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1 EXECUTIVE SUMMARY

1.1 Introduction

The Reef Rescue Marine Monitoring Program (MMP) was established in 2005 to assess any
improvement in water quality in the Great Barrier Reef (GBR)tha status of key ecosystems.

Annual monitoring of inshor&BR sitesnd several riverhias been conductetly Entox since

2005. The principal objective of the monitoring activities conducted by Entox asgbavtMP

Project 3.7.8 durin@009¢ 2010wasto:

G5SGSNXYAYS GAYS AyGSaINIGSR o6l1aStayS O2yOSy (NI GA
the aim to evaluate long term trends in pesticide concentrations along inshore waters of the

D. w¢

1.2 Methods

Monitoring has been conducted at sites within fiveajor Natural Resource Management
Regions (Cape York, Wet Tropics, BurdeMiackay Whitsundayand Fitzroy) ire009-2010.
Baseline concentrations of specific organic pollutants (pesticides and herbicides) are estimated
usingpassive sampling technigs. The passive sampling techniques which are utilized in the
MMP include:
f  SDBRPS Empof¥ Disk based passive samplers for relatively hydrophilic organic
chemicals with relatively low octanelater partition coefficients log Kow) suchasdiuron.
1 Polydimethylsiloxane (PDMS) and Semipermeable Membrane Devices (SPMDs) passive
samplers for organic chemicals which are relativalgre hydrophobic (higher logolg)
such as chlorpyrifos.
To date the most frequently detectemhd abundant chemicalst inshae reef sites over the last
five years areherbicides: diuronatrazine, hexazinonegnd tebuthiuron. The presence of these
herbicides which inhibit photosynthestbrough the photosystem Il pathway on the GBR is
particularly concerning due to potentialrfanpacts on a range of species includégggrass and
corals.In the 20082009 baseline reporting year a PSerbicide EquivalerfPSHHEQq)Index was
introduced which aims to providea mode of action based integrative assessment of
concentration. The REHE(Q Index Categories subsequently refinedth®sy Great Barrier Reef
Marine Park Authority GBRMPAfor 20092010 and presented within this report provide a
YSOUNAO F2NJ NBLRZNIAY3I LIzN1LI2AaSa | ONRPaa (GKS D. wod
ng.l'"v G2X0pgElo 0 A GK amé o0SAy3a GKS KABHESwthin 02y OSy
Categorya m €e atlaNigher concentration thaiie GBRMR5uidelineusing published scientific
effects on the growth and mortality of aquatic plants and animals usimgu as the reference
chemical. Conversely, RSID lj g A G KAY [/ belovsah Nilishéd sdentificN&Sults of
effects on plants b animals basedn toxicity including aeduction in photosynthesisThe
reporting parameter for ASherbicides in the GBRtlee maximum PSHEQ concentration (PSlI
HEq Max) within each monitoring year.

1.3 GBRWide Summary

The PSIHEq Max(ng.I") for 20092010 and prevous monitoring yearsrom 20052006 are
illustrated in Figure 1The dominant contributor to PSHEQ Max at all sites is the phenylurea
herbicide diuron due to both its relative abundanfleigher concentration)and its relative
potency as a PSII inhibitdDiuron is also more consistently detected during both wet and dry

1
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season monitoring across the GBRexazinone and atrazine also contribute a significant
proportion and these proportions vary between regions, with atrazine typically contributing a
higher relative proportion at sites in the Burdekin and Fitzroy Regions and hexazinone
contributing a higher proportion at sites in the Wet Tropics &malckay Whitsundayegions

The PSII herbicides contributing the most to the P&l Max across the GBR (diuron, atrazine

and hexazinone) are all associated with sugar cane production and other cropping in GBR
catchmentsPSHHEq IRSE /| G4 §32 NA S & NG ypTs 26FnNRYYR adpert T2 NJ
sites in the Wet Tropics, BurdekiMackay Whitsundagnd Fitzroy Regions respectivaty2009
2010(Table ).
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Figurel PSHHEQ Max (ng) for current sites in the Wet Tropics, BurdekiMackay Whitsunay and Fitzroy
Regions between 2005 and 2010.
6abé AYRAOI G8552010) y§g

AAGS AY wnndo

PSHHEg Max in each monitoring year are more typically observed in wet seasons than dry

aSlazyao ' y2ilo6ftS SEOSLIHERWax dbgervemikhe dry seasoni KS /| (i ¢
at Orpheus Island in the Burdekin Regior2@9©92010. These dry season maximums may be

indicative of more localised sources of diurflocal application odeachingfrom antifoulant

paints). Wet season eventfpeak discharge and floodyshes)in specific monitoring years may
O2y(NROGdzGS (2 aGay2AaSé SAGKAY (GKS&S LINRPFALfSA FyR

quality between specific years more problematic. When considering all monitoring years there is
some indication of increasir@SHHEqQ Max for Fitzroy Island in the Wet Tropics, Magnetic Island

in the Burdekin Region andorth Keppel Island in the Fitzroy Region. Assessment of temporal
trends in theMackay Whitsundajregions is not possible due to incomplete monitoring records
(loss of samplersipr Outer Whitsundayand a range of new sitg§able 1)oeing incorporated

within 20092010

There were no exceedances of GBRMPA Water Quality Guidelines by individual PSII herbicides at
inshore GBR sites in 202910 (Table 1). The maxiin concentration of the PSII herbicide
atrazine (690 ngl) in the Pioneer River is equivalent to the 99 % species protection freshwater
ANZECC and ARMCANZ Guideline. The ANZECC & ARMCANZ Interim Working Level for diuron is
also exceeded in the PioneewRi. The Pioneer River was the only site with a-RE¢ Index of

@NLoOX 2
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amé A-8010d Theestimatedconcentrations of the organophosphate insecticide chlorpyrifos

at inshore GBR sites in the Wet Tropics Region (Green, Fitzroy, Normanby & Dunk digtiands)
exceed the 99 % GBRMPA Guideline (0.5™hgathere monitoring occurred. Similarthe
ANZECC & ARMCA®RHideline forchlorpyrifosin freshwater wasexceeded in the Tully River

(99 and 95 %) in the Wet Tropics and in the Pioneer River (99 %) in the M&bkaynday
Region. Diazinon concentrations in the Tully River exceed both the 95 and 99 % species
protection freshwater ANZECC & ARMCANZ Guidefiese the concentrations of chlorpyrifos
estimated by passiveamplers are time integrativeit is likelythat acute (short duration)
exposures may be much higher.

Tablel The PSIHEq range(ng.l_'l) and Index Category of PSHEgMax with any exceedance of Guideline values for
these bcations indicated Sites which were only monitoreébr PSII herbicides are indicated by light grey shading.
Site PSHHEq \ Exceedance of Water Quality Guidebne
Range Index ‘ PSII herbicides Other Pesticides

Pixies Gardeh d. u
EE N v
\"
Green 8 u Chlorpyrifos
8 : v
8 Fitzroy Is u Chlorpyrifos
t \"
g Normanby Is u Chlorpyrifos
\"
b u Chlorpyrifos
Tully RiveP u M
Chlorpyrifos & Dazinon
£ Y
X
% U
>
m U
Outer Whitsunday U
. _§ Daydream Island; Inner Whitsunday’ u
% % Pioneer Bayinner Whitsunday’ u
c =
= § Sarina Inlef u
. . \" \"
Pioneer Rive? Atrazine& Diuron Chlorpyrifos
U

G KAOK -2018NBE RAAO02y(GAYydzZSR 2N yS¢ NBaLISOG.

1.4 Regional Results & Discussion

While equivalent concentrations provide a single reporting parametePf#herbicides with a
similar mode of action they may obscure differences in thetirsdaabundanceof individualPSlI
herbicides detected in different regionsurthermore limited ronitoring of more hydrophobic
chemicals is undertaken at relatively few sites and predominantly in the wet s¢@abte ). In
order to illustrate more complete exposurscenarios in these regionthe maximum
concerrations of individual PSII herbicidas all monitoringsites are provided in Figureghd

the maximum concentrations afther pesticides (herbicides, insecticides and fungicides) are
provided inFigure 3
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The least frequently detected PSII herbicides are ametryn and simazine. Ametryleteated
only at Cape Cleveland (0.10 ri§.LSarina Inlet (2.3 ng‘).and in the Tully (1.1 ng’.and
Pioneer Rivers (3.7 ng)in 20092010. Simazine waketected onlyat Magnetic Island (1.5 ng.L

1) and Cape Cleveland (0.36 rg).in the Burdekirregion and in the Tully (5.1 nif)land Pioneer
Rivers (22 ngl). The maximum concentrations of tebuthiuron are observed in the Burdekin
region (2.2¢ 4.7 ng.[}) and at North Keppel Island (14 n§.in the Fitzroy region which has the
highest maximm concentration in 2002010. The GBRMPA Guideline for tebuthiuron of 20

ng.L" is approached at this site.
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Figure2 Maximum concentrations of individual PSII herbicides at inshore reefs, nearshore waters and rivers in

20092010
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The PSII herbicide profiles in both the Tully River in the Wet Tropics and the Pioneer River in the

Mackay Whitsundays are remarkably similar with diuron > atrazine > hexazinonezirg >
ametryn. However the maximum concentrations of each individual PSII herbicide are imgher
the Pioneer Riveby factors of betveen 3 and 41Since diuron is the dominant contributor to
PSII HEq it is important to illustrate the ranges in the mara concentration of this herbicide
within these regions. Maximum diuron concentrations at inshore GBR sites ranged frgrh 3.6
ng.L", 6.7 ¢ 100 ng.l}, 27 ¢ 429 ng.I* and 6.4 ng.t in the Wet Tropics, Burdekin, Mackay
Whitsunday and Fitzroy (one sjtRegions respectivelyhe regional profiles indicate that diuron
has typicallyoccurredat the highest concentration at most sites in 268310. The exceptions
are Cape Cleveland in the Burdekin Region where the maximum atrazine concent&tiog.L

Y is higher than that of diuroi§6.7 ng.[}) and North Keppel Island in the Fitzroy Region where
both the maximum concentration of atrazir(8.4 ng.L}) and tebuthiuron (14 ng.L") are higher
than that of diuron(6.4 ng.[%). While the diuron concentratioat North Keppel Island is lower
than for either atrazine ottebuthiuron, this is the highest diuron concentration which has been
monitored at this location and has contributed significantly to the observed increase iRIE®II
Max at this location. Atrazen was frequentlythe dominant PSiherbicide at both Cape

Cleveland and Magnetic Island in the Burdekin Region which is indicative of the dominance of

atrazine in loads from rivers in this region. Maximum hexazinone concentrations in the Wet
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Tropics and iithe Mackay Whitsunday Regions are typically less than that of diuron but higher
than atrazine. In comparison, in the Burdekin and Fitzroy Regions hexazinone maximum
concentrations are typically less than those of atrazine or tebuthiufdre Sarina Inlesite in

the Mackay Whitsunday Regidras the highestoncentrationsfor inshore GBR sites fanost

PSII herbicides including ametryn (28.1"), atrazine (170ng.L"), diuron (429ng.L") and
hexazinone (91 ng) reflecting both is proximity to the cast and inputs from significant areas

of sugar cane production in this region.
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Figure3 Maximum concentrations of other herbicides, insecticides and fungicides at sites where PDMS sampling
occurred in 2002010
45 ¢ | yhdcatd sités which were discontinued or new in 2180

A broader range opesticides(Figure 2 were detected using PDMS sampling in the Tully River
than in the Pioneer River in 20@®10.Theorganophosphate insecticidesazinon(46-55 ng.L)

and prothiofos (0.192.0 ng.[}), the phenoxy herbiciddaloxyfop methyl(0.63 ng.L') and the
conazole fungicidespropiconazole(11-19 ng.[) and tebuconazole(13 ¢ 22 ng.[}) were
detected onlyin the Tully River. Chlorpyrifos was detected in both the Piof@e5¢ 0.69 ng.L

) and Tully(2.4 ¢ 12 ng.[*) Rivers but at a higher maximum concentration in the Tully River.
However, pendimethalin was detected at higher concentrations in the PioReer(0.36¢ 7.3
ng.L") than in the Tully Rive(0.85¢ 5.4 ng.L!) andthe organochlorineénsecticidedieldrin (0.87

¢ 2.9 ng.}) was detected onlyin the Pioneer River. Chlorpyrif@8.56 ¢ 0.72 ng.L}) was also
detected at all inshore GBR sites hetWet Tropics Regiomhere monitoringoccurred Apart
from the Riversthe dinitroaniline herbicidependimethalin (1.1 ngl) wasdetected onlyat
Normanby Island in the Wet Tropics Region of the GBR. Metolachlarhloracetanilide
herbicide,was not detected in either river in 2010 but was detected at Cape Cleveland (5.8
ng.L") in the Burdekin Region.

1.5 Discussion & Conclusions

PSII Herbicides wegresentat all inshore GBR sites except for Pixies Garden in the Cape York
Region.The conentrations of PSII herbicides are particularly elevated at inshore GBR sites in the
Mackay Whitsunday Regioithe time integrated concentrations estimated for individual PSII
herbicides using passive sampling techniques have not exceeded GBRMPA Guidelines
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individual chemicals at inshore GBR sites. However,risksto reef ecosystems as a whole
posed byexposure to mixtures of PSIl herbicides and the potential for synergistic effects with
concomitantchanges in other water quality parameters remairgkly uncharacterized.

PSHHE(Q concentrations didccasionallyreach known sulbethal effect levels (such as reduced
photosynthesis) for a number of marine species at inshGBRsites in the Wet Tropics,
Burdekin andMackay WhitsundayRegions in 2002010. The ecological significance of sub
lethal effects is uncertain. Scientific evidence to date indicates full recovery from the effects of a
reduction in photosynthesis when the organism is no longer expddeche uncertainty remains
regardinghow much expsure and for how long, and what, if any, long term effects might occur
as a consequence. However, as the effect reduces natural function the potential thaisis

will be detrimental to photosynthesising organisms aprksent an additional stressor on
ecosystems already facing a number of other pressures.

PSHherbicides are monitored at a greater range of sisl more frequentlyin the MMP than
relatively more hydrophobic chemicals such @ organophosphate insecticidehlorpyrifos.
Unlike the PSherbicides the concentration estimates for chlorpyrifosirmghore GBR sités

the Wet Tropicexceed the GBRMPA Guidelimeat least one monitoring periodrhis finding
indicates the importance of monitoring for a broademge of chemicalsuch aschlorpyrifos
which although present at lower concentrations than PSII herbiciclsalso have significantly
lower Guideline values
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2 INTRODUCTION

The Great Barrier Redlarine Park(GBRIP) off the coast & Queensland covers an area of approximately
344, 400 krh and was listed as aVorld HeritageArea in1981 The protetion of this nationally and
internationally treasured ecosystem aiwbnicnatural resource is a priority for both the Commonwealth and
Queensland State governments and the wider domestic and international commlmitycognition of this
immense valuex dedicated regulatory authority the Great Barrier Reef Marine Park Auti@BRMPAyas
established in 1978 manage theGreat BarrieReef Marine ParkGBRMB. Although this level of protection

and management has ensured that the inner and outer reefs of the GBR are less degraded in comparison to
coral reef ecosystems worldwid®andolfi et al. 2003nhany of the factorsvhich will influence the resilience

and hence preservation of these ecosystems for future generations have their origin beyond the boundaries
of the marine parkHughes et al. 2003; GBRMPA 2003&e degradation of these ecosystems ahdir
capacityto adapt tochange would be exacerbated bydecline in water quality

One of he dominant contributos to declining water quality within the GBR aegrestrial dischargederived
inputs ofelevatednutrients, sediments and agricultural chemicals from adjacentheaents (Furnas 2003;
Brodie et al.2008; Brodie and Waterhouse 2009; Packett et al. 2009; van Dam et al.. BXi@psive
monitoring of water bodies within these adjoining catchments has revealed a broad range of agalcultu
chemicals(herbicides and insecticideg} often elevat&l concentrationgMitchell et al. 2005; Lewis et al.
2007; Davis et al. 2008; Rohde et al. 2008; Bainbridge et al. 2088ketPet al. 2009)These catchment
contributions to the GBR lagoon may be exacerbated by flood plewneats(Devlin and Schaffelke 2009;
Brodie et al. 2010yith the extent of these plume bands exting out to 50 km(Devlin and Brodie 2005)
and100 km(Rohde et al. 2008jom the coast

There aredifferences in the relative riskstimated for differentNatural Resource Management Regions
which have beerboth significantly developed and that define the GBR catchment dwat Tropics,
Burdekin, Mackay Whitsunday Fitzroy and Burnett Mary)These risks may beelated to dominant
agricultural land use ithin these regions. Priority agricultural chemicadientified in all regions are
photosystem Il herbicideBrodie and Waterhouse 2009hich may be detected more frequently and at
relatively high concentrationfDavis et al. 2008; Lewis et al. 200B)ese herbiclesincluding te triazines
(i.e. atrazine, simdze, ametryn and prometryn) triazinone (hexazinone) dhe urea based (diuron and
tebuthiuron) ave a common mode of action inhibiting photosynthesis through the photosystem Il pathway
(BengtsorANash et al. 2005a)here exists the potentidbr these herbicides to impacgeagrasgHaynes et
al. 2000) mangrovegDuke et al. 2005 tropical benthic microalgagMagnusson et al. 201@nd corabk
(Jonesand Kerswell 2003; Jones et al. 2003; Jones 2005; Negri et al. 20@8ply synergistic effects
between sedimentation stress and trace levels of the RSbicide diuron on the photosynthetic activity and
recovery of crustose coralline algae have been demonstrétedrington et al. 2005)

Spnificantly these herbicides have bedatected in both rivers in adjoining catchments and at inshore reef
locationsin both dry and wet seasonssing passive sampling techniqu&haw and Mueller 2005; Shaw et
al. 2010)and have been tracedt extremely elevated concentratioms riverwater plumes froncatchments
(Davis et al. 2008p the GBR lagoonsing grab sampling techniquéRohde et al. 2008; Bainbridge et al.
2009a; Lewis et al. 2009; Devlin et al. 2010)s important to note that a flood plume sampled along the
same transect nine days apart in the Mackay Whitsunday Region (Pioneer River to Whitsunday Islands)
indicatesbiologically significant concentratiorfglaynes et al. 200@yhich decline by a factor of two within
this period(Lewis et al. 2009)The utility of passive samplers to detect a wider range of herbicides in rivers
discharging to the GBR and to identify the presence of a range ofticides such as chlorpyrifos and
diazinon in rivers and nearshore watgShaw et al. 2010has demonstrated their applicability tmore
completly identify the agricultural chemidsa to which these ecosystems apetentially exposed across
concentration rangespanning several orders of magnitudehese sampling techniqueffer cost effective
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monitoring tools which aregoarticularly suited tomonitoring both temporal and spatial variation ichronic
exposure irthe often remote locationgncountered on the GBfhaw and Mueller 2005}t is important to

note however that time integratedestimates derived using passive sampling technicaes acute(short
duration) exposure estimates will differ anaffer quite different risk assessment information within these
ecosystemslt is advisable to consider all availalodormation within specific regions rather than jusine
integrated estimates at a limited number of specific sites within these regions to more completely
characterize the risk.

The Reef Rescue Marine Monitoring Program (MMP) was established in 28685etss any improvement in

water quality in the Great Barrier Reef (GBR) and the status of key ecosystems. The MMP is a component of
the Paddock to Reef Integrated Monitoring, Modelling and Reporting Program, designed to evaluate and
report on progress toards the Reef Water Quality Protection Plan (Reef Plan) and Reef Rescue goals and
GFrNBSGad ¢KS GaAYYSRAFGSE 3FA21f 2F GKS wSST tfly Aa
GBR by 2013. Annual monitoring of inshore reef sites of thR @Bd several rivers discharging into
nearshore waters has been conducted by Entox since 2005. The principal objective of the monitoring
activities conducted by Entox as part of MMP Project 3.7.8 during the 2020 monitoring year it:

a5 S S tdeAnye§rated baseline concentrations of specific organic chemicals in water with the aim to
é@l fdZd GS t2y3 GSNY GNBYyRa Ay LISaG§AO0OARS 02y OSydNT .

Time integrated estimates of concentration in water are derived usingiypassampling techniquedhe
information from this monitoring will assist in overall assessment of inshore marine water quality, risk
assessment and the evaluation of remedial activities undertaken to improve water quality within the GBR
lagoon in order @ inform management of the GBR by the GBRM®#s component of the MMP encourages
community ownership of the Reef Rescue through direct participation of community groups, tourist
operators and agencies. Volunteers contribute to these monitogifigrts by receiving, deploying/retrieving

and returning the passive samplers to Entox for subsequent extraction and analysis. This active participation
of volunteers within theprogramis made possible by trainingy GBRMPA and/or Entox staff in Standard
OperatingProcedurego ensure the quality of the data obtained from these deployments.

Monitoring has been conducted at sites within five major Natural ResoMt@eagement RegionfCape

York, Wet Tropics, Burdekiklackay Whitsundayand Fitzroy)Monitoring of river systems was discontinued
within this project withn the current monitoring year (20092010) and is now undertaken more
comprehensively by the Department of Environment and Resource Management as a component of the
Paddock to Reef Programs a resuliof this pesticide and herbicide monitoring and other water quality
monitoring conducted as components of Reef Req@ral Reef Plandn annual Great Barrier Reef Water
Quality Report Card will be derived October 2010with the baseline reporting year baj the previous
monitoringyear(20082009)

To datethe most frequently detected and abundant agricultural chemicals detecteithshore reef sites
over the last fivesampling years include theSIl herbicides: diuronatrazine, hexazinonegnd tebuthiuron.

In the 20082009 baseline reporting year a-R$erbicide Equivalent Index was introduced which provides a
mode of action based integrative assessment of R&ibicide equivalent concentration. This equivalent
concentration incorporates bbt the relative poency and the relative abundancef individual PSII
herbicides within each sampling perigBengtsoANash et al. 2005a; Escher et al. 2006; Muller et al. 2008;
Shaw et al. 2009band is consistent with the use of diuron equivalencies to assess PSIl activity in
environmental samplesusing bioanalytical method¢$BengtsorNash et al. 2005b)The PSIHEQ Index
Categoriessubsequently refiad by GBRMPA for 20@®10 and presented within this reporprovide a
metric for reporting purposes across the GBRe reporting parameter for PSII herbicides in the GBR will be
the maximum PSIHEqconcentration within each monitoring year.
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3 METHODOLOGY

Time integrated concentrations in water for specific orgasfiemicalsare estimated using passive sampling
techniques.These samplers accumulate chemicals from water via passive diffidenpassive sampling
techniqueswhich are utilized in the MMP include:
1 SDBRPSEmporé" Disk(ED) basegassive samplerfor relatively hydrophilicorganic chemicals
with relatively low octanelvater partition coefficients(logkow) such asthe PSIl herbicides
(example: diuron)
1 Polydimethylsiloxane (PDMS) and Semipermeable Membrane De@B@4[¥) passive samplers
for organlcchemlcaISNhlch arerelatlvelymore hydropholic (hlgher log Kw) such as chlorpyrlfos
¢tKSas USOKY)\U sza I NE RSAONAROGSR Ay Y2NB RSGIAC AY
l 3adzNF yOSkvdzr f Ale /2y GNRf andSnipkedisdepdrsennediNd AIDRHIzNES &
RRRC 2010)

3.1 Target Chemicals & Limits of Reporting

The chemicals targeted for analysis in the different passive samahetdhe limits of reportingLOR)are
indicated inTable 2 This list of target chemicals was derived through consultatiith GBRMPA with the
criteria being:
1 Detected in recent studies
T Recognised as a potential risk
1 Analytical affordability and within the current analytical capabilities of Queensland Health Forensic
and Scientific ServicdQHFSS)
1 Likelihood ofaccumulation in one of the passive sampl@sist as neutral species in the
environment)
Empore disc sampler extractse analysed usinliquid chromatography mass spectrometdyQM$ run in
positive analysis mode. It should be noted that the analysibromacil was specifically requested from
2009-2010. Being run only in positive analysis mode excludes the detection of spwcifaphilicorganic
chemicals such as 2[3, MCPAmecoprop,and pgcloramwhich would only be detecteth negative analysis
mode. These chemicals may not however be particularly suited to sampling using this specific passive
sampler as speciation information compiled for all analytes targeted for aquatic analysis by QHFSS indicate
that these would be present predominantly as negaly charged specieBDMS and SPMD sampler extracts
are analysed using gas chromatography mass spectrometry (GGMIB).certain chemicals are specifically
targeted through the MMP, a broadsuite of chemicals are analysed for atitese are indicatechiTable 29
Appendix ALOR for other notarget chemicals quantified in the MMP are provided in Table 30 Appendix A.

The LOR for the LCMS and GCMS instrumental data produced for this report have been defined by
Queensland Health Forensic and ScientifiviSes laboratory as follows: The LORs are determined by adding

a very low level amount of analyte to a matrix and injecting imes into the analytical instrument. The
standard deviation of the resultant signals is obtained and a multiplication fat®® as applied to obtain

the LOR. A further criterion for the LOR is that the analyte value should exceed 3 times the mass detected in
the blank. Actual LOR for a given deployment may vary from those indicaleble 2.
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Table2. Specific organic chemicals specified under the MMP for analysis in different passive sampler extracts and the Limits of
Reporting (LOR) for these analytes

Organic compounds LOR (ng.

SPMD PDMS ED
Ametryn <10 <0.3
Atrazine <10 <0.3
Bifenthrin <1

Bromacil <0.3
Chlordane <0.1 <0.5

Chlorfenvinphos <2

Chlorpyrifos <0.03 <0.5
Desisopropylatrazine <25 <0.3
DDT <0.08 <0.5

Diazinon <5 <5

Dieldrin <0.2 <0.5

Diuron <25 <0.3
Endosulphan <1.9 <5

Fenamiphos <5

Fenvalerate <0.5

Fluometuron <30 <0.3
Hexachlorobenzene <0.09 <0.5

Heptachlor <0.07 <0.5

Hexazinone <25 <0.3
Lindane <0.5 <5

Metolachlor <10 <0.3
Oxadiazon <0.5

Prometryn <5 <0.3
Pendimethalin <0.4 <0.5
Phosphatetri-n-butyl <3

Propazine <10

Propiconazole <2

Propoxur <25

Prothiophos <0.09 <0.5

Simazine <30 <0.3
Tebuconazole <5

Tebuthiuron <25 <0.3
Trifluralin <0.5

3.2 Sampling Sites

Passive samplemsere routinely deployed atwelve currentinshore reef sitegFgure 4 in 20092010and
two inshore reef sitesand two river siteswhich were discontinued late i20092010. The current sites
include three new pesticide monitoring siteghich were incorporated into the MMP i20092010. These
were Green Island in the Wet Tropics Region &mter WhitsundayPioneer Baynner Whitsundayand
Sarina Inlet in the Mackay Whitsunday Region. The discontinued inshore reef sites included Pixies Garden in
the Cape Ydr Region andaydreamislandg Inner Whitsundayin the Mackay Whgunday Region. The two
river siteswhich were discontinueihcluded the Tully River in the Wet Tropics Region and the Pioneer River
in the Mackay Whitsunday RegioAs mentioned previously, these and other river sites will now be
monitored more comprehensivelthrough the Paddock to Reef Prograiites were discontinued for
budgetary reasons with the criteria used to exclude specific sites being:

1 Little data availahity

1 Problems with site organization

- Better sites available in the same regiwhile representing the same type of exposure
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Figure4 Locations of current inshore reef monitoring sites where time integrated sampling of pesticides was undertaken during
2009¢ 2010.
(sourced from Jane Waterhouse 0f@ Consulting)
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A brief monitoring history with respect to all of these sites (current and discontinued) is pranidedble 32
Appendix C.

3.3 Sampling Periods
The monitoring year for pesticide sampling is from May 2009 to April 2010. The2BQ@9monitoring year

isdvRSR Ayidi2 Aa5NEB ndé oal & HavmgE (@b 2h@So2@iSIDpperiodg 0 | Y
for reporting purposes. Within each dry period samplers are deployed for two months (maximum of three
periods) and within each wet period samplers are deptbyer one month (maximum of six monitoring
periods). The maximum number of samples which should be obtained from each location within each
monitoring year is nine. The sampling records for all sites in-2009 are illustrated iMable 33 Appendix

C.

3.4 Types of Sampling at each Location in Dry and Wet Periods

Thetypes of sampling conducted for all sites @meicatedg A ( K | in GiaBlélBviihadiscontinued sites
shaded grey.

Table3 The types of passive samplers deployed at each sampling site in either dry or wet sampling periods #¥2Q009

Reglo e D PD PMD
D e D e ) e
ape YO Pixie arde U U
et Trop 0 € ) U
ee and ) U )
0 and U U U
ormankb and ) U U U U U
D and U U U
Rive U 9] U U U 9]
D op Orphe and U U
agne and U U U
ape Cleveland U U U
a a - '.-“ --.. U U
Daydrea a
€ U 0]
da
Oute da U U U
Pioneer Rive ) U ) ) U U
arina Inle U U
O 0 : eppe U U

3.5 Deployment of Passive Samplers

During a typical deploymémwhen all types of samplemsere utilized,two replicate EDsvere deployed in a
Chemcatcher housingKingstonet al. 2000)and two PDMS(Smedes 2007(and two SPMDgHuckins et al.
2000)in the case of Normanby Islandere deployed in a marine grade stainless steel deployment aage
illustrated in Figure 5
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Figure5 Schematic fo the deployment of both Enpore discs and PDMS/SPMPpassive samplers in aquatic environments

3.6 Replication & Blanks

All ED samples were extracted and one replicate analjedach location. All replicate sample extracts

were stored at 1 mL in glass vials in freezers with selected replicates (10 %) subsequently analysed. All PDMS
and SPMD sampig were extracted and replicates from each island site were combined to form one
analysed sample per site to increase the concentration of accumulated chemicals. Replicates from the river
sites were extracted and analysed separately.

3.6.1 Normalised Differences

The reproducibility of replicate passive samples in estimatipgw@s determined using normalised
difference (ND) (replicates =2). The normalised difference between two samples A and Bloukdech
according to Equation.1

[valuea- valueb|

((valuea + valueb)/ 2)

ND% = 3100 Equationl

Mean normalized differences samples where pesticides were detected in both replicates were 4 % for PDMS
and SPMD samplers and 33 % for ED samplers inc2Z2QE0.

Laboratory blanks of each passive sampler type were prepared in parallel with samplers for each
deployment, stored (< 4C) during deployments and subsequently extracted simultaneously with each set of
deployed samplerdNo target analytes were detected lank EDs in 2062010. Cypermethrin was detected
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in PDMS laboratory blanks and exposed samples for a single deployment and was excluded for this specific
monitoring period.

3.7 Internal and Recovery Standards

An internal standard (250 ng of ;EBimazinevas added to each ED sampler prior to extraction. A recovery
standard (100 ng of £atrazine) was subsequently added to each sample just prior to analysis. A percentage
recovery of internal standard was determined for each sample and these were usedowntdor losses

during sample processing. Internal standards are not used for recovery correction of the amounts
accumulated by the PDMS or SPMD samplers. However all stages of sampler processing are subject to
method development andn evaluation othe recoveries for this procedure typically range from@G500 %.

The amounts detected in PDMS and SPMD samplers are corrected for known procedural losses during
sampler processing such as the use of gel permeation chromatography to purify sample extré&e}sg&0r

to estimating the concentration in water.

3.8 Estimating the Concentration in Water using Passive Sampling
Techniques

Passive sampling techniques provid¢irae averaged estimate of the concentrations in water of analytes
detected in samplers aftea defined exposure period in the environmemhese concentration estimates are
derived using the ancentration of analyte sequesteredin the sampler within this exposure period and
calibration data obtained in laboratory or field studigtephens et al. 2005; Boe@if al. 2007; Shaw et al.
2009a; Shaw and Muller 2009; Stephens et al. 2008} calibration data is typically comprised of sampling
rates (volume of water sampled per day).

Passive samplers initially accumulate chemicals from the environment in a time integrated manner (linear
uptake). Eventually, equilibrium is achieved between the concentration in the sampferaf@ the
concentration in watel(Gy). The equations used to estimatg, @hen sampling is either time integrated or
during equilibrium phase sampling are provide equations 2 and 3espectively.

Cs Mg _ Ng

= Equation2
TRt Rt
Cy = Cs Equation3
KSW
Where:

Gy = the concentratin of the compound in water (ng')

Gs= the concentration ofhe compound in the sampler (rg)

Ms= the mass of the sampler (g)

Ns = the amount of compound accumulated by the sampler (ng)
Rs= the sampling rate (tay®)

t = the time deployed (days)

Ksw= the samplecwater partition coefficien{Lg")

The duration of the deployment period can be a critical factor in determining whether time integrated
sampling or equilibrium phase sampling are occurringafgiven analyte in a given samplBuring the dry
sea®n monitoring period EDs wemutinely deployed in a-2@lisc configuration to increase the capacity of
the sampling phase and hence theoretically the time required to achieve equilibrium. Time iegkgrat
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sampling is assumed for these samplers in ahitoring periods and Equation @sed to derive CwA
sampling rate of 0.08 L.d4yhas been assumed for all target chemicals in ED samplers since monitoring
commenced in 2005. Thsampling rate issquivalent to the sampling rate of diuron in this sampler at
nominal flow velocity of 0.14 m’sdetermined in a tank calibration study previoug§haw et al. 2009a)

ForSPMDand PDM®assive samplers all pesticidescumulated in the passive sampler with gy ¥4 are
assumed to be in equilibrium phase sampling in both wet and dry sampling periodsyalede@mined using
Equation 3 Conversely all chemicals with logwk> 4 are assumed to be kinetic phasesampling and
Equation 2applied to determine . For chemicals that have exceeded the kinetic phase this may result in an
underestimation of the time averaged concentration. Howeuhis case is most likely to arise within
extended dry season deploymentshen fewer pesticides are detected and concentrations tgpécally lav
compared to wet season periods, any such underestimationsialikely to be significantConcentrations in
water estimated using SPMDs were determined using a calibration spreadsteetded by Jim Huckins of

the United States Geological Survey who developed this sarfipleakins et al. 1993; Huckins et al. 2000)
This spreadsheet accounts for the influence of water temperature during the deployment period. The
sampling rates for pesticides within this sprehdet per SPMD range from 1.0 to 6.9 L'dejth an
average of 3.5 L.ddy Calibration data for PDMS sampler were obtained from studies conducted at Entox.
The sampling rates for pesticides PDMSange from 1.0 to 5.6 L.d&ywith an average &of 2.8 L.day.
However if Rs values were not available for specific chemibals have been extrapolated from other
chemicals with similar physiechemical properties. Further calibration studies are currently underway at
Entox in a collaborative researchopect with the Department of Environment & Resource Management. The
purpose of this research is to specifically calibrate these samplers for pesticides relevant to the GBR
catchment monitoring program and which are in the current QHFSS GCMS analysisstimateB
concentrations in water should be considered semantitative in the interim for these samplefShaw et

al. 2010)

In order to achige meaningful results with passive sampling techniques, it is necessary to understand the
techniques and their limitations and consider site specific factors that may influence the uptake of chemicals
into samplers irsitu. It should be noted that the upka of chemicals into the sampler is expected to be
primarily via the dissolved phase. Consequently ttmtal concentration in water (& may be
underestimated for extremely hydrophobic chemicats chemicals which partition significantly into
suspended pdiculate matter. Furthermore, an assumption is made that chemicals are not degraded in the
passive samplers. However, for passive samplers deployed in shallow and very clean water, degradation may
be an issue for compounds susceptibleptwto-transformation.When samplers are deployed for extended
periods both reversibility of sorption and degradation may be confounding factors which influence estimated
water concentrations.

3.8.1 Data Processing

Data received from QHFSS in ng/sampler fordD and PDMS samples were used for the calculation of
Gw (concentrations in watg using either Equations 2 or Blinimum,mean andmaximum values were then
determined for each location. It should be noted that in order to determine these statisticafdr lecation

that non-detects were assignecharbitraryvalue of zerdo be consistent with previous reporting years
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3.9 Water Quality Guideline Trigger Values

Chemical

Table4. Water quality guideline trigger values available fepecfic pesticides and herbicides (and transformation product)

Organochlorine Pesticides

Chlordane

Dieldrin

Dinitroaniline Herbicides

Trifluralin

Organophosphate Pesticide|
Chlorpyrifos

Diazinon

Choracetanilide herbicides
Metolachlor

Triazine or  Triazinone
Herbicides

Atrazine

Hexazinone

Simazine

Urea Herbicides
Diuron

Tebuthiuron

Transformation Product

3,4-dichloroaniline

GBRMPA ANZECC & ARMCANZ
ng.Ll* Notes ng.L* Notes
30 99 % species protection; Fres
water
80 95 % species protection
10* Low reliability; Freskvater
10* Low reliability; Marinavater
2600 99 % species protection
Freshwater
0.5 99 % species protection; Hig 0.5 99 % species protection
reliability Marine water
9 95 % species protection; Hig 9 95 % species protection
reliability Marine water
0.04 99 % species protection; Fres
water
10 95 % species protection; Fres
water
0.03 Low reliability 0.03 99 % species protection; Fres
water
10 95 % species protection; Fres
water
20* Low reliability; Freshwater
20* Low reliability; Marine
600 99 % species protection; 700 99 % species protection; Fres
Moderate reliability water
1400 95 % species protection 1300 95 % species protection; Fres
Moderate reliability water
1200 Low reliability
200 Low reliability 200 99 % species protection;
Freshwater
3200 95 % species protection; Fres
water
500 99 % species protection
Moderate reliability
1000 95 % species protection
Moderate reliability
900 99 % species protection 200 * Low reliability, Freshwater
Moderatereliability
1600 95 % species protection 200 * Low reliability ; Marinevater
Moderate reliability
20 Low reliability 20 99 % species protection; Fres
water
2200 95 % species protection; Fres
water
85000 99 9% species protection

Marine water

Sourced from Table 26 & Table @7the GBRMPAWidelines(GBRMPA 2009tplease nat the 99 % species
protection RMPA Guidelin®r chlorpyrifos 0.5 ng:tis incorrect (5 ng:t) in the 2009 document and will be
corrected in a revised edition (C. ktthin GBRMPA pers. comm®)Sourced from Tabl8.4-1 of the ANZECC &
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ARMCANZ guideliné8BNZECC and ARMCANZ 200¢) ¢ A Y RAOF 1Sa @I f dzS4a 6KAOK FNB Ly
Guidelinesas indicated in Chapter 8.3.7 Volumefzhe ANZECC & ARMCANZ Guidelines

In order to interpret the potential significance of time integrated estimates of concentrations in water these
estimates were compared with availabWater Quality Guideli@ Trigger Values (Guidelines). Guidedine
have been developed by both the GBRM@&BRNPA 2009b)and as part of the National Water Quality
Management Strategy for fresh and marine watéfdNZECC and ARMCANZ 20803eletion of relevant
Guidelines and Interim Working Levedee provided in Table.4

Guidelineswvhich are protective of 99 % of species are ideawater bodies of high ecological value like the

GBR World Heritage Ard&BRMPA 2009bftudy sites included within this monitoring program include

river mouths in catchment areas which potentially contribute to pesticide loadings to inshore reefs of the
GBR. In this cadrigger values which offer less protection (95 % of species) may also be considered for these

I NBlFad Ly OSNIFAYy OFaSa 2ytée FTNBaKg!l & & KGhiddlidsdR St Ay ¢
GAYGSNAY ©B2N]AlyA] 4 & O8I lakiSsaid alrafdbly foeRsigsimySHe EoyicBntrations of
specific chemicalsin many cases no uBleline values are available to the assess the concentrations of
specific chemicals.

3.10 Calculation of PSll-Herbicide Equivalent Concentrations ( PSI-HEQ)

Forthe purpose of this work we propose the use of relative potency factors for relevant herbicides that are
routinely found in the environment in order to estimate the inhibition of PSIl as a function of the suite of
chemicals presenin these waters Speciftally we assume tha®SHherbicides act additivelyEscher et al.
2006; Muller et al. 2008; Magnusson et al. 20H9)d the PSHHEq (ngL") based on thoseherbicides
detectedcan be predictedor each locatiorusing Equatiod.

PSHHEqQ + G x REP Equation4

Where Gis the concentration of the chemicdk in the water and REB the relative potency of chemicak

with respect to the reference chemical diuroREP values for the chemicals of interest were collated from
relevant laboratory stdies and are provided in Tab%e For this initial determination of consensus values
average values from studies obtained using corals, phaeodactylum and chlorella werddiffexgnt
organisms were notveighted). The PSHHEQ concentrations in this report were then predicted ugimgse
mean preliminary consensiREP valuegTable 9 giving equal weight to Egand EG values.These initial
consensus values were developed and applied to determineHES|lin the bseline reporting year 20089

and havenot been updatedor the sake of consistendyowever it should be acknowledged that reodata

will continue to be publishedMagnusson et al. 201@nd it is likely that these values would benefit from
review and updatingn the future.
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Table5. PSHHerbiciderelative potency factors for different herbicides and selected degradatiproducts. Preliminary summary
of available data that are used for calculati®SHHEQ concentrations from databtained in passive samplers.
PSII Relative potency (range) Relative potency (mean based on vario
Herbicides EC)

Zooxanthellae  P. C.vulgari&’®  Zooxanthellae P. C. Mean/
(Corals}' tricornutum™® (Corals} tricornutum™®  vulgari€®  Preliminary
consensus
REP
diuron 1 1 1 1 1 1 1
ametryn 1.21.35 0.94 0.9-2.7 1.28 0.94 1.71 1.31
hexazinone 0.2-0.26 0.27-0.82 0.17-0.95 0.23 0.46 0.44 0.38
atrazine 0.050.06 0.1-0.4 0.15-0.3 0.05 0.22 0.21 0.16
simazine 0.02 0.030.05 0.020.26 0.02 0.04 0.14 0.07
tebuthiuron 0.01 0.07 0.112-0.2 0.01 0.07 0.15 0.08
prometryn 1-1.1 1.05 1.05
terbuthylazine 0.3 0.3 0.3
desethyt 0.010.2 0105 011
atrazine
LB 0.003 0.003  0.003
atrazine
flumeturon 0.04 0.04 0.04

4Jones and Kerswell 2003Muller et al. 2008)° (BengtsorNash et al. 2005a) (Schmidt 2005)° Macova et al.,
unpublished data (Entox)

3.11 PSII Herbicide Index

For the interpretation of thé®SHherbicide dataeported as PSHEq an index has been compil@ableb) in
consultation withthe GBRMPAas a metric to report across thdMP. This indexuses published scientific
evidence with respect to the effects of the refererie8ll herbiciddiuronand is summarized for each index
category inTable 31 Appendix.B'hesendex criteria have beeslightlymodified from those indicated in the
baseline reporting year 2068009(Kennedy et al. 2010)

Table6 PSHHerbicide Index developed as a metric for reporting of PSII herbicides across the Reef Rescue Marine Monitoring
Program

Category  Concentration Description

(ng.LY)

No published scientific papers that demonstrate any effectplants or
animals based on toxicity or a reduction in photosynthesis. The upper limit ¢
this category is also the detection limit for pesticide concentrations determir
in field collected water samples

10 < PSIHEQ0 Published scientifiobservations of reduced photosynthesis for two diatoms.
Published scientific observations of reduced photosynthesis for two seagras

5 PSHHEQKLO

3 50 < PSIHEq < 250 species and three diatoms.

2 2505KP SHHEKI0O sP::(I;IiSeZ_ed scientific observations of redugatbtosynthesis for three coral
Published scientific papers that demonstrate effects on the growth and deat

1 PSHHEQ > 900 aquatic plants and animals exposed to the pesticide. This concentration

represents a level at which 99 per centtafpical marine plants and animals ai
protected, using diuron as the reference chemical.

For categories 4 2:
1 The published scientific papers indicate that this reduction in photosynthesis is reversible when the
organism is no longer exposed to thesticide;
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Detecting a pesticide at these concentrations does not necessarily mean that there will be an
ecological effect on the plants and animals present;

These categories have been included as they indicate an additional level of stress that plants and
animals may be exposed to in the Marine Park. In combination with a range of other stresgors (
sediment, temperature, salinity, pH, storm damage, and elevated nutrient concentrations) the ability
of these plant and animal species to recover from inipacay be reduced.

3.12 Outline of Data Presentation
The data for this report ipresented in several sections. These include:

1.

oghwnN

Summary Results for 208910

Spatial Distribution of PSII herbicides and other pesticides-2029
Temporal and Seasonal Trenisross All Monitoring Years
Regional Summaries for 202910

DiscussionEBR Wide Summary 202910

Recommendations for Future Work

More detailed results for each site are presented in further detafippendix D
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4 SUMMARYRESULTS 20092010

Table7 The regional range in concentrations (ng)Lof herbicides (tiazine, pheny! urea, triazinone, dinitroaniline, chloracetanilide) and the organophosphate insecticide chlorpyrifos
detected at monitoring sies in theinshore GBR in20092010. The PSHE(Q range for these sites and the RBEq Index Category for PSHEq Max are also provided. Sites where no
monitoring is undertaken for chemicals other than PSII herbicides are shaded light @egcentrationestimates which exceed GBRMPA Guidelines imdicated in red.

Pixies Gardeh

Low Isles
Green 1§

Fitzroy Is

Wet Tropics

Normanby Is
Dunk Is

Orpheus Is

Magnetic Is

Burdekin

Cape Cleveland

Outer
Whitsunday

Daydream
Island¢ Inner
Whitsunday’

Inner
Whitsunday®

Sarina Inlet

Mackay-Whitsunday

North Keppel Is

SN Fitzroy

Pioneer Bay

Triazine Triazine Urea Triazinone | Triazine Urea PSHHEq Organophosphate Dinitroaniline Chloracetanilide

PSII PSII PSII PSiII PSII PSII Insecticide Herbicide Herbicide

Herbicide Herbicide Herbicide Herbicide Herbicide Herbicide

Ametryn Atrazine Diuron \ Hexazinone\ Simazine Tebuthiuron Range Index Chlorpyrifos Pendimethalin  Metolachlor
n.d. n.d. n.d.

n.d n.d.¢ 0.90 n.d-5.7 n.d-2.6 n.d. n.d-0.30 n.d-6.7 5

n.d n.d-1.6 n.d-6.2 n.d-2.2 n.d. n.d-0.90 n.d-7.4 5 n.d-0.69 n.d. n.d.

n.d n.d-2.6 0.9012 n.d-9.5 n.d. n.d-1.9 0.9416 4 n.d.-0.56 n.d. n.d.

n.d n.d-1.5 n.d-3.6 n.d-1.9 n.d. n.d-0.93 n.d-4.0 5) n.d.-0.72 nd-1.1 n.d.

n.d n.d-3.0 0.575.9 n.d-2.6 n.d. n.d-1.6 0.577.1 5 n.d.-0.69 n.d. n.d.

n.d. n.d-2.2 1.5100* n.d-0.86 n.d. n.d-2.8 2.1-100 3

n.d. n.d-5.1 n.d-6.9 n.d-1.8 n.d-1.5 n.d-4.7 0.888.8 5) n.d. n.d. n.d.

n.d-0.10 n.d-13 n.d-6.7 n.d-0.61 n.d-0.36 | n.d-2.2 0.0369.1 | 5 n.d. n.d. 5.8

n.d. n.d-11 n.d-27 n.d-15 n.d. n.d-0.64 n.d-35 4 n.d. n.d. n.d.

n.d. 0.593.1 1551 0.50:15 n.d. n.d-2.2 1.7-57 3

n.d. n.d-1.1 3.643 n.d-11 n.d. n.d-0.90 3.643 4

n.d-2.3 n.d-170 n.d-429 n.d-91 n.d. n.d-0.71 0.58495 | 2

n.d. n.d-8.4 n.d-6.4 nd-2.1 n.d. n.d-14 n.d-8.7 5

A b ¢ £F5YER R Stgsaviiich were either new aliscontinued ir20092010
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The range irestimated concentrations of PSII herbicides and other pesticides for-2000 fa inshore GBR

sites are indicatedn Table 7 PSIl herbicides have been detected at all inshore GBR sites except Pixies
Garden in the Cape York Region in 200%20. There wer@o exceedances of GBRMPA Guidelines for these
individual PSII herbicideShe PSI 91j al E LYRSE NI}Iy3ISR FTNRY dapé Ay
0020K 2yS aA®é2Nyd WXSTREY &8 bl OAYywBRE 2y dzMdRSR Xy a
dmHé AYy GKS alOltreé 2KAdadzyRFe wS3IA2y O

The organophosphate insecticide chlorpyrifos (0cB672 ng.L!) was detected at all sites in the Wet Tropics
Region where monitoring occurred. These concentrations all exceed the GBRMPA Guidé&inerfoyrifos

of 0.5 ng.L* for 99 % species protection. In additidhe dintroaniline herbicide pendimethalin (1.1 ng)L

was detected at Normanby Island in the Wet Tropics and the chloracetanilide herbicide metolachlor (5.8
ng.L") was detected at Cap@leveland in the Burdekin Region. This concentration of metolachlor does not
exceed the ANZECC & ARMCANZ low reliability Interim Working Level (IWL) for marine waters. There were
no other pesticides detected at either Magnetic Island in the Burdekin Regiat the Outer Whitsunday

site in the Mackay Whitsunday Region in 2€0a.0.

The range in estimated concentrations of PSII herbicides and other pesticide&igiespinsecticidesand
fungicides) for the Tully and Pioneer Rivars provided in Tabk 8 and 9espectively. The PSHIEq Max in

the Tully and Pioneer Rivers have #S81lj Ly RSE /I i832NASa 2F ané I yR
discontinued at both sites within 2068010. The maximum concentration of atrazine in the Pioneer River is
equivalent to the ANZECC & ARMCANZ Guideline (99 % freshwaterugfld.The IWL for diuron 0.2

Hg.L* is exceeded by the maximum concentration of diuron in this river.

Table8 The range in concentration in water (ngl.)_of PSII herbicides at the two river sites in 202910. The PSHEq range for
these sites and the PSHEq Index Category for P$IEq Max are also provided. Concentrations which exceed ANZECC &
ARMCANZ Guideline or IWL values indicated in red.

Region Triazine Triazine Urea Triazinone  TriazinePSIl Urea PSIl| PSHHEQ
PSIlI PSilI PSilI PSIlI Herbicide Herbicide
Herbicide Herbicide | Herbicide | Herbicide

Ametryn  Atrazine  Diuron | Hexazinone Simazine  Tebuthiuron | Range Index
Wet Tropics  TullyRiveP 3.1-17 3.0-22 4,014
Mackay Pioneer 0.26-:690 0.62-761* | 0.27-232
Whitsunday —RiveP
* Interim Working Level IWL)asDdzA RSt Ay S @ f dzS Sadl 6f A aKiSAI204G ¢ AYyRAOIGSa airisSa RAao

The estimated concentrations of chlorpyrifos and diazinon in the Tully River, and the maximum chlorpyrifos
concentration in the Pioneer River exceeded ANZECC & ARMCANZ Guideline2i01200%e maximum
chlorpyrifos concentration in the TiylRiver in the Wet Tropics is higher than that in the Pioneer River by a
factor of 17.The 99 % species protection Guideline for freshwater was only exceeded once in the Pioneer
River while in the Tully River this Guideline was exceeded in all samplioggwith at least one period
exceeding the 986 species protection Guideline for freshwater. The estimated diazinon concentrations in
the Tully River all exceed the 95 % species protection Guideline. Concentrations of other pesticides detected
in 20082009 are also provided in Table 9. It is however problematic to interpret differences between
monitoring years as sampling was discontinued within the current wet season at both sites.

21

G n to X national research centre for environmental toxicology
Entox is a joint venture betweefhe University of Queensland and Queensland Health



Table9 The range in concentration in ater (ng.L”) of other herbicides, insecticides and fungicides at the two river sites in 2009
2010compared to the maximum concentration estimated in 20@®09 Concentrations which ex@ed the ANZECC & ARMCANZ

Guidelinesare indicated in red

Class Chemical

Pyrethroid insecticide/acaricidd Bifenthrin
Organochlorine insecticide ST
trans

Organophosphate
insecticide/acaricide
Aromatic fungicide
Organophosphate
insecticide/acaricide/nematicid
Organophosphate
insecticide/acaricide
Organochlorine insecticide Dieldrin

|
% Haloxyfop
|
|
|
|
|
|

Chlorfenvinfos
Chlorothalonil

Chlorpyrifos

Diazinon

Arylphenoxypropionic herbicid methyl

Metolachlor
Pendimethalin
Propazine
Propiconazole
Prothiofos
Tebuconazole

Chloracetanilide herbicide
Dinitroaniline herbicide
Chlorotriazine herbicide
Conazole fungicide
Organophosphate insecticide
Conazole fungicide
Methylthiotriazine
herbicide/algaecide
Dinitroaniline herbicide

Terbutryn

' Trifluralin

@NLOX

Tully River Pioneer River
20082009 | 20092010 | 20082009 20092010
Max Range Max Range
15 n.d. n.d. n.d.
1.2 n.d. n.d. n.d.
n.d. n.d. 6.6 n.d.
115 n.d. n.d.
26 2.4-12 2.1 0.250.69
62 46-55 6.1 n.d.
0.85 n.d. 3.7 0.87-2.9
n.d. 0.63 n.d. n.d.
n.d. n.d. 42 n.d.
12 0.855.4 1.3 0.367.3
n.d. n.d. 24 n.d.
12 11-19 6.8 n.d.
4.1 0.192.0 n.d. n.d.
7.5 1322 n.d. n.d.
n.d. n.d. 3.2 n.d.
n.d. n.d. 0.50 n.d.
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5 SPATIAL DISTRIBUTIONs OFPESTICIDE&009-2010

Spatal differences in the relative abundance (higher concentratiandl detection of PSII herliites are illustrated in Figurefér the inshore GBRsites
(inshore waters and reefgind Figure Tor the Tully and Pineer Rivers. Other pesticides (insecticidesbicides and fungicidgsletected at sites where
PDMS sampig was undertaken are illustrated Figure 8 All concentrations are the maximum concentration in water for each compound at each site in
2009-2010.
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Figure6 The maximum concentrations of individual PSII herbicides at all GBR monitoring sites (inshore reefs and waters)-202009
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These profilegFigure 6 and 7indicate that diuronhas typicallyoccurredat the highest concentratiomt
most sitesin 20092010 The exceptions are Cape Cleveland in the Burdekin Region wWieraaximum
atrazine concentration is higher than that of diuron and Nokippel Island in the Fitzroy Region where
both the maximum concentration of atrazine and tebuthiuron are higher than that of diuron. Maximum
hexazinone concentrations in the Wet Trepiand in the Mackay Whitsunday Regians typically less than
that of diuron but higher than atrazine. In comparison, in the Burdekin and FitRenions hexazinone
maximum concetrations are typically less than those of atrazine or tebuthiuron.
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Figure7 Maximum concentrations of individual PSlefbicides in the Tully and Pioneer Rivers in 262310
G45¢é AYRAOIFIGS&a RABOR Y UGAYdzZSR aAGS AY Hnng

Notably, tebuthiuron was not detected in either the Tully or Pioneer Rivers in-2000 although
monitoring was discontinued within the current wet seasanboth sites.The maximum concentration
profiles in these Riversare remarkably similar in ters of the relative concentratiomf individual PSII
herbicides with diuron > atrazine > hexazinone > simazine > ameétomwever the maximum concentrations

of each individualPSIl herbicid is hgher in the Pioneer River than in the Tully RivEhe maximum
concentrations in the Pioneer River were higher by a factor of 3, 41, 35, 17 and 4 for ametryn, atrazine,
diuron, hexazinone and simazine respectively.

A lroader range of herbicides, insecticides and fungicides were detected using PDMS sampling in the Tully
River than in the Pioneer River in 26B@10(Figure 8) For example, diazinon, haloxyfop mettprothiofos,
propiconazole and tebuconazole wedetected onlyin the Tully River. Chlorpyrifos was detected in both
rivers but at a higher maximum concentration in the J¥iiver. However, pendimethalimas detected at

higher concentrations in the Pioneer River and dieldrin deigcted onlyin the Pioneer Rer. Chlorpyrifos

was also detected at allGBR sites in the Wet Tropics Region. Apart from the Rivers, pendimethalin was
detected onlyat Normanby Island in the Wet Tropics Region of the GBR. Metolachlor was not detected in
either river in 20022010 but vas detected at Cape Cleveland in the Burdekin Region.
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Figure8 Maximum concentrations of other insecticides, herhitds and fungicides for all GBR (inshore reefs and waters) and Riverwiiese PDMS sampling occurred in 262010
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6 TEMPORAL & SEASONALRENDS

For all temporal trend plots in this section time averaged concentration estimates are indicated as a separate
point for each month even though this may represent only a single deployment across multiple months
particularly during the dry seasons. Any gapthe sampling record are indicated by a gap in the connecting
line between these pointsWhere replicate samplers have been analysed for each point, the point
represents the mean and error bars represent standard deviatibhese trend plots are illustted for PSII
herbicides and PSHEq for all locations and relationships between Pi&ld| and discharge from adjacent
rivers are made where possible. In addition temporal trends in the concentrations of a broad range of
pesticides (insecticides, herbieisl and fungicides) are provided for the Tully and Pioneer Rivers, since a
broader range of compounds are more frequently detected using PDMS sampling in these rivers.

6.1 Cape York Region

6.1.1 Pixies Garden - discontinued

PS 1l Herbicides: September 2006 z March 2010

Passive sampling has been used to estimate the concentrationslbfHe®vicides at the Pixies Garden site
since September2006 with a total of 19 time averaged monitoring events in this period. The temporal
profile for this location(Figur®) indicaes the dominance of diuron at this site with concentrations typically

< 2 ng.!’ and most detections occurring in the wet seasons in each monitoring year. Other herbicides
detected at this site in previous years include hexazinone, atrazine (and breakdown product desethyl
atrazine), and simazine.

207 Dry 07 Dry 08 Dry 09 PIXIES GARDEN

CAPE YORK

154

104 O~ Diuron

A~ Hexazinone

54

Concentration in Water (ng.L™?)

5 @ Atrazine
44 Desethyl Atrazine
3 -9~ Simazine
24
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Figure9 Time averaged PSII herbicide concentrations for Pixies Garden in the Cape York Regiss wet and dry seasor2006
2010

The PSIHE(q for the Pixies Garden site between September 2006 and March 2010 are illustrated in Figure

10. There is a slight increainthe PSIl 9 1] S@ARSyYy (0 0SG6SSy SI OK ¢gSimréasSth
YR a2/68g¢ nlyy R | adzoaSldzSyi IVQS('DlMLﬁ aLSBNE\;ERu%Su&dzN’JQB_
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RSGSOGSR® {FYLI AYy3I gl & RA A& 2nEG ALYSIEhaRIrRumA REMRESfor theK A &
previous three wet seasons were 0.59, 1.4 and 1.8 ngelspectively. The initial 20687 wet season
maximum (March;April ¢ 28 days) may not however be typical because of the inclusion of one monitoring
period from September 2@to January 2007 (130 days) in the initial part of the wet season where samplers
were deployed for a period beyond those considered suitable for the application of these techniques. In this
case the last two wet seasons which were reasonably well capt(ramte frequent shorter duration
monitoring) have relatively consistent RBEq. These PHIEq are all relatively low (< 2 nd.lwithin the
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Figure10 The influenceof wet or dry season on thé®’SHHEqQ for the Pixies Garden monitoring site in the Cape York Region
between 2006 and 2010
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6.2 Wet Tropics Region

6.2.1 Low Isles

PS I Herbicides: August 2005 z March 2010

The most notable feature of the profiles for Low Isles between 2005 and 2010 (Figure 11) are the relative
consistency of the spikes in the levels of the dominant herbicide diuron in the wet seasons {2@006
2007-2008, 20082009 and 2002010. The premnce of simazine at this location in the three previous wet
seasons is not evident in the current 20910 wet season. The consistent levels of diuron are reflected in
the consistent PSHE(q for this site (Figure 12) with only one sampling period (M20€16) increasing the
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Figure1ll Time averaged PSII herbicide concentrations for Low Isles in the Wet Tropics Region across wet and dry seasons
between 2005 and 2010
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Relationships between temporal and seasonal PSIlI -HEq profiles and discharge in the Daintree and

Mossman Rivers

The Low lgs site is approximately 15 km southeast (heading 132.60 degrees) of the mouth of the Daintree
River and 17 km northeast (heading 71.70 degrees) of the Mossman Riechighest PSHE(q for the Low
LafSa aAlSnay GKSLWASH wilptiherhigh@st dahRual ffedhHwRE discharge for the
Daintree River in 2005/06 (Tabl®) and an PSIl 9 lj A y R SEhe Iatdst 2608/¢0®ar also indicates

river flows exceeding median annual flows but the HPHE{ is relatively consistent with 2006/qbelow
median) and 2007/08 (also above median). Discharges from the Mossman River have not been included for
this location but may also be relevant.

Table10 Annual freshwater discharge (ML) for the Daintree River in proximitythe Low Isles sampling site. Shaded cells
highlight years for which river flow exceeded the median annual discharge as estimated from availableidomgtime series for
each river.

River 2005/06 2006/07 2007/08 2008/09 2009/10 Long term

median
777,014

Daintree 1,253,555 715,530 874,013
* Incomplete gauging record; Sourced from Table2A$chaffelke et a010)

423,711* 1,147,846

Table 11 Monthly discharges(ML) for the Daintree and Mssman Rivers available f@009-2010 from DERM Stations 108002A
and 109001A

Billaii-- 22,400 15415 11,469 6572 4,201 17,892 9,680 145421 198,059 366,933 303,542
Mossman IECECEED 1,434* 2,684* 16,993 11,206 37,228 51,842 11,534* 68,732
32,916 22,000 12,902 6572 6,885 34,885 20,887 182,649 249,901 378,467 372,274

© The State of Queensland (Department of Environment and Resource Management) [2009]; * Incomplete gauging record

In the 20092010 the first significant increase (>100,000 ML) in monthly discharge occurred in January 2010,
which coincides with the firsgpike in PSHEQq for the Low Isles site. The maximum total monthly discharge
from the Daintree and Mossman Rivers (Table 11) for occurred in March 2010 which also
coincides with the maximum P$IEq estimate of 6.7 ng-I(Figure 13).
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Figure13 Total monthly discharges from the Daintree and Mossman Rivers together with monthly-IRE¢ for the Low Isles site in
20092010
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6.2.2 Green Island

PS I Herbicides: June 2009 z April 2010

The concentrations of all PSII herbicides averl ng.tt across most 020092010 (Figure 14) with increases
beginningto be apparent in the we09-10 sampling period These increase were observed from January

(diuron), February (hexazinone) and March (atrazine) 2010 with tebuthidetected onlywhen the

maximum concentrations for all herbicides were recorded in April 2010. The diuron concentration increased
by a factor of nine between March 2010 and April 2010 increasing from 0.73 to 6:2 rifjle maximum

PSHHEq (7.4 ngl) for April 2010 (F 3 dzNBE mMp 0 | LILINR I OK S a >HIB 8g.LYiPSIHER T
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Figurel4 Time averaged PSII herbicide concentrations for Green Island in the Wet Tropics Region across wet and dry
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Relationships between temporal and seasonal PSIl -HEq profiles and freshwater discharge in the Barron

River

The Gren Island site is located approximately 24 km northeast (heading 62.37 degrees) of the Bagron Ri
mouth. Long term nedian annual flow were not exceeded in this river in 22020 (Table 2).

Table1l2 Annual freshwater discharge (ML) for the Barron River in proximity to the Green Island sampling site. Shaded cells
highlight years for which river flow exceeded the median annual flow as estimated from available-termg time series for each
river.

River 2008/09 2009/10 Long term

median
692,447

Barron 781,081 539,064
Sourced from Table AA(Schaffelke et al. 2010)

In 20092010 (Table B) the first significant increase 180,000 ML) in monthly discharge occurred in January
2010, which coincides with the first wet season increases inHERjl observed in January 2010. The
maximum monthly discharge (179, 068 ML) was however observed in January 2010, while-HieqP@Hx
was not observed until April 2010 once monthly discharge had declined to 64,339 ML (Figure 16).

Table13 Monthly dischargegML)for the Barron River available for 2002010from DERM Station 110001D
River Jun 09 Jul 09 Aug09  Sep09 Oct09 Nov09 Dec09 Janl0 Feb 10 Mar 10 Apr 10

=rldlelal s 29,047 26,370 24,988 7,632 5,932 6,378 6,572 179,068 100,709 72,985 64,339

© The State of Queensland (Department of Environment and Resource Management) [2009]
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Figurel6 Monthly total discharges from the Barron River together with monthly REEq for the Green Island site in 202910
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6.2.3 Fitzroy Island

PSII Herbicides: July 2005 z April 2010

The seasonal profiles for Fitzroy Island (Figure 17) reveal the domindndieiron and the consistent
presence of this herbicide in both wet and dry seasons, with elevated levels occurring typically in the wet
season, with the exception of a dry season spike between June and July 2007. This dry season spike in diuron
was accompaied by a slight increase in the levels of atrazine and hexazinone from¢Agal 2007. The

other PSII herbicides consistently detected are again atrazine, hexazinone, tebuthiuron and simazine.
However simazine was not detected in this latest 22090 wet season which was also the case at the Low

Isles site in this monitoring period. One notable feature of this profile is the apparent increase in the levels of
hexazinone between 2005 and 2010 from 1.5 to 10 hg.The seasonal P$IEq profiles for Eiroy Island

between 2005 and 2006 (Figure 18) indicate an apparent increase in equivalent concentrations in the 2008
2009 and 2002010 wet seasons compared with the previous three wet seasons. Due to its relative
abundance and relative potency diurontli& dominant contributor to the PSHEq and theefore this profile

mirrors the concentratiorof diuron seasonally. Fitzroy Island RSB Ij I NB Y2 NB O2yairads
GAGK LISF1a AYy RAdINRBY fS@Sta OKSY ighhndagiriuing diring €ach/ | G S
monitoring year over the last three years.
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Figurel7 Time averaged PSII herbicide concentrations for Fitzroy Island in the Wet Tropics Region across wet and dry seasons
between 2005 and 2010
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Relatio nships between temporal and seasonal PSII -HEq profiles and freshwater discharge in the Barron

and Russell-Mulgrave Rivers

The Fitzroy Island site is approximately 25 km southwest (heading 107.95 degrees) of the Barron River
Mouth and 32 km northeast (headj 3.22 degrees) of the Russdligrave River MouthAnnual discharges

in 2009/10 from both the Barron and Mulgrave Rivers (Tal)edid not exceed median annual flows while

the Russell River median was exceeded and has been consistently exceeded Hd@8#®6 and 2009/10.

The annual discharge from the Russell River is typically higher than the other rivers in most years. In 2005/06
and 2007/8 discharges from all rivers were above the median.

Table1l4 Annual freshwater discharge (ML) for the Barron River, Mulgrave and Russel Rivers in proximity to the Fitzroy Island
sampling site. Shaded cells highlight years for which river flow exceeded the median annual discharge as estimated frial@vai
long-term time series for each river.

745,779 471,359 1,582,470 781,081 539,064 692,447
1,014,701 757,914 938,122 689,845 602,261 719,625
1,299,019 1,276,654 1,075,370 1,213,227 1,624,432 1,049,894
3,059,499 2,505,927 3,595,962 2,684,153 2,765,757

* Incomplete gauging record; Sourced from Table2A$chaffelke et al. 2010)

The total discharge for each monitoring year has been plotted against théiP§linax (ngl) in each year

and the proportion of total discharge accounted for by both the Barron River and ulsee®Viulgrave

Rivers combined (Figure 19). There is no clear relationship between total discharge from these three river
systems combined and the AISHEQ max in these years. In particular in the last two monitoring years-(2008
09 and 200910) total digharges have been lower compared to 2d& but PSIHEq Max has remained
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Figurel9 Fitzroy Island PSII herbicide equivalent maximum (lefayis) in each reporting year together with total discharge from all three river systems combined in each year (right y
axis). The percentage of total discharge attributable to either the BarroneRior RusselMulgrave Rivers combined in each monitoring year is also illustrated using pie charts.
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relatively high. The maximum discharge observed in ZI®does have one of the higher-R$HEqg max but

it is not the highest value observed while the Barron River was the dominant contributor to discharge in this
year. It is interesting to note that theelative contributions of RusseMulgrave Rivers(81 %) and the Barron
River (19 %) to total discharge is consistent in the ZDD@Gnd 2009L.0 monitoring years but PSHEQ was a
factor of 3 times higher in 20620. It is apparent that some knowledge &P herbicide loads, and plume
extent in these systems is required to interpret these relationships completely at the Fitzroy Island site.

The complexity of these relationships is further illustrated within the monthly discharges forZ20@0

(Table ) when plotted as total discharge (ML) against monthly-RE¢ (Figure 20). In general the lowest
monthly discharges in September and October 2009 are associated with the loweldE§Si#stimates and

the maximum discharge in April 2010 is associated wie PSIHEq Max for this monitoring year. However
within this monitoring year there are periods within which discharge increases yeHB&ltecreases. It

does appear that discharges > 100,0dQ beginning in January 2010 for each river are associafid a

peak in PSHE(Q in January 2010 but this is not maintained within subsequent months (February and March
2010) until a maximum is again observed in April 2010. The timing of peak discharges within each month and
with respect to each other would aldofluence whether there are any lag times in the influence of these
(dilution or enhanced delivery) on concentration in each month.

Table 15 Monthly discharges(ML) for the Barron, Mulgrave and &ssell Rivers available for 2002010 from DERM Stations
110001D, 111007A and 111101D

SCU0 | 29047 26370 24988 7,632 5932 6378 6572 179,068 100,709 72985 64,339
VIl | 29,431 17,661 14221 9,326 7,228 27,459 12,048 98967 70,762 129,959 126,754
Sl | 43192 18527 15118 7,982 6,653 49,407 12,107 162,217 123056 205,116 279,054

© The State of Queensland (Department of Environment and Resource Management) [2009]
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Figure20 Monthly total discharges from the Mulgrave, Russell and Barron Rivers together with monthly-iPSdj for the Fitzroy
Island site in 2002010.

35

@ n to x national research centre for environmental toxicology
Entox is a joint venture betweefhe University of Queensland and Queensland Health



6.2.4 Normanby Island

PSII Herbicides: July 2005 z April 2010

The temporal profile for Nonanby Island between 2005 and 2010 (Figure 21) indicates the dominance of

diuron and the relative abundance of all PSII herbicides in the wet season with few detections in dry season

monitoring periods. The maximum levels of diuron in this latest 2ZB0POwet season are somewhat lower

than the previous three wet seasons. The fHEY Index for this site

(Figure 22) is more consistently
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Figure21 Time aveaged PSII herbicide concentrations for Normanby Island in the Wet Tropics Region across wet and dry seasons

25~ Dry 05 Dry 06 Dry 07 Dry 08 Dry 09

204

H
¢

H
g

r ]

5T - lm,

34

Concentration in Water (ng.L™Y)

NORMANBY ISLAND
psiieq WET TROPICS
INDEX

-#- PSll-Herbicide
Equivalent

®
> S \‘% SR TOFRRAAS

2005 1 20086 | 2007 | 2008 i

Figure22 Time averaged concentrations at Normanby Island expressed asHRS8Hicide Equivalent concentrations across wet and

RNE &aSlaz2ya HAMA

@NLOX

0SisSSy Iy R

HANp

national research centre for environmental toxicology

Entox is a joint venture betweefhe University of Queensland and Queensland Health

& AMHLBngtl'Y ihdicatdd S ND A OA RS

LYRSE

36



Relationships between temporal and seasonal PSI-HEqQ profiles and freshwater discharge in the Russell -

Mulgrave Rivers

The Normanby Island site is approximately 11 km East (heading 78.80 degrees) of the mouth of the Mulgrave
and Russell Rivers. The monitoring year with the highestHESjI(2007/08) of 17 ng'lis not associated

with the maximum dischargebserved in 2005/06réfer Table 14 above) however the wet season in
2005/06 was not sampled. The Mulgrave River contributed a higher proportion (47 %) to total discharge in
the year(2007/8) when the highest P$HEQq has been observed.

The monthly discharges for these riversfér Table 15 abovejn 20092010 were combined to estimate

total monthly dischage. The total monthly discharge is plotted against monthly-RAgH for this ranitoring

year in Figure 23. It is interesting to compare this figure for Normanby Island with the same plot for Fitzroy
Island (Figure 20) to the north which may also beaugriced by discharge from thesiwers. The PSHE(q for
Fitzroy Island are in geral higher with contributing herbicides detected more consistently throughout the
year. However, both sites indicate an increase in-RBY in January 2010, a decrease into February 2010
and subsequent increases in March 2010, with the maximumHERjlbr both sites occurring in April 2010.

Figure23 Monthly total discharges from the Russdlllulgrave Rivers together with monthly PSHE(q for the Normanby Island site
in 20092010
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