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NOEC No Observed Effect Concentration 

PDMS Polydimethylsiloxane passive sampler 

PFM Passive/Plaster Flow Monitor 

PSII-HEq Photosystem II Herbicide Equivalent Concentration 

PTFE Polytetrafluoroethylene : Common brand name - Teflon 

PWG Pesticide Working Group 

QAEHS Queensland Alliance for Environmental Health Sciences (formerly Entox) 

QA/QC Quality Assurance/Quality Control 

QHFSS Queensland Health Forensic & Scientific Services 

RPF Relative Potency Factor 

RWQPP Reef Water Quality Protection Plan 

SDB-RPS Poly(styrenedivinylbenzene) copolymer ï reverse phase sulfonated 

SOP Standard Operation Procedure 

SSD Species sensitivity distribution 

TEF Toxic Equivalency Factor 

 

Note that throughout this report the term pesticide  is used to refer collectively to the group of insecticides, 

herbicides and fungicides . 
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1. Executive Summary 

Declining water quality as a result of land-based activities and run-off from adjacent catchments has been 

identified as one of the key threats to the long-term health and resilience of the Great Barrier Reef (the Reef). 

Sediment, nutrients and pesticides in run-off plumes reaching nearshore marine ecosystems, which are home 

to sensitive seagrass beds and coral reefs, may have adverse effects on the viability of marine plants and 

animals in these systems. The Reef Water Quality Protection Plan (Reef Plan, 2013) is a collaborative 

program designed to improve water quality in the Reef though improved land management practises in the 

adjacent catchments. In 2015-16, QAEHS carried out water quality monitoring in the nearshore marine 

environment of the Great Barrier Reef Marine Park as part of the Marine Monitoring Program (MMP) under 

Reef Plan (2013). The key objectives of the project were to monitor and assess trends in water quality (i.e. 

concentrations of pesticides) against water quality guidelines, and link nearshore pesticide concentrations 

with end-of-catchment pesticide loads discharged from rivers into the Reef lagoon.  

 

In 2015-16, a combination of two different sampling techniques (passive and grab sampling) were utilised to 

monitor spatial and temporal trends in pesticide concentrations. Pesticides in these monitoring activities 

included photosystem II (PSII) inhibiting herbicides (such as ametryn, atrazine, diuron, hexazinone and 

tebuthiuron), which are commonly detected in catchment monitoring due to their heavy usage in Reef 

catchments in the sugar cane, horticulture and grazing industries. In recent years, other pesticides in addition 

to the traditional five high-usage PSII herbicides (which include pre- and post-emergent óknockdownô 

herbicides) are being increasingly adopted by industry, and subsequently are also commonly detected in 

monitoring activities. Pesticide levels are reported here as concentrations detected (ng L-1), and as PSII 

herbicide equivalent concentrations (PSII-HEq) (ng L-1) (a measure of the ecotoxicity of PSII herbicide 

mixtures). PSII-HEq concentrations are assessed against an index from Category 5 (no reported effects) to 

Category 1 (demonstrated empirical effects on the growth and death of aquatic plants and animals exposed 

to the pesticide). An alternative ecotoxicity measure, the multisubstance ï potentially affected fraction (ms-

PAF), was assessed as part of a case study. 

 

Passive samplers, which provide a time-averaged estimate of pesticide concentration over one to two month 

periods, were deployed at eleven fixed monitoring sites located in four Natural Resource Management 

regions (the Wet Tropics, Burdekin, Mackay Whitsunday and Fitzroy). Five of these sites have been 

continuously monitored for between seven to eleven years. To build direct linkages between land-based 

activities and marine ecosystem health, as well as identify the potential exposure risks in regions of known 

high pesticide use, five new monitoring sites were established in the previous monitoring year and one new 

site in the current year. These recent sites provide pesticide concentration information in areas where 

seagrass, coral reef and catchment monitoring activities are also being conducted. To assess potential 

exposure to terrestrial run-off entering the Reef lagoon, grab sampling was also conducted during periods of 

high freshwater river discharge. Grab samples provide a point-in-time snapshot of concentrations. Samples 

were collected during the wet season along transects extending from two rivers in the Wet Tropics region 

and at two adjacent river mouth areas within the Mackay Whitsunday. 

 

As part of the Driver-Pressure-State-Impact-Response (DPSIR) framework, a range of pressures have been 

identified that influence the levels of pesticides discharged to the Reef lagoon. These include total runoff 

(quantified as end-of-catchment pesticide loads), annual rainfall, river discharge and cyclonic activity. 2015-

16 was generally a ólow-pressureô year for pesticide discharge, with rainfall and river discharges generally 

below the long-term annual averages (rainfall ranged from average to well below average across all 

catchments and there was no cyclone activity). Catchment pesticide loads were similar to 2014-15 levels 

across most catchments and were generally at the lower end of reported annual loads since monitoring 

began. Consistent with low level pressures in 2014-15 and 2015-16, time-averaged pesticide concentrations 
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at fixed marine monitoring sites were, at most sites, similar to the previous monitoring year. Overall, 

concentrations were lower than levels during past óhighô pressure La Ni¶a years when rainfall and cyclonic 

activity were considerably above long-term averages. There was one notable exception to this trend at Round 

Top Island in the Mackay Whitsunday region. Pesticide concentrations at Round Top Island were elevated 

across most of the wet season and the maximum concentrations were the highest since monitoring began 

(2005). Concomitant with these high levels, there were minor guideline value (GV) exceedances for three 

pesticides, diuron, imidacloprid and chlorpyrifos. Diuron and imidacloprid exceeded the proposed marine GVs 

developed by the Department of Science, Information Technology and Innovation, (DSITI) (430 and 33 ng L-

1, respectively). Chlorpyrifos exceeded the ANZECC trigger value (0.5 ng L-1). Only incomplete historical 

monitoring data are available for Round Top Island from one previous year (2014-15) for comparison 

purposes. Further monitoring is required to establish whether this is an ongoing pattern at this site. 

 

A range of PSII herbicides and other pesticides were detected at all monitoring sites in 2015-16. In line with 

previous monitoring years, diuron, atrazine and hexazinone were the most frequently detected and abundant 

of the pesticides at most sites. Maximum concentrations of these three herbicides (462, 245 and 72 ng L-1, 

respectively) occurred at Round Top Island, and this profile is consistent with pesticide usage by the sugar 

cane industry in the adjacent catchment. Whilst diuron dominated the pesticide profile at most sites, atrazine 

was the most abundant pesticide at Barratta Creek (Burdekin region) and Repulse Bay (Mackay Whitsunday). 

Tebuthiuron was almost exclusively detected at North Keppel Island (released from Fitzroy catchment). In 

response to increasing usage, the prevalence and loads of other (non-PSII) pesticides are being monitored 

alongside the PSII herbicides. The proportion of other pesticides in the total load released to the Reef lagoon 

is increasing. For example, in 2015-16, the load of other pesticides ranged between 26 ï 181 per cent of the 

PSII load, compared to 12 ï 21 per cent in 2012-13. Of the other pesticides, metolachlor, 2,4-

dichlorophenoxyacetic acid (2,4-D), 2-methyl-4-chlorophenoxyacetic acid (MCPA), imidacloprid, chlorpyrifos 

and pendimethalin were frequently detected in passive samplers at fixed sites. Compared to PSII herbicides, 

detected concentrations of other pesticides at the monitoring sites were very low (typically sub ng L-1). 

 

In both the current year and historically, monitoring sites located in the Mackay Whitsunday region have 

encountered the highest risk of PSII herbicide exposure, reaching concentrations known to cause 

photosynthetic inhibition in some coral and seagrass species (Category 2 and 3 on the PSII Herbicide Index). 

At the other end of the scale, the Wet Tropics have consistently been at the low end of exposure risk. Grab 

sampling within both these regions indicated that elevated PSII herbicide concentrations were localised near 

river mouths and, through dissipation, decreased towards the fixed monitoring sites. This indicates a lower 

risk of exposure with increasing distance from the river mouth.  

 

At present, only the PSII herbicides are included in risk assessments for the MMP using the PSII-HEq index. 

The PSII-HEq index, which is based on a limited number of species, estimates the cumulative toxicity of 

contaminants with the same mode of action, and has historically been used in the MMP for estimating the 

toxicity of PSII herbicide mixtures. Given the uncertainty of the risks posed by the other (non-PSII) pesticides, 

their inclusion in the MMP pesticide risk assessment is becoming increasingly important. The multisubstance 

- potentially affected fraction (ms-PAF) approach has the capacity to assess mixture toxicity of contaminants 

with both similar and different modes of action. The currently available ms-PAF model is a concentration 

addition (CA) model which estimates the cumulative toxicity for contaminants with the same mode of action; 

therefore, a case study comparing results of the PSII-HEq index and the ms-PAF CA model using the current 

yearôs monitoring data was undertaken. Both marine and freshwater species are included in the modelôs 

underlying SSDs for the current ms-PAF model. This reflects the intended application of the model for 

estuarine (mixed marine and freshwater) systems. Given a current paucity of marine ecotoxicity data, 

combining fresh and marine species data also ensures that sufficient data are included in the SSDs to meet 

statistical requirements.  
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The GVs proposed by DSITI for marine and freshwater ecosystems (which are based on the same species 

data as for the ms-PAF model) indicate that there are different toxicological responses of aquatic species 

between fresh and marine ecosystems. Of the most commonly detected PSII herbicides detected at the fixed 

(marine) monitoring sites, i.e. diuron, atrazine and hexazinone, proposed GVs are available for diuron and 

hexazinone. For these two herbicides, the marine GV is approximately 5-fold higher than the freshwater GV. 

This suggests that inclusion of freshwater species in the SSD may be a conservative approach (i.e. more 

protective of the Reef). At present, no SSD (and hence no proposed GV) is available for atrazine.  

 

Based on the investigations in the case study, further consideration of the risk categories is warranted to 

capture the most ecologically relevant, reasonable and protective tipping points. At present, the ms-PAF CA 

model predicts a PC99 concentration for diuron, the most prevalent PSII herbicide measured in the near-

shore Reef marine environment, of 46 ng L-1 which is an order of magnitude lower than the proposed marine 

PC99 guideline value (430 ng L-1). Adoption of an ms-PAF model based on SSDs for marine-only species for 

the MMP would bring greater consistency between the mixture model and the individual SSDs from which 

proposed marine GVs are determined. An on-going (2016-2019) National Environmental Science 

Programme (NESP) project aims to generate marine species ecotoxicity data for this and other risk 

assessment purposes. Before adopting ms-PAF to assess overall ecological risk as part of the MMPôs annual 

reporting, the value of waiting until a marine ms-PAF model can be established should be considered or a 

decision should be taken to adopt a lower, but therefore more conservative, PC99 value for MMP reporting. 

Furthermore, it would be pertinent to wait until proposed GVs have been approved, SSDs for all chemicals 

earmarked for inclusion have been constructed and the response addition (RA) model to assess pesticides 

with different modes of action is available, to prevent any retrospective adjustments and a more accurate 

assessment of risk of the environmental mixtures present. While the ms-PAF RA model has not been 

examined here (currently being tested by DSITI), the application of the RA and CA models together will be 

highly valuable for assessing the combined toxicity of both PSII herbicides and other pesticides in the future. 

 

Conclusions and directions for future monitoring . In conclusion, overall, the DPSIR framework is an 

effective approach to understand the complexity of pressures that may result in pesticides reaching sensitive 

Reef ecosystems. In 2015-16, trends in the pesticide monitoring data could be broadly interpreted in terms 

of high level pressure data, mainly related to hydrological conditions; i.e. the relatively low pesticide 

concentrations observed at most fixed monitoring sites were consistent with the relatively low pressures 

affecting pesticide discharge to the Reef lagoon throughout the year. Spatially, consistent with previous years 

and land-usage in the adjacent catchments, highest pesticide concentrations were detected at the Mackay 

Whitsunday region sites. The longer-term change in nearshore marine pesticide levels attributable to 

changed catchment land management practices, which is the focus of the Reef Plan, is, however, statistically 

challenging to elucidate. Whether the predicted 34 per cent reduction in total pesticide loads across the Reef 

catchments is reflected in the nearshore monitoring data is unknown. 

 

Given the high inter- and intra-annual climatic and other pressure variability, meaningful trend comparisons 

require long term and complete monitoring data. A particular focus for future years will be on finding new 

ways to minimise passive sampler losses and/or damage to achieve successful, consecutive deployments. 

Changes to the fixed sampling sites were introduced in 2014-15 following a review of the MMP programs. 

This means that over half of the current sites have only one or two years of continuous data. Pressures over 

the last two monitoring years have been relatively stable and longer-term data are required for these sites to 

understand how changes in pressures affect the observed pesticide concentrations. Temporal concentration 

data for catchment pesticide discharge to the Reef lagoon should also be considered, where possible, in 

future reports. This will allow a more direct, temporal comparison between end-of-catchment pesticide data 

for major flow events and the levels of pesticides reaching fixed monitoring sites. 
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The current pesticide metric, the PSII-HEq Index, was identified as a suitable interim risk indicator in the 

2013/4 pesticide MMP review. However, the limitations with this metric are well recognised and ultimately, a 

pesticide metric that can assess ecological risk to marine Reef organisms from mixtures of pesticides with 

different modes of action is paramount. The current ms-PAF CA model is a step towards this goal and when 

development of the response addition model has been completed by DSITI, this will be a highly valuable and 

the recommended risk assessment tool. In the meantime, to avoid retrospective adjustments and maintain 

consistency in MMP pesticide risk assessment, it is proposed that the PSII-HEq Index continue to be used. 

 

Future directions for monitoring activities under the MMP program include: continued advances in pesticide 

monitoring through new analytical methods and calibration of passive samplers to detect new and emerging 

pesticides; the use of statistical models to elucidate underlying trends in pesticide usage, independent of 

variability in river flow that can also cause spatial and temporal changes in pesticide levels; and preliminary 

investigations into a ówhole-of-systemô approach to predict pesticide exposure using the eReefs framework. 
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2. Introduction 

The World Heritage Great Barrier Reef covers an area of 348,000 km2, extending 2,000 kilometres along 

Queensland's coast and from the low water mark along the mainland coast up to 250 kilometres offshore 

(UNESCO, 1981). Thirty-five major rivers within a combined coastal catchment area of over 400,000 km2 

discharge into the Great Barrier Reef lagoon (Brodie et al., 2003). As the largest living structure on Earth, the 

Reef supports a rich and diverse ecosystem of marine organisms including many endangered species and 

is recognised as having outstanding universal value (UNESCO, 1981, GBRMPA, 2014). The declining quality 

of water entering the Reef lagoon as run-off from activities on adjacent catchments has, however, been 

identified as a key pressure on the Reefôs long-term health and resilience (Reef Plan, 2013). Poor water 

quality is one of several key pressures to the future resilience of the Reef that have been identified, which 

include climate change, crown of thorns starfish (COTS), coastal development, shipping and fishing 

(GBRMPA, 2014). The cumulative impacts from multiple pressures has the potential to further weaken the 

Reefôs resilience which may affect its ability to recover from major disturbances, such as cyclones, COTS 

outbreaks, and the increasing number of significant coral bleaching events (Thompson and Dolman, 2010, 

Deôath et al., 2012). 

 

Land use in the Reefôs discharging catchments varies, being largely undeveloped in the far north, with 

agriculture, mining, shipping and urban development predominant in the central and southern regions. 

Approximately 76 per cent of the land is used for agriculture (including sugar cane, beef grazing, horticulture, 

cropping, pastures and cotton) (Smith et al., 2012). The range of land uses in this region results in point and 

diffuse sources of nutrients and pesticides from activities such as pest control (i.e. application of pesticides, 

including herbicides, insecticides and fungicides), sewage management, aquaculture, earthworks and 

fertiliser application. Run-off from these lands contribute to suspended sediments, nutrients and pesticides 

in rivers and other waterways which are released to the Reef lagoon during the wet season (Brodie et al., 

2013, Waterhouse et al., 2013). The magnitude of releases is highly influenced by weather conditions and 

most run-off is delivered in short-lived flood events during the wet season, forming distinct flood plumes that 

sometimes disperse far into the lagoon (Devlin and Schaffelke, 2009).  

 

Systematic monitoring has identified that pesticide contamination in the rivers, streams and estuaries that 

drain into the Reef marine environment has been widespread (Brodie et al., 2012), with the highest levels 

around Mackay (Brodie et al., 2013). In some cases, pesticide concentrations have been elevated above 

Australian and New Zealand Water Quality Guideline (2000) trigger values in catchments adjacent to 

intensive agricultural activity (Smith et al., 2012, DSITI, 2015, OôBrien et al., 2016). Modelling estimates in 

2013 suggested that over 12 tons of pesticides may be introduced into the Reef annually (Waters et al., 2014) 

which can be distributed through the marine environment in the flood plumes (Devlin and Schaffelke, 2009). 

Overall, concentrations of pesticides in the marine environment compared to rivers are generally low (Devlin 

et al., 2015), due to processes such as dilution and degradation (Lewis et al., 2009). However, the chronic 

effects of low level pesticide exposure to corals and seagrass, especially in combination with other local and 

global pressures, remain poorly understood on the Reef (Brodie et al., 2013). 

 

In response to concerns about the impact of land-based run-off on water quality, the 2003 Reef Water Quality 

Protection Plan (Reef Plan) was implemented by the Australian and Queensland governments (Reef Plan, 

2003) and further updated in 2009 and 2013 (Reef Plan, 2009, 2013). Reef Planôs single long-term goal for 

the marine environment is ñto ensure that by 2020 the quality of water entering the reef from broadscale land 

use has no detrimental impact on the health and resilience of the Great Barrier Reefò (Reef Plan, 2013). In 

2015, a long-term sustainability plan for protecting and managing the Reef until 2050 was introduced 

(Commonwealth of Australia, 2015), of which Reef Plan is a key component. The Reef 2050 Long Term 

Sustainability Plan (LTSP; (Commonwealth of Australia, 2015)) is the overarching framework for integrated 
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management of the Reef which ñfirmly responds to the pressures facing the Reef and will address cumulative 

impacts and increase the Reefôs resilience to longer term threats such as climate changeò.  

 

Under Reef Plan (2013), governments are working with farmers and graziers to halt and reverse the decline 

in the quality of water entering the Reef by setting specific land and catchment management targets as well 

as water quality targets by 2018. These targets include a minimum reduction in end-of-catchment pesticide 

loads of 60 per cent (Reef Plan, 2013). The implementation of agricultural best management practice (BMPs) 

aims to reduce nutrient, sediment and pesticide runoff from agricultural land use; for example, based on the 

current estimates of BMP uptake in the GBR catchment area, the Source Catchment models indicate that a 

34 per cent reduction in total pesticide loads across the Marine Park catchments should occur. This includes 

a 44 per cent load reduction in the Mackay region (Reef Water Quality Protection Plan Secretariat, 2016) 

where the highest pesticide exposure has been reported (Brodie et al., 2013, Reef Water Quality Protection 

Plan Secretariat, 2016).  

 

To monitor the progress towards Reef Planôs (2013) and the 2050 LTSPôs goals and targets, the Paddock to 

Reef Integrated Monitoring, Modelling and Reporting Program (Paddock to Reef Program) collects and 

integrates data and information on the paddock-catchment-marine environments adjacent to and within the 

Marine Park (Paddock to Reef, 2013). Progress is reported through annual Report Cards. One of the 10 inter-

related components of the Paddock to Reef program is the Marine Monitoring Program (MMP), formerly Reef 

Plan MMP. The MMP covers the Reef inshore environment and is a collaborative effort between the 

Australian Government and several research groups. The program aims to assess long-term changes 

(trends) in the condition of inshore water quality, and link this to changes in the health of key inshore 

environments (coral reefs and seagrass) (GBRMPA, 2011). There are several indicators of inshore water 

quality, including sediment, nutrient and pesticide levels, and this current report provides information about 

the temporal/spatial trends in pesticide levels in the inshore Reef zone as well as in flood plumes. Separate 

reports under the MMP provide an assessment of other inshore marine water quality indicators and linkages 

between river discharge and pollutant concentrations to end-of-catchment loads (Waterhouse et al., 2017b), 

the coral cover and composition (Thompson et al., 2017) and seagrass health and extent (McKenzie et al., 

2017). 

 

The specific objectives of the pesticide monitoring component of the MMP are to: 

¶ Monitor and assess trends in inshore concentrations of pesticides against water quality guideline 

values relevant to the Marine Park, and 

¶ Link inshore concentrations of pesticides and their end-of-catchment loads. 

 

The program methods and results in 2015-16 are presented in this report with temporal (historical monitoring 

data since 2005) and spatial (regional and Reef-wide) interpretation. 
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3. Methodology 

3.1 Overview  

 

Water quality monitoring was conducted at fixed (long-term) monitoring sites using passive sampling 

techniques: a time-integrated sampling technique that provides a time-averaged estimated concentration. 

These samplers accumulate chemicals into a sorbing material from water via passive diffusion. The passive 

sampling techniques which are utilized in this component of the MMP include: 

 

¶ SDB-RPS EmporeTM Disk (ED) polar passive samplers for relatively hydrophilic organic chemicals 

with relatively low octanol-water partition coefficients (log KOW) such as the PSII herbicides (e.g. 

diuron). 

¶ Polydimethylsiloxane (PDMS) non-polar passive samplers for organic chemicals which are relatively 

more hydrophobic (higher log KOW) such as chlorpyrifos.  

 

In addition to the long-term pesticide levels assessment, flood plume monitoring was conducted during the 

wet season using grab sampling techniques and incorporated relevant passive sampling data from the fixed 

monitoring sites. Full details regarding these methodologies have been described in the Marine monitoring 

program quality assurance and quality control manual 2015/2016 (GBRMPA, 2016) and in previous reports 

(Kennedy et al., 2012, Gallen et al., 2013, Gallen et al., 2014, Gallen et al., 2016).  

3.2 Study area and s ampling  sites  

3.2.1 Fixed monitoring site s (passive samplers)  

The scientific criteria for selection of sampling sites were updated following a review of the program in 2013 

and 2014 (Kuhnert et al., 2015) and include: 

¶ The site must be representative of an inshore reef location; 

¶ The site is co-located in proximity to sites used by other MMP monitoring activities such as seagrass 

monitoring, as well as other agencies conducting related monitoring (e.g. GBR Catchment Loads 

Monitoring Program, DSITI); 

¶ The site should not be impacted by specific local point sources such as anti-foulants from boats or 

inlets of treated or untreated wastewater; 

¶ The sampling site is logistically feasible and can be maintained for a long period; 

¶ The site is located adjacent to catchments that have been identified as high risk for exposure to 

pesticides (Brodie et al., 2013); 

¶ The site must have adequate statistical power to detect trends in pesticide concentrations. 

 

Based on these criteria, 11 inshore Reef sites were selected for the 2014-15 and subsequent monitoring 

programs, including five continuing long-term monitoring sites (Table 1). Passive samplers were deployed at 

all 11 sites in 2015-16, with five sites located in the Wet Tropics region, one site in the Burdekin region, four 

sites in the Mackay Whitsunday region and one site in the Fitzroy region (Figure 1). Sites were located within 

the extent of flood plumes from rivers that drain a variety of land uses on the adjacent catchment areas and 

discharge into the Reef lagoon (Table 1, Figure 1). Of the 11 sites monitored for pesticides, three (Low Isles, 

Dunk Island, and Sarina Inlet) are also seagrass monitoring sites within the MMP (McKenzie et al., 2017). 

Five sites (Low Isles, High Island, Normanby Island, Dunk Island and North Keppel Island) are in the vicinity 

of coral reefs that are monitored under the MMP (Thompson et al., 2017). 
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Table 1: Location of fixed passive sampling sites, closest influencing river and date that MMP sampling first commenced 

NRM region  Basin  Major River/ Creek  Fixed site name  Sampled since  

Wet Tropics 

Mossman Mossman River Low Isles Aug-2005 

Mulgrave-Russell 
Mulgrave River/  

Russell River 

High Island May-2015* 

Normanby Island Jul-2005 

Tully Tully River Dunk Island Sep-2008 

Herbert Herbert River Lucinda Jul-2014 

Burdekin Burdekin Barratta Creek Barratta Creek mouth Mar-2014 

Mackay 

Whitsunday 

Proserpine/ 

OôConnell 

Proserpine River/ 

OôConnell River 
Repulse Bay Sep-2014 

Pioneer/ Plane 
Pioneer River/  

Sandy Creek 
Round Top Island Sep-2014 

Plane 
Sandy Creek Sandy Creek Sep-2014 

Plane Creek Sarina Inlet May-2009 

Fitzroy Fitzroy Fitzroy River North Keppel Island Aug-2005 

* High Island was reintroduced to the sampling program this year after its discontinuation in 2008. 

 

The Wet Tropics  region encompasses eight catchment areas, covering approximately 2.2 million hectares 

(ABS, 2010). Approximately 44 per cent of land is set aside as conservation and natural environment areas, 

however beef cattle grazing (30 per cent of total land use) and sugar cane (seven per cent of total land use) 

are the primary agricultural activities (DSITI, 2012b). Fixed sampling sites in the Wet Tropics region in 2015-

16 were at Low Isles, High Island, Normanby Island, Dunk Island and Lucinda (Figure 1). Low Isles and 

Normanby Island have been monitored since 2005, Dunk Island since 2008 (once in 2007), and Lucinda 

since 2014. High Island was monitored in 2006-2008 and then discontinued until recommencing as part of 

the MMP pesticide program in the current year. 

 

The Burdekin  region spans five catchments and covers 14 million hectares, of which 90 per cent is used for 

agricultural purposes, with grazing primarily inland and some sugar cane and horticulture along the coast 

(ABS, 2010, DSITI, 2012c). The one sampling site in the Burdekin region in 2015-16 was at Barratta Creek 

mouth (Figure 2) which was established in 2014.  

 
The Mackay Whitsunday  region is the smallest NRM region, spanning four catchments with an area of 

approximately 900,000 hectares (ABS, 2010). This region is dominated by grazing, which comprises 30 ï 60 

per cent of the regionôs land use depending on the catchment basin, and the sugar cane industry, which 

comprises 6 ï 50 per cent of the regionôs land use (DSITI, 2012e). Sampling sites in the Mackay Whitsunday 

region in 2015-16 were Repulse Bay, Round Top Island, Sandy Creek and Sarina Inlet (Figure 1). The Sarina 

Inlet site was established in 2009 and the remaining sites were established in 2014.  

 

The Fitzroy  region spans six catchments and covers an area of 15.6 million hectares (ABS, 2010). Cattle 

grazing is the most prevalent industry (78 per cent of the land use), with broad acre cropping (five per cent 

of the land use) and cotton farming also present (DSITI, 2012a). The only monitoring site in the Fitzroy region 

is at North Keppel Island (Figure 1). This site has been monitored since 2005 although it has had broken 

periods of sampling throughout some years. 
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Figure 1: Locations of current inshore Reef fixed monitoring sites where time-integrated sampling of pesticides occurred in 2015-16. 

Sites are overlaid on the 2015-16 flood plume frequency map (for more information see Section 3.5.5). Grey triangles indicate 

towns. (Source ï Dieter Tracy, James Cook University) 

 

Region Site Latitude Longitude

Low Isles -16.38182 145.56213

High Island -17.15985 146.00075

Normanby Island -17.20476 146.07434

Dunk Island north -17.93570 146.13530

Lucinda -18.52083 146.38631

Burdekin Barratta Creek mouth -19.40884 147.24950

Repulse Bay -20.58822 148.69754

Round/Flat Top Island -21.15593 149.23746

Sandy Creek -21.21688 149.25516

Sarina Inlet -21.40300 149.30900

Fitzroy North Keppel Island -23.08080 150.89541

Wet Tropics

Mackay 

Whitsundays

Fixed monitoring sites
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3.2.2 Flood plume monitoring  (grab sampl ing ) 

Terrestrial run-off assessments, i.e. flood plume monitoring, have been conducted in past monitoring years 

along transects extending from river mouths during discharge events in two or three NRM regions with a high 

risk from pesticide exposure. The locations and timing of the flood plume sampling changes annually, as it is 

largely event-driven and requires a rapid response. Flood plume sampling is also subject to sampling 

personnel safety and the availability of sampling vessels.  

 

In 2015-16, flood plume monitoring was undertaken along transects extending from the mouths of two rivers 

in the Wet Tropics region ï the Tully River and Russell-Mulgrave rivers (Table 2 and Figure 2). Both transects 

have been sampled in previous monitoring years, with the Russell-Mulgrave transect first sampled in 2013 

and the Tully transect first sampled in 2010. In addition to the transects, grab samples were collected from 

two river mouths within the Burdekin focus area (Burdekin River and Barratta Creek) during two early season 

discharge events (Table 2 and Figure 2). These sampling sites are flood-response monitoring sites 

established by the JCU Inshore Marine Water Quality team. 

 
Table 2: Sampling locations of grab samples for flood plume monitoring and relevant fixed (passive sampler) monitoring sites in the 
plume vicinity. 

 Transect  Sampling site  Sample type  Latitude  Longtitude  

Russell-
Mulgrave River 

Russell-Mulgrave mouth Grab -17.2231 145.9688 

Normanby Island Passive sampler -17.2048 146.0743 

High Island Grab -17.1599 146.0008 

High Island Passive sampler -17.1599 146.0008 

Tully River 

Tully River mouth mooring Grab -18.0295 146.0609 

Bedarra Island Grab -18.0020 146.1414 

Dunk Island north Grab -17.9272 146.1416 

Dunk Island north Passive sampler -17.9272 146.1416 

Burdekin River 

Barratta Creek mouth Grab -19.4088 147.2495 

Barratta Creek mouth Passive sampler -19.4088 147.2495 

Burdekin River mouth 2 Grab -19.6366 147.5973 

Burdekin River mouth 3 Grab -19.7185 147.6226 

Burdekin River mouth mooring Grab -19.6440 147.6068 
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Figure 2: Locations of grab (flood plume monitoring) and passive samplers (fixed monitoring) collected on the (A) Russell-Mulgrave 
River transect, (B) Tully River transect, and (C) Barratta Creek/Burdekin River region. Sampling sites are overlaid on a colour-scale 
representing the frequency of flood plumes for 2003-2016. The water quality/coral/seagrass sites relate to other MMP program 
monitoring sites (see (McKenzie et al., 2017, Thompson et al., 2017, Waterhouse et al., 2017b). Maps provided by Dieter Tracey, 
James Cook University (JCU). 
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3.3 Sampling approaches  

Full details of the techniques for passive and grab sampling are given in the Marine monitoring program 

quality assurance and quality control manual 2015/2016 (GBRMPA, 2016). An overview of the sampling 

periods and types of samples collected is given below. 

3.3.1 Passive sampling  (fixed monitoring sites ) to establish long -term trends  

Pesticide monitoring at fixed monitoring sites is reported for the year to 30 April 2016. The year is divided 

into ñDry 2015ò (May 2015 to October 2015) and ñWet 2015-16ò (November 2015 to April 2016) sampling 

periods for reporting purposes. During dry sampling periods, passive samplers are typically deployed for two 

months at a time (maximum of three deployment periods each monitoring year), and for one month at a time 

during wet sampling periods (maximum of six deployment periods within each monitoring year). The 

maximum number of samples obtained from each location in the monitoring year is nine. 

 

All eleven fixed sites were monitored in both the Dry 2015 and Wet 2015-16 sampling periods using EDs 

(Table 3), targeting polar pesticides (see Appendix A Table A-2 for a list of the polar pesticides in the passive 

sampler analysis suite). Four sites also had PDMS samplers deployed during the Wet 2015-16 sampling 

period (Table 3), targeting non-polar pesticides (see Appendix A Table A-3 for a list of the non-polar pesticides 

in the passive sampler analysis suite). PDMS samplers were co-deployed with the EDs in the Lower Burdekin 

region (one site) and the Mackay Whitsunday region (three sites) (Table 3). These two regions were chosen 

for targeting non-polar pesticides based on their high proportions of sugar cane land use relative to other 

NRM regions, and the high pesticide risk assigned to these regions (Brodie et al., 2013). The deployment 

dates and results for each fixed monitoring site are provided in Appendix F Table F-2 to Table F-12. 

 
Table 3: The types of passive samplers deployed at each fixed monitoring site in 2015-16. 

 

Region  Site  
EDs (polar)  PDMS (non -polar)  

Dry Wet Dry Wet 

Wet Tropics  

Low Isles V V U U 

High Island  V V U U 

Normanby Island V U U U 

Dunk Island V V U U 

Lucinda V V U U 

Burdekin  Barratta Creek Mouth V V U V 

Mackay Whitsunday  

Repulse Bay V V U V 

Round Top Island V V U V 

Sandy Creek V V U V 

Sarina Inlet V V U U 

Fitzroy  North Keppel Island V V U U 
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3.3.2 Grab sampling to assess  flood plume profiles  

Sampling activities targeting discharge events from major Reef catchment rivers occurred during the Wet 

2015-16 sampling period, and typically coincided with large rainfall events in the adjacent catchment area. 

Grab samples (250 mL) were collected along transects extending from river mouths to capture peak 

concentrations, assess the extent and gradient of pesticide concentrations in flood plumes, and establish the 

presence of any pesticides not adequately sampled by passive samplers (e.g. due to their high water 

solubility). In some cases, the transects coincided with fixed monitoring locations (Figure 2) to provide a 

complete pesticide profile over the discharge period that may be useful to compare against pesticide loads 

data. 

 

A total of 24 grab samples were collected to monitor terrestrial run-off from the two river transects (the Tully 

and Russell-Mulgrave rivers) during five separate flood plume events between January and April 2016. A 

further nine grab samples were collected from the Burdekin focus area during both major discharge events 

in the Wet 2015-16 season. Further details for these samples including the date of collection and results for 

individual pesticides detected are provided in Appendix G Table G-1. 

 

3.3.3 Sampler deployment and approaches for missing data  

Samplers are cleaned, assembled and calibrated by QAEHS but are deployed in the field by a team of 

volunteers. The participation of volunteers from various community groups, agencies and tourist operations 

is a key feature of the long-term pesticide monitoring program and integral to the success of maintaining the 

program in often remote locations. Volunteers receive, deploy, retrieve and return the passive samplers to 

QAEHS for subsequent extraction and analysis. Volunteers are trained by the Great Barrier Reef Marine Park 

Authority (GBRMPA) and/or QAEHS staff in the Standard Operating Procedures (SOPs) for deploying and 

retrieving the passive samplers, ensuring high quality usable data.  

 

Whilst every effort is made to deploy samplers in accordance with the proposed sampling schedule, there 

are circumstances every year where this is not possible. This may result in periods where passive samplers 

are not deployed (for example, during bad weather) or samplers are under- or over-deployed, i.e. the period 

the sampler is left in the water is less than or greater than the preferred period (2 months in dry season, 1 

month in wet season). In addition, samplers are regularly lost in extreme weather events or are stolen or 

otherwise damaged. For periods of non-deployment, gaps between successful deployments are often up to 

1-2 weeks at most and have minimum impact on the long-term trends. Longer periods of non-deployment or 

when samplers are lost can result in uncertainty in the representivity of the pesticide concentration data for 

that deployment season and, therefore, may affect the long-term trends (for example, when only one wet 

season sampler is successfully deployed in one year, but all 6 are deployed for previous years). This can 

make interpretation of long term trends challenging. Actual dates of deployment are given in Appendix F and 

average concentrations where only one sampler was received for that season are highlighted in the summary 

statistics tables in the Results section. Passive samplers are calibrated for an optimum deployment period 

and if they are over- or under-deployed, this reduces the confidence in the reported concentrations. If under-

deployed, the amount of pesticide taken up into the sampler may be too low to be detected on the analytical 

instruments, resulting in a non-detect result when in fact the pesticide was present in the ecosystem. If over-

deployed, the samplers may become saturated, violate the assumptions of pesticide uptake dynamics or 

become bio-fouled or otherwise contaminated in the field. In these cases, samplers are excluded from the 

analysis. 

 

Passive samplers that show evidence of inappropriate storage during transportation that may lead to 

contamination (such as transport lids not attached or EDs returned dry) or damage during deployment (mud 

underneath membrane or severe biofilm that impedes water flow) are also excluded from analysis.  
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3.4 Pesticide  analys es and reporting QA /QC (GC-MS and LC -MS/MS) 

3.4.1 Target pesticides  

The list of target chemicals originally derived at the commencement of the MMP through consultation with 

GBRMPA was based on the following criteria:  

¶ pesticides detected in recent studies; 

¶ those recognised as a potential risk; 

¶ analytical affordability; 

¶ pesticides within the analytical capabilities of Queensland Health and Forensic Scientific Services 

(QHFSS, who formerly conducted all analysis); and 

¶ those likely to be accumulated using one of the passive sampling techniques (i.e. that exist as neutral 

species and are not too polar).  

 

In 2015 in consultation with the Pesticide Working Group (PWG) and GBRMPA, the list of target chemicals 

was further expanded to include several other pre- and post-emergent herbicides (Appendix A Table A-4). 

The criteria by which these new target chemicals have been included are:  

¶ registered for use in Reef catchments to supplement or replace the use of some traditional 

Photosystem II (PSII) herbicides; 

¶ included in the suite for PSII end-of-catchment loads monitoring and catchment pesticide modelling 

programs conducted by other agencies (and thus better harmonisation across complimentary 

monitoring programs); and  

¶ detected in recent studies and monitoring programs.  

 

3.4.2 Instrument an alyses  and analytical quality assurance quality control (QA /QC) 

Analysis of non-polar pesticides using Gas Chromatography-Mass Spectrometry (GC-MS) and polar 

herbicides using Liquid Chromatography-tandem Mass Spectrometry (LC-MS/MS) in passive samplers 

(PDMS and EDs) and grab samples was conducted at QAEHS. Further details are given in Appendix A 

Sample analysis was previously conducted by QHFSS. Inter-laboratory comparisons between QAEHS and 

QHFSS were conducted for two years for LC-MS analysis and one year for GC-MS analysis. No 

inconsistencies or bias emerged in the detection/non-detection and quantification of chemicals between the 

two laboratories (for details see Gallen et al. (2014), Gallen et al. (2016)).  

 

QA/QC: Blanks were extracted and analysed with every batch of 12 samples. Most pesticides were below 

the limit of detection (LOD) in batch blanks. Where blank values were detected, sample concentrations in 

that batch that were less than 3 times the blank value were excluded from summary statistics and the PSII-

HEq calculations and are shown with a ñ<ò in the data tables in Fixed monitoring sites ï sampler returns and 

individual site results. Analytical variability was tested by quadruplicate injections of 1 ppb calibration 

standard, and the median coefficient of variation for these replicates was 5.1% across all pesticides. 

 

The LOD for the LC-MS/MS instrument data are defined as follows: the LODs are determined by adding a 

very low level of analyte to a matrix and injecting 9 times into the analytical instrument. The standard deviation 

of the resultant signals is obtained and a multiplication factor of 3 is applied to obtain the LOD. Values below 

the LOD are defined as non-detects (n.d.) in all tables in this report. The limit of reporting (LOR) is defined 

as 3 times the LOD. Values above 3 times the blank concentration are shown in the tables in this report in 

italics. Whilst there is some uncertainty regarding the accuracy of these relatively low concentrations, to be 

conservative, these values are included in summary statistics and PSII-HEq values and thus represent the 

worst-case scenario. 
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Variability in the overall performance (chemical uptake) of the EDs was tested by duplicate analysis of 16 ED 

samplers, and the mean coefficients of variation for these replicates ranged from 1.7% to 33%. Further details 

on QA/QC measures are summarised in the Marine monitoring program quality assurance and quality control 

manual 2015/2016 (GBRMPA, 2016) and Appendix A Table A-1. 

3.5 Data analyses and reporting metrics  

3.5.1 Water quality guideline values (GVs)  

A key aim of this program is to compare measured concentrations of pesticides and herbicides to current 

limits for chemicals in marine waters. Water quality in Australia is currently managed in accordance with the 

Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC and ARMCANZ, 

2000a). Trigger values are defined for a range of pesticides and an indication of the reliability of the value 

(low, moderate, high) is given (Appendix B Table B-1). The 2000 guidelines paid considerable attention to 

values derived using the assessment factor approach (Batley et al., 2014). For some pesticides, only 

freshwater guidelines or low reliability marine ñinterim working levelsò (IWLs), e.g. for diuron, are available 

(ANZECC and ARMCANZ, 2000a). For several of the pesticides detected in this current monitoring year, no 

trigger values were available. 

 

The use of species sensitivity distributions (SSDs) is the preferred method of deriving water quality guidelines  

(Warne et al., 2015). A SSD is a model of the variation in sensitivity of species in an ecosystem to a particular 

stressor and allows prediction of the percentage of species that is expected to be adversely affected at a 

given environmental stressor level (e.g. pesticide concentration). Under this approach, protective 

concentrations can be defined that typically offer four levels of protection: 99, 95, 90 and 80 per cent of 

species in the ecosystem being protected, referred to as PC99, PC95, PC90 and PC80, respectively (Batley 

et al., 2014). Using this approach, marine protective concentrations were derived by the Great Barrier Reef 

Marine Park Authority (GBRMPA, 2010) for tropical species (Appendix B Table B-1). These values were not 

proposed to be adopted as guidelines, but rather were published to provide concentrations to compare with 

ongoing monitoring data as part of Reef Plan (2009 and 2013). The Great Barrier Reef is considered as a 

high ecological value (HEV) ecosystem and, therefore, afforded the highest water quality protection level, i.e. 

protection of at least 99 per cent of species (PC99). This level of protection is judged the most suitable for 

this World Heritage Area, which is classified as having outstanding universal value and no change in the 

indicators of biological diversity beyond the natural variation is recommended.  

 

The Australian and New Zealand water quality guidelines for freshwater and marine ecosystems are currently 

being revised to provide new guideline values (GVs) (previously termed trigger values) (Warne et al., 2015, 

DoE, 2016). Proposed GVs for 28 pesticides for freshwater and marine ecosystems, determined using SSDs, 

are being derived by the Department of Science, Information Technology and Innovation (DSITI) and will be 

submitted for consideration, national endorsement and inclusion into the Australian and New Zealand water 

quality guidelines (DSITI, 2017). If they are endorsed they will supersede the Water Quality Guidelines for 

the Great Barrier Reef Marine Park (GBRMPA, 2017).The proposed GVs for diuron in marine water (PC99, 

95, 90, 80) have recently been announced based on ecotoxicity data for 20 marine phototrophic species 

belonging to six phyla and 11 classes and have been classified as very high reliability (King et al., 2017a) 

(Table B-1). Proposed GVs for 27 other pesticides, relevant to the current monitoring period, have also been 

derived and will be submitted for endorsement (Appendix B Table B-1).  

 

For the purposes of this report, proposed GVs, trigger values and GBRMPA PC values are tabled in Appendix 

B and monitoring data are compared against the proposed GVs. Whilst these proposed values are still 

undergoing endorsement, adopting these proposed GVs is recommended in preference to any of the GVs or 

protective concentration values derived prior to 2017 (DSITI, 2017). 
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3.5.2 Comparison to end -of-catchment annual loads  

One of the aims of this program is to link inshore concentrations of pesticides and their end-of-catchment 

loads. One approach to achieve this is to assess gradients in concentrations during flood plume events 

extending out from a river mouth into the Reef lagoon where fixed monitoring sites are located adjacent to 

sensitive coral reefs and seagrass beds (see flood plume monitoring, Section 3.2.2).  

 

Annual pesticide loads are determined and reported through an ongoing monitoring program for major 

catchments discharging to the Reef under the Great Barrier Reef Catchment Loads Monitoring Program 

(GBRCLMP). Due to the timing of the MMP reporting cycle, the GBRCLMP information available to the MMP 

is a single annual load per catchment. In contrast, temporal (time integrated) pesticide concentrations are 

measured at the near-shore monitoring sites. Quantitative comparisons between the GBRCLMP load data 

and the pesticide concentration data at the monitoring sites are, therefore, not meaningful. Temporal end-of-

catchment concentration data, reflecting the concentrations of pesticides being discharged with individual 

flow events, would allow correlations with the temporal marine monitoring data (also expressed as 

concentrations) to be investigated. In the absence of end-of-catchment temporal data, for the purposes of 

this report, qualitative comparisons of the types of pesticides discharge from catchments and observed at 

monitoring sites are performed (see Section 4.1.3). 

 

3.5.3 Risk assessment  metric  ï PSII herbicide equivalent concentrations  

The risk of PSII inhibition to Reef species may be underestimated when concentrations of herbicides are 

considered individually rather than as part of a more complex mixture. In this report, PSII herbicide 

concentrations (ng L-1) are also expressed as PSII herbicide equivalent concentrations (PSII-HEq) (ng L-1). 

PSII-HEq concentrations are derived using relative potency factors (RPF) for each individual PSII herbicide 

with respect to a reference PSII herbicide, diuron (Appendix C Table C-3). The PSII-HEq concentration is the 

sum of the individual RPF-corrected concentrations of each individual PSII herbicide detected in each sample 

(either grab sample or passive sampler). RPF values for 8 PSII herbicides and 2 metabolites of atrazine have 

been previously determined based on the ecotoxicity response of five microalgal marine species (including 

zooxanthellae) and one freshwater microalgal species (see Appendix C). Also reported are the PSII-HEq 

Max values (the maximum PSII-HEq concentration detected at a given fixed monitoring site in a monitoring 

year) and PSII-HEq Wet Avg and PSII-HEq Dry Avg values (the average PSII-HEq concentration detected 

at a given fixed monitoring site during the wet and dry season, respectively). These values allow an 

assessment of the worst-case scenario of PSII herbicide exposure encountered during a monitoring year, the 

seasonal variation in the risk of PSII inhibition, and their trends over time.  

 

To interpret data reported as PSII-HEq, the ñPSII Herbicide Indexò has been compiled (with GBRMPA). This 

Index defines ranges of PSII-HEq that equate with different levels of PSII inhibition (based on published 

toxicity data using Reef relevant species) (Appendix C Table C-4). Classifying the data generated in this 

MMP report based on these index categories provides an indication of the additive effects of PSII herbicides 

on marine flora, including sea grasses and algae, and coral zooxanthellae (see Appendix C for further 

information). The Index can quickly indicate the extent of PSII inhibition encountered at a given site (and its 

potential consequences), and provides a rapid indication of the duration and/or frequency that a site is 

exposed to elevated cumulative levels of PSII herbicides. A Category 1 classification (Ó900 ng L-1) is 

equivalent to exceeding the GBRMPA PC99 value for diuron (GBRMPA, 2010). It should be noted that the 

proposed marine GV for diuron for 99% species protection is 430 ng L-1 (King et al., 2017a) and so under the 

new guidelines, guideline exceedances may occur for both Category 2 (250-900 ng L-1) and Category 1 PSII-

HEq concentrations. 

 

The PSII-HEq index was identified as a suitable indicator to detect changes in inshore pesticide levels over 

time based on a bootstrap simulation study using historical MMP data (Kuhnert et al., 2015). As part of this 
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review of the MMP, the authors recommended incorporation of this metric into the annual Reef Plan report 

card to assess progress against water quality targets (Kuhnert et al., 2015). Recently, Smith et al. (2016a) 

derived an alternative method to calculate RPF values (also referred to as toxic equivalency factors, TEFs) 

for calculating toxicity-based pesticide loads, which were calculated using matched datasets1 and tests to 

maximize the environmental relevance and robustness of the TEFs. This approach was applied to derive 

Reef-specific TEFs for five priority PSII herbicides discharged to the Reef lagoon (ametryn, atrazine, diuron, 

hexazinone, and tebuthiuron) (Smith et al., 2016b). Despite being widely used and simple to calculate, a 

limitation of the current PSII-HEq method of risk assessment is that matched data sets should ideally be used 

to derive the relative potencies to a reference chemical (i.e. for each species tested, all PSII herbicides should 

be included in the same study to assess their toxicity relative to diuron). However, this seldom occurs and 

typically datasets are limited to only a few select compounds. This requirement for matched datasets 

dramatically reduces the amount of data suitable to derive relative potencies.  

 

For consistency, the PSII-HEq values presented in this report are calculated using the RPF values used in 

previous yearsô reports. A comparison of the TEF values of Smith et al. (2016b) and our previously derived 

RPF values, and the concomitant PSII herbicide equivalent concentrations for the current year using the two 

different factors, is presented as part of the case study (Section 8). 

 

3.5.4 Risk assessment metric ï multi substance -potentially affected fraction (ms -PAF) 

The multisubstance-potentially affected fraction (ms-PAF) method (Traas et al., 2002) has been proposed as 

a more robust approach to quantify the overall ecological risk of mixtures of pollutants for ecological 

communities. The ms-PAF approach uses species sensitivity distributions (SSDs) from peer-reviewed 

ecotoxicity data published in the scientific literature or in reputable ecotoxicity databases such as the 

database published by the USEPA Office of Pesticide Program. SSDs are a well-documented method for 

estimating the adverse effects a concentration of a contaminant may have on an aquatic ecosystem, and are 

used in deriving water quality GVs. The approach is based on SSDs for all chemicals in a mixture and thus 

aligns more closely with the revised methods for proposed individual GV derivation, as well as the risk-based 

approach adopted by the Paddock to Reef program. The potentially affected fraction of species, i.e. percent 

of species in an ecosystem that will theoretically be affected at a given environmental mixture concentration, 

is considered an ecologically relevant assessment end point which better suits the goals of Reef Plan. 

 

Unlike the HEq method, ms-PAF can account for both additive and non-additive interactions; i.e. it can 

determine a cumulative toxicity for a mixture of chemicals with the same toxic mode of action (e.g. for PSII 

inhibition, effects are assumed additive for all PSII-inhibiting herbicides in a mixture), but also for a mixture 

of chemicals with different modes of action (non-additive model). Non-additive interactions are an important 

consideration given the use of other pesticides with different modes of action in the Reef catchments.  

 

In the previous monitoring year 2014-15, a case study reported interim ms-PAF values and ms-PAF Max 

values (the maximum ms-PAF value detected at a fixed monitoring site in a given monitoring year) for five 

priority PSII herbicides using SSDs provided by DSITI. Since then, the ms-PAF approach has been refined 

and SSDs for 28 pesticides have been determined by DSITI and will be published in the coming year (see 

Section 8 for more information). The SSDs of each PSII herbicide, used in the ms-PAF calculation, are 

composed of five to 45 phototrophic species (depending on the availability of ecotoxicity data), with a total of 

90 species used to calculate the PSII herbicide mixtures, almost one-third of which were marine species, and 

included microalgal, seagrass, macrophyte and macroalgal species (King et al., 2017a). The use of 

freshwater and estuarine species in the development of the SSDs may affect their representivity and 

relevance to the Reef marine environment and requires further investigation. However, the inclusion of new 

                                                
1 Matched datasets are defined by Smith et al. (2016a) as ñtoxicity data from studies conducted within the same 
laboratory where multiple chemicals are tested under the same test conditions to a consistent set of organisms.ò 
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chronic data (Negri et al., 2015) (excluded from previous GVs but of demonstrated local relevance), are likely 

to improve representivity of the SSDs. Work to develop the non-additive model for a wider range of pesticides, 

many relevant to the Reef, which have different modes of action is on-going. The ultimate aim is to report a 

single assessment end point (PAF) for all monitored pesticides detected in the MMP program.  

 

The SSDs used in the ms-PAF approach (both additive and non-additive) are also the basis for the proposed 

GVs that will be submitted for national endorsement and inclusion into the Australian and New Zealand water 

quality guidelines (see Section 3.5.1). Until endorsed, the SSDs are considered interim. For the current report, 

to avoid retrospective adjustment to reported ms-PAF data, the ms-PAF values for the current year only are 

given in a Case Study reported in Section 8 together with a comparison of the ms-PAF method compared to 

the PSII Herbicide Index for the current yearôs results to assess ecological risk.  

 

3.5.5 Mapping the frequency and extent of flood plum es (frequency maps)  

River flood plumes are the primary vehicles that deliver catchment-derived pollutants to the Reef lagoon. 

Mapping the frequency, spatial extent and duration of these flood events can inform management about the 

areas that may be the most at risk from acute or chronic effects of pollutant exposure resulting from river 

discharge. It should be noted that whilst flood plumes are a major contributor to the movement of pesticide 

loads from catchments to the Reef lagoon, the amount of pesticides released with an individual flood plume 

will depend on many factors in addition to water flow, e.g. timing of pesticide applications relative to rainfall 

events, degradation rates etc. For many catchments, the highest concentrations of pesticides are released 

at the beginning of the wet season with the first óflushô. Flood plumes later in the year may deliver little or no 

pesticides to the marine environment. In this report, we present the plume maps and frequencies with the 

intention to inform the likelihood of a fixed (passive sampling) monitoring site to be located within a flood 

plume and how often and for how long it may be impacted by plume waters. Information on colour dissolved 

organic matter (CDOM) and total suspended solids (TSS) in flood plumes (which are the basis of the flood 

plume maps ï see below) cannot be used to predict expected levels of pesticides reaching a monitoring site.  

 

The Marine Water Quality component of the MMP maps the frequency and extent of (surface) flood plumes 

(Waterhouse et al., 2017b). This is achieved using ocean colour (corresponding to different water types) 

collected via satellite imagery that exploits differences in colour of plume waters from ambient marine waters 

in 1km2 ópixelsô (Devlin et al., 2012). Plumes are classified into three water types:  

¶ Primary ï very high turbidity, low salinity (0 to 10 ppt), and very high values of CDOM and TSS;  

¶ Secondary ï intermediate salinity, elevated CDOM concentrations, and reduced TSS due to 

sedimentation, where phytoplankton growth is prompted by the increased light (due to lower TSS) 

and high nutrient availability delivered by the river plume;  

¶ Tertiary ï exhibits no or low TSS associated with the river plume, and above-ambient concentrations 

of chlorophyll a and CDOM.   

It should be noted that plume exposure mapping may be complicated by the resuspension of fine sediments 

during periods of high winds and waves (rather than periods of actual river discharge) as well as cloud cover. 

 

Weekly flood plume colour class data was recorded for each of the fixed monitoring sites for the wet 

season (details provided in Appendix E Table E2). Reef-wide, annual and multi-annual frequency maps 

were also obtained (all plume frequency maps were prepared by Dieter Tracy (JCU)). Site maps presented 

in this report overlay the plume frequency maps to indicate sampling site positions relative to (primary and 

secondary) flood plume occurrences.  
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4. Results 

The design of the MMP and the structure of this report follows a Driver-Pressure-State-Impact-Response 

framework (Figure 3) derived from Great Barrier Reef Outlook reporting. Agricultural activities (particularly 

sugar cane cultivation) are the major diffuse source of pesticides in run-off and the focus of Reef Plan 

initiatives. Other sources of pesticide run-off may, however, also result from urban and industrial activities 

(GBRMPA, 2013). The drivers and pressures influencing pollutant release to the Reef lagoon from diffuse 

agricultural activities include factors relating to the amount of pesticide usage in the catchments (e.g. type 

and application rates of pesticides, agricultural land use area, adoption of best management practices for 

land management), as well as factors related to the transport potential of pesticides from the catchments to 

the Reef lagoon (e.g. rainfall, cyclones, timing and method of herbicide application, herbicide run-off behavior, 

herbicide persistence, volume of water discharged from rivers, frequency of flood plumes).  

 

This results section addresses the Driver-Pressure-State results for pesticide water quality. The key 2015-16 

drivers/pressures are presented in Section 4.1 and include agricultural land use, rainfall, cyclones and 

freshwater river discharge, as well as multiple paddock-scale pressures relating to pesticide usage and 

transport potential into the riverine system which are reflected collectively in the end-of-catchment pesticide 

loads discharged to the Reef lagoon (Figure 3). The state, or condition, of water quality with respect to 

pesticides is presented in summary in Section 4.2 with further details in the supporting Appendices. 

 

 

Figure 3: DPSIR framework used to guide the structure of the MMP, derived from the 2015 Great Barrier Reef Strategic 
Assessment (figure modified from Waterhouse et al. (2017b)). The aspects highlighted in yellow are included in this report. 
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4.1 Drivers and p ressures influencing pesticide concentrations  

Consistent with the reporting structure for all MMP projects, this section outlines the 2015-16 drivers and 

pressures potentially impacting pesticide levels in the near-shore marine environment. 

4.1.1 Land use  

A wide range of land uses occur in the Reef catchments, with great diversity between NRM regions (Figure 

4, Appendix D Figure D-1). 

 

 
Figure 4: Land use in the Reef catchments. Sourced from GBRMPA (2014) 

 




































































































































































































