediment flux rates and
the pesticide source strength for an unsealed farm
road and a cultivated field {Leys, Larney and
McTainsh 1998).

Figure 6.1. Dust emission sampling configuration for dusi and endosulfan sampling.

(a) inter-row Caltivation Study

o e U vebicls Skm hr 1

Trackor & outvator 18 metres > Dust sampling vehicle
b} Unsealed Read Study
«—— Uwhd

TSP samplers

w3 uehlcle 80 km hr !

AWD vehitle dust source

Dust sampling vehicle
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The study demonstrates that road surfaces represent
an important source of wind erosion on cotton farms.
The wind erosion potential, as measured by sediment
flux in a portable field wind tunnel, of an unsealed
road was b3 times greater than that of an adjacent
cultivated cotton tield in northern New South Wales,
whereas endosulfan emissions were 1.6 times greater
for the cotton field than the road because the
endosulfan concentrations on the road dust were only
1 % that of the field dust. The threshold wind velocity
necessary to initiate erosion (U), friction velocity (u,),
threshold friction velocity (v, ) and the aerodynamic
roughness length (z} of the road surface were all
significantly lower than the field surface.

These finding suggest that dust emissions were greatest
from roads compared to the adjacent cotton fields, but
the endosulfan emission, nine days after application,
were higher from the field because of the higher source
strength of endosulfan on the field soil. If roads are
accidentally over-sprayed or have chemical drifi
deposited on them, they could then become a
significant source of endosulfan emission.

Having identified that the roads are major sources for
wind erosion, the next step was to verify if
anthropogenic activities, such as vehicle movement and
cultivation, were major sources of dust and endosulfan
emissions (Leys et al. 1998). A vehicle travelling at 80
km/h on an unsealed road was a greater source of TSP
emission (3.7 g/m travelled) than an 8 m wide inter-row
cultivator travelling at 8 kem/h (1.7 g/m} {Photo 6.1.).

However, the particle size distribution of the TSP from
inter-row cultivation was finer {mode of 19-22 um}
than that from vehicular traffic on unsealed roads
{mode of 32 um} and hence may be transported
further.

Endosulfan source strength from inter-row cultivation
was 3.6 pg/m of travel (or 0.45 ug/m?) which was only
6.0 x 10* % of that applied, 4 days after endosulfan
application. This was slightly higher than the endosulfan
source strength from vehicular traffic on an unsealed
road (3.1 pg/m of travel), only two days after spraying.

On unsealed roads, particle-associated endosulfan mass
fractions declined rapidly with 1ime due to volatilisation
and photedegradation and a decrease in endosulfan-
enriched source sediment due to removal by repeated
vehicle passes. These findings suggest that anthropogenic
activities are a regular source of dust on-farm during dry
weather. Endosulfan source strength will be highest
shortly after spraying because the levels of endosulfan
decline rapidly over the following days. If emissions
should occur, the next question to be answered is what
levels are being deposited off-farm.

Dust deposition

The objectives of the dust deposition project {Larney et
al. 1998) were to examine: (1} dust deposition from
vehicular traffic on an unsealed road on a cotton farm,
and around a cotton field in the 11-65 hr period after
endosulfan application; {2) endosulfan deposition in the
11-65 hr period after endosulfan application, and over a
three-month period at on-farm and off-farm (non-target)
locations in the cotton-growing region of northern New
South Wales. Dust deposition rates from vehicular traffic
varied from 0.013 g/m?*/vehicle at 1 m, and 0.002 g'm?¥

vehicle at 100 m from an unsealed road.

Dust deposition, which was caused by vehicle movement
on unsealed farm roads arcund the spraved field, in the
11-65 hr period after endosulfan spraying varied from
0.30 g/m? at 10 m to 0.14 gfm? at 1000 m from the
field.

Photo 6.1, Dust emissions from inter-row cuftivation,
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The highest endosulfan deposition values in this post-
spraying period were 95 pg/m? at 5 m, 35 pg/m* at
100 m and 13 pg/m? at 1000 m from the field,
measured with polybutene traps,

However, we believe that these endosulfan deposition
rates include both vapour and dust associated
endosulfan, because the polybutene traps absorb
endosulfan vapour as well as collected airborne
particles. Caution must also be exercised in using the
endosulfan deposition data reported here because the
absorption / release rate of endosulfan from the
polybutene traps is not known at this stage.

Separating the dust and vapour contributions is not
possible from the current study but we believe that
dust contributions are 1-10 % of the total endosulfan
deposition. [n the absence of any other data, and
acknowledging the above menticned limitations in
the methodology. it is possible to calculate the
endosulfan concentrationina 1 m deep, non-flowing
river at 100 m from the field: giving a concentration
0.035 pg/L, which is above the ANZECC guideline of
0.01 pg/lLbut below the river concentration of 0.06
mg/L measured during the study period (Cooper
1996).

Qver a 3-month monitaring period {December 1996-
March 1997}, the average daily deposition rate
{which could include drift+dust+ vapour) of
endosulfan was 0.16 pg/m?/day for the off-farm sites
compared with 0.35 ng/m?/day for the on-farm site.
Acknowledging the above menlioned limitations in
the methodology, calculation of the off-farm
endosulfan depoesition rate into a 1 m deep non
flowing river, results in a concentration of 1.6 x 10
pg/L which is well below the ANZECC guideline of
0.01 pg/L and that of the measured levels of
endosulfan in rivers of the study area in 1995/96
{Cooper 1994). This highlights the danger of using
time averaged data that does not truly indicate the
peaks of exposure that could occur if unfavourable
meteorological and dust emission conditions oceur.

Implications of results and mitigation methods
for dust and endosulfan movement

The mitigation methods discussed below can be
viewed as part of the best management practice to
reduce dust emissions. If however, pesticide spray
drift is reduced to roads, the major source of dust,
then endosulfan emissions are further reduced and
the need for dust emission control becomes less of an
issue, However, the following recommendations
would reduce the risk of endasulfan emissions to
negligible levels. '

Wind erosion of fields and unsealed roads
Fields with self-mulching clay soils, such as those at

Auscott Narrabri, do not pose an erosion problem as
long as they are nol over cultivated.

Best management practices employed for goed soil
structure will ensure erosion is minimised. However, the
implementation of stubble retention. as required for
water erosion, will reduce erosion risk to negligible
levels,

Unsealed roads do pose a dust source. However roads
more than 100 m away from sensitive areas pose less
of a prablem for off-site removal of endosulfan as >
85 % of dust hac deposited under low wind conditions
(2.3 m/s). For roads close to sensitive sites, emissions
are related to the loose erodible mass (LEM) of
particles on the road < (.85 mm in diameter. When
LEMis > 4.8 kg/m?, wind erosion rates exceed an
erosion control target of 5 g/m/s. Methods of
controlling wind ercsion from roads include watering,
adhesive application, grading or ripping.

Dust emission from anthropogenic activities

Vehicle movement and cultivation are greater causes of
dust emission than wind ercsion. Dust emissions for
cultivation can be reduced by adoption of best
management practice for soil stricture: minimise
cultivations, cultivate at correct soil moisture contents
and reduce cultivation speed.

Dust emissions from roads can be reduced by driving
slower and using them less often. To mimmise
endosulfan emissions, cultivation of sprayed fields or
use of roads adjacent to sprayed fields, should be
avoided for up to three days after endosulfan
application if the emitted dust is blowing off farm. ie
roads and fields within 100 m of sensitive areas.

In summary:

1. Aveid spraying to edges of fields adjacent to roads,
thereby avoiding pesticide contamination of road
surfaces.

2. Avoid cultivation of fields and vehicle movement on
roads within 100 m of sensitive areas when wind
direction is off-farm.

If recommendation 2 is not feasible, then

3. Locate unsealed roads greater than 100 m away
from sensitive areas.

4. Reduce vehicle speeds on sprayed roads and
cultivate when soil is moist.

5. Reduce the loose eredible material on unsealed
roads by watering, grading or use of adhesives.

Finally:

6. Interception barriers, such as wind breaks, may be
an option for filtering dust from the air upwind
of sensitive sites, and is worthy of further

investigation.
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Conclusions

The levels of dust and endosulfan emission associated
with dust appears to be small compared with
volatilisation, However, these findings do identify that
dust is a pathway off farm, The reduction of spray drift
to roads and the reduction of cultivation and vehicle
movement within 100 m up-wind of sensitive areas
should minimise deposition in average weather
conditions (ie. wind speeds less than 5 m/s). The use of
wind breaks could provide additional protection to
sensitive areas.

These studies indicated the importance of dust
movement off-farm and indicate that there is generally
minimal impact on the environment from dust
associated endosulfan emission from agricultural
activities. However, when unfavourable metecrological
and dust emission conditions cccur close to rivers, then
environmental impact is plausible. The research
indicates that land managers can mitigate the impact
of dust emissions by implementing best management
practices which can minimise the movement of dust
and pesticides. The adoption of best management

practices is currently under way in the study area
{Williams 1997).
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Abstract

From o comprehensive study of the fate of
endosulfon, following its application in cotton
production systems, it is now possible to
quantitatively define the mechanisms by which ii
dissipates and by which its residues ore
transported off-field. Dissipation of endosulfan in
the feld ovcours mainly through colatilisation in
the first 2.3 weeks after application, a process
swith o haolf life of a few davs. Endosulfon
ahsorbed by the foliage of cotion plants is guickly
degraded, with o hali-life of three-four days.

Degradotion in sofl takes much fonger, partly
because of the formation of endosulfan sulphate,
a biologicol oxidation product with a typical
‘half-life’ in soil of about 1310 days. This extends
the periad of potentiof risk from endosulfon in the
riverine encironment, by allowing significant
transport of endosullan residues in irrigation toil
waters and particularly in runoff from major
rainfoll events. The implicutions of these findings
Jor manngement of cotion forms to profect the
rfverine environment are discussed.

Introeduction

In the development of farming practices to minimise the
extentt of contarsination of produce and the environment
with chemical pesticides, knowledoe of the
envirermental {ake of pawticular chemicals fellowing
application is essenfial. The obiectives of this prolect
were 1o measure the rate of degradation of endosulfan
on eotton fields following seral application and o
determine the polential for movement of endosuifan and
endosulfan sulphate, paging attention ta the
concentrafion on cotton figdds and it velated tail drains.

The study was also 1o describe the relationship between
pesticide movemant and the hudragraph of runoff during
irrigation and storm events, By measuring the rate of
degradation and the residence ime of endosulfan on
foltage, in sofl and I nunoff water, a chemical balarce
for inputs and ouipuls of endosullan could be prepared.

From the results of these studies, praciical measures to
teduce the envircamenial impacts of endosulfan and
other pesticides as part of 2 farm management plan
were io be recommendecd,

Methods

Full details of the experimental methods wsed in this
study will be published ¢lsewhere isee Kennedv et al,
19970 for a prelirminary reportt. Bowever, for ihstrative
purmpeses, the following details are supplied.

Cofton fields on farms owned by Auscott at Narrabri
and Warren in the Namei and Macouarie viver valleys of
New South Wales were chosen for the three consecutive
vears of this sudy. In some cases in this study, research
waz integrated with aerial transpor by <uift IN, Woods,
Lindversihy of Queensiand, Gation), volatilisation [V
Edage and N Ahmad, NSW Agriculiure) ard ansporton
dust &, Levs, NSW Lard & Waler Conservation), The
studies inchsded hudrological measurement of flows off
the field, mensuring all relevary parameters related fo
meteorology, soil, sediment and water properties. In
initial trials, stratified block designs for conveniance of
large-scale sampling of soll and plant matgvial, and to
atlow aralysis with respect to sampling infensity and to
detenning any spalial or lemparal variability in soil
residues, were emploved.

To estirnate the amounts of pesticide falling on both soll
aril canopy iImmediately after spraving, a set of Blter
praper siips on wooden slads and ancther sefon
aluminiim plates 1 metre above the canopy were nlaced
in the fiekl, as well as foltage samples. Plant cover of sail
by the foliage of cotton plarts was caleulated using a
shadow technique to measure horizontal cover near
noon, also measuring the height and width of plants on
1 metre long sections of 16 furrows, Soil sampling was
done in acoordance with the standard sampling
ryiocols Rennedy et al., 19498}

Follage was sempled on each avcasion as nine whaole
plants, allowdng the caleulation of 2 pesticide load per
pani and a chemical balance for the whole field. Asthe
season proceeded and the size of cotton plants in-
creased, plants were separated for analysls info ouler
and inner leaves. sterms and bolls.

Water runoff samples were talen in 1 L amber glass
biotties ciosed with Teflon seals during irrigation or stavm
svents. Informaton on the olal runoff via he retum
drain exdting from felds Yaough o “drop-box was
obiained using stage heighi indicators recording on data
foagers, and also by equiipment instalied by the NSW
Lepariment of Land and Water Conservation.
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In the second vear of the study, three storms produced
sufficient discharge to take runoff samples, one being of
very large volume }less than 1 in 25 years probability).

A project on quality assurance involving analysis of
selected field samples in two or more analytical
laboratories participating in the joint program was
conducted (Kennedy et al., 1698}, This involved
generation of gas-liquid chromatography (GLC) data
following solvent extraction of water and soil samples
{Kennedy et al., 1997b). Analytical work by three
different laboratories (the Biological and Chemical
Research Institute at Rydalmere, the NSW Department
of Land and Water Conservation at Arncliffe and
Department of Natural Resources at Indeoroopilly in
Queensland) assessed the aceuracy of the analytical
results obtained during this program. A validation of
immunoassays (ELISAs) for soil and water samples
using CSIRQ immunoassay kits for endosulfan (Lee,
Skerrit and Kennedy 1995, Lee et al 1995, Lee et al
1997) was also conducted. Immunoassays allow the
analysis of a much larger number of field samples than
possible by GLC.

Results and discussion
Analytical methods and quality assurance

The project on quality assurance conducted in this
program has shown that the three main analytical
centres involved in this research program produced gas-
liquid chromatography (GLC) data following solvent
extraction of water and soil samples within acceptable
limits of quality assurance (Kennedy et al., 1998).
Analytical work by three different laboratories proved
that confidence in the accuracy of the range of
analytical results obtained during this program was
justified.

Validation of the use of immunoassays (ELISAs) for
endosulfan in soil and water samples using CSIRO field
test kits has been a great advantage {Lee et al., 1997},
allowing many more field samples to be analysed for
pesticide residues, The compromise is some loss of
specificity {all cyclodienes vield positives) and inability
to distinguish between the toxic isomers of endosulfan
and endosulfan sulphate.

However, non-toxic products such as endosulfan diol
are not detected at the sensitivity of detection in soil of
about 0.1 mg/kg (ppm} and a range for analysis of 0.2-
50 ug/L (ppb) in water were ideally suited to the needs
of this study. Agreement between the results obtained
by gas chromategraphy and immunoassay for soil and
runoff water was excellent {1 = 0.9), using at least 10 g

of well-mixed soil for reliable analyses with extraction in
90 % methanol.

Degradation rates on cotion fields

The following research findings focussing on endosulfan
have provided outcomes that can now be applied to a
range of pesticides:
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1. The initial dissipation of endosulfan (70 % o.-
isomer, 30 % P-isomer) on cotton fields occurs
mainly through volatilisation of the a-isomer in the
first 2-3 weeks after application (70 %), with an
apparent half-life of enly 2-3 days. Such
volatilisation is temperature-dependent and
applications made near sun-down are likely to be
more effective, reducing the need for future
applications and environmental dissipation to the
atmosphere. Other rapid dissipation of endosulfan
oceurs in run-off water, either by volatilisation, or
hydrolysis, particularly if the pH value is above 8.

2. Unfortunately, persistence of endosulfan in the field
occurs because of the formation of endosulfan
sulphate in soil - a toxic oxidation product - with a
*half-life’ in soil of about three months, and some
remaining f-endosulfan which is more firmly bound
to soil organic matter, of shorter half-life {Fiqure
7.1.}. However, by the start of the new growing
season only 1-2 % of the endosulfan applied
remains on field as endosulfan sulphate, sc there is
litle or no long-term accumulaiion.

3. Endosulfan in cotton plants, including the sulphate,
is quickly broken down, with half-lives of 3-4 days.
In two weeks only 2-3 % of the amount applied in
one spraying remains in the foliage (Figure 7.2.).
By contrast, a similar study on chlorfluazuron
{Helix) conducted using similar methods indicated
only alow degree of dissipation of this insect growth
regulator during the same period of measurement.

4. Despite its rapid dissipation from plants, smail
amounts of endosulfan rermain in cotton piant
tissues even after harvesting, with concentrations of
up 1o 0.5 mg'kg (dry matter) six months after
spraying. The current general prohibition on feeding
gin trash to stock is obviously a wise precaution, but
the risk with particular pesticides is dependent on
the rate of breakdown in plants.

Fate of endosuifan in soil: half-life

Baseline data obtained from soil sampled on cotton
fields invariably showed a low residual concentration of
endosulfan at the commencement of each cotton
season (less than 0.08 mg/kg, equivalent to 80 g/hal.

The maximum concentration observed in a cotton field
soil averaged to 5 cm depth was 0.86 mg/kg (440 g/ha)
when plant cover was 25%, immediately after a second
spraying.

Another spraying 16 days later showed a lower peak of
0.68 mgrkg (345 g/ha) when the plant cover was more
than 50 %. It is apparent that there is a two-phase
dissipation of endosulfan from soil. In the first phase
the parent isomers present in the formulation {¢- and
B-endosulfan} disappear mainly by volatilisation while
endosulfan sulphate is formed in soil, reaching a
maximurm of about 0.2 mg/kg about two weeks after
the final spraving,



Flgure 7.1, Typiool rute of dissipation of total endosulfan from

sofl on entton Relds {eumulative dotn) ot Auscott Warren, field

7 {I995-90), Endosulfon suiphate, prohably mainly forined by
Fuagf in soH, is the most persistent residue.

Auscott Warren,
field 7 {1995/96}
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Apparent halt-lives for each of these two phases have
heen eshmated from a large niumber of data points
{Tabie 7.1.), with mean values of about4 days and
138 davs tor the two shases, The hali-lifz in soil varied
froam fiaded to field as the environmendai conditions (hme
ofday, femperature, wind spesd, sic} differed foreach
spraving. o gengral, the decline ingeendosuifan
conceniraiion nsol by volatiisation was much faster
than that kor Bendosulfan, whilst endosulfan sulphate
wars formed auleldy as eondosullan disappeared. On
o fiekd, the peak uantity of endosulfan sulphate
verweseniod sboutone-Bifth the ol endosullan applied
in the Hwee asnal sprayings.

Stanstinal armiysis [ANOVA] of the data for the
strafified desion by rows and columns [(Kennedv etat,
19481 indieated that! Biere was ro signifizant differeres
i concentrations of endosulfan vesidues betwaen
diffevent strata on the field, Thus, aerial appztmtzem
providas an even spread of pesticide, and the yake o
corwersion fo eidosulian sulphate also seems (o ooy
avenly across the field atf least during the first weehs,

Later in the season the disivibution of total endosulfan
in soil hecomes uneven, due prabably fo a combination
of fackors such as variable runoff losses betwaen
furrows, cancentration of siubble and microorganisms
ir carfain parts of the fleld.

Figure 7.2, Ropid decline of totmd endosulfon residues (cuipule-
tive dotaj in cotton follage at Auscoit Warren, fleld ¥ (F994-95).
Even endosulfan selphate, o metabolic product of andosalfan,

prariicwlorty the adsomer, ts degraded ropidly,

S Endosulfan in cotion leaves
: el i — il czsulfan
Fiieen # H-endosulfan

-l Erdosulfan sulphate

Auscott Warren,

field 4 (1994/95}

Endosuifan (jyiem®)

e
f}ayﬁ simea 2mil sparayingg (2 [/ 12{’34)

Mavemerni through soif lovers

On field 21 at Necrabii, a special set of four cores rom
the field, tall-drain slope. oildrain scow, and return drain
was taken fov analysis of endosulfan residues in soil layers
of different depth.  Most of the endosilfan was present in
the top surface layer, Hs concentration declining with
depth and being negbigible bevand 830 em. Giventhe
o selsbiily of endosulfen and i high affinity for erganic
maller, leaching seems imorcbable; rather, any preserce
of endostifan below surface layers may be explained by
soil avd contaminated dust falling into the wide and deep
avschs that often appeay In this fype of soil.

Endogedion i rumof water

There was sigrificant pesticide confamination of sl
irrigmted ruvodl water afley the first spray application, The
rasklugs found were generally miherange 1-30mgLin
ranofl st the drop-box, depending onthe number of days
from the previous asial application. Values declined (o
abouf 2 merl. ore morth afer spraving, correspornding
with the decling in on-field soil residue cancantration lsee
Figure 7.3.}. There was evidence suggestive of much higher
concentration of residues in runoft water for the fivst two
haours of the runoff event, declining to about balf this
value in later runoff, but this was correlated with the
sedinient foad.

Toble 7.1. Estimated hotf-3de in duye of sodosslfan in sed of cotion growing areas
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2 357 40.2 63 124
19556 7 i a7 4 - 52

2 74 119 e 137
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Z 25.7526.6 R7+34 110+369 R YIE R S
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Table 7.2,  Fransport of endosulfon residues in run-off woler

Fighd 4, Aumeolt Waren, 1996/9%;

{rvigation § B/12/94 8 0.97 7.65 742 4.3
lrvigation 2 25/12/94 7 0.84 6,98 5.86 2.9
Storm 1 155 15 0.037 6.11 0.23 0.1
Frigation 3 13195 & 0.69 6.96 4.8 2.7
SwvmZ 19195 12 2.35 8.85 208 94
Storm 3 28145 21 0.622 6,09 .13 0.07
brigation 4 6/2/95 39 108 162 187 3.9
Irviggation & 20255 44 073 0.75 4.55 0.3
frrigation 6 47345 56 (.75 0.15 011 0.08
TOTAL 142 41.57

The irrigotion epents indicated in the fable involoe an abnormally farge runoff, partly as a result of a mixed sol tupe
including o red soil more difficuit fo wet than the more typical Vertisol, but olso for ctupical operational reasons,
More tupical rrigation events observed inpolued less than 3.3 ML ha'l,

Frgure 1.3, Endosulfon residues i runoff from cotion flelds (19 ficlds Auscoil af Warren I1995/96). The decline @
vesidue conceniration In irvlaution ranoff in several retoen droing is well correlaied with the declining concentrative in
soif {sve Figure 7.1 ;. Different spmbols indicate varions degrees of fiskd conopy cover of the time of appiicution:
circles=20%; synovesw30%: riangles=30%; dinmonds=58%; cress=60%.
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it is important to realise that pesticide residues in
irrigation runoff from cotton fields are recirculated within
the farm boundary, There has been & high degree of
comphiance with the quideline that runoff water be
retained on-farm.,

Iniable 7.2, caloulaien! pmounts of endosulfan msidues
for different levels of measured runoff are shown, This
data indicaies Hiat 0,.1.0.4% of the residues onv-field are
tupically washed off fw each 01 ML of nimoffin an
irdgation event, with up to 10°% leaving the field through
the drop-box during an unusualiy major storm, atthough
miost thunderstorms cause much less movement,
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Implications of results, uptake and adoption

These resuits on the fate of endosulfan have significant
implications regarding envirormental care in cotion
farming.

Although the dissipation of endosulfan by volatilisation
and degradaton on foliage is relatively rapid, sufficient
residues remain in plant maderial 1o pose & risk if plant
residues swe taken off-farm,

i fa preferable to allow foliage ® degrade on cotion
figkds, ensuring pesticide breakdown on-farm.



The decision of the cotton industry to prohibit the
feeding of cotton trash to livestock since this program
began {mainly as an outcome of the experience with
Helix) is therefore very soundly based.

The study has shown that an important factor in the
extent of environmental risk is the degree of scil
exposure during pesticide applications. Thus, high
cover from the cotton canopy can mitigate against high
concentrations of pesticide in soil and the pesticide
load in runoff. The advent of transgenic Ingard cotton,
not requiring early applications of endosulfan when soil
is highly exposed, is therefore most welcome.

The fate of endosulfan in soil, rapidly forming
significant concentrations of equally toxic endosulfan
sulphate which persists for several months, means that
a cofton field can act as a strong source of pesticide
residues in runoff water for several months after
applications {see Figure 7.3.). Even the largest storms
only remove a small fraction of the total pesticide
bound to soil.

Consequently, as far as possible irrigation and storm
runoff must be retained on-farm by proper
management of water including the provision of the
maximum water storages. Unfortunately, endosulfan
sulphate on sediments degrades too slowly, even in
ponded water, to allow deliberate release of untreated
water from farms, although endosulfan isomers do
dissipate strongly from water quarantined in this way.
Other pesticides may degrade more rapidly under such
conditions.

The results of this study focussed on endosulfan have
already found application in the development of best
practices by the cotton industry. In addition, the
experience gained in this project has been utilised in
pre-registration trials conducted in the last two-three
years for new chemicals being promoted by chemical
companies. The protocols developed for endosulfan
provide methods that can often be directly applied to
test these new chemicals under commercial conditions
for cotton production.

Conclusions

Despite the rapid dissipation of most of the endosulfan
applied to cotton fields in the first few weeks after
application, the remaining residues require careful
management if significant contamination off-farm is to
be prevented.

The results of the project have shown that, in very large
storm events, it may be impossible to prevent
movement of endesulfan residues off-farm to nearby
wetlands and rivers. Since storms occur in most
seasons, the possibility of some contamination of
rivers from transport of endosulfan in surface waters
must be accepted.

However, by using better water management on farms
and techniques such as band spraying to reduce the

extent of soil contamination, significant reductions in
the risks to the off-farm environment can be made.
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Abstract

A field study was conducted on a typical coiton
production system in the Emerald Irrigation Area
(EIA) of Central Queensland to provide an
understanding of the processes involved in off-site
movement of pesticides under current practices.
The persistence of the major insecticide
endosulfan and the key herbicides trifluralin,
diuron, prometryn and fluometuron was measured
on-farm in the soil throughout the cotton season.
Pesticide residues in runoff at plot-scale, tail-drain
and main drain were measured following irrigations
and rainfall events.

The resulis showed that maintaining soil and
sediment on farm via improved soil erosion
strategies offered significant reduction in off-site
movement of those pesticides with higher K__
values such as irifluralin and endosulfan. Better
water management to minimise runoff, combined
with careful timing of irrigation and pesticide
application would be required for minimising
losses of the more water soluble pesticides such as
prometryn.

Introduction

The Emerald Irrigation Area (EIA) located in Central
Queensland, is one of Queensland’s most productive
cotton growing areas. Constant high temperature and
other favourable conditions during the season result in
high pest pressure, particularly from heliothis. Regular
applications of endosulfan in the earlier part of the
season have proven to be highly effective in controlling
heliothis, Endosulfan is normally applied at 3L/ha ultra-
low volume (ULV) as aerial application, with up to ten
{10) sprays per year when high insect pressures exist,
These applications combined with additional applications
of other insecticides and herbicides, increase the potential
for environmental contamination.

With increasing regulatory pressures and increased
community concerns regarding the impact of pesticides
on the riverine environment, the cotton industry is
frequently targeted as being responsible for enviranmental
damage, particularly fish kills.

To address such concerns, the cotton industry in Australia

required sound scientific data on the persistence and
behaviour of endosulfan and other cotton pesticides
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within the cotton production sustem. Such information
was seen as a key pre-requisite to introducing any
changed management practices for minimising off-site
movement of pesticides,

Whilst the world literature has significant information on
the behaviour of pesticides within the farming system,
including the off-site movement in irrigation or stormwater
runoff, there was a real need to provide information on
the processes involved in Australian conditions of extreme
temperatures, different soil types and farming conditions.
Such a scientific study required a multidisciplinary
approach with expertise in cotton production, pesticide
chemistry, scil science, hydrology and soil erosion.

Methods

A ‘typical irrigated cotton farming system {on brown
cracking clay) was selected and instrumented at plot scale
(6 rows x 250 m} with flumes, bed-load traps, runoft
height recorders, loggers and samplers. Taildrain outlets
on two blocks {approx. 80 hectares) were fitted with weirs,
height recorders and samplers. Detailed recordings were
kept of farm praciices, crop growth, pesticide inputs,
meteorological daia {collected on farm) and irrigation
details.

Photo 8.1. Instrumentation instolled ot plot-scale for
measuring and sampling runoff




Samples of s0il. sediment and runoff were taken
throughout the crop cycle and analysed for pesticide
residues to determine both the persistence of the
pesticide on-farm {potential for runoff) and the
concentration in the runoff. Hydrological data,
collected for all runoff events, was used to calculate
the total load of pesticide leaving the farm. The effect
of cotton stubble retention and added wheat straw on
pesticide movement was included in the second
season. In the third season, an additional site was
added to study the effect of a more extreme treatment
of a pre-cotton wheat crop on pesticide retention.

Reautar sampling of a miajor drainage channel
throughout the project provided data on the pesticide
residues in runoff from multiple farms. In the final
year, somne targeted sampling between the farm site
and the Nogoa River, combined with flow data (drains
and river}, enabled estimates to be made on the
potential impact of the EIA cotton growing on the
pesticide concentrations downstream in the river.

Key results
Soils

In the high-clay {65%) soils of the Emerald Irrigatian
Area (EIA), there was no evidence of build-up of
pesticide residues in the soil from season to season
— either in the surface layer {0-5 ¢m) or down the
profile {approx. 1 metre), Compounds measured
included endosulfan {«, B and sulphate), trifluralin,
prometryn, fluometuren, diuron and methy!
parathion. DDE, the pessistent breakdown product
of the previocusly used insecticide DDT, was also
determined in all samples analysed.

Figure 8.1. shows seasonal build-up and decline of
the applied pesticides measured in the surface layer
(0-2.5 cm) during the 1993-94 growing season. A
similar pattern was measured in the following year,
showing consistency from season to season with
similar applications and conditions.

Figure 8.1. Pesticide residues in soil
Emerald - {1993/94 season)
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% of Pesticide on Sediment (Sclid Phase)

Figure 8.3. Sediment/water distribution of pesticides:
fon cotton soil {brown cracking clay)f

) __ﬁ-é}i_dosulfan'ff SR I

L
T A

- e T A R

[ pl‘ornetryn P

0.5 1

T inigation runoff

Sediment Loading (%w/v)

2 4
storm runoff s w,

Following the tirst endosulian application, residues in the
surface scil {0-2.5 cm} rose to approximately 2 mafkg
{(application of 3 L/ha ULV aerially applied) and showed
reasonably rapid decay (half life of approximately one
week for total endosulfan), a process where both the
original « and g isomers are reduced by a humber of
mechanisms, including conversion to endosulfan sulfate.
Multiple applications of endosulfan {up to 10 per season
in the EIA in 1993-94) resulted inslow build-up (because
of on-going breakdown) to approximately 4 ma/kg in the
surface {0-2.5 cm) layer (see Figure 8.2.).

The herbicide trifluralin, which is applied pre-planting
{incorporated to 10 cm) was found to be relatively
persistent in the soil and slowly declined throughout the
seasen, Prometryn and fluemeturon (applied to hills
[plant rows] at planting) declined moderately {half-life of
approximately one month) and divron (applied to
furrows at last cultivation} declined rapidly, particularky
when furrow irrigation {or runoff from rain) was applied
immediately after application

This information on pesticide levels in the soil, clearly
shows that the major potential risk for off-site movement
of these pesticides from the cotton field is limited to the
early part of the season when scil residues are the
highest. The highest risk periods for the more water
soluble herbicides eg prometryn, fluometuron and diurcn
are more defined to the period 4-6 weeks after

Mecharnisms/processes for off-site movernent of
pesticides

Off-site movement of pesticides to the riverine
environment occurs mainly via soil movement
{erosion), in suspended sediment (also erosion) and
dissolved in water. All pesticides studied moved off-
site via these three mechanisms. Because of the
different physical and chemical properties of each
pesticide, the dominant mechanism for off-site
transport for each pesticide varied.

The relative armnounts in the solid (soil and suspended
sediment) and the water phases depends on the
intensity of the erosion {soilwater combination) as well
as the chernical and physical properties of each
pesficide. Figure 8.3. shows measured distribution
{laboratory studies} between pesticide on suspended
sediment and dissolved in water for a number of the
pesticides studied using soil from the study site (65 %
clay).

Figure 8.4. Effect of surface treatment on
bedload moved - {250 m furrows, ¢.15hal

application.

The endosulfan ‘loading’ on the soil, and thus the Bedload A

potential for off-site movement, is reduced by Dry Weight 100+

approximately half, for each week after application. © {ka) Conventional

Repeated applications of endosulfan will result in a short-
term build-up of residues, the extent of the build-up
depending on the time interval between applications.
Such repeated applications extend the risk period for
endosulfan losses and help explain why endosulfan
residues can be detected in runoff waters over a large
part of the cotton seasorn.
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Table 8.1, Effoct of pre-cotion whent plantitng on endosulfan export {first ferigation}

Bedload Moved hyHa)

Runaolf ['(00 LHa)

Saspended Sediment {gl)

Tetal Endosnifan

in Bedload {mg¥y}

Total Endoselfan in Bunolf {ighs
Endosulfan Fxporied -

Bedioad {g/Ha)

Runoff {g/Ha}

TOTAL {gHal

% Total Endosulfan Exported writ Cosventiosal Tillage

4165 4573 566 136

116D 910 450 388
22 15 34 24.%7
{167 D52 0.28 45.2
33 3.7 34 163
Z5% 238 b 6.1
158 233 1548 40,7
636 571 1H 6.7
188 E9R 8.7

The vesulis highlight the votential reduction in off-site
movement of these pesticides if all seciment eotid be
retained onesite.

Field trials 11 1994/95 comparing three surface
treatmenis [rake and bum {current practice}; cotton
stubble vatenfion: and wheat straw added (2-3 tonne/
ha) i showed no significant effect on soil loss, bedload
or suspendad sediment and thus pesticide loss. The
cotion stubble and added straw freatments may have
bean aiective inveducing pesticide iosses for an inifal
rainiall ronoffevent thad thare been one resuliing in
vunodi! ot there was visual evidence thatthe stubkle
veas quiink o brealy down, thus any potential effect
ol be shorb Buerd,

Because of itk raindall, most significant runoff
svards chhy s winl wore brom brigation. Higher
furress slopes sroduoed nighey bedioad and suspended
sedirnent foy aib three plotwcale reatments,

Fiakl trials in 199546 compering conventional fillage,
rechuced fillage ard e cotion wheat planting fwheat
phants killed pricy o cotton planting info wheat
stubblel demonstrated that the wheat ‘reatmant’
significantly reduced bedload (see Figure 8.4.) and
suspertded sediment, particularly in the early to mid-
season. For s "heawy' irvigation, only three (3] davs
after the first endosulfan application (2.1 L/haj, the
wheat treatment produced anly 30 % of endosulfan
sy compared with conventional tillage. Endosulfan
i runoft was reduced k5 40 % and endaosulfan loss
Vi bediond reduced to only 6 Y [see Table 8.1.).
Reduced tillane vesulisd nonlv 2 10 % reduction in
eredosulfan loss for the same event

Whilst the amount of pesticide leaving the aildrein
alter a sypieal fivrow irigation was calodated o be
i e order of .5 10 1.5 % of the pesticide present
i thie soll al the Hme, concentrations of pesticide in
the runcif at this point may be well cver curverd
erwironrnental audelne values set oy ervironmentad
wsdors frivers),

The difference In the shope of the furrows o 12 %
i 8.8 % i o separate blocks (similer inpuss)
resultad i askmificant (20 %) reduwiion inthe
arnoat of viluralin being exported, resdlting from
reduced sedimant and runoff lsaving the black.

The study clearks showed thet the adoption of
conventional soil consarvation praciices such as
reduced slope in furrows and teildeaing or the
incorporation of effective stubihle retention, can
significantly recuce pesticide losses, Thisis
rarficularly yelevant for those pesticides that
maderataly aratronghy adsorb o sail or suspended
seclimenyt particles (Figure 8.3.).

For the more mmobile pesiicides such 2s prometryn,
fiuometiron or divwen, sedinent refention will be tess
affeciive and improved waler management combined
with improved Hming of irigations and pesticide
supications i therefore reguired. Management
chenges thet weduce both sofl and sediment losses as
wirhl 5% vedusing the guantity of ninof are necessarny
et veduntions In sl pasticide losses are to be
achisvad.

Form-fo-river trursport

inthe Emerald brigation Area, the engineering desion
of drainage channelks provides potential far significend
euantiies of coton chemicals fc be carried o the
Negon River during major vunoff events. brigation
runeft may have little divect impact on the river, but
sediment deposited (with pesticide residues) in dyains
car be remaobilised during major flows.

Phgirg signdficant ralnfallfstorm events, high runeff in
cotton-grovding catchrsents will resultin high volumes
2y 1200 MU/Zay of runcH {calculated 1,440 tannes
sediment? enforing the river via one of the miain
ehvains, The nmoff hydrograph [Figure 8.5.) shows
pesaik flow measured o the drain zqual io
approximetely 2600 M /day or 110MU/bowr fora
storm ruretf event In dJanuarny 1996,
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Figure 8.5. Storm runoff (LNI main drain) January 9-10, 1996

Assuming mean Saspended Sediment = 1.2 g/L ‘
ia TOTALFLOW FOR EVENT = 1200ML
TOTALSOIL (SEDIMENT}MOVED =1,440 TONNES
[Calenlated endosulfan exported = 3.0kg
based on level of 3 pg/L measured during event]
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Figure 8.6. A model of potential endosulfan increase in Nogoa River

Note: Calculation
based on a nominal
concentration of pg/L
in draininge runoff
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Endosulfan exgorted in this avent was caleulated {foased
on meesured concentrations in the drain at the dme of
the eventt at 3.5 kg achive endosulfan, Measiped
ardlosulian concentration in the viver downsérgar of the
drain antry fo the river was 3.5 ng/L.

Figure 5.6, shows that whilst elevated levek willbe
ohwerved following major runclf events, these levels will
rapidly decline once runoft from the actual cotion area
ceases. 1 hose involved in messwring and assassing dain
frorr menitoring programs should ensure thait supporting
information is obtained on the conditions af the fme of
sampling. Failure io iake account of such information
can lead to misleading inferprefation on trends and thus
il o effectively sualuste the impact of changed land
wse praciices or potential for ervirornmanial impecs,

Rayidiy changing input fiows, cornbined with rapidly
changing river flows can resull In significant short-term
variations in pesticide residue concentratons close to the
dirain's discharge point in the river over a 24 heur period.
Uhing measured argd calculated fows diming a major
runoff avent in danuavy 1996, the total impact (Figure
8.6.) em endosulfan concentration in the Nogoa River
downstraam frora the cotton ares was calculated.

This event was lowsrds the end of the sesssn, Had the
sventocowred warlior in tha season whers pestickle
residups in the soil wers af thair ghest, and soil was less
compacied with colton canopy cover less developed,
sesidues in the viver would be expected 1o be considerably
higher.
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9. Regional level monitoring of pesticides and their

behaviour in rivers

M. Muschal and B. Cooper

Department of Land and Water Conservation, New South Wales

Abstract

The Department of Land and Waiter Conservation,
NSW, conducts one of the largest water quality
monitoring programs in Australia which deals with
waoter quality issues arising from intensive
irrigated agriculture, Surface water monitoring
within the centraf and north-west regions of NSW
has recorded long term water quality trends within
these areas since 1991, Considerable
contamination of inland waterways of NSW by
pesticides has been demonstrated as a resuit of
pesticide use on irrigated and broadacre farming.
Changes that have taken place within the industry
during the 1990s, and variations in production
between seasons due to rainfall, have been
monitored through this program.

Introduction

Concerns about the patential adverse effects of
agricultural chemicals on the environment and human
heatth have led to extensive research into their
environmental behaviour and fate in the USA and
Europe. During the late 1980s in Australia, there was a
growing concern about the impact of irrigated agriculture
on the environment. Investigation into this issue has
been carried out in part by the Central and North West
Regions Water Quality Program {(CNWRWQP) which isa
joinit initiative of the Department of Land and Water
Consgervation, NSW (DLWC) and the water users of the
Macintyre, Gwydir, Namoi and Macquarie valleys of
NSW.

Recently, extensive research has been performed into the
transport pathways of pesticides into the off farm
environment. However, significant gaps still exist in the
understanding of the impact of pesticide contamination
an the biological processes occurring within the surface
water environment.

QOver the last decade there have been many impaortant
developments in the Ausiralian cotton industry including
the geographical expansion of cotion production into
large areas of northern NSW and southern QLD. The
transgenic cotton, Ingard), was introduced as a com-
mercial crop during the 1996/97 growing season. As
[ngard} cotton reguires less sprays for helicthis control, a
reduction in the amount of pesticides reaching off farm
environments, such as waterways, would be reduced
when Ingard is planted in ecologically sensitive areas.
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Perhaps the most significant landmark has been the
introduction of the Australian Cotton Industry’s Best
Management Practices (BMPs), This process has
prompted much discussion on a range of issues related
to cotton farming, the environment and the community.
The implementation of the BMP guidelines over the
next few seasans are expected to reduce the occurrence
of pesiicides in the off-farm environment and anv effect
on local communities.

The National Registration Authority’s (NRA) Review of
Existing Chemicals process may prove to be one of the
most important recent events to affect the industry.
Inter-agency and industny collaboration are required to
meet the monitoring requirements set by the NRA for
the use of endosulfan. '

The large temporal and spatial scale of the surface
water monitoring program gives an indication of the
areas most impacted by chemicals, However, surface
water monitoring does not allow for any conclusions to
be made about environmental damage. An integrated
biclogical monitoring program has also been undertaken
to monitor long term environmental health of these
systems.

Biological river health assessment has taken place in the
form of a macroinvertebrate monitoring program,
integrated with the pesticide monitoring and
supplemented by mesocosm studies. Discussion of these
resulis are presented in another paper presented at this
conference, ‘Biological Monitoring - Central and North
West Regions Water Quality Program” by A. Brooks.

Methods

Pesticide monitoring in surface waters was designed
around the Insect Resistance Management Strategy to
mimic the seasonality of cotton related agrochemicals,
particularly endosulfan. Samples are taken weekly over
the surnmer, monthly over the winter and fortnightly on
the shoulders of the summer season. Sampling was
performed using standard ‘grab sample’ techniques,
supplemented by in situ integrated sarmpling using
continuous sampler bags and riverine sediment analysis.

The spatial scale of this program is large. Twenty-eight
sites across the Macintyre, Gwydir, Namoi and
Macquarie River basins of NSW and the Darling River
at Bourke (Figure 9.1.) are routinely sampled. Within
each basin there are sample sites located upstream of



Figure 8.1,

Water gualliy sampling sites in the central and north-west regions of NSW,
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irrigated agriculture and sites within areas of irmanied
agriculture. This distribution of sites ensures that perfor
mance can be reported on a basin level. Comparisons
between impacted and non impacted sites can also be
macle.

The location of the curvent sampling sites are shown as
solid symbels in Figure 9.1, Thirty agrochemicals and
metabolites are sampled as part of the rouwtine program,
&y well as physical water quality parameters and total
nifrogen and fotal phosphate concentrations.

The malority of sites are bocated at hydrographic gauge
stations for the collection of flow data. Three ncafloms
have been sampled for pesticides in surface waters using
the confinuous sampler bags method -Uarcle Cregk inthe
Ciwyelly basin, Brageen Crossing on the Gaydiy River and
the Namoi Biver af Gunnedah.

Laboratory analysis was performed at the DLW s Water
Ernviranment Laboratory at Arncliffe. Sydney. Forthe
manuzi grab samples, a Bquidifiquid extraction was used
i preconcenirate ine organochiorine. oxgarophosphorus,
pyrethroid insecticides. the tiazings and other
organonirogern herbicides. The method is based on
LISEPA Method 35106, “Separatory Funne LiguidLiguid
Extraction’.

For herbicides such as phenylureas, as well as atrazineg
and its metabalites, a solid phase extraction procedure
was used to pre-concentrale the analytes. Samples with
high suspended solids were clarified by centrifugation or
filvation. An aliquot of the sample was passed through a

pag-treabed U1 cartridoe. Afler aly drving the
carividge, the herbicides were ehtted with 2 small
vesume of methanol or acetoniirile.

Baoth the soluent fram the continuous sampiar hags, and
the manual arab saraples, were analysed by gas
chromatography. Urea herbicides and afrazine
metabolites were determined by high performance liquis
chromatography.

Resuhs and discussion

A wrincipal components analysis was performed on the
1996/97 nesticide data to investigate whether the
ciassification of sites upstream of imgated agriculiure
wore buly renreseniative of reference’ sites. An
crdination of this analusis cdeariy shows the separadion
hetween these upsiream siles and those sifes within
areas of agricuture {Figure 8.2,

Water qualiiy resulls of 1996/97 have shown that the
lower reaches of the Macintyre, Gaydiv and Nams
catchinents are confaminaled by pesticides to s grester
degree than the upper reaches of these calchmenis
{Figure 9.3}, This was demonsirated by pedforming
cluster analysis of all sites within the sampiing program
using data collected during the summer spray season for
endosulfan, atrazine, prometryn, fluometuson, divron
and metolachlar. Sites that were typified by generally
tow pesticide occurrences, most commaondy

atrazine, were in the upper reaches of all catchments
{Cluster 1), Sites typified by medium ranges of
endosulfan and atrazine and low levels of dinron,
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Figure 9.2. Principol components plot of sites upstream
{circles) and within (triongles} areas of irrigated agriculture

using n-season data.
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fluometuron, metolachlor and prometryn were in the
middle reaches of each catchment {Cluster 2).

Irrigated agriculture is common in these areas. Sites

4

that were typified by a high occurrence of pesticides, of

which endosulfan sulfate and endosulfan isomers were
cormmon, as well as by high detections of atrazine,
diuron, fluometuron, metolachlor and prometryn were
found at the bottom of each catchment (Cluster 3).
Two sites had relatively high incidences of endosulfan
sulfate, alpha and beta endosulfan, atrazine,
fluometuron, prometryn and metolachlor (Cluster 4).

Long term trends of water quality data are expressed
simply in graphic form {Figure 9.4.). The centre line in
each box represents the median concentration. The
length of the box represents fifty percent of the results,

Site legend for Figure 9.2,

1,416001: 2, 416002; 3, 416047; 4, 416048;
5, 416052; 6, 418013; 7, 418053; 8, 418054;
9, 418058; 10, 41810101; 11,41810111;
12,419001; 13, 419003; 14, 419021;

15, 419024: 16, 415032; 17, 419061;

18, 419064; 19, 419068; 20, 425003.

In 1991/G2, endosulfan contamination of the riverine
environment was the worst recorded throughout this
monitoring program. Endosulfan concentrations
found in surface waters have since decreased. The
low cotton production year of 1994/95 due to
drought conditions, was reflected by the lowest levels
of endosulfan detected in all rivers,

Since then, the Border Rivers and Darling River at
Bourke have shown a rising trend of endosulfan
contamination, stabilising over the last year, The
Macquarie River catchment has maintained low
levels of contamination throughout the moniteoring
prograum.

Endosulfan contamination in the Gwydir and Namai
River catchments rose to pre-drought levels in 1995/
96, but decreased in the 1996/97 and 1997/98
seasons, despite these seasons being the highest
cotton production years since water guality monitor-
ing commenced.

It is hoped that this reflects the beginning of a
declining trend of endosulfan contamination in these
two catchments brought about by the awareness of
BMPs, including the planting of Ingardy cotton in
sensitive areas. Future monitoring will evaluate
whether this trend will hold as BMPs are further
implemented.

Figure 9.3. Contamination levefs across catchments.
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Endeaulian (parts per hilfion}

Figure 9.4. Graphs of totol endosulfon by river
basin (irrigated cotton area data only)
1991/92 to 1997/98,
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Each box vepresents the middle 50%: of the data collected for
the November to March period allowing a consistent way of
comparing results. The largest and smallest quarters of data
have not been displayed. The thick line represents the median
{or 50th percentile} value which is most useful when assessing
waler quality data. :

However, during the last three seasons, the percentage of
samples which exceed the ANZECC protection of aquatic
ecosysterns guidelines (0.01 ug/L), remains within the
range of sixty five to seventy percent.

This result raises several questions. Can the main body of
samples which fall within the concentration levels of 3.01
to 8.08 ug/L be significantly reduced more than they
already have during good production years? Since the
commencement of the monitoring program, BMPs have
caused a reduction in extremely high contamination levels;
therefore is the majority of riverine contamination of
endosulfan in these catchments due to such processes as
volatilisation which can not, to a large extent, be any
better managed?

Montitoring over the next few seasons will determine
whether the implementation of BMPs will actually have the
effect of reducing the percentage of samples exceeding the
guideline value,

There is a growing concern that the impact of
contaminated river sediments on riverine ecology is not
fully understood. Sediments were collected and analysed
from sites across the central and north west catchments of
NSW during January, February and May of 1998. Of the
15 sites monitored, five sites were contaminated by
endosulfan.

These sites were the Mehi River at Bronte, Thalaba Creek
at Merrywinebone, the Namoi River at Bugilbone, Pian
Creek at Rogsmore and Gunidgera Creek near Warren.
Cox’s Creek at Boggabri recorded sediment contamination
of the herbicide metolachlor.

The Guwydir River at Brageen Crossing was monitored at
requiar intervals over the summer of 1997/98, however no
endosulfan was recorded in the sediment despite
endosulfan being recorded in the surface water.

The carbon content and particulate size of sediment
appears to affect whether endosulfan will be more or less
likely to bind to the sediment, Monitoring of sediments will
continue during 1997/98 to provide further information
regarding the extent and degree of contamination in these
catchments.

Surface water contamination can result from various
instantaneous events which may occur between the dates
set for routine monitoring. A new technique of
continuously sampling surface waters using passive
sampling bags was used to augment standard manual
sampling techniques. These bags are a low density
polvethylene membrane, filled with a solvent which
atfracts and binds pesticides inside the bag. These bags
remain in the water for days or weeks at a time,
continuously accumulating pesticides which pass down the
river. This method of sampling has two major advantages;
firstly they are able to detect contamination events which
may occur outside the routine weekly sampling cccasions,
and secondly they are able to accumulate chronic low
levels of pesticides to concentration levels detectable by
analytical methods, which may otherwise go unrecorded
by the monitoring program.
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The bags have been trialed for 1996/97 and 1997/98.
Carole Creek in the Gwydir catchment was chosen as a
location to investigate whether the bags were able to
distinguish between locations as greater or lesser
contaminated, as well as whether the bags were able fo
detect chemicals which may have been missed through
routine sampling.

One site was chosen upstream of an area of irrigated
agriculture and another site downstream of this area.
Within the bags, amitraz and pendimethalin were detected
only at the downstream site. The bags also detected that
endosulfan, profencfos and propargite levels were
significantly higher at the downstream site. Weekly
routine surface water sampling at these two sites during
the period of this trial oniy detected endosulfan, which
was also at significantly higher levels at the downstream
site.

Whilst this method can not be quantitative because the
importance of such variables as flow, temperature and
surface water concentrations are unknown, we were
confident with using this method to compare two sites
which have undergone the same hydrological fluctuations
and where the bags were deployed for exactly the same
time periods.

During trials of this technigue on the Namot! River at
Gunnedah and the Gwydir River at Brageen Crossing,
the bags detected the agrochemicals amitraz,
chlorpyrifos, profenofos, pendimethalin and propargite
that the routine weekly surface water sampling did not
detect, The continuous passive sampling bag technique
will be incorporated into the future monitoring program
in areas which are environmentally sensitive, and
where access during high rainfall events is not possible.

Rainfall runoff can be a major source of
contamination for agrochemicals reaching receiving
waters. They represent acute phases where the
environment is exposed to high levels of agrochemicals.
Storm patterns depend on catchment characteristics,
the intensity of the storm and the localised nature of
the storm, A storm event on the Gwydir River which
was monitored at Brageen Crossing in February 1997 is
shown in Figure 9.5.

The first half of the hydrograph represents runoff from
localised areas around the sampling site. The larger
peak in the second half of the hydrograph represents
the storm waters coming down from the upper
catchment.

Figure 9.5, Flow and endosulfan dota for storm event.
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The highest concenivations of alpha and beta
erdosuifan and endosulfan sulphate were during the
first smaller flow peak, indicating that the source of
these agrochernicals corme from areas close to the
sampling site, '

ol endosulian levels weached 175 g Asthe
ANZECC guidelive for the grotection of agquatic
ecosystemns is 8.0 po/l this event was a major acule
copdarmination event, The high values of the less
stable parent prosduchs of alpha and beta endosulfan
in the surface waler Indicate that sorayving in
neighbouring areas probably occurred withina week of
this storm,

Four oihier agrochermicals were detected during this
storm event (Figure 9.6.), They were the herbicides
flucmeturon, diuron, atrazine and promebyn. Diuron
and prometryn levels were highest with the fisst water
sample taken, then decreased, showing how important
the initial runoff can be as a source of high
concentration levels.

The similar pattern of these two chemicals infer that
they were most likely from the same source, and
uosaibly a different source to that of endosulfan and
fuometuron, Atrazine levels were low, this was (o be
expecied a5 i i nol used in irrigated agricudture in this

reaion, and was most lkely sourced from other mose
diffuse landuses.

Implications of results, uptake and adoption

Community and industry arg placing an increasing valie
on waler quality information. Commurnity consultation
through the dver managemert committees that are
driven by the Water Reforms provess are consistently
nlacing environmental hezlth values as important
ohdectives for the fulure. The review of endosuifan by the
NRA s placirgy pressuye on the ootton brigation
industries such as cotion, o implement BMPs,

Likewise the vevisw of atearine will require the broadaoe
agrvicatiure indushry to meet environmental quidelines.
These processes will require the community and industy
te: b able 10 amess and seport on the meeting of water
quality objectives, The CNWRWQP is the mejor vehidle
theough which larog ssale water quality and biological
monitaring s performed. 1Eis vital therefore that
entisboration befweaen industry bodies and the LW C be
Gptimised.

Conclusions

The CNWRWQP cantinues to make a substantia) and
significant contribution towards a better understanding

fAep TN RO 14
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of environmental pesticide contamination in the riverine
environment. The program has helped identify locations
where pesticide contaminations of surface waters are
relatively high.

This information has assisted industry groups to develop
Best Management Practices and will provide fusther
assistance by monitoring the outcomes of the
implementation of these practices.

Further development of the risk assessment model will
continue over several years, along with continued
research into the environmental impact of pesticides on
river ecology.
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10. Integrative assessment of endosulfan transport
from farm to river by multiple pathways

M.R. Raupach and PR. Briggs
CSIRO Land and Water

Abstracit

To reduce endosulfan contamination in rivers and
waterways, it is important to know the relative
significances of airborne transport pathways
(including spray drift, vapour transport and dusi
transpori) and waterborne transport pathways
(including overland and stream runoff) . This work
uses an Integrated modelling approoach to assess
the absolute and relative contributions of these
pathways to riverine endosulfan concentrations.
The modelling framework involves two parts: a set
of simple models for each iransport pathway, and
a model for the physical and chemical processes
acting on endosulfan in river water. The results
show that spray drift, vapour transport and runoff
are all significant pathways.

Spray drift and vapour transport both contribute
low-level but nearly continuous inputs to the
riverine endosulfan load during ithe spray season
in a Iorge cotton-growing area, whereas runoff
provides very occasional but higher inputs. These
findings are confirmed with observational
evidence in two ways: first, good general
agreement is found between model predictions
and observed typical riverine endosulfan
concentrations in the Namoi River and Pian
Creek. Second, a new analysis of observed
riverine endosulfan concenirations is used to
distinguish events due to airborne and waterborne
iransport, providing clear evidence that both
airborne and waterborne transport are important.
Management implications are drawn from the
outcomes of the work.

Introduction

This paper provides a summary of a series of model-
based investigations of endesulfan transport from cotton
farms to the riverine environment. Four potential
transport pathways are considered: spray drift, vapour
transport and dust transport {aerial pathways) and
runoff {a waterborme pathway). The overall aims of the
work are (1) to assess the relative importance of each
pathway, using process-based models and data interpre-
tation; and (2) to elucidate management implications
by predicting the responses of endosulfan concentrations
to possible management practices aimed at reducing the
riverine endosulfan load.

The work reported here has taken place in several
stages as part of the Research Program ‘Minimising
the Impact of Pesticides on the Riverine Environment’
jointly funded by the Land and Water Resources
Research and Development Corporation, the Cotton
Research and Development Corporation and the
Murray-Darling Basin Commission. The various stages
of the work are described in detail in four technical
and consultancy reports (Raupach et al. 1996,
Raupach and Briggs 1996, Briggs et al. 1998,
Raupach and Briggs 1998) and the overall resuits are
presented in three journal papers (Raupach and Brigas
19993, 1999b, Briggs et al. 1999). These publications
contain full details of models and data which can oniy
be described indicatively here.

Section 2 of this paper summarises the modelling
framework. Section 3 presents model resulits for Pian
Creek and the Namoi River in the Narrabri region.
Section 4 describes a new analysis of observed riverine
endosulfan concentrations which distinguish events
due to airborne and waterborne transport.
Management implications and conclusions are given
in Section 5.

Overview of modelling framework

To provide an integrated assessment of endosulfan
transport by the spray, vapouy, dust and runoff
pathways, it is necessary to combine two kinds of
model: transport models to describe the spread of
endosulfan from farm to river by each of these
pathways, and a medel of the physical and chemical
processes confributing to the fate of the endosulfan in
the river water. Both kinds of model are crucial, as the
overall endosulfan concentration in a riverine water
column is a result of the balance between input by
transport through the various pathways, and removal
by chemical degradation.

This balance is expressed by the mass conservation
equation for endosulfan, which represents the rate of
change of the endosulfan concentration C(X,t) {ata
downstream location X and time £) as the sum of
terms describing three kinds of process: advection
(inflow of water with a different concentration to that
at X}, fluxes through the boundaries of the water body
arising from the various transport pathways, and
sources or sinks due to chemical and physical
transformations within the water body.
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Advection is computed as the equation is solved, but
the transformation and flux terms must each be
specified separately.

Transformation terms

Terms are determined by the chemical degradation
pathways and exchange processes for endosulfan in the
environment. Endosulfan (C;H,0,CLS) exists as «cand
[ isomers, occurting in the ratio 2:1 in the “technical
endosulfan’ applied to cotton craps in spray form.
Once in the natural environment, endosulfan is subject
to several chemical and physical transformations: first,
both the acand § isomers oxidise to endosulfan
sulphate in the presence of biotic material, over a time
scale which is highly variable but is typically several
days if sufficient biotic material is present.

The o, B and sulphate forms are all of comparable
toxicity. Second, the cand f§ isomers hydrolyse in
water to endosulfan diol, which is much less toxic and
can be regarded as a sink for endosulfan from the
standpoint of toxicity. Third, endosulfan in aqueous
solution is adsorbed onto and desorbed from sediment
particles in a rapid, effectively instantaneous two-way
physical process. Finally, endosulfan in aqueous
solution is exchanged with the atmosphere, in another
two-way physical pracess with a time scale of hours to
days, depending on the water depth.

Flux terms arise from the four transport pathways
under consideration.

1. Spray Drift: During a spraying operation, some
spray drifts off-target and lands on downwind surfaces,
The deposition can be expressed as a ‘drift deposition
fraction' f, , of the intended deposition or dose over the
target area. The fraction f, . depends on the dispersive
droplet motions, and thence on the meteorological
conditions (wind speed and atmospheric stability} and
the geometry of the spray (release height and area
sprayed). It may be found using a model of spray
dispersion and droplet deposition, The model used here
is described fully in Raupach and Briggs (1996,

1999a). Typically, f,, is around 0.03 at a distance of
500 m downwind of the sprayed field. At a typical
spray dose of 0.72 kg-endosulfan ha -, this implies a
total endosulfan deposition into the river from a single
spray drift event of 2,18 x 10 kg m 2.

2. Vapour Transport: Volatilisation of endosulfan
from the crop is a continuous process which eventually
removes up to 70 % of the total endosulfan deposited
during a spray. This vapour is dispersed by wind and
may be deposited on downwind surfaces, including
rivers. The deposition process is driven by the difference
between the concentrations in air and water {weighted
by the water-air partition coefficient A°) and is therefore
a bidirectional process; endosulfan dissolves from air
into water when the air concentration {C ) is high and
revolatilises from water back to air when C_ is low. The
period of downward air-to-water flux typically extends
for a day or two after sprayving.
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We have modelled vapour transport with a physical
model incorporating post-spray volatilisation of
endosulfan from the crop, the dispersion of vapour by
wind and turbulence, and the deposition of vapour to
water surfaces: see Raupach et al, {1996} and Raupach
and Briggs (1999a).

3. Dust Transport: The dust transport pathway
operates by the windblown movement of endosulfan-
bearing dust from a cotton farm into the riverine
environment. Potential mechanisms for on-farm dust
generation include dust uplift during wind erosion
events, uplift by vehicular traffic on unpaved roads, and
uplift by agricuitural operations. The input of
endosulfan to a river (or other downwind surface) from
a single dust transport event is determined by the dust
deposition and the mass fraction of endosulfan on the
dust, Using measuremenits of these quantities by Leys et
al. {1998}, we have shown that dust transport is a
negligible pathway, being two to three orders of
magnitude less important than spray drift or vapour
transport: see Raupach and Briggs (1996, 1999a) for
details.

4. Runoff: The runoff pathway involves transport of
endosulfan in water by overland or stream flow, either in
dissolved or particle-bound forms. The behaviour of the
runoff pathway is controlled by three major faciors:
runoff amount, runoff frequency and the concentrations
of endosulfan in runoff water. The amatint of local
runoff is influenced by on-farm retention of water and
local topography. Retention systems to recycle water
from irrigation and rainfall are used on many NSW
cotton farms. Overflows into local rivers occur only
when runoff exceeds the capacity of on-farm storage.

(' Brien (1996) estimated that 31 % of Upper Namoi
growers and 3 % of Lower Namoi growers cannot
contain 25 mm of rain on-farm. Local topography also
causes a substantial fraction of runoff to flow away
frorn the river on the Lower Namoi floodplain and
similar systerns, because of silt accumulation on
floodplains over geological time periods.

To examine the frequency {as well as the amount} of
runoff, a simple soil water balance madel for a cotton
field has been constructed using available daily rainfall
and pan evaporation data. This shows that mean
annual runoff is around 100 mm/fyr in the lower Namei
Valley, occurring in only a few events per year (3 to 10
events, depending on the amount of on-farm water
storage). Endosulfan concentrations can be as high
as 50 mg L in tailwater dams (M. Silburn and R.
Connelly, personal communication), but values around
2to 10 mg L ! are more typical of concenirations
measured during flood events in off-farm waterways and
small creeks {Cooper 1996, Muschal and Cooper 1998).

The difference between these figures implies an attrition
of endosulfan in overland flow, caused both by the
affinity of dissolved endosulfan for soil particles as
contaminated water flows over uncontaminated soil,
and also by sedimentation of particulate loads lifted
from cotton fields by water erosion.



A simple model for the runcff pathway can be developed
from mass balanog considerations, the parameters being

the runci dilution factor and the concenivation in the ow
enleritg the rver (Raupach and Briggs 1998, 1995, b,

Becaisse of the infrequency of runoff, # is necessary 1o
consider diserete runaff events, bul undorninately, itis not
passible fo determing the diluiion facior and runoff
zoncenirations predictively for indadual events ecause of
the diversity of lows in different events and the variable
affvition of endosulfan concentrations in ovedand flows,

insiead, we choose Huslyative parameter values for ypical
evertds which are compalible with available evidence. This
is ot & malor probiem because the main model oulcomes
for the runoff pathiway concern the event fiming. These
wriicomes are independent of the abave parameters,
which affect only the predicied event magnitude,

Model vesulis

The adelling frarmework has been used o simulate the
spatial and temporal behaviour of riverine endosuifan
concentrations i fwo actual dvering envivonments where
irigated cofan & a major land use: Plan Creek and the
Narmof Biver in the Lower Namol Valley near Narrabr,
WNSW. The simulfations are based on the following realistic
{though somewhat simplified] representations of the
snvironments and e Fansport pathways:

1. The mode! was set up to sivadate a stretch of each
viver up to 100 km in lenglh, over a neriod of 40 des
in the spravivg season (INovember fo Janans!,

2. ©nthe basis of survey data from Peasley {1996} itis
assumed that cotten s grown on 50 G ofland in a
strip extending 5 km on either side of each river, except
i & hulfer stvip of width 500 m on gither side of the
tiver.

Figure 0.1

3. The aithorne fluxes inde the duer from the spray,
vapour and dust pathways are assumed o be a
‘sieady drizzle” which is condinuous hoth in time and
with distance X along the river. This assumnption is
based on the fact that aithorne fuxes arise from
numerous, frequent individeal sources on either side
of the river,

4. Fluxes for the spray, vapour, dust and runoff
edhways are determined with the modeks sutlined
abwig,

5. The river is asstened 1o be clean gt the start of the
simulation, and to be clean upstream, Full detaids of
the msdel and the pavarmeter choices are given in
Rauipach and Brigas {1995, 1999a, b).

Figures 1.1, and 10.2. show (or the MNamoi Biver and
Pian Creek respeciively] the variation of endosulfan
concentration € with tirme 1, at three downsiream
Hstances X {measuredt from the upsivean; end of the
simulated segiony X = 10 kin, 48 kov and 100 ken,

The large, sharp peak in C irkduced by the runal svent is
evident at bott X = 40 km Pust downstream of the
runci entry point) and at X = 100 km.

The thre delay Detwesn the two peaks i the time
nweded for the siug of contaminated water mjected by
the runoff event io fraval the B3 km between the bvn
points. The nesk concenlration i reduced during this
journesy by vodatitisation ang chernical sinks {mainly
hudrolysish. The flow speed of the viver is such that the
sotdaminated water introduced by nonoff fows ot of
he regdon within a sherttime, even for the slow-flowing
Pian Creek,

Tra steady b&c%;g;round concentrations m Figures 10.1.
and 10.2. are the result of aithome transpor! pathways,
which cause o tise within a few days to an

Nanii Hiver, Modelfed variation peer Hme of total sesrine endosulfon concentration {sofld} and o + §

% u froction of the totsl {dashed), integreting ot tromepore pathways (sproy + vopour + dust + runctf. Time fraces are
given for X = 18, 48, ond 00 ko dowastream A major ranoff input oveure o dops 8 and 9 e X = F5km.

Cs it rrmTrrrTEINEARIISITSILL TITTITIIIRTARARE K e Ly [
+ 08
0.4 : 08
- -
'g 3 o
g 0.3 g w——10kM | CE g
E 05 o
-E e ‘:w km -]
g 02 - 04 f
3 0z *
e wr
&
2 0. L 02
LI AT et s PN vl R A R Ayt e sy {3?

L oo

Festicides Snmferance 53



Frgure 10.2.  Plon Creck. Modellod soriation over #me of total rhverine endosulfan covcentrotion {solid) and o + fl as a
Jeaotion of the total (dashed), integroting off transport patheeoys (sproy + papour + dust + eunofl). Thme teaces ave gieen for

X = X0, 40, and 100 km downstream. A mojor runoff input ocours on doys 8 ond 9ot X = 385 km.
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equilibrium level at which the inputs from airboms
transport pathways are balanced by losses, mainly from
volatilisation, hydrolysis and advection {dowrstream
transport in the river),

The roles of different transport pathways are shown in
Figures 10.3. and 10.4., respectively for the Namoi River
and Pian Creek. These fiqures braak ihe woial
concentration C {at X = 53 kmi into confributions

from spray drift, vapour transpad, dust tearsport and
rungff,

Figures 10.3.a (Namoi Biver! and 1045 [Plan Creglsd
showthe bregkdown at = 10 days just after e

end of the runaff event;, Figures 103 band 104 bshow
the corresponding breakdown at £ = 40 days, when

the runoll event has long been fhushed out of fhw
domain and the only confributions to C are those fram
atborne transport routes.

it s evident that tunoff is the dominant fransnort
pathway on those infrequent oocagions when a
significant runoff event ocours. MHowever, most of the
#me the situagion is more like Figures 10.3.b and
13.4.b, where the entire riverine concentration is due to
airborne fransport, Of the three airborne pathways, dust
transport is entirely negligible: its contribution is about
ihree orders of magnitude smatler than the other
pathways {as foreshadowed in the previcus section).
Mowever, vapour transport and spray deift am of the
same order of magnitude. The fact that spray drift s
sornewhat higher than vapouwr ransport in fiese
simudations is an accidental conseguence of the
paricuiar porameters chosen for each pathway,

The eportant conclusion is that each s a significant
songributor io riverine concentralions. Riverine
arzlosulfan concenivation data have been recordad by
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the NSW Department of Land and Water Conservation
(NSW-DLWC) under its Central and Nortr West Regions
Watar Quality Program [{CNWRWQPI; see Cooper [19%0)
and Muschal and Cooper {1598]. The data for the Namal
River at Bugibone and Pian Creek &l Rossrnore (stations
represeniative of the conditions for presend simulations! are
eomnsistent with the mode! predictions in two nportant
resnecis,

First the ouarall levels during the spraving season ore
oheerverd tobe abowt .05 pg L (Nemoitand 8.1 pug L7
{(Fian Creek), values similar 1o the concenbrations pradicted
inFigures 10.3 and 104 1o arise from airborne fluxes,

Secord, the obheerverd concentrations have a reguiar,
stendy chavacher throueh the spraying season (with some
variahilily! rather thar a spiky, Infermitient character,
consistent with airborng rather than waterboms transport
heing the major confributor to riverineg endosulfan levids
axcept when infrequent munoff events ocour, When such
avents do aceur, they are flushed from the local region
within a few davs,

Distinguishing airbiorne and waterborug transport
events in data

Tor sgek additional evidence concerning the relative
vontributions of airhorne and waterborme ransport io
observed siverine endosulian concentratiots, we have
undertaken g statistical analysis of the abservations which
18 irelependent of the above modelling investigations. This
aralysts, reporied in detall in Briggs et al. {1998, 1999,
had oo stages,

I the firsh, we identified concentration ‘signahures’, or
fupical patterns of concentration change following a
fransport suers, for the various airborme and walerborme
fransport pathways,



Figure 10.3. For the Namoi River, modelled coniributions to the toital riverine endosulfan concentration at X = 50 km by each
coniributing transport pathway at {a) t = 10 days and (b} ¥ = 40 days. Note that the contribution of dust transport is negligible.
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Figure 10.4. For Pian Creek, modelled contributions to the total riverine endosulfon concentration at X = 50 km by each
contributing transport pathway at {a) t = 10 dovs and (b) t = 40 days. Notie thal the coniribuiion of dust iransport is negligible,
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Properties of the concentration signatures were
determined through physical reasoning, modelling and
appeal to measurement. The most important of these
properties are:

2. The fraction of endosulfan o and B in each paak
concentration was identified.

3. For each peak, we determined the local antecedent
rainfall in the pericd between the peak and the prior
concentration measurement {usualk; one or two

weeks), using Bureau of Metecrology rainfall
records.

1. species mix [airborne pathways carry endosulfan o
and p exclusively whereas waterborne pathways carry
mainly, though not only, endosulfan sulphate}; and

2. timing {waterborne transport can only occur after 4. Using these properties, each peak was plotted on a

antecedent rainfall).
The second stage of the analysis was to devise and
apply a method for associating observed riverine
concentrations with transport pathways.

This was done by the following procedure:

1. Concentration peaks were identified in the
CNWRWOQP data for seven stations in the Namaoi

plane in which the vertical axis is the fraction of
endosulfan o and f§ in the peak concentration, and
the horizontal axis is a measure of antecedent
rainfall {either the mean or the maximum daily
rainfall in the prior one to two weeks, depending on
the concentration sampling interval). Fiqure 10.5.
shows the resulting plot for the Namoi River at
Bugilbone and Pian Creek at Rossmore.

The position of a point {corresponding to an observed
concentration peak} on this plot provides two
independent tests of its origin as an airborne or

Valley, including Namei River at Bugilbone and Pian
Creek at Rossmore.
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Figure 10.&. For peuk hrseason endosulfon met

ts, the fraction of o + b in the totof riverine endosulfan

plotied agrinst the average aniecedent rainfall aver the interval {ypically 7 or 14 duys) prior to the peak. Regions
stesting probobde transport mechenisms are shown in grey: (o} likely agirborme tronsport; (b} {kely woierborne
trassport; {0} indeterminate; {d} rare due (o dominance of sulphnate {n waterhome tronsport.

104

80 |

«+3 a8 % of Total Endosulfan

*  Namoi River at Bugilbone
o Pian Gresk al Rossmare

Average Local Bally Rainfall
Prior o Endosulfan Peak {mm}

waterbarne Tramsporl event: the haction of endosulfan
aavdd § 4a sigrificant fraction iz likely to be associated
with a sigmificant level of sbborne transport) and
amount of antecedent rainfall {a significant amount
providas necessary sonditions for walgrborne transport).

1t is observed in Figure 10.5. that points fall into two
distinct regions: (a) events with high fractions of
endosulfan ¢ and § and littte antecedent yainfall, and
{h) events with low o and B fractions and high
antecedent raindall, Eventsin region {a) canbe
attributed primarily to gitbore transport, andthose in
region {b primariiy to waterbore ransport,

Some events ceeuy in & thivgd veglon o} with low ¢ and
b fractions and low antacedent rainfall, avising fom the
continued presenee of endosulfan suiphate with along
viverine residence Eme (such relention may be the resull
of entranment in sedimenis or other dowmoving
reservoirs, a feature not included in the model dae-
scribed abovel.

No events ave ohaerved in the fourth veglon thigh cand
§ fractions and high antecedent rainfalll. Studies of
the mangnitudes of the svents in Fiaure 10,5 show that
events in region (&} tend 10 be in the range 0.05 {0

0.1 ug L -, which the model prediats to be typical for
airbome fransport.

Fvenis in regions {b) and (¢} tend to be sraller except

for a few large peaks in region (b), a pattern consistent
with the above findings for waterbome transport.

Conclusions and management implications
This work lzads 1o four major conclusions about the
relative roles of aivborne pathways [spray, vepour and

dust] and waterbome pathaways fruncl] n rersporting
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endosulfan from cotton farms 1o the dverine
eniranmernt

1. Runaff-pathway everts are large and infrequent.

2. Airborne-pathway events arg smadler in roagnitude
than runoff events but aot quasi-continuoushy,
resembling & ‘stzady deizzle’,

3. Ol the aitbome pathways, spray drift and vapowr
fravsport are of émiky magnituge, but dust
transport is negliathle,

4. Most of the observed viverine endosulfanis
transported by airhorae routes, as the lare b
infrequent munoif-pathway gvenis are Hushed away

rapidiy.

These findings have significant implications for efforts
¢y lirnit the fransport of endosulfan into the riverine
environment. First, and not surprisingly. they provide
suppost for efforts fo reduce spray drift and rain-
nduced runoff as laid down In current quidelines for
Best Management Practice.

Secondly, and more controversially, they suggest that
there is an irreducible minimum level of rivering
contamination assoctated with vapour transport, of
order 0.02 to §.04 mg v ¥ {depending an the size of
the river and its proximity to sourcest, This cannot be
siantficantly reduced with buffer strips or other
practices used to reduce sprav arift,

The only means of sanificantly raduding the
compongnt of endosulian which reaches the river by
vapour rarsport is 1o reduce the source, by reducing
the use of sprays through techniques such ag
batenrated pest management and the selective use of



gengticelly madified cotton weistant o nseet attack.
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11. Soil factors in the transport of pesticides from

cotton farms: overview paper

L.A.G. Aylmore

Depattrent of Soll Seience and Plant Mutrition,
The University of Western Australia

Intreduction

Basir undersianding of the processes inuolved is
the key to the decelopment of sound monagement
practices for controlling the various mechanisms by
which pesticides used in cotton production may be
transpurted off-site from cotton farms ond thus pose
o hazard io the health of the surrounding
ecosygiem.

While off-farm movement of pesticides such as endosulfan
theomgh spray drift duving apphcation {(Woods, 1998) and
subsecuent volafliization from plant leaves, water
reserveirs ete is generally amenable to dooras control
and aitention o conditions af the me of appiication
{Feine, T99R), the pesticide residuas which find thelrway
info e soll profile are subledt o 5 witde range of varving
physical, chenical and biclngica! processes which can
significantiy cormplicate the management procedures
DECESSATY,

By sorption onto soil components, principally clay
minerals and organic matier, and in some cases the
nradhsciion of oxic daughter compounds (e, endosulfan
sulphatel, the persistence (half-livas) of the pedticides can
e grently enhanced ard incveass the potential for off-site
mevement.

Such movernent can include wind evosion in the form of
chust o ruteofll, eifher in solution gr through water erosion
of mobile sediments. Marg strongiy adsorbsed pesticides
such as endosulfan and tiflugaiin generally pose litie
hazard in terms of thetr potential ko leaching to
groutidwater but the mobility in the soil profile of the
numerous other herbicides used in cotton production
should not be overlocked. Because of the different
whysical and chemical mroverties of sach pesticide and
variable soll properties, the dominant mechanism for off-
site transport can be expecied 1o vary significantiv.

Dust evosion appears to be a mitor concern, largsly
lirited to that from unsealed roads and should be
relafively easity courtered { Edge, 1998; Leys, 19581
However it is clear from other presentations af this
conference {Silburn et al.. 1998; Simpson et al.. 1998 and
Kennedy et al., 1998) that run-off and consequent soil loss
can be substantal and will require careful ongeing
research and remedin afertion o reduce this source of
oif-farm contaminalion. Two critical factors in controlling
watker run-off and the extent of associated sedimend
transpor, are the Inflivation capacily of the soi profile
redative to precipiation or rigation rates, and the inhererd
eradibilifu of the soil sudace.
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Infiltration

Run-off will gooar when the ability of the soil profile to
abssorb incident water! ie. the soil water storage capacity),
is exceedad and iz can scour under conditions desaribad
by hydrologists &5 either

1. Infilirgtion excess - the rate of inbiation generally
asuimptotes to the saturated hydraudic conductiviiy of
the soil with time due largely {0 the decressing matric
waler potertial gradient betwesn the surface and the
wetting front maving downwards. If the surface
hoyizon has the lowest hydraulic conductivity, this will
determine the maximum infiliration rate and when
run-off oocirs,

2. Baturgtion excess - i the sub-surlace soil has a lowe
hydraulic vonductivity the maximum infilration will
be determined by the storage capagity of the sudace
hortzon,

Infiltration rate 8 not an Inkinsic property for any given
soil and can change significantly depending on surtace
coneition (roughriess, sealing ete ), plant coverage and
scil management practices, It is subtject to considerable
spatial and temporal vartiabiliby end seasonal conditions,
Understanding the site specific hydrological chamcteristics
of the whole sofl profile is thus an essential prevequisie to
the planning of rigation sirategies and successiulwater
tnanagemar on the flarm,

Exodibility

Erodibility has been defined in teyms of what is known as
the Uniuversal Soit Loss Equation (Wischmeier and Smith,
1978} written in the form:

A=REKISPC

where B is a Roinfall Dresion Index related 1o the intengify
and length of precipifation events: Kis the Soif Erodibifiiy
Farior depending primarily on the texbure, organic matfer
content, sirucharal siebility and hudraulie conductivity o
the soil; L and S are respecively the Slope Length and
Gradient Faciors : C is the Crop Managemeni Foctor
identifiing the effects of spacific cropping practices on the
susceptibility of the soil to erode and P the Erosion
Canirod Practice Factor, indicates the fractional amoynt
of evosion that cocurs with special conservation practices
{eq. contour fillage) as compared 1o what twould be
without them {ie. worst casel. See abe the Revised
Unndversal Sofl Loss Enuntion (RUSLE! (Renard et gl
15831 mcormporating recent improvements.



Seil losses reported for some farms are clearly
substantial and unacceptable (Silburn et al., 1998)
leading to unwanted consequences such as pesticide
export and the need for frequent de-silting of drains.
Addressing the above variables can substantially
reduce the susceptibility of the surface soil to removal
by the action of wind and water. For exampie,
reducing the slope of inigation furrows from 1.2 % to
0.8 % was aobserved to reduce the export of the
pesticides triflurin by up to 9¢ % (Simpson et al.,
1998} and soil protection under cover of plant residues
and improved soil structural stabitity under minimum
tillage or by artificial means, could be expected to
significantly reduce sediment loads {Silburn et al.,
19598),

Soil structure

Of fundamental impartance to both infiltration and
erodibility are the structural status and stability of the
surface soil. This in turn will be determined by a range
of factors including its compasition and management
history. Good soil structure is most generally provided
by soils containing appreciable amounts of fine
particles (ie. high surface area clays) combined into
small crumbs or aggregates which are stable to wetting
and drying processes, Stability is usually derived from
a combination of favourable surface properties
{exchangeable cations} and binding by organic matter
or cementing materials such as iron and aluminium
oxides. Soil degradation and susceptibility to erosion
occurs as a result of mechanical trauma (tillage and
traffic} and the disruptive forces associated with
wetting. Structural breakdown almost inevitably leads
to problems of paor permeability and hard-setting
behaviour.

The disruption of structure which occurs on wetting
arises from two mechanisms: (1} dispersion - caused
by double layer swelling forces {Quirk, 1994} and
characterized by the detachment of ¢clay-sized
particles; and {2) slaking or non-dispersive failure
where larger compound particles are braken down by
rapid wetting but clay dispersion does not necessarily
occur (Cochrane and Aylmore, 1991).

Numerous methods have been proposed for assessing
the dispersive and slaking behaviour of soils. The most
widely adopted quantitative tests measure clay
dispersion in soilwater suspension and water-stable
aggregation by wet sieving with many variants being
suggested for each method (Williams et al., 1966;
Rengasamy et al., 1984}, Where such behaviour is
evident remedial practices aimed at modifying the
surface physicochemical characteristics of the soil clay
particles are required.

Non-dispersive failure on the other hand results from a
combination of differential swelling forces and
explosive compression of entrapped air {surface
tension forces} associated with rapid wetting. Since
this can occur in the absence of dispersion alternative

methods are required for quantitative assessment of its
significance and control particularly in hard-setting and
apedal soils (Aylmore and Sills, 1982; Cochrane and
Aylmore, 1991}. The relative roles played by these
mechanisms influence the choice of management strategy
best suited to reducing soil structural instability.

The susceptibility of the soil to the previous forces can vary
dramatically between different soil types depending on the
surface physicochermical characteristics of the soil
components and their interdependence. Consequently
managerment practices need to be tailored to the particular
structure forming characteristics of individual soils. It is
equally important to recognise the contribution of the
structural properties of the total soil profile since these can
greatly influence soil water infiltration, redistribution and
storage,

Mineralogy

Identification of the mineralogical composition of the soil
provides an immediate clue to its likely physical behaviour.
The presence of smectite, a high specific surface area,
finely divided laver-lattice aluminosilicate clay mineral
common to Vertisol soils, may indicate a potentially high
swelling soil particularly prone to dispersion under specific
conditions. Depending on the prevailing surface
physicochemical characteristics such clays can exhibit
either desirable attributes such as self-mulching or
undesirable features such as poor permeability.

Red brown earths on the other hand, dominated by illitic
and kaolinitic clay minerals are less strongly hydrated and
generally more stable than the grey and black cracking
clays common on many cotton farms. All clay soils are
however potentially dispersive under favourable conditions
associated with their surface physico-chemical
characteristics (evidenced by hard-setting of some red-
brown soils) and it is important for farmers to recognize the
specific features of their soil.

Exchangeable cations and total dissolved salts

Basic determinants of the physicochemical behaviour of a
soil are the magnitude of the cation exchange capacity
balacing the negative charge on the crystalline clay
minerals (derived from isomorphous substitution of ions
within the clay lattice), the nature of the exchangeable
cations themselves (whether monovalent or polyvalent)

and the electrolyte (solute) concentration in the soil
solution, If the exchange complex contains a significant
proportion of monevalent cations such as sodium and the
soil solution is relatively dilute (ie. high quality water with
low total dissolved salts) strong osmotic imbibition of water
can occur leading to swelling, the disruption of any
agaregate structure and ultimately dispersion. Sodic soils
are variously defined as soils with exchangeable sodium
percentage (ESP} greater than 15 (USA; Richards, 1954) or
6 {Australia; Northeote and Skene, 1972) depending largely
on the quality of the irrigation water. Susceptibility to
structural failure on wetting can occur even at lower ESPs
and may require ameliorative procedures.
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While the use of artificial soil stabilizers such as
pelyacrylamide (PAM) or PVA can effectively prevent
these consequences, application ¢an be expensive and
these chemicals may themselves pose health hazards.
The traditional agricultural use of gypsum {hydrated
calcium sulphate} added to the soil or irrigation water
{(Davidson and Quirk, 1961} to improve the physical
structure and hence productivity, warrants attention in
relation to potential sediment and associated pesticide
transport even on non-sodic sails. Gypsum is only
sparingly soluble { <2 g/L} but the electrolyte effect is
sufficient to compress the ionic distribution associated
with the clay surfaces {diffuse double layer) thus
reducing swelling and dispersion. The long-term
stabilisation of the surface soil is best achieved by
combining gypsum treatment with management
practices designed to enhance the soit organic matter
content (ie. reduced or zero tillage).

Crop residues

The susceptibility of farm seils to soil loss is
demonstrably greatest early in the season with bare soils
exposed o erosive forces. The benefits of stubble
retention to protect the soil surface from wind erosion,
raindrop impact and water erosion are self evident. One
or two tonnes per hectare of crop residue can usually
reduce the erosion of even highly erosive soils to a
negligible or at least acceptable factor,

While cotton cropping generally results in insufficient
residue to provide adequate cover for erosion control
{Simpson et al., 1998) rotation with wheat crops
appears a profitable and effective approach. To be
most effective plant residue cover should remain
anchored to the soil since root systems can both help to
bind the soil and to enhance infiltration.

Leaching to groundwater

The pesticide of major interest in the recent program
has been the insecticide endosulfan which because of
its strong retention by the soil can generally be
considered essentially immobile in the soil profile,
However the possibility, in vulnerable circumstances, of
leaching to groundwater of other potentially more
mobile pesticides used such as the herbicides
fluometuron, diuron, prometryn and trifluralin should
not be overlooked. Whether a pesticide persists for a
long time or is rapidly degraded or transformed in soil is
a major determinant of the extent to which it can pase
a pollution hazard.

Organic matter provides not only a major substrate for
pesticide retention but determines the degree of
microbial activity and hence the degradation rate.
Literature values for the sorption coefficients (k_) and
half-lives (t, ) for most pesticides commonly vary
substantially between various authors indicating that
not only the content but also the nature of the organic
matter present is important {Singh et al., 1989). In
addition other factors such as the presence of
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competition tor sorption sites by other chemicals
present, preferred flow paths derived from plant root
channels, clay cracking or soil water repellency, and
passenger transport of pesticides on soluble organic and
other colloidal materials may require evaluation in
terms of their influence on mobility.

Modelling

The literature contains a multiplicity of predictive models
tor chemical and particulate transport varying greatly in
terms of their complexity and claimed applicability. Such
models are best used in combination with experimental
data to identify the relative contributians of the different
pathways for off-farm transport (eg. Raupach, 1998},
However the complexity attendant on the multiplicity of
factors operating in the field is likely to make the more
comprehensive mechanistic models somewhat
cumbersome and restrictive in user-friendly terms.

As such their use is principally of value to researchers in
providing insights into the relative effectiveness of
individual management procedures eq. GLEAMS
{Connolly, 1998}. Farmers themselves are likely to be
more comfortable with, and in daily practice, make use
of simpler assessment models such as PIRI (Kookana,
1998 or scaling models directed to individual aspects of
the potential transport processes and requiring only
limited data input eg. PESTCSRN (Aylmore and Di,
1998}

There is a need to define the degree of complexity with
which fundamental processes need to be treated in such
models and the extent of characterization of the range of
physical, chemical and biclogical mechanisms required
to avoid problems of site specificity and to provide a
satisfactory data base for predictive modelling.

Conclusions

The outcomes from the present extensive program of
pelicy and research, presented at this meeting, has
provided a sound basis for defining Best Management
Practice for cotton farming. However ongoing research is
necessary for continued development and refinement of
the template provided.

The basic principles of successful seil and water
conservation are now very well defined (see for example
the recent Soil Guide - A handbook for understanding
and managing agricultural soils Ed. Geoff Moore,
Agriculture Western Australia) but evaluation of site
specific parameters remains an essential prerequisite to
their successful implementation,

Caontinued collaboration between scientists, policy
makers, regulators, extension workers and individual
farmers, as demonstrated at this workshop, in the
evaluation of soil characteristics and their management
requiremenits, will help to ensure the continued
sustainability of the cotton industry and community
confidence in its environmental safety.
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12. Laboratory ecotoxicology studies and
implications for key pesticides

J. Chapman
Environment Protection Authority of NSW

Abstract

Laboratory toxicity data are presented on the
pesticides endosulfan and profenofos and
discussed, in the light of current field dota, to give
a clearer picture of the potential impact of these
chemicals on the riverine environment. Laboratory
studies indicate that turbid waters do not
significantly ameliorate the toxicity of endosulfan.
High temperatures may increase the short-term
acute toxicity of endosulfan to fish by around
twafold. Toxicity of endosulfan (24 h) to silver
perch Bidyanus bidyanus caged in ponds spraved
with endosulfan was similar to that found in the
laboratory. Plant material and, to a lesser extent,
higher pH, increased the degradation rate of
endosulfan.

Levels of profenofos in some lagoons and creeks
in the cotton growing areas around Wee Waa
during the spraying season were sufficient to
inhibit acetylcholinesterase (AChE) enzyme
activity in fish and may be toxic to invertebrates,
Recovery of AChE is slow and reduced AChE
levels over prolonged periods may inhibit long-
term survival of some populations. This may
become more significant if use of :
organophosphorus pesticides increases. More
data are required on profenofos to derive woater
quality guidelines.

Introduction

Laboratory ecotoxicology data, despite their limitations,
form an important basis for determining the poteniial
effects of chemicals on the envirenment. Some of the
values of laboratory testing include: deriving and
assessing water quality criteria; screening and ranking of
the toxicity of chemicals; predicting hazard or risk of
chemicals to the envircnment; establishing overall
biological response to complex mixiures; determining
cause - effect relationships; and establishing and
‘calibrating’ field bioindicators {(Chapman 1995).

The IWRRDC/CRDC/MDBC program focussed on three
pesticides, endosulfan, pyrethroids and profenofos,
representing the major groups of chemicals in the pest
managetnent strategy. This paper will focus on
endosulfan and profencfos. The program included
laboratory studies to support concurrent field studies and
provide & clearer picture of the potential impact of these
chemicals on the rivetine environment,
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Methods

Most of the data reported in this paper have been, or
are being, published elsewhere. Fish toxicity data were
derived according to Sunderam et al. (1992) and
cladoceran tigures, according to Sunderam et al.
{1994). Data on effects of temperature on toxicity were
derived according to Patra et al. {1995a-c; 1996).
Profenofos data were derived according to Abdullah et
al. {1994} and Kumar (1995).

Results and discussion
Labaratory taxicity of endosulfan

Toxicity of endosulfan to Australian native fish was
within the high toxicity range reported for overseas
species {Sunderam et al. 1992). The most sensitive
native species was bony bream Nematolosa erebi (96h
LC50 of 0.2 ug/l) and these data contributed to the
previous ANZECC {1992) guideline figures for
endosulfan. Patra et al, {1996) repeated previous
nominal tests on the Australian cladoceran
Ceriodaphnia dubia at 20°C and found that the
nominal 48-h LC50 figure (254 pg/L) significantly
underesiimated the measured toxicity {44 ng/L).

Similarly, the measured No-observed effect
concentration (NOEC,; 3.3 pg/L} and Lowest-observed
effect concentration (LOEC; 15.9 ng/L) figures for
chranic reproductive impairment of C, dubia over seven
to ten days were two to three times lower than nominal
at 20°C, However, measured acute-to-chronic ratios
were lower (3-11) than the ratio (50) derived by
Sunderarn et al. {1994} from nominal figures.

Few fish chronic data on endosulfan are reported in the
literature, preventing calculation of water quality
guidelines using chronic data. Sub-lethal tests on early
lite-stages of Australian gudgeons Mogurmda adspersa
and rainbowfish Melanoiaenia duboulayi are currently
being standardised using reference toxicants.
Preliminary tests had indicated effects on survival,
growth and spinal deformities in the ng/L range (Kumar
& Chapman 1997a).

However, repeated tests produced values much closer to
the toxicity levels obtained with juveniles. The 72-h
LC50 values for two and four-week-old rainbowfish
were between 0.1 and 1 pg/L, while the NOEC figure
for one-week-old gudgeons was 5 ug/L. (Hyne, pers.
commy},



Laboratory toxicity of the organophosphorus
pesticide, profenofos

At the start of this project there were no Australian
data on profenofes; 96-h LC50 values to three
overseas fish varied from 80 to 30 ug/L. (Tomlin
1994). Organophosphorus (OP}) pesticides inhibit the
activity of the acetylcholinesterase {AChE) enzyme,
which may eventually result in death. Measurement
of AChE inhibition compared tc controls is used as a
biochemical indicator of exposure to OPs.

The rainbowdish M. duboulayi was an order of
magnitude less sensitive to profenofos than crucian
carp Carassius carassius. Exposure to 0.9 mg/L for
96-h {around the LC50) corresponded with an 83 %
reduction in AChE activity in strvivors.

Rainbowfish exposed to acutely toxic concentrations
of profencfos showed higher lethal body burdens, but
lesser AChE inhibition, than those immobilised by
longer, normally sublethal, exposures. This is
cansistent with profenofos being slowly biotransformed
to a more toxic metabolite. Profenofos rapidly
accurnulated in rainbowfish exposed to 50 ngrL,
reaching 9.6 mg'kg after 96 hours, correspanding with
56 % AChE inhibition.

Residues in fish reduced rapidly {half-life of 70-h) after
fish were transferred to clean water. However, the
AChHE activity recovered only slowly and sporadically,
and was still inhibited by 39 % after seven days.
Sublethal exposure to profenclos caused similar AChE
inhibition and a similar pattern of AChE recovery in
carp Cuprinus carpio (Kumar 1995) and freshwater
shrimp Paratya gustraliensis (Abdullah et al. 1694),
although shrimp were much more sensitive. [n
general, the recavery of all species from profencfos
exposure was dependent on the duration of exposure,
residues in fish tissues, amount of AChE depression
and frequency of repeat pulses.

The question remains, what is the biclogical
significance of these reduced AChE levels?
Rainbowfish exposed to 10 mg/L for ten days
accumulated profenofos residues of 5.3 matkg,
associated with a 70 % reduction in AChE activity.
Food intake, food conversion efficiency and growth
significantly decreased at 10 d, and fish had lost
weight at 21 d. These effects were associated with
markedly increased swimming activity and response to
light. A clear relationship was demonstrated between
the depression of AChE activity and these behavicural

responses observed in fish (Kumar & Chapman 1998).

Similarly, a 75 % reduction in feeding rate of carp
resulted from 28 d exposure to 5 ug/lL, associated with
AChE inhibition by up to 71 % and 3.2 ma/kg residues
in liver. Recovery for 7 d allowed rapid elimination of
profenofos from residues but, again, AChE activity
{53 % inhibition) and feeding rate remained low
{(Kumar 1995}, AChE inhibition of only 28 % in

Paratya corresponded with a significant inhibition of
chemoreceptor behaviour, an indicator of ability to
capture prey, after only 24-h exposure to 50 pg/L
{Kumar & Chapman 1997b).

Exposing carp to three successive pulses (24-h duration)
of profencios (50 ng/L) at 7-d intervals simulated
potential worst-case field conditions. The effect was
partly cumulative with increased AChE depression, by
37 %. 51 % and 71 %, after each suceessive pulse,
and only partial recovery in between. AChE activity
was still inhibited by 30 % after 21-d recovery (Kumar
1995), The concentrations that caused similar effects in
Paratya were much lower.

When Paratya were exposed to three pulses (24-h
duration) of 0.1 pg/LL at 7-d and 0.5 pg/L at 4-d
intervals, the pattern of inhibition and recovery was
very similar {Abdullah et al. 1994}, Some shrimp died
by the third pulse at the higher exposure. Frequent OP
expasure affects the ability of organisms to recover their
AChE activity due to incomplete elimination of residues
from their bodies. The fish exposure levels would nat
normally be encountered in the field but concentrations
similar to those affecting shrimp have been measured
{see below).

Derivation of Australian water quality guidelines for
profenofos requires a minimum data set, preferably
chronic data with at least five species from different
taxonomic groups (Warne 1997}, These data are being
gathered for profenofos but are currently incomplete.
Profenofos was only moderately toxic to the alga
Selenastrum capricornutum with a 72-h EC50 for
arowth of 2.9 mg/L (Stauber et al, 1996). Initial fish
ELS tests {(Kumar and Chapman 1997b) showed
growth and survival effects in the low pg/L range.
However, repeated tests under standardised conditions,
produced a 14-d LC50 value of approximately 200 mg/
L for gudgeons Mogurnda adspersa (Patra, pers.
commy). Fish are less sensitive to protenofos than
invertebrates and more invertebrate data are needed to
derive guidelines.

Effects of water quality paramaters on toxicity

Arguably, two of the most significant water quality
parameters that could affect pesticide toxicity are
temperature and suspended solids. Water temperatures
in some parts of the north west region can reach 35°C
while turbidity in the inland rivers is usuaily high.
Laboratory studies under controlled conditions enable
the effects of these parameters on chemical toxicity to
be evaluated. It is not always possible, even under
controlled conditions, to clearly distinguish the effects
of these parameters on fate and transport of the
chemical from effects on the intrinsic toxicity to the
organisim.

Increases in temperature caused little change in

endosulfan toxicity to silver perch Bidyanus bidyants
over 96 hours but there was two-fold increase in short-
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term (24-h} toxicity as temperaiure increased from
15°C to 35°C (Patra et al. 1995a). Most of this increase
in toxicity occurred between 25 and 30°C. Critical
thermal maximum (CTM} tests supported these
conclusions; after exposure of four fish species to
sublethal concentrations of endosulfan (0.3-1 ug/L} for
15 days, their CTM temperatures were significantly
reduced by around 3°C, compared to controls {Patra et
al. 1995b).

Increased test temperatures markedly increased the
toxicity of endosulfan to the cladaceran C. dubic {Patra
et al. 1996); the measured LCH0 value decreased from
166 ug/l. at 15°C (nominal, 353 pg/L) to 2.4 ug/L at
30°C (nominal, 33 ug/L), a 70-fold increase in toxicity.
The increase in measured acute toxicity was 18-fold
from 20 to 30°C and 12-fold from 25 to 30°C. The
temperature effects on Paraiva were less marked; the
96-h LC50 at 20"C (13.3 pg/L) decreased by only 25 %
at 30°C {Sunderam 1990). Chronic toxicity
(reproductive impairment} of endosulfan to C, dubia
also increased with an increase in temperature. At
30°%C the measured NOEC was 0.1 pug/L (30-fold lower
than at 20°C and ten-fold from 25°C) and LOEC was
0.6 ug/L (26-fold lower than at 20°C and three-fold
from 25°C) (Patra et al. 1996).

Although suspended clay particles reduced the toxicity
of endosulfan to fish in the laboratory (Sunderam
1990}, there was no difference in toxicity of endosultan
to three species in turbid Mehi River water from that in
Sydney mains water (Sunderam et al. 1992). Leigh et
al, (1997) found that suspended sediment did not
ameliorate endosulfan toxicity to rainbowfish M.
duboulayi at normal turbidities (1.4 g/L.). Toxicity was
only reduced (by around 75 %} when the sediment load
was very high (52 g/L}, leading to suspended and
bottom sediment.

Laboratory toxicity tests of endosulfan-spiked sediment
with nymphs of the mayfly Jappa kutera gave a NOEC
of 42 ppb and a LOEC of 76 ppb {wet weight)
{Leonard et al. in preparation}. The NOEC is around
the highest field sediment concentration that they
measured, so direct toxicity from sediments is not likely
inrivers.

However, the sediment may be acting as a source of
endosulfan in the water column. During the 10-d
sediment toxicity test, sediment concentrations of
a-endosulfan declined and concentrations of the sulfate
increased. At ten days, there were significant linear
regressions of total endosulfan in the bottom sediment
with concentrations of both total endosulfan and
suifate in the water column.

The sediment NOEC and LOEC values corresponded
to total endosulfan concentrations in the water column
of 0.13 ppb and 0.18 ppb, respectively. Pulse water-
only exposures of J. kutera separately to technical
grade endosulfan, the a-isomer and endosulfan sulfate
in Namoi River water gave similar 96-hour LOEC
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values of 0.3 ppb, while 3-endosulfan gave a LOEC
value of 0,9 ppb. Changes in the composition of
endosulfan compounds measured in sediments and in
situ passive samplers placed in the Namoi River
adjacent to cotton fields indicated that a-endosulfan
and the sulfate were the most mobile endosulfan
compounds during field run-off events.

There are no data on the effect of temperature and
turbidity on profenofos toxicity. It is probable that
temperature-toxicity relationships determined for
chlormpyrifos (Patra et al. 1995a, b; 1996) are similar.
There was a 3.7-fold increase in acute toxicity of
chlorpyrifos to silver perch B. bidvanus between 15°C
and 35°C, although the biggest change (2-fold) was
between 15°C and 20°C, Similar results were found for
C. dubia. The difference in chronic toxicity
{reproductive impairment) for C. dubia berween 205C
and 30°C was greater, between 3 and 30-fold,
depending on the endpoint.

Relationship of laboratory results to field effects
Bowmer et al. (1995) outlined some of the reasons why
laboratory data that indicated high endosulfan toxicity
did not always seem to accord with some field
observations. These included biclogical factors in field
{eg. avoidance} or laboratory (eg. differences in
acclimation, species and test conditions), exposure
factors, sampling and design factors as well as the
problems of unsupported observations in the field.

An additional exposure factor may arise from
comparing results of 96-h tests with short-term pulse
exposures in the field while some species of field
organisms found in tailwater drains may have
developed levels of resistance to endosulfan not
encountered in rivers.

Endosulfan effects under field conditions

Hyne et al. {1998) reported that the main predictor of
changes in abundances of selected benthic mayfly and
caddisfly taxa in the Namoi River was endosulfan that
entered the river, predominantly from field run-off
during storms, This is consistent with earlier findings
that endosulfan residues found in the livers of in three
species of fish caught from waterways in the cotton
area increased during a wetter summer (1988; Nowak
and Julli 1991}. However, despite some low residues
being found in winter, endosulfan was not being
bioaccumulated from one season to the next.

Four large earth ponds in Narrandera were sprayed with
endosulfan in January 1994 and responses of caged
silver perch Bidvanus bidyanus {cages changed every 24
hours) were compared with those in two control pands
{Patra et al. 1995¢}. High endosulfan concentrations in
the first six hours {11-27 ug/l. measured) rapidly
declined to 1.5 - 2.5 pg/L by 96 h in three ponds. In
the fourth pond (#18) which had lower pH and less
aquatic plant life, endosulfan levels remained at 7 ug/L
at 96 h and took 14 days to drop below 2 pg/L.



Therz was no clear reiabionship of endosulfen
degradalion ko wurbidity. Furthermorg, degradation taios
in the pords were much faster than those caleulaled on
the basis of pH-mediated bydrolysis trom Peleoon &
Batley 18913, Erdosullan levek after Bltradion through
0.45 gm filtors remained ataround 50.75 % benge 30«
89 %} of the unfiltered figures, with no noticashilke
decrease in percentage with time,

Adl fish died in the reated ponds within six hours and
moriality in Three ponds remaired at 100 % by 48 hours
{only 14 none pond #19), By S6-h, mortaliy lover
24-5) in three ponds was aronnd 4 % ard reached zevo
at & d. Inthe fowth pond (18] mortelily remained at
100 % unll the tenth day, then it decrensad slowlv o
3% by d-ldand zero by =17,

The slower reduction in fish moyialities in pond #18 wes
consistent with the slower dissipaiton of endosulfan in
this pond, Pond LCH0 values {24-h) for endosulfan to
silver perch were between 3.2 and 4.4 pg/L. for unfilfered
wader and 1.9 - 3.8 u/L for filtered water, Unfiltered
values wers similar to the 24 b figure of 2.7 4+ 04 na/l
delermined in the aboratory ursler floww-hrouch
cotgdiions, Zero mostality 124 5 NOEC wes generally
achieved when the unfillered endosulfan levels daclined
warourd 1.5- 1.8 451

Profenofos residues and ACHE effects inwild fish
from the cotton growing ares

Carp (€. carpio}, bony braam (Nematolosa erebiy and
rosgitofish (Gambusia hothrooki) were collected from
laanons and creeks in the cotton growing areas around
Woo Was (Humar 1995, Prolenckos coreentralionsin
waler, sediment and Hsh Hssue were generaliy correlated,
ard reflocted s general lovelof use.

Waier coreamirations in Maxh 1994 (1.1 - 3.7 ug'h}
wiere significantly higher thards 1990 and genervally
devrepsed in May, six weeks affer cossafion of spraying.
Up to 5.4 pofl was found in Myall Vil canat after
overnight spraying of rmarby fields. By May, profencfos
couird ot be detected in lagoons and Galathera Creek,
butin Kerdbes Lacoon and Gunidgera Creek (1.1 - 1.2
st Y were 3042 % of March kevels.

Thi lagoon was in close vicinily 1o cotion fields and
seceived lathuater and the creek had ceased fiowing due
io drought. This pemsisience did notaccord with the
expected hudroivtic deradation. Profenofos may be
binding fo scil and sediman’s. to be subseauently
reloased to the waler column and st turn, fo fish.
Profencfos levels nsediment were higher in March (0.4 -
0.7 mg'kg in roost sites) than in May (0.02 - 0.3 mg/kal,

During the spraying sesson, ekevated residues of
yrcfenolos in many of the fish from lagoons arkd ¢reeks
wonfirmed thatthey were exposed to high sublethal levels
of this pesticide.

The liver was the main larget orgen, related o s high
ligid content. Residues inLony teesn from Kerribes

Lagoon in March 1994 were high, around 2.0 maky
11 fver, At most sites in May, residues had reduced 1o
50 % of those in March. i conmast, profenofos
persisied in the lvers of bony bream from Kerribes
lagoon andweore 53 % of jevels in March,
Mosquitolish from lagoons and canals containgd the
highest yasidues; up o 10.7 makg ingravic fermales in
March and 7.6 'k in Ma

AChE activity was significantly depressed in al) fish
species collected from the exposed sites in compadson to
the fish from relerence sites. For insiance, ACHE lavels
iy fish from the more exposed Kerrbes Lagoon were
anly 45 % of those from the reference site in March and
even lowar In May, The degree of recovery of ACHE
activity varied at sach site bid, 2t 56 sites, remained
below the lgueh alreforence sites six weeks after
soreying. Bony bream and gravid female mosguitohish
recovarad ACHE lavels more slosely then carp or nion-
gravid mosquitolish, AChE inhibition was & useful
indicator of mrofencios exposure within a sgason, i
Briked with residue measurements.,

Conclusions

{aboraony data provided teehd nformation on the
poteniial effects of the pesticides endostifan and
profencios on the environmant, parfindarky
eomiunetion with fold data. Endosalian was highly fosic
o Australion ksh (960 LCG0, 0.2.2 5 pefl ) but this
wazs withiis the vange reported for overseas tish, Early
life-stages (E1LS} of sainbowfish Melnnofoenia dubosilayi
ware only a little more sensitive than fuveniles but ELS
of gudaeons Mogurnda adspersa were less sensiiive than
juverikes of most other species, Hence it is likely that
chronic toxicity of endosulfan to fish oocur at
concenirations only slhightly lower than those that cause
soute omicity,

Ciadoserans ware jess sensitive inandosulfan han fish
bt revious nominal Boures significently underestimated
the measured ioxicities o Australian £ dubin and over
astimated the acute-fo-clironic ratios, which are often
usend to derive water quaiity eriteria, There ara still
instlficient chronic data to derive water uality
guiddelines for endosulfan using an Australian chronic
data set,

¥ water quality auidelines are o be modifiad o account
for sitz-specific faciors in svers in the north-west, the
main water qualily prrametens het could concevably
affpcttoxiciy ave trbidity sndd femperature. Laborsiory
seets indicated that normal levels of suspended sediment
dicdd not ameliorate the aguls toxicity of erdosatfan to M,
duboulayi. Endosulian adsovbed ta sadiments appearad
1o readily desorb and become bicavailable.

Furthermore, turbidily did not seem to maodify
ardosulfan toxiciiy in monds. Pond LOS0 figures werg
sinilar o the 24-haborstory LOB0 figures.

Erddosulfan gererally degraded more vapidly in the porsls
containing waler with higher ph and containing more
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plant material. Higher temperatures, however, were
significant in increasing short-term acute toxicity to fish
by a factor of 2 between 15 and 35°C and actite
toxicity 1o cladocerans by up to 18-fold over a
smaller range (20-30°C).

The toxicity data on profenofos are the first on
Australian species. Rainbowfish M. dubouiayi were an
order of magnitude less sensitive than some overseas
species to profenofos but the shrimp Paratya
australierisis was affected at low pg/l levels which were
commonly measured in the field. Sublethal exposure of
fish to profenoios for long term pericds resulted in
greater AChE inhibition than short-term acute
exposures, even though the acute exposures resulted in
higher residues.

When fish were transferred to clean water, AChE levels
recovered more slowly than expected from the rate of
loss of residues. Hence AChE inhibition was a useful
indicator of profenofos exposure if linked with evidence
of exposure. The recovery of all species was dependent
on the duration of exposwre, profenofos residues in fish
tissues, degree of AChE inhibition and frequency of
repeat pulses. Good correlations were found between
residues and AChE levels in laboratory tests and alsa in
wild bony bream collecred afier exposure in the field.

ACHE inhibifion of around 70 % resulted in behavioural
effects in fish that would be expected to be ecologically
significant. However, the exposures required to produce
these levels of inhibition would not be expected in the
field. Levels of inhibition in shrimp as low as 28 %
appeared to significantly affect chemoreceptor
behaviour, an indication of the ability to capture prey.

More work is required to confirm the ecological
significance of different degrees of AChE depression.
Concentrations of profenofos that significantly affected
shrimp in the laboratory have been measured in the
field in the spraying season and for up to six weeks
afterwards. Repeat spraying with any OP may have
partially cumulative effects, particularly given the slow
recovery of AChE. Again, more chronic data are
neaded to allow derivation of water quality quidelines
for profenofos.
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13. Relationship between endosulfan concentrations
and macroinvertebrate densities in the Namoi river
over two cotton growing seasons

R.V. Hyne!, R.P. Lim'? and A.W. Leonard™”

Environmernt Profection Authority NSW, %Centre for Ecotexdcalogy, University of Technology-Sydnes

Abstract

The taxicity of the pestivide, endosulfan, in the
presence of suspended and bottom sediment, was
tnvestigoted in o field ond loboratory study. The
field survey investigated the relationship of
changes in the population densities of six
dominmi mocroinvertebrate foxe
{ephemeropteran nymphs Jappa kutera,
Atalophlebia australis, Tasmanocoenis sp., Baetis
sp. ond the trichopteran larvae Cheumatopsyche
sp. and Ecnomus sp.} 1o endosulfan
concentrations in the Namoi River, The survey wos
conducted before, during and ufter (October to
March) the spraving of endosulfan on cotton crops
in 19958/96 and 1997/98 seasons.

Elght sites in 1995/96 ond sevenieen sites in

199 7/98 were surveved in riffle-pool habitais
upstream ond downstream of the cotton-growing
areas in the Namoi River. b November 1995 omil
November 1997 before pesticide spraving
commenced, the population densities of the study
saxy were simifor ot olf sites. Throughout both
seasons, the monthly mean total endosulfan
concentrations ot the reference sites were fess
than 50 pub in solvent-filled polyetiwlene bags.

Population densities of the study taxa ot the
reference sites increased 6-15 fold in Janvary/
Februory 1996 and 1-13 fold in February/March
1998, In contrast, densities of these taxa of sites
with exposire to 10-25 fold higher concentrations
of total endosulfan remained static or decreased
throughoul the surveys and were between one and
tiwo arders of magnitude lower than densities ot
the reference sites in February 1996 and March
1998, respectively.

Univariate analysis and multivgriote Principal
Hesponse Curve analysis indicate that endosulfon
concentrations were o significant carrefate with
the relotive reductions in population densities of
the study taxa, compared ta those at the reference
sies.

Laboratory 48 hour LC50 values of technical
endosulfan in river water were 0.6, 1.0nd 0.4
ppb for early instar nymphs of A. anstralis, 4.
kutera and farvae of Cheumatopsyche sp.,

respectively.
68

These values are within the ronge of
concentrations meastred fu river water during
tand run-off following starm gvents. As
endosulfan sulfote Jormed a large proportion of
the total endosulfon concentraiions measured
Jrom in sity solvent-filled polyethylene bogs its
source is possibly from lond run-off events.

Intredoction

Storm vunoff events in cofton growing areas are
thought to contribute to large fish kills (Napier et al.,
1998). [n conteast to this, fish have been chserved to
survive in high concentrations of endesulfan in turbid
waters of drainage canals {Napier et al., 1998).
Endosuifan is a hydrophobic compound sorbing to
sofl and particidate material in land run-off following
stors events.

The alnha and beta isomers of endosulfan have a
half-life of only a few dags in water, but the foxic
biclogical melabolite endosulfan sultete hasan
aquecus hall-ie of several weeks {Peterson and
Batley, 1993], Both toxic isomers and the sulfate
metabolite of endosulfan are move persistent when
sorhad o sol and sediment.

The persisterce of endosulfan in soil suggests that
fiekt run-off during storm evends may be a major
souree of endosulfan which may possibly contribute
s fish kills. Suspended or bottor sediments,
however, have a profactive role in ameliorating
endosulfan toxicity. The contvadiction in roles of
suspended and botom sediments, poses a dilerns
in sething water quality guidelines and for risk
assessmant of this chemical,

This shady examined the use of benthic
racroinveriebrates as biomonitors of endosulfan
contamdination in the Namoi River. We investigaied
the relationship between changes in densities of six
demipant macroirvertebrate taxa in the Named River
and environmental factors, particularly total
endosulfan concentrations measured In the saboeni-
fillad polyethylene bags placed in the rver.

The saudy faxa ocour 10 high abundance in the riffle-
poal cormmunities at all study sites and thelr
sedlantary behavicur facilitated changes in their
popniaiion densities to be quantified,



Methods
Field studdy design

Changes in the population densities of the study faxa
were both lerporal and spadial ard wera examined
with & BACH type design (Underwood, 19911, Sampling
aceurred before, during and after the pesticidespraving
season for cotton from November 1996 to February
1956, Fighi sites were selectad along the Namaoi River
{Figpare 13,1} to represent reference sites [siles 1 and 2
upstream of the cotton growing aveas). & site with Tow
pesticidde exposuse (sde 3}, and stes with high pesticide
exposurg BHas 4 10 8)

In 199798 the cight sites were re-sapled but
supplenented with addifionat siles to give aspafinl
design consisting of 17 siies af ieasi 3 ki apart within
the regicn of sites 1-7 of the previous study (Figure
13.1.). Based on the 1995/96 data, these 17 sites may
potentially consist of six reference sites (AB,1,C.2,D),
six low-exposure sites [EFGH,3,1) and five high-
exposure sites 14.5.0.6,71. The 17 sites were sampled
for popation densitios of masroinveriebralos,
particularky maylly svinphs and caddisfiy larvas in
Novewmber andd Decembey 1997 and Febripry and
Merch 1998,

Festivide corcentrations

Pesticide sarnpling was carrted oul using fweo
approaches. The initial choice was analpsis of surficial
bottom sediment. The sediment samples were extracted
ssing the USAEPA 35508 methodaloay (LIS EPA,
19961 ard analysed by gas chvomatoorephy for
erganochionnes and araanophosphates, However, the
dlata from this procediure was considered unreliable, as
varknces were very hoh belweon veplicadss.

The secord approach for pesticide sampling, used in
situ passive sarmplers constructed of poluethylene bags
containing trimethylnantane (Peterson ot al., 1995
placed in the water eolumn of the viver (Leonard et al.,

1998} The passive samplers were replaced morthly and
the recovery of the imethyipertane was over 21 %, The
solveni conteining the pesticides was analysed divectly
by GO-ECT and they were confirmed using BCanass
spectromelry Loovrd otal ) 1998)

Dansifies of selecied moonsrertebrole g

One month was the chosen sampling inferval, as it fe
minimurr emergence time reported for closely related
taxa. The study tasa were the ephemeropteran nynipts
Juppa kutere, Atolophlebia australis, Tasmanocoenis sp.,
Baetiz sp. and the tichopteran larvae, Cheumatopsyche
s and Eenomus sp.

A stratified ranadom sempling design wes mplementad
for the collsclion of macroinvertebyalo samples. Ateach
site six sarnples wave collected monthiy with aBurber
sampder {006 m7) in riffle-poot habitets with s vorky
substrate. The samples collected ateach site on each
sampling fime were nocled and quaniified. Abictic
variables measured at sach site in both studies included
pesticide concentrations in solvent-filled polyethylere
bags, inean measurements of river discharge, rainfall,
rver channe widih, distance downstream, substrate tupe,
waler qualily parameiers [famperaiure, b, conductvity
and DO and simount of viverian vegelation,

Mean messurements of viver dischaige botweensampling
tirnes were caloulaied from daks recorded daily st six
hydrologioal gauging stafons New South Wales
Department of Land and Water Corservaiion) located in
the vicinity of the sampling sites.

Laboratory assessment of the toxicity of endosulfor to
shedy foxa

Mavtly romphs and caddisfly Tarvae were collected a8
unpoliuted site 1 or 100 hin wmbrearn of site 1 atLowsy
Ford, near Manilla, NSW. The size vangs used for
seciment fesfing was set at & &0 6 mm body length. The
wislly nymphs and caddisihy Javvas were bansporied
and accliimatad te laboratory condifions as described by

Figure 13.1. The Namal River and positions of the sampling sites (1 - 7, A - J), the major towen { 1] § end eation

growing oreas, These areas are cotegorised by aon-irvigated { 3 ) ond groundwaier-trrigoted cotron { 58 .

s Shaly g&a‘
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Figure 13.2.  Densities af deminans mayily nymphs ond caddisfly kveae fn the Momot River betiween Novermber 1995 and
February 1996, und changes fn toind endosidfon concentrates fn poassive samplers plaved in the woter colamn at reforepce {63 3
and exposed sites ( W }. There were flue exposed wd two reference sites, selected an the basfs of the 1ofal eodosulfan concens
trations which weve the sum of conenfrations of nlpha endosulfan, beia endosulfan end endasulfmm sulfare. Yhe dferent
sampling times ore indicated by NuNovember; D= December; d=danuory and F=Februory, The errar bars for exposed sites we
95 % confidence mnterpals swhile the ervor hare for the tiwo reference sites are bosed on mindmum mad maxiinum vabues., This is

with exception to danuary whep there wos dota from only one refersnce site,
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Leonayd et al,, {1998), The toxicity of technical grade
erclosulfan o macrainvertebrates was determined under
static test condifions in Namai River water transported
bk o the lsboratory, Alive” and Tmmobilised’ were
defined as locomotory positive luswling) and ne
maversentin response & gentle prodding, respectively.,
Gill movernantwas not corsidered ss a locomotory
FOSDOTSE,

Stedisticol analysis

Sigrafioant diflorences in the taxa population dersities or
pesticides concenirations between sifes was lested by
ANCVA wsing & post-hoc Tukey's HBD test for unequal
savaple size Statsoll, Inc., 19971 The assumptions of
Fomoaeneity of virlance wers tested using a combination
cfochemn's, Heartley's and Barlel's tests and the
normality of the dstibudion was assessed using a normal
probability pld of residuals from e Statistica for
windows package (Satsoft, Inc., 1997].

If the assamiptions were vickted, the non-parameiric
Mann-Whithey U test was used. Due to the small sample
sizes the exact probabilitizs were determined using a
cumimulative one-sided probability of the U statistic:
{Statsoft, Ine., 1997). The assumptions of the regressions
wera tested from the Satistica for windows package
Sasoft, Ine,, 19977,

Rasults and discussion

River conditions during field survey

Pruringy the Beld survey, hudrological conditions of the
Namoi Biver calchmentinthe 199596 soason werg
shayscterised by wet conditions with summer rains from

November 1995 o February 1996 resuliing inextersive
fand run-off Two major Sood overits ocourred inlale

i

Decomber Y995 ard iate January 1996, Discharge was
higher at sites 1 10 5 with sites 6 0 8 receiving less
water due to water axtraction for irrigation.

The 1997798 season in the Namot River catchmant was
characterised by dry corgditions with some isalated
storms in Deceraber 1997 and more exiensive storm
events throughout the catchmentin February 1998.
Thewe climatic conditions led o rediced land vun-off
waigy ertering the vivey compared to the 199596
season. From kde Decamber 1997 io mid-February
1998 sampling could nat be caried out, as the ruer
lovelwas high due o the release of water from Lake
Keepit,

Pestivide concentrofions

High concantrations of some pesticides were detested
in the solvent-filled poluethyiens baas, particularly tofs]
erglosulfan ithe sum fotal of the slphis and bets
somers, phus erdosulian sullan}, Pesicdes have a
snuch higher affinity for the solvent than water, so they
arg contivde ush absorbed to give a time-integrated
maastire of pesticide exposure in the water solumiy, In
the 199%5/96 study, the only ather chemical that had
concentrations close to these was the herbicide
prormetryn, which is not likely to be oxic to aguatic
tauna (Tombin, 1994), The organophosphates,
chiorpsrifos, profenofos and sulprofos were found in
low eoncentrations,

Thus, endosulfan was the pesticide most likely 1o have
a foxic nzact on e aguatic fauna. In contrast, ol
srosullan concenirations in the botom sedimen were
vary baw, There was o significant regression iré = (1426,
PFa{00]  betwean fotal endosulian concentrations in
Hhe bottorm sediment and corresponding concentrations
in the solvent-filled poluethndens bags, In Novamber



Figqure 13.3. Densities of dominant mayfly nymphs and caddisfly larvae in the Namoi River beiween November 1997 and March

1998, and changes in total endosulfon concentrates in passive samplers positioned in the water column al reference

{0 ) and

exposed sites ( @ ). There were flve exposed and twelve reference sites, selected on the basis of the toial endosulfan concentra-
tHions which were the sum of concentrations of alpha endosulfan, beta endosulfon and endosulfan sulfate. The different sampling
times are Indicated by N=November; D=December; F=February and M=March. The error bars are 95 % confidence intervals.
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1997, before pesticide spraying commenced, there was
no significant difference (P>0.05} in the total
endosulfan concentrations between the reference and
the exposed sites (Figures 13.2. and 13.3.).

Throughout both studies, the mean total endosulfan
concentrations at the reference sites were less than 50
prb in the solvent-filled polyethylene bags. However,
from December 1995 to February 1996 and December
1997 to March 1998 the total endosulfan
concentrations in the exposed sites increased. In
February 1996 and February 1998, the endosulfan
fevels in the exposed sites were approximately 10-25
times higher than those in the reference sites {Figures
13.2 and 13.3.}. In addition in February of both 1996
and 1998, over 80 % of the endosulfan was in the
form of endosulfan sulfate.

Population densities of selected macroinuertebrate taxa

The six study taxa represented more than 80 % of the
macroinvertebrate community abundance at all the
study sites.

The same riffle-pool habitats were sampled in both
studies.

Inthe summer months between December 1995 and
February 1996, the populations of the six study taxa in
the Namoi River were expected to continue to increase
from the lower winter densities at all sites due to
increased flow rate and temperature stimulating
recruitment and growth. Cohort analyses {between
October 1995 and February 1996) indicate at least two
generations should have recruited to each site over the
survey period.

Between December 1995 to February 1996 there was a

continuous increase in population densities of all study
taxa at reference sites 1 and 2, but no increase of .
kutera, A. australis, Tasmanocoenis sp. and the two
caddisfly species (Cheumatopsyche sp. and Ecnomus sp. )
at exposed sites 3 to 8 (Figure 13.2.).

Baetis sp. did increase at these sites. Therefore, we
suggest that a perturbation(s) present at sites 3 to 8
restricted the increase in density of all taxa except Baetis
sp. By February the density of the study taxa at the two
reference sites were an order of magnitude higher than
the mean density at the five high-exposure sites (Figure

13.2.).

In the 1997/98 study in the Namoi River, there was alsc a
continuous increase in population densities of the six
study taxa at the six reference sites {A,B,1,C.2,D} and
the six ‘low-exposure sites” (E,FG.H.3.1), but no increase
at the five high-exposure sites (4.5,d.6.,7). Since there was
no significant difference {P>0.05) in the population
densities of the six study taxa at the six reference sites
and the six ‘low-exposure sites’ they were combined to
form a single group of 12 sites to compare with the

population densities at the five high-exposure sites {Figure
13.3.).

[n February and March 1998, the mean density of the six
study taxa at the twelve reference sites were significantly
higher {P<0.05) than the mean density at the five high-
exposure sites {Figure 13.3.). By March the density of the
six study taxa at the twelve reference sites were an order
of magnitude higher than the mean density at the five
high-exposure sites {Figure 13.3.).

Similar patterns were detected in changes in population
densities using univariate analyses {Lecnard et al., 1998)
and the multivariate Principal Response Curve analysis
developed by van den Brink and ter Braak {1998).
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The overall indication is that the densities of the study
taxa were significantly decreased at sites exposed to
high concentrations of total endosulfan in the solvent-
filled polyethylene bags in February 1996 and March
1998 When endosulfan concentrations were low in
both Navember 1995 and November 1997, distance
downstream was not significantly correlated (P>0.05)
with population densities. Therefore, unless an
important variable correlated to distance downstream
has not been measured, endosulfan in the riverine
environment is the most likely factor explaining these
trends in decreasing macroinvertebrate densities relative
to those of the reference sites.

Toxicity of endosulfan to the study taxa

In the field study, significant relationships were found
between abundances of the selected insect nymphs and
larvae and endosulfan concentrations in the solvent-
filled polyethylene bags. Laboratory toxicity tests were
conducted to determine the sensitivity of the study taxa
to a single pulse exposure of endosulfan. Laboratory 48
hour LCEO values of technical endosulfan in Namoi
River water were 0.6, 1.0 and 0.4 ppb for early instar
nymphs of A. australis, J. kutera and larvae of
Cheumatopsyche sp., respectively (Leonard et al.
1998). These 48 hour LC50 values are within the range
of total endosulfan concentrations, and duration of
exposure, measured in river water during land run-off
following storm events {Cooper, 1996).

Conclusions

1. During the 1995/96 and 1997/98 cotton-growing
seasons there was an inverse correlation between the
population densities of dominant benthic
macroinvertebrates and concentrations of
endasulfan in the Namoi River,

2. The dominant toxic component of endesulfan in
riverine samples was the metabolite endosulfan
sulfate.

3. Throughocut both cotton-growing seasons, the mean
total endosulfan concentrations in solvent-filled
polyethyiene bags at the high-exposure sites were 10-
25 times those at the reference sites.

4. Pesticide concentrations in solvent-filled
polyethylene bags placed in the water column can
possibly be used as a regulatory tool to audit the
impact of Best Management Practice in the Cotton

Indusiry on the riverine environment,
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14. Biological monitoring —

Central and North-West

Regions Water Quality Program

A. Brooks

NSW Department of Land and Water Conservation

Abstract

Biological monitoring has taken place as part of the
Central and North-West Regions Water Quality
Program since 1992. The program is jointly funded
by the NSW Department of Land and Water
Conservation (DLWC) and the water users of the
Macquarie, Namoi, Gwydir and Macintyre River
valleys. The monitoring program has found
changes in macroinvertebrate communities through
time ai putatively impacted sites (within irrigated
agriculture) with no corresponding changes at
reference sites {upstream of irrigated agriculture) in
some growing seasons.

The causal mechanisms of these changes are
unknown, but are not experienced by
macroinvertebrate communities af upstream sites.
The results of other complementary investigations
are also discussed. Field experiments and
ecological risk assessment are discussed as
additional approaches to field monitoring to enable
the effect of endosulfan on macroinvertebrate
communities to be more comprehensively assessed.

Introduction

The Central and North West Regions Water Quality
Program (CNWRWQP) is a broad spatial and temporal
water quality monitoring program that focuses on the
central and north western areas of NSW (Figure 14.1.}.
The program is jointly funded by the DLWC and the water
users of the Macquarie, Namoi, Gwydir and Macintyre
River valleys.

Biological monitoring was first undertaken as part of the
CNWRWQP during 1991/92, as a pilot project by the
Murray-Darling Freshwater Research Centre {Hillman
15992, Bales and Smaills 1993). The pilot program was
instigated in response to community concerns over the
impacts of pesticides from irrigated agriculture on water
bodies in the region.

Because of the widespread presence of endosulfan in
rivers of north-west NSW at concentrations that frequently
exceed ANZECC environmental guidelines (Muschal
1997). this chemical has been determined to be the agent
with the most potential to cause environmental effects
and is the focus of the biclogical monitoring program.
This pilot study sampled six sites in the Gwydir River
system on two occasions during May and July 1992,
Compared with other sites, those within the area used for
irrigation had fewer individuals, fewer taxa and different

community structure, indicating possible impacts on
macroinvertebrate communities associated with irrigated
agriculture. Subsequently, the DLWC (then NSW
Department of Water Resources} commissioned an on-
going biclogical monitoring program as part of the
CNWRWQP and has been carried out in varicus forms
since that time.

Methods

In the 1992/93 biological monitoring program, samples
were taken at 17 river sites throughout the Macquarie,
Namoi, Gwydir and Macintyre basins (Royal and Bales
1994}, The sites were sampled using artificial substrata on
five occasions during the year.

The site network was expanded for 1993/1994 to 39 sites,
covering cotton-growing and associated areas (Royal and
Bales 1994}, Sampling changed from the use of ariificial
substrata to sampling of natural habitats. This cccurred
because habitat sampling collects macroinvertebrates that
naturally exist at a site, not macroinvertebrates present
because of their adventitious use of artificial substrata.

In 1994/95 the 34 sites were studied (Royal and Brooks
1995). Samples were collected and processed using the
methods outlined in the River Bioassessment Manual for
the Monitoring River Health Initiative {1994}. In 1995/96
24 sites were sampled with a greater focus on the
Macquarie River sites {Brooks and Cole 1996). Study sites
were increased to 28 in 1996/97 (Moroney et al. 1998).
For the past two seasons, sites corresponded to those used
for monitoring pesticides in the water.

In general, sites were sampled once before the pesticide
spray season begins, once during and once afterwards.
Sites were situated both upstream, within and downstream
of irrigated agriculture.

Results and discussion

The monttoring prograim has found statistical differences in
macroinvertebrate community structure between samples
collected befare, during and after pesticide spraving at
putatively impacted sites {within irrigated agriculture)} with
no corresponding changes at reference sites {(upstream of
irrigated agriculture) in 1995/95 and 1996/97 (Brooks and
Cole 1996, Moroney et al. 1998).

Communities at sites within irrigated areas were
presumably affected by a variety of environmental factors
not experienced by macroinvertebrate communities at
upstream sites. The causal mechanism of these changes is
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unknown, but is particular to sreas of irtigaded
agricuiture. #should alse be soted that during vears
wherg no statistice differences were detected, the power
of the moritering program may bave been very low and
real changes were undetecied,

T address the concern that effects rmay oceur at smaller
terroral and spatial scales than the broad monitoring
nrogram, DLW and the Land and Water Resources
Research and Devzlopment Cormoration (LWRRDC)
conducted a joint mralect in 1994795 investigaling possible
impacts on agualic boka adisrent s an isolated colton
farm along the Macguaris Hver,

The resulis were equivocal In recards to de effects of
endosulian, as theve were no defections of this pesticide
i the water over the season. Studies of
macroinveriehraies in smoshon channels of the adiacent
cotton farm showsed significant correlations between
endosyifan water concenirations and agualic
mscroinverietate sbundances and number of taxa
fBrocks 19951 However, the levels of endosulfan wers
usch higher thar agnerally found in river susterms.

Effects at individual viver basin scale corresponding to
pesticide use have been reported by DEWC and other
agencies. In the Macguarie River basin in 1995/96,
significantly lower aguatic macroinvertebrate diversik in
areas of irdgated agriculture than in areas upsiream of
irrigated agriculture weie detected during the pesticide
spray season {Brooks and Cole 1996),

The curgnt biclogical monitoring program has shown
changes i macroinvetieliate communities associated
with rrigated agriccltune, although not consistently,
Clearly estsblishing endosulian {or any ather faclor) as
ihe cause has nof vet been be made. Allong-fenm
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maonitoring program will determine i the trends
continug, but not endosutian’ s role In these changes.

Implications of resulis

Crvarseas there have been similar inconsistencies inthe
results of figld shadies assessing the impacts of pesticides
on aguatic organisms [Russell-Smiih and Ruckery 1981,
Muirhead-Thampson 1987 Ch. 8, Emst et al. 1991, van
Lrk 1993). Ofen the difficulty in atiributing cause in
sorne of these studies was because of a number of
confounding factors during endosulfan spplication and
field sampling such as rain and floading.

Because of the observetionalcorrelative nature of the
feld moniloring pronram, the specific causa! factors
pasticides, nuirients and/or ather phusical and chemical
variables] inany ohserved changes can onby be inferred.
Merre imporiantiy, reforence sies in the river systemns of
npvih-western NEW are usually veshricted fo areas
upstream of the pointiregion of suspected Impact, and
e camparison bebwesn pesticide-exposed and non-
expasad sites is confounded by the fact that the o
arenaps of sies are in different geographic regions,

The stated objectives of the current biclogical

missioring urogram are

1. Assess the impact of irigated agriculiure en
macroinvertebrate camprnily shucture with
particular reference to pesticides, nutrients and other
physical and chamical variables over a targe ares;
and

. Monitor the diversity of macroinvertebrates ocourring
in infand vivers and siveams in the north-west region
i NGW.



To completely meet these objectives itis revessary to
clearly defing nsome manmer the exdent and likelihood
of endosulfar(s role in any chserved bolonical vharges.
Tor achieve this. additiorsl approaches fo field
rordcring are being employed.

Keough and Magstone {1995) have discussed three ways
o approach the fask of estunativg buman impacts:

¢ lnfer impacts from esnpivieal evidence coliecied
during the ocourrance of ipotentially} irmpacting

aerpdthaes

+ Experimentally investigate tnpacts of specified
aeiivities: snd

» FPredictimpacts from prior knowledge or experience,

A combination of all three approaches is being wed i
provide a better averview for determining the impasts,
any, from endosulfan end other pesticides associated
with Irvigated agriculiue.

Infar impocts from ermpiricol evidence collected during
the accurvence of {potentinily) impecdting adtivities

The curvert Biological moniiaring program: will continue
with some modifications. Patterns emerging from the
FroTdoning progra can be related 1o the resulis of
axperimental work, Gther changes to the program are:

1. Develop# predictive maded foy the rivers of ceniral
end north west regions shindlary to the First National
Assessment of River Health to more appropsiately
determine healiof river systerns,

* Predictive model for north-western regions
of NSW needs ta be fully developed o aliow
FROTE aQUeLrehs SSsessrrents,

2. Ireestigate feasibility and applicabilitv of monitoring
ancther ecoloaionl televant component of ecosysiem.

¥ Fish biomorkers specific to stress catsed by
pesticides

*  Monitor fish assernbloges, individual
popultions

3. Investigate feasihilily and applicability of underiaking
spacific field monjtoring avound a known area of
pesticide contamination at smaller spatisl and
temporal scales [kilometres and monthsh,

* Monitor o small area of pesticide inpis,
such as o single or cluster of irrigated
agriculfural farms. with o pesticide input
upstream using o BACTP or similer design,
over a number of pesticide sproy seasons.

Experimeniaily npestigate impacts of specified uctivities

Determining the fovicity of endosulian to aguatic fauna
wmder eontrolled condifions provides informaticn with

which fo conmpars the cbservafions recorded In the fleld
monitoring program. The most common experimertial
worls with endosulfan in Ausiraba involves single spedes
labessiory based toxicily: testing. These studies are
sommony Wsed o ety taxa sensifve to endosullan
ar other pestieides and help iderdify possible faunal
ehanges innahural systems.

Artificial pords or streams {mesocosms) are also used
o overcorne the limiaiions i field monitoring sfudies.
This is betause they resembie natural Feshueater
sconystems ard engble the Tovestigator o establish
divact and indivect cause-arsl-wHect relatonshins
hetween cortaminants and agualie swganisms {Caguet
stal 1996). Mesocosms avz corsidered an
intermediate lovel of study between the eboratory and
the field, bridging gaps between large-seale uncontolled
fiaid studies (g, CNWRWOQP Biomonitering) and highly
repheated bt often uprealistic lnboratory cordifions
{Rocigers et &, 1996). Mesocosns also allow
simvuianeous studies on the ate and behaviour of
comiaminanis under nesy-nzbaral conditions,

DLW and [IWERDC identified the need for
experimenizd field shudies and have conducted a joint
resoarch project on the impeess of endosullan using
arificin ponds (Brocks 19981 The 20 artificial poneds
warg reated from s disused irrigation channel on the
{z2em "Milchengowrie’. which borders the Mamoi River,
near Bogaabyl, NSW, Static susterms ware used o
simulate the lentic condifions that often ocour in the
river systerns of north-western NSW during summey, the
season of maximum pesicide use,

Mudfivariate anaivsis found clear diffeverces in
mmacroirseriebrate communities bervoer the confrol
and nominal 18 pg/l treatmends after 72 howrs, A the
indiidual prgarism level, Hudrasna sp. and Triplectides
s, wera significantly affected by endosulfan, Hydreena
2. was significantly impacted at all reatment levels
and the impact increased with higher endogsulfan
contaminaticn. Triplectides sp. did not congistently
differ betwesn the contrel snd endosulfan treatment
bt did show a significant irgreased impact as the level
of endosulfan increased.

The results from this study indicate mtalthough
oceurting infreguently, the hichest lsvek vecorded inthe
rivers of north-western NSW weuld be sufficient o have
an acule anpact on macroinveriebrate comminifios,
whilst the more frequent vels of approxmately

01 sl woukd levse impacts on Individual species.

The combination of both high and low endesulfen
exposuz troughout the summer pasticiele sprey
season would consequently affect aquatic
macroinvartebrate’s role as the major primary and
seeondary conmugners in the river susterns of these

arean, Plek experdments with endosulfan using artificial
ponds o1 streams are crudal in providing nfoemalon
onwhetwr the macoinverebrate communis changes
observed i the monitoring siudies are ativibutable to
pesticides.
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Table 14.1. Likelihood of endosulfan causing chronic effects io aquatic fauna in irrigated agvicultural areas during the pesticide spray season from 1991 to 1997.

Laboratory derived 96 hour LC_,

Bony Bream - Nematolosa erebi 0.22 83 0.02 74.0
Golden Perch - Macquaria ambigua 0.3« 4.8 0.03 62.6
Silver Perch - Bidyanus bidyanus 24- .2 0.24 6.4
Eastern Rainbow fish - Melanotaenia dubculayi  2.4*° ' 0.2 0.24 6.4
Firetail gudgeon - Hypseleotris gallii 228 0.2 022 7.1
Laboratory derived 48 hour EC_,
Mayfly nymphs - Jappa kutera 1.1¢ 1.2 011 18.7
- Atalophlebia australis 0.6° 22 0.06 37.7
Caddisfly larvae - Cheumatopsche sp. 0.4+ 259 0.04 51.8
Notonecta sp. {probably Ethinares sp.) 0.1¢ 208 0.01 842
Artificial pond experiment (72 hours) lowest concentiration causing detectable effect
Adult water beetle - Hydraena sp. 0.02¢ 74.0 0.002 34.2
Caddisfly larvae - Triplectides sp. 0.02¢ 74.0 0.002 84.2
Changed aquatic
macroinvertebrate community 2Ge 01 0.29 49
structure

a. Sunderam et al. {1992 b. Mowbray {1978} ¢. Sunderam {1990} d. Hyne {(unpublished data} e. Brooks {1998)




Predicting impucts

There is a large amaunt of existing information on
pesticide sotrees, pathways of contamination and kel
of water contarnination collectad through the
CNWRWOQP and LWREDC program ‘Minimising the
impact of neshicides on the viverine environment using
the coifon industry as amadel’, Howsvey, thew is
Emied information on the ecological impact of recorded
levels of endosalfan contamination. OF the information
that is available on aguafic impacts, most shudies have
involved laboratory besed aniste ard chvords loxicity and
bioaccumulstion ests {eg Muirhead Thompson 1973,
Naguietal 1987, Bunderam et al, 18921 Although
more recently DEWC and NSW EPA have conducted
joint proiects with LIWREDU ausossing the affects of
endosullan on agustic macroinveriebrate communities
it artificial ponds and steams wepeciively,

{lsing this existing chemioal and biologieal monitoding,
ecotexioclxm and trromport modelling datz, 20
acological risk assessment for endosulfar can be
underfaken. The ecologioal visk assessment is & procass
for erganising and analysing data, information,
assumptions, and uncertainiies to evaluate the Bkelihcod
of addverse ecological effects cavsed by endosuifan. The
assessmant will also identify gaps in information, which
then ean be targated through specific data collection
studies jivthe CNWRWOP biclogical monitaring
proGrar.

A preliminary sssessroant of pesticide data from 1991 o
1998 {not freluding storm event data) shows that the
perviod of gresiest risk o the aguatic environment from
endosulfan is in the vigated agricutheal aress during
this pestickie’'s spyay period. Comparison of ndosulfan
lovek from Hwese aress and peniods with existing
mbomtony acile oxicly dala indicale that the kkelthoad
of 5% maorklily or impairment of native ish and
martioudsy mayily rvmphs and caddis fiy larvae s ey
smal {Table 14.1.], The backawismmer, Nofonectasp.
appesrs to be ab moderale dgkin all river systerns, &8
20.8% of sarmples excesd the 48 how EC_ Itshould
e noted it is likely this inveriehyate s probably Ethinores
sy, s Notonecte o, iz ot found in NSW.

Freld experiments indicate that the water beetle,
Fiydroena sp., and caddisfly larvae, Triplectides sp. ave
at very high risk of acute impairment from endosulian in
all river systems (Brooks 1998). Acute effects anoverall
commiwity structure would be unlikely to oecur based
oy this study,

An azsessment of ecological risk of chronic effects was
made by dividing by ten the teporfed 1O and lowaest
chsered No-effect-conceniations as used by Svdnay
Watey {1955}, The visk ol chronic effects s obviously
much greater than acule impacts {Table 14.1 1, Almast
aliacgqustic macroinverlebrales assessed were af high risk
of cdhwonic Impacis caused by andosuifan. Bosw bream,
golden perch and livelnil gudoson were assessediobe af
very hinh risk, withsilver perch and easlern rainbiow fish
stk visk. This preliminery assesstent of ety

information highfights a number of issues which need to be
addrassed in fufure studies,

1. The informaton available generally records 50 %
impeirment or mortality of selecied axa, (50 %
impairmentmortality information may et be an
appropriate measure of visk as chronic effects ave of
higher likelihood. The applicability of ten as & safety
factor is unknown.)

2. There is a kimited amount of toxicity data on Australian
aquatic macroinvertebrate axn, and of the data that is
available, almosi allis laboratory based acuie toxicity
informaton, (Further Beld copeiments are required lo
provide a link between field moritoring acd acute
ioicily laboralory data. )

3. There is a high percentape of waler samples with
endosulfan level rarging between 00! pg'land D
s/l in al river systems duving the pesiicide sovay
semson, {information on the effecs ol endosullanon
nchivichusltaws and communitios at these low eual of
sontamination cver orgey penods of ime {months) are
needad.]

DU plans 1o conduet fiold experiments with continued
endosulfan expasire over a sumber of mosnthe.
Experimeants ovar these time seales will allow more
accurate exivapelation of results to the fdver systems of
central and novth wast NSW,

Conclusions

Tha current biclogical program will continue 1o assess the
‘healh’ of sguatic macreinvertebrate communities in the
serival and north west iivers of NSW. Significant changes
corresporcding to rvigated agriculiure heve been fowxd
during some growig seasons, butthe specific role
endomilan plays in these chanees, {amy, cannstbe
astablishad by feld moniring alone,

An ecologicat dak assassnent forendosullan will provide &
move cornprehersiue assessment of this pesticide’s hkely
Impack on aguslc founa. As vart of the ecological risk
assesarnaent, lahoralory and field experimens will be
conduciad o provide direcioause-and-effect informatioy
withwhinh fo inferorat the findings of the field biclogical
aned water gualiy mondloring programs.,
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15. Session commentary: understanding the impact of
pesticides in the riverine environment

PE. Davies

Freshwater Systems

Ore of the central but unstated, questions of this
warkshop sesslon i

Is the obserped endosulfan contamination of
river water and sediment hoving a deleterious
fmpact on riverine ecosystoms and asspciated
Jauna?

While the vawk presentad heve went some way towards
nroviding data on aspects relating & this central
caestion, they do not provide compeliing evidence for
or againg such an erwhonrmenial impact,

Tosicological studies

This work provides measures of lethal, sublethal and
behasioural responses & endosulfan confaminationin
& labovatory setting under a range of conditions. and
some indication of the ronceniration rances af which
such effects oocur

Field survey study

This field survey showed a negative correlation
between macroinveriebrate densities and endosulfan
sorcenirations over twa seasons in the Namei River
The design incorporated sampling at a number of
lorations down the Namoi Biver, with contrel sites
upstream and contaminated sites downstream.

{indoriunately, this desion resuils in endosulfan
cotarringtion levels increasing downshream and
hence confounding of endosulian contamination with
other changes associated with the passage of the
Marrod thyough agricultural land.

The lower viver experignces changes in flow regimes,
sediment regimes, riparian vegetation conditions and
other water quality chanages, all of which te a degres
‘commound’ downstream. None of these were
exarrined in the work presenied, and Hhus the
potertial for confounding is sulstantial, Corelation
does not imply causality, especially in as complex an
environment as the Namoi catchment,

Limitations imposed by the use of a single river in a
control-impact paired design indude a lack of truly
independent spatial replication of the treafrment
{endosuifan contamination), as well as the lack of
uncotaminated control viver sustems with similar site
layoui. These limitations have been wall described by

Underwaod (1994} and others, and mresent a significant
protilern for the interpratation of the Namei study data.

Finally, the survey work relies heavily on using solvent-filled
bags for assessing endosulfan concentration, This method
has not been valilbrated to date and hence its validity in
estimating magnifudes and trends iy endosulfan
concenirations in Hie waler column is not fully prover.
The study pointed out the need for a detalled assessment
of sampling needs for assessing sediment contamination.

Mesacosin study

The work on artificial pond macroinvertebrale communify
responses io endosulfan exposure is perhaps the best
mipcedural advanoe made 1o dake in the quastion of
endusulfan impacts on the aquatic environment. Tobe
fridy usehl in addressiog the central guestion, thiswork
neads furthey exparsion o include:

1. Longer exposure periods,

2. dwider range of endosulfan eoncentrations and
enviranmentat conditions;

3. Arange of ‘natural’ habitats sampled, rather than
artificiad subsivates.

4. Assessment of water column and sediment
cortanyination using a variety of methods;

5. Assessment of responses of target macroinveriebraies
bnown o show strong spatial patierns in the field (zy.
Jupna kuteral,

Iys adidifion, it needs infegration inte the field survey work
se: that endpaoints ave comparable for hoth
macrpirveriebiate responses and assessment of
enciondfan concenirafions.

Becommendations

Aoy issue is integration. Tight irfegration of the toxdcily
and field evaluations B needed, with mesocosy fials
providing maior instghts.

To date we have toxicotogical, field and mesncosm
responses all shown for differing taxa under a range of
different conditions, and with design lirnitaticrs. This has
liriited the ability of the parts to make & compelling
wiole,
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While this work provides some initial insights, a final,
effective blow can be struck by tightly integrating all
three aspects, combined with a well defined series of
endpoints.

A major issue raised by all aspects of the work
presented in this session, Is that of ‘what constitutes a
significant ecological impact?” The magnitude of the
effect, as well as the magnitude of the Type [ and Il
errors to be accepted in survey or experimental studies
of endosulfan impacts must be agreed on up-front, and
explicitly stated.

Selection of the levels of Tupe | and [l errors (and
hence the alpha and beta levels in statistical tests) is
largely a social issue and not a technical one i.e. how
much damage does society deem acceptable? While it
can be informed by technical knowledge, arguments as
to whether a b % or a 25 % decvease in the abundance
of species x is ‘significant’ cannot be answered in a
purely technical environment, This point is discussed at
length in the current drafts of the revised ANZECC
national water quality guidelines.

In my view, the following activities would aid greatly in
pulling together the threads with regard to the extent of
impacts from endosulfan on the aquatic environment
in north-western NSW:

1. A study to validate/calibrate the solvent-filled bag
method for assessing magnitudes and/or trends in
endosulfan concentrations in river waters:

2. Alarger scale river survey study with true control
rivers with a similar site layout to that of the current
Namoi River study - i.e. moving from the simplistic
BAC] re-design to a ‘beyond-BACI’ approach {see
works by Underwood) — possibly integrating with the
DLWC NW water quality survey or any best practice
related biomonitoring programs;

3. Afurther, carefully designed mesocosm study, with
endpoints integrated with both the field surveys and
laboratory toxicity testing; and

4. Aformal process for developing threshold ‘effects
sizes’ and agreeing on the magnitude of Type [ and
Il error levels tor all field, mesocosm and laboratory
study components,

Reference
Underwood, Ad., 1994, On beyond BACI: sampling

designs that might reliably detect environmental
disturbances. Ecological Applications 3, pp. 3-15.
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16. Assessing risk at catchment or regional level
through a Pesticide Impact Ranking Index (PIRI)

R.S. Kookana!- R.L. Correll?2 and B.W. Simpson?®

ICooperative Research Centre for Soil and Land Management, CSIRO Land & Water; 2CSIRO Mathematical and
Information Sciences; *Resource Sciences Centre, Queensland Department of Natural Resources

Abstract

A Pesticide Impact Ranking Index (PIRI) has been
developed to (i} rank pesticides in terms of their
relative pollution potential to groundwater or
surface water, and (ii) to compare different
landuses in a catchment or at a regional scale in
terms of their relative impact on water quality.

PIRI is based on three components, namely the
value of the asset (water resources threatened);
the sourcef(s) of threat to the asset (pesticides
use); the pathway through which the threat is
relensed to the asset. Each component is
quantified using pesticide characteristics (toxicity,
amount used, sorption and persistence} and soil
and other site conditions (water input, erodibility
and vulnerability to soil loss, recharge rate, depth
of watertable etc.). The paper describes PIRI with
example applications.

Introduction

Systematic methods which allow a relative assessment
of pesticide impact are of great value to both pesticide
users and regulators in choosing the pesticides and
practices with the least detrimental impact {Levitan et
al. 1995}, A simple systematic method, namely Pesticide
Impact Ranking Index (PIR!) has been developed under
acurrent Land and Water Resources Research and
Development Corporation {(LWRRDC) project.

PIRI can be a useful tool in designing pesticide
monitoring programs and in setting the research and
developmental priotities to minimise the off-site impact
of pesticides. The objective of this paper is to provide a
brief description of PIRI and show examples of PIRI
application for ranking pesticides in terms of their
potential impact on surface and groundwater guality.

The approach used in PIRI

PIR] is based on a quantitative risk assessment approach
{Correll and Dillon,1993). For the risk to be quantified, it
is essential to identify:

1. The value of the asset (water resources threatened};

2. The source(s) of threat to the asset {pesticides use);
and

3. How the threat will be released to the asset.

Estimation of the detriment

The detriment is calculated as the product of the three
components, ie.

Detriment =VLT o

where V is the asset score, L the pesticide load and T
the transport function. Since the transport function
for the pesticides depends on their sorption (K_ ) and
persistence in the environment {half-life}, so the load
on the water body has to be considered separately for
each pesticide. For comparison of detriment from
various land uses, the sum of the individual
contributions for all pesticides is used.

Quantifying water resources as an asset

The value of each aquifer and body of surface water
would depend on the size of the water bady, water
quality {ranging from potable and good quality
drinking water to very saline water), aesthetic and/or
ecological importance, number of people and
industries dependent on the water supply, and
alternative sources.

Given the lack of data needed for such an assessment,
a score system ranging from 1 to 100 is used in PIRI.
The water resource used for drinking or of high
ecological value has the highest value {100} and saline
water with minimum ecological significance the lowest
{one but not zero). It is noteworthy that the value
parameter is only needed when PIR! is used tc assess
relative risk assessment among different sites or land
uses associated with different water bodies.

Pesticide load

The calculation of pesticide load requires knowledge of
how much of each pesticide is used under each
landuse in a catchment. The amount of pesticide
applied in an area or catchment is determined from
the total area of the crop {Area)}, the proportion of the
crop that uses that pesticide (p). the frequency of
application {f}, the dosage {d} of active ingredient:

Load = Area z fop (2)

pesticides
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The desage and fequency of application is raely
kroawn for each Barer, Surrogates for these can be
used on the basiz of the recommendations bom
manufaciurers arwl other agencies.

Not only the amount of pesticides but their nature is
equally important in determining the impact obh a water
resource. Thersfore, a range of parameters of ench
pesticide consiciered in the assessment, inciuding tie
foxicity of each pesticide {measured by LU, or health
acduisory level (FIALY, s sorption and halidife. In PIRI
L for rainbow trout s used as a measure of loxicity

Teswicity values are moderated within anupperand a
lower Biouned, as for vary high or very low toedeity valuss
the impact assessed by PIR] s not Bkely o be
proportional to the numerical values. To account for
the individual pesticide toxicity and persistence in soll,
the toxic Joaed can be caleulated for surface water as

Load = Area z

Frssi m{m

{:% Ly 2w

ang for groundwader as

(2.5

¢t
Load = Area E / :ﬁ P
prewticilon r (:’“’GIJ

Fer groundwater assessment the halfdife ¢, ) of
pesiickle is falen Into congideration during the
cedeulntion of transport lacior foy gach pesticide.

Pesticide iransport
Tronsport to groundiater

The miovement of pesticides though soil is retarded (ie.
slower than water] due to the sorption of pesticides to
soil organic matter, K~ the higher the K_, the greater
the retardation. The retardation factor, RF can ba
measured from K and other soll properties by:

PRl o

0

RF =11+

B L

where r is the bulk density of soil (keym), 1 __is the
organic carbon content (ka/kg soilh, and 8, s the
volumietric moisture content at field capacity. RF is in
elfect the recinrocal of the fraction of the pesticide that
is i the water phase,

The rate of water movgrnent in the soil profile can be
represented by the quotient of the recharge rate, 4,
and the water conterst, 8, f ¢ melres per year of
water is Input inlo & volume of soil containing
taoisture content 8, the time required for water 1o
pass thraugh a soll profiie of depth D & DAuglacity =
D8, 4.
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Thus the wsidence Hre 1 of the pesticdde In the sod
profile of knowndenth Dis

f = ?9ccRE
&

Loss of a pesticide thraugh degradation will depend
on the residence time in the soll. Generally, the values
of the recharge rates g are not readily available, In
such cases ¢ can be asumed to be simply
proporiional to the difference between water inpul
and evapo-wanspindon for the crop-growing season
nqueshon.

4}

As mentione:d shove, the deoradation rate Ty PIRI B
assumed to be constant across sites. The
degradation of & pesticide during its ransport through
the soit profile can be representad in the form of
attenuation factor AF for the groundwater, given by

Rao et al. {(1685), as follows, (5)

0,693 DRF@ec |
Giiiz E

Here ¢, ,is the half ik of the pesticide. I the case of
aroundwatar, the tansport funciion, T s

ALy,

Tha AF for gach pesticide is different due to its
samzzaﬁ {K )} anel degradation rate {as measured by
4 andd reeds 1o be caioulatedd indivichsally,
?&e;&f@m thejoad I, defined in equation 2l and the
Fangpor {1 defined Fom equation 5} compongnis
rpad 1o he ruitipied fo give the pollution nofential
(PP for the sssessment of Impact on groundwatler.

The relative pollutior: pofertial o the gronindwater of
each pesticide appiied to the area can be ohtained by
ranking the pollution potential of each. The total
foxic load likely to reach wround water at a site can be
calculated from the following relation:

11, = Area Z LAF, , =

pendioides

2 PP

mustieides

Tronsport o surface watar

The pathways of transport of pesticides from farms
1o surface water bodies are more compilex and site
specific. The transport to surkace water is partitioned
between runoff watey, ercsien of sails, and drilt of
sprays oul of the farget arga, These are quite
separate pathways, aithough there wil be a high
corvedation bebween the surlace ninolf pathway and
the soft erosion pathway, I conlrast, spray driftis
an unrelated pathway and must be considerad
separataly.

op(1/ 2y |

= @Xpt e

i
i
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Transport due fo soil erosion

Besticide fransportzd with the soil particles through
grosion will depend on seil loss. The prediction of soi
foss through simpde aquations e the Universal Soll
[Loss Pepzation (UBLE} is common and has been found
very usalul (Wischroeier and Smith, 1978 Atthis
stage these equations have not been adanied for use in
PIRL While this Bmits the use of PIRI for comparizons
among sites, it does not affect its usefulness for renking
pesticides within a site, or between comparable sites.

The amaunt of pesticide that will be associnted with
the soil particles will depend on the sorption of
pesticide represerted by the product of 1_and f_, that
isK, The loss of pesticide through soll erosion requires
a funcon that is initlally zero and then asymptotes o
the proporiion of the pesticide thai is lost in this
manner. A suitable funclion s

{7)
Fenn = 180l Loss)/ max(Soil Loss)
AR (57 1 Sad . i
e e
PKf.

Idealy the funclion should asympiote o 3.1, the
maximum fraction of pesticide that is Bkely 1o be lost
due to erosion {Leonard, 1990} and b is a constart
that was token as 0.015. At this siage b has not been
formally estimated,

Direct runoff

The amaint of pesticide in nunof water must depend
an the rano# characteristics,

A pusticide with a low K that has been deposited on &
pian or soil sufsce can be washed off by subsequent
rain or iirigation. Avallable data {Leonard, 1990}
would indicate that up 10 5 % of the applied pesticide
could be lost in this mannar Ths amount weuld
dectine rapidly with increasing K,

A simple function with these propertiesis
{8}

}R

0.05Min(K.

T rout apofl = -

whare K is the fraction of vaindall + irvigation that runs
off the site, and Min(K ) was taken as 10. As with the
soit loss factor, / is only important when comparisons
are being made amang sites. The tofal suwrface

wramapart factor for gach pesficide is therefore:

9}

T - T erosion T Té‘.irect runoff

Atmgspheric transport

The aimospheric pethway of pesticide ransport is
difficult fo guardify. There are also hwo componenis,
drordets and vapour, and perhaps a combinaton of
both,

¥ach component is a funclion of many environmenial
and managersent variables and requires detalled
knowledge of the method of application {including
such details as the spraving pressure} and local wind
and humidity condisens,

Movement of pesticides via dropletscan be a
significant pathway of pesticides 1o surface water,
depending on the method of application, the size of
the droplet, formulation. the proximity to and the size
of the water body. This multitude of factors affecting
atmospheric transport and the complexit of the
mrocesses involved nreclude the nclusion of
atmespherie darsport component vathout sacrificing
the simplicity of PIRL

However, one can entanee the transport component
of those insecticides which are applied agrialv to
target pests an folisge by acertain factorie. 1.5-2in
calculations by PIRE

Validation and application of PIRI

PIRI can bie used for fwo purposes. namely {i) to rank
pesticides i fevras of thelr relative poliution potential
to surface or ground water, and {1} fo compate
different land uses In a caichment o differerd
management pragiices in rerms of their relative impact
oy watenr quality.

Ranking pesticides at a site

Te vank pesticides that are used in a particular

sropping systern in terims of their relafive poliution
vatantial, only beo component of PIRL e, lnading (L)
and trangpert {73 kor pesticides, ave required. The
value (V1 vomponent and the total area under a
cropping swstern being amessed s fof needed. Nor
dees the soil loss [acior need 0 be evaluated.
Heswever, all pesticides need 1o be individually assessed
on the basis of their chemical nature s teems of
sarption, persistence ard toxiciy,

Surface water

Difterent pesticides ave apphed at different rates and
abse hair frequency of vse varies, Theretore the
amount of nesticide applied per unitarea per unit gme
isneeded  Beliable inforrmation on pesticide use is
often lacking, Some effovts in this direction have been
made either at catchrment scale (eg. Rayment and
Simpson, 1993) or &y the entive agro-industiy (eq.
Harnliton et al. 1998 tor sugareans in Queenstand).
Withoui reliable information any assessrment is not
likely e be vaiid.
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The complementary LWRREDC proiect led by My Bruce
Sirrpmson {Deparhnent of Natural Besources,
Queensiarnd} is cumently camrying out & pesticide audit at
a catchment scale in the Murrumbidgee Imigation Area
{MIA)}, For validation of PIRE, not anly the pesticide
usage need to be known but also data from the
pesticide monitoring studies.

The surface water guality prograrm rue by NSW Depart-
marst of Land and Water Conservation {Cooper 1996} is
the most comprehensive pesticide monitoring program
for cotton growing area. However, the pesticide input
datn for the entire colton grawing ares in Ausiralin was
nort readily available for use in PIRL Dats for tigated
eotion in the Namol Valley has been obiained from
Cotton Consultants Australia {CCAT in 1994, The
following example was based on the data from the
ahove sources.

InTabie 16.1, an example for several pesticides used in
cotton production systems in the MNamei Valley isased
t show the application of PIR] and the validalion of
some madules of PIRL Data on toxicity {(LC_ ) sorption
K _}and persistence thalllife) have beon taken from a
US datebrse (Hornshy et al, 1996 and are considered
to catenlate the surface transport factor of pegticides
which is then converted irio a seore, The scores are
used to categorise pesticides in terms of their potential
risk o surface water quality, For example, in this
particular case, three pesticides were given a high risk
ralng.

(i these three pesticides, endasulian and proferclos
were both detecied while no analysis was available for
phoraie {Cooper 1996}, Al the other axdreme, PIRI
intdicated that three pesticides present a very lowrisk
ang o of these were not detectable. The exception
was parathion methyl, which was used in exceptionally
large quandities in that year, Of the six neciicides
considered as a low risk in Table 16.1, three were not
detected while no assays were made for the other three.

it is nowmworthy that fram purely ransport potentizl
peint of view the foxdolty does not matier, howevey, om
the standpoint of visk of impact on water quality, 1tls
ohwicushy very impowtant, Thevelors loxicity ispari of

the ranking systerm In VI For example, the high 1C
of parathion methyiwould hawve decreased its risk
ranking in PIRL, which nartially explaing the apparent
anomaly obsexved above,

Groundwater

Application of PIR! for assessing groundwater contami-
nation potential of pesiicides s shown in Table 16.2. In
this case the data are based on the pesticides registerad
for vegetable production systems. Recommended rates
of nesticides have haen sunplied o PRl and so the
resulis do not retiect the real use,

Neveriheless the relaiive ranking score betweaen
pesticides for a given site & a true representation of their

84

properties wder & congtant set of soll and
enviroraneatal coriions. The PIRI predictions show
that fenamiphos has a high potential to comfaminate
groundwater - this was caused by iislow LC
{0.072ma'kg), @ long hall tife {50 days}, a high
application rate (4 kg'hal and a low K {1005

Methiam had the second highest rank, which was
brought about by its very low K {10} and its very high
rate of application (790 L/ha), but its half life s short
{10 daysh. Ry contrast, chiorthal, although ithas a
high anplication vale {15 ka'ha), presents little visitio
the groundwateras thasa high K (5000 and &
roderate LC,, (4 7 mglkgh. Another intevesting
example is trichlorfon which, despife s low K, (103
presents only a small potential nisk because of s short
half e (10 days].

Ranking pesticides in different landuses at a
catchment scale

For ranking different land uses in acafchonent in terms
of thelr impact, &ll three components of PIRL VL and
T need evalustion, In addifion parameters such as sodl
ioss axthmates and ares of crop, are also needed. Gheen
the lack of input data, only a imited atiempt has been
made have, without an assessment of differendint
nodenial soll dosses under differgnt cranping sustems,

We use the data from Bowmer 2t al. (1998 for ranking
pegticides in different landuses in terms of their risk
potential. Table 16 3. shows the predictions from PIRI
uging the pesticide use data, urder three different land
uses in the Murrumbidaee Indgation Area (MIAL based
o 2 vepor by Bowmer et al, {1998), For vice. molinate
wias predicted to have high visk potendial, This
pradiction is consistent with the reguent detection of
his pesticide In the swrface water in the Mia. PIRI
alsey ranked thiobencarh and malathion as presentinga
raecteraie-high risk - both of these pesticides also have
been detected in the surface water,

In the case of citrus, the pesticides which were
nredicied o have the highest potential are diuron and
bromacil. Both of these herbicides have been detected
in surface water monitoring shudies caried cutby
CBIRO (Bowmer et al. 1998}, divron being among the
ot frequently detected pesticides. In the case of
maize/sorghum, among the pesticides used i 1894-95,
ihose ranked to have very high potential were
endasulian, atvazing and metalockilor akl of which have
been detected in surface waters of MIA,

Forwinter cereals none of the pesticides used in 1994-
95 (Bowmer et al. 1998) fell in the category of highest
risk, However, diclofop methyl was predicied to have
high potental, followed by chlorpyriphos and
fervalerate in the moderale cateqory

Water sanples from the MIA have been tested only for
chlomyriphos (Bowmer et al, 1995}, and this pesticide
hias been detecied on some o¢casions, The above
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An example of PIRT application by resdkdng pestivides ased in cotton grown in the Nomoi Vaolley for their potential impact on serfoece water gunlity,
Input dute or pesticide were token from CUA (3995}, The montioring data has bean foken from Cooper {1996).
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Tuble 16.2. An sxoople work sheet for caloudating velotive coniributions of differend pesticides used in pegetabie production
in toyry of thelr impoct on groundwoter quality.  Use rates are recommendind votes rather thon actual retes,

{Assume: p = 14 gfow®, 8= B oo = DO0052, q = 1avyr, Diuniformi = Im, f= Lp = 1, Aa = 50

- Pesticide -
Bernomy) 05 0.5 K3 0.00000 GODO O
Chiorpyrifos 2 05 10 112 0.00000 0000 0
Chienthal 5 75 11.2R 93 000006 0000 ¢
Chiorthalondl 35 a7z 282 32 GO G000 O
Demetonmethy i1 0 0275 140 005334 (.123 2
Dinethosie 407 44 4,28 1.37 GOOON0 GO0 O
Endaosuifan 21 034 G735 225 Goobon 0060 ¢
Ferammiphos ! 24 04 54 283 000323 21517 4
Fluazifop butyl 1.37 15 5700 1 4231 0212 5 GO0000 GO0 O
Iprodione 41 14 w2 0.2 04 i4 G000 GG O
Linwon 315 30 400 45 045 2085 8.3 OO0 BODO 0
Mancoeeh 22 70 2000 2.2 075 1.65 a8 0.00000 0000 O
Metlaxyd 0 3 50 25 008 0.2 192 0.06257 0006 0O
Methamn 007 W 10 0 042 33417 1.18 000007 1324 3
Mgtiram 1.1 7 BEENB 27 OB 1 9I58 000000 0000 O
Metribngin o4 a3 43 15 D48 .72 210 00mo2 0003 ¢
Parathion i5 4 By 07 05 G35 a3 G000 000 ¢
Perraethain GO0l 38 W 62 45 a1 RIZ 400000 DG 9
Prometame 25 &) e 22 05 11 B3 QOONLG 0000 O
Propachior i4 f &0 8 02 2852 247 GOOL0G 006 o
Propyzamide 4.7 () 8¢ 45 058 2.25 16 000000 Q000 o
Sethoxydim 23 5 100 16 012 0192 283 000000 G000 O
Trichlorfon 0,7 16 10 17 05 (185 1.18 Q00001 0000 O
Trifhsralin (.01 03 A 23 D4 112 148 0.00000 00006 O
Vinckowalin oS 0 10000 1 15 0.5 184 GO0000 G000 O

{#1 acthw ingredient

Table 16.3. An example risk ranking of pesticides by PIRI under different lond uses in MIA
{based on inpui data from g report by Bowmer et of. 1998)

Yery High Molnate, Diwron, Erdosudtan, - Inone)
Trichlorfon Bromac Metalochior, Atrazine
Hich Thichargcab Methidathion Methomyl, Diclolop methyl
Chiorpuriphaes,
Terbulos
Moderate Malathion, Copper oxychloride, Cypermethrin, Chiompyriphos,
Propani, Copper sulfate Deltamethrin Fenvalerate
{nlovpaiphos
Low MITPA, Glunhosate Mone {only sight MCPA,
CGhyphosate, pesticidas assessed}  Fovowaprop
Drouat
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gxampies showing a good agmeement batween the
pesticides ranked W have very high potential of suriace
water confamination and thel feguency of defection
from MIA for various land uses demonstiate that the
razsuits from PRl ave veliable.

Strengths and weaknesses of PIR}

PiR1 is a sirple index and aot a simulation model and
thevefore nat desiomed o predict concerirations of
pesticide kely to reach surface or ground water but
rerely sssesses an indicative visk fctor with individual
pasticides o cropping sysierme I is therefors very
wmporiant o understand the strengihs and wealnass of
PIRL which are briefly desoribed below,

1. PiRlis a simple model and does not require model-
ling skifls needed to run a sirulation model,

2, PIHlis based on realistic transport processes, such as
lpacting, fransport in runoff water and sediments.
These processes are used in a manner that the resuits
are as guanilative as possible,

3. PRl akes the pesticide use and toxiciy indo acoount,
which are ymporiant parameters bus often ignored.

4. The input data needed i PIR is vagily avatiable or
can be computed through simnple caioulations. Most
of the data, such as pesticide pronerties and typical
soil properties, are built in PIRIL These data howsver,
can be modified if more relinble data are available.

5. The limited validation of PIR] suggests that the
predictions are consistent with cbservations, as
described in the secons above, However, PIR has
niatyet been comprehensively lestad for a realistic
siuation or thovoughly validated, mainly due lothe
iack of peshicide use data.

6. Probably the meast important limilation of PIRI is the
requirement of specific pesticide input data at a given
site or cropping systems, which is currently lacking.
This is being addressed in a complementary
LWHRERDC nroiert for selected catchments.

e

PIRI is not a simdlation mode! but an index based on
simplifications of the rracesses and 'thumb rules’,
Therefore the outputs do not represent the absohule
risk but a relative risk factor among pesticides or land
1ees in a catichment.

. PIRl does not take any pesticide interactions or
degradation beyond the point of its ety in waier-
ways, fe. it provides the ‘edge of field’ scenario.

9. Pesficida propartizs such as half-iife and sorption
coefficients (K j used in PiRl ave based on overseas
data. Litfle local deta exist on these parameters,
However, a3 the dala become available, these can
easily be incorporated in PIRL

Future R&ID requivements

Maost offort has so far gone inle development and
improvemend of PIRL Limi#ted validation of prediciions
from PR indicates that the vesulls from PiRl ae

reliable. However, a thorough and rigorous sualualion of
PIRl iz needed.

This is only possible with some reliable data on pesticide
use and their off-sile migration pattern. This is parthy
being addressed through the pesticide audits being
carred out under a complementary LWERRDC project.

However, lor g thorough validation of PR & cosnparison
bebeen the mredictions from a simulasion model and
inose from Pl needs o be carried out for some
selectod locations. Onee validated, PHl should be
apphied to selecied catehments o {1 deniify the
practices which are likely to result in s groater potential
of pesticide impact on water quality and {1} evaluate
management options in terms of thetr contributions in
rmirdrmising pesticide impact in rivering envirarment,
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17. Practices for minimising spray drift and dust

N. Woods, G.Dorr and L.P. Craig

The Centre for Pesticide Application Safety, School of Land and Food, The University of Queensland, Gatton

College, Queensland

Summary

Adopting a range of integrated strategies can
reduce the off-target, downwind transport of
endosulfan by mecns of spray drift and dusi
movement. Field experiments have shown that
by selecting appropriate wind vectors, adopting
large droplet placement (LDP) application
techniques and creating in-crop buffer
distances on the downwind sides of spraved
areas, the off-target droplet movement of sprays
can be reduced. Such technologies benefit from
being incorporated into holistic best
management practices that encourage risk
assessment and the selection of the most
appropriate case specific mitigating strategies.

Introduction

A comprehensive series of studies undertaken over the
last five years has established that the normal
application of ultra low volume {ULV) pesticides has
the potential to contribute to endosulfan loads in the
riverine environment. With ULV application,
approximately 14 % of the applied dose " was found

to move across the downwind edge of a field
(LWRRDC Project UQL 13, 1998).

T tigure s a percentage of that applied to a 500 m wide field

This paper cutlines mechanisms and management
strategies that can be undertaken by cotton growers
and applicators to reduce these levels and retain greater
proportions of pesticides within the intended target
area.

The objective of the study was to develop effective drift
management strategies to reduce off-target spray drift
by droplet manipulation and the use of buffer
distances, both within and external to the crop.

Methods
Computer modelling

When a pesticide spray is released over a crop the
droplets disperse over the canopy dependent upon their
droplet size and the characteristics of the local airflow.
Using Gaussian plume dispersal algorithms, spray
deposits from the single pass of a sprayer can be
sequentially overlapped to demonstrate how a ULV
spray pattern is built up over a field, (Figure 17.1.).

Such an analysis shows that the resultant dose
deposited within a crop canopy is formed by the
overlap of numerous swaths. If spraying is conducted
strictly between the boundaries of a field, the upwind
edge of the crop is likely to receive less than the
required dose.

Figure 17.1. A diagrammaiic representaiion of ULV application showing the sequential build up of deposit across o
field and downwind deposition prafile.
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Figure 17.2. Summary of endosulfan transport characteristics
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Conversely a downwind tail extending beyond the
edge of the downwind field boundary can be
expected to form,

Field measurements

A comprehensive monitoring program undertaken to
quantify this ‘tail’ showed that both airborne
fractions of endosulfan and downwind deposit levels
could be reduced by increasing droplet size and using
large droplet placement (LDP) application
techniques {(Woods et al 1998). This technique
however, also caused a higher fraction of the spray
to be deposited at soil level beneath the crop
canopy, (Figure 17.2.).

Laser draplet sizing

Larger droplet sizes can be obtained by changing
Micronair settings to lower cage rotational speeds.
Figure 17.3. shows the decrease in droplet size
resulting from operating a Micronair AUS000 nozzle

K

5% within 300m /

| —506m wide field -~ w-at--—S560m downwing ---— i

at increasing rotational speeds and demonstrates the
importance of operating such equipment at correct
setiings. This graph also shows that droplet sizes,
{Volume Median Diameters (VMD)} much above 200
um were not generated with this nozzle using
endosulfan formulations. Of great importance the data
shows that both water-based emulsifiable concentrate
(EC) and oil based ULV formulations generated similar
VMD vaiues.

Significantly greater droplet sizes (VMD) can be
obtained by using some large orifice hydraulic nozzles.
Work conducted in conjunction with Spraysearch
Victoria, showed that VMD values greater than 200 pm
can be obtained, particularly when slower aircraft are
used {Figure 17.4.3.

To obtain larger droplets, nozzles must be angled back
at 180 degrees to the flight direction, When larger
droplets are generated, higher volumes of carrier
{usually 30 L/ha+) should normally be used to ensure
that sufficient coverage of targets is maintained.

Figure 17.3. Droplet size (Volume Median Diameter) generated by a Micronair AUS000 applying ftwo formulations of
endosulfan (ULV and EC) ot two airspeeds (100 and 130 knots)
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Figure 17.4. Hydraulic nozzie droplet size dota. Measurements were made
using a Malvern 2600 laser diffraction analyser in a 100 knot airstream
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Figure 17.5. Predictions of combined effect of using a LDP spraving technigue and an in-crop buffer distance.
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Drift mitigation

Since downwind deposit curves decay with distance,
reductions in down wind deposit levels can be maximised
by creating an in crop buffer distance and off-setting the
last runs of an agricultural aircraft on the downwind side
of a field. By extrapolating the data using a simple
empirical model, predictions of the combined affect of
adopting an LDP and in crop buffer distance can be
made (Figure 17.5.}. For example, by using LDP spraying
technology coupled with an in-crop buffer distance of
500 m, off target deposition 100 metres downwind of a
sprayed field can be reduced by approximately 10 times
compared to ULV application without a buffer.

Downwind buffer distances can be designed
according to the characteristics of a particular
pesticide and the local erwircnment. A typical
scenario is illustrated in Figure 17.6.

Discussion

Large droplets and in-crop downwind offset buffer
zones can reduce both airborne and deposit drift
values. However such strategies should always be
used in conjunction with other techniques. The use
of single strategies may not be sufficient on their
owrn to have a significant effect on pesticide drift
management.
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Figure 17.6. Possible buffer zone design.
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To supplement the adoption of LDP techniques and
the use of in-crop offset buffer distances, sorme
important supporting drift mitigation procedures are
surnmarised as follows.

Planning and pre-spray

1. Identify all areas around an area to be sprayed that
¢ould be susceptible to spray drift damage.

2. Communicate on a regular basis with neighbours
regarding proposed spray schedules and activities.

3. Maintain copies of relevant material safety data
sheets (MSDS).

4. Read, understand and heed the pesticide product
label prior to spraying.

Meteorology

1. Observe and record wind direction, wind speed,
temperature and humidity prior and during
application.

2. Avoid spraying when wind is blowing towards
susceptible areas

3. Spraying should not be undertaken it the wind is
light and variable in strength or direction

4. Spraying of water-based sprays should be
undertaken when termperatures are the lowest, {in a
24 hr cycle)

5. Spraying of water-based sprays should not take
place under conditions of high temperature and low
humidity

6. Spraving should ideally take place when
atmospheric conditions are neutral

92

LDP 100 -300 m

7. Spraying should not take place during highly
unstable conditions

8. Spraying should not take place during highly stable
conditions or when surface temperature inversion
exists.

Application techniques

1. Where appropriate, spraying should be undertaken
on the upwind section of a field, such that the
unsprayed downwind section is used to retain
spray drift {field splitting)

2. Spraying should, where possible, be carried out
with a crosswind, and progress upwind

3. Sprays should be applied when aircraft are straight
and level above a crop

4. Smoking devices should be used to monitor
changes in wind direction and stability

5. Ensure aircraft are correctly calibrated and
optimum flight lane separations are used

Dust mitigation

1. Locate unsealed roads greater than 100 metres
from sensitive areas

2. Prevent cultivation and if necessary close roads for
three days after spraying where areas are located
less that 100 metres upwind of sensitive areas

3. Reduce road speeds and cultivation speeds on
sprayed areas

4. Where necessary, reduce wind erosion on unsealed
roads by watering, grading and ripping and
adhesive application (Leys et al 1998)



Canclusions

Analysis has shown that the off target downwind
deposision talls to approximately 1 0 2 '% of the apphed
dose within 50 metres foy VLV spraving. end shout 250
metres for LDP spraving.

By adopting LI technieues and using & comactly
salibrated aireradt to apply large droplets (and by necessity,
higher vohurnes of canier and water-based formulabions),
adrboros asd deposit diif: fractions can be reduced.

The convept of variable in-crop buffer zones anihe
demenwind sides of sprayed areas shosld be adopted in
sonmunction with ciher secoanised stratogion to successiully
raanage pesticide drift,

Further research

1. Bata from this project has imolied that sprae drift from
UL¥V and LDP apyfication may not be signifleantly
different at distances beyond 5030 matres. Work is
required to measure and monitor drift levels present
from B0 metres to about 3 km deswnwind and to
establish conirol mechanisss.

2. This study has shown thal although spray drifi can be
reduced, elimination is not possible using ¢xisting nozzle
technology. The cotton industry needs a noezle that can
generate droplets approximately 250 pm in diameier
{VMD) without the praduction of sianificant fines
{droplets less thar 100 pm}, #ihis could be achieved,
LDP aprikcation could be optimised and the off target
mevernent of insectickies significantly recuced,
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18. Exploring farm design and management options

with modelling

R.D. Connolly', 1.LR. Kennedy?, D.M. Silburn!, B. Simpson® and

D.M. Freebairn!

! Queensland Departroent of Natural Resources; 2 University of Sydney, Departrent of Agriculture, Chernisiry &
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Summary

We used the Gieams miodel to evoluate the
effectiveness of a range of farm design and
monagement aptions wimed of reducing the amount
of endosulfan in runaff. Stubble retained was the
mast effective field monagement scenorio for
reducing endosulfan tronsport off-field. Improved
frrigation proctice, no frvigation ond reduced spravs
each reduced transport compared Lo conventional
praciice, but field monagement slone wiil] aliowed
some endosulfon transport in runoff from the ficld.
Mast transpori from the field coald be coptured
with o 30 to 50 mm capacity storage when water
was held for three davs. Less storage capacily was
required when runcff was minimised by good field
management. The rainfoll envirenment influenced
rundoff, with more intense daoily rainfoll leoding to
farger runoff events and more endosulfon runoff.

latroduction

This paper presents resuits of the srograe project QPIZ2
‘Application of models to estimate transpart of pesticides
from cotton production systems”.

Fhe ohisctives of this projec were:

Y. To develonr a capacity to predict the majr interactions
between ctimate, crops, soil and pesticides on the
mass of endosulfan ransported fom colton systems,

2. 1o Bak data rom field and Isboratory studies of sofl,
water and endosulfan movement to allow a more
commplete analusis of these experimerdal analyses.

[oM]

. T simulate the relative effectveness of various
ranagement practices in reducing fransport of
endaosuifan from cotion systems, and evaluate the risk
of endosulfan tansport over periods of 50 1o 100
VEars,

To address ohjectives 1 and 2, a simulation framework
was developed and tested. We used the GLeams model
(Leanard et al., 1987) and parameterised and tested it for
Austrafian conditions, Measured data from rainfall
sirnulater and field studies were used 1o parameterise and
test the model. Experimental data was taken from the
following nrogram projects: QP12 ‘Rainulator sfudies of
pesticide movement from agricudtural production
svsterns’, (JFI23, Pesticide transport Fom cotton
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production systerms - Queensiand ¢ife’, and USYE,
“Transport and fate of pesticides in cotion production
systems — NSW #Held giie’,

Once Gieavs was sehap and fested, the effects of arange
of management realments on endosulian reneport from
codton farms in Queensiend and New South Wales wos
simuleted. The simulations were made for pedods much
longer than could be measured expatimentaliy, akey
henefit of this modelling study.

Ir; this paper, we concenirate on presenting results of the
modelling. We particulady stress the usefulness of the
mode! results for evaluating the relative effectiveness of
various farm design and managernent options aimed at
reducinig transport of pesticide in vanoff. '

Methods

(a1 =aMs was parameterised and validated using measured
data from rainfall simudator plots and fiekl siudies at sites
in Queeansland {Haopsons, Field 5} and New South Wales
{Asscon Warren, Field 43, The shility of Guras to
vepresent Hine variation in soil endosulfan concantration,
soil water, crop growih, runoff, sedivnent and endosulfan
fransport was kested. Daka for parameterising and
validating Girams was avallable from raindall simulaly
plots and field studies at both sites,

Mode! arcuragy was ested by comparing measured
chwervaions with predictions. In general, the model was
capabls of representing the important processes operating
at the farmn scale, and accounting for the influence of
change in management on unoff and pesticide ransport.
Oree vadicated, (Gurams was used o sirmulate effects of
management at the feld scale on runoff and endosuifan
tramsnort, A siimple on-faom storage systern was also
simulated to evaluate the effectiveness of storage in
reclucing endosulfan movement off-farm.

The scenarios simulated for the Queensland and New
South Wales sites were:

1. Conventiona — cotton stubble raked and burned
after picking, and tillage used fo control weeads and
yrepare hills for plasting.

Z. Stubblp retcined — maintaining about 40 % stubble
cerver throughout the cofton growing season, ettherby
redsining cotton stubble from the previcus season or
o B winder cover cron,



3. Improued irrigation — an irrigation strategy that
applied irrigation without tailwater.

4. Dryland — no irrigation.

5. Reduced sprays — reducing the number of endosulfan
sprays from ten to five for the Queensland site, and
three to one for the New South Wales site.

On-farm storage was represented by storing runoff,
pumped at a specified daily rate, until the storage
capacity was full.

Flgure 18.1.

Stored water was released after a specified duration
with no additions to the storage, at a specified release
rate. Endosulfan concentration was assumed to have
declined sufficiently during storage to allow safe release.

To evaluate the effect of climate on runoff, the
conventional scenaric at the New South Wales site was
simulated using the Queensland site’s rainfall and
irrigation. All other characteristics of the New South
Wales site {such as cother aspects of climate and soil
type, agronomic and spray operations) were held
constant.

Typical endosulfan concentrations on soil ot the Queenslond ond New South Wales sites for the

‘conventional’, ‘stubble retained’ and ‘reduced sprays’ scenarios.
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Figierr 18.4,
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Resutis and discusgion
Armual runoff and endosulfan transport off-field

In general, the simulations showed that the New South
Wales site prodused more runaff than the Queensland site
Fiaures 182, and 18.3.) This increased runoff was due to
a sombination of greater Imigation amounts and lower sail
mfiitration carsactly, Between 0.3 % {Conventional) and

0. 1% Drvland) of endosulfan apiplied at the Queensland
site pach year was ransported off the field. Betweze 1%
Canventionall and .1 % (Shubble retained) of anplied
anclosulfon was ransported off-feld each vear ot the Naw
Bouth Wales site.

The Improved rigation scenario was effective in reducing
runoif and erdosulian ransport, mainly by reducing the
armount of sxcess trrigation, However, the reduction in
endosulfan ansport $d not ilin proportion to the
reduction in runotf. Even though excess invigation was
reduced, runcH from vainfali still accounied for a significant
pronortion of endosulfan transport. Runo from rainfall
events, particularly large events, fended to contain High
endosulfan loads {see Figures 184 and 185 1,

The Stubble retained scenario was the most effective
seenario for reducing endosulfan transport. Cover reduced
runoff volumes in most evenis by inereasing infiltration.
Stubble referdtion increases the tortuosity of water flow,
thus reducing detachment and fransport of secliment. In
adcition, the armount of endosulian available on the soil
for ransport in water was less then scenarios with relativel,
bare soil surfaces because endosuifan was assumed 0
contact the sofl and vegetative matter in proportion o the
vegeEialive cover

26

tndosutfan framport (Lo L'}

hld Endosalfan concentration

488 1 :
B : :

H : i

B i

Conpvantimamt lwoproved  Trolasd

Gmbble  Beduced
irrigaiinng ’

refminod speags

Reduced sprays at the New Scach Wales site reduced
endasifan transoot in provoction i the spray
reduction, that is: two thirds, This indicates soil
concentration Imited the amount of endosuifan
transport af this site. A 50 % spray reduction at the
Cluesnsland site only led to a 30 % reduction in
endosulfan transport, suggesting movement in this
envivonment wags liraited by transport potential of runoff
rather than soil concentration.

Runoff and endosuifan transport off-field with lorge doily
enents

Fioures 184, aned 185, ywesent a summany of a parfial
serigs anatysis of deily endosulfan franspori and
eridosulfan concenivation i runoff from the 30 largest
events in the 30 vear smulation. The amount of
endosuifan iraneporied in large runcf events at both
Queendand and New South Wales was very high.
Conventional seenarios had the greates! rafes of
gnddosulan ransport. Aneventwitha 3 % change of
gxeeedense with canventiona! maragement (130 vear)
conided ansport 40 ¢ ha' in a single day, mare than the
anmual puerage, with 2 concenfration i runoff
exceeding 500 ug L7,

Even ina 1:1 year event, daily endosulfan masses of &
g ha and concentrations of 100-200 pg L7 were
predicted for the Conventional scenario. The partial
series analysis used here only considered the 30 largest
events, so small gvents are not included in Figures 18.4.
and 18.5. Many small events, particularly those
resuliing from brigation, would have concenteations
rauch less than 100 pg L



Management scenarios that reduced irrigation amounts
{Improved irrigation and Dyyland) were effective in
reducing endosulfan transport at the (Queensland site,
even for large runoff events.

At the New South Wales site though., reduced amounts
of irrigation did not reduce endosulfan transport in large
events because of this soils very high runoff potential
{curve number = 90}. In the case of the Improved
irrigation scenario at the New South Wales site, the
magnitude of large events increased; irrigation was
applied more frequently with the Improved irrigation
scenario, consequentially runofl potential was even higher
than with the other scenarios.

The magnitude of small events was reduced with
irrigation management at both sites, resulting in lower
average annual runoif. The Stubble retained scenaric
reduced endosulfan mass and concentration in runcff
from both sites for all size events. This was consistent
with reduced soil endosulfan available for transport and

Figure 18.6.
Queensiand site. Runoff from ‘conventional’.

lower soil transport capacity of runoff. High amounts of
endosulfan were transported in the largest events with
the Reduced sprays scenario, indicating that, in the long
term, large storm events will most likely occur close to a
spray operation, regardless of how many sprays
there are. Transport in the more frequently
oceurring events (4:5years) was reduced when
number of sprays was reduced because of generally
lower scil concentrations.

Impact of on-farm storage on endosulfan transport off-
farm

Figures 18.6. and 18.7. show average annual runoff
and endosulfan transport with increasing storage
capacities when water was retained {or three days prior
to release. On-farm storage was particularly effective for
management scenarios that reduced field runoff, such
as the Improved irrigation scenario. Scenarjos with less
runoff generally left the storage with more capacity
available to capture large runoff events.

Effect of on-farm storage size on average annual runoff and endosulfan transport from the
‘Reduced spray’ Is identical to ‘conventional’, and is not shown.

Storage duration was three days.
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An impractically large storage was needed to eliminate
runoff from all scenarigs {more than 1000 mm), though
endosulfan transport was almost eliminated with 100
mm storage ({three day storage duration). At the
Queensland site, a similar amount of storage was
required for the Reduced sprays scenario as the
Conventional scenario because soil endosulfan
concentrations were still high (Figure 18.1.) and runoff
was not reduced.

Impact of rainfall environment on runoff and endosulfan
transport

To illustrate the effect of rainfall environment on runoff
and endosulfan transport, runoff from the New South
Wales site was simulated using rainfall and irrigations
from the Queensland site (Table 18.1.). Both sites had
similar average annual rainfall, but Queensland has
more intense rainfall than New South Wales. and less
irrigation is applied.

The more intense Queensland rainfall at the New South
Wales site markedly increased the magnitude of large
runoff events. Even though average annual runoff at the
News South Wales site decreased with Queensland’s
rainfall+irrigations, average annual endosulfan transport
increased, consistent with a reduced amount of irrigation
but more intense rainfall.

Conclusions

Endosulfan transport off-field and off-farm could be
reduced with improved farm management. Retaining
cover on the soil surface (increases infiltration and
redices the amount of endosulfan available for fransport
in runoff} was the most effective strategy for reducing
endosulfan transport off-field. However, field
management alone was not sufficient to eliminate
endosulfan transport off-field, particularly in large runoff
events.

On-farm storage had the potential to capture most of the
endosulfan transported in runoff from the field,
particularly when runoff from the field was minimised

with goed management. On-farm storage could not
realistically eliminate runoff though, as the storage
invariably overtopped during periods with extreme
runoff. The rainfall environment influenced runoff,
suggesting interactions between climate and site
characteristics should be considered when evaluating
management strategies that minimise agricuitural
chemical movement in runoff.
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19. Techniques for stabilising soil erosion on cotton

farms

D.M. Silburn!, D.K. Waters !, R.D. Connolly!, B.W. Simpson! and

I.LR. Kennedy 2

1Ql.xeensland Department of Natural Resources; ? CRC for Sustainable Cotton Production

Summary

Recent studies of runoff and soil loss from irrigaied
cotion in Australia are reviewed, with particular
reference to techniques for conirolling soil erosion
by waier. Soil loss rates from irrigated cotton in
the Emerald irrigation area are typicaily 4-8 t/ha
per year. The only other data available, for the
Macquarie Valley NSW, suggest higher soil loss
raies (eg. 10 tthafyr), due to differeni soils and/or
irrigation praciices, even though slopes are much
lower. Reasonably large amounts of runaff are
typical, 100 - 200 mm/yr in Emerald studies and
75 - 750 mm/yr in NSW studies, with a large
coniribution from irrigation tailwater, indicaiing
there is considerable scope for improved water
management. High teilwater volumes are
presumably associated with soils with low
infiltration rates andfor long durations of inflow.

Soil loss rates can be substantially reduced by
reducing tailwater from irrigation, retaining
anchored crop stubble under cotton and/or use of
polymers in irrigation water. Recent on-farm triols
in the Emerald irrigation area have shown that
these practices can be incorporated into profitable
irrigated cotton systems at commerciol farm scale
and provide the expecied benefits in reduced soil
losses and pesticide transport. Off-field practices,
involving trapping sediment in tail-drains and silt
traps, also reduce sediment movement off the farm.
Furiher research and, in particular, development is
required in irrigation management, integration of
siubble retention into cofton farming systems and
the concept of ‘zonal’ farming.

Introduction

In this paper, we review techniques for controlling runoff
and soil erosion from cotton furrows and fields, based on
research from the LWRRDC/CRDC/MDBC pesticide
program (this proceedings). Considerable data on
pesticide transport was also collected during these studies,
but will not be reviewed here. [n summary, management
technigues that reduce runeff and sediment transport
produce equal or greater reductions in transport of more
soluble and more sorbed pesticides, respectively (Silburn
and Connolly 1998),

Results are presented for {a) management practices for
use within cotton fields, including preliminary results for

two recent studies; (b} evaluating practical and
innovative management practices to reduce off-farm
movement of sediment and chemicals at the
commercial farm scale {Waters, 1997}; and (c}
evaluating off-field options to reduce siltation of drains
in the Emerald [rrigation Area (EIA) {Connelly et al. in

prep.).
Impacts of soil erosion

Soil erosion can potentially influence natural resources
and production through:

1. On-site loss of soil productivity {eg. loss of soil depth,
quality and nutrients); '

2. Off-site movement of sediment and associated
nutrients and pesticides to streams and water bodies;
and

3. Siltation of on-farm and downstream drainage
systerns and infrastructure.

Cotton is often grown on low slopes, deep soils and with
high fertiliser inputs. On low slopes (<1 %} erosion
rates are expected 1o be low and not expected to reduce
on-site productivity except on shallow, infertile soils.

The general perception has been that erosion is not a
major prablem in the cotton industry (Yule 1997).

However, actual erosion rates measured from irrigated
cotton, only available in recent years, are not as low as
may have been expected (see next section), although it
is difficult to assess effects on productivity. Given the
perception of low ercsion rates, there has been little
adoption of soil conservative farming practices such as
stubble retention. In any case, cotton crops may not
provide enough useful stubble (trash} on which to base a
stubble retention systermn for erosion control.

Even though erosion may not be perceived as a major
concern, de-silting of eroded soil deposited in drains is
frequently required, both on-farm and off-farm in public
drains. De-silting public drains in the EIA costs about
$200,000 per year. On-farm erosion prevention would
greatly reduce this cost {Connolly et al. in prep.}. Also
silt cleaned frorm drains may contain pesticides and
require special care in disposal. Most importantly,
changes in community environmental standards and
expansion of cotton during the last decade, including
large areas of dryland cotion, mean that better

Pesticides Conference ‘99



management of @rasion and ofl-site imoacs is needed.
rcremsed cost and competifion for water will seinforee
this, 55 conservation of water and soil are highly reglated.
In resnonse fo thase pressures, wany idapted cotion
farmis caphae runoff and ivigation taweter for rese,
approaching a closed sustem. However, onmany
dryiand cetton areas runoff frorm siarms drams directly
offegite.

How much runeff and soil evosion oceurs?

Runoff and soll loss date for Ivigated cotton in Australia
arg reviewed by Siburn 11995 and Silburm et al. {1997}
- 3 SUEHTIATY §5 Given here, The malority of data are
fron the Emerald rigation Area (E1A) on black cracking
clans, with studies over the last 12 veses (Cagroll et al
1991, Simpson 1997, Waters 1997, Runoff was
typically 10G-200 mm per vear, with & large, but variable
component from rigation taillwater. In dry vears all
runoff was tailwater, eq. soil loss of 8 tha in 94/95.
This tailwater can make a considerable contribution {o
s0il groghon,

Dhiring six years of monitouing, soff loss from furrows
way 4-8 vha each veor on slopes of 1-1.5 %, and
B 18 times less on 0.5 % slope, Funolf and solt losses
from tail-drain outlels were strmilar io those from
furrows, gring considerable export of sediment into E1A
draing. About 60 % of soif lost from Aavrows weas
suspended (fing) sediment, which will seitie slowly in
water and travel long distances in runoff.

Snudies in the Macauarie Vallow NSW found soil fosses
from Rarrows of 18212 tha in a seasor idata from two
fekds, Tor one vear; grey cracking dlay (Holden 1995},
hard-setling red-brown soil {(Rennedy 19971, Sioneswere
L1500 or .07 %, Thatls, sofl lnsses were gregter than
on the steeper siopes i the EJA. The reasons for this
are nat clear, especially wher there 16 a strong response
tor slope within the Emerald stadies. Ditferences in soil
properties {erodibility) and b iprigaiion practices Hfiow
rate and duration) are likely causes.

Certainly, the large amount of irvigation water used in
the case of the hard-seting rechbrown scil countaracts
this sofl’s inherers high siverath and assumed low
erodibilty, resuliing In todal soll losses similar o oracking
clays. Siburn et 2l {1997 mnked the soils rom highest
o Iowest erodipdit - grey oracking dav > red-brown
> black cracking clay, based on mean sediment
concentrations pey unit slope {and very lmited datal,

Tahig 19.1.

Unforamately, without long ferm studies of erosion from
coton felds a more realistic assessment of erodibilities,
and long term grosion rates, 18 dilficadt. The best
approach 8 probably that of Connolly 119971 v
combining a reasonably sophisticated roodel lug.
GLEAMS) and process data from rainfall shvulator
siudlies, with short teve Beld date as a Yenliby cheddd.

A wide range in runoff amounts were measured in these
studdies {70-700 mm/yr), indicating there is considerable
iatitude to reduce soil erosion by reducing the amount of
runofl. Erosion vates are higher than may have been
previowly expected given the Iow dupe, le, compared to
aur exparience in diviand cropping.

This is chug & the direct confribution of erogion by
tathwater, same increased rainfall runoif as the soilis kept
wetter by ivigation, and the soil surface being bare, Also
at the hilkdurrow scale much of the field s actually steep
{eq. 50 % slope! although overail the field may be almost
level. Under rain & large amount of sediment is generated
on these steep slopes. While much of this is deposited in
the furrows, the finer sediment will leave the figld in
sunolf.

Heview: Technigues for controlting soil exosion

Techninues for controlling so¥ eroston an colton farms
wete avaluated during the LWRRDCICROU/MDEC
prrogeam - “Misimising the ‘mpacis of pesticides on the
rfverine snvirenment using the cotton industry as a model’
{Connoelly 1997, Silbum 1997, Simpson 1997 using:

1. Rainfall simulator and furrow scale studies, which
provided controlled comparison of & range of
piaciices,

2, On-farm [conunercial scale) tinls, demonsiraling both
yfficacy and difficulties of & few selected practices
when ntegrated into Yeab work? coffon farming
systems: and

3. Simulation modelling, which has allowed & wide range
of combinations of lacations and practices, including
oif-field praciices, 10 be vvaluated for much longer
periods,

Erosion conbrol techmiques involve either preveniing
grosian at its seurce within the field or removing eroded
sediment from runolf at the edge of, or off, the field, or
containing all or part of the runafl

Effeciineness of stubble retention on runoff and a5l oss from cotton finvows wender o siorm (8 min ot

100 mmihr) ot Warren (Auscott) NSW, on grey/broum clays, Cation in whegt stubblelcottan sown whth minimal disturbance
after a wheot crop, Doty are means for four-elght fusrones,
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Figure 19.1, Runoff and soil loss, from 40 min of storm rain, as affected by cover and wheel troffic, under
a large rainfall simulaior. Black Earth, Emerald, (Hd. (Source: Silburn et af. 1995).
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{A) Management practices within the cotton field
Soil erosion by water can be controlled by :

1. Managing the amount of runoff. Runoff is reduced
by maintaining a soil water deficit (je. dry soil) so soil
has capacity to store rainfail. In dryland cropping,
the optimal approach is opportunity cropping or
following the rule “soil water - use it or lose it’, In
furrow irrigation, reducing flow rate, cutting back or
earlier cul-off of irrigation, thus reducing tailwater
volume, will reduce soil loss. Drip and sprinkler
irrigation, with no tailwater, will reduce erosion
compared to furrow irrigation. Retaining cover on the

soil surface and controlled traffic also reduce runoff
{Figure 19.1., Table 19.1.).

. Reducing the concentration of sediment in runoff.
Retaining cover on the soil surface is very effective in
reducing soil loss (Silburn 1997, Silburn et al. 1995)
{Figure 19.1. and Table 19.1.}. For furrow irrigation
or large runoff rates during storms, cover in the
furrows is effective so long as it is anchored
{Simpson 1997, Waters 1997).

Use of flocculants, eq. polyacrylamide (PAM), in
irrigation water considerably reduces sediment loads,
eg. 75 % reduction (Hugo, pers. comm.}, but gives
variable effects on infiltration and runoff and has little
effect during subsequent storms (Hugo and Silburn,
unpub. data). Reduced or no tillage alone (ie. without
stubble retention} has variable effects on soil loss,
depending on soil type. eg. reducing soil loss by 50 %
{Holden 1995) tc only 12 % (Simpson 1997},

While retaining cover has been shown to be effective in
reducing soil erosion, the problem in cotton farming is
where to get the cover from. Firstly, it is helpful to
make a clear distinction between types of crop residues,
in particular between those of cotten and of other crops
{Silburn et al. 1997). Cotton frash is dense, woody,
generally of insufficient quantity and cover to prevent
soil erosion, and must be broken down to allow further
cropping operations.
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Suitable cover is provided by stubble of other crops,
particularly cereals grown prior to cotton. As approximately
50 % of growers now grow cotton in rotation with other
crops (John Marshall, pers comm}, there is a potential
source of useful stubble in some years. Secondly, to be
useful in erosion control, cover must be on the soil surface,
ie. not buried, To control erosion during irrigation, anchared
cover is needed in the furrow, tillage must be avoided, at
least in the furrow {see zonal-tillage below).

{B) New results from on-farm erosion control trials

Many practical issues in using these in-field practices are
being investigated, and overcome, in on-farm trials.
Simpson (1997} found when cotton and wheat cover
treatments were tilled twice soil loss was reduced by only
50 %, as there was too little stubble and the unanchored
stubble was remaoved by irrigation.

Photo 19.1.(g), ‘Conventional’ coutton - ne cover, Emerald

Photo 19.1.(b). Coiton in wheat stubbile, Emerald
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Photo 19.1.(c). Wheai planted with spreader
& hills ‘chained’

Pheto 19.1.(d). PAM applicator in {rrigation
head-ditch, Emerald

When cotton was planted into wheat stubble without
disturbance, soil loss was greatly reduced, eg. during
the first irrigation, soil loss was 6.8 t/ha without cover
and .84 t/ha with wheat cover.

Field trials to evaluate and demonstrate management
of erosion and pesticide runoff are now under way on
commercial farms {Waters 1997). hrigation and
rainfall runoft, scil loss, nutrient and pesticide
samples are collected at tail-drain outlets (30 ha), for
wheat stubble/cotton double crop vs conventional

cotton (Photo 19.1.{a), (b}, {c)). Polyacrylamide {PAM)
applied to irrigation water vs conventional cotton (Photo
19.2.(d)).

Wheat/cotton double crop

Wheat stubble/cotton double cropping was successtul in
the EIA in the 97/98 season. The number of growers
planting wheat increased from two to five for the
coming season, with potential to double the following
season.

Figure 19.2. Soil loss (t/ha) - wheat stubble/cotion and conventional coiton for six irrigations, 1997/98
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Figure 19.3. Soil loss {t'ha} - Polyacrylamide (PAM} and conventional cotton, six irrigations - 1997/98
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Endosulian sprays wete reduced by tres onwheat siubble/
cotton compared o conventional, using the wsual insect
threshokds, le, insect pressure was lower and predator
numbers greater on the wheal treatment, Soil loss from the
wheat/cotton reatment was approximately 70 % lower
over the season (Figure 19.2.). Asimilar reduction in
pasticide moving off-site onsediment is expected, on top
of the reduction due 1o kess endosulfan use.

Poiyacrplamide {PAM}

Addifion of polyacryiamide (PAMY o irrigation water
Phoio 19160 redueed sot movement by 70 % ovar six
rigaliors relative fo conventional IFoure 193,

Sail osses for conventional eotion at the PAM izl were
iowey than for conventional af the wheat bliad {Figure
F9.2.1, brgely due to sarlier cut-off of bvigation, The cost
of PAM was abaout hell of the orst isaved of de.siling silt
traps. By 1998 there were seven growers using PAM in the
Eia. Further development of sppdication iechnigues and
rales is nesded.

(C) Cif-Reid storage, trapping and seffling

Practices for managing yunoff off-field before it leaves the
farm, include tail-dain management. use of silt-traps and
an-farm stovage dams. (Silburn and Connoliy 1998,
Connlly et al. in prep).

1. Tail-drain managerment

Changing the budeaulic characteristios of tail-drains can
substardialiy slter movernent of sediment. Beneficial
changes nchade redusing b drain stope [ovewlior
towards the owullet) or increasing hudrauiic roughness by
ncwpesing covern

Sivep wotions In lail-draing, particuderly towerd the outler,
can substantially iIncroase sedimend movement from the
{mibdvain, These practices reduce treasporiof laraer
seitnent sizes ancd pesticide attached o these pariicles,

Figure 194, {simulated with he GLEAMS madelln
an example of effgcts of cover In the aildmin
sompared with carseantional (hare fekd and dl-drain)
and othey in-field pracices.

Sediment movement off e was redueed by about
haif with cover i the tail-drain, for afl in-Teld
practices, Cover over the entire fisk] had & large
effect as it reduced arosion at s source. Diip
irrigation (instead of furrow) gave the least soil loss as
it produced no tail-water ronoff and reduced storm
runaif,

2. Sil-fraps and on-farm storages

Sediment rarspor off-ferm (Smuladed with
GLEAMS! way recuced by abons 40 % with asilt-
wap (Figure 1894, & all inefleld practices. Sittaps
capture Brgerseciment while bre sedimenis move
through the rap

in-fold vractices et redive nunclf or eresion make
ihe sili-ap more efective and reduce the iead for
de-sifting. Ornelarm wader skoages canbe wed o
capture corteminaked runefl and held water fora
specified funs,

Their use in reducing oft-farm lossex of endosulfan
was evaluated by Connoly (1997 and Connolly ef a6l
{thiis proceedingst, Stovages for this purpose should be
kapl emply as much as possible 1 maximize their
potential to capture runcfl, Increasing storage size
reduced runoff and endosulfan transport off-farm, but
very learge storages were requirad to capture most
runoff, Thus good indield management is crifical,

Adoption of new practices

Implementing shbsoie retention In irigated cotton
recpiives corsidarable adaplation of lechnoiogy and
soking new problems indmigation, weed and inseat
managameand. Conlinucus coffon oropping will

Figure 19 4. Effects of in-field and foll-drain mapagement pn neevige svnood sedimeni transport offferm info LN drods
EEIA), with and eithout farm silt-draps. Bimudated with GLEAMS {Connolly 6t ol in prep }
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probably not provide adequate cover for erosion control,
as cotton provides a low volume of trash.

However, some 50 ‘% of growers now grow cotton in
rotation with other crops (John Marshall, pers comm),
providing a potential source of stubble in some years.

Wheat/cotton double cropping used in the EIA on-farm
studies are less practical in southern cotton regions. as
wheat is harvested later and would delay cotton planting
- other options need to be developed.

Ideas that may overcome perceived conflicts between
competing requirements are (Silburn etal. 1997).

1. Separating operations according to their different
timing in the growing sequence, eg. the critical time
for erosion control is early in the crop and during
irrigation. whereas pupae control is required after
picking:

2. Zonalftillage/farming or strip fillage {Marshall et al.
1996a) where different zones of the hill/furrow system
are managed for different purposes {Phote 19.1 .c.),
eq. seadbed, wheel traffic and irmgation/runoff zone
{furrow] requiring anchored stubble, and bed side-
slope, requiring stubble cover: and

3. Considering the different roles of cotton trash {ie.
generally a problem) and stubble {very useful, but
where do you get it from). As little crop residue is
available for retention after a cotton crop there is no
real conflict between stubble retention and pupae
busting, which requires reasonably complete tillage
after picking Marshall et al. {1996b).

Further R&D required

Development and adoption of practices that are
preductive and conserve resources need to continue. As
shown by the lower insect pressures, higher predator
numbers and less insecticide sprays on cotton grown in
wheat stubble in the Emerald trials. there are many
unforseen potential benefits.

Similarly, use of stubble in furrows may improve
irrigation. particularly on soils with poorer infiltration and
slow ‘subbing-up’, and reduce evaporation and water
use, but this requires further research and development.

Ingeneral. our knowledge of erosion rates and
erodibilities of cotton soils, and of effects on erosion of
furrow slope, length and in particular irrigation flow rates,
is poor and limits our ability to optimise management,
While irrigated cotton farms are heading towards being
closed {runoff} systems, dryland cotton production is
practiced over a large area, presumably using similar
amounts of pesticides per hectare as irrigated cotion,
with litile runoff control.

Further research, and particularly development, is
required into zonal farming systems and practical systems

104

that provide cover during the early part of the cotton
season, for both dryland and imigated cotton, including
double crepping, cover crops and longer rotations from
winter cereals (eq. wheat) into cotton.

Conclusions

Scil loss rates from irrigated cotton in the Emerald
irrigation area are typically 4-8 t/ha per year. The only
other data available, for the Macquarie Valley NSW,
suggest higher soil loss rates {eg. 10 thafyr}, due to
different soils and/or irrigation practices, even though
slopes are much lower. Reasonably large amounts of
runoff are typical, 100 - 200 mm/yr in Emeraid studies
and 75 - 750 mm/yr in NSW studies, with a large
contribution from irrigation tailwater, indicating there is
considerable scope for improved water management.

High tailwater volumes are presumably associated with
soils with low infiltration rates and/or long durations of
inflow. Soil loss rates can be substantially reduced by
reducing tailwater from irrigation, retaining anchored crop
stubble under cotion and/or use of polymers in irrigation
water. Recent on-farm trials in the Emerald irrigation
area have shown that these practices can be incorporated
into profitable irrigated cotton systerns at commercial
farm scale and provide the expected benefits in reduced
soils losses and pesticide transport. Off-field practices,
involving trapping sediment in tail-drains and silt traps,
also reduce sediment movement off the farm.

Further research and, in particular, development is
required in irrigation management, integration of stubble
retention into cotton farming systems and the concept of
‘zonal farming.
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20. Science, best practice, legislation and

environmental performance

R. Whyte

NSW Environrment Protection Authorily

Summary

Modern indusiries recognise that improvements
in envirommentad performance con be achiveed
with contributions from science, the ndoption
of best practice and complionce with the
encironmental tegistation. The Environment
Protection Authority (EPA) of New South Wales
encourages industries to identify where
improvements in environmental performance
enn be made, and take on the challenge of
making those improvements. The cotton
industry is an exemple of an goricultural
indusiry seeking to improve ifs environmental
performance by focussing on each of these
importani factors.

Intraduction

The EPA of New South Wales recognises the need o
deveion new approaches o enwironrnent protestion,
aswell as mproving traditiooal approaches i meet
the communily's expectations of clean wates, clean air
and sustainable industey (EPA 19974,

Modern indusiries are emploving & combination of
scientific rasearch and advances in technology, best
wractoe. and compliance with the legisiation o
achieve improved environmental performance,

The Australian Marnufacturing Couneif (1992)
maintains that

“Enuvironmental excellence, which will incorporate
changes in management practices, employee
participatinn, sdoption of new cleaner technologies,
aned emphuosis or recyeling, reuse and recovery, is
the means by which industry will mave toward
sustainabifing”

Much attenition has been given to the environmenial
performance, and modem trevds such as the move o
slganer production of secondeyy and exiractive
inchasiries IEPA 19970),

Environmental improvermne st through well-founded
industry initiatives are also being made in agricultral
inclustries such as the cotton Industry in NSW and
Queensiand, This paper cites prowrams involving the
cotton industey rom a NSW perspeciive.
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Science and indasiry

Knowledge can come from experience or from the
systematic develomment of krowledae throtsgh sdence
{Cullen 1996),

Put simpiy, the application of stientific research provides
# foundation for establishing veliable facts and for
idertifying and testing the reliahility of imporéant frends
arvd selntionships.

Irwiustries that have improved and prospered by adopting
& strong veseareh and development aporoach realise the
value of utiiising science to prosvide direction and drive
improverment in environmental nerformance,

For example the Austealian cotton Industry, since its early
development in the Namol Valley of NSW in the 1960s,
has used sclence o mprove plant genetics and boost
crop production {McHugh 19%6)

The seience of cotton growing hag benefiled from
signifioant contribustions from the Commonwealth
Scientific and Industrial Research Organisation {CSIR(),
NSW Agricuiture, the Australian Cotton Growers
Research Association (AUGERA] and the Cotton Research
and Developrment Corporation (CRDC).

in meeting the challenges of the 1990 1o improve
environmental performance, the cotion ndustry has
velied o its previous experience with scientific research,

Ome sxample Is its suppan for he research program
Mirdmising the Impact of Pesticides on the Kiverine
Errvironment Using the Cotton Industey s a Mode!l’, This
program seeks fo guide improvemenis in the cofion
inclisstry i relation to the mplementation of best
practices procedures and leaisiadive compliance.

Fhe program, jointy conducied by the Land ang Water
Hesources Ressarch and Development Corporation
$WRRDC), the Mavray-Darking Rasin Commission
(MDBC) and the CERDC, alms fo provide a scientific
bask for achigving these outcomes.

Best practice and indusiry
The Australian Manufacturing Coundll {1992) maintaing

that while best practice is not amenable to simple
cefinition, if is a strateqy for organisations change,



which repmsers the application of fechnology to all
manner of enviionmental issues in order fo achieve
optirum outeames by balancing confinunus
inyprovement and cost,

As many industries move towards the adoption of best
practice the cost to industry becomes more important,
Industries committing funds for envisonmentad
profection ward 1o know that the dellers spent will
achisve the sutcome scught. In NSWthe FPA s
waorking towards the best envdironmental ouleomes
the least pogt to sociely by taking an integrated view of
ait resovrcss (EPA 19974,

Best practice, along with compliance with the
envitonmental legislation, allows industries to reach the
axpectations of the communiiy that has arisen since
the 1980s, Over 90 percent of respondents in a survey
of NSW indusities agreed that the general public in
NESW erpests industry fo continue fo improve ifs
envirommenial performance [EPA 1997,

Evwironmental guidelines providing information shout
good operational design and managementsnota
new idea ard represents an eartipr version of the
cancent of Best Practice. The State Pallution Control
Cornmissior’s ‘Environmental Guidelines for infensive
Pigueries’ published in 1979 is an early example of
guidelines for an agricultural industry to assist in
adopting the Best Practice of the day.

The beef teedlot induatry is an Infensive agricaliural
industyy which has a history of waorking towards
meating environmental guidelings and Best Practice
INSW Agricutiure et al, 1995} In the case pfthe
feediot indushy, acoreditation s o partof is
application of Best Practice for all pavis of the
inclusiry,

The Best Management Practice Manual for the cotton
irdustry which has resulted from the LWRRDC/MDBC/
CEDC program is an indication that agricultural
crapping Industries can progress in 2 similar manner,

Legislation and indusiry

Inclustry is required fo operate within an environmenial
legislative framework. However, the relationship
hehween a legally compliant operation and benefits
fram good envirorenental performance s only now
being understogd.

A racent indusiry survey found thet legal requirements
wag the doiminant yeason for making environmental
improvements ofered by primary and secondary
industry [EPA 19975, Interestingly, the same survgy
respondents rated Enancial buoefils, enhanced public
image, improved staff morale, and beltey products argd
competittve edgg. above avoiding fines or penalties as
the significant advantages gained from improving
environmental performance. There is fitde doubt that
good environmental management is good busingss,

Whereas indhstlry initially believed meeting legel
requirernents was the goal, ¥ s apparent that the veal
advartages can b more expansive. In the case of the
coton indusiry, the experience of others may pointthe
way teavsvds achieving bvoader goals, such as improving
the comirmumity peveaption af the indushy and Improving
the industry's market image.

Legiskation too is changing in line with changing
cormnmunity expectations snd changing indushy
perfirmarncs,

Recent changes in legislation relate strongiv fo
performance based regulation. Tupieally, performarnce
based requlation specifies an oulcome. hutthe means ot
process bo achisve the oultome s not praseribed,
attewing industry 1o develop tie means to achigve e
end or sglect from methods already availabis,

Loar] Based Licensing within the framework of the new
Pratection of the Environment Qperations Act 1997, and
e principies of dearer production, 8 a recent initiative
wherehy indusiries are being encouraged to provide the
soiutions o thely indushy specific challenges.

Partormance hased regulation is most sppropriate where,
1. Arange of acceptable solutions s possihle;

2. It is possible 1o explicitly state the desived outeomas/
obiectives:

3. Prescription would stifle inmovation; and

4, There are cleny assessment criteria and efficient
mathods of demonstrating compliance.

Perfonmance based requlption has similarities with Best
Practice in that both seelt to achieve the best environ-
mental owtcome which Is economically achievable, The
factors isted above for performance hased regulation
also have applicability for Best Practice.

‘The relationship between best praciice and
tegislation

The suiccessiul application of bast pwactior should enabie
an indushy o comply with the environmental legislation
under which it operates. In NSW the adoption of bast
aractics does not provide 8 persan or commercial entity
with pratection fram prosecution should the legistation be
breached. However, the adherence o best practice roay
be relavant in mitigation in any court proceedings and
st likely avoid breaches in the first place.

#Achieving environmental improvement

Industries keen to make environmental improvements
need 1o be aware of the sdvardages of pussuing best
practice, and depending o the industry, compluing with
perfonmance based vegulation and the environmentat
legisiation of NSWL
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Additionally, the role of scientific research and
technological improvements, where applicable, should
also be strongly considered.

In the 1990s the Australian cotton industry has
responded to concerns about its use of chemicals and
potential impacts on the environment and community,
by embarking on scientific research, adopting best
practice and seeking to comply with the relevant
environmental legislation.

In the case of the cotton industry, the best practice
approach has been chosen for implementation. The
principles, however, are not dissimilar to performance
based regulation, in that desirable environmental
outcomes are the goal.

If best practice is successfully implemented and audited,
the cotton industry could expect to achieve improved
environmental performance. In order to reach this goal
the industry will need to ensure that best practice is
adopted by all cotton growers, and that the initiative
involves the poor performers as well as those growers
already motivated to seek improvements.

Conclusion

Environmental improvemnent by industry depends on the
industry’s capacity for change and willingness to meet
new challenges. In NSW the community has a high
expectation of industry in achieving improved
environmental performance. In the case of the NSW
cotton industry, compliance with the State’s
environmental legislation is a requirement, and the use of
scientific research findings and best praciice, to do betier
from an environmental perspective, is the challenge.
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21. The Australian cotton industry’s Best
Management Practices Manual

A. Williams

Australian Cotton Growers Research Association

Introduction

Two years ago, the first draft of the Best Management
Practices Manual for Minimising the Impact of Pesticides
{‘Manual’} had just been released. It was a booklet of
some 70 pages, which listed a number of practices {(with
some details explaining the reasoning behind the
practice}, under four major headings.

Apart from comments on some of the technical issues
contained in the draft, and queries over the use of
‘mandatory’ language in the best practice statements,
there were three issues which were raised consistently.
These were:

1. How do we use it? How do we prevent it from being
filed away as vet more information?

2. What about the parts that don't apply to my farm? —
if a particular practice was not seen as relevant, then
given there was {initially) no mechanism to account
for that, there was potential for the credibility of the
entire document to suffer.

3. How is compliance going to be checked? How is the
industry going to know that the practices are actually
being adopted?

It was therefore clear that the structure of the Manual
needed to be improved so that these issues could be
addressed. It is essential that any best management
practices manual really is a manual, that is something
that is used {not just read}, as the word manual implies.
A collection of statements, no matter how accurate or
sound need to exist in some sort of framework whereby
they can be used by a farmer on his farm.

Structure of Manual

The solution was to adapt a successful concept
developed in the United States, and utilised extremely
effectively in Ontarie, Canada. The core of the
expanded manual is a series of self-assessment
worksheets, which enable farmers to assess and
document their own operation, based on the best
practice guidelines and against a series of risk rated
examples.

These worksheets then lead to the development of action
plans designed to minimise the risk in areas highlighted as
being of high risk during the self-assessment process.
However, self assessment sheets can't hope to be

comprehensive, and aim to only highlight the most critical
issues. For farmers who want to take the development of

best practices further, there is a process of hazard analysis
described, which allows farmers to identify in detail issues

for their cwn farm.

Self-assessment worksheets

The initial stage of the Manual leads the farmer through a
series of self-assessment worksheets, which are grouped
under four main headings: farm design and management,
pesticide application, integrated pest management and
pesticide storage and handling. Issues relevant to each
heading and relating to the risks associated with the use of
pesticides are highlighted on the self-assessment
worksheets {(see Appendix 1 for a worded example).

Each of these self-assessment worksheets is designed to
allow the cotton farmer to assess and rank the potential
risks on their farm relating to the use of pesticides. These
risk-rankings are then used to identify high priority areas
for the development of action plans that will help minimise
that risk,

The self-assessment worksheets are based on the self-
assessrnent concept developed by Farm®*A*Syst, Madison,
Wisconsin. Their help and support is gratefully
acknowledged.

The rankings go from low to moderate to high to extreme
{from 1 to 4}, and designed to provide an indication of the
relative risk that may result from an activity in the given
circumstances. Thus a ranking of 1 for a particular issue
means that that issue poses a relatively low risk; rank 2
could be a moderate risk; rank 3 a high risk and rank 4 a
mare extreme risk,

Rankings of 3 to 4 mean a higher level of risk, and any
issue which attracts these rankings are prioritised for the
development of action plans to reduce the degree of risk.

Hazard analysis

Although the self-assessment worksheets address a number
of important issues relating to pesticide use in the cotton
industry, they are by no means complete or exhaustive due
to the broad complexity of the farms, operating conditions
and practices existing in an industry as diverse and
sophisticated as cotton.

Thus a framework which will assist cotton farmers to
identify all the critical issues they face on their own farm,
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leading to the development of a more comprehensive
farm plan (in effect a farm specific set of best
management practices) has also been included in the
Manual. This framework takes the form of hazard
identification and analysis (see Appendix 2 for a worked
example), and is designed to break down the task of
establishing farm specific best practices into a series of
steps which are manageable.

The starting point is to list the activities which occur on a
cotton farm and then identify the hazards associated with
these activities and for which best management practices
will be developed and applied. Rather than provide a
prescriptive set of practices users are guided to develop
their own best management practices and check these
against some standard issues {included in the Manual),
This process alerts people to the key issues and the
potential problems while allowing them to develop a set
of practices with accompanying monitoring systemns
which suit their specific circumstances and operations.

Planning

The key to success in using the Manual is in developing
action plans {see Appendix 3 for a worked example) for
those areas or issues identified as posing a significant risk.
Once the self assessment sheets (and the hazard analysis
if applicable) have been completed, those areas requiring
attention have been identified and ranked. The solutions
chosen for the identified risk areas are documented, as
are the monitoring and review processes implemented to
evaluate the effectiveness of the plans, together with the
person responsible for seeing the plan is implemented.

Suppeorting documentation, which provides some
guidelines or management options for the development of
action plans, is included in the form of ‘Best Practice’
booklets. Further resources to assist cotton farmers in
their planning process are also listed under each self-
assessment heading, including other published material
and relevant legislation.

The Manual provides a flexible framework for cotton
farmers. lt recognises that cotton farming takes place
under a wide range of environmental, commercial and
social conditions. These varying conditions may place
differing constraints on a cotton farmer. By using a
planning framework, cotton farmers are able to identify
any particular constraints that they may be operating
under, and then plan the most appropriate method for
them of overcoming that constraint. By using the
Manual, cotton farmers will be developing practical farm
plans which minimise any impacts of cotton farming on
the environment, as well as demonstrating their
commitment to responsible resource management.

The Manual therefore has two distinet components, one
addressing the best management practice guidelines,
while the second is directed at providing cotten farmers
with a framework they can use to document and plan the
environmental aspects of their farming operation. [n

fact, BMP could just as easily stand for best
management planning as for best managment practice.
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This planning framework aims to provide a flexible
process that will address the need to manage the natural
resource base, and also meet producer’s needs {and thus
addressing the first two issues raised by the first drafts,
how is it used, and how are non-applicable practices
catered for). It enables the user to:

1. Objectively assess their current situation;

2. Document decisions made to improve situations
identified as being a patential risk; and

3. Monitor the effectiveness of those decisions. This in
turn provides a framewaork for checking adoption of the
practices on-farim, thus addressing the third tssue
raised by the first drafts.

A generic document will always have limitations - if there
are say 1200 cotton farms, then there are probably well
over 1000 variations to be taken into account regarding
how to manage that operation environmentally. By
focusing on farmer develaped action plans based on a
process which highlights the critical issues to be
addressed, solutions are founded on a combination of
commaon sense, sound science, economics and site
specific management.

Accordingly, the adoption of best practices is substantially
improved. The critical lesson to be learmed from this
move to an expanded format is that there are two aspects
of a best management practices approach to improving
resouce management-there are the actual practices
themselves, as well the delivery method used to maximise
adaption of those practices.

Implementation

Implementation of the Manual is being organised through
the local cotton grower associations, (the active
involvement of growers at a local level is essential for the
success of the Manual} who will be responsible, together
with the local Cotton Australia regional manager and/or
extension officer, for distributing the manuals,
maintaining the record of recipients and organising the
training meetings that cotton farmers will attend to be
shown how to use the Manual.

Centralised coordination and support for these activities is
also provided. The brief description of the process is as
follows:

1. Cotion farmers are made aware that the Manual is
available. This is being done through the various
industry publications and communications strearns
from the local grower association, as well as relevant
media publications (eg. the Australian Cotton
Grower).

2. Generally, an introductory meeting is held, where
copies of the Manual are distributed (together with a
short ‘How to Use’ guide, which contains worked
examples}, and a brief introduction to its development
and content is given.



3. Once farmers bave received the manual, & training
day s orcanised where they are shown how o
complete the Manual, The rainers will be primarily
Cotton Ausiralia feid staff, supported by eotton
inchastry extension and development officers.

4. Once the cotian farmer has completed the Manual, a
follow up meeting is organised with the farmer o ensure
he has completed the relevant parts of the Manual

A BMP werking group has been established to oversee the
development of the implementation process, as well as
being responsibie for ensuning that the dag-to«day wetk is
being performed. The BMP working group bas
representatives from the Austvalian Cotton Growers
Research Association, Cotton Ausiralia, Cotion Besearch
& Developrent Corporation and the CRC for Sustainable
Cotton Production.

Koy benefits

Heasouree management in Novth Americs 5 headed down
g path in a nomber of areas because of the limiations
in the fraditional agency controlizd planning systern, which
tends to limit implermentation to anly thase actions
speciically vequred; stifles mnovation; and relieson
‘rookie cutter’ sclutions and does niot aliow for site specific
aodutions.

i35 generally accepted that when farmers develop plans
an their pwn intiative (aided by sechnieal input from both
public and privaig sources), they will implernent many
mare actions o maindain and eshance natural rescurces
then they would with other poliey mechanisma such as
regulation or public-secior controlled planoing. This has
been ong of the core philosophies of the approach in
Ontario: "self directed nitiatives ars more likely to work
than command and control mechanisms of change’.

This approach also recognises that any envirenmental
shrategy must recognise that specific needs vary marsedly
from farn fo farm. The local, voluntary aporoach o
solving {environmentall oroblems velated o agriculture
may progress rmore siowly than many in the envitonspental
cammunity deem acceptable. Howsever, i should be
vnderstood that changs occurs somewhat slowly in
agricuiture due to the exdremely vdeky natuse of famina
Allowing the users of asriculural chemicals to {in a sense)
self regaiate their activities provides an innovative and
acceptable method of solving a problem that isvery
difficult for the stale 1o efectively regulate (Waskon and
Walker).

The creation and adoption of a best management preactice
approach by the cotton industry i the use of pesticides is
one wap of ensuring that the impacts of colion @rewing on
the environmment are minimised. The approach hasa
number of definite advantages, including the ability to
cope with a range of conditions, through the potential
abilify to develop local best practices-# is a lexible, on-
going syshern that can be adapled as drcumstances and
levels of knowiedge change, based oo ste-specific
planina,

The Manual fits very well in the current rersd of
erwironmental legisiation, whish focuses on a general
emvironmaental duty of care and the need for due dillgence
requirernents, and which requiras e visks be assessed.
planned for and menaged (for exnnple Queensland’s
Erwirorment Code of Practice for Agriculiure and the
mecommendations rom the Industry Comimission's Inquiry
into Ecologically Sustzinable Land Managerment,
Septernber 1997).

The Manual alie provides a mechaniam whereby cofton
farmaers can mainiain o dearee of say inthe
grvitonmenial management of thelr aperations, thus
capiuring the henefits that seil-regudation is abk o
provide. Atthe same tme, the Manual has had s
from relsvant government agencles, and seeks o hive
thelr endomsement. As it also provides a mechanism
whereby levels of adoption can be accurately vauged, it
can also captuge the benefils of repulation Hor further
discussion of the advantages and disadvantages of
selirequlation and external regulation, see Doak, 19981

The format of the Manual, which leads coiton farmaers
down a planning pathway, is a very powertul method of
having R&D outcomes adonted, as the ¢ritical izsues that
the research focuses o camn be highiighied in the self-
assessment worksheeds, A strong link can be made
Between the reason or need for adopting a practice and
the practice iself. Solutions to those ssues are then
identified o an as needs basis je. the reseerch outcomes
can be forused very speciically on the needs of the
individual farmer - the farmer only needs to investigate
thowe areas where a risk has been ideniified in the self-
assgsstnent process.

Future developments

Of course, i the cotton indusiny s serious shout
dernonsirating that it is capable of planning its own
erpdromamental agenda, there are some responsibilities, the
fiyst of which is the need for the documented analysis and
planning approach exempiified by e Manual, Another
Hkely issue for e industry (and agncuiture i general] will
e cortification. The cotton industiys strategy and
ulfimaie ooal is 10 have e regulatory bodies, ie. the
decision makers on ssues which directly atfect cotion
farming, endorse the Marnual, While the cotton Bndushry
curventy has thelr strong support, endorsement is likely fo
require evidence that the Manual is actualie being used,
being used properly, and having a positive impact. This
evidence will most likely require some fype of audit
process. Ior example 190G 14600,

Conclusion

In summary, there awe a sumber of advantaces forthe
cetion industry, reguiators and researchers in proceeding
down the BMP pathway:

1. It presddes the opporturity fox farmers to look attheie
fanming speration from a slighily differerst perspective
and will help them to improve their management of

pesticides,
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2. If cotton farmers want to retain some control over the
environmental management of their farming operations,
then it is essential that a significant proportion of them
undertake the BMP program.

3. Building up the industry's involvement in BMP will
enable flexibility to be built into the process of
environmental management (ie cotton farmers can
develop their own site specific plans at their own pace
and can deal with issues in ways that best suit them).

4, Anumber of European countries are discussing using
pesticides an a non-tariff trade barrier {particularly with
respect to organochlorines, of which endosulfan is one).
If the Australian cotton industry wishes to maintain its
markets against this type of barrier and also continue to
use such pesticides, then a demonstrated management
syster is essential.

5. Adoption of BMP may be the only way cotton growers
will be able to have access to products such as
endosulfan in the future. [t may also be the only way
the industry gains access to some of the newer pesticides
eq. Intreped.

6. The flexible, site specific and farmer driven nature of
the process helps to improve the adoption of best
practices.

7. The Manual provides a mechanism for extending and
promoting research.

The Manual seeks to be a flexible, useable framework for
coiton farmers. It is recognised that cotton farming takes
place under a wide range of environmental, commercial
and social conditions. By using a planning framework,
cotton farmers are able to identify any particular
constraints that they may be operating under, and then
plan the most appropriate method for them of overcoming
that constraint. The cotton industry has recognised the
impertance of the Manual and has enthusiastically
endorsed it.

By using the Manual, cotton farmers will be developing
practical farm plans which minimise any impacts of cotton
farming on the environment, as weli as demonstrating their
commitment to responsible resource management.
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