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EXECUTIVE SUMMARY 
The Reef Rescue Marine Monitoring Program (MMP) was designed to assess any 
improvement in water quality in the Great Barrier Reef (GBR) and the status of key 
ecosystems under the Reef Water Quality Protection Plan (RWQPP) 2003 which was 
updated in 2009. In 2010-2011 Entox conducted monitoring activities within two 
components of the MMP; Inshore Marine Water Quality Monitoring and the Assessment 
of Terrestrial Run-off Entering the Reef. The principal objectives of the monitoring 
conducted under each of these components were to assess temporal and spatial trends 
in water quality in inshore GBR waters and to quantify exposure to pollutants delivered to 
the reef lagoon during flood events. The water quality parameter assessed within this 
monitoring was exposure to pesticides. Trends in pesticide exposure were assessed 
using long-term routine monitoring at twelve sites across four Natural Resource 
Management regions (Wet Tropics, Burdekin, Mackay Whitsunday and Fitzroy) using 
passive sampling techniques. A case study was also conducted at fixed sites in the Wet 
Tropics region to characterise both spatial and temporal trends within regions more 
completely, using a combination of grab and passive sampling. Terrestrial run-off 
entering the reef lagoon was assessed using 1 L grab sampling during flood plumes in 
these regions.  
 
Photosystem II (PSII) herbicides are frequent contaminants in inshore waters of the 
GBR. The concentration of these herbicides is expressed as a PSII herbicide equivalent 
concentration (PSII-HEq) based on the reference PSII herbicide diuron. A PSII-HEq 
Index was developed as an indicator of the risk of exposure to PSII herbicides. This 
index has Categories which range from 1 (> 900 ng.L-1) to 5 (Ò10 ng.L-1), with 1 being 
the highest concentration category. PSII-HEq within Category 1 are at a higher 
concentration than the 99% species protection trigger value derived for the reference 
PSII herbicide diuron in the Water Quality Guidelines for the Great Barrier Reef Marine 
Park (GBRMPA 2010), which does not currently include sub-lethal effects data such as 
photosynthetic inhibition. Conversely, PSII-HEq values within Category 5 are below any 
published scientific results of effects on plants or animals based on toxicity including a 
reduction in photosynthesis. The reporting parameters for PSII herbicides in the GBR are 
the maximum PSII-HEq concentration (PSII-HEq Max) within each monitoring year and 
the average PSII-HEq during the wet season (PSII-HEq Wet Avg) at each site.  
 
The temporal profile for the PSII-HEq Max since monitoring commenced at each of the 
routine monitoring sites is provided in Figure 1. These indicate that the PSII herbicide 
diuron continues to be the dominant contributor to PSII-HEq at all sites due to both its 
relative abundance and potency as a PSII inhibitor. Significantly, the Australian 
Pesticides and Veterinary Medicine Authority (APVMA) have proposed the banning of 
this pesticide in 2011, due to unacceptable risk to aquatic ecosystems. If this ban 
proceeds for all uses other than in antifouling paints and algal control, this MMP will 
provide the baseline data to assess any decline in risk of exposure to PSII herbicides for 
inshore waters of the GBR as a direct result of regulatory activity. 
 
2010-2011 was characterized by extreme weather events, with both cyclones impacting 
specific areas and rivers in all regions flooding from between 1.5 to more than 3 times 
higher than long-term median discharge. The relationship between increased discharge 
and increased risk of exposure to PSII herbicides has been demonstrated using data 
from this current MMP. The result of this increased risk of exposure is evident with each 
region having Category 4 maxima on the PSII-HEq Index in 2010-2011. 
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Figure 1  The temporal trend in PSII-HEq Max determined using time integrating sampling at routine monitoring sites in inshore waters of the GBR 
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The reporting parameters for PSII herbicides in 2010-2011, PSII-HEq Max and PSII-HEq Wet Avg, are 
provided in Table 1, which summarises key results from the routine monitoring and terrestrial run-off 
programs as well as the Tully transect case study, utilizing different sampling techniques. For routine 
monitoring sites where long-term, time-integrated monitoring with passive sampling occurs, these reporting 
parameters are compared to those obtained in the baseline reporting year (typically 2008-2009) using 
ratios (Table 1). A greater range of PSII herbicides were detected at all routine sites across the GBR and 
increases in either PSII-HEq Max or the PSII-HEq Wet Avg with respect to those determined in the baseline 
reporting year (typically 2008-2009) (Table 1) were observed. PSII-HEq Max is also provided in Table 1 for 
sites used in the Tully Transect Case Study and at sites sampled during terrestrial run-off assessments 
(flood plumes). The PSII-HEq Index Category (1-5) for each PSII-HEq Max is indicated (refer Figure 1 for 
Index Categories). Where pesticides other than PSII herbicides (i.e. metolachlor, imidacloprid, DEET, 
chlorpyrifos) have been detected either using time-integrated passive sampling (metolachlor, imidacloprid) 
or equilibrium phase sampling with non-polar passive samplers, (metolachlor, DEET, chlorpyrifos) these are 
also indicated in Table 1 together with the maximum concentrations. In certain cases, the equilibrium phase 
concentrations of PSII herbicides have also been estimated using non-polar passive samplers (i.e. ametryn 
at Dunk Island and atrazine at Magnetic Island in Table 1). Any pesticide which has met or exceeded Water 
Quality Guidelines (ANZECC and ARMCANZ 2000; GBRMPA 2010) with each sampling mode (time-
integrated, equilibrium, snap-shot/grab sampling) are also indicated in Table 1. Individual pesticides which 
have met or exceeded Water Quality Guidelines include the PSII herbicide tebuthiuron (20 ï 90 ng.L-1) 
(GBRMPA 2010) and the chloracetanilide herbicide metolachlor (20 ng.L-1) (ANZECC and ARMCANZ 
2000). These exceedances occurred in the Burdekin and Fitzroy Regions, primarily during flood plume 
monitoring using snap-shot/grab sampling and are outlined in Table 1 and the key findings below. 
 
The key findings for the 2010-2011 monitoring year were -  

A. Routine monitoring sites: 
Tebuthiuron was the only individual PSII herbicide which exceeded Water Quality Guidelines for the Great 
Barrier Reef Marine Park 2010 (GBRMPA 2010) at a routine monitoring site using time-integrated passive 
sampling techniques. This occurred at North Keppel Island in the Fitzroy Region. 

 
PSII herbicides detected with higher frequency at routine monitoring sites in 2010-2011 using time-
integrated passive samplers included bromacil, ametryn and prometryn, albeit typically < 2 ng.L-1. 
 
The most abundant and frequently detected PSII herbicides at routine sites in 2010-2011using time-
integrated passive sampling in each region were (from highest to lowest order): 

 

¶ Wet Tropics ï diuron, atrazine and hexazinone ï highest concentrations of diuron (up to 6.5 -10 
ng.L-1) at Fitzroy and Normanby Islands 

¶ Burdekin ï atrazine, diuron, and tebuthiuron ï atrazine concentrations (up to 42 ng.L-1 at Cape 
Cleveland) exceeding the highest diuron concentrations (up to 12 ng.L-1) also at Cape Cleveland 

¶ Mackay Whitsunday ï diuron, atrazine, hexazinone and tebuthiuron ï higher concentrations of 
diuron (up to 11 - 33 ng.L-1) at Sarina Inlet 

¶ Fitzroy ï diuron, atrazine and tebuthiuron ï tebuthiuron (up to 20 ng.L-1) and atrazine (up to 8.0 
ng.L-1) concentrations can be higher or comparable to the concentration of diuron (up to 7.9 ng.L-1) 
when impacted by flood waters. 

 
In certain cases, PSII herbicides were also detected in non-polar passive samplers. Equilibrium phase 
concentration estimates for these herbicides were often higher than the time-integrated estimates at these 
same sites. For example, ametryn (8.9 ng.L-1) at Dunk Island and atrazine at Magnetic Island (28 ng.L-1) 
and Cape Cleveland (49 ng.L-1). The analysis of PSII herbicides by GCMS is less reliable than LCMS and 
may contribute to the differences in water concentration estimates between the two passive sampler types. 
 
The trends in the reporting parameters PSII-HEq Max and PSII-HEq Wet Avg between 2010-2011 and the 
baseline reporting year are: 

 

¶ Wet Tropics ï PSII-HEq Max and the resulting PSII-HEq Index categories are mostly consistent 
with slight increases above the baseline reporting year at all routine monitoring sites resulting in 
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both Normanby Is and Green Is shifting from Category 5 to Category 4 on the PSII-HEq Index. The 
PSII-HEq Wet Avg have more significantly increased (factors of 1.5 ï 3.4), indicating exposure was 
higher for longer periods (i.e. more consistent) throughout the wet season.  

¶ Burdekin ï Both PSII-HEq Max and the PSII-HEq Wet Avg have increased by factors of Ó 2 at all 
sites in this region (Orpheus Is, Magnetic Is and Cape Cleveland) compared to the baseline 
reporting year. At Magnetic Island and Cape Cleveland, PSII-HEq Max has shifted from Category 5 
to Category 4. 

¶ Mackay Whitsunday ï PSII-HEq Max and PSII-HEq Wet Avg at Sarina Inlet and Pioneer Bay have 
decreased substantially from 2009-2010 when monitoring commenced.  Pioneer Bay remains a 
Category 4 site while Sarina Inlet has improved from a Category 2 site in 2009-2010 to a relatively 
high Category 4 site in 2010-2011. Sarina Inlet was the routine site with the highest risk of exposure 
to PSII herbicides in 2010-2011 when assessed against the PSII-HEq Index, which was also the 
case in 2009-2010. While the PSII-HEq Max has decreased at Outer Whitsunday, the PSII-HEq Wet 
Avg has increased slightly (factor of 1.2). 

¶ Fitzroy ï Both PSII-HEq Max and the PSII-HEq Wet Avg have increased in 2010-2011 by factors of 
12 and 5 respectively. 2010-2011 was the first monitoring year at North Keppel Is where PSII-HEq 
Max has shifted from Category 5 to Category 4 on the PSII-HEq Index. 
 

B. The Tully transect case study has demonstrated: 

¶ The pesticides present in the highest concentrations in the Tully River itself were atrazine, diuron, 
hexazinone and imidacloprid. These chemicals were also detected by passive samplers at the three 
transect sites in the greatest concentrations, as well as ametryn, prometryn, simazine, tebuthiuron 
and metolachlor. Grab sampling also detected atrazine, diuron, hexazinone and imidacloprid  as far 
out as the Tully Mouth site, but only diuron and hexazinone were detected at Bedarra Island and 
only diuron was detected at Sisters Island, situated 35 km from the Tully River.  

¶ There is a higher risk of Category 3 PSII herbicide exposures in the Wet Tropics than the routine 
monitoring sites currently indicate (Category 4 PSII-HEq Max), not only at the Tully River Mouth (78 
ng.L-1), but also at Bedarra Island (72 ng.L-1) situated 20 km from the Tully River. At times, the 
exposure at these two sites is relatively comparable, suggesting little dilution of plume waters 
between 5 and 20 km from the Tully River. The Sisters Island site is a relatively high Category 4 site 
compared with the routine monitoring sites in the Wet Tropics region. 

¶ A clear decline in risk of exposure to PSII herbicides with distance from the Tully River between the 
Tully mouth and Sisters Island is evident in this region in most periods. 

¶ The insecticide imidacloprid has been detected up to 35 km from the Tully River at Sisters Island 
using passive sampling. This insecticide which is used to control the cane grub in sugar cane and 
as a termiticide (chlorpyrifos replacement) is being routinely monitored using passive samplers in 
2011-2012. 
 

C. Photosystem II herbicides in Terrestrial Run-Off (flood plumes) 

¶ Most grab samples taken to monitor terrestrial run-off had PSII-HEq of Category 5 except for 
samples up to 16 km from the mouth of the Pioneer River in the Mackay Whitsunday region and one 
sample at East Peak Island in the Fitzroy region ï both Category 4. 

¶ A clear exposure gradient is apparent in grab samples collected out from the Pioneer River in the 
Mackay Whitsunday region through to the Percy Group of Islands in the Fitzroy region. Exposure 
changed from atrazine and diuron detections (Category 4) to no detections. Tebuthiuron was 
detected   at the Percy Group of Islands under the influence of plume waters from the Fitzroy River 
to the south. The tebuthriuron concentration at this point was 10 ng.L,-1 which is half the GBRMPA 
Guideline. 

¶ The GBRMPA Guideline for tebuthiuron was met or exceeded at multiple sites in the Fitzroy region 
including North Keppel Island, Great Keppel Island, West Divided Island and East Peak Island (20-
90 ng.L-1). These exceedances were up to a factor of 4.5 times higher than the 99% species 
protection low reliability Guideline.   

¶ The GBRMPA Guideline for tebuthiuron was met in Burdekin River plume grab samples collected at 
3 and 11 km out from the mouth. 
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D. Pesticides other than PSII herbicides: 

¶ Metolachlor concentrations in flood plume grab samples of 20 ng.L-1 at both East Peak Island and 
North Keppel Island in the Fitzroy region reached the ANZECC and ARMCANZ Interim Working 
Level for marine waters (ANZECC and ARMCANZ 2000). 

¶ Metolachlor was detected in all regions using passive samplers. Equilibrium concentrations 
determined using non-polar passive samplers were typically higher than time-integrated estimates 
determined using polar passive samplers, with this difference likely attributed to the unreliability of 
herbicide analysis by GCMS. The highest time-integrated estimate (3.2 ng.L-1) was measured at 
North Keppel Island in the Fitzroy Region (polar samplers only).  Time-integrated estimates in the 
Burdekin and Mackay Whitsunday Region were higher than those at routine sites in the Wet 
Tropics. However, Tully transect sites recorded higher concentrations than other routine sites in this 
region. Normanby Island in the Wet Tropics Region, Cape Cleveland in the Burdekin Region and 
Outer Whitsunday in the Mackay Whitsunday Region had equilibrium concentration estimates of 
2.5, 6.5 and 6.8 ng.L-1 respectively.  

¶ The personal (and animal/stock) insect repellant DEET was detected at Dunk Island in the Wet 
Tropics, Cape Cleveland in the Burdekin Region, and Outer Whitsunday in the Mackay Whitsunday 
Region at equilibrium concentration estimates of 2.6, 3.4 and 23 ng.L-1 respectively. 

¶ Chlorpyrifos was only detected at Magnetic Island in the Burdekin Region in 2010-2011 using non-
polar passive samplers at a concentration of 0.22 ng.L-1 which is just less than half of the high 
reliability GBRMPA Guideline of 0.5 ng.L-1. This is in contrast to 2009-2010 where chlorpyrifos 
exceeded this Guideline at multiple sites in the Wet Tropics Region.  

¶ Imidacloprid, an insecticide which can be used as a chlorpyrifos replacement was not routinely 
monitored in 2010-2011 but has been detected in grab samples at up to 150 ng.L-1 at East Peak 
Island in the Fitzroy region and also in the Wet Tropics at up to 50 ng.L-1. Concentration estimates 
from time-integrated passive samplers used in the Tully transect case study, ranged from 2.2 ng.L-1 
at Sisters Island to 30 ng.L-1 at the Tully Mouth. Highly turbid flood waters may hinder the 
breakdown of this pesticide since the dominant loss pathway is phototransformation. There is 
currently no Water Quality Guideline established for this insecticide in Australia. 
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Table 1  An overview of key results for pesticide monitoring on the GBR in 2010-2011 
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Low Isles R TI 7.4 1.3 4.4 2.1 Metolachlor 0.059  

Green Is R TI 11 1.5 5.7 3.4 Metolachlor 0.091  

  E     n.d. -  

Fitzroy Is R TI 13 0.8 8.8 1.5 Metolachlor 0.083  

  E     Metolachlor 1.9  

Normanby Is R TI 12 1.4 6.2 2.4 Metolachlor 0.078  

  E     Metolachlor 2.5  

Dunk Is* R TI 8.8 2.2 8.8 2.9 Metolachlor n.d.  

  E     Metolachlor 1.7  

   12    Ametryn 8.9  

       DEET 2.6  

Tully mouth CS TI 76    Metolachlor 0.11  

       Imidacloprid 30  

  SS 68    Imidacloprid 50  

Bedarra Is CS TI 72    Metolachlor 0.20  

       Imidacloprid 8.3  

  SS 48    n.d. -  

Sisters Is CS TI 33    Metolachlor 0.14  

       Imidacloprid 2.2  

  SS 20    n.d. -  
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Orpheus Is R TI 5.4 2.8 4.2 7.0 Metolachlor 0.10  

Magnetic Is R TI 12 2.2 6.8 3.0 Metolachlor 0.25  

  E     Metolachlor 4.0  

   4.5    Atrazine 28  

       Chlorpyrifos 0.22  

Cape Cleveland R TI 20 3.2 11 4.6 Metolachlor 0.36  

  E     Metolachlor 6.5  

   7.8    Atrazine 49  

        DEET 3.4  

Burdekin mouth-3 & 11 km TR SS 1.6    n.d. - Tebuthiuron 
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Pioneer Bay R TI 22 0.51 12 0.41 Metolachlor 0.36  

Outer Whitsunday R TI 14 0.73 9.2 1.23 Metolachlor 0.59  

  E     Metolachlor 6.8  

       DEET 23  

Sarina Inlet R TI 47 0.09 22 0.20 Metolachlor 0.49  

Pioneer mouth-5 & 16 km 
out 

TR SS 
30,20    n.d. -  

Between Double Is & Digby 
Is 

TR SS 
0.8    n.d. -  

F
it
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Middle Is, The Percy Group TR SS 0.8    n.d. -  

Osborne Is, Shoalwater 
Bay 

TR SS 
0.8    n.d. -  

North Keppel Is TR SS 5.6,    n.d. - Tebuthiuron 

North Keppel Is R TI 12 12 4.0 5 Metolachlor 3.2 Tebuthiuron 

North Keppel Island TR SS 6.4    Metolachlor 20 Tebuthiuron & Metolachlor 

East Peak Island TR SS 12    Metolachlor 20 Tebuthiuron & Metolachlor 

 TR SS 5.6    Metolachlor 20 Tebuthiuron & Metolachlor 

       Imidacloprid 50  

  TR SS n.d.    Imidacloprid 140  
R = Routine Monitoring Site, CS = Tully Transect Case Study Site, TR = Terrestrial Run-off sample; TI = Time-integrated Passive Sampling, E = Equilibrium Phase 
Passive Sampling, SS = Snap Shot Sample i.e. (1 L grab); The reporting parameters PSII-HEq Max and Wet Avg are colour coded according to PSII-HEq Index 
Categories (refer Figure 1 ); Ratios of these time-integrated reporting parameters to the same parameters in the baseline reporting year 2008-2009.(Exceptions: 
Green Island, Pioneer Bay, Sarina Inlet (2009-2010), Outer Whitsunday (2006-2007). 
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1 INTRODUCTION 

The Reef Rescue Marine Monitoring Program (MMP) was designed to monitor and assess any 
improvement in water quality in the Great Barrier Reef (GBR) and the status of key ecosystems. In 2010-
2011 Entox conducted monitoring activities within two components of the MMP: Inshore Marine Water 
Quality Monitoring and Assessment of Terrestrial Run-off Entering the Reef. The principal objectives of the 
monitoring conducted under each of these components were to: 

i. Assess temporal and spatial tends in marine water quality in inshore areas of the GBR lagoon; and 
ii. Assess trends in the delivery of contaminants to the GBR lagoon during flood events and to quantify 

the exposure of reef ecosystems to these contaminants. 
 
The contaminants assessed as an indicator of water quality, either routinely or during flood events were 
pesticides (insecticides, herbicides and fungicides). Temporal and spatial trends in water quality were 
assessed through fixed site routine monitoring at twelve sites across four Natural Resource Management 
(NRM) regions - Wet Tropics, Burdekin, Mackay Whitsunday and Fitzroy.  This monitoring has been 
conducted for between two to six years at these locations. 
 
The focus of the terrestrial run-off component in 2010-2011 was to analyse the links between the spatial 
and temporal pollutant profiles from the catchment to the inshore GBR in a case study conducted in the 
Wet Tropics region at three fixed sites. Terrestrial run-off was also assessed at other locations in the Wet 
Tropics, Burdekin, Mackay Whitsunday and Fitzroy regions during flood plume events.  
 

2 METHODOLOGY 

Routine water quality monitoring at fixed sites has been conducted using passive sampling techniques. 
These samplers accumulate chemicals from water via passive diffusion. The passive sampling techniques 
which are utilized in this component of 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.  

 
Terrestrial run-off assessments conducted at three sites in the Wet Tropics across the wet season have 
used a combination of time-integrated passive sampling (EDs) and 1 L grab water sampling. Combining 
these techniques has allowed both time-integrated and ñsnapshotsò of concentration to be profiled through 
time at these locations.  1 L grab water samples were also taken during flood plume events at sites in other 
regions. Further details regarding these methodologies have been described in the Reef Rescue Marine 
Monitoring Program: Quality Assurance/Quality Control Methods and Procedures Manual 2011 (GBRMPA 
2011) and in previous reports (Kennedy et al. 2010a).  
 

2.1 Target Chemicals  and Limits of Reporting  

The pesticides targeted for analysis using the different sampling techniques and the limits of reporting 
(LOR) are indicated in Table 2. This list of target chemicals was derived at the commencement of the MMP 
through consultation with GBRMPA based on the following criteria: pesticides detected in recent studies, 
those recognised as a potential risk, analytical affordability, pesticides within the current analytical 
capabilities of Queensland Health Forensic and Scientific Services (QHFSS) and those likely to be 
accumulated within one of the passive sampling techniques (i.e. that exist as neutral species and are not 
too polar). 
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Table 2.  Pesticides specified under the MMP for analysis with different sampling techniques together with the limits of 
reporting 

Pesticide Description LOR 

  SPMD PDMS ED
a
 GRAB 

Bifenthrin Pyrethroid insecticide  <1   

Fenvalerate Pyrethroid insecticide  <0.5   

Bromacil
b
 PSII herbicide-uracil   <0.04 - 2 <10 

Tebuthiuron PSII herbicide-thiadazolurea  <25 <0.04 - 2 <10 

Terbutryn
c
 PSII herbicides-methylthiotriazine   <0.04 ς 0.4 <10 

Flumeturon PSII herbicide-phenylurea  <30 <0.08 - 2 <10 

Ametryn PSII herbicide-methylthiotriazine  <10 <0.04 ς 2 <10 

Prometryn PSII herbicide-methylthiotriazine  <5 <0.04 - 2 <10 

Atrazine PSII herbicide-chlorotriazine  <10 <0.04 - 2 <10 

Propazine PSII herbicide-chlorotriazine   <10   

Simazine PSII herbicide-chlorotriazine  <30 <0.04 - 2 <10 

Hexazinone PSII herbicide- triazinone  <25 <0.04 - 2 <10 

Desethylatrazine PSII herbicide breakdown product (also active)   <0.04 - 2 <10 

Desisopropylatrazine PSII herbicide breakdown product (also active)  <25 <0.08 - 2 <10 

Diuron PSII herbicide - pheynylurea  <25 <0.04 - 2 <10 

Oxadiazon Oxadiazolone herbicide  <0.5   

Chlorfenvinphos Organophosphate insecticide  <2   

Chlorpyrifos Organophosphate insecticide <0.03 <0.5   

Diazinon Organophosphate insecticide <5 <5   

Fenamiphos Organophosphate insecticide  <5   

Prothiophos Organophosphate insecticide <0.09 <0.5   

Chlordane Organochlorine insecticide <0.1 <0.5     

DDT Organochlorine insecticide <0.08 <0.5   

Dieldrin Organochlorine insecticide <0.2 <0.5   

Endosulphan Organochlorine insecticide <1.9 <5   

Heptachlor Organochlorine insecticide <0.07 <0.5   

Lindane Organochlorine insecticide <0.5 <5   

Hexachlorobenzene Organochlorine fungicide <0.09 <0.5   

Imidacloprid Nicotinoid insecticide   <0.04 - 4 <10 

Trifluralin Dintiroaniline  <0.5   

Pendimethalin Dinitroaniline herbicide <0.4 <0.5   

Propiconazole Conazole fungicide  <2   

Tebuconazole Conazole fungicide  <5   

Metolachlor Chloracetanilide herbicide  <10 <0.04 - 2 <10 

Propoxur Carbamate insecticide  <25   
a
ED sample extracts have been routinely analysed on the API 300 LCMS, However specific samples during the wet season were 

run on the 4000Q LCMSMS and EDs have been deployed in both an event (no membrane) and routine configuration (with 
membrane). LOR ranges are therefore indicated to reflect both changes in sampling rates under these conditions and differences in 

sensitivities on the different instruments for an assumed 30-day deployment period; 
b
Bromacil was included in the list of target 

analytes from 2009-2010; c
Imidacloprid and terbutryn are only analysed on the 4000Q LCMSMS . All grab samples were 

analysed on the 4000Q as well as some EDs deployed during the wet season. 
 

Empore disc sampler extracts were routinely analysed using liquid chromatography mass spectrometry 
(API 300 LCMS) run in positive analysis mode. This excludes the detection of specific hydrophilic 
pesticides such as 2,4-D, MCPA, mecoprop, and picloram which would only be detected in negative 
analysis mode. 1 L grab water samples taken to monitor terrestrial runoff during flood plume events in the 
wet season were analysed similarly on the (4000Q LCMSMS) which is more sensitive. This more sensitive 
LCMSMS run includes two additional pesticides (imidacloprid and terbutryn). Specific EDs during flood 
plume events were also analysed on this more sensitive instrument in 2010-2011. PDMS and SPMD 
sampler extracts are analysed for pesticides using gas chromatography mass spectrometry (GCMS). While 
certain chemicals are specifically targeted using SPMDs and PDMS in this MMP (Table 2), a broader suite 
of organic chemicals including other pesticides and industrial chemicals are analysed in the PDMS and 
SPMD sampler extracts and these are indicated in Appendix A, Table 20.  
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2.2 Sampling Sites  

Passive samplers were routinely deployed at twelve inshore GBR sites (in 2010-2011, including three sites 
which were only incorporated into the MMP in 2009-2010. These sites were Green Island in the Wet 
Tropics region and Pioneer Bay and Sarina Inlet in the Mackay Whitsunday region.  Pioneer Bay and 
Sarina Inlet are also seagrass monitoring sites within the MMP. 
 

2.3 Routine Sampling Periods  

The monitoring year for routine pesticide sampling is from May 2010 to April 2011. The year is arbitrarily 
divided into ñDry 10ò (May 2010 to October 2010) and ñWet 10-11ò (November 2010 ï April 2011) sampling 
periods for reporting purposes. Within each dry period, samplers are typically deployed for two months 
(maximum of three periods) and within each wet period, samplers are typically 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. Some sites have had two monthly samples rather than 1 
two-monthly sample in one of the dry season sampling periods ï in this case the total number of samples 
taken at each of these sites was 10.  
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Figure 2  Locations of current inshore GBR routine monitoring sites where time-integrated sampling of pesticides 
occurred in 2010-2011 

 
(Source ï Adam Donovan and Alex Shanahan, School of Geography, Planning and Environmental Management, the University of 
Queensland) 
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2.4 Routine Sampling for the Assessment of Water Quality  by Region in Dry and 
Wet Periods  

The types of sampling conducted at each site have been indicated in Table 3.  All sites are routinely 
monitored in both the dry and wet periods using EDs, while most sites in the Wet Tropics region and in the 
Burdekin region and one site in the Mackay Whitsunday region are monitored using PDMS samplers but 
only in the wet sampling period. Normanby Island is the only site which is monitored using PDMS in both 
the dry and wet period. SPMDs are also deployed at this site only. The sampling records and results for 
each routine monitoring site are provided in Appendix D, Tables 22-33. 
 
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 

Wet Tropics 

Low Isles 
V V U U U U 

Green Island 
V V U V U U 

Fitzroy Island 
V V U V U U 

Normanby Island 
V V V V V V 

Dunk Island 
V V U V U U 

Dry Tropics 

Orpheus Island 
V V U U U U 

Magnetic Island 
V V U V U U 

Cape Cleveland 
V V U V U U 

Mackay - 
Whitsunday 

Pioneer Bay  
V V U U U U 

Outer Whitsunday 
V V U V U U 

Sarina Inlet 
V V U U U U 

Fitzroy North Keppel Island 
V V U U U U 

 
 
 

2.5 Sampling for the Assessment of Terrestrial Run -Off by Region in the Wet 
Season 

2.5.1 Flood plume sampling  

A total of thirty-four 1 L grab samples were taken to monitor terrestrial run-off from four NRM regions during 
flood plume events in the 2010-2011 wet season (Table 4). Further details for these including co-ordinates 
and results for each sample are provided in Appendix G, Table 38. 
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Table 4  The number and timing of grab samples taken to assess terrestrial run-off during the 2010-2011 wet season 

Transect Sites Sampling 
dates 

Total 
number of 
samples 

Wet Tropics Fitzroy Island coral site 11-Feb-11  1 

 Russell Island (Franklands) 11-Feb-11 1 

 Dunk Island 12-Feb-11 1 

 Offshore from Dunk Island 12-Feb-11 1 

 Halfway between Tully River mouth & Dunk Island 12-Feb-11 1 

 Close to Tully River mouth 12-Feb-11 1 (6) 

 Samples taken 6 ï 7 days after a peak discharge event in Wet Tropics rivers on a rising 
hydrograph ïrefer Appendix G, Figure 21 

Burdekin 3 km from Burdekin River mouth  30-Dec-10 1 

 11 km from Burdekin River mouth  30-Dec-10 1 (2) 

 Samples taken during a peak discharge event 2 days after the maximum peak 
discharge ï refer Appendix G, Figure 22 

Mackay 
Whitsunday-Fitzroy 

5 km from Pioneer River mouth near Round Top (1) 19-Jan-11 1 

 16 km from Pioneer River mouth past Round Top (3) 19-Jan-11 1 

 26 km from Pioneer River mouth , out from Hay Point 
between Pioneer River and Prudhoe Island (5) 

19-Jan-11 1 

 37 km from Pioneer River mouth near Prudhoe Island (2) 19-Jan-11 1 

 Prudhoe Island (8,11) 19-Jan-11 1 

  19-Jan-11 1 

 Between Prudhoe Island and Double Island, out from 
Sarina Inlet (4) 

19-Jan-11 1 

 Between Double Island and Digby Island, the Percy 
Group (10) 

19-Jan-11 1 

 Digby Island, between Double Island and Middle Island 
(The Percy Group) (9) 

19-Jan-11 1 

 Between Double Island and Middle Island (7) 19-Jan-11 1 

 Middle Island ï the Percy Group, 53 km south-east of 
Double Island (6) 

19-Jan-11 1 (10) 

 Samples taken during a peak discharge event in the Pioneer River and following a 
major flood event in the Fitzroy River ï refer Appendix G-Figure 23. 

Fitzroy-Keppels 
Osborne Island, Shoalwater Bay 20-Jan-11 1 

(Shoalwater Bay to Shoalwater Bay 7-Feb-11 1 

Curtis Island) Outer Rock, East of North Keppel Is 18-Jan-11 1 

 Mazie Bay, North Keppel Is 10-Jan-11 1 

  17-Jan-11 1 

  25-Jan-11 1 

 ½ Tide Rock, Great Keppel Is 4-Jan-11 1 

 24 km from Fitzroy River mouth, West Divided Is 25-Jan-11 1 

 22 km from Fitzroy River mouth, East Peak Is 10-Jan-11 1 

  17-Jan-11 1 

  7-Feb-11 1 

 15 km from Fitzroy River mouth, Buoy 2 4-Jan-11 1 

 Cape Capricorn to the south of the Fitzroy River 18-Jan-11 1 

  25-Jan-11 1 

 31 km south of Cape Capricorn, off from Facing Island 
and Curtis Island 

18-Jan-11 1 (15) 

 Samples taken during (4-Jan-11 and 10-Jan-11) and following a major flood event in the 
Fitzroy River ï refer Appendix G, Figure 24 

Block colours indicate GRAB samples taken from the same site at different time points. 
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2.5.2 Tully Transect Case Study 

 
Terrestrial run-off was assessed using a combination of both 1 L grab and passive sampling (EDs) in the 
Wet Tropics region for the Tully Transect Case Study (Table 5). Specific dates for each passive sampler 
deployment and grab sample collection and results for each are provided in Appendix D Tables 34 - 37. 
The study aimed to assess the spatial and temporal variation of PSII herbicides from the Tully River mouth 
to the inshore GBR sites (Bedarra and Sisters Island). Bedarra and Sisters Island are approximately 9 and 
35 km from the Tully River mouth site (Figure 3).  
 

 
Figure 3  Tully Transect Case Study showing the location of the pesticide sampling sites Tully Mouth, Bedarra and Sisters 
Island 

(Source ï Michelle Devlin, ACTFR, James Cook University) 
 
Table 5 Tully Transect Case Study 

Site Sampling Date Range 
Passive Sampling 

Periods 
Grab Sampling 

 Start End EDs Number 1 L Number 

Tully Rivera 24-Nov-10 5-Mar-11 U  V 23 

Tully mouth 22-Nov-10 
16-Dec-10 

15-Apr-11 
15-Apr-11 

 
V 

 
7b 

V 11 

Bedarra Island 22-Nov-10 
16-Dec-10 

15-Apr-11 
15-Apr-11 

 
V 

 
8c 

V 11 

Sisters Island 22-Nov-10 
16-Dec-10 

15-Apr-11 
15-Apr-11 

 
V 

 
7d 

V 11 

a
 Grab samples were collected in the Tully River as part of the Paddock to Reef monitoring program. These samples were analysed 

by QHFSS and the data provided by DERM to assist in the evaluation of the concentrations measured in the MMP; 
b
 A total of 9 

samplers were deployed at the Tully Mouth but two deployments were lost: 19 Jan to 22 Feb and 15 Feb to 18 Feb; 
c
 A total of 9 

samplers were deployed at Bedarra Island but one deployment was lost: 19 Jan to 22 Feb; 
d
 A total of 9 samplers were deployed at Sisters Island but two deployments were lost: 19 Jan to 22 Feb and 12 Feb to 15 Feb 
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Other pesticides such as the herbicides terbutryn (PSII) and metolachlor (dinitroaniline ï growth/long-chain 
fatty acid inhibitor) and the insecticide imidacloprid (nicotinoid ï neurotoxic) were also consistently analysed 
in 1 L grab samples. Terbutryn and imidacloprid were not consistently analysed for in the passive samples 
since these were not routinely analysed on the 4000 Q LCMSMS. Using both passive and grab sampling 
allows a comparison of both time-integrated and ñsnap-shotò assessments of the risks of exposure to PSII 
herbicides in this region respectively. A total of 33 1 L grab water samples and 22 passive sampling periods 
(Table 5) were sampled between 22 November 2010 and 15 April 2011. The study was designed such that 
a grab water sample was taken when passive samplers were deployed and retrieved at each site. Passive 
samplers were deployed both with and without a diffusion limiting membrane typically for 15 and 3-5 days 
respectively. Samplers deployed without a diffusion limiting membrane accumulate chemicals faster and 
can therefore be used as event samplers to provide time-averaged estimates of concentration in water over 
shorter time periods. 
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2.6 Water Quality Guideline Trigger Values  

In order to interpret the potential significance of measured concentrations, these were compared with 
available Water Quality Guideline Trigger Values (Guidelines). Guidelines have been developed by both 
the GBRMPA (GBRMPA 2010)  and as part of the National Water Quality Management Strategy for fresh 
and marine waters (ANZECC and ARMCANZ 2000). A selection of relevant Guidelines and Interim Working 
Levels, are provided in Table 6.  
 
Table 6. Water quality guideline trigger values available for specific pesticides 

Chemical GBRMPA
a
 ANZECC and ARMCANZ

b
 

ng.L
-1

 Notes ng.L
-1

 Notes 

Dinitroaniline 
Herbicides 

    

Trifluralin   2600 99% species protection; 
Freshwater 

Organophosphate 
Pesticides 

    

Chlorpyrifos 0.5 99% species protection; 
High reliability 

0.5 99% species protection; 
Marine water 

 9 95% species protection; 
High reliability 

9 95% species protection; 
Marine water 

   0.04 99% species protection; 
Fresh water 

   10 95% species protection; 
Fresh water 

Choracetanilide 
herbicides 

    

Metolachlor   20* Low reliability; Fresh 
water 

   20* Low reliability; Marine 
water 

Triazine or Triazinone 
Herbicides 

    

Atrazine 600 99% species protection; 
Moderate reliability 

700 99% species protection; 
Fresh water 

 1400 95% species protection; 
Moderate reliability 

1300 95% species protection; 
Fresh water 

Hexazinone 1200 Low reliability   

Simazine 200 99% species protection; 
Low reliability 

200 99% species protection; 
Fresh water 

   3200 95% species protection; 
Fresh water 

Ametryn 500 99% species protection; 
Moderate reliability 

  

 1000 95% species protection; 
Moderate reliability 

  

Urea Herbicides     

Diuron 900 99% species protection; 
Moderate reliability 

200 * Low reliability ; Fresh 
water 

 1600 95% species protection; 
Moderate reliability 

200 * Low reliability ; Marine 
water 

Tebuthiuron 20 99% species protection; 
Low reliability 

20 99% species protection; 
Fresh water 

   2200 95% species protection; 
Fresh water 

Transformation 
Product 

    

3,4-dichloroaniline   85000 99% species protection; 
Marine water 
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a
 Sourced from Table 26 & Table 27 of the Water Quality Guidelines for the Great Barrier Reef Marine Park 2010  (GBRMPA 2010) ;;  

b
 Sourced 

from Table 3.4-1 of the ANZECC and ARMCANZ Guidelines (ANZECC and ARMCANZ 2000); ñ*ò indicates values which are Interim Working Levels 
rather than Guidelines as indicated in Chapter 8.3.7  Volume 2 of the ANZECC and ARMCANZ Guidelines. 
 

Guidelines which are protective of 99% of species are ideal for water bodies of high ecological value like 
the GBR World Heritage Area (GBRMPA 2010). In certain cases, only freshwater guidelines (ANZECC and 
ARMCANZ) or ñlow reliabilityò Guidelines or ñinterim working levelsò (IWLs) rather than marine water quality 
Guideline values are available for assessing the concentrations of specific chemicals. In many cases no 
Guideline values are available to assess the concentrations of specific chemicals. 
 

2.7  Calculation of PSII-Herbicide Equivalent Concentrations ( PSII-HEq) 

For the purpose of this work, Photosystem II (PSII) herbicide concentrations are expressed as PSII 
herbicide equivalent concentrations (PSII-HEq).  PSII-HEq values were derived using relative potency 
factors (REP) for each chemical with respect to a reference PSII herbicide diuron.  
 
If a given PSII herbicide is as potent as diuron, it will have a REP of 1. If it is more potent than diuron it will 
have a REP of >1, while if it is less potent than diuron it will have an REP of <1. To calculate the PSII-HEq, 
it is assumed that these herbicides act additively (Escher et al. 2006; Muller et al. 2008; Magnusson et al. 
2010) and the PSII-HEq (ng.L-1) is therefore the sum of the individual REPcorrected concentrations of each 
individual PSII herbicide (Ci, ng.L-1) determined in each water sample using Equation 1. 
 
PSII-HEq = × Ci x REPi           Equation 1 

 
REP values for the chemicals of interest were collated from relevant laboratory studies and are provided in 
Table 7. For this initial determination of consensus values, average values from studies obtained using 
corals, Phaeodactylum and Chlorella were used (different organisms were not weighted). The PSII-HEq 
concentrations in this report were then predicted using these mean preliminary consensus REP values 
giving equal weight to EC50 (50% of the maximal effect observed) and EC20 (20% of the maximal effect 
observed) values. These initial consensus values were developed and applied to determine PSII-HEq in the 
baseline reporting year 2008-09 and have not been updated for the sake of consistency. However it should 
be acknowledged that more data will continue to be published (Magnusson et al. 2010) and it is likely that 
these values would benefit from review and updating in the future to include not only more data for these 
chemicals but to include additional PSII herbicides such as bromacil and terbutryn.  
 
Table 7. Relative potency factors (REP) for PSII herbicides and selected transformation products 

PSII 
Herbicides 

Relative potency (range) Relative potency (mean based on various EC values) 

Zooxanthellae (Corals) 
a 

P. 
tricornutumbcd 

C. vulgarisbde  

 
Zooxanthellae 
(Corals) a 

P. 
tricornutumbcd 

C. 
vulgarisbde 

Mean/ 
Preliminary 
consensus a 

REP 

Diuron (reference) 1 1 1 1 1 1 1 
Ametryn 1.2-1.35 0.94 0.9 -2.7 1.28 0.94 1.71 1.31 
Atrazine 0.05-0.06 0.1-0.4 0.15 -0.3 0.05 0.22 0.21 0.16 
Desethyl-atrazine   0.01-0.2   0.105 0.11 
Desisopropyl- 
atrazine 

  0.003   0.003 0.003 

Flumeturon   0.04   0.04 0.04 
Hexazinone 0.2-0.26 0.27-0.82 0.17-0.95 0.23 0.46 0.44 0.38 
Prometryn   1-1.1   1.05 1.05 
Simazine 0.02 0.03-0.05 0.02-0.26 0.02 0.04 0.14 0.07 
Tebuthiuron 0.01 0.07 0.11-0.2 0.01 0.07 0.15 0.08 
Terbuthylazine   0.3   0.3 0.3 
a
(Jones and Kerswell 2003);

b
 (Muller et al. 2008); 

c
 (Bengtson-Nash et al. 2005); 

d 
(Schmidt 2005); 

e
 Macova et al., unpublished 

data (Entox); f
Based on a preliminary summary of available data when derived in 2009 - it should be noted that bromacil (routinely 

analysed for since 2009-2010) and terbutryn (beginning to be routinely analysed for from the end of 2010-2011) are also PSII 
herbicides and not currently incorporated into PSII-HEq estimates (no REP). Similarly while terbuthylazine does have a REP it is 
not a target chemical in the analysis of EDs, but is part of the GCMS pesticide screen for PDMS. The herbicides which contribute to 
PSII-HEq in this report are therefore shaded in brown above. 
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2.8 PS-II Herbicide  Index  

For the interpretation of the PSII-herbicide data reported as PSII-HEq, an index has been compiled in 
consultation with the GBRMPA as an indicator to report against across the MMP (Table 8). This index uses 
published scientific evidence with respect to the effects of the reference PSII herbicide diuron and is 
summarized for each index category in Table 31 Appendix B. These index criteria have been slightly 
modified from those indicated in the baseline reporting year 2008-2009 (Kennedy et al. 2010b). It is 
important to note that an increase in the concentrations of herbicides detected, which translates to an 
increase in PSII-HEq, can subsequently result in a decline in Index category.  
 
Table 8  PSII-Herbicide Equivalent Index developed as a indicator for reporting of PSII herbicides across the Reef Rescue 
Marine Monitoring Program 

Category 
Concentration 

(ng.L
-1

) 
Description 

5 PSII-HEq Ò 10 

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

4 10 < PSII-HEq Ò 50 
Published scientific observations of reduced photosynthesis for two 
diatoms. 

3 50 < PSII-HEq < 250 
Published scientific observations of reduced photosynthesis for two 
seagrass species and three diatoms. 

2 250 Ò PSII-HEq Ò 900 
Published scientific observations of reduced photosynthesis for three 
coral species. 

1 PSII-HEq > 900 

Published scientific papers that demonstrate effects on the growth and 
death of aquatic plants and animals exposed to the pesticide. This 
concentration represents a level at which 99 per cent of tropical marine 
plants and animals are protected, using diuron as the reference chemical. 

 
For categories 2 ï 4: 

¶ The published scientific papers indicate that this reduction in photosynthesis is reversible when the 
organism is no longer exposed to the pesticide; 

¶ 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 stressors (e.g. 
sediment, temperature, salinity, pH, storm damage, and elevated nutrient concentrations) the ability 
of these plant and animal species to recover from impacts may be reduced.  
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2.9  Outline of Data Presentation  

Detailed results for the 2010-2011 pesticide monitoring are provided in Appendices as outlined below: 

¶ Routine Monitoring Data ï Appendix C, Tables 22-33 

¶ Tully Transect Case Study ï Appendix D, Tables 34 - 37 

¶ Flood Plume Sampling ï Appendix F, Table 38 
 

The data for this report is then summarised in several sections. These include: 

¶ GBR Wide Summary Results for 2010-2011 

¶ Regional Summaries for 2010-2011 
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3 GBR-WIDE SUMMARY RESULTS 2010 -2011  

3.1 Routine Monitoring Results ɀ Water Quality  

This latest wet season was characterised by massive flow events in major rivers discharging to the 
inshore GBR waters of between 1.5 to more than 3 times the long-term median discharge 
(Schaffelke et al. 2011).  The most frequently detected and highest concentration herbicides were 
atrazine, diuron, hexazinone and tebuthiuron (Table 9) which is consistent with monitoring in 
previous years. However, it is notable that PSII herbicides such as ametryn and prometryn which 
are typically detected infrequently (if ever), have been detected at multiple sites. For example, 
ametryn was only detected at two sites in 2009-2010 (Cape Cleveland and Sarina Inlet) but has 
been detected at every routine monitoring site in 2010-2011, albeit at time-averaged concentrations 
ranging from 0.31 ï 2.2 ng.L-1. The only herbicide (with an individual Guideline to assess against) 
which has met the ñlow reliabilityò GBRMPA Guideline at a routine monitoring site was tebuthiuron at 
North Keppel Island. This is not surprising given that the Fitzroy River experienced major flood 
events with total discharge more than 3 times the long-term median (Schaffelke et al. 2011). It 
should be remembered that these passive sampler derived concentrations are time-averaged and 
represent longer term exposures. 
 
The maximum concentrations of each individual herbicide measured in EDs at routine sites in 2010-
2011 (Table 9) are compared to those in both the baseline reporting year (2008-2009) and the 
previous year in Figure 4. 

Figure 4  Maximum concentrations of each individual herbicide at routine sites in 2010-2011 compared to the two 
previous monitoring years  
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Table 9  The range in time-integrated concentrations of pesticides in water (ng.L
-1

) measured using EDs at routine monitoring sites in 2010-2011 
NRM Region Site PSII Herbicides (Included in PSII-HEq Index) Other Herbicides Insecticides 
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Wet Tropics 

Low Isles n.d. ς 0.62 n.d.-2.1 n.d.-0.43 n.d-3.6 n.d-6.5 n.d.-1.6 n.d.-0.55 n.d n.d.-0.92 0.16-7.4 7.4 n.d. n.m. n.d.-0.059 n.m. 

% Detects 50 90 20 20 90 90 30 0 50 100  0  30  

Green Is n.d.-0.45 n.d.-3.9 n.d.-0.78 n.d. n.d.-8.9 n.d.-2.8 n.d.-0.23 n.d.-0.34 n.d.-2.0 n.d.-11 11 n.d. 0.087 n.d.-0.091 n.d. 

% Detects 30 70 40 0 60 70 10 20 40 70  0 - 30 - 

Fitzroy Is n.d.-0.47 n.d.-4.1 n.d.-0.70 n.d. 0.67-10 n.d.-3.2 n.d.-0.021 n.d.-0.51 n.d.-1.3 0.75-13 13 n.d. n.m. n.d.-0.083 n.m. 

% Detects 20 80 30 0 100 90 10 30 50 100    20  

Normanby Is n.d.-0.47 n.d.-3.6 n.d.-0.66 n.d. n.d.-10 n.d.-2.8 n.d-0.009 n.d.-0.40 n.d.-1.4 n.d-12 12 n.d. n.m. n.d.-0.078 n.m. 

% Detects 33 89 33 0 78 89 11 22 33 89  0  22  

Dunk Isa n.d.-2.2 0.74-1.8 n.d. n.d. 0.80-4.8 0.25-2.3 n.d. n.d.-0.45 n.d.-0.44 1.1-8.8 8.8 n.d. n.m. n.d. n.m. 

% Detects 25 100 0 0 100 100 0 25 25 100  0  0  

Burdekin 

Orpheus Is n.d.-0.47 n.d.-2.6 n.d.-0.48 n.d. n.d.-4.4 n.d.-0.98 n.d.-0.13 n.d. n.d.-3.0 n.d.-5.4 5.4 n.d.-0.18 n.m. n.d.-0.10 n.m. 

% Detects 43 86 43 0 86 86 29 0 71 86  14  29  

Magnetic Is n.d.-0.39 0.79.-6.3 n.d.-0.94 n.d.-0.93 1.3-10 n.d.-2.1 n.d.-0.26 n.d.-0.36 n.d.-7.1 1.4-12 12 n.d. n.m. n.d.-0.25 n.m. 

% Detects 50 100 63 38 100 88 25 25 88 100  0  25  

Cape Cleveland  n.d.-0.31 0.24-42 n.d.-3.9 n.d-0.71 n.d.-12 0.085-2.3 n.d.-0.005 n.d.-0.13 0.15-8.2 0.42-20 20 n.d. n.m. n.d.-0.36 n.m. 

% Detects 57 100 71 14 86 100 14 14 100 100  0  57  

Mackay 
Whitsunday 

Pioneer Bayb n.d.-0.40 n.d.-5.9 n.d.-0.49 n.d. 7.0-19 0.29-2.7 n.d.-0.04 n.d.-3.0 n.d.-3.3 7.7-22 22 n.d. n.m. n.d.-0.36 n.m. 

% Detects 67 83 33 0 100 100 50 50 83 100  0  50  

Outer Whitsunday n.d.-0.64 0.20-5.5 n.d.-0.66 n.d.-0.29 n.d.-11 n.d.-2.5 n.d.-0.17 n.d.-0.36 n.d.-6.5 0.37-14 14 n.d. n.m. n.d.-0.59 n.m. 

% Detects 38 100 25 13 88 75 25 13 63 100  0  13  

Sarina Inlet n.d.-1.5 0.16-31 n.d.-2.4 n.d.-0.74 0.17-33 0.10-19 n.d.-0.052 n.d.-0.23 0.16-4.5 0.26-47 47 n.d.-0.87 n.m. n.d.-0.49 n.m. 

% Detects 43 100 86 29 100 100 29 14 100 100  33  29  

Fitzroy 
North Keppel Is n.d.-0.90 n.d.-8.0 n.d.-3.9 n.d.-16 n.d.-7.9 n.d.-1.8 n.d.-0.42 n.d.-1.5 n.d.-20 n.d.-12 12 n.d.-0.83 n.m. n.d.-3.2 n.m. 

% Detects 56 78 67 13 89 67 44 33 89 100  11  67  
a
 Dunk Island maximum concentrations and frequency of detection only include 1/6 potential wet season sampling periods (refer Table 26) and should be interpreted with caution; 

b
 Pioneer Bay 

range only include 1/4 dry season sampling periods (refer Table 30) so the minimum values on these ranges and the frequency of detection should be interpreted with caution; Any sites where 
Water Quality Guideline trigger values were reached or exceeded are indicated in red text (refer to Appendix  A, Table 34). % Detects indicates the proportion of sampling periods out of the total 
number of sampling periods that a herbicide was detected. 
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Clear increases in the total sum of these maximum concentrations across these monitoring years 
are evident at Green Island (more herbicides detected than previously) in the Wet Tropics, all sites 
in the Burdekin (excluding the dry season outlier at Orpheus Is in 2009-2010), and North Keppel 
Island in the Fitzroy region (Figure. 4). Dunk Island in the Wet Tropics only had a single successful 
sampling period in the 2010-2011 wet season period so no accurate trend could be delineated here. 
A positive change (i.e. decrease) in maximum concentration was, however, apparent at all sites in 
the Mackay Whitsunday region in 2010-2011 even though these sites still have some of the highest 
concentrations of diuron, atrazine and hexazinone out of all routine monitoring sites in 2010-2011. 
This change occurred in spite of the total discharge in rivers such as the Pioneer and OôConnell 
being more than 3 times higher than the long-term median (Schaffelke et al. 2011). The highest 
maximum concentrations of atrazine occurred at Cape Cleveland (42 ng.L-1) in the Burdekin region 
and at Sarina Inlet (31 ng.L-1) in the Mackay region. The high relative abundance of atrazine (> 
maximum diuron) is very typical for Cape Cleveland. The highest maximum concentrations of 
tebuthiuron occur in the Burdekin, Mackay Whitsunday and Fitzroy regions and tebuthiuron was 
also detected in higher frequencies in these regions with 63 -100% detections. In spite of the 
detection of ametryn and prometryn with higher frequency across the routine sites and bromacil at 
several, the photosystem II herbicide flumeturon which is also a target compound in the MMP, was 
not detected and has been detected only once (at Magnetic Island) since monitoring commenced. 
 
The dinitroaniline herbicide metolachlor was detected at all sites excluding Dunk Island (with only 
one wet sampling period), mostly at < 1 ng.L-1, except for a maximum of 3.3 ng.L-1 detected at North 
Keppel Island in the Fitzroy region. To our knowledge this herbicide has not been detected 
previously using EDs at routine sites although it is also reported at sites where PDMS sampling is 
also used (refer Regional Summaries). The time-averaged maximum concentrations measured in 
the Wet Tropics region are approximately an order of magnitude lower than those in both the 
Mackay Whitsunday and Burdekin regions and two orders lower than the time-averaged estimate in 
the Fitzroy region. 
 

 
Figure 5  PSII-HEq Max at each site in 2010-2011 along with the two previous monitoring years 
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PSII-HEq Max for the regions ranged from 8 ï 13 ng.L-1 in the Wet Tropics, 5.4 ï 20 ng.L-1 in the 
Burdekin Region, 14 ï 47 ng.L-1 in the Mackay Whitsunday and was 12 ng.L-1 at the single routine 
site in the Fitzroy region. These values indicate maximum PSII-HEq Index categories of 4 for each 
region in 2010-2011.  The PSII-HEq Max values for each site in 2010-2011 are compared to both 
the baseline reporting year 2008-2009 and 2009-2010 in Figure 4.This year was the first time since 
monitoring commenced that the North Keppel Island site has had a Category 4 maximum. This 
essentially reflects the typical relative abundance of PSII herbicides such as tebuthiuron and 
atrazine which are less potent PSIIs (REPs < 1, Table 6) at this site, and an increase in maximum 
diuron concentrations in the last two years. The sites with the lowest PSII-HEq Max in 2010-2011 
were Low Isles to the north of the Wet Tropics region and Orpheus Island at the northern end of the 
Burdekin region which were the only sites with Category 5 maxima. Dunk Island also had a 
Category 5 maximum of 8.8 ng.L-1, but with only a single successful wet season sampling period 
this is an unreliable indicator for this site. The Sarina Inlet site in the Mackay Whitsunday region is 
again the site with the highest PSII-HEq maximum of 47 ng.L-1, which is approaching Category 3 on 
the Index. Routine monitoring at fixed sites provides a good indicator of change through time within 
a region, but may not always characterise risk of exposure to PSII herbicides between and within 
regions. This is due to the low number of sites within a region and the varying location of sites with 
respect to major source rivers. The Sarina Inlet and Pioneer Bay sites for example are relatively 
close to the coast and we expect these kinds of sites to have higher concentrations by virtue of their 
proximity to sources if concentrations from the sources are high. In this year, the Tully Transect 
Case Study is used to illustrate the temporal and spatial variation which may exist within the Wet 
Tropics region which may not be adequately captured by fixed-site monitoring.  
 

3.2 Tully Transect Case Study 

Atrazine, diuron and hexazinone and imidacloprid are the pesticides present at the highest 
concentrations in the Tully River (Table 10). The insecticide imidacloprid was detected in every grab 
sample at concentrations ranging from 20-120 ng.L-1. PSII Index Categories for these source waters 
to the inshore GBR ranged from Category 5 to 2, although Categories 4 and 3 occurred more 
frequently across this wet season sampling period (Figure 6). When the Category 2 maximum was 
measured on 22 January, there was no concurrent passive or grab sampling at the Tully transect 
sites.  
 
Passive sampling has detected a greater range of herbicides present on the transect sites extending 
from the Tully mouth to Sisters Island. These herbicides include ametryn, prometryn simazine, 
tebuthiuron and metolachlor, albeit at concentrations lower than the most abundant pesticides 
atrazine, diuron, hexazinone and imidacloprid. Grab sampling has detected atrazine, diuron, 
hexazinone and imidacloprid as far as the Tully mouth, but only diuron (55% detects) and 
hexazinone (36% detects) as far as Bedarra Island, and only diuron (45% detects) 35 km from the 
Tully River at Sisters Island. The PSII-HEq Max determined at the Tully mouth are both Category 3 
using either passive sampling (78 ng.L-1) or grab sampling (68 ng.L-1). At Bedarra Island PSII-HEq 
Max was Category 3 using passive sampling (72 ng.L-1) and Category 4 using grab sampling (48 
ng.L-1). PSII-HEq Max at Sisters Island were Category 4 as indicated by both passive (33 ng.L-1) 
and grab (20 ng.L-1) sampling. These maximum PSII-HEq values at the Tully mouth and Bedarra 
Island were observed from the 12 ï 15 February. Unfortunately, the passive sampler from Sisters 
Island was lost during this period so no concurrent estimate is available for this site; however, grab 
samples taken on 12 and 15 February were Categories 4 (20 ng.L-1) and 5 (10 ng.L-1). It is notable 
that while Category 3 time-averaged maxima over 3 days have been observed at Bedarra, Island 
the risk of PSII herbicide exposure at this site is more typically Category 4 and 5. However, at times 
during this wet season the concentrations of PSII herbicides measured at this site 20 km from the 
Tully River have been relatively synonymous with those measured at the Tully mouth during the 
same period of time indicating little dilution of plume waters over these distances in specific periods. 
A clear decline in risk of exposure to PSII herbicides with distance from the Tully River between the 
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Tully mouth and Sisters Island is evident in this region in most periods.  This is further illustrated for 
each site in Figure 6 and in Appendix E, Figures 18 and 19. 
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Table 10  The range in time-integrated and ñsnap-shotò concentrations in water with distance from the Tully River at Tully Transect sites 

 
Site   PSII Herbicides (Included in PSII-HEq Index) Other Herbicides Insecticides 
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Tully River SS 0 n.d. n.d.-160 n.d.-20 n.d. n.d.-270 n.d.-110 n.d. n.d. n.d. n.d.-340 340 n.d. n.d. n.d. 20-120 

% Detects   0 48 13 0 87 70 0 0 0 87  0 0 0 100 

Tully Mouth TI 5 n.d.-1.5 1.5-16 n.d.-2.0 n.d.-0.43 6.4-59 5.0-36 n.d.-0.02 n.d.-1.9 0.24-3 8.6-76 76 n.d.-0.22 n.d.-0.03 n.d.-0.11 5.8-30 

% Detects   43 100 86 43 100 100 29 86 100 100  43 25 57 100 

 SS  n.d. n.d.-20 n.d. n.d. n.d.-50 n.d.-40 n.d. n.d. n.d. n.d.-68 68 n.d. n.d. n.d. n.d.-50 

% Detects   0 27 0 0 82 64 0 0 0 91  0 0 0 91 

Bedarra Is TI 20 n.d.-1.4 0.74-13 n.d.-2.3 n.d.-0.3 5.0-54 2.1-34 n.d.-0.1 n.d.-0.85 0.23-3.6 6.9-72 72 n.d.-0.21 n.d n.d.-0.20 0.82-8.3 

% Detects   75 100 75 25 100 100 38 75 100 100  25 0 50 100 

 SS  n.d. n.d. n.d. n.d. n.d.-40 n.d.-20 n.d. n.d. n.d. n.d.-48 48 n.d. n.d. n.d n.d. 

% Detects   0 0 0 0 55 36 0 0 0 55  0 0 0 0 

Sisters Is TI 35 n.d.-0.48 2.0-9.0 n.d.-0.31 n.d.-0.27 2.5-26 1.4-14 n.d.-0.03 n.d.-0.3 0.17-4.4 3.7-33 33 n.d.-0.23 n.d. n.d.-0.14 n.d.-2.2 

% Detects   57 100 57 29 100 100 29 57 100 100  29 0 57 100 

 SS  n.d. n.d. n.d. n.d. n.d.-20 n.d. n.d. n.d. n.d. n.d.-20 20 n.d. n.d. n.d. n.d. 

% Detects   0 0 0 0 45 0 0 0 0 45  0 0 0 0 

 
a 
SS = ñsnap-shotò concentration estimates derived from 1 L grab water samples; TI = ñtime-integratedò concentration estimate derived using ED passive samplers; % detects 

= the proportion of sampling periods out of the total number of sampling periods that a herbicide was detected.; 
b
 Terbutryn and Imidacloprid were only analysed in passive 

samplers when run on the 4000Q LCMSMS (refer Tables  35-37) ï 4 sampling periods, the frequency of detection refers only to the total number of measured samples and 
the concentration ranges for these should be interpreted with caution (no data between 12 and 22 February at the transect sites for these two compounds) ; There were no 
exceedances of Water Quality Guidelines (where available) for individual pesticides in this case study.
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Figure 6  Temporal variation in the risk of exposure to PSII herbicides expressed as PSII-HEq Index Categories 
with distance from the source in the Tully River up the coast to Sisters Island in the Wet Tropics 

 
 
 
 






















































































































