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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 cotton 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 to 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 outcomes. 

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 foiward, 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 .J. Schofield 
Land and Water Resources Research and De1.ielopment C...orporatc-:i 

Abstract 

The proyram Minimising the lmpoct of Pesticides 
011 the Riverine Environment arose from concerns 
about the health of rivers and the potentj(l/ adverse 
economic impacts of unsubstantiated regulation of 
the cotton industry. An integrated,focUS$ed 
progmn1 oJ R&D W(liSi developed to achieve the 
outcomes of adoptl-On of best pesticide 
management practice and sensible regulations, 
leading to a swstalnable industry and healthy 
environment. 

In the process much has been learnt about 
pesticide <JPPllcation, tra11sport, degradation, fate 
and aquatic biological Impact. Moreover the 
cotton industry and regulators have maced to 
odopt the research outputs in a best practice 
mmwgententframework. The approach or 'cotton 
model' is now being presented lo other pesticide 
using lndustrla. 

Introduction 

As the opening presentation. this paper aterr.pts to give 
an insight into the origin of the )<ogram and descnOO how 
it \Vas designed a:id imple1nented. The initial focJ.s was 
strong;y on protecting the riverine environment, wh'.ch 
sl:O\<\ied evidence. albe:t largely anecdotal, of tl;e impact 
of~1icides through fish kll'.s ln col:'nn growing regions, 

At the sarr:.e time :t \Vas felt important not to rush into a 
;;trong regulatory r~1)onse that would severe:y i:npact the 
co:ton indus;r:v econom:cally. 

The appropriate approach was to undertake a focussed 
R&D progran: thatv.'ou:d clearly determine the impac1 of 
pesticides on the riverine environment. and provide 
sufficii?.n: unders:a:nding of their be'."iaviourto recommend 
practices that \vould n11nl:nise such impact 

ln 1991, discussions were held between La:ld and Water 
Resources Research and DeveJo,ment Cor::ioration 
(LWRRDC), the Cotton R€searchand Development 
Corporation \CRDC) and the Murray-Darling Basin 
Commlssior. (MDBC). who suOsequent!y fonned a 
partnership to sec up the program. 

Several key phases can be identified in the 
establishr:ient and impleme~tation of the program 
(Figure LI.) 

Figure 1.1, Pha.m!S oftht: Minlttilslng the Impact of Pesticides 
on the Riverin¢ E1111iro11memt Pt-Qgram 

Review existing knowledge 

Jdenfify R&D priorities 

I 

Establish the R&D program strategy and 
structure 

I 

Commission R&D on fundamental processes 

I 

Identify potential soiutions!bes-t practice 

I 

Launch a pesticide best practice initiative 

I 
Disseminate the results and model to other 

industries and the wider community 

Review existing knowledge and identification of 
R&D priorities 

_.\t the outset a deta:ied revicv.· of knor,.11ledge of the 
impact of pesticides on the riverine eni.'ironmen: was 
conducted {Ba."teti et al. 1991), This was fo!lowed in 
Y!ay 1992 by a major workshop in Goondiwindi on 
the san1c topic v"'11cre a wide range of stakeholders 
1,.vorked through priorities (CRDC, 19921. One of the 
irnmediatB uriorifies v..;.s to summarise lbe existing 
knowlecige ~nC evidence on the condition of the river 
sys:ems (see Atthingl:on, 1995). Another early priority 
was to ru:-i a specialist ecotoxicology workshop as i: 
\Vas recognised tnat determining :he ecological impacts 
o± pestlcides Vias a partic~larly di:ficult task 
ILWRRDC, !993). 

Establishing the R&D program strategy a•td 
structure 

L\.VRROC, CRDC and t-1DBC :ormal\y s:gr:ed a legal 
parlne1ship agree..-rnent in 1993. 
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This agreement reqt;Jred the :ormation of a Manage­
::ient Com::1itl€e \vho '.-lad res;ionsibi;Jry for setting 
s"."rategic C:irec:ions, agreeing R&D prioriti>:>.s, :>rogram 
design and 5.nancial r:ianagcmen;. 

A program strategywilS prt?pared with the followlngthree 
key objectives: 

1. To asses.~ the intpHct, 1: any, o{ current 9es'ic'.de 
use on the ci.verine environment 

2. To develo, ,ractica! ar:<l .eco:1omic methods to 
m:nirr:ise the Fansport of pesltcides frori aypli~tion 
sites, and ~o minlmlse ~heir effects on the riverine 
enviror..ment 

3. Top:'Ovide a sound scientific basis for the developrnent 
of managen1ent guidelines and regulatory codes. 

The program was structured to n1eet its objectives in three 
phases. The phaS(>..s are strongly Hne.;ir in the sense that 
the actions of the second phase colid not realistically be 
determined until t'.-.e f:rst phase i.vas >.veil advanced and 
similarly\'llth the t:..i1C phase. J-iowever, g!ven the 
com:_:iressed tin1e f:ame. the '.)hoses overlapped one 
.;:;nod:er, VJhich had t:.-:ie advantage of providing 
con:irn_:_o";JS feeciback. 

Phase I had two principal objec!ives - to dclerniine and 
quantify the major pathways of pesticide mov.;;ment to 
rivers, and to determine the level of impact of thi:'se 
pesticides on riverine biota. 

Pi1ase rt was to identify a'1G. test poten:ial ·.solutions' or 
methods of a"Tlelioratir:g the problems identified in Phase 
t The ap;iroec:1es and relative reso'.Jrce allocations to 
:hese soh_r'.inns could not Cle assigned er.ti! the ouh,,'Ot:1es 
of l)hase I began to err:erge. 

Phase Ill \Vas to incoryJorate research outcomes into 
practice. The favovred approach \Vas through best 
n1an.;t~'.)"€n1entpractice, which the industry would 
eventually ·ovm· and run with. The B~v1P inittative >.vas 
centred on preparation of a B.fv1P mi'lnual ar:d 
developn1ent of an effective im;-:ilernentaaon ::ilan. The 
best p-1aC'tices. If adeqt.:.a~ely a'.ldited. v.'ere seen as a ·.;:ey 
means of satisfyir:g reg .. datory require:nents. 

Criteria for outco1t1es and achievement 

Clear criteria for outcomes and achievements from the 
µrogram e,nd its various phases were set early on: 

Overall PrO!JFOITJ 

l. The source or sources of pest:ddes in the riveti:-ie 
environn;ent are ifientlfied; 

2. The im?<lcts of the,;e pestcides on the aquatic 
ecosy"S:err: are detere:ined: 

3 Management practices foe watn. ,;ediment, chemical, 
spray and rrver management are developed; 

10 

4. !'-1a:-.agemenr prattle.es of irrlgators, sprayers and 
ivater managers change where the results of the 
rese,arch indicate change is reqtUred: 

5. The var1ous agend~'$ wording on the pr~ira:tn 
roopera:e '.n research .;ictivlties and exchange ot 
findins"'S; r..nd 

6. Regula:ions are based on the fir: dings of ~his 
prograr:--_. 

Phase! 

1. Thti sources, types and quantities of water~borne: 
pesticides moving off-farm are detenrJned; 

2. The processes. involved and fac-:ors affec!rng the 
rn<-.'-'1.;ernent of pesticiC.es in water ar.d s.?.dilnent are 
Ceterr:;ined: 

3 Toe tr.CktmEent of ~vater-bome pesticides \Vl:hJn 
and off cotto:i far:ns is mocie:l!ed: 

4 The :nagnitude and frequenq' of tai.lwater 
pesf.cide releases to rivers from irrigated cotton 
crops are determined; 

5, The quantities of pesticides rr::oving to rivers by 
aerial transporl as spray drlfr, volatilised r:ia:erial 
and airborne p~nti.:;:ulate :na~i·ial (dust) under 
~"))eCifie<l condi:ions are deter:cii:ied: 

6. The persistence of pesticides, partic..ilarly 
endosulfa.n, i:-i soi'. and water bodies is determined 
through degradation studies; 

7. ·rhe impacts of endosulfan, profenofos and 
pyrethroids on the aquqtic biota of the rivers of 
rl1e cotl on grov.ing regions are determined th:ougb 
laboratory ar.d field studies; and 

8, The factors and processes lnfluencing the J:npact 
of pestickles o:> rhe aquatic :iverine blota, 
incluc'.ing sources and fo:rns of c'.1emicaL local 
habila! effect;;, organ:sn1 l:feq,,-cles and climatic 
events are determined, 

Phase fl 

1, Potential solutions or amRlioration approaches 
are identified; 

2. Resources vn; al!ocated acoordi1:g ro htg:ies~ 
potential payoff oolution$/app:-oaci-ies; and 

3. Soknio'.1.S:'approaches are evaluated and com· 
pared. 

Pl-taselll 

1. Renulatory guidelines (if required) are developed 
on the basis of outcomes froM Phases land II: 
and 



2. ~1 :-r;anaQt'mcnt practice in terws of farm, :>pray, 
:::._l)err:lcal ar:d r!ver maHagement as id.:;ntified !n 
Phase lL are implemented. 

Principles 

When the ProgranJ Managenlenl Cotnmittee was 
formed, it established a number of policies that 
amounted ro principles for program management These 
\A>ere: 

1. To define tbi:' ;;irobltun.~.P.lfJ:ifi.cally. Son'le 18 months 
of pre.program review and planning vJa". conducted 1o 
develop broad stztkeholder agreement on the ;xiorit1es 
and sufficient scientific detail :o S".nlcture the progra:r:J 
activitie-;. 

2. To be proa<;tiye, Rarher than 'JJait for the 
consequences of current practice to ur:fold, deve!op a 
process tn which those needing to at:hieve change 
W<?rc ernpo\\<-ered to make this happen. 

3. To be co!l<ilio.r.;;Jjvg. A diverse range of stakeholders 
•.vere involved lhrough 1.vorkshop, newsletters, briefing 
toors and so <>:1. Sta!wholders '.r£!uded lhe cotton 
farmers, cotto~ induslr).« enviror;me!lt rrotedior; 
agencies. rivet rnat1ag:t!rs, chemical industri<2s, 
researcl;ers, other industries and ±e t>;ider co:;.,rn'Jni:y. 

4. To establish adqq~.?te funding. lf the achieverr.ent 
criteria were to be met, it was clear t.1--iat a critical level 
of fundir.g was required, so that a fully integrated. 
comprehensive set of R&D projects could be funded. 
as we!! a<; the implemen!ation of results. Final 
fur.ding totalled about $6n1. \vilh R&D provider 
organi5ntlons conbibu!ing almost half_ lrrigat-ors 
contributed about 10 % o{the funding d!r·ect!y. 

5, Modg! for Wer indwtries. Cotton tvas a nanJ.ral 
frx:us as it is the highest cser of !)esticides, is a fa:rly 
widespread industry, and was perceiv-00 as o.;:lpable try 
the community. It was envisaged that the prQgta:n 
could act as a model fo1 other pestlcide~using 
'.ndustries~ and was dubbed the 'Cotton Model' 

Commissioning and itnplementing R&D 

(tive11 A:.is~ral:a ·s rela1.Wly small sk:li base in pesh;;:de 
management, and :he need to addr~~ss specit1c research 
questions, most projects \Vere te:-idereci or Ciredy 
com:nissioned 

Initially a strong emphasis was given to fund;;1rnental 
tle!d-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. 
transmission into 1.1,1aterbodies and lmpacJ on the riverine 
e:wironr:-;en1. 

Onoo the first rBSu!ts -enterged it became appan?ot thirt 
further work was required or: aeria'. tra~spo!t 
mechantSms, partic-.11arh; d:i:t, vapour (:ollowir.g 
volatilisatlon) and on d~"i, on transfer betv..-een farm and 

river, and on 1allwater discharges. Work was then 
commissioned ln thestl" areas. 

After about two years t.'ie focus turned to iden:!:ifytng 
'sc·'.utons· or be.st ptactti;es, Two consultancies \Doak 
1995. 1998) developed a struc:t;m for pesticide best 
practice and a major lr.i~iativ"C: we<s launched. 

Dissemination and tr~ui.sfer 

A conservative approach to releasing research results 
was adopted, given the contentious nature of and tho;: 
high stakes involved in, pcstlcidc issues, This .approach 
had three nia!n requirements: 

1. Satisfactory 7Jrogram and ;:ieer reviev,; of results, 

2. ln:eg:ateci and cor:textua! release of resc!ts. and 

3. Rapid uptake of ~a<;ults into best prac:ice. 

The third of these requirements has be-en .satisfieC. fi~.st 
with the release of !he Australia'1 Cotton lndustry Bes~ 
Management Pract)ccs Manna! (1998}. This first 
mar~Ui'il :iot only :hCOrporatPO so:ne of !he early R&D 
findings but has had a wide ran<Je of '"cominonsense 
practices~ vetted by the prcgran: researchers and cotton 
irCgators. This conference ;;rovldes much more 
lnfo1mat:on on l'"ie progrzun results. wh:lst a package of 
12-15 papers to be publisr_ed in theJ01ur.al of 
E::nnironrnerJal Quality v,.ill largely tal>e account of the 
;;ci.;ince (alonn wlth nurnerousofherspeci-'.ic 
publications). 

The transfer of the ·Cotton Model' is in prog:ess at the­
t1me of writing. Round·lable discussions have been 
organised with a number of key Industries such as sugar. 
banana, rice and horticulture to see whe~ th<i' ootton 
model has ap,licatior. and which elements other 
indus!ries ca::1 uti1ise .• 4.n e:1thusias:ic response has been 
received to date. 

The lransfer p:ocess is beir.g sup:::ior:ed try t,vo projec:s 
whicb {a) enable a qa:c..:.: assessment of the likely risk 
currentpestlclde practices may have fot v.:amrresoun:es 
and {b) allow ql.lent1ficatiori and mapping of current 
pesftcide use and details of their environmental fate. 

Sor:1e of the n1ajor achievements of this µrogran> have 
been'. 

Scien:t[fic 

1. Understanding of pesticide applii;;;;tion, n·ansport, 
degradation, fa!e and biological impact; 

2. Quantification of spray drift and developrnent 
of improved applicat!on and n1anagen1ent practices: 

3, Role and sig:ilficanc'? of volacilisation and transport 
via vapou:· and dust; 



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 chemicals; 

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 
Cotton Research and Development Corporation 

Abstract 

We live in an era where threeforces­
environmental ideals, community perceptions of 
agriculture and production agriculture - are not 
in harmony. Like the earth's tectonic plates, 
these forces continually thrust against one 
another building tension eventually spilling into 
controversy, anxiety and uncertainty. Into this 
state of tension in 1993 was thrust a.five year 
scient(fic 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 
environment.al, social and agricultural needs. 

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

As with mostjourneys 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 successful 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 beh.veen the world of urban 
life and the techniques of agricultural production 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 ot 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 most long lasting of all the 
outcomes has been the initiation of a world class 
BMP system for cotton growers that should seive 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 arguably 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. Our 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 a western 
i·iver system_ A clear exanlp!e 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 
n1ost sensitive fish species to cotton pesticides. 

Traces of insecticides are detected in our rivers albeit 
generally at lo,,.., levels_ The most comn1on!y found 
pesticide in the rivers however was Atrazine a non­
cotton chemical. The next pesticide found in order of 
frequency \Vas 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 su1Tounding 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. 

Modem 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 chemical delivered 
into the vastness of an olympic size swimn1ing pool. 
With these procedures and environmenla! 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 critical issue is to understand the impacts of 
chemicals in the environment and minin1ise their 
escapes. The cotton industry realises that it must 
make every attempt to prevent pesticides moving off 
target and into the river systems. 

Whilst some info1mation generated fron1 the program 
showed relationships between chen1ical levels and 
temporal population levels of a species of n1inute 
invertebrates living in the Namoi River, 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 season to season. 

Considerable work clearly showed that endosulfan 
does not accumulate and breaks down well within a 
season on agricultural fields contrary to sotne 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 lo 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. 
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Control of irrigation tai[water was identified as a key 
component of cotton fann management. Clearly 
farmers have to ensure they have adequate recycling 
and storage facilities \.vhich prevent tai!water being 
transported to the riverine environment. 

BMP - a key outcome 

Of all the outcomes of the program, BMP is by far the 
most far reaching and challenging. BMP has been 
embraced by the Australian Cotton Industry Council 
(ACJC), the body which represents all the key cotton 
industry groups, and which has the full support of the 
industry· s most influential grower, research and 
consultant bodies including Cotton Australia, CRDC, 
the Australian Cotton Grower's Research Association 
and tl1e 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 hannonious 
way with the broader community. 

Society is continually bombarded with environmental 
awareness programs and exa111ples of pending 
environmental disasters. many of which are purported 
to have agricultural origins. Often. as in the example 
of Asia's Aral Sea where cotton, rice and irrigation 
\Vere blamed for environmental problems, people failed 
to see the real causes. 

By any measure the Ara[ 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 concenh·ated 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 Jong term stewardship of resources nor was there any 
development of sound agricultural practices or 
management. In no way can the Australian cotton 
Industry be compared to the events in the Soviet case. 

BMP offers the cotton industry ownership of its 
environmental and corporate performance. By its very 
definition BMP offers recognition, o\vnership and 
stewardship of issues. What more powerlul too! could 
an industry adopt than one driven by its participants to 
1.vorld's best standards and perfonnance benchmarks? 
There has to be realism about BMP - it cannot be 
magically instituted overnight. 

Firstly 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 often 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 
3 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 
growing 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 to 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 in 
general amongst the most weH 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 (!PM) and integrated farm 
management (!FM) systems. The most significant 
breakthroughs in recent times have been the 
introduction of genetically engineered cotton that 
provides significant control of Heliothis caterpillars. 

Most growers report chemical application savings of 50 
to 60 3 when using cotton containing the Bacillus 
thuringiensis (B.t.) gene. The biggest controversy tvith 
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 '?'o 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 
varieties 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 to reduce 
the attractiveness of cotton to 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. Increased 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 including 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 
looking 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 impacts 
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 cotton industry accepts its responsibilities to 
minimise any impacts to the environment as a result 
of its activities. Considerable investment of funds and 
human resources is now going into BMP as a means 
of demonstrating high levels of stewardship and 
responsible operating procedures both now and into 
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 beenfollowing 
the results of the LWRRDC/CRDC!MDBC 
cooperative study to minimise the impact 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 cotton 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 199~, 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 
pesticidt!s 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 rote 

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 
Australlan environment. We undertake these 
assessments in the form of provision of advice to the 
National Registration Authority for Agricultural and 
Veterinary Chemicals (NRA). which has the legal 
authority to register chemicals in Australia. 

We have done this for all new chemicals before they 
are a\lo\ved 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 
NMs 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. 

Our assessments are very much exposure based. 
Knowledge of the level of exposure experienced by 
non-target organisms is much more important to 
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.IMDBC 
cooperative study has focussed much of its attention 
and undertaken some pioneering work, by looking at 
the way in which endosulfan moves through the 
environment once iris applied {usually by air) onto 
cotton, and following its movement through air, and 
down the irrigation furrow etc, as well as how long it 
persists on the plant and in soillsediments etc 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 one overall 
experin1ent. 

As noted the comprehensive studies seen1 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 IUPAC 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 model 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 
prograrn directly in our assessment of endosulfan. but 
there have also been other important spinotfs 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 irrigation 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 Mo.nagement 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 profes..'>ionally and safely in order to help reduce 
the off-target impact on the environment. 

Our 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, but 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 to be able to alert 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, I 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 chal!enge 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 guidelines 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. 

I 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. AJso 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 field 
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 result 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 
cotton 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 stability and crop 
structure. With Ultra 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 ofthefleld, with 
approximately half of this quantity depositing 
upon ground surfaces within 500 m ofthefleld 
boundary. 

Mean ULV depositiott at 500 m downwind was 
approximately 2 % of thefiefd applied rate 
which con1pared with 1 % for water based Large 
Droplet Placement (LOP) applications. Mean 
airborne drift values recorded 100 m downwind 
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 btdfer distances and application 
technology aimed at reducl'lg spray drift. The 
database will provide a useful benchmark 
against which the success of best management 
strategies can be tested lnfuture monitoring 
programs. 

Introduction 

Agricultural aircraft are of great importance to the 
Australian cotton industry_ Specialised aircraft are 
used to apply selected herbicides and lerlilis€rs 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 \Vindows. When crop 
height and irrigated areas restrict the passage of 

wheeled vehicles, aircraft are able to place pesticides 
strategically on crops in response to economic 
thresholds, without contributing to soil compaction 
and structural breakdown. Some ultra-low 
formulations of pesticide (ULV} are applied at rates as 
low as 2 Llha (neat). Previous studies (LWRRDC 
project UQL5. 1998) demonstrated that, on average, 
downwind deposition levels with aerial Ultra Low 
Volume application fell to approximately one to tvJo 

percent at 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 oft-targe! aerial movement of pesticides. This 
repo1i outlines 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 UQL5, 
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 
Managetnent Practice progran1. 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 
transport 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 Llha using Micronair AU5000 
equipment), and endosulfan emulsifiable 
concentrate (EC); (generally applied at a rate of 2.1 
Uha 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 CSIRO and 
the University of Sydney. In addition, some 
collection devices were analysed by the NSW 
Agriculture Chemical Residue Laboratory using high 
performance gas chromatography (GC). 

Results 

Downwind drift 

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 tram the edge of the sprayed area when 
ULV and LOP 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 
beh.veen 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 Model. Experimental 

data was in agreement with Gaussian Diffusion Model 
(GDM) predictions for downwind distances greater than 
lOOm. 

Tn-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 off-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 h.vo times 
more endosulfan was deposited on the ground when LDP 
techniques were used (Table 4.1.). 

Airbome 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 an horizontal flat plates. Bars represent two times standard error. 
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figure 4,2, Leaf deposition with dcptl, tlJrough canopy 
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cotton canopy. Unbleached cotto:; string \Vas 

suspended from two 20 m high 1noblle roasts 
positioned 100 m dov,n)wind of a sprayed area. 

Single :light !'.ne (SFL) passes were made with ar. 
agricuh.t:.ral aircraft and the pesticide Cr.ft monitored by 
recovering a fluorescent tracer !Hellos! acided to rhe 
insecticide tank mix. Some f('~sfs v.iere conducted 
simultaneously using two aircraft to compare the 
combicied effect of droplet siUJ (le ULV or LDP) and 
g;ound character'.si:ics (r:;allire cotton orfaUow}. Results 
are expressed in Figur.;:o 4 3. 

TI)e total amounts recorded on the towers were 
ca1ci.:Jated to produce percentage airbon1e drift values. 
With ULV s;:iray .;ipplied a<> a singie swath over fal101.v 
ground, on average, 18 '};of total emitted from the 
aircraf'.: was still airborne at 100 m dowr:wl-nd_ «.-Vith 
LOP spraying, airborne drift was reduced to 
approxirnately one third of the ULV vah.ie, When similar 
applications were made over a mature cotton canopy, 

airborne drl!t values were approximatel9 halved for 
both ULV and LDP ca5€s. 

LT)P technology 

A series of sin~e tlight li:ie studies tvere a[50 performed 
:o detem:i:ie :he in:'.lue:-ice of nozzle type and droplet 
s'.ze on ahbo::ne drif: valu2,;. Mobi:e masts were 
posiUoned 100 '.TI cimvr.wlnd of a sprayed area ar::d 
simultnneous single :flig,'-tt line (SFL) passes tonducted 
with two agrlcttitural aircraft. 

le the pa:red t:ea:rr.ents, the airborne fractlon of tracer 
recovered on vecical stri'.1g using hydrat.lic :1ozzles was 
directly compared w:th levels generated by the ULV 
application. (Figure 4,4). This data showed clearly that 
the selection of large droplets (volume median 
diarr:eter$ ot \!MD value, about 250 µrn) ln this case 
using: CP hyd:at:Ec nozzles with a 30" deflector pla~e 
signiflcent!y reduced the detei:ted alrbome fractior. 
measured at 100mdo\-vnwind. 

f'l9-ure 4.3. vertical drift profiles fer ULV ond WP sprays, u,ith cmd wUhVtlt a mature cotton omopy, approximately 100 
m downwf11d af a single flight u .. e 
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Table 4.1. Summary of aerial transport characteristics of endosulfan application 

Parameter 

Nozzle type 
Formulation 
Application Rate 
Application 
Approximate VMD 
Airborne drift !/1) 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 

Figure 4.4. Airborne drift measured on 20 m high mobile towers 
placed 100 m downwind of an endosulfan EC single flight line 
application, normalised against simultaneous ULV application. 
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AU5000 (iJ:' 4500 rpm 
Endosulfan ULV 
3 L'ha 
applied as oil 
85 µm 
18 3 
60 % 
25 3 
14 3 (500 m held) 
7 3 (500 m held) 
5 % applied rate 
2 3 applied rate 

Hydraulic CP (iv 30° 
Endosulfan EC 
2.1 Uha 
in 30 Llha water 
182 µm 
6% 
50 <r,. 
50 % 
- 7 % (500 m field) 
5 % (500 m field) 
2 % applied rate 
l % applied rate 

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 fall out deposit tail on the 
ground is formed which can account for 7 'To of the of the 
total applied, normalised to a 500 m wide field. with 
ULV spraying. 

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

4. 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. 

5. 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 %. 

Results from all these trials are summarised in Table 4.1. 6. The selection of LOP application techniques (eg. 
selecting CP hydraulic nozzles with a 30c deflector plate) 

Conclusions reduced the detected airborne fraction by up to three 

times at 100 m downwind. 
Data from this series of studies has quantified levels of 
droplet drift moving away cotton fields during 
commercial ULV and LOP 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 body of data accumulated has 
allowed mean deposition levels to be set with some 
confidence for both ULV and LOP 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 buffer 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 move downwind away from sprayed 
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The significance of this data to the adoption of best 
management practices is discussed in a following paper. 
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5. Aerial transport of endosulfan: vapour and dust 
movement 

V.E. Edge1, N. Ahmad2 and P. Rohas1 

JNSWAgriculture, 1Australian Water1echnologies 

Summary 

The movement of endosuifan vapour, its 
deposition ln water and the movement of 
contaminated dust were motiitoredfollowing 
aerial applications to cotton. Measurement$ of 
droplet deposition were also made for 
comparison. Levels of endosulfrm in water-filled 
trays located around cattanftelds indicated that 
endosulfan vapour could result in concentrations 
around0.01 ugiL (theAustraUanandNew 
Zealand En1e-lronment and Conservation Council, 
ANZECC) guideline for the protection of uquatic 
ecosyste1ns) in woterbodies 1 min depthfor 
several days qfter spraying up to 1 km from the 
crop, Dust mouement appeared to be an order 
of magnitude less impm·tant, tvhile droplet 
deposition could result in high levels of 
contamination within 400 ni of the crop 
immediately after spraying. 

Introduction 

Endosulfan is used extensively early in the saason to 
control helict:tis caterpil!aTS :n wrton. tvto~icorin9 of 
nve~s in cotton gro-..<Jing areas of cen:ra! and no1t:'1 
western NSW fror::t 1991-1997 b'y the NSW 
0-:parlment of La11G and \\.'atar Conservalion ha<> 
shown that endosu!fan levels regulariy ;;:..cee<l the 
ANZECC guideline for the protection of aquatic 
ecosyStems during the cotton gro\ving season (Muschal 
1997). Aerial transport contribu!es lo this 
co:;tamirntlon through droplet movem.;nt imme<lldlciy 
follov.»ing spray· application (spray drift) and by the 
1t'·Ovement of endosulfan va;,:iour and. coDfaminated 
Gust wi".ich oc.-..:i..:rs for some iirr;.: af;er spraying:. 

To eslimate the i!nportance of vapo;,;r a".ld Cust 
movernent in l!:1e contamination of the riverine 
environmer:t, ~he movernent c,f volatilised endosulfan, 
its subsequent deposition in ~vat er, and the movement 
of contaminated dust were monitored following 
commercial applications of endosulfan to cotton, 

Methods 

1994/95 "Trials 

1'.vo trias v:ere Ca!'ried out at Auscott VJarrer,, starting 
on 2]/12/94 ar:d 7:1/95 a;:id continuing for five days, 

In each trial 3 Uha uf LJLV Thlodan> (240 gt'L 
endos1,1lfan - 720 gai/ha (grams of active ingredient 
per hectare)~ plus 0,5 Uha Gf a B1· fonnulation were 
ae,;ially ap;,lied to 182 rta of cotton in fields 4 and 5. 
Ar: air sample: was sel 'JP 100 rr: into field 4 •vith the 
air icttake pos'.tioned lm above the crop. A second 
air sa'Ytpler was p'.aw<l 200 m to fr,e south of fie;d 4 
al: the samt< height The air intake of eac'.1 samp'.er 
was connecte<l to a carbon cartridge ·with a. fibre glass 
filter place 10 the line to remove dust T:'te air 
samplers were startt:d 1 hr after spraying and 
ope:rated at 4 L/min air flow, The cartridges 1.vere 
removed al 4 hr iru:ervals for the first 24 hrs and then 
at 12 hr ir:tBrvals for the next 4 days. Leaf samples 
1.ve:c taken over :he same perl.od and endosulfan 
residues de.: ermined for comparison with !he data 
obtained from air sampling. 

Galvanised tra~,.>s ;O.S :n2 in surface &'ea and 10 cn1 
in depth} \Vere placed on •.vooder. pallets l:1 :a:JO\'-; 
fields around fields 1 and 5. Trays 1,1.Je:B located at 
200 rn and 400 m from the crop to the N. S, E and 
W, at 800 m to the S.E, and Wand a~ 1000 m to the 
Sand W. The distribution of trays was detern1ined by 
the 9hyslcal configuration of the site. Clean water 
was placed in the trays arld maintained at 5 cn1 in 
depth t1roughoutthe nlonitoring period. Each iray 
was cov12red during spraying '""ith a tig.;..,tly fltting lid 
which ·-vas re'."'.1ovcd 1 br after spraying and 1 L water 
san:;)les were <:aken at 24 i:r inteTV"als for five days 
Endost:lfan was exrracted in th,::; fie:d uslng 
dichloromethane, Four add'.tlonal :rays \'\ieYe p:.aced 
at the 200 m sampling points. Oil~O:teci po!y:nenc 
n1e1nbranes, which absorb endosulfan, were placed in 
the water in these trays 1 hr after sprdying and 
ren1oved after flve days. This technlque glves an 
indication of total e:<dosu!fan deposited owr the 
sar:iplingperiod, tvhile the concentrations in the water 
\.vere rhe result of endosl:lfan vapour absorption, 
st.:.bseqi.:er.t vola:ilisation. and degradat:on. The tray'S 
were empried a'.1d cleaned at the end of each trial. 
AE sa'Ylples \Vere analysed for o: and p ~ndosulfan 
and endosulfan sulphate. 

1995/96 Trials 

Two trials tvere carried out at Auscott Warren starting 
01118!12/95 and 27 /12/95 and continuing for t\VO and 
:hree days respectively. In the first trial 3 lJha of lJLV 
Thiodan; \240 g/L of endosulfa.."1 - 720 gal/ha plus 
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0.5 L,..ha 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 g/L 
endosulfan - 735 gai/ha} plus Pix) 0.45 Uha with a 
total application rate of 20 Llha. 

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 respectlvely 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 a and~ endosulfan 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 
temperatures 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 over 85 % for both sprays. The decreases were due 
to losses of a and ~ endosulfan. particularly the former, 
while the level of endosulfan sulphate actually rose. 

Five hours after 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 sampling showed the rate 
of volatilisation was higher after the first spray with 
82 % and 89 '7'o 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 
monitored 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 fi[k,rs 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 movement 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 samples 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 giv!!s a more meaningful 
indication of the potential of endosulfan vapour to 
cause contamination of natural water bodies. 

Following both sprays. the highest concentrations of 
endosulfan 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 pronounced 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 endosulfan recorded were 
equivalent to a concentration of 0.025 µg/L in water 1 
min depth, while the average levels downwind over the 
five days ranged from 0.015 µg/L- 0.004 µg/L (Table 
5.1.). The ANZECC endosulfan guideline for the 
protection of aquatic ecosystems is 0.01 µg/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 
endosulfan absorbed by the water subsequently 
revolatilised, or was broken down. Very little endosulfan 
sulphate was recorded in the v.,,ater, or from the 
polymeric membranes. 



Table 5.1. Mean concentrations of endosulfon (pg/LJ,. In water samples from troys located to the south and west that 
were exposed 1 hr after spraying and sampled daily. 

Spray 1 - ULV (21December1994) 

Hrs after exposure 
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200 0.018 0.018 0.015 0.014 0.012 0.015 

400 0.004 0.022 0.010 0.004 0.007 0.009 

800 0.007 0.003 0.001 0.002 0.005 0.004 

1000 0.004 0.006 0.003 0.002 0.006 0.004 

Spray 2- ULV (7 January 1995) 

Hrs after exposure 

. ·········-· .· . ····f!.8·•.············· 
Dh~ta~e {111} . ·2·4" n72• .. !Ii; ....... .120 Average 

' ' ' ' 

200 0.007 0.016 0.008 0.006 0.007 0.009 
(0.010) (0.009) (0.005) (0.004) (0.004) (0.006) 

400 0.006 0.012 0.014 0.003 0.007 0.008 

800 0.005 0.011 0.005 0.004 0.005 0.006 

1000 0.005 0.011 0.003 <0.001 0.005 0.005 

"'Concentrat1on converted to 1 m depth water (actual concentrations Ill 5 cn1 of \Valer ~ 20)· I I duplicate 

1995/96 Trials direction and the air passing over the trays did not 
contain endosulfan vapour. 

Generally lower levels of endosu!fan were recorded in 
water samples from trays at 200 m and 400 n1, 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 endosulfan fell equally rapidly in both clear 
water and water containing 200 mgll soil particles, 
followingspikingwithendosulfan. On average, levels fell 
by 90 % in the first24 hrs due to volatilisation and 
breakdown of the parent isomers. No endosulfan 
sulphate was detected, showing that any endosulfan 
sulphate folmd in samples of water from trays in the field 
was due to the deposition of contaminated dust. 

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

In natural water bodies this process would also operate. 
but would 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 level 
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 Conseivation"s Central and North West Region's 
Water Quality Program. 
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Table 5.2. Concentrations of e11dosulfa11 (pg/L)"' 111 water samples from trays that were exposed 1 hr after spraying and 
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 0.005 0.011 0.001 

Average 0.006 0.006 0.003 

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 
s <0.001 0.005 
w 0.012 0.002 
E 0.005 0.026 

Average 0.006 0.009 

~concentration converted to 1 nl depth water (actual concentrations in 5 cm of water -T 201 

For instance, endosulfan concentrations in 32 'f,, 
and22 o/o of samples taken in the 1995/96 and 
1996/97 cotton growing seasons respectively 
exceeded 0.05 µg/L (NSW DLWC, 1997) with far 
higher peak levels {Muschal. 1997). 

High deposition levels of endosulfan (up to 40 '%,of 
the emission rate) were recorded on dust taken from 
the roads immediately adjacent to field 7 and 
downwind during spraying. Endosulfan deposited on 
unsealed roads can be relocated by vehicular 
movement assisted by wind. This is likely to be the 
1nost important mechanism of contaminated dust 
movement on cotton far1ns (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 l min depth well below the ANZECC guideline, 
except within a few metres of unsealed roads. 

These rr<sults 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 cotton 
growing areas. 

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

Endosu!fan vapour does not have the potential to cause 



h:gh leve~ contamination of riverine S";<'St.Zms, but :;pray 
d:"i"'.t does. Ou: llmiteC rr.easurernents :ndlcate that 
spray drift has ±.e potel'.tia\ :o result ;n concentratiot1s of 
endosulfan in water bcdies withiei 400 m of a cotton 
field ~hat exceed the ANZECC guideline by well cve-r 100 
times. }iowever. it should be emphasised that the 
effects of spray drift are more transient and dimin;sh 
tnore rapidly with di.,tance away from the crop than for 
enclosulfan vapour contominatlon (Raupach and Briggs, 
1996). 

Implications of results, uptake and adop~ion 

Our r~sults inciica:e t1a: endosu'.far. va9our is relatively 
t.:nirnporlant in the cont'vri:1a:ion of th.e r:verine 
environmer:t in cotton grzy,ving areas when compared ~ 
thB leve!s of endosu]f,;u1 co:ilbrt:inat;on that have bet:n 
recorded in rivers during the cotton grou:ing season over 
several yean;_ It is uniike!y that low volatility 
formulations of endosutfnn can be produred to control 
e1~dO$UJfan vapour, However, avoiding the use of 
er-dosulfan dur:ngperiods of extremcly high 
temperat..ires ~vou!d reduce peak vajXJUr >'.!missions. 

Al:hough -;he ttovern..:nt of er,dosclfa'! conta'""'.""1inated 
dust appears to have very litle i'.'Tlportance in t'.1e 
contamination of the riverine e!ivironme!'it, lt co"Jld be 
reduced by not spraying up to the down\.vind edge of the 
t.'rop. This would substantially reduce the C.epositioe of 
endosu!fan on roads surrour\ding cot:on fields which are 
usually the major source of contaminated dust. 

Spray drif: has the potential. to cause high level 
contamina~ion of water bodies close to cotton farms. 
Fur:her research to reduce spray drift ls jlistiiied, Out 
aCditio'."la'. stuti'es on the trar,:sport of enda:."'U:fan vapoll.!" 
and the move:nent of cor:lantinateci Gust is considereC 
UliOecessar'y'. 

Conclusions 

1. The move:nent of endosulfan vapour may result in 
concentrations at around the Ai."lZECC guideline of 
0.01 mg!L in water bodies lm in depth and within 
1 'd:n of cotton fields for several days after spraying. 

2. T".1c :nover:-.er,i uf er.dosulfan corJaminated. dust 
appears to be an order of n1agn!tude less !1npor:an: 
than vapou:- transport i:i t:-ie contarnlnatio:'I of ±e 
1iverine environment. 

3. Droplet n1ovement (spray dri{t) hzy;; the potential to 
cause high level contamination of water bodies within 
400 m of sprayed cotton. but the .;>ffect is likely to be 
more transient and localised than contamination 
from endosulfan vapour. 

4. It is unlikely that lmprov€d mar.age::nent prQctices, or 
changes i'.1 forn1Watio:1 can significantly reduce the 
emission of endos'..l!fun vap-:;:;;;irfrorn cotl.;:~1. alfnough 
avoiding the c1se of endosulfar: during periods of wry 
l:igh temperature v..iJI reduce vo!at:lisafion. 

5. Strategies to reduce spray dnft shou!d be developed 
and promoted through Best Management Practice. 
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6. Aeolian transport: dust and endosulfan 

J.F. Leys', F.J. Larney', J.F. Millier", M.R. Raupach4, G.H. McTainsh• 
-·C-en~rc for Na1Jtal Re&Jurces, Department of La:id and Water Conservation: 2Agricu\ture and Agri-Food Canada: 
~National Reseaoch Centre for E!!v:ronme!1tal Toxlco!ogy; 4CSIRO Land and VVater; 5Faculty of Environmental 
$c1enccs, Griffith Ur:ive!Sity 

Abstract 

Dust emissions from agriculturol land cun trhtlel 
significant distances ond be depOlillted well a1t•ay 
froin the source area. While dust emlffions have 
u·idely been studied for their lmpact on off~site 
uir-quality.feu• studies lwve int;e$ll9ated the dust 
path1t,<ay as a metJns of transporting herbicides and 
r-tiddeuif-farm. Thisstudyq<UmtJfled: (1) the 
dust and endosuffan emissions CftWJlf!ld bv wind 
erosion, cultivation and vehicle movement on 
1m.'W.aled ro<Jds; and (2) the deposition of dust 
ond end0$l1lfan both on- and off-farm in the 
cotton growing region of northern Netv South 
Wales ouer the summer of 1996-1. 

R<1sults indicated that wind erosion front roads ls 
more signlficant thun the cotton fields nnd that 
erosion rates are related to the mafi of loose 
erodible sedimelt, Endosuftm flW«!s off roads are 
potentially high (20 microgrmns (µg) per metre 
length of road). Dust emi.sslonfrom a vehicle 
traveUing at 80 kmlh on <m unsealed road (3.7 
gm.ms per metre trauelletf) was about double that 
for inter-rowcultivatlWt at 8 km/h (1,7 gfmJ. 
Endosulfan source strength was 3.6 p,g/mfor 
inter...row cultivation and .'1.J for vehicle' on the 
tmseoled road. 

Unsealed roads ure a greater sourcp of endosulfan 
because of the greater freq11ency of tiehick 
movem~,nts, however, emissions are only a 
problem for the few days qfter aerhll spraying. 
Dust deposition was greatest near roads and 
decreased fugarithmkttlly with distam:e. 
Endosulfan source strength (combbwtion qf dust 
Utld vapour) is highe$f close to roads with a 
measured peak deposition rate of35 µg}ni' at. 100 
mfor a tu•o day perlQ<I, 

When endosulfan deposition rates were measured 
over lo11ger periods (weekly). on"1arn1 depositian 
ratesof0.35 J:lg/m 2/day and ~-farm ratesc,ef0.16 
ftgfm2/day were recorded. When these depositiotJ 
rates are applied to a non..,flowlng ricer_. of l tn 

depth, calculated endosu(fan concerttratians art1: 
100 times less than that measuN>.d in rit:ers at the 
san1e time tts this study, in1plying that dust is not a 
major pathu.•ay of endosuU'an to the riverfne 
environment. 
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Dust and endosuffan emissions can In reduced by 
restricting cultivatimt and vehicle movements 011 

recently sprayed areas for a pericd of about three 
days qfter appllcatlort and by leaving a buffer strip, 
in the order of 100 111, between semitl1.1e <1reasr and 
sprayed areas. The use of Interception barrier$ 
such as windbreaks Is a possible option/or 
filtering dustfrom the air before It ls trat.sportRd 
off-farm. lncretts.ed aerial spmyhig precision couM 
al$Q reduce spray drift to roads, thereby further 
reduchtg endosulfan source strength, 

Introduction 

Assessinents of tile concliton of the cr:vi;on::te::it !-.ave 
seen agricultural areas identified as a major scurcC' cf 
dust ((:how and Watson 1992), with34 '?{;of errdsslons 
in 1990 Jn the tJnited States from unsealed roads, ] 6 ';h 
fr::Hn cu2ilvatlon and 9 % fror,1 eroslon. As a res Lilt, 
(1.Brc '.las been i;;~eased lT-.terest ln the itnpact of 
wirl<lblown dl..ht ema:-ia~ng fro111 ag;ic\:lturb~ land on off, 
sitq air quality (SGYf<)n 1995, Saxton 1996, Stetler end 
&xton 1995, Stetler and Saxton 19%) and h:m1e.n 
health :Clku1Snitz.s.r and Singer 1996). [)uststorrns often 
AXK~ to dust conc.;-;nt!afio:"\S of particulates less than 
l 0 FC\C dlarneter {f>N1. "~ v;ITc:i exceed air qual!:y ~ealth 
stn ndards, 

·rhese prirticulates may travel significant distances. fro1n 
source. In Ailitra!ia, urba::i are<"IS such. as Brisbane 
(Kn:ghlet a:. 1995: and Melbourne (Raupach eta!. 
l 994} haw experienced dustslcrrns whose source 
materia! originated hu:u:'.rcds to thousands. of k11ornefres 
urrwind. 

The dep:isit:onof dust in itself is 8 proLletn, how<aver, 
;ecen:-sh.idks have also idc~itiflqfl '.!erb:Cides and 
pesHc'.des are o.ssoc1ated with :he dust and the!; 
deposition in sensitive area" can crea~e env'.ronmen:al 
problems. 

:\I though rnost of the suspended d·ust emitted by 
agricu;t;.1ra! opera~lo:os is deposited withh1 k<ss tbsn 
100 m Us sourc.? ll-'irr.ey mot 1')98i, a p:=:ir':icn of it 
may be 1ransi:nrted long dls!;:.nces by wi:1d \Chov,· and 
VJ a Ison 1992) and may also carry h~rblcides and 
pesticides. Gay:-tor and M'ac Tavish 11981) reported that 
opprnxim2.telv 43 '?:,of s.'JTI;w-,iro \vas iemovecl frorn a 
treateci a;ea_ ':Jy \Vind 121osio:1 ona ~' sc'.l :r. 
south\v0sC1?rn On:arlo, 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 
wateiways. Glotfelty et al. (1989) reported movement 
of atrazine, simazine and alachlor by wind erosion, 
whlle Larney eta!. (1996) found2,4-D enrichment ln 
windblown sediment compared with the source soil. 
In recent years. endosulfan has been detected in 
wateiways 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 p::>SSible 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 associatedendosulfan 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. 

Saniples 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 environrnent. These 
traps were downloaded weekly and as such collected 
total deposition of endosulfan via the aerial pathway. 

Dust emission 

A portable wind tunnel was used to deterrnine the 
threshold friction velocities, sedin1ent 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 sC1mpling configurfltion for dust and endosulfan sampling. 

(a) Inter-row Cultlvatlon Study 

<(-·-- u wind 

TSPPlmne 
' 

(b) Unsealed Road Study 

TSP PQne 

4WD vel'licie duet aource i 
! -<--··-·" ,. 
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i------~· 

< · ·· ·· Uvellicie Skm hr-l 
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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 53 times greater than that of an adjacent 
cultivated cotton field 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

1
), friction velocity (u.), 

threshold friction velocity (u.,) and the aerodynamic 
roughness length (z

0
} 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 endosulf an on the field soil. If roads are 
accidentally over-sprayed or have chemical drift 
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 glm travelled} than an 8 m wide inter-row 
cultivator travelling at 8 km/h (1. 7 gim) (Photo 6.1.). 

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

Endosulfan source strength from inter-row cultivation 
was 3.6 µg/m of travel (or 0.45 µg/m2) which was only 
6.0 x 10-4 3 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 µg/m of travel), only two days after spraying. 

On unsealed roads, particle-associated endosulfan mass 
fractions declined rapidly with lime due to volatilisation 
and photodegradation 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 endosulfon 
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 glm2/vehide at 1 m, and 0.002 g/m2/ 

vehicle at 100 m from an unsealed road. 

Dust deposition, which was caused by vehicle movement 
on unsealed farm roads around the sprayed field, in the 
11-65 hr period after endosulfan spraying varied from 
0.30 g/m2 at10 m to 0.14 g/m2 at 1000 m from the 
field. 

Photo 6.I. Dust emissions from inter-row culti1Jatiot1. 
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The highest endosulfan deposition values in this post­
spraying period were 95 µglm 2 at 5 m, 35 µg/m~ at 
100 m and 13 µglm 2 at1000 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 I release rate of endosulfan fro1n the 
polybutene traps is not known at this stag1,, 

Separating the dust and vapour contTibutions is not 
possible fron1 the current study but we believe that 
dust contributions are 1-10 'Yo of the total endosulfan 
deposition. In the absence of any other data, and 
acknowledging the above mentioned limitritions in 
the methodology, it is possible to calculate the 
endosulfan concentration ina 1 m deep. non-flowing 
river at 100 m from the field: giving a concentration 
0.035 µg/L, which is above the ANZECC guideline of 
0.01 µg/L but below the river concentration of 0.06 
mg!L n1easured during the study period (Cooper 
1996). 

Overa3-month monitoring period (December 1996-
March 1997). the average daily deposition rate 
(which could include drift+dust+vapour) of 
endosulfan was 0.16 µg/m 2/day for the off-farm sites 
compared with 0.35 µg!m~/day for the on-farm site. 
Acknowledging the above mentioned limitations in 
the methodology, cnlculation of the off-farn1 
endosulfan deposition rate Into a 1 m deep non 
flowing river. results in a concentration of 1.6 x 10-4 

µg/L which is well below the ANZECC guideline of 
0.01 µg/L and that of the n1easured levels of 
endosu!fan in rivers of the study area in 1995/96 
(Cooper 1996). This highlights the danger of using 
time averaged data that does not truly indicate the 
peaks of exposure that could occur if llllfavourab!e 
meteorological and dust emission conditions occur. 

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 rL<;k of endosulfan en1issions to 
negligible levels. 

Wind erosion of fields and unsealed roods 

Fields with self-mulching clay soils, such as those at 
Auscott Narrabri, do not pose an erosion problem as 
long as they are not over cultivated. 

Best managen1ent practices employed for good 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 frorn sensitive areas pose less 
of a problem for off-site removal of endosulfan as > 
85 % of dust had deposited under low wind conditions 
(2.3 m/s). For roads close to sensitive sites. emissions 
are related to th<~ loose erodible mass (LEM) of 
particles on the road< 0.85 mm in diameter. When 
LEM is> 4.8 kg/m2, wind erosion rates exceed an 
erosion control target of 5 g/m/s. Methods of 
controlling wind erosion from roads include watering. 
adhesive application. grading or ripping. 

Dust emission from anthropogenic actiuities 

Vehicle n1ovement and cultivation are greater causes of 
dust emission than wind erosion. Dust emissions for 
cultivation can be reduced by adoption of best 
management practice for soil structure: minimise 
cultivations. cultivate at correct soil moisture contents 
and reduce cultivation speed. 

Dust emissions from roads .-:an be reduced by driving 
slower and using them less often. To minimise 
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 in of sensitive areas. 

In sun1mary: 

1. Avoid spraying to edges of fields a(ljacent to roads, 
thereby avoiding pesticide contamination of road 
surfaces. 

2. Avoid cultivation of fields and vehir:le n1ovementon 
roads within 100 m of sensitive areas when wind 
direction is off-farm. 

If recom1nendation 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 erodible 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 imporlance 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 meteorological 
and dust emission conditions occur close to rivers. then 
environmental i1npact 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 

Front a comprehensive study of the fate of 
endos11Uan,foU01ving its OJ)piication in cotton 
production systems, it ls now possible to 
quantitatively define the rnechanisms by which it 
dissipates and by which its residues are 
transported off-field. DiulprAtion of etulosulfan in 
the field occurs mainly through uofatilisation in 
the first 2..J weeks <ifter application, a process 
with a half life of a few days. Endosu(fon 
absorbed by the foliage of cotton plants is quickly 
degraded, with a half-life of three-four days. 

Degradation In soil takes much longer, purtl!-· 
because of theformaHon oj· endosulfan sulphate, 
a biological oxidation product with a typical 
'halj~l1fe' In soil of about 110 days. This extends 
the period Qf potential risk from endosulfan in the 
riverlne environment, by allowing significant 
transport of endosu(fcm residues in itTigation roil 
waters and partlcul.arly in nmoff from major 
rainfall events. The implications of theseflndittgs 
for tnanageinent of cotton farms to protect the 
rlverln€ environment are discussed. 

Introduction 

In the development of fanning practices to minimise the 
extent of contanrina.tion of produce and the environn1ent 
wi::h cherr:ica! pes:k:ldes, k;iowledge of :he 
envlror:mental fate of r..articu!ar che:nica'.s fc'.lowing 
application ls essential. The objectives of this projecr 
were to measure the rate of degradation of endosulfan 
on cotton fields to!lowing aerial applicalion and to 
Ceterrc.ine :he poten:i.al for n1ouerr:ent of e:1dosulfan and 
e'.1dos.'..!lfan su'.phate, pay•l:ig attention to the 
concentration on cotton !'te!Cs and ir, related taii drai'1s. 

The study was also to describe the relationship between 
pesticide rr.ov\?111ent and the hydrograph of nJnoff during 
irjgation and ston;1 ev;::nt:s. By measuring th.?. rate of 
degrada:io:i and the res'.dence tin1e of er:dostJi&) on 
foliage, in so.ii and ir: runoff •»ater, a chemical ba:ar:ce 
for inputs and outputs of endosulfan could be preparetl 

Fro::. the results of t'<ese studies. practical me&"'Ums to 
red-..ice the environrnenlel impacts of endosul.fan and 
other pesficiCes a-> ;:iart of a :'.arm mar.ager:1erJ plan 
were to be recommended. 

Methods 

Fuil deta:ls of the experimental rr:eihods used 111 this 
sti.:.dy v:;:ll be published e;se;.vhere lsce Kennerly et aL, 
l 997b for a pre:ir::l:iary report}. Hmvever, for :llustra.tive 
purposes, the fo!loivir.g detaHs are st!pplled. 

Cotton fields on farms owned by Auscort at Narrahri 
and Warren in 'che Namoi and Maa:iuarie river valleys of 
N~w South \1Va:es lve:·e c'.IOS€n for the t:1ree consecutive 
years of th'.s sl:dy. In some cases in t:iis study. research 
was integrated \Vlth aerial transport by drif:: \N. Woods. 
University of Queensland, Gatton), voliitilisation (V. 

F.dgv and N Ahmad, NS\\! Agriculture) and transport on 
d;,ist \J, Leys. NSW Lar.d & Water Conservatton). The 
s!,iriles ll\cludeC hydrological n1eas:.1reme;1t of flO\vs off 
the field, rneast:.ring all relevan: parameters. relatOO to 
n1eteorology. soil, sediment and water properties. In 
initial trials, stratified block designs for converiience of 
large~scale samplir.g of soil and plant material, and to 
allO\IJ anal~;lSis vlith respeci to sampling intensity and to 
deterr::iine any spa ti a'. or :errporul vartability in soil 
residuf!S, v:ere employed. 

To estimate the amounts of pesticide falling on both soil 
and caropy- iminediately afu?r spraying, a set of fHter 
paper st:'ips or. wooden slats and arother set on 
alur:"illiU,,-n plates. l :-:letre above the canopy vvere ?laced 
in the field. as well as foiiage samples. I>tar.t co1,>er of soil 
by the foliage of cotton p.Jant-> was calculated using a 
shadov,1 technique to measure horizontal cover near 
noon. also measuring the height and v..1idth of plants on 
1 r;:etre long sections of 10 f;,irrows. Soil sampling was 
done in acco~&nce with the ->tandard sampling 
protocols (Kennedy et at, 1998). 

Foliage \Vas sampled on each oaaslon as nine whole 
plants, allO'hing tl-J? calct:lation of a pesticide load per 
plant ar:d a chem'.cal balance for the \Vhole field. As the 
season proceeded and the size of cotton plar.ts in­
creased, plants \01ere separated for analysis in~o outer 
and inner leaves. stems and bolls. 

'Water runoff samples \Vere take:-i ir: 1 Lamber glass 
botEes c'.osed vJi:h Tcflor: seals d'J.rir:g irr'.gation or storm 
events. ir:formation on the total rur:off via -:he return 
drain exiling from fields through a ·drop-box' was 
ohlained using stage height indicators recording on da!a 
loggers, a'.1.d also by equipment installed by the NSW 
Deparil'.ent of Land and v,:il-ter Conservation. 
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In the second year 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 .. 1998) 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 Jndooroopilly in 
Queensland) assessed the accuracy of the analytical 
results obtained during this program. A validation of 
immunoassays (ELISAs) for soil and water samples 
using CSIRO 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 cyc!odienes yield positives) and inability 
to distinguish between the toxic isomers of endosulfan 
and endosulfan sulphate. 

However. non-toxic products such as endosulfan dial 
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 µg/L (ppb) in water were ideally suited to the needs 
of this study. Agreement between the results obtained 
by gas chromatography and immunoassay for soil and 
runoff water was excellent (r2 = 0.9). using at least 10 g 
of well-mixed soil for reliable analyses with extraction in 
90 'l7o methanol. 

Degradation rates on cotton 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 % a.­
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 only 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 
occurs 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 P-endosulfan which is more firmly bound 
to soil organic matter, of shorter half-life {Figure 
7.1.). However, by the start of the new growing 
season only 1-2 % of the endosulfan applied 
remains on field as endosulfan sulphate, so there is 
little or no long-term accumulation. 

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 a low degree of dissipation of this insect growth 
regulator during the same period of measurement. 

4. Despite its rapid dissipation from plants, small 
amounts of endosulfan remain in cotton plant 
tissues even after harvesting, with concentrations of 
up to 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 ofendosu/fan in soil: half-life 

Baseline data obtained from soil sampled on cotton 
fields invariably shov.,'ed a low residual concentration of 
endosulfan at the commencement of each cotton 
season (!ess than 0.08 mg/kg, equivalent to 60 giha). 

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 mglkg (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 (ex- and 
13-endosulfan) disappear mainly by volatilisation while 
endosulfan sulphate is formed in soil, reaching a 
maximum of about 0.2 mg/kg about two weeks after 
the final spraying. 



F/guf'<' 7 .1. Typical rrttc of dlM>lpatlon of total endvsulfan /rum 
80/I on cott.onftelds (cumulal.lu<t datu} at Aus<'vit Warn-n, f;eld 
7 (l 99.'f-96}. Endasulfim sulphate, probably mui.,fy fm-med b9 

fuugi in soil, is th<t mas1 vers.lst.eut t .. stdue. 
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Auscott Warren, 
field 7 (1995/96) 
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l'\pparent halt-lives !or each ol these two phases have 
[Jeen cs!in1atcd from a large nurn ber of d,1ta points 
(Table 7.2 .L wi:h r:11?an values of about4 day'S and 
:38 days for the Pao ;:;hases. The hall-lil'° in soil varied 
from R.eld ;o field as the e~ivironmenta; conditior:cs ( :irne 
c;f dey. femperahF0, wind spe-?J, 0tc.) dif!i2red ;or each 
spraying. In ~'enora!, the decl'.r:e i:1 ix·e".l(~OSLLfcn 
ron:::entra'.:ion In soil by volati'.isation \.\.'as m·.ich faster 
tb.ao tb.at for !~ -endcs:.ilfan, whilst endosulfansul1)t:alB 
wa<J fonned quickly as ,.;_-vndosulfan disappe'Olm. 0:1 
one field. the 'f18:&k quantity of endosulfan sulphate 
represented about one-fifth the total endosu!fan applied 
in the three dG1 ial sprayltigs. 

. Stafistl;:aJ anaiysis (ANO\'Al of the data for tile 
stratfied des'.gn by' rows an:: columns (Kenr:OOy et a!_. 
:;, 998) indicated that there v.:as no signJicant differe:ice 
1n co:v:entratio-ns of endosu!far: reside.Jes bel'J.'een 
different s1rata on the field. Thus, aerial appiicatio::i 
provid0s an even spread of pesfi::ide. an::i the 1·0te of 
convPrsion to endosulfan suir,hare al;;o wer;i.s to oc:::ur 
evenly ctcross the field at least during the- fl~st ~veeks, 

Later in :be season the distribution of total endosulfan 
in soil becomes l:nev;;in. d'-le probably 10 a combination 
o: fnctors s-.ich as variable runoff losses beh.~•eqn 
furro\vs. oonxr:l:ration of s~ubble and r.1icroorgan1srns 
in c<?rtain parts ::A rhe fie:d. 

Figure 7.2. Rapid decline of total endosulf.m t<"-Slcl..-es (cumula­
thie datuj In cotton foliage at Auscott Warrell. fteld 7 (1994-95). 
f:l!en e11do.'>ulfan sulphate, a metahvlll· product of <Jndosuifan, 

par~icularly the n·l1c101111•r, is d<"gt«ded rapidly. 

6-. 

' i • 
] 

t.'fauernent throu,gh soil layers 

-ca·-v-otildo~ullan 

4 J-cndo~.1lfarl 

·-A Er_doo-ci!fo-1 sti!p'.lare 

Auscott Warren, 
field 4 (1994!95} 

(Jn field 21 at Narrabri, n specia! set of four cores from 
the field. tail·drain slope. tail-drain sco\V, and return drain 
·.vas t.aken fot dnalysis of endosulfan residues in soil layers 
of different depth. Mos~ of the cn<lnsu\fan was present in 
the top surface lay0r, its co11centration declining with 
depth ax-.d Oeiog r10g1igib1e beyor.d 8· l 0 cm. Given the 
!ow so]l;'::>:!ity '.)f endo1;r,1!fcn ar.d its high affinity for organic 
matter, !caching s;;:ems im:;:robab!~; rather. a..-iy p~eser;ce 
of endosulfan bc:ow surfa=-e !ayErs may be f'xplaioed by 
soil anr:l contarn1:n0ted dust falling into the ;.vid.:< and de0p 
crocks HV'lt ofton appear in •his: i:,1-;-;e of soil . 

F.:ndosu!fon in runoff UXJter 

There was significant fR,stlcide contaminafion of all 
;,,;gated rucoff worn• aftet the fi"t 'P"'Y applicafion, The 
residues fouiic1 were ge:ierally in the range l-30 mgiLio 
rU:)off at:ho drop-box. depending c,n ~f-!Q nlm-.bei of days 
frorn the prev:ous aosna: appllca:ion. va;ues declined to 
about 2 n1g/L ore (non th af:f?r s;J~a1/:r.g, correspc:1cil:)!_~ 
with l:hs i~ec.line in on-fi£!d soil resicc.e concenrcihon isee 
Figure 7.3.). ThGre was '2-Vidence s'--lggesn1.1e of ntc.ch h!gr.cr 
concentration of residues in runoff water for the ftrs: !'.NO 

ho<WS of thQ runoff event declining to about half :his 
value in later runoff, but this was correlated 1,.vilh the 
scdhnent load. 

Table 7.1. Estimated ht1lf·llfe in du!JI! of endosu(fnr1 Jn soil of cotton growi119 a...-.as 

',,, ' -- ;- __ ,To~t £"'Jdo.<R1ila1) j:i, lajlj>l>,a1'; •· · . 
.. _ ,y 

-- '', --_,., 

1993/94 21 i 5.5 6.8 4 
2 10.5 100 120 :so 

1994'95 4 1 1.8 41 2 
2 65 86 152 i05 

1995/96 2D 1 57 6 
2 35,7 402 63 129 

1995:'96 7 1 37 4 5.2 
2 7.8 119 105 137 

average 1 42~1.8 4.9::t1.6 4.3±1,7 
2 29, 7 ;<;26.6 87~34 J10~36.9 :37,7:t31.3 

Pcot,ud<:J" C-0nfm'i'l<'<o 35 



Table 7.2. Tn:mspart of endoou{fon .. ~ m rn>i·off water 

\Field 4, Auscort Warr61. 1994-'95) 

!rrigaf~on 1 8!12194 8 
Irrigation 2 2&·12:94 7 
Storm 1 5;1/95 15 
fnigatlon3 13/1;95 6 
Stonn2 19/1!95 12 
Storm 3 28/1<'95 21 
Irrigation 4 6/2/95 30 
ln1gatior 5 20:2,95 44 
Irrigation 6 4,3:% 56 

TO'Il\L 

0.97 
0.84 
0.037 
0.69 
2.35 
0.022 
1.03 
0.73 
0.75 

7.42 

7.65 
6.98 
6.11 
6.96 
8.85 
6,09 
1.62 
0.75 
0.15 

7.42 
5.86 
0.23 
4.8 

20.8 
0.13 
1.67 
0.55 
0.11 

41.57 

4.3 
2.9 
0.1 
2.7 
9.9 
007 
0.9 
03 
0.00 

The irrigation events indicated in the table involoe an abnorrnally large runoff, partly as a resuit of a mixed soil type 
including a red soil more di/ficuit to wet than the more typical V0rtlso/, but also for atypical operational reasons. 

1\fore typical Irrigation ev>?',nts observed involved less than 0.31\.fL ha-1
. 

FJsure 1 :J, EmWsulf«n residues !n runoff from cotton jleld$ (19 fields Amiwtt at Warren 1995:96}. The decflne ht 
taldue concentrotitm in hTtgath>n ro;wff in sel.'el"al return droins hi well C<Jrrda.ted with the df!cf"ming coneentmUmt h> 

$Cll fit&e F°'1gf'Te 7 .lJ, Dfiferent sym&.;Js Indicate oorious degrows of fteld G<Jtt()py ~at the tmw of applicatlon: 
cil"Cifffl""'20%-; ;;>qtml"'e-s"'30%; triangl1'11'""40%; tfi4moruf$"'55%; t:rnn=60'% • 
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Days after sprayl:1g 

lt is important to reaEse that pes!:cide residues i:-1 
irrigation runoff fron1 cotton fie~d$ are recirculated V..'i:hin 
the farrn boundary. ·rhere has been a high degree of 
compliance with the guideline that runoff water be 
retaineC on-farm, 

In Table 7,2_ calcu:ared amounts of-endost.:J:an r8Sidues 
for different levels of measured runoff Or€ shown, This 
data indicales thatO.J~O 4% of the xesidues on~field are 
typically washed off for each 0.1 ML of runoff in an 
irrigation event. with ;,_ip to 10 % leaving the field through 
the drop-box di.:f.ng an unusually major sfor.".1, although 
most thunderstorms cause rr.uch les.s :novement 
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Implications of results, uptake and adoption 

These results on the fate of endosulf,;:n have slgr:ifican'.: 
implications regarding env'ironmental care in cotton 
farming. 

Although the dissipation of endosulfan by volatilisation 
ar.d degrada-~on or: fo!iaqe is relatively rapid, s:.i:ficient 
residues remain in plant rnateria! to ;:>ose a risk i:'. plant 
resldues are taken off.farm. 

Ir is preferdble to allow foliage to degrad€ on cotton 
fields, ensucing-pe:.iicide 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 soil 
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 lngard 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 cotton 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 soi!. 

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 endosulfan 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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8. Pesticide behaviour on-farm: persistence and off-site 
transport (Queensland) 
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B. Kuskopf3, C. CarrolP 
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Abstract 

A.field study was conducted on a typical cotton 
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 tri.fluralin, 
diuron , prometryn andfluometuron 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 irrigatJons 
and rainfall events. 

The results 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

0
c 

values such as trifluralin and endosulfan. Better 
water management to minimise runoff, combined 
with careful timing of irrigation arJd pesticide 
application would be required for minimising 
losses of the more water soluble pesticides such as 
prometryn. 

Introduction 

The Emerald Irrigation Area (ElA) located in Central 
Queensland, is one of Queensland's most productive 
cotton growing areas. Constant high temperature and 
o ther 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 controUing 
heliothis. Endosulfan is normally applied at 3Uha 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 othe r insecticides and herbicides, increase the potential 
for environmental contaminatjon. 

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 environmental 
damage, particularly fish kills. 

To address such concerns, the cotton industry in Australia 
required sound scientific data on the persistence and 
behaviour of e'ndosulfan and other cotton pesticides 
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within the cotton production system. 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 
d1emistry, soil 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 flu mes, bed-load traps, runoff 
he ight recorders, loggers and samplers. Taildrain outlets 
on two blocks {approx. 80 hectares) were fitted with weirs, 
he ight recorders and samplers. Deta iled recordings were 
kept of farm practices, crop growth, pesticide inputs, 
meteorological data (collected on farm) and irrigation 
details. 

Photo 8.1. Instrumentation installed at plot-scale for 
mea.'<uring and sampling nmoff 

Photo 8.2. TajJdraln outlet during irrigation event 



Samples of soil. 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 al! 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. 

Regular sampling of a rnajor drainage channel 
throughout the project provided data on the pesticide 
residues in runoff from multiple farms. In the final 
year. some 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 (653) soils of the Emerald Irrigation 
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 cm) or down the 
profile {approx. 1 metre). Compounds measured 
included endosulfan (a, ~and sulphate), trifluralin, 
prometryn, fluometuron, diuron and methyl 
parathion. DDE, the persistent breakdown product 
of the previously used insecticide DDT, was also 
determined in a!! 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.J. Pesticide residues in soil 
Emerald - (1993(94 season) 
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Figure 8.3. Sediment/water distribution of pesticides: 
[on cotton soil (brown cracking cloy)] 
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Fo\lo1,1,'ing the lirst endosu!lan application. residues in the 
surface soil (0-2.5 cm} rose to approximately 2 mg/kg 
(application of 3 Uha ULV aerially applied) and showed 
reasonably rapid decay (half life of approximately one 
week for total endosulfan), a process where both the 
original u and~ isomers are reduced by a number of 
mechanisms, including conversion to endosulfan sulfate, 
Multiple applications of endosu\fan (up to 10 per season 
in the EIA in 1993-94) resulted in slow build-up (because 
of on-going breakdown) to approximately 4 mg/kg in the 
surface (0-2.5 cm) layer (see Figure 8.2.). 

The herbicide trlflura!in, which is applied pre-planting 
(incorporated to 10 cn1) was found to be relatively 
persistent in the soil and slowly declined throughout the 
season. Prornetryn and fluometuron (applied to hills 
[plant rows] at planting} declined moderately (half-life of 
approximately one month) and diuron (applied to 
furrows at last cultivation} declined rapidly, particularly 
when furrow irrigation (or runoff from rain) was applied 
immediately after application 

This information on pesticide levels in the soil, clearly 
shov.;s 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 soil residues are the 
highest. The highest risk periods for the more water 
soluble herbicides eg prometryn. fluometuron and diuron 
are more defined to the period 4-6 weeks after 
appllcation. 

Mechanisms; processes for ojf-site rnovernent oj 

pesticides 

Off-site movement of pesticides to the riverine 
environrnentoccurs mainly via soil moven1ent 
(erosion), in suspended sedinHent (also erosion) and 
dissolved in water. All pesticides studied n1oved off­
site via these three rnechanisms. Because of the 
different physical and chemical properties of each 
pesticide. the dominant n1echanism for off-site 
transport for each pesticide varied. 

The relative arnollflls in the solid (soil and suspended 
sediment) and the water phases depends on the 
intensity of the erosion (soiVwater combination) as well 
as the chemical and physical properties of each 
pesticide. Figure 8.3. shows measured distribution 
(laboratory studies) between pesticide on suspended 
sediment and dissolved in water for a nun1ber of the 
pesticides studied using soil from the study site (65 9-'o 
clay). 

Bedload 

Figure 8.4. Effect of surface treatment on 
bedlaad moved - (250 m furrows, 0.15ha) 

l 

Dry Weight 
(kg) 

The endosulfan 'loading' on the sol!, and thus the 
potential for off-site movement, is reduced by 
approximately half, for each week after application. 
Repeated applications of endosulfan will result in a short­
term build-up of residues, the extent of the build-up 
depending on the time inteival 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 season. 
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Field trials in 1994/95 comparing throe- surface 
treatn1qnts [r<Jke and burn (current practk·.e): cotton 
.stubble retention: and wheal straw added (2-3 tonne/ 
ha)] showe(I no sl-gnlficant effect on soil loss, bedload 
or SU:SJJe!1<.-hx1 scdin1Bnt and thus pes!icide loss. The 
cockin stubble acdadded straw tri:?atn:1ents may have 
lJeen effeci'.ve :i: redu:lng pesticide '.asses for an ini"'.ial 
rei:1fal! rur:c:f even: (had -:t.ere been one resulting :r: 
runoff) bLt there was•;:..-;1_v:;_I evidence tb.atthe stJbble 
was quick h) brcalt dcwr:, th'.J.$ any poter:Eal effect 
wouk:l be short-lived. 

BecaLSe of little rainf;;J]. 1uost significant runoff 
events durlng: !his tria( were from irrigation. Higher 
funa.v slopes -;:rcx:!ucsd hlgl-.er bed!oadandsuspended 
seC:iment~or nll-t<me plot-scak troetrnents. 

Fieki t:ials in 1995/96 ro::::paring conventional tillage, 
redJCed f\llage a~1C JJre--cotton wheat ::ilanfi:1g :w!le3t 
plants kllle.d prier to cotto1~ planti'.'lg lntc \Vheat 
stubble} den1onslra!ed thao: thew-heat 't~eaf-':"'.'_e:-1t' 
signif\can!ly reduced bedload (see Fig:Jre 8.4.) acd 
suspended sediment, partic:.ilarly in the e-arly tc ;r.id· 
season. For a "heavy' irrigation, only three (3) days 
after the first endosulfan application (2.1 L1}1a), the 
wheat treahnent produced only 30 '){,of endosulfan 
~ass a:Jrnpar2d with conventional tillage. Endosulfan 
in runoff was red:.i.c.;;d to 4D 'J\, and endc,sulfan loss 
via bed~oed reduce.cl to only6 '7,, (sec Table 8.1.). 
Reduced tJ!age resulted i:1 only G 10 '.)(,reduction in 
endcisu!fan loss f::;r ".he same even':. 

Whilst the amount of pesticide leaving :he tai!::'.retn 
after a typical furrow irrigation ·xas calculated lD be 
in the order of 0.5 to 1.5 '!\';of the pesticide presenl 
in the soil al the time, concent:ra!i.<nis <1f pesticide in 
the runoff at thls p:=iint n1ay be well over currenl 
environrnen?..l gnklel1ne values sct for environmental 
wale:"s (1iv'1'rs:. 

11160 4.S73 
116~) 910 

22 1.5 

0_62 J32 
3 ') 3_7 

258 238 
3.78 3.33 

626 5 71 

1.00 89.8 

566 
450 
06 

0 28 
14 

D.~:, 

:.54 

-;._7;, 

26.7 

. -% _of :C:Q1u,-..Qtfu®l 

13.6 
38.8 
24.7 

45.2 
103 

&.1 
40.7 

26.7 

The diffGrenw l!: lhe slope of th.? furrows from 1.2 % 
to 0.8 % i'.1 :v:c separate blocks (sirn.Har lnputs) 
rcsultGC. in a slgn'.ficant 190 %} reduc-:ion in the 
an;otsc:::;f tri:lurali:1 being exported, resulting fro::: 
reduced scdln1ent ar.d ::unoff Rav'.r:g the block" 

The sh1dy clearl-y showed that the e"ioptlon of 
conventional soil conservation practices such as 
reduced slope in fttrtO\VS and ta!l..dra'.ns or the 
incorporetion of effcctiv<? stubble retention, car1 
slgnificantl>' reduce pesticide losses. This is 
y)articulady relevant for those pesticides that 
n)odereCPly <::rstrongly adsorb to soil or suspended 
sediment par:ic!es {Figure 8.3.). 

fur the more -:Yo bile µes:icides such a.s prornet:y!""1, 
fiuometuron or diuro!!. se:::!i1nent re~.enl'!or: •xiii be !ess 
e:ffoclivc and in1pra.;ed_ water ..,..a:-iageme:>itcom':J:r:.;:d 
wlth improvod ti0ing of irrigations and pesticide 
a1:p]iretions ;s therefore requJrecL Management 
chai>gqs !hat reduce both soil and sedi:ne11t losses as 
well as reducing the qu.::.ntity of runoff are necessary if 
r'?3l reductions Jn all postlcide losses are to be 
a:h\.cved. 

!n the En1era!d Irrigation Arca, t'.ie e:'l;f,r,eer',r,g design 
of drainage chat~nels provides p.:ltentia, for sig:'lifi:::arJ 
quantities of cotion cb.emlcals tc l::e carrieC. ~':he 
Nogoa River during n1ajor runoff eve;1ts. Irrigation 
runoft may have littie direct impact on the river, bu~ 
sediment deposited (with pesticide residues) in drains 
can be reinobilised dW"ing major flows. 

Dur:r.gsignificant rainfal~'storm events. high runoff in 
cotion~glDWing cak~hments wiil result in high volumes 
eg 1200 ML' Cay of rlt."loff (calculated 1,440 tonnes 

seCim«nt: e'.1!-ering the riwr via one of t:1e r:1ctin 
drains. T;12 run::iffhy2rograph :Fig-.__lft?8.5.) sho1..vs 
peak :low measured ln the Crain equal to 
.appi:oxim;:;tely2600 M1Jda:,·cff 110 ?v1l/hou:' fo:' a 
storm v.moff event ln January 1996. 
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Figure 8.5. Storm runoff (LNl main drain) January 9-10, 1996 
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Endosu!f.an exported itl thi<> event wes calculated {based 
on measured conoontrajc~1s in the dr<:'l;n at the ,me of 
the eventi a~ 3.(} kg activw endosulfan. Measured 
er.dosu!fanconcentracion in the river downshv.a!7'. of the 
drain e;itry to the river wes 0.5 µg/L. 

Figure 8.6. sho\.vs that l.'i.'h:lst e!Qvatv.d b?vels 1.vill be 
obseived follovvlng r..ajor runo:f events. these leve:S will 
rapidly decline once runoff from tlw eict11al oolton area 
,:eases. TilOSe i:-wolved !r: measuring and a:sSBss:ng data 
fror:;: monitori:1g progran1s should ensure tb_ill supp:>rting 
informatior. is obtained on tll<? conditions at th2 f,me of 
sampling, Failure to take account of sc.ch lnfonnation 
can lead to misleading interpretation <:in fronds and thus 
fa'.l to effectively evall:?.lte the impact of chant{ed land 
use practices or po~e:1tial k)r e:wlronmen~l impac3. 

Raptd'.y changl;;g inpt1t f;ov,'S, corr.bined with :'apidly 
changing rivPr flo\vs can resvlt in s'.gniflca'.)f s}YJn"term 
variations ln pcsticid;;; residc'.e concerrtrufi:::ins close to the 
drain's discharge j:JO:nt l:1 the river over a24 f:cur period. 
Using measured ru!d cax:ulated ~ows during a majcr 
rt:notl evcntinJanua~ 1996, the total impact (F15urf' 
8.6.) on endosulfan concentracion in the Nogoa Riv;:rr 
downst:'eam from :he cotton area W& calculated. 

Tbis event tvas iowarc'..s the enC. of the season. Had tl1e 
event occurred earlier in the season 1,vhere pesticide 
residues in the soU-were ?t their h'.glw_sr, and soil was less 
<"Om-pacted with cotton canopy caver less developed, 
residues in H:e riwrwould be expected ~o ::ie considerably 
higher. 

The pt~ject team acknowledges the f:rnncia! support 
from tl1-0 Land and Water Resources Research and 
Dm.re;opmen:Corporatio01, the M:trray-[)arling &sir: 
Co111mission, -the Cotton Research and Developrnent 
Corpora:io:1 and the Que~nslai!d De;::artmcnt of Natural 
Rcrources. 



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 Water Conservation, 
NSW, conducts one of the largest water quality 
monitoring programs in Australia which deals with 
water quality issues arising.from intensive 
Irrigated agriculture. Surface water monitoring 
within the central 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 result of 
pesticide use on irrigated and broadacrefanning. 
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 potential adverse effects of 
agricultural chemicals on the environment and human 
health 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 is a 
joint initiative of the Department of Land and Water 
Conservation, 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 
on the biological processes occurring within the surface 
water environment 

Over the last decade there have been many important 
developments In the Australian cotton industry including 
the geographical expansion of cotton 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 requires less sprays for heliothis control, a 
reduction in the amount of pesticides reaching off farm 
environments, such as waterways, would be reduced 
when lngard) 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 seasons are expected to reduce the occurrence 
of pesticides in the off-farm environment and any 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 industry collaboration are required to 
meet the monitoring requirements set by the NRA for 
the use of endosu\fan. 

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 
biological 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 
results 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 summer, 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 sampling using 
continuous sampler bags and riverine sediment analysis. 

The spatial scale of this program is large. Twenty-eight 
sites across the Macintyre, Gwy,dir, 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 



FigtJTe 9.1. W«tRr quality sampling sites fn the centrol <md north-west regions o.f NSW. 
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'.rdgated agricultu1e and s'.tes \Vit:.in areas. of irr'.gaced 
agr'.culture. This d:stributio:1 of sites ens.Jr(>-'> the.t perfor" 
mance can be reported on a basln levei. Compar'-sons 
between impacted and non impacted sites ca:1 also be 
made. 

'J'he location of the current sampling sites are shovJn as 
solid symbols in Figure 9 .1. Thirty agrochemicals and 
metabolites are sampled as part of the ro'..l.tine program. 
as well as physica; ~vater quality parameters and total 
nitroge:-1 and rota! phos:;:>hare concentrations. 

'fhe majority of sit-es ar£ located a: '."tydrographic gauge 
stations for the collection of flow data. Three locations 
have been sampled for pesticides in surface JNc.ters u.sing 
the continuous sampler bags merhod ~Carole Creek in the 
Gtvydir basin, Brageen Crossing on the Gu.ydir River and 
the Namoi River at Gunnedah. 

Laboratory analy""Sis was perforr.vm at the D!~WC's \\later 
E:1v:ror.1nent :_aboratory at Amcliffe. Sydney. For the 
mar.ual grab sa:nples. a liquid/liquid extraction m,s used 
to preconcentrate t:.ie organochlorine~ organophosphon.1s, 
pyre~hroid ~nsecticides. the t:lazlnes ard other 
organoni:rogen herbicides. The rncihod is based on 
USEPAMethod3510, 'Separatory Funne: L!qultl/Llquid 
Extraction'. 

For herbicides such as pheny!ureas, as well as atrazine 
and Its metabolites, a solid phase extraction procedure 
\\!as used to pre-concentrate the analytes. Samples with 
high suspended solids were clarifi•~d by r,.,~ntr'.fugation or 
fil:ration. ,l\n aliquot of the sample was passed through a 

pre~trea!:ed Ci8 cartridge. After air drying the 
canidgC', the herbicides were eluted with a small 
volt~me o! methanol or acetonitrile. 

Both the solvent from the co:1ti:1uous samp:er bags. and 
the 1na1tua! grab sa~1p!es, v...:rre ari_ah,.-sed by~ gas 
chromatography. Ure.a herbicides and 2.trazine 
metabolltes. \Vere determined by ;..igh perforrr;ar_c.e liquid 
chromatography. 

Results and discussion 

.I\ ';)rir:cipa! components analysis was performed on the 
19%:97 ?esticide da'ca to invesEga:e whether the 
classification of s'.tes upst'earr. of irriga~ed agrtct:.llure 
were truly re,resen:ative of 'reference' sites. An 
ordination of this analysis cle.ar'.y shO\VS the separ.a.lion 
betv,;{:en these U!JStream sites a'."ld those sites Tuithin 
areas of agricalture (Figare 9.2J. 

Wat.er quality results of 1996/97 have shown that the 
~ower reaches of the Macintyre, Gwydir ?nd Nan101 
catchine:i.ts are contaminated by pesticides lo a greeieT 
degree than the upper reaches of these catchments 
{Figure 9.3). This \.vas demonstrated bypetforrntng 
cl'<..!ster a'ialysis of a!l sites wit'.. in the sarr.p1ing prograrn 
using data collected dJring Ir_e sum:ner spn;iy season fa:; 
endosulfan. atraz:ne, ;:nur;,cl(',;:1, fluo:neturon, diuron 
and metolachlor. Sites that 1.•Je;c typified bv ge:.crall::t' 
!ow pesticide occurrences. most commonly 
atrazine, were in the upper reoches of all catchments 
(Cluster 1). Sites typified by medium ranges ot 
endosulfan and atrazine and low k~veh; of d":uron, 
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Figure 9.2. Principal components plot of "ites up,.tream 
(circles) and within (triangles) areas of irrigated agriculture 

using In-season data. 
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f\uometuron, metolachlor and prometryn were in the 
middle reaches of each catchment (Cluster 2). 

Irrigated agriculture is common in these areas. Sites 
that were typified by a high occurrence of pesticides, of 
which endosulfan sulfate and endosulfan isomers were 
common. 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 endosu!fan, atrazine, 
fluometuron, prometryn and metolachlor (Cluster4). 

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. 

4 

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;16,419032;17,419061; 
18,419064;19,419068;20,425003. 

In 1991/92, 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 endosu!fan 
contamination, stabilising over the last year. The 
Macquarie River catchment has maintained low 
levels of contamination throughout the monitoring 
program. 

Endosulfan contamination in the Gwydir and Namoi 
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 quality 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 lngard) cotton in 
sensitive areas. Future monitoring will evaluate 
whether this trend will hold as BMPs are further 
implemented. 

Figure 9.3. Contamination levels across catchments. 
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Figure 9.4. Gr(lphs of total endosulfan by rl<>er 

bosln (Irrigated cotton area dat(l only) 

1991/92 to 1997/98. 
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Each box represents the middle SO'To of the data collected for 
the November to March period allowing a consi~tent way of 
comparing results. The largest and smallest quarters of data 
have not been displ<iyed. The thick line represents the median 
(or 50th percent,]e) value which is most useful when assess,ng 
water qualit;.• data. 

However, during the last three seasons, the percentage of 
samples which exceed the ANZECC protection of aquatic 
ecosystems guidelines (0.01 µg/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 0.01 
to 0.08 µg/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? 

Monitoring 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 Bugi!bone, Pian 
Creek at Rossmore and Gunidgera Creek near Warren. 
Cox's Creek at Boggabri recorded sediment contamination 
of the herbicide metolachlor, 

The Gwydir River at Brageen Crossing was monitored at 
regular 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 
polyethylene membrane, filled with a solvent which 
attracts 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 occasions, 
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 to 
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, profenofos 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 only 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 technique on the Namoi River at 
Gunnedah and the Gwydir River at Brageen Crossing, 
the bags detected the agrochemicals amitraz, 
chlorpyrifos. profenofos, pendimetha\in 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 endosu/fan data for storm event. 
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The hlghest concentrations of alpha and beta 
endosWan and endosulfun sulphate were during the 
first .smaller flow peak, indicating that the source of 
these i'lf.f.TX:hemicals came frorn ar€aS close to the 
samphng site. 

10ta.! endosulfun levels reached 1.75 pg:1 __ /;,s t'.Je 
ANZECC guidelire for ;he protect: on c! aq·.;.ai:"C 
ecosystems is 0.01 µgil.. this event was a major acute 
oontan1ination event The high values of the less 
stable trctrent products of a!pha and beta endosulfan 
in the surface water b1di.:-ate that spraying in 
neighbouring areas probnbly occurred within a week of 
this storrr1-

Four other agrocher:\lcab \Wit! det.xted during this 
sto~ even".: :Figt:.re 9.6.). They were the herbicides 
fluometuron, diucon, a:razl;;e and promet-yn. Di"..iro:-i 
and prometryn leve:s were highest v.ith the :irst iA:Uter 
san1ple taken, then dec1eased. si'.O\Ving how :mportant 
the initial runoff can be as a source of high 
concentration levels. 

The sL"nilar pattern of these two chernicals infer that 
they were most likely from the same source, and 
;:iossib!y a dJtferent source to that of endosulfan and 
fluomei:tltori. Atrazlne levels >.vere lovJ. this Wi'lS to W 
expected as it is not used in irriga.ted agritu!ture in this 
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region, a:1d was rr;ost likely sourced from other rr:ore 
diffuse !anduses. 

hnplications of results, uptake and adoption 

Community and industry are placing an increasing value 
on water quality i:)formatiorL Community consultation 
tf>.rough the river managen1ent committees t'1at are 
driven 'oy :he VJa:er Reforms process are consistently 
placing cnV:ronmc:1tal health values as important 
objectives for the fcture. i.1e review of cndosulfdn Oy the 
NRA is placing pressule o:i 1!:e cot:on iffiga:ion 
industries such as cotton, to implement BMPs. 

Lllwwlse the ~view of atrazine wilt 1vqulre the b'.'.'oadacre 
agric;Jb.u<t industry to tneet environmental guidelines. 
These ptocesst.>s 1,vill reqUtre the community and industry 
to be able !O assess and. report on rhe meeting of water 
quality objec:ives. The C"'J\AlRWQP is the rr;ajorwhicle 
through which :atg({ scale ;.vat er quality and biolog'.cal 
monitori'.1g is ::ierfonned. It ls vl::al there-fore t!<..at 
coaaboration between lndUS:f!t' bodies and the DLV.fC be 
optilnisr:d. 

Conclusions 

Th<J CNWRWQP continues to make a substantial and 
significant contribution to\1.:ards a better understanding 
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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 further 
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 P.R. Briggs 
CSIRO Land and Water 

Abstract 

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 dust 
transport) and waterborne transport pathways 
(Including overland and stream runoff). This work 
uses an Integrated modelling approach 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 transport 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 the spray season 
In a large cotton-growing area, whereas runoff 
provides very occasional but higher inputs. These 
findings are confinned 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 concentrations is used to 
distinguish events due to airborne and waterborne 
transport, 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 endosulfan 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 waterborne 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 results are 
presented in three journal papers (Raupach and Briggs 
1999a, 1999b, Briggs et al. 1999). These publications 
contain full details of models and data which can only 
be described indicatively here. 

Section 2 of this paper summarises the modelling 
framework. Section 3 presents model results 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 endosultan 
transport by the spray, vapour. 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 model of the physical and chemical 
processes contributing to the fate of the endosulfan ln 
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 endosu!fan concentration C(X,t) (at a 
downstream location X and time t) as the sum of 
terms describing three kinds of process: advection 
(inflow of water with a different concentration to that 
atX), 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 (C9H~03Cl~S) exists as a and 
p isomers, occurring in the ratio 2:1 in the 'technical 
endosulfan' applied to cotton crops in spray form. 
Once in the natural environment, endosulfan is subject 
to several chemical and physical transformations: first. 
both the a and !3 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 a. !3 and sulphate forms are all of comparable 
toxicity. Second, the a and !3 isomers hydrolyse in 
water to endosu\fan dial, 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-\vay physical process with a time scale of hours to 
days. depending on the water depth. 

Flux terms arise fron1 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' fdnft of the intended deposition or dose over the 
target area. The fraction !drift 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 ofO. 72 kg-endosulfan ha ·1 , thls implies a 
total endosulfan deposition into the river from a single 
spray drift event of 2.18 x 10 6 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 spraying. 

52 

We h<1ve 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 agricultural 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 measurements 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 factors: 
runoff amount, runoff frequency and the concentrations 
of endosulfan in runoff water. l'he amount of local 
runoff is influenced by on-farm retention of water and 
local topography. Retention systems to recycle water 
from irrigation and rainfa!l are used on many NSW 
cotton farms. Overflows into local rivers occur only 
when runoff exceeds the capacity of on-farm storage. 
O'Brien (1996) estimated that 31 % of Upper Namoi 
growers and 3 o/o of Lower Namoi growers cannot 
contain 25 mm of rain on-farm. Local topography also 
causes a substantial fraction of runoff to flow away 
from the river on the Lower Namoi floodplain and 
similar systems, because of silt accumulation on 
floodplains over geologic.al time periods. 

To examine the frequency (as well as the amount) of 
runoff, a simple soil water balance model 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/yr in the lower Namoi 
Valley, occurring in only a few events per year (3 to 10 
events, depending on the amount of on-farm water 
storage). Endosu!fan concentrations can be as high 
as 50 mg L ·1 in tailwater dams (M. Silbum and R. 
Connelly, personal communication), but values around 
2 to 10 mg L ·1 are more typical of concentrations 
measured during flood events in off-farm watenvays and 
smaH 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. 



/\ simple model for the runoff patl>way can be developed 
from mass balance considerations, the pare.meters being 
the runoff dilutio"I factor and the cor.cen~raiion in the flow 
"'-r:tering the river (Raupach a:;d Briggs 1998, 1999a, b). 

Becavs<i! of the in:'.requency of runoff, ft is necessary to 
consider discrete run oft events, Ot~t unforn..P..ately, it 3 not 
fXJ&iibie to determine the dilut:on faclor arid runoff 
concenrrations predictively for individual eve11ts because of 
the diversity of flows in different events and the variable 
afuitio:i of endosulfan r-0ncentrations in ovBr1-0nd flows. 

lnsk:ad. we choose iilustratve p.;irarr::eter values for typic.4! 
events which are compa'.ible- with available evidence. Thts 
i:, no: a majoc problern because the ma1n model ou!comes 
for the runoff path1.vay concern :he event timing, 'fl;e._%; 

outcomes are independent of ;he above parar.ieters, 
which affect orly tl!e predicted ev«nt magnitude. 

Model results 

The tt'.OOelling fran1ework has bel'n used to sirnulate the 
spatial and temporal bchavio'.lr of riverine endosu:Jan 
conce:ntrations in tvio actual riverine en'"ironrcents where 
irrigated rotto:1 is a major land use: Plan Creek and the 
Narr:oi River in the Loi.ver Namoi Valley near Narrc.b~i, 
NSW. The siw_u[ations are based on ihe follov;ing: reaiistic 
(though somewhat slmplified; reprewntatioru;. of the 
envlrontt'.ents and :he lransport pathv.:ays: 

1. T.'le mode! was set i.:p to .sin1u!ate a stretch of ea;;h 
river up to 1(\1 km in length, aver a ;:>eriod of 40 days 
in the spruying seasor. (l'\owmbe: to ,January). 

2. On the basis of $Urvey data from Peasley (1996}, it is 
assumed that cotton is grown 0;1 50 % of land ln a 
strip extending 5 km on either sldB of eac'.! river, except 
i:i a buffer strip of l.1Jidttl-i. 500 rr: on eit>ier side of :l;e 
liver. 

3. The airborne fluxes lnto the ri<Jer from the spray, 
vapour and dust pa1hway'S21re assumed lo be a 
·steady drizzle' which ls a:n1tinuous both in time and 
with distance~'\ aiong the river. This assum~.on is 
based or. the fact that airbor:i.e fluxes arise frotn 
numerous, frequent lr,dividLlll StJurces on either side 
of the river. 

4. Fluxes for the spr;;1y, vapour. dust a;-id runoff 
:xithv,;ays are detenuined \\.'lth the tnodels octlined 
above. 

5. The river is assurned to be clean a: the :;:aii of the 
simul<:Jtion, and to be clean upstre;;i:-n. Full d-etails of 
the rr:odel and the parameter choices are given in 
Rn~pach anC Briggs (1998, 1999a, b). 

Figure:s 10.1. and 10,2. show (for the Namoi River and 
Pian Creek res;.;eciivcly) the variation cf endosulfan 
concentration C with tir:!e t, at -;hree dcwnshearn 
distances X (:n1,<.asured from the up:,'irean; end cf the 
sif!)lllated :egion}: X 10 km, 40 km a'1d 100 kn:. 
The large . .sharp peak in C induced by the runoff eve:lt is 
evident at 001« x "" 40 km u~t clown stream of the 
runoff entry pointj a:l.C at X = 100 km. 

The ti:ne delav be!M!e<!O :he two peaks ;s the tittle 
needed for the slug of contarninated water lr:jccted by 
the ri.1noff e-.;ent to travel the 60 km ~e<!n the b.vo 
points. The i>eak concentration is reduced durir:g thi.; 
jour:iey by volatilisation and cher::lcal sinks (r:)alnly 
hyCio!ysis). The flow speed of tile riwr is scch that ".he 
con:-amina~d water introduced by rur:off flov,rs o'J: of 
:he reg:on within a .short time, even fo1 the slow-flo1,.vir:·;i 
Pian Creek. 

T.;e steady batk_qrou1~d concentratiori::; in Figcres 10.1. 
and 10.2. are the result of airborne transpor~ pathways, 
which cause C ro rise within a fu',;; days to an 

Figure Jt}.J. Natu;:rl Rh>f:r, M<>delled l>ffl'latit.m ewer time uf Wttil riue~ine er1dosuffan ('Qlt('<?tttration {solldj tmd o. + ~ 
m> afrn~tfcm of the total \ik>8hed), integrating all tron.;iport patlm.>ayW (9Pt'av + vapour+ du;,t + i:unqb/. Time tra~f'S are 

,qluen Jot X = 10, 40, ond 1 ()() km dounstrean1 A major rU11ojf input .:;ccUt$ an days 8 and 9 at X "" 35km . 
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Figur.e 10.2. Plc11 Creek. M<>flelled vari«tlon <me.Y time o.f toful Ylveri11e en<tosulfan co11cointrotlo11 (solid) and a + /j as a 
fracr:Jon of the toml {dashed), tnte:gratJng aU h'm1spoYt pathwuys (.'<pl'ay + vapour + dust + tunoif). Ttme: trac:es llt'e: !Jftl<>n for 

X""' 10, 40, and 100 km downstrean•. A major runoff Input occurs on days 8 11t'ld 9 at X "' 35 km. 

1 r-- -------------····~------~1 0 
~. ""'. 

09 ',., 

8' 

i 7 

@ 8 

"' i 5 

~ 4 

8 3 
'1i 
~ 

09 

0.8 

07 

-10km OB o 

j ~ 40km t 0.5 ,,_. -·· ·100 krn 

0.4 r:::.. 

+ 
03 e 

~ -.2 
--"",...~'- '. ·---..---~~.,, "" .--.~==-=~'""" - - 02 

01 
i' 

0 -------------------+00 
0 5 10 15 25 30 40 

Time (days) 

equilibrium level at which the inputs from airborne 
transpor.. pathways are balanced by losses, rnainly from 
voh;1tilisation, hydiolysis and advection (downstream 
transport in the river), 

The roles of different transport pathways are shown i'.1 
Figures 10.3. and 10.4,, respectively for the Na1nol River 
and Piae Creek. T'.iese figi_;.rL>S- b'!"eak !':le total 
c-0ncentratio:l C (atX = 50 kr:ii irJocorJ:ributions 
from spray· drif!.. vapou~ transport, dust transport find 
fl_:.noff. 

Figures 10.3.a (Namoi River) and 10.4.a (Pian Creek) 
show the breakdo·wn at t = 10 days_ just after tl1e 
end of the runoff event, Figures 10.3.band 10.4.b show 
the corresponding bre.akdown at t = 40 day-s, v:hen 
the n1noff event has long been flushed out of the 
domain and the only contributions to Care those from 
airborne transport roures. 

It :S evident :ha': runoff is the dominant trans;:;or:: 
path1.vay on '!hose infrequent occasions when a 
significan: !llnoff evenr occt<rs. Ho1J.1ever, most of the 
tin1e t.'te situation is more like Figures 10.3.b and 
10.4.b, \.\!here the entire riverine concentration is due to 
alrbome transport. Of the three airborne path~vays, dust 
transport is entirely negligible: its contribution is about 
lhr~e orders of magnitudesmallertha'i ti'.e other 
pathways ~as foreshadowed. In the previous section). 
However, vapour transport and spcay drift are of the 
some order of mogrlitude. The :"act t':lat spray drift :S 
sornewhat higher!ha:1 vapour :raru.-port :n L11ese 
simula:ions is an acc'.dental consequence of the 
particu:ar p-urame:ers chosen for each pathv.,o:,..·. 

The irnportilnt conclusion is that each is a significant 
oontrlbutorto riverine concentrations. Riverine 
endosulfan concentration data have been recordOO by 
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the NSW Department of Land a~d \.-Vater Conservation 
(NS\V-DLWC/ under its Cent:al and North Wes'cRegior.s 
Water Quality Program iCNWRWQPJ: see Cooper :19%) 
and !'--1uschal and Cooper (1998). The data for the Namoi 
River at Bug:]bone and Pian C-reek at Rossrrore \stalions 
representative of the conditions for present simulations} are 
cons:stent with the model predictions la tv,10 important 
respects. 

First, the overall teve!s during the spraying_ season an: 
observedtobeabout0.05 µgL 1 (Namoi)and0.1 µgL- 1 

(Pifl-n Creek), values similar to the concentrations predicted 
in Figures 10.3. and 10.4. to arise from airborne fluxes. 

Second, the observed-cor.cecitrations have a reg•..J!ar. 
ste<Jdycharac'".erthroJgh the Sp:!'ay"'.ngsc..ason (w:th some 
variability: rather thar. a spik'J, intermittent character. 
conS1$tent v;id: airborne ra±er -:ban waterborne transport 
being the major con:ribucor to riv-erine endosulfan levels 
excepi when infi'€quent runoff events occur. When such 
events do occur, they are flushed fi<om the local region 
within et few days. 

Distinguishing airborne and waterborne transport 
events in data 

To seek additional evidence concerning the relative 
contribut'.ons ot airborne ar:d waterOorne ".rans;;mr': to 
observed riverine endosulfan co:-icentra:ior.s, <.ve have 
llr.dertal<t'n a statistical analysis of the observations which 
:s independent of the above modelling investigations. Thls 
analysis, reporteci in detail in Briggs et al. (1998, 1999), 
haC tw0 stages. 

Jn the first, we identified concentration ·signatures'. or 
fy-pica! patterns of concentration change following a 
transport even:, for the various airborne and v/aterborne 
trarspo1t ;mthways. 



Figure 10.3. For the Namoi River, modelled contributions to the total riverine endasulftUJ concentration at X = 50 km by each 
contributing transport pathway at (a) t = 10 days and (b) t = 40 days. Nate that the contribution of dust transport is negligible. 
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Figure 10.4. Far Plan Creek, modelled contributions ta the t-Otal riverine endosu/fan concentration at X = 50 km by each 
contributing transport pathway at (a) t "" J 0 days and (b) t = 40 days. Note that the contribution of dust transport is negligible. 
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Properties of the concentration signatLU"es were 
determined through physical reasoning, modelling and 
appeal to measurement. The most important of these 
properties are: 

1. species mix (airborne pathways carry endosulfan a. 

and~ exclusively whereas waterborne pathways carry 
mainly, though not only. endosulfan sulphate); and 

2. timing (waterborne transport can only occur after 
antecedent rainfall). 

The second stage of the analysis was to dr.>vise and 
apply a method for associating obsetved riverine 
concentrations with transport pathways. 

This was done by the following procedure: 

1. Conc1°ntration peaks were identified in the 
CNWRWQP data for seven stations in the Namoi 
Valley, including Namoi River at Bugilbone and Pian 
Creek at Rossmore. 
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2. The fraction of endosulfan a and f1 in each peak 
concentration was identified. 

3. For each peak. we determined the local antecedent 
rainfall in the period between the peak and the prior 
concentration measurement {usually one or two 
weeks). using Bureau of Meteorology rainfall 
records. 

4. Using these properties, each peak was plotted on a 
plane in which the vertical axis is the fraction of 
endosulfan ex and l:l in rhe peak concentration, and 
the horizontal axis is a measure of antecedent 
rainfall (either the mean or lhe maximum daily 
rainfall in the prior one to two weeks. depending on 
the concentration sampling inteival). Figure 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 obseived 
concentration peak} on this pl<>t provides two 
independent tests of its origin as an airborne or 
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Figure 10.5. FQI' peak ~<lSOtl endosulfrm measurements, the fraCll011 of a + b in the total riverine endo1S11(fat1 
plt>tted agahtsJ the at>emg>? fmlecedent ram.faff over the lntenu.d (lypically 7 or 14 days) prior to the peuk. Re!fions 
suggesting probable transport mechanisms (!Te .shown In grey: (a) likely airborne trun6PQrl: {h} likely waterborne 

transport; (cJ lnJ.,.termJnate; (d} rore du(! to dnminattce of sulphat"' in waterborne transport. 
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1.vaterbcrne trans;)ort event- the fraction of ecidosu!fan 
r:L ar:d p (a s!gr:if'.cant fractic11 is lf.(€1y to be associated 
wl1h a significant level of airborne transport) and 
amoJnt of antecede:it rainfall (a significant an1ount 
provides neceS$Un; .conditions for wat£rbome transport). 

!tis obseived in Figure 10.5. that points fall into two 
distinct regions: (a) events with high frac1ions of 
endosulfan a and B ar,d little ar.te<:edent rainfall, ar.d 
(b) events with lo\V er and B fractions and high 
antecedent rainfal!. Ever.ts lri reg'.on (a; can be 
att-"ibuted pri::.>ad[y to airborr;c trans3)ort, and those!:> 
regior_ (b} primarty to ~vaterborne rt·ansport 

Sorr_e events. xcur '.n a third region f c) ;;,.1ith low <f and 
p irad:iors and !01N anteceder:t ti;)infall. arlqing from the 
continued presence of er.dosulfan sulphate with a long 
riveriae residence time {such ret.;ntion may b€ the resua 
of entrapment in sediments or other slow-moving 
reservoirs, a feature not included in the model de­
scribed above). 

Ne t?Vents are observed in the founh region (hig'.;) aan<l 
p fractions and h'.-gh an::ececier:t rain~a]). S!Udics of 
tr.E n:ag::'litudes of the ev-ents in Flgure 10.5. show that 
events i:i :!'egion {aj tend to 00 in the range 0.05 to 
0.1 µg L -. , i.vhich tl'.e ~odel predicts to be typical for 
airborne tra:isport. 

Events in regions {b) and (C) tend to be srnaller except 
for a few large peaks in region (b), a pattern consistent 
\A.'ith the above findings for vJaterborne trans;iort. 

Con<:lusions and management implications 

This \vork lead~ to four n1ajor cot.clusions aboJcthe 
relative roles of ahbo:ne r->athways \spray, vapour and 
dust) and waterborne pathtvay'S (rur.off) in traosporting 

56 

endosul:an from cotton farrns to the riverine 
environn1en7:. 

1. Runoff-pathway events are large and infrequent. 

2. Airborne---pathway events are sma!k->t in r:lag'.'litt.:de 
than ~noff eve:its but ac'.'. quasi~co:uinc.ous.}i, 
resemblir.g a 'steady drizzle'. 

3. Of rhe air'::lone pathways, spray drift ariC vapol~r 
t1ansport a_(e of s:milar magnitud;::, but dust 
transport is negligible. 

4. Most of the observed riverine endosulfan is 
transported by airborne routes, as the large but 
infrequent runoff-pathway even:s are !lushed ?!Way 
rapidly. 

T~'1ese findings ha»Je sign'.ficar:t ir:iplica~ions :or efforts 
to !imitthe transport of e:1dOS"Jlfan i:1to the riverine 
e:ivironrr:ent First, aid not surprislngly. they provide 
svpport for efforts to reduce spray Cr.ft and rain­
'.nduced runotf as laid down in current gttidclines for 
Best Management Practice. 

Se-condly, and more controversially, they suggest that 
there is an irreducible minimum !eve\ o-f riverine 
contamination associated wi~h vapo1.1r h·ansport, of 
order 0.02 to 0.04 mg r:-1 -~ \dependingo:; the size of 
the river and its proximity ro sources}. This cannot be 
slgr.lf1cantly reduceci with bt;.ffer strips or othe~ 
practices used to reCuce spray orift. 

The only n1eans of s:gnificantly reducing the 
cornponent of endo-sulfan which reaches the river by 
vapour transport is- to reduce the source, by reducing 
the use of sprays through techniques such as 
integrated pest management and the seiective use of 



gene~ica!ly mod:fied cotto:1 ~csistarJ lo insect attack. 
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11. Soil factors in the transport of pesticides from 
cotton farms: overview paper 

L.A.G. Aylmore 
Department of Soi! Stience and Plant Nutrition, 
The University of Western Australia 

l11troduction 

Bas;c t1nderstanding of the processes involood is 
the key to the development of sound mtmagement 
proctkes/or controlling the various meclu.tnisms by 
u;hich pesticides used in Ctltton production may be 
transported off-site from cotto11ferms and thus pose 
a hazard to the health<>./ the surrounding 
ecosystem. 

While off-fa1m movement of pesticides such as endosulfan 
l"'irough spray dri~t ciuring appllc;;lilon (Woods. 1998) and 
subsequent \lO!ati'.izat:::on !':om plan{ :eaves, v;ater 
reserve\ rs etc. is generally amenable to rigorol'.S control 
and attention to conditions at the time of applltatior: 
(Edge, 1998). the pesticide residue-> which hnd theirvJay 
:nto the SQll p:ofile are subject to a wide range of varying 
physic a'., c,herr:ical ar:d blologica'. processes which can 
signiflcact!y cc'.:1plica:e rhe manage111en:proce<lt:res. 
necessary. 

By uirption onto soil components, principally clay 
minerals and orga:-iic matler, and in some cases the 
:::;rodu:::ion ol toxic daughter com?OUnds (eg. enCosu!fan 
sulpha:e), the persis:e?Jce \half-lives) o'. the pesticides can 
be greatly enha:tced and increase the potential for off-site 
mOV€menL 

Such move:nent Ci:U: include wind erosion in the form of 
du.,;;t or ran-off, eit..,,er in solution or through <.1.1a".:er ero..<:ion 
of mobile se.dimen:s. More strong;y aclso(OO<l ::iesticides 
such as endosuifan and triflura:in generally pose Jittie 
hazard in tenTJs of their pole-ntial for leaching to 
groundwater but the mobility in the soil profile of the 
ncmerous other herbicides used in cotton production 
shoulC r.ot -oe ov8Ilooked. Because of the diflerent 
physical anC chemk:al pro;>e-r::ies of each pesticide a.Ci.cl 
variable- soil properties, the dominant mechanism for off­
site transport can be expected to vary significantly. 

Dust erm;Jon a3)pea"S to be a minor concen1, largely 
limited co :ha~ from unsealed roads a:'lci shou'.d be 
relatively easl!y countered (Edge, 1998; Le\,o'S-, : 998). 
However it is clear from other presentations at this 
conference {Silburn et aL. 1998; Simpson et aL. 1998 and 
Ke;~nedy et a!., 1998) thatrun~off and consequent soil Joss 
ca:i be substanf.al and will require careful ongoi1!g 
research and ~ern0dia: attectior_ to reduce th's sou:ce cf 
off-farm oontamir:alion. Two critical factors :n controlling 
water run-off and the extent of associated sedin:ent 
transport, are the infiltration capacity of the soil profile 
rclarive to p;ecipi'.ation or imgat1on rates, and the inherent 
eradibil'.t_.,, of th;: soil s~rfar.e. 
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Infiltration 

Run-of: wi!l occ:.trwhen the ability of the soil profile to 
absorb incident water( ie. the sol! \va';e:- storage capacity), 
is exceedi;_><l_ and this can occur und.er conditions described 
by hydrologists as either 

lnfdtration excess - the rate of infHtraf.on generally 
asyrnp:otes to the sa,tura:ed hvdrau!ic ronduct,v1ty of 
tl--le soi! wi:t'. time due '.argell,• to the decreasing matric 
i,vaier potential gradient beh.vee:< the surface and :he 
'.vetting front moving downwards. If the surface 
horizon has the lowest hydraulic conductivity, this \viii 
determine the n-1aximum infiltraeon rale and v.:hen 
run· off occi;:rs. 

2. Saturation excess· if the sJb-surlace soil ha~ a IO!kt:r 
hydraulic t.onductlvity the rnaximun1 lnfiltrahon will 
be cietermtned by the storage capacity of the surface­
' . ..onroc.,, 

Infiltration iate is not an intrinsic properly for any giver: 
soH and can change significantly depe::idi:<g or. surface 
condition (rouglu1ess. sealing etc.), plant coverage and 
so:l management -practices. It i's subject to considerable 
sp-a:tia) and temporal variability and seasonal conditions. 
tJnderstanding the s'.te specific :1ytlro!ogica: cha:-dcteris"cics 
of the whole soll profile is thus an 0ssentiaJ pmrequlsi:e to 
the planning of irrigation strategies and successful water 
management on the farm. 

Erodibillty 

Erodibillty has been defined in 1.erms of what ~s known as 
the Universal Soil Loss Equation (Wischmeier and Smith, 
1978) \M'titten in the form: 

A~ RK.LS.PC 

\\!here R ls a Rainfall Erosion Index related to tl:e '.ntens'.ty 
and length of precipitatlon even is: K ls the Soi! Erodibility 
FocrorC:epending prirnarilv on the texture, organic matter 
content. structural stal)ilily a:)d hydraulic conductivity ol 
the soil; Land Sare respec'.ivel~,: the Slope Length an<! 
Gradient Factors ; C !s the Crop .rvfont'.gement Factor 
identifying the effects of specific cropping practices on the 
susceptibility of the soil to erode and P the Erasion 
Control Pr{Kiice Factor, indicates the fractional amount 
of ecosion that ecru~ \o,"'.th special conservation practices 
{eg. contour tillage) as con1pared to •J:hat it -v;o1_,;ld be 
without them (ie. worst case). See alsc the Revised 
Universal SoH Loss Equntion (RUSLE) (Renard et al., 
1983) incorporating recent improvements. 



Soil 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 \vater. For example. 
reducing the slope of irrigation furrows from 1.2 % to 
0.8 % was observed to reduce the export of the 
pesticides triflurin by up to 90 % (Simpson et al., 
1998) and soil protection under cover of plant residues 
and improved soil structural stability under minimum 
tillage or by artificial means, could be expected to 
significantly reduce sediment loads (Silburn et al., 
1998). 

Soil structure 

Of fundamental importance 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 composition 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 surlace 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 poor 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 day-sized 
particles; and (2) slaking or non-dispersive failure 
where larger compound particles are broken 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 soil/water 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 physicochemical characteristics of the soil 
components and their interdependence. Consequently 
management 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 layer-lattice aluminosilicate clay mineral 
common to Vertisol soils, may indicate a potentially high 
swel!ing 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 polyva\ent} 
and the electrolyte (solute) concentration in the soil 
solution. If the exchange complex contains a significant 
proportion of monovalent 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 
aggregate structure and ultimately dispersion. Sadie soils 
are variously defined as soils with exchangeable sodium 
percentage (ESP) greater than 15 (USA; Richards. 1954) or 
6 (Australia; Northcote 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 
polyacrylamide (PAM) or PVA can effectively prevent 
these consequences, application can be expensive and 
these chen1ica!s 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 soils. 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 soil organic matter 
content (ie. reduced or zero tillage). 

Crop residues 

The susceptibility of farm soils to soil loss is 
demonstrably greatest early in the season with bare soils 
exposed to 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 D.vo 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 transforn1ed in soil is 
a major determinant of the extent to which it can pose 
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

0
J and 

half-lives (t
1 2

) 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 for 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 contributions 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 inanagement procedures eg. GLEAMS 
{ConnoHy, 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 biological 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 
policy 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 soil 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. 

Continued 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 
requirements. will help to ensure the continued 
sustainability of the cotton industry and community 
confidence in its environmental safety. 



References 

Ayl:nore, L.A.G. and D:. H.J.1998. Variable recharge 
and the probabilities of grou:-idwatcr oontainination by 
pesticides. Proc. National Confe:-ence, Aust. Soc. Soll 
Sci., Brisbane, pp. 422·428. 

Aylmore. L.A.G. and Sills. l.D. 1982. Charact..:riurhon of 
so'.! strun:re and stability us'.ng modulus of ruphJre­
exchangeable sodium percentage relationships. Aust J. 
Soil' Res., 20: pp. 213-224. 

Cochrane. H.R. and Aylmore, L.A. G. 1991. Assessing: 
ma".'lagement~Jnduced c.'mnges in rhe strvc:vral stabiliry 
of hardsetting soils. Soil and Til!age Research, 20: pp. 
123132. 

Connolly, R. 1998. F..xploring farn1 design and 
n1anagement options wi".h n1odelling, in f.finhnising the 
lrn.ocd of Pesticides on the Riverine Environment: Key 
Findings from Research u:ith 1/-:e Cotton Industry. 
I~WRRDC Occasional Parwx 23/98, Land and Water 
Resources Research aC!d Development Corporation. 
Canberra 

Davidson. JJ., and Quirk, ,J.P 1961. The L·1ftuence of 
dissolved gypsu.'TI on paslu:e establishment on irrigated 
sodic soils. Aust. J. Agn·c. Res., 12: pp. 100-110. 

Edge, V. 1998, A:;:rlal transport of endos;.tlfan: vapour and 
dust movement, in .J\1inimising the lrnpact of Pesticides 
on tile Riverine Environment: Key Findings frat:: 
Research with the Cotton lndust.n), L\\!~RDC 
Occasional Paper 23/98, Land and Wa!er Resources 
Research and DevelopmentCo:poratior., Canber:a. 

Kennedy, tR._ Sanches-Bayo, E, Kirnber, S.\.V.L., Bet:sley, 
f·L and Ahmad, N. 1998. fv1ovement and fate of 
endosclfan o:i~farm, in Minimising the Iinpoct of 
Pesticides on the Riverine Enuhoriment: Key Findings 
frorn Research with the Cottori Industry, LWRRDC 
Occasional Paper 23/98, Land anC Water Resourcv.s 
Research and DevelopmentCor;ioratior::, Canberra, 

l\.ookana, R. 1998. Assessing risk a~ the catch:'nent or 
regional level through a pe!;ticide impact ranking index, 
in Minl1nising the Impact of Pesticides 011 the Riverine 
E'nvironn<er;L" Key Findings froin Research with the 
Cotton industry, l_VJRRDC Occasional Paper 23/98, 
Land and Water Resources Research and Development 
Corporahcrn. Canberra. 

Leys, J, 1998. Aerial transport: dust and associated 
er.dosulfan. in Minimising the Impact of Pesticides on 
the Riuerir.e Envirortment: Ke!,.' f'ind!ngs from Research 
u:ith the Cotton Industry, L\.VRRDC Occaslonal Paper 
23!98, Land a:-id Water Resources Re'!Barch and 
Development COflYJ!ation, Car1berra. 

North.core, K,H. and Skene. J.KM. 1972. Alli>--traliar. soils 
wlth saline and sodic properties. CS!RO Aust Soils 
Publ. No. 27. 

Quirk, J.P. 1994. Interparticle forces, A basJs for the 
i:1terpretation of soil physical b.:'haviour, Advar.ces in 
.4gronomy, 53: pp. 121-183. 

Raupach, Y.. 1 iJ<J8. lntegrativ.z ass<:ssrnent of off-si:e 
t·ansp,;rt pathv:ays, in Minin1ising the lmJ>OC! of 
Pesticides or. the Riverine Environrnent: ,l{ey F1ndir.gs 
from Research with !'lie Cottori industry, LWRRDC 
Occi!.sional Paper 23/98, Land and Water Reso".Jrces 
Research and Development Corporatio:.. Canbe!Ta. 

Renard, K.G" Foslei« G.R" \.Yeesles. G.A. and Porter, J_P 
l983. RUSLE. Revised universal soil loss equation. 
,Journal of S'oi/ and Vlote1 Conservation. 46; ;::;p. 30-33. 

Rengasaniy, P. Greene:, R.S.B ___ Ford, G.Vv'. and Mebanni, 
AJ-1., 1984, lnde:itiflcation of dispers'.ve behaviour and 
the n-ianag.zrr1ent of red-hr own earths, AusL J, Soil Res., 
22: pp. 413·431. 

Richards. L.A. 1954 (Ed.) Diagno.~is and improven1ent of 
saline and alkali soils. tJ.S.D,A, Agricukura! Handb 60. 
(Gove:r:ment Pr'.n:er: Wasi-iington D_C.) 

Silb"J;'n, D.M., Waters, DJ(, Connolly. R.F, Si1npson, B.W. 
and Kennedy. !.K. 1998. Te(_hniques for stab!Hsing soi: 
e.ros.ion on coiton farms, in Ji.1inimising !he Lmpact of 
Pesticides on the Riverine Er.uironnient: Key Fir~dings 
from Research :.uiththeCotton Industry, LWRROC 
Occasional Paper 23198, Land and Water Resources 
Research and De»•elopmentCorpora1on, Canberra. 

Simpson, B,W., Ha~t<aves, R.,\1., Noble. E. Thomas, 
Kuskopi. B. and Ca'TolL C., 1998. Pesticide Oe:1aviour 
on farr:>: persistence and off-site trans.poi:!. ~Queensland), 
in fl.1inimising the Irn1.iact of rt>sticicles on the Riverine 
Envirvninent: Key findings from Re.search u1ith the 
Cotton lndusrry, LWRRDC Occasi<J:Ja! Paper 23/98. 
L21nd and WatEr Resources Research anC. Oevelop:-::1ent 
Corporation, Canberra. 

Si;igh, R., Gei:lrse, R.G. and Aylmore, L.A G. 1989_ 
Adso1ptior1-desorption behaviour o:' se!ecieC pesticides '.n 
some \.Vc,.ster::t Austral!ar; soils. Austra!iar. ,Journal of Soil 
Science 28: pp. 227-243. 

Willlar:s, B,G., Greenland, D.J .. Lindstrom,G.R. and 
Quirk, JP., l966. l'echniques for the derermination of 
the stability of soi: aggregates. Soil Science, 101: pp. 
101-163. 

Wischmeier, W.H. and Sr.1it:'1. D.D 1978. Predicting 
rai:'l.fall erosior. !osses -A guide lo conservation and 
pli'lnning. USDA. ,t\griculture f-fandhook 5..17. US 
Government Pr:nting Office, Washington D.C, 

\.Voods, N. 1998, Aerial transport af er:dasulfan: droplet 
move'.'.llent, in 1'1inimising the impact of •0c."iticides on 
the Riverine Environment: Key Findin,(]!> fron1 Research 
tciththeCottonir.dusiry, l.\1,/RRDC Occas\onal Paper 
23/98, Land a:-id Waler Resources Research and 
Develop:nenl Corporation, Canberra. 



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 data, 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 
twofold. Toxicity of endosulfan (24 h) to silver 
perch Bidyanus bidyanus caged in ponds sprayed 
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 
ln the cotton growing areas around Wee Waa 
during the spraying season were sufficient to 
inhibit acetylchollnesterase (AChE) enzyme 
activity infish 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 water 
quality guidelines. 

Introduction 

Laboratory ecotoxicology data, despite their limitations, 
fom1 an important basis for determining the potential 
effects of chemicals on the environment. Some of the 
values of laboratoty testing include: deriving and 
assessing water quality criteria; screening and ranking of 
the toxicity of chemicals: predicting hazard or risk of 
chemicals to the environment; establishing overall 
biological response to complex mixtures; determining 
cause - effect relationships; and establishing and 
'calibrating' field bioindicators (Chapman 1995). 

The LWRRDC/CRDC/MDBC program focussed on three 
pesticides, endosulfan, pyrethroids and profenofos, 
representing the major groups of chemicals in the pest 
management strategy. This paper will focus on 
endosu!fan and profenofos. The program included 
laboratory studies to support concurrent field studies and 
provide a clearer picture of the potential impact of these 
chemicals on the riverine 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 figures, 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}andKumar(1995). 

Results and discussion 

Laboratory toxicity of endosu/fan 

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 
LCSO of 0.2 µglL) and these data contributed to the 
previous ANZECC ( 1992) guideline figures for 
endosulfan. Patra et al. ( 1996) repeated previous 
nominal tests on the Australian c\adoceran 
Ceriodaphnia dubia at zouc and found that the 
nominal 48-h LCSO figure (254 µg!L) significantly 
underestimated the measured toxicity { 44 µg/L). 

Similarly, the measured No-observed effect 
concentration (NOEC; 3.3 µg/L} and Lowest-observed 
effect concentration (LOEC; 15.9 µgll) figures for 
chronic 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 
Sunderam 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 
life-stages of Australian gudgeons Mogumda adspersa 
and rainbowfish Melanotaenia duboulayi are currently 
being standardised using reference toxicants. 
Preliminary tests had indicated effects on survival, 
growth and spinal deformities in the ngll 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 0.1and1 µgll, while the NOEC figure 
for one-week-old gudgeons was 5 µg!L (Hyne, pers. 
comm). 



Laboratory toxicity of the organophosphorus 
pesticide, profenofos 

At the start of this project there were no Australian 
data on profenofos; 96-h LCSO values to three 
overseas fish varied from 80 to 300 µg/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 to controls is used as a 
biochemical indicator of exposure to OPs. 

The rainbowfish M. dubou/ayi 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 survivors. 

Rainbowfish exposed to acutely toxic concentrations 
of profenotos showed higher lethal body burdens, but 
lesser AChE inhibition, than those immobilised by 
longer, normally sublethal, exposures. This is 
consistent with profenofos being slowly biotransformed 
to a more toxic metabolite. Profenofos rapidly 
accumulated in rainbowfish exposed to 50 µg/L, 
reaching 9.6 mg/kg after 96 hours, corresponding with 
56 '7'o AChE inhibition. 

Residues in fish reduced rapidly {half-life of 70-h) after 
fish were transferred to clean water. However, the 
AChE activity recovered only slowly and sporadically, 
and was still inhibited by 39 3 after seven days. 
Subletha! exposure to profenofos caused similar AChE 
inhibition and a similar pattern of AChE recovery in 
carp Cyprinus carpio (Kumar 1995) and freshwater 
shrimp Paratya australiensis (Abdullah et al. 1994), 
although shrimp were much more sensitive. In 
general, the recovery of all species from profenofos 
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 biological 
significance of these reduced AChE levels? 
Rainbowfish exposed to 10 mg/L for ten days 
accumulated profenofos residues of 5.3 mg/kg, 
associated with a 70 o/o 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 behavioural 
responses observed in fish (Kumar & Chaprnan 1998). 

Similarly, a 75 % reduction in feeding rate of carp 
resulted from 28 d exposure to 5 µg/L, associated with 
AChE inhibition by up to 71 % and 3.2 mg/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 µg/L 
(Kumar & Chapman 1997b). 

Exposing carp to three successive pulses (24-h duration) 
of profenofos (50 µg;'L) at 7-d intervals simulated 
potential worst-case field conditions. The effect was 
partly cumulative with increased AChE depression, by 
37 'Yo, 51 % and 71 '1,;, after each successive 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 µg/L at 7-d and 0.5 µg!L at 4-d 
intervals, the pattern of inhibition and recovery was 
very similar (Abdullah et a/.1994). Some shrimp died 
by the third pulse at the higher exposure. Frequent OP 
exposure affects the ability of organisms to recover their 
AChE activity due to incomplete elimination of residues 
from their bodies. The fish exposure levels would not 
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 
Selenastrun1 capricornutum with a 72-h ECSO for 
growth 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 µg/L range. 
However, repeated tests under standardised conditions, 
produced a 14-d LCSO value of approximately 200 mg/ 
L for gudgeons Mogurnda adspersa (Patra, pers. 
comm}. Fish are less sensitive to prolenofos 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 usually 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 
organism. 

Increases in temperature caused little change in 
endosulfan toxicity to silver perch Bidyanus bidyanus 
over 96 hours but there was two-fold increase in short-
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ierm (24-h) toxicity as temperature 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 cladoceran C. dubia (Patra 
et al. 1996): the measured LC50value decreased from 
166 µgiL at 15°C (nominal. 353 µg/L) to 2.4 µg/L at 
30°C (nominal, 33 µgiL), 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 Paratya were less marked; the 
96-h LC50 at 201ic (13.3 µg/L) decreased by only 25 % 
at30°C (Sunderam 1990). Chronic toxicity 
(reproductivl'! impairment) of endosulfan to C. dubia 
also increased with an increase in temperature. At 
30°C the measured NOEC was 0.1 µg/L (30-fold lower 
than at 20°C and ten-fold from 25°C) and LOEC was 
0.6 µg!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 (Sunderarn 
1990), there was no difference in toxicity of endosulf'an 
to three species in turbid Me hi 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 glL). Toxicity was 
only reduced (by around 75 9L) when the sediment load 
was very high (52 g/L}, leading to suspended and 
bottom sediment. 

Laboratory toxicity tests of endosu!fan-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 
in rivers. 

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 
sulfate in the water column. 

The sediment NO EC .;ind LOEC values corresponded 
to total endosulfan concentrations in the \!.'ater 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 13-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 
ch!orpyrifos (Patra et al. 1995a, b; 1996) are similar. 
There was a 3. 7-fold increase in acute toxicity of 
chlorpyrifos to silver perch 8. bidyanus 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. d11bia between 2!YC 
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 
obseivations. These included biological 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 obseivations 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 Bidyanus bidyanus (cages changed every 24 
hours) were compared with those in two control ponds 
(Patra et al. 1995c}. High endosulfan concentrations in 
the first six hours (11-27 µgfl measured) rapidly 
declined to 1.5 - 2.5 µgfL 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 µg/L 
at 96 h and took 14 days to drop below 2 µg!L. 



Thers was no clear re!nti-C)ns!iip of e:1ciosu;fan 
degracla!lon to turbidity. Furthennorn, degradation ra:es 
in the ponds were lTluch faster than those r..ak:ulated on 
tf.£ basls(if p}·f.mcd\ated hydrolysis {from Petrrrst>n& 
Batley : 991 /. Endosulfan levels after f:li:reition thrr.:<uglt 
0.45 µm fil:o:s ramai:ied at aroucd 50. 75 % :range 36~ 
89 of the Lnfi!tered figures. \~·:th no ix,t.coable 
decrease in p?xentage • .. vith time. 

All fish died ln ':he treaied ;JOnds wlthlnsix hours and 
ntortal:ry in 1hree ;Jor.ds re:r;-;ai!:'.ed at i. (l(l 'Jb by 48 hours 
(on;v :O :y,, in ore por:d #19). 8);96·h, mortali':y (;:iver 
24-h) in throe ponds was arour:d 4 % a:id reached zcn> 
at6 d. In tl:c fourth pond (#18! mortallty rernainOO a: 
100 ?f. untll the tenth day. then it decreased slowly to 
13 "!,, byd~14and zero by d~l 7. 

'The slowerredu::fic-r: in fis'.i rrt(lr:.a'.lties i:! pond #181.vc,s 
consistent with the slower dissipation of erdosulfan Jn 
this pond. Pond L.C50 values (24-il) fer endo"uifa11 t0 
silvGr perch were betr.veen 3.2 and 4.4 µg.'L for unfiltered 
1,vatsr a:\d 1.9 -3.8 µg!L for hlterod water. Unf!Jtqred 
v"a!ues •NCr'2 s:mi~ar to l'--ie 24 h figure of 2, 7 .±. 0.4 ,Hg/L 
detcr.r:ined 1'.1 the '.aboretory under flow-·.hrough 
conditions. Zero mortality (24 h NOEC) wa.s generally 
achiwcd when !he unfiltered endosu!fan levels <k!clined 
to around 1.5 • 1.8 µ:g/L. 

Profenofol!I rel!lklttes and AChE effects in wild fish 
from the cotton growing area 

Carp (C. carpio), bony breeirn (Nematolosa erebi} and 
rr;osq:.iitofisl': (Gombuslo holbrooki) were collected from 
:ag::>e:IS a::id ;:;·eeks in t;.e cottor; growing areas around 
Weo Waa (Ku:::ar ~ 995). Prcfenofe>scor.Gentrafic-r:s 1n 
waler, sed<n1er:t and fish tiss1.¥? \¥em general'.y correlated. 
arid reflected its general !eve! of US<?, 

We.tercor.c~n»rations in March: 994 {1 ,l - 3,7 µ.giL) 

vvare sigrjfk'.ar.t'.y Pzjh::ir-ihan i:1: 993 ard ge.rwrany 
decreased :n rv1ay, six \Vee ks atter cessaEon o: .spray!:Jg. 
Up to 5.4 µglL was found in Myall Vale canal after 
overnight sprayin~1 of nearby fields. By May. profenofos 
could not be detected in lagoons and Galathera Creek, 
butln Kerrihe-s Lagoon and Gunidgera Creek (1.1 - 1.2 
J.!g/L) 'Ne~e 30-42 'Y,, o: i\1arcb. lcvels. 

The lagoon v.'as ln close vicinlly :o ootion fields a:-v:! 
reoolved laikvatB:r and the er.ask had ceasi?d fiow\ng dt>? 
to drot:ght This persistence did not accord with the 
expected 1iydro!ytic degradation. Profe:iolos n1ay be 
blcicil'19 ::::>soil and sodin10n'.s, to be lLJ.l::-seqc.ent!y 
~ek!<±>eci to the water coluo1r: a:id irt turn. to fis'.-i. 
Profenofos levels in se:diluent were higher in r..1arch ;0.4 • 
0. 7 mg/kg in n1ostsites) then in May (0.02 - 0.3 n1g/kg), 

Du:'ing the sprayi::1g season, elevated residues of 
ptofenofos i::i :-r:a::iy of :hi? fish f:·on1 lagoons and cr<?e~ 
ronfirmed tha::hcy vvme exposed to h:.ghsublethal £v0!s 
of this pesticide. 

The liver ;.vas. the main !ar~((·t organ, related to its high 
lip'.d con-::e:1t. Resid,tes ln bon.),· -o-;eam from I<erribee 

Lagoon in March 1994 were high. around 3 .0 mg/kg 
iii live~, At n1ostsi:cs i:\ Mt:iy, residues had r.;duced :o 
S50 !'o of those in rv1arcb. Ir~ ccrr:rast, profe::iofcs 
persisted in the livers of bony bream fr::im Kerri See 
Lagoon 11nd were 83 % of levels in March. 
~1csq:.lltofish frorr, lagoorts and canals conteln&i:l the 
~ighestresid~; up lo 10.7 ing:'kgingravid fen1ales ;n 
March and 7.6 mgik3 ln Yiay, 

AChE achvity was signiflci'!nt!y depressed in al: fish 
S)JP<:les collected frorn the exposed sites in c_,ompaiiiion to 
the fish from raf<:rence sites. For instance, AChE levels 
in f:Sh :'rom the !:lnr2 exroseC Ke~Oee Lagoon wme 
only 45 % of those frorn the reference s:te ir March and. 
even lower in May. Th<? degree of recovery of AChl2 
activity varied at each site but. at 5i6 sites. Yemained 
hBlow the lewis atmference sltes six ~vooks after 
spraying. Bony breurn unci gravid feTale rncsquitofish 
"Bcovercd AChE levels rnnre slrnvfy than cai:; or nor:­
gravid mosqui'.ofish, AC-hE in~ib'.ti81-: wa<J a \WU: 
indicator of prcfe:1ofos exposure \llithin a season, '.f 
linked w'1th residue measurements. 

Conclusions 

(.aboratory ciat.3 provided u.__<;;;>ful info!!11atiur. 0:1 th<! 
JX>fenfia! effects of '.Th? pesticides ende>suifan and 
profenofos 1)!1 the cnvlronment, i=:iar&ularly in 
con;i.:n.ction with fieki data. F.ndosullari was h"tghly tox'1c 
:o AustraJan f.sh \96~h LC50. 02-2,5ftg/L), but this 
'.>J<'lS within the range rei::orted for owrs0as fish. Ear:y 
life·s!ages (ELS} of rainba..vfish1'1e!nnotuenia duboulcyi 
v,.·eu? only a littl<-2 rnore sensitiv0 than juveniles but ELS 
of gudgeons f\10glirnda adspersa w~"re Jess sensitive than 
juveniles o( n1ost;)t~1er s9ecies. Hence it is likely that 
chro!1ic tox:city 0£ endosulfall to fish occur at 
concentratior.s ort!v shgf-:tiy !o>.ver t>ia:1 th{)S€ that cause 
a;;ure tcxiclti;. 

C:adoceram. ;.vere less sensitive to endosu!fan than fish 
but yreviocs :1on1:nal fi-gw: es slgniflcantly undcrestirnated 
cha :Y-.easttred toxicit:es to At:.stra!ian C, dubia and o\.'er 
estimated the acute-tO·(hro;iic ratios, ~ihic:'.! are ofter, 
used to der:ve v:ater qua.ii~' criteria. There are still 
insufficient chronic data to derive ware; quality 
guide!U-1es for endosulfan using an Australian chronic 
data se:. 

If water 'lualiiy g:uid.;~in2s arq re modifl8d :o account 
for site.:;peclfic faciors in rivers in the north-\vest the 
:v.etin \vater quall!y paramqieN that could tX)Oce:vably 
affect toxicity "'re l'-1rbidity and ten1perature. Laboratory 
~es-:s indica-ted tr.at normal levels of suspended sedin1ent 
did not 2meliorate th<? acu:V toxicify cf eo:ios:.ilian to M. 
duboula:yL Endasulfa!1 adsorbed to s2di:r:ents appeared 
to readily desorb and become bioavailable, 

furtb2rrnore, turSldity did not seem Jo modify 
er.closul:;;i:1 toxici::y ln l;o11ds. Pond LC[)(} flgunas \Vere 

stini:ar to the 24~h laboratory [..C50-fig-cires. 

Endosulfan genernlly degrndod rnore rapidly in the ponds 
contairnng v.iater \vi.th higher pH and containing more 
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plant material. Higher ten1peratures, however, were 
significant in increasing short-term acute toxicity to fish 
by a factor of 2 between 15 and 35nc and acute 
toxicitytocladocerans by up to 18-foldover a 
smaller range {20-30[)C). 

The toxicity data on profenofos are the first on 
Australian species. Rainbowfish M. dubou/ayi were an 
order of magnitude less sensitive than some overseas 
species to profenofos but the shrimpParatya 
australiensis was affected at low µglL levels which were 
conunonly measured in the field. Sub lethal exposure of 
fish to profenofos for long term periods 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 fron1 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 exposure, profenofos residues in fish 
tissues, degree of AChE inhibition and frequency of 
repeat pulses. Good correlations were fow1d between 
residues and AChE levels in laboratory tests and also in 
wild bony brean1 collecred after exposure in the fleld. 

AChE inhibition of around 70 % resulted ln 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 'X, 
appeared to significantly affect chemoreceptor 
behaviour, an indication of the ability to capture prey. 

More work is required to confirm the ecolo~ical 
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 
afteiwards. Repeat spraying with any' OP may have 
partially cumulative effects, particularly given the slow 
recovery of AChE. Again. more chronic data are 
needed to allow derivation of water quality guidelines 
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. Lim1 ~ and A.W. Leonard12 ~ 
1Envirnnnicnt Protection /'.\uthorily NSW, "Centre for Ecotoxicclogy, Univers:ty of Technology-.;:,ydney 

Abstnict 

The toxicity of the pesticide, endosuUan, in ille 
presence of suspended and bottom sediment, was 
investigated in afield and laboratory study. The 
freld survey investigated the relations-hip of 
changes in the population densities of si.1' 
dominant macrobwertebrate taxa 
(ephemeropteran nymphs Jappa kutera, 
Ataloph1ebia australis, Tasmanoc.oenis sp .• Baetis 
sp. and the trichopteran larvae Cheumatopsyche 
sp. and Ecnomus sp.) to endosulfan 
concentrations In the Namoi River. The survey was 
conducted before, during and qfter (Oc:tober to 
M{JJ'chJ the sproµing of endosulfan on cotton crops 
in 1995196and1991198 seasons. 

Eight sites in 1995196 and seventeen sites in 
1991198 were suf'tley£d in rilfle-f.IVOI habitats 
tJp{ltream and downstream <>f the cotton-growing 
areas in the Nnnwi Rioor. ln November 1995 end 
November 1997 bt:tfore pesticide spraying 
commenced, the population densities of the $ltldy 
taxa were similar at all sites. Throughout both 
seasoM, the monthly mean total endosulfa11 
coneentratJons at the reference sites were less 
than 50 pJJb In !JOlt.-ent-fllled polyethylene bags. 

Populution densities of the study taxa at the 
reference sites increased 6-15 fold in January/ 
February 1996 and 1 R13 fold fn February/March 
1998, Jn contrast, densities of these taxa at sites 
with exposure to I 0·25 fold higher concentration/9' 
o.f total endosulfan remained static or decreased 
throughout the surveys and were between one and 
two orders of magnitude lower than densities at 
the reference sites in February 1996 and March 
1998, respectively. 

Univariate analysis and multW<Jriate Principal 
Response Cun..>e analysis indicate that endosuifan 
wncentmtions were a signi/iront oof'Telatc with 
the relattoe reductions in population densities of 
the study taxa, compared to those at the rderence ·-· Laboratory 48 hour LC50 values of technlcol 
endosulfan in river tooter u:ere 0.6, 1.0 and lt4 
ppb for early instar nymphs of A. austral is, J. 
kutera atJd latt.'Oe ojCheuntatQpsy<:he. sp,, 
respectWe/y. 
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These valu~ are within the range cf 
concentmtions illea$ured Jn riv<'!f' tOOter during 
land run-off following storm events. As 
endosulfan sulfatefomted n bye proportion of 
the total en®suffan eoocentratfons measured 
from in sltr1 solvent~ftlled polyethylene bags it9 
source is possibly from latJd run-of/ events. 

Storm runoff events fn cotton growing areas are 
thought to contribute to large fish kills (Na;:iier et a'. .. 
1998)_ In <;ontrast to this, fish have been observed to 
survive in high conce1,trations of endosulfan in turbid 
waterl:l ol drainage canals {Napier et al., 1998). 
Endosu!fan is a hydrophobic compound sorbing to 
soil a•1d par!lcu!ate n1a~eria1 in land run-off follovJing 
storm events. 

The al::iha and beta iso;;iers of er:do~ulfan have a 
ha!f-!i.f~ of only a few days in water, bu: the toxic 
biological metabolite 12ndosl'Jfan sulfate has an 
aqueous half-Me of se.,,'"eral v..<eeks t Peterson and 
Batley, J 993), Both toxic isomers and the sulfate 
meti'lbolite of endoculfan are more persb--tent ~vhen 
sorbed to sell and sediment. 

The ryefSistence of endosu~ar, ln soi! suggests that 
fteld ·n.l:1·0ff ciunng storm events n1a;.' be ;;i nmjor 
source of enCosutfan i..vhich :nay possibly contribute 
to ±ish kills. Suspenried or bottom sedilne:.ts. 
however. have a prote-cti.\iC role in ameliontting 
endosuff~n toxicity. The contradiction :n role~ of 
suspended and bot:orn sedime:n::s, poses a di'.em:na 
in setting i,vater qual~ty guidelines and for risk 
assessment of this chemical. 

This study exarnined the use of benthlc 
rnacrolnvertebrates as biomonitors of endosulfan 
t:ontamlnation in ihe Namoi i~iver. We investigated 
the re!at:onship bet.veen changes in densities 1.1f six 
do:::1inant mac::"oirv-er:.ebrate taxa in the Namo! River 
and Bnvirnnrt:enta! factors. particu:arly total 
endosui'fan concentrations measured i:1 the sclvent· 
filled polytthylene bags placed in the river. 

The study taxa occur in high abl.tndance in thi? riffle­
pool communities at all study sih-Js and their 
sedentary Mhaviour facilitated changes in their 
population densities to be quantified. 



Methods 

Field study design 

Changes in the populati,,r: d.;:;ns.ities of the study tax a 
were both :e~pora'._ard s:-:ia:.ialandwe;e examined 
\~>ith a BACl type design (Underwood, 1991 ). Sampling 
occur1'ed before. during and after the- p<:tstcido·sp1aying 
season for co1ton from November 1995 to Fcl:iruary 
1996. Eight sites 1.vere selected along the Namol River 
(Figure 13.2 .J lo represen!referencesi!CS (sites 1 and2 
upstrv.am of the col:tc:1 sro~o;ing areas). a «>ilc w:th lotv 
pqstic:de 8XfJOSuru (site 3), ar:d s'.tes wit~ high ;-JCSticide 
exposure {sites 4 to 8}. 

In 1997/98 the eightsites were reMsa1nplcd but 
scpp~cn;~;r,tll'<l V.'ith additionals'.tes to give a spatial 
design ccns'.sting of 17 sices at '.cast 5 km apart •vi thin 
the regi,)n uf sites 1 ·7 of the prev;ous s-.:udy (Figcre 
13.1.). Based on the 1995196 dam, t~osc 17 sites may 
potent.ally consist of six reference sites (A,8,1,C.2.D), 
six !o\V·cx;:iosuresi:es (E,f;G.H,3,J) and five high­
cxposttre sites (4.5,J,6,7). The] 7 si:cs v;eresamp!ed 
for p>palatio:i ci<?nsiries of macroinvertebrates, 
J)f)rti<:ular};; mayfly ny1nphs and c,addisf!y lar..rae :r. 
Novei:nber mid December 1997 and rebruary and 
Me!'ch1998. 

Pesticide concentrctions 

Pesticide sampling \~•as earned out using t\.vo 
approaches. The initial choice was analy'Sis of surficial 
b:)ttOm. sediment. The sediment SDn1plcs were extracted 
'JSinsthe USr\-EPf\.,3650B incthodology {US EPA. 
1996) arid ar:.a!ysed by gas ..:-,,ro1natograp1iy for 
organoc:h!orines anci organophospha~o.. How'ever, tb.e 
data fron1 this pr0C<2dure Wlt"- CC:1."idered unre:iable, as 
va>iaOCR"> were very high between mp!icali2.s. 

T1e second awonch for pestlclde samrillrig. used in 
:s,"tu passive sat':", piers cor:structed c: p:>lyethylene bags 
containing trimethylp2:1tanc (Peterson et al., 1995: 
placed in the water column of the river (Leonard et al., 

1998). The passive samplers 1.Vere replaci:.:d rnonthly and 
the mcowry of :110 trime1!-iy:p?n!a..rie V/as over90 %. The 
sok.">?;it containing tl'o8 pesticlci{'~~ t.'-'a& aca!ysed dircct;y 
by GC-ECDand they '»ere cor_f:r;r:ed. uslogGC·inass 
spectrometry {Leonard et al, 1998}. 

Densities: <>f selected mccnJinvertebmlc toxa 

One r:iontb \Vas t,e c:iosen sain::iling int<:rval, e.s it ls t'.!e 
1nlnirnum en1e:rg0nce tin1e reporteci for closely related 
taxa. The shidy taxa Vv«?re the ephemeropteran nyn1phs 
Jappa k:,.itera, AUilophlebia at1strolis. Tasmanocoenis sp., 
&etiss~. and the tricho;Jteran larvae. Cheumotopsyche 
s;:). ar:d Ecnomw sp. 

A stratified ranck1m sarnpling design Vv'i'\S i;;:pk~:1:e~.ted 
for the collection of macroinvertebra.tq Sflmples. At each 
si'.:e six samples VJere collected 1nonthly with a Sui bcr 
sampler (0.:6 m2) '.r: r'.ffle-pool habitats wlth es rocl-,-y 
substrace. Th<? sam:=;les ::::cJeded a'.: e0;;h si:n on each 
sarnpling time v..1ere pooled and q:.iflnti:lcd. Abio:ic 
variables rneasured at each site in both studies includeci 
pesticide concentrations in solvent-filled polyethylene 
bags, 111ea:1 rneasurements oi river discharge, rainfall, 
river chan:ie'. >.vid1i. distanc.e Co•vnstree.m. substrate type. 
water quality r;-ara:1::e:-ers (te1npera:ure, ::;H. ,;onductivity 
and 00) and an1ountof ~·l;:;ariar vege!a!ion. 

Mean r::easuren:ents of ITver discharge between sampling 
ti:::cs ~vcre calcula~~d ".rcrc data recorded daily at six 
hydrological gauglr:g staf.ons (New Sodth Wales 
Depart:r.2:1t of Land and W'afE.r Conservaiic:1) l8Cated in 
the vicinity of the san1pling sites. 

l.aborntory assess1nent of the toxicity of endosulfon to 
study toxa 

t-1ayf1y nymphs and caddlsfly laivac we;e col!ecte2 at 
11nr:ollurod site 1 or 100 krn upshvam of site 1 at L~V-'f',i 
Ford, near Manilla, NSW, The size range used for 
sedimr,nt testing was set at3 to 6 mm body length. The 
1nay:ly ny:r:p\->.s and cadd:sfry larvae \Vere hanSpo1 ted 
and acc:.imat<::>d to l("lboretory cn~iCi:ions as desr.....r1bed by 

Figure 1.'1.1. The Numoi Rlt>er <~fltl positions of the sampling sites (1 - 7, A - J). the major town (CJ ) ond catton 
grow inf! arir.:.1>, Tlies<r areas are euteg<>ri""d by non-irrigated ( ·', ) mid 9rou11dwa~lfrl'-lrrl9atcd cotton ( Iii i. 

N 
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figure 13.2. De.n'!'JlUe'!'J of doml"<mt m«W!y raytnpliii. ond c<ttfdisfly larua.e In the Namol Rfr€r between November 1995 and 
February 1996, and changes (11 tot.U endvsu/jon conc:.,..itrtites ;;i passhre sampl«rs pfac:.,d in the water c:etfumn at refertnce- ( W J 
and exposed $ltes ( • }. There «•ere five exposed mid two tefer<Jnce sites, selected on tl.,,t basts of the total emlt»ulfau ccuN!ln· 

tratlons «-'lilch «-'"1'<" the sum of conentrationN of ulpha end0$Ulfan, beta endosulfan and endas11Ifan s11lfat<J. The- different 
sampllny tJme.'I fire it1dlcated by N""No1Jembcr; D""December; J""'January and F"'February. Tfte <ttror bars for exp<tsed $fies are 
95 <rn conftdene-e hlt'i"-t;><ds ~iohlle the error bars for the two referen~·e sites are based on mhllmum and tn(mimum 11ah.1ff, Thhl 11> 

with <txceptton to Janua111 when t11ere w.as data from only one reference site, 
2.5-c·--··--···-- -··-~· .... ---··-···---- ~·· ·-~···--

0.5 ~-·········------ ·-·······-·····-··-·····. ······-·· ············----··--·' 
1.0 1.5 2.0 2.5 3.0 

Log1t1 (total i!ndosulfan concentrations (ppb) in pas&ive sampJe;rs:) 

Leonard ct aL, (1998). ·rhc toxlcity o-f technical grade 
cndosulfan to macroinvcrtehrates WDS determined under 
siallc fr:;st con.::litions in Nam.oi River water transported 
back to the lnborai:ory. 'Alive' nr.d '!mn1obi1ised' were 
def.r::e<l as kx:omotory positive {cratvilng) and no 
move:;::e:1tin rqspo:15i? to gen:le ;::::roddir,g, respectively. 
Gill rr1ov€mcntwas nor co~uid><red as a !ocon1otor_,: 
ro5JX>ns8. 

Sfutistico/ anaiysis-

Signihcantdiffcr<::nce'i in the iaxa population der:sities or 
pest:cides concentrations betv:een sites was tested by 
ANOVA us'.r,g a pest-hoc Tukey 's HSD lest for unequal 
sample sizo? IStatsoft. Inc., 1997}. The a<-;Sumpfions of 
hon::ogeooity (If variance \Vere tested using a combination 
of (.'ochrari s, t-lartley' s and Bar.:letf s tests c.nd tlw. 
normality of the d'.sb '.bu:lon v.:as a__"-.~d usi:'!g a nD!n1al 

probabili!y plot of residua~<> from the Statistica for 
w'.ndows package (Statsot'.:, Inc., 1997). 

If the assumptions were violated, the- non-parametric 
Mann-Whltncy LI rost was used. Due to the smallsaxple 
sizes the e:<act probabilities were determined using a 
clL-nmulaJive one-sided probability of the U statistic 
{Statsoft, Inc .. 1997). The assumptions of the regressions 
were testqd from the S0!istica for winCo.,.vs package 
{Stalsoft, lnc .. 1997~. 

Results and discussion 

River conditions during field suroey 

Durlngtl'X0 field su11~v, hydrological condif.ons of the 
Narr1ol River catchment in the 1995/96 seasor: w.rrn 
characteris<?d. by wet conditions will summer rains from 
N>;)\.'ember 1995!oFebrttary1996 resulting in extensive 
land run-off. Two major :lood events occurred in late 
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Deoonlher l995and iataJar;uaxy 1996. D:scharge'has 
higher ot s'.tes 1 to 5 wl-::h sites 6 co 8 receivi:1g less 
water due to w~ter extraction kir lrriga.ton .. 

The 1997/98 season in the Namoi River catchment v:as 
characterised by dry conditions with son1e isolated 
stor.r::s in Decernba-r 1997 and niore extensiv-e storm 
events ihrooghout the catchment in February 1998. 
These cli:-r:a-::ic condit\on.s led to reduced land rur.-off 
wa~er ei~ta:i:tg th<? river compared to the 1995/96 
season. From !ate De:.:Ginbcr 1997 to n1:d-Februa'"Y 
1998 sampll:tg couki no: be carr'.:eC oi.:.t, as the rive~ 
level wes high due to the release o~ wat~r from Lake 
Kcepi.t-

J>esticide concentmfions 

High <.>)nce;;tre:tious of some pesilcides WCTe detected 
in the solvent~f1lled p"'Dlyethylene bags, parficularly toia.J 
endosulfan {tT.e sum total of t1'.e alpha and beta 
isomers, plus e:-iclosu:fan sulfaro}. Pesic'.des have a 
ir1,1ch h:ghet affinity fc; rre solvent t!ian water. so trey 
axe ro~tlnt:ou.sly absorOOci to g'_Ve a 5me-i:itegraled 
rneasure of pestk:ide exposure in the water ro'.umn, l:i 
the 1995/% study. the only other chemica; fuat had 
concentrations close to these was the Mrbidde 
promc?tryn, which is not lil«lly to be toxic to aqua:ic 
fauna (To1nlin, 1994). The organophosphato?~"-· 
chlorrryrifos, profenofos and sulprofos were found in 
!ow concentrations. 

'[hus, endosulfan was the pesticide most likely ro have 
a toxic im:::act on the aquatic fauna. In contrast, total 
endo&u!fan cor:centra-::io'.1.'> in d--.e bocton1 sedimen~ we-rn 
V4'1f':J low. There V/as a slgni:'icant regrossion \r""" 0,426, 
P<0.001) bet.veen ;ntal endosulfan co:x:entratiocs in 
the bottom sed'.men; and corresµ:inding concentration:; 
in the solvent-filled polyethylene OOgs. l:i Noven1ber 



Figure 13.3. Densities of dominant mai.ifly nymphs and caddisfly larvae in the Namoi River between November 1997 and March 
1998. and changes In tatal endosulfan concentrates In passive samplers positioned in the water column at reference ( D J and 
exposed sites ( e ). There were five exposed and twelve reference sites, selected on tl1e basis of the total endosulfan concentra­
tions whlc/1 were t/1e 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 comn1enced, 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 
ppb in the solvent-filled polyethylene bags. However, 
from December l 995to 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 
levels in the exposed sites were approximately 10-25 
times higher than those in the reference sites (Figures 
13.2 and 13.3.). ln addition in February of both 1996 
and 1998, over 80 'Yo of the endosulfan was in the 
form of endosulfan sulfate. 

Population densities of selected macroinvertebrate tax a 

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

The same riffle-pool habitats were sa1npled in both 
studies. 

In the sLU11mer 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 sti1nulating 
recruitment and growth. Cohort analyses (between 
October 1995 and February 1996) indicate at least two 
generations should have recruited to each site over the 
swvey 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 J. 
kutera. A. australis, Tasmanoeoenis sp. and the two 
caddisfly species (Cheumatopsyche sp. and Ecnomussp.) 
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 tax a except Baetis 
sp. By February the density of the study taxa at the tvJo 

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 also a 
continuous increase in population densities of the six 
study taxa at the six reference sites (A,8,l,C,2.D) and 
the six '\ow-exposure sites' (E,F,G.H.3,1), but no increase 
atthe five high-exposure sites (4,5,J,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-('xposure sites (figure 
13.3.). 

In February and March 1998, the mean density of the six 
study tax a 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 tax a 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 lll1ivariate analyses (Leonard eta!.. 1998) 
and the multivariate Principal Response Cuive 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 November 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 
la1vae and endosu!fan 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 LCSO 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 laivae 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 (Coop{~r, 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 
endosulfan in the Namoi River. 

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

3. Throughout both cotton-growing seasons. the mean 
total endosulfan concentrations in solvent-filled 
polyethylene 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 
Industry on the riverine environment. 
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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 at 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 at 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 ofNSW (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 durir.g 1991/92, as a pilot project by the 
Murray-Darling Freshwater Research Centre {Hillman 
1992, Bales and Smalls 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 biological monitoring program. 
This pilot study sampled six sites in the GVJYdir 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 biological monitoring program as part of the 
CNWRWQP and has been carried out in various forms 
since that time. 

Methods 

In the 1992/93 biological monitoring program. samples 
were taken at 17 river sites throughout the Macquarie, 
Namoi, GVJYdir 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 artificial 
substrata to sampling of natural habitats. This occurred 
because habitat sampling collects nlacroinvertebrates that 
natura!ly exist at a site, not macroinvertebrates present 
because of their adventitious use of artificial substrata. 

In 1994195 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 afteiwards. 
Sites were situated both upstream. within and downstream 
of irrigated agriculture. 

Results and discussion 

The monitoring program has found statistical differences In 
macroinvertebrate community structure between samples 
collected before. during and after pesticide spraying 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 ls pa::tici,;_lar to areas o: irrigated 
agriculture. !: should also be noted that dur'.ng years 
where no statistical differences were detected, ±.e pO'.ver 
of the monitoring ;Jrograrr, n1ay have been veri) lo'.v and 
rea1 changes \Vere undetected. 

10 address the concern that effects may occur at srnaller 
temporal and spatial scales than the broad monitoring 
9rogram, DLWCand t11e Lar;dand Water Resources 
Research and Deve!opr.ient C.of?oration (LWRRDC) 
conducted u jo'.nt ;iro;ecc in : 994195 h~vestigaling possible 
impacts 0:1 Bquatic bl01a adjl'l::'..en~ to an isolated cotton 
fµrm along the !'4acquarie R1ver. 

Tht>: results wenr equ!voca! Jn regards to :be effects of 
€ndosulfon, as lh.ne ;.vere no de!ections of th ls pesticich,­
in tht' water over the season. Stud\ es of 
ntacrotnvertubratcs in nrtgatton di.annels of the adjacent 
cotton fdffn shov:ed s;gnificant correlations between 
endosulfan water concentrations and aquatic 
n1acrolr.venebrate abundanU<"S and number of tax a 
(Brooks 1995)_ HowCVBr, the levels of endosulfan W\?fe 

rn:Jch h'.gherthan generelly fot:nd Jn tiversy'S:err:.s, 

Et'fects at individual river bas:n scale corres::ionding to 
pesticide use have bee1' repot!eC b-;1 DL\.\IC and other 
agencies. In the Macquarie River basir. in 1995;96, 
signlficant\y lower aquatic macroinvertebrate dlversit~' in 
areas of irrigated agriculture than in areas upstream of 
irrigated agricultu1·e were detected during the pesticide 
spray season (Brooks and Cole 1996). 

The current biological monitoring prograrn has shown 
changes ir macroinvenebra!e cornrr.u:iit:ies asso(l;;tted 
v;i:t irrigated agric1;.lture, a!lhough not co:isis:e:itly, 
Clea:1y establishing endosulfao (or any other factor) ,;:is 
ibe cause has not yet been be made. /'\ iong-tenn 
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mo:1itoring program \Vil! deternune ;f the trends 
continue, bu: not er:.dosulfan's role in these changes. 

Implications of results 

OveTheas the:e have been sln1ilar '.ncon~'.stencies in the 
results of field s:t.:dies assessing !he ir:lpacis of pesticiCes 
on aquatic organisms (RusseHwSm!th and Rucker: 1981. 
Muirhead-Thompson 1987 Ch. 8, Ernst et a!. 1991, i.1an 
Urk 1993). Often the difficulty in attributing cause ir. 
some of these studies was because of a number of 
confo11nding factors during endosulfan application and 
field sampling such as rain and flooding. 

Becai..:,se: of the obB£rvC11ona~correlative naxre of the 
5elC monltoring prograrn, the specific causal factors 
(p.c">Sticidcs, nutrients and/or other phy"'S1cal and chemica! 
variables) in any observed cf>«ir:ge:> can 0~1!y :Je inferred, 
f.1ore important~y, refeteno? sltes i:-i th-e river s-y5tems of 
north-western NSW are usual!y restricted to areas 
upstream of the po:ntir0Jion of suspecil-'"Cl impac:. and 
the cornparlson between pesticide-exposed and non­
e:xposcd sites is confounded by the fact that the two 
g;oups of sites are in d&ent geographic regions. 

The: slated objectfves of t>,e current bic!ogtcal 
rr.onUor'.ng ':'Jrogran1 are: 

1. Assess the in1pac-:: o~ irrigated agriculture on 
rnacroinverte~rate cornr:.un;ty st~ctu~e vith 
particular reference to pe-sticicies, nu:rients and other 
physical and chemical variables over a large 2.ree.; 
and 

2. Monitor the diversity of ma<:roinvertebrates occurring 
in lnla1~d rivers and str€ams in the nortb .. west region 
ofNSW 



To rornpletely meet the<Jc objectlve.s it i.<> nCL'Bssary to 
clearly def:r.e in some ::-"Jann0r t'."12 extent and likehf-:oa:l 
oi endosu:I-ctn's role ;n anyobservqci biologicalcbanges. 
To achieve tPJs. '1ddit\onc.I a.;::ip1oaches to f:eld 
r:;onitorin:::Jare being c::JployeC. 

Keo:.igh and Ma;;:sto:ie (1995) ha'>'e cllscm'V1d three v.ays 
to apprc•zl(:h the task of ;;:stirria'ing huma;i in11x1c1s: 

" ln'.er i1npecrs fro1n e1npirical evidence coE02ted 
::lurln.g the occurrvnce of (p:itential:v) '.mpac'.ing 
C.C:i>;,'1tles; 

• F.xps>:imcntally i::ivestigaro i:1:pacts of spcc!fleC 
activites; ar:d 

• Predict impact-, :'rom pr<vr knowkic1,gc or experience. 

Acornbinat:on of a'.1 three approaches is bein£1 used to 
provide a better overview for deten:1in:ng Llie: :n1pat,is, I~ 
any, ::'ron1 endosalfan and other pesticides assoclat.?d 
IA:ith irrigated agrk::il':ure. 

Infer impacts from €tnptrical evidef!{'.e co!fected during 
theocc1irrenceof {potcnfinlfy) impading activities 

The c;m:cn.t biological monitorir:g progrCE":: wi!I ront:nue 
with some rnodifications, Pa'.terns emerging frcr:\ the 
n1onltoring progi:a;n can be rcl<:.1ted to th2 resu;ts of 
experimental work. O:her changes to the program are: 

1. Devebpa predictive n10<1el for T.e nvcrs ofix:ntral 
and norlh west reg:ons similarly to tlie First Nat:onal 
,i\ssessnie.nt of River Health lo more appropriate!<) 
deteJ"T,.ine health of river S'}stems. 

* Predictive niodcJ for north-western regions 
o,f NSHl needs to be fully deve!opOO ro a!:ou; 
more accur<tte c~1nents. 

2. Irt\testigate ~8<"JJib11ity a:1C .;-ipp!icability of monitoring 
another ecological relevc.rr!: co:n poLert of ecosystem. 

" Fish biomnrk:ers sped.fie to strfiss caused by 
pesticides 

"' Monitorfishassembfoges. individWJf 
[.X'Jlulations 

3. lnvt<S~igate feasi.bllity l.'lnC applk·-abil:ty of undertaking 
spq<::fic fiek: monitoring arDtL'lc'. a Known area of 
r:>esticlCe contarr1ination at sn1alk'r spci.tial and 
te:npoial scales (kllo;;12:ZPS and c:or:ths). 

* Monitor o small area of pesticide input. 
such as o single or 1:fustct of irrigated 
agricultural forms. 1.»ith no pesticide input 
:..;pstrearn using a BACIP or similar design, 
over a nutnber of pesticide spray seasons. 

.&:perimenroily lnuestigate irnpcdsof specified activities 

DE>tcr:'.:lining the toxicity of endos'Jl'an to aqua lie fau.'!a 
underc::o:1trolled ccndilions provides inforrnatic:i wit.Ii 

which lo comparD thiff c,bservafons recorOOd Jn :he fieki 
rnonitoring progrcn1. The mos:tcomr::on exper:mcntal 
wo1·:, wi::headosulfan ln 1\ustralla ir.vo!v-es single speei<?S 
lalxirat<lf';J based toxicity testi:ig. These studies are 

con•.mon'.y used to :dentl[y~.axas2~15if.vetc endosulfan 
or o:!Mr r.>estc!des end help idcn~ify possible fauna! 
changes ir. nahua'. systems. 

ArUhcie.l por.dsor streams (n1eso::osrns} are also used 
to overron1e the limi:1;1:ions i~l field moni:Orlng st--18.ies. 
Thi& is because L'1ey re.sen1'::Jlo natural freshwa:Vr 
i?CO"-."y"Sten1s and eriable :he 1nvesfi3ator to establish 
direct and i:1d.irect caJSe-ai-,d "'2ff ect rclaf.onshiJ:J.'i 
l;:i.etwcen conta:r:inants a:iC aqua:lc organisms (C.aquet 
et a!. 1996). ~.tiesocos::;s are co:isidercd an 
'.ntermediate level of study bet..veen tlw. laboratc:.ry and 
tl"le field, bri<lf;ing gaps botween large·s..:a!e ur.conholW 
lleX-1 studies (eg. CN'..VR\.VQPBiomonitoj~·ig) and hiq:hly 
r;;;pt1cate::I: but di ten unrea\isftc labo~atory condit'.ons 
(Rodger3etaL 1996). ~<esocosn1salsoallow 
sinn;1truteocs studies ;)n the fate and beha'Jiour ,;if 
oontanrrants ur:der near·ne:tJ.tal condi:ions, 

DL\VC and LWRRDC :dc-ntiPed tl1e neeC. for 
experimen'.a! field st'.Jdies ar.d ha'Je conducted ajoinl 
res00r.:h project on the :mpacJs of endosu!fan using 
artificial po:icis (Bn::x::;ks: 1998}. The 20 a.rtlficial fXJnds 
were c1eated fron1 a disused irrigation rhanr:el on the 
farr;, "Milcheng::M.<rie". which borders ttw t<a1noi R:\ter, 
no:e·ar BoggabrL NS\1.i, Static S'y"Stf>ms V.'ere used~ 
simulate the lentlc conditions that of:8n occur ir the 
riV€r systems of north-v..iesk<rn .NSW durirg sunirner, the 
season of maximun1 pesticide use. 

Multivariate a::1aiys;s found clear d:f·k.'ff!nce.s in 
rnarroinve;!ebrate =ma1unities beNA;q;i the control 
and nom:nal 10µ.g!L treat:nen!s after 72 hottr$. At the 
indiv'.dual organism ~ev.e!, Hytiraena sp. and Tripfectfd'es 
sp. were s'.gnlficantly affe<:::ted by endusu!fan. Hydracna 
sp. was significaL!:ly irr:pacted ata!I treatment levels 
end the impac: increased ,vith f-:ig~ercndosulfa1". 
cQnta1nination. '!iip!ectides ,5p. did r10: consistc:1tly 
differ bel\veen the control nnd en<losulfan treatni~n.t 
bLJt did show a significant incrqawd impact as the level 
cf endosi.:.!fan increased. 

Th0 results fron1 this study indica:e tllf!t althous:i~ 
occurring infreqcEntly, the highest levels re~·otded iI1 the 
rivers of north-western f'><SW woukl. be sufficient to have 
a.11 o.cut<? :111pact on ma.croinvertebrate commur:.lties, 
whilst tf._e more fr2quen-:: leve!'l of n.pproxin1ately 
0.01 µg.'L wot;ld have l:c:pacts on in:H'Jidd.a'.spccies. 

The eom";;Jnation of both high and low endcsu:fan 
exrDSure throughout the sun1:r:e~ p:<st!clde spray 
season would conseqwntiy affect aquatic 
:nocrcirver!Pbrate's role as the mn.ior ;::.:rimeyy and 
secondary cons:trners i'.1 the- riwr sys!Bms of :hese 
areas. Fieki exf)Grimct\ts Witlc endosu:fan using artlf1cial 
ponds '.Jr ~trsa:r_s a:-e r-.ruc'.al :.n prov'.ding information 
on whethvr fr1e rnacroir.venebrare commur.i;ychan[;e-s 
ob;;erVBd i:J the ti\Onitoring s:udies are ~tributable to 
~ticid.«s. 
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Table 14.1. Likelihood of endosulfan causing chroriic effects to aquatic Jauoa in irrigated agricultural areas during the pesticide spray season from 1991 to 1997 . 

.. •.> 
----" 

-·-·::·----

··t:alcu.ated .. 3 ~am11tes -~~al_ 
Toxl(:ity data A,.cute,.. _3 sampte5 eqµal 

enOOsulfcin i .. to or exceedi·gg endos'11fari·.'. i<(.or e~ceeding·.::-. 
infOJ'mation toxicity (µj,;L) .. ,_,. stated toxicity chrO.hie slated .·toxicity 

l•vel to-x.i:eity (µg/L) level"_"-."-'-

Laboratory derived 96 hour LC
50 

Bony Bream - Nematolosa ere bi 0.2' 8.3 0.02 74.0 

Golden Perch - Macquaria ambigua 0.3' 4.8 0.03 62.6 

Silver Perch - Bidyanus bidyanus 2.4' 0.2 0.24 6.4 

Eastern Rainbow fish - Melanotaenia dubou/ayi 2.4' 0.2 0.24 6.4 

Firetail gudgeon- Hypseleotris gal/ii 2.2b 0.2 0.22 7.1 

Laboratory derived 48 hour EC
50 

Mayfly nymphs -Jappa kutera I.I' 1.2 OJI 18.7 

- Atalophlebia australis 0.6' 2.2 0.06 37.7 

Caddisfly larvae - Cheumatopsche sp. 0.4' 2.9 0.04 51.8 

Notonecta sp. (probably Ethinares sp.) 0.1 d 20.8 001 84.2 

Artificial pond experiment (72 hours) lowest concentration causing detectable effect 

AduH. water beetle - Hydraena sp. 0.02' 74.0 0.002 84.2 

Caddisfly larvae - Trip/ectides sp. 0.02' 74.0 0.002 84.2 
Changed aquatic 
macroinvertebrate community 2.9' 0.1 0.29 49 
structure 

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



Predicting irnpocts 

'fhere is a larg~! ainount <Jf existing inforrnation on 
pesticide sources, patht~rays of contnrnination and levels 
of water contarnination collected through the 
CNVVRWQP and LWRRDC program 'Minimisinq the 
impac: of ;.ies".:lcides on the riverine environment using 
the cotto11 inciustry a" a rnodcl'. How2ver, ther'~ 1s 
lin1'.te<l i:1fonnt>~O::< on the e::o:ogica! 1rn1)fl•~t ()f rscorded 
levels o'. endosulfa:i con'an•'.Pation. Of the infon'1at1on 
that is aveiiL;;ble on aquatic im;:iacts. n1<JSi studi'es b.ave 
invol1;m:l laborat0ry based a.cu:e arid chron'.c toxicity ar:d 
bioaccumulation tests (eg. Mcirhend·Thompson 1973, 
Naqvi etal. 1987, Sunderam et aL 1992). Althoug.:, 
nioro recently DLWC and NSW EPA J13vu rond11cted 
joint p;ojec!s with l.WRROC assessing: the effeck of 
endosulfan on aquatic macroinvcrlebrale com n1unities 
'.r: artificial por:d..<> and shvarns tv5peclively. 

Llsi:1g !t1is exis'.ing clwrnical a;id biological PJonltc~i;ig. 
e.coto·xirobgJ,• and trans;::;or:: rnodclling data, an 
ecolog:cc.! riska.<J:JessmcrJ '.or er..dosulfan can br' 
unciertaken. The erological risk assessment is a µ~occss 
for organising and ar.alys;r;g data, infonna:io:i, 
assun)f>tions. and unccrtalnfieB tc evaluate tlie :1Kelihood 
oi adverse ecological effects caused by endosulfan. The 
assesstncni will also identify gaps in information, ~vhich 
then can be tatgwted through specific data coltertion 
shxlies lt1tlw c:'N\VRWQPbiological monitoring 
progror:i. 

/\ pre:i1ninary aswssr:;c:1t of pesticide data from 1991 to 
! 998 (not incL.tdi'.!gstonn event data) s!-:.01J..'s t!-:.atthe 
pet,od of g:'ea'J?st risri :o the aquatic en1Jironment from 
<?ndos~Ufan is in the irrigatuC agricultural aYe<E d:1r:r:g 
lhis µp>iti<.icie ·s spray period_ C>m!>'lrimr. <)f enCosulfa:1 
k>vGb from th.:.'5s a18ll$ ar.d penOOs "..Vilh existing 
laboratory act:le toxli:i!y data indicate :hat the hkellfKx;d 
of [i} 'k, mork~lity or impairment of r..at:ve fish and 
particular mayl}t nymphs and caddis fly larvae is very 
sn:all (Table 14. l .). Thiil Mckst.vim:ner, Notonedusp. 
appPars to be at rr:oderate risk in all river sys terns. a<; 
20.8 f;'.; of sa;r:ples exceed :he 48 hot.E EC:_1-· It should 
b8 flOt8d it;;; likely this invcrtebra:e :s probably i:.'thinores 
sr1., a<> l'·iotonecta sp. is n::'.lt '.01_;r_d in I\SW. 

Fieldcxper\rncnts tndicate tha! tl-:e \1ta:er beetle. 
l·iydroe.no sp., and caddisfiy larvae, Trip!edidcs sp. are 
at very high ri~k of a;_:ute impairn1ent frorn er.dosul:a:i in 
all river sy1terns (Brooks 1998). Acute effects on overall 
community structure \Vould be unlikely to occur based 
on this study, 

i\n a/;.Bessmen~ o~ ecolog'..:::al risl< of chronic effects 1Nas 
madu by div'. ding by ten the reporieC. LC,,) and IO\vest 
observe::! N::>-(<:Toct-cc'.):::en:rations as used lr; Sydney 
Watnr {1995/. Tho? r'.skof chrc'.'.1ic eEects is obvic)us:y 
mucb :;irea::er :-han ac:.ite impacts (Te:o'.<:< 14.l ), Almost 
a!l aqua"!lc macrolnwrtebra!e.s assessed were .at bk.i::1 rlsk 
of ,;h1onk: ln1pacts caused by .zndosulf'an. Bony b;ea:r:, 
golden perch and firet-<lil gudgeon were assesse<::I to l'<l at 
v;:;ry h:gh risk, wlthsilver perch and e;;>Stern rainbow fish 
at ioiN rlsk. This prellminary assessrnent of toxicity 

l:iforn1atlon highlights a 1~u:-r:ber of is:c.c;ss :.vhich 
addr;t..'l...~::'; !'.! it:;:.;1e s:.JC!Jes. 

to be 

l, The inlormalonavailable :;er_era!ly ;eco;ds .SO % 
:n1pairrnent o,.. ffi{)t~ality of seioclcd le.xa. :so'{, 
iinpairrr.ent.rmorta!ity info!rnatiu-r. 1nay r;c: be an 
appropriate measure of risk as chronic effects a:c ot 
hif1her likelihood, The applicability of ten as a safety 
factor is unknown_) 

2. There is a lin1itcd cunour::t of t•>xicity data on Australian 
aquGtic macroinvertebra~e laxa, a<d of the data that is 
.?1va'.la':i'.e, a'.n1os: ;;]! is laboratory based acute toxicity 
ir:IOTma::i.0:1. (Furf:1e~ teld-e:xpe-r:inents anJ required ~o 
prcvld~ ei Lr:k bctvee:1 fie:d Y::OPitoring ar:d acute 
tox'.cily !aborato:"'y cia!'.a.) 

3. There isa high p;::rce:itaqv <Jf water samples wi:h 
endosulfan levels ranging between 0.01 µg.'L a'.!d 0.1 
µg!L in all rivsr systerns during thv pqst:icidc spray 
season. llnfomJ?hon on t'ic effects ol cndosulfan on 
:r:.d'.vld:JOI taxa ?ind rvmrnunlhes at thcs« low lcvt>ls of 
ccntaml:1atlon over 
~) 

penodsc1f time \months) are 

D[J,VC ·p~ns to conduct :ie!C experi1nents \vit'.1 co:1ti:!L10::! 
e1:.dos1;Jfun Gxpcis1Jrc over a '.)<.tnbe: o'. inon:hs. 
Expeci:r.enffi ov;<r~h<<'>e ti::r.e scales wi:l a[ow 1no~e 
accurata extrapolafion of rcsu'.ts to ;112 river systerr:s of 
central and north \,11est NSW, 

Conclusions 

ThB currentbioiogic11! progran) \Vill continue to as.<:>ess the 
'he<).l:b' of aq;.10tic m~'cro1nvertebra.te cc::nr:1unities in the 
-ccPl>'a'. and ro-r!' \Vecit riwrs of NSVJ. Significant changes 
cor::-~1--"'Dnd'.cg to !;rigali?d agricL:lt:.irc hto.v.e be~r~ fou.I12 
duci:1gsome growing srasons, butt'.-le s::;eci:lc role 
endcis:ulfen plays ln t1"'.<?Se char:ges. '.f a11y, ccr:1n":Jt be 
cstbb!ished by fic]d monito;ing alo'.!2. 

An erological risk ass::ssinent for endosulfein wHI providB a 
rnow corrrprahensiv1> asssssn1ent oi this pesticide· s likely 
impacts on aqua.he faun<:L As part of the ecological n.<;k 
assessment. !aborP,tory and field experiments will 00 
conducted to prov·1d0 dlrectcai.:se-and-cffect informatli;n 
tv'.1h which to 1pf£r,::>r<<1 the findings of the field biolog1cal 
and water c:,c.al11y :':":onitoring:;_,'f~"'Tants. 
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15. Session commentary: understanding the impact of 
pesticides in the riverine environment 

P.E. Davies 
Freshwater Systen1s 

0:1e of the central but unstated, questions of this 
workshop s.;~~Jo~1 is: 

Is the observed endosulfan contamination of 
river water and sedlme11t having a deleterious 
impact Qn ri•;erhre ecosystems and associated 
/atina? 

While the v:ork presentat he:·e went some way :awards 
providing d.:i!a on aspects relating to this cer:tral 
question, they do not provide compelling evidence for 
or agair.st such an environmental impact 

Toxicolt;igicai studies 

·r ;1Lq work provldes :neasures of lethal, sl:blethal and 
behavioural resportscs t() enCosulfan con!a:ninaton in 
0. la'oorceih:>ry setting under a range of cor:ditio:-is. anc. 
sort\e indicatio1~ of the concen~:-atio'.1 rar:ges at v.J!·~jch 
such effects occur. 

Field survey study 

This field sur\rey sho~ve<l a negative correlation 
between macrofnvenebtate densities and endosulfan 
coru:e~1trat1ons ovex Mo seasons in the Nam0! River. 
The de.~ign incorporaled san1plic1g Gt a number of 
locations <lo•.vn the Narnoi R:ver, i.vith control sites 
u;;;stream ar:d cor:tam'1nateC. sites dov;ns~rean1. 

Unfortunately, this design resalts in endosulfar: 
contamination levels increasing drnoinstream and 
hence confounding of endosulfan contami:iation v..ilh 
other changes associated with the passage of the 
Namoi through agricultural land. 

The lower river experiences changes in flow regimes, 
sedirnent regin1es. ripar'.ar: vegctai:ion ooi:z_iltions and 
o•}.er IA«ater qi..;ahry cl-.a•ges, all of \Vf-.icl\ to a degreP. 
'com;iounc'.' dov.'IlS-ieam. >lone o:"thesi?werc 
exar:nlned in the work presenteC., and thus the 
potentiq) for confound;ng is substant!:aL Corre:atior. 
does not irnµly causality, especially in as complex a:1 
environment as the Namoi catc.'lrr;ent 

Limitations imposed by the use of a single river in a 
control ·impact paired design include a l<lr:k of truly 
independent spatial replication of the treatrnent 
(enCosu'.far: contam;natior.), as 1..ve!l as the lack of 
uncon'.'.ilminated coi;trol rive::: syst€rr1s with simllar site 
la~1out. Trese iimita<io:1s have bee::-1 well described by 

Underwood (1994) nnd others. and ;iresent a signi.Ecant 
problem for the interpretatior. of the Nar.:ioi study data. 

Finally, the survey work relies heavily on using solvent-filled 
bags for <i.ssessing endosulfan concentration. This method 
h<:.s cot been t'al\b~ated to date and hence its validity in 
estimating magnitudes and trends in endosulfan 
conce'.'1trations in :'he water colurr:n is not fully proven. 
·rhe study poin:ed out the need f:::>r a detaUed a~sessr."1er::t 
of sampling needs for aS8?SSi'.1g sediment conra."11ination. 

Mesoc06m study 

The work on artihcial pond :nacroinver+.ebrate commt:nity 
responses to endosulfan exposure ls perhaps the best 
µrocedttra! advance 1nade to date in the question of 
endosulfan impact~ on !he aquatic environrr1ent To be 
tru:y t:seful in addressing the central question. this work 
needs further exponsion to inclt:.de: 

1 Longerexposureperiods; 

2. A wider range of endosulfa:i concentraEons ar.d 
environmental condition;<;: 

:3. A range of 'natural' habitats sampled, rather than 
artificial substrates. 

4. Assessme:it of water column and sediment 
contamina1ion u;;i:--,g a vark,ty of methods; 

5. Assessn;<:nt o: r8"-pon;;es of target macroinvertebra!<~ 
know'.1 :o show st~·ong .spaticJ pa"erns i;i :he f.e!d (eg. 
Jappa kutero). 

In addition, it needs integration lnto the field suDJev work 
$0 that endpoints are con1parable for both 
rnacroinvertebrnl:e responses and assessm>;nt of 
endorulfan concentrations. 

Recommendations: 

A key issue ls irtegration. Tight ir:tegi:c:tion of the t<::xiciq 
artd field evalua-=:ons iS r_eeCed. with :nesoco,.:11 tria:s 
providing niajc't insi9l:ts. 

To date 1Ne have toxicological, field and mesocosm 
responses all shown for ciiffering taxa vnd~~r a ra.nge of 
different conditions, and with design limitations. ·rh:s has 
limited the ability of the parts to 1nv.ke a compelling 
whole. 
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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 I and II 
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 Type I and II 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 5 'Yo or a 25 % decrease in the abundance 
of species xis '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 andlor trends in 
endosulfan concentrations in river waters: 

2. A larger scale river survey study with true control 
rivers with a similar site layout to that of the cu1Tent 
Namoi River study- i.e. moving from the simplistic 
BACJ re-design to a 'beyond-BACI' approach {see 
works by Undeiwood) - possibly integrating with the 
DLWC NW water quality survey or any best practice 
related biomonitoring programs: 

3. A further, carefully designed mesocosm study. with 
endpoints integrated with both the field surveys and 
laboratory toxicity testing: and 

4. A formal process for developing threshold 'effects 
sizes' and agreeing on the magnitude of Type [and 
II error levels for all field, mesocosm and laboratory 
study components. 

Reference 

Underwood, A.J., 1994. On beyond BACI: sampling 
designs that might reliably detect environmental 
disturbances. Ecological Applications 3, pp. 3-15. 
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Abstract 

A Pesticide Impact Ranking Index (PIRI) has been 
developed to (l) rank pesticides in tenns 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 source(s) of threat to the asset (pesticides 
use); the pathway through which the threat ls 
released to the asset. Each component ls 
quantlfted 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 (P!Rl) has been developed under 
a current 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 priorities 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 PJRI 
application for ranking pesticides in terms of their 
potential impact on surface and ground\.11ater quality. 

The approach used in PIRI 

P!Rl ls 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 
con1ponents. ie. 

Detriment = VLT 01 

where Vis the asset score, L the pesticide load and T 
the transport function. Since the transport function 
for the pesticides depends on their sorption (K

0
) 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 body, water 
quality (ranging from potable and good quality 
drinking water to very saline water), aesthetic andlor 
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 PIRI is used to 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 lj). the dosage (d) of active ingredient: 

Load Area L ftP (2) 

pest1cufe\ 
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The dosage ant1 frequency of app!Jcat\on 1s rarely 
k:-1ov,n fot each farrn. Surrogc,tes for these c.<in b<? 
US>!d on tr.e basis of the recomn1enria:ions from 
m;;1r,ufac!1Jrecrs acid other agencies. 

Not only the amount of pesticides but their nature is 
equa~ly important ln determining the irr1pact on a water 
resoun:x~- Thefl?fore, a range of param<?t.:rs ot ench 
pes:icide cor:sidered :n the assessment ir.duding t;1e 
toxioly of each pe.sticide ;measured by l~Ci\;or health 
advisory !0Vel \HAL)), ltssorµtlon and half·ilfe. ln PIRI, 
LCd, for ra:nbow trout i5 used as a measure of loxicity, 

Toxicity val.u.:c>s are moderated \vlthlr: a;i upper and a 
loi.ver bound, as for vef'..: hlgb_ or very low toxiciry values 
the in,pact asse~sed by PlR: is not liAely to be 
proportional to the numerical values. To acco1.,tnt for 
the individual pesticide toxicitv and persl:;tence in soiL 
tbe toxic load can b-e calculat.;d for surface water as 

1 J A " /, ' DI .-<>at = .~rea £... · - 1up 
('c'S/11-u./e.\ LC:;o 

a:1d tor gro'Jndwate: as 

Load= Area L 
i'(',,//< ·id('> 

fdp 

r""'c~"n 

Fe: grocnd\vater assess!flent 1ht• ha:f-lifv {t,,2 j of 
pes:iciclc is t.:Iken '.nto cons'.Jenx'.io:l during the 
cuk:ulation of transport !actor for each pesticide. 

Pesticide transport 

Tronspo1; t-0 gr::):;ndtvater 

The rnovement of pesticides througl:-. soil is retardeC. ('.e. 
slower than water) due to the sorption of pesticides to 
soil organic rnatter. K.x - the higher the K,,,, the greater 
:he retardation. The 1\rtardation factor, RF. can be 
:nea<>ur2d from K_,._ Gnd other&.J:l :;>roperties by: 

R F = [I + p 
1~·, '};,i, ] (3) 

whete f) is ti.e bulri. density of soil (kg!n,"), f,"" is the 
organic carbon content (kg/kg soil}, and e;_cis the 
volurr-1etric rnoisturro content at tleld capacity. RF is in 
elfect :he reci;n<'.lcal of the fractinn of the pesticide that 
'.sir: the v:atf!f phase. 

The rate of water movemqnt '.n the soL profile ca:i ·.JB 

represented by the quotient of the recharge rate, q, 
and the water content, Or< lf q metres per year of 
V/ater is input into a volume of soil contatning 
f:'_oisture cor.tenf flrc· the t:me reqctreci for water to 
pass t~rough a soil profJ:e of Cepth D ls D!velocity = 
Derc:q. 
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Thus the residence tirr:e t of the pestic~de in the soil 
profile ofkr101.vn depth Dis 

£= 
})0 1.cRF 

14) 
q 

Loss of a pesticide through degradatit.1-n i.vll! depend 
on the resl<lence time in the .;oil. Generally, the values 
of l'1e recharge rates q are not readily available. In 
s;;ich cases q ce.n be assu;:-1eC to 6e si::nply 
pn:>;xrrtio:1al to :f-:r: differe::-ice Oew.-een tva:er inp:.i: 
and evapo-::ranspiration for :h.e cop-grrn.ving seasor: 
in question, 

P.s rr:,er:tioned above. the degradation rate for PiRI is 
a&''>'Jrr.ed :o be constant across sites, The 
degradation of a pesticide durin!; its trnn.\-;Jort through 
the soii profile can be represented in the fonn of 
attenuation foc1or AF for the ground.,vater, given by 
Rao >0t al. (1985), as follows. (5} 

{
-0.693DRF8r< 1 'log(ll2l1 l 

AFi;ir = ex ·· ······· ··· · ···· ·· , = ex pl · ··· · i 
q/ I• c J / 1 2 J 

Here t,<,is the halflif., of lhe p?sticide, Jr: the case of 
groundwate.;\ rhe transporl fu:--.t.i:on, l: :s 

Th,,; AF for each pesticide is different due to its 
sor;:ition (K~J and de£,lfadation rate {as 1ncosured by 
'' " d to' '"·t· 1

• "''II •1_21 r;nu r.ee s oe ca:cuia 0:; 1:iu1vioua v. 
Therefore the load (L. defined in equation 2) and t'.ie 
transpori \I defined from L'<1uatlon 5) components 
need to be multiplied to give the pollution potential 
(PP) fo: the assess::1er:t of impact on ground\vater. 

l'he ;:dative pollutior: po~e:;tinl ro the grou11dv.·ater of 
each pesticide app~ied to t':ie arv.a car be obtai~1ed by 
ranking the pollution potential of each. The total 
toxic load likely to reach ground \Vl)l!;lr at a sitl! can be 
calculated :'.ro::n the foUov;ing relation: 

TLaw =Area 2, LAf; '"' 2,PP 16) 

jlt.-si!L•Hle~ pc,,..,,iddcs 

Ti'Onsport t-o surface ti.1afer 

·rhe pathways of transport of pesticides from far:11S 
to surface water bodies are tDore compiex and site 
specific. The trans:port to surlace water is partitioned 
betv...ee::-i :·unoff water, eroslo:i ot soils. and drift of 
sprays out of 1!-:e rarge: arC':.a. These are qu:te 
separate patfrways. although them wi!'. be a high 
correlation between the surface runoff pathv;ay ar.d 
the sol! e:osion pathwav. Jn contrast spray drift is 
aL un:-ela:ed path\vay ar,d int.st be consldered 
separat.:<'.y. 



Transport due to soil (<rosion 

Pesticide transported with the soil particles through 
erosion will depend on soil loss, The prediction of soil 
lOS& thIO'Jg~ sln\ple equatior::s like the Universal Soil 
Loss Equation ICSLE) is common and has been found 
very useh:tl (~\.'ischmeier and SlT'_i~h, 1978) At t!-:is 
stage these equatio:IB have ;iot been adapted for use i;i 
PlRL Vv'hile this limits rhe use of PlRI for co::lparisons 
amo:ig sites, it does r_ot affect its usefulness for rani;ing 
pesticid.es within a site, or betv..,cen con1parab!e sites. 

The amount of pesticide that v.:iE be associated ''"ith 
the soil particles will depend on the sorption o-: 
pesticide reprc.sented by the product of K~car.d f,,,, that 
is K,r The loss of ;::i&>ilcide through soil erosion requires 
a func:ion that ls i'1itially zero an<l !hen asy~ptot.:s :o 
the p:"oportio:1 of the pesticide that is lost in this 
:'11anner. A suitable :unctlor. :.s 

(7) 

Ti-n,qon ~ (l. l(Sc:_i_I _Loss) I t~ax (5oi] L,_~ss) 

!+---···· 
hK f ,h_ ,., 

IdeaI:y the function should asymptote lo 0.1, the 
maximum fraction of pesticide that is likely to be lost 
due to erosion {Leor:ard, 1990) and bis a cor.siant 
that was taken as 0.015. At ffiis stage b l:as not been 
fo-rr::ally estimated. 

Direct runoff 

The amo!ln! of pesticide i:i runoff \va".er n1ust depend 
on the runoff characterist:cs. 

A pesticide with a low K,'" :-hac h.;.s hee;i de-p..;sited on a 
piant or soil surface .:·un be 1,vashed off by s:.ibsequen: 
rain or irrigation. Ava:!able data (Leona;d, 1990: 
wou!d ir:dicate that up to 5 % of the applied pesticide 
could be lost in this !7ia:incr. This amoun: v.'Ould 
dec!ine ra;Jidly with '.ncreasing K,,,-· 

A s.itr.ple function with lhese pr-:::;perties ls 
(8} 

T 
0.05l\1in(K." )R 

diret:l runotr -

;.vhere R is lhe fradion of rainfaE + irrigation tha: runs 
off th0 site, and fviin(K ) was take:1 as 10. As with the 
soil loss factor, R is on1;'.i'- impo11e.n.t when comparisons 
are being made a::nong sit£s. The total surface 
transport factor for each pesticide ls therefore: 

(9) 

T = T eroswn + T direct runoff 

Atmospheric transport 

'fhc atmospheric path\vay of ::ies1icide transport is 
difficult to quantify. There are also -:Wo oon1ponen!s, 
dro;-:il<?is and v-ar..our, f)nd perhaps o combination of 
both. 

Each compor:€nt is a fur.ciion of many C:l'.''.ronrnen:a'. 
and management variables anC requores C.etailed 
knowledge of the :':ird:hod of appllcn.tion {including 
such details as l;,e s9ray1ng press.c.Jre} and '.ocai winl~ 
Gnd humlC.lty condl':ions, 

Movement of pesticides v~a dro?lvts can be a 
significa:rit pvthway cf pes!icides to surface wGter, 
tiepending on :t:e r::'lelhod of applica!ion, the s'.ze of 
the droplet, fo1mulation. the p:-oximity to and the size 
of the water body. This mu.ltitude of factors affecting 
atmos'.)heric trt1:1sport ard the complexity of the 
processes i~rvolved nr.,>clude the '.nc!uslon of 
a~mos1)h~ric transport compor:ent tv:thout sacrifL::ng 
the simplicity o± PJRI. 

However. one can <;:nhnnt:e :he transport com;;onent 
of t'.-.ose insecticides wh:c..'1 are ap,lied aeria:ly to 
target pests on foliage by a certain :!actor ie. 1.5 2 in 
calculations by PIRL 

Validation and application Qf PIRJ 

PlRJ can be used for two :,iurposes. namely {i) to ra:ik 
pesticides in terms of their relative poilution po7t?ntial 
to surface or ground water. and (Li to con1pau,i 
different land ~ses in a catchmen; or diff1erent 
in¢nagement prac:ices ln lerte',s of thei:- relative i:npact 
on water quality. 

Ranking pesticides at a site 

To rank pesticides that are used ir. a particular 
<:ropplng '>;.-1stem in tenns. of tr_elr r.;ilative pollutio:1 
potenliaL only ti.•;o comp0nent of P1RI le. loading \L~ 
and rransport \n for pesticldes, are rgqulred. The 
value (\!l component and the total area undf!r a 
cropping syste:-:1 being assessed i:s '.lot needed. Nor 
does the soL loss factor need to Oe evaluated. 
Howe\'e;. all pesticides need :o be indiv'.dual!y assessed 
on the basis o: their chen1ical nat\lfe tn ter::-1S oi 
sorption, persistence and tox!ci;_y. 

Surface water 

Different pesticides are ai;:ipl:ed at ciif~erent rates and 
also !heir freque:icy of l'.SC varies. Therefore l'1e 
ar.nount of ~iicide ap;)lied per unit area per un'.t time 
is neede<! Reliable information on ;-:iesricide use is 
often lacking. Some eff.::;rts in this directior have been 
r::ade eithe:- at catchment scale (eg. Raywent ar.d 
Si.mpso:i, 1993) or for the entire ag:-o-induS'_ry (eg. 
Harr-.l~ton et al. 1996 for sugarcane ln Qi:eensland}. 
WithouJ reliable information any assessment is not 
likely to be valid. 



The complerner.tary LWRRDC project led by Mr Bruce 
Sirnµson :Depa.1Jne::Jt of Na-:.t:ral Re.sources. 
Queer:sla:;c) ls cun12n:ly cc.rr1i~ig out a pesticide audit a: 
a catchment sca:e in t!-Je Murru:nbidgee lrriga:!.on A:ea 
(MIA/, For validation of PfRl, not only the pesticide 
usage need to be known but also data from the 
pesticide monitoring studies. 

Th,,; s'Jrfare water qua!ii':.-·program run by NSW Depart­
O'HJnt of Lar:d and Water Conservat:on ;Cooper 1996) is 
the rnost comprehensive pesticide n1onitoring program 
for cotton growing area. However, the pesticide input 
dai.;i for the entire coiton growing area 111 Australia was 
no: read'.ly- available for use '.n PlRL Data for lrt:gated 
co~ton in the Narnoi \la!ley has been obtained from 
Cotton ConsultantsAustr:;;,Ji;;i (CCAJ !n 1996. The 
following example was based on the data froin the 
above sources. 

In TabA!: 16.:, an exarr:ple for seve:al ]:)05titides used in 
cot•or. production sy'Sl:ems Jn the Namoi VaJey is useC 
to shmv ;he appli.cation of PlRl and the validation of 
some modules of PIRt Da!a on toxicity {LC,y) sorpfion 
lK,_} and pcrs!Stence (h3!f"life) haw been taken frorn a 
lJ~:rdatabase (Hornsby et at 1996) a:'!d ore considered 
to calculate the sLrface trans.port factor of pes~iCdes 
which is then r.0:1ve1ted in7o a score. The scores are 
used to categorise pesticides in te1ms of trieir potential 
risk to suriace water quality. For l!Xdl''.rlpk~, in this 
parcii:.u!ar case. three ;Jes:icides were given a high risk 
rating. 

Of these three pesticides, endost:!ian and profeno!os 
were both dcieded while no analysis was aval!able for 
phorate (Cooper 1996;. At the other ~xtreme. PlRI 
indicated that three pesl:itides preser:l a very low risk 
ard two of rb.ese were no: de:ectable, The exception 
was parathion tc1ethyl. which \.vas used l:i exceptionalht' 
large quantities in that year. Of the six ;:iesjc:des 
considered as a !ow risk in liible 16.1, three vJere not 
detected \Vhile no assays were made for the other three. 

It is no~v;orthy rhat ".rem :>ure'.y transport potential 
point of vievJ :he :oxicity does no~ r:ia!ter, hotveve:, fr on~ 
the standpoint of risk of impact on water quality, it is 
obviously very important Therefom toxicity is part of 
L'le ranking sys~ern in Pllli. For e.'\ample, tl-ie high LCy, 
of ,ararr.lon methy'. would have decreased its risfi 
ianking in PJRL vvfiich partiaily explains ;-he apparent 
anomaly observed above. 

Groundwater 

Application of Pl RI fo: assessing groundv..'ater contami · 
nation yal:entia of ::-esjc!<les is shO"wn :n Table 16.2. In 
this case t:.e data are based on the pesticides reg'.stered 
for vegetable produchon systems, Recommended rates 
of !")es!icides have Men supplied to P!Rl and so the 
resclts do not reflect the :eal use. 

Nevertheless the relative rarkirg score bet:V..'e{;n 
pesticides for 1::1 given sil8 is a true :eprese:1ta:ion of :1'.eir 
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properties under a constant s.<t of soi! and 
envlronn1eotal conditions. The PIRI predictions show 
that fenamlpho,,; has a high potential to contaminate 
groundwater- :his was caused by· its low LCw 
{0.072n1gikg), a :ong half life (50 days), a hig'.! 
applica~ion ra~e (24 kg/ha) ar:d a law K"" :100). 

rvtet11am had the second highest rank. which was 
brought abovt by its very lo\V K~,- (10) and its very high 
rate of 0.pplication (790 LlhaL but its hclf life is shore 
{10 da;,.'S)" By ccntrast. ch:orthaL alf1ough :t has a 
high app!:r0tion rate (1-S kg/ha)_ presen:s lirtle risk to 
the groundw0ter as it has a high K,, (5000) and a 
moderate LCw (4 7 mg/kg}, Anothertnterestirig 
exarr:ple is trichlorfor: wh:ch, despite its low K"'. t 10) 
presents only a sn1all potential risk because of its short 
h;;tlf life ( 10 days). 

Ranking pesticides in different landuses at a 
catchment scale 

For ra:1king diffinent land use,; in a catchr:ier;t in t:err:~s 
of their impact, all thre{: components of ?IR! (V,1~ and 
T) need evah.tafion, !n addition paran1eiers such as so'.1 
loss estirr.ate'i and area of crop, are also new::Jed, Given 
the lack of input ciara, only a limited att(>mp! has be>?n 
7"1ade '1ere. w:thot:t a:i assessme::;t of differenf'.al 
;:iotcn;:ial soE lnsses unCer dtffe~ent cropping s9stems. 

We use the data from Bowmer et a:. (1998) for ra:iking 
P•~sticides ln different landuses in tetms of their risk 
poter:tia:. Ti\ble l6.3. shows the predictions fron1 PIRI 
'..Ising t!!e ;Jesticide ~se dat~ under three different !and 
uses in the Mum1mbiGgee Irrigation Area (MI • .\), based 
on?. report by Bowmer et al {1998). For rice- n:olinate 
was predlcted to have high ri»k potential. This 
predictic:i is consistent \vilh t.1e fmquenidetectlon of 
±,is pestlclde in the surlace water in the f\.11.l\. PlRI 
also ranked ;J--jobencarb ar,d mala:f.Jon as presentir,ga 
r:;oderate-high risk- both of these pesticides al::;o have 
been detected in the surface v;ater. 

ln the case of citrus, the pesticides which were 
,redic~d to have the f-:.ig."1.est potential are diuron and 
bro:::iaci!. Both of :hese herbicides have been detected 
in surface water monitoring studies carried out by 
CSJRO \Bowmer el at 1998), diu:un be'.ng an1ongthe 
most frequently detected pestcides In the case of 
n:alzelsorghum. among fue ]:>05bcides used in 1994-95, 
those ::anked to have very high po!ent1al were 
endosulfan, atrazir,e and ~:etalochlor. alt of which have 
been detected in surface waters of f.t1IA. 

For winter cereals none of the pesticides used ln 1994< 
95 (Bow:ner et al. 1998) fell in the category of highest 
risk. However. dk:!ofop methyl was pred\c~ed to have 
high potential, followed by chlorpyriphos ar.d 
fenvalerate in ::he n1ode1al:B category 

\Vate:: sarnples fron1 the MIA have been tested only for 
chlo:py'Yiphos (Bowmer et al 1998}, and this pestcide 
has been detecieC on sot:1e occasions.. The abcv.;: 
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Tuble 16.1. An exa1nple of PlRl upplieathm fu mu/dny p.rsticldes used 111 cotUm 9rou•n i11 the Naiuoi \killey far their 11ntenfit1l impnct -0n 11urfoce U>tlh"-'' quality, 
Input dutn on pesticide were taken frmn CCA {1996}. The 1tlml'ltorlrJY dutu !ms ~n taken from CoopN (l996). 

{Assume!.,.,"" Q.Ql) 

•.•. · ~~ < .. ··. :.t1''e~~J•il!I~ ~; r:i·~~···. 
-. - .· -;\r~,.-·-"·-•. ·:.· -'. .• -·f.).:.--, __ ---.-- .---.-~.-~:r-"""., ,:~·:t:::· 
~. mih•""·ToiolS\li' 100 SW•.·\.'. · •.1.<>allh\if ·.. . :·~ ~"'* """)!. s.,'i;... Mt~~ 

-~"-"''> ' '' \"'' '' •" ''•"•C'- •' ' :,,·' .,._ ,., .•....•. , .•.• _..,. -· ,So<e·.- ·: G •.• • . 
Aldicarb 088 0.88 30 30 0.552 0.15 0.f> 0.0414 O.OOIB 0.0017 0.0064 3 me<liun1 

Amitraz 0.74 0.74 2 1(1(10 0.485 0.2 0.92 0.08924 0.0001 0.0Wl OJ~Xl2 0.0048 l VS>IVIOW 

Chlorpyriph06 FC: 0.003 0.1 30 ii<Y/O 0.9 0.5 1 ll4S 0.0000 twooo omoo 0.4447 3 medium 

Del!asnethrin 0.00090.1 25 JOIJOOO 0.8 0.1 9 0.72 0.0000 0.000(1 0.0000 0.0360 2 101,1.1 

Demeton-rnethyl 6.4 6.4 [i) 22 a.om 0.25 1 0.00075 0.0064 o 1)023 O.Ull87 0.0051 l 'l.'~tylow 

Dirofoi 0.12 0.12 45 5000 0.154 0.24 1 0.03696 0 0000 0 0000 0.0000 0.0554 2 low 

Dimeth0<,1te 6.2 6.2 7 20 0.786 0.4 1 0.3144 0.0070 {J002f, 0.009fl 0.3364 3 rnediun1 

E:-:ndnsultan f.C t ULV 0.002 0.1 50 12400 3.356 0.4'/b 2 3.1882 0.0000 0.0000 0.0000 2.5709 4 high 

MethomyLEC+LV 3.4 3.4 30 72 0.03 0.25 0.92 0.0069 OJJ020 0."\07 0.0027 0.0167 2 low 

Moriocrolophos 12 12 30 l OJJ03 0.4 1 0.0012 0.0600 0.0500 0.1100 o.cn:li1 2 low 

Ornetho,,1t<2 9.1 9 j 7 50 0.081 0.8 1 0.0648 0.0195 2 low 

Pctrdtliio11 rnl:dhyl 2.7 2.7 M bO<Xl 0 851 0.5 0,1~6 0.11063 (}J)(l(}() 00000 O.lllYl:l I veryJov; 

I'ht'lri'ltr 0.013 0.1 60 1000 0.617 0.2 0.1234 0.0001 0.000 l 0.0002 1.4791 4 

Profenofili EC+LV O.OS 0. 1 8 2000 5.24 0.25 1.6 2096 IHXIOl OJ)OOO 0.0001 1,6759 4 high 

TI1iodicarb 2.5? 2 . .Sfi ? 350 0.901 0,375 1.84 0.62169 O.lXJ04 () 0001 0.0006 OJJ~Y/2 2 low 

rnoderaJed 
( #) active ingredi>!nt 

°"~~~ 
r~~ ... d: . . 

no 

YB' 

no 

no 

"" 
00 

y~s 

no 

yes 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~--~~~~~~~~~~~~~~~~~~ 



Tuble 16.2. An <"-Xalrtple .rork ~t /<.>r t;:Wt;u/atlng relotk>e contributlQns of dllferent peWcldes used in- veseJable productffm 
in term$ qf their Impact an gn:nmduiut;;r quulftp_ Utre rates """ tt-eoru1nendcd t~ ndher than !Wtual T<ft<ro. 

!Assume: p = 1.4 gfcm0 , e"'c= 0.4 an"/cm3, f"" (/.0052. q :-_-_- lm/yr. D {uniform)·::. lm, f = 1. p'"" 1. Are.;.""' 50) 

Benorryl 
Chlorpy,ilos 
Ch!ortha! 
Chlorthalonll 
DEr:.eton .rnethyl 
Dim12thoa:e 
E. .. dosu!fan 
fi?naini;:ihos 
Flu(1?.ifop butyl 
lprodione 
Llnl.l!on 
~-tancozeb 

:-.-tetalaxy1 
i'-1ciham 
Mehr31n 
i\.ietribuz::n 
Pararhlon 
Perr.;ethrio 
Prometrvne 
Propachlor 
Propyzan1ide 
Sethoxydim 
Tr:!chJotf()il 
Trifluriliin 
V\nclowli:1 

LCSO 
... • \fish) 

0.17 
0.003 
4.7 
49 
6.4 
6.2 
0J)J2 
0.072 
1.37 
4.1 
3.15 
22 
100 
0.079 
1.1 
64 
1.5 
0003 
2.5 
14 
4.7 
38 
0.7 
0.01 
22 

67 
30 
]!)) 

3Q 

E£l 
7 
50 
50 
15 
14 
30 
70 
70 
10 
2(l 

40 
14 
38 
60 
6 
60 
5 
JO 
60 
2(l 

1900 l 
6070 2 
5000 :s 
1680 3.5 
22 11 
2iJ 0.7 
12400 2.1 
100 24 
5700 1 
700 2 
400 4.5 
2000 2.2 
50 2.5 
10 790 
500000 22 
(i] 1.S 
[:(JOO 0.7 
100000 0.2 
400 2.2 
l!J 18 
800 4.5 
100 1.6 
10 1.7 
8000 2.8 
10000 1 

0.5 
0.5 
0.75 
0.72 
0.25 
0.4 
0.35 
0.4 
0.21 
0.2 
0.45 
0.75 
0.08 
0.42 
08 
0.48 
0.5 
0.5 
05 
0.21 
0.5 
012 
0.5 
0.4 
0.5 

0.5 
1.0 

11_25 
2.52 
0.275 
0.28 
!}735 
9.6 
0.212 
0.4 
2.025 
1.65 
0.2 

334.17 
1.76 
0.72 
0.35 
0.1 
l 1 
3.852 
2.25 
0.192 
085 
1.12 
0.5 

; - - ;:;;~ __ -:_;< --
- - -' _-,;_; -- ; 

-- '"'.--

36 
112 
93 
32 
1.4() 

1.37 
228 
2.&3 
105 
14 
8.3 
38 
1.92 
1.18 
9'.58 
2.10 
93 
18..12 
8.3 
247 
:6 
2.83 
118 
148 
184 

\#)active ir:gre<lient 

0.00000 0.000 0 
0.00000 0.000 0 
0.0())00 0.000 0 
0.000[() 0.000 0 
0.05S34 0.1Z3 2 
0.00000 0.000 0 
0.00000 0.000 0 
0.0032-3 21.517 4 
0.00000 0.000 0 
0 OOOJO !HICO 0 
0 00000 ll 000 0 
0.00000 0.000 0 
0.06257 0.006 0 
0.00001 1.324 3 
0.00000 0.000 0 
O.OO't~/2 0.003 0 
0.00000 0.000 0 
0.00000 0 000 0 
0.00000 0.000 0 
a OOOJO o.ooo o 
0 (]()(XJ(l 0.000 0 
0.00000 OJXlO 0 
0.00001 0.1)00 0 
0.00000 0.000 0 
0 00000 0.000 0 

Table 16.3. An example risk ranking of pesticides by PIRI under different land uses in MIA 
(based 011 input data from a report by Bowmer et al. 1998} 

Very High 

Moderate 

Lnw 
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MolJnate, 
Tric.0101fon 

Mnlnthion, 
Propani2. 
Ch!orpyri;JhOS 

MCPA, 
Glyphosate. 
D',quat 

Dluron, 
Bromacil 

Copp~r oxychloride, 
Copper sulfate 

Glyphosaie 

-.. ,,-·, '"j,:,_ 

Endosulfan, 
Meta!ochlor, Atrazine 

Me±homyl, 
Chlorpi,iriph05-, 
Te:b:J'.os 

Cypermethrin. 
Deltamethrin 

None (only ~igh: 
pesticides asseswd) 

inonel 

Oiclotop methyl 

Chlorp~>rlphos, 
Fenvalerate 

MCPA. 
f:X:noxapctJp 

. 



examples showing a good agreement belvieen t'"te 
pesticides ranked to have very high potential of surface 
v:ater contan11natlon and their frequen<.v of det:edion 
-'.roe;, :V.lA for varlot:.s :and t:.ses demonstrate that the 
results frorr. P!Rl are reliable. 

Strengths and weaknesses of PIRI 

PIRI is a sirr.ple ir:dex and not a simulation model and 
t:-ierefore no: designed :o predict concen'!:rations of 
pest:clde !ike!y to reach surface or ground ~vater ~1ut 
?nere!y assesses a'.1 indicative risk !actor v,11h inCivldtial 
pesticidt'S 01 cropping sy:,-tems It is therefore very 
iniportantto understand the strengths and >).1€akness of 
PlRL which are brieEy described bi:low. 

1. Pl RI is a sili'_p'.e rr_o<lel and does not reqci;e rr:ode'.­
hng skills needed to run a simulation modeL 

2. P!Rl is based on realistic transport pro(esses, such as 
:each1ng, transport ir. runoff water and sediments. 
These processes are :Jsed in a manner that the results 
are as quantitative as possib'.e, 

3 PIRI takes the pesticide us..~ and to:<lcJty into account. 
which are important parameters but often ignored. 

4. The J;1put data needed i:> PIRl is easily avai:able or 
can be computeC. through si:nple calculations. !v1ost 
of the data. such as pesticide pro?erties a1'.d typical 
soil properties, are built in PIRL These data hovJever, 
can be modified if more reliable data are available. 

5. The !irr::i:ed va!idario:1 ot PIRI suggests ±at tc'-1e 
predictions are consistent with observations, as 
described in the sections .abo";e, liowever, PIRI has 
not yet been comprehensively 1.Bste<l for a realistic 
situatlor: or thoroughly validated, mainly due !o the 
:ack of pesticiD.e use r:ata. 

6. Probably the r:1ost important lin1Jation a: P[R! is the 
requirement of specific pesticide input data at a given 
sire or cropping systems. which is currently Jacking. 
This !.s being addressed in a complen1entary 
L'i,VRRDC ::iro~EK': for selected catchuents. 

7. PIRI is not a simulatio:i mode! bu': an index based on 
simplifications of the processes and 'thumb rules'. 
Therefore: l'1e outputs do not represent the absolutt>: 
risk but a :-elative risk factor among pestle ides or !and 
uses :n c.. ca:chment. 

8. PIRI does nottake nny pest>eide inceoactions O> 
degradation beyond the point of its entry in tvatcr­
\i!ays, ie. i~ provides the 'edge of field' scenario. 

9. Pesticide properties such as half-IIf.e a:-1d sorpiion 
coefficients {K .l useC in PIRl are '.:iased 0:1 ovel'S0as 
data. UH!e i0Ca1 dnta exist on these ~rameters, 
However. as the data become avaiiable, these can 
easily be :ncorporated in PlRI. 

Future R&D requirements 

Most effort has so far gone into dvvB!opment and 
improvement of PlRL limited validation of predictions 
from PJRI indicates that the results from PIR! arr 
reliable. 1--lowever, a thorough a'.1d rigorous evaluation of 
PlRI is ::ieeded. 

This is only possible with some retab!e data on pesticide 
use and their off-site migration pattern. This is partiy 
be!;ig addressed through the :pesticide audits being 
carried out under a complementary LWRRDC project 

HoWi?Ver, lor a t11orough validatlon cf PIRI 6 oo:'1parisor. 
between the prediction$ from a slrr:ula:ion r:1odel and 
those from PIRl needs to be carried out for some 
selected ~oca:ions. Once validated. PJRI should 00 
a pp Led to selected catc..:ir::er:ts to (;) idenlifv :he 
prac'ices which ttte likely- to resul: ir. a greater potential 
of pesticide irnpact on wa-::er qualit-y and (ii} evaluate 
management options in tenns of their contribution;; in 
rTii'li'1lising pesticide impact in riverine environment 
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17. Practices for minimising spray drift and dust 

N. Woods, G.Dorr and LP. Craig 
The Centre for Pesticide Application Safety, School of Land and Food, The University of Queensland, Gatton 
CoHege, Queensland 

Summary 

Adopting a range of integrated strategies can 
reduce the off-target, downwind transport of 
endosulfan by means of spray drift and dust 
movement. Field experiments have shown that 
by selecting appropriate wind vectors, adopting 
large droplet placement (WP) application 
techniques and creating in-crop buffer 
distances on the downwind sides of sprayed 
areas, the off-target droplet movement of sprays 
can be reduced. Such technologies benefitfrom 
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 3 of the applied dose ~was found 
to move across the downwind edge of a field 
(LWRROC Project UQL 13, 1998). 

t figure is a p<0rcentage of lhctt applied to a 500 m wide field 

This paper outlines mechanisms and managen1ent 
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 

Cornputer 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 behveen the boundaries of a field. the upwind 
edge of the crop is likely to receive less than the 
required dose. 

Figure 17.1. A diagrammatic represent<1tion of ULV oppfication showing the sequential build up of deposit across a 
field and down1vind deposition profile. 
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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 endosu!fan and downwind deposit levels 
could be reduced by increasing droplet size and using 
large droplet placement (LOP) 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 droplet 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 AUSOOO nozzle 

at increasing rotational speeds and demonstrates the 
importance of operating such equipment at correct 
settings. This graph also shows that droplet sizes, 
(Volume Median Diameters (VMD)} much above 200 
µ.m 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 
VMDvalues. 

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 µm 
can be obtained, particularly when slower aircraft are 
used (Figure 17.4.). 

To obtain larger droplets. nozzles must be angled back 
at 180 degrees to the flight direction. When larger 
droplets are generated, higher volumes of canier 
{usually 30 Llha+) should normally be used to ensure 
that sufficient coverage of targets is maintained. 

Figure 17.3. Droplet size (Volume Median Diameter) generated by a Mlcronair AUSOOO applying two formulations of 
endosu/fan (ULV and EC) ot two airspeeds (100 and 130 knots) 
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Figure 17.4. Hydraulic nozzle droplet size data. MetlSurements were made 
using a Malvern 2600 ltlSer diffraction analyser in a 100 knot airstream 
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Figure 17.5. Predictions af combined effect of using a LDP spraying technique and an In-crap bi.effer distance. 
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Drift mitigation 

Since downwind dep:::>sit cwves decay with distance, 
reductions in down wind dep:::>sit 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 LOP and in crop buffer distance can be 
made (Rgure 17.5.). For example, by using LOP spraying 
technology coupled with an in-crop buffer distance of 
500 m, off target dep:::>sition 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 environment. A typical 
scenario is illustrated in Figure 1 7 .6. 

Discussion 

Large droplets and in-crop downwind offset buffer 
zones can reduce both airborne and dep:::>sit 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 
own 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 al LDP techniques and 
the use of in-crop offset buffer distances, some 
important supporting drift rnitigation procedures are 
summarised as follows. 

Planning and pre-spray 

1. Identify all areas around an area to be sprayed that 
could be susceptible to spray drift damage. 

2. Communicate on a regular basis with neighbours 
regarding proposed spray schedules and activities. 

3. Maintain copies al relevant material safety data 
sheets (MSDS). 

4. Read, understand and heed the pesticide product 
label prior to spraying. 

Meteorology 

1. Obseive 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 ii the wind is 
light and variable in strength or direction 

4. Spraying of water -based sprays should be 
undertaken when temperatures are the lowest, (in a 
24hrcycle} 

5. Spraying of water-based sprays should not take 
place under conditions of high temperature and low 
humidity 

6. Spraying should ideally take place when 
atmospheric conditions are neutral 
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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 dovvnwind 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 area-; 

4. Where necessary, reduce wind erosion on unsealed 
roads by watering, grading and ripping and 
adhesive application (Leys et al 1998) 



Conclusiuns 

Anal~'Sis has shot<i::i that the off target do•vnwin<l 
deposition falls to ap!Jroximatel9 1 to 2 % of the applied 
dose with1n 500 r7lerres for ULV sprayi~g, and about 250 
metres for LDP spraying. 

By adoptir.g LDP techniques ac:;d using: a correctly 
calibrated aircraft ".rJ apply large droplets (and Oy necessity, 
higher volumes o: carrier and water-'.:iased forrnulations), 
airborne and d.cposit drif~ fractions can be reduced. 

The coni,--ept of var:ab!e in-crop buffer zor:es 0:1 d-:e 
downwind sides of sprayed areas .~houJd 00 adopted ir: 
conjunction >.<J'.th other recognised strategies to successfully 
manage pesticide drift. 

Further research 

1. Data fror:• this project has '.m;:Jlied th0t spray d1if:: from 
ULV and LDP apphcalion may no: be slgrJfk:antly 
different at dista;ices beyond 500 n:clres. \.Vork ls 
required to measure and n1onitor drift levels prese:it 
fron1 500 metres to about 3 km downv:ind anC. to 
establish control mechanisn1s. 

2. This study '.-ias shown :hat a.'.though s;)ray drift can be 
reduced, elimination is 11ot possible uslng existing nozzle 
techr.ology. The cotton industry needs a nozzle that can 
geneYate droplets app:-oximaWly 250 µ:r1 in diarrt<,>cer 
(Vf\.1D) without the production of slgciificant fines 
(droplets less than 100 pr:J). Jf this cot; Id be ach:eved, 
LOP appllcatlon could '.:le optimised and the off ta:get 
n1ovement ot insectir:dcs sig:n'.ficantly reCuced. 
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with modelling 

R.D. Connolly1, l.R. Kennedy', D.M. Silbum1, B. Simpson3 and 
D.M. Freebairn1 

1 Queensland Department of Natural Resou~ces; 2 University of Sydney. Department of Agtcultcre, Cher.Js:ry & 
Soil Sciences; 3 Queensland Department of Natural Resources, Resource Sciences Ce:1tre 

Strmmary 

We used the GLEA,'18 model to evaluate the 
~tttiveness of a range of farm dt!.sl9n ond 
management options aimed at reducing the amount 
of endosulfan in runoff. Stubble retalned ivas the 
most effective field 1nanage1nent scenario for 
reducing endosuffan transport qlf~Jicld. Improved 
irrigation practice, no Irrigation and reduced sprays 
each reduced transport compared to conventional 
practice, but jield management alone still allowed 
$0me endosulfan tran:sport in nmoJffrom the field. 
Most transport from the field could be captured 
with a 30 to 50 mm capacity storage when wuter 
was held for three days. Less storage capacity was 
required when runoff was minimised by goodj'l(>Jd 
management. The rainfall environment influenced 
runoff, with more intense daily raitifall leading to 
larger runoff events and more en®s«lfo.n r«noff. 

Introduction 

This paper presents results of the ;irog>ar:"I project QP122 
Application of models to estimate tranS'.)Ort of pesti<::ides 
from cott0':n proClla.ilon systems'. 

The ob)eclives of this projec: v.'ere: 

1. To develop a capacity to predict :he major interactions 
bef'!Neen climate, crops, soil and pesticides on the 
mass of endosulfan transported from cotton systems. 

2. To link data from field and laboratory studies of soil, 
water and endosulfan movement to allow a more 
complete a;1a!ysis of these experimental ar.aly"S€5. 

3. To simula'::B the relative effectveness of vario;Js 
management practices i:i reducing transport of 
endosu!fan from cotton systems, and evaluate the rlsk 
of endo::;ulfun transport over periods of 50 to 100 
years. 

lb address objectives 1and2, a simulation framework 
was developed and tested. We used the GLEAMS model 
(Leonard et al., 1987) and pararneterised and tested it for 
Australian conditions, Measured data from rainfall 
simulator and field studies were cseci to paran1e:erise and 
test the mode:. Experirne:ital Cata wc.s taken from the 
followingprogra_":) projeci:s: QPl21, 'Rainuiator studies of 
pesticide rr.ovcme:.t from agriculn1ral produc::ion 
systems , QP123, 'Pesticide transport from cotton 
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p'odi..oction S).'Sffi:ns-Queer.sland sit.€', and USY3, 
'Trans/{)rt ar:d fate of pestlcldes in cotton production 
systems~ NSW field site'. 

Once GLEAMS was se!~up and tested, the effects of a range 
of management treatments on endosulfan trans;:>W from 
cotton farms in Queensland and Nev: South 'Wales was 
simulated. The slmu!atioes we~e nllidi? for periods rncrh 
longer t'.1an coald be rr:easureC. experime:i.taty, a key 
benefit of this modelling sb..:.dy. 

Jr; this ?aper, '.'Je concer.trate on presenting results of !he 
rr:odelling. \"le part::culc.rly str-ess the usef,tlnl?Ass of the 
:node! results for eva!t:a:lns the re!afive effectiveness of 
vario;.is farm design and managen1ent options aimed at 
reducing transport of pesticide in runoff. 

Gu:.'\MS was parameterlsed and. validated using measured 
data frorr. ra:nfall sinii.:.!ator plots ar.d field stt.~dles at sites 
in Q~eensland \Hc;isons, Field 5) a1C Nev; South \.\1ales 
:Auuott Wa:re:-., Field 4}, The ability cf Gl£Al'4S to 
represer_t tiine varlario:1 in soG er:dosulfao concentration. 
soil water, crop gr::Y.vth, runoff, sedirnent and endosulfan 
trar:sport was tested. Data for parameterising and 
validating GtPA."15 was available from rainfall simulator 
plots and f:eld studies at both sites. 

Model ar:cura<;:y v:as tested by comparing rreast:red 
obser<,'Ecions with predictions. In general, the model was 
Cap3ble of represent:ng t'1e importar:tprocesses operating 
at the farm scale, ar.d acco:Jnti:ig for the in:h.1e:i.ce of 
c."iange in IT'.ar:age:cier::t on rLmoff and pesticide transport 
Once valiCa1ed, Gt2.AMS was US0..-1 to simulate effects of 
inanagen;ent at the fleld scale on runoff and endosu\fan 
trans;::iort. A simple or.~fa':m storage systern was also 
simulated to evaluate the effectiveness of storage in 
reducing endosulfan movement off-farm. 

The scenarios simulated for the Queensland and New 
South Wales sites were: 

1. Conuent!on.;rl- cotto:i stubble ra_'..;ed and 'ot;rned 
after picking:, and tillage used to control weeds and 
prepare ':"iii.ls for planting. 

2. Stubble retained---- maintaining about 40 % stubbiB 
cover throughout the cotton gro'Ning season, either by 
retaining cotton stubble from the previous season or 
from .a winter cover crop. 



3. Improved irrigation - an irrigation strategy that 
applied irrigation without tailwater. 

4. Dry/and- 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 Wa!es site. 

On-farrn storage was represented by storing runoff, 
pumped at a specified daily rate, until the storage 
capacity was full. 

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 scenario 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 other aspects of climate and soil 
type, agrono1nic and spray operations) were held 
constant. 

Figure 18.1. Typical endosulfan concentrations on soil at the Qu<?ensland and New South Wales sites for t/1e 
'conventional', 'stubble retained' and 'reduced sprays' scenarios. 
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Figure 18.2. Average annual runoff and endosulfan transport from the field at the Queensland .~ite 
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Figure 18.3. Average annual runoff and endosulfan transport from t/1e field at th<? New South Wales site. 
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Figure 18.4. {Jai'ly <:-t<dV$td/un mass (U)(f e-0n~ntrnti(») 1tke4• in rimojJ from large evenl:$ at the Qmrenshmd site, 1up and lm&m 
uf the thin bani aro the 1:30 and 1:1 year probabflttJes, top and bottom vJ the thick bars are the !:JO and 4,5 y.mr probabilities. 
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Annual runoff and endosu/fan transport off-fieid 

In general, the simulations shov,;ed that the New South 
Wales site produced more runoff than the Queensla.nd site 
(Figu:es 18.2. and :8.3.~. This L'1creased n:.noff was due to 
a combinatior of greater ir:igation ru-:-iounts and lower soll 
infi'.tratlon ca;;acity. Behween 0.3 o/,_, (Conventio:1a;) and 
0.1 % iD1ylanC.) o~ e:1dosulfa:n app'.red at the Q1;e1:<csla:-id 
sitt< each year was trans:'.lOr::ed off :he field. Betwcec 1 % 
!Convenlior:alJ and 0.1 Yo '.Shtbble rcla!:-ied) of a?nlied 
endosulfan was transported off-field each ~·e::rr at :he :\cw 
South Wales site 

The lrnproved irrigation scenario was effective in reducing 
runoff and endosu!fan transporl, mainly b>; reducing the 
amot:nl cf .ax.:ess irrigation. i-Jo,vever, the mduction in 
endosul~an trii:.sport did not iail in proportion to the 
reC.uctio:1 in runoff. E"'e:-1 though excess lrrigatior 1.vas 
reduced, n.:noff from rai:1fall s:.ill accoi;nted for a significant 
proportion of endosulfa.'i tran~-port. Run of-;' ~ror-. rai".1fa[ 
events, particulady large eve:1ts. tended to contoin high 
endosulfan loads (see Figures 18.4_ and 18.5.). 

1·he Stubble retained scenario was the n1ost effective 
scenario for reducing endosulfCJn transport. C-overraduccd 
runoff volumes in most events by increQsing infiltration. 
Stubble reter:tion increases the tortuosit)-' of water flow, 
thus :-.:ducing detachr::ient ariC. transport of sed1n1ent In 
addit'.on, the arr:::n1::-it of endo,:;ullan available on t"ie soil 
for :rar:spo:i in wa~e:" v.--as less than scenarios with relatively 
bare soil surfaces because en·::losu!fan was assu1ned to 
contact the soil and vegeta:ive :-;1a:ter in proporlion to the 
VBjetative rover. 

96 

Endosulfan cuncwtratiun 

. I 

I I I 
a ---

(\umrntiu111tl lm11mv!XI Orybrnd 
1ma•tk>n 

Red'-lced sprays at the New South \1,la'.es site reduced 
er.dosulfa::) n·ans9or:: !n pro:porlon :o the spray 
reduction, the.tis: two thirds:. T:tis indicates soi'. 
concentration Emited the an1ount of endosulfa!1 
transport at this site. A 50 % spray reducEon a:: the 
Queensland site on(y led to a 30 ~;:,, reduction in 
endosu!tan transport suggesting n1ovement in this 
environment was limlted by transport potential of runoff 
rather than soil conCBntration. 

Rur;off and endosulfar, transport olf-fieid with large dai!y 
evcrirs 

Figures 18.4. ar.d 18.5. :)resent a su:-T1mary of a partial 
series analysls of daily endosulfan transport and 
endosulfan concentration in runoif from the 30 larg.251 
events in the 30 year simulation. 1'he ,;:mour:t of 
endosulfan transported in large n:noff events at both 
Queqnsland and New South Wates was very high. 
Conventione.I scenarios had the greatest rates of 
endosul-'.an transpO(t. An event with a 3 '1'.-, ch;;;nce of 
exceedence with conventional rr:ar:agement ( 1 :30 year) 
cot:ld t-ar.spcrrt 40 i; ha-- in a sir:gle day, m(ir.; than the 
annual average. with a concentration i:--. runoff 
exceedil'g 500 µg L-: 

E.ven in a 1:1 year event, dally endosuEan masses of 5 
g ha-1 and concentrations of 100-200 µgL- 1 were 
predicted for the Conventional .s<;:enario_ The partial 
series analy'Sis used here only considered the 30 largest 
even:s, so small events are notlnduded in Figures 18.4. 
ar1d 18.5. Many s;nall events, particularly those 
resulting from irrigation, 1.vould hav0concentrations 
n1uch less tl-:an 100 µg L-1 



Managen1ent scenarios that reduced. irrigation amounts 
(Improved irrigation and Dryland) were effective in 
reducing endosulfan transport at the Queensland site. 
even for large runoff events. 

At the New South Wales site though. reduced amount<; 
of irrigation did not reduce endosulfan transport in large 
events because of this soils very high runoff potential 
(cutve number= 90). In the case of the Improved 
lrrigatlon scenario at the New South Wales site. the 
magnitude of large events increased; irrigation was 
applied more frequently with the ln1proved irrigation 
scenario. consequentially runoff potential \A/as even higher 
than with the other scenarios. 

The magnitude of small events was reduced with 
irrigation managernent at both sites. resulting in lower 
average annual runoff. The Stubble retained scenario 
reduced endosulfan mass and concentration in runoff 
fron1 both sites for all size events. This was consistent 
with reduced soil endosulfan available for transport and 

lower soil transport capacity of runoff. High amounts of 
endosulfan were transported in the largest events with 
the Reduced sprays scenario. indic,ating 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 
occurring events (4:5years) was reduced when 
number of sprays was reduced because of generally 
lower soil concentrations. 

lmpad of on-farrn storage on endosulfan transporl off­
fa~ 

Figures 18.6. and 18. 7. show average annual runoff 
and endosulfan transport with increasing storage 
capacities when water u..-as retained for three days prior 
to release. On-farn1 storage was particularly effective for 
management scenarios that reduced field runoff, such 
as the Improved irrigation scenario. Scenarios with less 
runoff generally left the storage with more capacity 
available to capture large runoff events. 

Figure 18.6. Effect of on:farm storage !>lze on 11verage 11nnual run<iff and endosu/f11n tr11n.~part from the 
Queensland site. Runoff from 'conventional'. 'Reduced spray' ls Identical to 'conventional', ond is not !>hown. 
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An impractically large storage was needed to eliminate 
runoff from a!! scenarios (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. 

lmpad of rainfall environment on runoff and endosulfan 
transport 

10 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 oft-farm could be 
reduced with improved farm management. Retaining 
cover on the soil surface (increases infiltration and 
reduces the amount of endosulfan available for transport 
in runoff) was the most effective strategy for reducing 
endosu!fan 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 good management. On-farm storage could not 
realistically eliminate runoff though, as the storage 
invariably overtopped during periods with extreme 
runoff. The rainfaH environment influenced runoff, 
suggesting interactions between climate and site 
characteristics should be considered when evaluating 
management strategies that minimise agricultural 
chemical movement in runoff. 
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_Site 

Rain and Runoff 
irrigation (mm) 

(mm) 

New South Wales 625 24 

New South Wales with 605 43 
Queensland's rainfall 

98 

Endosulfan 
trarn!;;port 
(g ha-1) 

0.7 

1.6 

Runoff 
(mm) 

21 

42 

Endosulfan 
transport 
(g ha- 1) 

2.1 
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19. Techniques for stabilising soil erosion on cotton 
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Summary 

Recent studies of runoff and soil loss from irrigated 
cotton in Australia are reviewed, with particular 
reference to techniques for controlling soil erosion 
by water. Soil 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 t/ha/yr), 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 Emerald studies and 
75 - 750 mm/yr in NSW studies, with a large 
contributionfrom 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 cotton and/or use of 
polymers in irrigation water. Recent on-Jann trials 
in the Emerald irrigation area have shown that 
these practices can be incorporated into profitable 
irrigated cotton systems at commercial farm scale 
and provide the expected 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. 
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. 

Introduction 

Jn 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. In summary, management 
techniques that reduce runoff 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 sh1dies: (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 Irrigation Area (ETA) (Connolly et a!. 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 sedirnent and associated 
nutrients and pesticides to streams and water bodies; 
and 

3. Siltation of on-farm and downstream drainage 
systems and infrastructure. 

Cotton is often grown on low slopes, deep soils and with 
high fertiliser inputs. On low slopes ( < 1 3) erosion 
rates are expected to be low and not expected to reduce 
on-site productivity except on shallow. infertile soils. 
The general perception has b<~en that erosion is not a 
major problem 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 erosion rates. there has been little 
adoption of soil conseivative 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 system for erosion control. 

Even though erosion may not be perceived as a major 
concern, de-;,ilting 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 from 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 cotton, mean that better 
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management of erosion and off-site impacts i& needed. 
lncre?tSed cost and competition for water\vi!I reinforce 
this, as conser,.'ation of water and scnl art highly related. 
le res;Jonse to these press:ires. many irrlge.ted cotton 
farms capn.u"e- rt.:.r::>ff and irrigatio;, tailwater for re ·Use, 

approaching a ciosed systen1. However, ori rc_any 
dryiand co rt on areas runo9: frorr, storms drains dlrec'ly 
off.site. 

How much runoff and soil erosion occurs? 

Runoff and soil loss data for :rrigated cot::or; 1n Australia 
ar>? reviewed bySilburn (1995) and S1lburn et al. 11997/ 
~a sumniary is given here. Th>? 1najorlty of data are 
from th<:> Emerald Irrigation Ar.eg (EJA) on black cracking 
c'.ay-s. with studies over-:-he las: 12 years \Carroll et cJ. 
1991, Simpson ]997, Waters 1997). Runoff'h<IB 
typically 100-200 ~·m per year, w·~th a :a~, bu~ variablt: 
con1ponent h·orn irrigation tadwuter. Jn dry years all 
runoff was tailwater, eg. soil loss of 8 tlha in 94/95. 
Thi.::; tai!water can rnake a -considerable contribution to 
soil e:-OS:o:i_ 

During slx years of monitoring. soil loss frorn jurrou;.s 
was 4-8 t/ha each year on slopes of 1-1.5 %. and 
5-10 times less on 0,5 % slope Runoff and soil losses 
from tail-drain 011tk:ts \Wre similar to those from 
ftttl"O\\<-S, giving- consideraOle export of sediment into E:A 
drains. About 60 % of o.oJ lost frot:1 ~Jrto1vs ,,.,as 
suspended (fine) sedirner~!, which wi1i settle slowly in 
water and travel Jong distances in runoff 

S:udies ir. the ~-1ai;qugrte \!•l:iSW fot1nd soil losses 
from f.irrov;s of 10-12 t'ha in a sensor,: :data from t.No 
fields. for one year; grey cracking day '.Holden 1995:, 
hard-selling red-brown soil (Kennedy 1997). Slopes \Vere 
1:1500 or 0.07 %. That ls. soil losses were greater than 
on the steeper slopes in the EIA. The reasons for thls 
nre not clear, especially whe;1 there is a strong response 
to slope withi'1 ;he Emerald sL1dies. Dlfferences in soil 
properties \erodibility) and \n irri.garlor. practices {flo~v 
rate and duration) are likely causes. 

Cer!ain!y, -j-)e large an:ou:1t of irrigation water used in 
the case of the harC-seting red-brown s--:>il counteracts 
this soil's inheren: high strergth and assumed low 
.:-rodibility. re;:i--uhing ln total sol! losses similar to cracking 
clays. Silburn et al (1997} ranked the soil~ from highest 
to lowest erodtb1Hty ~ gr<:y cracking clay > red~brown 
> black cracking clay, based on mear: sednnent 
concer_tra:::::.ns pc~ unlt slope '.a1~d very limited data), 

Cnfo:-:unai€hJ. \Vithout long ter:n stutli€S of erosion from 
cotlo:1 :'ie!ds a more realis~lc assessrnen~ o: etodibihties, 
and long term erosion ra~es, E difficult_ The bvst 
approach L-> probably that of Connolly {] 997) ~ 
combining a reasonably sophisticated model {.;g. 
G£.EA~SJ ar1c': 31rocess data fro;n rainfall simt:lator 
s:1.;dies. <vith sho:-11ertl'_ Eeld data as a 'reality check'. 

A vvlde range in runoff arr,ounts were rr,easured in these 
studl-es {'70-700 mmfyr), indicating there is considerable 
;atitude to reduce soil erosion l'Y reducing the amount of 
!unoff. E~osion rate5 are higher than may have been 
previously expeCed given ['le lov; slope, :e. com13ared to 
our experience in dryiand croppi'.1g. 

This is d1.;e to the di--ect contribution of erosion by 
t3'.lwater. some increased ralnfall runoff as the soil is- kept 
v:etler by ;rrigation. ar:d the soil surface being bare, Also 
at the hJ;J.furrO\\} scale much of th0 :lek: is actua:Jy steep 
{eg. '.:{I'!{, slope) alt.hough owrail the fie!C may be ahnost 
level. Under rain o lartJe amount of sediment is generated 
on these sleep slopes. While n1\1ch of this is deposited in 
:1-.e :'urrows, the finer sediment \~•ill !eave the field in 
runoff. 

Review: Techniques for controlling soil erosion 

Techniques for controlling soil eroslon on cotton farn1s 
were evaluated during the LWRROC!CRDC/Ml)BC 
prograrn - ';..t:h1im:si:-1g:-i1e :mpacts of pesticides on t:-ie 
riverine environment using the cotton ind'-!stry as a :-nod el' 
(Conno11y 1997, Silburn 1997. Siinpson 1997) usi;1g: 

1. Rainfall simulator and furrow scale studies, which 
provided cor.trolled comparison of a range of 
practices, 

2, On-fam1 (corrtmcrciai scale; tna\:.;, demonstrating bot~ 
t.>fficacy and difficr;Jties of a few selected practices 
when irJegrated into 'real world' cotton fam1ing 
sy-s:e:-:>S: and 

3. Sirr1ulation modelling. which has allowed a w'.de range­
of combinations of locations and practices, including 
off-field practices, to be evaluated for rnuch longer 
peiiods. 

E:ros'.o:--i cor:tro; techniques in.-,,'Olve either pre-venting 
erosion atlts source within the fie kl or removing eroded 
sediment from runoff at the i::dge of. or off, the field, or 
containing all or part of the runoff, 

T(Jhle J 9 .1. Ef!ectiti~lless of stubble retention on rvnalf 1,tml soil loss fr<>m c<>dti•i ft1N'QWS tmder a storm (40 111in fit 
100 mm/hr) at Warren (Awcott} NSW, <>ti grey/brown cluyJ!. Cotton i11 ~ut s-htWde!cott.on sOUJtt with mf»fmal dlsturboncu 

qfter a whe,at crop. Datu llt¢ means for fottr,efght ,fw..-(flt!$, 

Cot:on llash in fur:K>\V 35 1S.B Ll 7 
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Figure 19 .1. Runoff and soil loss, from 40 min of storm rain, as cttfected by cover and wheel traffic, under 
a large rainfall simulator. Bfock Earth, Emerald, Qld. (Source: Silburn et al. 1995). 
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{A) Management pradices 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 (ie. dry soil} so soil 
has capacity to store rainfall. 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 cut-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.}. 

2. Reducing the concentration of sediment in runoff. 
Retaining cover on the soil surface is very effective in 
reducing soil loss (Sil burn 1997, Sil burn 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, eg. 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) to only 12%(Simpson1997). 

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 cotton and of other crops 
(Silburn et al. 1997). Cotton trash is dense, woody, 
generally of insuffici,:nt quantity and cover to prevent 
soil erosion, and must be broken down to allow further 
cropping operations. 

5 ···-··-·--·········-·-·-·····-····-·-················--·-············---·-······-·-···- ··; 
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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, anchored 
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 removed by irrigation. 

Photo 19.1.(a). 'Conventional' cotton - no cover, EmerQld 

Photo 19.1.(b). Cotton in wheat stubble, Emerald 
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Photo l 9. l. ( c). Wheat planted with spreader 
& hills 'chained' 

When cotton was planted into wheat stubble without 
disturbance, soil loss was greatly reduced, eg. during 
the first irrigation, soil loss was 6.8 tlha without cover 
and 0.84 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). Irrigation and 
rainfall runoff. soil loss, nutrient and pesticide 
samples are collected at tail-drain outlets (30 ha). for 
wheat stubble/cotton double crop vs conventional 

Photo 19.l.(d). PAM applicator in Irrigation 
head-ditch, Emerald 

cotton (Photo 19.1.(a). (b). (c)). Polyacrylamide (PAM) 
applied to irrigation water vs conventional cotton (Photo 
19.1.(d)). 

Wheat/cotton double crop 

Wheat stubble/cotton double cropping was successful in 
the EJA 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 (tlha) - wheat stubble/cotton and conuentiot1al cotton for six irrigations, 1997!98 
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Endosulfan ;;prays were reduced by thoee on •.vr..aat st~tbb:e/ 
co'ctoncornpaJ"ed ::o co~1\1Dntk:>nal, using the ust:al '.cw.-c:: 
threshok:ls, le. insect ;:iwssure was lower and predate~ 
numbers greater on th'2 wheat treatment Soi! loss trom the 
v..1heattcotton treatn1cnt was approximately 70 ';'{, lmver 
over the season (Figure 19 .2. ). A i,;imilar reduction in 
pesticide n1oving off-<>ite onsedimr;nt is expected, on top 
of the reduction due to less endosulfan use. 

Fblyacry/mnide (P/\1VIJ 

,.\2dit!c:1 .of po]ya:::xylarnk:ie (PA!-1} to lrrigatior'.! •vater 
{Pho10 19.1.td:l reduceds;;.1; 1novu;;:e:1t by 70 'f) over s'.x 
irrigation:; rek111ve to :::onve:itional (F'.gi..:rc 19.~).;. 

Soi! k1S&es for coni.-cntlona! cnt!r.Jn at the Pr'\M trial VJ£re 

lower thl:'ln for conventional at the \Vheat trial {Figurt-
) 'l2. j, largely di.,e to en.rl;sr cut-off of irrigation, The cost 
of PAM W<L'> about llf\lf of the cost {saw.d) of de-silting silt 
trzps, 8'.,; 1998 then? were S<Nen gro\V'i:"ffS using PAM in the 
f:tA fdrth8l' dcvelopmen.t of appllcatlon technlques and 
rates is needed. 

(C) Off-field storage, trnpping and settling 

Practices for managing runoff off-fie-lci before :t leaves !he 
fi'.Jrn1, include tnil-dra'.n managen)enL '.JSe of s'.lt-t~aps a:Jcl 
on-farn1 storage d;1rns. (Silburn a.r1d Cor.nolly 1998, 
(:onnolly eta!. in prep). 

1. Ta11-drai;i managern.ent 

(:hanging the hydraulic chara:terisE.cs of tail-drains can 
substan:ial:y alter mover:-ient of sedi~ent. 8ef:'.efic1ai 
cJ1anq;es include redo:ing 3'.!-drains!ope (o'-'<?ral! or 
towards the <Jl.l!!e•) or inc;"easing nydratLl::: r::iu£h'.1eSS by 
increu;;ing cover. 

S!<?Cp sections Jn tail-drains. particularly ±oi.vt:rd the ot-i!<?t, 
can substa11tially increase sediment move1nenl from the 
lni\-drain. These practices reduce trnnsportof larger 
&edirnent slt:cs and pestidd~ attached to these particles. 

Figure 19.4. (si:nulated with the GLEAMS n1odclJ is 
a:! £Xa:npl2 of effe'."ts of lt>Wr in the taJ:.draln 
cc::-:pared wi'.h oonventioc.nl (OC.ue tiel<l nr:d ca::l·dralnj 
and :;ther in~fi2'.d yrac;ices_ 

Sedimen-:-movemer'.f off-farrn was reduced 'oy abo:Jt 
ha;f with cover in the 7ail--Ora'1n. fo1 all ln·fie\d 
practices, Coverov!?r tht? eistire field had a large 
effect as it reduced erosion at itssou1ce. Drip 
irrigation (instcf:\d of furrov..1} gave the k:ast soq loss as 
it produced no tall·•vater runoff and 1ed1.1ced storm 
rut~oft. 

2. Silt.traps a'.'ld on-fann storages 

Secilmcnt1ransp;;:r! <if-farm (slmu1ateci \V'.th 
Gl.f.t\MS) was reduood by abou: 40 o/,-. with asi:t­
h-ap {F~gtm?. 19Jt), fo1 al! in-f'.eld pr!)( fices, SLt hap> 
capture largB:si:.,,;dimcn: while fi.11B sodiments r;;ov-e 
through the hap 

ln-f1ek:l prctetices that reduce runoff or erosion make 
th0 silt-trap1nore effective a11d rcd\.ttQ the r~ed for 
de-silting ()n-farm water storages can Qq used to 
ca;::;:ure c.ontan1ina!ed 1 UlY>ff and hc>id wale( for a 
spccifted 1i1no, 

Their L:sc in :eC,t:cing:o'.t-'.a:m losses ofer:dosulfan 
was evalua.wd by Conr;oJy (1997; a:i2Con1~0!1'y et ol. 
(this proc0e<hngs), Storages for -:his ;Jurpose sb.oulC.1:::8 
k<::rpl empty as much as.p:ii;sib!e to !'.l:~axinliZH their 
potential to capture runr>ff, Increasing storage sizl! 
reduced runoff and cndos11lfan transponoff.farm, but 
very lflrgc storai}OS were required to capture most 
runoff. Thus good !n-fie!d rnana9e1neni is critical. 

Adoption of new practic:es 

imµ!ernc11'.!ng s".\1bO!e r-etention :r~ irrisated cot'.or. 
:'equ:res consitlcrab!c ada'.Jfatior: of tcr'.ino:O~ and 
solvlr.g new problems in l~igatlor:, v:'2eC and irf.>'x:: 
n1ahflg0mcnt Con!inuous rortc:i cropp'.r:g will 

Figvre 19 4, E/fe<:"ts cf ln·fhdd mtd tafl-drain m~ment vn <Wero:iF min11al sediment t:rmisporl oJJ1nrm intf> LN 1 dn:ri11 
(EIA,l. with mid 11dtJ1Q11t farm sfft-ff(>f'B- Sfnudated II' Ith GLEAMS (Contwlly et al. in pYep.J 
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probably not provide adequate cover for erosion control. 
as cotton provides a low volume of trash. 

However. some 50 'ft, 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 E!Aon-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 lo 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. Zonal tillage/farming or strip tillage (Marshal! et aL 
1996a) where different zones of the hill/furrow system 
are managed for different purposes (Photo 19.l .c.), 
eg. seedbed, wheel traffic and irrigation/runoff zone 
(furrow) requiring anchored stubble. and bedside­
slope. requiring stubble cover: and 

3. Considering the different roles of cotton trash (le. 
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 
productive and conseive 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. 

In genera!. 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 farn1s are heading towards being 
closed {runoff) systems, dry land cotton production is 
practiced over a large area, presumably using similar 
amounts of pesticides per hectare as irrigated cotton, 
with little runoff control. 

Further research, and particularly development, is 
required into zonal farming systems and practical systems 
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that provide cover during the early part of the cotton 
season. for both dry land and irrigated cotton. including 
double cropping, cover crops and longer rotations from 
winter cereals (eg. wheat) into cotton. 

Conclusions 

Soil loss rates from irrigated cotton in the En1erald 
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 I/ha/yr}, due to 
different soils and/or irrigation practices. even though 
slopes are nluch lower. Reasonably large amounts of 
runoff are typical. 1 00 - 200 mm/yr in En1erald studies 
and 75 - 750 mm/yr in NSW studies, with a large 
contribution from irrigation tailwater, indicating there is 
considerable scope for in1proved water management. 

High tailwatervolumes 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 cotton 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 systems atco1nmercial 
farm scale and provide the expected benefits in reduced 
soils losses and pesticide transport. Off-field practices, 
involving trapping sedi1nent in tail-drains and silt traps, 
also reduce sediment movement off the farnl. 

Further research and, in particular, development is 
required in irrigation manage1nent, 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 Environr:-.ent Protection 1\uthority 

Summary 

Modem industries recognise that imt>rooen1(,"lfts 
fn entJironmental performance wn be achiL'Ved 
with contributions from science, the adoption 
of best practice and compliance tvith the 
environmental legislation. The Environment 
Protection Authority (EPA) of New South Wales 
encourages industries to identify where 
improvements in environmental peeforrmmce 
can be made, and take on the challenge Qf' 
making those improvements. The cotton 
industry is an example of an agricutturol 
industry seeking to improve its envirot1mffltal 
peefonnance by focussing on each of these 
important factors. 

Introduction 

Die EPA of New South Wales recognises the need lo 
develop new approt'!ches to environment protection, 
as 1.>;-ell as improving t-aCitional approaches to rr:eet 
the cornr:iunity's expectations of clean water, c:ean air 
anci sustainable industr';,; (EPt\ 1997a}. 

Modern 1ndustri~ are en1ploying a comb\na~c:n of 
scien:lflc re.search and advantxs in technology. best 
?racEru. and comp:ianw with the legisletion lo 
achieve Irr.proved envlronr::,ental performance. 

T.:ie Auslra:ian Man'Jfacturing Councl: (1992) 
n1aintains that: 

"Environmental excellence, which uJi/J i11corpo:are 
changes in rnanagement pradkes, employee 
participation, adoption of new c1Cf:ner technologies, 
and emphasis on recycling, reuse and recovery, is 
the means I:>!.: µ:hich industry will rnoue totvard 
~i;stainob/,?ty-," 

Much <'lttention has beer, given to the environmental 
periotn)ance, and modem trends such as the tnove ID 
cleaner production of S8condary and ex:ractive 
industries (EPA 1997bL 

Environmental imp~wements throug_'1 well-fou:ided 
industry initiatives are also being ~nade in agriculturd.l 
1ndustri~ such as the cotton ind11shy i'.1 ':-.'SW and 
Queensland. Thls paper ci+_es prograrr.s involving the 
cotton i:ldustry from a NSW perspective. 
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Science and industry 

Kn.otvledge can corne from experience or fr on: the 
sy:;tematic develo;:iment of kr:ov.:ledge through science 
(Cullen :996). 

Put simply, the app'.ication of scientific research provides 
a foundation for establishir.g ri!liable facts and for 
idertiiying and testing ±e reliabi:iry of lmoortant t'ends 
and re!ntlonships. 

Int~us:ries that have imJroved and prospered by adopting 
a strong research a".d devvlopr:\ent ap::iroach rea~ise the 
value of utilising science to provide direction and drive 
imp~":Nement in <:nviror:meotol •;eriorn:ance. 

For exa;""'lple the Ausnahan cottor:: indu.<;iry, s'.nce its early 
de-,;e!oprnent in the Namoi Valley of NSW in the 1960s, 
has U.<"£d science to irriprove p!ant geneti.:::s and boost 
crop production fMcHugh 1996/. 

The science of cotton growing has benefited from 
s:gnitlcant contdbuiio-ns from the Co-:nmonv,ieaith 
Scientific and Industrial Research Organisation {CS!ROJ, 
NSVJ Agrk;uiture, !he AustraJiao Corton Growers 
Research Association (ACGRAJ and the Corton Research 
and Developr.:ient Corporaho~ (CRDC). 

ln meeting the challenges of the 1990s to ln1;Jrove 

e:1vironrner.tal perfcrmance, the cotton industry !las 
relied or: its previous expe:ience wtth scientific research. 

One example is its s:.ippc>rt for the researc;1 progran1 
'Mlnimis!ng the l:npact of Pesticides on the Riverine 
Environ men~ Vsing the Cotton Industry as a Model'. Thls 
prorJram seeks to guld2 improvements L1 the cotton 
indestry in relation to the irr:pleme:1ta;ion of best 
practic£.'1procedures ar.d legisia'.ive complianw. 

The progrµn:, jointly conciucted by ~he Land and Water 
Resources Research and Develo::>n1cnt Co(l:lor(ltion 
\LWRRDC), the Murrdy.Darling Basi:l Commission 
(MDBC) and the CRDC, a'. ms to prov\ de a scleriti_flc 
basis for achieving these outcomes. 

Best practice and industry 

The Australian Manufactu:i:-ig Council {1992) :nalnta:ns 
that 1NhHe bE!St -;Jractii'.-C is rot ame-nt;'lb!e :o simple 
Cefinitintt it ls a strategy for organisational change, 



\Vhich reµresen~s the appllmtion of technology to all 
manner of environmt:n:al isst:es in order to achieve 
op~imv,m outcooes b-;,' balancing continuous 
lraprovement and cost 

As n\any industries move towards the adoption of best 
practice the cost to industry becomes more important. 
Industries committing funds for envir,.1n1nen!al 
protection want to krJCY.v t1at the dcJa:s spcct will 
achieve the ou.tcome sought. lr: NS\.V the EPA is 
working towards the best environn:ental outcomes al 
the least cost to society by taking an integrated view of 
al! resources (EPA 1997a). 

Best p1actice, along wiT. compl'.ance with the 
environmental legislation, allows industr:es to reach the 
expectations of the community that has arisen since 
the 1980s. Oy•er 90 percent of respondents in a survey 
of NSVJ indt:Sl:r-1es agreed that the general publk: in 
NSW exp.zcts indt:.stry :o continue to improve its 
environmental perforrn"nce (EP.I\ 1997b), 

Enviroiunental guidelines prov\d\ng information about 
good operational design and management is not a 
ne'.v ldee. and re;irescn:s an eYriier version of the 
con<:.€;it cf Best Practice. ~he S:ale Pollution Control 
Comrnissior.'s 'Environn1ental Gi.;,Jdel'.nes for lcJo?nsive 
Piggeries· published in 1979 is an early exa:nple of 
guidelines for an agriculh1rctl '1ndU$h'Y to assist "in 
adop!lng the Best Practice of t1e day. 

Ti:e beef f.eedlot i:idusby is an i:oter.sive agricJltt.:ral 
industry v:hlch has a history of wcrkt1g ;01,1,-'arCs 
tneetin.q environmental guidelines and B€st Practice 
iNSW Agriculture et al. 1995)_ In the case of the 
feed;ot industry, accreditation is a part of its 
app:ica:ion of &st Practice for all parts of the 
lndusuy. 

The Best lv1anagement Practice Tvianual for ·~:he cotton 
industry which has resu!t<id from the LWRRDOMDBC1 

CRDC program Is an 1ndicatio1~ !hat agricultural 
crcpping ind·Jstrles cal"'. progress in 2. .sir.1i!ar manner. 

Legislation and indu.~try 

lndustry ls required tc operate within an environmental 
'.egislafive frammvurK. Howe;Ier, the reiationshi;> 
berv:een a legally compllanl operation and benefits 
fror:1 good env;ronmenta! perfo1w_ar.ce ~only now 
being understood. 

A rec.en~ industry survey found that legal requirements 
'»as :he C.01nlnant reason fer making environ1'Jer.trt! 
improvements offered by p:ln;ary end secondary 
indusrry iEPA 1997bl. lnterestingly, the same 51,;;vey 

respondents ratiid financial benefits, e:ihanced public 
image, improved staff morale, and better products and 
competi:ive edge. above avoiding fines or penaities as 
the sig,;if'.can: advantages gained from improving 
environmental pe.rfortnan<:.€. There is !itledoL:bt t'1a: 
good environmental manage1nenc is good business. 

Whereas industry initially believed meeting legal 
requirements was the goat it is apparent that the terll 
advan!age..'J Cilr: be tr.ore expansive. In the case of the 
cot:on i:;dus!ry, the €Xper:ence of othe~ pay point the 
v;ay tov.1a!ds e.chie.ving broaCer gofus, such as imprO\.'ing 
the community perception o-'. the indust!-y a••d ir::iprovi:ig 
the industry's market image. 

L:gislation too is changing in line with changing 
corornunity expectations and changing indu~try 
p>:tfo!n12nce, 

Recent changes in legislation relate strongiy to 
periorm.21nce based regulation. Typically, pt.>rformance 
based regu~atio'1 specifies an outcome. but the means or 
pro~ lo ru:hktve the oux:ome is not prescribed, 
a:Jowing indus~ry to d€velop t'.!e ~:-.eans to achievt: the 
end or select from n1ethods already ai,·ai~able. 

Load Based Licensing 'Nithin the framework of the new 
Protection of the EnV:ronment 0;,erat!ons Act 1997, and 
:he prlncip'.es of dear.er production, is a recent initia!ivz 
v;hereby indu.snies are being e:1couraged to p:-0V1de t.11e 
solutlons to their industry specific ch;;>llenges 

Performance based regulation i$ most appropnate where: 

1. A range of acceptable soluC:.ons is poss'.b'.e: 

2. lt is possible to explicitly state the desired outcon:es/ 
objectives: 

3. Prescription \.vollid stifle lnnovation: and 

4. ThJ?re are ciear assess:nent criteria and eHic'.21'.t 
methods of demonstrating compliance 

Perfornianc.e based ~egu!atlon has similarities with Best 
Prot:':lce ln tt'.at both seek lo achieve the best er:viron­
mental o~~come v.'hlch Ls economically achievab~e. Tl-.e 
factors \isted above for perforrnance based regulation 
also have applicability for Best Practice, 

The Telationship between best practice and 
legislation 

The SUCCCS';,1ui application of best practice s'.iould enable 
a11 industry to comply with the environmental leg:isla!lon 
under \Vhich it opera~es. In NSW the adoption of best 
pract:ce doet' !lot p1ov\de a person or cor:1mercial entity 
with protecton '.rorr: prooocutio:; should the legislation be 
breached. Ho~vever, the adherer.cc to best practice r:.ay 
be relevant in mitigation ir. any courl proceedings and 
most likely avoid breaches in the first place. 

Ac:hi\°!ving environmental improvement 

Industries keen to make environmental improve:ner.ts 
need to be aware of the advantages of pursuing best 
practice. and depending on the (ndustry. complying with 
perforrrar.ce baseC rvgulat;on and the Bnvironmental 
legis.'.ation ofl'\Sl.'l. 
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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 improvement 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 practice. to do better 
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 yet 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 Ontario, 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 own 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. lssues 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
assessment 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 1to4), 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 
more 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 
wil! 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 systems 
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 ls implemented. 

Supporting 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 publlshed material 
and relevant legislation. 

The Manual provides a flexible framework for cotton 
farmers. It 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 distinct components, one 
addressing the best management practice guidelines, 
while the second is directed at providing cotton farmers 
with a framework they can use to document and plan the 
environmental aspects of their farming operation. ln 
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 potential risk; and 

3. Monitor the effectiveness of those decisions. This in 
turn provides a framework for checking adoption of the 
practices on-farm, thus addressing the third issue 
raised by the first drafts. 

A generic document will always have !imitations - 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 developed action plans based on a 
process which highlights the critical issues to be 
addressed, solutions are founded on a combination of 
common sense. sound science, economics and site 
specific management. 

Accordingly. the adoption of best practices is substantially 
improved. The critical lesson to be learned 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 
adoption 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 wiU 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. Cotton farmers are made aware that the Manual is 
available. This is being done through the various 
industry publications and communications streams 
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 tJse" guide, which contains worked 
examples), and a brief introduction to its development 
and content is given. 



3. Once farrr.ers have received t;,e rnanua!, a trainlr:g 
day is organ!sed where they are shown how to 
complete ;t,e Mar.ua!. The :ralne::-s ;,viii be prlmari!y 
Cottor. A'..lstra!ia field staff, suppo:ted by co:ton 
ind~tstry extension and deve!op".'ncnt offlcers. 

4. Once the cotton fanner has comple:ed the tv1anuaL a 
foHo\v up meeting is organised with the farmer to ensl'.re 
he has comple:ed the relevant parts of the ManuaL 

A BMPworJ.;ing group has been established to oversee the 
cieueloprnent of the in1p!ementati011 p,-OC€ss. as well U$ 

being tesponslb:e for enst:.r'.ng that the d.i,y~to-day wo:·k is 
bth-,g perfon:::ed. The Biv!P wo~king group has 
re;:ire.senta-:1ves from the Aus!ralian Cott:-)n Growi?\S 
Research Association, Cotton Australia, Cotton RBSearth 
& Development Corporation and the Cf{C for Sustainable 
Cotton P1odJction. 

Key benefits 

Resource rr.ar.agemenr in North A:nerici:l is headed down 
this: path in a nonJber of areas because of the limi:ations 
in the traditional agency controlled ;:)Janning system, which 
tends t'.J Jimi".' im.plementation to <):1ly thos.z actions 
spec'.fically required; stii1es in:iovation; und relies c-n 
·rookie o.:tter' solutions and does not allow for sl!e specific 
solutions_ 

lt is general:y accepteci that whvn fanne's develop plans 
on their own lnlti;;-.tive (alded by Wehn ital input from both 
pub lie. and private sources). they will impleme:it many 
more actions to mair:tain and enhance natural reso:.;rces 
than tbei,.' ·.vould i.vith othef ;:;oEcy meci-:a:1isrns such as 
rugulatto:-i or pub:ic-sec!or contiolled pin.nning, This has 
beeri or;e of the core phiiosophies of the app1oach in 
On:ario: 'self directed lnitiatives are moie likely t,-:; work 
than con1rnand and control n1echan:srns of change' 

'fhis approach also r<"cognises that any 11nvironm(h)tal 
strategy mtL<>: recogniw that spec;fic needs vary mar:tedly 
from far::n to farm. The local, uolur:tar; approach to 
solving lenvtronmentalj problems related to agriculture 
may p;ogress r;:ore slowly than ma:iy in the environreental 
communi!j,' deem acceptable. However, '.t should b2 
understood that change occ'Jrs some.111'.at slow'.y in 
agricult'Jre due to the extre:nely risky aature cf farming. 
Allow:ng: the users of agricultural chemicals to {in a sense) 
self regulate their activities provides an innovative and 
acceptable method of solvl:1g a problem that :S very 
difficult :fer the s~ate lo clfectively regulate (Waskon anC 
Walker). 

The, creat',on and adoption of a best inanagernent pr?.ctice 
approach by tlie cotton industry to the use ofpesl.J.c":des is 
o:ie way of ensuring cha~ the impacts of coti.on grm.i;ing on 
:-he environr:-1ent are minimised. The approach has a 
nun1ber of definite advantages, including the abi!ity to 
cope \Alith a range of conditions. through the potential 
aO\li!y to dev0Jop local best practices-it is: a 'flexible, on­
go•ng system that can be adapted as circumstar.ces and 
levels of knowledge change, based on site-specific 
plann'ng. 

The Manual fits V<?ry well in the current :rend of 
environmental legis'.ation, wh:ch focuses on a general 
envircnn1ental duty of care and the reed for due diligence 
requln:in~:nts, and which requi:-es that risk<; be assessed. 
pla;;ned for and managed (forexamp!e Queensland's 
E.nvirorunentCode of Practice for Agriculture and the 
recon1mendations from the Industry Com1nission"s Inquiry 
in'!:f, Ecologically Sustai'.'lable Land fv1ar.age:;:ient, 
September 1997). 

The Manual atw provides a rnecf:anism tvher<?by cotl0'.1 
far::;ers can rr.aintain a degree of say in tl-.e 
environmen4] management c:'. :heir o~'tations, thus 
capturing <:he benef;ts that self-regulation is ab'.e to 
provide. At the same !:'.me, the Manual ha~ '.lad inp:;t 
froin Ielt?vaat government age;icies, and seeks to have 
their ~?ndorsement. Nit also prov(dt>.s a rrech.a'1isrn 
whereby levels of adoptio:1 can be accuxate~:,' gauged, :t 
can also capture the benefHs of regulaho:i :for fi:..rt'.1er 
discussion o:' the advantages and disadvantages of 
self.regulation and external regulaton, see l)oak.1998). 

The format of the Manual. which leads carton farr:-.ers 
dO'.vn a p:anning patr:-.vay, i-. a very ['.IOlVP11"al method of 
having R&D outcomes ado;)ted, as the critlcnl iss."Jes that 
the research focuses on can be higb!:ghl:ed in the self­
assessment worksheets. A stro:ig '.ink caf! be rnadc 
be~"'een the reasor: o~ need for adop!.ir:g a practice und 
the practice il:stilf. Solutions to those issues are then 
identi:'ied on a:i as needs basis ie, the research outcomes 
can be foc..tsed very specifically on the needs of the 
individual ~a~mer ·· jh<> farmer on~y needs to inve'>tlgate 
those areas where a risk has been iden:if:ted. i:-i the self­
eSSf!ssr::;ent proc-ess. 

Future developme:nts 

Of cocrs£:, if the cottoc industry is sejous about 
demonslrati:-ig that it is capable of planning its OVv11 

environn1entai age:-ida. there are some responsibil:ties, the 
first of whlch is tt1e need for the documented analysis and 
plan;iing app~oach exerr:plHie<l by the Man"Jal. Ar.other 
:1kely issue for the Industry (and agrirulture in general) v..ill 
be certificat:on, The cotton i:-idustry's strategy and 
ultimale goal i..<: to have the regulatory Oodies, 1e. the 
decision makers on issues which directly affect cottor. 
fanni;ig, endorse the ManuuL While the cotton i:1riustry 
.:::urrently ~as theit strong support, endorsemen: is likely to 
require evider:ce that the Manual ls aciuall~,r being used, 
beinf! used ;::iro;:ierly, and having a posttive i1npact. "fhis 
evidence V.'il! most ~ike[y reqi;i:·e son1e i:ype of au~i~ 
process, [or exarr.ple ISO 1400(1, 

Conclusion 

In sum:l;ary, the~e are a ni:mtier of advantages for the 
ootton industry, regulators and researchers ir: proceeding 
dowr. the B~11P pathway: 

1. it pro»Ades rl"te opportun'.t"y fm {armers to look attP,elr 
fan::ing operation from a slightly ctifferen~ ;mrspecive 
and wl!I help them to ir1pro1/e their rnanagemen: of 
pesticides. 



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. A number 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 
systen1 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. It may also be the only way 
the industry gains access to some of the newer pesticides 
eg. 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 
cotton 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 
importance 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 well as demonstrating their 
commitment to responsible resource management. 
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" .. 

()iJrer V0t!UU1t'Jl.l~: &dj"t 
-· --· "'._,_.w.~-------·- -- t 
12. Spray tank 

C.•ntatncn. rrip!t.· rina;;d Rin.~(Jtc dumped. 
ru1d nrn\ate ad&.\! tu 

cleaning and 1-pray urtk for in1m<,-iliau,,· 
.. ~· 

r!nsato disposal '™'· ~;&· 
Unt™'-<J tinsatc tS :;;o!-
k'C1>'.'d ·111 h StHllp l~l" :<.<.-xii~· 

'11-lfll)' pit. 

--· 
Ranking 

Cunt~n4s: . . ... 

t 
C.OOtaintN 11n1 tfipla l"in:sed With f"inz.et11 added to is~ tankJ and returned to .supplie.r 

Other lkK'tlment.'i: . 

- ~~---------- --- ~---· --· --------------
Guide to Using U1e fJest Managpnr0nt Pr;;1ctices Mant1a!-First £(/ifiOrl, Dece1n0er, 97 4 P03t;c1(}{': Storage and Hand!tog Vforksbeet ? 



~ 
~ .. 

ACTIVITY HAZARD ASSESSJ\1ENT \VORKSllEET 
Operatio1f1~.l'.5 .. !!Pe':~!i~ ...... . Sl/IV'f7 D.1tc ...... , ...... ,. ............ ,,._,,. 

ActivityPooM~ c* i~tic.itle into 'lllnk. Level of Risk Con11nent:s 

ExtrCHH.; High Mo<lcrate Linv 

l.oc.8tion c* l'llix~ r.ite x Mix~ r.ite in paddock tJell a..lllj fum ti'lllr (at lear.t 

soo nietret.) 

l.oc.8tion c* filli';".) Point x 
Fill~ point it. di~iwlt to reae.h 

on tllnk. 

Operator sate~ x App<"Opf"iate Pert.onal Pro tee. ti'lll £~pnient ~re-

011111tt. neeil to be ileterriiineil-l,,bel anti tl\Sl)S to be 

Ut.eil. 
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