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Executive summary 

The Mackay Whitsunday region in central Queensland extends along the eastern coast north of 

Clairview to south of Bowen and includes the Whitsunday Islands of the Great Barrier Reef (GBR). 

The region covers over 800,000 hectares and is diverse in ecosystems. The major land uses in the 

region are grazing and sugar cane farming, followed by horticulture and urban development. In 

2008, the Mackay Whitsunday Water Quality Improvement Plan (WQIP) was released, 

summarising the 2007 water quality, water quality objectives for 2050, and water quality targets for 

2014 for both ambient and event conditions. The overall aim of the targets and WQOs was to 

improve water quality and ecological health of regional waterways, estuaries and relevant areas of 

the GBR.  

This report performed target and risk assessments of total suspended solids (TSS), nutrients, and 

pesticides in waterways within the Mackay Whitsunday region. This report identifies if 

concentrations of TSS, nutrients and pesticides have changed over time within the region, whether 

current targets are appropriate to provide adequate protection of the waterways and if risks posed 

by pesticides have changed over time. Additionally, this report incorporates the development of 

new ecotoxicity thresholds for the priority PSII herbicides, consistent with the recommended rules 

for deriving the current Australian and New Zealand water quality guideline trigger values. 

New ecotoxicity thresholds were derived for the pesticides ametryn, atrazine, diuron, hexazinone, 

and tebuthiuron. With regard to the 95% species protection levels, the ecotoxicity thresholds 

proposed are approximately half the current Australian and New Zealand water quality guideline 

trigger value for atrazine, slightly higher for diuron, significantly lower for hexazinone and 

significantly higher for tebuthiuron. Based on the data used to derive the new ecotoxicity 

thresholds, the toxic effects of pesticide mixtures were also calculated using the multisubstance 

potentially affected fraction (ms-PAF) method.  

Of the 24 water quality sites in the Mackay Whitsunday region, 13 sites had good data availability 

for the assessment of TSS and nutrients under ambient conditions. For the majority of these sites, 

data were only available for one year (2007–2008) after the WQIP targets were set in 2007. Only 

two sites had good data availability for TSS and nutrients under event conditions. For pesticide 

sampling, 13 out of the 24 sites had good data availability under ambient conditions and only two 

sites had good data availability for event conditions. Concentrations of TSS, nutrients and 

pesticides sampled from July 2007 onwards, were compared to the 2014 targets; however, for all 

sites except Pioneer River and Sandy Creek, ambient and event data have not been collected 

since 2009. It is highly recommended that further data are collected to assess the current status of 

TSS, nutrient, and pesticide concentrations relative to the 2014 targets.  

Few changes occurred over the sampling period (2004–2013) in TSS concentrations, however in 

Sandy Creek where more data were available, there was a decrease in ambient concentrations. 

Only one site had an increase in event TSS concentrations over the sampling period. The highest 

ambient TSS concentration occurred in Myrtle Creek (150 mg/L). The highest event TSS 

concentration occurred in Airlie Creek (2665 mg/L). Based on the data available, it is 

recommended that monitoring for TSS is resumed at Airlie Creek, Myrtle Creek, and Waite Creek 

as a first priority based on the TSS concentrations detected at these sites. 

The nutrient concentrations show varied results in a number of waterways in both ambient and 

event conditions. Particulate Nitrogen (PN) concentrations changed over time (increased) for event 
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conditions in Plane Creek. Event Particulate Phosphorus (PP) concentrations increased over time 

in Myrtle Creek and Plane Creek. No waterways had a decrease in event or ambient PN or PP 

concentrations over the sampling period. Ambient dissolved inorganic nitrogen (DIN) 

concentrations increased at seven of the sampling sites. Sandy Creek had a decrease in event 

DIN concentrations, while in Gregory River, event concentrations increased. Increases in ambient 

FRP were seen in Upper Andromache River and Basin Creek. Sandy Creek had decreases in both 

ambient and event FRP over the sampling period. Based on the data available, it is recommended 

that monitoring for nutrients is resumed at Bakers Creek, Mackay City, Sandy Creek, and Waite 

Creek as a first priority based on the nutrient concentrations detected at these sites.  

Regarding individual pesticide concentrations in the sampled waterways, no sites showed trends in 

ambient or event ametryn concentrations over time. Changes in atrazine concentrations were seen 

in four waterways, three of which had increases over time in event atrazine concentrations. A 

decrease in atrazine concentrations was seen in Sandy Creek. Diuron concentrations changed 

over time only in Sandy Creek, which was one of the two waterways that had more data available 

than the other waterways. Diuron concentrations for both ambient and event samples decreased in 

Sandy Creek. There were only two waterways in which hexazinone concentrations changed over 

time. These were Sandy Creek (decrease in ambient and event concentrations), and Andromache 

River (increase in event concentrations). Two waterways had an increase in event tebuthiuron 

concentrations over the sampling period, while no waterways had a decrease in tebuthiuron over 

time.  

It appears that few changes have occurred in the mixtures of pesticides (demonstrated in ms-PAF 

results) over the sampling period in the Mackay Whitsunday region in both ambient and event 

conditions. However, the two sites in which changes in ms-PAF results were seen, Sandy Creek 

and Pioneer River, are the only sites with extended monitoring (beyond 2009). In Pioneer River the 

ms-PAF results for ambient conditions decreased over the sampling period. In Sandy Creek the 

ms-PAF results decreased under both the ambient and event conditions over the sampling period. 

The ms-PAF results for a number of waterways under ambient conditions indicate adequate 

protection was provided, but under event conditions, the protection for species was not adequate. 

Based on the data available, it is recommended that monitoring for pesticides is resumed at Bakers 

Creek, Carmila Creek, Gregory River, Myrtle Creek, O’Connell River, Pioneer River, Plane Creek, 

Rocky Dam Creek and Sandy Creek as a first priority based on the individual pesticide 

concentrations and pesticide mixtures detected at these sites. 
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1 Introduction 

1.1 General 

The Mackay Whitsunday region in central Queensland extends along the eastern coast north 

of Clairview to south of Bowen and includes the Whitsunday Islands of the Great Barrier 

Reef (GBR). The region covers over 800,000 hectares (ha) and is bounded by the Connors-

Clarke ranges to the west, and the Coral Sea to the east (Drewry et al. 2008). The region is 

diverse in ecosystems, including soft coral communities, wetlands, riparian vegetation, 

mangroves, seagrass and fish habitats, forested mountain ranges, and areas of national 

parks and conservation (Drewry et al. 2008).  

Land uses in the region in 2008 were estimated to be dominated by grazing and forestry 

(approximately 56 per cent of the region’s surface area), national parks and reserves 

(17 per cent) and sugar cane farming (approximately 19 per cent), followed by wetlands 

(6 per cent), dams and reservoirs (1 per cent), urban development (1 per cent), and 

horticulture (less than 1 per cent) (Drewry et al. 2008). More recently, the land use estimates 

relative to farming practice were reported as 69 per cent grazing, 31 per cent cane farming, 

and 1 per cent horticulture (State of Queensland 2014). As a result of these land uses, the 

key water quality pollutants of concern are dissolved and particulate forms of nitrogen and 

phosphorus, suspended sediment, and pesticides. In 2008 it was reported that increased 

amounts of sediment, nutrients, and herbicides were entering the freshwater ecosystems, 

and subsequently, the marine ecosystems of the GBR lagoon (Drewry et al. 2008). At this 

time, cane farming practices were estimated to account for approximately 50 per cent of the 

particulate nitrogen load, 77 per cent of the dissolved inorganic nitrogen load, and 

29 per cent of the total suspended sediment load in the region (Drewry et al. 2008).  

The herbicides of concern are photosystem II (PSII) inhibiting, which act on the target 

organisms (weeds) by inhibiting photosynthesis, and subsequently their growth. When the 

PSII herbicides enter a waterway, they act in the same manner on non-target aquatic 

photosynthetic organisms such as, seagrass and other aquatic plants, and algae (including 

coral symbionts). The PSII herbicides of interest in this report are the five priority PSII 

herbicides of the Reef Water Quality Protection Plans of 2009 and 2013 (State of 

Queensland and Commonwealth of Australia 2009 and 2013): ametryn, atrazine, diuron, 

hexazinone, and tebuthiuron. 

1.2 Mackay Whitsunday Water Quality Improvement Plan 2008 

In 2008, the Mackay Whitsunday Water Quality Improvement Plan (WQIP) (Drewry et al. 

2008) was released. It summarised the then current condition of water quality across the 

region (as of 2007), and proposed water quality targets for 2014 and water quality objectives 

(WQOs) for 2050. Water quality targets and WQOs were proposed for both ambient and 

event conditions. The overall aim of the targets and WQOs was to improve water quality and 

ecological health of regional waterways, estuaries and relevant areas of the GBR. The WQIP 

also provided recommendations for improved management practices to reduce loads of 

contaminants in the waterways.  
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For the purposes of assessment and focusing improvement measures, the Mackay 

Whitsunday region was broken into 33 catchment management areas (CMAs) in the WQIP 

(Drewry et al. 2008). For each CMA the per cent of land under cane farming, grazing and 

other land uses was defined. The ambient (low flow) condition concentrations for total 

suspended solids (TSS), nutrients and pesticides were determined using the 50th percentile 

of existing sampling results in local waterways. End of catchment event mean concentrations 

(EMCs) were estimated by adjusting SedNet- and Annex-based modelling with existing 

event-based monitored water quality (Drewry et al. 2008). The 2014 targets were set based 

on a realistic expected adoption rate of new management practices, and likely resulting 

reductions in TSS, nutrients, and pesticide loads. Predictions in the WQIP (Drewry et al. 

2008) estimated that a 65 per cent adoption of nutrient and pesticide management in sugar 

cane farming and horticulture would result in a 27 per cent reduction in dissolved inorganic 

nitrogen concentrations and a 25 per cent reduction in herbicide concentrations by 2014. 

Similarly, it was estimated that adoption of improved soil management practices by 

30 per cent of grazing land and 50 per cent of cane farming and horticulture would reduce 

particulate phosphorus levels by 23 per cent by 2014. WQOs for each management area 

were developed and presented in the WQIP with the purpose to protect human uses and 

aquatic ecosystem values identified by the community (Drewry et al. 2008). High Ecological 

Value (HEV) areas (such as national parks, conservation reserves or undeveloped 

inaccessible locations) were identified and used as reference catchments to determine 

WQOs. As the WQOs for HEV areas and disturbed/developed areas are based on locally 

collected water quality samples, in many cases they are more stringent than state or national 

water quality guidelines. 

To provide a picture of the quality of water in the Mackay Whitsunday region the WQIP 

(Drewry et al. 2008) compared the then current conditions to the WQOs. The per cent of 

management areas above the ambient and event WQOs in 2007 is shown in Table 1. 

Table 1 Per cent of management areas where the 2007 water quality parameters exceeded the 

ambient and event water quality objectives (WQO). Source: Drewry et al. 2008. 

Parameter Per cent of management 
areas above ambient 

WQO 

Per cent of management 
areas above event WQO 

Dissolved inorganic nitrogen 27 79 

Particulate nitrogen 6 45 

Filterable reactive phosphorus 21 82 

Particulate phosphorus 36 45 

Total suspended solids 6 9 

 

Following the release of the WQIP (Drewry et al. 2008), there was a coordinated effort 

between Reef Catchments and local land owners to change land management practices. 

Such changes included installation and use of new machinery and equipment, different 

fertiliser applications, and installation of off-stream watering and riparian fencing. 
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As of 2013, it is estimated that between 2009 and June 2013, the total nitrogen load leaving 

the Mackay Whitsunday region was reduced by 17 per cent, the DIN load was reduced by 

24 per cent and the suspended sediment load by 9 per cent (State of Queensland 2014). 

Additionally, it was estimated that the PSII pesticide load was reduced by 42 per cent over 

this same time period (State of Queensland 2014).  

1.3 Purpose of this Report 

The purpose of this report is to perform impact and risk assessments of TSS, nutrients, and 

pesticides in waterways within the Mackay Whitsunday region based on the available data 

(i.e. up to 2013 for Pioneer River and Sandy Creek). The report assesses the available data 

to determine which analyses can be undertaken and then identifies if the risks posed by 

TSS, nutrients and pesticides have changed over time within the region. For sites where 

recent data is available (July 2007 onwards), the report assesses whether the predicted 

reductions (outlined in Drewry et al. 2008) have occurred. The report also assesses whether 

the current WQIP targets are appropriate to provide adequate protection of the waterways 

and associated ecosystems. This report also identifies priority catchments, contaminants, 

and potential indicator species that should be the focus for future management and 

monitoring efforts.  

The results of the assessment will be used to develop new water quality objectives and 

targets and management practices in the updated Mackay Whitsunday WQIP to be released 

in 2014. Additionally, this report also incorporates the development of new ecotoxicity 

thresholds for the priority PSII herbicides. 
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2 Methods 

2.1 Data quality and coverage assessment 

Water quality data for TSS, nutrients, and pesticides were obtained from monitoring 

programs conducted by Reef Catchments and the Queensland Government.  A summary of 

the available information is provided, below (Table 2). The Reef Catchments data have been 

split into two time periods: July 2004–June 2007 (this data was used for the development of 

the WQIP targets), and July 2007–June 2008 (this data was collected subsequent to the 

development of the targets). 

Table 2 Summary of the data used in the current project. 

Data source 
Years data are 
available for 

No. of water quality sites 

Ambient data Event Data 

Reef Catchments 
July 2004–June 2007 13 22 

July 2007–June 2008 13 1 (O’Connell 2) 

Queensland Government July 2009–June 2013 
2 (Sandy Creek, Pioneer 

River) 
2 (Sandy Creek, 
Pioneer River) 

 

The quality of data was determined by the number of samples available for each 

combination of parameters and site, under both ambient and event conditions. Less than five 

samples for a site was classed to be of poor quality; five to nine samples classed as 

moderate quality; and ten or more samples as good data quality. 

Differentiation between ambient and event samples that was used for all sites except 

Pioneer River and Sandy Creek, was based on Reef Catchments data (monthly ambient 

samples or event driven samples) (Drewry et al. 2008). Differentiation between ambient and 

event samples for Pioneer River and Sandy Creek was based on flow. A sample was 

defined as being an event sample if:  

 the daily discharge was above the 80th percentile daily discharge for the period 

2004–2014, or 

 the discharge for the previous seven days was higher than the seven day 80th 

percentile for the period 2004–2014, or 

 the discharge for the previous 14 days was higher than the 14 day 80th percentile for 

the period 2004–2014. 

All other samples were classified as ambient samples. Further information on the calculation 

and assessment of event concentrations can be found in Section 2.4.  

Flow data were obtained from the Queensland Government electronic data management 

system (Hydstra) for the years in which sampling was conducted and was used to create 

hydrographs for each waterway. Sampled events were plotted on flow hydrographs to 

ensure data coverage was adequate (Appendix B). 
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2.2 Collation of water quality guideline values and water quality 

objectives  

The 2014 targets for the Mackay Whitsunday region were obtained from Drewry et al. 2008. 

Nutrient and TSS guidelines are presented in three documents: the Environmental 

Protection (Water) Policy 2009: Pioneer River and Plane Creek Basins Environmental 

Values and Water Quality Objectives (DEHP 2013a); Environmental Protection (Water) 

Policy 2009: Proserpine River, Whitsunday Island and O'Connell River Basins 

Environmental Values and Water Quality Objectives (DEHP 2013 b); and the Queensland 

Water Quality Guidelines (DEHP 2009). All of these guidelines were derived from data 

presented in Drewry et al. (2008). The targets presented in Drewry et al. (2008) for each 

CMA have been used in this report.  

Drewry et al. (2008) also provides pesticide targets for each CMA. These are specific to 

each CMA and are generally more stringent than the Australian and New Zealand 

Guidelines for Fresh and Marine Water Quality (ANZECC and ARMCANZ 2000). As part of 

this report, new ecotoxicity thresholds for five pesticides were derived (see Section 2.3). In 

this report measured pesticide concentrations were compared to the 2014 pesticide targets 

(Drewry et al. 2008). 

2.3 Derivation of new ecotoxicity thresholds 

Toxicity data records were sourced from various sources, including the United States 

Environmental Protection Agency (USEPA) ECOTOX database, peer-reviewed scientific 

journals, and a commissioned laboratory study. The quality of all data was assessed using 

the data quality scoring method described in Hobbs et al. (2005). This method asks a series 

of approximately 20 questions to determine the scientific quality (high, acceptable or 

unacceptable quality) of the methods used to derive the toxicity data. The toxicity data that 

were of high or acceptable quality were entered into an Access™ database. All data in the 

database were checked back to the original publications to ensure the accuracy of the data. 

The definitions used to determine whether the ecotoxicity data were acute or chronic were 

those proposed in the current revision of the Australian and New Zealand Guidelines for 

Fresh and Marine Water Quality (Batley et al. in review; Warne et al. in review). 

The quality assured data for each pesticide (ametryn, atrazine, diuron, hexazinone, and 

tebuthiuron) were exported into a separate Microsoft Excel™ spreadsheet. Only toxicity data 

for phototrophic species (species that photosynthesise) were used to derive the ecotoxicity 

thresholds as these are the target organisms of, and most susceptible organisms to, PSII 

herbicides. Toxicity data based on measuring impacts on photosynthesis were not included, 

consistent with the recommended rules for deriving the current Australian and New Zealand 

water quality guideline trigger values (ANZECC and ARMCANZ 2000) and the proposed 

revision of the Guidelines for Fresh and Marine Water Quality (Batley et al. in review; Warne 

et al. in review).  

For each pesticide the data were organised into species, and the following steps were 

performed (following the methodology presented in Warne et al. in review): 
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1. Toxicity data were grouped by media type (freshwater, estuarine, marine), duration of 

exposure, and the biological effect tested; 

2. Chronic toxic concentrations were converted, if required, to provide an estimate of 

the highest concentration that caused no significant effect to the population (NOEC) 

or the highest concentration that caused an effect to 10–20 per cent of the population 

(EC10–20) (in µg/L);  

3. Acute toxic concentrations were converted, if required, to provide an estimate of the 

chronic NOEC/EC10–20 value (in µg/L); 

4. Where multiple toxicity data were available for the same effect, test and duration, the 

geometric mean of the results was calculated; 

5. The minimum concentration for each species across all tests was selected. This 

became the value that represented the sensitivity of  the species (in µg/L); and 

6. All calculations and results were checked independently by two scientists.  

The single species values for each pesticide were graphed on a distribution curve and 

reviewed to determine if the distributions were uni- or multi-modal (ANZECC and ARMCANZ 

2000; Batley et al. in review; Warne et al. in review). 

If the data for a chemical was uni-modal, the values for each species were entered into 

BurrliOz v2.0 to obtain the species sensitivity distribution (SSD) and concentrations that 

should theoretically protect 99 per cent, 95 per cent, 90 per cent and 80 per cent of species 

(i.e., the PC99, PC95, PC90 and PC80, respectively), for each pesticide. The minimum 

toxicity data required to run BurrliOz are for five species that belong to at least four different 

phyla (ANZECC and ARMCANZ 2000; Batley et al. in review; Warne et al. in review).  

We believe that these ecotoxicity thresholds are more appropriate than the existing 

Australian and New Zealand trigger values as they are based on more current data. 

Therefore, the WQIP pesticide targets (Drewry et al. 2008) were compared to the ecotoxicity 

thresholds to determine if the targets provided environmental protection consistent with the 

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

ARMCANZ 2000). 

2.4 Prioritisation of catchments for further monitoring  

Assessments were conducted by comparing ambient and event sampling results for each 

site (July 2007-June 2013) with the appropriate 2014 ambient and event targets (Drewry et 

al. 2008). The July 2004–June 2007 data were not compared to the 2014 targets as they 

had been used to develop the targets (Drewry et al. 2008). Comparisons were made for the 

following parameters: 

 Total Suspended Solids (TSS) 

 Nutrients: 

 Particulate Nitrogen (PN) 

 Dissolved Inorganic Nitrogen (DIN) 

 Particulate Phosphorus (PP) 

 Filter Reactive Phosphorus (FRP) 

 Pesticides: 

 Ametryn 

 Atrazine 



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

7 

 

 Diuron 

 Hexazinone 

 Tebuthiuron. 

Event sampling subsequent to the development of the 2014 targets was only conducted in 

three sites (Sandy Creek, O’Connell River, and Pioneer River). For the purposes of this 

report, the following steps were taken to analyse the parameters of interest at each site: 

 Each event was determined for each year from July 2007 

 The median of each parameter for each event was calculated 

 The medians for each parameter were compared to each other over the period for which 

data were available, to determine if there were any changes over time.  

A minimum of three samples were used to generate event median concentration. Events in 

which less than three samples existed were not included in the analysis. 

Event concentrations shown in this report for all other sites (excluding Pioneer River, Sandy 

Creek, and O’Connell River) and years are individual sample concentrations. Multiple event 

samples taken over one day were averaged to provide one value for each event day. 

All sampling results were separated into ambient or event sampling and (with the exception 

of the event concentration data from Sandy Creek, Pioneer River, and O’Connell River which 

is discussed above) entered into Microsoft Excel™. Conditional formatting was used to 

identify the sample results above the relevant 2014 target (Drewry et al. 2008) for each 

parameter at that site. The number of results exceeding the target was then calculated as a 

percentage of all samples taken at the site for that year.  

To understand if there were any temporal trends (an increase or decrease over time) in 

concentrations at each site, all available sampling results were analysed using linear 

regression analysis in Microsoft Excel™. Linear regression analysis was carried out between 

each concentration parameter and time for each sampling site if there were five or more data 

points. A p-value of 0.05 or less was deemed to indicate a significant trend. The p values 

and R2 values have been quoted in the results section of this report. Appendix C includes 

the full regression results.   

All assessment results tables were colour coded to indicate the data availability - red 

indicates poor data availability (0–4 samples); amber indicates moderate data availability (5–

9 samples); and green indicates good data availability (≥ 10 samples) (see Section 3.1).  

From the concentration assessment results, catchments which recorded the highest 

concentrations (for each parameter) have been identified as priority focus areas. These 

priority areas have been further split into primary and secondary focus areas, depending on 

the access to funding (i.e. in the instance that funding is limited, the primary priority sites 

should be the initial focus for improvement).  

2.5 Multisubstance potentially affected fraction (ms-PAF)  

Multisubstance potentially affected fraction (ms-PAF) provides a more comprehensive 

assessment of the potential ecological impacts of pesticides as it analyses the effect of the 

mixture of pesticides (i.e. when the pesticides occur at the same time) which have the same 
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mode of action (i.e. the pesticides which exert their toxicity at the same target by the same 

means). PSII herbicides all have the same mode of action and therefore mixtures of these 

herbicides can be predicted using the ms-PAF method.  

To enable the calculation of ms-PAF values, concentrations recorded as being below the 

level of reporting (< LOR) were modified. For the Reef Catchments’ data if no other 

pesticides were detected above the LOR in the sample, all “< LOR” values were replaced 

with “0”. If other pesticides were detected in the same sample, “< LOR” values were 

replaced with “0.005”, i.e. half the LOR (0.01 µg/L). Data obtained from the Queensland 

Government was treated differently as the sampling design was different. When pesticide 

concentrations in a sample were below the LOR, but were detected in other samples in the 

same event, they were replaced by half the LOR. Where a pesticide was not detected in an 

event, the concentrations of that pesticide for all samples reported as < LOR were adjusted 

to 0 µg/L (Turner et al. 2012, 2013; Wallace et al. in prep).  

The ms-PAF was calculated using the method of Traas et al. (2002) using the following 

steps: 

1. The individual sample concentrations for each herbicide were converted to Hazard 

Units (HU) by normalizing the concentration for each herbicide. The following 

equation was used to convert to HUs: 

 

 
 

where j is an individual species, i is an individual herbicide,  is the 

NOEC/EC10–20 of species j for herbicide i, and  is the median 

NOEC/EC10–20 of all species for herbicide i; 

2. The mixture HU for each sample was calculated as the sum of the individual 

pesticide HUs in that sample; 

3. A SSD for each of the five PSII herbicides was derived by fitting a logistic distribution 

to the calculated HUs;  

4. A representative SSD for mixtures of PSII herbicides was then calculated. This was 

done by calculating the slope (β) of the SSDs of each herbicide and then calculating 

an average β based on the PSII herbicides present in the mixture. The average β 

was calculated on a sample by sample basis, based on the PSII herbicides present in 

each sample (e.g. if only three herbicides were detected in the sample, the average β 

was calculated from only those three herbicides present in the sample, not all five); 

and;  

5. The percent of species affected was then calculated based on the concentrations of 

the pesticides in each sample using the concentration addition methodology in 

Traas et al. (2002), i.e. a percent of species affected was estimated for each sample, 

and a daily average was calculated where appropriate (refer to Section 2.1). 

 

For the hazard assessment, the ms-PAF results were assessed against a 95 per cent 

species protection level (PC95). That is, a ms-PAF result greater than 5 per cent indicates 

that more than 5 per cent of species will potentially be impacted by the mixture of PSII 

herbicides. For HEV sites the PC99 value was used to assess hazards. 
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2.6 Risk assessment 

Results of the ms-PAF analysis were used to quantify ecological risk associated with 

mixtures of PSII herbicides to aquatic species. The ms-PAF results were grouped to 

determine the number of days in which differing levels of risk were reached for each 

waterway. Table 3 shows the risk classifications used (adapted from Lewis et al. 2013).  

Table 3 ms-PAF based risk classifications for exposure to photosystem II inhibiting herbicide 

mixtures, and the per cent of phototrophs that would potentially experience a toxic effect 

(adapted from Lewis et al. 2013).  

Risk 
classification 

Per cent phototrophic species to 
experience minor effects (NOEC, 

<EC50) 

Very High >70 

High 40–70 

Medium 5–40 

Low 0–5 

2.7 Probabilistic ecological risk assessment 

A probabilistic ecological risk assessment (PERA) approach was employed to determine the 

probability in which a per cent of species was likely to be affected during event or ambient 

conditions for Sandy Creek and Pioneer River. This was only conducted for Sandy Creek 

and Pioneer River as these were the only sites with sufficient data available. The PERA is 

normally calculated with joint probability curves by combining the exposure concentration 

distribution of a chemical (i.e. the cumulative distribution of the concentrations of a chemical 

detected during a defined sampling period) with the SSD of that chemical (Aldenberg et al. 

2002). The method used here expands on this by incorporating the ms-PAF methodology 

into the PERA model (Carriger and Rand 2008; Schuler and Rand 2008) to account for the 

probability of the per cent of species affected by the pesticide mixtures.  

For each sample, the ms-PAF was calculated, and the sample was classified as to whether it 

was collected during event or ambient conditions (see Section 2.1). The ms-PAF values 

were then fitted to an inverse cumulative log-normal distribution and used to estimate the 

cumulative exposure frequency (days) by multiplying the probability of detection by the total 

number of days under event or ambient conditions. Based on the risk categories in Table 3, 

the number of days (under both ambient and event conditions) which fell into each risk 

category were calculated.  

2.8 Selection of indicator species for biomonitoring  

Potential methods for biomonitoring were reviewed for their suitability for the Mackay 

Whitsunday region.  
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3 Results 

3.1 Data quality and coverage assessment 

Of the 24 water quality sites included in the WQIP (Drewry et al. 2008) 13 sites had good 

data availability (ten or more sampling events) for TSS and nutrients under ambient 

conditions, from July 2007 (when the 2014 targets were established) onward (Table 4). For 

the majority of these sites there was only one year of good data availability. Only Sandy 

Creek and Pioneer River had good data availability for TSS and nutrients under event 

conditions, for one year. Eleven sites had poor or moderate data availability for TSS and 

nutrients under both ambient and event conditions (Table 4). 

For pesticide sampling, 13 out of the 24 sites had good data availability under ambient 

conditions and for many of these sites, data was only available for one year after July 2007 

(Table 5). Only Pioneer River and Sandy Creek had good data availability for pesticides 

under event conditions, for only one year. Eleven of 24 sites have only poor or moderate 

data availability for all pesticide sampling (both ambient and event). 

Refer to Appendix A for a full list of the sampling sites, including latitude and longitudes, and 

differentiation of sites within the same waterways. 

For sites with flow data available, hydrographs showing discharge and sampling data (both 

ambient and event conditions) are located at Appendix B.  

The data availability for each parameter and each site (Table 4 and Table 5) limited the type 

of assessment that could be conducted, as shown in Table 6. Linear time trend assessments 

for TSS, nutrients, and pesticides ambient sampling results could be conducted for 13 of the 

24 sites. TSS was the only event sampling parameter that could be assessed for Airlie 

Creek. Risk assessments for pesticide could be conducted for 12 sites under ambient 

conditions, but only for three sites under event conditions. A probabilistic ecological risk 

assessment (PERA) could only be performed for the Pioneer River and Sandy Creek.  
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Table 4 Quality of total suspended solids and nutrient water quality data from 2007–2013, based on number of samples. A = ambient, E = event. 

Red indicates poor data availability (0–4 samples), amber indicates moderate data availability (5–9 samples), green indicates good data availability 

(≥ 10 samples). The numbers in the event columns are the number of event days sampled. 

Site 

Year  

2007–2008 2008–2009 2009–2010 2010–2011 2011–2012 2012–2013 

A E A E A E A E A E A E 

Airlie Creek 0 0 0 0 0 0 0 0 0 0 0 0 

Andromache River 0 0 0 0 0 0 0 0 0 0 0 0 

Upper Andromache River 12 0 0 0 0 0 0 0 0 0 0 0 

Bakers Creek 11 0 0 0 0 0 0 0 0 0 0 0 

Basin Creek 12 0 0 0 0 0 0 0 0 0 0 0 

Blacks Creek 0 0 0 0 0 0 0 0 0 0 0 0 

Carmila Creek 12 0 0 0 0 0 0 0 0 0 0 0 

Finch Hatton Creek 12 0 0 0 0 0 0 0 0 0 0 0 

Gregory River 0 0 0 0 0 0 0 0 0 0 0 0 

Impulse Creek 12 0 0 0 0 0 0 0 0 0 0 0 

Mackay 1 0 0 0 0 0 0 0 0 0 0 0 0 

Mackay 2 0 0 0 0 0 0 0 0 0 0 0 0 

Myrtle Creek 12 0 0 0 0 0 0 0 0 0 0 0 

O'Connell River 1 12 0 0 0 0 0 0 0 0 0 0 0 

O'Connell River 2 0 2 0 0 0 0 0 0 0 0 0 0 

Pioneer River 12 1 0 0 9 2 3 18 4 4 6 6 

Plane Creek 11 0 0 0 0 0 0 0 0 0 0 0 

Proserpine 1 0 0 0 0 0 0 0 0 0 0 0 0 

Proserpine 2 0 0 0 0 0 0 0 0 0 0 0 0 

Rocky Dam Creek 10 0 0 0 0 0 0 0 0 0 0 0 

Sandy Creek 10 0 0 0 5 5 4 14 3 3 8 2 

Sarina – Urban 0 0 0 0 0 0 0 0 0 0 0 0 

St Helens Creek 12 0 0 0 0 0 0 0 0 0 0 0 

Waite Creek 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 5 Quality of pesticide water quality data from 2007–2013, based on number of samples. A = ambient, E = event. Red indicates poor data 

availability (0–4 samples), amber indicates moderate data availability (5–9 samples), green indicates good data availability (≥ 10 samples). The 

numbers in the event columns are the number of event days sampled. 

Site 

Year  

2007–2008 2008–2009 2009–2010 2010–2011 2011–2012 2012–2013 

A E A E A E A E A E A E 

Airlie Creek 0 0 0 0 0 0 0 0 0 0 0 0 

Andromache River 0 0 0 0 0 0 0 0 0 0 0 0 

Upper Andromache River 12 0 0 0 0 0 0 0 0 0 0 0 

Bakers Creek 11 0 0 0 0 0 0 0 0 0 0 0 

Basin Creek 12 0 0 0 0 0 0 0 0 0 0 0 

Blacks Creek 0 0 0 0 0 0 0 0 0 0 0 0 

Carmila Creek 12 0 0 0 0 0 0 0 0 0 0 0 

Finch Hatton Creek 12 0 0 0 0 0 0 0 0 0 0 0 

Gregory River 0 0 0 0 0 0 0 0 0 0 0 0 

Impulse Creek 13 0 0 0 0 0 0 0 0 0 0 0 

Mackay 1 0 0 0 0 0 0 0 0 0 0 0 0 

Mackay 2 0 0 0 0 0 0 0 0 0 0 0 0 

Myrtle Creek 12 0 0 0 0 0 0 0 0 0 0 0 

O'Connell River 1 12 0 0 0 0 0 0 0 0 0 0 0 

O'Connell River 2 0 2 0 0 0 0 0 0 0 0 0 0 

Pioneer River 10 2 0 0 1 2 7 17 4 4 6 6 

Plane Creek 11 0 0 0 0 0 0 0 0 0 0 0 

Proserpine 1 0 0 0 0 0 0 0 0 0 0 0 0 

Proserpine 2 0 0 0 0 0 0 0 0 0 0 0 0 

Rocky Dam Creek 10 0 0 0 0 0 0 0 0 0 0 0 

Sandy Creek 10 0 0 0 5 5 4 12 3 2 8 1 

Sarina – Urban 0 0 0 0 0 0 0 0 0 0 0 0 

St Helens Creek 12 0 0 0 0 0 0 0 0 0 0 0 

Waite Creek 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 6 Types of assessments that could be conducted for nutrients (N), total suspended 

solids (TSS), and pesticides (P) according to data availability. Linear time trend assessment 

can be performed on any number of samples, risk assessment requires a minimum of ten 

samples. Event = number of event days (not individual event samples). The CMA for each site 

is also shown. Asterisks (*) indicate HEV sites. 

Site 
Catchment 

Management 
Area (CMA) 

Ambient Event 

Type of assessment 

Temporal Risk  Temporal Risk  

Airlie Creek Whitsunday Coast - - TSS - 

Andromache River
  Andromache 

River 
- - N, TSS, P - 

Upper Andromache River * 
Andromache 

River 
N, TSS, P P N, TSS, P - 

Bakers Creek Bakers Creek N, TSS, P P - - 

Basin Creek* Gillinbin Creek N, TSS, P P N, TSS, P - 

Blacks Creek
  

Blacks Creek - - N, TSS, P - 

Carmila Creek
 
 Carmila Creek N, TSS, P P N, TSS, P - 

Finch Hatton Creek*
  Upper Cattle 

Creek 
N, TSS, P P N, TSS, P - 

Gregory River
 
 Gregory River - - N, TSS, P -   

Impulse Creek* Repulse Creek N, TSS, P P N, TSS, P - 

Mackay 1  Mackay City - - N, TSS, P - 

Mackay 2  Mackay City - - N, TSS, P - 

Myrtle Creek Myrtle Creek N, TSS, P P N, TSS, P P 

O'Connell River 1
 
  O’Connell River  N, TSS, P P N, TSS, P - 

O'Connell River 2
 
  O’Connell River - - N, TSS, P - 

Pioneer River
 
 Pioneer River N, TSS, P P N, TSS, P P 

Plane Creek Plane Creek N, TSS, P P N, TSS, P - 

Proserpine 1  Proserpine River - - N, TSS, P - 

Proserpine 2  Proserpine River - - N, TSS, P - 

Rocky Dam Creek
  

Rocky Dam Creek N, TSS, P P N, TSS, P - 

Sandy Creek
  

Sandy Creek N, TSS, P - N, TSS, P P 

Sarina - Urban Plane Creek - - N, TSS, P - 

St Helens Creek* St Helens Creek N, TSS, P P N, TSS, P - 

Waite Creek Whitsunday Coast - - N, TSS, P - 
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3.2 Collated trigger values and new ecotoxicity thresholds 

3.2.1 Suspended solids and nutrient trigger values and targets 

The WQIP (Drewry et al. 2008) identifies the TSS and nutrient targets for both ambient and event conditions for each of the 33 CMAs. The 

targets for the sites analysed in this report are shown below in Table 7.  

Table 7 Mackay Whitsunday 2014 ambient and event targets for total suspended solids (mg/L) and nutrients (µg/L) by Catchment Management 

Area.  
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TSS Ambient 2 2 2 5 5 1 2 4 5 5 3 2 4 5 3 4 2 3 

TSS Event 42 8 8 40 194 217 158 45 39 198 43 183 57 71 200 120 66 39 

PN Ambient 43 16 16 112 210 39 43 142
# 

110 102 78 58 150 110 101 142 58 78 

PN Event 254 261 261 324 406 331 314 121
#
 198 436 118 440 342 265 178 295 152 256 

DIN Ambient 45 20 20 77 175 18 45 10 107 8 8 9 456 107 8 10 9 8 

DIN Event 387 256 256 414 300 295 300 266 420 268 266 317 460 353 368 422 42 465 

PP Ambient 6 10 10 41 60 9 6 20 20 20 10 12 28 20 18 20 12 10 

PP Event 57 31 31 117 81 175 108 33 51 195 53 136 98 101 61 72 37 53 

FRP Ambient 6 10 10 25 95
#
 22

#
 6 6 25 5 5 2 27 25 8 6 2 5 

FRP Event 54 27 27 193 45
#
 0

#
 37 23 377 40 30 50 163 137 59 33 3 27 

#
indicates a more stringent event target than ambient 
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3.2.2 Pesticide ecotoxicity thresholds  

New ecotoxicity thresholds were derived for ametryn, atrazine, diuron, hexazinone, and 

tebuthiuron as part of this report (Table 8). These ecotoxicity thresholds differ from the 

current Australian and New Zealand trigger values (ANZECC and ARMCANZ 2000) as they 

were derived using the revised method for calculating trigger values (Warne et al. in review) 

and more recent toxicity data. In terms of the 95 per cent protection levels (Table 8), the 

ecotoxicity thresholds proposed are approximately half the current trigger values for atrazine, 

slightly higher for diuron, significantly lower for hexazinone and significantly higher for 

tebuthiuron (Table 8). There is no current trigger value for ametryn. The previous trigger 

values for hexazinone were classed as low reliability (based on the number of phyla and 

species used to generate the trigger value – refer to Warne 2001), whereas the ecotoxicity 

threshold has a moderate reliability (Table 9). The proposed ecotoxicity thresholds for 

ametryn, atrazine and diuron are all classed as high reliability (as defined by Warne et al. in 

review) (Table 9). 

Table 8 Proposed pesticide ecotoxicity thresholds (concentrations in µg/L) for freshwater 

phototrophic species compared to the current Australian and New Zealand water quality 

guideline trigger values (ANZECC and ARMCANZ 2000).  

  
Level of protection (per cent of 

species protected) 

Pesticide Guideline 99 95 90 

Ametryn 
 

Ecotoxicity threshold 0.02 0.1 0.3 

Australian and NZ trigger value N/A N/A N/A 

Atrazine 
 

Ecotoxicity threshold 3.7 6 8.1 

Australian and NZ trigger value 0.7 13 45 

Diuron 
 

Ecotoxicity threshold 0.2 0.3 0.4 

Australian and NZ trigger value 0.2 0.2 0.2 

Hexazinone 
 

Ecotoxicity threshold 0.2 0.7 1.3 

Australian and NZ trigger value 75 75 75 

Tebuthiuron 
 

Ecotoxicity threshold 4.3 8.8 12.0 

Australian and NZ trigger value 0.02 2.2 20 

N/A = not applicable 
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Table 9 Number of species and phyla used to derive proposed ecotoxicity thresholds, the fit of 

the distribution to the toxicity data and the resulting reliability (following the method of Warne 

et al. in review). 

Pesticide Media 
No. 

Phyla 
No. 

Species 
Reliability 

Ametryn Freshwater and Marine 4 10 High 

Atrazine 

Freshwater 4 16 Very High 

Estuarine 5 8 High 

Marine 4 11 High 

Diuron 
Freshwater (and Estuarine) 4 14 High 

Marine (and Estuarine) 7 14 Moderate 

Hexazinone 

Freshwater 4 5 Moderate 

Marine (Freshwater and 
Marine) 

4 8 
High 

Tebuthiuron Freshwater and Marine 4 5 Low 

 

The proposed ecotoxicity thresholds were compared to the 2014 ambient and event targets 

(Drewry et al. 2008) for each of the CMAs relevant to this report. For the majority of the 

CMAs, the existing 2014 targets were below the proposed ecotoxicity thresholds for 

protection of 95 per cent of the species because they were set to less than the detection limit  

(0.01 µg/L in 2007) (Table 10). The event targets for diuron were frequently above the 

95 per cent protection ecotoxicity threshold with the highest event target being 1.5 µg/L, 

compared to the ecotoxicity threshold of 0.3 µg/L. All ambient targets for diuron are below 

the ecotoxicity threshold. In Myrtle Creek, the event target for ametryn is just above the 95 

per cent protection threshold (Table 10). In summary, apart from diuron, the WQIP pesticide 

targets for CMAs appear to be providing sufficient ecosystem protection for exposure to 

individual pesticides. It does not necessarily mean that the targets provide sufficient 

protection from mixtures of pesticides. This issue will be addressed later in the report. It 

should be noted that high ecological value sites (e.g., Andromache Upper) should have 

targets that meet the 99 per cent protection ecotoxicity threshold. 

In both Proserpine River and St Helens Creek CMAs, the event target for ametryn is more 

stringent than the ambient target. This indicates that at least the event target needs to be 

reassessed, which will require further sampling.  
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Table 10 Proposed pesticide ecotoxicity thresholds (µg/L) for freshwater phototrophic species and the 2014 ambient (A) and event (E) targets for 

the Mackay Whitsunday region (Drewry et al. 2008). Amber shading indicates a target that is above the 95% protection ecotoxicity threshold. The 

level of reporting (LOR) for pesticide sampling is 0.01 µg/L.  

   
  

 2014 Targets (µg/L) 
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Pesticide PC99 PC95 

Ametryn 0.02 0.1 
A <LOR <LOR <LOR 0.04 0.04# <LOR <LOR 0.02# 0.02 <LOR <LOR <LOR 0.01 0.02 <LOR 0.02 <LOR <LOR 

E <LOR <LOR <LOR 0.12 <LOR# <LOR <LOR <LOR# 0.08 0.03 <LOR <LOR 0.08 0.02 <LOR 0.04 <LOR <LOR 

Atrazine 3.7 6 
A <LOR <LOR <LOR 0.11 0.11 <LOR <LOR <LOR 0.09 0.02 <LOR <LOR 0.17 0.09 <LOR <LOR <LOR <LOR 

E 0.06 <LOR <LOR 0.94 0.26 0.02 0.06 0.04 0.75 0.43 0.14 <LOR 0.83 0.4 0.17 0.27 0.02 0.04 

Diuron 0.2 0.3 
A <LOR <LOR <LOR 0.11 0.11 <LOR <LOR 0.07 0.19 0.02 <LOR <LOR 0.11 0.19 0.01 0.07 <LOR <LOR 

E 0.31 <LOR <LOR 1.5 1.02 <LOR 0.28 0.46 1.25 0.75 0.43 0.06 1.38 0.75 0.51 0.75 0.05 0.46 

Hexazinone 0.2 0.7 
A <LOR <LOR <LOR 0.08 0.08 <LOR <LOR 0.13 0.2 0.02 0.01 <LOR 0.14 0.2 0.04 0.13 <LOR 0.01 

E 0.04 <LOR <LOR 0.49 0.19 <LOR 0.04 0.23 0.51 0.19 0.16 0.03 0.56 0.41 0.14 0.55 <LOR 0.23 

Tebuthiuron 4.3 8.8 
A <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR 

E <LOR <LOR <LOR <LOR 0.43 <LOR 0.16 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR 

#
indicates a more stringent event target than ambient target 
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3.3 TSS and nutrients  

No ambient sampling was conducted in Airlie Creek, Andromache River, Blacks Creek, 

Gregory River, Mackay City, O’Connell 1, Proserpine River and Sarina in any year. No event 

sampling was conducted for Bakers Creek and no event nutrient sampling was conducted 

for Airlie Creek, in any year. 

3.3.1 Airlie Creek 

No ambient sampling was conducted for Airlie Creek in any year, thus the following results 

are based on event conditions from 2004–2007.  

3.3.1.1 TSS 

Temporal variation in TSS and comparison to 2014 targets  

Event sampling TSS concentrations in Airlie Creek from 2004–2007 had high variability with 

no linear temporal trend (p = 1.00) (Figure 1). The concentrations recorded in event 

conditions were up to 2665 mg/L, which was approximately 300-times greater than the event 

target of 8 mg/L, with the highest concentrations occurring during the wet season. 

 

Figure 1 Temporal variation in total suspended solids (TSS) concentrations during event 

conditions at Airlie Creek from 2004–2007. The dashed line indicates the 2014 event TSS target 

for the Whitsunday Coast Catchment Management Area. 

Frequency of target exceedances 

No sampling was conducted in Airlie Creek subsequent to 2006–2007 (i.e. when the 2014 

targets were established), therefore no assessment of concentration exceedances against 

the targets can be undertaken. All TSS concentrations during events at Airlie Creek 

exceeded the 2014 event target for Airlie Creek (Table 11); i.e. three samples in 2004–2005, 

five samples in 2005–2006 and six samples in 2006–2007.  
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Table 11 Percent of exceedances of the 2014 Total Suspended Solids targets for Airlie Creek 

from 2004–2007.  

Year 
Per cent exceedances (total no. samples) 

Ambient Event 

2004–2005 - 100 (3) 

2005–2006 - 100 (5) 

2006–2007 - 100 (6) 

2007–2008 - - 

3.3.1.2 Nutrients  

No nutrient sampling was conducted for Airlie Creek in any year.  

3.3.1.3  Upper Andromache and Andromache River   

The results for both the Andromache River and Upper Andromache River sites from 2004–

2009 are presented below. No ambient sampling was conducted for Andromache River, 

however the Upper Andromache site had ambient and event samples.  

3.3.1.4 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient sampling in Upper Andromache River from 2006–2008 showed concentrations of 

TSS remained relatively constant, with the exception of two very high concentrations 

recorded in early 2008. There was no linear temporal trend (p = 0.28) in ambient TSS 

concentrations (Figure 2). The concentrations recorded in ambient conditions were up to 

130 mg/L, which was well above the ambient target of 1 mg/L. The event sampling in 

Andromache River was limited to only a few samples in 2005, therefore linear regression 

could not be performed. Any trends in the data are likely to be seasonal trends, with no 

linear temporal trend (p = 0.25). The Upper Andromache event sampling results from 2004–

2007 were fairly sparse (five event days) and scattered with no linear temporal trend 

(p = 0.99) (Figure 2). Only one sample had a TSS concentration above the event target of 

217 mg/L.   
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Figure 2 Temporal variation in total suspended solids (TSS) concentrations during ambient 

and event conditions at Andromache River and Upper Andromache River from 2004–2009. 

Dashed lines indicate the 2014 ambient and event TSS targets for the Andromache River 

Catchment Management Area. Each gradation on the y-axis is 10 mg/L.  

Frequency of target exceedance  

No event sampling was conducted for Andromache River (at either location) subsequent to 

2006–2007 (i.e. when the 2014 targets were established), therefore no assessment of TSS 

concentration exceedances against the targets can be undertaken. Ambient concentrations 

of TSS at Upper Andromache River were taken in one year subsequent to 2006–2007. In 

2007–2008, 92 per cent of the 12 samples taken exceeded the TSS ambient target for the 

Andromache River CMA.  

3.3.1.5 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Ambient concentrations of PN at Upper Andromache River varied from 2006–2008 with no 

temporal trend (p = 0.47) and one high value (460 µg/L) (Figure 3). Approximately half of the 

samples were greater than the ambient target of 39 µg/L. The event sampling at both 

Andromache River and Upper Andromache River was limited to only a few samples. Due to 

the limited period of time over which samples were taken at Andromache River, no linear 

regression can be performed. Event concentrations at Andromache River were limited to 

less than a year, therefore no linear regression could be conducted. There were only five 

event samples taken from Upper Andromache River, with no linear temporal trend 

(p = 0.99). Similarly, there was no linear trend at Andromache River (p = 0.19).  
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Figure 3 Temporal variation in particulate nitrogen (PN) concentrations during ambient and 

event conditions at Andromache River and Upper Andromache River from 2004–2009. Dashed 

lines indicate the 2014 ambient and event PN targets for the Andromache River Catchment 

Management Area. 

 

Ambient concentrations of DIN at Upper Andromache River from 2006–2008 increased over 

time (p = 0.009; R2 = 0.27); however, the low R2 value suggests there are other factors also 

influencing the results (Figure 4). The majority of ambient DIN concentrations were above 

the ambient target (18 µg/L). Event sampling in the Upper Andromache River showed varied 

concentrations from 10–350 µg/L (exceeding the event target; 295 µg/L) with no linear 

temporal trends (p = 0.78); however the data was limited to only a few samples (Figure 4). 

Sampling at Andromache River covered less than a year so it was not possible to perform a 

linear regression on the data. There was no linear temporal trend in event DIN 

concentrations at the Andromache River site (p = 0.12).    
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Figure 4 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient and event conditions at Andromache River and Upper Andromache River from 2004–

2009. Dashed lines indicate the 2014 ambient and event DIN targets for the Andromache River 

Catchment Management Area. 

Ambient concentrations of PP at Upper Andromache River in 2006–2008 fluctuated around 

the ambient target (9 µg/L) with only one higher value recorded in 2006 (166 µg/L) and there 

was no linear temporal trend (p = 0.98) (Figure 5). The majority of ambient results were 

below the ambient target, but there were a number above the target. Event sampling in the 

Upper Andromache River showed varied concentrations from 10–170 µg/L, however all 

results were below the event target (175 µg/L) (Figure 5). The event sampling in both 

Andromache River and Upper Andromache River was limited to only a few samples. No 

significant linear regressions were found at Upper Andromache River (p = 0.90) or 

Andromache River (p = 0.25). Sampling at Andromache River covered less than a year so it 

was not possible to perform a linear regression on the data.  
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Figure 5 Temporal variation in particulate phosphorus (PP) concentrations during ambient and 

event conditions at Andromache River and Upper Andromache River from 2004–2009. Dashed 

lines indicate the 2014 ambient and event PP targets for the Andromache River Catchment 

Management Area. 

Ambient concentrations of FRP at Upper Andromache River increased from 2006–2008 

(p = 0.025; R2 = 0.21); however, the low R2 value suggested there were other factors also 

influencing the results. More than half of the results were above the ambient target (22 µg/L) 

(Figure 6). The event target for FRP in the Andromache CMA was 0 µg/L, which was below 

the ambient target. All event samples in both the Upper Andromache River and Andromache 

River sites were above the event target (Figure 6). Event sampling in the Upper Andromache 

River showed varied FRP concentrations from 22–213 µg/L, with no linear temporal trend 

(p = 0.57). Event FRP concentrations at Andromache River decreased over time however as 

sampling covered less than a year, it was not possible to perform a linear regression on the 

data. 
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Figure 6 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient and event conditions at Andromache River and Upper Andromache River from 2004–

2009. Dashed lines indicate the 2014 ambient and event FRP targets for the Andromache River 

Catchment Management Area. 

Frequency of target exceedances  

No event sampling was conducted for Andromache River (at either location) subsequent to 

2006–2007 (i.e. when the 2014 targets were established), therefore no assessment of 

nutrient concentration exceedances against the targets can be undertaken.  

Ambient sampling of nutrients at Upper Andromache River was undertaken for one year 

subsequent to 2006–2007, with a total of 12 ambient samples taken in 2007–2008. The 

following results refer to these sampling results. Of the ambient samples taken, 42 per cent 

of samples exceeded the PN target, 92 per cent exceeded the DIN target, 33 per cent of 

samples exceeded the PP target, and 67 per cent of samples exceeded the FRP target.   
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3.3.2 Bakers Creek  

No event sampling was conducted for Bakers Creek, thus, the following results are based on 

ambient conditions from 2006–2008.    

3.3.2.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient sampling in Bakers Creek from 2006–2008 showed concentrations of TSS varied 

between 0 and 17 mg/L, with no linear temporal trend in ambient TSS concentrations 

(p = 0.60) (Figure 7). The highest concentrations recorded (12–17 mg/L) occurred in mid-

2007 and were up to four-times higher than the ambient target of 4 mg/L. 

 

Figure 7 Temporal variation in total suspended solids (TSS) concentrations during ambient 

conditions at Bakers Creek from 2006–2008. The dashed line indicates the 2014 ambient TSS 

target for the Bakers Creek Catchment Management Area. 

Frequency of target exceedances   

The ambient concentrations of TSS in Bakers Creek exceeded the ambient target in 

55 per cent of the 11 samples taken in 2007–2008.  

3.3.2.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Ambient concentrations of PN at Bakers Creek were both above and below the 2014 

ambient PN target concentration (150 µg/L) from 2006–2008 (Figure 8). The majority of the 

samples were greater than the ambient target and two very high concentrations were 

detected in December 2006 (1180 µg/L) and June 2007 (1513 µg/L) (Figure 8). There was 

no linear temporal trend in ambient PN over the two years (p = 0.65). The concentrations 

ranged from < LOR to a highest concentration of 1513 µg/L, approximately 10-times higher 

than the ambient target. 
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Figure 8 Temporal variation in particulate nitrogen (PN) concentrations during ambient 

conditions at Bakers Creek from 2006–2008. The dashed line indicates the 2014 ambient PN 

target for the Bakers Creek Catchment Management Area. 

Ambient concentrations of DIN at Bakers Creek were scattered during 2006–2008 with no 

linear temporal trend (p = 0.18) (Figure 9). The majority of the samples were greater than the 

ambient target (456 µg/L). The concentrations ranged from 340 to 3050 µg/L, approximately 

seven-times higher than the ambient target. 

 

Figure 9 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient conditions at Bakers Creek from 2006–2008. The dashed line indicates the 2014 

ambient DIN target for the Bakers Creek Catchment Management Area. 

Ambient concentrations of PP at Bakers Creek ranged from < LOR to 159 µg/L from 2006–

2008 with only one very high concentration (540 µg/L) (Figure 10). There was no linear 

temporal trend in ambient PP over the two years (p = 0.17). The majority of the samples 

were greater than the ambient target (28 µg/L), with the maximum concentration 

approximately 20-times higher than the ambient target. 
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Figure 10 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

conditions at Bakers Creek from 2006–2008. The dashed line indicates the 2014 ambient PP 

target for the Bakers Creek Catchment Management Area. 

Ambient concentrations of FRP at Bakers Creek were fairly consistent between < LOR and 

95 µg/L from 2006–2008 with three higher concentrations (200, 236, and 346 µg/L) (Figure 

11). There was no linear temporal trend in ambient FRP over the two years (p = 0.35). The 

majority of the samples were greater than the ambient target (27 µg/L). The concentrations 

ranged from 12–346 µg/L, approximately 13-times higher than the ambient target. 

 

Figure 11 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 
ambient conditions at Bakers Creek from 2006–2008. The dashed line indicates the 2014 
ambient FRP target for the Bakers Creek Catchment Management Area. 

Frequency of target exceedances  

Ambient concentrations of PN in Bakers Creek exceeded the 2014 target in 45 per cent of 

the 11 samples in 2007–2008. The DIN target was exceeded in 91 per cent of the samples. 

The PP target was exceeded in 45 per cent of the samples, and the FRP target was 

exceeded in 82 per cent of the samples.  
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3.3.3 Basin Creek 

3.3.3.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient sampling in Basin Creek from 2006–2008 showed concentrations of TSS varied 

from approximately 0–50 mg/L with no linear temporal trend (p = 0.29) (Figure 12). The 

highest ambient concentration recorded (50 mg/L) occurred in the wet season of 2006–2007, 

and was 25-times greater than the target of 2 mg/L. While the concentrations of event TSS 

in early 2007 were higher than previous years, the event sampling in Basin Creek did not 

show any linear temporal trend (p = 0.21) (Figure 12). All high concentrations occurred 

during the wet seasons, and nearly half of them above the event target of 66 mg/L.  

 

Figure 12 Temporal variation in total suspended solids (TSS) concentrations during ambient 

and event conditions at Basin Creek from 2004–2009. Dashed lines indicate the 2014 ambient 

and event TSS targets for the Gillinbin Creek Catchment Management Area. 

Frequency of target exceedances  

The ambient concentrations of TSS in Basin Creek exceeded the ambient target in 

75 per cent of the 12 samples taken in 2007–2008. No event sampling was undertaken 

subsequent to the establishment of the targets.  

3.3.3.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Ambient concentrations of PN in Basin Creek varied between < LOR and 160 µg/L in the 

period 2006–2008 with no linear temporal trend (p = 0.93) (Figure 13). There was one high 

concentration (440 µg/L), which was approximately seven-times greater than the ambient 

target (58 µg/L). The majority of the samples were at or greater than the ambient target. 

There was no linear temporal trend in the event PN concentrations in Basin Creek 
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(p = 0.83). The concentrations ranged from < LOR to 270 µg/L, with almost half of the 

concentrations occurring above the event target. 

 

 

Figure 13 Temporal variation in particulate nitrogen (PN) concentrations during ambient and 

event conditions at Basin Creek from 2004–2009. Dashed lines indicate the 2014 ambient and 

event PN targets for the Gillinbin Creek Catchment Management Area. 
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Ambient concentrations of DIN in Basin Creek from 2006–2008 were scattered between 

< LOR and 55 µg/L (Figure 14). There was an increase in concentrations over time, however 

the low R2 value suggested there were other factors also influencing the results (p = 0.001; 

R2 = 0.38). The majority of ambient DIN concentrations were above the ambient target 

(9 µg/L). Event sampling in Basin Creek showed varied concentrations from 5–75 µg/L 

(exceeding the event target of 42 µg/L), with no linear temporal trend (p = 0.51).   

 

 

Figure 14 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient and event conditions at Basin Creek from 2004–2009. Dashed lines indicate the 2014 

ambient and event DIN targets for the Gillinbin Creek Catchment Management Area. 

Ambient concentrations of PP in Basin Creek were reasonably consistent around the 

ambient target in 2006–2008, with no linear temporal trend (p = 0.37) (Figure 15). The 

concentrations ranged from < LOR to 32 µg/L (three-times greater than the target). The 

majority of ambient results were at or below the target. The highest concentrations for both 

ambient and event PP occurred in the wet seasons. Event sampling showed varied 

concentrations, from 9–59 µg/L, with some results above the event target (37 µg/L). The 

event PP concentrations were scattered and did not show any linear temporal trend 

(p = 0.58).   
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Figure 15 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

and event conditions at Basin Creek from 2004–2009. Dashed lines indicate the 2014 ambient 

and event PP targets for the Gillinbin Creek Catchment Management Area. 

Ambient concentrations of FRP in Basin Creek increased from 2006–2008 (p = 0.016; 

R2 = 0.24), with more than half of the results being above the ambient target (2 µg/L) (Figure 

16). Even though there was a linear increase in FRP concentrations over time, the low R2 

value suggests there are other factors also influencing the results. The highest ambient 

concentration recorded was 17 µg/L, which was eight-times greater than the ambient target. 

More than half of the event samples were higher than the event target (3 µg/L), with a 

highest concentration of 7 µg/L. There was no linear temporal trend in event concentrations 

in Basin Creek (p = 0.58).  

 
Figure 16 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient and event conditions at Basin Creek from 2004–2009. Dashed lines indicate the 2014 

ambient and event FRP targets for the Gillinbin Creek Catchment Management Area. 
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Frequency of target exceedances  

No event sampling was conducted for Basin Creek subsequent to 2006–2007 (i.e. when the 

2014 targets were established), therefore no assessment of nutrient concentration 

exceedances against the targets can be undertaken.  

Ambient sampling of nutrients in Basin Creek was undertaken for one year subsequent to 

2006–2007, with a total of 12 ambient samples taken in 2007–2008. Of these ambient 

samples, 67 per cent exceeded the target for PN. Concentrations of DIN exceeded the target 

in 92 per cent of samples. The PP target was exceeded in 25 per cent of the samples, and 

83 per cent of the samples exceeded the FRP target.  

3.3.4 Blacks Creek 

No ambient sampling was conducted for Blacks Creek, thus, the following results are based 

on event conditions from 2004–2007. 

3.3.4.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

The event TSS sampling in Blacks Creek was limited to only four samples (Figure 17), so it 

was not possible to assess any temporal trend. The two sampling periods with data available 

(both within the wet season), show similar results, with one concentration approximately 30–

45 mg/L, and one at 530 or 630 mg/L (approximately three-times the event target; 183 mg/L) 

(Figure 17). 

 

Figure 17 Temporal variation in total suspended solids (TSS) concentrations during event 

conditions at Blacks Creek from 2004–2007. The dashed line indicates the 2014 event TSS 

target for the Blacks Creek Catchment Management Area. 

Frequency of target exceedances 

No TSS sampling was conducted in Blacks Creek after the 2014 targets were established, 

therefore there has been no assessment of exceedances performed. The event 
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concentrations of TSS in Blacks Creek exceeded the target in one sample (50 per cent) in 

each year (Table 12).  

Table 12 Per cent of exceedances of the 2014 total suspended solids event target for Blacks 

Creek for 2004–2005 and 2006–2007.  

Year 

Per cent exceedances (total no. 
samples) 

Ambient Event 

2004–2005 - 50 (2) 

2005–2006 - - 

2006–2007 - 50 (2)  

2007–2008 - - 

 

3.3.4.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

The event sampling for Blacks Creek was limited to only a few samples within the wet 

season. Event concentrations of PN and DIN had a similar pattern in both events sampled. 

Highest PN concentrations were approximately 800 µg/L (2004–2005) and 1900 µg/L (2006–

2007), which were above the event target of 440 µg/L (Figure 18). The highest concentration 

of DIN was 430 µg/L, above the event target of 317 µg/L (Figure 18).  

 

Figure 18 Temporal variation in particulate nitrogen (PN) and dissolved inorganic nitrogen 

(DIN) concentrations during event conditions at Blacks Creek from 2004–2007. Dashed lines 

indicate the 2014 event PN and DIN targets for the Blacks Creek Catchment Management Area. 

The event sampling for Blacks Creek was limited to only a few samples. Event 

concentrations of PP and FRP showed a similar pattern in both events sampled. Highest PP 

concentrations were around 490 µg/L for both years, more than three-times the event target 

of 136 µg/L (Figure 19). The highest concentration of FRP was 160 µg/L, three-times the 

event target of 50 µg/L (Figure 19).  



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

34 

 

 

Figure 19 Temporal variation in particulate phosphorus (PP) and filterable reactive phosphorus 

(FRP) concentrations during event conditions at Blacks Creek from 2004–2007. Dashed lines 

indicate the 2014 event PP and FRP targets for the Blacks Creek Catchment Management Area. 

Frequency of target exceedances  

No nutrient sampling was conducted after the 2014 targets were established; therefore there 

has been no assessment of exceedances performed.   

Event concentrations of PN in Blacks Creek exceeded the target in one sample each year, 

equating to 50 per cent in 2004–2005, and 100 per cent in 2006–2007 (Table 13).  

Event concentrations of DIN and PP exceeded the targets in one sample each in 2004–2005 

(50 per cent) (Table 13). Event concentrations of PP exceeded the target in one sample 

(100 per cent) in 2006–2007 (Table 13).  

Event concentrations of FRP exceeded the target in two samples (100 per cent) in 2004–

2005 (100 per cent) (Table 13).  

Table 13 Per cent of exceedances of the 2014 nutrient event targets for Blacks Creek from 

2004–2008.  

Year 

Per cent exceedances (total no. samples) 

PN DIN PP FRP 

Ambient Event Ambient Event Ambient Event Ambient Event 

2004–2005 - 50 (2) - 50 (2) - 50 (2) - 100 (2) 

2005–2006 - - - - - - - - 

2006–2007 - 100 (1) - 0 (1) - 100 (1) - 0 (1) 

2007–2008 - - - - - - - - 
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3.3.5 Carmila Creek 

3.3.5.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient concentrations of TSS in Carmila Creek from 2006–2008 remained relatively 

constant around the ambient target, with four slightly higher concentrations across the period 

(Figure 20). There was no linear trend in ambient TSS concentrations (p = 0.83). The 

concentrations recorded in ambient conditions were up to 26 mg/L, above the ambient target 

of 3 mg/L. The highest ambient TSS concentrations occurred during the wet seasons. While 

the event concentrations of TSS event sampling in Carmila Creek appeared to increase in 

the 2006–2007 year, there was not any linear temporal trend (p = 0.12), with results 

scattered between 3 mg/L and 88 mg/L (Figure 20). Three event concentrations in 2006 and 

2007 were above the event target of 39 mg/L.  

 

Figure 20 Temporal variation in total suspended solids (TSS) concentrations during ambient 

and event conditions at Carmila Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event TSS targets for the Carmila Creek Catchment Management Area. 

Frequency of target exceedances  

No event sampling was conducted for Carmila Creek subsequent to 2006–2007, therefore 

no assessment of event concentration exceedances against the targets can be undertaken.  

Ambient sampling of nutrients at Carmila Creek was undertaken for one year subsequent to 

2006–2007. Of the 12 ambient samples taken in 2007–2008, 42 per cent exceeded the 

target.  
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3.3.5.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

The majority of ambient PN concentrations in Carmila Creek varied from 20–250 µg/L from 

2006–2008 with two higher concentrations (340 and 380 µg/L) (Figure 21). Approximately 

half of the concentrations were greater than the ambient target of 78 µg/L. There was no 

linear temporal trend over the two years (p = 0.64). The highest ambient concentration 

(380 µg/L) was five-times greater than the ambient target. The event sampling 

concentrations were scattered between 20–560 µg/L (Figure 21) with no linear temporal 

trend (p = 0.49). The highest event concentration (560 µg/L) was two-times greater than the 

event target.  

 

Figure 21 Temporal variation in particulate nitrogen (PN) concentrations during ambient and 

event conditions at Carmila Creek from 2004–2008. Dashed lines indicate the 2014 ambient 

and event PN targets for the Carmila Creek Catchment Management Area. 

 

The majority of the ambient concentrations of DIN in Carmila Creek in 2006–2007 were 

consistently around the ambient target (8 µg/L); however, the majority of concentrations in 

2007–2008 were above the ambient target (Figure 22). There were five samples between 

100 and 200 µg/L, and one very high concentration (700 µg/L) during the 2007 wet season 

(Figure 22). There was no linear temporal trend in ambient DIN concentrations (p = 0.82). 

Event sampling showed varied concentrations up to 1850 µg/L, with approximately half of 

the event concentrations above the event target (465 µg/L) (Figure 22). While the highest 

event concentration occurred in January 2005 and there was a subsequent decrease in 

concentrations, there was no linear temporal trend (p = 0.21). The highest event 

concentration occurred in early 2005, while concentrations from 2006 and 2007 were much 

lower.  
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Figure 22 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient and event conditions at Carmila Creek from 2004–2008. Dashed lines indicate the 

2014 ambient and event DIN targets for the Carmila Creek Catchment Management Area. 

 

Ambient PP concentrations in Carmila Creek from 2006–2008 were evenly spread around 

the ambient target with two higher values (53 and 74 µg/L) (Figure 23). Approximately half of 

the ambient results were below, or at, the ambient target (10 µg/L). The highest ambient 

concentration during the monitored wet seasons was 76 µg/L. There was no linear temporal 

trend in ambient PP over this period (p = 0.37). Event sampling showed varied 

concentrations with the majority occurring between 14 and 64 µg/L (Figure 23). While the 

peak concentrations appeared to increase over time, there was no linear temporal trend for 

the sampling period (p = 0.14). The highest concentration was 110 µg/L, which was above 

the event target (53 µg/L).  

 

Figure 23 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

and event conditions at Carmila Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event PP targets for the Carmila Creek Catchment Management Area. 
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Ambient concentrations of FRP in Carmila Creek were ranged from < LOR–14 µg/L from 

2006–2008 (Figure 24). It appeared there may have been an increase in FRP from July 2006 

to late 2007, before decreasing; however, there was no linear temporal trend (p = 0.12). 

There was one higher concentration (24 µg/L) in early 2008. Approximately half of the 

concentrations were at or below the ambient target (5 µg/L). The event concentrations were 

varied with no linear temporal trend (p = 0.44) (Figure 24). The majority of event samples 

were above the event target (27 µg/L). Event sampling shows FRP concentrations of 3–

42 µg/L, with no temporal trend.  

 

Figure 24 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient and event conditions at Carmila Creek from 2004–2008. Dashed lines indicate the 

2014 ambient and event FRP targets for the Carmila Creek Catchment Management Area. 

Frequency of target exceedances 

No event sampling was conducted for Carmila Creek subsequent to 2006–2007, therefore 

no assessment of concentration exceedances against the targets can be undertaken. 

Ambient sampling of nutrients was undertaken for one year subsequent to 2006–2007, with 

a total of 12 ambient samples taken in 2007–2008. Of the samples taken, 42 per cent 

exceeded the PN target, 92 per cent exceeded the DIN target, while 33 per cent of samples 

exceeded the PP target and 67 per cent exceeded the FRP target.   

 



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

39 

 

3.3.6 Finch Hatton Creek 

3.3.6.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient sampling in Finch Hatton Creek from 2006–2008 showed concentrations of TSS 

spread between < LOR and 120 mg/L, with the data appearing to increase in variability over 

time (Figure 25). Although ambient TSS concentrations appeared to increase over time, 

there was no temporal trend (p = 0.12). The majority of ambient concentrations were below 

the target (3 mg/L). The highest ambient concentration (120 mg/L) was 40-times higher than 

the target. The event TSS sampling occurred prior to the ambient sampling from 2004–2007. 

Concentrations ranged from < LOR–210 mg/L, with no linear trend over time (p = 0.26). The 

majority of the event concentrations were below 5 mg/L, with four concentrations between 60 

and 80 mg/L, all above the event target (43 mg/L) (Figure 25).  

 

Figure 25 Temporal variation in total suspended solids (TSS) concentrations during ambient 

and event conditions at Finch Hatton Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event TSS targets for the Upper Cattle Creek Catchment Management Area. 

Frequency of target exceedances 

No event sampling was conducted in Finch Hatton Creek subsequent to 2006–2007, 

however one year of ambient sampling (12 samples) was undertaken in 2007–2008, in 

which 42 per cent of the samples exceeded the ambient TSS target.   

3.3.6.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Ambient concentrations of PN in Finch Hatton Creek from 2006–2008 showed 

concentrations to vary between < LOR and 460 µg/L, with an increase in variability over time 

(Figure 26). There was no linear temporal trend in ambient PN concentrations (p = 0.20). 
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The majority of ambient concentrations were below the ambient PN target (78 µg/L). The 

highest ambient concentration (460 µg/L) was six-times higher than the target. Event 

sampling for nutrients took place from 2004–2006. The event PN concentrations ranged 

from < LOR–480 µg/L (Figure 26), with the highest concentration occurring in early 2005. 

Due to sampling data being limited to six samples covering only one year, linear regression 

was not performed on the data. All but one concentration was below the event target 

(118 µg/L).  

 

Figure 26 Temporal variation in particulate nitrogen (PN) concentrations during ambient and 

event conditions at Finch Hatton Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event PN targets for the Upper Cattle Creek Catchment Management Area. 

Ambient concentrations of DIN in Finch Hatton Creek showed concentrations to increase 

from 2006–2008 (p = 0.017; R2 = 0.232), however the low R2 value suggested there were 

other factors also influencing the results (Figure 27). The majority of ambient concentrations 

were above the target (8 µg/L), with the highest ambient concentration (130 µg/L) being 16-

times higher than the target. The event DIN concentrations ranged from 8–110 µg/L, with all 

concentrations well below the event target (266 µg/L). Due to sampling data being limited to 

six samples covering only one year, linear regression was not performed on the data. The 

highest concentration occurred in January 2005 and the concentrations after this were lower. 
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Figure 27 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient and event conditions at Finch Hatton Creek from 2004–2008. Dashed lines indicate the 

2014 ambient and event DIN targets for the Upper Cattle Creek Catchment Management Area. 

Ambient concentrations of PP in Finch Hatton Creek showed an increase in variability from 

2006–2008 (Figure 28). There was no linear temporal trend in the ambient PP 

concentrations (p = 0.51). The majority of the concentrations were below the ambient target 

(10 µg/L). The highest ambient concentration (42 µg/L) was four-times higher than the 

target. Event concentrations ranged from 2–58 µg/L. Only one value was above the event 

target (53 µg/L). The event sampling was limited to only six samples across one year so no 

linear regression was performed; however, the concentrations were much lower than the 

concentration measured in early 2005.  

 

Figure 28 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

and event conditions at Finch Hatton Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event PP targets for the Upper Cattle Creek Catchment Management Area. 
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Ambient concentrations of FRP in Finch Hatton Creek were ranged from < LOR–13 µg/L, 

from 2006–2008 (Figure 29), with one higher value (25 µg/L) and no linear temporal trend 

(p = 0.51). Approximately half of the ambient concentrations were below the target of 5 µg/L. 

The highest ambient concentration (25 µg/L) was five-times higher than the target. The 

event concentrations ranged from 1–10 µg/L, with all samples well below the event target 

(30 µg/L). There was a decrease in event FRP concentrations over time; however, the 

sampling was limited to only six samples over one year, so linear regression could not be 

performed.  

 

Figure 29 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient and event conditions at Finch Hatton Creek from 2004–2008. Dashed lines indicate the 

2014 ambient and event FRP targets for the Upper Cattle Creek Catchment Management Area. 

Frequency of target exceedances 

No event sampling was conducted in Finch Hatton Creek subsequent to 2006–2007; 

however, one year of ambient sampling (12 samples) was undertaken in 2007–2008. The 

following results are based on the ambient 2007–2008 concentrations. Ambient 

concentrations of PN in Finch Hatton Creek exceeded the target in 42 per cent of the 

samples, while the DIN target was exceeded in 100 per cent of the samples. Ambient 

concentrations of PP exceeded the target in 25 per cent of the samples, and exceeded the 

FRP target in 42 per cent of the samples. 
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3.3.7 Gregory River 

No ambient sampling was conducted for Gregory River, thus, the following results are based 

on event conditions from 2004–2007. 

3.3.7.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

The event sampling in Gregory River showed concentrations to be scattered across the 

events, with no linear temporal trend (p = 0.72) (Figure 30). The concentrations recorded 

were up to 74 mg/L, which was above the event target of 42 mg/L, with the highest 

concentrations occurring during the wet season, indicating seasonal trends.  

 

Figure 30 Temporal variation in total suspended solids (TSS) concentrations during event 

conditions at Gregory River from 2004–2007. The dashed line indicates the 2014 event TSS 

target for the Gregory River Catchment Management Area. 

Frequency of target exceedances 

No sampling was conducted for Gregory River subsequent to 2006–2007 (i.e. when the 

2014 targets were established), therefore no assessment of concentration exceedances 

against the targets can be undertaken. 

3.3.7.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Event concentrations of PN at Gregory River from 2006–2008 were scattered between 15 

and 380 µg/L with no linear temporal trend (p = 0.12) (Figure 31). The majority of 

concentrations were above the event target (254 µg/L), with the highest concentrations 

occurring in the early part of each year, indicating seasonal trends.  
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Figure 31 Temporal variation in particulate nitrogen (PN) concentrations during event 

conditions at Gregory River from 2004–2007. The dashed line indicates the 2014 event PN 

target for the Gregory River Catchment Management Area. 

Event concentrations of DIN at Gregory River from 2006–2008 were scattered between 

< LOR and 1300 µg/L, with an increase over time (p = 0.037; R2 = 0.368), however the low 

R2 value indicates there are other factors also influencing the results (Figure 32). The 

majority of concentrations were above the event target (387 µg/L). The lowest concentration 

was < LOR and the highest was approximately 1300 µg/L (three-times greater than the 

target). The highest concentrations occurred at the start of each year, indicating that 

seasonal trends may have occurred.   

 

Figure 32 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

event conditions at Gregory River from 2004–2007. The dashed line indicates the 2014 event 

DIN target for the Gregory River Catchment Management Area. 

Event concentrations of PP at Gregory River were scattered from 2006–2008 with no linear 

temporal trend (p = 0.96) (Figure 33). The majority of concentrations were below the event 

target (57 µg/L). The concentrations ranged from 6–95 µg/L, with the highest concentrations 

occurring at the beginning of each year, during the wet season.   
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Figure 33 Temporal variation in particulate phosphorus (PP) concentrations during event 

conditions at Gregory River from 2004–2007. The dashed line indicates the 2014 event PP 

target for the Gregory River Catchment Management Area. 

Event concentrations of FRP at Gregory River from 2006–2008 were scattered between 

< LOR and 112 µg/L with no linear temporal trend (p = 0.97) (Figure 34). Approximately half 

of the concentrations were below the event target (54 µg/L). The highest concentration 

(112 µg/L) was two times greater than the target. All of the highest concentrations occurred 

during the wet seasons, indicating seasonal trends.   

 

Figure 34 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

event conditions at Gregory River from 2004–2007. The dashed line indicates the 2014 event 

FRP target for the Gregory River Catchment Management Area. 

Frequency of target exceedances  

No sampling was conducted for Gregory River subsequent to 2006–2007 (i.e. when the 

2014 targets were established), therefore no assessment of concentration exceedances 

against the targets can be undertaken.  
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3.3.8 Impulse Creek 

3.3.8.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Impulse Creek sampling from 2006–2008 showed ambient concentrations of TSS spread 

from < LOR to 4.4 mg/L (Figure 35). There was no linear temporal trend in ambient TSS 

concentrations (p = 0.89). The majority of concentrations recorded in ambient conditions 

were at or below the ambient target of 2 mg/L. Event sampling in Impulse Creek was limited 

to seven samples over one year, so linear regression could not be performed. The highest 

event TSS concentration (43 mg/L) was in early 2005, and well above the event target of 

8 mg/L (Figure 35). All other event concentrations were below the event target, with the 

second peak in early 2006.  

 

Figure 35 Temporal variation in total suspended solids (TSS) concentrations during ambient 

and event conditions at Impulse Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event TSS targets for the Repulse Creek Catchment Management Area. 

Frequency of target exceedances 

No event sampling was conducted in Impulse Creek subsequent to 2006–2007; however, 

one year of ambient sampling (12 samples) was undertaken in 2007–2008, in which 

17 per cent of the samples exceeded the ambient TSS target.  

3.3.8.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Impulse Creek ambient concentrations of PN from 2006–2008 were spread between < LOR 

and 80 µg/L with no temporal trend (p = 0.40) (Figure 36). The majority of the concentrations 

were greater than the ambient target (16 µg/L). The event sampling in Impulse Creek was 
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limited to seven samples over a one year period, so linear regression was not performed. 

The majority of event concentrations at Impulse Creek ranged from 10–200 µg/L with only 

one concentration (580 µg/L) above the target (261 µg/L). This concentration was measured 

in January 2005. 

 

 

Figure 36 Temporal variation in particulate nitrogen (PN) concentrations during ambient and 

event conditions at Impulse Creek from 2004–2008. Dashed lines indicate the 2014 ambient 

and event PN targets for the Repulse Creek Catchment Management Area. 

 

Ambient concentrations of DIN in Impulse Creek were scattered, and increased from 2006–

2008 (p = 0.001; R2 = 0.399); however, the low R2 value suggests there are other factors 

also influencing the results (Figure 37). The majority of ambient concentrations were greater 

than the ambient target (20 µg/L). The highest ambient concentration was approximately 

100 µg/L. Event sampling in Impulse Creek was limited to seven samples over a period of 

one year, so linear regression was not performed. Event concentrations at Impulse Creek 

ranged from 30–800 µg/L (three-times greater than the event target of 256 µg/L), with peaks 

occurring at the start of 2005 and 2006. 
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Figure 37 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient and event conditions at Impulse Creek from 2004–2008. Dashed lines indicate the 

2014 ambient and event DIN targets for the Repulse Creek Catchment Management Area. 

Ambient concentrations of PP in Impulse Creek were scattered from 2006–2008, with no 

linear temporal trend (p = 0.44) (Figure 38). The majority of the concentrations were below 

the ambient target (10 µg/L). The highest ambient concentration was approximately 50 µg/L 

(five-times greater than the target) and occurred in the wet season. Event sampling in 

Impulse Creek was limited to seven samples, over one year, so no linear regression was 

performed on the data. Event concentrations at Impulse Creek ranged from < LOR–89 µg/L, 

with the highest concentration occurring in January 2005. This was the only concentration 

above the event target for PP of 31 µg/L. All other concentrations were below the event 

target, and the second peak was in January 2006.   

 

Figure 38 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

and event conditions at Impulse Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event PP targets for the Repulse Creek Catchment Management Area. 
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Ambient concentrations of FRP in Impulse Creek from 2006–2008 were scattered, with no 

linear temporal trend (p = 0.38) (Figure 39). Half of the ambient concentrations were at or 

below the ambient target (10 µg/L). The highest ambient concentration was approximately 

19 µg/L. Event sampling in Impulse Creek was limited to seven samples across one year, so 

no linear regression was performed. Event concentrations at Impulse Creek ranged from 8–

38 µg/L, with the highest concentration in January 2005, and the next highest concentration 

in January 2006. The majority of event concentrations were below the event target (27 µg/L).   

 

Figure 39 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient and event conditions at Impulse Creek from 2004–2008. Dashed lines indicate the 

2014 ambient and event FRP targets for the Repulse Creek Catchment Management Area. 

Frequency of target exceedances 

No event sampling was conducted in Impulse Creek subsequent to 2006–2007, however 

one year of ambient sampling (12 samples) was undertaken in 2007–2008. Ambient 

concentrations of PN exceeded the target in 67 per cent of the samples taken, and 

exceeded the DIN target in 100 per cent of the samples. The PP target was exceeded in 

8 per cent of samples and the FRP target exceeded in 50 per cent of samples.  
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3.3.9 Mackay City 

No ambient sampling for Mackay City was conducted, thus, the following results are based 

on event conditions from 2004–2007 for the two sites, Mackay 1 and 2. Linear regression 

could not be performed on the results from Mackay 2 samples, therefore all p-values below 

refer to the Mackay 1 site only.     

3.3.9.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Event sampling in Mackay City from 2004–2007 showed concentrations of TSS varied at 

both sites (Figure 40). Concentrations were low in early 2005, and then increased in mid-

2005, to a peak in January 2006, and then decreased. There was no linear temporal trend in 

the Mackay 1 concentrations (p = 0.33) (Figure 40). The concentrations recorded were up to 

192 mg/L, which was five-times greater than the event target of 39 mg/L. 

 

Figure 40 Temporal variation in total suspended solids (TSS) concentrations during event 

conditions at Mackay 1 and 2 from 2004–2007. The dashed line indicates the 2014 event TSS 

target for the Mackay City Catchment Management Area. 

Frequency of target exceedances 

No sampling was conducted for Mackay City (at either site) subsequent to 2006–2007 (i.e. 

when the 2014 targets were established), therefore no assessment of concentration 

exceedances against the targets can be undertaken.  

3.3.9.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Event concentrations of PN at the Mackay City sites from 2004–2006 were scattered 

between 40–530 µg/L with one higher value (1520 µg/L) in January 2006 (Figure 41). The 

majority of the concentrations were above the event target. While there appeared to be an 
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increase in concentrations, there was no linear temporal trend at the Mackay 1 site 

(p = 0.18). The highest concentration was 1520 µg/L, compared to the target of 198 µg/L. 

 

Figure 41 Temporal variation in particulate nitrogen (PN) concentrations during event 

conditions at Mackay 1 and 2 from 2004–2006. The dashed line indicates the 2014 event PN 

target for the Mackay City Catchment Management Area. 

Event concentrations of DIN at the Mackay City sites from 2004–2006 were scattered, with 

one higher value (1160 µg/L) in October 2005 (Figure 42). The majority of the concentrations 

were below the event target, and there was no linear trend over time at the Mackay 1 site 

(p = 0.28). The highest concentration was 1160 µg/L, compared to the event DIN target of 

420 µg/L.  

 

Figure 42 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

event conditions at Mackay 1 and 2 from 2004–2006. The dashed line indicates the 2014 event 

DIN target for the Mackay City Catchment Management Area. 
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The majority of event PP concentrations at the Mackay City sites from 2004–2006 were 

scattered between 30–160 µg/L, with one higher value (560 µg/L) in January 2006 (Figure 

43). The majority of the concentrations were above the event target. There appeared to be 

an increase in the concentrations over time, however there was no significant linear trend at 

the Mackay 1 site (p = 0.16). The highest concentration (560 µg/L) was ten-times greater 

than the event target of 51 µg/L.  

 

 

Figure 43 Temporal variation in particulate phosphorus (PP) concentrations during event 

conditions at Mackay 1 and 2 from 2004–2006. The dashed line indicates the 2014 event PP 

target for the Mackay City Catchment Management Area. 

Event concentrations of FRP at the Mackay City sites from 2004–2006 were scattered 

between 40–400 µg/L, with one higher concentration (590 µg/L) in October 2005 (Figure 44). 

The majority of the concentrations were below the event target of 377 µg/L. The FRP 

concentrations recorded at Mackay 1 showed no linear temporal trend (p = 0.51). The 

highest concentration (590 µg/L) was higher than the FRP event target of 377 µg/L.  
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Figure 44 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

event conditions at Mackay 1 and 2 from 2004–2006. The dashed line indicates the 2014 event 

FRP target for the Mackay City Catchment Management Area. 

Frequency of target exceedances  

No sampling was conducted for Mackay City (at either site) subsequent to 2006–2007 (i.e. 

when the 2014 targets were established), therefore no assessment of concentration 

exceedances against the targets can be undertaken.  

3.3.10 Myrtle Creek 

3.3.10.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient sampling in Myrtle Creek from 2006–2008 showed concentrations of TSS to be 

fairly consistent apart from one higher value (Figure 45). There was no linear temporal trend 

over the sampling period (p = 0.37). The ambient TSS values ranged from 1.4–150 mg/L, 

with the largest value being 30-times greater than the target (5 mg/L). Approximately half of 

the ambient TSS concentration samples were at or below the ambient target. The majority of 

event sampling results from 2004–2007 ranged from < LOR–40 mg/L (Figure 45), with the 

three highest concentrations falling between 110 and 184 mg/L (occurring in January 2005, 

January 2006, and January 2007). While it appeared there may have been an increase in 

event TSS concentrations over time, there was no linear temporal trend (p = 0.27). The 

highest concentration (184 mg/L) was nearly five-times greater than the event target of 

40 mg/L. 
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Figure 45 Temporal variation in total suspended solids (TSS) concentrations during ambient 

and event conditions at Myrtle Creek from 2004–2008. Dashed lines indicate the 2014 ambient 

and event TSS targets for the Myrtle Creek Catchment Management Area. 

Frequency of target exceedances 

No event sampling was conducted in Myrtle Creek subsequent to 2006–2007; however, one 

year of ambient sampling (12 samples) was undertaken in 2007–2008, in which 42 per cent 

of the samples exceeded the ambient TSS target.  

 

3.3.10.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Ambient concentrations of PN in Myrtle Creek from 2006–2008 varied between < LOR and 

320 µg/L with two higher values (600 and 720 µg/L) (Figure 46). Approximately half of the 

samples were below the ambient target of 112 µg/L. There was no temporal trend in ambient 

PN over the two years (p = 0.40). The highest ambient concentration was approximately 

720 µg/L, six-times greater than the ambient target. Event concentrations of PN in Myrtle 

Creek were scattered with no linear temporal trend over the period (p = 0.21) (Figure 46). 

The highest concentrations occurred in the beginning of each sampled year, indicating some 

seasonal trends. Approximately half of the event concentrations were below the event target 

of 324 µg/L. The highest event PN concentration was approximately 1210 µg/L, three-times 

greater than the event target.  



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

55 

 

 

Figure 46 Temporal variation in particulate nitrogen (PN) concentrations during ambient and 

event conditions at Myrtle Creek from 2004–2008. Dashed lines indicate the 2014 ambient and 

event PN targets for the Myrtle Creek Catchment Management Area. 

Ambient concentrations of DIN in Myrtle Creek varied between < LOR and 1000 µg/L from 

2006–2008, with an increase over time (p = 0.016; R2 = 0.2359); however, the low R2 value 

suggested there were other factors also influencing the results (Figure 47). The majority of 

the concentrations were above the ambient target of 77 µg/L. The highest ambient 

concentration was approximately 1040 µg/L, 13-times greater than the ambient target. Event 

concentrations of DIN in Myrtle Creek were scattered from 2004–2007 with no temporal 

trend (p = 0.92) (Figure 47). The highest concentrations occurred in the beginning of each 

sampled year, indicating seasonal trends. Approximately half of the samples were below the 

event target of 414 µg/L. The highest event DIN concentration was approximately 6080 µg/L, 

14-times greater than the event target.  

 

Figure 47 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient and event conditions at Myrtle Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event DIN targets for the Myrtle Creek Catchment Management Area. 
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The majority of ambient concentrations of PP in Myrtle Creek ranged between < LOR and 

60 µg/L from 2006–2008 (Figure 48). There were five ambient concentrations between 200 

and 330 µg/L. There was no linear temporal trend in ambient concentrations (p = 0.80). The 

majority of the concentrations were above the ambient target of 41 µg/L. Event 

concentrations of PP in Myrtle Creek were scattered from 2004–2007 with an increase over 

time (p = 0.026; R2 = 0.235); however, the low R2 value suggested there were other factors 

also influencing the results (Figure 48). Approximately half of the samples were at or below 

the event target of 117 µg/L. The highest event PP concentration (330 µg/L) was double the 

event target, with the higher concentrations occurring at the start of each year, during the 

wet season.  

 

 

Figure 48 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

and event conditions at Myrtle Creek from 2004–2008. Dashed lines indicate the 2014 ambient 

and event PP targets for the Myrtle Creek Catchment Management Area. 

Ambient concentrations of FRP in Myrtle Creek varied between < LOR and 140 µg/L from 

2006–2008, with one higher value (540 µg/L) in December 2007 (Figure 49). Approximately 

half of the concentrations were below the ambient target of 25 µg/L. The highest 

concentration was 530 µg/L, 21-times greater than the ambient target. There was no linear 

temporal trend (p = 0.67). Event concentrations of FRP in Myrtle Creek were scattered from 

2004–2007 with no linear temporal trend across the sampling period (p = 0.61). The majority 

of the concentrations were above the event target (193 µg/L) (Figure 49). The highest event 

FRP concentration was approximately 550 µg/L, which was nearly three-times greater than 

the event target. The peak concentrations occurred at the start of each year, during the wet 

season. 
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Figure 49 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient and event conditions at Myrtle Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event FRP targets for the Myrtle Creek Catchment Management Area. 

Frequency of target exceedances 

No event sampling was conducted for Myrtle Creek subsequent to 2006–2007 (i.e. when the 

2014 targets were established), therefore no assessment of concentration exceedances 

against the targets was undertaken. Ambient sampling of nutrients was undertaken for one 

year subsequent to 2006–2007, with a total of 12 ambient samples taken in 2007–2008. The 

PN target was exceeded in 42 per cent of the samples, and the DIN target was exceeded in 

92 per cent. The ambient concentrations of PP exceeded the target in 67 per cent of the 

samples and exceeded the FRP target in 42 per cent of the samples.   

3.3.11 O’Connell River  

The results for both O’Connell 1 and O’Connell 2 sites from 2004–2008 are presented 

below. No ambient sampling was conducted for O’Connell 2. The O’Connell 1 site had 

ambient and event samples taken.  

3.3.11.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient sampling at O’Connell 1 from 2006–2008 showed the majority of TSS 

concentrations  were scattered between < LOR and 5 mg/L (Figure 50). There were three 

values at 7, 8, and 12 mg/L, and two higher concentrations at 62 and 95 mg/L. There was no 

linear temporal trend in ambient TSS concentrations (p = 0.17). Approximately half of the 

concentrations recorded in ambient conditions were above the ambient target of 2 mg/L.  
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Figure 50 Temporal variation in total suspended solids (TSS) concentrations during ambient 

conditions at O’Connell River from 2004–2008. The dashed line indicates the 2014 ambient 

TSS target for the O’Connell River Catchment Management Area. 

The event sampling in O’Connell River occurred from 2004–2007 at O’Connell 1 and 2004–

2008 at O’Connell 2 (Figure 51). For both sites the median TSS concentrations were 

scattered from 8–324 mg/L, with the majority of values being between 8 and 169 mg/L. The 

highest values occurred in January 2006 (324 mg/L) and January 2005 (260 mg/L). There 

was no linear temporal trend at either site (O’Connell 1: 0.77; O’Connell 2: p = 0.58).  

 

Figure 51 Temporal variation in median total suspended solids (TSS) concentrations during 

event conditions at O’Connell River from 2004–2008.  

Frequency of target exceedances 

Ambient sampling of TSS at O’Connell River was undertaken for one year subsequent to 

2006–2007, with a total of 12 ambient samples taken in 2007–2008. Of the ambient TSS 

concentrations, 58 per cent exceeded the target.  
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3.3.11.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

The majority of ambient concentrations of PN at O’Connell River were spread between 4 and 

91 µg/L from 2006–2008, with three values between 100 and 200 µg/L (Figure 52). Although 

the bulk of the concentrations appeared to increase over time, there was no linear temporal 

trend (p = 0.65). Approximately half of the samples were greater than the ambient target of 

43 µg/L. The highest ambient concentration was 201 µg/L, five-times higher than the 

ambient target.  

 

 

Figure 52 Temporal variation in particulate nitrogen (PN) concentrations during ambient 

conditions at O’Connell River from 2004–2008. The dashed line indicates the 2014 ambient PN 

target for the O’Connell River Catchment Management Area. 

 

The event median PN concentrations from both sites were scattered, from 103–532 µg/L 

(Figure 53). The highest median concentrations occurred during events in January 2005 

(532 µg/L), January 2007 (396 µg/L), and January 2006 (390 µg/L). There was no linear 

temporal trend at either site over the sampling period (O’Connell 1: p = 0.90; O’Connell 2: 

p = 0.47).  
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Figure 53 Temporal variation in particulate nitrogen (PN) median concentrations during event 

conditions at O’Connell River from 2004–2008.  

Ambient concentrations of DIN at O’Connell River varied from 18–188 µg/L from 2006–2008 

with no linear temporal trend (p = 0.53) (Figure 54). The majority of concentrations were 

greater than the ambient target of 45 µg/L. The highest ambient concentration (188 µg/L) 

was four-times higher than the ambient target, and occurred during the wet season in 

February 2008.  

 

Figure 54 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient conditions at O’Connell River from 2004–2008. The dashed line indicates the 2014 

ambient DIN target for the O’Connell River Catchment Management Area. 

The event DIN median concentrations from both sites were scattered, with concentrations 

peaking at the start of each year, during the wet season (Figure 55). The majority of the 

median concentrations ranged from 123–461 µg/L. The two highest values occurred in 
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January 2006 (944 and 933 µg/L). Results from the O’Connell River did not show any linear 

temporal trend (O’Connell 1: p = 0.75; O’Connell 2: p = 0.55). 

 

Figure 55 Temporal variation in dissolved inorganic nitrogen (DIN) median concentrations 

during event conditions at O’Connell River from 2004–2008.  

Ambient concentrations of PP at O’Connell River were spread between < LOR and 25 µg/L 

from 2006–2008 with one higher value (56 µg/L) and no temporal trend (p = 0.3) (Figure 56). 

Approximately half of the concentrations were below the ambient target of 6 µg/L. The 

highest ambient concentration (56 µg/L) occurred in January 2008, and was nine-times 

higher than the ambient target.   

 

Figure 56 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

conditions at O’Connell River from 2004–2008. The dashed line indicates the 2014 ambient PP 

target for the O’Connell River Catchment Management Area. 
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Figure 57 Temporal variation in particulate phosphorus (PP) median concentrations during 

event conditions at O’Connell River from 2004–2008.  

Ambient concentrations of FRP at O’Connell River were largely spread between 1 and 

35 µg/L from 2006–2008 (Figure 58). One higher value (86 µg/L) occurred in January 2007, 

during the wet season. While overall, the concentrations appeared to increase over time, 

there was no linear temporal trend across the sampling period (p = 0.81). Results from mid- 

to late 2006 and early to mid-2008 ambient FRP concentrations showed decreases. 

Approximately half of the concentrations were below the ambient target of 6 µg/L. The 

highest ambient concentration (86 µg/L) was 14-times higher than the ambient target.  

 

Figure 58 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient conditions at O’Connell River from 2004–2008. The dashed line indicates the 2014 

ambient FRP target for the O’Connell River Catchment Management Area. 

The median concentrations of event FRP from both sites were scattered between 22 and 

42 µg/L, with one median concentration of 60 µg/L occurring in January 2006 (Figure 59). 
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There was no linear temporal trend at either site (O’Connell 1: p = 0.66; O’Connell 2: 

p = 0.27).  

 

Figure 59 Temporal variation in filterable reactive phosphorus (FRP) median concentrations 

during event conditions at O’Connell River from 2004–2008. 

Frequency of target exceedances 

Sampling of nutrients at O’Connell River was undertaken for one year subsequent to 2006–

2007, with a total of 12 ambient samples taken in 2007–2008. Concentrations of PN and DIN 

exceeded the respective ambient targets in 67 per cent of samples. The ambient PP target 

was exceeded in 42 per cent of samples, while the ambient target for FRP was exceeded in 

50 per cent of samples.  

3.3.12 Pioneer River  

3.3.12.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient sampling in Pioneer River from 2006–2013 showed concentrations of TSS 

remained relatively scattered, with no temporal trend (p = 0.08) (Figure 60). The 

concentrations recorded in ambient conditions were up to 28 mg/L, which was nearly six-

times the ambient target of 5 mg/L. Approximately half of the ambient concentrations were 

below the ambient target.  
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Figure 60 Temporal variation in total suspended solids (TSS) concentrations during ambient 

conditions at Pioneer River from 2006–2013. The dashed line indicates the 2014 ambient TSS 

target for the Pioneer River Catchment Management Area. 

The TSS event sampling in Pioneer River from 2004–2013 was scattered and covered many 

events, with no temporal trend over the sampling period (p = 0.82) (Figure 61). The highest 

median concentrations occurred at the start of every year, with the highest at 263 mg/L from 

January 2011.  

 

Figure 61 Temporal variation in median total suspended solids (TSS) concentrations during 

event conditions at Pioneer River from 2004–2013.  

Frequency of target exceedances 

The ambient concentrations of TSS in the Pioneer River exceeded the ambient target (in all 

of the sampled years), with exceedances ranging from 38–100 per cent (Table 14).  
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Table 14 Per cent of exceedances of the 2014 TSS ambient target for Pioneer River from 2007–

2013. Red indicates poor data availability (0–4 samples), amber indicates moderate data 

availability (5–9 samples), green indicates good data availability (≥ 10 samples). 

Year 

Per cent exceedances (total no. 
samples) 

Ambient 

2007–2008 50 (10) 

2008–2009 - 

2009–2010 38 (8) 

2010–2011 100 (3) 

2011–2012 50 (4) 

2012–2013 50 (6) 

 

3.3.12.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Ambient concentrations of PN at Pioneer River were scattered between < LOR and 500 µg/L 

from 2006–2013 with one higher value (2000 µg/L in January 2007) (Figure 62). 

Concentrations increased over time from late 2006 to mid-2008, and then again from 

January 2010 to January 2011; however, over the entire period there was no linear trend in 

ambient PN (p = 0.54). Approximately half of the samples were greater than the ambient 

target (102 µg/L). The highest ambient PN concentration (2000 µg/L) was 20-times greater 

than the ambient target.  

 

Figure 62 Temporal variation in particulate nitrogen (PN) concentrations during ambient 

conditions at Pioneer River from 2006–2013. The dashed line indicates the 2014 ambient PN 

target for the Pioneer River Catchment Management Area. 

The event PN concentrations were scattered from 2004–2013 (Figure 63). The highest 

concentration recorded was 820 µg/L. There appeared to be an increase in the median 
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concentrations over time, however there was not a significant linear trend (p = 0.068). The 

majority of the concentration peaks were at the start of the year, during the wet season.  

 

Figure 63 Temporal variation in median particulate nitrogen (PN) concentrations during event 

conditions at Pioneer River from 2004–2013. 

Ambient concentrations of DIN at Pioneer River from 2006–2013 varied from < LOR to 

400 µg/L with two higher values (1200 and 1400 µg/L) (Figure 64). The two higher values 

occurred in January 2010 and August 2010. The vast majority of concentrations were 

greater than the ambient target of 8 µg/L. There was no trend in ambient DIN over the 

sampling period (p = 0.49). The highest concentration for ambient DIN (just below 

1400 µg/L) was 175-times greater than the ambient target.  

 

Figure 64 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient conditions at Pioneer River from 2006–2013. The dashed line indicates the 2014 

ambient DIN target for the Pioneer River Catchment Management Area. 

Event DIN median concentrations were scattered between 98 and 714 µg/L and covered 

many events from 2004–2013 (Figure 65), with no linear temporal trend over the sampling 
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period (p = 0.23). The highest median concentration was 714 µg/L, which occurred during an 

event in September 2009, followed by 588 µg/L in December 2012. 

 

Figure 65 Temporal variation in median dissolved inorganic nitrogen concentrations during 

event conditions at Pioneer River from 2004–2013. 

Ambient concentrations of PP at Pioneer River were fairly consistent from 2006–2013 with 

one higher value (169 µg/L) and no temporal trend (p = 0.86) (Figure 66). Approximately half 

of the concentrations were greater than the ambient target of 20 µg/L. The majority of the 

concentrations were between 0 and 52 µg/L, with the higher value (169 µg/L) being eight-

times greater than the target.  

 

Figure 66 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

conditions at Pioneer River from 2006–2013. The dashed line indicates the 2014 ambient PP 

target for the Pioneer River Catchment Management Area. 

 



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

68 

 

The median concentrations of event PP sampling were scattered and covered many events 

from 2004–2013, with no linear temporal trend (p = 0.41) (Figure 67). Other than one high 

value, the median concentrations were between 0 and 180 µg/L. The highest recorded value 

was 310 µg/L, from an event in January 2011.  

 

Figure 67 Temporal variation in median particulate phosphorus (PP) concentrations during 

event conditions at Pioneer River from 2004–2013. 

The majority of the ambient concentrations of FRP at Pioneer River were spread between 

the < LOR and 14 µg/L from 2006–2013 (Figure 68). There were four higher concentrations; 

the highest was 40 µg/L in January 2010, followed by 33 µg/L in August 2010, 25 µg/L in 

June 2007, and 20 µg/L in September 2007. Approximately half of the concentrations were 

greater than the ambient target of 5 µg/L. The highest concentration (40 µg/L) was eight-

times greater than the target. There was no temporal trend in ambient FRP (p = 0.23).  

 

Figure 68 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient conditions at Pioneer River from 2006–2013. The dashed line indicates the 2014 

ambient PP target for the Pioneer River Catchment Management Area. 
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Event FRP median concentrations were scattered and covered many events from 2005–

2013 (Figure 69). The median concentrations ranged from 5–75 µg/L. High values occurred 

over all the sampling period and there was no linear temporal trend in the results (p = 0.14). 

 

Figure 69 Temporal variation in median filterable reactive phosphorus (FRP) concentrations 

during event conditions at Pioneer River from 2004–2013. 

Frequency of target exceedances 

In every sampled year, ambient concentrations of PN in the Pioneer River exceeded the 

target, ranging from 25–88 per cent exceedances (Table 15). Ambient concentrations of DIN 

exceeded the target in 100 per cent of samples (Table 15). In all years sampled, ambient 

concentrations of PP exceeded the target, ranging from 17 per cent exceedances to 

67 per cent (Table 15). Ambient concentrations of FRP in the Pioneer River exceeded the 

target in three of the sampled years (ranging from 60–75 per cent exceedances, but no 

samples exceeded the target in 2011–2012 or 2012–2013 (Table 15). 

Table 15 Per cent of exceedances of the 2014 nutrient targets for Pioneer River from 2007–
2013. Red indicates poor data availability (0–4 samples), amber indicates moderate data 
availability (5–9 samples), green indicates good data availability (≥ 10 samples). 

Year 

Per cent exceedances in ambient sampling (total number of 
samples) 

PN DIN PP FRP 

2007–2008 60 (10) 100 (10) 40 (10) 60 (10) 

2008–2009 - - - - 

2009–2010 88 (8) 100 (8) 25 (8) 75 (8) 

2010–2011 33 (3) 100 (3) 67 (3) 67 (3) 

2011–2012 25 (4) 100 (4) 50 (4) 0 (4) 

2012–2013 67 (6) 100 (6) 17 (6) 0 (6) 
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3.3.13 Plane Creek 

3.3.13.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

TSS ambient sampling in Plane Creek from 2006–2008 varied between 0.4 and 45 mg/L 

(Figure 70). The ambient concentrations appeared to increase, however there was no linear 

temporal trend (p = 0.16). The majority of ambient concentrations were above the target 

(3 mg/L). Event sampling concentrations from 2004–2007 showed an increase over time 

(p = 0.03; R2 = 0.350), however the low R2 value suggested there were other factors also 

influencing the results (Figure 70). All event concentrations were below the event target of 

200 mg/L. The highest concentration was approximately 140 mg/L.   

 

Figure 70 Temporal variation in total suspended solids (TSS) concentrations during ambient 

and event conditions at Plane Creek from 2004–2008. Dashed lines indicate the 2014 ambient 

and event TSS targets for the Plane Creek Catchment Management Area. 

Frequency of target exceedances 

No event sampling was conducted in Plane Creek subsequent to 2006–2007, however one 

year of ambient sampling (11 samples) was undertaken in 2007–2008, in which 91 per cent 

of the samples exceeded the ambient TSS target.   

3.3.13.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Ambient concentrations of PN in Plane Creek were scattered from 2006–2008 with no linear 

temporal trend (p = 0.89) (Figure 71). Approximately half of the samples were below the 

ambient target (101 µg/L). The highest ambient concentration was approximately 360 µg/L, 

three-times greater than the ambient target. Event sampling in Plane Creek occurred from 

2004–2007, with an increase in concentrations over time (p = 0.000; R2 = 0.723) (Figure 71). 
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The majority of concentrations were below the event target of 178 µg/L. The highest PN 

event concentration was 630 µg/L, three-times greater than the event target. 

 

 

Figure 71 Temporal variation in particulate nitrogen (PN) concentrations during ambient and 

event conditions at Plane Creek from 2004–2008. Dashed lines indicate the 2014 ambient and 

event PN targets for the Plane Creek Catchment Management Area. 

 

Ambient concentrations of DIN in Plane Creek varied from < LOR to 400 µg/L from 2006–

2008 with no linear temporal trend (p = 0.9) (Figure 72). Most of the concentrations were 

above the ambient target (8 µg/L). In 2006 the ambient concentrations were much lower 

than concentrations in the following years. The highest ambient concentration (400 µg/L) 

was approximately 50-times the ambient target. The event DIN concentrations in Plane 

Creek were also scattered (Figure 72), with no linear temporal trend from 2004–2007 

(p = 0.87). Half of the concentrations were below the event target (68 µg/L), with the majority 

of the concentrations occurring between 100 and 500 µg/L. The highest event 

concentrations occurred in the first half of each year, with a peak concentration of 570 µg/L.  
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Figure 72 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient and event conditions at Plane Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event DIN targets for the Plane Creek Catchment Management Area. 

Ambient concentrations of PP in Plane Creek were spread around the ambient target 

(18 µg/L) from 2006–2008, with two higher values (61 and 90 µg/L), and no linear temporal 

trend (p = 0.72) (Figure 73). Approximately half of the concentrations were above the 

ambient target. The event PP sample concentrations in Plane Creek were scattered, with an 

increase in concentrations over time (p = 0.037; R2 = 0.340); however, the low R2 value 

suggested there were other factors also influencing the results (Figure 73). The majority of 

the concentrations were above the event target of 61 µg/L. The highest event concentration 

was 270 µg/L, four-times greater than the target. The highest concentrations occurred in the 

first half of each year (during the wet season), increasing from January 2005 to January 

2006, before decreasing in January 2007. 

 

Figure 73 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

and event conditions at Plane Creek from 2004–2008. Dashed lines indicate the 2014 ambient 

and event PP targets for the Plane Creek Catchment Management Area. 
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Ambient concentrations of FRP in Plane Creek from 2006–2008 were fairly consistent 

(between < LOR and 24 µg/L), with two higher values (44 and 70 µg/L), and no temporal 

trend (p = 0.61) (Figure 74). Approximately half of the concentrations were at or below the 

ambient target of 8 µg/L. The highest concentration (67 µg/L) was nearly nine-times greater 

than the ambient target. The event FRP concentrations in Plane Creek were scattered 

(Figure 74), with no linear temporal trend across the sampling period (p = 0.13). The majority 

of concentrations were above the event target of 59 µg/L, with the highest concentrations 

occurring in the wet season. The highest event concentration recorded was 156 µg/L.  

 

Figure 74 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient and event conditions at Plane Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event FRP targets for the Plane Creek Catchment Management Area. 

Frequency of target exceedances 

No event sampling was conducted in Plane Creek subsequent to 2006–2007, however one 

year of ambient nutrient sampling (11 samples) was undertaken in 2007–2008. Ambient 

concentrations in Plane Creek exceeded the PN target in 45 per cent of the samples and the 

DIN target in 100 per cent of samples. The PP target was exceeded in 27 per cent of 

samples and the FRP target was exceeded in 55 per cent of samples.  

3.3.14 Proserpine River 

No ambient sampling was conducted for Proserpine River, thus the following results are 

based on event conditions from 2004–2006. Due to the limited sampling, no linear 

regressions were performed.  

3.3.14.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

The event sampling in Proserpine River was limited to seven samples across two sites over 

a 15-month period so it was not possible to discern any temporal trend (Figure 75). The 
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concentrations ranged from below 5–45 mg/L. All concentrations were well below the event 

target of 194 mg/L. There was no obvious difference between the two sampling sites.  

 

Figure 75 Temporal variation in total suspended solids (TSS) concentrations during event 

conditions at Proserpine River from 2004–2006. The dashed line indicates the 2014 event TSS 

target for the Proserpine River Catchment Management Area. 

Frequency of target exceedances 

No sampling was conducted for Proserpine River subsequent to 2006–2007 (i.e. when the 

2014 targets were established), therefore no assessment of concentration exceedances 

against the targets can be undertaken.  

3.3.14.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Event concentrations of PN in the Proserpine River in 2004–2006 were spread between 130 

and 310 µg/L (Figure 76). All concentrations were below the event target of 406 µg/L. The 

spread of concentrations and low number of samples did not allow for any temporal trend to 

be discerned over the period. There was no obvious difference between the two sampling 

sites. 
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Figure 76 Temporal variation in particulate nitrogen (PN) concentrations during event 

conditions at Proserpine River from 2004–2006. The dashed line indicates the 2014 event PN 

target for the Proserpine River Catchment Management Area. 

Event concentrations of DIN in the Proserpine River were varied in 2004–2006, with 

concentrations ranging from < LOR–4020 µg/L (Figure 77). Half of the concentrations were 

above the event target (300 µg/L), with the highest concentration (4020 µg/L) being 13-times 

greater than the target. The highest values (4000 and 2000 µg/L) occurred at Proserpine 2 in 

mid- and late 2005; all other concentrations were below 500 µg/L. However, due to the low 

number of samples it was not possible to detect any clear temporal trend.  

 

Figure 77 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

event conditions at Proserpine River from 2004–2006. The dashed line indicates the 2014 event 

DIN target for the Proserpine River Catchment Management Area. 
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Event concentrations of PP were fairly variable in 2004–2006, with one higher value 

(180 µg/L) in mid-2005 (Figure 78). The majority of concentrations ranged from 20–65 µg/L 

(all below the event target of 81 µg/L), with one (180 µg/L) concentration above the event 

target. There may be a slight decrease in PP over the sampling period, however, the limited 

sample numbers made it difficult to detect a temporal trend. There was no obvious difference 

between the two sampling sites. 

 

Figure 78 Temporal variation in particulate phosphorus (PP) concentrations during event 

conditions at Proserpine River from 2004–2006. The dashed line indicates the 2014 event PP 

target for the Proserpine River Catchment Management Area. 

Event concentrations of FRP were variable in 2004–2006, with one higher value (1220 µg/L) 

in late 2005, and no temporal trend (p = 0.2) (Figure 79). The majority of concentrations 

ranged from 50–500 µg/L. All concentrations were above the event target of 45 µg/L, 

however it should be noted that the event FRP target for Proserpine River CMA (45 µg/L) 

was lower than the ambient target (95 µg/L). There was no obvious difference between the 

two sampling sites. 
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Figure 79 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

event conditions at Proserpine River from 2004–2006. The dashed line indicates the 2014 event 

FRP target for the Proserpine River Catchment Management Area. 

Frequency of target exceedances  

No sampling was conducted for Proserpine River subsequent to 2006–2007 (i.e. when the 

2014 targets were established), therefore no assessment of concentration exceedances 

against the targets can be undertaken.  

3.3.15 Rocky Dam Creek 

3.3.15.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient sampling in Rocky Dam Creek from 2006–2008 showed TSS concentrations 

remained relatively constant, with the exception of one higher value (37 mg/L) in early 2008 

(Figure 80). Concentrations appeared to increase slightly over time, however there was no 

linear temporal trend (p = 0.11). Half of the samples were at or below the ambient target of 

4 mg/L. The highest ambient concentration was 45 mg/L, 11-times greater than the ambient 

target. Event concentrations in Rocky Dam Creek were scattered across the sampling period 

with no linear temporal trend (p = 0.53) (Figure 80). Approximately half of the samples were 

above the event target of 120 mg/L. The highest concentration recorded was 270 mg/L. In 

each year sampled, the highest concentrations were detected early the year. 
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Figure 80 Temporal variation in total suspended solids (TSS) concentrations during ambient 

and event conditions at Rocky Dam Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event TSS targets for the Rocky Dam Creek Catchment Management Area. 

Frequency of target exceedances  

No event sampling was conducted in Rocky Dam Creek subsequent to 2006–2007, however 

one year of ambient sampling (10 samples) was undertaken in 2007–2008, in which 

70 per cent of the samples exceeded the ambient TSS target.   

3.3.15.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Ambient concentrations of PN at Rocky Dam Creek were scattered from 2006–2008, with no 

change in concentrations over the sampling period (p = 0.07) (Figure 81). The majority of 

concentrations were above the ambient target of 142 µg/L, with the highest at 371 µg/L. The 

event sampling concentrations were scattered, with no linear temporal trend (p = 0.81) 

(Figure 81). Half of the concentrations were below the event target (295 µg/L). The highest 

event concentration (just over 800 µg/L) occurred in January 2006, approximately two-times 

greater than the event target.  
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Figure 81 Temporal variation in particulate nitrogen (PN) concentrations during ambient and 

event conditions at Rocky Dam Creek from 2004–2008. Dashed lines indicate the 2014 ambient 

and event PN targets for the Rocky Dam Creek Catchment Management Area. 

Ambient concentrations of DIN at Rocky Dam Creek varied from < LOR–400 µg/L from 

2006–2008 (Figure 82). The majority of concentrations were above the ambient target of 

10 µg/L. The highest concentration was approximately 358 µg/L, 35-times greater than the 

target. Ambient concentrations in 2006 were much lower than those in 2007 and 2008, 

however there was no linear temporal trend (p = 0.24). Event concentrations of DIN were 

scattered (Figure 82). The highest concentrations were recorded at the start of each year; 

however, there was no linear temporal trend (p = 0.94). The majority of concentrations were 

above the event target (422 µg/L). The highest event concentration was 2200 µg/L, 

approximately five-times greater than the event target.  

 

Figure 82 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient and event conditions at Rocky Dam Creek from 2004–2008. Dashed lines indicate the 

2014 ambient and event DIN targets for the Rocky Dam Creek Catchment Management Area. 
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Ambient concentrations of PP at Rocky Dam Creek were fairly scattered from 2006–2008, 

with no linear temporal trend (p = 0.38) (Figure 83). Concentrations were highest from 

January 2007 through to July 2008. The majority of concentrations were above the ambient 

target of 20 µg/L, with the highest around 72 µg/L. The PP event sampling concentrations 

were also scattered, with no temporal trend (p = 0.63) (Figure 83). The peak concentrations 

occurred in the early part of every sampled year. The majority of concentrations were below 

the event target (72 µg/L). The highest event concentration was 245 µg/L, approximately 

three-times greater than the event target, and it occurred in January 2006.  

 

Figure 83 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

and event conditions at Rocky Dam Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event PP targets for the Rocky Dam Creek Catchment Management Area. 

Ambient concentrations of FRP at Rocky Dam Creek were scattered and ranged from 2–

40 µg/L in the period of 2006–2008 (Figure 84). There appeared to be an increase over time, 

however, there was no linear temporal trend (p = 0.37). The majority of concentrations were 

at or above the ambient target of 6 µg/L. The highest concentration was 40 µg/L, and 

occurred in early 2008. The FRP event sampling concentrations were scattered in the wet 

seasons, with no temporal trend (p = 0.93) (Figure 84). The peak concentrations occurred in 

the early part of every sampled year. The majority of concentrations were at or above the 

event target (33 µg/L). The highest event concentration was 150 µg/L, approximately five-

times greater than the event target.  
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Figure 84 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient and event conditions at Rocky Dam Creek from 2004–2008. Dashed lines indicate the 

2014 ambient and event FRP targets for the Rocky Dam Creek Catchment Management Area. 

Frequency of target exceedances 

No event nutrient sampling was conducted for Rocky Dam Creek subsequent to 2006–2007 

(i.e. when the 2014 targets were established); therefore, no assessment of event 

concentration exceedances against the targets can be undertaken. Ambient sampling of 

nutrients at Rocky Dam Creek was undertaken for one year subsequent to 2006–2007, with 

a total of 10 ambient samples taken in 2007–2008. Ambient concentrations exceeded the 

PN target in 60 per cent of samples, and exceeded the DIN target in 100 per cent of 

samples. The PP target was exceeded in 50 per cent of samples and the FRP target was 

exceeded in 80 per cent of samples.  

3.3.16 Sandy Creek 

3.3.16.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient concentrations of TSS in Sandy Creek from 2006–2013 remained relatively 

constant, with a decreasing trend over time (p = 0.002; R2 = 0.224); however, the low R2 

value suggested there were other factors also influencing the results (Figure 85). The 

concentrations recorded in ambient conditions were up to 11 mg/L, which was two-times 

greater than the ambient target of 5 mg/L. The majority of the ambient concentrations were 

below the ambient target.  
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Figure 85 Temporal variation in total suspended solids (TSS) concentrations during ambient 

conditions at Sandy Creek from 2005–2013. The dashed line indicates the 2014 ambient TSS 

targets for the Sandy Creek Catchment Management Area. 

The median concentrations from TSS event sampling in Sandy Creek from 2004–2013 were 

scattered and covered many events (Figure 86). There was no linear temporal trend across 

the sampling period (p = 0.97). The majority of the median TSS concentration values were 

between 19 and 104 mg/L, with two higher values at 185 and 191 mg/L in February and 

March 2012. 

 

Figure 86 Temporal variation in median total suspended solids (TSS) concentrations during 

event conditions at Sandy Creek from 2005 –2013. 

Frequency of target exceedances 

The ambient concentrations of TSS in Sandy Creek frequently exceeded the ambient target 

(in four of the six sampled years) (Table 16), with exceedances occurring in 13–70 per cent 

of samples taken.  



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

83 

 

Table 16 Per cent of exceedances of the 2014 TSS ambient targets for Sandy Creek from 2007–

2013. Red indicates poor data availability (0–4 samples), amber indicates moderate data 

availability (5–9 samples), green indicates good data availability (≥ 10 samples). 

Year 
Per cent exceedances (total no. samples) – 

under ambient conditions 

2007–2008 70 (10) 

2008–2009 - 

2009–2010 20 (5) 

2010–2011 25 (4) 

2011–2012 0 (3) 

2012–2013 13 (8) 

 

3.3.16.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Ambient concentrations of PN at Sandy Creek from 2005–2013 varied from < LOR–

1752 µg/L with no temporal trend (p = 0.36) (Figure 87). The majority of the concentrations 

were below 460 µg/L, with two higher values (1752 and 1115 µg/L). Approximately half of 

the samples were below the ambient target of 110 µg/L. Between 2006 and 2008 the peak 

ambient concentrations were higher than those between 2010 and 2013. The highest 

ambient PN concentration (1750 µg/L) was 16-times higher than the ambient target.  

 

Figure 87 Temporal variation in particulate nitrogen (PN) concentrations during ambient 

conditions at Sandy Creek from 2004–2013. The dashed line indicates the 2014 ambient PN 

target for the Sandy Creek Catchment Management Area. 

The event sampling showed median PN concentrations were scattered across multiple 

events, with no temporal trend (p = 0.77) (Figure 88). All but two of the median concentration 

values were at or below 500 µg/L. The two higher values were 895 µg/L in January 2007, 

and 1000 µg/L in February 2012. 
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Figure 88 Temporal variation in median particulate nitrogen (PN) concentrations during event 

conditions at Sandy Creek from 2004–2013.  

Ambient concentrations of DIN at Sandy Creek were highly scattered between 4 and 

1851 µg/L from 2005–2013, with an increase in DIN over time (p = 0.001; R2 = 0.238); 

however, the low R2 value suggests there are other factors also influencing the results 

(Figure 89). The majority of concentrations were greater than the ambient target (107 µg/L). 

The highest concentration for ambient DIN was 1851 µg/L (17-times greater than the 

ambient target); however, there were 12 other instances where the ambient concentration of 

DIN was above 1000 µg/L.  

 

Figure 89 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient conditions at Sandy Creek from 2005–2013. The dashed line indicates the 2014 

ambient DIN target for the Sandy Creek Catchment Management Area. 

The event DIN sampling was scattered and covered many events (Figure 90). There was a 

decrease in median event concentrations over time (p = 0.000; R2 = 0.575). The two highest 
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median concentrations were 1081 and 1041 µg/L, which occurred in January 2005, and 

January 2007, respectively. The remaining values were all between 41 and 202 µg/L, with 

one at 337 µg/L and one at 302 µg/L.   

 

Figure 90 Temporal variation in median dissolved inorganic nitrogen (DIN) concentrations 

during event conditions at Sandy Creek from 2004–2013. 

Ambient concentrations of PP at Sandy Creek were scattered from 2005–2013 with the 

majority occurring below 100 µg/L (Figure 91). Three concentrations between 150 and 

220 µg/L occurred in October 2006, December 2012, and April 2010. There was no temporal 

trend in ambient PP concentrations over the sampling period (p = 0.43). Approximately half 

of the concentrations were greater than the ambient target of 20 µg/L.  

 

Figure 91 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

conditions at Sandy Creek from 2004–2013. The dashed line indicates the 2014 ambient PP 

target for the Sandy Creek Catchment Management Area. 
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The median event PP concentrations were scattered and covered many events, with no 

linear temporal trend over the sampling period (p = 0.35) (Figure 92). The median 

concentrations ranged from 10–228 µg/L. The majority of the values were between 50 and 

200 µg/L.  

 

Figure 92 Temporal variation in median particulate phosphorus (PP) concentrations during 

event conditions at Sandy Creek from 2004–2013.  

Ambient concentrations of FRP at Sandy Creek were fairly consistent from 2005–2013 with 

a decrease over time (p = 0.002; R2 = 0.226); however, the low R2 value suggests there are 

other factors also influencing the results (Figure 93). Approximately half of the concentrations 

were greater than the ambient target of 25 µg/L, with most concentrations between 7 and 

51 µg/L. There were five higher values, which were 135, 193, 201, 230, and 232 µg/L. The 

highest four concentrations occurred in between October 2006 and January 2007, and the 

next highest concentration was in December 2007.   

 

Figure 93 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient conditions at Sandy Creek from 2004–2013. The dashed line indicates the 2014 

ambient FRP target for the Sandy Creek Catchment Management Area. 
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The event FRP median concentrations were scattered and covered many events, with a 

decrease over time (p = 0.000; R2 = 0.487) (Figure 94). The highest concentrations were 228 

and 232 µg/L, which occurred in January 2007 and January 2005, respectively. 

Concentrations were much lower in early 2011 before increasing again.  

 

Figure 94 Temporal variation in median filterable reactive phosphorus (FRP) concentrations 

during event conditions at Sandy Creek from 2004–2013.  

Frequency of target exceedances 

Ambient concentrations in Sandy Creek exceeded the ambient PN target in four out of five 

sampled years, with exceedances ranging from 50–75 per cent (Table 17). All sampled years 

had samples which exceeded the DIN ambient target, ranging from 70–100 per cent 

exceedance (Table 17). Ambient concentrations of PP exceeded the target in all years, 

ranging from 50–90 per cent (Table 17). Ambient concentrations in Sandy Creek exceeded 

the FRP target in four out of the five sampled years, with exceedances ranging from 25–

40 per cent (Table 17).  

Table 17 Per cent of exceedances of the 2014 nutrient ambient targets for Sandy Creek from 

2007–2013. Red indicates poor data availability (0–4 samples), amber indicates moderate data 

availability (5–9 samples), green indicates good data availability (≥ 10 samples).  

Year 

 
Per cent exceedances (total no. samples) of ambient samples 

PN DIN PP FRP 

2007–2008 50 (10) 70 (10) 90 (10) 40 (10) 

2008–2009 - - - - 

2009–2010 60 (5) 80 (5) 60 (5) 40 (5) 

2010–2011 0 (4) 75 (4) 50 (4) 25 (4) 

2011–2012 67 (3) 100 (3) 67 (3) 0 (3) 

2012–2013 75 (8) 88 (8) 75 (8) 25 (8) 
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3.3.17 Sarina  

There was no ambient sampling conducted for Sarina, thus, the following results are based 

on event conditions from 2006–2007. 

3.3.17.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

The event sampling at Sarina was limited to seven samples, in two distinct periods, over one 

year (Figure 95). Due to lack of data over multiple years, linear regression was not 

performed. All the concentrations were below the event target of 200 mg/L. The highest 

concentration (141 mg/L) occurred in early 2006. The concentrations that occurred in early 

2007 were much lower (below 30 mg/L) than those in early 2006. 

 

Figure 95 Temporal variation in total suspended solids (TSS) concentrations during event 

conditions at Sarina from 2004–2007. The dashed line indicates the 2014 event TSS target for 

the Plane Creek Catchment Management Area. 

Frequency of target exceedances 

No sampling was conducted at Sarina subsequent to 2006–2007 (i.e. when the 2014 targets 

were established), therefore no assessment of concentration exceedances against the 

targets can be undertaken. 

3.3.17.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

The event PN sampling at Sarina was limited to six samples, over two distinct periods 

(Figure 96). Due to lack of data over multiple years, linear regression was not performed. 

The highest concentration recorded was 498 µg/L, compared to the target of 178 µg/L. The 

majority of the concentrations were above the PN event target. The concentrations in early 

2006 were much higher than those recorded in early 2007. 
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Figure 96 Temporal variation in particulate nitrogen (PN) concentrations during event 

conditions at Sarina from 2004–2007. The dashed line indicates the 2014 event PN target for 

the Plane Creek Catchment Management Area. 

The event DIN sampling at Sarina was limited to seven samples, over two distinct periods 

(Figure 97). Due to data being available for only one year, no linear regression was 

performed. The highest concentration recorded was 359 µg/L. All concentrations were below 

the DIN event target (368 µg/L). 

 

 

Figure 97 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

event conditions at Sarina from 2004–2007. The dashed line indicates the 2014 event DIN 

target for the Plane Creek Catchment Management Area. 

The event sampling at Sarina was limited to six samples, over two distinct periods (Figure 

98). The concentrations in early 2006 were much higher than those in early 2007; however, 

due to data being only available for a year, it was not possible to perform linear regression. 
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The highest concentration recorded was approximately 200 µg/L, compared to the target of 

61 µg/L. The majority of the concentrations were above the PP event target.  

 

Figure 98 Temporal variation in particulate phosphorus (PP) concentrations during event 

conditions at Sarina from 2004–2007. The dashed line indicates the 2014 event PP target for 

the Plane Creek Catchment Management Area. 

The event sampling at Sarina was limited to seven samples, over two distinct periods (Figure 

99). Due to a lack of sampling data, no linear regression was performed. The highest 

concentration recorded was 338 µg/L, compared to the target of 59 µg/L. All but one 

concentration, were above the FRP event target.  

 

Figure 99 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

event conditions at Sarina from 2004–2007. The dashed line indicates the 2014 event FRP 

target for the Plane Creek Catchment Management Area. 
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Frequency of target exceedances  

No sampling was conducted at Sarina subsequent to 2006–2007 (i.e. when the 2014 targets 

were established), therefore no assessment of concentration exceedances against the 

targets can be undertaken. 

3.3.18 St Helens Creek 

3.3.18.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Ambient sampling in St Helens Creek from 2006–2008 showed concentrations of TSS to 

vary between 0–5.2 mg/L (Figure 100). There was an increase in ambient TSS 

concentrations over the sampling period (p = 0.017, R2 = 0.23); however, the low R2 value 

suggests that other factors are likely to be influencing the results. The event sampling in St 

Helens Creek was limited to three samples in early 2005, three from mid-2005 to mid-2006, 

and five in early 2007. There was no linear temporal trend in event concentrations (p = 0.28) 

(Figure 100), although the concentrations in January 2007 are dramatically higher than those 

in previous years. The majority of concentrations were below the event target of 45 mg/L. 

The highest event concentration was approximately 500 mg/L.  

 

Figure 100 Temporal variation in total suspended solids (TSS) concentrations during ambient 

and event conditions at St Helens Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event TSS targets for the St Helens Creek Catchment Management Area. 

Frequency of target exceedances  

No event sampling was conducted in St Helens Creek subsequent to 2006–2007, however 

one year of ambient sampling (12 samples) was undertaken in 2007–2008, in which 

8 per cent of the samples exceeded the ambient TSS target.   
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3.3.18.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Ambient concentrations of PN in St Helens Creek were spread between < LOR and 

140 µg/L from 2006–2008 with one higher value (1467 µg/L) in mid-2007 and no temporal 

trend (p = 0.83) (Figure 101). All concentrations except the higher value were below the 

ambient target. The higher value (1467 µg/L) was ten-times greater than the target. The 

event concentrations were scattered across the sampling period with no temporal trend in 

event concentrations (p = 0.72) (Figure 101). The majority of concentrations were below the 

event target (121 µg/L), with the highest event concentration at 434 µg/L. The highest event 

concentrations of PN occurred in the beginning of each year, suggesting seasonal trends. 

The event target for PN at St Helens Creek was more stringent than the ambient target. 

 

Figure 101 Temporal variation in particulate nitrogen (PN) concentrations during ambient and 

event conditions at St Helens Creek from 2004–2008. Dashed lines indicate the 2014 ambient 

and event PN targets for the St Helens Creek Catchment Management Area. 

Ambient concentrations of DIN from 2006–2008 showed an increase over time (p = 0.004; 

R2 = 0.337) (Figure 102). The low R2 value suggests there are other factors also influencing 

the results. The majority of concentrations were above the ambient target (10 µg/L). The 

highest ambient concentration recorded (117 µg/L) was 11-times greater than the target. 

The event concentrations were scattered across the sampling period (Figure 102). Although 

the peak concentrations decreased over time from early 2005 to early 2007, there was no 

linear temporal trend (p = 0.44). The majority of event DIN concentrations were above the 

event target (266 µg/L). The highest event concentration was approximately 400 µg/L. 
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Figure 102 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

ambient and event conditions at St Helens Creek from 2004–2008. Dashed lines indicate the 

2014 ambient and event DIN targets for the St Helens Creek Catchment Management Area. 

Ambient concentrations of PP from 2006–2008 were consistent, with one higher value 

(180 µg/L) in mid-2007 (Figure 103). The highest concentration recorded (180 µg/L) was 

nine-times greater than the ambient target of 20 µg/L, however all other concentrations 

recorded were below the target. There was no temporal trend (p = 0.8) in ambient PP 

concentrations. The event concentrations were scattered across the sampling period. The 

concentrations were higher at the start of each year, and were higher in 2007 and then 2005; 

however, there was no linear temporal trend (p = 0.25) (Figure 103). The majority of 

concentrations were below the event target (33 µg/L). The highest event concentration was 

approximately 380 µg/L, ten-times greater than the target.   

 

Figure 103 Temporal variation in particulate phosphorus (PP) concentrations during ambient 

and event conditions at St Helens Creek from 2004–2008. Dashed lines indicate the 2014 

ambient and event PP targets for the St Helens Creek Catchment Management Area. 
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Ambient concentrations of FRP from 2006–2008 were spread between 3 and 23 µg/L 

(Figure 104), with no temporal trend (p = 0.22). The majority of concentrations were above 

the ambient target (6 µg/L). The highest ambient concentration was 23 µg/L and occurred in 

early 2008. Event concentrations varied between 4 and 30 µg/L, across the sampling period, 

with no temporal trend (p = 0.1) (Figure 104). The highest concentration was recorded in 

January 2007, and this was higher than the other wet season concentrations. Only one 

concentration was above the event target (23 µg/L).  

 

Figure 104 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

ambient and event conditions at St Helens Creek from 2004–2008. Dashed lines indicate the 

2014 ambient and event FRP targets for the St Helens Creek Catchment Management Area. 

Frequency of target exceedances 

No event sampling was conducted in St Helens Creek subsequent to 2006–2007, however 

one year of ambient sampling (12 samples) was undertaken in 2007–2008. Ambient 

concentrations of PN and PP in St Helens Creek did not exceed the target in 2007–2008. 

Ambient concentrations of DIN exceeded the target in 100 per cent of samples, and the FRP 

target was exceeded in 75 per cent of the samples.  

3.3.19 Waite Creek 

No ambient sampling was conducted for Waite Creek, thus, the following results are based 

on event conditions from 2004–2006.  

3.3.19.1 TSS  

Temporal variation in TSS and comparison to 2014 targets 

Event TSS concentrations in Waite Creek in 2004 and 2006 increased over time; however, 

the number of samples was limited so linear regression was not performed (Figure 105). All 

concentrations were above the event target of 8 mg/L. The highest concentration 
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(2100 mg/L) was 262-times greater than the event target. Event TSS concentrations were 

much higher in the 2005–2006 wet season, then the 2004–2005 wet season.  

 

Figure 105 Temporal variation in total suspended solids (TSS) concentrations during event 

conditions at Waite Creek from 2004–2006. The dashed line indicates the 2014 event TSS 

target for the Whitsunday Coast Catchment Management Area. 

Frequency of target exceedances 

No sampling was conducted for Waite Creek subsequent to 2006–2007 (i.e. when the 2014 

targets were established); therefore, no assessment of concentration exceedances against 

the targets can be undertaken.  

3.3.19.2 Nutrients  

Temporal variation in nutrients and comparison to 2014 targets 

Event concentrations of PN in Waite Creek were scattered (Figure 106). Due to the limited 

number of samples, and only occurring over a one-year period, no linear regression was 

performed. All but one concentration, were above the event target for PN. The highest 

concentration was approximately 1200 µg/L, four-times greater than the target, and occurred 

in early 2006.   
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Figure 106 Temporal variation in particulate nitrogen (PN) concentrations during event 

conditions at Waite Creek from 2004–2006. The dashed line indicates the 2014 event PN target 

for the Whitsunday Coast Catchment Management Area. 

Event concentrations of DIN in Waite Creek varied between 295 and 1850 µg/L (Figure 107). 

Due to the limited number of samples taken over only one year, no linear regression was 

performed. All samples were above the event target. The highest concentration occurred in 

early 2005 and was 1850 µg/L, which was seven-times greater than the target of 256 µg/L.   

 

Figure 107 Temporal variation in dissolved inorganic nitrogen (DIN) concentrations during 

event conditions at Waite Creek from 2004–2006. Dashed line indicates the 2014 event DIN 

target for the Whitsunday Coast Catchment Management Area. 

Event concentrations of PP varied greatly between the two sampling years (Figure 108). The 

concentrations were much higher in 2005–2006 compared to those in 2004–2005; however, 

due to the limited sampling period and number of samples taken, linear regression was not 
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performed. All samples were above the event target of 31 µg/L. The highest concentration 

(550 µg/L) was 17-times greater than the target.   

 

Figure 108 Temporal variation in particulate phosphorus (PP) concentrations during event 

conditions at Waite Creek from 2004–2006. The dashed line indicates the 2014 event PP target 

for the Whitsunday Coast Catchment Management Area. 

Event concentrations of FRP ranged from 7–283 µg/L across the sampling period (Figure 

109). Due to the limited data, linear regression was not performed; however, there does not 

appear to be any trends. All but one sample, were above the event target of 27 µg/L. The 

highest concentration was 283 µg/L, which was ten-times greater than the target.   

 

Figure 109 Temporal variation in filterable reactive phosphorus (FRP) concentrations during 

event conditions at Waite Creek from 2004–2006. The dashed line indicates the 2014 event FRP 

target for the Whitsunday Coast Catchment Management Area. 
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Frequency of target exceedances  

No sampling was conducted for Waite Creek subsequent to 2006–2007 (i.e. when the 2014 

targets were established); therefore, no assessment of concentration exceedances against 

the targets can be undertaken.  

3.4 Pesticides 

No pesticide sampling was conducted in Airlie Creek. No ambient pesticide sampling was 

conducted in Blacks Creek, Gregory River, Mackay City, O’Connell 2, Proserpine River, 

Rocky Dam Creek and Sarina, in any year. No event pesticide sampling was conducted in 

Bakers Creek and St Helens Creek, in any year.  

3.4.1 Upper Andromache and Andromache River  

The results for both the Andromache and Upper Andromache River sites from 2004–2009 

are presented below. No ambient sampling was conducted for Andromache River, however 

the Upper Andromache site had ambient and event samples taken. 

3.4.1.1 Temporal variation in pesticides and comparison to trigger values and targets 

All concentrations of ametryn sampled from Andromache River (Andromache River and 

Upper Andromache River sites) for both ambient and event conditions were < LOR (the 

ambient and event targets), and therefore, have not been graphed.  

The majority of ambient and event concentrations of atrazine in Andromache River were 

≤ LOR (0.01 µg/L) (Figure 110). There was no linear temporal trend in ambient atrazine 

concentrations at Upper Andromache River (p = 0.45). There was a slight increase over time 

in the Andromache River event concentrations (p = 0.030; R2 = 0.729); however, this was 

based on only a few samples in one year of sampling. The event atrazine concentrations at 

Upper Andromache River did not show a linear temporal trend (p = 0.28). There were only 

two samples > LOR, one ambient and one event sample in Upper Andromache River (one in 

early 2005 and one in early 2008). These concentrations were both above their respective 

target concentrations of 0.01 µg/L and 0.02 µg/L, respectively.  
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Figure 110 Temporal variation in atrazine concentrations during ambient and event conditions 

at Upper Andromache River and Andromache River from 2004–2008. Dashed lines indicate the 

2014 ambient and event atrazine targets for the Andromache River Catchment Management 

Area. 

The majority of ambient and event concentrations of diuron in Andromache River were at or 

below the 2014 ambient and event target (0.01 µg/L) (Figure 111). The three highest 

concentrations were all event concentrations recorded at the Andromache River site. The 

highest concentration was 0.06 µg/L, however this was still well below the PC95 ecotoxicity 

threshold for diuron (0.3 µg/L). There was no temporal linear trend for event concentrations 

at Andromache River (p = 0.079). 

 

Figure 111 Temporal variation in diuron concentrations during ambient and event conditions 

at Upper Andromache River and Andromache River from 2004–2008. The dashed line indicates 

the 2014 ambient and event diuron target for the Andromache River Catchment Management 

Area. The dotted line indicates the PC95 ecotoxicity threshold for diuron.  
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The majority of ambient and event concentrations of hexazinone in Andromache River were 

at or below the 2014 ambient and event target (0.01 µg/L) (Figure 112). The two highest 

concentrations were event concentrations, one at each site. The highest concentration 

(0.12 µg/L) was well below the PC95 ecotoxicity threshold for hexazinone (0.7 µg/L). There 

was no linear temporal trend in event hexazinone concentrations at Upper Andromache 

River (p = 0.31). The Andromache River event concentrations increased over time 

(p = 0.030; R2 = 0.729); however, this was based on only a few samples in one year of 

sampling. It therefore, cannot be taken as evidence of increasing hexazinone concentrations 

over time. 

 

Figure 112 Temporal variation in hexazinone concentrations during ambient and event 

conditions at Upper Andromache River and Andromache River from 2004–2008. The dashed 

line indicates the 2014 ambient and event hexazinone target for the Andromache River 

Catchment Management Area. The dotted line indicates the PC95 ecotoxicity threshold for 

hexazinone. 

All but one of the ambient concentrations of tebuthiuron were at or below the ambient target 

(0.01 µg/L) (Figure 113), while the majority of event concentrations were above the event 

target (0.01 µg/L). The ambient concentration above the target, was 0.02 µg/L. All event 

tebuthiuron concentrations ranged from < LOR–0.48 µg/L. The event results at Upper 

Andromache River increased over time (p = 0.037; R2 = 0.813) but this is based on a limited 

number of samples over only two years. There was no temporal trend in the event 

concentrations at the Andromache River site (p = 0.093). All concentrations recorded were 

well below the PC95 ecotoxicity threshold for tebuthiuron (8.8 µg/L).  
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Figure 113 Temporal variation in tebuthiuron concentrations during ambient and event 

conditions at Upper Andromache River and Andromache River from 2004–2008. The dashed 

line indicates the 2014 ambient and event tebuthiuron targets for the Andromache River 

Catchment Management Area.  

3.4.1.2 Frequency of trigger value and target exceedances  

No event pesticide sampling was conducted for Andromache River subsequent to 2006–

2007 (i.e. when the 2014 targets were established); therefore, no assessment of 

concentration exceedances against the targets was undertaken. Ambient sampling of 

pesticides was undertaken at Upper Andromache River for one year subsequent to 2006–

2007, with a total of 12 ambient samples collected in 2007–2008. Ambient concentrations of 

ametryn, diuron, hexazinone and tebuthiuron did not exceed the targets in any samples 

taken. One sample (8 per cent) exceeded the atrazine target. 

3.4.2 Bakers Creek 

No event pesticide sampling was conducted in Bakers Creek, thus, the following results are 

based on ambient conditions from 2006–2008.  

3.4.2.1 Temporal variation in pesticides and comparison to trigger values and targets 

The majority of ambient concentrations of ametryn in Bakers Creek were at or below the 

ambient target (0.01 µg/L) (Figure 114). Four concentrations (between 0.02 and 0.06 µg/L) 

were recorded above the LOR. There was no linear temporal trend in ambient 

concentrations (p = 0.66). The three highest concentrations occurred at the start of the year 

(during the wet season). The highest concentration (0.06 µg/L) was six-times greater than 

the target. All concentrations were below the PC95 ecotoxicity threshold for ametryn 

(0.1 µg/L). 
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Figure 114 Temporal variation in ametryn concentrations during ambient conditions at Bakers 

Creek from 2006–2008. The dashed line indicates the 2014 ambient ametryn target for the 

Bakers Creek Catchment Management Area.  

The ambient concentrations of atrazine in Bakers Creek varied over the sampling period with 

the recent years generally having lower concentrations, though there was no temporal trend 

(p = 0.29) (Figure 115). Approximately half of the concentrations were below the target 

(0.17 µg/L). The highest concentration (14 µg/L) was 82-times greater than the ambient 

target, and was also well above the event target for this CMA (0.83 µg/L). This concentration 

occurred during the wet season. All concentrations were well below the PC95 ecotoxicity 

threshold for atrazine (6 µg/L). 

 

Figure 115 Temporal variation in atrazine concentrations during ambient conditions at Bakers 

Creek from 2006–2008. The dashed line indicates the 2014 ambient atrazine target for the 

Bakers Creek Catchment Management Area.  

The ambient concentrations of diuron in Bakers Creek were between < LOR and 14 µg/L 

with no linear temporal trend (p = 0.34) (Figure 116). The highest peaks occurred in the wet 

seasons, in early 2007 and early 2008. Approximately half of the concentrations were at or 

below the ambient target (0.11 µg/L) (Figure 116). The highest concentration of 14 µg/L was 
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127-times greater than the ambient target. This was also well above the event target for this 

CMA (1.38 µg/L), and above the PC95 ecotoxicity threshold for diuron (0.3 µg/L).  

 

Figure 116 Temporal variation in diuron concentrations during ambient conditions at Bakers 

Creek from 2006–2008. The dashed line indicates the 2014 ambient diuron target for the 

Bakers Creek Catchment Management Area.  

The majority of ambient concentrations of hexazinone in Bakers Creek were predominantly 

between < LOR and 0.22 µg/L, with five values occurring between 0.25 and 4.4 µg/L (Figure 

117). There was no linear temporal trend (p = 0.28) in hexazinone concentrations. The 

highest peaks occurred during the wet seasons in early 2007 and early 2008. The majority of 

the concentrations were at or below the ambient target (0.14 µg/L). The highest 

concentration (4.4 µg/L) was 31-times greater than the ambient target; above the event 

target for this CMA (0.56 µg/L); and above the PC95 ecotoxicity threshold for hexazinone 

(0.7 µg/L).  

 

Figure 117 Temporal variation in hexazinone concentrations during ambient conditions at 

Bakers Creek from 2006–2008. The dashed line indicates the 2014 ambient hexazinone target 

for the Bakers Creek Catchment Management Area.  
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The ambient concentrations of tebuthiuron were below the target (0.01 µg/L) for 22 out of 23 

of the samples (data not shown). One concentration above the target (0.04 µg/L) occurred in 

November 2006; however, it was well below the PC95 ecotoxicity threshold for tebuthiuron 

(8.8 µg/L). There was no temporal trend over time (p = 0.31). 

3.4.2.2 Frequency of trigger value and target exceedances  

No event sampling of pesticides was conducted for Bakers Creek subsequent to 2006–2007 

(i.e. when the 2014 targets were established); therefore, no assessment of exceedances 

against the targets can be undertaken. Ambient sampling of pesticides at Bakers Creek was 

undertaken for one year subsequent to 2006–2007, with a total of 11 ambient samples taken 

in 2007–2008. The ametryn target was exceeded in 9 per cent of samples. The atrazine 

concentrations exceeded the target in 45 per cent of samples. Diuron concentrations 

exceeded the target in 55 per cent of samples. The hexazinone target was exceeded in 

27 per cent of samples, and the tebuthiuron target was not exceeded in any sample.  

3.4.3 Basin Creek 

3.4.3.1 Temporal variation in pesticides and comparison to trigger values and targets 

All ambient and event concentrations for ametryn, hexazinone and tebuthiuron were < LOR.  

The majority of ambient concentrations of atrazine in Basin Creek were at or below the 

ambient target (0.01 µg/L) (Figure 118). There were no linear temporal trends in either the 

ambient (p = 0.15) or event (p = 0.082) concentrations. There were two ambient 

concentrations above the target (both 0.02 µg/L); both concentrations occurred in early 

2008. The majority of event concentrations of atrazine exceeded the event target 

(0.02 µg/L). Event concentrations were much higher in early 2007 (0.185 µg/L) compared to 

preceding years (a maximum of 0.04 µg/L); however, this was not a significant trend. The 

2007 event concentrations were both above the event target. All concentrations were well 

below the PC95 ecotoxicity threshold for atrazine of 6 µg/L. 

 

Figure 118 Temporal variation in atrazine concentrations during ambient and event conditions 

at Basin Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event atrazine 

targets for the Gillinbin Creek Catchment Management Area. 
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The majority of ambient diuron concentrations in Basin Creek were at or below the ambient 

target (0.01 µg/L) (Figure 119). One ambient concentration occurred above the target 

(0.02 µg/L) in early 2007. All ambient concentrations were below the PC95 ecotoxicity 

threshold for diuron (0.3 µg/L). The majority of event concentrations of diuron exceeded the 

event target (0.05 µg/L). The event concentrations were much higher in early 2007 

(0.46 µg/L) compared to early 2005 (0.12 µg/L). The highest concentration was above the 

PC95 ecotoxicity threshold for diuron (0.3 µg/L). There was no linear temporal trend in either 

the ambient (p = 0.68) or event concentrations (p = 0.076).   

 

Figure 119 Temporal variation in diuron concentrations during ambient and event conditions 

at Basin Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event diuron 

targets for the Gillinbin Creek Catchment Management Area. 

3.4.3.2 Frequency of trigger value and target exceedances 

No event pesticide sampling was conducted for Basin Creek subsequent to 2006–2007 (i.e. 

when the 2014 targets were established); therefore, no assessment of event concentration 

exceedances against the targets was undertaken. Ambient sampling of pesticides was 

undertaken in Basin Creek for one year subsequent to 2006–2007, with a total of 12 ambient 

samples taken in 2007–2008. Ambient concentrations of ametryn, hexazinone, and 

tebuthiuron did not exceed the targets in any samples taken. The concentrations of atrazine 

exceeded the target in 17 per cent of samples taken, and 8 per cent of the samples 

exceeded the diuron target. 

3.4.4 Blacks Creek 

No ambient pesticide sampling was undertaken at Blacks Creek, thus, the following results 

are based on event conditions from 2004–2007.   
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3.4.4.1 Temporal variation in pesticides and comparison to trigger values and targets 

All event concentrations of ametryn, atrazine and tebuthiuron were ≤LOR (0.01 µg/L). As the 

sampling for Blacks Creek was limited to only three samples, it was not possible to discern 

any temporal trend in concentrations of diuron (Figure 120). Two concentrations were below 

the event target (0.06 µg/L), and one was above. The highest concentration (0.18 µg/L) 

occurred in January 2007. This concentration was three-times greater than the target, 

however it was below the PC95 ecotoxicity threshold for diuron (0.3 µg/L).  

 

Figure 120 Temporal variation in diuron concentrations during event conditions at Blacks 

Creek from 2004–2007. The dashed line indicates the 2014 event diuron target for the Blacks 

Creek Catchment Management Area. 

As the sampling for Blacks Creek was limited to only three samples, it was not possible to 

discern any linear temporal trend in hexazinone concentrations (Figure 121). Two 

concentrations were above the event target (0.03 µg/L), and one was below. The highest 

concentration of hexazinone (0.22 µg/L) occurred in early 2005, and was seven-times 

greater than the target, however it was below the hexazinone PC95 ecotoxicity threshold 

(0.7 µg/L).  

 

Figure 121 Temporal variation in hexazinone concentrations during event conditions at Blacks 

Creek from 2004–2007. The dashed line indicates the 2014 event hexazinone target for the 

Blacks Creek Catchment Management Area. 
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3.4.4.2 Frequency of trigger value and target exceedances 

No pesticide sampling was conducted for Blacks Creek subsequent to 2006–2007 (i.e. when 

the 2014 targets were established); therefore, no assessment of concentration exceedances 

against the targets can be undertaken.  

3.4.5 Carmila Creek 

3.4.5.1 Temporal variation in pesticides and comparison to trigger values and targets 

All event concentrations for ametryn (data not shown) were below the target (0.01 µg/L). 

One ambient concentration of ametryn was recorded above the target, with a concentration 

of 0.3 µg/L. 

All ambient and event concentrations for tebuthiuron (data not shown) were below the target 

(0.01 µg/L).  

Ambient concentrations of atrazine at Carmila Creek were fairly consistent from 2006–2008, 

with no linear temporal trend (p = 0.76) (Figure 122). There was one higher value (0.12 µg/L) 

in early 2008. The majority of ambient concentrations of atrazine were below the ambient 

target (0.01 µg/L). The highest ambient concentration (0.12 µg/L) was 12-times greater than 

the ambient target. The event concentrations appeared to increase over time; however, 

there was no linear temporal trend (p = 0.07) (Figure 122). The majority of event 

concentrations were at or below the target of 0.04 µg/L. The highest event concentration 

was 0.084 µg/L, which was two-times greater than the event target. All concentrations were 

below the PC95 ecotoxicity threshold for atrazine (6 µg/L). 

 

Figure 122 Temporal variation in atrazine concentrations during ambient and event conditions 

at Carmila Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event atrazine 

targets for the Carmila Creek Catchment Management Area. 

Ambient and event concentrations of diuron at Carmila Creek were scattered from 2004–

2008 (Figure 123). There was no linear temporal trend in ambient concentrations (p = 0.48) 

or event concentrations (p = 0.08). The majority of the ambient concentrations were at or 

below the target (0.01 µg/L). The highest ambient concentration was 1.0 µg/L, 100-times 
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greater than the ambient target. All but one of the event concentrations were below the 

target (0.46 µg/L) (Figure 123). The highest event concentration was 1.0 µg/L, which was 

twice the target. A limited number of ambient and event concentrations occurred above the 

PC95 ecotoxicity threshold for diuron (0.3 µg/L).  

 

Figure 123 Temporal variation in diuron concentrations during ambient and event conditions 

at Carmila Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event diuron 

targets for the Carmila Creek Catchment Management Area. 

Ambient concentrations of hexazinone at Carmila Creek from 2004–2008 were scattered, 

with no linear temporal trend (p = 0.88) (Figure 124). The majority of the concentrations were 

above the ambient target (0.01 µg/L). The highest ambient concentration (0.46 µg/L) was 46-

times greater than the ambient target. Event concentrations of hexazinone at Carmila Creek 

were also scattered from 2004–2007, with no linear temporal trend (p = 0.071) (Figure 124). 

The majority of event concentrations were below the event target (0.23 µg/L). The highest 

event concentration (0.58 µg/L) was two-times greater than the event target. All ambient and 

event concentrations were below the PC95 ecotoxicity threshold for hexazinone (0.7 µg/L). 

 

Figure 124 Temporal variation in hexazinone concentrations during ambient and event 

conditions at Carmila Creek from 2004–2008. Dashed lines indicate the 2014 ambient and 

event hexazinone targets for the Carmila Creek Catchment Management Area. 
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3.4.5.2 Frequency of trigger value and target exceedances 

No event pesticide sampling was conducted for Carmila Creek subsequent to 2006–2007 

(i.e. when the 2014 targets were established); therefore, no assessment of exceedances 

against the event targets can be undertaken. Ambient sampling of pesticides was 

undertaken in Carmila Creek for one year subsequent to 2006–2007, with a total of 12 

ambient samples taken in 2007–2008. Ambient concentrations of ametryn and tebuthiuron 

did not exceed the targets in any samples taken. The concentrations of atrazine exceeded 

the target in 25 per cent of samples, diuron concentrations exceeded the target in 

42 per cent of samples, and 92 per cent of the samples exceeded the hexazinone target. 

3.4.6 Finch Hatton Creek 

3.4.6.1 Temporal variation in pesticides and comparison to trigger values and targets 

All ambient or event concentrations of all pesticides were 0.01 µg/L or below at Finch Hatton 

Creek, therefore the results have not been graphed.  

One ambient sample had an atrazine concentration of 0.01 µg/L; therefore, exceeding the 

ambient target of < LOR. This concentration occurred in January 2007, during the wet 

season. The PC95 and PC99 ecotoxicity thresholds for atrazine are 6 µg/L and 3.7 µg/L, 

respectively, so the atrazine concentrations in Finch Hatton were well below both of these 

thresholds.  

3.4.6.2 Frequency of trigger value and target exceedances 

No event pesticide sampling was conducted for Finch Hatton Creek subsequent to 2006–

2007, therefore no assessment of exceedances against the event targets can be 

undertaken. Ambient sampling of pesticides was undertaken in Finch Hatton Creek in 2007–

2008, with a total of 12 samples taken; however, no pesticide concentrations exceeded the 

targets in any sample. 

3.4.7 Gregory River 

No ambient pesticide sampling was undertaken at Gregory River, thus, the following results 

are based on event conditions from 2004–2007.  

3.4.7.1 Temporal variation in pesticides and comparison to trigger values and targets 

All event concentrations of ametryn and tebuthiuron recorded at Gregory River were below 

the LOR, and therefore have not been graphed.  

Event concentrations of atrazine at Gregory River were fairly consistent from 2005–2007, 

apart from one markedly higher value (Figure 125). There was no linear temporal trend 

(p = 0.44). The highest value occurred in early 2005, with a concentration of 4.2 µg/L. The 

majority of atrazine concentrations were above the event target of 0.06 µg/L. The highest 

value (4.2 µg/L) was 70-times greater than the target, however it was still below the PC95 

ecotoxicity threshold for atrazine (6 µg/L).  
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Figure 125 Temporal variation in atrazine concentrations during event conditions at Gregory 

River from 2004–2007. The dashed line indicates the 2014 event atrazine target for the Gregory 

River Catchment Management Area. 

The majority of event concentrations of diuron at Gregory River varied from < LOR to 

1.5 µg/L, with one markedly higher value (6.5 µg/L) and there was no linear temporal trend 

over the sampling period (p = 0.41) (Figure 126). The highest value occurred in early 2005, 

after which the concentrations decreased in mid-2005, and slowly increased into early 2007. 

The majority of diuron concentrations were above the event target (0.31 µg/L). The highest 

value had a concentration of 6.5 µg/L, 20-times greater than the target. The PC95 

ecotoxicity threshold for diuron was 0.3 µg/L. This was exceeded by the event target and the 

majority of the sampled concentrations. 

 

Figure 126 Temporal variation in diuron concentrations during event conditions at Gregory 

River from 2004–2007. The dashed line indicates the 2014 event diuron target for the Gregory 

River Catchment Management Area. 

The majority of event concentrations of hexazinone at Gregory River varied from < LOR–

0.2 µg/L, with no linear temporal trend over time (p = 0.98) (Figure 127). Event concentrations 

were higher in early 2005, before decreasing in mid-2005, and increasing into early 2007. 

The majority of hexazinone concentrations were above the event target (0.04 µg/L). There 
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was one markedly higher value (0.45 µg/L) which occurred in early 2005, with a 

concentration 11-times greater than the target. All hexazinone concentrations were below 

the PC95 ecotoxicity threshold (0.7 µg/L). 

 

Figure 127 Temporal variation in hexazinone concentrations during event conditions at 

Gregory River from 2004–2007. The dashed line indicates the 2014 event hexazinone target for 

the Gregory River Catchment Management Area. 

3.4.7.2 Frequency of trigger value and target exceedances 

No pesticide sampling was conducted for Gregory River subsequent to 2006–2007, 

therefore no assessment of exceedances against the event targets can be 

undertaken.Impulse Creek 

3.4.7.3 Temporal variation in pesticides and comparison to trigger values and targets 

All ambient concentrations and the majority of event concentrations for all pesticides in 

Impulse Creek were < LOR and hence were not graphed.  

In samples from 14/05/2006 both ametryn (0.03 µg/L) and atrazine (0.02 µg/L) were 

detected. Additionally, in one event sample from 13/12/2006 (during the wet season) diuron 

was detected, at a concentration of 0.01 µg/L. All samples excluding these three 

concentrations, were below the 2014 ambient and event target of < LOR. 

3.4.7.4 Frequency of trigger value and target exceedances 

No event pesticide sampling was conducted in Impulse Creek subsequent to 2006–2007, 

therefore no assessment of exceedances against the event targets can be undertaken. 

Ambient sampling of pesticides was undertaken in Impulse Creek in 2007–2008, with a total 

of 12 samples taken; however, no pesticide concentrations exceeded the targets in any 

sample. 
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3.4.8 Mackay City 

No ambient sampling for pesticides was conducted at either of the Mackay sampling 

locations, thus, the following results are based on event conditions from 2004–2007.  

3.4.8.1 Temporal variation in pesticides and comparison to trigger values and targets 

Pesticide concentrations were all below the LOR in event samples from the Mackay 2 site. 

At the Mackay 1 site, there were no event concentrations of ametryn, atrazine or tebuthiuron 

higher than the LOR. These results have, therefore, not been graphed. 

One hexazinone concentration was above 0.01 µg/L, this was from 09/01/2006 (0.03 µg/L). 

This concentration was below the event target of 0.51 µg/L and the PC95 ecotoxicity 

threshold for hexazinone (0.7 µg/L). There was no linear temporal trend in event hexazinone 

over the period (p = 0.68) and these results have not been graphed. 

Diuron was detected in event samples from nine days, with the highest concentration being 

0.38 µg/L (Figure 128). All concentrations were below the diuron event target for the Mackay 

City Catchment Management Area (1.25 µg/L). The PC95 ecotoxicity threshold for diuron 

(0.3 µg/L) was exceeded once. There was no linear temporal trend in event diuron 

concentrations over the period (p = 0.76). 

 

Figure 128 Temporal variation in diuron concentrations during event conditions at Mackay 1 

from 2004–2007. The dashed line indicates the 2014 event diuron target for the Mackay City 

Catchment Management Area. The dotted line indicates the PC95 ecotoxicity threshold for 

diuron. 

3.4.8.2 Frequency of trigger value and target exceedances 

No pesticide sampling was conducted at Mackay City (for either site) subsequent to 2006–

2007, therefore no assessment of exceedances against the event targets can be 

undertaken. 
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3.4.9 Myrtle Creek 

3.4.9.1 Temporal variation in pesticides and comparison to trigger values and targets 

No ambient or event concentrations of tebuthiuron at Myrtle Creek were detected above the 

LOR, and therefore, they have not been graphed. 

The majority of ambient concentrations of ametryn at Myrtle Creek were consistent from 

2006–2008, with no linear temporal trend (p = 0.69) (Figure 129). There were two 

considerably higher values, one in early 2007 (0.5 µg/L) and one in early 2008 (0.9 µg/L). 

The majority of the ambient concentrations were at or below the target (0.04 µg/L). The 

highest ambient concentration (0.9 µg/L) was 22-times greater than the ambient target.  

Event concentrations of ametryn at Myrtle Creek were variable and covered three events 

from 2005–2007. There was no linear temporal trend (p = 0.88) (Figure 129). Approximately 

half of the ametryn event concentrations were at or below the event target (0.12 µg/L). The 

highest event concentration (2.7 µg/L) was 22-times greater than the event target. Many 

concentrations for both ambient and event concentrations were above the PC95 ecotoxicity 

threshold (0.1 µg/L).  

 

Figure 129 Temporal variation in ametryn concentrations during ambient and event conditions 

at Myrtle Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event ametryn 

targets for the Myrtle Creek Catchment Management Area. 

 

The majority of ambient concentrations of atrazine at Myrtle Creek were scattered between 

< LOR and 0.4 µg/L from 2006–2008, with two higher values (one in early 2007, 1.1 µg/L 

and one in early 2008, 8.4 µg/L) (Figure 130). There was no linear temporal trend over the 

sampling period (p = 0.54). The majority of the ambient concentrations were at or below the 
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target (0.11 µg/L). The highest ambient concentration (8.4 µg/L) was 76-times greater than 

the ambient target.  

Event concentrations of atrazine at Myrtle Creek covered three events from 2004 to 2007 

and were quite variable. There was no linear temporal trend (p = 0.92) (Figure 130). The 

majority of the atrazine event concentrations were at or below the event target (0.94 µg/L). 

The highest event concentration (5.2 µg/L) was five-times greater than the event target, but 

below the PC95 ecotoxicity threshold (6 µg/L). All concentrations (both ambient and event) 

were below the PC95 ecotoxicity threshold. 

 

Figure 130 Temporal variation in atrazine concentrations during ambient and event conditions 

at Myrtle Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event atrazine 

targets for the Myrtle Creek Catchment Management Area. 

Ambient concentrations of diuron in Myrtle Creek were highly variable from 2006–2008 lying 

between < LOR and approximately 12 µg/L, with no linear temporal trend (p = 0.36) (Figure 

131). Approximately half of the ambient concentrations were below the ambient target 

(0.11 µg/L), with the highest concentration (12 µg/L) was 109-times greater than the target 

and 40-times greater the PC95 ecotoxicity threshold for diuron (0.3 µg/L).  

The event concentrations of diuron covered three events from 2004–2007 and were quite 

variable ranging from <0.1 to 19 µg/L (Figure 131). There was no linear temporal trend 

(p = 0.54). The majority of the diuron event concentrations were above the event target 

(1.5 µg/L). The highest event concentration (19 µg/L) was 12-times greater than the event 

target, and 63-times greater than the PC95 ecotoxicity threshold. 
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Figure 131 Temporal variation in diuron concentrations during ambient and event conditions 

at Myrtle Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event diuron 

targets for the Myrtle Creek Catchment Management Area. 

Ambient concentrations of hexazinone at Myrtle Creek were fairly consistent from 2006–

2008, with no linear temporal trend (p = 0.47) (Figure 132). There was one markedly higher 

value in early 2008 (4 µg/L) which was 50-times greater than the ambient target (0.08 µg/L), 

and five-times greater than the PC95 ecotoxicity threshold for hexazinone (0.7 µg/L). The 

majority of the ambient concentrations were at or below the target.  

The event concentrations of hexazinone at Myrtle Creek covered three events from 2004–

2007 and were fairly variable and (Figure 132). There was no linear temporal trend 

(p = 0.18). Approximately half of the hexazinone event concentrations were at or below the 

event target (0.49 µg/L). The highest event concentration was approximately 7.4 µg/L, which 

was 15-times greater than the event target and 11-times greater than the PC95 ecotoxicity 

threshold. 
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Figure 132 Temporal variation in hexazinone concentrations during ambient and event 

conditions at Myrtle Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event 

hexazinone targets for the Myrtle Creek Catchment Management Area. 

3.4.9.2 Frequency of trigger value and target exceedances 

No event pesticide sampling was conducted for Myrtle Creek subsequent to 2006–2007 (i.e. 

when the 2014 targets were established), therefore no assessment of exceedances against 

the event targets was undertaken. Ambient sampling of pesticides was for one year 

subsequent to 2006–2007, with a total of 12 ambient samples taken in 2007–2008. Ambient 

concentrations of ametryn and atrazine exceeded the target in 17 per cent of samples taken, 

diuron concentrations exceeded the target in 50 per cent of samples, and 25 per cent of the 

samples exceeded the hexazinone target. Tebuthiuron concentrations did not exceed the 

target in any samples.  

3.4.10 O'Connell River  

The results for both O’Connell 1 and O’Connell 2 sites from 2004–2008 are presented 

below. No ambient sampling was conducted for O’Connell 2. The O’Connell 1 site had 

ambient and event samples taken.  

3.4.10.1 Temporal variation in pesticides and comparison to trigger values and 

targets 

All ambient and event concentrations of ametryn sampled from O’Connell River (at both 

sites), were below the LOR, and therefore have not been graphed.  

The majority of the ambient concentrations of atrazine in O’Connell River were below the 

ambient target (0.01 µg/L), with peak concentrations in September 2007 (0.14 µg/L), 

December 2007 (0.55 µg/L), and January 2008 (0.13 µg/L) (Figure 133). There was no 

temporal trend in ambient atrazine concentrations (p = 0.32). The highest concentration 
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recorded was 0.55 µg/L, 55-times greater than the target. All ambient concentrations were 

well below the PC95 ecotoxicity threshold for atrazine (6 µg/L). 

 

Figure 133 Temporal variation in atrazine concentrations during ambient conditions at 

O’Connell River from 2004–2008. The dashed line indicates the 2014 ambient atrazine target 

for the O’Connell River Catchment Management Area. 

Median event concentrations of atrazine in O’Connell River were scattered between < LOR 

and 0.7 µg/L over the sampling period (Figure 134). The results from O’Connell 1 showed an 

increase in concentrations over time (p = 0.042; R2 = 0.796). There was no linear temporal 

trend in median event concentrations at the O’Connell 2 site (p = 0.71) which were low in 

early 2005, much higher in early 2006 and then lower in early 2008. All median event 

concentrations were well below the PC95 ecotoxicity threshold for atrazine (6 µg/L). 

 

Figure 134 Temporal variation in median atrazine concentrations during event conditions at 

O’Connell River from 2004–2008. The PC95 ecotoxicity threshold for atrazine has not been 

plotted as it is 6 mg/L.  
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The majority of the ambient concentrations of diuron in O’Connell River were below the 

ambient target (0.01 µg/L), with peak concentrations in December 2007 and January 2008 

(Figure 135). These two concentrations were much higher than the previous peak in March 

2007 of 0.09 µg/L. There was no linear temporal trend in ambient concentrations (p = 0.31). 

The highest concentration recorded (0.32 µg/L) was 32-times greater than the target. Only 

one ambient concentration was above the PC95 ecotoxicity threshold for diuron (0.3 µg/L), 

and two were above the current Australian and New Zealand guideline PC95 value 

(0.2 µg/L). 

 

Figure 135 Temporal variation in diuron concentrations during ambient conditions at 

O’Connell River from 2004–2008. The dashed line indicates the 2014 ambient diuron target for 

the O’Connell River Catchment Management Area. 

Median event concentrations of diuron in the O’Connell River varied over the sampling 

period (Figure 135). There was no linear temporal trend at O’Connell 1 (p = 0.31) or 

O’Connell 2 (p = 0.66); however, the peaks did increase from January 2005 to January 

2006, and then decreased from January 2006–January 2008. The highest event 

concentration recorded was 2.0 µg/L. The majority of median concentrations were above the 

PC95 ecotoxicity threshold (0.3 µg/L) and the current Australian and New Zealand guideline 

PC95 value (0.2 µg/L).  
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Figure 136 Temporal variation in median diuron concentrations during event conditions at 

O’Connell River from 2004–2008. The dashed line indicates the PC95 ecotoxicity threshold for 

diuron.  

The majority of the ambient concentrations of hexazinone in O’Connell River were below the 

ambient target (0.01 µg/L), except on four occasions (Figure 137). While the higher values 

appeared to increase over time, there was no linear temporal trend across the sampling 

period (p = 0.43). The highest ambient concentration (0.5 µg/L) was 50-times greater than 

the target.  

 

Figure 137 Temporal variation in hexazinone concentrations during ambient conditions at 

O’Connell River from 2004–2008. The dashed line indicates the 2014 ambient hexazinone 

target for the O’Connell River Catchment Management Area. 

The median hexazinone event concentrations in the O’Connell River showed no linear 

temporal trend at O’Connell 1 (p = 0.63) or O’Connell 2 (p = 0.71) (Figure 138). The highest 
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event concentrations recorded were 0.29 and 0.28 µg/L. These concentrations were both 

recorded on the same day (12/01/2006), but at the two different sites. All median event 

concentrations were below the PC95 ecotoxicity threshold for hexazinone of 0.7 µg/L. 

 

Figure 138 Temporal variation in median hexazinone concentrations during event conditions at 

O’Connell River from 2004–2008. The PC95 ecotoxicity threshold for hexazinone has not been 

plotted as it is 0.7 µg/L.  

The ambient sampling did not detect any concentrations of tebuthiuron > LOR, therefore 

these data were not graphed.  

The median event concentrations of tebuthiuron in O’Connell River were scattered over the 

sampling period (Figure 139). No linear temporal trend was seen at either site (O’Connell 1: 

p = 0.34; O’Connell 2: p = 0.35). The peak median concentration in 2006 (0.91 µg/L) was 

higher than the peaks in 2005 (0.51 µg/L), 2007 (0.005 µg/L), and 2008 (0.03 µg/L). All 

concentrations were well below the PC95 ecotoxicity threshold for tebuthiuron (8.8 µg/L).  
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Figure 139 Temporal variation in median tebuthiuron concentrations during event conditions 

at O’Connell River from 2004–2008. The PC95 ecotoxicity threshold for tebuthiuron has not 

been plotted as it is 8.8 µg/L. 

3.4.10.2 Frequency of trigger value and target exceedances 

Ambient and event sampling of pesticides was undertaken at O’Connell River for one year 

subsequent to 2006–2007. The number of event samples was limited to three and therefore 

the per cent of samples that exceeded the event target was not determined. In 2007–2008, 

12 ambient samples were taken at the O’Connell 1 site. The ametryn targets were not 

exceeded in any ambient sample (Table 18). Concentrations of atrazine exceeded the 

targets in 25 per cent of the ambient samples (Table 18). Concentrations of diuron exceeded 

the targets in 25 per cent of the ambient samples (Table 18). Concentrations of hexazinone 

exceeded the targets in 17 per cent of the ambient samples (Table 18). Concentrations of 

tebuthiuron did not exceed the ambient target in any sample taken (Table 18). 

 

Table 18 Per cent of exceedances of the 2014 ambient (O’Connell 1) pesticide targets for 

O’Connell River for 2007–2008.  

Per cent exceedances 
(total no. samples) in 
ambient samples 

Ametryn Atrazine Diuron Hexazinone Tebuthiuron 

0 (12) 25 (12) 25 (12) 17 (12) 0 (12) 

 

3.4.11 Pioneer River 

3.4.11.1 Temporal variation in pesticides and comparison to trigger values and 

targets 

The ambient concentrations of ametryn in Pioneer River were consistent across the 

sampling period (at 0 or 0.005 µg/L), with only one concentration above the ambient target 
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0.01 µg/L) (Figure 140). This concentration was recorded in January 2008 (0.02 µg/L), but 

the concentration was still well below the ecotoxicity threshold PC95 level (0.1 µg/L). There 

was no linear temporal trend in ambient concentrations across the sampling period 

(p = 0.77).  

 

Figure 140 Temporal variation in ametryn concentrations during ambient conditions at Pioneer 

River from 2006–2013. The dashed line indicates the 2014 ambient ametryn target for the 

Pioneer River Catchment Management Area. 

Event concentrations of ametryn were varied and covered multiple events (Figure 141), with 

no linear temporal trend (p = 0.63). The highest median concentration occurred in January 

2010 (0.18 µg/L). All other median concentrations were equal to or below the PC95 

ecotoxicity threshold level of 0.1 µg/L.  

 

Figure 141 Temporal variation in median ametryn concentrations during event conditions at 

Pioneer River from 2004–2008. The dashed line indicates the PC95 ecotoxicity threshold for 

ametryn. 

The ambient concentrations of atrazine in the Pioneer River were consistent, with peaks in 

January 2007, late 2010 and late 2011 (Figure 142). These concentration peaks occurred 
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within the wet season, so may have been associated with event conditions. The majority of 

the ambient concentrations of atrazine were at or below the ambient target (0.02 µg/L). 

There was no linear temporal trend in ambient atrazine concentrations (p = 0.90). All median 

ambient concentrations were below the ecotoxicity threshold PC95 level of 6 µg/L. 

 

Figure 142 Temporal variation in atrazine concentrations during ambient conditions at Pioneer 

River from 2006–2013. The dashed line indicates the 2014 ambient atrazine target for the 

Pioneer River Catchment Management Area. 

Median event concentrations of atrazine were scattered and covered multiple events (Figure 

143). There was no linear temporal trend (p = 0.23) across the sampling period. All median 

event concentrations were below the ecotoxicity threshold PC95 level of 6 µg/L. The highest 

median concentration occurred in January 2007 (2 µg/L), followed by 1.4 µg/L in both 

December 2011 and January 2013, and 1.2 µg/L in January 2007. 

 

Figure 143 Temporal variation in median atrazine concentrations during event conditions at 

Pioneer River from 2004–2008. The PC95 ecotoxicity threshold for atrazine has not been 

plotted as it is 6 µg/L. 
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The ambient concentrations of diuron in the Pioneer River varied during the sampling period, 

with no linear temporal trend (p = 0.84) (Figure 144). During the 2006–2008 sampling period 

the concentrations varied between < LOR and 0.28 µg/L, with approximately half of the 

concentrations at or below the ambient target (0.02 µg/L). In the 2010–2013 sampling period 

the majority of the ambient diuron concentrations were below the ambient target, with only 

two concentrations being higher than the ambient target. The highest concentration was 

0.7 µg/L, occurred in the wet season, and was also above the PC95 ecotoxicity threshold for 

diuron (0.3 µg/L).  

 

Figure 144 Temporal variation in diuron concentrations during ambient conditions at Pioneer 

River from 2006–2013. The dashed lines indicate the 2014 ambient diuron target for the 

Pioneer River Catchment Management Area and the PC95 ecotoxicity threshold. 

Median event concentrations of diuron were scattered and did not show any linear temporal 

trend over the sampling period (p = 0.06) (Figure 145). The event concentrations peaked in 

the wet season of most years, ranging from 1.5 to 2.2 µg/L. The majority of diuron event 

concentrations were above the ecotoxicity threshold PC95 level for diuron of 0.3 µg/L. In the 

2010–2013 sampling period there were many median  concentrations recorded below the 

toxicity threshold, compared to the 2005–2008 period; however, this could be the result of a 

larger sampling effort during 2010–2013.  
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Figure 145 Temporal variation in median diuron concentrations during event conditions at 

Pioneer River from 2004–2008. The dashed line indicates the PC95 ecotoxicity threshold for 

diuron. 

The ambient concentrations of hexazinone in the Pioneer River were largely consistent 

across the sampling period with the great majority of results being ≤LOR (0.01 µg/L), which 

was also the ambient target (Figure 146). There was no linear temporal trend across the 

sampling period (p = 0.98). Two markedly higher concentrations were recorded (0.07 and 

0.23 µg/L); however, both of these occurred during the wet season and could therefore be 

from events. All ambient concentrations were below the hexazinone ecotoxicity threshold 

PC95 level of 0.7 µg/L.  

 

Figure 146 Temporal variation in median hexazinone concentrations during ambient 

conditions at Pioneer River from 2006–2013. The dashed line indicates the 2014 ambient 

hexazinone target for the Pioneer River Catchment Management Area. 
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The median event concentrations of hexazinone varied across sampled events (Figure 147). 

The event concentrations peaked in January 2007 (0.77 µg/L), before decreasing in 

subsequent years; however, there was no linear temporal trend over the entire sampling 

period (p = 0.052). All but one of the event median concentrations were below ecotoxicity 

threshold PC95 level of 0.7 µg/L. 

 

Figure 147 Temporal variation in median hexazinone concentrations during event conditions at 

Pioneer River from 2004–2008. The dashed line indicates the PC95 ecotoxicity threshold for 

hexazinone. 

There were no ambient concentrations of tebuthiuron above the LOR in any year sampled, 

therefore this has not been graphed. 

The median event concentrations of tebuthiuron were all < LOR between 2004 and 2008, 

and 2011 and 2012 (Figure 148). The only year in which event concentrations were recorded 

above the LOR was in 2012–2013, when the median concentrations peaked in January 

2013 at 0.1 µg/L. There was an increase in tebuthiuron over time (p = 0.036; R2 = 0.261), 

however the low R2 value indicates that other factors are also influencing the results. 

Additionally, there was a gap in the sampling for approximately three years. All of the median 

event concentrations recorded were well below the ecotoxicity threshold PC95 level for 

tebuthiuron (8.8 µg/L). 
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Figure 148 Temporal variation in median tebuthiuron concentrations during event conditions 

at Pioneer River from 2004–2013. The PC95 ecotoxicity threshold for tebuthiuron (8.8 µg/L) has 

not been plotted on this graph. 

3.4.11.2 Frequency of trigger value and target exceedances 

Ambient concentrations of ametryn in the Pioneer River exceeded the target in one out of 

five years, with an exceedance of 10 per cent (Table 19). Ambient concentrations of atrazine 

exceeded the target in three out of the five sampled years, with exceedances ranging from 

20 to 50 per cent (Table 19). Ambient concentrations of diuron and hexazinone exceeded the 

target in two out of the five years (2007–2008 and 2010–2011), with 50 and 67 per cent 

exceedance for diuron and 10 and 33 per cent exceedances for hexazinone (Table 19). 

Ambient concentrations of tebuthiuron were sampled in three years and did not exceed the 

target in any of these years (Table 19).  

Table 19 Per cent of exceedances of the 2014 ambient pesticide targets for Pioneer River for 

2007–2013. Red indicates poor data availability (0–4 samples), amber indicates moderate data 

availability (5–9 samples), green indicates good data availability (≥ 10 samples). 

Year 

Per cent exceedances (total no. samples) of ambient samples 

Ametryn Atrazine Diuron Hexazinone Tebuthiuron  

2007-2008 10 (10) 20 (10) 50 (10) 10 (10) 0 (10) 

2008-2009 - - - - - 

2009-2010 0 (1) 0 (1) 0 (1) 0 (1) - 

2010-2011 0 (3) 33 (3) 67 (3) 33 (3) - 

2011-2012 0 (4) 50 (4) 0 (4) 0 (4) 0 (4) 

2012-2013 0 (6) 0 (6) 0 (6) 0 (6) 0 (6) 

3.4.12 Plane Creek 

3.4.12.1 Temporal variation in pesticides and comparison to trigger values and 

targets 

All ambient and event concentrations of tebuthiuron sampled at Plane Creek were at or 

below the LOR (0.01 µg/L) and therefore have not been graphed.  
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There was one ambient ametryn concentration of 0.03 µg/L recorded in the sample from 

14/05/2007. This concentration was above the ambient target of < LOR; however, it was 

below the PC95 ecotoxicity threshold (0.1 µg/L). All other ametryn concentrations for 

ambient and event conditions were 0.01 µg/L or below, therefore ametryn concentrations 

have not been graphed.  

The ambient concentrations of atrazine in Plane Creek were fairly consistent, with no linear 

temporal trend (p = 0.45), and only two higher values (Figure 149). The majority of the 

ambient concentrations were below the ambient target (0.01 µg/L). The highest value 

occurred in early 2007, had a concentration of 2.2 µg/L and was 220-times greater than the 

ambient target.  

The event concentrations of atrazine were fairly variable, and increased over time 

(p = 0.041; R2 = 0.25), however the low R2 value indicates that other factors are also 

influencing the result (Figure 149). The event concentrations peaked in early 2005, early 

2006, with the highest event peak in early 2007. The majority of the concentrations were 

below the event target. The highest event concentration recorded was 1.2 µg/L, which was 

seven-times greater than the event target of 0.17 µg/L. All atrazine concentrations (both 

ambient and event) were well below the PC95 ecotoxicity threshold of 6 µg/L. 

 

Figure 149 Temporal variation in atrazine concentrations during ambient and event conditions 

at Plane Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event atrazine 

targets for the Plane Creek Catchment Management Area. 

The ambient concentrations of diuron in Plane Creek were fairly consistent, apart from one 

markedly higher value and there was no temporal trend (p = 0.46) (Figure 150). The majority 

of the ambient concentrations of diuron in Plane Creek were at or below the ambient target 

(< 0.01 µg/L). The higher value occurred in early 2007 and had a concentration of 1.6 µg/L, 

which was 160-times greater than the ambient target of 0.01 µg/L, and approximately five-

times greater than the PC95 ecotoxicity threshold for diuron (0.3 µg/L).  

The event concentrations of diuron were quite variable with no linear temporal trend 

(p = 0.54) (Figure 150). There was a peak in early 2005, followed by a decrease in early 
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2006, and another increase in early 2007. The majority of the event concentrations of diuron 

were below the event target (0.51 µg/L). The highest event concentration recorded was 

1.3 µg/L that was four-times greater than the PC95 ecotoxicity threshold for diuron.  

 

Figure 150 Temporal variation in diuron concentrations during ambient and event conditions 

at Plane Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event diuron 

targets for the Plane Creek Catchment Management Area. 

The ambient concentrations of hexazinone in Plane Creek were fairly consistent, apart from 

one markedly higher value and there was no linear temporal trend (p = 0.36) (Figure 151). 

The majority of the ambient concentrations of hexazinone were at or below the ambient 

target (0.04 µg/L). The highest ambient value occurred in early 2007 and had a 

concentration of 1.2 µg/L, which was 30-times greater than the ambient target, and above 

the PC95 ecotoxicity threshold for hexazinone (0.7 µg/L).  

The event concentrations of hexazinone were fairly consistent, with no linear temporal trend 

(p = 0.93) (Figure 151). There was a peak in mid-2005, followed by another peak in early 

2007. Half of the concentrations were below the event target (0.14 µg/L). The highest event 

concentration recorded was 0.64 µg/L, four-times greater than the event target. All event 

concentrations were below the PC95 ecotoxicity threshold for hexazinone. 
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Figure 151 Temporal variation in hexazinone concentrations during ambient and event 

conditions at Plane Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event 

hexazinone targets for the Plane Creek Catchment Management Area. 

3.4.12.2 Frequency of trigger value and target exceedances 

No event pesticide sampling was conducted in Plane Creek subsequent to 2006–2007 (i.e. 

when the 2014 targets were established), therefore no assessment of exceedances against 

event targets was undertaken. Ambient sampling of pesticides was carried out for one year 

subsequent to 2006–2007, with a total of 11 ambient samples taken in 2007–2008. Ambient 

concentrations of ametryn, hexazinone, and tebuthiuron did not exceed the target in any 

samples taken. The atrazine target was exceeded in 9 per cent of samples and the diuron 

target was exceeded in 27 per cent of samples.  

3.4.13 Proserpine River 

No ambient sampling was conducted at Proserpine River, at either site; thus, the following 

results are based on event conditions from 2004–2006. 

3.4.14 Temporal variation in pesticides and comparison to trigger values and targets 

All event concentrations of ametryn and tebuthiuron sampled at Proserpine River were at, or 

below the LOR (0.01 µg/L) and therefore were not graphed. 

There was one event hexazinone concentration of 0.04 µg/L recorded in the sample from 

24/01/2005. This concentration was below the event target of 0.19 µg/L, and below the 

PC95 ecotoxicity threshold (0.7 µg/L) for hexazinone. All other hexazinone concentrations 

were ≤ 0.01 µg/L and therefore were not graphed.  

All event atrazine concentrations in the Proserpine River were below the event target 

(0.26 µg/L) (Figure 152). As there were only four samples from Proserpine 1 and three 

samples from Proserpine 2, it was not possible to find any linear temporal trends. The 
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highest concentration was 0.1 µg/L. All concentrations of atrazine were well below the PC95 

ecotoxicity threshold for atrazine (6 µg/L). 

 

Figure 152 Temporal variation in atrazine concentrations during event conditions at 

Proserpine River from 2004–2006. The dashed line indicates the 2014 event atrazine target for 

the Proserpine River Catchment Management Area. 

All event concentrations of diuron in the Proserpine River were below the event target 

(1.02 µg/L) (Figure 153). As there were only four samples from Proserpine 1 and three 

samples from Proserpine 2, linear temporal trends were not determined. The highest 

concentration occurred in early 2005, with a value just under 0.4 µg/L. This sample had the 

only concentration above the diuron PC95 ecotoxicity threshold of 0.3 µg/L.   

 

Figure 153 Temporal variation in diuron concentrations during event conditions at Proserpine 

River from 2004–2006. The dashed line indicates the 2014 event diuron target for the 

Proserpine River Catchment Management Area. 
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3.4.14.1 Frequency of trigger value and target exceedances 

No sampling was conducted in Proserpine River (at either site) subsequent to 2006–2007 

(i.e. when the 2014 targets were established), therefore no assessment of concentration 

exceedances against the targets can be undertaken.  

3.4.15 Rocky Dam Creek 

3.4.15.1 Temporal variation in pesticides and comparison to trigger values and 

targets 

There was one event tebuthiuron concentration of 0.01 µg/L recorded in the sample taken 

on 12/01/2006. This concentration was above the event target of < LOR, however it was well 

below the PC95 ecotoxicity threshold (8.8 µg/L) for tebuthiuron. All other tebuthiuron 

concentrations were < LOR, therefore have not been graphed.  

The ambient concentrations of ametryn in Rocky Dam Creek were fairly consistent, with a 

peak in early 2007 (Figure 154). There was no linear temporal trend in ambient 

concentrations (p = 0.65). The majority of the ambient concentrations were at or below the 

ambient target (0.02 µg/L). The two highest concentrations were around 0.16 µg/L, which 

was eight-times greater than the ambient target, and above the PC95 ecotoxicity threshold 

for ametryn (0.1 µg/L).  

The event concentrations of ametryn were scattered, with no linear temporal trends 

(p = 0.82) across the sampling period (Figure 154). There was one higher value in early 

2006, with a concentration of 1.4 µg/L. This concentration was 35-times greater than the 

event target and 14-times the PC95 ecotoxicity threshold. Half of the event concentrations 

were above the event target. 

 

Figure 154 Temporal variation in ametryn concentrations during ambient and event conditions 

at Rocky Dam Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event 

ametryn targets for the Rocky Dam Creek Catchment Management Area. 
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The ambient concentrations of atrazine in Rocky Dam Creek were fairly consistent, with only 

one markedly higher value in early 2008 (Figure 155). There was no linear temporal trend 

across the sampling period (p = 0.37). The majority of the ambient concentrations were at or 

below the ambient target (< LOR). The highest value occurred at the end of 2007, with a 

concentration of 1.2 µg/L, 120-times greater than the ambient target.  

Event concentrations of atrazine were varied, with no linear temporal trend (p = 0.82) (Figure 

155). The peak in early 2005 was approximately 0.2 µg/L, while the peak in early 2006 was 

around 1.7 µg/L, followed by a peak of 0.9 µg/L in early 2007. The highest peak was six-

times greater than the event target of 0.27 µg/L. No ambient or event atrazine 

concentrations were above the PC95 ecotoxicity threshold for atrazine of 6 µg/L.  

 

Figure 155 Temporal variation in atrazine concentrations during ambient and event conditions 

at Rocky Dam Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event 

atrazine targets for the Rocky Dam Creek Catchment Management Area. 

The ambient concentrations of diuron in Rocky Dam Creek were fairly consistent between 

< LOR and 0.5 µg/L, with two peaks and two higher values (Figure 156). There was no linear 

temporal trend (p = 0.48). The concentration peaks occurred in early and late 2007. The 

highest concentration was 30 µg/L, which was 428-times the ambient target of 0.01 µg/L, 

and 100-times the diuron PC95 ecotoxicity threshold (0.3 µg/L). The majority of the ambient 

concentrations were at or below the ambient target.  

Event concentrations of diuron were scattered across a few events, with no linear temporal 

trend (p = 0.64) (Figure 156). The peak in early 2005 was approximately 2 µg/L, while the 

peak in early 2006 was around 23 µg/L, followed by a peak of 5 µg/L in early 2007. The 

highest concentration was 30-times greater than the event target of 0.75 µg/L, and 76-times 

greater than the PC95 ecotoxicity threshold. Two-thirds of the event concentrations were 

above the event target. 
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Figure 156 Temporal variation in diuron concentrations during ambient and event conditions 

at Rocky Dam Creek from 2004–2008. Dashed lines indicate the 2014 ambient and event diuron 

targets for the Rocky Dam Creek Catchment Management Area. The dotted line indicates the 

PC95 ecotoxicity threshold for diuron.  

The ambient concentrations of hexazinone in Rocky Dam Creek were fairly consistent, with 

one peak, which included one higher value (Figure 157). There was no linear temporal trend 

during the sampling period (p = 0.49). The majority of the ambient concentrations were at or 

below the ambient target. The concentration peak occurred in late 2007–early 2008. The 

highest concentration was 21 µg/L that was 161-times greater than the ambient target of 

0.13 µg/L and 30-times greater than the hexazinone PC95 ecotoxicity threshold (0.7 µg/L).  

Event concentrations of hexazinone were scattered across a few events, with no linear 

temporal trend (p = 0.85) (Figure 157). The majority of event concentrations of hexazinone 

were above the event target (0.55 µg/L). The highest concentration peak was in early 2006 

(5 µg/L) with the following highest peak in early 2008, with a concentration of 3 µg/L. The 

concentration of 5 µg/L was nine-times greater than the event target, and seven-times 

greater than the PC95 ecotoxicity threshold.  
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Figure 157 Temporal variation in hexazinone concentrations during ambient and event 

conditions at Rocky Dam Creek from 2004–2008. Dashed lines indicate the 2014 ambient and 

event hexazinone targets for the Rocky Dam Creek Catchment Management Area. 

3.4.15.2 Frequency of trigger value and target exceedances 

No event pesticide sampling was conducted in Rocky Dam Creek subsequent to 2006–2007, 

therefore no assessment of exceedances against event targets was undertaken. Ambient 

sampling of pesticides was carried out for one year subsequent to 2006–2007, with a total of 

10 ambient samples taken in 2007–2008. Ambient concentrations of ametryn exceeded the 

target in 20 per cent of samples, and ambient atrazine concentrations exceeded the target in 

70 per cent of samples. Diuron concentrations exceeded the target in 50 per cent of 

samples, and the hexazinone target was exceeded in 40 per cent of ambient samples. The 

concentrations of tebuthiuron did not exceed the target in any sample taken.  

3.4.16 Sandy Creek 

3.4.17 Temporal variation in pesticides and comparison to trigger values and targets 

The ambient concentrations of ametryn in Sandy Creek ranged between 0 and 0.44 µg/L, 

with no linear temporal trend (p = 0.27) (Figure 158). The majority of the concentrations were 

at or below the ambient target. The ambient concentration peaks were 0.05 µg/L in early 

2007 and 0.44 µg/L in early 2008. The highest concentration of 0.44 µg/L was 22-times 

greater than the ambient target of 0.02 µg/L, and approximately four-times greater than the 

PC95 ecotoxicity threshold of 0.1 µg/L. Since 2009, there were no ametryn concentrations 

above 0.02 µg/L.  
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Figure 158 Temporal variation in ametryn concentrations during ambient conditions at Sandy 
Creek from 2006–2013. The dashed line indicates the 2014 ambient ametryn target for the 
Sandy Creek Catchment Management Area. 

Median event concentrations of ametryn were scattered, with no linear temporal trend 

(p = 0.97) (Figure 159). The highest median concentration occurred in late 2010 (0.5 µg/L) 

with the second highest peak (0.095 µg/L) in January 2010. The ecotoxicity PC95 level for 

ametryn is 0.1 µg/L, and only one event median concentration was above this, although 

several approached this value.  

 

Figure 159 Temporal variation in ametryn concentrations during event conditions at Sandy 

Creek from July 2004–2013. The dashed line indicates the PC95 ecotoxicity threshold for 

ametryn. 

The ambient concentrations of atrazine in Sandy Creek decreased over time (p = 0.047; 

R2 = 0.125), however the low R2 value indicates that other factors are influencing the results 

(Figure 160). The vast majority of the ambient concentrations were at or below the ambient 

target of 0.09 µg/L, with only three concentrations being higher than this target. The highest 
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ambient concentration was 0.36 µg/L, four-times greater than the ambient target. Since 

2009, there were no atrazine concentrations above the ambient target.  

 

Figure 160 Temporal variation in atrazine concentrations during ambient conditions at Sandy 

Creek from 2006–2013. The dashed line indicates the 2014 ambient atrazine target for the 

Sandy Creek Catchment Management Area. 

Median event concentrations of atrazine were scattered across multiple events and ranged 

between 0.02 and 2.0 µg/L, with no linear temporal trend (p = 0.056) (Figure 161). The 

highest concentrations peak occurred in early 2007 (1.7 µg/L), early 2010 (2.0 µg/L), and 

late 2010 (1.65 µg/L). All of the median concentrations were below the ecotoxicity threshold 

PC95 for atrazine (6 µg/L).   

 

Figure 161 Temporal variation in median atrazine concentrations during event conditions at 

Sandy Creek from 2004–2013. The dashed line indicates the PC95 ecotoxicity threshold for 

atrazine. 

The vast majority of ambient concentrations for diuron in Sandy Creek occurred below the 

ambient target of 0.19 µg/L, with a peak in early 2007 (Figure 162). There was a linear 

decrease in concentrations (p = 0.004; R2 = 0.245); however, the low R2 value indicates that 
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other factors also influenced the results. Only two ambient concentrations were higher than 

the ambient target. The highest ambient concentration was 0.34 µg/L. All ambient diuron 

concentrations, except the highest value, were below the ecotoxicity threshold. 

 

Figure 162 Temporal variation in diuron concentrations during ambient conditions at Sandy 

Creek from 2006–2013. The dashed line indicates the 2014 ambient diuron target for the Sandy 

Creek Catchment Management Area. 

Median event concentrations of diuron were scattered, with a linear decrease over time 

(p = 0.002; R2 = 0.378), however the low R2 value indicates that there are other factors also 

influencing the results (Figure 163). The highest concentration occurred in early 2007 

(5.7 µg/L), and peaks also occurred in January 2005 (3.1 µg/L), January 2010 (4.2 µg/L) 

andJanuary 2011 (2.2 µg/L ). More than half the median event concentrations exceeded the 

ecotoxicity threshold PC95 for diuron of 0.3 µg/L and the current Australian and New 

Zealand Guideline Value of 0.2 µg/L. 

 

Figure 163 Temporal variation in diuron concentrations during event conditions at Sandy 

Creek from July 2007–2013. The dashed line indicates the PC95 ecotoxicity threshold for 

diuron. 
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The ambient concentrations of hexazinone in Sandy Creek peaked in early 2007 and then 

decreased linearly over time (p = 0.000; R2 = 0.51) (Figure 164). The range of 

concentrations from 2006–2008 was greater than the spread from 2010–2013. The 

concentrations in the second sampling period were much lower than those in the first. Only 

one concentration (0.35 µg/L) over the entire sampling period was above the ambient target 

of 0.2 µg/L. The PC95 ecotoxicity threshold for hexazinone is 0.7 µg/L; none of the ambient 

concentrations were above this. 

 

Figure 164 Temporal variation in hexazinone concentrations during ambient conditions at 

Sandy Creek from 2006–2013. The dashed line indicates the 2014 ambient hexazinone target 

for the Sandy Creek Catchment Management Area. 

Median event concentrations of hexazinone were fairly scattered across multiple events, and 

decreased linearly over time (p = 0.017; R2 = 0.242); however, the low R2 value indicates 

that there are other factors also influencing the results (Figure 165). The highest median 

concentration of 1.8 µg/L occurred in early 2007, followed by a peak of 1.7 µg/L in early 

2010. Three of the event median concentrations were above the ecotoxicity threshold PC95 

for hexazinone (0.7 µg/L). 

 

Figure 165 Temporal variation in hexazinone concentrations during event conditions at Sandy 

Creek from July 2007–2013. The dashed line indicates the PC95 ecotoxicity threshold for 

hexazinone. 
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The ambient concentrations of tebuthiuron in Sandy Creek were sampled from mid-2006 to 

mid-2008, and peaked in late 2006 (0.04 µg/L) (Figure 166). The vast majority of 

concentrations were below the target of 0.01 µg/L, with only two values above the target. 

There was no linear temporal trend over the sampling period (p = 0.08). All recorded 

ambient concentrations were well below the ecotoxicity threshold PC95 of 8.8 µg/L.  

 

Figure 166 Temporal variation in tebuthiuron concentrations during ambient conditions at 

Sandy Creek from 2004–2013. The dashed line indicates the ambient target for the Sandy 

Creek Catchment Management Area. 

Tebuthiuron sampling under event conditions was limited, but from the six median 

concentrations recorded, three were 0.005 µg/L and three were 0 µg/L (Figure 167). These 

values are all below the LOR, and therefore, linear regression was not performed. All values 

were well below the ecotoxicity threshold PC95 for tebuthiuron of 8.8 µg/L. 

 

Figure 167 Temporal variation in tebuthiuron concentrations during event conditions at Sandy 

Creek from July 2007–2013.  
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3.4.17.1 Frequency of trigger value and target exceedances 

Ambient concentrations of ametryn in Sandy Creek exceeded the target in one out of five 

sampled years, with an exceedance of 44 per cent (Table 20). Ambient concentrations of 

atrazine also exceeded the target in one year, with an exceedance of 11 per cent (Table 20). 

All ambient concentrations of diuron, hexazinone and tebuthiuron were below the relevant 

2014 targets (Table 20).  

Table 20 Per cent of exceedances of the 2014 ambient pesticide targets for Sandy Creek for 

2007–2013. Red indicates poor data availability (0–4 samples), amber indicates moderate data 

availability (5–9 samples), green indicates good data availability (≥ 10 samples). 

Year 
Per cent exceedances (total no. samples) of ambient samples 

Ametryn Atrazine Diuron Hexazinone Tebuthiuron  

2007–2008 44(9) 11 (9) 0 (9) 0 (9) 0 (9) 

2008–2009 - - - - - 

2009–2010 0 (1) 0 (1) 0 (1) 0 (1) 0 (1) 

2010–2011 0 (3) 0 (3) 0 (3) 0 (3) 0 (3) 

2011–2012 0 (3) 0 (3) 0 (3) 0 (3) 0 (3) 

2012–2013 0 (8) 0 (8) 0 (8) 0 (8) 0 (8) 

3.4.18 Sarina  

There was no ambient pesticide sampling conducted for Sarina, thus, the following results 

are based on event conditions from 2004–2007. 

3.4.18.1 Temporal variation in pesticides and comparison to trigger values and 

targets 

All event concentrations of ametryn and tebuthiuron sampled at Sarina were at, or below, the 

LOR (0.01 µg/L) and have not been graphed.  

The event concentrations of atrazine at Sarina only covered a one year period so no linear 

regression was performed. The peaks in early 2006 and 2007 were of similar concentrations 

(around 0.02 µg/L) (Figure 168). This peak concentration was below the event target for 

atrazine of 0.17 µg/L and the PC95 ecotoxicity threshold of 6 µg/L. All atrazine event 

concentrations were well below the event target.  
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Figure 168 Temporal variation in atrazine concentrations during event conditions at Sarina 

from 2005–2007. The dashed line indicates the 2014 event atrazine target for the Plane Creek 

Catchment Management Area. 

The event concentrations of diuron at Sarina only covered a one year period so no linear 

regression was performed (Figure 169). The two peaks (in early 2006 and 2007) were of 

similar concentrations. All event concentrations were below the event target of 0.51 µg/L. 

One event concentration was above the PC95 ecotoxicity threshold for diuron (0.3 µg/L), 

and two concentrations were above current Australian and New Zealand guideline PC95 

value (0.2 µg/L). 

 

Figure 169 Temporal variation in diuron concentrations during event conditions at Sarina from 

2005–2007. The dashed lines indicate the 2014 event diuron target for the Plane Creek 

Catchment Management Area and the PC95 ecotoxicity threshold.  

Concentrations of hexazinone were scattered across the one-year sampling period so no 

linear regression was performed (Figure 170). The concentration in early 2006 peaked at 

0.16 µg/L, which was much higher than the peak in early 2007 of 0.01 µg/L, although there 

Event target 
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was minimal sampling in the latter period. Only one concentration was above the event 

target of 0.14 µg/L, but this concentration was well below the hexazinone PC95 ecotoxicity 

threshold of 0.7 µg/L. 

 

Figure 170 Temporal variation in hexazinone concentrations during event conditions at Sarina 

from 2005–2007. The dashed line indicates the 2014 event hexazinone target for the Plane 

Creek Catchment Management Area. 

3.4.18.2 Frequency of trigger value and target exceedances 

No sampling was conducted at Sarina subsequent to 2006–2007 (i.e. when the 2014 targets 

were established), therefore no assessment of concentration exceedances against the 

targets was undertaken. 

3.4.19 St Helens Creek 

No event sampling was conducted in St Helens Creek subsequent to 2006–2007, however 

one year of ambient sampling (12 samples) was undertaken in 2007–2008, in which no 

samples exceeded any of the pesticide targets and ecotoxicity thresholds.   

3.4.20 Waite Creek 

No pesticide sampling was conducted for Waite Creek subsequent to 2006–2007 (i.e. when 

the 2014 targets were established), therefore no assessment of concentration exceedances 

against the targets was undertaken.  

3.5  Mixtures of Pesticides 

3.5.1 Temporal variation in the measured level of protection being provided and 

comparison to adequate levels of protection and targets 

3.5.1.1 Upper Andromache and Andromache River 

The Upper Andromache River is a HEV site whereas the Andromache River site situated 

lower in the catchment is not. Therefore data collected from the Upper Andromache was 
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compared to the ms-PAF target 1, which was derived to protect HEV systems (i.e.,  

99 per cent of phototrophic species), and the Andromache River data was compared to the 

ms-PAF target 5 which aims to protect 95 per cent of phototrophic species.  

Ambient ms-PAF results were consistent in the Upper Andromache River, with no linear 

temporal trend (p = 0.85) (Figure 171). All ambient mixtures of pesticides in Upper 

Andromache River were well below the ms-PAF target for HEV sites of < 1 per cent of 

phototrophic species, indicating that adequate protection is provided under ambient 

conditions. 

The event sampling in both Andromache River sites was limited, but there were no linear 

temporal trends at Upper Andromache River (p = 0.72) or Andromache River (p = 0.40). One 

of the event samples in Upper Andromache River was just above the ms-PAF target 1, with 

a ms-PAF value of 1.04 per cent. All other event samples for the Upper Andromache River 

were below the target, indicating that for the majority of the time adequate protection is 

provided under event conditions. The ms-PAF results tended to be higher in samples 

collected during events at the Andromache River site compared to the Upper Andromache 

River site, which was expected, as the Upper Andromache site is an HEV site, and the 

Andromache River site is downstream of the HEV site. Approximately 80 per cent of the land 

within this CMA is used for grazing (Drewry et al. 2008). All event ms-PAF values for the 

Andromache River were below the ms-PAF target 5 of 5 per cent of phototrophic species, 

indicating that adequate protection is provided under event conditions.  

 

 

Figure 171 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at Upper Andromache River and Andromache River from 

2004–2008. Dashed lines indicate the PC95 (ms-PAF target 5) and PC99 (ms-PAF target 1) ms-

PAF targets for the normal sites and HEV sites, respectively.  



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

145 

 

3.5.1.2 Bakers Creek 

Bakers Creek is not a HEV site and therefore the ms-PAF target 5 that aims to protect 

95 per cent of phototrophic species is the relevant target. Ambient ms-PAF results in Bakers 

Creek were quite variable, with no linear temporal trend apparent (p = 0.60) (Figure 172). Of 

the 23 samples taken, 12 had ms-PAF values higher than the ms-PAF target 5. The highest 

ms-PAF result indicated that up to 94 per cent of phototrophic species may have been 

adversely affected. The majority of ms-PAF values were above the ms-PAF target of 5 at 

this site, indicating that in many instances, adequate protection to phototrophic species was 

not provided when mixtures were considered.   

 

Figure 172 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient conditions at Bakers Creek from 2006–2008. The dashed line indicates the 

PC95 ms-PAF target (ms-PAF target 5) for this site. 

3.5.1.3 Basin Creek 

Basin Creek is an HEV site and therefore the ms-PAF target 1 that aims to protect 

99 per cent of phototrophic species is the relevant target. Ambient ms-PAF results in Basin 

Creek were consistent, with no linear temporal trend over the sampling period (p = 0.73) 

(Figure 173). All ambient ms-PAF values were below the target for a HEV site, and therefore 

adequate protection to phototrophic species was provided under ambient conditions. The 

event sampling in Basin Creek was limited, and no linear temporal trend was apparent 

(p = 0.079). Only one of the six event samples had a ms-PAF below the target (Figure 173), 

indicating that in the majority of event conditions adequate protection was not provided to 

phototrophic species in Basin Creek. The highest ms-PAF value calculated indicated that up 

to 17 per cent of the phototrophic species were potentially affected by the mixture of 

pesticides during that event. 
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Figure 173 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at Basin Creek from 2004–2008. The dashed line 

indicates the PC99 ms-PAF target (ms-PAF target 1) for the site.  

3.5.1.4 Blacks Creek 

Blacks Creek is not a HEV site and therefore the ms-PAF target 5 that aims to protect 

95 per cent of phototrophic species is the relevant target. Event ms-PAF results in Blacks 

Creek were limited to only three samples, so it was not possible to discern any linear 

temporal trend (Figure 174). Two of the three ms-PAF values were below the target, and one 

was above, at 7.1 per cent, indicating that in two out of three samples, adequate protection 

to phototrophic species was provided. This result should be interpreted cautiously given the 

limited number of samples for Blacks Creek. 

 

Figure 174 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during event conditions at Blacks Creek from 2004–2007. The dashed line indicates the PC95 

ms-PAF target (ms-PAF target 5) for the site.  
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3.5.1.5 Carmila Creek 

Carmila Creek is not a HEV site and therefore the ms-PAF target 5 that aims to protect 

95 per cent of phototrophic species is the relevant target. Ambient ms-PAF results for 

Carmila Creek were fairly consistent, with no linear temporal trend (p = 0.57) over the 

sampling period (Figure 175). The highest ambient ms-PAF value occurred in late 2006, with 

a value of 38 per cent. The vast majority of the ambient ms-PAF values were below the 

target for Carmila Creek, indicating that generally adequate protection was provided to 

phototrophic species under ambient conditions. The event sampling showed no linear 

temporal trend in ms-PAF values (p = 0.11); however, there were limited samples available 

(Figure 175). The majority of event samples were above the ms-PAF target indicating that 

during event conditions, the mixtures of pesticides generally did not allow for adequate 

protection of phototrophic species. The highest event ms-PAF value occurred in early 2007, 

and was 38 per cent.  

 

Figure 175 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at Carmila Creek from 2004–2008. The dashed line 

indicates the PC95 ms-PAF target (ms-PAF target 5) for the site.  
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3.5.1.6 Finch Hatton Creek 

Finch Hatton Creek is a HEV site and therefore the ms-PAF target 1 that aims to protect 

99 per cent of phototrophic species is the relevant target. The vast majority of the ms-PAF 

results for both ambient (21 out of 22 samples) and event (all four samples) conditions in 

Finch Hatton Creek had ms-PAF values of 0 per cent (Figure 176). All ms-PAF results for 

both ambient and event mixtures of pesticides in Finch Hatton Creek were below the HEV 

site ms-PAF target 1, indicating that under the vast majority of flow conditions, adequate 

protection to phototrophic species was provided at this site. 

 

Figure 176 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at Finch Hatton Creek from 2004–2008. The dashed line 

indicates the PC99 ms-PAF target (ms-PAF target 1) for this site.   

3.5.1.7 Gregory River 

Gregory River is not a HEV site and therefore the ms-PAF target 5 that aims to protect 

95 per cent of phototrophic species is the relevant target. Event ms-PAF results for Gregory 

River did not show any linear temporal trends (p = 0.98) over the monitoring period (Figure 

177). The highest ms-PAF value occurred in early 2005 and indicated 84 per cent of 

phototrophic species experienced adverse effects at that time. The peak ms-PAF values 

subsequent to this were considerably lower (31 per cent and 46 per cent); however, they 

were still well above the ms-PAF target. This indicates that for the majority of time under 

event conditions inadequate protection is provided to phototrophic species within Gregory 

River, based on mixtures of pesticides.   
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Figure 177 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during event conditions at Gregory River from 2004–2007. The dashed line indicates the PC95 

ms-PAF target (ms-PAF target 5) for this site.   

3.5.1.8 Impulse Creek 

Impulse Creek is a HEV site and therefore the ms-PAF target 1 that aims to protect 

99 per cent of phototrophic species is the relevant target. Of the 24 ambient ms-PAF results 

in Impulse Creek, all but two ms-PAF values were 0 per cent, and these two values indicated 

that only 0.31 per cent and 0.61 per cent of phototrophic species were affected (Figure 178). 

These values were below the target for an HEV site of 1 per cent. There were only four 

event samples available for Impulse Creek, and all ms-PAF results were 0 per cent. All ms-

PAF results for both ambient and event mixtures of pesticides in Impulse Creek were below 

the appropriate ms-PAF targets, indicating that under both flow conditions, adequate 

protection to phototrophic species was provided. 

 

Figure 178 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at Impulse Creek from 2004–2008. The dashed line 

indicates the PC99 ms-PAF target (ms-PAF target 1) for this site. 
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3.5.1.9 Mackay City 

The Mackay City sites are not HEV sites and therefore the ms-PAF target 5 that aims to 

protect 95 per cent of phototrophic species is the relevant target. There was no linear 

temporal trend at either the Mackay 1 (p = 0.70) or Mackay 2 (p = 0.20) sites (Figure 181). 

The highest ms-PAF value at the Mackay 1 site was in late 2005, and indicated that 

14 per cent of phototrophic species were potentially affected. The only other ms-PAF value 

above the ms-PAF target of 5 was approximately 5.5 per cent. All other ms-PAF results were 

below the target, indicating that under the majority of event conditions adequate protection of 

phototrophic species was provided at these sites.  

 

Figure 179 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during event conditions at Mackay 1 and Mackay 2 from 2004–2007. The dashed line indicates 

the PC95 ms-PAF target (ms-PAF target 5) for this site. 

3.5.1.10 Myrtle Creek 

Myrtle Creek is not a HEV site and therefore the ms-PAF target 5 that aims to protect 

95 per cent of phototrophic species is the relevant target. Ambient ms-PAF results from 

Myrtle Creek were highly variable (from approximately 0 to 94 per cent over the sampling 

period), with no linear temporal trend (p = 0.27) (Figure 180). The highest ambient ms-PAF 

value occurred in late 2007, with a value of 94 per cent, indicating that only 6 per cent of the 

phototrophic species were potentially protected at that time. The majority of the ambient ms-

PAF values were at or below the target; however, there were six ms-PAF results higher than 

20 per cent. This indicates that generally adequate protection to phototrophic species is 

provided under ambient conditions, but sometimes inadequate protection is provided. The 

ms-PAF event results were highly variable across the sampling period with no linear 

temporal trends (p = 0.86) (Figure 180). The highest event ms-PAF value showed that 

96 per cent of phototrophic species were potentially affected by the mixture of pesticides. In 

the majority of time under event conditions, inadequate protection to phototrophic species 

was provided.  
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Figure 180 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at Myrtle Creek from 2004–2008. The dashed line 

indicates the PC95 ms-PAF target (ms-PAF target 5) for the site.  

3.5.1.11 O’Connell River 

The O’Connell River sites are not HEV sites and therefore the ms-PAF target 5 that aims to 

protect 95 per cent of phototrophic species is the relevant target. Ambient ms-PAF results 

were largely consistent for the O’Connell 1 site and did not show any linear temporal trend 

(p = 0.29) (Figure 181). Two ambient ms-PAF results in late 2007/early 2008 exceeded the 

ms-PAF target of 5, with values of 11 and 13 per cent, respectively. Event sampling results 

in both sites varied, with peak values ranging from 36 to 58 per cent (Figure 181). There 

were no linear temporal trends in event ms-PAF values for O’Connell 1 (p = 0.08) or 

O’Connell 2 (p = 0.71). The ms-PAF event values were highest in early 2006, and decreased 

toward early 2008, but the limited sampling could be misleading. The   majority of ms-PAF 

event values were larger than the ms-PAF target value, indicating that adequate protection 

of phototrophic species was typically not provided.  
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Figure 181 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at O’Connell River from 2004–2008. The dashed line 

indicates the PC95 ms-PAF target (ms-PAF target 5) for this site. 

3.5.1.12 Pioneer River 

The Pioneer River is not a HEV site and therefore the ms-PAF target 5 that aims to protect 

95 per cent of phototrophic species is the relevant target. Ambient ms-PAF results for the 

Pioneer River were consistent and did not show any linear temporal trends (p = 0.97) (Figure 

182). There were values that exceeded the ms-PAF target of 5, with the highest ms-PAF 

value being 30 per cent, however the timing of all three of these values appeared to be 

within events. All other ambient ms-PAF values were below the ms-PAF target for the 

Pioneer River. Thus, under the vast majority of ambient conditions adequate protection is 

provided to phototrophic species in the Pioneer River.  

The event sampling from Pioneer River showed a slight linear decrease over time 

(p = 0.000; R2 = 0.059); however, the low R2 value indicates that there are other factors 

(rather than just time) also influencing the ms-PAF results (Figure 182). The majority of the 

event ms-PAF results in Pioneer River were above the ms-PAF target of 5, with a high 

number of results over an ms-PAF of 20, and multiple over 60. The highest ms-PAF event 

value was approximately 77 per cent, which is well above the ms-PAF target. These event 

results indicate that generally inadequate protection is provided to phototrophic species 

under event conditions in the Pioneer River and the degree of protection can be quite low.  
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Figure 182 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at Pioneer River from 2004–2013. The dashed line 

indicates the PC95 ms-PAF target (ms-PAF target 5) for this site. 

3.5.1.13 Plane Creek 

Plane Creek is not a HEV site and therefore the ms-PAF target 5 that aims to protect 

95 per cent of phototrophic species is the relevant target. Ambient ms-PAF results were 

consistent for Plane Creek, with one notable exception, and did not show any linear temporal 

trend (p = 0.44) (Figure 183). One ambient value exceeded the ms-PAF target of 5 

(57 per cent). All ambient results except this value were at or below the ms-PAF target for 

Plane Creek indicating that under the vast majority of ambient conditions adequate 

protection of phototrophic species is provided in Plane Creek. The event ms-PAF results 

from Plane Creek were variable, with no linear temporal trend (p = 0.61) (Figure 183). The 

ms-PAF event values were highest in early 2005 (36 per cent), and early 2007 (45 per cent). 

The majority of event samples were above the ms-PAF target, indicating that during event 

conditions inadequate protection was provided to phototrophic species in Plane Creek.  
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Figure 183 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at Plane Creek from 2004–2008. The dashed line 

indicates the PC95 ms-PAF target (ms-PAF target 5) for this site. 

3.5.1.14 Proserpine River 

The Proserpine River sites are not HEV sites and therefore the ms-PAF target 5 that aims to 

protect 95 per cent of phototrophic species is the relevant target. Both Proserpine River sites 

had very limited number of samples and ms-PAF values. Event ms-PAF results were 

consistent in Proserpine 1 and did not show any linear temporal trend (p = 0.93) (Figure 

184). There were not enough data points from Proserpine 2 to discern any linear trends. 

There was one elevated ms-PAF value in early 2005 (approximately 15 per cent), but all 

other samples had ms-PAF values below the target of 5. The sampling in both sites was 

limited with no discernible difference between the sites. Based on the limited sampling it 

appears that under the majority of event conditions adequate protection to phototrophic 

species is provided in Proserpine River. 
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Figure 184 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during event conditions at Proserpine River from 2004–2006. The dashed line indicates the 

PC95 ms-PAF target (ms-PAF target 5) for this site. 

3.5.1.15 Rocky Dam Creek 

Rocky Dam Creek is not a HEV site and therefore the ms-PAF target 5 that aims to protect 

95 per cent of phototrophic species is the relevant target. The ambient ms-PAF results for 

Rocky Dam Creek were largely consistent and did not show any linear temporal trend 

(p = 0.28) (Figure 185). There were a number of elevated ambient ms-PAF values 

calculated, however the ms-PAF values from 14 January 2008 and 11 February 2008 

(Figure 185), align with an event (refer to hydrograph for Rocky Dam Creek in Appendix B). 

The majority of ambient ms-PAF values were below the ms-PAF target of 5, indicating that 

generally adequate protection is provided to phototrophic species in Rocky Dam Creek 

under ambient conditions. The results from event sampling at Rocky Dam Creek had no 

linear temporal trend (p = 0.55) (Figure 185). The ms-PAF event values were highest in early 

2006 with a value of approximately 96 per cent. The majority of event ms-PAF values were 

above the target of 5, indicating that adequate protection was not being provided during 

events and the degree of protection was in some cases very low.   
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Figure 185 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at Rocky Dam Creek from 2004–2008. The dashed line 

indicates the PC95 ms-PAF target (ms-PAF target 5) for this site. 

3.5.1.16 Sandy Creek 

Sandy Creek is not a HEV site and therefore the ms-PAF target 5 that aims to protect 

95 per cent of phototrophic species is the relevant target. Ambient ms-PAF results for Sandy 

Creek decreased between the 2006–2008 and 2010–2013 sampling periods (p = 0.002; 

R2 = 0.267); however, the low R2 values indicate that there are other factors (in addition to 

time) also influencing the variation in ms-PAF results (Figure 186). The majority of the 

ambient ms-PAF values in Sandy Creek were below the ms-PAF target , indicating that 

during ambient conditions adequate protection was generally provided.  

The event sampling from Sandy Creek also showed a linear decrease in ms-PAF values 

(p = 0.000; R2 = 0.147); however, the low R2 values again indicated that there were other 

factors also influencing the ms-PAF values (Figure 186). The highest ms-PAF event value 

was approximately 89 per cent, which was well above the ms-PAF target of 5,. The majority 

of the event ms-PAF results in Sandy Creek were above the ms-PAF target of 5, with a high 

number of results over an ms-PAF of 20, and multiple over 60. This indicates that during 

events inadequate and a low degree of protection to phototrophich species is mainly 

provided in Sandy Creek. 
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Figure 186 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at Sandy Creek from 2004–2013. The dashed line 

indicates the PC95 ms-PAF target (ms-PAF target 5) for this site. 

3.5.1.17 Sarina 

Sarina is not a HEV site and therefore the ms-PAF target 5 that aims to protect 95 per cent 

of phototrophic species is the relevant target. Event ms-PAF results at Sarina (in Plane 

Creek) were limited (five values in early 2006 and two values in early 2007), and did not 

show any linear temporal trend (p = 0.94) over the monitoring period (Figure 187). The 

highest ms-PAF value occurred in early 2006 and indicated 14 per cent of phototrophic 

species were potentially affected at that time. The majority of event ms-PAF values at Sarina 

were below the ms-PAF target of 5, indicating that adequate protection was generally 

provided at Sarina under event conditions. 

 

Figure 187 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during event conditions at Sarina from 2004–2008. The dashed line indicates the PC95 ms-PAF 

target (ms-PAF target 5) for this site. 
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3.5.1.18 St Helens Creek 

St Helens Creek is a HEV site and therefore the ms-PAF target 1 that aims to protect 

99 per cent of phototrophic species is the relevant target. All 23 ambient and nine event 

samples for St Helens Creek had ms-PAF results of 0 per cent (Figure 188) and as such 

were the ms-PAF target. This indicated that under both flow conditions, adequate protection 

to phototrophic species was always provided.  

 

Figure 188 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during ambient and event conditions at St Helens Creek from 2004–2008. The dashed line 

indicates the PC99 ms-PAF target (ms-PAF target 1) for this site. 

3.5.1.19 Waite Creek 

Waite Creek is not a HEV site and therefore the ms-PAF target 5 that aims to protect 

95 per cent of phototrophic species is the relevant target. Of the six event samples for Waite 

Creek, all samples but one, had a ms-PAF value of 0 per cent (Figure 189). The remaining 

sample had an ms-PAF value of 0.19 per cent. All event ms-PAF results for mixtures of 

pesticides in Waite Creek were below the ms-PAF target of 5, indicating that under event 

conditions, adequate protection was provided to phototrophic species. 
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Figure 189 Temporal variation in multisubstance-potentially affected fraction (ms-PAF) results 

during event conditions at Waite Creek from 2004–2006. The dashed line indicates the PC95 

ms-PAF target (ms-PAF target 5) for this site. 

3.5.2 Risk assessment  

3.5.2.1 Ambient conditions 

Mixtures of pesticides were below the ms-PAF value that was calculated to protect 

99 per cent of species in the five HEV sites (Upper Andromache River, Basin Creek, Finch 

Hatton Creek, Impulse Creek, and St Helens Creek), during ambient conditions (Table 

21,Table 22). 

In Bakers Creek, ambient concentrations of pesticide mixtures provided insufficient 

protection of species at the PC95 level (Table 21). In 2006–2007, 58 per cent of samples 

had ms-PAF values that exceeded the target value, and 64 per cent exceeded the target 

value in 2007–2008. In 2006–2007, 17 per cent of the samples were in the very high risk 

category; that is 70 per cent or more of phototrophic species were potentially affected in 

17 per cent of the samples. In this same year, 42 per cent of samples posed a medium risk 

(5–40 per cent of phototrophic species were potentially affected). In 2007–2008, 55 per cent 

of samples were in the medium risk category (i.e., 5–40 per cent of phototrophic species 

potentially affected). 

In Carmila Creek, ambient concentrations of pesticide mixtures provided insufficient 

protection of phototrophic species at the PC95 level, exceeding the ms-PAF target of 5 

(Table 21). In both years, 83 per cent of samples were below target values and hence in the 

low risk category, but 17 per cent of the samples were in the medium risk category (i.e., 5–

40 per cent of phototrophic species were potentially affected). 

In Myrtle Creek, ambient concentrations of pesticide mixtures provided insufficient protection 

of phototrophic species at the PC95 level (Table 21). Only 50 per cent of the samples from 

2006–2007 and 58 per cent from 2007–2008 were below the ms-PAF target of 5. In 2006–

2007, 50 per cent of samples were in the medium risk category. In 2007–2008, 25 per cent 
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of samples were in the medium risk category and 8 per cent of the samples were in both the 

high and very high risk categories.  

At the O’Connell River 1 site, ambient concentrations of mixtures of pesticides were below 

target values in 2006–2007 (Table 21).  In 2007–2008, 83 per cent of samples were in the 

low risk category while the remaining 17 per cent of samples were in the medium risk 

category.   

In the Pioneer River, ambient concentrations of mixtures of pesticides were below the ms-

PAF of 5 target value in 2006–2007 (Table 21). In 2007–2008, 80 per cent of samples were 

in the low risk category with the remaining 20 per cent of samples in the medium risk 

category. For all subsequent years, the number of samples limited the reliability of the risk 

assessments results.  

In 2006–2007, 8 per cent of the ambient samples collected in Plane Creek, were in the high 

risk category (Table 21), with the remaining 92 per cent of samples being below the target 

value. In 2007-2008 all the samples were classed as low risk. 

In Rocky Dam Creek, 58 and 42 per cent of the ambient samples were in the low and 

medium risk categories, respectively in 2006–2007. In 2007–2008, 10 per cent of the 

ambient samples fell into each of the medium, high and very high risk categories with the 

remainder being low risk (Table 21).  
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Table 21 Per cent of ambient samples occurring within each multisbustance-potentially 
affected fraction (ms-PAF) risk classification range. Red indicates poor data availability (0–4 
samples), amber indicates moderate data availability (5–9 samples), green indicates good data 
availability (≥ 10 samples) as indicated in Table 5. 

 

  ms-PAF results 

  Risk classification (percentage species affected)  

Waterway 
Year (no. of 

samples) 

Low risk 
(0–5% 

species 
affected) 

Medium risk 
(5–40% 
species 
affected) 

High risk 
(40–70% 
species 
affected) 

Very high risk 
(≥ 70% 
species 
affected) 

Upper Andromache 
River 

2006–2007 (12) 100 0 0 0 

2007–2008 (12) 100 0 0 0 

Bakers Creek 
2006–2007 (12) 42 42 0 17 

2007–2008 (11) 36 55 9 0 

Basin Creek 
2006–2007 (12) 100 0 0 0 

2007–2008 (12) 100 0 0 0 

Carmila Creek 
2006–2007 (12) 83 17 0 0 

2007–2008 (12) 83 17 0 0 

Finch Hatton Creek 
2006–2007 (12) 100 0 0 0 

2007–2008 (12) 100 0 0 0 

Impulse Creek 
2006–2007 (12) 100 0 0 0 

2007–2008 (12) 100 0 0 0 

Myrtle Creek 
2006–2007 (12) 50 50 0 0 

2007–2008 (12) 58 25 8 8 

O’Connell River 1 
2006–2007 (12) 100 0 0 0 

2007–2008 (12) 83 17 0 0 

Pioneer River 

2006–2007 (10) 100 0 0 0 

2007–2008 (10) 80 20 0 0 

2008–2009 (0) - - - - 

2009–2010 (1) 100 0 0 0 

2010–2011 (2) 50 50 0 0 

2011–2012 (4) 100 0 0 0 

2012–2013 (6) 100 0 0 0 

Plane Creek 
2006–2007 (13) 92 0 8 0 

2007–2008 (9) 100 0 0 0 

Rocky Dam Creek 
2006–2007 (12) 58 42 0 0 

2007–2008 (10) 70 10 10 10 

St Helens Creek 
2006–2007 (11) 100 0 0 0 

2007–2008 (12) 100 0 0 0 
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Table 22 Per cent of ambient samples for the five High Ecological Value (HEV) sites that 
indicate 0–1% and 1–5% of species would be adversely affected according to multisubstance-
potentially affected fraction (ms-PAF) results. Green shading indicates good data availability 
(≥ 10 samples). 

 

3.5.2.2 Event conditions  

Event concentrations of pesticide mixtures provided insufficient protection (ms-PAF target of 

5) in Myrtle Creek (Table 23), with no more than 10 per cent of event samples being below 

target values in any of the three years sampled (Table 23).  

Samples collected in the Pioneer River generally exceeded target values (Table 23). In 

2004–2005 no samples were below the ms-PAF target of 5. The number of event samples 

that were below ms-PAF target 5 value increased from 2005–2006, with 7 per cent in 2006–

2007, 20 per cent in 2007–2008, 27 per cent in 2009–2010, 52 per cent in 2010–2011, 

50 per cent in 2011–2012, and 54 per cent in 2012–2013. In most years, the Pioneer River 

showed the majority of samples posed a medium risk to species affected by pesticide 

mixtures (ranging from 30–70 per cent of samples). In 2004–2005, 2006–2007, and 2009–

2010 there were samples which fell within the very high risk category.  

Event samples collected from Sandy Creek generally exceeded targets in all years in which 

sufficient data was collected (Table 23). In 2009–2010, 4 per cent of samples were below 

the target value, 26 per cent in 2010–2011, 27 per cent in 2011–2012, and 6 per cent in 

2012–2013. The majority of samples from Sandy Creek fell within the medium risk category, 

with significant numbers also falling in the high and very high risk categories (Table 23). 

 

 

 

 

 

 

 

  ms-PAF result 

  Risk classification range 

Waterway 
Year (no. of 

samples) 
0–1% species affected 1–5% species affected 

Upper Andromache River 
2006–2007 (12) 100 0 

2007–2008 (12) 100 0 

Basin Creek 
2006–2007 (12) 100 0 

2007–2008 (12) 100 0 

Finch Hatton Creek 
2006–2007 (12) 100 0 

2007–2008 (12) 100 0 

Impulse Creek 
2006–2007 (12) 100 0 

2007–2008 (12) 100 0 

St Helens Creek 
2006–2007 (11) 100 0 

2007–2008 (12) 100 0 
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Table 23 Per cent of event multisubstance-potentially affected fraction (ms-PAF) results 
occurring within each risk classification range. Red indicates poor data availability (0–4 
samples), amber indicates moderate data availability (5–9 samples), green indicates good data 
availability (≥ 10 samples) as indicated in Table 5. 

 

3.6 Assessment of the level of protection provided by the water 

quality targets 

3.6.1  Assessment for individual pesticides 

The ecotoxicity thresholds derived as part of this project differ from the Australian and New 

Zealand Water Quality Guidelines (ANZECC and ARCANZ 2000), as discussed in 

Section 3.2.2, and shown in Figure 190. 

  ms-PAF result  

  Risk classification range 

Waterway 
Year (no. of 

samples) 

Low risk 
(0–5% 

species 
affected) 

Medium risk 
(5–40% 
species 
affected) 

High risk 
(40–70% 
species 
affected) 

Very high 
risk 

(≥ 70% 
species 
affected) 

Myrtle Creek 

2004–2005 (3) 0 33 33 33 

2005–2006 (10) 10 10 30 50 

2006–2007 (8) 0 25 38 38 

Pioneer River 

2004–2005 (10) 0 70 20 10 

2005–2006 (1) 100 0 0 0 

2006–2007 (15) 7 47 33 13 

2007–2008 (10) 20 70 10 0 

2008–2009 (0) - - - - 

2009–2010 (11) 27 30 27 9 

2010–2011 (81) 52 47 1 0 

2011–2012 (84) 50 33 17 0 

2012–2013 (41) 54 32 15 0 

Sandy Creek 

2004–2005 (6) 0 17 50 33 

2005–2006 (1) 100 0 0 0 

2006–2007 (8) 0 38 25 38 

2007–2008 (1) 100 0 0 0 

2008–2009 (0) - - - - 

2009–2010 (24) 4 67 13 17 

2010–2011 (68) 26 54 16 3 

2011–2012 (22) 27 59 5 9 

2012–2013 (18) 6 61 28 6 
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Figure 190 Comparison of Australia and New Zealand Guideline Values and the new 

ecotoxicity thresholds. 

The pesticide targets set for the majority of CMAs within the Mackay Whitsunday WQIP 

(both ambient and event) are more stringent than the ecotoxicity thresholds, and therefore 

based on individual pesticides, should provide adequate protection to aquatic species. 

However, the diuron event pesticide 2014 targets for Gregory River, Myrtle Creek, 

Proserpine River, St Helens Creek, Mackay City, Pioneer River, and Upper Cattle, Bakers, 

Sandy, Plane, Rocky Dam, and Carmila creeks are all above both the Australian and New 

Zealand guideline values, and above the proposed ecotoxicity threshold. It is likely that these 

event targets are not providing adequate protection for phototrophic species.  

The ametryn event 2014 target for Myrtle Creek is set at 0.12 µg/L, which is just above the 

PC95 ecotoxicity threshold of 0.1 µg/L. It is therefore likely that this event target is not 

providing adequate protection for aquatic phototrophic species. 

The pesticide targets (both ambient and event) for HEV sites (i.e., Upper Andromache River, 

Basin Creek, Finch Hatton Creek, Impulse Creek, and St Helens Creek) should be aligned 

with the PC99 ecotoxicity thresholds to ensure adequate protection for these sites. The 

majority of the 2014 pesticide targets for these HEV sites (and associated CMAs) meet the 

PC99 ecotoxicity threshold (Table 24). The 2014 event targets for diuron and hexazinone for 

St Helens Creek are above the PC99 protection level (Table 24), as well as the diuron event 

target for Finch Hatton Creek. These pesticide event targets are unlikely to be providing 

adequate protection.  
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Table 24 Pesticide ecotoxicity thresholds (µg/L) for freshwater phototrophic species and the 2014 ambient and event targets for the Mackay 

Whitsunday high ecological value (HEV) sites (Drewry et al. 2008). “A” refers to the ambient 2014 target and “E” to the 2014 event target. Amber 

shading indicates a target that is above the 99% protection ecotoxicity threshold. The level of reporting (LOR) for pesticide sampling is 0.01 µg/L.  

#
indicates a more stringent event target than ambient target 

 

 

 

 

   Pesticide targets for various sites (CMA) in the Mackay Whitsunday region (µg/L) 

 Ecotoxicity thresholds 

Condition 
Impulse Creek  

(Repulse 
Creek) 

Upper 
Andromache 

River  
(Andromache 

River) 

St Helens Creek 
(St Helens 

Creek) 

Finch Hatton 
Creek 

(Upper Cattle 
Creek) 

Basin Creek 
(Gillinbin 

Creek) Pesticide 
PC99 
(µg/L) 

PC95 
(µg/L) 

Ametryn 0.02 0.1 
A <LOR <LOR 0.02

#
 <LOR <LOR 

E <LOR <LOR <LOR
#
 <LOR <LOR 

Atrazine 3.7 6 
A <LOR <LOR <LOR <LOR <LOR 

E <LOR 0.02 0.04 0.14 0.02 

Diuron 0.2 0.3 
A <LOR <LOR 0.07 <LOR <LOR 

E <LOR <LOR 0.46 0.43 0.05 

Hexazinone 0.2 0.7 
A <LOR <LOR 0.13 0.01 <LOR 

E <LOR <LOR 0.23 0.16 <LOR 

Tebuthiuron 4.3 8.8 
A <LOR <LOR <LOR <LOR <LOR 

E <LOR <LOR <LOR <LOR <LOR 
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3.6.2 Assessment for mixtures of pesticides 

The individual pesticide 2014 targets for each CMA may not be providing adequate 

protection to aquatic species when mixtures of pesticides are present in the waterways. The 

ms-PAF values for mixtures in seven waterways are above both the PC95 and PC99 

protection levels (Figure 191).  

If the current Australian and New Zealand guidelines (ANZECC and ARMCANZ 2000) were 

met for all five PSII herbicides, the ms-PAF analysis indicates that approximately 96 per cent 

of phototrophic species would be affected (Figure 191). Similarly, if the ecotoxicity thresholds 

were met for the five PSII herbicides at the same time, 44 per cent of phototrophic species 

may be affected by the mixture. 

 

Figure 191 The percentage of species that would be affected according to the multisubstance-

potentially affected fraction (ms-PAF) method, when the ambient targets for all five PSII 

herbicides were equaled at each catchment management area (CMA) compared to the 2014 

pesticide ambient targets (e.g. 95% and 99%). The percentage of species that would be 

affected when the Australian and New Zealand Guideline Values and new ecotoxicity 

thresholds were met are also shown.   
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All the CMAs that did not contain HEV sites (i.e., Whitsunday Coast, Andromache River, 

Bakers Creek, Blacks Creek, Carmilla Creek, Gregory River, Mackay City, Myrtle Creek, 

O’Connell River, Pioneer River, Plane Creek, Proserpine River, Rocky Dam Creek and 

Sandy Creek) should not permit more than 5 per cent of species to experience toxic effects. 

The ms-PAF results for ambient conditions indicate that between 5 and 8 per cent of 

phototrophic species were potentially affected at Sandy Creek, Mackay City, Myrtle Creek, 

Proserpine River and Bakers Creek CMAs (Figure 192). The target and ms-PAF results are 

not identical – the former refers to the per cent of all species in the ecosystem being 

considered, while the latter only refers to percent of phototrophic species. Nonentheless 

given, phototrophic species are at the bottom of essentially all aquatic foodwebs and 

reductions in algal mass affect herbivores and subsequently carnivores, having more than 

5 per cent of phototrophic species affected was considered to indicate inadequate 

protection. The remaining CMAs that did not contain HEV sites all provided adequate 

protection (i.e., < 5 per cent phototrophic species potentially affected) (Figure 192).  

All the CMAs CMAs that contain HEV sites (Andromache River, Gillibin Creek, Upper Cattle 

Creek, Repulse Creek and St Helens Creek) should not permit more than 1 per cent of 

species to experience toxic effects. The ms-PAF results for ambient conditions indicate that 

this target was met in all cases, except for St Helens Creek where 3.6 per cent of 

phototrophic species were potentially affected (Figure 192).  

 

Figure 192 The percentage of species that would be affected, calculated using the 

multisubstance-potentially affected fraction (ms-PAF) method, when the ambient targets for all 

five PSII herbicides were equaled at each catchment management area (CMA) compared to the 

2014 pesticide ambient targets (e.g. 95% and 99%). Green shading indicates the CMAs where 

targets are providing adequate protection. 
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Overall, the ambient individual pesticide concentration targets provide adequate protection to 

species in 66.66 per cent of the CMAs, and inadequate protection of species in 

33.33 per cent. 

When the concentrations of each of the five PSII herbicides equalled the CMA event 

pesticide 2014 targets, only in five CMAs was the appropriate level of protection provided – 

Blacks Creek, Andromache River, Gillibin Creek, Repulse Creek, Whitsunday Coast (Figure 

193). The remaining CMAs potentially had 14–54 per cent of phototrophic species 

experiencing adverse toxic effects. The level of protection provided was particularly poor for 

St Helens Creek and Upper Cattle Creek where between 16–19 per cent of phototrophic 

species were potentially affected but only 1 per cent should be affected as these CMAs 

contain HEV sites.   

 

Figure 193 The percentage of species that would be affected, calculated using the 

multisubstance-potentially affected fraction (ms-PAF) method, when the event targets for all 

five PSII herbicides were equaled at each catchment management area (CMA) compared to the 

2014 pesticide event targets (e.g. 95% and 99%). Green shading indicates CMAs where the 

targets provide adequate protection. 
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Overall, the event individual pesticide concentration targets provide adequate protection in 

only 28 per cent of CMAs, and inadequate protection in 72 per cent. It should be noted, 

however, that these results assume all five PSII herbicides are each at their 2014 target 

concentration at the same time.  

3.7 Probabilistic ecological risk assessment for pesticide 

mixtures in Sandy Creek 

The data available for ambient pesticide concentrations in Sandy Creek were not sufficient to 

undertake the PERA, therefore only event pesticide concentrations were analysed.   

3.7.1 Risk assessment for each year 

Based on the methodology set out in Section 2.1 to define ambient and event days, the total 

number of ambient and event days that occurred in Sandy Creek each year were calculated 

(Table 25). The most event days occurred in the 2010–2011 year (191 days), which was 

expected as this was a known wet year. The lowest number of event days occurred in 2005–

2006 (ten days), followed by 2004–2005 (26 days).  

Table 25 Number of ambient and event days in each year from 2004 onwards used in the 

probabilistic ecological risk assessment. 

Year No. ambient days No. event days 

2004–2005 339 26 

2005–2006 355 10 

2006–2007 282 83 

2007–2008 273 93 

2008–2009 257 108 

2009–2010 262 103 

2010–2011 174 191 

2011–2012 249 117 

2012–2013 258 107 

 

The PERA of pesticide mixtures of event days occurring in Sandy Creek showed that in each 

of the four years analysed, risk category occurred, including up to 43/191 event days in 

2010–2011 in the very high risk category (Table 26). The year in which the lowest number of 

days were classed as low risk was 2009–2010, when 9/103 (9 per cent) of event days 

occurred in this category. The year in which the highest number of days were classified as 

low risk was 2010–2011, when 24/191 (approximately 13 per cent) of days occurred in this 

category. The number of event days occurring within the low risk category, across all years 

is very small, indicating that for the majority of the event days in Sandy Creek, adequate 

protection did not occur.  
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Table 26 Number of event days predicted to occur within each risk category. 

Year 

No. of days predicted to occur in each risk category 

Low risk 
(0–5% species 

affected) 

Medium risk 
(5–40% species 

affected) 

High risk 
(40–70% species 

affected) 

Very high risk 
(≥ 70% species 

affected) 

2009–2010 9 67 14 12 

2010–2011 24 98 26 43 

2011–2012 16 81 12 7 

2012–2013 11 75 13 8 

 

3.7.2 Temporal comparison of risk  

The number of days occurring within each risk category in Sandy Creek did not differ 

sufficiently over the sampling period to show any temporal trends (Figure 194). There were 

the most event days in 2010–2011; this year also had the most number of days falling within 

the high (40–70 per cent species affected) and very high (≥ 70 per cent of species affected) 

risk categories. The other three years had fairly consistent numbers of days within each risk 

category. Determining the relative risk across years is done by comparing the distribution of 

days in each risk category. Years with more days in the lower risk categories pose a lower 

risk than years where there are more days in the middle or higher risk categories. Thus 

overall, the 2011–2012 and 2012–2013 years posed the lowest risk, followed closely by the 

2009–2010 year as it had 50 per cent more very high risk days. The 2010–2011 year posed 

the greatest risk as it has a far larger number of days in the high and very high risk 

categories (Figure 194). 

 

 

Figure 194 Comparison of number of event days (the value inside the bar graphs) that belong 

to each risk category for Sandy Creek from 2009–2013.  

The percentages of event days within each category were most similar between 2011–2012 

and 2012–2013 (Figure 195). Overall, only 9–14 per cent of event days fall into the low risk 

category each year. Thus, between 86 and 91 per cent of the event days pose a level of risk 
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to the aquatic ecosystems, which does not provide adequate protection in Sandy Creek over 

the four years between 2009–2010 and 2012–2013.  

  

Figure 195 Comparison of percentage of event days (the value inside the bar graphs) that 

belong to each risk category for Sandy Creek from 2009–2013. 

3.8 Probabilistic ecological risk assessment for pesticide 

mixtures in Pioneer River 

There was sufficient ambient and event pesticide concentration data to permit the PERA to 

be conducted for both sets of flow conditions. 

3.8.1 Risk assessment for each year of ambient conditions 

The total number of ambient and event days that occurred in the Pioneer River each year 

were calculated (Table 27). The most event days occurred in 2010–2011, which was to be 

expected as this was a known wet year. The lowest number of event days occurred in 2006–

2007 (67 days), followed by 2008–2009 (68 days).  

Table 27 Number of ambient and event days in each year from 2006 onwards used in the 

probabilistic ecological risk assessment. 

Year No. ambient days No. event days 

2006–2007 298 67 

2007–2008 292 74 

2008–2009 297 68 

2009–2010 287 78 

2010–2011 175 191 

2011–2012 285 81 

2012–2013 260 105 

 

The results of the PERA of pesticide mixtures for ambient days in the Pioneer River showed 

that neither year analysed had any days which were classed as very high risk (≥ 70 per cent 

of species affected), and only one day in 2007–2008 that was classed as a high risk (40–
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70 per cent of species affected) category (Table 28). In both years, the majority of ambient 

days were classed as low risk, and for the majority of days there was adequate protection 

from mixtures of pesticides under ambient conditions.  

Table 28 Number of ambient days predicted to occur within each risk category.  

Year 

No. of days predicted to occur in each risk category 

Low risk 
(0–5% species 

affected) 

Medium risk 
(5–40% species 

affected) 

High risk 
(40–70% species 

affected) 

Very high risk 
(≥ 70% species 

affected) 

2006–2007 291 7 0 0 

2007–2008 256 35 1 0 

 

3.8.2 Temporal comparison of risk under ambient conditions 

The number of ambient days within each risk category in Pioneer River differed between the 

years sampled, but due to only having data for two years, it was not possible to discern any 

linear temporal trends (Figure 196). There were more ambient days in 2006–2007; though 

2007–2008 had the most number of days falling within categories that did not provide 

adequate protection (risk categories where > 5 per cent of species would be affected). 

 

Figure 196 Comparison of number of ambient days (the value inside the bar graphs) that 

belong to each risk category for the Pioneer River from 2006–2008. 

The percentages within each risk category in 2006–2007 were closer to achieving the target 

of less than 5 per cent of species affected, with only 2 per cent of ambient samples occurring 

in the medium risk (5–40 per cent of species being affected) category (Figure 197). 2007–

2008 had 12 per cent of ambient days in the medium risk category, and a nominal per cent 

(below 1 per cent) of ambient samples within the high risk category. Overall the results from 

Pioneer River indicated that in the two sampled years, the ambient conditions were close to 

providing adequate protection.  
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Figure 197 Comparison of percentage of event days (the value inside the bar graphs) that 

belong to each risk category for the Pioneer River from 2006–2008. 

 

3.8.3 Risk assessment for each year of event conditions 

The PERA of pesticide mixtures in event days occurring in the Pioneer River, showed that in 

each of the five years analysed, there were a number of days that belonged to each risk 

category, including up to 14/78 (18 per cent) event days in 2009–2010 in the very high risk 

category (Table 29). The year in which the lowest number of days fell within the low risk 

category was 2006–2007, when 0/67 (0 per cent) of event days occurred in this category. 

The year in which the highest number of days were classified as low risk was 2010–2011, 

when 105/191 (55 per cent) of days fell into this category. The number of event days 

occurring within the low risk category, across all years varied, but for most event days in the 

Pioneer River, adequate protection did not occur. 

Table 29 Number of event days predicted to occur within each risk category.  

Year 

No. of days predicted to occur in each risk category 

Low risk 
(0–5% species 

affected) 

Medium risk 
(5–40% species 

affected) 

High risk 
(40–70% species 

affected) 

Very high risk 
(≥ 70% species 

affected) 

2006–2007 0 29 28 10 

2007–2008 28 36 5 5 

2009–2010 26 32 7 14 

2010–2011 105 78 5 3 

2011–2012 37 35 4 4 

2012–2013 54 39 5 7 
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3.8.4 Temporal comparison of risk under event conditions 

The number of event days occurring under each risk category in the Pioneer River differed 

between the years sampled, and did not show any clear temporal trends, except an increase 

in the number of low risk days (Figure 198). The most event days occurred in 2010–2011; 

this year also showed a high number of days occurring in the low risk and medium risk 

categories. The number of days occurring within the high and very high risk categories 

varied across the years.  

 

 

Figure 198  Comparison of Pioneer River event days from 2006–2013 within each risk category.  

Across all years, the percentage of event days that occurred within the low risk category 

(ranged from 0 to 55 per cent of days) indicated that in Pioneer River adequate protection 

did not occur under event conditions (Figure 199). In 2006–2007 there were no event days 

that provided adequate protection from mixtures of pesticides. The percentage of event days 

that fell in the medium risk category was fairly consistent between years (37–49 per cent). 

For all years except 2010–2011, the majority of event days occurred in the moderate, high, 

or very high risk category, indicating that in the majority of event conditions, adequate 

protection was not provided.  
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Figure 199 Comparison of Pioneer River event days as percentage from 2006–2013 within each 

risk category.  

3.9 Selection of potential indicator species 

Biological monitoring can be used alongside water quality data in order to assess the overall 

health of an aquatic community, and assess overall impacts of contaminants and stressors. 

Rapids bioassessments using macroinvertebrates are commonly used to assess overall 

ecosystem health. Water quality guidelines using macroinvertebrates indices have been set 

for the Mackay Whitsunday region (Negus et al. 2013). The indices used are SIGNAL 21, 

PET2 richness, taxa richness, % sensitive species and % tolerant taxa and were developed 

from reference site data. These indices are used to assess overall health from a combination 

of biological stressors including climatic conditions, physico-chemical properties, invasive 

species and pollutants.  

More specific biological monitoring systems have recently been developed that assess 

impacts from pesticides. Kefford et al (2014) have modified an existing stream 

macroinvertebrate-based SPEcies At Risk from pesticides (SPEARpesticides) index that was 

developed and been applied successfully in temperate-sub-arctic climates (i.e. Europe). 

They have adapted the SPEARpesticide index to a SPEARherbicides for tropical north Queensland 

using diatoms found there. The method appears to respond only to pesticide impacts 

(Kefford et al 2014). As diatoms appear to recover fairly quickly to disturbance it is 

recommended that the data collection is undertaken at the end of the wet season. 

                                                
1
 SIGNAL 2 index refers to the Stream Invertebrate Grade Number – Average Level. It was developed 

by Chessman (2003) and is calculated by grading each macroinvertebrate family by its tolerance to 
pollution.  
2
 PET (Plecoptera (stoneflies), Ephemeroptera (mayflies) and Trichoptera (caddisflies)) taxa richness 

are used as these families are considered to be sensitive to pollution. 
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Another potential biomonitoring approach is the rapidly developing science of ‘omics’ 

including genomics, proteomics, metagenomics. These methods use micro-arrays and 

genetic sequencing methods to determine the types of genes, proteins and metabolites that 

are present in environmental samples. Recently (Chariton et al. 2010; Stephenson et al. 

2014) have developed new techniques which can identify “all” (Chariton et al. 2014) types of 

organisms (both prokaryotes and eukaryotes) living in water and sediment samples with 

sufficient resolution to distinguish between “marginal reference sites and impacted sites” 

(Chariton et al. 2014). This technique has successfully been applied to five estuaries in 

South East Queensland (Stephenson et al. 2014). An advantage of this approach is that the 

resulting data can be analysed using multivariate statistical methods to determine if various 

stressors are responsible for the observed differences in biota between sites (Chariton et al. 

2010; Stephenson et al. 2014). Other advantages of this approach are that it is far faster and 

cheaper than the traditional macro-invertebrate collection and identification methods that 

identify “a minute fraction of a system’s true diversity” (Stephenson et al. 2014). The 

suitability of this approach to aquatic and sediment ecosystems of tropical Queensland will 

be investigated in 2014-2015 and later years through a collaboration between the Great 

Barrier Reef Catchment Loads Monitoring Program (GBRCLMP) and CSIRO Oceans and 

Atmosphere. 

Multiple stressors are likely to be affecting the ecosystems in the Mackay-Whitsunday region 

– it is therefore unlikely that a single species or type of organism is going to successfully 

monitor ecosystem health. For example, the SPEAR work done by Kefford et al (2014) is 

most likely to only be sensitive to changes in land management practices that modify 

concentrations of herbicides. Rather, a broader approach which can identify many different 

taxa is most likely to be successful. If any method apart from the already established macro-

invertebrate water quality guidelines and indices was used for biomonitoring purposes a 

research program should be undertaken to fully assess their suitability in the Mackay-

Whitsunday area. 
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4 Conclusions and recommendations 

4.1 TSS concentrations in the Mackay Whitsunday waterways 

The TSS concentration results show that in the majority of the Mackay Whitsunday region 

sampling locations, few discernible changes have occurred over the sampling period in both 

ambient and event conditions (Table 30). Event TSS concentrations increased from 2004–

2008 in Plane Creek and ambient TSS concentrations increased in St Helens Creek. Sandy 

Creek was the only waterway to show a decrease in TSS concentrations and this only 

applied to ambient conditions. 

Table 30 Summary of temporal trends in ambient and event TSS concentration for each 

waterway. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Sampling in Pioneer River and Sandy Creek covered from 2004–2013 

Sampling results indicate that most HEV sites have adequate ambient and event TSS 

concentrations. The majority of ambient TSS concentrations in Upper Andromache, Impulse 

and St Helens Creeks were below 10 mg/L. Event concentrations varied, with the highest 

event concentration seen in St Helens Creek (500 mg/L), followed by Upper Andromache 

Creek (260 mg/L), Finch Hatton Creek (220 mg/L), Basin Creek (150 mg/L) and lastly, 

Impulse Creek (44 mg/L). One event concentration in Upper Andromache was above the 

target of 217 mg/L, however, this target has been set much higher than the other HEV site 

Sampling site 
Temporal Trend 

Ambient (2006-08) Event (2004-08) 

Airlie Creek No trend observed 

Andromache River No trend observed 

Upper Andromache River  No trend observed 

Bakers Creek No trend observed 

Basin Creek No trend observed 

Blacks Creek Insufficient number of samples 

Carmila Creek No trend observed 

Finch Hatton Creek No trend observed 

Gregory River Not sampled 

Impulse Creek No trend observed 

Mackay 1 No trend observed 

Mackay 2  Insufficient number of samples 

Myrtle Creek No trend observed 

O'Connell River 1  No trend observed 

O'Connell River 2  No trend observed 

Pioneer River* No trend observed 

Plane Creek 
No trend 
observed 

Increase 

Proserpine 1  Insufficient number of samples 

Proserpine 2  Insufficient number of samples 

Rocky Dam Creek No trend observed 

Sandy Creek* Decrease No trend observed 

Sarina Insufficient number of samples 

St Helens Creek Increase No trend observed 

Waite Creek Insufficient number of samples 
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targets, which range from 8–66 mg/L. Event concentrations in St Helens, Finch Hatton, and 

Basin creeks all were above the relevant event targets. 

The ambient and event targets for the CMAs which contain HEV sites ed have been set for 

the entire CMA, not specifically for the HEVs. The majority of TSS concentrations from the 

HEV sites would be expected to be well below those set for the entire CMA, due to their near 

natural state and low level of disturbance. In Upper Andromache River, the majority of both 

ambient and event concentrations were below the targets. For Impulse, Basin, Finch Hatton 

and St Helens Creeks the ambient concentrations are above the ambient targets, but the 

majority of the event concentrations were below the event targets. 

The majority of the recorded ambient TSS concentrations were 45 mg/L or below, with the 

exception of Myrtle Creek, which recorded up to 150 mg/L. The Myrtle Creek CMA is 

approximately 32 per cent crop land and 23 per cent grazing land (Drewry et al. 2008). The 

next highest ambient TSS concentrations were recorded in Plane Creek (up to 45 mg/L), 

which has approximately 21 per cent crop land and 65 per cent grazing land (Drewry et al. 

2008). Rocky Dam Creek, Pioneer River, and Carmila Creek recorded the next highest 

ambient TSS concentration with 37, 28, and 26 mg/L respectively. Sites such as Bakers and 

Sandy creeks recorded all ambient TSS concentrations below 20 mg/L. 

Event TSS concentrations were high in Airlie Creek and Waite Creek (2665 mg/L and 

2100 mg/L, respectively). Both Airlie and Waite creeks are within the Whitsunday Coast 

CMA which was estimated to have 1 per cent crop land and 11 per cent grazing land 

(Drewry et al. 2008). Blacks Creek and O’Connell River recorded high concentrations of 

event TSS (623 mg/L and 324 mg/L, respectively). Pioneer River and Rocky Dam Creek 

recorded event TSS concentrations up to 263 and 270 mg/L, respectively. All other event 

TSS concentrations recorded were below 200 mg/L. 

The TSS targets for event conditions varied greatly between CMAs. Ambient TSS targets 

varied from 2 –5 mg/L, however the event targets ranged from 8–217 mg/L (in the 

Andromache River CMA). 

4.2 Nutrient concentrations in Mackay Whitsunday waterways 

Nutrient concentrations showed varied results in a number of waterways in the Mackay 

Whitsunday region in both ambient and event conditions (Table 31). Results from seven 

(Bakers Creek, Carmila Creek, Mackay 1, O’Connell 1 and 2, Rocky Dam Creek, and 

Sarina) of the twenty sampling sites that had sufficient data showed no discernible change 

over the sampling period in either ambient or event concentrations for any of the four 

nutrients analysed. 

The only waterway in which a temporal change in PN was observed was in Plane Creek, 

with an increase in event concentrations (Table 31). In two waterways (Myrtle Creek and 

Plane Creek) event concentrations of PP also increased over the sampling period (Table 31). 

No waterways showed a decrease in event or ambient PN or PP concentrations over the 

sampling period.  
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Table 31 Summary of temporal trends in ambient and event concentrations of nutrients for 

each waterway. 

*Sampling in Pioneer River and Sandy Creek covered from 2004–2013 

 

Sampling site Nutrient 
Temporal Trends 

Ambient  

(2006–2008) 

Event  

(2004–2008) Airlie Creek All nutrients No nutrient sampling data 
Andromache River All nutrients Insufficient number of samples 

Upper Andromache River 

PN No trend observed 
DIN Increase No trend observed 
PP No trend observed 

FRP Increase No trend observed 
Bakers Creek All nutrients No trends observed 

Basin Creek 

PN No trend observed 
DIN Increase No trend observed 
PP No trend observed 

FRP Increase No trend observed 
Blacks Creek All nutrients Insufficient number of samples 
Carmila Creek All nutrients No trends observed 

Finch Hatton Creek 

PN No trend observed 
Insufficient number 

of samples 
DIN Increase 
PP No trend observed 

FRP No trend observed 

Gregory River 

PN No trend observed 
DIN No trend observed Increase 
PP No trend observed 

FRP No trend observed 

Impulse Creek 

PN No trend observed 
Insufficient number 

of samples 
DIN Increase 
PP No trend observed 

FRP No trend observed 
Mackay 1 All nutrients No trends observed 
Mackay 2 All nutrients Insufficient number of samples 

Myrtle Creek 

PN No trend observed 
DIN Increase No trend observed 
PP No trend observed Increase 

FRP No trend observed 
O’Connell 1 All nutrients No trend observed 
O’Connell 2 All nutrients No trend observed 

Pioneer River* PN No trend observed 

Plane Creek 

PN No trend observed Increase 
DIN No trend observed 
PP No trend observed Increase 

FRP No trend observed 
Proserpine 1  All nutrients Insufficient number of samples 
Proserpine 2 All nutrients Insufficient number of samples 

Rocky Dam Creek  All nutrients No trend observed 

Sandy Creek* 

PN No trend observed 
DIN Increase Decrease 
PP No trend observed 

FRP Decrease Decrease 
Sarina All nutrients Insufficient number of samples 

St Helens Creek 

PN No trend observed 
DIN Increase No trend observed 
PP No trend observed 

FRP No trend observed 
Waite Creek All nutrients Insufficient number of samples 
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The temporal trends seen in the concentration of DIN over the sampling period varied 

greatly. Ambient DIN concentrations increased at seven of the sampling sites (Table 31). 

Interestingly, all five HEV sites showed an increase in DIN over the sampling period. Only 

one site which had an increase in ambient DIN levels also had a change in the event DIN 

levels. This occurred at Sandy Creek where there was a decrease in event DIN 

concentrations. Gregory River had an increase in event DIN concentrations.  

Increases in ambient FRP were seen in both Upper Andromache River and Basin Creek. 

Sandy Creek, however, showed decreases in both ambient and event FRP over the 

sampling period. 

The nutrients which consistently recorded high concentrations were PN (14 of the 18 sites) 

and DIN (13 of the 18 sites), followed by FRP and PP. The majority of the CMAs and water 

quality monitoring sites had high levels of nutrients. Only a few sites (Upper Andromache 

River, Basin Creek, and Finch Hatton Creek) appeared to not have any issues with high 

nutrient concentrations.    

The majority of nutrient concentrations from sites within the HEV areas of Upper 

Andromache River, Basin Creek, and Finch Hatton Creek were low. This result was 

expected due to limited land disturbance in the HEV areas. In Upper Andromache River, 

Basin Creek, and Finch Hatton Creek PN concentrations were the highest of the nutrients 

sampled. Concentrations of DIN were highest in Finch Hatton, compared to the other HEV 

sites. Concentrations of FRP and PP were largely similar between the three HEV sites. 

Compared to the other HEV sites, St Helens Creek recorded higher concentrations of 

nutrients, specifically DIN (up to 400 µg/L during event), PP (380 µg/L during an event), and 

PN (1500 µg/L under ambient conditions). Similarly, Impulse Creek also had high levels of 

DIN (up to 800 µg/L in ambient conditions) and PN (up to 600 µg/L in event conditions). 

As there was no recent sampling conducted in the HEV sites, it was not possible to assess 

any changes over time of the nutrient concentrations.  

For most of the HEV sites, approximately half of the ambient and event concentrations were 

below the ambient target. This was expected as the original targets were derived from the 

available data. The event target for FRP in Andromache River CMA was unusual as it is 

more stringent than the ambient FRP target. 

The majority of sites showed high concentrations of many of the nutrients analysed. The two 

nutrients with the most frequently high concentrations were PN and DIN. Five waterways, 

Bakers Creek, Waite Creek, Pioneer River, Mackay, and O’Connell River had very high 

concentrations recorded of all four nutrients, relative to the other waterways. Other than 

Waite Creek, these waterways all exist within CMAs with a high proportion of land use under 

cropping or grazing. It was estimated that 61 per cent of land use in the Bakers Creek CMA 

was crop land and 26 per cent grazing land. The Pioneer River CMA was approximately 

50 per cent crop land and 28 per cent grazing land, while the O’Connell River CMA was 

approximately 11 per cent crop land and 76 per cent grazing. Land uses within the Mackay 

City CMA were estimated to be 37 per cent of crop land, 9 per cent of grazing and 

26 per cent of urban use (Drewry et al. 2008).  

High levels of PN (especially during events) were recorded in many waterways, including 

Carmila Creek, Gregory River, Plane Creek, and Rocky Dam Creek. Many waterways 
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recorded maximum event concentrations of PN above 1000 µg/L, including: Blacks Creek 

(1930 µg/L), Sandy Creek (1050 µg/L), Mackay (1520 µg/L), Bakers Creek (1513 µg/L),  

Myrtle Creek and Waite Creek (1220 µg/L).  

The highest concentration of DIN was observed during an event in early 2007 in Myrtle 

Creek, with a concentration of 6080 µg/L. Other high concentrations of DIN included: 

Proserpine River (4000 µg/L), Bakers Creek (3056 µg/L), Rocky Dam Creek (2200 µg/L), 

Waite Creek (1850 µg/L), Gregory River (1300 µg/L), Mackay (1160 µg/L), Carmila Creek 

(1000 µg/L), Sandy Creek (1081 µg/L), and O’Connell River (944 µg/L). 

Concentrations of PP were highest at Mackay, Bakers Creek, and Waite Creek, with all three 

sites recording PP concentrations between 500 and 600 µg/L. The highest concentrations of 

FRP were recorded within CMAs with a high level of land use under cropping, grazing, and 

urban. The Proserpine River site recorded the highest concentration of FRP (1200 µg/L). 

The Proserpine River CMA was approximately 34 per cent crop land and 47 per cent grazing 

land (Drewry et al. 2008). Mackay and Myrtle Creek recorded 590 and 550 µg/L, 

respectively. Land use in Myrtle Creek was approximately 32 per cent crop land, and 

23 per cent grazing land (Drewry et al. 2008). Other sampling sites which recorded high 

levels of FRP included Bakers Creek, Gregory River, Plane Creek, Sandy Creek, Sarina, 

and Waite Creek.  

4.3 Pesticide concentrations in the Mackay Whitsunday 

waterways 

4.3.1 Individual pesticides  

The pesticide concentrations showed varied results in a number of waterways in the Mackay 

Whitsunday region in both ambient and event conditions (Table 32). Results from 15 of the 

21 sites in which pesticide samples were collected indicated that there was no significant 

linear change in concentration over the sampling period in either ambient or event 

concentrations for any of the five pesticides analysed. 

Of the six sites in which a temporal change did occur, there were no significant changes in 

ametryn concentrations over time, for either ambient or event conditions (Table 32). 

Changes in atrazine concentrations were seen in four waterways (Table 32). Andromache 

River, O’Connell 1, and Plane Creek all had increases over time of event atrazine 

concentrations; none of these sites had any changes in ambient atrazine concentrations. 

The only decrease in atrazine concentrations was in ambient atrazine concentrations in 

Sandy Creek.  

Sandy Creek was the only waterway in which diuron concentrations changed over time 

(Table 32). However, Sandy Creek and Pioneer River had more data available than the other 

waterways (from 2004–2013, rather than 2004–2009). Ambient and event diuron 

concentrations decreased in Sandy Creek. 

There were only two waterways in which hexazinone concentrations changed over time -  

Sandy Creek and Andromache River (Table 32). In Sandy Creek, ambient and event 

hexazinone concentrations decreased. Results in Andromache River showed an increase 

over the sampling period for event hexazinone concentrations.   
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Two sites, Upper Andromache River and Pioneer River, showed event tebuthiuron 

concentrations increased over the sampling period (Table 32). No waterway sampling results 

showed a decrease in tebuthiuron over time.  

Table 32 Summary of temporal trends in ambient and event concentrations of pesticides for 

each waterway.  

 

*Sampling in Pioneer River and Sandy Creek covered from 2004–2013 

 

Sampling site Pesticide 

Temporal Trends 

Ambient (2006-
08) 

Event  
(2004-08) 

Upper Andromache River 

Ametryn No trend observed 

Atrazine No trend observed 

Diuron No trend observed 

Hexazinone No trend observed 

Tebuthiuron  No trend observed Increase 

Andromache River 

Ametryn No trend observed 

Atrazine No trend observed Increase 

Diuron No trend observed 

Hexazinone No trend observed Increase 

Tebuthiuron  No trend observed 

Bakers Creek All pesticides No trend observed 

Basin Creek All pesticides No trend observed 

Blacks Creek All pesticides No trend observed 

Carmila Creek All pesticides No trend observed 

Finch Hatton Creek All pesticides No trend observed 

Gregory River  All pesticides No trend observed 

Impulse Creek  All pesticides No trend observed 

Mackay All pesticides No trend observed 

Myrtle Creek All pesticides No trend observed 

O’Connell 1 

Ametryn No trend observed 

Atrazine No trend observed Increase 

Diuron No trend observed 

Hexazinone No trend observed 

Tebuthiuron  No trend observed 

O’Connell 2 All pesticides No trend observed 

Pioneer River* 
Ametryn No trend observed 

Atrazine No trend observed 

 

Diuron No trend observed 

Hexazinone No trend observed 

Tebuthiuron No trend observed Increase 

Plane Creek 

Ametryn No trend observed 

Atrazine No trend observed Increase 

Diuron No trend observed 

Hexazinone No trend observed 

Tebuthiuron No trend observed 

Proserpine River All pesticides No trend observed 

Rocky Dam Creek All pesticides No trend observed 

Sandy Creek* 

Ametryn No trend observed 

Atrazine Decrease No trend observed 

Diuron Decrease Decrease 

Hexazinone Decrease Decrease 

Tebuthiuron No trend observed 

Sarina All pesticides No trend observed 

St Helens Creek All pesticides No trend observed 

Waite Creek All pesticides No trend observed 
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The recorded concentrations of individual pesticides from the water quality sampling showed 

most pesticides to be detected at a number of sites, and some concentrations to be 

extremely high relative to the ecotoxicity thresholds. The highest concentrations appeared to 

be in response to events, and occurred frequently at the beginning of each year. Atrazine, 

diuron and hexazinone were detected at most sites.  

The sampling results from the HEV sites had limited detections of pesticides, which was 

expected as these sites should have limited land disturbance. All detections in HEV sites 

were below the PC95 ecotoxicity thresholds relevant to each pesticide. No samples from St 

Helens Creek had pesticide concentrations above the LOR (0.01 µg/L). One sample from 

Finch Hatton Creek and many samples from Basin Creek had very low concentrations of 

atrazine, all below the PC99 for atrazine. Upper Andromache River had two samples with 

atrazine and diuron, and one sample each with hexazinone and tebuthiuron. All pesticide 

concentrations detected in Upper Andromache River were below the relevant PC99 

concentrations. There were no pesticides detected in any ambient samples from Impulse 

Creek, but ametryn, atrazine and diuron were each detected in one event sample. The 

concentrations of diuron and atrazine were below the PC99 levels, however the recorded 

concentration of ametryn was 0.03 µg/L, and the PC99 for ametryn is 0.02 µg/L. Additionally, 

Waite Creek in the Whitsunday Coast CMA had no pesticides detected above 0.01 µg/L in 

any samples. 

Many of the remaining sites samples did not have ametryn concentrations above 0.01 µg/L  

in either ambient or event conditions (Andromache River, Blacks Creek, Gregory River, 

Mackay, O’Connell River, Proserpine River, and Sarina). Bakers Creek and Plane Creek had 

a few samples with ametryn, all of low concentrations (the highest concentration was 

0.06 µg/L, which is below the PC95 ecotoxicity threshold of 0.1 µg/L). The Camila Creek site 

had only one ambient sample with ametryn (a concentration of 0.3 µg/L, three times the 

PC95 ecotoxicity threshold). The Pioneer River, Sandy Creek, Rocky Dam Creek, and Myrtle 

Creek sites had many samples with ametryn (both ambient and event samples) with 

concentrations up to 0.18, 0.5, 1.4 and 2.7 µg/L, respectively. These concentrations were all 

well above the PC95 ecotoxicity threshold and occurred in different years for the different 

waterways.   

Atrazine was detected in samples from the majority of sites. The PC95 ecotoxicity threshold 

for atrazine is 6 µg/L, and some concentrations above this threshold were recorded. There 

were no detections of atrazine above 0.01 µg/L in any samples from either Blacks Creek or 

at Mackay. Sarina had a few samples with atrazine detected, the highest concentration 

being 0.02 µg/L. Carmila Creek, Gregory River, O’Connell River, Pioneer River, Plane 

Creek, Proserpine River, Sandy Creek, and Rocky Dam Creek all had many samples with 

atrazine detected, especially during events, but all concentrations were below the PC95 

ecotoxicity threshold (maximum concentrations range from 0.1 µg/L in Proserpine River to 

6 µg/L in Gregory River). Atrazine was detected in many samples from Bakers Creek and 

Myrtle Creek, to concentrations above the PC95 ecotoxicity threshold (14 and 8.4 µg/L, 

respectively). 
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High concentrations of diuron were consistently recorded in samples from many waterways. 

Many of the CMA targets for diuron were well above the ecotoxicity threshold for PC95 

(0.3 µg/L) and the Australian and New Zealand trigger value (0.02 µg/L), with targets up to 

1.5 µg/L. Andromache River had one sample with a low concentration of diuron detected 

(0.06 µg/L). Blacks Creek had three samples with diuron, with a maximum concentration of 

0.18 µg/L. All samples from Sarina had diuron detected, with the highest concentration being 

0.34 µg/L. Mackay had many samples with diuron detected; the highest concentration was 

0.38 µg/L. Carmila Creek and Plane Creek had many samples with diuron detected, 

particularly during events. The highest concentrations recorded in these waterways were 1.0 

and 1.3 µg/L, respectively. Many samples from these sites had  concentrations above the 

PC95 ecotoxicity threshold, and therefore also above the current Australian and New 

Zealand water quality guideline trigger value. In Plane Creek, the highest concentration of 

diuron occurred in early 2007 and remained low until 2008.  

In O’Connell River, Pioneer River, Sandy Creek, and Gregory River, diuron was detected in 

many of the samples. Concentrations reached up to 2, 2.2, 5.7, and 6.5 µg/L respectively, 

which are all well above the ecotoxicity threshold and the Australian and New Zealand water 

quality guideline trigger value. The majority of the concentration peaks occurred in early 

2007. Bakers Creek, Myrtle Creek, and Rocky Dam Creek had the highest concentrations of 

diuron found, with concentrations to 14, 19, and 30 µg/L, respectively.  

Hexazinone was detected at most sampling locations in the Mackay Whitsunday area, 

however in approximately half of the sites, the highest concentrations recorded were below 

the ecotoxicity threshold of 0.7 µg/L. Both Mackay and Proserpine River sites had only one 

sample in which hexazinone was detected (0.03 and 0.04 µg/L, respectively). Sarina and 

Blacks Creek had only a few samples in which hexazinone was detected, with the maximum 

event concentration at Sarina being 0.16 µg/L and an ambient maximum concentration of 

0.22 µg/L at Blacks creek. Hexazinone was detected in many samples from Gregory River, 

O’Connell River, and Carmila Creek with concentrations up to 0.45, 0.5 and 0.58 µg/L, 

respectively. These were all below the PC95 ecotoxicity threshold for hexazinone. Many 

ambient and event samples from Pioneer River, Plane Creek, and Sandy Creek had 

hexazinone concentrations above the ecotoxicity threshold. Concentrations were up to 0.8 

and 1.2 µg/L for Pioneer River and Plane Creek, respectively. The highest concentration 

recorded in Sandy Creek was 1.8 µg/L. The highest concentrations of hexazinone in Plane 

and Sandy creeks occurred in early 2007. As was for diuron, Bakers Creek, Myrtle Creek 

and Rocky Dam Creek had high levels of hexazinone recorded. Bakers Creek ambient 

concentrations were up to 4.4 µg/L, Myrtle Creek had concentrations up to 7.4 µg/L, and 

Rocky Dam Creek had a highest concentration of 21 µg/L which occurred in early 2008.  

Of the five PSII herbicides analysed in this report, tebuthiuron was the least detected 

pesticide in the samples analysed. Tebuthiuron was not detected above 0.01 µg/L in any 

samples from Blacks Creek, Carmila Creek, Gregory River, Mackay, Myrtle Creek, Plane 

Creek, Proserpine River, Rocky Dam Creek, Waite Creek or Sarina. Tebuthiuron is most 

commonly used on grazing land, however a number of the sites within CMAs with a high 

proportion of grazing land (i.e. Blacks Creek CMA is approximately 89 per cent grazing, 

Carmila Creek is approximately 75 per cent grazing (Drewry et al. 2008) did not detect any 

tebuthiuron in the water quality samples taken. In Bakers Creek, Pioneer River, Sandy 

Creek, Andromache River, and O’Connell River there were some detections of tebuthiuron, 

however these were all very low concentrations. These CMAs have approximately 26, 28, 
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40, 80 and 76 per cent of the land use under grazing, respectively (Drewry et al. 2008). The 

peak concentrations of tebuthiuron recorded at these sites occurred at different times. The 

PC95 ecotoxicity threshold for tebuthiuron is 8.8 µg/L and no concentrations of tebuthiuron 

were recorded above this level.  

4.3.2 Mixtures of pesticides 

The ms-PAF results show that in the majority of Mackay Whitsunday region sampling 

locations, few changes have occurred in the mixture of pesticides over the sampling period 

in both ambient and event conditions (Table 33). However, the two sites in which changes in 

ms-PAF were seen were Sandy Creek and Pioneer River, which are the only sites with 

extended monitoring (beyond 2009). In Pioneer River the ms-PAF results for ambient 

conditions decreased over the sampling period. In Sandy Creek the ms-PAF results 

decreased under both the ambient and event conditions over the sampling period. The 

decreases in ms-PAF results were also significant when they were only performed on the 

2009–2013 data, thereby indicating the result is not a by-product of greater sampling 

coverage.  

Table 33 Summary of temporal trends in ambient and event ms-PAF results for each waterway. 

 

 

 

 

 

 

 

 

 

 

 

The ms-PAF results showed that in the majority of the waterways sampled, adequate 

protection for species from mixtures of pesticides did not occur. In many cases the ambient 

results for the potentially affected fraction of species were below, or close to, 5 per cent of 

species, however, in most waterways the event levels of potentially affected fraction of 

species were well above the 5 per cent (PC95) target, and in some cases nearly 

100 per cent of phototrophic species were estimated to be affected. The ms-PAF values 

were highest at the start of each year, and in most waterways the highest ms-PAF recorded 

occurred in early 2007.    

Sampling site 

Temporal trends 

Ambient  

(2006–2008) 

Event  

(2004–2008) 
Upper Andromache River No trend observed 

Andromache River No trend observed 

Bakers Creek No trend observed 

Basin Creek No trend observed 

Blacks Creek No trend observed 

Carmila Creek No trend observed 

Finch Hatton Creek No trend observed 

Gregory River  No trend observed 

Impulse Creek  No trend observed 

Mackay No trend observed 

Myrtle Creek No trend observed 

O’Connell River No trend observed 

Pioneer River Decrease No trend observed 

Plane Creek  No trend observed 

Proserpine River No trend observed 

Rocky Dam Creek No trend observed 

Sandy Creek Decrease Decrease 

Sarina No trend observed 

St Helens Creek No trend observed 

Waite Creek No trend observed 
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HEV sites (Upper Andromache River, Finch Hatton Creek, Impulse Creek and St Helens 

Creek) did not record an ambient or event ms-PAF value above 1 per cent, therefore the 

species at these HEV sites were being adequately protected in reference to the PC99 

protection level. All ambient ms-PAF values at Basin Creek were below 1 per cent, however 

event ms-PAF values in early 2005 reached just below 4 per cent and in early 2007 reached 

17 per cent, therefore not meeting the PC99 protection level required at HEV sites.  

With the exception of the HEV sites, only one creek had ms-PAF results that met the target 

for adequate protection of species. All ambient and event ms-PAF results for Waite Creek 

were below the target of a 5 per cent potentially affected fraction. Blacks Creek had the next 

lowest ms-PAF results with the highest result showing 7 per cent of species were affected 

during an event. The majority of ms-PAF results for Mackay, Sarina, and Proserpine River 

were below 5 per cent of affected species for event samples, with a few instances of event 

ms-PAF results reaching 14 or 15 per cent. 

The ms-PAF results for a number of waterways showed that under ambient conditions, 

adequate protection was provided, but under event conditions, the protection for species 

was not adequate. At Plane Creek the majority of samples not associated with an event had 

a maximum of 5 per cent of species affected; therefore under ambient conditions the species 

in Plane Creek were adequately protected. In early 2005 ms-PAF results peaked at 

36 per cent, and in early 2007 at 57 per cent, while the majority of the event results were 

below 10 per cent. Ambient ms-PAF results from Pioneer River, Sandy Creek, and 

O’Connell River were mostly below the 5 per cent ms-PAF target, but event results were 

frequently above 70 per cent in the Pioneer River, above 80 per cent in Sandy Creek, and up 

to 60 per cent in O’Connell River.  

Results from Carmila Creek showed the majority of ambient and event samples to have ms-

PAF results between 0 and 20 per cent, with the maximum ms-PAF value of 38 per cent. 

Species in Carmila Creek were not adequately protected to the PC95 protection level. In 

Gregory River the highest recorded event ms-PAF value was 84 per cent in early 2005, with 

the majority of event ms-PAFs being below 50 per cent. Bakers Creek ms-PAF values 

reached 94, 84, and 61 per cent in late 2006, early 2007 and early 2008, with the majority of 

other values below 35 per cent.  

Out of all the sampled waterways, the highest ms-PAF values were from Myrtle Creek and 

Rocky Dam Creek, both of which had up to 96 per cent of species affected in events. For 

both creeks the ms-PAF values frequently got to this level, specifically in early 2006, early 

2007, and early 2008.   

The risk assessment of ms-PAF results showed that only the five HEV sites provided 

adequate protection during ambient conditions. Three out of the 12 sites assessed (Bakers 

Creek, Myrtle Creek, and Rocky Dam Creek) had ambient days occurring in the very high 

risk category where 70 per cent or more of species were affected. Four out of the 12 sites 

(Bakers Creek, Myrtle Creek, Plane Creek, and Rocky Dam Creek) had days occurring 

within the high risk category (40–70 per cent of species affected), and 7 of the 12 sites had 

days within the medium risk category (5–40 per cent of species affected). For the three sites 

that the risk assessment of event ms-PAF results could be performed on (Myrtle Creek, 

Pioneer River, and Sandy Creek), all sites had days occurring in every risk category. The 
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results for these three sites indicated inadequate protection of species in ambient and event 

conditions regarding mixtures of pesticides.  

The probabilistic ecological risk assessment conducted for Sandy Creek and Pioneer River 

showed that in 2006–2007, 98 per cent of ambient days in the Pioneer River had adequate 

protection for the species and 88 per cent of ambient days had adequate protection in 2007–

08. Pioneer River had the highest proportion of days in the very high risk category in 2009–

10 with 18 per cent of event days affecting 70 per cent or more of species. The percentage 

of event days in which adequate protection was provided in each year varied between 0 and 

55 per cent. Sandy Creek had the largest proportion of event days in the very high risk 

category in 2010–11 (23 per cent of event days), and only 9–14 per cent of event days in 

which adequate protection was provided in each year.  

 

4.4 Do the water quality targets provide sufficient protection? 

4.4.1 TSS  

In a number of cases the TSS targets were exceeded. The ambient TSS targets ranged from 

1 to 5 mg/L, and the event TSS targets ranged from 8 to 217 mg/L (Andromache River 

CMA). The TSS targets were developed using a combination of modelling and sampling of 

local sites, rather than using an ecological indicator to identify the TSS concentration levels 

that are likely to protect or affect aquatic species. The latter, in addition to the lack of 

monitoring data beyond 2008 for most sites, makes it difficult to determine whether or not the 

existing targets are providing adequate protection.  

The TSS guidelines presented in the Queensland Water Quality Guidelines (EHP 2009) and 

the EPP (water) policies for Pioneer River and Plane Creek Basins (EHP 2013a), and 

Proserpine River, Whitsunday Island and O’Connell River Basins (EHP 2013b) were all 

derived from the targets in Drewry et al. (2008), as such they are the most relevant and 

localised targets available. 

HEV sites should have a separate TSS target from disturbed sites within the same CMA as 

they require higher ecological protection and therefore should have lower targets to maintain 

that protection. 

4.4.2 Nutrients 

The nutrient targets were developed using a combination of modelling and sampling of local 

sites, rather than using an ecological indicator to identify the concentration of each nutrient 

that is likely to protect or affect aquatic species. The latter, in addition to the lack of 

monitoring data beyond 2008 for most sites, makes it difficult to determine whether or not the 

existing targets are providing adequate protection. In a number of cases the existing targets 

were being exceeded, therefore the waterways were not being adequately protected.  

The PN targets ranged from 16–210 µg/L (Proserpine River CMA) for ambient and from 

118–440 µg/L (Blacks Creek CMA) for event. The ambient DIN targets ranged from 8–

456 µg/L (Bakers Creek CMA) and from 42–465 µg/L (Carmila Creek CMA) for event 

targets. The PP targets ranged from 6–60 µg/L (Proserpine River CMA) for ambient 
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conditions and from 31–195 µg/L (Pioneer River CMA) for events. The ambient FRP targets 

ranged from 2–95 µg/L (Proserpine River CMA), and the event targets ranged from < LOR–

377 µg/L (Mackay City CMA). 

Nutrient Queensland Water Quality Guidelines (EHP 2009) and the EPP (water) policies for 

Pioneer River and Plane Creek Basins (EHP 2013a), and Proserpine River, Whitsunday 

Island and O’Connell River Basins (EHP 2013b) were all derived from the targets in Drewry 

et al. (2008) and as such they are the most relevant and localised targets available. 

HEV sites should have separate nutrient targets from disturbed sites within the same CMA 

as they require higher ecological protection and therefore should have lower targets to 

maintain that protection. 

4.4.3 Pesticides  

4.4.3.1 Individual pesticides 

The existing 2014 pesticide targets were below the PC95 ecotoxicity thresholds for the 

majority of the Mackay Whitsunday CMAs. All ambient targets for diuron are below the 

ecotoxicity threshold, but many of the CMAs’ diuron event targets were above the ecotoxicity 

threshold and therefore would not be providing adequate protection and should be 

amended. The ametryn event target in Myrtle Creek is not providing adequate protection 

based on the ecotoxicity threshold. At the HEV sites the PC99 ecotoxicity threshold should 

be achieved, therefore the event diuron and hexazinone targets for the St Helens Creek 

CMA are not appropriate for the HEV site in this CMA. Similarly, the event target for diuron in 

the Upper Cattle Creek CMA is not appropriate for the Finch Hatton Creek HEV site.  

For all other waterways and pesticides, the CMA pesticide targets appeared to be providing 

sufficient ecosystem protection for exposure to individual pesticides.  

4.4.3.2 Mixtures of pesticides  

To examine whether the targets set for the individual pesticides would provide adequate 

protection when the pesticides were present together as a mixture, the ms-PAF was 

calculated for each site from the 2014 target concentrations. The targets set for ambient 

conditions in each CMA (Drewry et al. 2008) are providing adequate protection to species 

(i.e. ms-PAF < 5 per cent) from mixtures of pesticides in 13 of the 18 CMAs (72 per cent). 

Under event conditions, in the majority (72 per cent) of CMAs, the individual pesticide targets 

are not providing adequate protection, i.e. ms-PAF ≥ 5 per cent. Only 28 per cent of sites 

have event targets which will protect 95 per cent of the species.  

Every HEV site should be providing protection for 99 per cent of the species, therefore have 

a ms-PAF< 1 per cent. Under ambient conditions, if each HEV site met the individual 

pesticide 2014 targets, all but St Helens Creek would provide adequate protection to 

99 per cent of species. However, under event conditions, if the HEV sites met the event 

targets of the individual pesticides, only Upper Andromache River and Impulse Creek HEV 

sites would be adequately protecting the species based on the ms-PAF. The Basin Creek, 

Finch Hatton Creek, and St Helens Creek sites were not providing adequate protection (i.e. 

not protecting 99 per cent of the species). 
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4.5 Recommendations 

Water quality monitoring by Reef Catchments for TSS, nutrients and pesticides was 

discontinued in the Mackay Whitsunday region in 2008 (ambient sampling) and 2009 (event 

sampling). However, data were collected at Pioneer River and Sandy Creek subsequent to 

this by the Queensland Government – the Great Barrier Reef Catchment Loads Monitoring 

Program (GBRCLMP). It is understood that from 2009, best management land use practices 

have been implemented on farms in the Mackay Whitsundays region to reduce the loads of 

TSS, nutrients and pesticides in catchments. Monitoring at Sandy Creek and Pioneer River 

since 2009 by GBRCLMP has demonstrated that both increases and decreases in 

concentrations of pollutants have occurred over the sampling period of 2004–2013. While 

temporal trends (increases or decreases in concentrations over time) were observed at a 

number of sites in the sampling period of 2004–2009, there are no data to indicate what the 

current conditions of these waterways are since the implementation of the new land use 

practices as no data are available. Therefore, it is recommended that monitoring resumes in 

2014–2015, with a particular focus on those sites where TSS, nutrients and/or pesticides 

posed an ecological risk to the waterways.   

Sites were classified as being high or low priority based on the concentrations of pollutants 

measured during the sampling period. Sites of highest priority for continued monitoring are 

reported below based on the TSS, nutrient, and pesticide assessments and pesticide risk 

assessments. High priority sites that were initially identified were split into primary and 

secondary sites for TSS and pesticides. The primary sites were those with highest 

concentrations of pollutants detected, and if funding is limited, these should be targeted 

initially. It is recommended that both ambient and event monitoring should be undertaken 

with good sample coverage. 

TSS 

The sites recommended for further monitoring of TSS were classified based on the TSS 

assessment (Table 34). Sites classified as primary and secondary are priority sites for 

focused ambient and event monitoring, all other sites are considered a lower priority. 

Table 34 Priority sites for further monitoring of TSS in the Mackay Whitsundays region. 

Primary sites Secondary sites 

Airlie Creek Blacks Creek  

Myrtle Creek  O’Connell River  

Waite Creek  Pioneer River 

 Rocky Dam Creek 

 

Nutrients 

Site priority for further monitoring of nutrients was classified based on the nutrient 

assessment of at least one out of the four nutrients analysed (Table 35). Sites classified as 

primary and secondary are priority sites for focused ambient and event monitoring, all other 

sites are considered a lower priority. 
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Table 35 Priority sites for further monitoring of nutrients in the Mackay Whitsundays region. 

Primary sites Secondary sites 

Bakers Creek  

Mackay City  

Sandy Creek  

Waite Creek  

Blacks Creek 

Carmila Creek 

Gregory River 

Myrtle Creek 

O’Connell River 

 

Plane Creek 

Proserpine River 

Rocky Dam Creek 

 

Pesticides 

The sites recommended for further monitoring of pesticides were classified based on the 

assessments of individual pesticides (Table 36) and mixtures of pesticides (Table 37). Sites 

classified as primary and secondary are priority sites for focused ambient and event 

monitoring, all other sites are considered a lower priority. 

Table 36 Priority sites for further monitoring of pesticides in the Mackay Whitsundays region 

based on the risk assessments of individual pesticides. 

Primary sites Secondary sites 

Bakers Creek Blacks Creek 

Carmila Creek Mackay City 

Gregory River Proserpine River 

Myrtle Creek Sarina 

O’Connell River  

Pioneer River  

Plane Creek  

Rocky Dam Creek  

Sandy Creek   

 

Table 37 Priority sites for further monitoring of pesticides in the Mackay Whitsundays region 

based on the risk assessments of mixtures of pesticides. 

Primary sites Secondary sites 

Bakers Creek Mackay City 

Carmila Creek Plane Creek 

Gregory River Proserpine River 

Myrtle Creek Sarina 

O’Connell River  

Pioneer River  

Rocky Dam Creek  

Sandy Creek   
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Targets 

It is recommended that ambient and event monitoring resumes in 2014–2015 to determine 

whether the 2014 targets developed in 2008 are relevant to the current conditions in the 

region, and in each CMA. Additionally, the TSS and nutrient 2014 targets should be 

assessed against the results from TSS and nutrient sampling at reference sites (as per the 

criteria described in Queensland Water Quality Guidelines (EHP 2009) to determine whether 

the targets are providing ecological protection.  

Furthermore, where the event target is more stringent than the ambient target (e.g., FRP in 

Andromache River CMA and Proserpine River CMA; and PN in St Helens Creek CMA) these 

targets should be amended following further sampling.  

With regard to pesticides, it is also recommended that ambient and event monitoring 

resumes in 2014–2015 to determine whether the 2014 targets are still relevant. Those CMA 

pesticide targets that have a higher concentration than the new ecotoxicity thresholds should 

be lowered to reflect the new threshold concentrations –subject to these thresholds being 

adopted as Australian and New Zealand Guideline Values. The diuron event target should 

be amended to reflect the PC95 ecotoxicity threshold (0.3 µg/L) for the following CMAs: 

Gregory River, Myrtle Creek, Proserpine River, St Helens Creek, Mackay City, Pioneer 

River, Upper Cattle Creek, Bakers Creek, Sandy Creek, Plane Creek, Rocky Dam Creek, 

and Carmila Creek. The event target for ametryn in Myrtle Creek should be amended to 

reflect the PC95 ecotoxicity threshold (0.1 µg/L). The PC99 ecotoxicity thresholds should be 

used for any HEV sites. Therefore, the event diuron target for the Finch Hatton Creek HEV 

site should be amended to reflect the PC99 (0.2 µg/L); and the event diuron and hexazinone 

targets for the St Helens Creek CMA should be amended (0.2 µg/L for both pesticides).   

Biomonitoring 

It would be highly advantageous to include biological monitoring along with traditional water 

quality monitoring in the waterways of the Mackay Whitsunday region. Due to the multiple 

stressors affecting these waterways it is not possible to identify a single species or even type 

of organism for biomonitoring. The SPeAR method shows considerable promise as a 

biomonitoring method for the deleterious effects of herbicides. Other broader approaches 

such as the traditional macro-invertebrate collection and identification methods (Negus et al. 

2013) definitely have a potential role but these methods are typically fairly expensive, slow, 

costly and ignore many groups of organisms. New ‘omics’ based methods such as 

metabarcoding show considerable promise as they can identify ‘all’ taxa present in 

environmental samples. At this point only the traditional macroinvertebrate and SPeAR 

methods are ready for use but both have limitations. If any ‘omics’ method is to be used it 

would require further testing to determine its suitability for the Mackay Whitsunday region.  
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Appendix A Locations of sampling sites 
 

Sampling Site Basin Gauging Station Coordinates 

Airlie Creek Proserpine River 1220047 
20 16.233 S  
148 34.017 E 

Upper Andromache 
River 

O’Connell River 124003A 
20 34.733 S 
148 28.283 E 

Andromache River O’Connell River 1240055 
20 35.767 S 
148 34.550 E 

Bakers Creek Plane Creek 1260052  

Basin Creek Plane Creek 1260003 
21 45.133 S 
149 22.100 E 

Blacks Creek Pioneer River  125005A 
21 19.783 S 
149 49.883 E 

Carmila Creek Plane Creek 126003A 
21 53.933 S 
149 23.900 E 

Finch Hatton Creek Pioneer River 1250043 
21 05.317 S 
149 38.017 E 

Gregory River Proserpine River 122004A 
20 18.050 S 
148 32.850 E 

Impulse Creek Proserpine River 1220041 
20 21.183 S 
148 43.583 E 

Mackay 1 Pioneer River 1250044 
21 08.833 S 
149 11.150 E 

Mackay 2 Pioneer River 1240064 
21 04.434 S 
149 09.276 E 

Myrtle Creek Proserpine River 1220035, A, B 
20 20.117 S 
148 32.383 E 

O’Connell River 1 O’Connell River 
124001A 

 
124001B 

20 37.683 S 
148 34.450 E 
20 39.223 S 
148 34.331 E 

O’Connell River 2 O’Connell River 1240062 
20 33.983 S 
148 36.700 E 

Pioneer River Pioneer River 125013A 
21 08.650 S 
149 04.517 E 

Plane Creek Plane Creek 126002A 
21 25.667 S 
149 13.667 E 

Proserpine River 1 Proserpine River 1220046 
20 24.617 S 
148 34.883 E 

Proserpine River 2 Proserpine River 122005A 
20 23.500 S 
148 35.900 E 

Rocky Dam Creek Plane Creek 
1260033 

 
126007A 

21 38.267 S 
149 20.633 E 
21 39.559 S 
149 18.542 E 

Sandy Creek Plane Creek 126001A 
21 16.983 S 
149 01.367 E 

Sarina Plane 1260034 
21 25.279 S 
149 13.143 E 

St Helens Creek O’Connell River 1240061 
20 58.467 S 
148 41.250 E 

Waite Creek Proserpine River 1220045 
20 17.283 S 
148 40.683 E 
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Appendix B Hydrographs  

 

Figure B1 Hydrograph of discharge (in m
3
/s) for Upper Andromache River, with event sampling plotted (red circles) against discharge level for the 

period of January 2005-April 2007.    
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Figure B2 Hydrograph of discharge (in m
3
/s) for Carmila Creek, with event sampling plotted (red circles) against discharge level for the period of 

January 2005- April 2007.    
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Figure B3 Hydrograph of discharge (in m
3
/s) for Blacks Creek, with event sampling plotted (red circles) against discharge level for the period of 

January 2005- April 2007.    
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Figure B4 Hydrograph of discharge (in m
3
/s) for Gregory River, with event sampling plotted (red circles) against discharge level for the period of 

January 2005- April 2007.    
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Figure B5 Hydrograph of discharge (in m
3
/s) for O’Connell River, with event sampling (red circles) and ambient sampling (grey circles) plotted 

against discharge level for the period of January 2005- April 2007.    
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Figure B6 Hydrograph of discharge (in m
3
/s) for Rocky Dam Creek, with event sampling (red circles) and ambient sampling (grey circles) plotted 

against discharge level for the period of February 2006- April 2007.   
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Appendix C Regression results table 

 



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

203 

 

 



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

204 

 

 

 



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

205 

 

 

 



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

206 

 

 



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

207 

 

 

 

 

 

 



Risk Assessment and Prioritisation of Catchments for Suspended Solids, Nutrients, and Pesticides in the Mackay 
Whitsunday Region 

208 

 

 

 


