
 Page 1  

������������	��
��
��
����������	��	����	�������
����
��	����������������
�
�����

�
�



 Page 2  

����	
��
�������
��	�������	��
���
����
	����
����
�� 	����������	�
�����
�
 ����	�������!����
��	�������	��
���
�
�
"���#$�!%�%$!�&&&&%�%!�
�
���� ��������	
��	
�
��
 ���'	�
�(�	��
���	���(���
��
����
�����)���*
�������	� �)���	�	�	
'��
�����+	�*,���������
���

���
)������
����
	����'
�'����� ������
���
�(���
���������
�
�
���+	
�
������*��
��'�����(�����
������	
�	����
�
,��� �-����.�����
��(��������	���
���'����
'���������������
���
�������������

�*	����������*�	�� ������'	

	����(����� �	�(��
/.����	+��0((	���)����
��	����������	�
����,�
�
����
���	����
#���*	
��)���+	
�1)����
	��2)���	���	
 ���3)��� �������4)����������,�
����,� ���	������
��
	��
�����
��������
���
���
�����
��	�����	 � 
!""#$!""%& ���
��	��
�����	��
���
)���*�
+	���,�!5��, 

�
6����������	�
�'����������	��
�(��'����
��	����������	 �
��������(��'�����
7��
	��#� ***,�
���',���,�� �
�

 

 �����"�*��	�����
��������
)�
��*�
+	���)�8�9!5��
�,0���.�59::)���*�
+	����8�9!5��
��#�;��<�9��9=�&99�6�.#�;��<�9��9=�&���



 Page 3  

 

������������	��
����
���
�������	��	����	�������
����
��	��������������
�
�����

�

��������� !��
"���
�	���
��#�$���	������#�%�	�������#�&���
���	 ���'�#�(����	�)���		�**��	��
)��+���)��'
�	�
�
1 �6��������#���>�&�



 Page 4  

The authors 

 
Stephen Lewis, Australian Centre for Tropical Freshwater Research, James Cook University, 
Townsville, Douglas, 4811, Australia. 
E-mail: stephen.lewis@jcu.edu.au  
 
Aaron Davis, Australian Centre for Tropical Freshwater Research, James Cook University, 
Townsville, Douglas, 4811, Australia. 
E-mail: aaron.davis@jcu.edu.au  
 
Jon Brodie, Australian Centre for Tropical Freshwater Research, James Cook University, 
Townsville, Douglas, 4811, Australia. 
E-mail: jon.brodie@jcu.edu.au  
 
Zoë Bainbridge, Australian Centre for Tropical Freshwater Research, James Cook University, 
Townsville, Douglas, 4811, Australia. 
E-mail: zoe.bainbridge@jcu.edu.au  
 
Vivian McConnell, Australian Centre for Tropical Freshwater Research, James Cook 
University, Townsville, Douglas, 4811, Australia. 
E-mail: mcconnellv@conwag.com  
 
Mirjam Maughan, Australian Centre for Tropical Freshwater Research, James Cook 
University, Townsville, Douglas, 4811, Australia. 
E-mail: mirjam.maughan@jcu.edu.au  
 
 

Acknowledgements 
 
The reviews of Evan Shannon and Fil Corica from the BSES (Brandon) significantly 
improved the manuscript.  We are grateful to Vern Veitch, Shane Blowes and Jaime Kay for 
assisting with the collection of event flow samples.  Appreciation is given to Geoff Pocock 
and Phil Kerr at NRW Ayr (and the general hydrographers team) and to SunWater for access 
to stream flow data.  The Australian Government’s Marine and Tropical Sciences Research 
Facility is acknowledged for funding some additional flood plume pesticide analysis in the 
lower Burdekin.  The Burdekin Dry Tropics NRM is thanked for funding this project. 
 

   
Important Disclaimer :  Australian Centre for Tropical Freshwater Research has compiled this report in good faith.  The reader 
is advised and needs to be aware that such information may be incomplete or unable to be used in any specific situation.  No 
reliance or actions must therefore be made on that information without seeking prior expert professional, scientific and technical 
advice.  To the extent permitted by law, the Burdekin Dry Tropics NRM, Australian Centre for Tropical Research, (including its 
employees and consultants) excludes all liability to any person for any consequences, including but not limited to all losses, 
damages, costs, expenses and any other compensation arising directly or indirectly from using this publication (in part or in 
whole) and any information or material contained in it. 

 
 
 



 Page 5  

Table of Contents 
Executive Summary................................................................................................ 6 
Introduction ............................................................................................................. 9 
1. Review of pesticides in the lower Burdekin and Don River catchments..... 10 

1.1. Section Overview.................................................................................... 10 
1.2. Pesticide usage in sugar industry of the lower Burdekin..................... 10 

2.2.1. Overview .........................................................................................10 
2.2.2. Insecticide usage in the lower Burdekin............................................ 11 
2.2.3. Herbicide usage in the lower Burdekin ............................................. 16 
2.2.4. Fungicide usage in the lower Burdekin............................................. 18 

2.3 Pesticide residues in the lower Burdekin.............................................. 18 
2.3.1. Overview .........................................................................................18 
2.3.2. Insecticide residues in the lower Burdekin........................................ 18 
2.3.3. Herbicide residues in the lower Burdekin ......................................... 20 

2.4. Pesticide chemical properties and potential impacts to the environment
 22 

2.4.1. Overview .........................................................................................22 
2.4.2. Insecticide properties and impacts .................................................... 22 
2.4.3. Herbicide properties and impacts...................................................... 25 
2.4.4. Key pesticides of current concern in the lower Burdekin.................. 27 

2.5. Pesticide usage in the horticulture industry of the lower Don catchment 
and lower Burdekin........................................................................................... 29 

2.5.1. Overview .........................................................................................29 
2.5.2. The horticulture industries in the Don – lower Burdekin regions...... 30 
2.5.3. Pesticide usage in the horticulture industry....................................... 30 

3. Pesticide monitoring in the lower Burdekin and Don catchments............... 34 
3.1. Overview..................................................................................................... 34 
3.2. Rainfall events in the 2004/05, 2005/06 and 2006/07 water years............. 34 
3.3. Pesticide sample collection in the lower Burdekin and Don catchments.. 34 

3.3.1. Overview .........................................................................................34 
3.3.2. Sub-catchment scale pesticide sampling ........................................... 34 
3.3.3. Flood plume pesticide sampling ....................................................... 39 

3.4. Analytical methodology......................................................................... 39 
3.5. Load calculations................................................................................... 39 

4. Results and discussion................................................................................... 40 
4.1. Overview ................................................................................................ 40 
4.2. Sub-catchment scale............................................................................... 40 

4.2.1. Overview .........................................................................................40 
4.2.2. Haughton River sub-catchment......................................................... 40 
4.2.3. Barratta Creek sub-catchment........................................................... 43 
4.2.4. Burdekin Delta Irrigation Channels sub-catchment........................... 57 
4.2.5. Yellow Gin Creek sub-catchment ..................................................... 58 
4.2.6. Don Basin sub-catchments ............................................................... 58 
4.2.7. Summary.......................................................................................... 60 

4.3. Plume samples........................................................................................ 70 
5. Conclusions and recommendations............................................................... 72 
6. References......................................................................................................76 



 Page 6  

Executive Summary 

 

We review the historical and current use of pesticides (insecticides, herbicides and 
fungicides) in the sugarcane and horticultural industries of the lower Burdekin 
(includes lower Haughton River catchment, BRIA and the Burdekin Delta) and Don 
River Regions of north Queensland, as well as pesticide residues in the 
sediments/soils and waterways of the lower Burdekin and in the adjacent marine 
environment (the Great Barrier Reef lagoon).  The chemical properties and potential 
impacts of these pesticides in the receiving water bodies (e.g. coastal wetland, 
estuarine and marine environments) are examined and the key chemicals of main 
concern in the area are listed.  We present ambient (low flow) and event flow 
pesticide monitoring data at the sub-catchment scale from 2005-2007 in the lower 
Burdekin and Don River catchments.  We also present data from the flood plumes 
produced by the Haughton River and Barratta Creek which were monitored in 
Bowling Green Bay in 2007.  We discuss the current pesticides of most significance 
for the lower Burdekin and Don River Regions. 
 
Historical and current pesticide use 

A number of cultural (e.g. timing of planting) and biological (e.g. introduction of the 
Indian myna bird, cane toad and tachinid fly) controls were used to control pest 
insects prior to the introduction of organochlorines in 1947.  Organochlorine 
insecticides (e.g. HCH, lindane and DDT) were highly effective in the sugarcane 
industry, in particular to control the greyback (cane) grub.  These insecticides were 
banned in 1987 due to their presence/bioaccumulation in cattle exports as well as 
health and environmental concerns.  Since 1987, organophosphate (e.g. chlorpyrifos) 
and chloronicotinyl (e.g. imidacloprid) insecticides have been increasingly used in 
sugarcane.  In contrast to the sugarcane industry, large varieties of insecticides are 
used in the horticultural industry in the Don Basin/Bowen region depending on the 
crop and the target pest.  Herbicides such as 2,4-D, atrazine and diuron have been 
applied in the north Queensland sugarcane industry since the 1950s, although their 
use has increased considerably in response to industry expansion over the last 20 
years.  Methoyethylmercuric chloride (MEMC) is the most commonly used fungicide 
in the sugarcane industry of the lower Burdekin, although a variety of fungicides are 
used in the horticultural industry. 
 
Previous monitoring data of pesticide residues in the lower Burdekin 

Despite being banned since 1987, organochlorine residues have recently been 
detected in some of the sediments and soils of the lower Burdekin, although at very 
low concentrations and at limited sites.  Endosulfan is the only organochlorine 
insecticide still used in the lower Burdekin, mainly in legume crops; however, its use 
is tightly regulated.  This insecticide was detected in some sediment samples and in 
three water samples in the lower Burdekin.  Chlorpyrifos was the only other currently 
used insecticide detected in the waters and sediments of the lower Burdekin.  In 
contrast, several herbicides have been detected in the sediments and waters of the 
lower Burdekin including diuron, atrazine, ametryn, prometryn, simazine, hexazinone, 
2,4-D and 2,4,5-T.  No fungicide residues have been detected in the lower Burdekin, 
although monitoring data are limited.  There have been limited previous monitoring 
efforts of pesticide residues in the Don River/Bowen Region. 
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Chemical properties of pesticides and potential environmental impacts 

The relatively long half lives (up to 30 years), bioaccumulation potential and strong 
preference for particulate phases of the organochlorine insecticides explains their 
persistence in sediments and their presence in long-lived organisms of the Great 
Barrier Reef lagoon.  While organochlorine insecticide residues persist at relatively 
low concentrations in the soils of the lower Burdekin compared to the period before 
they were banned, these concentrations may still be environmentally significant; 
however, the management of these (no longer used) insecticides is not feasible.  The 
current insecticides used in the lower Burdekin (e.g. chlorpyrifos) are less persistent 
in the environment (~30 days) and have only been found sporadically in the sediments 
and waterways of the region.  However, the detection limits of these insecticides may 
be too high to fully evaluate the ecological risk of these chemicals in the environment.  
Chlorpyrifos, for example, is considered to be highly toxic to organisms at low 
concentrations (~0.01 µg/L), although the laboratory detection limit in this study was 
0.1 µg/L.  The herbicides used in the sugarcane and horticultural industries have 
moderate persistence (typical half lives of 60-90 days) and most of these herbicides 
favour the dissolved phase.  Thus, several herbicides have the potential for offsite 
transport through the waterways of the lower Burdekin.  The residues of several 
herbicides (atrazine, diuron, ametryn, hexazinone, 2,4-D) have been regularly found 
in the sediments and waterways of the lower Burdekin at biologically significant 
concentrations.  However, these concentrations are not necessarily at significant 
dosages for the relevant organisms that inhibit the coastal streams and estuarine 
environments.  Toxicity data for herbicides on tropical organisms, including additive 
and synergistic effects, are generally scant; however, limited data suggest that diuron 
and atrazine are considered to be the herbicides of most concern to marine 
ecosystems.  The potential environmental impact of fungicides is largely unknown, 
although MEMC (a commonly used fungicide in the lower Burdekin) has been found 
to be highly toxic to corals at relatively low concentrations (1 µg/L). 
 
Monitoring of pesticides in the 2004/05, 2005/06 and 2006/07 water years 

Several waterways in the lower Burdekin were monitored for pesticide residues from 
2005-2007 in both low flow and event flow conditions.  Sampling sites ranged from 
the Haughton River in the north to Yellow Gin Creek (a control site) in the south, as 
well as the Don River near Bowen.    
 
Overall, 132 water samples were analysed for pesticide residues in the lower 
Burdekin and Don River catchments from 2005 to 2007 including 43 ambient (low 
flow) samples and 89 event (high flow) samples.  Ten herbicide residues were 
detected in the ambient samples including ametryn (range from <0.01 to 2.10 µg/L: 
detected in 20 of 43 samples), atrazine (<0.01 to 8.80 µg/L: 38 of 43), diuron (<0.01 
to 8.20 µg/L: 31 of 43), fluometuron (<0.01 to 0.04: 1 of 43), hexazinone (<0.01 to 
0.22 µg/L: 12 of 43), prometryn (<0.01 to 0.03 µg/L: 5 of 43), simazine (<0.01 to 
0.04 µg/L: 9 of 43), tebuthiuron (<0.01 to 0.02 µg/L: 20 of 43), MCPA (<0.1 to 0.2 
µg/L: 1 of 29) and 2,4-D (<0.1 to 2.2 µg/L: 8 of 29).  In addition, the decay products 
of atrazine – desethyl atrazine (<0.01 to 1.30 µg/L: 23 of 43) and desisopropyl 
atrazine (<0.01 to 0.23 µg/L: 12 of 43; also a decay product of simazine) were 
detected in the ambient samples.  No insecticide residues were detected in the ambient 
samples. 
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Ten herbicide residues were detected in the event flow samples including ametryn 
(<0.01 to 0.31 µg/L: 37 of 89), atrazine (<0.01 to 6.50 µg/L: 68 of 89), diuron (<0.01 
to 3.80 µg/L: 65 of 85), hexazinone (<0.01 to 0.09 µg/L: 28 of 89), simazine (<0.01 to 
0.18 µg/L: 13 of 89), tebuthiuron (<0.01 to 0.02 µg/L: 2 of 89), bromacil (detected 
twice at 0.01 and 0.03 µg/L of 61 samples, although 58 of the 61 samples were 
analysed with a detection limit of 0.1 µg/L), metolachlor (<0.1 to 0.8 µg/L: 5 of 61), 
MCPA (<0.1 to 0.2 µg/L: 1 of 29) and 2,4-D (<0.1 to 2.5 µg/L: 11 of 29).  In addition 
desethyl atrazine (<0.01 to 1.20 µg/L: 59 of 89) and desisopropyl atrazine (<0.01 to 
0.29 µg/L: 48 of 89) were detected in the event samples.  Most of the herbicides 
detected (ametryn, atrazine, diuron, metolachlor, haxazinone, MCPA and 2,4-D) are 
registered in the sugarcane industry, although the detection of simazine (forestry), 
prometryn (cotton) and tebuthiuron (grazing) in these waterways was unexpected.  
Pesticide residues were also analysed in nine sediment samples collected from the 
major streams in the lower Burdekin.  Diuron residues were detected in one of the 
nine sediment samples at 0.02 mg/kg (Plantation Creek site).  No other pesticide 
residues were detected in the sediment samples.  No insecticide residues were 
detected in the event flow samples. 
 
The herbicides of particular concern in the lower Burdekin sugarcane industry are 
atrazine, diuron, ametryn and 2,4-D, all of which exceeded various ANZECC 
guidelines (or effect levels) in several samples.  These four herbicides were also the 
most significant in terms of loads exported from the lower Burdekin catchment 
(Haughton River and Barratta Creek systems).  Preliminary estimates of average 
annual export are 280 kilograms of atrazine, 180 kg of diuron, 8 kg of ametryn and 50 
kg of 2,4-D.  Metolachlor also exceeded the ANZECC low reliability guideline in 
some samples and further monitoring of this herbicide is recommended.  The 
confidence in these guidelines is relatively low due to a lack of toxicity studies for 
relevant species of the Great Barrier Reef and tropical wetlands.  In addition, studies 
on the possibilities of enhanced synergistic effects of various combinations of 
herbicides are required to fully appreciate the risk of herbicides in the receiving water 
environments.   
 
Two herbicide residues were detected in the 2007 flood plume produced from the 
Haughton River and Barratta Creek.  These included atrazine (<0.01 to 0.08 µg/L: 13 
of 14) and diuron (<0.01 to 0.08 µg/L: 12 of 14).  Desethyl atrazine residues (<0.01 to 
0.03 µg/L: 5 of 14) were also detected in the plume.  These concentrations did not 
exceed any set ANZECC (2000) guidelines, although in some samples, concentrations 
of diuron were close to the ‘effects level’ for seagrass (0.10 µg/L).  Our data (and 
previous studies) indicate that atrazine and diuron are the key herbicides of concern in 
the lower Burdekin and present a considerable risk to freshwater and estuarine (e.g. 
mangroves) ecosystems, a possible risk to coastal water ecosystems (e.g. seagrass 
beds) and a very low risk to the offshore marine ecosystems (e.g. mid-shelf reefs).  
Herbicides such as diuron, atrazine, ametryn, hexazinone, simazine and tebuthiuron, 
all of which suppress photosystem II in plants, will have an additive effect when 
present together.  This additive effect is not well quantified and needs to be 
incorporated into water quality guidelines. 
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Introduction 
 
Burdekin River catchment as well as the coastal catchments between the townships of 
Giru and Bowen (includes Haughton River, Barratta Creek, Burdekin River Delta, 
Elliot River, Euri Creek and Don River catchments).  This region forms a sizable 
proportion (33%) of the entire Great Barrier Reef catchment area.  The dominant land 
use in the Burdekin Region is cattle grazing, although the sugar industry is prominent 
on the lower coastal floodplain (~ 420 km2) with smaller areas of horticulture in the 
southeast towards Bowen (Fig 1).  While most of the previous water quality 
monitoring efforts have concentrated on nutrient and sediment export in this region, 
recent research from neighbouring regions is highlighting the movement of pesticide 
residues from agricultural land-uses into the receiving waters of associated marine 
and freshwater environments (Rohde et al., 2006; Faithful et al., 2007).  Both the 
sugar and horticulture industries in the lower Burdekin and Don catchments apply 
pesticides to control weeds and insects in order to maintain productivity.  These 
pesticides may be highly toxic to non-target species and pose potential threats to 
coastal and marine ecosystems.  In this report, we identify the pesticides of main 
concern in these agricultural industries from a review of usage and previous 
monitoring studies (Section 2), and from an ambient and event monitoring program in 
the lower Burdekin and Don catchments (Sections 3 and 4).  Section 4 also presents 
pesticide monitoring data from the flood plumes from the Haughton River and 
Barratta Creek in 2007 to determine the extent of pesticide residues in the marine 
environment.   
 
For the purpose of this report, the ‘lower Burdekin’ is used to describe the coastal 
floodplain area of the Haughton River and Burdekin River Delta/Burdekin River 
Irrigation Area (BRIA) catchments (e.g. Barratta, Sheep Station, Plantation, Iyah 
Creeks; Fig 1).  We review the historical and current use of pesticides (insecticides, 
herbicides and fungicides) in the lower Burdekin (Section 2.2) and the current 
pesticide use in the lower Don catchment (Section 2.5).  We also examine the 
available data of pesticide residues in the surface waters, ground waters and soils of 
the lower Burdekin as well as in intertidal and sub-tidal sediments immediately 
adjacent to this area (Section 2.3).  In addition, we outline the persistence, properties 
and potential threat of these chemicals in the environment (Section 2.4).  Section 3.2 
describes the rainfall events during the 2005, 2006 and 2007 wet seasons that 
triggered significant flow events in the lower Burdekin and Don River catchments.  
Section 3.3 outlines the methods and pesticide sampling sites in the lower Burdekin 
and Don River catchments as well as in the adjacent marine environment.  Section 4 
presents the results and discussion of the pesticide monitoring program from 2005 to 
2007. 
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1. Review of pesticides in the lower Burdekin and Don River 
catchments 

 
 Section Overview 
 
We review the historical and current use of pesticides (insecticides, herbicides and 
fungicides) in the sugarcane industry in the lower Burdekin catchment (Section 2.2).  
We also examine the available data of pesticide residues in the surface waters, ground 
waters and soils of the lower Burdekin as well as in intertidal and sub-tidal sediments 
immediately adjacent to this area (Section 2.3).  In addition, the persistence, 
properties and potential threat of these chemicals in the environment are investigated 
(Section 2.4).  The current use of pesticides in the lower Don catchment is reviewed 
in section 2.5. 
 
 Pesticide usage in sugar industry of the lower Burdekin 
 

2.2.1. Overview 
 
We review the historical and current use of insecticides (section 2.2.2) in the lower 
Burdekin including the period before organochlorines were introduced, the time of 
widespread organochlorine use and the post organochlorine period.  The use of 
herbicides (section 2.2.3) and fungicides (section 2.2.4) in the lower Burdekin are also 
investigated. 

Figure 1.  Land use map of the lower Burdekin and Don River catchments.  Note the sugarcane industry 
is prominent on the coastal plain of the Haughton and lower Burdekin catchments while horticulture is 
the dominant agricultural land use in the Bowen district (Don River catchment).  
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2.2.2. Insecticide usage in the lower Burdekin 
 
Several techniques have been applied to combat insect damage to crops (mainly 
sugarcane) in the lower Burdekin with mixed success including cultural controls, 
chemical controls and biological controls.  A timeline summary of these controls is 
provided in Figure 2.  Pest insects in the lower Burdekin include surface pests 
(locusts, grasshoppers and cicadas) and soil pests (greyback grub, soldier fly larvae, 
wireworms and nematodes).  Of these pests, the greyback grub (Dermolepida 
alborhirtum) is the most significant in the lower Burdekin (Fig 3B) (Robertson et al., 
1995; Cavanagh, 2003). 
 
Prior to the introduction of organochlorines in 1947, a number of measures were 
applied to prevent insect outbreaks in the lower Burdekin (Fig 2).  The timing of 
planting and cultivation, improved drainage of fields, the clearing of trees that may 
harbour the adult beetles (responsible for the cane grub larvae), hand collection of 
cane grubs/adult beetles, the burning of post-harvest crop residues, light trapping of 
the adult beetles and planting more resistant varieties of sugarcane were major 
cultural controls applied to control pest insect outbreaks (Robertson et al., 1995; 
Cavanagh, 2003).  Lead arsenate, carbon disulphide, calcium arsenate and a carbon 
bisulphide-paradichlorobenzene mixture were the chemical controls available, while 
biological controls included the introductions of the Indian myna bird to control 
locusts, cane toads to control cane grubs, tachinid flies to control the New Guinea 
weevil and parasites of cane grubs (Metharhizium sp.) (Cavanagh, 2003).  The 
majority of these control measures proved unsuccessful to control pest insect 
outbreaks. 
 

 
 

 
Figure 2.  A timeline of the various control measures used to control pest insect outbreaks in the lower 
Burdekin (from Cavanagh, 2003). 



 Page 12  

Technical hexachlorocyclohexane (HCH) organochlorines were first trialled in the 
lower Burdekin in 1945 and their use increased rapidly in this area from 1947 (Fig 
3A); a commercial product specifically for sugarcane became available in 1949 
(Cavanagh, 2003).  The HCH formulations contained mixtures of � , � , �  and �  HCH 
isomers which were originally used against all insect pests.  As other organochlorine 
products became available to target specific insect pests, the HCH formulations were 
used mainly to control cane grubs (e.g. aldrin was applied to control the wireworm, 
locusts, black beetles and cane grubs; other products used for specific pests included 
dieldrin (cane grubs, termites, soldier fly, black beetles, locusts and funnel ant), 
chlordane (termites), heptachlor (cane grub, termites, soldier fly, locusts and funnel 
ant), lindane (cane grubs, black beetles and wireworms) and DDT (armyworms)) 
(Cavanagh, 2003; Samson et al., 1998).  In some areas, HCH formulations failed to 
control the greyback grub (blamed on microbial degradation) and farmers changed to 
using heptachlor (Fig 4A) (Cavanagh, 2003).  It is estimated that 1,671 tonnes of 
HCH formulations, 2.4 tonnes of aldrin, 0.32 tonnes of dieldrin and 45.5 tonnes of 
heptachlor were applied in the lower Burdekin region between 1949-1988 (Cavanagh 
and Brunskill, 2003). 
 
Organochlorines were highly successful in preventing insect damage to sugarcane 
crops in north Queensland (Fig 3B).  Their success was attributed to the relatively low 
cost (Fig 4B) and their favourable chemical properties such as strong bonding to soil 
particles and their relatively long persistence in soils for up to three years (Cavanagh, 
2003).  However, these chemical properties also contributed to toxicological impacts 
to human health and to the environment.  These effects were evident in the US and 
Europe where mass mortality of fish, birds and foxes were documented (summarised 
in Cavanagh, 2003).  Australian cattle exports shipped to the USA in 1987 contained 
elevated concentrations of DDT residues which violated US food and safety 
guidelines.  Dieldrin and heptachlor residues were also detected in these cattle 
exports.  This violation was the main reason behind the complete banning of DDT 
(which was already banned in sugar by 1974) and other organochlorines in 1987 
(although the restricted use of chlordane, dieldrin, aldrin and heptachlor were 
permitted to control termites and dieldrin and heptachlor were allowed to control 
soldier fly and funnel ant in sugarcane until completely banned for all uses in 1996) 
(Cavanagh, 2003; Cavanagh et al., 2003).  
 
Chlorpyrifos is the most commonly used insecticide in the lower Burdekin following 
the banning of organochlorines in 1987.  This organophosphate may be applied by 
two separate techniques: a controlled release formulation (SuSCon®) and a spray 
emulsion (Lorsban®).  The SuSCon® technique is used to control cane grubs while 
Lorsban® is used to control other pest insects (Cavanagh, 2003).  SuSCon® is the 
main insecticide used in the lower Burdekin with 55,000 kilograms sold by a chemical 
sales company that supplied to the lower Burdekin area in 2005 (see Appendix 1).  
Overall, the total chlorpyrifos sales for this store in 2005 were 58,500 kg.  
Chlorpyrifos is commonly used between April and December.  Other insecticides 
used in the lower Burdekin to control pest insects include carbaryl (2,000 kg: 
sugarcane stem borer and horticulture and controlling adult beetles, common usage 
from April to December), endosulfan (2,000 kg: historically used to control the 
sugarcane stem borer, but now only used in horticulture/legume crops, common usage 
from March to December), methamyl (10,000 kg: as for endosulfan) and imidacloprid 
(950 kg), although these controls only form a relatively minor component compared 
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to the chlorpyrifos formulations.  Chlorpyrifos has not been completely effective in 
controlling the grey back grub in the lower Burdekin and the area damaged by this 
grub has risen considerably since 1992 (Fig 3B).  This failure has been largely 
attributed to rapid hydrolysis and microbial degradation of chlorpyrifos in alkaline 
soils as well as inappropriate placement of granules (Robertson et al., 1995).  As a 
result, farmers have resorted to using imidacloprid (confidor) (E. Shannon pers 
comm., 2007) as well as some previously used cultural and biological controls.  These 
practices include the biological control by the microbial parasite Metarhizium 
anisopliae, as well as the timing of planting, light trapping of adult beetles and the 
introduction of more resistant sugarcane varieties (Cavanagh, 2003). 
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Figure 3.  Area treated (ha) with insecticides in the lower Burdekin (A) (from Cavanagh, 2003).  Note that 
HCH formulations increased rapidly since they were introduced in 1947.  Heptachlor become prominent in 
the 1980’s particularly in areas where HCH formulations failed.  Relatively small amounts of aldrin have 
been applied in the Burdekin compared to the Herbert region as wireworms have not been a major problem 
in the lower Burdekin sugarcane industry (see Fig 3A) (Cavanagh, 2003).  Since organochlorines were 
banned in 1987, chlorpyrifos (CP) has been used to control pest insects.  Organochlorines were highly 
successful in the lower Burdekin to control pest insects and throughout their period of use (1947-1987) 
damage to sugarcane crops has been relatively negligible (B).  Following the banning of organochlorines, 
the area damaged by the cane grub has increased which suggests that chlorpyrifos has been less effective to 
control this insect (from Cavanagh, 2003). 
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Figure 4.  The majority of insecticides applied in the Burdekin were used to control the grey back grub (A).  
Wireworm and armyworm outbreaks were less common.  Note that while the area harvested for sugarcane has 
more than doubled since the 1980’s (Fig 2B), the area treated with insecticides has remained relatively 
constant.  This offset is probably due to the different soil types of the new land irrigated for sugar (from 
Cavanagh, 2003).  The effectiveness of organochlorines to control pest insects was complimented by the 
relatively cheap cost to treat the cane fields (B).  Since the banning of organochlorines in 1987, the cost to 
prevent insect damage has increased considerably (from Cavanagh, 2003). 
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2.2.3. Herbicide usage in the lower Burdekin 
 
While insecticide use in the lower Burdekin has been thoroughly reviewed by 
Cavanagh (2003), comparatively little information has been published on the 
historical use of herbicides in the lower Burdekin.  Fortunately, some data are 
available in the neighbouring Herbert River catchment from Johnson and Ebert (2000) 
and therefore we have assumed similar usage in the lower Burdekin.  The major 
herbicide products (e.g. 2,4-D, atrazine and diuron) currently used in the Herbert 
River catchment are identical to those used in the Burdekin and so our assumption 
appears to be justified.  
 
Similarly to the organochlorine insecticides, herbicides were first used in the Great 
Barrier Reef (GBR) catchments during the 1940’s.  2,4-D was the first herbicide to be 
used in the Herbert catchment in 1948 while atrazine and diuron have been in use 
since 1959 (Johnson and Ebert, 2000).  These herbicides have remained among the 
preferred measures for weed control in the sugarcane industry and their use has 
increased considerably in response to expansions in this industry particularly during 
the 1980s (Johnson and Ebert, 2000).  In particular, atrazine use increased markedly 
in the Herbert Region since 1983 (Johnson and Ebert, 2000).  One supplier in the 
Burdekin Region recorded sales of 18,000 kilograms of 2,4-D, 20,000 kg of atrazine 
(includes formulations with ametryn) and 6,500 kg of diuron in 2005 (Appendix 1).  
Other popular herbicides in this region (in 2005) included ametryn (1,800 kg), asulam 
(2,500 kg), fluroxypr (1,000 kg), glyphosate (22,000 kg), MCPA 500 (3,500 kg) and 
paraquat (28,000 kg).  Unfortunately, no data are available on the historical use of 
these additional herbicides in GBR catchments.  Hamilton and Hayden (1996) provide 
the most up to date quantitative estimates of the major herbicides used in the lower 
Burdekin catchment.  They estimated that in 1994 the total usage of atrazine was 
46,480 kg, 7,884 kg of diuron, 13,168 kg of 2,4-D, 10,052 kg of glyphosate and 
11,768 kg of ametryn.   
 
Many of the herbicides may be mixed together to target particular weeds; for example 
2,4-D may be mixed with glyphosate (i.e. roundup) or paraquat for grass control (see 
Makepeace and Williams, 1986).  In addition, specific herbicides are applied to target 
particular weeds (e.g. atrazine is used to control broadleaf weeds, while 2,4-D is used 
to control vines).  A summary of the common herbicides used in the lower Burdekin 
as well as their general application time and target weeds are provided in Table 1. 



 Page 17  

 
 

Chemical Target weed Time of 
year Comments 

Atrazine  (Gesaprim, 
Atramax, Atradex, 
Nutrazine, Gesapax 
combi, etc.) 

broad leaf weeds, some residual activity Feb-Dec more common in 
BRIA 

Diuron (Diurmax, 
Diurex) 

usually used to enhance kill of Paraquat 
and Ametryn Apr-Dec used at low rates 

eg.500g/ha 

2,4-D (Amine 500, 
Baton, Ester) 

used as addition to Paraquat and 
Ametryn and alone for vines (Feb-Apr) All year 

range of 
formulations  

Ametryn (Primatol Z, 
Reflex) Grasses Apr-July usually with 

Atrazine 

Glyphosate  
(Roundup, Weedmaster 
Duo, Trigger, Gladiator) 

Grass control, often mixed with 2,4-D All year mainly fallow 
periods 

Paraquat 
(Gramoxone, Boa, 
Maxitop, Nuquat, 
Shirquat) 

Small grasses in plant and ratoons Apr-Dec Used with diuron 
and 2,4-D 

Hexazinone (used 
with Diuron) grasses and broadlef weeds  Aug-Dec used at variable 

rates (300g-3kg) 

Simazine  (Gesatop, 
Simamax, Simagranz) 

not used in cane, some horticulture 
(Cane drains) 

probably 
Dec-Apr ?? 

residual weed 
control between 
rows of plastic 

mulch 

MCPA 500 softer than 2,4-D on cane Feb-Apr 

Used increasingly 
on new cane 
varieties due to 
less negative 
reaction by plants  

Asulam  (Asulox) Grass weed control March-Sept 
very good on big 

weeds or 
escapes 

Fluroxypyr  
(Starane) Alternative to 2,4-D Rarely used 

in BRIA 

Introduced as 
alternative to 2,4-

D but not as 
effective.  

Trifluralin  (Triflur 
480, Crew, Treflan, 
Triflurmax) 

Grass control and some broadleaf 
weeds. Mostly now used in legume 

crops on fallow 
  

Used widely 20 
years ago but 

now rare in BRIA  

 

Table 1 Summary of the main herbicides used in the Burdekin region with target pests and common application 
times 
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2.2.4. Fungicide usage in the lower Burdekin 
 
Little information is available on fungicide usage in the lower Burdekin.  However, 
diseases such as sugarcane smut, orange rust and Pachymetra root rot may cause 
significant damage to sugarcane crops (Anon, 2006).  Methoxyethylmercuric chloride 
(MEMC) is used in the sugar industry to control “pineapple disease” in cane.  
Fungicide usage in cane is generally restricted to the time of planting (E. Shannon 
pers comm., 2007). 
 
Sales figures from one supplier in the lower Burdekin suggest little fungicides are 
used in the BRIA and that most of the fungicides are used in the horticulture industry 
(Appendix 1).  Manacozeb is the most commonly used fungicide in horticulture of the 
lower Burdekin with sales of 15,000 kg from one supplier in 2005 (Appendix 1).  
Other main fungicides include chlorothalonil (4,500 kg), agrifos (3,500 kg), sulphur 
(3,300 kg), cupric hydroxide (2,500 kg), copper oxychloride (2,000 kg), metiram 
(1,300 kg) and bupirimate (1,200 kg). 
 
The persistence, chemical properties and toxicity of these fungicides are largely 
unknown.  In addition, the presence of these chemical residues in the soils, sediments, 
surface waters and groundwaters of the lower Burdekin have not been investigated.  A 
recent study suggests that relatively low levels (1 � g/L) of MEMC can be highly toxic 
in all life stages of coral development (Markey et al., 2007) and so studies are 
required to monitor fungicide runoff from paddocks and to investigate the toxicity of 
fungicides. 
 
2.3  Pesticide residues in the lower Burdekin 
 

2.3.1. Overview 
 
In this section we review the pesticide residues that have been detected in the 
Burdekin region including the adjacent marine environment in studies up till 2006.  
Section 2.3.2 investigates the insecticide residues in the sediments, ground and 
surface waters of the lower Burdekin and adjacent marine environment.  Section 2.3.3 
examines herbicide residues in the lower Burdekin sediments, surface and ground 
waters as well as residues in the adjacent marine and coastal environments. 
 

2.3.2. Insecticide residues in the lower Burdekin 
 
Organochlorine residues (DDT- and its decay products DDE and DDD as well as 
HCB, HCH, heptachlor, heptachlor epoxide, dieldrin, aldrin, chlordane) are still found 
in the sediments and soils of the lower Burdekin cane fields (Cavanagh et al., 1999; 
2003; Hunter et al., 1998; Müller et al., 2000), although less than 1% of the applied 
insecticide organochlorines remain in the soils of this region (Cavanagh et al., 2003; 
Cavanagh and Brunskill, 2003).  DDT is the most common banned organochlorine 
insecticide still detected in the soils and sediments of irrigation channels and drains in 
the lower Burdekin (detected in 10 of 21 samples measured by Müller et al., 2000).  
Aldrin residues were both below detection limits in all sediment samples analysed.  
Cavanagh and Brunskill (2003) calculated that even with excessive erosion in the 
lower Burdekin would still fail to produce detectable residues in coastal sediments of 
the Burdekin Region.  However, this prediction is not supported by Haynes et al. 
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(2000a; also Haynes, 2001) who measured detectable concentrations of DDE residues 
in sub-tidal sediments at the Burdekin River mouth.  It is possible that the DDE 
residues were originally sourced from the use of DDT in the tobacco industry 
(Cavanagh et al., 1999) which was prominent around Dalbeg and Clare during the 
1950’s (Kerr, 1994).  DDT was only occasionally used in the sugarcane industry, but 
its use was widespread in tobacco (Cavanagh et al., 1999).  
 
Interestingly, the organochlorine residues (dieldrin and DDE) that were detected in 
sediments of the major waterways in the lower Burdekin (e.g. Barratta Creek, 
Collinson’s drain/lagoon, Didgeridoo waterhole) in 1990 by Hunter et al. (1998) were 
below detection limits at the same sites in the subsequent sampling periods in 1992 
and 1993.  A wide spectrum of organochlorine insecticides were analysed in this 
study including BHC, HCH, heptachlor, heptachlor epoxide, aldrin, chlordane and 
DDT, all of which were below detection limits in the sediments from the waterways 
of the lower Burdekin (Hunter et al., 1998).   
 
Of the insecticides in current use in the lower Burdekin, endosulfan residues were the 
most widely detected in sediments (14 of 21 sediment samples) despite that 
chlorpyrifos is the most common insecticide applied in the lower Burdekin (Müller et 
al., 2000).  Chlorpyrifos residues were detected in only 3 of the 21 sediment samples 
analysed while parathion and chlorfluazuron residues were only detected once (Müller 
et al., 2000).  Cavanagh et al. (1999) found higher concentrations of chlorpyrifos 
residues in sugarcane soils from the lower Burdekin compared to endosulfan residues.  
Endosulfans are more commonly used to control insects in legume crops which are 
grown between cycles of sugarcane (Cavanagh et al., 1999).  Endosulfan residues 
were detected in one water sample from Collinson’s drain in the lower Burdekin in 
1990, but residues were below detection at these sites in 1992 and 1993 (Hunter et al., 
1998).  Current endosulfan use in the lower Burdekin is rare because of the tighter 
regulation of this chemical.  Chlorpyrifos residues were below detection limits in the 
both the water and sediment samples in Hunter et al.’s (1998) study.  Endosulfan 
residues were detected in two water samples (0.22 � g/L and 0.10 � g/L in August 
1997) collected from drains upstream from the Clare Agricultural College from 1995-
1997, although no insecticide residues were detected in sediments (Hunter et al., 
1998). 
 
Groundwaters of the Burdekin delta contained very low concentrations of 
organochlorines including lindane (� -HCH or � -BHC) and heptachlor in 1976-1977 
(Brodie et al., 1984).  These insecticides were below detection limits in the Burdekin 
groundwaters in 1992-1993, after these organochlorines had been largely regulated or 
banned (Keating et al., 1996).  Chlorpyrifos was detected in trace (but below 
quantifiable) levels in six groundwater bores from the lower Burdekin during 2002-03 
(Klok and Ham, 2004).  Ham (2006) measured surface water runoff from nine cane 
farms and detected chlorpyrifos in eight of 1,152 samples.  The chlorpyrifos 
concentrations of these eight samples were all below 0.2 µg/L (Ham, 2006).  These 
concentrations are environmentally significant as the ANZECC (2000) high reliability 
guideline for freshwaters is 0.01 � g/L.  
 
Dyall and Johns (1985) discovered low concentrations of lindane (insecticide) in 
sediments at the mouth of the Burdekin River but organochlorine residues were not 
detected in sediments from Bowling Green Bay.  More recent studies have also shown 
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that organochlorine residues are below detection limits in intertidal and subtidal 
sediments adjacent (e.g. Cleveland and Bowling Green Bays) to the Burdekin Region 
(Müller et al., 1999; Cavanagh et al., 1999; 2003; Haynes et al., 2000a).  Traces of 
DDT, dieldrin and heptachlor residues were found in mud crab tissues collected in the 
Burdekin Region in 2006, although these levels were well below any health guideline 
(Prange et al., 2007).  Chlorpyrifos residues were below detection limits in intertidal 
sediments adjacent to the lower Burdekin (Haynes et al., 2000a). 
 

2.3.3. Herbicide residues in the lower Burdekin 
 
In general, the herbicides used in the lower Burdekin are more soluble and contain 
significantly shorter half lives than the historically applied organochlorine insecticides 
(Table 3; Fig. 6A-B).  Herbicides are designed to either inhibit photosystem II 
(Oettemeier, 1992; e.g. atrazine and diuron) or interfere with plant growth hormones 
(e.g. 2,4-D).  Several herbicide residues including diuron, atrazine, ametryn, 
prometryn, simazine and hexazinone have been detected in sediments from irrigation 
channels and drains in the Burdekin River Irrigation Area (BRIA; Müller et al., 2000).  
Of these herbicides, atrazine and ametryn were detected in all 21 sediment samples 
analysed from the lower Burdekin and diuron was detected in all but one sample 
(Müller et al., 2000).  The remaining herbicides (prometryn, simazine and 
hexazinone) were only detected in 5 or less of the 21 sediment samples (Müller et al., 
2000). 
 
Atrazine and its decay product (DEA) have been detected in the groundwaters of the 
lower Burdekin at low concentrations (typically less than 0.1 µg/L of atrazine) (Bauld 
et al., 1996; Keating et al., 1996).  Six groundwater bores were analysed for 2,4-D, 
diuron, atrazine, ametryn and hexazinone on three occasions during 2002-2003 (Klok 
and Ham, 2004).  While these herbicides were below detection or quantifiable limits 
in the lower Burdekin groundwaters, atrazine and diuron were detected in soils and, 
following several irrigations, atrazine and diuron had both moved deeper within the 
soil profile; this result suggests that these herbicides have the potential to enter 
groundwater through the soil profile (Klok and Ham, 2004).  In addition, diuron 
concentrations in 20% of the soil samples analysed exceeded ANZECC trigger values, 
although atrazine and 2,4-D residues were mostly well below the trigger guidelines 
(Klok and Ham, 2004).  It is important to regularly monitor the groundwaters of the 
lower Burdekin floodplain as not only are these waters used for domestic supply but 
submarine groundwater discharge from old paleo-channels or “wonky holes” 
(Stieglitz, 2005) provides an additional potential mechanism for the direct discharge 
of herbicides into the marine environment. 
 
Surface waters (unfiltered) and sediments in the waterways (Collinson’s lagoon/drain, 
Didgeridoo waterhole, Barratta Creek, Haughton River, Clay Creek, Burdekin River, 
Expedition Pass Creek, Landers Creek) within the lower Burdekin were measured for 
herbicide residues in November 1990, October 1992 and May 1993 (Hunter et al., 
1998).  Atrazine was the most commonly detected herbicide in these waterways 
(concentrations ranged from 0.2 to 40 µg/L in 13 of 43 samples).  2,4-D (ranged from 
0.3 to 27 µg/L in 8 of 43 samples) and ametryn (ranged from 0.5 to 6.0 µg/L in 5 of 
43 samples) were also detected in some water samples.  Atrazine (ranged from 11.3 to 
48 µg/kg in 3 sampling sites), 2,4-D (ranged from 4.2 to 5.6 µg/kg in 2 sampling 
sites) and 2,4,5-T (ranged from 2.4 to 15.1 µg/kg at 4 of 18 sampling sites) were also 



 Page 21  

detected in sediments of the lower Burdekin waterways (Hunter et al., 1998).  
Ametryn (up to 0.36 � g/L), atrazine (up to 1.7 � g/L) and 2,4-D (up to 0.81 � g/L) 
residues were detected in the irrigation drains upstream of the Clare Agricultural 
College during monitoring in 1995, 1996 and 1997 (Hunter et al., 1998).  
 
A thorough study of herbicide runoff from irrigated farms in the lower Burdekin was 
conducted by Ham (2006) between 1995 and 1999.  Herbicide concentrations from 
both the inflow and outflow discharge from irrigated drains were measured on nine 
sugarcane farms covering one to two irrigation seasons.  Herbicides (atrazine- two 
times; diuron- one occasion) were detectable on only three occasions from the inflow 
water samples.  These detectable levels were attributed to “recycled” water from 
previous irrigations (Ham, 2006).  All the herbicides applied in the nine farms 
included atrazine (used in 8 of the 9 farms), ametryn (6/9), diuron (6/9), glyphosate 
(3/9), paraquat (5/9), ioxynil (2/9), 2,4-D (5/9), asulam (1/9) and MCPA (2/9).  
Atrazine was the most common of these herbicides detected in the outflow pipes 
(Ham, 2006).  Four of the eight farms to use this chemical recorded some loss; 
however, the concentrations rarely exceeded the ANZECC 2000 guidelines (in 20 of 
the 1,152 samples analysed).  Diuron was the next most common herbicide measured 
in the farm runoff (four of the six farms that used diuron had some runoff loss) with 7 
samples of the 1,152 analysed containing levels which exceeded the 1992 ANZECC 
guidelines (0.2 � g/L) (Ham, 2006).  2,4-D exceeded the 2000 ANZECC guidelines 
(280 � g/L) on two occasions and was lost from three of the five farms that applied 
this chemical.  Ametryn was the only other herbicide detected in the outflow waters 
(two of the six farms to use this herbicide) (Ham, 2006).  
 
Atrazine, diuron and 2,4-D residues were below detection limits in subtidal sediments 
and seagrasses near the Burdekin River and in the embayments directly north of the 
Burdekin River mouth (Bowling Green and Cleveland Bays) (Haynes et al., 2000a).  
Diuron was also below detection limits in intertidal sediments from Pallarenda 
(Townsville) but this herbicide was detected in seagrass from the same location 
(Haynes et al., 2000a).  Diuron and atrazine have also been detected in subtidal 
sediments that surround the Herbert River and diuron has also been detected in 
sediments from other sections of the GBR lagoon including Lucinda, Cardwell and 
Cairns and at several river mouths draining sugarcane and horticulture in the wet 
tropics (Daintree, Barron, Russell, Johnstone and Tully Rivers) (Haynes et al., 2000a).  
Future studies should regularly monitor herbicide residues in the sediments and 
waterways of the lower Burdekin.  
 
Passive samplers deployed in the waters surrounding Magnetic Island detected low 
levels of diuron, atrazine and hexazinone in the dry season of 2005 while diuron was 
detected (up to 3.2 ng/L) in the 2005/06 wet season (Prange et al., 2007).  Diuron was 
the only herbicide detected in the passive samplers deployed at Orpheus Island in both 
the dry and wet seasons (Prange et al., 2007).   
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2.4. Pesticide chemical properties and potential impacts to the environment 

  
2.4.1. Overview 

 
We review the chemical properties (i.e. persistence, KOC) of the major insecticides 
(Section 2.4.2) and herbicides (Section 2.4.3) used in the lower Burdekin.  The 
potential impacts and bioaccumulation of these pesticides in the environment are also 
reviewed.  Finally, we summarise the pesticides of most concern in the lower 
Burdekin (Section 2.4.4). 
 

2.4.2. Insecticide properties and impacts 
 
The chemical properties of the organochlorine insecticides used in the lower Burdekin 
follow two main trends: relatively long environmental half lives and a strong 
affiliation with sediment particles (Figure 5).  Half lives for these organochlorines 
range between 1 to 30 years (Figure 5A), although these half lives may vary 
significantly due to soil type, microbial activity, rainfall and soil temperature 
(Cavanagh and Brunskill, 2003).  For example, while the � -HCH isomer was one of 
the least used in the technical HCH formulations (~5-7%), it is the most abundant 
isomer measured in the soils of the lower Burdekin cane fields (Cavanagh et al., 2003; 
Cavanagh and Brunskill, 2003).  This finding is attributed to the higher resistance of 
the �  isomer to microbial degradation and also has the lowest volatility relative to the 
other HCH isomers (Cavanagh et al., 2003).  It is thought that the failure of HCH 
formulations and heptachlor in some parts of the lower Burdekin may be due to 
increased microbial degradation (Cavanagh, 2003).    
 
Long-lived organisms in the GBR lagoon such as fish (Olafson, 1978; von 
Westernhagen and Klumpp, 1995; Cavanagh et al., 2003), crabs (Mortimer, 2000; 
Prange et al., 2007), dugongs (Heinsohn and Marsh, 1978; Haynes et al., 2005), corals 
(Olafson, 1978) and molluscs (Olafson, 1978) have accumulated low levels of 
organochlorine residues (mainly lindane, DDT, DDE and dieldrin).  The sugarcane 
industry has been implicated as the most likely source of these residues, although 
organochlorine concentrations are extremely low and the GBR is considered as one of 
the most pristine marine environments measured for organochlorines (Olafson, 1978).  
In addition, some organochlorine compounds may be sourced from marine algae, 
invertebrates and forest fires (Haynes and Johnson, 2000).  It is estimated that over 
99% of organochlorine insecticides used in the lower Burdekin have been removed 
via volatilization and/or degradation processes (Cavanagh and Brunskill, 2003).  
While organochlorine insecticide residues persist at relatively low concentrations in 
the soils of the lower Burdekin compared to the period before they were banned, these 
concentrations may still be environmentally significant; however, the management of 
these (no longer used) insecticides is not feasible.  
 
The current insecticides used in the lower Burdekin (chlorpyrifos, endosulfan, 
carbaryl, methomyl and imidacloprid) are comparatively less persistent than the 
banned organochlorines and have half lives of 50 days or less (Fig 5A).  However, 
endosulfan, carbaryl, methomyl and imidacloprid may be dissolved or leached from 
the soils and enter streams or groundwaters of the lower Burdekin.  Chlorpyrifos is 
the most common insecticide used in the lower Burdekin and is thought to be more 
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acutely toxic than the organochlorines (reviewed in Cavanagh, 2003) and even in low 
concentrations can effect fish (Humphrey and Klumpp, 2006), coral (Negri et al. 
2006) and other aquatic species (Tomlin, 1994).  However, chlorpyrifos was below 
detection limits in seagrass adjacent to the lower Burdekin which was sampled in 
1997 (Haynes et al., 2000a).  Chlorpyrifos runoff on a paddock-scale has rarely been 
detected (Ham, 2006) and experimental studies have shown that chlorpyrifos posed 
minimal risk for offsite movement (Hargreaves et al., 1999).  Chlorpyrifos has a 
moderate to low persistence in the environment with an estimated half life of 30 days 
(Table 2).  In addition, the relatively large soil/water Koc value of 5,000 suggests that 
chlorpyrifos is predominately associated with particulate materials (Table 2).  Indeed, 
Klok and Ham (2004) suggest that 89% of applied chlorpyrifos will become sediment 
bound.  Recently imidacloprid (confidor) has become the most commonly used 
insecticide in the lower Burdekin (E. Shannon pers comm., 2007).  Imidacloprid is not 
particularly persistent in the environment (30 day half life), but may be transported 
either as a particulate or dissolved phase (Fig 5).  Further monitoring of chlorpyrifos, 
imidacloprid and endosulfan in sediments and waters of the lower Burdekin is 
important to ensure that any runoff of these insecticides is kept to a minimum.  
Toxicology studies show that chlorpyrifos and endosulfan affect the settlement and 
metamorphosis of corals at concentrations between 0.3 and 1.0 µg/L after 18 hours of 
exposure (Markey et al., 2007).  The toxicity of imidacloprid is unknown. 
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Figure 5.  A.  Graph showing the persistence and phases of the insecticides used in the Burdekin Region.  
These organochlorine insecticides are persistent to strongly persistent in the environment and are 
associated/transported with the particulate phases while the organophosphate insecticide (chlorpyrifos) is 
not particularly persistent.  B.  Graph of the solubility and associated phases of the insecticides.  The 
insecticides are typically very insoluble and attach to particulate materials. 
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Insecticide common 
name 

Solubility in 
water (mg/L) 

Half life 
in soil 
(days) 

Half life 
in soil 
(days)* 

Soil/water 
(Koc) 

Organochlorines     

DDT 0.0031 11,250  140,000 

DDE 0.065   110,000 

DDD 0.09   85,000 

Dieldrin 0.195 400  20,000 

Heptachlor 0.18 300  12,000 

Chlordane 0.056 1,460 257 120,000 

Heptachorepoxide 0.275 250 255 7,000 

Aldrin 0.784 1,180  50,000 

Hexachlorobenzene 0.006 4,178  30,000 

HCH- �  2  229 1,300 

HCH- �  0.542  318 1,400 

HCH- �  (Lindane) 5.75 240 282 1,000 

HCH- �  2.59  260 8,500 

Endosulfan 0.51 50  740 

Organophosphates     

Chlorpyrifos 0.9 30  5,000 

Carbaryl 30 15  230 

Methomyl 58,000 30   160 

Chloronicotinyls     

Imidacloprid (Confidor) 510 30  300 

Data collated from: Simpson et al. (2001), and from: www.gsi-
net.com/useful%20tools/ChemPropDatabaseHome.asp 
http://www.cdpr.ca.gov/docs/empm/pubs/fatememo/imid.pdf .  *Cavanagh and Brunskill (2003) 
 

2.4.3. Herbicide properties and impacts 
 
The herbicides found in the lower Burdekin sediments are moderately persistent in the 
environment (half lives of 60-90 days) and may be transported in the dissolved or 
particulate phase (Fig. 6A).  However, the estimated half lives of the herbicides may 
vary significantly with soil type, hydrolysis (mainly temperature), photodegradation 
(solar radiation), soil oxidation levels, microbial degradation, volatility and pH 
(Racke et al., 1997) and so the half lives of most herbicides in the lower Burdekin are 
considered unresolved (e.g. atrazine decays more rapidly in cropped soil than 
grassland soils: Popov et al., 2005).  The herbicide 2,4-D is highly soluble and 
probably transported as a dissolved phase in which it could travel large distances in 
the marine environment.  However, this herbicide decays rapidly (10 day half life) 
and would probably not have a large effect on coastal and marine ecosystems 
provided that no runoff occurred shortly after its application.  Experimental studies on 

Table 2.  Chemical properties of the insecticides used in the lower Burdekin. 
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a paddock-scale show that herbicides do not particularly accumulate in sugarcane 
soils over successive seasons, although atrazine, trifluralin, diuron and paraquat are 
moderately persistent and have potential for offsite movement (Hargreaves et al., 
1999).  It is estimated that only 15% of 2,4-D may be sediment-bound, while 61% of 
diuron and 28% of atrazine may be associated with sediments (Klok and Ham, 2004).  
The timeframe of herbicide application in the Burdekin is commonly from March to 
December (T. McShane pers comm., 2006).  Of the herbicides used in the Burdekin 
Region, paraquat is the most persistent (1,000 day half life) and is strongly associated 
with particulate materials.  The majority of herbicides are used in the sugarcane 
industry of the lower Burdekin and Haughton catchments where soil erosion is 
relatively low (Bainbridge et al., 2006b; 2007).  Moreover, the lower Burdekin 
floodplain is drained by the minor rivers and creeks of the Burdekin Region 
(Haughton River, Barratta and Sheep Station Creeks) and runoff would probably be 
restricted to Bowling Green Bay.  
 
The possible effects of herbicides on the coastal and marine environment are poorly 
understood as many experimental studies have investigated the response of marine 
organisms when exposed to unrealistic herbicide concentrations.  Some research, 
however, has demonstrated that even short term (2-10 hours) exposure with low 
concentrations of diuron (1 µg/L) significantly reduced photosynthesis and quantum 
yields of corals and juvenile coral recruits (Jones et al., 2003; Negri et al., 2005; 
Jones, 2005).  Relatively low concentrations of atrazine (3 µg/L) also inhibited 
photosystem II of corals (Jones et al., 2003).  A series of herbicides were used to 
investigate the levels required to reduce quantum yield of dinoflagellates by 50% 
(Jones and Kerswell, 2003).  Of the major herbicides used in the lower Burdekin, 
ametryn had the lowest concentration (1.7 µg/L) to reduce yield by 50% followed by 
diuron (2.3 µg/L), hexazinone (8.8 µg/L), atrazine (45 µg/L), simazine (150 µg/L), 
tebuthiuron (175 µg/L) and ionynil (>1000 µg/L) (Jones and Kerswell, 2003).  
Crustose coralline algae experienced greater sedimentation stress (reduced 
photosynthesis) and slower recovery times when exposed to low diuron 
concentrations (0.79 µg/L) over a 24-hour period compared to uncontaminated 
sediments (Harrington et al., 2005).   
 
Three species of tropical seagrass exposed to 10 µg/L diuron over 24 hours also 
showed significant decline in quantum yield, while two of the three species became 
stressed with diuron concentrations as low as 0.1 µg/L (Haynes et al., 2000b).  
Mangroves may also be affected by herbicides but the effects appear to be isolated to 
certain (salt-excreting) species (Walsh, 1974; Bell and Duke, 2005).  However, the 
herbicide dosage required to damage mangrove communities appear to be above the 
levels reported in the field studies (Bell and Duke, 2005).  Research on the synergistic 
toxicological effects of various combinations of herbicides at the levels recorded in 
field studies is lacking and would be greatly beneficial to set water quality targets.   
 
Herbicide concentrations (diuron and atrazine) in sediments in adjacent areas of the 
GBR lagoon may be present in high enough concentrations to inhibit photosynthesis 
of local seagrass (Haynes et al., 2000b; Waycott et al., 2005; McMahon et al., 2005), 
mangrove (Duke et al., 2005; Schaffelke et al., 2005) and coral (Jones et al., 2003; 
Jones, 2005) communities.  In addition, elevated levels of herbicides in waterways of 
the lower Burdekin may cause increased embryonic malformations in the 
development of fish larvae in this area (Klump and von Westernhagen, 1995).  
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Several herbicides were significantly elevated in the Pioneer River catchment from 
the Mackay Whitsunday Region; these elevated concentrations have been sourced to 
the sugarcane industry (Mitchell et al., 2005; Rohde et al., 2006).  Extensive 
mangrove mortality occurred in this region which has been related to herbicide 
(particularly diuron) runoff from the Mackay Whitsunday Rivers (Duke et al., 2005; 
Schaffelke et al., 2005), although these claims have yet to be substantiated (Duke, 
2006).  There have been no such reports of any mangrove dieback in the lower 
Burdekin.  Herbicides levels in freshwater plumes from the Mackay Whitsunday 
Region showed conservative mixing which suggests that herbicides are not removed 
in the estuary and may travel large distances in the marine environment (Rohde et al., 
2006).  Shaw and Müller (2005) and Prange et al. (2007) reported detectable levels of 
herbicides (diuron, simazine, atrazine and hexazinone) at river mouths and in coastal 
waters that drain sugarcane areas along the GBR even in the dry season. 
 

2.4.4. Key pesticides of current concern in the lower Burdekin 
 
From this review it appears that three insecticides (chlorpyrifos, imidacloprid and 
endosulfan) and three herbicides (diuron, atrazine and ametryn) are of most concern 
in the lower Burdekin and need to be regularly monitored to ensure water quality in 
this region is maintained or improved under best management practises.  In addition, 
the fungicide MEMC has been shown to be highly toxic to corals at low 
concentrations (1 µg/L; Markey et al., 2007), but has not previously been monitored.  
While chlorpyrifos has rarely been detected in paddock-scale runoff and in 
groundwaters of the lower Burdekin, its high toxicity to coastal and marine 
ecosystems requires this insecticide to be closely monitored (e.g. Markey et al., 2007).  
Endosulfan is not widely used in sugarcane, but may be used in horticulture between 
sugar crops in the lower Burdekin.  This chemical is also toxic in coastal and marine 
ecosystems and its presence in a water sample from Collinson’s drain (Hunter et al., 
1998) and in sugarcane soils in the BRIA (Cavanagh et al., 1999) warrants the future 
monitoring of endosulfan residues.  Imidacloprid has recently become more widely 
used in the lower Burdekin (E. Shannon pers comm., 2007) and preliminary studies 
are required on the offsite potential of this chemical.  Diuron, atrazine and ametryn 
are the most commonly detected herbicides in sediments from irrigation channels and 
drains in the lower Burdekin (Müller et al., 2000) as well as in surface and ground 
waters (Hunter et al., 1998; Ham, 2006; Bauld et al., 1996; Keating et al., 1996).  
Even at relatively low concentrations these herbicides may impact coastal and marine 
ecosystems.  In addition, these chemicals are moderately persistent in the environment 
and have potential for offsite transport which is evident in marine sediments adjacent 
to other Great Barrier Reef catchments that contain sugarcane (Haynes et al., 2000a).  
However, no herbicide residues have currently been detected in intertidal or subtidal 
sediments adjacent to the lower Burdekin (Haynes et al., 2000a).  Monitoring of 
pesticide residues in flood plumes from the major waterways of the lower Burdekin 
(e.g. Barratta Creek, Haughton River) is also lacking and would be valuable to 
examine the marine extent of the pesticides used in the lower Burdekin. 
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Figure 6.  A.  Graph showing the persistence and phases of the herbicides used in the Burdekin catchment.  
Most of these herbicides are moderately persistent in the environment with the exception of 2,4-D and 
fluroxypyr both of which decay rapidly.  B.  Graph of the solubility and associated phases of the 
herbicides.  Trifluralin, paraquat and glyphosate are associated/transported with the particulate phases 
while 2,4-D is probably largely transported in the dissolved form.  Diuron, atrazine and ametryn may be 
transported in the dissolved or particulate fraction and are also moderately persistent in the environment.  
These particular herbicides are the most likely to reach the marine environment. 
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Herbicide common 
name 

Solubility in water 
(mg/L) 

Half life in 
soil (days) Soil/water (Koc) 

Atrazine 30 60 160 

Diuron 42 90 430 

2,4-D amine 890 10 20 

Glyphosate 12,000 47 24,000 

Ametryn 185 60 800 

Paraquat 700,000 1,000 1,000,000 

Hexazinone 33,000 40 37 

Simazine 41 40 300 

Tebuthiuron 2,500 360 30 

Asulam N/A N/A 40 

MCPA 500 825 30 0.03 

Fluroxypyr 900 25 51 

Trifluralin 0.6 60 13,700 

Metolachlor 488 30 240 

Bromacil 815 150 75 

Data collated from: Simpson et al. (2001) and from: www.gsi-
net.com/useful%20tools/ChemPropDatabaseHome.asp   
 

2.5. Pesticide usage in the horticulture industry of the lower Don catchment 

and lower Burdekin 

 
2.5.1. Overview 

 
Much of the research and water quality monitoring of the Burdekin Coastal 
Catchments Initiative (CCI) has focused almost solely upon the watershed’s 
predominant land uses, namely dryland grazing and sugarcane production (see 
Bainbridge et al., 2006a; 2006b).  The horticulture industry is comparably smaller in 
area, but still is significant in the lower Burdekin floodplain.  This pesticide sub-
component expands the scope of the CCI’s Lower Burdekin Pesticide Investigation 
Project beyond the cane industry to address horticultural industries and is necessary 
for a number of reasons: 
 

·  Depending on commodity prices, horticultural endeavours could become 
more prevalent within the Burdekin Region.  

·  At some future point there may be expansion of the CCI program to 
encompass additional developed coastal catchments draining into the Great 
Barrier Reef lagoon such as the Don River region.  

·  Recent feasibility studies into extension of water resource developments from 
the Burdekin River to more southern catchments also raise the imminent 
prospect of significant agricultural industry expansion along the Burdekin to 

Table 3.  Chemical properties of herbicides used in the lower Burdekin. 
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Bowen coastal fringe. The removal or reduction of current water availability 
constraints in these areas could trigger substantial intensification of the 
horticultural industry throughout the area. 

 
A better understanding of the nature and behaviour of specific pesticides utilized by 
various horticultural sectors would confer much greater modelling and predictive 
capacity as well as valuable baseline data to current and future CCI efforts.  The 
following sections are not intended to be a voluminous and comprehensive overview 
of horticultural pesticide usage in the target region, rather a brief overview to assist 
the refinement of water quality monitoring efforts throughout the area. 
 

2.5.2. The horticulture industries in the Don – lower Burdekin regions  
 
As previously stated, sugarcane is by far the dominant agricultural land use in the 
lower Burdekin floodplain.  While the catchment area of land currently utilized for 
horticultural production around the lower Burdekin is relatively small (19.5 km2: 
approximately 10% of the total cropping in the lower Burdekin), it is still substantial, 
particularly compared to total area in some of the smaller catchments to the 
immediate south.  A broad array of agricultural crops other than cane are grown in the 
lower Burdekin such as mangoes, lychees, capsicums, rockmelons, watermelon, 
pumpkins, chili, zucchini, eggplant and grapes.  Some cane growers occasionally 
diversify from cane into alternate crops depending on prices.  A number of growers 
also utilize horticultural crops as fallows to break the sugar monoculture between crop 
cycles (soyabeans, mung beans, dolichos lablab).  Pesticide use tends to be associated 
with some of these fallow crops if they are actively harvested, rather than sprayed out 
and ploughed in. 
 
Cane production currently ceases around the Inkerman area approximately 20km 
south of Ayr.  The coastal zone between Inkerman and Bowen, including the small 
townships of Gumlu and Guthalungra supports a variety of horticultural crops 
including tomatoes, mangoes, curcubits (cucumbers, zucchinis, melons and squash), 
pumpkins, chilli and legumes to name but a few of the major crop types. 
 

2.5.3. Pesticide usage in the horticulture industry 
 
Table 4 outlines the primary herbicides utilized by the broader horticultural industry 
in the lower Burdekin – Don River region. Table 5 provides an outline of the major 
insecticidal pesticides similarly utilized throughout the region for horticultural 
purposes. 
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Herbicide Group 
Trade 
Name Active constituent Usage 

Group A    
Aryloxyphenoxypropionates 
or 'Fops' 

Fusilade Fluazifop-P present as butyl ester Grass weed specific (annual and 
perennial), inter-row weed control in 
broad acre crops 

Dims Sertin Plus Sethoxydim Grass weed specific, inter-row weed 
control in broad acre crops 

Group F    
Isoxazolidinones Command  Used specifically as a pre-emergent 

weeds control in bean crops 
Group L    
Bipyridyls Spray.Seed Paraquat dichloride, diquat 

dibromide 
Inter-row and fallow grass weed 
control 

Group M    
Glycines Roundup Glyphosate Inter-row and fallow grass weed 

control 
Group N    
Phosphinic acids Basta Glufosinate-ammonium Inter-row and fallow grass weed 

control 

 

Table 4. Principal herbicides utilized by the horticultural sector (Bowen – Burdekin region). 
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Insecticide 
Group Chemical Subgroup Active Constituents Primary  Target Site 

1A Carbamates Aldicarb, bendiocarb, carbaryl, carbofuran, carbosulfan, 
furthiocarb, mancozeb, methomyl, oxamyl, pirimicarb, 
propoxur, thiodicarb 

Acetyl choline esterase inhibitors 

1B Organophosphates Acephate, azamethiphos, azinphos methyl, azinphos ethyl, 
caudasafos, chlorfenvinphos, chlorpyrifos, chlorpyrifos 
methyl, isofenphos, malathion, methamidophos, 
methadathion, mevinphos, monocrotophos, omethoate, 
parathion, parathion methyl,, phorate, phosmet, pirimiphos 
methyl, profenofos, diazinon, dichlorvos, dimethoate, 
disulfoton, ethion, fenitrothion, fenthion, prothiofos, 
sulprofos, temephos, vamidothion 

Acetyl choline esterase inhibitors 

3A Pyrethroids and pyrethrins Allethrin, alpha-cypermethrin, betacyfluthrin, bifenthrin, 
bioallethrin, bioresmethrin, cyfluthrin, flutriafol, fluvalinate, 
lamda-cyholothrin, permethrin, cypermethrin, deltamethrin, 
esfenvalerate, pyrethrins, tau fluvalinate, tetramethrin 

Sodium channel modulators 

4A Chloronicotinyls Imidacloprid Acetyl choline receptor agonists/antagonists 

5A Spinosyns Spinosad Acetyl choline receptor modulators 

6A Avermectin, emamectin 
benzoate 

Emamectin benzoate, abamectin, avermectin Chloride channel activators 

7C Pyriproxifen Pyriproxifen Juvenile hormone mimics 

9A Pymetrozine Pymetrozine Compounds of unknown or non-specific 
mode of action (selective feeding blockers 

11A B.t. tenebrionis Bacillus thuringiensis tenebrionis Microbial disrupters of insect midgut 
membranes (includes transgenic B.t. crops) 

11B B.t. israelensis Bacillus thuringiensis israelensis  

11C B.t. kurstaki, B.t. alzawal Bacillus thuringiensis kurstaki  

11D B.t. sphaericus Bacillus thuringiensis sphaericus  

11E B.t. tolworthi Bacillus thuringiensis tolworthi  

17A Buprofezin Buprofezin Homopteran chitin biosynthesis inhibitors 

22A Indoxacarb Indoxacarb Voltage dependent sodium channel blocker 

Table 5. Principal insecticides utilized throughout Burdekin-Bowen horticultural sector. 
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As shown in Table 4, the variety of herbicides employed by the horticulture industry 
is comparatively low in relation to the diversity of herbicidal chemicals utilized by 
cane growers.  Most horticultural herbicides in the Burdekin-Bowen region are used 
for control of generic grassy weeds in crop inter-rows.  Products such as Fusilade and 
Sertin Plus are commonly used for inter-row grass control in broad leaf crops.  
Spray.Seed, Roundup and Basta are some of the chemicals used for grass control in 
fallow periods, although they still also receive usage within crop cycles to keep inter-
rows free of grassy weeds.  A smaller subset of herbicides is used more strategically 
such as the isoxazolidinone product Command which is used specifically as a pre-
emergent herbicide in fresh market bean crops. 
 
Insecticides are the dominant pesticides utilized by the broader horticulture industry 
which contrasts the sugar industry where an array of herbicides underpin the 
production system while only one product (chlorpyrifos) is by far the most widely 
used insecticide.  A diverse array of insecticidal chemicals is employed throughout 
the Bowen-Burdekin region for control of a similarly diverse array of insect pests.  
The carbamates, organophosphates, pyrethroids/pyrethrins, chloronicotinyls, 
spinosyns and chloride channel activators represent the most heavily used pesticide 
groups in horticulture (Table 5).  
 
This chemical suite is somewhat different to those commonly associated with cane 
production.  Since the banning of organoclorine pesticides in the 1980’s, around 30 
different insecticides have been trialed with minimal success in the sugar industry as 
alternative pest control methods (primarily targeting the greyback cane grub 
Dermolepida alborhitum).  While the organophosphates (specifically chlorpyrifos) 
have provided some levels of effective cane grub control in some Queensland sugar 
regions, the pyrethroids and carbamates have not (Cavanagh, 2003).  In contrast, the 
carbamates, organophosphates and pyrethroids/pyrethrins are amongst the more 
effective, numerous and widely used insecticides in the horticulture industry.  These 
chemicals are used to control the broad range of insect pests that cause production 
issues for growers.  They are also used across a broad array of fruit and vegetable 
crops in the Bowen-Burdekin area including tomatoes, capsicum, mangoes, curcubits 
(cucumbers, zucchinis, melons and squash), corn and beans.  In contrast to sugar cane 
production where cane grubs are the overriding pest of concern, the list of 
horticultural pests is substantial.  Silver leaf whitefly (Bemisia tabaci Biotype B<�and 
Heliothis spp. larvae represent two of the more common local insect pests posing 
problems for farmers. 
 
Application times of pesticides in the Don catchment are commonly between March 
and October and therefore the risk of offsite transport during the wet season is 
probably relatively low.  However, monitoring data is required to verify this 
assumption.  In addition, the monitoring of groundwater is also important as there 
may be potential for pesticides to leach through to the water table (Baskeran et al., 
2001). 
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3. Pesticide monitoring in the lower Burdekin and Don catchments 
 
3.1. Overview 
 
This section describes the significant rainfall events that triggered event flows in the 
lower Burdekin/Don catchments in the 2004/05, 2005/06 and 2006/07 water years 
(section 3.2).  The pesticide monitoring sites in the lower Burdekin/Don catchments 
are also outlined including sample collection procedures (section 3.3) and analytical 
methodology (section 3.4).  
 
3.2. Rainfall events in the 2004/05, 2005/06 and 2006/07 water years 
 
One large rainfall event (462 mm at Ayr: January 2005) occurred in the lower 
Burdekin in the 2004/05 water year.  This monsoonal rainfall event resulted in high 
flows in the waterways of the lower Burdekin.  In the following 2005/06 water year, 
two rainfall events triggered significant stream flows in January and April 2006.  The 
January event was larger than the April event in the lower Burdekin, although the 
April event produced the largest flow in the Don River.  One major flow event 
occurred in the lower Burdekin and Don Rivers in late January/early February 2007 
from a monsoonal rainfall event.  Additional details of the rainfall and river flow 
events for the 2004/05, 2005/06 and 2006/07 water years can be found in Bainbridge 
et al. (2006a), Bainbridge et al. (2006b) and Bainbridge et al. (2007), respectively.   
 
3.3. Pesticide sample collection in the lower Burdekin and Don catchments 
 

3.3.1. Overview 
 
This section details the sampling efforts over the sub-catchment scale (section 3.3.2) 
during the low flow (ambient) and event flow monitoring programs.  Section 3.3.3 
outlines the sampling program in the flood plumes produced by the Haughton River 
and Barratta Creek.  Here we provide the field methods of sample collection, outline 
the monitoring sites and the samples collected.  
 

3.3.2. Sub-catchment scale pesticide sampling 
 
Opportunistic samples were collected from four sites during event flows in the 
2004/05 water year including Haughton River, upper Barratta Creek, West Barratta 
Creek and East Barratta Creek.  Sixteen sampling sites from the waterways of the 
lower Burdekin were formally established for the 2005/06 water year to examine 
pesticide residues during ambient conditions.  Eight of these sites were sampled 
during event flows and one additional site from the Don River was established for 
event monitoring (Fig 7).  The sites were selected based on the size of the waterway 
(e.g. Haughton River, Barratta Creeks) and the associated land use of the catchments 
(sugar, grazing and horticulture).  In some of the major waterways two-three sampling 
sites were stratified throughout the catchment to target areas immediately above and 
below sugarcane land use (e.g. Haughton River).  Sampling of the main event flow 
sites continued in the 2006/07 water year and opportunistic water samples were also 
collected from Molongle Creek, Euri Creek and the Elliot River in the 2006/07 water 
year. 
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Forty-three pesticide samples were taken during ambient conditions from sixteen sub-
catchment sites of the lower Burdekin from December 2005 to November 2006 (Table 
6).  Four key ambient sites (Haughton River near Bruce Highway, West Barratta 
Creek at Bruce Highway, Sheep Station Creek at 5 Ways Road and Plantation Creek 
at Rita Island Road) were sampled five times during ambient conditions in December 
2005 and January, February, August and November 2006 (Table 6).  Included in the 
ambient sampling program were three sites in the estuaries of Barratta/Sheep Station 
Creeks, Yellow Gin/Groper Creeks and Plantation Creek where samples were 
collected to measure pesticide residues in the waters and benthic sediments.  These 
samples were collected in May 2006, approximately one month after the April 2006 
flow event in the lower Burdekin catchment.  
 
Eighty-nine pesticide samples were taken from eight sites in the lower Burdekin and 
from one site on the Don River (Table 6) during the four significant stream flow 
events over the 2004/05, 2005/06 and 2006/07 water years.  Only the Haughton River 
and Barratta Creek sites were monitored in the 2004/05 water year.  The Iyah Creek 
(I1) site did not vary from ambient flow levels in the April 2006 event and was not 
sampled, while the East Barratta Creek site was not sampled in the 2006 event flows.  
In addition, the Upper Barratta Creek (B3) site was not sampled for pesticides in the 
April event.  The Iyah Creek and Yellow Gin Creek sites were not sampled in the 
event flows in 2007.  
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Water samples Sampling 
method 

Ambient 
samples  

Event 
samples  

No of 
events 

H1 - Haughton River - Boat Ramp Right bank with pole 2 0 0 

H2 - Haughton River - Old Cane Crossing Right bank with 
bucket 5 13 3 

H3 - Haughton River - Bill Britt Road Middle with bucket or 
hand grab 2 0 0 

B1 - Barratta Creek - West Right bank with pole 5 18 3 
B2 - Barratta Creek - East Right bank with pole 3 7 0 

B3 - Barratta Creek - Upper Middle with bucket or 
hand grab* 3 13 2 

B4 - Barratta Creek - Marine Waters Middle with bucket 1 0 0 
BR2 - Burdekin River - The Rocks Left bank with bucket 2 0 0 
I1 - Iyah Creek - Charlies Hill Road Middle with pole 3 4 1 
S1 - Sheep Station Creek - Goritzia's 
Lagoon Middle with bucket 2 0 0 

S2 - Sheep Station Creek - Kelly's Lagoon Middle with pole 5 9 3 
S3 - Sheep Station Creek - John Ahern 
Bridge Middle with pole 2 0 0 

P1 - Plantation Creek - Rita Island Road  Middle with pole 5 8 3 
P2 - Plantation Creek - Marine Waters Middle with bucket 1 0 0 
Y1 - Yellow-Gin Creek - Highway Crossing Left bank with pole 1 6 2 
Y2 - Yellow-Gin Creek - Marine Waters Middle with bucket 1 0 0 
Molongle Creek - Highway Crossing Middle with pole 0 1 1 
Elliot River - Highway Crossing Middle with pole 0 1 1 
Euri Creek - Highway Crossing Right bank with pole 0 1 1 
D1 - The Don River Left bank with bucket 0 8 3 

Total   43 89   

* In high flow events (e.g. water over road) this site was sampled from the left bank with a pole 

Table 6. Summary of the sampling efforts/locations at the sub-catchment and end of catchment sites in the lower 
Burdekin and Don catchments. 



  

Page 37 

 
Figure 7a.  ACTFR pesticide monitoring sites in the lower Burdekin for ambient and flow events.  Refer to Table 6 for the details on the site 
codes. 
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 Figure 7b.  ACTFR pesticide monitoring sites in the Don River catchment for event flows for 
the 2005/06 and 2006/07 water years.  Refer to Table 6 for the details on the site codes 
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3.3.3. Flood plume pesticide sampling 
 
The freshwater plumes from the Haughton River and Barratta Creek were sampled on 
the 3rd February 2007 from the mouth of these waterways to Cape Cleveland (Fig 7C).  
Fourteen samples were collected throughout the plumes for pesticide analyses.  
Samples were collected with a bucket off the side of a boat and a glass bottle 
(supplied by the QHSS laboratory) was filled and stored on ice prior to analysis.  The 
samplers ensured that that the samples were collected away from the influence of the 
vessel.  

 
Figure 7c.  The flood plumes from the Haughton River and Barratta Creek were sampled on the 3rd of 
February 2007.  The plume edge was mapped using a combination of GPS readings and visual 
estimations. 
 
3.4. Analytical methodology 

 
Glass bottles, supplied by the Queensland Health Scientific Services (QHSS) 
laboratory, were used to collect samples which were kept refrigerated (4° C) and 
couriered to the QHSS laboratory in Brisbane, Queensland for analysis for a suite of 
organochlorine and organophosphorus pesticides, as well as herbicides by GCMS 
(includes phenoxyacid herbicides) and LCMS analyses.  More details of analytical 
methodology can be found in Appendix 2. 
 
3.5. Load calculations 

 
Load data were calculated using NRW’s Brolga loads program.  Continuous time 
series flow data (hourly m3/sec) from the different gauging stations (Haughton River, 
West Barratta, East Barratta, Upper Barratta- Northcote, Don River), and point source 
water quality data, were entered into the Brolga database, and loads were calculated 
using linear interpolation. 
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4. Results and discussion 
 
4.1. Overview 
 
This section presents the results and discussion from the pesticide sampling program 
of the sub-catchment scale (section 4.2) and from the flood plume (section 4.3) 
monitoring.  We report on all of the pesticide residues detected at these sites and, 
where possible, compare them to the ANZECC (2000) guidelines for ecological 
protection and drinking water standards. 
 
4.2. Sub-catchment scale 
 
4.2.1. Overview 
 
For the purpose of this report, the data from the sampling sites in the lower Burdekin 
and Don River catchments will be divided into five main sub-catchment areas which 
include the Haughton River (3 sites: section 4.2.2), Barratta Creek (4 sites: section 
4.2.3), Burdekin Delta Irrigation Channels (6 sites: section 4.2.4), Yellow Gin Creek 
(2 sites: section 4.2.5) and the Don Basin (4 sites: section 4.2.6).  The results at each 
sub-catchment area will be discussed in the water year (September to October).  A 
summary of the major findings is presented in section 4.2.7.  
 
4.2.2. Haughton River sub-catchment 
 
Only one sample was collected for pesticide analysis from the Haughton River in the 
2004/05 water year on the waning flow, approximately 3 days after peak discharge of 
the large January flow event.  Diuron (0.01 µg/L) was the only herbicide residue 
detected in this sample. 
 
In the 2005/06 water year three sites, stratified along the Haughton River, were 
established.  Only two samples were each collected from the upstream (Bill Britt 
Road: H3) and downstream (Cromarty Creek boat ramp: H1) sites in ambient 
conditions (December 2005 and January 2006).  The main site (H2), situated in close 
proximity to the NRW river gauge (Haughton River at Powerline, gauge no. 
119003A), was sampled thirteen times in the 2005/06 water year, including 4 ambient 
samples and 9 event flow samples. 
 
Atrazine (0.02 µg/L: both samples) and tebuthiuron (0.01 and 0.02 µg/L) were the 
only herbicide residues detected at the upper Haughton River ambient sampling site 
(Bill Britt Road: H3).  This site is situated above the majority of the sugarcane in this 
catchment area, although the low atrazine concentrations are probably derived from 
the small area of sugarcane directly above the sampling site (Fig 7a).  The tebuthiuron 
detected at the upper Haughton River site is probably derived from the grazing 
industry in this catchment.  Tebuthiuron is used to control woody weeds in the 
grazing industry and has been detected in the Burdekin catchment (Bainbridge et al., 
2006b. 
Despite atrazine, desethyl atrazine, diuron and tebuthiuron residues being detected at 
the main sampling site (H2) during the December 2005 and January 2006 sampling 
runs, no herbicide residues were detected at the lower sampling (estuarine) site at this 
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time (H1).  This result suggests that these herbicides have either become diluted 
below detection limits or have been removed in the estuarine environment at this site. 
 
Six herbicide residues were detected at the main Haughton River site (H2) in the 
2005/06 water year including atrazine (<0.01 to 2.20 µg/L: 10 of 13), diuron (<0.01 to 
1.50 µg/L: 12 of 13), hexazinone (<0.01 to 0.02 µg/L: 1 of 13), tebuthiuron (<0.01 to 
0.01 µg/L: 3 of 13), metolachlor (<0.1 to 0.8 µg/L: 2 of 9) and 2,4-D (<0.1 to 2.5 
µg/L: 2 of 13).  In addition, the decay products of atrazine – desethyl atrazine (<0.01 
to 0.17 µg/L: 7 of 13) and desisopropyl atrazine (<0.01 to 0.04 µg/L: 3 of 13; also a 
decay product of simazine) were detected at this site.  Of these herbicides, atrazine 
(0.34 µg/L: ‘safe’ aquaculture guideline and 0.70 µg/L ANZECC 99% protection 
guideline), diuron (0.2 µg/L: ANZECC (2000) low reliability guideline), 2,4-D (0.004 
µg/L: ‘safe’ aquaculture guideline: ANZECC, 2000) and metolachlor (0.02 µg/L: 
ANZECC (2000) low reliability guideline) residues exceeded set freshwater 
guidelines.  In addition, ametryn residues exceeded known effects levels on 
dinoflagellates (0.3 µg/L).  However, concentrations of atrazine (13 µg/L: ANZECC 
95% protection guideline) and 2,4-D (280 µg/L: ANZECC 95% protection guideline) 
were well below ANZECC (2000) 95% ecological protection guidelines.  Tebuthiuron 
was the only herbicide detected in the Haughton River that is not registered in the 
sugarcane industry.  This herbicide is probably sourced to the grazing industry.  
 
Atrazine (Fig 8A), diuron (Fig 8B) and 2,4-D (Fig 8C) concentrations all peaked on 
the rising limb of the Haughton River hydrograph during the January 2006 event.  All 
three herbicides fell below analytical detection limits during the April event.  Atrazine 
concentrations on the rising limb (3 samples) of the January event exceeded both the 
ANZECC 99% ecological protection and the ‘safe’ aquaculture guidelines.  Diuron 
residues exceeded the ANZECC low reliability guideline in these same three samples 
on the rising limb and diuron residues were also above the guideline in the low flow 
sample taken in December 2005.  However, all samples were below the diuron 
ANZECC ‘safe’ aquaculture guideline (1.50 µg/L).  2,4-D residues peaked on the 
rising limb of the January event and were above the ANZECC ‘safe’ aquaculture 
guideline in the three rising samples and in the first low flow sample.  Metolachlor 
residues were detected in two water samples (0.8 and 0.3 µg/L) collected on the 26th 
January 2006 which coincided with the rise/peak flows; these residues exceeded the 
low reliability ANZECC (2000) guideline (0.02 µg/L).  Hexazinone residues were 
detected once at low concentrations (0.02 µg/L) on the initial rising stage sample. 
 
Four samples were collected from the main Haughton River site in the 2006/07 water 
year including one ambient sample and three event flow samples.  Atrazine (0.11 
µg/L), desethyl atrazine (0.03 µg/L) and desisopropyl atrazine (0.01 µg/L) and diuron 
(0.04 µg/L) were detected in the ambient sample while atrazine (0.09 µg/L: 1 of 3), 
desethyl atrazine (0.04 µg/L: 1 of 3) and diuron (0.15 µg/L: 1 of 3) were detected in 
event flows but only on the rising stage of the hydrograph.   
 
A sediment sample was collected from the main Haughton River sampling site in 
August 2006.  Herbicide residues were not detected in this sample. 
 



  

Page 42 

 
 
 

Figure 8.  Concentrations of atrazine (A), diuron (B) and 2,4-D (C) in the Haughton River during 
the 2005/06 water year.  The green dashed line represents the ANZECC ‘safe’ aquaculture 
guideline, while the orange dotted line is the ANZECC 99% freshwater ecological protection 
guideline.  The red dashed line represents the ANZECC (2000) low reliability guideline. 
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4.2.3. Barratta Creek sub-catchment 
 
Three sites were monitored within the Barratta Creek catchment including upper 
Barratta Creek (Viv Cox Bridge, Upper Haughton Road: B3), West Barratta Creek 
(Bruce Highway: B1) and East Barratta Creek (Bruce Highway: B2).  Eleven low 
flow samples were collected at the Barratta sites from December 2005 to November 
2006.  Ametryn (0.05 to 2.10 µg/L: 11 of 11), atrazine (1.50 to 8.80 µg/L: 11 of 11), 
desethyl atrazine (0.26 to 1.30 µg/L: 11 of 11), desisopropyl atrazine (0.05 to 0.23 
µg/L: 11 of 11), diuron (0.19 to 8.20 µg/L: 11 of 11), hexazinone (<0.01 to 0.22: 10 
of 11), simazine (<0.01 to 0.04 µg/L: 9 of 11), prometryn (<0.01 to 0.03 µg/L: 5 of 
11) and 2,4-D (<0.1 to 0.6 µg/L: 6 of 8) residues were commonly detected at all three 
sites in the low flow conditions.  In addition, MCPA residues (0.2 µg/L) were 
detected in one sample from West Barratta and tebuthiuron residues (<0.01 to 0.01 
µg/L: 4 of 11) were detected at the East and upper Barratta sites.  In May 2006, a low 
flow sample was collected in the estuary of Barratta Creek (B4) for pesticide analysis.  
Ametryn (0.02 µg/L), atrazine (0.05 µg/L), desethyl atrazine (0.03 µg/L) and diuron 
(0.01 µg/L) residues were all detected in this sample. 
 
Six water samples were collected in the Barratta Creek catchment during event flows 
in the 2004/05 water year, including 2 samples from upper Barratta, 3 samples from 
West Barratta and 1 sample from East Barratta.  Atrazine (0.14 to 0.39 µg/L: 6 of 6), 
desethyl atrazine (0.07 to 0.10 µg/L: 6 of 6), desisopropyl atrazine (<0.01 to 0.03 
µg/L: 4 of 6) and diuron (0.19 to 0.59 µg/L: 6 of 6) residues were all regularly 
detected in these waterways in the January 2005 event flow.  Hexazinone residues 
(<0.01 to 0.03 µg/L: 3 of 6) were only detected at the West Barratta site while 
metolachlor residues (<0.1 to 0.13 µg/L: 2 of 6) were only detected at the upper 
Barratta site.  Presumably metolachlor residues would have been diluted below 
detectable limits at the downstream sites. 
 
Seven herbicide residues were detected at the Barratta Creek sites in the event flow 
sampling in the 2005/06 water year including ametryn (<0.01 to 0.14 µg/L: 11 of 14), 
atrazine (0.08 to 6.50 µg/L: 14 of 14), diuron (0.06 to 3.80 µg/L: 14 of 14), 
hexazinone (<0.01 to 0.04 µg/L: 5 of 14), simazine (<0.01 to 0.18 µg/L: 8 of 14), 2,4-
D (<0.1 to 0.3 µg/L: 2 of 7) and MCPA (<0.1 to 0.2 µg/L: 1 of 7). Desethyl (0.06 to 
1.20 µg/L: 14 of 14) and desisopropyl (0.01 to 0.29 µg/L: 14 of 14) atrazine residues 
were also detected at the Barratta Creek sites during the event flows in 2005/06.  Of 
these herbicides, atrazine, diuron and 2,4-D exceeded some set ANZECC guidelines 
(Table 7). 
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Guideline 
Drinking 

(� g/L) 

95% 
ecological 
protection 

(� g/L) 

99% 
ecological 
protection 

(� g/L) 

Aquaculture 
'safe' 

guideline 
(� g/L) 

Low 
reliability 

(� g/L) 

GBRMPA 
guideline 

(� g/L) 

Lowest 
known 
effect 
levels 
(� g/L) 

Atrazine 40 13 0.70 0.34 N/A  3.0a 

Diuron 30 N/A N/A 1.50 0.20  0.10b 

Ametryn 50 N/A N/A N/A N/A  0.30c 

Hexazinone 300 N/A N/A N/A 75  3.0c 

Simazine 20 3.20 0.20 10 N/A  30c 

Tebuthiuron N/A 2.20 0.02 N/A N/A  10c 

Prometryn N/A N/A N/A N/A N/A  N/A 

MCPA N/A N/A N/A N/A 1.40  N/A 

2,4-D 30 280 140 0.004 N/A  1,000d 

Fluometuron 50 N/A N/A N/A N/A  N/A 

Bromacil 300 N/A N/A N/A 180  N/A 

Metolachlor 300 N/A N/A N/A 0.02   N/A 
aJones et al. (2003); bHaynes et al. (2000b); cJones and Kerswell (2003); dOwen et al. (2003). 

 

Table 7.  The various ANZECC (2000) guidelines available to assess the toxicity of the herbicides detected in the lower Burdekin and Don 
River catchments in the sampling program from 2005-2007. 
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At the upper Barratta Creek site in the 2005/06 water year, ametryn concentrations 
were higher in the low flow samples taken before the commencement of the first rains 
and concentrations rapidly became diluted during the rising stage of the first event 
(Fig 9A).  While the concentrations of ametryn in the water samples taken during the 
event were considerably lower than the ambient low flow samples, the vast majority 
of the 4.2 kg of ametryn that passed through this stream would have occurred during 
the event flow conditions (which is the case for the transport of all herbicides).  This 
is because of the significantly larger proportion of water that is transported during 
event flows compared to low/base flows.  Atrazine (Fig 9B), diuron (Fig 9C) and 
simazine (Fig 9E) all displayed similar behaviour in the upper Barratta Creek 
hydrograph.  The concentrations of these herbicides were all relatively elevated in the 
low flow conditions and peaked on the rising limb of the hydrograph during the 
January event flow before quickly becoming diluted.  Atrazine residues in the two low 
flow samples and the 1st sample taken on the rising limb of the hydrograph all 
exceeded the ANZECC 99% freshwater ecological protection guideline (0.70 µg/L: 
Fig 9B, orange dotted line) while these samples, with the addition of the second 
sample taken on the rising limb, exceeded the ANZECC ‘safe’ aquaculture guideline 
limit (0.34 µg/L: Fig 9B, green dashed line).  However, all samples were well below 
the ANZECC guideline for 95% ecological protection (13 µg/L).  Six of the seven 
samples taken at the upper Barratta site exceeded the diuron low reliability guideline 
(0.2 µg/L: Fig 9C, red dashed line) while ambient and rising limb samples exceeded 
the ANZECC diuron marine protection (1.8 µg/L: blue dashed-dotted line) and ‘safe’ 
aquaculture (1.5 µg/L: green dashed line) guidelines.  Simazine concentrations were 
all below the ANZECC 99% freshwater ecological protection guideline (0.2 µg/L: Fig 
9E, orange dotted line).  Hexazinone concentrations at upper Barratta Creek (Fig 9D) 
fell below detection limits by the peak of the January flow event and were well below 
the ANZECC low reliability guideline (75 µg/L: not shown) throughout ambient and 
event conditions.  
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Figure 9.  Concentrations of ametryn (A), atrazine (B) and diuron (C) in upper Barratta Creek during 
the 2005/06 water year plotted against hourly cummec data.  The green dashed line represents the 
ANZECC ‘safe’ aquaculture guideline, while the orange dotted line is the ANZECC 99% freshwater 
ecological protection guideline.  The red dashed line represents the ANZECC (2000) low reliability 
guideline and blue dashed-dotted line is the ANZECC marine ecological protection guideline. 
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Similar trends were observed at the downstream West Barratta Creek site during the 
2005/06 wet season.  Ametryn concentrations in the West Barratta Creek hydrograph 
displayed a similar dilution trend to the upper Barratta site with the highest 
concentrations occurring during low flow conditions (Fig 10A).  Interestingly, 
ametryn concentrations were below analytical detection limits in the April flow event 
suggesting that the residues had been exhausted during this event.  In addition, the 
low flow sample taken in February contained a considerably lower ametryn 
concentration than before the January flow event.  Atrazine residues were also higher 
in the low flow samples taken prior to the January flow event and concentrations 
quickly became diluted during this flow event (Fig 10B).  All of the low flow samples 
as well as several samples taken during the January flow event exceeded the 
ANZECC 99% ecological protection and ‘safe’ aquaculture guidelines.  However, 
atrazine concentrations during the April flow event were well below any of the set 
ANZECC guidelines.  Diuron concentrations peaked on the rising limb of the January 

Figure 9.  Concentrations of hexazinone (D) and simazine (E) in upper Barratta Creek 
during the 2005/06 water year.  The orange dotted line is the ANZECC 99% 
freshwater ecological protection guideline. 
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flow event and all samples collected during this event as well as the low flow samples 
all exceeded the ANZECC low reliability guideline; fewer samples exceeded the 
marine ecological protection and ‘safe’ aquaculture guidelines (Fig 10C).  However, 
no ANZECC diuron guideline was crossed during the April flow event.  Similarly to 
diuron, 2,4-D residues peaked on the rising limb of the January flow event but became 
quickly diluted at the peak/falling stage of this event (Fig 10D).  The ambient and the 
majority of the January event samples exceeded the ANZECC ‘safe’ aquaculture 
guideline (<0.004 µg/L) which is well below the laboratory detection limit (0.1 µg/L).  
2,4-D residues were below detection during the April flow event.  Hexazinone 
concentrations (Fig 10E) were highest during low flow conditions but were well 
below the set ANZECC guideline (75 µg/L) while simazine concentrations peaked on 
the rising limb of the January event but were also well below any ANZECC 
guidelines. 
 



  

Page 49 

 
Figure 10.  Concentrations of ametryn (A), atrazine (B) and diuron (C) in West Barratta Creek 
during the 2005/06 water year.  The green dashed line represents the ANZECC ‘safe’ aquaculture 
guideline, while the orange dotted line is the ANZECC 99% freshwater ecological protection 
guideline.  The red dashed line represents the ANZECC low reliability guideline and the blue 
dashed-dotted line is the ANZECC marine ecological protection guideline. 
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 Figure 10.  Concentrations of 2,4-D (D), hexazinone (E) and simazine (F) in West Barratta 

Creek during the 2005/06 water year.  The green dashed line represents the ANZECC ‘safe’ 
aquaculture guideline. 
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I the event flows in the 2006/07 water year, five herbicide residues were detected in 
the Barratta Creek sites including ametryn (<0.01 to 0.06 µg/L: 14 of 18), atrazine 
(<0.01 to 2.60 µg/L: 16 of 18), diuron (<0.01 to 1.40 µg/L: 14 of 15), hexazinone 
(<0.01 to 0.09 µg/L: 9 of 18) and bromacil (detected twice at 0.01 and 0.03 µg/L of 18 
samples, although 16 of the 18 samples were analysed with a detection limit of 0.1 
µg/L).  The decay products of atrazine - desethyl (<0.01 to 0.51 µg/L: 15 of 18) and 
desisopropyl (<0.01 to 0.12 µg/L: 14 of 18) atrazine were also detected at the Barratta 
Creek sites during the 2007 event flows.  Of these samples, atrazine and diuron 
exceeded some set ANZECC (2000) guidelines. 
 
The main herbicide residues detected in the Barratta Creek sites in the 2006/07 water 
year (Figs 11-13) show similar trends over the flow hydrograph.  Ametryn 
concentrations (Figs 11A, 12A and 13A) were higher in the low flow sample collected 
in November 2006 compared to the samples collected in the event flows.  Similarly, 
atrazine (Figs 11B, 12B and 13B) and diuron (Figs 11C, 12C and 13C) were higher in 
the ambient sample, although significant levels (i.e. above some set ANZECC 
guidelines) were measured on the rising limbs of the Barratta Creek hydrographs 
before becoming diluted over the remainder of the hydrograph.  In contrast, 
hexazinone concentrations (Figs 11D, 12D and 13D) were highest on the rising limb 
of event sampling compared to ambient samples collected at the upper Barratta and 
West Barratta sites.  Hexazinone concentrations were relatively low (<0.1 µg/L) 
throughout the 2006/07 sampling program and became diluted below detectable limits 
before peak discharge was achieved. 



  

Page 52 

 
 

Figure 11.  Concentrations of ametryn (A), atrazine (B) and diuron (C) in upper Barratta Creek during 
the 2006/07 water year plotted against hourly cummec data.  The green dashed line represents the 
ANZECC ‘safe’ aquaculture guideline, while the orange dotted line is the ANZECC 99% freshwater 
ecological protection guideline.  The red dashed line represents the ANZECC (2000) low reliability 
guideline and blue dashed-dotted line is the ANZECC marine ecological protection guideline. 
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Figure 11 (continued). Concentrations of hexazinone (D) in upper Barratta Creek during the 
2006/07 water year. 
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Figure 12.  Concentrations of ametryn (A), atrazine (B) and diuron (C) in West Barratta Creek during 
the 2006/07 water year plotted against hourly cummec data.  The green dashed line represents the 
ANZECC ‘safe’ aquaculture guideline, while the orange dotted line is the ANZECC 99% freshwater 
ecological protection guideline.  The red dashed line represents the ANZECC (2000) low reliability 
guideline and blue dashed-dotted line is the ANZECC marine ecological protection guideline. 
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Figure 12 (continued). Concentrations of hexazinone (D) in West Barratta Creek during the 
2006/07 water year. 
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Figure 13.  Concentrations of ametryn (A), atrazine (B) and diuron (C) in Eest Barratta Creek during 
the 2006/07 water year plotted against hourly cummec data.  The green dashed line represents the 
ANZECC ‘safe’ aquaculture guideline, while the orange dotted line is the ANZECC 99% freshwater 
ecological protection guideline.  The red dashed line represents the ANZECC (2000) low reliability 
guideline and blue dashed-dotted line is the ANZECC marine ecological protection guideline. 
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Sediment samples were collected from West Barratta Creek (August 2006) and from 
the Barratta Creek estuary (May 2006) for pesticide analysis.  Pesticide residues were 
not detected in these samples. 
 
4.2.4. Burdekin Delta Irrigation Channels sub-catchment 
 
Five sampling sites were established in the Burdekin Delta irrigation channels in the 
2005/06 water year including Sheep Station Creek upper (John Ahern Bridge: S3, 
ambient only), lower (Goritzia’s lagoon: S1, ambient only), the ‘main’ Sheep Station 
Creek site (Five Ways Road: S2), Plantation Creek (Rita Island Road) and Iyah Creek 
(Charlie’s Hill Road).  In addition, the inflow waters of these irrigation channels were 
monitored with a site established at the Burdekin River (Rocks, Clare Weir: BR2).  
Two samples were collected from the inflow water in December 2005 and early 
January 2006, prior to any significant rainfall/runoff events and three herbicide 
residues were detected including atrazine (0.11 and 0.28 µg/L), diuron (<0.01 and 
0.01 µg/L) and tebuthiuron (0.01 and 0.01 µg/L).  The relatively low levels of atrazine 
and diuron are probably sourced to the sugarcane industry in the drainage area 
immediately above the Clare Weir (such as Landers Creek).  The tebuthiuron residues 
are probably sourced to the grazing industry but the precise catchment source is 
unknown.  Tebuthiruon residues have been found in the major Burdekin River sub-
catchments above the Burdekin Falls Dam (Bainbridge et al., 2006b) and also in the 
Bowen River sub-catchment (Bainbridge et al., 2007).  
 
Six herbicide residues were detected in the ambient sampling program of the 
irrigation channels of the Burdekin Delta conducted from December 2005 to 
November 2006.  These included ametryn (<0.01 to 0.25 µg/L: 8 of 17; Sheep Station 
Creek sites only), atrazine (0.01 to 0.47 µg/L: 17 of 17), diuron (<0.01 to 0.18 µg/L: 
12 of 17), hexazinone (<0.01 to 0.04 µg/L: 2 of 17; site S1 only), tebuthiuron (<0.01 
to 0.02 µg/L: 10 of 17) and 2,4-D (<0.1 to 2.2 µg/L: 1 of 13).  Desethyl atrazine 
(<0.01 to 0.04 µg/L: 6 of 17) was also detected in the irrigation channels.  Diuron was 
detected (0.02 µg/L) in an ambient water sample taken from the Plantation Creek 
estuary (P2) in May 2006. 

Figure 13 (continued). Concentrations of hexazinone (D) in Eest Barratta Creek during the 2006/07 
water year. 
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During the flow events in the 2005/06 water year, six herbicide residues were detected 
in the channels of the Burdekin River Delta at the three sampling sites (Sheep Station 
Creek: S2, Plantation Creek and Iyah Creek).  These included ametryn (<0.01 to 0.31 
µg/L: 8 of 17; note that ametryn was below detection limits in all samples collected at 
Iyah Creek), atrazine (<0.01 to 6.20 µg/L: 16 of 17), diuron (<0.01 to 0.82 µg/L: 16 of 
17), hexazinone (<0.01 to 0.02 µg/L: 2 of 17; detected at Iyah Creek only), simazine 
(<0.01 to 0.03 µg/L: 3 of 17; detected at Iyah and Sheep Station Creeks only) and 2,4-
D (<0.1 to 0.3 µg/L: 6 of 10).  In addition, desethyl (<0.01 to 0.47 µg/L: 15 of 17) and 
desisopropyl (<0.01 to 0.11 µg/L: 9 of 17) atrazine residues were detected in the 
irrigation channels of the Burdekin Delta in the event flows of 2006. 
 
Only four samples were collected in the waterways within the Burdekin Delta sub-
catchment area in the event flows during the 2006/07.  Iyah Creek was not sampled in 
event flows in the 2007 wet season.  Ametryn (0.01 to 0.03 µg/L: 4 of 4), atrazine 
(0.32 to 0.40 µg/L: 4 of 4), diuron (0.33 to 1.40 µg/L: 4 of 4), hexazinone (<0.01 to 
0.07 µg/L: 2 of 4; only detected in Sheep Station Creek), simazine (<0.01 to 0.04 
µg/L: 2 of 4; only detected in Sheep Station Creek) and tebuthiuron (0.01 to 0.02 
µg/L: 1 of 4; only detected in Plantation Creek) residues were detected in the event 
flows of 2007.  Desethyl (0.08 to 0.34 µg/L: 4 of 4) and desisopropyl (0.03 to 0.10 
µg/L: 4 of 4) atrazine residues were also detected in these samples from the 2006/07 
water year. 
 
Of the herbicides detected in water samples from the 2005/06 and 2006/07 water 
years, atrazine, diuron and 2,4-D exceeded some set ANZECC (2000) guidelines.   
 
Diuron residues (0.02 mg/kg) were detected in a sediment sample collected from 
Plantation Creek in August 2006, although this herbicide was below detectable limits 
in a sediment sample collected from the Plantation Creek estuary in May 2006.  
Indeed, no pesticide residues were detected in sediment samples collected from the 
Plantation Creek estuary, Sheep Station Creek and Iyah Creek. 
 
4.2.5. Yellow Gin Creek sub-catchment 
 
Yellow Gin Creek was only monitored in the 2005/06 water year where one ambient 
and six event flow samples were collected.  Diuron residues (0.01 µg/L) were 
detected in one sample on the rise of the January 2006 event.  Fluometuron residues 
(0.04 µg/L) were detected in the ambient sample collected in August 2006.  No other 
herbicides were detected at this site.  Diuron and fluometuron may have been used to 
control weeds in the creek near the highway and railway. 
 
No herbicide residues were detected in the water sample collected from the Yellow 
Gin Creek estuary.  In addition, no pesticide residues were detected in the sediment 
samples taken from the Yellow Gin Creek highway site or from the estuarine site. 
 
4.2.6. Don Basin sub-catchments 
 
Five water samples were collected from the Don River in the flow events of 2006.  No 
ambient samples were taken as the river dries out rapidly following flow events.  Two 
herbicide residues were detected including atrazine (0.02 to 0.22 µg/L: 5 of 5) and 
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hexazinone (<0.01 to 0.06 µg/L: 3 of 5).  Desethyl atrazine (0.01 µg/L) was also 
detected in one sample. 
 
Atrazine concentrations (Fig 14A) peaked on the rising limb of the second, larger 
flow event in April while hexazinone concentrations (Fig 14B) peaked with the first, 
smaller event in January.  However, the concentrations of both herbicides were well 
below any set ANZECC guideline and the loads of 2 kg for atrazine and 0.6 kg for 
hexazinone indicate that it appears that these herbicides are of relatively low 
significance for this catchment.  In any case, it has been shown that a wide range of 
insecticides are used in the horticulture industry in the lower Don region.  Despite 
considerable analytical costs, the monitoring of these insecticide residues in the future 
would be valuable to determine if there are any pesticides that pose any significant 
threat in this region. 
 

 
 
 
 
 
 
 
 

Figure 14.  Concentrations of atrazine (A) and hexazinone (B) in the Don River during 
the 2005/06 water year. 
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Three water samples were collected during event flows in the 2006/07 water year.  
Hexazinone (<0.01 to 0.03 µg/L: 2 of 3) and metolachlor (<0.1 to 0.1 µg/L: 1 of 3) 
residues were the only pesticides detected.  Metolachlor residues in one sample from 
the Don River exceeded the ANZECC (2000) low reliability guideline (0.02 µg/L).  
Despite being regularly detected in the previous 2005/06 wet season, atrazine was not 
detected in the 2006/07 water samples from the Don River.  
 
Opportunistic samples were collected from Euri Creek, Molongle Creek and the Elliot 
River on the waning flow on the 24th January 2007, approximately 2 days after peak 
flows.  Hexazinone residues (0.02 µg/L) were detected at Euri Creek.  No pesticide 
residues were detected in the samples from Molongle Creek and Elliot River.  
 
4.2.7. Summary 
 
Overall, 132 water samples were analysed for pesticide residues in the lower Burdekin 
and Don River catchments from 2005 to 2007 including 43 ambient (low flow) 
samples and 89 event (high flow) samples.  Ten herbicide residues were detected in 
the ambient samples including ametryn (range from <0.01 to 2.10 µg/L: detected in 
20 of 43 samples), atrazine (<0.01 to 8.80 µg/L: 38 of 43), diuron (<0.01 to 8.20 
µg/L: 31 of 43), fluometuron (<0.01 to 0.04: 1 of 43), hexazinone (<0.01 to 0.22 
µg/L: 12 of 43), prometryn (<0.01 to 0.03 µg/L: 5 of 43), simazine (<0.01 to 0.04 
µg/L: 9 of 43), tebuthiuron (<0.01 to 0.02 µg/L: 20 of 43), MCPA (<0.1 to 0.2 µg/L: 1 
of 29) and 2,4-D (<0.1 to 2.2 µg/L: 8 of 29).  In addition, the decay products of 
atrazine – desethyl atrazine (<0.01 to 1.30 µg/L: 23 of 43) and desisopropyl atrazine 
(<0.01 to 0.23 µg/L: 12 of 43; also a decay product of simazine) were detected in the 
ambient samples. 
 
Ten herbicide residues were detected in the event samples including ametryn (<0.01 
to 0.31 µg/L: 37 of 89), atrazine (<0.01 to 6.50 µg/L: 68 of 89), diuron (<0.01 to 3.80 
µg/L: 65 of 85), hexazinone (<0.01 to 0.09 µg/L: 28 of 89), simazine (<0.01 to 0.18 
µg/L: 13 of 89), tebuthiuron (<0.01 to 0.02 µg/L: 2 of 89), bromacil (detected twice at 
0.01 and 0.03 µg/L of 61 samples, although 58 of the 61 samples were analysed with 
a detection limit of 0.1 µg/L), metolachlor (<0.1 to 0.8 µg/L: 5 of 61), MCPA (<0.1 to 
0.2 µg/L: 1 of 29) and 2,4-D (<0.1 to 2.5 µg/L: 11 of 29).  In addition desethyl 
atrazine (<0.01 to 1.20 µg/L: 59 of 89) and desisopropyl atrazine (<0.01 to 0.29 µg/L: 
48 of 89) were detected in the event samples. 
 
Pesticide residues were also analysed in nine sediment samples collected from the 
major streams in the lower Burdekin.  Diuron residues were detected in one of the 
nine sediment samples at 0.02 mg/kg at Plantation Creek.  No other herbicide residues 
were detected in the sediment samples. 
 
Ametryn, atrazine, diuron, hexazinone, 2,4-D, MCPA, metolachlor, are all registered 
products used in the sugar industry and have also been detected in the streams 
draining sugarcane in the Mackay Whitsunday Region (Rohde et al., 2006) and in the 
Tully Basin (Faithful et al., 2007).  Simazine is used in forestry and is found in 
streams draining forestry operations such as the Mary River (McMahon et al., 2005) 
and in the Murray River (Faithful et al., 2007).  Simazine is not used in cane 
cultivation and its presence in sites such as Iyah and Barratta Creeks cannot be 
explained at this time, although it may be used to control weeds in irrigation 
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channels/drains.  Tebuthiuron is also not used in the sugarcane industry but was 
detected in several samples in the Barratta Creek sites and the Burdekin irrigation 
channels as well as at the upper Haughton River site (Bill Britt Road).  The vast 
majority of these samples were taken during low flow conditions and these sites, with 
the exception of the upper Haughton River, are feed by irrigation water from the Clare 
Weir/Burdekin Falls Dam.  Therefore the tebuthiuron concentrations may be derived 
from the Burdekin rangelands above or below the dam.  Tebuthiuron, used to control 
woody weeds in the grazing industry, has been detected in a number of the major 
Burdekin sub-catchments during event flow conditions (Bainbridge et al., 2006b; 
2007).  This herbicide is very persistent in the environment (half life of 360 days) and 
is strongly associated with the dissolved phase.  Prometryn was detected in five 
samples from the Barratta Creek sites during low flow conditions.  This herbicide is 
used to control weeds and grasses and is not registered in the sugarcane industry but 
may be used in alternative crops such as beans.  The sources for the bromacil and 
fluometuron are unknown.  
 
Boxplots have been constructed for the five most commonly detected herbicide 
residues in the sub-catchments of the lower Burdekin and Don River to investigate the 
trends across these sub-catchments during both ambient and event flow conditions.  
We note that the data that were below detection have been assigned a value which was 
half the detection limit (commonly 0.005 µg/L); therefore statistical analysis of the 
boxplots (e.g. medians etc) is not the objective of this section.  The five commonly 
detected herbicides include ametryn, atrazine, diuron, hexazonine and 2,4-D.  Yellow 
Gin Creek was selected as a “control” site – a catchment not influenced by sugarcane 
or horticulture.  While diuron and fluometuron were detected in separate samples 
collected at Yellow Gin Creek, the concentrations were low and probably associated 
with weed control of drains near the Bruce Highway and the railway track.   
 
Ametryn residues (Fig 15A) were commonly detected in ambient conditions 
particularly at the Barratta Creek sites.  The significance of these concentrations is 
unclear because there is no set ecological ANZECC guideline for this herbicide.  
While some samples from West Barratta exceeded known effect levels for coral 
zooxanthellae (0.3 µg/L: Table 7; Jones and Kerswell, 2003), the effect levels for 
ametryn on tropic freshwater plants are unknown.  Similarly, atrazine concentrations 
(Fig 15B) were also higher in the Barratta Creek sites compared to the other 
waterways of the lower Burdekin.  Low flow samples collected at the Barratta Creek 
sites consistently exceeded the ANZECC (2000) 99% ecological protection guideline 
and the ‘safe’ aquaculture guideline.  Diuron residues (Fig 15C) were also commonly 
detected in the Barratta Creek sites in low flow conditions at concentrations which 
exceeded the ANZECC (2000) low reliability freshwater, ‘safe’ aquaculture and the 
low reliability marine ecological guidelines.  While hexazinone residues (Fig 15D) 
were regularly detected at the Barratta Creek sites, the concentrations were relatively 
low (<0.25 µg/L) and are of no apparent concern as they were well below the 
ANZECC guideline (75 µg/L).  The only site where 2,4-D residues (Fig 15E) were 
commonly detected was West Barratta Creek.  Concentrations of some samples from 
this site were above the ANZECC (2000) ‘safe’ aquaculture guideline.  The data show 
that the Barratta Creek sites consistently produced the highest herbicide 
concentrations during ambient conditions in the lower Burdekin.  This finding 
suggests that Barratta Creek may be the only system in the lower Burdekin that 
discharges considerable irrigation tail water.  
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 Figure 15.  Boxplots of ametryn (A) and atrazine (B) concentrations during ambient (low 

flow) conditions in the sub-catchments of the lower Burdekin and Don River.  The green 
dashed line represents the ANZECC ‘safe’ aquaculture guideline, while the orange dotted 
line is the ANZECC 99% freshwater ecological protection guideline. 
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Figure 15 (continued).  Boxplots of diuron (C) and hexazinone (D) concentrations during ambient (low 
flow) conditions in the sub-catchments of the lower Burdekin and Don River.  The green dashed line 
represents the ANZECC ‘safe’ aquaculture guideline, while the red dotted line is the ANZECC low 
reliability guideline. The blue dashed-dotted line is the ANZECC marine ecological protection guideline. 
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The range of ametryn concentrations in event flow conditions (Fig 16A) at individual 
sites was generally consistent across the 2005/06 and 2006/07 water years.  Ametryn 
residues measured in event flows were considerably lower than those measured in 
ambient conditions (Fig 15A) and were below any reported effects level.  Ametryn 
residues were not detected in Yellow Gin Creek, a site which contains no sugarcane or 
horticulture within the catchment.  Atrazine residues (Fig 15B) were regularly 
detected in event flow conditions across the lower Burdekin sites at concentrations 
similar to those found in ambient conditions.  Several samples collected during event 
conditions exceeded the ANZECC (2000) 95% ecological protection and ‘safe’ 
aquaculture guidelines.  We therefore consider atrazine to be a key herbicide of 
concern in the region.  We note that the higher atrazine concentrations are related to 
the sugar industry and were not detected at the Yellow Gin Creek site.  Similarly, 
diuron residues (Fig 15C) exceeded the ANZECC low reliability guideline in several 
samples collected in the lower Burdekin, although concentrations in the Barratta 
Creek sites were generally lower than in ambient conditions and only one sample 
collected from West Barratta Creek exceeded the diuron guidelines for marine 
protection and ‘safe’ aquaculture.  Diuron is also considered a herbicide of concern in 
the lower Burdekin area.  Hexazinone residues (Fig 15D) were commonly detected at 
most sites sampled in event flow conditions across the lower Burdekin and Don River 
catchments.  However, concentrations of hexazinone were low (<0.10 µg/L) and were 
well below any set guidelines.  2,4-D residues (Fig 15E) exceeded the ‘safe’ 
aquaculture guideline at the main Haughton River site, West Barratta Creek and 
Sheep Station Creek during the event flows of 2006.  This herbicide was not analysed 
in the 2007 event flows due to the extra costs associated with the analysis. 

Figure 15 (continued).  Boxplot of 2,4-D (E) concentrations during ambient (low flow) 
conditions in the sub-catchments of the lower Burdekin and Don River.  The green dashed 
line represents the ANZECC ‘safe’ aquaculture guideline. 
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 Figure 16.  Boxplots of ametryn (A) and atrazine (B) concentrations during event flow conditions 

in the sub-catchments of the lower Burdekin and Don River in the 2004/05, 2005/06 and 2006/07 
water years.  The green dashed line represents the ANZECC ‘safe’ aquaculture guideline, while 
the orange dotted line is the ANZECC 99% freshwater ecological protection guideline. 
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 Figure 16 (continued).  Boxplots of diuron (C) and hexazinone (D) concentrations during event 

flow conditions in the sub-catchments of the lower Burdekin and Don River in the 2004/05, 
2005/06 and 2006/07 water years.  The green dashed line represents the ANZECC ‘safe’ 
guideline, while the red dotted line is the ANZECC low reliability guideline. The blue dashed-
dotted line is the ANZECC (2000) marine ecological protection guideline. 
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Loads of the three major herbicides measured in the Haughton River in the 2005/06 
water year were relatively high.  Atrazine had the highest load with 72 kg followed by 
63 kg of diuron and 29 kg of 2,4-D.  These considerable loads, combined with some 
individual samples (particularly on the rising limb of the hydrograph) which exceeded 
some ANZECC guidelines, suggest that these herbicides present a possible threat to 
the receiving waters.  Unfortunately, loads of these herbicides could not be estimated 
for the Haughton River in the 2006/07 water year due to limited sampling over the 
flow hydrograph (sampling restricted due to road closures).  
 
Of the herbicides detected in upper Barratta Creek in the 2005/06 water year, atrazine 
(57 kg) had the highest load followed by diuron (37 kg), ametryn (4.2 kg), simazine 
(1.1 kg) and hexazinone (0.3 kg).  Similar loads were calculated for the downstream 
West Barratta Creek site including 80 kg of atrazine, 46 kg of diuron, 10 kg of 2,4-D, 
2.7 kg of ametryn, 2.7 kg of hexazinone and 2.3 kg of simazine (Table 8).  In the 
2006/07 wet season loads of atrazine, diuron and ametryn were higher than the 
previous wet season.  The data from 2006/07 suggests that the West Barratta Creek 
site exports higher herbicide loads compared to the East Barratta site.  Based on these 
load data and the ANZECC guidelines, atrazine, diuron 2,4-D and ametryn are the 
herbicides of most concern at the Barratta Creek sites.  However, due to the lack of 
reliable guidelines for the majority of herbicides (particularly diuron and ametryn) it 
is difficult to thoroughly assess the potential risk of these herbicides in the 
environment. 

Figure 16 (continued).  Boxplot of 2,4-D (E) concentrations during event flow conditions in 
the sub-catchments of the lower Burdekin and Don River in the 2005/06 water year.  The 
green dashed line represents the ANZECC ‘safe’ aquaculture guideline. 
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Other herbicides of possible concern, but detected less frequently include metolachlor 
and tebuthiuron.  In one sample, metolachlor (0.80 µg/L) was 40 times over the 
ANZECC (2000) low reliability guideline (0.02 µg/L).  There is no available research 
on the toxicity of metolachlor on species relevant to the north Queensland 
environment.  Tebuthiuron is also of some concern in the grazing industry as the some 
concentrations have reached the ANZECC (2000) 99% ecological protection 
guideline (0.02 µg/L). 
 
 
 

Site Year 
2,4-D 
(kg) 

Ametryn 
(kg) 

Atrazine 
(kg) 

Diuron 
(kg) 

Hexazinone 
(kg) 

Simazine 
(kg) 

2005/06 
 

4.2 57 37 0.3 1.1 Upper Barratta 
Creek 

2006/07  7.5 100 45 1.35  

2005/06 10 2.7 80 46 2.7 2.3 West Barratta 
Creek 

2006/07  3.4 116 79 2.2  

East Barratta 
Creek 

2006/07  5 108 53 1.2  

Haughton River 2005/06 29  72 63   

Don River 2005/06     2   0.6   

 
 
Table 9A summarises the peak concentrations of the common herbicides detected in 
the lower Burdekin in event conditions and compares these with other sugarcane 
catchments including the Mackay Whitsunday (Mitchell et al., 2005; Rohde et al., 
2006) and Tully Regions (Faithful et al., 2007).  The results indicate that peak atrazine 
concentrations are higher in the lower Burdekin compared to the other regions, while 
peak diuron and peak hexazinone levels are lower in the lower Burdekin.  Table 9B 
compares the average herbicide loads from the lower Burdekin (Haughton River 
2005/06 load + average of West Barratta for 2005/06 and 2006/07 + 2006/07 East 
Barratta load) with the loads from the Pioneer River during the 2003 (Mitchell et al., 
2005) and the 2005 (Rohde et al., 2006) flow events.  Interestingly, the loads of 
atrazine from the lower Burdekin were considerably higher compared to the Pioneer; 
however, the loads of diuron and hexazinone were lower.  Diuron and hexazinone can 
be used in combination in the sugar industry and these results suggest that these 
herbicides are more commonly used in the Mackay Whitsunday (and Tully) region. 
 
 
 
 
 
 
 
 

Table 8.  Herbicide loads exported from the major streams in the lower Burdekin and Don River catchments 
for the 2005-06 and 2006/07 water years. 
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Herbicide peak 
concentration 

Lower 
Burdekin 1 

Mackay 
Whitsunday 2 

Tully 3 

Atrazine (µg/L) 6.5 4.2 1.0 

Diuron (µg/L) 3.8 6.5 19 

2,4-D (µg/L) 2.5 1.1 N/A 

Ametryn (µg/L) 0.31 0.14 0.05 

Hexazinone (µg/L) 0.09 0.45 3.6 

Simazine (µg/L) 0.18 0.03 0.06 

1This study, 2Rohde et al. (2006), 3Faithful et al. (2007) 
 
 
 
 
 
 

Herbicide load Lower 
Burdekin* 1 

Pioneer 
River 
20032 

Pioneer 
River 
20053 

Atrazine (kg) 280 95 75 

Diuron (kg) 180 310 470 

2,4-D (kg) 50 N/A N/A 

Ametryn 8 9 22 

Hexazinone (kg) 4 45 28 

Simazine (kg) 2 N/A N/A 

1This study, 2Mitchell et al. (2005), 3Rohde et al. (2006) 
*Lower Burdekin is the combined load of the Haughton River 
and Barratta Creek. The load for West Barratta was used to 
estimate the load for East Barratta. 

 
 
 
 
 
 
 
 
 
 

Table 9A.  Regional comparison of the peak concentrations of herbicides 
in event conditions sugarcane growing regions in the GBR catchments. 

Table 9B.  Comparison of herbicide loads in the lower Burdekin with 
loads from the Pioneer River. 
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4.3. Plume samples 
 
Two herbicide residues were detected in the 2007 flood plume produced from the 
Haughton River and Barratta Creek.  These included atrazine (<0.01 to 0.08 µg/L: 13 
of 14) and diuron (<0.01 to 0.08 µg/L: 12 of 14).  Desethyl atrazine residues (<0.01 to 
0.03 µg/L: 5 of 14) were also detected in the plume.  These concentrations did not 
exceed any set ANZECC (2000) guidelines, although in some samples, concentrations 
of diuron were close to the ‘effects level’ for seagrass (0.10 µg/L: Haynes et al., 
2000b).  While the concentrations of atrazine and diuron in the flood plumes in 2007 
were below set guidelines and known effects levels (although the possibility of a 
additive effect of these two herbicides cannot be ruled out), an earlier season event 
shortly after the application of pesticides (e.g. November) may result in potentially 
higher concentrations in the sub-catchment waterways, as well as in the adjacent 
marine environment.  In addition, the synergistic effects of atrazine and diuron 
coupled with other materials such as suspended sediment and/or nitrate are largely 
unknown (but for example see Harrington et al., 2005).  Figure 17 shows the 
concentrations of atrazine, diuron and desethyl atrazine residues over the salinity 
gradient (and with TSS concentrations) whereby the concentrations are similar up 
until the ~15 PSU salinity zone, before rising briefly peaking at the 16.5 PSU salinity 
zone.  The herbicide residues appear to follow a conservative mixing trend thereafter 
(i.e. become diluted with seawater mixing).  This finding is consistent with herbicide 
behaviour in the flood plume monitoring from the Mackay Whitsunday Region 
(Rohde et al., 2006).  However, the peak herbicide concentrations at the 16.5 PSU is 
perplexing; it is possible that this sample may represent the ‘first flush’ waters where 
herbicide residues are typically higher in the waterways.     
 
GPS and visual estimations of the extent of the Haughton River and Barratta Creek 
plumes suggest that it was restricted within Bowling Green Bay to as far as Cape 
Ferguson (Fig 7c).  However, a sample collected off Cape Cleveland, thought to be 
outside of the plume area (sample 652: Fig 7c) contained residues of atrazine (0.03 
µg/L) and diuron (0.02 µg/L).  This finding suggests that the full extent of the plume 
has been underestimated.  The possibility of water influx from another source such as 
the Burdekin River is unlikely.  In any case, pesticide monitoring within the Burdekin 
River plume in 2007 did not detect any pesticide residues (Bainbridge et al., 2007).      
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Figure 17.  Atrazine (A) and diuron (B) concentrations over the salinity gradient in 
samples collected from the Haughton River and Barratta Creek flood plumes on the 
3rd of February 2007.  
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5. Conclusions and recommendations 
 
Sub-catchment scale and flood plume monitoring of pesticide residues in the lower 
Burdekin and Don River catchments show that herbicides were the only residues 
detected in both ambient and event flow monitoring.  The herbicides of particular 
concern in the lower Burdekin sugarcane industry are atrazine, diuron, ametryn and 
2,4-D, all of which exceeded various ANZECC guidelines (or effect levels) in several 
samples.  Metolachlor also exceeded the ANZECC low reliability guideline in some 
samples and further monitoring of this herbicide is recommended.  However, the 
confidence in these guidelines is relatively low due to a lack of toxicity studies for 
relevant species of the Great Barrier Reef and tropical wetlands.  In some cases, there 
are large differences in the ANZECC (2000) guidelines of 95% ecological protection, 
99% ecological protection and ‘safe’ aquaculture levels.  For example, the ANZECC 
95% ecological protection guideline for 2,4-D is 280 µg/L while the ANZECC ‘safe’ 
aquaculture guideline is <0.004 µg/L (Table 8).  The exposure times for various 
concentrations of herbicides also needs to be addressed by the guidelines (e.g. A 
herbicide concentration of 50 µg/L for 10 mins would probably not have the same 
effects as a concentration of 0.5 µg/L for 10 days).  Without more confidence in these 
guidelines, it is difficult to make reasonable decisions on the management of these 
herbicides.   
 
We present a summary table (Table 10) ranking the most commonly used herbicides 
in the lower Burdekin (based on the chemical sales from a supplier in the region: 
Appendix 1) followed by their ecological significance in the region (based on the 

Figure 17 (continued).  Desethyl atrazine (C) concentrations over the salinity 
gradient in samples collected from the Haughton River and Barratta Creek flood 
plumes on the 3rd of February 2007.  
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concentrations at both the sub-catchment and paddock (Davis and Lewis, 2007) scales 
and the comparison to the ANZECC guidelines). 
 
The variety of insecticides used in the horticultural industry were not analysed 
properly in this study due to financial constraints and due to the study’s particular 
focus on the sugarcane industry.  Specific pesticide monitoring to target runoff from 
horticulture-dominated land uses (such as the Don catchment) is encouraged as 
insecticides tend to be more toxic at lower concentrations compared to the herbicides.  
Nevertheless, the most common insecticide used in the sugar industry (chlorpyrifos) 
was below analytical detection in this study, although the laboratory detection limit 
for chlorpyrifos (0.1 µg/L) is an order of magnitude higher than the 95% ANZECC 
(2000) ecological protection guideline (0.01 µg/L).  Therefore future monitoring 
efforts should attempt to achieve a lower detection limit which is closer to the 
ANZECC guideline values.  In addition, the use of imidacloprid has become 
prominent in the last two years in the lower Burdekin (E. Shannon pers comm., 2007).  
This insecticide needs to be monitored in future studies as it may be transported in 
both dissolved and particulate phases.  Monitoring of MEMC and other fungicides are 
also recommended as recent toxicology studies have shown them to be toxic to corals 
at relatively low concentrations (1 µg/L: Markey et al., 2007).     
 
The flood plume monitoring in the 2006/07 wet season has provided some valuable 
data on the extent and concentrations of herbicide residues in the marine environment.  
Further monitoring of flood plumes coupled with catchment (from paddock scale to 
sub-catchment scale) monitoring would be highly beneficial for managers to set target 
concentrations for pesticides in the sugar and horticultural industries.  While the 
concentrations of atrazine and diuron in the flood plumes in 2007 were below set 
guidelines and known effects levels (although the possibility of a synergistic effect of 
these two herbicides cannot be ruled out), an earlier season event shortly after the 
application of pesticides (e.g. November) may result in considerably higher 
concentrations in the sub-catchment waterways as well as in the adjacent marine 
environment.  A better understanding of the transport of pesticides from the paddock-
scale through to the sub-catchment and marine scales would be particularly valuable 
for managers to assist growers with choosing the optimal pesticide, application rates 
and the timing of application.     
 
The key findings of this report are: 

·  Organochlorine insecticide residues still persist in the soils of the lower 
Burdekin, although at low concentrations compared to the period before they 
were banned.  These concentrations may still be environmentally significant, 
although the management of these (no longer used) insecticides is not feasible. 

·  The current insecticides used in the lower Burdekin are less persistent in the 
environment and have only been found sporadically in the sediments and 
waterways of the region.  However, the detection limits of these insecticides 
may be too high to fully evaluate the ecological risk of these chemicals in the 
environment. 

·  The residues of several herbicides (atrazine, diuron, ametryn, hexazinone, 2,4-
D) have been regularly found in the sediments and waterways of the lower 
Burdekin at biologically significant concentrations.  However, these 
concentrations are not necessarily at significant dosages for the relevant 
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organisms that inhibit the coastal streams and estuarine environments.  In fact, 
there are limited data on the toxicology of herbicides on these tropical 
organisms, including additive and synergistic effects. 

·  The potential risk of some pesticides such as metolachlor, imidacloprid, 
MEMC and asulam is unknown in the lower Burdekin area. 

·  The horticultural industry uses a variety of insecticides, many of which were 
not included in the ‘typical’ laboratory analytical suite.  The additional 
analysis of these specific insecticides is costly and was beyond the scope of 
this study.  The monitoring of these insecticides is recommended for future 
investigations. 

·  Our data (and previous studies) indicate that atrazine and diuron are the key 
herbicides of concern in the lower Burdekin and present a considerable risk to 
freshwater and estuarine (e.g. mangroves) ecosystems, a possible risk to 
coastal water ecosystems (e.g. seagrass beds) and a very low risk to the 
offshore marine ecosystems (e.g. mid-shelf reefs).  Herbicides such as diuron, 
atrazine, ametryn, hexazinone, simazine and tebuthiuron, which all suppress 
photosystem II in plants, will have an additive effect when present together.  
This additive effect is not well quantified as yet and not fully considered in 
existing water quality guidelines. 
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