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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) and the status of key ecosystems. 
Annual monitoring of inshore GBR sites and several rivers 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 2009 ς 2010 was to: 
ά5ŜǘŜǊƳƛƴŜ ǘƛƳŜ ƛƴǘŜƎǊŀǘŜŘ ōŀǎŜƭƛƴŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ǎǇŜŎƛŦƛŎ ƻǊƎŀƴƛŎ ŎƘŜƳƛŎŀƭǎ ƛƴ ǿŀǘŜǊ ǿƛǘƘ 
the aim to evaluate long term trends in pesticide concentrations along inshore waters of the 
D.wέ 

1.2 Methods 

Monitoring has been conducted at sites within five major Natural Resource Management 
Regions (Cape York, Wet Tropics, Burdekin, Mackay Whitsunday, and Fitzroy) in 2009-2010. 
Baseline concentrations of specific organic pollutants (pesticides and herbicides) are estimated 
using passive sampling techniques. The passive sampling techniques which are utilized in the 
MMP include: 

¶ SDB-RPS EmporeTM Disk based passive samplers for relatively hydrophilic organic 
chemicals with relatively low octanol-water partition coefficients (log KOW) such as diuron. 

¶ Polydimethylsiloxane (PDMS) and Semipermeable Membrane Devices (SPMDs) passive 
samplers for organic chemicals which are relatively more hydrophobic (higher log KOW) 
such as chlorpyrifos.  

To date the most frequently detected and abundant chemicals at inshore reef sites over the last 
five years are herbicides: diuron, atrazine, hexazinone, and tebuthiuron. The presence of these 
herbicides which inhibit photosynthesis through the photosystem II pathway on the GBR is 
particularly concerning due to potential for impacts on a range of species including seagrass and 
corals. In the 2008-2009 baseline reporting year a PSII Herbicide Equivalent (PSII-HEq) Index was 
introduced which aims to provide a mode of action based integrative assessment of 
concentration. The PSII-HEq Index Categories subsequently refined by the Great Barrier Reef 
Marine Park Authority (GBRMPA) for 2009-2010 and presented within this report provide a 
ƳŜǘǊƛŎ ŦƻǊ ǊŜǇƻǊǘƛƴƎ ǇǳǊǇƻǎŜǎ ŀŎǊƻǎǎ ǘƘŜ D.wΦ ¢ƘŜǎŜ LƴŘŜȄ /ŀǘŜƎƻǊƛŜǎ ǊŀƴƎŜ ŦǊƻƳ άмέ όҔ флл 
ng.L-1ύ ǘƻ άрέ όҖ 10 ng.L-1ύ ǿƛǘƘ άмέ ōŜƛƴƎ ǘƘŜ ƘƛƎƘŜǎǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŎŀǘŜƎƻǊȅΦ t{LI-HEq within 
Category άмέ ŀǊe at a higher concentration than the GBRMP Guideline using published scientific 
effects on the growth and mortality of aquatic plants and animals using diuron as the reference 
chemical. Conversely, PSII-I9ǉ ǿƛǘƘƛƴ /ŀǘŜƎƻǊȅ άрέ ŀǊŜ below any published scientific results of 
effects on plants or animals based on toxicity including a reduction in photosynthesis. The 
reporting parameter for PSII herbicides in the GBR is the maximum PSII-HEq concentration (PSII-
HEq Max) within each monitoring year. 

1.3 GBR Wide Summary  

The PSII-HEq Max (ng.L-1) for 2009-2010 and previous monitoring years from 2005-2006 are 
illustrated in Figure 1. The dominant contributor to PSII-HEq Max at all sites is the phenylurea 
herbicide diuron due to both its relative abundance (higher concentration) and its relative 
potency as a PSII inhibitor. Diuron is also more consistently detected during both wet and dry 
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season monitoring across the GBR. Hexazinone 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 and Mackay Whitsunday Regions. 
The PSII herbicides contributing the most to the PSII-HEq Max across the GBR (diuron, atrazine 
and hexazinone) are all associated with sugar cane production and other cropping in GBR 
catchments. PSII-HEq InŘŜȄ /ŀǘŜƎƻǊƛŜǎ ǊŀƴƎŜ ŦǊƻƳ άр - 4έΣ άр ς оέΣ άп ς 2έ ŀƴŘ άрέ ŦƻǊ current 
sites in the Wet Tropics, Burdekin, Mackay Whitsunday and Fitzroy Regions respectively in 2009-
2010 (Table 1).  

 
Figure 1  PSII-HEq Max (ng.L

-1
) for current sites in the Wet Tropics, Burdekin, Mackay Whitsunday and Fitzroy 

Regions between 2005 and 2010.  
όάbέ ƛƴŘƛŎŀǘŜǎ ŀ ƴŜǿ ǎƛǘŜ ƛƴ нллф-2010) 
 

PSII-HEq Max in each monitoring year are more typically observed in wet seasons than dry 
ǎŜŀǎƻƴǎΦ ! ƴƻǘŀōƭŜ ŜȄŎŜǇǘƛƻƴ ǘƻ ǘƘƛǎ ƛǎ ǘƘŜ /ŀǘŜƎƻǊȅ άоέ t{LL-HEq Max observed in the dry season 
at Orpheus Island in the Burdekin Region in 2009-2010. These dry season maximums may be 
indicative of more localised sources of diuron (local application or leaching from antifoulant 
paints). Wet season events (peak discharge and flood plumes) in specific monitoring years may 
ŎƻƴǘǊƛōǳǘŜ ǘƻ άƴƻƛǎŜέ ǿƛǘƘƛƴ ǘƘŜǎŜ ǇǊƻŦƛƭŜǎ ŀƴŘ ƳŀƪŜ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ǿŀǘŜǊ 
quality between specific years more problematic. When considering all monitoring years there is 
some indication of increasing PSII-HEq Max for Fitzroy Island in the Wet Tropics, Magnetic Island 
in the Burdekin Region and North Keppel Island in the Fitzroy Region. Assessment of temporal 
trends in the Mackay Whitsunday Regions is not possible due to incomplete monitoring records 
(loss of samplers) for Outer Whitsunday and a range of new sites (Table 1) being incorporated 
within 2009-2010.  
There were no exceedances of GBRMPA Water Quality Guidelines by individual PSII herbicides at 
inshore GBR sites in 2009-2010 (Table 1). The maximum concentration of the PSII herbicide 
atrazine (690 ng.L-1) 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 Pioneer River. The Pioneer River was the only site with a PSII-HEq Index of 
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άмέ ƛƴ нллф-2010. The estimated concentrations of the organophosphate insecticide chlorpyrifos 
at inshore GBR sites in the Wet Tropics Region (Green, Fitzroy, Normanby & Dunk Islands) did 
exceed the 99 % GBRMPA Guideline (0.5 ng.L-1) where monitoring occurred. Similarly the 
ANZECC & ARMCANZ Guideline for chlorpyrifos in freshwater was exceeded in the Tully River 
(99 and 95 %) in the Wet Tropics and in the Pioneer River (99 %) in the Mackay Whitsunday 
Region.  Diazinon concentrations in the Tully River exceed both the 95 and 99 % species 
protection freshwater ANZECC & ARMCANZ Guidelines. Since the concentrations of chlorpyrifos 
estimated by passive samplers are time integrative, it is likely that acute (short duration) 
exposures may be much higher. 
 
Table 1 The PSII-HEq range (ng.L

-1
) and Index Category of PSII-HEq Max with any exceedance of Guideline values for 

these locations indicated. Sites which were only monitored for PSII herbicides are indicated by light grey shading.  
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 Site PSII-HEq Exceedance of Water Quality Guidelines  

Range Index PSII herbicides Other Pesticides 
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Pixies GardenD n.d. 5 U  

W
e

t 
T

ro
p
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s 

Low Isles n.d.-6.7 5 U  

Green IsN n.d.-7.4 5 U V 
Chlorpyrifos 

Fitzroy Is 0.94-16 4 U V 
Chlorpyrifos 

Normanby Is n.d.-4.0 5 U V 
Chlorpyrifos 

Dunk Is 0.57-7.1 5 U V 
Chlorpyrifos 

Tully RiverD 5.5 - 32 4 U V 
Chlorpyrifos & Diazinon 

B
u

rd
e

ki
n Orpheus Is 2.1-100 3 U  

Magnetic Is 0.88-8.8 5 U U 

Cape Cleveland  0.036-9.1 5 U U 

M
a

ck
a

y 
-

W
h

its
u

n
d

a
y 

Outer Whitsunday n.d.-35 4 U U 

Daydream Island ς Inner WhitsundayD 1.7-57 3 U  

Pioneer Bay-Inner WhitsundayN 3.6-43 4 U  

Sarina InletN 0.58-495 2 U  

Pioneer RiverD 0.77-970 1 
V 

Atrazine & Diuron 
V 

Chlorpyrifos 

F
itz

ro
y 

North Keppel Is n.d.-8.7 5 U  

ά5έ ŀƴŘ άbέ ƛƴŘƛŎŀǘŜ ǎƛǘŜǎ ǿƘƛŎƘ ǿŜǊŜ ŘƛǎŎƻƴǘƛƴǳŜŘ ƻǊ ƴŜǿ ǊŜǎǇŜŎǘƛǾŜƭȅ ƛƴ нллф-2010 
 

1.4 Regional Results  & Discussion  

While equivalent concentrations provide a single reporting parameter for PSII-herbicides with a 
similar mode of action they may obscure differences in the relative abundance of individual PSII 
herbicides detected in different regions. Furthermore limited monitoring of more hydrophobic 
chemicals is undertaken at relatively few sites and predominantly in the wet season (Table 1). In 
order to illustrate more complete exposure scenarios in these regions the maximum 
concentrations of individual PSII herbicides at all monitoring sites are provided in Figure 2 and 
the maximum concentrations of other pesticides (herbicides, insecticides and fungicides) are 
provided in Figure 3. 
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The least frequently detected PSII herbicides are ametryn and simazine. Ametryn was detected 
only at Cape Cleveland (0.10 ng.L-1), Sarina Inlet (2.3 ng.L-1) and in the Tully (1.1 ng.L-1) and 
Pioneer Rivers (3.7 ng.L-1) in 2009-2010. Simazine was detected only at Magnetic Island (1.5 ng.L-

1) and Cape Cleveland (0.36 ng.L-1) in the Burdekin region and in the Tully (5.1 ng.L-1) and Pioneer 
Rivers (22 ng.L-1). The maximum concentrations of tebuthiuron are observed in the Burdekin 
region (2.2 ς 4.7 ng.L-1) and at North Keppel Island (14 ng.L-1) in the Fitzroy region which has the 
highest maximum concentration in 2009-2010. The GBRMPA Guideline for tebuthiuron of 20 
ng.L-1 is approached at this site. 

 
Figure 2  Maximum concentrations of individual PSII herbicides at inshore reefs, nearshore waters and rivers in 
2009-2010 
 ά5έ ŀƴŘ άbέ ƛƴŘƛŎŀǘŜ ǎƛǘŜǎ ǿƘƛŎƘ ǿŜǊŜ ŘƛǎŎƻƴǘƛƴǳŜŘ ƻǊ ƴŜǿ ƛƴ нллф-2010 
 

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 > hexazinone > simazine > 
ametryn. However the maximum concentrations of each individual PSII herbicide are higher in 
the Pioneer River by factors of between 3 and 41. Since diuron is the dominant contributor to 
PSII HEq it is important to illustrate the ranges in the maximum concentration of this herbicide 
within these regions. Maximum diuron concentrations at inshore GBR sites ranged from 3.6 ς 12 
ng.L-1, 6.7 ς 100 ng.L-1, 27 ς 429 ng.L-1 and 6.4 ng.L-1 in the Wet Tropics, Burdekin, Mackay 
Whitsunday and Fitzroy (one site) Regions respectively. The regional profiles indicate that diuron 
has typically occurred at the highest concentration at most sites in 2009-2010. The exceptions 
are Cape Cleveland in the Burdekin Region where the maximum atrazine concentration (13 ng.L-
1) is higher than that of diuron (6.7 ng.L-1) and North Keppel Island in the Fitzroy Region where 
both the maximum concentration of atrazine (8.4 ng.L-1) and tebuthiuron (14 ng.L-1) are higher 
than that of diuron (6.4 ng.L-1). While the diuron concentration at North Keppel Island is lower 
than for either atrazine or tebuthiuron, this is the highest diuron concentration which has been 
monitored at this location and has contributed significantly to the observed increase in PSII-HEq 
Max at this location. Atrazine was frequently the dominant PSII-herbicide 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 in the 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 tebuthiuron. The Sarina Inlet site in 
the Mackay Whitsunday Region has the highest concentrations for inshore GBR sites for most 
PSII herbicides including ametryn (2.3 ng.L-1), atrazine (170 ng.L-1), diuron (429 ng.L-1) and 
hexazinone (91 ng.L-1) reflecting both its proximity to the coast and inputs from significant areas 
of sugar cane production in this region.  

 
Figure 3  Maximum concentrations of other herbicides, insecticides and fungicides at sites where PDMS sampling 
occurred in 2009-2010 
ά5έ ŀƴŘ άbέ indicate sites which were discontinued or new in 2009-2010 

 
A broader range of pesticides (Figure 2) were detected using PDMS sampling in the Tully River 
than in the Pioneer River in 2009-2010. The organophosphate insecticides diazinon (46-55 ng.L-1) 
and prothiofos (0.19-2.0 ng.L-1), the phenoxy herbicide haloxyfop methyl (0.63 ng.L-1) and the 
conazole fungicides propiconazole (11-19 ng.L-1) and tebuconazole (13 ς 22 ng.L-1) were 
detected only in the Tully River. Chlorpyrifos was detected in both the Pioneer (0.25 ς 0.69 ng.L-
1) and Tully (2.4 ς 12 ng.L-1) Rivers but at a higher maximum concentration in the Tully River. 
However, pendimethalin was detected at higher concentrations in the Pioneer River (0.36 ς 7.3 
ng.L-1) than in the Tully River (0.85 ς 5.4 ng.L-1) and the organochlorine insecticide dieldrin (0.87 
ς 2.9 ng.L-1) was detected only in the Pioneer River. Chlorpyrifos (0.56 ς 0.72 ng.L-1) was also 
detected at all inshore GBR sites in the Wet Tropics Region where monitoring occurred. Apart 
from the Rivers, the dinitroaniline herbicide pendimethalin (1.1 ng.L-1) was detected only at 
Normanby Island in the Wet Tropics Region of the GBR. Metolachlor, a chloracetanilide 
herbicide, was not detected in either river in 2009-2010 but was detected at Cape Cleveland (5.8 
ng.L-1) in the Burdekin Region. 

1.5 Discussion & Conclusions  

PSII Herbicides were present at all inshore GBR sites except for Pixies Garden in the Cape York 
Region. The concentrations of PSII herbicides are particularly elevated at inshore GBR sites in the 
Mackay Whitsunday Region. The time integrated concentrations estimated for individual PSII 
herbicides using passive sampling techniques have not exceeded GBRMPA Guidelines for 
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individual chemicals at inshore GBR sites. However, the risks to reef ecosystems as a whole 
posed by exposure to mixtures of PSII herbicides and the potential for synergistic effects with 
concomitant changes in other water quality parameters remain largely uncharacterized.  
PSII-HEq concentrations did occasionally reach known sub-lethal effect levels (such as reduced 
photosynthesis) for a number of marine species at inshore GBR sites in the Wet Tropics, 
Burdekin and Mackay Whitsunday Regions in 2009-2010. 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 exposed. Some uncertainty remains 
regarding how much exposure 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 exists that it 
will be detrimental to photosynthesising organisms and present an additional stressor on 
ecosystems already facing a number of other pressures.  
PSII-herbicides are monitored at a greater range of sites and more frequently in the MMP than 
relatively more hydrophobic chemicals such as the organophosphate insecticide chlorpyrifos. 
Unlike the PSII-herbicides the concentration estimates for chlorpyrifos at inshore GBR sites in 
the Wet Tropics exceed the GBRMPA Guideline in at least one monitoring period. This finding 
indicates the importance of monitoring for a broader range of chemicals such as chlorpyrifos 
which although present at lower concentrations than PSII herbicides can also have significantly 
lower Guideline values.   
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2 INTRODUCTION 

The Great Barrier Reef Marine Park (GBRMP) off the coast of Queensland covers an area of approximately 
344, 400 km2 and was listed as a World Heritage Area in 1981. The protection of this nationally and 
internationally treasured ecosystem and iconic natural resource is a priority for both the Commonwealth and 
Queensland State governments and the wider domestic and international community. In recognition of this 
immense value a dedicated regulatory authority the Great Barrier Reef Marine Park Authority (GBRMPA) was 
established in 1975 to manage the Great Barrier Reef Marine Park (GBRMP). 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 worldwide (Pandolfi et al. 2003) many of the factors which will influence the resilience 
and hence preservation of these ecosystems for future generations have their origin beyond the boundaries 
of the marine park (Hughes et al. 2003; GBRMPA 2009a). The degradation of these ecosystems and their 
capacity to adapt to change would be exacerbated by a decline in water quality.   
 
One of the dominant contributors to declining water quality within the GBR are terrestrial discharge derived 
inputs of elevated nutrients, sediments and agricultural chemicals from adjacent catchments (Furnas 2003; 
Brodie et al. 2008; Brodie and Waterhouse 2009; Packett et al. 2009; van Dam et al. 2010). Extensive 
monitoring of water bodies within these adjoining catchments has revealed a broad range of agricultural 
chemicals (herbicides and insecticides) at often elevated concentrations (Mitchell et al. 2005; Lewis et al. 
2007; Davis et al. 2008; Rohde et al. 2008; Bainbridge et al. 2009a; Packett et al. 2009). These catchment 
contributions to the GBR lagoon may be exacerbated by flood plume events (Devlin and Schaffelke 2009; 
Brodie et al. 2010) with the extent of these plume bands extending out to 50 km (Devlin and Brodie 2005) 
and 100 km (Rohde et al. 2008) from the coast.  
 
There are differences in the relative risk estimated for different Natural Resource Management Regions 
which have been both significantly developed and that define the GBR catchment area (Wet Tropics, 
Burdekin, Mackay Whitsunday, Fitzroy and Burnett Mary). These risks may be related to dominant 
agricultural land use within these regions. Priority agricultural chemicals identified in all regions are 
photosystem II herbicides (Brodie and Waterhouse 2009) which may be detected more frequently and at 
relatively high concentrations (Davis et al. 2008; Lewis et al. 2009). These herbicides including the triazines 
(i.e. atrazine, simazine, ametryn and prometryn) triazinone (hexazinone) and the urea based (diuron and 
tebuthiuron) have a common mode of action inhibiting photosynthesis through the photosystem II pathway 
(Bengtson-Nash et al. 2005a). There exists the potential for these herbicides to impact seagrass (Haynes et 
al. 2000), mangroves (Duke et al. 2005), tropical benthic microalgae (Magnusson et al. 2010) and corals 
(Jones and Kerswell 2003; Jones et al. 2003; Jones 2005; Negri et al. 2005). Notably synergistic effects 
between sedimentation stress and trace levels of the PSII herbicide diuron on the photosynthetic activity and 
recovery of crustose coralline algae have been demonstrated (Harrington et al. 2005).   
 
Significantly these herbicides have been detected in both rivers in adjoining catchments and at inshore reef 
locations in both dry and wet seasons using passive sampling techniques (Shaw and Mueller 2005; Shaw et 
al. 2010) and have been traced at extremely elevated concentrations in river water plumes from catchments 
(Davis et al. 2008) to the GBR lagoon using grab sampling techniques (Rohde et al. 2008; Bainbridge et al. 
2009a; Lewis et al. 2009; Devlin et al. 2010). It is 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) 
indicates biologically significant concentrations (Haynes et al. 2000) which 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 of insecticides such as chlorpyrifos and 
diazinon in rivers and nearshore waters (Shaw et al. 2010) has demonstrated their applicability to more 
completely identify the agricultural chemicals to which these ecosystems are potentially exposed, across 
concentration ranges spanning several orders of magnitude. These sampling techniques offer cost effective 
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monitoring tools which are particularly suited to monitoring both temporal and spatial variation in chronic 
exposure in the often remote locations encountered on the GBR (Shaw and Mueller 2005).  It is important to 
note however that time integrated estimates derived using passive sampling techniques and acute (short 
duration) exposure estimates will differ and offer quite different risk assessment information within these 
ecosystems. It is advisable to consider all available information within specific regions rather than just time 
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 2005 to assess 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 towards the Reef Water Quality Protection Plan (Reef Plan) and Reef Rescue goals and 
ǘŀǊƎŜǘǎΦ ¢ƘŜ άƛƳƳŜŘƛŀǘŜέ Ǝƻŀƭ ƻŦ ǘƘŜ wŜŜŦ tƭŀƴ ƛǎ ǘƻ Ƙŀƭǘ ŀƴŘ ǊŜǾŜǊǎŜ ǘƘŜ ŘŜŎƭƛƴŜ ƛƴ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŜƴǘŜǊƛƴƎ ǘƘŜ 
GBR by 2013. Annual monitoring of inshore reef sites of the GBR and 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 2009 ς 2010 monitoring year is to: 
 
ά5ŜǘŜǊƳƛƴŜ time integrated baseline concentrations of specific organic chemicals in water with the aim to 
ŜǾŀƭǳŀǘŜ ƭƻƴƎ ǘŜǊƳ ǘǊŜƴŘǎ ƛƴ ǇŜǎǘƛŎƛŘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀƭƻƴƎ ƛƴǎƘƻǊŜ ǿŀǘŜǊǎ ƻŦ ǘƘŜ D.wέ 
 
Time integrated estimates of concentration in water are derived using passive sampling techniques. The 
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 to inform management of the GBR by the GBRMPA. This 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 monitoring efforts by receiving, deploying/retrieving 
and returning the passive samplers to Entox for subsequent extraction and analysis. This active participation 
of volunteers within the program is made possible by training by GBRMPA and/or Entox staff in Standard 
Operating Procedures to ensure the quality of the data obtained from these deployments. 
 
Monitoring has been conducted at sites within five major Natural Resource Management Regions (Cape 
York, Wet Tropics, Burdekin, Mackay Whitsunday, and Fitzroy). Monitoring of river systems was discontinued 
within this project within the current monitoring year (2009 -2010) and is now undertaken more 
comprehensively by the Department of Environment and Resource Management as a component of the 
Paddock to Reef Program. As a result of this pesticide and herbicide monitoring and other water quality 
monitoring conducted as components of Reef Rescue (and Reef Plan) an annual Great Barrier Reef Water 
Quality Report Card will be derived in October 2010 with the baseline reporting year being the previous 
monitoring year (2008-2009).  
 
To date the most frequently detected and abundant agricultural chemicals detected at inshore reef sites 
over the last five sampling years include the PS-II herbicides: diuron, atrazine, hexazinone, and tebuthiuron. 
In the 2008-2009 baseline reporting year a PS-II Herbicide Equivalent Index was introduced which provides a 
mode of action based integrative assessment of PSII herbicide equivalent concentration. This equivalent 
concentration incorporates both the relative potency and the relative abundance of individual PSII 
herbicides within each sampling period (Bengtson-Nash et al. 2005a; Escher et al. 2006; Muller et al. 2008; 
Shaw et al. 2009b) and is consistent with the use of diuron equivalencies to assess PSII activity in 
environmental samples using bioanalytical methods (Bengtson-Nash et al. 2005b). The PSII-HEq Index 
Categories subsequently refined by GBRMPA for 2009-2010 and presented within this report provide a 
metric for reporting purposes across the GBR. The reporting parameter for PSII herbicides in the GBR will be 
the maximum PSII-HEq concentration within each monitoring year. 
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3 METHODOLOGY 

Time integrated concentrations in water for specific organic chemicals are estimated using passive sampling 
techniques. These samplers accumulate chemicals from water via passive diffusion. The passive sampling 
techniques which are utilized in the MMP include: 

¶ SDB-RPS EmporeTM Disk (ED) based passive samplers for relatively hydrophilic organic chemicals 
with relatively low octanol-water partition coefficients (logKOW) such as the PSII herbicides 
(example: diuron). 

¶ Polydimethylsiloxane (PDMS) and Semipermeable Membrane Devices (SPMDs) passive samplers 
for organic chemicals which are relatively more hydrophobic (higher log KOW) such as chlorpyrifos.  

¢ƘŜǎŜ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭ ƛƴ ǘƘŜ άwŜŜŦ wŜǎŎǳŜ aŀǊƛƴŜ aƻƴƛǘƻǊƛƴƎ tǊƻƎǊŀƳΥ vǳŀƭƛǘȅ 
!ǎǎǳǊŀƴŎŜκvǳŀƭƛǘȅ /ƻƴǘǊƻƭ aŜǘƘƻŘǎ ŀƴŘ tǊƻŎŜŘǳǊŜǎ aŀƴǳŀƭέ and in previous reports (Kennedy et al. 2010; 
RRRC 2010).  
 

3.1 Target Chemicals  & Limits of Reporting  

The chemicals targeted for analysis in the different passive samplers and the limits of reporting (LOR) are 
indicated in Table 2. This list of target chemicals was derived through consultation with GBRMPA with the 
criteria being: 

¶ Detected in recent studies  

¶ Recognised as a potential risk 

¶ Analytical affordability and within the current analytical capabilities of Queensland Health Forensic 
and Scientific Services (QHFSS). 

¶ Likelihood of accumulation in one of the passive samplers (exist as neutral species in the 
environment). 

Empore disc sampler extracts are analysed using liquid chromatography mass spectrometry (LCMS) run in 
positive analysis mode. It should be noted that the analysis of bromacil was specifically requested from 
2009-2010. Being run only in positive analysis mode excludes the detection of specific hydrophilic organic 
chemicals such as 2,4-D, MCPA, mecoprop, and picloram which would only be detected in 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 negatively charged species. PDMS and SPMD sampler extracts 
are analysed using gas chromatography mass spectrometry (GCMS). While certain chemicals are specifically 
targeted through the MMP, a broader suite of chemicals are analysed for and these are indicated in Table 29 
Appendix A. LOR for other non-target 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 Scientific Services laboratory as follows: The LORs are determined by adding 
a very low level amount of analyte to a matrix and injecting 6-7 times into the analytical instrument. The 
standard deviation of the resultant signals is obtained and a multiplication factor of 10 is 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 indicated in Table 2.  
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Table 2. 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.L
-1
) 

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  
Phosphate-tri -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 samplers were routinely deployed at twelve current inshore reef sites (Figure 4) in 2009-2010 and 
two inshore reef sites and two river sites which were discontinued late in 2009-2010. The current sites 
include three new pesticide monitoring sites which were incorporated into the MMP in 2009-2010. These 
were Green Island in the Wet Tropics Region and Inner Whitsunday-Pioneer Bay-Inner Whitsunday and 
Sarina Inlet in the Mackay Whitsunday Region. The discontinued inshore reef sites included Pixies Garden in 
the Cape York Region and Daydream Island ς Inner Whitsunday in the Mackay Whitsunday Region. The two 
river sites which were discontinued included the Tully River in the Wet Tropics Region and the Pioneer River 
in the Mackay Whitsunday Region. As mentioned previously, these and other river sites will now be 
monitored more comprehensively through the Paddock to Reef Program. Sites were discontinued for 
budgetary reasons with the criteria used to exclude specific sites being: 

¶ Little data availability 

¶ Problems with site organization 
- Better sites available in the same region while representing the same type of exposure 
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Figure 4  Locations of current inshore reef monitoring sites where time integrated sampling of pesticides was undertaken  during 
2009 ς 2010.  
(sourced from Jane Waterhouse of C2O Consulting)  
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A brief monitoring history with respect to all of these sites (current and discontinued) is provided in Table 32 
Appendix C. 
 

3.3 Sampling Periods  

The monitoring year for pesticide sampling is from May 2009 to April 2010. The 2009-2010 monitoring year 
is diviŘŜŘ ƛƴǘƻ ά5Ǌȅ лфέ όaŀȅ нллф ǘƻ hŎǘƻōŜǊ нллфύ ŀƴŘ ά²Ŝǘ лф-млέ όbƻǾŜƳōŜǊ нллф ς April 2010) periods 
for reporting purposes. Within each dry period samplers are deployed for two months (maximum of three 
periods) and within each wet period samplers are deployed for 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 2009-2010 are illustrated in Table 33 Appendix 
C. 

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

The types of sampling conducted for all sites are indicated ǿƛǘƘ ŀ άŎǊƻǎǎέ in Table 3 with discontinued sites 
shaded grey.   
 
Table 3 The types of passive samplers deployed at each sampling site in either dry or wet sampling periods in 2009-2010 

Region Site EDs PDMS SPMD 

Dry Wet Dry Wet Dry Wet 

Cape York Pixies Garden U U     

Wet Tropics Low Isles U U     
Green Island U U  U   
Fitzroy Island U U  U   
Normanby Island U U U U U U 
Dunk Island U U  U   
Tully River U U U U U U 

Dry Tropics Orpheus Island U U     
Magnetic Island U U  U   
Cape Cleveland U U  U   

Mackay - 
Whitsunday 

Pioneer Bay ς
Inner Whitsunday 

U U     

Daydream Island         
ςInner 
Whitsunday 

U U     

Outer Whitsunday U U  U   
Pioneer River U U U U U U 
Sarina Inlet U U     

Fitzroy North Keppel 
Island 

U U     

 

3.5 Deployment of Passive Samplers   

During a typical deployment when all types of samplers were utilized, two replicate EDs were deployed in a 
Chemcatcher housing (Kingston et al. 2000) and two PDMS (Smedes 2007) (and two SPMDs (Huckins et al. 
2000) in the case of Normanby Island) were deployed in a marine grade stainless steel deployment cage as 
illustrated in Figure 5.   
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Figure 5  Schematic for the deployment of both Empore discs and PDMS/SPMDs passive samplers in aquatic environments 

 

3.6 Replication & Blanks  

All ED samples were extracted and one replicate analysed for each 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 samplers 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 estimating CW was determined using normalised 
difference (ND) (replicates =2). The normalised difference between two samples A and B was calculated 
according to Equation 1. 

( )( )
100

2  

  
% ³

+

-
=

bvalueavalue

bvalueavalue
ND                                                                                             Equation 1 

 
Mean normalized differences samples where pesticides were detected in both replicates were 4 % for PDMS 
and SPMD samplers and 33 % for ED samplers in 2009 ς 2010.  
 
Laboratory blanks of each passive sampler type were prepared in parallel with samplers for each 
deployment, stored (< 4 oC) during deployments and subsequently extracted simultaneously with each set of 
deployed samplers. No target analytes were detected in blank EDs in 2009-2010. Cypermethrin was detected 
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