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FOREWORD

While the Great Barrier Reef is one of the richest, most complex and diverse ecosystems in the q,b‘
world, it is also highly vulnerable to the impacts of climate change. Adverse effects are already
being observed on plants, animals and habitats in this World Heritage Area. Q/

Good quality water is essential for the proper functioning of the Reef’s ecological syster@f itis
to have any chance of enduring the impacts of climate change. For example, a coral’ @hty to
recover from bleaching resulting from a rise in sea temperature is significantly re@ if it is
living in degraded water.

>

The Water Quality Guidelines for the Great Barrier Reef Marine Park df?/ e
concentrations and trigger values for sediment, nutrients and pest101des hag\been established
as necessary for the protection and maintenance of marine specie@eco tem health of the
Great Barrier Reef .

\alox
Currently available monitoring results show that at certain t@s an@ ces these trigger values
are not met in the Great Barrier Reef region. Austrahang& res (&ilng to this challenge with
farmers, graziers, communities and all levels of govergiaeént ing together to clean up our
rivers that now carry excess fertiliser and pesticide&ey taking action to restore coastal
wetlands that not only catch excess silt from fl u ide nursery habitats for many species
of fish; to prevent pollution from sewage; to entd@erfishing of top predators such as sharks
and to avoid the accidental loss of iconic s&me 80h as dugong and turtle.

The uptake of improved farming pra??: chments adjacent to the Great Barrier Reef is
well underway with significant i 1n ade under the Australian Government’s Reef Rescue
Plan. Queensland government atural resource management bodies, industries,
individual land holders, re tees non-government organisations and the community are
all working together to t@‘ t ues of water-borne contaminants.

Water quality resea;kh an mtorlng in streams, estuaries and marine habitats will continue and
the guidelines d as we learn more about the complex tropical ecosystems in the
Great Barrleéxef r@)n and their responses to different environmental conditions.

I'loo é \vorkmg with all of you to safeguard the future health of the Great Barrier Reef,
and ank the ontrlbutors and reviewers who have generously given their time to the
pment of this publication.

Q
<
AO$ '

Russell Reichelt

Chair
Great Barrier Reef Marine Park Authority

Updated Great Barrier Reef Marine Park water quality guidelines gan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Table of contents

FOREWORD ..ottt ettt ettt e st se et e e s et e st et et e e eseeneeneasestessenaenenes i
TaDIE OF CONTENTS. ...ttt ettt b e bbbt e e ate s ii
a0 LoD o i o USSR iv
a0 (=) o] i = o] <SR iv ™
ACKNOWIEOGEMENES ........ovovieeeeeee sttt sttt n st ne et vc)fl,
R 101 oo 18 o4 i o o ST SSPRSSPR Qq/
1.1 The Great Barrier REef SEtiNG ......covviveiie i Oyt 1
1.2 The Australian National Water Quality Management Strategy ..........c.cccueue.... % ....... 3
1.3 Environmental values of the Great Barrier Reef World Heritage Area......._.. Q ........... 5
2 Primary management CONSIAEIAtIONS ..........cooerverieieinininie ey e 7
2.1 Environmental CONCEIMNS. ........ccoiiiiiiieierieieesese e \Q .................... 7
2.2 Management goals and PoliCIES ..........ccoovriieieiciiiiireeee \% ........................ 7
2.3 Variability and uncertainties ............c.ccoceveveieiniinienine e Q\As .................. 8
p R = LY 1= Y QY SR 9
3 Spatial considerations............coocevveiiiiieiiisiec O NN T 11
3.1 Boundaries along the Great Barrier Reef.................... X F TR 11
3.2 Boundaries across the shelf............cccooovviiinnnnne. @ ..... QQ .................................. 11
4 Temporal considerations..........ccccccoveeveiienineneninnenne. 8. \)3 ....................................... 13
41 Acute versus long-term exposure.................&A ......... Q ........................................... 13
4.2 Seasonal changes in water quality............, N A (,Q ............................................... 14
5  Determination of appropriate guideline triq&v ................................................... 16
5.1 INrOdUCHION oo &\2\;\@} ......................................................... 16
5.2 Indicator types........ocevvvvvrievienine e N Y 0 e 16
5.3 Derivation of sediment and nutr ideline trigger values ..........ccccoeevvciececnennn, 16
5.4 Toxicity data for deriving p sﬁeid eline trigger values..........cccccevvvvivicicieennene. 19
55 Level of protection......... S . 20
5.6  Consideration of suble@?gffs ................................................................................ 21
6  Guideline trigger valueg&, ......QQ ...................................................................................... 22
6.1 Introduction.... ,&&-..... Qs 22
6.2 Sediments an i t@ .............................................................................................. 22
6.2.1 Water clahi

%.4.3 Ametryn

Qv B.4.4  SIMAZINE .oociiveiee sttt ettt e sttt e s st e e s st et e e s st e e e e s sbaeeessbbaeessbeeeessbbenesssbbeeesiats 38

{(, B.4.5  HEXAZINONE ..ottt ettt ettt ettt et et e e et et et et et et e et e e et et et eeten s 39

O\l* B.4.6 24D e a s 40

A ST A =1 o101 [0 o o RO TP 42
Q, 6.4.8  ChIOIPYIifOS / OXON ....eiuiiiiiiiiiiieiieite e 43
Q‘ e T o (o (o TV | -0 TP 45
6.4.10 2-Methylethyl mercuric chloride (MEMC) .......ccoooiiiiiiiiie e 48

ST 00t T B 1 1= V.41 o o TR 48

6.4.12  PESHICIAR SUMIMAIY ....c.eiiiiiiiiiiiiteiteste ettt 49

6.5 LI ] 110 L S S 51

6.6 Sublethal effects CONSIABIALION .......cccivvveiiiiiiiii e 53

LT T B 1T (o o IR 53

O ST AN - VA | =T 56

Updated Great Barrier Reef Marine Park water quality guidelinesjgan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



I OTRC I AN 111 Y/ PSSP 57

B.6.4 SIMAZINE ....viiiieieeiiee sttt ettt sre et et e s s e e e steeneesteete e tesaeeneeneesre et e 58
ORI o )T V4 | o] T SR 59
B.6.6 2,4-D ...ttt 60
6.6.7 TEDULNIUION......uiiiiiiite bbb 61
6.6.8 ChIOrPYIITOS / OXOMN ... 62
6.6.9 Range of effect including sublethal data...............cccccovviiiiiiiiic i 62 ™
7 Future Research NEEAS............oociiiiiiiiiiiiici s 63,
7.1 SUDIETNAL BFFECES ......ee et
7.2 PAUCIEY OF QALA......cveieeeeieee e ééj
7.3 TOXICIEY OF MIXIUMES ....eivveiie e O'.
7.4 BIOGEOCHEMISITY .....cvveiveiecveieeicrcee ettt % ..... 64
7.5 =0 [T 1= g1 =1 A o] o TS RURROTRR Q ......... 64
7.6 Relationship between light, suspended solids and turbidity .................. é .............. 64
7.7 Hydrodynamic and biological models ...........ccccccovvvvieiinivcciieieenn, .\Q .................. 65
7.8 Catchment action relationships ..., \% ...................... 66
7.9 Reference condition ..........cccvevvvriiiieneiice e Q/O\s\’ ................ 66
7.10  Risk based guideline packages.........cccoeevvnveieiisicneieenad Q ...... O I 66
8 CONCIUSION .....oovviicicrc s O NN~ 68
APPENTICES ..ttt g e F AT TN 71
APPENTIX 1 PESHCIAES ... ereeeeeseseeeseeerens O QO .................................. 71
(B 11111 D Reo MR SRR 71
1.2 Atrazme,c\ ........ 2 71
1.3 AMELIYN oo YN\ (',@ ............................................... 71
1.4 SIMAZINE ..o O g @Q .................................................... 72
15 Hexazinone ..., K- ;\é ......................................................... 72
1.6 24D \> ......... . e ——————— 73
1.7 Tebuthiuron.........ccooevne . o500 O& .................................................................... 73
1.8 Chlorpyrifos / chloropyr&%-ex .......................................................................... 74
1.9 Endosulfan................. SR 7 e PSP P TP UPPRPRR 74
110 MEMC................&2 VA\GQ ............................................................................. 74
111  Diazinon.......... N 74
Appendix 2: Other cont NS Qe 76
2.1 Triloutyltin\?.~ \\6 .............................................................................................. 76
2.2 Dioxins,$ ..... OO OO OO PO TOPEOPTURTRPOOOON 76
2.3 OrgaRACNIONHIES . ... .ottt 76
2.4 %gﬁéb VIBERIE ..o 77
List of Abbl@ ti (o I ANo] 0] 1Y, 1 1SS SRS 78
Glossary .. \7...., R eeees 79

NS
Refers@’. &v\\ ........................................................................................................................... 82

Updated Great Barrier Reef Marine Park water quality guidelineq ffan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Index of figures

Figure 1: The Great Barrier Reef region and its catchments............cccoceveiiiiieiesccc s 3

Figure 2: Management framework for applying the ANZECC and ARMCANZ (2000) guidelines
................................................................................................................................................ 4

Figure 3: Location of reefs within the three cross-shelf water bodies in the Great Barrier Reef.. 13

Figure 4: Conceptual relationships (De'ath G and Fabricius K (2008)) .......cccccevevivieevicieciennns 14

Figure 5: Estimated seasonal variation of chlorophyll concentrations in the Great Barrier Reef, ﬂ/
averaged over all locations of the Great Barrier Reef (from De’ath 2007b) ........ccevvenenne

Figure 6: Partial effects of Secchi and chlorophyll concentration on ecosystem status.............:

Figure 7: Partial effects of SS, PN and PP on the four measures of ecosystem health ........... Oy 27

Index of tables
O%

AN
Table 1: Approximate water body delineations of the open coastal, midshelf@@offshore marine

water bodies in the Six NRM regions..........ccccceovvieiniinienenenencieens Q/ YAS ................ 12
Table 2: Guideline trigger values for water clarity and chlorophyll a Q ...... OQ .................... 24
Table 3: Guideline trigger values for SS, PN, and PP...........ccccoc....., ... Coyrornnnnnianninsseiinins 26
Table 4: Marine data sets for diuron (Sunderam et al 2000)......... ??‘;oe’ ............................. 31

Table 5: APVMA 2005 ecotoxicity testing for effects of diuro@ P S TR 32
Table 6: The NRA Review 1997 ecotoxicity data for effec sQ[)atraQ‘(\g ..................................... 33
Table 7: Marine data sets for atrazine (Sunderam et al 2

Table 8: Marine data sets for toxicity effects of atrazj

Table 9: Excluded SETAC 2005 atrazine toxicity
Table 10: Additional marine data on toxicity ef;

Table 11: US EPA toxicity data for ametryn \.»..... QQ; ............................................................... 37

Table 12: US EPA toxicity data for simazir@)O&& .................................................................... 38

Table 13: Toxicity data for simazine ( ) e eeeeeeeeeeee e eseeeeee e 38

Table 14: Toxicity data for simazin L L 39

Table 15: US EPA toxicity data fe@h xa@ne ............................................................................ 40

Table 16: Marine data for 2,4- un et al 2000) ..o 40

Table 17: The APVMA 20 otoxiQIty data for effects of 2,4-D ... 41

Table 18: Marine data s tebdhiuron (Sunderam et al 2000) ........ccevvrerenereniereneeeeees 42

Table 19: Marine dat&hl %rifos (Sunderam et al 2000) .........cccoeveeieieieecce e 43

Table 20: Biologica.ka ec@entraﬁons from direct toxicity testing of chlorpyrifos.............. 45

Table 21: Mari &atw or endosulfan (Sunderam et al 2000) .........ccceerereereeiererirereiereenn, 46

Table 22: ;ig?}gica cts concentrations from direct toxicity testing of endosulfan. ............... 47

Table 23: BiQtogi ffects concentrations from direct toxicity testing of MEMC ..................... 48

Table 2@1%1 iqeddata sets for diazinon (Sunderam et al 2000)...............ovvvemreeererreeereersseeen. 48

TabIeQS: Biéﬁcal effects concentrations from direct toxicity testing of diazinon................... 49

T, 26: Summary of high and moderate reliability guideline trigger values for pesticides....... 50

le 27: Summary of low reliability guideline trigger values for pesticides.............c.ccovrvennnnne 50

Q/ able 28: Marine data for tributyltin (Sunderam et al 2000).............ccccervereverrirerereeesee s 51
O\Jr Table 29 Biological effects concentrations from direct toxicity testing of tributyltin................... 52
Q Table 30: Biological effects concentrations from direct toxicity testing of diuron...................... 54
Q/ Table 31: Biological effects concentrations from direct toxicity testing of atrazine..................... 57
Q‘ Table 32: Biological effects concentrations from direct toxicity testing for ametryn.................... 58
Table 33: Biological effects concentrations from direct toxicity testing of simazine.................... 59

Table 34: Biological effects concentrations from direct toxicity testing of hexazinone................ 60

Table 35: Biological effects concentrations from direct toxicity testing of 2,4-D ..........ccccevnee. 61

Table 36: Biological effects concentrations from direct toxicity testing of tebuthiuron ............... 61

Table 37: Biological effects concentrations from direct toxicity testing of chlorpyrifos.............. 62

Table 38: Trigger value range with and without sublethal data ............c.cccccoevviiiiie i 62

Updated Great Barrier Reef Marine Park water quality guidelineggan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.


file:\\Umparra\waterquality\Ecosystem_Health\EcoH_Guidelines_post-ppp_v13.docx%23_Toc225219357

A¥knowledgements

Q/Qhe Water Quality Guidelines for the Great Barrier Reef Marine Park have been prepared with the
\b assistance of many organisations and individuals. This document was prepared by Carol Honchin
O (GBRMPA), Glenn De’ath (AIMS), Katharina Fabricius (AIMS), Leigh Gray (GBRMPA), Jon Brodie
A (Australian Centre for Tropical Freshwater Research), David Haynes (GBRMPA) and Andrew Moss

Qf(/ (Department of Environment and Resource Management). The Great Barrier Reef Marine Park Authority
gratefully acknowledges the advice and assistance of the many who contributed to the development of these
guidelines including: Dr Graeme Batley, Dr Michael Warne, Professor Keith Solomon, Dr Brad Eyre, Mr
Colin Creighton and Professor Barry Hart for their expert review of the document; Project Managers of the
Coastal Catchment Initiative’s Water Quality Improvement Plans for their support in development;
Du Pont Pty Ltd, in particular Professor John Green, and Syngenta, specifically Peter Arkle and colleagues
for the additional ametryn, simazine and atrazine effects data.

Updated Great Barrier Reef Marine Park water quality guidelines\gan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



1 Introduction

1.1 The Great Barrier Reef setting

The Great Barrier Reef is the largest reef system in the world and extends for over 2300 km along q/b&
the northern Queensland (Australian) continental shelf (Figure 1). It consists of an archipelagic C)
complex of over 2900 reefs and covers an area of approximately 344 000 km?. {(,

recognised by the World Heritage Committee for its Outstanding Universal Value. It
of only a small number nominated for all four natural criteria under the World Her@
Operational Guidelines:

The Great Barrier Reef was declared a World Heritage Area in 1981, and internationally (b
@ms one

e Exceptional natural beauty and aesthetic importance C)\ *

e Significant geomorphic or physiographic features Q/ &

o Significant ecological and biological processes Q %

e Significant natural habitats for biological diversity. Q. @Q

O

The Great Barrier Reef's diversity reflects the maturity of th sy 9 which has evolved over
hundreds of thousands of years. It is the world's most e &‘ reef system and is one of the
world's richest areas in terms of faunal diversity. A m ty Qs reefs are situated on the mid-
and outer-continental shelf, and are located 40 to 1 he mainland. A significant
number of reefs (ca 750) also exist at ‘inshore’ a > sites, within 40 km of the
Queensland coast (Furnas and Brodie 1996). ee{a hge in size from less than one hectare to
more than 100 000 hectares, and in shape f flat(p tform reefs to elongated ribbon reefs.

The Great Barrier Reef World Herit re@ﬂams more than coral reefs. The diverse range of
habitats includes extensive areas agr angrove, soft bottom communities and island
communities. There are an estn@} species of fish and more than 300 species of hard
corals. More than 4000 mol §sand over 400 species of sponges have been identified.
The islands and cays sup undred bird species, many of which have breeding colonies
on the Great Barrier (\

<

There are curren@ n 70 Traditional Owner groups with cultural connections to sea
country alon arrier Reef Marine Park coast. Their traditional and cultural relationship
centres on 9\&@ teII , ceremonies, fishing, collecting and trading activities.

Greath?lel’ﬁgf industries such as tourism, recreational and commercial fishing are highly
dependent on the marine environment. These valuable reef-based activities rely on a healthy reef
ystem.

\lg/ The Australian and Queensland governments, working with scientists, stakeholders and the
AO community, have initiated a number of key plans and strategies aimed at halting and reversing the
decline in the quality of waters entering the Great Barrier Reef. Key initiatives include:

Q~ e The Australian Government’s Reef Rescue Plan, targeting improved farm
management practices and supporting water quality monitoring programs

e The Australian and Queensland Government’s Reef Water Quality Protection Plan
2003 (Reef Plan)

e The Australian Government’s Coastal Catchments Initiative (CCl)

e The Australian Government’s National Water Quality Management Strategy
(NWQMS)

Updated Great Barrier Reef Marine Park water quality guidelinestan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.
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e The Queensland Wetlands Program
e The Queensland Environmental Protection (Water) Policy 1997.
These guidelines were developed to support those initiatives, and in particular, to compile the

currently available scientific information to provide environmentally-based values for water
quality contaminants that, if reached, will trigger management actions.

fl/b‘

These guidelines define trigger values that will be used to: C)
e Support setting targets for water quality leaving catchments <(/
e Prompt management actions where trigger levels are exceeded oy
e Encourage strategies to minimise release of contaminants é
o Identify further research into impacts of contaminants in the Marine Park
e Assess cumulative impacts on the Great Barrier Reef ecosystems at local 6@egional
levels
e Provide an information source for Natural Resource Management b , industry,
government and communities. Q/ &\\
It is important to note that the levels of contaminants identified in t guidg%es are not targets.
Instead they are guideline trigger values that, if exceeded, identi neeﬁfor management
responses. QO

Many management responses have already been determj throu@] some of the programs
identified above including Water Quality Improvem g developed for the Great
Barrier Reef catchments, regional natural resour\czegD nai nt plans, and in industry best
practice codes and management systems. QO

S

P
ns pih

The Great Barrier Reef Marine Park Authot} w%rked, and will continue to work, with
stakeholders and the community on w e tgigger levels are, and how and where they apply.

Updated Great Barrier Reef Marine Park water quality guidelines2an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
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'X?a 1: The Great Barrier Reef region and its catchments

QO 1.2 The Australian National Water Quality Management Strategy

The Australian Government, in cooperation with state and territory governments, recognised that
the development of a consistent national approach to water quality management was critical. This
framework was developed and is presented in the National Water Quality Management Strategy
(NWQMS) and includes the Australian and New Zealand Guidelines for Fresh and Marine Water
Quality 2000 (ANZECC and ARMCANZ (2000)).

The ANZECC and ARMCANZ (2000) guidelines are designed to help users assess the quality of
the water resource and its ability to sustain the environmental values identified. Should the
measured water quality not meet the water quality guidelines, the waters may not be able to

Updated Great Barrier Reef Marine Park water quality guidelines@an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



maintain the environmental values. Management action should be triggered to either more
accurately determine whether the water really is fit for purpose or to rectify the problem.

The ANZECC and ARMCANZ (2000) guidelines were not intended to be applied as mandatory
standards. They recognised that there is significant uncertainty associated with the derivation and
application of water quality guidelines across the many and varied waterways in Australia and

New Zealand. Rather, the water quality guidelines should be viewed as being a trigger for further ™
management action. C)'

ANZECC and ARMCANZ (2000) emphasises the need to develop and adapt the guidelines trQ
suit the local area or region. ANZECC and ARMCANZ (2000) incorporate protocols and d
advice to assist users in tailoring the water quality guidelines to local conditions. A refe |aI
approach to deriving guidelines for coastal waters of the Great Barrier Reef is dlfflcul@ much of
these waters are already affected by polluted waters from the mainland. In partic e
guidelines recognise that for the long-term management of any water resource must be:

e Adesignated and clearly articulated set of environmental values
e Anunderstanding of the connections between human activity a@%v@ﬁmental

quality
. <8~

e Unambiguous goals for management
e Appropriate water quality objectives Q) \}&Q

o Effective management frameworks, includin @per%@pe regulatory, and adaptive
management strategies. O%‘ Q(\

S

The broad national management strategy for@p |cam\€n at a regional/local level is as follows

(Figure 2): \l~ \O

Deflnw RGANMENTAL VALUES
Identification of the en Qbr ‘éa[k‘values that people hold for water bodies, those

that are to be protect@, 0S are to be improved, and their spatial locations
\“ \\J
~\ ne WATER QUALITY OBJECTIVES
Specifie@a ity to be achieved taking into account social, cultural, political
and esapomig8dncerns and applying relevant water quality guidelines that must be
t to maintain the environmental values eg drinking water
/\\v/ ‘\‘%
AN

Establish MONITORING and ASSESSMENT PROGRAMS
Focused on water quality objectives with statistical performance criteria to evaluate

\lg/Q results. Gather information on sources of pollution and results of management
Q/A Initiate appropriate MANAGEMENT RESPONSE
Q~ Based on attaining or maintaining water quality objectives

Figure 2: Management framework for applying the ANZECC and ARMCANZ (2000) guidelines

The Water Quality Guidelines for the Great Barrier Reef Marine Park have been developed to
address the first two steps of the ANZECC and ARMCANZ (2000) process described in Figure 2.
It is the intention that steps 3 — 4 will be addressed through the Marine Monitoring Program, and

Updated Great Barrier Reef Marine Park water quality guidelines4an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



through Water Quality Improvement Plans being developed for the Great Barrier Reef catchments
and in regional natural resource management plans.

1.3 Environmental values of the Great Barrier Reef World Heritage Area

Environmental values are particular values or uses that a water body fulfills, or it is desired that it ™
fulfill, in its communal use as a resource. There are currently six environmental values described (1/
in the ANZECC and ARMCANZ (2000) guidelines: <</

e Aguatic ecosystems oy

e Primary industries (irrigation and general water uses, stock drinking water, é
aquaculture and human consumption of aquatic foods) O

e Recreation and aesthetics (primary recreation, secondary recreation, wsn@D

appreciation) C)\
<&

e Drinking water

e Industrial water Q %O
g Q& @
e Cultural and spiritual values. Ov O
All water resources will have at least one of these enV|r0n al @es The Great Barrier Reef
is both a World Heritage Area and a multiple use Mari t out in section 1.1 above,
the values of the Great Barrier Reef include aquatlc Q@@ primary industries, recreation
and aesthetics, and cultural and spiritual values. ve @Is and resorts rely on desalination for
drinking water, and there is an increasing mterz{g n d%gdnatlon as a source of fresh water for
adjacent coastal communities. ?‘

\

These guidelines have addressed the S of@e Great Barrier Reef taking into account local
and regional scale ecological and @Nhere two or more agreed environmental values are
defined for a water resource, a paole co ative set of guidelines will prevail. For the Marine
Park the more conservative @Gr gﬁlE usually arise from the aquatic ecosystem protection
value. S

\'\

The management inte rv@rs with aquatic ecosystem values depends on their current aquatic
ecosystem condi@‘and munity needs and aspirations. Four levels of aquatic ecosystem
condition andq ge intent are recognised in the Australian National Water Quality
Manageme@rate o of which are currently considered relevant for Great Barrier Reef
waters. O
Th levels of condition are high ecological value, and slightly disturbed. The management

for waters with high ecological value aquatic ecosystems is to maintain the natural values
Qf the ecosystems, including biotic, physical form, riparian vegetation, flow and physicochemical
\lg/water quality attributes. For slightly disturbed aquatic ecosystems the management intent is to
O maintain their current values, and improve their slightly disturbed attributes back towards their

Q/A natural values.

Q~ Influence areas of river discharges from the Great Barrier Reef catchments (Maughan et al 2008)

have been assigned an aquatic ecosystem condition of slightly to moderately disturbed. However,

within these slightly to moderately disturbed waters, some areas have been explicitly recognised
for their high ecological value. For example, the Marine National Park and Preservation Zones

(GBRMPA 2003) are in place to protect representative examples of the entire range of habitats

and biological communities (bioregions) that are found in the Great Barrier Reef. These zones are

assigned a high ecological value even where they fall within the river discharge influence area.

Updated Great Barrier Reef Marine Park water quality guidelinesfgan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Information will continue to be collected on water quality and aquatic ecosystem health through a
number of monitoring programs to inform us about the waters that need improvement. An
adaptive management approach will allow the findings of the monitoring to feedback to any
necessary management actions.

All areas outside of the river discharge reaches are assigned an aquatic ecosystem value, as well
as a high ecological value condition. In recognition of the relatively undeveloped Cape York
Natural Resource Management catchments all Marine Park waters adjacent to these catchments
are assigned a high ecological value.

»‘
v

&

Updated Great Barrier Reef Marine Park water quality guidelines@an be accessed via Queensland’s Environmental Protection
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2 Primary management considerations

2.1 Environmental concerns

Protection of the ecological systems of the Great Barrier Reef World Heritage Area from water-

borne contaminants is recognised as one of the critical issues for management of the World

Heritage Area (Haynes et al 2001, 2006). Evidence derived from modelling and sampling indicate ™

that the export of sediments and nutrients from southern disturbed catchments to the marine (1,

environment has risen dramatically over the last 150 years (Furnas 2003). <(/C),
Q

There is also increasing evidence concerning the contamination of coastal ecosystems with.e?r,
range of modern pesticide residues (Haynes et al 2000a, Mitchell et al 2005, Shaw and I
2005). Degradation of inshore reefs of the Great Barrier Reef has been associated wit reased
terrestrial run-off of contaminants in the region between Port Douglas and the Whitgdaday’s (Udy
et al 1999, van Woesik et al 1999, Fabricius and De’ath 2004; Fabricius et al 20(@ amage to
both inshore and outer-shelf reefs of the central Great Barrier Reef from cro horns starfish
(Acanthaster planci) outbreaks has been attributed to increased terrestrla e .jgnoff (Brodie
et al 2005). Degraded reefs in the regions, contrast starkly with unimp e Q%r shore of
Cape York (Fabricius et al 2005).

Qv
‘?t Barrier Reef lagoon
nes 2000, Haynes et al
abricius 2005, Fabricius et al
dition of the Marine Pollution
broad range of water quality

The potential impacts of declining water quality on ecosystemg¥the
have been synthesized and reviewed in recent years (Hutchi nd
2001, Williams 2001, Baker 2003, Furnas 2003, Brodie 00
2005, Schaffelke et al 2005, Brodie et al 2008). The
Bulletin (Volume 51) provides a benchmark of inf
issues for the Great Barrier Reef (Hutchings an

Spe

ng\ 5).
There is an immediate need to improve cur@)lan(ﬁhanagement regimes to minimise diffuse

runoff and its impact on the Great Barrle{.R gﬁ%dle et al 2001, Brodie and Mitchell 2005,
Brodie et al 2008). E}Q

2.2 Management goals @anl

The Australian and Qu ﬁ \vernments have established programs aimed at halting and
reversing the declin ity of water entering the Great Barrier Reef. The current programs
operate over the @ear@ m 2003 to 2013.

The quallty he WQQ entering the Reef is determined by a number of factors, primarily: the

level an S o@ontammants entering rivers and streams; the capacity of areas in the
catch tozﬁl@ the water (such as riparian areas and wetlands), and the mitigation of
do eam impacts of other actions such as land clearing, intensification of agriculture and

ddgradation of wetlands, which can result in increased sediment or chemicals flowing into the

Q/Qver system.

(" The Australian Government’s Reef Rescue Plan seeks to deliver significant reductions in the
Q/A discharge of contaminants to the Great Barrier Reef by, amongst other things, improving on-farm
Q. management practices.

Water Quality Improvement Plans developed by natural resource management bodies, or local
government, in collaboration with government, industry and communities are an important
component of the strategy for managing water resources. These plans are prepared consistent with
the Framework for Marine and Estuarine Water Quality Protection. The key features include:

e The environmental values of the coastal water

Updated Great Barrier Reef Marine Park water quality guidelines’£an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.
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e The water quality issues (eg contaminant levels and sources) and subsequent water
quality objectives

e The load reductions of contaminant/s to be achieved to attain and maintain the water
quality objectives

e Extension and adoption of management actions to address issues

e Industry codes of practice and farm management systems. (l/b‘
/

@
This document derives evidence based guideline trigger values expected to sustain the health @Q/
the marine ecosystems. At this time its focus is on land-sourced contaminants. For parametéts”
that are not presented in the guidelines they default back to the Queensland Water Quali
Guidelines 2006, which in turn defaults to the National guidelines. %

We know that under present conditions concentrations sometimes exceed thos n these

guidelines (particularly in flood events). Many actions are already being une®teken to improve
water quality and as those that reduce contamination of catchment water id%;‘implemented

the situation is expected to improve. Careful consideration will be mad&gfan nitoring results
that are over the trigger values in deciding if any action is needed. @Gre arrier Reef Marine
= v
at

Park Authority acknowledge and emphasise the importance of w g people to set
appropriate short-term and long-term targets for the catchmen live in, and supporting
activities in their area that will improve local water quality;, a%su% ently protect the health of
the Great Barrier Reef. 4

0@

QS
For pesticides, non-naturally occurring contamin r@%\;@\erred concentration for the health of
the marine ecosystem is actually zero as even é}y Io\ oncentrations effects can still occur,
albeit not necessarily lethal. However the Gu@ 'nexﬁaply widely accepted scientific rigour to
the derivation of its trigger values in this ﬁml{‘c tion of the Great Barrier Reef guidelines and
hence the concentrations presented wigigthe slotument. Some natural resource management
groups who have completed their Wegsy Q Improvement Plan development have adopted
objectives of zero detectable pesti cQReentrations for ambient marine water quality with the
support of the community and 0 pport for this more conservative response (eg Mackay
Whitsunday Natural Reso ’a%a&ment Group 2008).

N
2.3 Variability;@ n %nties
Q> _—
There are sti ﬂ\any léértamtles about the effects that are, or may be, caused by contaminants in
waterways, pl‘lo he generation and delivery of them.
\S
EffecQO '\\Q
B%ﬂ:ggical effects levels for the pesticides and biocides in these guidelines are based on
asurements under laboratory conditions. The need to translate these laboratory-based results to
Q/ xpected real world responses means that the assessment factors for conversion from acute to
chronic, and the pathway to the ecosystem at risk each have uncertainties associated with them.
QO There is also a lack of tropical marine species testing.

Qg/ Measurable endpoints of sediment and nutrient biological effects are not as clear as the pesticide
and biocide effects. Cape York water quality has been used as a reference to represent historic
natural condition and mixed statistically with data on effects levels and monitored values from the
Great Barrier Reef waters (De’ath and Fabricius 2008). Trigger levels resulting from this
approach might be more conservative, but it is apparent that the levels derived this way closely
agree with the real data from areas of the Great Barrier Reef with higher species richness and
lower per cent cover of macro algae. Furthermore, setting the trigger values conservatively is
appropriate given the World Heritage status of the Great Barrier Reef.

Updated Great Barrier Reef Marine Park water quality guidelines@an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Additive, synergistic and antagonistic effects complicate the setting of guideline trigger values,
but are still poorly understood. Many of the contaminants discussed in these guidelines are
delivered in flood events that occur in the summer. Warm, fresh, sediment laden, nutrient rich,
chemical cocktail waters arrive on the ecosystems at a time when they may already be under
pressure from high air temperatures as well as sensitive reproductive phases of their life cycles.
Future findings may determine that, in consideration of this mixture being delivered, guideline
trigger values for individual components may need to be revised downward.

fl/b‘

Generation C)
During the past two decades the export of sediment and nutrients from Great Barrier %’
catchments has been estimated using a range of modelling techniques. Models applied ef
catchments include SedNet, Annex, EMSS, E2, LISEM, and Savanna. Of these appr es, the
one that has been applied most frequently and received the most attention, botgfrom the
modelling community, as well as the policy/decision making community is S . It utilises
spatially-distributed data to calculate a mean annual mass balance for an entir hment as well
as each river link within a drainage network. As with all models SedNej.i{<Based on a set of
assumptions and the model is only as good as the data that goes¢ it\xleccknowledged
uncertainties exist in particular around the following areas: Q O(\

e Lack of a mechanism to account for storages of sediment Q@ ca@nent

e The need for improved understanding of hydrologic@?c;ceé)ind hence, sediment and
nutrient transport \§

e The need for speciation of nutrients (rather tl@a mogd@ling just total nitrogen and total
phosphorus) OQ* Q

<&
e A finer spatial and temporal resolutioq@hnds@e processes needs to be understood and
Z

modelled 0 &\

e The landscape being generally @m dl@acterised, and input data for the models needs
n

to be improved (eg hydrolo f%bsoils, Digital Elevation Models)

e Knowledge of how to é/ down processes, parameters and data is relatively

weak %

e’ up.y
N\
e Theneedto expli@}re %e and routinely report uncertainty in the model, and place
confidence limigyon aﬂﬁ‘nodel predictions.

Effort is being m ~\o ss these matters and improvements in particular catchments have
seen models é;\m \%ﬁi}nproved data (eg Tully Murray, Fitzroy). Better modelling gives us
greater conf\ ce e key sources and fates of particular contaminants and will help to target
the man@men&z@ions that might need to be taken to address water quality issues.

Mafy management practices that are expected to minimise losses off farms have not had their
Bér quality improvement effectiveness quantifiably determined. Work is being done to provide
uantification which will help in making decisions about the most effective changes.

2
({/Ao\l‘ 24  Review
&

New information is always arising. The Great Barrier Reef Marine Park Authority plans to update
and improve these guidelines over time as more information becomes available and as
understanding improves on the effect of different qualities of water on ecosystem health.

A joint project between the Great Barrier Reef Marine Park Authority, James Cook University
and the Australian Institute of Marine Science is underway to improve the understanding of the
susceptibility of tropical marine species to pesticides as well as the combined effects of elevated
sea surface temperatures (SST) and pesticides on tropical organisms. Understanding the

Updated Great Barrier Reef Marine Park water quality guidelines@an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



interactive effects of pesticides and climate change on seagrasses and corals is considered to be
important for the future management of the Great Barrier Reef Marine Park.

A number of projects are underway that have been designed to improve the understanding of
system responses. Some of the key projects are:

e Ongoing trials and demonstration farms applying practices to validate the expectations
that they will improve the quality of water leaving farms, and minimise losses of ™
contaminants. ﬂ/

e Catchment model validations using monitored data to adjust factors and make them run<</C)
more realistically. Q

e Tracing materials from the upper catchment to the Reef to better understand the soéitse of
sediments.

e Marine and estuarine indicators and thresholds of concern for ecosystem hg@

One of the primary providers of science to support decision-making is the Mai %d Tropical

Sciences Research Facility. Annual Research Plans are prepared that provi ch more detail on
investigations underway in the scientific community that focus on many se(\ tters and can
be viewed on the worldwide web (www.rrrc.org.au/publications/arp.htfs). O
9
& L
O?" O
QN

o)
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3 Spatial considerations
3.1 Boundaries along the Great Barrier Reef

The Burnett-Mary, Fitzroy, Mackay-Whitsundays, Burdekin Dry Tropics, Wet Tropics, and Cape
York natural resource management bodies working with governments have the responsibility to
set targets for water bodies in their regions. Latitudinal differences in effects levels of the ™
parameters presented in these guidelines were not evident in the data. However, current condition ﬂ/
is markedly different in the respective regions. Analyses of the current condition of sediment ar@oo
nutrients were run separately for each of the marine water bodies adjacent to the six natural Q
resource management regions that border the Great Barrier Reef. The current condition of Wafer
bodies is outside the primary purpose of these guidelines but the mean annual values a ndard
errors for these parameters are contained in a separate report (De’ath and Fabricius 20
published by the Great Barrier Reef Marine Park Authority and provide an indica@bf the scope
of water quality improvement needed for sediment and nutrient parameters. Q)\

N\

3.2 Boundaries across the shelf QQ/OQ&*
Five distinct water bodies have been defined for these guidelines; Q~Q %Q'%

e Enclosed coastal O?“ QO

e Open coastal QDTS

e Midshelf &4 QQ

e Offshore Q} 00

e The Coral Sea O @

X (&

The approximate distances of the water body@ nea(%hs for each of the natural resource
management regions is discussed in the \f@lk’v\/i@aragraphs and is presented in Table 1.

The enclosed coastal water body is aégig f&om the Queensland Water Quality Guidelines 2006
(EPA 2006). This adoption facil't@s co mentarity between Queensland and Australian
Government water quality gu@ﬁmes '(Qhe Great Barrier Reef Marine Park.

The seaward limit of thegrelo &astal water body is the cut-off between shallow, enclosed
waters near the estuar utpehd deeper, more oceanic waters further out. For estuaries that
flow directly into gpen ocAMC waters the seaward limit is defined as the mouth of the estuary
enclosed by ad th@%micircle bay rule (6.1, Article 7, Maritime Limits and Baselines 1978).
The semicirgte,rile adabted is:
N 00

O LQissage or estuary is closed by a semi-circle, with its diameter at the natural
%Q entrance(s) to the passage or estuary, drawn to extend beyond the entrance(s)”.
n

@?erally, the entrance is defined by the downstream limits of the drainage catchment of the
\lg/estuary (the heads). Where the heads are undefined, the catchment limits will need to be
AO estimated using other landscape elements.

Qg/ Within an enclosed bay or strait, the seaward limit may be much further out from the mouth,
depending on local hydrological and topographic conditions.

For estuaries flowing into an enclosed bay or strait, the seaward limit of the enclosed coastal
water body should ideally be determined by site-specific studies to determine where the effective
limit of freshwater mixing extends. Such studies should take into account factors such as
bathymetry, water quality, salinity, residence times of water, aerial or satellite imagery, and
seagrass distributions.

Updated Great Barrier Reef Marine Park water quality guidelineg dan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



If no additional information is available, the default seaward limit should be based on the six
metre depth contour below lowest astronomical tide.

The enclosed coastal water body has been comprehensively mapped for some areas (eg Fitzroy)
and a program is underway to complete the remaining areas. Until the water body is mapped the
open coastal guideline trigger value will be applied landward from its edge to the semicircle at the
mouth of most river openings to the ocean. (l,b‘
The open coastal, midshelf and offshore water body delineations adopt a slightly modified <</C)'
version of the De’ath and Fabricius (2008) relative distance across the shelf boundaries, to

recognise the enclosed coastal water body described above (Table 1). The De’ath and Fabric

(2008) relative distance delineation assumes the shoreline has a value of zero, and the ed%s the
continental shelf has a value of one.

The De’ath and Fabricius (2008) coastal water body delineation extends from \@1 inshore
water body from 0.1 — 0.4; and offshore water body from 0.4 — 1.0 (Figure é{ le 1). The
modification adopted in these guidelines is that the landward edge of the aI er body
delineation commences at the seaward boundary of the enclosed coast @y rather than
the shoreline. In addition, the coastal water body is renamed open @tal aag inshore water
body is renamed midshelf.

O?“ O

Table 1: Approxmate water body delineations of the open coastal, mldsx d o@re marine water bodies in the six

NRM regions 3
NRM region Open Coastal hi@&ﬂ QU Offshore
(km) <@ (km)

Burnett-Mary EC™-7 AN 7259 28-270
Fitzroy EC™-20 D 20880 80-340
Mackay-Whitsunday EC-15 1 [¥Y «Q5-60 60-280
Burdekin EC-12 &= | O 12-48 48-180
Wet Tropics ECHY 7 624 24-170
Cape York ECH A& 6-24 24-250

EC The seaward edge of the enclo$ ast@vater body as described above.

area is also regularly subjected to freshwater plumes from major
t rivers (Devlin et al 2001). In some areas tidal re-suspension also
contnbu@g Iy he enclosed coastal turbid zone (Kleypas 1996). Turbidity is generated by

In the enclosed coastal $ Bastal water bodies, re-suspension of sediments and associated
en

contaminants occurs i ailing south-east wind regime at wind speeds greater than 25
knots (Orpin et a ﬁh@
Great Barrier R{

winds a st. These effects are not evident in the offshore water body, although in more
extre &b&nts can affect the midshelf water body.

Sea waters are contained within the Marine Park, seaward of the edge of the continental
Qhelf At this time trigger values have not been determined for this water body and no further
Q/ reference will be made to it.

Q/A The delineation into enclosed coastal, open coastal, midshelf and offshore water bodies is
Q~ particularly relevant for comparison of the current status of identified water bodies against
guideline trigger values.

Updated Great Barrier Reef Marine Park water quality guidelineg &an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.
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Great Barrier Reef
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Figure 3: Location of reefs within the th Q/ oss water bodies in the Great Barrier Reef
4 Temporal co négatl&g‘s
4.1 Acute vers g exposure

The concen 0@1&\ Eg&‘lorophyll and some of the nutrients vary by more than an order of
magnitud depending on wind, tides, weather and season. Few experimental data are

avallabl ’g?‘e ausal relationships between long-term exposure (months to years) and
conta nants and biotic responses (De’ath and Fabricius 2008). In some cases, short-term

e re to high contaminant loads has the same outcome as prolonged exposure to lower values

Q eber et al 2006). Figure 4 shows the conceptual relationship between loads and durations of
xposure to sediments, turbidity, salinity and benthic irradiance, with indicative effects
O\Jr concentrations set for relatively robust coral species. These values would require downward
Q,A correction for more sensitive species.
Q.

In the enclosed coastal water body these guidelines adopt the concentrations for the various
physico-chemical parameters directly from the Queensland Water Quality Guidelines 2006 (EPA
2006). These guidelines are generally for application in normal base-flow conditions. Under
extreme high or low-flow conditions, guideline application requires careful consideration. Further
discussion on this consideration is presented in section 4 of the Queensland Water Quality
Guideline 2006 (EPA 2006).

Updated Great Barrier Reef Marine Park water quality guidelined &n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



For slightly-to-moderately disturbed waters the guideline values are compared with the median of
values at a test site (section 4 of EPA 2006). For high ecological value waters the guideline values
are compared with the 20", 50" and 80" percentile of the natural values in these waters. The latter
being presented only where adequate baseline data is available.

For open coastal, midshelf and offshore water bodies De’ath and Fabricius (2008) argue that short ™
periods of high nutrient concentrations are ecologically significant, and such values are not ﬂ/
reflected in median values. In contrast to medians, mean annual values capture and reflect (at <</C)
least partially) both the frequency and magnitude of ‘water quality events’ (eg floods and oth

events that result in high values), and annual average values are therefore used as the measm'@

trigger values.
>
Q
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@e 4: Conceptual relationships (De'ath G and Fabricius K (2008))

Q/: he curves are conceptual and exposure values are only indicative, and apply to relatively robust inshore corals. More
O\b sensitive species will respond at lower loads and/or shorter durations. Salinity is scaled as the deviation from the mean

marine salinity (35 psu). The effects of variation in salinity are not well known, but as low-salinity events are usually limited
A from days to weeks, it is assumed that salinity concentrations are more important than the duration of exposure, resulting
Q/ in an intersection of the injury and mortality curves. Like salinity, benthic irradiance is a stressor both at low and high
Q‘ levels. In general, corals have wide tolerance ranges to benthic irradiance, and only very low levels for prolonged periods

of time, and very high levels result in stress. The tolerance of low benthic irradiance varies with the ability of corals to
compensate through heterotrophic nutrition.

4.2 Seasonal changes in water quality

Concentrations of chlorophyll and some of the nutrients vary seasonally, related to higher nutrient
inputs, temperatures and benthic irradiance in summer than in winter (Furnas 2003). Long-term
averages of chlorophyll are about 70 per cent higher in March than in September in the Great

Updated Great Barrier Reef Marine Park water quality guidelineg &an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
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Barrier Reef (Figure 5, De'ath 2007b, Brodie et al 2007). River floods carrying new nutrients and
sediments into the Great Barrier Reef are also most commonly observed in the late wet season
when monsoonal rainfall is greatest (Devlin et al 2001, Furnas 2003, Brodie et al 2003). The
relative contribution of river floods versus other intrinsic and extrinsic factors to this long-term
seasonal pattern is not well understood. At intra-annual time scales, other processes add
variability to nutrient and suspended solid concentration. Probably most importantly,
concentrations in the inshore area are strongly dependent on wind and wave driven resuspension ™
of material from the seafloor, and blooms of the nitrogen-fixing Trichodesmium sp. can also ,
significantly increase nutrient concentrations. <</C)

Q

Although trigger values should ideally include additional separate trigger values for flood 0y
conditions, this is currently impractical due to the unpredictable timing and varying intersiky of
monsoonal floods. Seasonally adjusted long-term averages rather than flood values ardDrefore

used to define guideline trigger values for the time being, and are presented wher icient data
was available. Summer values are defined as January to March: winter valuesg\ ly to
September.
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Figure 5: Estim *eas variation of chlorophyll concentrations in the Great Barrier Reef, averaged over all locations
of the Great Bax(} If{eg om De’ath 2007b)
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5 Determination of appropriate guideline trigger values
5.1 Introduction

A water quality guideline is a numerical concentration limit or narrative statement recommended

to support and maintain a designated use of the water resource. ANZECC and ARMCANZ

(2000) has developed guidelines with the intention of providing some confidence that ™
environmental values will be maintained should they be achieved. These guidelines are a ﬂ/
refinement intended to protect marine ecosystems of the Great Barrier Reef from exposure to <</C)
particular contaminants. The derived trigger values are physical, biological and chemical spec@
estimates designed to initiate further management action should they be exceeded. 254

Exceedance of a trigger value indicates that there is a potential for an impact to occ
not provide certainty that an impact will occur. Exceedance activates manageme
may include whether the source has been contained, evaluating whether any i
health has occurred, changing a land management practice, or any number

on ecosystem
rnatives.

. o NN
These guidelines have focused on deriving guideline trigger values for@nmo@"hral diffuse
land-borne contaminants. Justification for this focus comes from t @ef Pan supporting science
that rural diffuse sources contribute the majority of contaminant @E to @Bt Great Barrier Reef
lagoon. For parameters that are not presented in these guidz@ e It is to apply the
Queensland Water Quality Guidelines 2006, which in turn ult Australian and New
Zealand Guidelines for Fresh and Marine Water Qualita]\ 00'@

N O

5.2 Indicator types
,Qz‘ @s@

The types of organisms that were considere@r{&gs% guidelines came from the following

taxonomic groups:

e Fish ?93‘ &
Crustaceans 1% \\\6
Molluscs & O
Annelids \% Q
Echinoderms ?% \\6
Green Alga @ Q;(\

Red Alg &<
Macrq S (}>

orals O
RO

YV
5.3 Q erivation of sediment and nutrient guideline trigger values

qvkenclosed coastal water body trigger values have been adopted directly from the Queensland
Q/ ater Quality Guidelines 2006 (EPA 2006). Reflecting current data availability, this version
O‘JT provides regional guidelines for the Central Coast and Wet Tropics, as well as sub-regional
A guidelines for the Daintree high ecological value waters. No regional guideline is available for the
Qg/ Eastern Cape at this time. Regional guideline values were derived from the 80th percentiles of
data collected at three or more reference sites.

Enclosed coastal water body slightly-to-moderately disturbed waters guideline values are the
median of values at a test site (section 4, EPA 2006). High ecological value waters guideline
values are the 20™, 50" and 80™ percentiles of the natural values in these waters. The latter being
presented only where adequate baseline data is available.

For open coastal, midshelf and offshore water bodies the Australian Institute of Marine Science
(AIMS) was commissioned to analyse the more than ten years of sediment and nutrient data that

Updated Great Barrier Reef Marine Park water quality guidelined &n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



have been collected from the Great Barrier Reef and derive the trigger values for relevant
parameters to protect the health of the marine ecosystem.

Nine water quality parameters were analysed: Secchi depth, chlorophyll, suspended solids,
particulate, dissolved and total nitrogen, and particulate, dissolved and total phosphorus (De’ath

and Fabricius 2008).

Two independent approaches were combined to define guideline trigger values for water quality: ‘1,

J Modelled relationships between the condition of reef biota, and the parameter. Secchi
depth and water column chlorophyll concentration were used to identify the hlghest %
annual chlorophyll and lowest Secchi values that prevented high macroalgal cover agd
low coral and octocoral richness

J Analyses of the spatial distribution of water quality in Cape York waters. Si c@ape
York is subject to only minor modification of land use its’ water quality @tion was
taken to be consistent with reference sites (European Community 200 ironmental
Protection Agency 2006).

O'Q
The Great Barrier Reef Marine Park Authority expects that the second @g/ lel generate
substantial discussion about the appropriateness of applying Cap ajquallty to other
waters of the Great Barrier Reef. As was discussed in section 2. 3?22‘5 arrier Reef Marine
Park Authority acknowledges that there are still many uncerta sa the generation and
delivery of contaminants to waterways, as well as the effect at akey may be, caused by them.
At this time the Great Barrier Reef Marine Park Authorj(ziake IQ opportunity to remind the
reader that the proposed application of these guideli o%& this uncertainty (section 2.3 and
2.4). It is a much broader question (and outside t e@ g rpose of these guidelines) to
consider what target might be achievable, glv state of the system and the current
level of technology. 0 &
Furthermore, the following consideratj re <=.$A?eo\/ant when deciding on guideline trigger values
of stressors based on laboratory e>§ en

e Susceptibility varies een species, and depends on size and life history stage
within species. For 9\ ole-colony mortality from sedimentation is more likely in
small than in lar oni hile temperature stress may be size independent. Tolerance
of low benthl@ may also be independent of colony size, while the settlement
behaviour o e is very responsive to changes in benthic irradiance/turbidity. As
ecosyste% Sitj depends on the most sensitive species or processes/functions,
gmdelu\ alues should be set to protect the most sensitive species, life history
for@r ec:%/stem functions.

o ®X| ISZQJf mixtures such as additive, synergistic and antagonistic effects complicates
S the s?hng of guideline trigger values, but is still poorly understood. For example,
?" crustose coralline algae are far more sensitive to damage by sedimentation when traces of
Q the herbicide diuron are present (Harrington et al 2005). Other examples are that the
‘lg/ uptake of dissolved inorganic nutrients in some benthic macro algae is diffusion limited
O (Hurd 2000), and that benthic macro algae may use additional nutrients predominantly
Q where benthic irradiance is not limiting. Similarly, climate change is expected to increase
Qf(/ the frequency of disturbances to reefs (through bleaching, ocean acidification, and the
intensity of drought — flood cycles and cyclones; Fabricius et al 2007a), hence the
importance of good water quality is even more important to maximise resilience and
facilitate reef recovery.

o Both concentration and duration of exposure often co-determine the severity of a
response. Prolonged or chronic exposure to low levels of contaminants can be as
detrimental as short acute exposure to high levels of contaminants. For example, the
effects of sedimentation and high temperature increases linearly with amount and
duration of exposure ie a coral exposed to high levels of sedimentation for a short period

Updated Great Barrier Reef Marine Park water quality guidelined gan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



of time shows a similar level of photophysiological stress compared to one that is
exposed to low levels of sedimentation for a prolonged period of time. Guideline trigger
values should provide protection against both chronic and acute effects.

o Exposure-response curves of biota tend to be non-linear, and in some cases both
upper and lower guideline trigger values may be required. For example, corals are highly
tolerant of exposure to a wide range of nutrient and light levels, and only very low and
very high levels lead to disease and mortality. In contrast, sedimentation invokes a q/b‘
monotonic response, with coral health declining with increasing exposure to
sedimentation. Corals can also grow in a wide range of turbidity, with very low particl <(,
densities resulting in reduced heterotrophic nutrition, and very high density leading 06
reduced photosynthetic carbon gain. However, corals undergo photo adaptation i
response to fluctuating light availability by adjusting zooxanthellae densities, @
results in stress from photo inhibition for several days after particles have out, and
stress from low photosynthetic carbon gains for several days after the wai€lyhas become
more turbid (Anthony and Hoegh-Guldberg 2003). Photo adaptatlon &n\s around 7 — 10
days, during which the coral photophysiology does not perform at @ rates.
Therefore it is the variability in turbidity rather than the absolu th}t etermines
the level of stress at all but extreme levels of turbidity. Q O

o Exposure to nutrients, turbidity and sediments varies@l’hraﬂfhlong spatial
gradients. For example:

o Light loss from turbidity will have far gr@g)eff@on coral communities in
deep water than in shallow water. \

o Rates of sedimentation are genera rigééﬁ sheltered reef embayments and on
lower back reef slopes than on ed reef slopes. Poorly flushed
sheltered, deeper reef slope hi essors remain for extended periods are
therefore more susceptlblev» mpakts than well-flushed shallow areas from
which stressors dissip or% dly.

. Toxicity and mortality th&ho

adequate endpoints t
levels can still resul

sed on short-term exposure experiments are not
er values, as long-term exposure at sublethal stress
degradation, due to reduced growth, reproduction and

recruitment, and r rates Of mortality. Measures of ecosystem health that integrate
over long perl macro algal cover, reduced species richness in corals and
octocorals) chosen High macro algal cover is widely accepted as an
|nd|cat0r§¥eef adatlon and is also a causative agent of both mortality and failed
repro tion rals and a range of other reef organisms. Reduced species richness is

Iy theyutcome of selective mortality, slower growth or failed reproduction of the
\gmve species exposed to severe environmental conditions.

T, compllcatmg factors are not specific to coral reefs but typical for many ecosystems and
Ou port the methods chosen for deriving guideline trigger values.

O\Jr The guideline trigger value for Secchi depth is a mean annual water clarity minimum for each
Q water body. However, areas with high tidal ranges experience intense resuspension regimes while
Q/ chlorophyll and many of the nutrient concentrations in this zone are low. It is therefore advisable
Q‘ to decrease the guideline value for water clarity for areas with greater than 5 m tidal ranges, and
an arbitrary value of 20 per cent is suggested for this purpose (eg Broad Sound). In the longer
term, local tides and wave height might be included as additional factors in the models to assess
ecosystem responses.

Trigger values for the other sediment and nutrient parameters derived with these methods are
presented as annual mean concentrations that should not be exceeded. Mean values were chosen
since exposure to high concentrations was considered ecologically important and De’ath and
Fabricius (2008) argue that percentiles (eg medians) do not adequately reflect acute high values.

Updated Great Barrier Reef Marine Park water quality guidelined &n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



To account for seasonal variability, regional means were also calculated for the summer and
winter quarters (wet and dry season, respectively) for each cross-shelf position within each of the
natural resource management regions. Current conditions of waters adjacent to each natural
resource management area are collated in De’ath and Fabricius (2008).

5.4 Toxicity data for deriving pesticide guideline trigger values (1?‘
/

The preferred method for the derivation of toxicant trigger values is to collect data from multi <(/C)
species toxicity testing ie field or mesocosm test that are able to represent the complex 0.)'0
interactions of all species within an ecosystem (ANZECC and ARMCANZ 2000). However;
many of these tests have not been conducted largely due to the significant costs associ@ with
undertaking these studies and the difficulty in ascribing causality to specific stress ilst
removing confounding agents. %\O

Biological effects concentrations data established by direct toxicity testin&/@\pre nted in tables
in this document. Q O&

Guideline trigger values for pesticides were derived as outlined b 7C Q%C exposure was
defined for multi-celled organisms as being greater than 96 ho nd ingle-celled organisms
as being equal to or greater than 72 hours (Warne 2001).4@ \)&

e Hiah reliability quideline tri N QQ

gh reliability guideline trigger values — Q_ QO

A high reliability trigger value requires i %bserved effect concentration
(NOEC) toxicity data for five differe ci at belong to at least four different
taxonomic groups to apply the Bur statistical distribution method (Warne 2001).
Chlorpyrifos was the only pesti tr&e@t this requirement. These guidelines adopt
the high reliability trigger v Iéfg% ANZECC and ARMCANZ (2000)
guidelines for chIorpyrifoQ 3

Iine&@gger values —

tgﬁ&irement (Warne 2001) of five different species that

r diffefent taxonomic groups was met, the BurrliOZ statistical
@npbell et al 2000) was used to derive guideline trigger values

pr&@tlon.

O
Effe s%on ations for particular endpoints were entered into the BurrliOZ
statl |ca@s ribution software (Campbell et al 2000) to determine concentrations
Q@J e,QQe of 99, 95 and 90 per cent of species.

e Moderate reliability
Where the minim
belong to at le
distribution
for ecosy

o

?9 Where a no observable effects concentration (NOEC) was available for a species this

Q was used in preference to applying assessment factors to either chronic or acute lethal
\lg/ concentration or effects concentration to fifty per cent of the test species (LC or
@) EC50s) toxicity measures (Warne 2001). Lowest observable effects concentrations
Q/A (LOECs) were not used in the derivation of trigger values.
Q~

Where an acute to chronic ratio was available it was applied as an assessment factor
to convert acute LC or EC50s to chronic NOECs before entering the data into the
software. Where there is no acute to chronic assessment factor, the default
assessment factor of 10 was applied. A factor of 5 was applied to convert chronic EC
or IC50s to chronic NOEC:s.

Where two toxicity values were reported for the same endpoint in the same species
the geometric mean of the two results was entered (Van de Plassche et al 1995).

Updated Great Barrier Reef Marine Park water quality guidelineg €in be accessed via Queensland’s Environmental Protection
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e Low reliability guideline trigger values —
Where the minimum data requirement (Warne 2001) of five different species that
belong to at least four different taxonomic groups is not met a low reliability
guideline can be derived in a number of ways. Except for MEMC and hexazinone
these guidelines adopt the ANZECC and ARMCANZ (2000) method of using a
freshwater guideline with lower reliability.

There was sufficient EC50 or LC50 data available for hexazinone to apply the division of ﬂ/b‘
the lowest of the acute values by 100 (OECD 1992) to provide a low reliability guidelin C)

trigger value. Q
/

ANZECC and ARMCANZ (2000) did not include an assessment of MEMC. Da@
have since become available on the toxicity of this fungicide. Since there ar on
only one taxonomic group an assessment factor of 1000 was applied to t ct
concentration to convert an acute effect to a chronic for the guideline ty value.

I
55  Level of protection QQ/ O&*

maintenance of the Great Barrier Reef Marine Park and Worl a ea. In considering the
establishment of trigger values, for pesticides (and the one b{@gide ed) concentrations
protective of 99, 95 and 90 per cent of species have bee&-chlculat@.

<

The goal of the Great Barrier Reef Marine Park Authority is the Io@%rg@%tection and

For high ecological value water bodies, a guidelin \e Cf)n that is protective of 99 per cent
of species is ideal. In section 1.3, the environm f the Great Barrier Reef Marine Park
were discussed. Regardless of the current congi %%e waters (high ecological value, slightly-
to-moderately-disturbed or highly-disturbeg)xequatic-ecosystem protection is the highest
environmental value currently applied tQEh e&ﬁ@World Heritage Area.

The trigger values are chosen to an pli c@r@ the Great Barrier Reef Marine Park case regardless
of the current condition of the ystegds: or indeed regardless of the flow of water. Even in
ecologically highly-disturbe I géunds reaching effect levels of pesticides and biocides on
the species being trawle; @m d héunacceptable. Therefore, trigger values for these parameters
as derived in these gujdslines @ply to all of the five water bodies at the derived concentration
protective of 99 per ceht of sgecies. Our aim will be that for any water in the marine park, the

concentrations aréfelo guideline trigger values although it is acknowledged that, for some
of the time, f omebqftfhe waterways, they are currently likely to be exceeded during seasonal
BVeNts. N\ o

NI
Notw?%ndﬁé\the application to all water bodies, where the assessment of current condition is
beten than the long-term guideline trigger values presented here, or the state or national
&aelines, the precautionary long-term approach is to adopt an objective that is equal to current
Q/ ondition so that water quality does not degrade (eg in some cases in the Mackay Whitsunday

Water Quality Improvement Plan 2008, Rohde et al 2006; 2008). The Great Barrier Reef Marine

QO Park Authority wholeheartedly support the implementation of more stringent objectives, and the
Q/ implementation of strategies to achieve them. These guidelines are based on scientific evidence of
Q‘ effect levels in accordance with the national strategy.

In order to ensure the health of the marine ecosystem significant consideration must be given to
the preservation of food webs, in particular the primary producers. Given the mode of action of
many of the pesticides it is possible that a higher weighting should be given to effect responses
that occur in plants rather than in animals. At present, no weighting is applied in the statistical
distribution application and so the data will tend to be biased towards the more acute mortality
endpoints on animals such as fish and crustaceans that require extrapolation to chronic effects.

Updated Great Barrier Reef Marine Park water quality guideline®€an be accessed via Queensland’s Environmental Protection
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There is also a lack of data relating to the toxicity of many contaminants to those primary
producers in the tropical marine ecosystem.

Finally, additive, synergistic and antagonistic effects complicate the setting of guideline trigger
values, and are still poorly understood. Further research on additive, synergistic and antagonistic
effects of various contaminants, their interactions with each other and the influence of additional

stressors on the observed toxicity (eg whole effluent toxicity) is currently underway and will ™
inform future revisions of this document. C)ﬂ/
5.6 Consideration of sublethal effects rb'

D

In the last four to five years, there has been quite a lot of research published on phot hesis,
gross primary production and carbon uptake suppression effects of a number of Ides. These
responses are generally reversible, and are not universally accepted as appropr@ts endpoints for
deriving toxicity guidelines. They have been left out of derivations in these @yidelipes.

AN
However, there is concern that these responses may be an indicator g s@leth@%pacts, the

minimisation of which could prove critical to the health and protegtiow’of @cosystem. The

concern about sublethal effects is heightened particularly if addi I onmental stressors are

involved, eg high temperatures (section 6.3), storm damage, @ne on, elevated nutrient
tovin

levels etc. The consequence of inclusion of this sublethalg¢
particular pesticides is presented in section 6.6 primarilﬁ(o
and a precautionary awareness.

@ation of trigger values for
futgeconsideration, completeness

S,
Species such as the coral P. damicornis that a ff\ pe&g@t on photosynthesis for energy
contributions are more sensitive to the effe ls$f pe¢t ides in terms of reproductive development

and may be bioindicators of ecosystem imp¥c s.@ her research on these responses is
recommended. Q.

Updated Great Barrier Reef Marine Park water quality guideline®dan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



6 Guideline trigger values
6.1 Introduction

Each water quality guideline trigger value is discussed in the relevant section below. Information
used in the determination of the water quality trigger value for sediment and nutrients is extracted
from De’ath and Fabricius (2008). ™
v
Guideline trigger values have been derived for the following physical and chemical parameters:{oo
e Water clarity (Secchi depth)

e Chlorophyll a (as a proxy for dissolved inorganic nitrogen) %

e Suspended solids Oé

e Particulate nitrogen %

e Particulate phosphorus O

e Sedimentation \C_)\

e Temperature O S

e Several pesticides and one biocide. QQ/ &

Q" 2
. . Qv
6.2 Sediments and nutrients 0?9‘ )
The enclosed coastal water body guideline trigger values 4%0;@ rom the Queensland Water
Quality Guidelines 2006 (EPA 2006). This adoption faghjtates @: plementarity between
Queensland and Australian Government water qualj s in the Great Barrier Reef Marine
Park.
NS s@
For open coastal, midshelf and offshore Wa%ef)odl @Iarge number of studies and reviews exist
tri d sediment lead to deteriorating ecosystem

studies that quantified exposure Ie 3|olog|cal and ecological effects on coral reef biota
are listed and summarised in anddabricius 2008. This data supports the choice of the
r%%an@

that have demonstrated that high levels
health in coral reefs (reviewed in Fab 20Q5) and many other benthic systems. Some of the
derivation approach for sedi rient parameters outlined below.

The review shows tha@» @ments were not designed to determine trigger or target values,

because:

o Most of ud| o not follow internationally accepted ecotoxicity protocols

o Most eﬁ§€. investigate acute short-term exposure to high concentrations do not
det ne lethal or half-way effects concentrations (LC50 or EC50)

@\V g@& investigate the effects of chronic exposure, and in most of these, the ‘no
se ffects concentrations’ (NOEC) are not systematically determined

@ Response data are generally available for one or few species of corals, but rarely for any
Q?‘ other trophic level (eg algae, crustacean or fish species).

\lg/ The determination of the guideline trigger values therefore applied the approaches outlined in
A section 5.3.

Qg/ Delineation into open coastal, midshelf and offshore water bodies is relevant for comparisons of
current condition of identified water bodies against the guideline trigger values. Since these
comparisons are not the focus of these guidelines they have not been included. However, the
comparisons have been collated (De’ath and Fabricius 2008) and will be important background
material for informing what catchment actions might need to be taken to deliver reductions in the
inputs to the Great Barrier Reef waters, and how that might be achieved.

Updated Great Barrier Reef Marine Park water quality guideline®&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



6.2.1 Water clarity (Secchi depth) and chlorophyll a

Lack of water clarity is a key indicator of poor water quality and is an essential environmental
factor for phototrophic organisms that dominate coral reefs, seagrass meadows and the seafloor
microphytobenthos (De’ath and Fabricius 2008).

Since inorganic nutrients are quickly taken up by phytoplankton, the effects of increased nutrient ™
loads may be expressed as increased phytoplankton biomass, which is readily measured as ﬂ/
chlorophyll a concentration, a biological trophic status indicator of the water body (Brodie and <</C)
Furnas 1994). There are extensive data sets for chlorophyll a concentrations in waters of the

Great Barrier Reef. Data summaries and analyses have been published eg Brodie and Furna8y’

1996, Furnas and Brodie 1996, Brodie et al 1997, Furnas and Mitchell 1997, Devlin et 01,

Haynes et al 2001, Furnas 2003, Brodie et al 2005. %

The enclosed coastal water body guideline trigger values are adopted from the@eensland Water
Quality Guidelines 2006 (EPA 2006). Regional guideline values are derivi m the 80th
percentiles of three or more reference sites. Sub-regional guidelines are a§iab Daintree

waters and can be referenced in the Queensland Water Quality Guid%n 20 PA 2006).

These two water quality parameters explained 38 per cent o n in phototrophic coral
richness, 29 per cent for macroalgal cover, and 25 and 2],_&e en ichness in hard coral cover,
respectively (De’ath and Fabricius 2008). Due to their
extensive data, and their inclusion in ongoing moni
monitoring stations, most analytical effort was gi o w&r clarity (here measured as Secchi
disk depth, in m) and total chlorophyll (ug/L) chlorophyll and Secchi values that
prevented high macroalgal cover and prev eductions in coral and octocoral richness
were identified. These values are in the 9&“ g{& 0.5 ug/L mean annual chlorophyll and 10-
15 m Secchi depth (Figure 6).

For the remaining water bodies a different methodology was app¥yj to@ive the trigger values.
@ari

ortar@yoles, the availability of
pregrams through semi-automated

66
The following water quality dé@;gs @ used (more details of the data and methods are
described in De’ath, 2007); N
e Water clarity ba n ’e&ni depth (m): a composite of Department of Primary
Industries andisherig®Seagrass monitoring data (Rob Coles) and Australian Institute of
Marine Scieqce d iles Furnas and co-workers, K. Fabricius and co-workers).
e Totalc l@ph lig/L): A data set composed of the data from the Great Barrier Reef
Mah'gé ar ority and Australian Institute of Marine Science long-term chlorophyll
ogram over the period 1992-2006, and the Australian Institute of Marine
gﬁ(}}goon water quality chlorophyll data.
éQ Lagoon water quality data: Collected by Miles Furnas and co-workers (AIMS) between
?“ 1988 and 2006. These include a suite of physical and chemical water quality data,
Q including chlorophyll (chl (ug/L), suspended solids (SS ( mg/L)), particulate phosphorus
Q, (PP) and particulate nitrogen (PN) ), total dissolved phosphorus and nitrogen (TDP and
‘l‘ TDN) and total phosphorus (TP = PP + TDP) and total nitrogen (TN = PN + TDN).

Qg/ Another important nutrient-related interaction on reefs of the Great Barrier Reef, and through the
Indo-Pacific generally, is that between the coral-eating crown-of-thorns starfish

(Acanthaster planci) and reef condition. It is now believed that outbreaks of A. planci are
associated with broad scale nutrient enrichment from land run-off and subsequent phytoplankton
blooms leading to enhanced survivorship of A. planci larvae (Brodie et al 2005). The critical
chlorophyll a concentration range at which larval survivorship becomes significantly enhanced is
0.5 - 0.8 pg/L (Brodie et al 2005). This is further support for the guideline trigger value for
chlorophyll a concentration to be in the order of 0.5 pg/L in the larval period of A. planci
(November to February) to ensure A. planci outbreaks are minimised.

Updated Great Barrier Reef Marine Park water quality guideline®&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Based on the two approaches outlined in section 5.3, and the supporting evidence of the COTS
survivorship threshold, guideline trigger values were derived for mean annual water clarity
(Secchi depth) and mean annual chlorophyll concentration for the open coastal and midshelf
water bodies. Where data for the offshore water body demonstrated better water quality than
derived trigger values the current condition of those water bodies is adopted as the guideline
value.

Areas with high tidal ranges experience intense resuspension regimes while chlorophyll and many ﬂ/
of the nutrient concentrations in this zone are low. It is therefore advisable to decrease the <</
guideline value for water clarity for areas with greater than 5 m tidal ranges (eg Broad Sound

and an arbitrary value of 20 per cent is suggested for this purpose. In the longer term, local di

and wave height might be included as additional factors in the models to assess ecosyst@

responses.
It is important to emphasise that although improvements in water quality to be e suggested
trigger levels will lead to substantial ecosystem benefits, the trigger levels r nt an achievable
compromise between the current water quality status and that of a pristin% ein\\\\\‘
O
Table 2: Guideline trigger values for water clarity and chlorophyll a 09 Q)%
Enclosed coastal q?b‘e e
Parameter\Water Body |(Wet Tropics/Central Coasg(yToas{@ Midshelf Offshore
N4

Secchi (m) &“\ ®Q

(minimum mean annual Q} @)

water clarity) * 1015~ o 10 10 17

Chl a (ng/L)? 200N @ 0.45 0.45 0.4
! At shallower depths Secchi will be visible on the seaflooN Quidelj@ttigger values for water clarity need to be decreased
by 20% for areas with greater than 5 m tidal ranges. f@nal jOstments for Secchi depths are presently not possible

due to the lack of data. %‘9
2 Chlorophyll values are ~40% higher in summe@*%%l er in winter than mean annual values.

Updated Great Barrier Reef Marine Park water quality guideline®dan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
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of O%— 6 pg L.
v
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6.2.2 Suspended solids, particulate nitrogen and particulate phosphorus

Due to the high correlation between particulate nitrogen, particulate phosphorus, suspended solids
and Secchi, it is not possible to resolve their individual effects on ecosystem health (although it is
clear that they do have effects) and inclusion of all variables simultaneously leads to spurious
conclusions about those effects (De’ath and Fabricius 2008).

To obtain approximate guideline trigger values, to provide some measure of quantum of

improvement required in the current status of the water quality of these parameters, the responses ﬂ/

of biota to each of the water quality variables SS, PN and PP were analysed separately, with

relative distance across and along being included in all models (Figure 7). Note that in contrafé/

the previous analyses, the effects of these analyses are not additive. Partial effects plots forb.iﬁ c

responses and predictive errors for biotic responses to Secchi and chlorophyll were sin&?w en

both variables were analysed separately compared to when both were included in th el

simultaneously (not shown). é
O

o/

Macroalgal cover increased about four-fold with SS increasing from 1.2 to g}cﬁ L, and
remained high above 2.0 mg/L. Macroalgal cover also increased by more 50p8r cent (from 7
to 11 per cent) with PN increasing from 0.9 to 1.6 pmol/L (12.6 to 16. )ﬁ%y ~40 per
cent (from 8 to 11 per cent) with PP increasing from 0.04 to 0.14 %;@L (é@ 0 4.34 pg/L).

S
Hard coral richness steeply declined with SS, with highest val@zf I han 0.8 mg/L SS and
low richness at greater than 2.0 mg/L. It also declined wit %and@, ith highest values at less

than 1.0 pmol/L PN (14 pg/L) and less than 0.06 pumol/ (lesshan 1.86 pg/L) and low
richness at greater than 1.8 umol/L PN and greater t .10(@%6I/L PP (25.2 and 3.1 ug/L).

Richness was highest at less than 1 mg/L SS 1 PN, and 0.05 pmol/L PP (14 and 1.55

%)
The declines in phototrophic octocoral richnes w@@ % steeper than those of the hard corals.
Kg/L). Richness was up to 50 per cent Iow@%g §S was greater than 2.0 mg/L SS, 1.6 pmol/L

PN and 0.10 pmol/L PP (22.4 and 3.1 ). otrophic richness did not respond much to SS
and PN, and only weakly declined will{ PP.iggreasing above 0.08 umol/L (2.48 pg/L).
QP N

The mean annual values for ¢ la idshelf waters in Cape York are 2.24 and 1.39 mg/L SS,
respectively (De’ath and F us 2@ ). For PN, they average 1.49 and 1.48 umol/L (20.86 and
20.71 pg/L), respectivel& f,({l\@:’ these values are 0.090 and 0.080 umol/L (2.79 and

2.48 ug/L). &

of maximu ual s are selected for SS, PN and PP for the open coastal and midshelf

water bod%/ ‘P% d PP, these suggested similar trigger values are supported by both the

concent@ n @ d at the reference site and those obtained from the response curves. For SS,

the regaonse cOrves suggested that trigger values should be lower than the concentrations

p tly found in the coastal zone of Cape York, to prevent extensive macroalgal cover and loss
<§ iodiversity. The offshore water body current condition shows better water quality than the

erived trigger values. The Great Barrier Reef mean of all the offshore water bodies is adopted
O\Jr here as the guideline value.

Based on the bi;ﬁ)'es;gsg\s and the concentrations found in Cape York, guideline trigger values

Qg/ Table 3: Guideline trigger values for SS, PN, and PP

Enclosed coastal Open
Parameter’\Water Body |(Wet Tropics/Central Coast)| Coastal Midshelf Offshore
SS (mg/L) 5.0%/15 2.0 2.0 0.7
PN (ug/L) - 20 20 17
PP (ug/L) - 2.8 2.8 1.9

! Seasonal adjustments for SS, PN and PP are approximately +20 per cent of mean annual values.

% No regional data was available for suspended solids for the Wet Tropics. The current condition mean annual
concentration for the enclosed coastal water body is adopted here as a guide.

Updated Great Barrier Reef Marine Park water quality guideline®&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.
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Q/Eigure 7: Partial effects of SS, PN and PP on the four measures of ecosystem health

AO\b Dashed vertical lines show trigger levels.
Qg/ 6.2.3 Sedimentation

Fine sediments can affect corals through smothering and abrasion caused by direct settlement
(Rogers 1990, van Katwijk et al 1993, Riegl 1995, West and VVan Woesik 2001, McClanahan and
Obura 1997, Philipp and Fabricius 2003). Corals use energy to remove sediment through polyp
motion and mucus shedding, and this may reduce coral fitness (Riegl and Branch 1995).

Updated Great Barrier Reef Marine Park water quality guideline®@an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Sediment impacts on corals can include changes to coral population structure and colony size,
altered growth forms, inhibition of recruitment and reduced growth and survival (Tomascik and
Sander 1987, Rogers 1990, Babcock and Davies 1991, Wittenberg and Hunte 1992, Gilmour
1999, Anthony 2000, Anthony and Fabricius 2000, Babcock and Smith 2002).

Low concentrations of sediments and particulate mucopolysaccharides released by bacteria and
other microrganisms can coat corals (Fabricius and Wolanski 2000, Fabricius et al 2003). The ™
removal of such aggregates is energy expensive, creating a metabolic drain that may reduce ,
reproductive capacity and the organism’s capacity to grow (Stafford-Smith 1993, Riegl and Q/C)
Branch 1995, Telesnicki and Goldberg 1995). Q

7/
Recovery from sedimentation stress varies between species (Stafford-Smith and Ormonﬁo 2,
Wesseling et al 1999). Early life stage corals are at most risk from accumulated sediménd hrough
prevention of larval settlement (Hodgson 1990, Gilmour 1999), or burial of the j e recruit
(Babcock and Davies 1991, Babcock and Mundy 1996, Fabricius et al 2003). entation is
also suspected to adversely impact abundance of crustose coralline algae, a nfluence the
development of algal turfs. Both of these effects will compromise coral r
2005, Harrington et al 2005). Q o

A number of independent experiments have shown that a chroni su@@? <10 mg/cm2/day
sedimentation induces significant coral recruit mortality (De’ nd 1cius 2008). Rogers
(1990) proposed a threshold for healthy reefs at 10 mg/cm /@/ sec@q tation, moderate to
severe effects on corals at 10 to 50 mg/cm2/d, and seve cat%sQJphic effects at

>50 mg/cm2/day. Q} (\0

mortality in coral recruits, while levels high ]ﬁwg/cmZ/day reduce coral species richness,
coral cover, coral growth rates, calcificatio ctivity of corals, and reef accretion (De’ath

and Fabricius 2008). Q‘\l‘ 8\

i "o ) . .
Fabricius et al (2003) and Weber Qa (2&@ have shown that sedimentation effects not only
increase with the amount of s nt@ also with organic and nutrient content and with

decreasing grain size. N Q
G

Experimental evidentﬁ%ﬁe \‘nat 10 mg/cm?/day sedimentation is valid in areas with coarse

calcareous sedimem'.k‘ but pggder levels need to be lower where sediments are largely of

terrigenous orﬂ@f S grain size or of high organic content (De’ath and Fabricius 2008).
O

%)
Other studies have shown that chronic levels o&s@!@nq@tion higher than 3 mg/cm2/day induces
n
et 6()

Based on %t;gffngégerimental and field evidence, a sedimentation trigger value of a maximum
mean a of 3 mg/cm?/day, and a daily maximum of 15 mg/cm?/day (De’ath and
Fabri@s 2008} Is set. This value is set with a low confidence, as more field data are needed. The
V% chosen is expected to guard against excessive coral recruit mortality and includes an

& ertainty factor for higher organic content or small grain sizes.

O‘l‘ Hydrodynamic settings determine to what extent ecosystem stress is due to sedimentation and to
Q what extent due to turbidity. In areas of low hydrodynamic energy, stress due to sedimentation
Qg/ will exceed the stress due to light attenuation. At high hydrodynamic energy, where sediments
tend to remain in suspension, the reverse is true (De’ath and Fabricius 2008). In the longer term,
the Great Barrier Reef Marine Park Authority will consider the development of sediment quality
guidelines. Such guidelines would aim to include trigger values for sediment nutrient
concentrations, which at elevated levels may cause toxicity through the development of excess
pore water ammonia and hydrogen sulphide.

A guideline trigger value is established at a maximum mean annual sedimentation rate of
3 mg/lcm?/day, and a daily maximum of 15 mg/cm?/day.

Updated Great Barrier Reef Marine Park water quality guideline®&in be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



6.3 Temperature

Temperature is included in these guidelines because it is clear that corals suffer physiological
stress when water temperatures increase above normal maxima. The most visible sign of this
stress is coral bleaching, which can lead to coral death if elevated temperatures persist for 6-10
weeks. Sea temperature increases of 1°C above the long-term average maximum (calculated from
the last 20 years) are all that is required to trigger coral bleaching (Hoegh-Guldberg 1999, Coles ™
and Brown 2003). Both the intensity and duration of temperature anomalies are important in ﬂ/
determining the timing and severity of bleaching responses. Higher temperatures can cause <</C)
bleaching over a shorter exposure time, while lower temperatures require longer exposure ti

While temperature is the trigger for bleaching, light also influences the severity of bleachjnfy’

impacts (Jones et al 1998), the consequence being that long, still, cloudless periods in Bé

affected by anomalously warm temperatures are often the worst affected by bleachig

Bleached corals are still living and, if stressful conditions subside soon enough; 200xanthellae can
repopulate their tissues and the corals can survive the bleaching event. Ho 7even corals that
survive are likely to experience reduced growth rates (Goreau and Macfa decreased

reproductive capacity (Ward and Harrison 2000), and increased susce |ty @ |sease (Harvell
et al 1999). During a bleaching event, exposure to other stressors, as ogens,
contaminants or sedimentation, can significantly exacerbate the ct oral bleaching.

An important synergy exists between bleaching stress and ﬂy Degraded water quality
affects various life stages of corals, including the healthQ st d colonies and the success of
larval recruitment (McClanahan 2002). In light of thQ?. mp igations, consideration should always
be given to limiting particular coastal activities d of increased temperature stress.
This reduces the risk of damage to coral com could result from negative interactions
between stressors such as turbidity and tem ture h a strategy could also reduce the risk

that developers will be held respon5|ble 4:\ I mortality that could be due to bleaching.
A guideline trigger level for sea te a‘t@IS set at increases of no more than 1°C above the
g- te&n average maximum.

N\
6.4 Pesticides Q’ \6
© &
Q
The use of pestici (hert@%es, insecticides, and fungicides) in Great Barrier Reef catchments
has increased R{ﬁ SI in areas under crop cultivation (Hamilton and Haydon 1996). Seven
re

main herbici Egj @/ldespread use throughout the Great Barrier Reef catchment and are being
widely de: \{ d m;_;r h and marine waters of the Great Barrier Reef region. The herbicides are
diuro @ etryn simazine, hexazinone, 2,4 -D, and tebuthiuron (Klumpp and
WesteXhhagen 1995, Noble et al 1996, Haynes et al 2000ab, McMahon et al 2003, 2005; Duke et
5, Mitchell et al 2005, Douglas et al 2005, Rohde et al 2005, Shaw and Muller 2005,
Ga thful et al 2007, Lewis et al 2007, Prange et al 2007, Prange 2008).
O‘JT Variable pesticide concentrations in the water are a consequence of many factors including:
Q/A e Catchment proximity to the system
Q~ e Intensity and methods of application
e Sorption and partitioning coefficients of the pesticide
e Chemical, physical, and microbial breakdown rates
e Temperature of the system

e History of flushing events (Hamilton and Haydon 1996, McMahon et al 2003)

Updated Great Barrier Reef Marine Park water quality guideline®&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Muller et al (2000) concluded that herbicides, particularly diuron, atrazine and ametryn, are the
most likely contaminants to reach the marine environment of those currently in use. These
herbicides have relatively long half-lives, high water solubility, and are found in the sediment at
high concentrations. The climate of the growing regions and proximity to the water body
contribute to their potential to contaminate.

Although banned since the late 1980s, persistent organochlorine compounds have been detected ™

in waters and marine biota in Australia (Kurtz and Atlas 1990, Kannan et al 1995, Klumpp and ﬂ/

von Westernhagen 1995, Moss and Mortimer 1996, Haynes et al 2000b). They were applied to <</
control weeds and insects in agriculture and had a number of urban applications (Hamdorf 19@

Klumpp and von Westernhagen 1995). At this stage, a guideline has not been proposed for

organochlorine compounds. Comparison of results from earlier studies suggests levels

DDT/DDE ratios are dropping which is consistent with discontinuation of use. Manag

strategies that minimise the release of other contaminants to the freshwater and

environment will also work to minimise organochlorine release.

Concentrations of herbicides detected in Great Barrier Reef waters sometq(gé d biological
effect levels for marine organisms. While it is not certain that exposur er es is causing
ecosystem level environmental effects, sufficient concern exists to @am astabli shment of
guideline trigger value concentrations, environmental monitorin g management to
minimise the release of these contaminants to freshwater and @ % (Aronments.

Several keystone marine organisms of the Great Barrler,gée @mg corals (Jones and
Kerswell 2003, Jones et al 2003, Owen et al 2003, R &03 Jones 2004, Negri et al
2005, Markey et al 2007), seagrass (Haynes et al 2@5 2000, Macinnis—Ng and Ralph
2003, Chesworth et al 2004), mangroves (Duk BeII and Duke 2005) and algae
(Schreiber et al 2002, Harrington et al 2005, %5 st ash et al 2005ab, Magnusson et al 20086,
Seery et al 2006) are sensitive to herbmdth a&currently applied within Great Barrier Reef
catchments. Q‘

Contaminants can affect corals inQXﬁe%@Y ways including reduction of photosynthesis in
zooxanthellae (Jones and Ker 20 wen et al 2003, Negri et al 2005), reduced fertilisation
and metamorphosis (Merc al & Markey et al 2007), and by causing expulsion of
zooxanthellae (Jones an 003, Jones et al 2003, Markey et al 2007). As most adult
corals rely on symbiot Ilates to provide additional energy requirements for colony
functioning, this makr su a loss of fitness in the host coral polyp (Jones et al 2003).

Pesticides may im directly on the physiology of corals. Insecticides are more likely to be
the causaﬂve@int Is toxicity than herbicides.

Suble @ ave not been included in derivations of guideline trigger values. However,
the ponse may be an indicator of sublethal impacts the minimisation of which could prove
I to the protection of the ecosystem. Discussion of sublethal effects is presented in section
@ . Further research on the importance of these responses is recommended.

QO The aim of the Great Barrier Reef Marine Park Authority is the long-term protection and
Q/ maintenance of the Great Barrier Reef Marine Park and World Heritage Area. In considering the
Q‘ establishment of trigger values, for pesticides (and the one biocide derived), concentrations
protective of 99, 95 and 90 per cent of species have been calculated.

For high ecological value water bodies, a guideline concentration that is protective of 99 per cent
of species is ideal. In section 1.3, the environmental values of the Great Barrier Reef Marine Park
were discussed. Regardless of the current condition of the waters (high ecological value, slightly
to moderately disturbed or highly disturbed), aquatic ecosystem protection is the environmental
value currently applied to the entire World Heritage Area. The trigger value applies regardless of
the current condition of the ecosystems. Even in the highly-disturbed trawl grounds any effects of

Updated Great Barrier Reef Marine Park water quality guideline&€an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



pesticides and biocides would be unacceptable. Therefore, trigger values for these parameters as
derived in these guidelines apply to all of the five water bodies at the derived concentration
protective of 99 per cent of species.

In order to ensure the health of the marine ecosystem significant consideration must be given to

the preservation of food webs, in particular the primary producers. There is a paucity of data

relating to the toxicity of many contaminants to those primary producers in the tropical marine ™
ecosystem. Given the mode of action of many of the pesticides it is possible that a higher ﬂ/
weighting should be given to effect responses that occur in plants rather than in animals. At C)
present, no weighting is applied in the statistical distribution application and so the data will t@o

to be biased, which in practice tends to be towards the more acute mortality endpoints on am'y S

such as fish and crustaceans that require extrapolation to chronic effects. Oé

Finally, additive, synergistic and antagonistic effects can complicate the setting o&sﬁdeline
trigger values, and are still poorly understood.

&
Time of exposure to contaminants is important, as the early life stages ofg&*s a@;nost at risk
from herbicides. Spawning generally occurs around November to Dece@ fe ear, a time
that often coincides with wet season rainfall and subsequent high r @f events containing
concentrated pulses of contaminants. Added stressors such as hige~ ter&ﬁﬁperatures and low
salinity at this time when the highest herbicide concentrations@ Iike@ reach the marine
environment increase the concern for the ongoing health 1 eco@t ms (Haynes et al 2000Db).

N

. A <
6.4.1 Diuron N\
S P

o) O

The ANZECC and ARMCANZ (2000) water y ﬁ?%ne database for toxicants (Sunderam

et al 2000) (Table 4) has two marine data se ortQ r diuron.
?‘ s\O&
Table 4: Marine data sets for diuron (Sunderal 00%
P lo)
Species Q‘(‘E&(@Y conc. Endpoint Toxicity measure

& O Hg/L
Fish 0§ %Q
Mugil curema (white gmﬁ) D 6300 Mortality LC50, 48h Acute

\M \\

Invertebrates 4‘ A}Q’
Crassostrea virgiRiza 0\)\ 3200 Growth LC50, 96h Acute
(eastern oystpr)ﬂ NO)

NN

The foll@\ﬁ o‘i’ne data have been extracted from the Australian Pesticides and Veterinary

Me i@es Authority (APVMA 2005) preliminary review findings for diuron, Volume | and Il

(g%b 5). This review relies largely on data from the US Environmental Protection Agency

<§ ticide Ecotoxicity Database, current as of March 2002 (US Environmental Protection Agency,

004). The number of studies and taxonomic groups represented by the data provide sufficient

O\Jr information to develop a formal guideline.

Q/A The same data have been used by the US Environmental Protection Agency in their Re-

Q‘ registration Eligibility Document (RED) for diuron, which is publicly available (US
Environmental Protection Agency 2003). As these guidelines derive trigger values for
management action it was considered appropriate to use all of the available scientifically sound
data.

Updated Great Barrier Reef Marine Park water quality guideline@dan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Table 5: APVMA 2005 ecotoxicity testing for effects of diuron

Organisms and comments Toxicity, pg/L Year US EPA
test substance reported category
(95% CL)
Fish
Striped mullet (Mugil cephalus) 6300 (NR) 1986 S
tech. (95%) static 48h, acute
Sheepshead minnow (Cyprinodon variegatus) 6700 (NR) 1986 Core <
99% active constituent; static 96h acute Q
NOEC = 3600 oy
Invertebrates f\é
Mysid shrimp (Mysidopsis bahia) LC50 = 1100 1987 %‘C’ore
99% active constituent; static 96h acute ()
NOEC = 1000 ON
Mysid shrimp (Mysidopsis bahia) 28d LOEC = 199)> |\. Core
96.8% active constituent; early life stage 560 &/ \S
o~ ; , Q (\
static NOEC=270 |AY O
Brown shrimp (Penaeus aztecus) LC50 = 1000 <LV B S
95% active constituent; flow-through 48h acuteo )
K
Eastern oyster (Crassostrum virginica) EC 48’00 Q" 1991 Core
96.8% active constituent; flow-through
Eastern oyster Q&C %"3200 1986 Core
(Crassostrum virginica); 96.8% active Ss é‘l acute
constituent; flow-through O _&K
Algae \l~‘ N N
Dunaliella tertiolecta 95% active 22‘?3‘ el | EC50=20 1986 S
static 240h chronic
Platymonas sp. 95% active %‘V &U EC50 = 17 1986 S
constituent static 72h chronic
Porphyridium cruentu & a&aﬁ,) EC50 = 24 1986 S
95% active constltuqn ati %, 72h chronic
Monochrysis lut EC50 =18 1986 S
95% active conftit erp;&ﬁlc 72h chronic
Isochrysis na O~ EC50 =10 1986 S
95% activdeonstifdent static 72h chronic
Marir@ diatdihe"
V.
N?ﬁula incerta 95% active EC50 = 93 1986 S
gohstituent static 72h chronic
'Nitzschia closterium 95% active constituent EC50 = 50 1986 S
static 72h chronic
Phaeodactylum tricornutum EC50 =10 1986 S
95% active constituent static 240h chronic
Stauroneis amphoroides EC50 =31 1986 S
95% active constituent static 72h chronic
Thalassiosira fluviatilis EC50 =95 1986 S
95% active constituent static 72h chronic
Cyclotella nana EC50 = 39 1986 S
95% active constituent static 72h chronic
Amphora exigua EC50 =31 1986 S
95% active constituent static 72h chronic

Updated Great Barrier Reef Marine Park water quality guideline@&n be accessed via Queensland’s Environmental Protection

Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines

(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.

for Fresh and Marine Water Quality.



The minimum data requirement (Warne 2001) of five different species that belong to at least four
different taxonomic groups was met, so the BurrliOZ statistical distribution method (Campbell et

al 2000) was used to derive a guideline trigger value for ecosystem protection. An assessment

factor of 10 was applied to convert acute LC or EC50s to chronic NOECs, and a factor of 5 to

convert chronic EC/IC50s to chronic NOECs. The endpoint values were entered into the

BurrliOZ statistical distribution software (Campbell et al 2000) to determine a concentration ™
protective of 99, 95 and 90 per cent of species. Where two toxicity values were reported for the ‘1,
same endpoint in the same species (eastern oyster) the geometric mean of the two results was <</
entered (Van de Plassche et al 1995). Q

Moderate reliability guideline trigger values of 0.9, 1.6 and 2.3 pg/L have been ders for
diuron for protection of 99, 95 and 90 per cent of species respectively\

o

6.4.2 Atrazine \%\

The National Registration Authority for Agricultural and Veterinary Che tralia,
reviewed the registration of atrazine in 1997 (NRA 1997). The rewew rine data sets
for atrazine (Table 6). The review found that atrazine showed cont tlal to contaminate
ground and surface waters and that some safety margins were ﬁgv mendations were
made to reduce aquatic contamination, and to conduct monit to effects and strategy
effectiveness. The review quotes the threshold for aquatlc e fects at about 20 pg/L for
the Australian aquatic environment. Drinking water qu t |s at around 0.5 ug/L.
However, the issue of including certain metabolites &@S raised and the suggestion is that

doing so would lower the guideline value.
/&

Table 6: The NRA Review 1997 ecotoxicity data for e@bof a a&lne

Species \Effect foric. Endpoint Toxicity measure
el
. ‘ o,
Fish /. A\\\
Cyprinodon variegatus év Q\V 19 000 Mortality | LC50, Acute
(sheepshead minnow) Q) -9
\'\
Crustaceans & &
Acartia tonsa 94 Mortality LC50, Acute
(calanoid copepp@) \)(Q 4300
Mysidopsis @%1 0 5400 Mortality | LC50, Acute
(opossum\ghslmp)@
DlatoQ &
Stfe@;tonema costatum 55 Growth LC50, Acute
{Hlgae
\lg' Dunaliella tertiolecta 170 Growth L C50, Acute
Q/A The ANZECC and ARMCANZ water quality guideline database for toxicants (Sunderam et al
Q~ 2000) (Table 7) has fourteen marine data sets reported for atrazine.
Table 7: Marine data sets for atrazine (Sunderam et al 2000)
Species Effect conc. Endpoint Toxicity measure
Ho/L
Fish
Cyprinodon variegatus 2300 Mortality LC50, Acute, 96h
(sheepshead minnow)
Cyprinodon variegatus 2000 Mortality LC50, Acute, 96h

Updated Great Barrier Reef Marine Park water quality guideline@&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Species Effect conc. Endpoint Toxicity measure
Ho/L

Cyprinodon variegatus 16 200 Mortality LC50, Acute, 96h
Leiostomus xanthurus 8500 Mortality LC50, Acute, 96h
(spot)
Crustaceans
Acartia tonsa 94 Mortality LC50, Acute, 96h q,b‘
(calanoid copepod) &
Eurytemora affinis 2600 Mortality LC50, Acute, 96h §</
(calanoid copepod) 2%
Eurytemora affinis 13 200 Mortality LC50, Acute, 96h < <
Eurytemora affinis 500 Mortality LC50, Acute, 96h = (O°
Mysidopsis bahia 5400 Mortality LC50, Acute, 9
(opossum shrimp) AN
Mysidopsis bahia 1000 Mortality LC50, Acuts 96h
Penaus duorarum 6900 Mortality LC50, @té 9%’
(pink shrimp (america))
Eurytemora affinis 17 500 Mortality Qg& (é-’mmc 192h
(calanoid copepod)
Eurytemora affinis 4200 Mortality . )NQ@’ Chronic, 192h
Eurytemora affinis 12 250 Mortality X/ | NOEC, Chronic, 192h
The Society of Environmental Toxicology and Cherr@y @AC 2005) published a book on a
probabilistic aquatic ecological risk assessment Qn northern American surface waters

in 2005 that included additional marine data s d&g@me (Table 8). Toxicity data published
prior to 1980 were not included, as they We%~ nsid&fed to be unreliable due to advances in
experimental and analytical capabilities {‘ Cﬁme (Warne 1998).

Table 8: Marine data sets for toxicity effec ?a‘traz&@ETAC)

Species é{/ Effc conc. Endpoint Toxicity Reference
AN & ng/ L measure
Crustaceans \?‘5- \
Palaemonetes pug 9000 Mortality LC50 Ward and
(grass shrimp) \(Q Acute, 96h Ballantine 1985
Tigriopus brevyi rnb 121 Mortality LC50 Forget et al 1998
(copepod) \ Acute
Dlato%o &(\
SketetOnema costatum 50 Growth EC50, Acute | Walsh et al 1988
Mintfocellus polymorphos” 20 Growth EC50, Acute | Walsh et al 1988
Q< keletonema costatum 24 NR EC50 US EPA 2002
= Algae
QO Dunaliella tertiolecta 170 Growth EC50, chronic | Hughes et al 1988
Q/ This test was not included in the SETAC publication but was conducted in the same manner as the Skeletonema sp test
Q‘ and therefore is added here.

The following data published in SETAC 2005 were not used in the derivation of the trigger value
(Table 9). For Cyrpinodon variegatus an LC50 was unobtainable (reported as greater than

16 000) then the NOEC was calculated from this using an assessment factor estimate. For
Crassostrea virginica the same applies (although the LC50 was reported as greater than 30 000).
There is no need to use ‘greater than’ data when there is sufficient measured data available, so
this data has been excluded. In addition, a more stringent assessment factor for atrazine
conversion from acute to chronic toxicity has been determined.

Updated Great Barrier Reef Marine Park water quality guideline@#pn be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



The Mysidopsis bahia effect concentration appears to have been misreported from the original
paper. The effect concentration is 94 pg/L and this is the same test as reported in Table 7.

The Phaeodactylum tricornutum test was conducted in freshwater medium and is therefore, in
accordance with the ANZECC and ARMCANZ (2000) derivation procedures, not used in
deriving the marine trigger value. (l,b‘
/
The copepod work referenced to Thursby et al 1990, the algal work of Thursby and Tagliabue <</C)
1990, and the Hoberg 1993c are not scientific publications and are therefore excluded.

7/
Only a bibliographic citation was able to be retrieved on the Mayer 1987 reference. Th
description advises that acute toxicity data since 1961 were evaluated for quality an tabase
established. Test methodology was not able to be confirmed and the data was exct%. Itis
expected that much of the testing would have been pre-1980 and therefore woulthedSo have been
excluded under the Warne (1998) provision. Inclusion of the data in the BughQZ run resulted in
a derived trigger value in the same order of magnitude. Q/ &ﬁ

)
The Potamogeton pectinatus tests were conducted in salinities bet 1 12 parts per
thousand, are therefore not considered to be marine data, and ar us deriving the marine
trigger value.
* N

The Malcolm Pirnie 1986 work was not referenced in tb{é’ook@gwas unable to be found in
google scholar searches or other library research. Q} QO
O @

N
Table 9: Excluded SETAC 2005 atrazine toxicity data /Qz\ $\®
AN

Species Effect conc. SR Englpdint Toxicit Reference
i ug/L\\Lv ;‘\6@ measurz
Fish N
Cyprinodon variegatus Y789 \\7| Mortality | NOEC Ward & Ballantine 1985
(sheepshead minnow, e go
embryo-juvenile) NI o.Q
Mollusc Rl
Crassostrea virginioaN® @&° 30 000 Mortality | LC50 Ward & Ballantine 1985
(eastern oyster,q;%gry(&(Q | Acute
Crustaceans ~, .~
Mysidopsistg#ia . O 920 Mortality | LC50 Ward & Ballantine 1985
(opossu i chronic, 28d
Acarti@ cTausin 7945 Mortality | LC50 Thursby et al 1990
(cofepod) Acute
<$&Trtia tonsa 92 Mortality | LC50 Thursby et al 1990
<&[Xcopepod) Acute
O‘l" Penaus aztecus 1000 Mortality | LC50, Mayer 1987
Q) (brown shrimp) Acute, 48h
Qg/ Diatom

Phaeodactylum 15 Growth NOEC Mayasich et al 1987
tricornutum
Skeletonema costatum 260 EC50, Acute | Mayer 1987
Skeletonema costatum 14 NOEC Hoberg 1993c
Algae
Potamogeton pectinatus 7.5 NOEC Hall et al 1997
(sago)

Updated Great Barrier Reef Marine Park water quality guideline&&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.
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Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines

Laminaria saccarina 33.2 NOEC Thursby and Tagliabue

(brown algae) 1990

D. tertiolecta 170 EC50, Malcolm Pirnie 1986
chronic

Chalmydomonas sp 60 EC50 Mayer 1987

(green algae) Acute

Platymonas sp 102 EC50, Acute | Mayer 1987 A%

Chlorella sp 143 EC50, Acute | Mayer 1987 cr¥

D. tertiolecta 300 EC50, Mayer 1987 &
chronic A

o)
Since the publication of the book a further publication on the effects of atrazine on maq'B%species
has become available and is reported here for inclusion in the derivation (Table 10)%

@)

Table 10: Additional marine data on toxicity effects of atrazine ("\ )
Species Effect conc. Endpoint T 6& Reference
pg/L _sasureQ
Phytoplankton Qy G\Q.%
Dunaliella tertiolecta 69 Growth O\'E&@' Weiner et al 2004
<D nic, 96h
Phaeodactylum tricornutum 61 Gro NEC50 Weiner et al 2004
A\ 9 chronic, 96h
Synechoccus sp 44 @'Swthg\‘ EC50 Weiner et al 2004
x‘<>\ g‘é Chronic, 96h
Isochrysis galbana 91 0\ Nth EC50 Weiner et al 2004
Rl Chronic, 96h
=

The minimum data requirement (Waé?

different taxonomic groups was
al 2000) was used to derive a
accepted data sets above p
chronic NOEC:s for the
chronic converted LC&AVval
endpoint in the sae\speci
1995). An assei tf,
NOEC data. odi

ARMCA

chroni @%’

d
QO per cent of species.

es
pog E

@y of five different species that belong to at least four

, 50 t&‘a urrliOZ statistical distribution method (Campbell et
Iinq@igger value for ecosystem protection. Combining the

tQast five acute LC50 values. The geometric mean of the

ytemora affinis was entered in preference to the acute to

*QWhere more than one toxicity value was reported for the same

e geometric mean of the values was used (Van de Plassche et al

r of 20.21 was applied to convert acute EC/LC50 data to chronic

van de Plassche et al (1993) scheme applied in the ANZECC and

008) guidelines recommends an assessment factor of five be applied to convert a
Qa Meffect to a chronic NOEC, and this was applied to the chronic EC50 data where

the s no acute EC50 data. The endpoint values were entered into the BurrliOZ statistical

i@%ﬁution software (Campbell et al 2000) to determine a concentration protective of 99, 95 and

O\l~ Moderate reliability guideline trigger values of 0.6, 1.4 and 2.5 pg/L have been derived for
atrazine for the protection of 95 and 90 per cent of species respectively.

6.4.3 Ametryn

The ANZECC and ARMCANZ water quality guideline database for toxicants (Sunderam et al
2000) has no marine or freshwater data sets for ametryn. Data on effects on marine species is
available from the US Environmental Protection Agency Pesticide Ecotoxicity Database, current
as of March 2002 (US Environmental Protection Agency, 2004, Table 11).

Updated Great Barrier Reef Marine Park water quality guideline@&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.

for Fresh and Marine

Water Quality.



Table 11: US EPA toxicity data for ametryn

(bl
Kol

Organisms and comments Toxicity, pg/L Year US EPA
test substance | reported category
(95% CL)
Fish
Sheepshead minnow (Cyprinodon LC50 = 5800 1989 Core
variegates) 96.7% active constituent; acute, 96h
static NOEC = 2800
Invertebrates
Mysid shrimp (Mysidopsis bahia) LC50 = 2300 1989 Core
96.7% active constituent; juvenile mysid| (1700-2900)
static acute, 96h
Quahog clam (Mercenaria EC50 = 11000 1989 S\O\
mercenaria) 96.7% active constituent; Acute, 48h
embryo/larvae, static
Brine shrimp (Artemia salina), active EC50 = 33000 1995 ‘(Em ‘érd
constituent — instar 11-111 larvae, Acute, 24h Q EPA test
multiwell test at 25°C Q=
Diatoms O?“ O
Acanthes brevipes, 100% active EC50 =19 ‘019%&)\‘ S
constituent Chronic, 72& 0@
Na\
Navicula incerta, 100% active ECE;%B 7‘ 1986 S
constituent
Nitzschia closterium 100% active EBSO =2 1986 S
constituent static Chrai 72h
Phaeodactylum tricornutum Q: ESH0 = 20 1986 S
100% active constituent static ,‘v g8tonic, 240h
Stauroneis amphoroides Q/ A\ EC50 = 26 1986 S
100% active constituent statig\s Chronic, 72h
Thalassiosira guillardii Q" \ EC50 =55 1986 S
100% active constltuen;\ c \, Chronic, 72h
Algae (green) ~\
Neochloris sp. ( O 0\)‘ EC50=36 1986 S
100% activepﬁ)?stity@ Static Chronic, 72h
Platymona\?p’ 1Qg°>’ active EC50 = 24 1986 S
constityén” ¢ Chronic, 72h
Al \fbrown)
skchrysis galbana EC50 =10 1986 S
Q‘ 00% active constituent static Chronic, 240h
A= Dunaliella tertiolecta, OWP EC50 = 20 1986 S
O Chronic, 240h

The minimum data requirement (Warne 2001) of five different species that belong to at least four

different taxonomic groups was met, so the BurrliOZ statistical distribution method (Campbell et
al 2000) was used to derive a guideline trigger value for ecosystem protection. The software does
warn however that the number of data are small and that results should be interpreted with

caution. As trigger values the authors consider it reasonable to use the results.

Where a NOEC was reported for a species this was used in preference to converting acute to
chronic toxicity measures. There is no acute to chronic assessment factor for ametryn and
therefore the assessment factor of 10 was applied to convert acute LC or EC50s to chronic

Updated Great Barrier Reef Marine Park water quality guideline@gan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.

Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines

for Fresh and Marine Water Quality.



NOECs, and a factor of five to convert chronic EC/IC50s to chronic NOECs. The endpoint values
were entered into the BurrliOZ statistical distribution software (Campbell et al 2000) to determine
a concentration protective of 99, 95 and 90 per cent of species.

Moderate reliability guideline trigger values of 0.5, 1.0 and 1.6 pg/L have been derived for
ametryn for protection of 99, 95 and 90 per cent of species respectively.

™
6.4.4 Simazine ﬂ’

@
The ANZECC and ARMCANZ water quality guideline database for toxicants (Sunderam et <</
2000) has no marine data sets for simazine. In the absence of marine data the moderate rei&bjlity
freshwater guideline concentration was applied with a low reliability. These are 0.2, 3. 11
Mg/L respectively, for protection of 99, 95 and 90 per cent of species. %

Since the publication of ANZECC and ARMCANZ (2000) data on effects on e species has
become available from the US Environmental Protection Agency under thej angered Species
Effects Determinations and Consultations documentation. Data for simaz@&' fram 2003. The
acute toxicity data for estuarine and marine organisms are mostly ‘greatepthanylata that do not
provide information that can be used in a derivation exercise. Ther: @at one invertebrate
shrimp and several aquatic plants (Table 12). There are no chron@b Xicity data.

F K

Table 12: US EPA toxicity data for simazine 2003 ‘4
- . \ v .
Organisms and comments TOXICIty’ @l& (\Qvi’aource
O &
Invertebrates \,Q(‘ Ds‘\ev
Penaeus duorarum (pink shrimp) Wz 13000 EFED
acufIv6h
_Q:E 1 % ai
Aquatic Plants oY% &
Isochrysis sp Q/‘ d® EC50=500 EFED
N 0& Chronic,10 day
Phaeodactylum sp. & 90 EC50 = 500 EFED
N & Chronic,10 day
Skeletonema sp. N ) EC50 = 600 EFED
) Q;\ s < Chronic,5 day
Dunaliella s@\ 6o\" EC50 = 5000 EFED
. P Chronic,10 day

N N |
In &IOH to the data published in the US EPA document the chemical company
S nta provided the Great Barrier Reef Marine Park Authority with additional test data
n two of the aquatic plants (Table 13), and a further study was conducted on the sea
\lg/ bream Sparus aurata (Arufe et al 2004: Table 14).
O

Q/ Table 13: Toxicity data for simazine (Syngenta)

Toxicity, pg/L Source

Organisms and comments

Aguatic Plants

Skeletonema sp. EC50 = 1040 Syngenta
Chronic

Dunaliella sp EC50 = 2000 Syngenta
Chronic

Updated Great Barrier Reef Marine Park water quality guideline@&in be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Table 14: Toxicity data for simazine 2004

Species Effect conc. Endpoint Toxicity
pa/L measure
Fish
Sparus aurata 4190 Mortality LC50
(sea bream) Acute, 72h ™
Sparus aurata 2250 Mortality NOEC ﬂ/
Sparus aurata 4500 Growth NOEC <</C)

The minimum data requirement (Warne 2001) of five different species that belong to at Ieaqfour
different taxonomic groups is not met, so the BurrliOZ statistical distribution method to ive a

guideline trigger value cannot be applied. The OECD (1981) approach was not as pre t|ve as
Warne and specified five data points that represented at least the basic trophic lev, quatic
plants, crustaceans and fish. This less prescriptive test would be met by the da although
clearly the set is small.

The BurrliOZ statistical distribution method (Campbell et al 2000) wa % this is not
the standard adopted for the derivation of the ANZECC and ARM z (269 guidelines and
the value is provided only out of interest as a comparative. The int es were entered into

rmine a concentration
che et al (1993) scheme

ends an assessment factor of
OEC, so this was used. Where

the BurrliOZ statistical distribution software (Campbell et al ) to
protective of 99, 95 and 90 per cent of species. A modifie @1 de
applied in the ANZECC and ARMCANZ (2000) guldehﬁ‘t

five be applied to convert a chronic EC/LC50 effect

two toxicity values were reported for the same end same species the geometric mean
of the two results was entered (Van de Plassch 9\ . The NOEC for the seabream
mortality test was used in favour of the LCS@e S ﬁrvare does warn that the number of data are
small and that results should be interpret dvn @tlon Guideline trigger values of 30, 59 and
88 ug/L result from applying this met 6

or ’&0 values in the data sets provided. Applying the
ed glove but to the lowest of the effects concentrations of the

trlg@r value of 100 pg/L for simazine, which is between one

than the freshwater guideline adopted by ANZECC and
r&é&jon what per cent of species protection is being considered.

There are at least three chronic E

assessment factor of five as degef)
set of three results in a gm
and four orders of magni
ARMCANZ (2000) d

If simazine is ide d§§ contaminant for which greater certainty of the guideline trigger value
is required V\Qx additional invertebrate toxicity test, preferably a zooplankton to meet
the mini «%wrement (Warne 2001), would be of most benefit.

iv nQ%ov’vSellablllty of any of these derivation methods at this stage, the Great Barrier Reef
A?{ae Park Authority adopts the more conservative ANZECC and ARMCANZ (2000)

deline, applying the moderate reliability freshwater guideline with a low reliability.

A low reliability guideline trigger value of 0.2, 3.2 and 11 pg/L is applied for simazine for
protection of 99, 95 and 90 per cent of species respectively.

6.4.5 Hexazinone

The ANZECC and ARMCANZ water quality guideline database for toxicants (Sunderam et al
2000) has no marine data sets for hexazinone. A low reliability freshwater guideline was
calculated for hexazinone as 75 pg/L.

Updated Great Barrier Reef Marine Park water quality guideline&&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Since the publication of the ANZECC and ARMCANZ (2000) water quality guideline data on
effects on marine species has become available from the US Environmental Protection Agency
Pesticide Ecotoxicity Database (US Environmental Protection Agency, 2004, Table 15).

Table 15: US EPA toxicity data for hexazinone

Organisms and comments Toxicity, pg/L Year b‘
test substance reported Qﬂ/
Crustacea <</
Decapoda sp LC50 94 000 1984 y
(grass shrimp) 98% ac Oé
Palaeomonetes pugio, (daggerblade grass LC50 78 000 2000 %
shrimp) 95% ac O
Mollusca x <b\
Crassostrea virginica (eastern oyster) LC50=560 000 EFEQ’OU \ﬁ
acute, 48h Q 0(\
95 % ai RO
Crassostrea virginica (eastern oyster) LC50=320 000 ?ﬁ@ﬁED,‘O
acute, 48h () QO
95%a A~
Diatom AN LR
Skeletonema costatum ECSg}Z‘O {” EFED
N = 4@0
N2

These data support the ANZECC and AR 2&0) adopted freshwater guideline
concentration. They still provide insuffi da meet the minimum requirement (Warne
2001) of five different species that be )ﬁgﬂ east four different taxonomic groups, so the

BurrliOZ statistical distribution m é&lve a guideline trigger value cannot be applied.

&QSO values in the data set provided. Therefore the lowest

ECD 1992) to provide a low reliability guideline trigger
|ch is over an order of magnitude lower than the freshwater
E and ARMCANZ (2000).

There are at least three acute
of the acute values is divi
value of 1.2 pg/L for h
guideline adopted tx

\
] A low keltabjliy-guideline trigger value of 1.2 pg/L is adopted for hexazinone.

N
6.4.6 O\/&\{{\%D

ThQ? ZECC and ARMCANZ water quality guideline database for toxicants (Sunderam et al
2@0 has five marine data reported for 2,4-D (Table 16).

O Table 16: Marine data for 2,4-D (Sunderam et al 2000)

Q/ Species Effects conc. Endpoint Toxicity measure
& gL
Fish
Fundulus similis 3000 Mortality | LC50, Acute, 48h
(longnose killfish)
Mugil curema 1500 Mortality | LC50, Acute, 48h
(white mullet)

Updated Great Barrier Reef Marine Park water quality guidelineg]€an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Species Effects conc. Endpoint Toxicity measure
Ho/L

Crustaceans
Chasmagnathus granulata 6 730 000 Mortality | LC50, Acute, 72h
(crab)
Chasmagnathus granulata 3370 000 Mortality | LC50, Acute, 96h b‘
Molluscs ﬂ/
Mytilus edulis 259 000 Mortality | LC50, Acute, 96h {</C)
(common bay mussel, blue)

g Rd

Concerns about potential risks to people and to the environment and off-target crops Ieﬁlhe
APVMA announcement, in October 2006, of the suspension of products containing% -
volatility ester forms of the herbicide 2,4-D http://Www.apvma.gov.au/chemrev/?@ .shtml
(accessed 28 Feb 2007). \q)\

The APVMA published preliminary review findings in 2006 in relation pr@‘for 2,4-D
related products (APVMA 2006abcdef). 2,4-D is available in a numbé form®"and the toxicity
of the forms is variable. Endpoint results from the APVMA datab e li for all forms in

Table 17. The geometric mean of the effects concentration was in 639 urrlioZ (Campbell et
al 2000) analysis. O L
V™

Only the preliminary review findings for high volatile % ha@bgen released at time of writing.
The APVMA proposed to find: O

“that it is NOT satisfied that continued usg\J... d not be likely to have an unintended

effect that is harmful to animals, planm(q thi%@n the environment.’

<

The preliminary risk assessments for a t&?isb\ invertebrate for acid and salt forms was
found to be acceptable, but unaccepta@: or e@ers. Risk assessments for algae and aquatic plants

were unacceptable for all forms. %~ . 66
QY ©

broadcast use to be accep pplication of 2,4-D esters in aquatic situations was found
to have unacceptable ri hog CHain high volatile ester forms have been recommended for
discontinuation be(i ft increased risks.

A refined risk assessment for@hig@a latile esters considered the risks from broadcast and non-
\ Di@c

Ester forms arg'\e&tifi@%s having higher toxicity to marine species than other forms. Several
forms of estef gr in@ied in the reports. Two of the forms, butoxyethyl and isopropyl, are not
used in liagnd their endpoint toxicity results have been excluded. The acid form is not as
alkdRester forms and as such is not used as often commercially. Evidence in the

e indicates that amine salts are not persistent under most environmental conditions,
Ciating rapidly to the acid equivalent, hence acid data may be used to characterise the risk to

d
arine fish.
Q/@*

A Table 17: The APVMA 2006 ecotoxicity data for effects of 2,4-D
Qg/ Species Effects conc. Endpoint Toxicity
pg/L measure
Fish
Menidia beryllina 175000 A Mortality LC50
(tidewater silverside) 469 000 S Acute
187 000 S ae
203000 S ae

Updated Great Barrier Reef Marine Park water quality guidelineg]dan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Species Effects conc. Endpoint Toxicity
pa/L measure
Molluscs
Crassostrea virginica 57 000 A Growth EC50
(eastern oyster) 146 000 A inhibition | Acute
136 000 S W
Crustaceans ﬂ/
Penaeus duorarum 554 000 A Mortality LC50 {</C)
(pink shrimp) 150 000 S Acute S
Diatoms é
Skeletonema costatum 150 E ae Growth Lcso
129 000 S ae” inhibition AcuteAé
A = acid form; E = ester form; S= salt form N
" Authors do report issues analysing this result with nominal concentrations overestimating actual ures
" A plotted equation effects concentration
ae = acid equivalent C) \*

By combining the data in the two tables above the minimum data reQQ‘ueg@Narne 2001) of
five different species that belong to at least four different taxono S met, so the
BurrliOZ statistical distribution method (Campbell et al 2000) e to derive a guideline
trigger value for ecosystem protection. The software does vv? 0 that the number of data
are small and that results should be interpreted with cau i S tt@ er values the authors
consider it reasonable to use the results.

An assessment factor of 10.22 was applied for Q%Q acute data to chronic NOEC:s.
Where more than one toxicity value was re(%oééd or.the same endpoint in the same species the
de®

geometric mean of the values was entered ssche et al 1995). The effect concentration
values were entered into the BurrliOZ s tribution software (Campbell et al 2000) to
determine a concentration protectlv% E} d 90 per cent of species.

Moderate reliability g t&eoﬁer values of 0.8, 30.8 and 152 pg/L were derived for

2,4- D for prp\ 95 and 90 per cent of species respectively.
6.4.7 Teb
The ANZECC NZ water quality guideline database for toxicants (Sunderam et al
2000) has th ata reported for tebuthiuron (Table 18).

Table J@Qﬂne@&ésets for tebuthiuron (Sunderam et al 2000)

& Species Effects conc. Endpoint Toxicity measure
?“ pg/L
\lg\(':rustaceans
O Penaeus duorarum 84 000 Mortality LC50, Acute, 48h
Q/A (pink shrimp)
Q~ Penaeus duorarum 48 000 Mortality LC50, Acute, 96h
Diatom
Skeletonema costatum 38 Growth NOEC, Acute
(diatom)

With the limited marine data available, the high reliability freshwater guideline concentrations
were adopted in the ANZECC and ARMCANZ (2000) guidelines as low reliability guideline of
0.02, 2 and 20 ug/L respectively for protection of 99, 95 and 90 per cent of species.

Updated Great Barrier Reef Marine Park water quality guidelineg}gn be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



A low reliability guideline trigger values of 0.02, 2 and 20 pg/L is applied for tebuthiuron for
protection of 99,95 and 90 per cent of species respectively.

6.4.8 Chlorpyrifos / Oxon

The ANZECC and ARMCANZ water quality guideline database for toxicants (Sunderam et al
2000) has more than 45 marine data sets reported for chlorpyrifos (Table 19). The ANZECC and ™
ARMCANZ (2000) guidelines derive high reliability trigger values for marine water for ﬂ/
chlorpyrifos of of 0.0005, 0.009 and 0.04 ug/L respectively for protection of 99, 95 and 90 per <</C)
cent of species.

Table 19: Marine data for chlorpyrifos (Sunderam et al 2000) Oé
Species Geometric mean of Endpoint Toxi@&measure
Effects conc.
pg/L C)\o.)
Fish ,\< &ﬁ
Atherinops affinis 5.0 Mortality &30, Acute
(topsmelt) Q Q)
Cyprinodon variegatus 185 MO”W O+ LC50, Acute
(sheepshead minnow)
Fundulus grandis 1.8 mr?e’lllt)Q LC50, Acute
(qulf killifish) Q: "{
Fundulus heteroclitus 4.7 ity LC50, Acute
(mummichog) A>\O Ao I\/@@a
Fundulus similis 3.7\3\‘ K@\‘I(/Iortallty LC50, Acute
(longnose killfish) o
Fundulus sp. 470 K Mortality L C50, Acute
Leiostomus xanthurus X% Mortality LC50, Acute
(spot) Q¥ O
Leuresthes tenuis R &O‘.LQ Mortality LC50, Acute
(California grunion) A\V‘ ‘OQ
Menidia beryllina N\ 5.0 Mortalit LC50, Acute
(inland silve)r/side) @?" & /
Menidia menidia_~\ ° (Q 1.9 Mortality LC50, Acute
(atlantic silversj A
Menidia penpngilae x\O~ 1.3 Mortality LC50, Acute
(tidewater\s I‘Slde
Muglé 54 Mortality LC50, Acute
(str;pe muIIe
us beta 263.9 Mortality LC50, Acute
{fpulf toadfish)
\lg' Crustaceans
AO Ampelisca abdita 0.39 Mortality LC50, Acute
& (amphipod)
Q‘ Calllinectes sapidus 5.2 Immobilisation | EC50, Acute
(blue crab)
Mysidopsis bahia 0.04 Mortality LC50, Acute
(opossum shrimp)
Palaemonetes pugio 15 Immobilisation | EC50, Acute
(daggerblade grass shrimp)
Palaemonetes pugio 1.7 Mortality LC50, Acute
Penaus aztecus 0.2 Mortality EC50, Acute

(brown shrimp)

Updated Great Barrier Reef Marine Park water quality guidelineg@n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines

O’i‘&x

Species Geometric mean of Endpoint Toxicity measure
Effects conc.
Ho/L
Penaeus duorarum 2.4 Mortality EC50, Acute
(pink shrimp)
Rhepoxynius abronius 0.1 Immobilisation | EC50, Acute
(amphipod) ™
Rhepoxynius abronius 0.1 Mortality LC50, Acute C)ﬂ/
Mollusc &
Crassostrea gigas 2000 Developmental | EC50, Acute 0y
(pacific oyster)
Crassostrea gigas 95.8 Growth EC50, Ac(td®
Mytilus galloprovincialis 22 500 Mortality LC50 te
(Mediterranean mussel) AN
Green algae C$o .
Chlorococcum sp. 2000 Growth Q‘(ﬂO@\,\Acute
(green algae) avl.9
- N 5D
Diatoms & Aaz.
Amphiprora sp. 2000 Growfh)® NOEC, Acute
Amphora coffeaeformis 10 000 Growth O | NOEC, Acute
Nitzschia closterium 10 000 KGrowth, X NOEC, Acute
Skeletonema costatum 600 QPGrovith’ EC50, Acute
Skeletonema costatum 1200 QO | G&bwth NOEC, Acute
Thalassiosira pseudonana 150 AX " 4Browth EC50, Acute
i N S
Dinoflagellates =Y«
Gonyaulax sp. \@9006\" Growth NOEC, Acute
(dinoflagellate) & \Q
Fish A
Leuresthes tenuis V\ Q\V 0.4 Mortality NOEC, Chronic
(California grunion) Q§ X
Leuresthes tenuis a4 0.25 Not recorded NOEC, Chronic

(opossum shrimp)

Menidia beryllina \\\\‘ @ Mortality NOEC, Chronic

(inland silverside?y *

Menidia mi‘rg.sh v OU' 0.3 Mortality NOEC, Chronic

(atlantic silvbdide) O

Menidigmprigia\~ 0.3 Not recorded NOEC, Chronic

Menidid peninsulae 0.4 Mortality NOEC, Chronic

Mer@ia peninsulae 0.4 Not recorded NOEC, Chronic
Ksanus beta 8.2 Growth LOEC, Chronic

Mgulf toadfish)

Opsanus beta 150 Mortality LOEC, Chronic

Opsanus beta 1.4 Growth NOEC, Chronic

Opsanus beta 93 Mortality NOEC, Chronic

Crustacean

Mysidopsis bahia 0.003 Reproduction NOEC, Chronic

Updated Great Barrier Reef Marine Park water quality guidelineg]#pn be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.

for Fresh and Marine Water

Quality.



Additional considerations

Additional data on chlorpyrifos toxicity to corals (Te 1998, Markey et al 2007) have become
available since the ANZECC and ARMCANZ (2000) guidelines were released (Table 20).

Chlorpyrifos and chlorpyrifos oxon reduced settlement and metamorphosis by greater than 50 per
cent in the larvae of A. millepora at concentrations of 1.0 and 0.4 pg/L respectively (Markey et al
2007). Mortality of greater than 50 per cent for the coral P. damicornis occurred at concentrations

of 6 pg/L chlorpyrifos (Te 1998). <</C)'
Table 20: Biological effects concentrations from direct toxicity testing of chlorpyrifos A '
Species Effect conc. Endpoint Toxicity Referei @y
pg/L measure
Q\

Coral GJ\

Coral larvae /’Q -

A. millepora 0.4 | settlement and | LOEC <®‘M?k8(‘& al 2007
metamorphosis Ke)

A. millepora 1 | settlement and | EC50 - hg&rkey et al 2007
metamorphosis Acute, @R‘ e

Adult colonies Q) 0\)\

P. damicornis 6 1 mortality 5&50 ,@ Te 1998

NS

sis BE.0 effects concentrations from reef
an MCANZ (2000) trigger values giving
eQﬁon of 99, 95 and 90 per cent of species

Adding the two additional mortality and metam
data resulted in a minor lowering of the ANZ
derivations of 0.002, 0.009 and 0.03 ug/L
respectively.

6

A high reliability trigger value w. @g’the ANZECC and ARMCANZ (2000) guideline for
marine water for chlorpyrifos. e on tion including the additional data is in the same
order of magnitude, and bec ed for conversion factor application its inclusion would
degrade the reliability to reliability value. Therefore, the Great Barrier Reef Marine
Park Authority adopts f Wlablhty trigger value aligning with the ANZECC and

&

ARMCANZ (ZOOOLE eli

The high r b‘T tﬁmldellne trigger values of 0.0005, 0.009 and 0.04 ug/L are applied for
py,r' for protection of 99, 95 and 90 per cent of species respectively.

649 O & ndosulfan

ANZECC and ARMCANZ water quality guideline database for toxicants (Sunderam et al
000) has more than 35 marine data sets reported for endosulfan (Table 21). A moderate
rellablllty trigger value for marine water for endosulfan of 0.005, 0.01 and 0.02 pg/L was derived
AO for 99, 95 and 90 per cent of species respectively. However, because of endosulfan’s potential to
Q, bioaccumulate ANZECC and ARMCANZ (2000) recommends that the 99 per cent protection
Q‘ figure of 0.005 pg/L for slightly-to-moderately disturbed systems be adopted.

Updated Great Barrier Reef Marine Park water quality guidelineg]€an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Table 21: Marine data sets for endosulfan (Sunderam et al 2000)

Species Geometric mean of Endpoint Toxicity measure
Effects conc.
pg/L
Fish
Atherinops affinis 13 Mortality LC50, Acute &
(topsmelt) VvV
Cymatogaster aggregata 1.1 Mortality LC50, Acute C_)’
(shiner perch) (\<</
Cyprinodon variegatus 14 Mortality LC50, Acuterb'v
(sheepshead minnow)
Fundulus heteroclitus 1.2 Mortality LC50, Aclite
(mummichog) ,\é
Lagodon rhomboides 0.3 Mortality éQS?) Acute
(pinfish) AN\
Leiostomus xanthurus 0.3 Mortality Q/\’ L((S\Q\] Acute
(spot)
Menidia beryllina 1.5 &i_{m 2 LC50 Acute
(inland silverside) o
Morone saxatilis 0.1 ®brta{@’ LC50, Acute
(striped bass)
Mugil cephalus 15 & M&ftallty LC50, Acute
(striped mullet) Q} O
Mugil curema 06 O (@ Mortality LC50, Acute
(white mullet) ,Q?‘ <<
Oncorhynchus kisutch ) Mortality LC50, Acute
(coho salmon, silver salmon) Nt ?“ & $
Crustaceans X \-;@6
Acartia tonsa RY 4\00.1 Mortality LC50, Acute
(calanoid copepod) \Q, O
Calllinectes sapidus N S 19 Immobilisation | EC50, Acute
(blue crab) Kt <
Calllinectes sapidus_sQ™ ,,(\ 35 Mortality LC50, Acute
Cancer magister ~\ (Q 15 Immobilisation | EC50, Acute
(Dungeness or ¢
Cancer magistgr 3\0 15 Mortality LC50, Acute
Crangon 058 0.5 Mortality LC50, Acute
(sand skp) QS
MygidOpsis bahia 1.0 Mortality LC50, Acute
( sum shrimp)
{Palaemonetes pugio 0.7 Mortality LC50, Acute
{8' (daggerblade grass shrimp)
O Penaus aztecus 0.2 Immobilisation | EC50, Acute
Q/A (brown shrimp)

Q~ Penaus aztecus 0.4 Mortality LC50, Acute
Penaeus duorarum 0.04 Mortality LC50, Acute
(pink shrimp (America))

Penaeus indicus 0.3 Mortality LC50, Acute
(indian prawn)

Penaeus monodon 17.8 Mortality LC50, Acute
(Jumbo tiger prawn)

Scylla serrata 261 Mortality LC50, Acute
(crab)

Updated Great Barrier Reef Marine Park water quality guidelineg]@n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Species Geometric mean of Endpoint Toxicity measure
Effects conc.
Ho/L
Molluscs
Crassostrea madrasensis 174 Mortality LC50, Acute
(oyster)
Crassostrea sp. 65 Growth EC50, Acute q/b‘
(oyster) nes
Crassostrea virginica 52 Growth EC50, Acute Q‘(/
(American or Virginia oyster) 0y
Katelysia opima 154 Mortality LC50, AQ@
(marine bivalve)
Meretrix casta 16 Mortality LCé,QNcute
(bivalve) RN\
Paphia laterisulca 2.0 Mortality ~_KNEZ50, Acute
(estuarine clam) (,C) N
. v Q\ k4
Annelids AQ . o)
Dinophilus gyrociliatus 1082 Mq@j{y @7 LC50, Acute
(archiannelid) = D
Neanthes arenaceodentata 197 \Mor@ LC50, Acute
(polychaete) ,.1@ O
. M N
Echinoderms 09 ,\0@
Strong.ylocentrotus 230 O <®\ Mortality LC50, Chronic
(purple sea urchin) ,(‘2‘ «Q
Red algae b\>\ (\@
Champia parvula %‘8 O Reproduction | NOEC, Chronic
(red algae) &L ol

Additional considerations < & O
Additional data on endo toxﬁ'zty to corals has become available (Table 22).

Reductions in settl etamorph05|s of greater than 50 per cent for the larvae of
A. millepora WerQyund concentrations of 1.0 pg/L endosulfan (Markey et al 2007).

O

Table 22: B| loical e@ts concentrations from direct toxicity testing of endosulfan.

S@\eé N Effect conc. Endpoint Toxicity Reference
ua/L measure

.Q?“al larvae

&A millepora 1 | settlement and | EC50 Markey et al 2007
O‘JT metamorphosis Acute, 18h

)
Qf(/ The minimum data requirement (Warne 2001) of five different species that belong to at least four
different taxonomic groups is met, so the BurrliOZ statistical distribution method (Campbell et al
2000) was used to derive a guideline trigger value for ecosystem protection. The additional EC50
effects concentration from Table 16 when entered into the BurrliOZ statistical distribution
software (Campbell et al 2000) does not alter the existing ANZECC and ARMCANZ (2000)
derived guideline value and consequently this trigger value is retained.

Recognising the potential to bioaccumulate, a moderate reliability guideline trigger value of
0.005 pg/L for endosulfan for protection of 99 per cent of species is recommended reef-wide.

Updated Great Barrier Reef Marine Park water quality guidelineg]@an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



6.4.10 2-Methylethyl mercuric chloride (MEMC)

There are no data in the ANZECC and ARMCANZ (2000) water quality guideline database for
toxicants (Sunderam et al 2000) for MEMC, however, data on MEMC toxicity to corals are
available (Table 23). MEMC inhibited fertilisation and metamorphosis at 1 pg/L, with 50 per cent
failure of fertilisation at 1.68 jg/L, and 50 per cent failure of metamorphosis at 2.5 pg/L (Markey
et al 2007). Other effects including polyp retraction, tissue damage, expulsion of dinoflagellates, _ ,
and reduced photosynthesis all occurred at concentrations of 10 pg/L (Markey et al 2007). <</C)

Table 23: Biological effects concentrations from direct toxicity testing of MEMC A(b,
Species Effects conc. Endpoint Toxicity Refei@hte
ug/L measure DA

Coral \O,J\Q

Coral larvae 2O -

A. millepora 1 | fertilisation and LOEC QWI et al 2007
metamorphosis Q) | .

A. millepora 2.5 |metamorphosis E050?~ " dWlarkey et al 2007

Acptg¥18h-O1
A. millepora 1.68 | fertilisation EZp0 T | Markey et al 2007
,('&Acu;ggh

A. millepora 10 Polyp retraction, tisspe | LQEC Markey et al 2007
damage, loss of , ute, 96h
i photosynthgsig\ «@

N\

- | N |
The minimum data requirement (Warne OQlj f(f;gve different species that belong to at least four
different taxonomic groups is not met e I& 10Z statistical distribution method cannot be

applied. %)
xongdaic group an assessment factor of 1000 was applied to the

th & 0 acute effect to a chronic NOEC for the guideline trigger
sulti' a value of 0.002ug/L for MEMC.
Q;

Since there are data on only 0
effects concentration to co
value (Warne 2001). Thi

] A low relizhility gfideline trigger value of 0.002 pg/L was derived for MEMC,
%V oY

O Din

NN

The A?@C ‘&% ARMCANZ water quality guideline database for toxicants (Sunderam et al

20 as two marine data sets reported for diazinon (Table 24). Because of the limited data set

t oderate reliability freshwater guideline concentration was applied with a low reliability.
hese are 0.00003, 0.01 and 0.2 pg/L respectively, for protection of 99, 95 and 90 per cent of

AO\l~Q/ species.
&
Q.

Table 24: Marine data sets for diazinon (Sunderam et al 2000)

Species Effects conc. Endpoint Toxicity measure
Ho/L
Crustaceans
Mysidopsis bahia 6.0 Mortality LC50, Acute, 96h
(opossum shrimp)
Penaeus duorarum 21 Mortality LC50, Acute, 96h
(pink shrimp)

Updated Great Barrier Reef Marine Park water quality guidelineg]@n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Additional data on diazinon toxicity to sea urchins are available (Table 25). Reduction in
fertilisation in urchin eggs of Paracentrotus lividus occurs at 30 000ug/L of diazinon (Pesando et
al 2003) while molecular activity such as lectin binding and acetylcholinesterase (neuromuscular
function) inhibition occurring at 30 pg/L.

Table 25: Biological effects concentrations from direct toxicity testing of diazinon

Species Effect conc. Endpoint Toxicity Reference q,b‘
Hg/L measure &
Echinoderms <</
7/
Urchin eggs KN P
P. lividus 30 000 | fertilisation LOEC Pesando et al 2008)"
P. lividus 30 | neuromuscular | Not coded | Pesando et a 3
system function Chronic

The minimum data requirement (Warne 2001) of five different species thqggelo at least four
different taxonomic groups is not met, so the BurrliOZ statistical dlstrl od to derive a
guideline trigger value cannot be applied.

Combining the ANZECC and ARMCANZ water quality guid ?da%@se for toxicants
(Sunderam et al 2000) with the effects concentration from Téy ides at least three acute
EC50, IC50, or LC50 values (if we assume Pesando’ s ode icity measure was an LC50
or EC50 value). However, biochemical endpoints su \s mhlpjgfon of acetylcholinesterase

activity are not considered valid to use in the ANZ MCANZ (2000) guidelines, so
this data was not used in derivation. &Q\ g\Q

Since there are data on only limited taxono \gkﬁms an assessment factor of 1000 was applied
to the lowest of the effects concentrati he LC50 acute effect to a chronic NOEC for
the guideline trigger value (Warne 2 esults in a low reliability guideline trigger value
of 0.006 pg/L for diazinon, Whic the 99" and 95" percentile freshwater guideline
adopted by ANZECC and AR 00)

At this stage, the Great Marlne Park Authority adopts the ANZECC and
ARMCANZ (2000) g Ilneq) lying the moderate reliability freshwater guideline with a low
reliability.

A low reha@'ﬁy QQIBE ine trigger value of 0.00003, 0.01 and 0.2 pg/L is applied for diazinon
ction of 99, 95 and 90 per cent of marine species, respectively.

6. 4%2Q Pest|C|de summary

thlgh ecological value water bodies, a guideline concentration that is protective of 99 per cent
‘lg/Of species is ideal. In section 1.3, the environmental values of the Great Barrier Reef Marine Park
Q |were discussed. Regardless of the current condition of the waters aquatic ecosystem protection is
A the environmental value currently applied to the entire World Heritage Area. Even in the highly
Qf(/ disturbed trawl grounds any effects of pesticides and biocides would be considered unacceptable.
Therefore, trigger values for these parameters as derived in these guidelines apply to all of the
five water bodies at the concentration protective of 99 per cent of species.

Sufficient data exists to derive moderate reliability trigger value concentrations for ecosystem
protection for diuron, atrazine, ametryn, endosulfan and 2,4-D. Chlorpyrifos was the only
pesticide that met high reliability trigger value data requirements. These guidelines adopt the high
reliability trigger value from the ANZECC and ARMCANZ (2000) guideline for chlorpyrifos.
These values are summarised in Table 26.

Updated Great Barrier Reef Marine Park water quality guidelineg]€n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Table 26: Summary of high and moderate reliability guideline trigger values for pesticides

Pesticide 99% species protection | 95% species protection
High reliability trigger value, pg/L

Chlorpyrifos 0.0005 | 0.009

Moderate reliability trigger value, ug/L
Diuron 0.9 1.6
Atrazine 0.6 14 ‘Lb‘
Ametryn 0.5 1.0 &
24D 0.8 30.8 &
Endosulfan 0.005 0.005° oy
299" percentile value recommended reef-wide because of bioaccumulation é

Where the minimum data requirement (Warne 2001) of five different species that ng to at
least four different taxonomic groups is not met a low reliability guideline can rived in a
number of ways. Except for MEMC and hexazinone these guidelines adopt th@ ZECC and
ARMCANZ (2000) method of using a freshwater guideline with lower relighi |t3&*

There was sufficient EC50 or LC50 data available for hexazinone t % t@%vision of the
lowest of the acute values by 100 (OECD 1992) to provide a low, er iI@guideline trigger

value. @) &QO

ANZECC and ARMCANZ (2000) did not include an as/ﬁgment?k/lEMC. Data have since
become available on the toxicity of this fungicide. Si ere& ata on only one taxonomic
group an assessment factor of 1000 was applied to gKetfe ncentration to convert an
acute effect to a chronic for the guideline trigge Qﬁ@ese values are presented here in

Table 27. \) (74)
<
CallTe)

Table 27: Summary of low reliability guideline t@'valu r pesticides

Pesticide LOQWW guideline trigger value, ug/L
Simazine & O 0.2
Hexazinone A N 1.2
Tebuthiuron DNk Y 0.02
MEMC KN oN 0.002
Diazinon AN & 0.00003

vV 0\)

In accordal c€yv th &DZECC and ARMCANZ (2000) guidelines, low reliability trigger values
are only usegkas indicative working levels for interim guidance. Monitoring programs
shoul rtdk&nd report on the concentration of these contaminants in Great Barrier Reef

pRastices to further minimise loss from adjacent catchments, or to search, or test, for more data of
ficient quality to further assess the likely risk to aquatic ecosystems associated with further
\lg/exposure to these contaminants.

)
&

W%g?. The management actions that result from exceedance may be to improve management

Updated Great Barrier Reef Marine Park water quality guideline§€an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



6.5 Tributyltin

The ANZECC and ARMCANZ water quality guideline database for toxicants (Sunderam et al
2000) reports seventeen marine data sets for tributyltin that were used (Table 28). The ANZECC
and ARMCANZ (2000) guidelines derive high reliability trigger values for marine water for
tributyltin of 0.0004, 0.006 and 0.02 ug/L respectively for protection of 99, 95 and 90 per cent of

species. C)ﬂ/b‘
Table 28: Marine data for tributyltin (Sunderam et al 2000) Q/
Species Effects conc. Endpoint Toxicity measn@ o)
Ho/L o)
Fish 7
Cyprinodon variegatus 0.6 Mortality NOEC, ic, 720h
(sheepshead minnow) A\
Crustaceans AQ/V N
Acartia tonsa 0.0044 Mortality <3¢6E%@hromc 144h
(calanoid copepod) 2o
Acartia tonsa 0.0042 Mortali%?“ ,M&C Chronic, 144h
Molluscs . %) A\§V
Crassostrea virginica 0.13 G{thh @V NOEC, Chronic,
(American or Virginia oyster) LON 1584h
Mytilus edulis 0.8 ()‘Gro\ﬁth NOEC, Chronic, 792h
(common bay mussel, blue) ‘&‘2\ g4
Mytilus edulis 0.0%) ~, {Growth NOEC, Chronic, 792h
Mytilus edulis \t@‘ s\O\ Growth NOEC, Chronic,
N 1584h
Scrobicularia plana Y~ . Mortality NOEC, Chronic, 522h
(bivalve) y < o\
Scrobicularia plana &V A1 Mortality NOEC, Chronic, 720h
Scrobicularia plana Q..\‘ \6 ~0.05 Mortality NOEC, Chronic, 720h
Diatom A @ o(\
Skeletonema costafen QS 0.14 Growth EC50, Chronic, 72h
Skeletonema costalim > 376.5 Growth EC50, Chronic, 72h
Skeletonema(Gostatuy” 0.13 Growth EC50, Chronic, 72h
Skeletonema costaium 0.13 Growth EC50, Chronic, 72h
Skeletgyterha 4Q5tatum 5.1 Growth EC50, Chronic, 96h
Thatqs‘éloswa pseudonana 0.48 Growth EC50, Chronic, 72h
TM‘féssiosira pseudonana 0.41 Growth EC50, Chronic, 72h

Q/There is also additional data cited in section 8.3 including two additional fish species, four
A crustaceans, and one algae.

Additional considerations

Additional data on tributyltin toxicity to corals has become available since ANZECC and
ARMCANZ (2000) was published (Table 29). Tributyltin inhibited larval metamorphosis of
A. millepora at an 1C50 of 2 ug/L (Negri and Heyward 2001), while fertilisation was inhibited
(1C50) at 200 pg/L (Negri and Heyward 2001).

Updated Great Barrier Reef Marine Park water quality guideline§dan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Table 29 Biological effects concentrations from direct toxicity testing of tributyltin

Effects conc. Endpoint Toxicity Reference
pg/L measure
Coral
Coral larvae
A. millepora 200 | fertilisation IC50, Acute, 4h | Negri and Heyward 2001 q/b&
A. millepora 2 | metamorphosis | IC50, Acute, Negri and Heyward 2001 C )'
24h

be)
®

concentration is used to derive the trigger value. An assessment factor of 16.26 was a for
conversion of the acute 1C50 data to chronic NOEC. Addition of this data into the

statistical distribution software (Campbell et al 2000) run did not alter the trlgger@ e derived.
Therefore, the Great Barrier Reef Marine Park Authority adopts the high rell@y trigger value
aligning with the ANZECC and ARMCANZ (2000) guideline. Q/

@ Maﬁhe Park is

ilit ich is important to
f Marine Park will

@le Park Authority's

Dlsposal and Risk

As the new data is for the same species but two different endpoints, the lower of the effecisgc(b

Most large scale dredging and spoil disposal within the Great Barrie
associated with ports. The work is undertaken to maintain port ac
the regional economy. Proposals for spoil disposal in the Grea
continue to be assessed in accordance with the Great Barrie
policies for Environmental Impact Management, Dredglw S
Management. é 0

Park. Many of these grounds have been used ék r a number of years. These sites are
carefully managed to ensure any adverse e vented or minimised. In recognition of
their slightly to moderately disturbed state t Barrler Reef Marine Park Authority assign a
guideline trigger level protective of 9 species. In the case of tributyltin that results in
the 0.006 pg/L guideline trigger v, plled.

There are existing approved dumping grounds f il ggﬂn the Great Barrier Reef Marine

In the event of any future pr f%%w spoil disposal sites determination of the appropriate
level of protection will be of.tbg Considerations at the time of assessment. Such an assessment
would include, but no \o an assessment of the conservation values of the area likely to

transparent decisi process and works with stakeholders to achieve successful

be affected by dispoga Ctl; . The Great Barrier Reef Marine Park Authority has an open and
management a.nQ tlg§b n of environmental impacts associated with spoil disposal.

%m?y guideline trigger values of 0.0004, 0.006 and 0.02 pg/L are applied for
tytlin for protection of 99, 95 and 90 per cent of species respectively.

Updated Great Barrier Reef Marine Park water quality guideline§&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



6.6 Sublethal effects consideration

Sublethal effects have not been included in derivations of guideline trigger values. However,
minimisation of these impacts could prove critical to long term protection of the ecosystem. The
effects data is presented here as an information source to facilitate further discussion, along with
the change in the trigger value if the data are included in the derivation.

o
C)l
There are numerous additional reports (Table 30) in the open scientific literature that have Oy
become available since ANZECC and ARMCANZ (2000) was published. Reports on (??ﬂ
toxicity to corals (Jones and Kerswell 2003, Jones et al 2003, Owen et al 2003, Réb;g 1 2003

6.6.1 Diuron

Jones 2004, Negri et al 2005), seagrass (Haynes et al 2000b, Ralph 2000, Macinn and Ralph
2003, Chesworth et al 2004), phytoplankton (Magnusson et al 2006, Seery et a<l~o 6) and
mangroves (Duke et al 2003, Duke and Bell 2005) are presented here. \

The results show that exposure of a number of organisms to diuron red@s th@lmency of
photosynthesis. However, as discussed in the pesticide introductiq @tio Sphotosynthesis
responses are not universally accepted as an appropriate endpoinér~ de bgﬁg toxicity guidelines.
This response could well be an indicator of sublethal ecosy ?éand while it may not, on
its own, lead to mortality creates a concern as to the pote Q | additive effects of
photosynthesis suppression on marine organisms. Furth( an effects might be reasonably
expected to occur on the primary production end of with consequent cascading
impacts to all higher levels of the ecosystem.

In the corals Acropora formosa, Montlpora |,&ol &rltes cylindrica and Seriatopora hystrix
suppression of photosynthesis occurred atlon of 1 yg/L diuron after ten hours

exposure (Jones et al 2003). During a osure M. digitata showed suppression of
photosynthesis occurred at a concen &gﬁ Hg/L diuron and visible bleaching occurred at a

concentration of 10 pg/L (Jones e

Further research at varyin t I%i@ confirmed photosynthesis suppression occurred at
exposures of 1 pg/L, an ekdivthe coral S. hystrix (Jones 2004). Two different light levels
were tested with thes ce |ons (50 per cent and five per cent surface irradiation), and

photosynthesis suppkessiogvas found to be less intense at reduced light levels. Bleaching
occurred in the S e@bsed to 10 pg/L and higher concentrations, although at the higher
concentraﬂo@ﬁeacl&@ only occurred at the higher of the two light levels (Jones 2004).

Lowe &@gr effects occurred at concentrations of 0.3 pg/L diuron in symbionts of the coral
X, within host tissue (Jones and Kerswell 2003) and an EC50 of 2.3 ug/L. Lowest
o%!/able effects occurred at concentrations of 0.3 pg/L diuron in symbionts of the coral
@. ormosa, within host tissue (Jones and Kerswell 2003) and an EC50 of 2.7 pg/L.

O‘JT Isolated symbiotic dinoflagellates of Stylophora pistillata showed suppression of photosynthesis

Q at exposures as low as 0.25 pg/L of diuron (Jones et al 2003). Using *“C uptake studies, lowest

Qg/ observable effects on photosynthesis occurred at concentrations of 2 pg/L diuron in isolated
zooxanthellae of the corals Diploria strigosa, Madracis mirabilis and Favia fragum after six

hours (Owen et al 2003). This reduction was also evident in M. mirabilis at concentrations of

1 pg/L diuron after eight hours exposure (Owen et al 2003).

Paocillopra damicornis (recruits and adults) bleached at 10 pg/L concentration (Negri et al 2005).
P. damicornis (recruits and adults) and Acropora millepora (adults) also showed reduced
photosynthetic efficiency at 1 pg/L diuron, with apparent full recovery after 14 days at no
exposure (Negri et al 2005).

Updated Great Barrier Reef Marine Park water quality guideline§&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



There was no significant inhibition of fertilisation or metamorphosis in A. millepora, Montipora
aequituberculata or P. damicornis at concentrations of diuron well over 30 pg/L (Negri et al
2005). A. millepora showed significant metamorphosis inhibition at 300 pg/L (Negri et al 2005).

Significant reduction in gross primary production rate, and gross primary production to
respiration ratio in the hermatypic coral P. cylindrica occurred at 10 pg/L concentration of diuron
(Réberg et al 2003). (l,b‘
Diuron suppresses photosynthesis in the seagrasses Cymodocea serrulate, Zostera capricorni <</C)'
and, Halophila ovalis at concentrations in seawater of 10 pg/L, 0.1 pg/L and 0.1 pg/L 9
respectively, and no full recovery occurred after five further days of no applied diuron exp

(Ralph 2000, Haynes et al 2000b). Diuron suppressed photosynthesis in the seagrass Z. icorni

at concentrations in seawater of 10 pg/L, with recovery after four days (Macinnis-N @I Ralph

2003). Reductions in photosynthetic yield of Zostera marina occur at concentratie%f 1.0 wg/L,

while reduced growth occurred at 5.0 pg/L (Chesworth et al 2004). %\
In field observations, herbicide levels in Johnstone and Daintree River m@ iments
correlated with upstream distributions of A. marina, noting this species a where diuron
concentrations exceeded 2 pg diuron/kg of sediment. Dieback erved@ear Mackay where
diuron concentrations in sediments were in the range 6-8 ng/kg ( et@@003, Bell and Duke
2005). The findings have been translated to a threshold conce ion g diuron/kg of
sediment as the level above which dieback of the mangroK@)ecieggs. arina may be expected.

Marine diatoms sensitivities to diuron estimated I1C1 ﬂrcen(&ons in the range of 0.1-

0.19 pg/L for Nitzschia closterium, Phaeodactylu or and Dunaliella tertiolecta after
less than 20 minutes exposure (Bengston Nash . The lowest observable effects
concentration was 0.05 pg/L (Bengston Nas @b). P. tricornutum also showed significant
inhibition of photosynthetic yield (IC50) a Sgsg iuron (Schreiber et al 2002). Several

species of estuarine benthic diatoms ( howed significant inhibition of photosynthetic
yield at 2.9 pg/L diuron (Magnusso

Diuron inhibits photosynthesi P«(Déose coralline algae Porolithon onkodes at
concentrations of 2.9 pg/L @ t@ et al 2005). This may also compromise coral recruitment,
as crustose coralline alg cal settlement inducer for many coral species (Heyward and

Negri 1999 @
Gametes from ;S%agﬁgé;e Hormosira banksii showed significant inhibition of photosynthesis

(EC50 meas byz& tive quantum yield of photosystem Il) at concentrations of 1.65 ug/L
6)

diuron (SK/

Tab&)?Blolog ical effects concentrations from direct toxicity testing of diuron

‘ébeues Effects conc. Endpoint Toxicity Reference
,Q pg/L measure
O\L‘ Seagrass
Q/A C. serrulata 10 | photosynthesis LOEC Haynes et al 2000b
Q~ Z. capricorni 10 | photosynthesis LOEC Macinnis-Ng and Ralph
2003

Z. capricorni 5.0 | growth LOEC Chesworth et al 2004
Z. capricorni 1.0 | photosynthesis LOEC Chesworth et al 2004

H. ovalis 0.1 | photosynthesis LOEC Haynes et al 2000b

Z. capricorni 0.1 | photosynthesis LOEC Haynes et al 2000b

Updated Great Barrier Reef Marine Park water quality guideline§#pn be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Species Effects conc. Endpoint Toxicity Reference
pg/L measure
Corals
Isolated
zooxanthellae
D. strigosa 2 | C incorporation LOEC Owen et al 2003 V
F. fragum 2 | ™C incorporation LOEC Owen et al 2003 ~ :l/
M. mirabilis 1 | **C incorporation LOEC Owen et al 2003 <&
S. pistillata 0.25 | photosynthesis LOEC Jonesetal 2003 )~
Larvae '
A. millepora 300 | Metamorphosis LOEC Negri et al 20€5)"
Coral recruits X
P. damicornis 10 Loss of algae LOEC Negri giNe-2005
P. damicornis 1 | photosynthesis LOEC Neg\&}b‘ét)al 2005
Adult colonies (\<(/ .&*
M. digitata 10 Loss of algae LOEC ~ Yones bfal 2003
P. damicornis 10 Loss of algae LOEC2~] N7 et al 2005
S. hystrix 10 Loss of algae LQER™ |Qonhes 2004
P. cylindrica 10 GPP* rate, GPP to KBEC &‘fRéberg etal 2003
respiration ration, &4 Q
effective quantum 4 0®
yield A oS
A. formosa 1 | photosynthests” ¢ @ LOEC Jones et al 2003
P. cylindrica 1 | photosyrkjiesis @"° LOEC Jones et al 2003
M. digitata 1 | photo@mthesi LOEC Jones et al 2003
S. hystrix 1 ! yr&’&'fs LOEC Jones et al 2003, Jones
NN 2004
A. millepora 1 | 4 bhatdsynthesis LOEC Negri et al 2005
P. damicornis 1 N | plietosynthesis LOEC Negri et al 2005
A. formosa 0.3 A\ | oL Bhotosynthesis LOEC Jones and Kerswell 2003
A. formosa 28~ 9 V] photosynthesis EC50 Jones and Kerswell 2003
S. hystrix &8 @M | photosynthesis LOEC Jones et al 2003
S. hystrix o N23Q | photosynthesis EC50 Jones et al 2003
S hystrix 1\ ¥ @Y | photosynthesis LOEC Jones and Kerswell 2003
Macro alga{e\C) ) o~
H. bapksli” QO 1.65 | photosynthesis EC50 Seery et al 2006
Red gigte
_PXonkodes 2.9 | photosynthesis LOEC Harrington et al 2005
gDiatoms
O P. tricornutum 3.3 | photosynthesis 150 Schreiber et al 2002
Q/A Navicula sp 2.9 | photosynthesis IC50 Magnusson et al 2006
Q~ Acute, 6 m
D. tertiolecta 0.05 | photosynthesis LOEC Bengston Nash et al 2005a
N. closterium 0.1-0.19 Sensitivity IC10 Bengston Nash et al 2005a
N. closterium 0.05 Sensitivity LOEC Bengston Nash et al 2005a
P. tricornutum 0.1-0.19 Sensitivity IC10 Bengston Nash et al 2005a
D. tertiolecta 0.11 | photosynthesis IC10 Bengston Nash et al 2005a

Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines

Updated Great Barrier Reef Marine Park water quality guideline§&sn be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.

for Fresh and Marine Water Quality.



Species Effects conc. Endpoint Toxicity Reference
pg/L measure
Mangrove

A. marina 1.1 Health NOEC Duke et al 2003, 2005

A. marina 1.5<x<2 Reduced health LOEC Duke et al 2003, Bell and
Duke 2005 W

A. marina >2.0 Dieback/ absence Mortality Duke et al 2003, Bell and "l,
Duke 2005 ,C)

* Gross Primary Production Q\(/

7/
These studies report LC50 IC50 EC50, IC10, LOEC and NOEC toxicity measures. Mos, (;ﬂe
acute studies have the tests lasting for less than a day. Where more than one toxicity was
reported for the same endpoint in the same species the geometric mean of the valu as entered
(Van de Plassche et al 1995). An assessment factor of 10 was applied to conver@ e LCor
EC50s to chronic NOECs, and a factor of 2.5 to convert acute LOECs to chray© NOECs. LC or
EC50s were used in preference to LOECs. 1C10, and NOEC toxicity mea&/@a { not used at

all.

. . . 2
Including these responses with the other effects data presented i |on@Q.1 for diuron in the
BurrliOZ statistical distribution software (Campbell et al 200 , r@s in the derivation of
moderate reliability guideline trigger values of 0.01, 0.0GinQD.l or diuron for protection
of 99, 95 and 90 per cent of species respectively. &

N4

At this stage, with implementation of humerous m@ em@\o\ctions underway, the Great Barrier
Reef Marine Park Authority sets the trigger va@ﬂf&@the sublethal responses included ie
0.9 pg/L and 1.6 pg/L for diuron for protect@ f 9% d 95 per cent of species respectively.

Additional consideration of the poten'@tﬁublegﬁjecosystem effects of suppressed
photosynthesis is recommended. ?“

R
6.6.2 Atrazine Q, O
Ny

Sublethal effects data o zi "t%(icity to marine species are shown in Table 31. There are
numerous studies tha e e available since ANZECC and ARMCANZ (2000) was

published. Repor@éq toxigQdy to corals (Jones and Kerswell 2003, Jones et al 2003, Owen et al
2003), seagrassy(R&lph ; Macinnis-Ng and Ralph 2003; Schwarzschild et al 1994)
mangroves (\QB e 005) and micro flora (Magnusson 2006) are presented here.

NP
In theQle A:%rmosa, M. digitata, and P. cylindrica a suppression of photosynthesis occurred
at apxposure of 3 pg/L atrazine for 10 hours, with apparent full recovery after the same period
in‘fne absence of atrazine (Jones et al 2003). The 10-hour EC50 values for four coral species
Q/Qange from 37-88 pg/L (Jones and Kerswell 2003, Jones et al 2003). Lowest observable effects
occurred at concentrations of 3 pug/L and an EC50 of 45 pg/L atrazine in symbionts of the coral
QO S. hystrix, within host tissue (Jones and Kerswell 2003).

Q~ Using *C uptake studies, lowest observable effects on photosynthesis occurred at concentrations
of 100 pg/L atrazine in isolated zooxanthellae of the coral D. strigosa, M. mirabilis and
F. fragum (Owen et al 2003).

Atrazine suppresses photosynthesis in the seagrass H. ovalis, Z. capricorni at concentrations of
10 pg/L in seawater (Ralph 2000; Macinnis-Ng and Ralph 2003). These studies confirmed the
findings of Schwarzschild et al (1994) as cited in Macinnis-Ng and Ralph (2003).

Updated Great Barrier Reef Marine Park water quality guideline§@&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Several species of estuarine benthic diatoms (Navicula sp) showed significant inhibition of
photosynthetic yield at 47 pg/L atrazine (Magnusson et al 2006).

Table 31: Biological effects concentrations from direct toxicity testing of atrazine

Species Effect Endpoint Toxicity Reference
conc. measure I
Seagrass A{</
H. ovalis 10 | photosynthesis LOEC Ralph 2000 Y
Z. capricorni 10 | photosynthesis LOEC Macinnis-Ng and R%Q 003
Corals \O
D. strigosa 100 | *C incorporation | LOEC Owen et al 2008
M. mirabilis 100 | **C incorporation | LOEC Owen et g X003
F. fragum 100 | **C incorporation | LOEC Owen et}l’ZO(B
Adult colonies O<</ r\(\
A. formosa 3 | photosynthesis LOEC | <Tones etal 2003
P. cylindrica 3 | photosynthesis LOEC NJonesyet al 2003
M. digitata 3 | photosynthesis LOEC _()' | Joies et al 2003
S. hystrix 3 | photosynthesis LOEG 0 _{Dohes and Kerswell 2003
S. hystrix 45 | photosynthesis EQKQ“ o, Y Jones and Kerswell 2003
Macrophyte ,\Q~ Q
Potamogeton 80 | photosynthesis QH N NRA 1997
perfialutus (& .
. N
Diatoms | ?* &\O\
Navicula sp 47 ! photo@ﬁesuﬂ} IC50, Acute, | Magnusson et al 2006
@ 6 minute

These studies report IC50 E
tests lasting for less than

or EC50s to chronic N %&
or EC50s toxmtym adre

Including th@%sp S in the BurrliOZ statistical distribution software (Campbell et al 2000)
run, with s@ tra@e data in section 6.4.2, resulted in moderate reliability guideline trigger values
of 0.5 08" ug/L for atrazine for protection of 99, 95 and 90 per cent of species

res%; ver.

@EC toxicity measures. Most of the acute studies have the
ssment factor of 20.21 was applied to convert acute LC
a factor of 2.5 to convert acute LOECs to chronic NOECs. LC
used in preference to LOECs.

t'this stage, with implementation of numerous management actions underway, the Great Barrier
\lg/ eef Marine Park Authority sets the trigger value without the sublethal responses included ie
O 0.6 pg/L and 1.4 pg/L for atrazine for protection of 99 and 95 per cent of species respectively.

Qg/ Additional consideration of the potential sublethal ecosystem effects of suppressed
photosynthesis is recommended.

6.6.3 Ametryn

Sublethal data on ametryn toxicity to corals (Jones and Kerswell 2003) has become available
since ANZECC and ARMCANZ (2000) was published (Table 32).

Updated Great Barrier Reef Marine Park water quality guideline§@an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Symbiotic dinoflagellates showed significant inhibition (EC50) of photosynthesis at ametryn
concentrations of 1.7 pg/L (Jones and Kerswell 2003). Lowest observable effects occurred at
concentrations of 0.3 pg/L in symbionts of the coral S. hystrix within host tissue (Jones and
Kerswell 2003).

Table 32: Biological effects concentrations from direct toxicity testing for ametryn

™
Species Effect conc. Endpoint Toxicity Reference ﬂ/
pg/L measure {,CJ
\%
Corals (L,Q
Adult colonies é")
S. hystrix 0.3 | photosynthesis LOEC Jones and Kerswsl 2003
S. hystrix 1.7 | photosynthesis EC50 Jones and KefSwell 2003
\V

An assessment factor of 10 was applied to convert the acute EC50 to a ch@t I\QQC in
preference to the LOEC toxicity measure.

Including this response with the data in the BurrliOZ statistical dg utioa%oftware (Campbell et
al 2000) run at section 6.4.3, results in the derivation of moder@ religisifity guideline trigger
values of 0.2, 0.4 and 0.7 pg/L for ametryn for protectio i 90 per cent of species
respectively.

At this stage, with implementation of humerous m n@\actlons underway, the Great Barrier
Reef Marine Park Authority sets the trigger va |ths{® he sublethal response included ie
0.5 pg/L and 1.0 pg/L for ametryn for protec@ Q@and 95 per cent of species respectively.

Additional consideration of the poten thuble@%?ecosystem effects of suppressed
photosynthesis is recommended.

6.6.4 Simazine %Q/

Sublethal effects data ha co e%/allable since ANZECC and ARMCANZ (2000) was

published including e of,Simazine toxicity to corals (Jones and Kerswell 2003, Owen et al
2003) and micro %el\a sson et al 2006) (Table 33).
Lowest obse@ le ts occurred at concentrations of 30 pg/L simazine in symbionts of the

coral S. hystiX, v@un host tissue (Jones and Kerswell 2003) and an EC50 of 150 pg/L.
,(0
L&@g C uptake studies, lowest observable effects on photosynthesis occurred at concentrations
100 pg/L simazine in isolated zooxanthellae of the coral D. strigosa, M. mirabilis and F.

&agum (Owen et al 2003).

Q/A Several species of estuarine benthic diatoms (Navicula sp) showed significant inhibition of
Q, photosynthetic yield at 110 pg/L simazine (Magnusson et al 2006).

Updated Great Barrier Reef Marine Park water quality guideline@&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Table 33: Biological effects concentrations from direct toxicity testing of simazine

Species Effects Endpoint Toxicity Reference
conc. measure
Ho/L
Corals
Isolated zooxanthellae N
D. strigosa 100 | ¥Cincorporation | LOEC Owenetal 2003 _ LI/
M. mirabilis 100 | C incorporation | LOEC Owen et al 2003 ¢, \J
F. fragum 100 | *C incorporation | LOEC Owen et al 20030\’

Corals é
Adult colonies O

S. hystrix 30 | photosynthesis LOEC Jonesand Kerswell 2003
S. hystrix 150 | photosynthesis EC50 Jones-and Kerswell 2003
Microphyto- benthos r-\J ..
Navicula sp 110 | photosynthesis IC50, Acu@o Magiiusson et al 2006

6 mlnu
Including these data with those in section 6.4.4 does result in a to meet the minimum
data requirement (Warne 2001) of five different species tha Ieast four different
taxonomic groups, so the BurrliOZ statistical dlstrlbutlo et od erlve a guideline trigger
value can be applied. However, as we have discussed,fet otosynthe3|s endpoints are not
used in derivation of guidelines and the software d ar%fha the number of data are small and

that results should be interpreted with caution. \2\

Out of interest in its comparison to the fres %ﬁu ellne value the BurrliOZ statistical
distribution software (Campbell et al 2 The same assessment factors were used as
in section 6.4.4. The NOECs were u ea bream. An assessment factor of 10 was
applied to convert acute EC50 to roni GOEC in preference to using the LOEC toxicity
measure. An assessment facto Qf,flve @RS applied to convert a chronic EC50 to a chronic NOEC.
The run results in trigger v. of 4Q nd 10.4 pg/L for simazine for protection of 99 and 95 per
cent of species respectiv sults are similar to the 95th and 90th percentile freshwater
guideline (3.2 ug/L a (’ﬁ'respectlvely) hence an order of magnitude greater than the
ANZECC and ARMQ i@%ﬁpted freshwater guideline.

At this stag @h mentatlon of numerous management actions underway, the Great Barrier
Reef Marbq§ uthority sets the trigger value without the sublethal response included ie 0.
2 pg/kz@ &@L for simazine for protection of 99 and 95 per cent of species respectively.

A@onal consideration of the potential sublethal ecosystem effects of suppressed
@h tosynthesis is recommended.

O\Js~ 6.6.5 Hexazinone

Qg/ Sublethal effect data on hexazinone toxicity to corals has become available since ANZECC and
ARMCANZ (2000) was published (Table 34).

Lowest observable effects occurred at concentrations of 3 pug/L hexazinone in symbionts of the
coral S. hystrix, within host tissue (Jones and Kerswell 2003) and an EC50 of 8.8 pg/L.

Updated Great Barrier Reef Marine Park water quality guideline§&an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Table 34: Biological effects concentrations from direct toxicity testing of hexazinone

Species Effects conc. Endpoint Toxicity Reference
pg/L measure
Coral
Adult colonies
S. hystrix 3.0 | photosynthesis LOEC Jones and Kerswell 2003 N
S. hystrix 8.8 | photosynthesis EC50 Jones and Kerswell %EV

Including these data with those in section 6.4.5 does result in sufficient data to meet the minirﬁﬁ(
data requirement (Warne 2001) of five different species that belong to at least four differ nfb'
taxonomic groups, so the BurrliOZ statistical distribution method to derive a guideline@er
value can be applied. However, attempts to run the data set failed with the error messaye’ of a
floating value returned. Further, as we have discussed, reduced photosynthesis er@nts are not
used in derivation of guidelines. q)\

N\

If we apply the same interpretation as in section 6.4 that there are at lea e @‘ECSO or
LC50 values in the data set provided, the lowest of the acute values i ded 00 (OECD
1992) to provide a low reliability guideline trigger value. The pho theti€endpoint becomes
the lowest of the acute values and a trigger value of 0.09 pg/L re fordsexazinone, which is
two orders of magnitude lower than the low reliability guide%@do in the derivation process
in the section 6.4. Alternatively, in recognition of the en % ublethal the divisor might
be lowered to 10 and a trigger value of 0.9 pg/L result eX@l ne which is quite close to the
1.2 pg/L derived.

At this stage, with implementation of numero Kﬁ%ent actions underway, the Great Barrier
Reef Marine Park Authority sets the trlgger ut the sublethal response included ie

1.2 pg/L for hexazinone. We note that t IS%| Is below the observed LOEC of the
photosynthetic effect and this gives ugegﬁ dence that it may be an effective trigger value.
We recommend that additional 0025 ane@ae made of the potential sublethal ecosystem effects
of suppressed photosynthesis. Q/ 4\

6.6.6 2,4-D \%

\,
Additional data on & Yy to corals has become available since ANZECC and ARMCANZ
(2000) was publi (T )

4

Significantx@hctlogbm gross primary production rate, gross primary production to respiration
ratio an U{Q uantum yield of the hermatypic coral P. cylindrica occurred at 100 000 pg/L
conceQr ior'R,*4-D for a period of 48 hours (Raberg et al 2003).

S

sing *C uptake studies, lowest observable effects on photosynthesis occurred at concentrations
\lg/of 1000 pg/L 2,4-D in isolated zooxanthellae of the coral D. strigosa, M. mirabilis and F. fragum
AO (Owen et al 2003).

&

Updated Great Barrier Reef Marine Park water quality guideline§€hn be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



Table 35: Biological effects concentrations from direct toxicity testing of 2,4-D

Species Effects conc. Endpoint Toxicity Reference
pg/L measure

Adult coral

colonies

P. cylindrica 100 000 GPP* rate, GPP to LOEC Raberg et al, 2003 &
respiration ratio, effective YV
quantum yield L,

D. strigosa 1000 | ™C incorporation LOEC Owen et al 2003\

M. mirabilis 1000 | **C incorporation LOEC Owen et al 2063

F. fragum 1000 | *C incorporation LOEC Owen et al2803

*Gross primary production O

There is no acute LOEC to chronic NOEC assessment factor for 2,4-D so the ass@ment factor of
2.5 was applied to convert the acute LOECs to chronic NOECs in this case. \o.)

Including these responses in the BurrliOZ statistical distribution softwaé@a \I\ et al 2000)
run, with the data in section 6.4.6, resulted in moderate reliability gugdeline gigger values of 46.5,
112 and 191 pg/L for 2,4-D for protection of 99, 95 and 90 per c& sp@ﬁes respectively.

O

At this stage, with implementation of numerous manageme |on\§&derway, the Great Barrier
Reef Marine Park Authority sets the trigger value With()){\tuese re@)onses included ie 0.8 pg/L
and 30.8 pg/L for protection of 99 and 95 per cent ofége ies,Q @pectively.
Additional consideration of the potential sub—lﬁ{hé@:cgs\@%m effects is recommended.

Z
6.6.7 Tebuthiuron ?\> <

O
Additional data on tebuthiuron toxici
%

t%f@g@ has become available since ANZECC and

ARMCANZ (2000) was publisheeQ a

O
Lowest observable effects @red @%oncentrations of 10 pg/L tebuthiuron in symbionts of the
coral S. hystrix, within h@Tss;{'é@ones and Kerswell 2003) and an EC50 of 175 pg/L.

AN,
Table 36: Biological e@t con rations from direct toxicity testing of tebuthiuron
1 Vad\
Species G\ I§B§fs Endpoint Toxicity Reference
\> L &,conc. measure
OV pg/l
Copal ¥ N
,\A t colonies
NS, hystrix 10 | photosynthesis LOEC Jones and Kerswell 2003
O‘JT S. hystrix 175 | photosynthesis EC50 Jones and Kerswell 2003
Qg/ Even combining with the data presented at section 6.4.7 the minimum data requirement (Warne
2001) of five different species that belong to at least four different taxonomic groups is not met,

so the BurrliOZ statistical distribution method (Campbell et al 2000) cannot be used.

As the data set includes only one species an acute to chronic assessment factor of 1000 would
normally be applied (Warne 2001). However, in recognition of the toxicity measure being based
on a sublethal endpoint response, and its reversibility, an assessment factor of 100 was applied to
convert the acute EC50 effects concentration to a chronic NOEC. This calculation is provided
out of interest in its comparison to the freshwater guideline value and its potential consideration
as a low reliability trigger value. This calculation results in a value of 1.8 pg/L for tebuthiuron,

Updated Great Barrier Reef Marine Park water quality guideline§dan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



which is between the 99™ and 95" percentile freshwater guideline (0.2pg/L and 2pg/L
respectively). This result increases our confidence that the adoption of the freshwater guideline
trigger value aligning with the ANZECC and ARMCANZ (2000) guideline is appropriate for
protecting ecosystem health.

Additional consideration of the potential sub-lethal ecosystem effects of suppressed
photosynthesis is recommended. (l,b‘
/

6.6.8 Chlorpyrifos / Oxon <</C)
QO

Additional data on chlorpyrifos toxicity to microflora (Bengston Nash et al 2005a) has becarlBe
available since the ANZECC and ARMCANZ (2000) guidelines were released (Table 30%
Marine diatoms sensitivities to chlorpyrifos varied widely with the most sensitive ions
(IC10) occurring at concentrations of 38 pg/L for N. closterium within less tha%} inutes

exposure (Bengston Nash et al 2005a). D. tertiolecta and P.tricornutum shg eactions at
41 pg/L and 130 pg/L (IC10) respectively. Q/ &ﬁ
QY o
Table 37: Biological effects concentrations from direct toxicity testing of chlorpyrifo Q ®%
Species Effect conc. Endpoint Toxicigh¥] O~  Reference
pg/L me \&Q
Diatoms &A Q
N. closterium 38 | photosynthesis Q10 A0~ | Bengston Nash et al 2005a
D. tertiolecta 41 | photosynthesig{] 1C168>" Bengston Nash et al 2005a
P. tricornutum 130 | photosyntlésts | $&10 Bengston Nash et al 2005a
A4

<
The guideline trigger value has not bee e&cd@&i including this data as there is ample data
without its inclusion, only 1C10 are re&d g}ﬂ an appropriate conversion factor is not known.

alite:
6.6.9 Range of effect includ@%uzsﬁal data

Three of the pesticides ha Wer @g%er values derived if sublethal data was included in the
derivations (Table 38). ﬁ@d tebuthiuron actually showed higher values but still within
the 99th and 95th p tile @drived guidelines. The Great Barrier Reef Marine Park Authority
will continue to or icide concentrations under its Marine Monitoring Program and will
be keeping an£ye Bn her these lower figures are exceeded. If future research results support
the inclusioﬁ)j sublgjtal effects ambient concentrations may be maintained at concentrations
below t T 38.

KOS

T%b@& Trigger value range with and without sublethal data

{Hesticide Range, ug/L
\lg'vDiuron 0.01-0.9
O [Ametryn 0.2-0.5

Q/A Hexazinone 0.09-1.2
Q.

Updated Great Barrier Reef Marine Park water quality guideline§&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



7 Future Research Needs

Compilation of the available scientific literature on water quality related impacts on Marine Park
ecosystems has resulted in the development of this current document. In doing so, it has become
apparent that there are a number of significant knowledge gaps. The following discussion ™
provides guidance for consideration in future research direction. Some of this guidance is (1,
extracted from the De’ath and Fabricius (2008) report to the Great Barrier Reef Marine Park /

@)
Authority. <</
(bl
7.1 Sublethal effects Oé

There are some concerns about the adequacy of the guideline trigger values for @%ion of the
tropical marine ecosystem. As discussed in the previous section, photosynthe @%rosg primary
production and carbon uptake suppression responses are not universally a cﬁpt gappropriate
endpoints for deriving toxicity guidelines and have not been included i@va‘f of guideline
trigger values. However, this response may be an indicator of subletpel p he minimisation
of which could prove critical to the protection of the ecosystem. T ng%about sublethal
effects is heightened particularly if additional environmental s %ors a@nvolved, eg high
temperatures, storm damage, sedimentation, grazing etc. Dis&o%{& been included in these
guidelines (section 6.6) for consideration for particular,péﬁc desQ

0@

N
Species such as the coral P. damicornis that arn{@? photosynthesis for energy
contributions are more sensitive to the effects g{ e tid@s in terms of reproductive development
and may be bioindicators of ecosystem impag?; urt(@% research on these responses is

recommended. ‘l‘ \O
<& &
7.2 Paucity of data QV \\\b
O
In order to ensure the hea therg%"ine ecosystem significant consideration must be given to

the preservation of foo S, rticular the primary producers. There is a paucity of data
relating to the toxici m ontaminants to those primary producers in the tropical marine
ecosystem. Give ngf%f action of many of the pesticides it is possible that a higher

weighting shou%j] g: to effect responses that occur in plants rather than in animals. At

present, no y{eighti applied in the statistical distribution application and so the data will be
biased teqgli tm@ards the more acute mortality endpoints on animals such as fish and
crust tbﬁ%e generally less susceptible and require extrapolation to chronic effects.

&

Q\ rogram to gather ecotoxicological response data for marine tropical primary producer

‘lg/ rganisms is recommended.
O
Qg/A 7.3 Toxicity of mixtures

Additive, synergistic and antagonistic effects complicate the setting of guideline trigger values,
and these are still poorly understood. For example, crustose coralline algae are far more sensitive
to damage by sedimentation when traces of the herbicide diuron are present (Harrington et al
2005). Banks et al (2005) found that the toxicity effects of diazinon are significantly increased in
the presence of even quite low concentrations of atrazine (although this was in freshwater). An
estuarine study looking at atrazine found it to be more toxic to a particular copepod at lower
salinities (Hall et al 1994), although in the same study the opposite was the case for the fish
species tested (ie more toxic at higher salinity). Temperature and light were also found to

Updated Great Barrier Reef Marine Park water quality guideline§&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



significantly influence the growth of the alga Nannochloris oculata and P. tricornutum (Mayasich
et al 1986).

Other examples are that the uptake of dissolved inorganic nutrients in some benthic macro algae
might be diffusion limited ie depending on both concentration and water turbulence (Hurd 2000),
and that benthic macro algae can only use additional nutrients where light is not limiting.

Where mixtures are encountered the methodology for addressing this is set out in the current ﬂ/b‘
ANZECC and ARMCANZ guidelines. <</C)
Further research on additive, synergistic and antagonistic effects is recommended. 0y

7.4 Biogeochemistry %O

Natural events generate inputs of nutrient to the marine ecosystem as well as @sourced runoff.
It is important to understand these events as exceedances of guideline tri @ lugg might result
from natural events rather than from land-sources that may require mar%nen tions. For
example, the primary production of the water column and the benthig-goMp tfRent can increase
by as much as factors of 4 and 2.5 respectively as a result of mass@a Ni %vents (Glud et al
2008). Further research effort is required on biogeochemical ¢ inh& marine ecosystems to
improve this understanding and hence the appropriate inter OQ} xceedances.

Whilst the potential ecosystem impacts of sediment h ébeerbﬁeﬁified, further research on the
impacts of sediment associated with the organic co , b'@@s activity and grain size is needed
for these interactive effects to become part of th Ii5€S. For example, high rates of
sedimentation of inorganic material may not co%gQ whereas low rates of sedimentation of
organically rich material stress and kill cor er. ours. Currently there is insufficient
information available to quantitatively Q{La 'n%@e role that elevated levels of organic carbon
plays in the process of ecosystem deckige’i earshore marine environment, although enough
is known to be concerned. Q \6

Q
SN
75 Sedimentation N Q
RS
_ i . . .

More field data on e G&teane\sponses in relation to sediment quality and quantity are needed to
test the sediment%fv tri%&value. Hydrodynamic settings determine to what extent ecosystem
stress is due tm{ on and to what extent due to turbidity. In areas of low hydrodynamic

edye
energy stresg(dye toééﬂi:?nentation will exceed the stress due to light attenuation. At high
hydrodyB&c \({\x@gy where sediments tend to remain in suspension, the reverse is true.

In %nger term, sediment quality guidelines should be developed for the Great Barrier Reef.
S{etr’guidelines should include trigger values for sediment nutrient concentrations, which are
@sponsible for toxicity through the development of pore water ammonia and hydrogen sulfide.

<
4&
<
Q~

7.6 Relationship between light, suspended solids and turbidity

The relationship between light, suspended solids and turbidity (water clarity, measured either
with nephelometers or as Secchi depth) depends on the nature of the particulate matter (Te 1998),
and this relationship is not yet fully understood for the Great Barrier Reef. Secchi depth was used
here as proxy for light, due to the good spatial coverage of the data, and because direct light
measurements (eg from CTD casts) have not yet been compiled and processed for the Great

Barrier Reef.

Light is a key resource for marine ecosystems, as corals and many other key groups are
phototrophic organisms, and light controls coral growth (Anthony et al 2004). However, before
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adequate light targets can be set, further work is needed to analyse the spatial distribution of light,
its relationship to Secchi depth and turbidity, and its role in shaping the ecosystems on the Great
Barrier Reef, and to better characterise hydrodynamic settings that determine whether ecosystem
changes are predominantly due to sedimentation or due to turbidity.

Cooper et al (2008) have suggested long-term turbidity of greater than three NTU leads to
sublethal stress, and long-term turbidity of greater than five NTU shows severe stress effects on ™
corals at shallow depths. C)'

7.7 Hydrodynamic and biological models )

A number of coupled hydrodynamic and biological models have been developed with @ad
applicability (King et al 2001, Wolanski and De’ath 2005, Legrand et al 2006, Wo%n ge et al

2006, Maughan et al 2007). Modellmg capability that covers the whole Marlne Kd dits

associated ecosystems is critical to understanding the linkage between r|ver Separge and
contaminant dispersal in the Great Barrier Reef lagoon.

p g Q/ %
Capacity to model the spatial and seasonal changes of lagoonal wat I be essential to
understanding residency times of contaminants, an important fact éfect Models
indicate great variability in the residency times of water in the gree that the lower end
of the range close to the coast is generally greater than one ﬂ et al 2007, Wang et al
2007). This timeframe is well within timeframes for pr |Iable nutrients turnover

(hours to two weeks), phytoplankton population gene verage (one day), pelagic
development timeframe for fish, echinoderm and c, w to months). Therefore
contaminants that reach the marine water bo for biologically relevant times and
are hence capable of impacting on ecosyste \0
Coupling nitrate runoff—seawater mixin r&@mnshlps (Wooldridge et al 2006) with existing
hydrodynamic modelling for the Gr eef (King et al 2001, 2002)) allows quantification
of dissolved inorganic nitrogen regiction eded in the end-of-river concentrations to meet the
chlorophyll a guideline trlgger(@ ssed above. Currently this relationship is available for
a number of river systems, f h %/dekin River to the north, that drain the catchment.

f

Through the ongoing de er n@ ater Quality Improvement Plans this approach is being
explored for the rema‘@\g~ on) @Great Barrier Reef.

Improved unders din @f\%ydrodynamlcs sediment dispersion in the marine environment is a

critical factor g management decisions to improve water quality in the Marine Park.
The mfluen\ of metry, wind, tidal recirculation around headlands and narrow passages,
resuspe wellings all need to be taken into consideration.

A%f@ resolutlon grid of estimated environmental conditions should be developed for each natural
<Senource management region based on measurements and hydrodynamic models. Such data will
Q/ prove models on plume dilution, dispersal, deposition and resuspension, on biological and
chemical transformations and help identifying areas of greatest risk (e.g. exposure to highest
QO loads, highest concentrations or greatest retention).

Qg/ Additional data and models are needed to identify the main factors responsible for inter- and
intra-annual variability in concentrations of nutrients and suspended solids, such as the effects of
river floods, wind- and wave-driven resuspension, and blooms of the nitrogen-fixing
Trichodesmium. These factors are not well understood but should be incorporated into future
models.

There are some models that deal with time varying exposure of contaminants at the community
level. The comprehensive aquatic systems model (CASM) has been used to address this challenge
in theoretical ecology (DeAngelis et al 1989) and assess potential risks of chemical contaminants
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to aquatic ecosystems (Bartel et al 2000, Bartel et al 1999, Naito et al 2002). CASM is a complex
aquatic ecosystem model that considers water chemistry characteristics, spatial and temporal
scales, and food web structure. It has not yet been used for corals but should be considered for
adaptation for this purpose.

7.8 Catchment action relationships

o
Continued research on relationships between land use actions in individual catchments Q’
contribution to water quality conditions and ecosystem health in the estuaries, coastal seagrasg§(/

and the coral reefs of the Great Barrier Reef is essential to improved understanding and oy

management. é

The Queensland Department of Primary Industries and Fisheries are leading a Proda%e
articular

Demonstration Farms Project to quantify the economic and water quality benefi

improved management practices. Partial results from 2008 are very encoura @nd highlighted
some areas of the farming system where improvements such as testlng ting for
nutrients in irrigation water and use of shielded sprayers can lead to |m quallty
outcomes. Q

Effective on farm capture and reuse of irrigation tail water has @(@d that minimal loss of
nutrients and pesticides off farm can be achieved. Strip trial in & ew slow release fertiliser

show initial runoff measurements that are very promlsnj%kleast gnificantly less nitrate
concentrations.

The Department of Natural Resources and Wate%\@ ef Catchments Mackay Whitsunday
Group have also run a plot and paddock-scal rles of practices and assessed the
quality of runoff from different practices ( rs t 2008) . Each system was treated with two
different nitrogenous fertilisers and methP,d of t@dual herbicide application.

Results showed that controlled tra?E arﬁ@% had significantly less runoff rates than the
cultivation practice on the far onditions trialled. Timing of applications of herbicide
to maximise the period befo fa%ﬂwas most critical to minimising loss. Loss concentrations
from broadcast apphcaﬂm@&‘h es were more than double those for banded applications.

Information gathe { @sed to refine and improve modelling exercises through the
comparison of pr@ us observed data.

7.9 Re\f/éggnce:; ndition
O R
A
Th ion of Cape York plays an important role in the Great Barrier Reef, being the only
r ning coastal and midshelf reference site. The biodiversity, ecological functions and water
uality conditions of the Cape York region should be much better documented and researched,
\lf(/ before climate change and other intensifying pressures start degrading this ecosystem. Two rare
O category 4 - 5 cyclones and some bleaching have already disturbed some of Cape York’s reefs in
Q/A this region in the past five years, so it is important to obtain data from this remote region to
Q~ consolidate continued use of this region as reference location. Also, Cape York should be added
to any monitoring program to monitor the natural variability of reference conditions.

7.10  Risk based guideline packages

Ideally, risk based guideline packages should be developed for each ecosystem issue and
ecosystem type represented in the Great Barrier Reef. These guideline packages consist of two
components, a set of low risk trigger values (for key stressors) and a protocol for further
investigating the risk where the trigger value is exceeded (ANZECC and ARMCANZ 2000).
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Quantification of the relationships between the key stressors and environmental factors in Great
Barrier Reef ecosystems has not been undertaken to date, hence no risk-based guideline packages
have been developed. To facilitate the development of these guideline packages, clarification of
these relationships should occur.

QY
& O
& R
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8 Conclusion

This document provides trigger values for a range of contaminants based on their effects on
marine aquatic ecosystems. It is presented as a benchmark document. It is the intention that this
document will be updated periodically to include new information and enhance the Great Barrier
Reef Marine Park Authority’s ability to manage the Marine Park for current and future

generations. f],b‘

The aim in any application of the guidelines is to improve the long-term protection and Q<</
maintenance of the Great Barrier Reef World Heritage Area. Trigger values derived in thes
guidelines are presented in the following tables. Through other programs comprehen are
being collected on current condition of waterways. Where the assessment of current oﬁon is
better than the long-term guideline trigger values presented here, or the state or nat

guidelines, the precautionary long-term approach is to adopt an objective that is«g¢qual to current
condition so that water quality does not degrade (eg in some cases in the Ma hitsunday
Water Quality Improvement Plan (Drewry et al 2008), Rohde et al 2008), Tﬁe t Barrier Reef
Marine Park Authority wholeheartedly support the implementation of r@g’strb& objectives.

Parameters that are not listed here default to the Queensland Wat aliéﬁaidelines 2006,
which in turn default to the Australian and New Zealand Guid@%@ %(E) esh and Marine Water
N

Quality 2000 (currently under review). Q)
£
AlQter be@
Parameter Enclosed coastal Qgﬁn@@s Midshelf Offshore
(Wet Tropics/Central a
Coast) { & %
Chlorophyll a &
(ug/L) 2.0 .\Lv «00.45 0.45 0.4
Secchi depth’ -
(m) 100X~ \66 10 10 17
SS (mg/L) K015 ,o 2.0 2.0 0.7
PN (ug/L) X\ na QY 20 20 17
PP (ug/L) SS (P 2.8 2.8 1.9
' Guideline trigger values f er cl@need to be decreased by 20 per cent for areas with greater than 5 m tidal

ranges eg Broad Sound.
na Guideline trigger v% are @rrently available for these parameters for enclosed coastal waters.

O . L .
For the follo % p eters, the trigger values are chosen to be applied in the Great Barrier Reef
Marine P rdless of the current condition of the ecosystems, or indeed regardless of
the fI(&@ ,(Q\Therefore only single values are set and apply equally to the water bodies.

~ Parameter Guideline trigger value
Q Sedimentation Maximum mean annual sedimentation rate of 3 mg/cm?/d, and a daily
\lg/ rate maximum of 15 mg/cm’/d
O Sea Increases of no more than 1°C above the long-term average maximum

3 temperature
&

High, moderate and low reliability guideline trigger values were derived for listed pesticides, and
for tributyltin, where sufficient marine specific data were available. Where there was insufficient
data the trigger values from the Australian and New Zealand Guidelines for Fresh and Marine
Water Quality 2000 are repeated here. All pesticide and biocide trigger values are set protective
of 99 per cent of species.
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Pesticide Trigger value, ug/L
High reliability
Chlorpyrifos 0.0005
Moderate reliability
Diuron 0.9
Atrazine 0.6
Ametryn 0.5 q/b&
2,4-D 0.8 C
Endosulfan 0.005 JRx
Low reliability ANV
Simazine 0.2 KN
Hexazinone 1.2 N
Tebuthiuron 0.02 QA
MEMC 0.002 NG
Diazinon 0.00003 ,\‘o‘
Biocide High reliability A<</ &ﬁ
Tributyltin 00004* AV _O
* In recognition of their slightly to moderately disturbed systems state e@{; ap ed spoil dumping
ground guideline trigger values are set protective of 95 per cent of spec Re section 6.5.

The trigger values identified in these guidelines are not tar guideline trigger values
that, when exceeded, trigger management responses. !\@%em@ esponses are a part of the

adaptive management strategies in Water Quality | rrgi&Plans in the Great Barrier Reef
catchments and in regional natural resource mana ent@ S.
We know that under present conditions co c@r

guidelines (particularly in flood events) !

ometimes exceed those set in these
ns are already being undertaken to improve
in the catchments the situation is expected to
ny monitoring results that are over the trigger
values in deciding if any action jis ededx e Great Barrier Reef Marine Park Authority
acknowledge and empha&se%@‘w §Qﬂce of working with people to set appropriate short-term
and long-term targets for tc ts that they live in, and supporting activities in their area
that will improve local (@ y and subsequently protect the health of the Great Barrier

Reef.
<

These gmdellr@\%ﬂn@}gger values that will be used to:
targets for water quality leaving catchments

e Supgost set
o r@agement actions where trigger levels are exceeded

water quality and as those are W|dely
improve. Careful consideration wi

coﬁ(\%e strategies to minimise release of contaminants
CD Identify further research into impacts of contaminants in the Marine Park
Assess cumulative impacts on the Great Barrier Reef ecosystems at local and regional
Q/Q levels
\[~ e Provide an information source for natural resource management bodies, industry,
Q/AO government and communities.
Q~ The guidelines will be revised from time to time as we find out more about our systems and their
responses to different conditions. Comments on the guidelines are invited at any time and can be
made to:

Corresponding author: Carol Honchin
Great Barrier Reef Marine Park Authority
PO Box 1379

Townsville QLD 4810

Or by email to:
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wqguide@gbrmpa.gov.au
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Appendices

Appendix 1: Pesticides

1.1 Diuron

Diuron is a long acting (residual) herbicide that has been registered in Australia for more than 20 years.
Diuron kills weeds by inhibiting the process of photosynthesis, this means that plants cannot convert
sunlight energy to grow. It is absorbed by the plant via the root system. b‘
The hald life of diuron varies from 5 days to 372 days depending on soil type and aerobic/anaerobic C)ﬂ/
conditions.

before and after emergence. Most of the uses are in agriculture to control all types of weeds in ane,
cotton, broadacre crops (oats, wheat, barley), citrus and some horticultural crops such as pinea
bananas. It is also used to control weeds in irrigation channels and drainage ditches. Diurga¥
component of anitifouling paints, to protect boats from marine growth, in home aquari
prevent algal growth and for weed control around buildings, railway lines, sheds and

In Australia there are currently 88 registered products containing diuron. Diuron is used to kill Wegdgbf)th

Key findings of the 2005 Australian Pesticides and Veterinary Medicines Aut)@@/revn{@?nto the use of
diuron included that:

e there is a risk to the environment caused by diuron in water and uno@:ﬂom use in sugarcane,
cotton, citrus, horticultural crops and in irrigation channels a éﬂ |tches and
e the risk to the environment can be reduced by decreasing wr@ental load (through
reducing application of diuron). 4 Q
Australian Pesticides and Veterinary Medicines Authority, Q. n review — FAQ.
http://www.apvma.gov.au/chemrev/diuron_FAQ.shtml @ September 2006)
%)
1.2 Atrazine & s\
Atrazine is a selective, systemic herbicide that ckdown and residual action for control of many

canola and sugarcane. Atrazine is one 0 idely used herbicides in Australian agriculture. The
chemical does not adsorb stronglyt nd has a lengthy half-life (60 to >100 days). Atrazine
has a high potential for groundw%r/ atlon despite its moderate solubility in water. Sunlight and
saline conditions speed-up atra egr, on rates (Brambilla et al 1993) resulting in a half-life less than
30 days in estuarine systems er,\]%g . Tropical soil conditions also shorten atrazine’s half life.

broad-leaved weeds and some grasses in t g s and a variety of crops such as sorghum, maize,

that atrazine conti de strate the potential to contaminate ground and surface water and that safety
margins for aq \\ S are, in some circumstances, narrow. The NRA recommended that measures
be taken to re@e aq contamination, and that levels of atrazine and its major metabolites in the

A 1997 National Regi;tﬁ&n Aé?ority for Agricultural and Veterinary Chemicals (NRA) review found

environmeqt D& mogifored to determine trends in atrazine contamination of surface and ground waters and
to esta&@ r;{ﬂ@current and future restrictions are effective in maintaining or improving safety
mar

<SIF’E)naI Registration Authority for Agricultural and Veterinary Chemicals. Review of Atrazine (1997)
tp://www.apvma.gov.au/chemrev/atsum.shtml - T0c392061205 (Accessed 14 September 2006)
\l~ IPEN Body Burden Community Monitoring Handbook: Chemical Fact Sheet (2002)

AO http://www.oztoxics.org/cmwg/chemicals/rbapts_chem/Atrazine.html (Accessed 14 September 2006)

Qg/ 1.3 Ametryn

Ametryn, a member of the Triazine chemical family, is a herbicide which inhibits photosynthesis and other
enzymatic processes. It is used to control broadleaf weeds and annual grasses in pineapple, sugarcane and
bananas.

Ametryn's half-life in soils, the amount of time it takes to degrade to half of the original concentration, is 70
to 250 days, depending on the soil type and weather conditions. Loss from the soil is principally by microbial
degradation (1, 3). Ametryn moves both vertically and laterally in soil due to its high water solubility (5).
Because it is persistent, it may leach as a result of high rainfall, floods, and furrow irrigation (1).
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http://www.apvma.gov.au/chemrev/diuron_FAQ.shtml
http://www.apvma.gov.au/chemrev/atsum.shtml#_Toc392061205
http://www.oztoxics.org/cmwg/chemicals/rbapts_chem/Atrazine.html
http://pmep.cce.cornell.edu/profiles/extoxnet/24d-captan/ametryn-ext.html#1
http://pmep.cce.cornell.edu/profiles/extoxnet/24d-captan/ametryn-ext.html#3
http://pmep.cce.cornell.edu/profiles/extoxnet/24d-captan/ametryn-ext.html#11
http://pmep.cce.cornell.edu/profiles/extoxnet/24d-captan/ametryn-ext.html#1

Ametryn is moderately toxic to fish. The LC50 for rainbow trout exposed for 96 hours is 8.8 mg/l. The
LC50 for bluegill is 4.1 mg/l and for goldfish it is 14.1 mg/l (2, 3). Ametryn is highly toxic to crustaceans
and moderately to highly toxic to mollusks (4).

Cornell University. The Extension Toxicology Network.
http://pmep.cce.cornell.edu/profiles/extoxnet/24d-captan/ametryn-ext.html (Accessed 26 September 2006).
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14 Simazine Q

Simazine (2-chloro-4,6-bis(ethylamino)-s-triazine) is a synthetic chemic is \@%Iy used as an
herbicide to control the growth of weeds. Its primary agricultural use ‘.ﬂaroad leaf and grassy
weeds in corn fields, citrus crops, alfalfa and grapes. It is also use@ntr eeds in strawberries, apples,
pears, nuts, olives, pineapples, asparagus, sugar cane, tea and It isdden used as a pre-emergent
herbicide to control weeds before the new seedlings emerge ﬂQ the@ Its non-agricultural uses have
included weed control on vacant lots and right-of-ways. OQ_

It is a photosynthesis inhibitor. Its half-life is 30 d and Haydon 1997 cited in McMahon et al
2003). It has a soil adsorption coefficient of 10 z@&n et al 2003).

days to two years after its appllcatlo some of the simazine is broken down by bacteria in the

There is some evidence that simazine p&%’ About half of the simazine is still present in soil 12
soil. More information is needw @ﬁy of these simazine breakdown products in soil, and their
G§vater

potential to leach into ground

Cornell University. The§&g~ %Qtstltute for Comparative Cancer Research. Division of Cancer and
Enviroment.

http: //enV|rocang\ﬁ%rn%r}}u/FactSheet/PestlC|de/fslG simazine.cfm (Accessed 26 September 2006).
Qw S

Hexa act and residual herbicide. It is a photosynthetic inhibitor, effective for reducing
com (&lon from broad leaf trees and bushes, as well as annual and perennial weeds.

n¥atural stream water hexazinone half-life has been reported to be greater than 56 days by Kollman and
&egawa (1995) and Linders et al (1994), and more than 260 days by Bouchard et al (1985). Soil hexazinone
\l~ studies have determined half-lives of 10 to 275 days (Neary et al 1983, Bouchard et al 1985, Michael 1990,
AO Kollman and Segawa 1995). Linders et al (1994) classified hexazinone as “slightly degradable” with a half-

Q/ life of 62 days.
Q.

Hexazinone is mobile in the environment and partitions into water more than to soil, or biota. In Linders et
al (1994) hexazinone is classified as moderately mobile in soil. Bouchard and Lavy (1985) found that
hexazinone is weakly adsorbed by soil, in fact, less adsorbed by soil and more mobile than atrazine. Also,
hexazinone is the most water-soluble triazine herbicide. With the moderate to long half-life and moderate
mobility, hexazinone can potentially move off-site with water in runoff and in baseflow.

Department of Pesticide Regulation, Sacramento, USA. Environmental Monitoring & Pest Management
Branch. Environmental fate of hexazinone. Ganapathy, C
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(Accessed 26 September 2006).
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1.6 2,4-D
2,4-D is an herbicide in the phenoxy or phenoxyacetic acid famllyﬁas u &s a post emergent broadleaf
weed control. It causes disruption of plant hormone responses in ption of multiple growth
processes in susceptible plants by affecting proteins in the p ne, interfering with RNA
production, and changing the properties and integrity of théﬁ mbrane The plant's vascular system
becomes blocked and inhibits the vascular transport sy. \§\®

2,4-D acid is non-persistent in terrestrial environ 'Ss (hﬁ@ = 6.2 days), moderately persistent in
aerobic aquatic environments (half life = 45 da ly persistent in anaerobic terrestrial and aquatic
environments (half life = 231 days). Becau will be anionic under most environmental
conditions, it is expected to be highly m& @)nd aquatic environments.

Marine invertebrate LC50 s range %?&2 to >66 mg ae/l for the 2,4-D butoxyethyl ester (BEE).

Effect ngVlSlon s Risk Assessmentfor the Reregistration Eligibility
noxya tic Acid (2,4-D). Corbin,

d/attachment-b.pdf (Accessed 26 September 2006).

US EPA. Environmental Fat
Document for 2,4-Dichlo

&
1.7 Teb ro 00

Tebuthluron broa%pectrum herbicide used to control weeds in non-cropland areas, rangelands, rights-

of-way Q% sites. It is effective on woody and herbaceous plants in grasslands and sugar cane. It
isap nt inhibitor.

gﬁuuron is highly persistent in soil with reported half-lives from 12 to 15 months in areas with over 40
Q} es annual rainfall, with longer half-lives expected in drier areas or in soils with high organic matter
Q/content [1]. Tebuthiuron is broken down slowly in the soil through microbial degradation. Breakdown by

O sunlight is negligible, as is volatilisation (or evaporation from the soil surface) [1]. It is poorly bound to
A soil, suggesting high mobility. In field studies, however, little or no lateral movement has been seen in soils
with appreciable clay or organic matter content [1].

EXTOXNET. Extension Toxicology Network. Pesticide Information Profile.

Cooperative Extension Offices of Cornell University, Oregon State University, the University of Idaho, and
the University of California at Davis and the Institute for Environmental Toxicology, Michigan State Uni.
http://extoxnet.orst.edu/pips/tebuthiu.htm (Accessed 27 September 2006).

REFERENCES: 1. Weed Science Society of America. Herbicide Handbook, Seventh Edition. Champaign,
IL, 1994.9-5

Updated Great Barrier Reef Marine Park water quality guideline§@&n be accessed via Queensland’s Environmental Protection
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1.8 Chlorpyrifos / chloropyrifos oxon

Chlorpyrifos is a broad-spectrum organophosphate insecticide. It is registered for use in Australia for crop
protection and pest control. In agricultural applications, chlorpyrifos is registered to control a broad range
of insect pests across many crops. In domestic and commercial settings it is registered for the control of
pests such as termites, fleas and cockroaches. It is also registered for use in cat and dog flea shampoos and
collars, and in flea sprays for dogs (Queensland health).

It acts by inhibiting an enzyme involved in neural transmissions (Humphrey and Klumpp 2003). q/b‘

4
It has a relatively persistent nature, with a half-life between 29 and 74 days in water (Racke 1993 cited i |n C)
Humphrey and Klumpp 2004). It is not persistent in the water column so spot sampling can miss it. ?
Continuous samplers are recording its occurrence in marine water bodies of the Great Barrier Reef (de
pers. comm.). Its detection is of concern, particularly for the early life stages of corals and fish.

Chlorpyrifos is one of the most widely used insecticides in Queensland sugar industry bemgégcped at rates
of up to 74 tonne per year across Queensland (Hamilton and Haydon 1996).

1.9 Endosulfan .
Endosulfan is a broad spectrum organochlorine insecticide for the control of a 6@ ari f insects and

mites in Crops.
Q @

It is moderately persistent in the soil environment with a reported aver I|fe of 50 days. The
two isomers have different degradation times in soil (half-lives of 3 15 s for & - and & -isomers,
respectively, in neutral conditions). It has a moderate capacity to and it is not likely to leach

to groundwater. In plants, endosulfan is rapidly broken down e corr nding sulfate, on most fruits
and vegetables, 50 per cent of the parent residue is lost withi ¥ree @even days.

Endosulfan is highly to moderately toxic to bird spec aIIa oral LD50 31 - 243 mg/kg) and it is
very toxic to aquatic organisms (96-hour LC50 ral ug/L) It has also shown high toxicity in
rats (oral LD50: 18 - 160 mg/kg, and dermal: 78 There is a strong evidence of its potential
for endocrine disruption.

Concentrations of endosulfan in sedlme@' rg@Qensland sugar and cane farms have been found up to
840 pg/kg (Muller et al 2000).

IPEN Body Burden Communm@gﬁto@g Handbook: Chemical Fact Sheet (2002)
http://www.oztoxics orq/cm bapts_chem/Endosulfan.html (Accessed 27 September 2006).

1.10 MEMC @ (\
2-Methylethyl mer%'f'és chl&lq% (MEMC) is a fungicide.

More than 50 ftﬁcn)wglude methylethylmercuric chloride was applied each year for 40 years in one
Great Barr ent (Johnson & Ebert 2000 cited in Markey et aI in press). Great Barrier Reef
sedlmen /ﬁé identified mercury concentrations of up to 100 ug kg™, an order of magnitude higher
than b groundsconcentrations (Walker and Brunskill 1997 cited in Markey et al 2007). These

trations were attributed to the contemporary application of mercury-based fungicides on sugar cane

C
6&(1%75 (Markey et al 2007).
O\lf(/ 1.11  Diazinon

Diazinon is an organophosphate insecticide used to control insects that acts by inhibiting neuromuscular
A system activity (Pesando et al 2003).

Q~ Its persistence in the environment is generally considered reasonably short (1-2 months). Pesando et al
(2003) however cites Dauberschmidt et al (1996) as reporting that it may persist in sediments for longer,
and cites Romero et al (1989) that effects in organisms may last several months due to persistence in the
blood.

It has a low persistence in soil. The half-life is two to four weeks [1]. Bacterial enzymes can speed the
breakdown of diazinon and have been used in treating emergency situations such as spills [2]. Diazinon
seldom migrates below the top half inch in soil, but in some instances it may contaminate groundwater.

Updated Great Barrier Reef Marine Park water quality guidelineg/dan be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.
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Breakdown rate in water is dependent on the acidity. At highly acidic levels, one half of the compound
disappeared within 12 hours while in a neutral solution, the pesticide took six months to degrade to one half
of the original concentration [2].

In plants, a low temperature and a high oil content tend to increase the persistence [3]. Generally the half-
life is rapid in leafy vegetables, forage crops and grass. The range is from two to 14 days.

EXTOXNET. Extension Toxicology Network. Pesticide Information Profile. b‘
Cooperative Extension Offices of Cornell University, Oregon State University, the University of Idaho, and q/
the University of California at Davis and the Institute for Environmental Toxicology, Michigan State Un|<</
http://extoxnet.orst.edu/pips/diazinon.htm (Accessed 27 September 2006).
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Appendix 2: Other contaminants
2.1 Tributyltin

Organotin compounds are potent toxins, and this property has led to their use in a range of biocides
including ship antifouling paints. Their use on large ships is extensive, with most of the world’s ocean-
going fleet reliant on their use to inhibit fouling growth (Michel and Averty 1999). Tributyltin (TBT) based
antifoulant paints have been used in Australia since the early 1970s, although use on vessels smaller than b‘
25m was banned in Eastern Australian States in 1989 in response to growing evidence of environmental ﬂ/
impacts in semi-enclosed waters subject to intensive shipping or ship-related activity (Wilson et al 1993, C)
Batley 1996, Evans 1999). Butyltins are highly toxic to a range of marine reef biota including scleracti@(/
corals (Morse et al 1988, Allemand et al 1998, Negri and Heyward 2001), octocorals (Sebens 1983)
cnidarians (Mercier et al 1996, Leitz 1997) and molluscs (Labare et al 1997), and bryozoans (KI@ and
Hirayama 1987). Its mode of action is primarily through disruption of the functioning of cell ranes
(Viarengo 1989, Fent 1996), and microcosm experiments have demonstrated its eﬁectivene@ inst
organisms that recruit to hard substrata (Henderson 1988). \O

o

Dioxins are a group of 210 chlorinated compounds consisting of chlorinated d@\ oqudioxins (PCDDs)
and chlorinated dibenzofurans (PCDFs). They are formed during variousé?ical ayl Industrial

2.2 Dioxins

manufacturing processes and by combustion of organic material (Kjell 1 ) and also via lesser-
known natural processes (Hashimoto et al 1995, Alcock et al 1998). Ins nown to display a diverse
and complex array of toxicological properties (Buckland et al 199 h een detected in a variety of
environmental compartments including freshwater and marine sadi ent%zeuzwa and Hites 1984, Rappe
et al 1987, Jonsson et al 1993, Mosse and Haynes 1993) and{ﬁe tlss&@ arine mammals (Buckland et al
1990, Muir et al 1996, Haynes et al 1999). Q~ Q

A summary of the findings of studies on the effect T%\oxm@onducted from 2001-2004 was published in
2004 (Department of the Environment and Hentagb

2.3 Organochlorines \l~ $\O

Chlorinated organic compounds (or o@ ch es) are carbon-based chemicals that contain bound

chlorine. These compounds are m rtifi§fal and enter the environment mainly through human

activities. However, it is now r |se§\at marine algae and invertebrates and natural processes such as

forest fires also contribute v tities of organochlorines to the environment (Leach et al.

1985;Enell and Wennber ; le 1994). Chlorinated organic compounds have had a wide range of

industrial and agri(%& pligaions, although many of them are now banned from use. They include
(dic

pesticides such as -diphenyl-trichloroethane) and lindane (y-HCH or gamma-
hexachlorocyclohe olychlorinated biphenyls (PCBs).

marine e indicate that environmental contamination by organochlorine substances has occurred
at rela ely lowkconcentrations in Australia. Highest concentrations have been associated with centres of
urb@atlon (Richardson 1995). This contamination pattern is similar to the findings of studies elsewhere
have identified chlorinated organic compounds in estuarine and marine sediments near major
Q/ etropolitan areas along the eastern coast of the United States and at a wide range of locations in Europe
\b and Asia associated with human settlement (Alvarez Pifieiro et al 1995;Mohapatra et al 1995;Thompson et
Q"  al. 1996;Agnihotri et al 1996).

O
The few st%}%&@%paﬂs of organochlorine compounds carried out in Australian freshwater and

Qg/ Organochlorine pesticides enter the environment via a number of routes following their release or
application. They enter the atmosphere directly during spraying, and later following volatilisation of

deposited spray from both foliage and surface soil (Nash and Hill 1990). They also enter the atmosphere
adsorbed to wind-blown dust particles (Clark 1992), which are ultimately re-deposited on land or water.
Applied and deposited pesticides are transported from application and depositional sites to the aquatic
environment in overland flows and ground leachate following rainfalls (Clendening et al. 1990).
Organochlorine compounds can also enter the environment as contaminants contained in effluent
discharges and in urban stormwater runoff. Organochlorine compounds are highly hydrophobic and once in
the water column, tend to adsorb to fine particulates or be bioaccumulated into lipids in aquatic biota
(Olsen et al 1982). The final distribution of organochlorine compounds between the different phases in the
aquatic environment is complex (Connell 1995). The consequences of organochlorine tissue accumulation

Updated Great Barrier Reef Marine Park water quality guideline§&n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



are also complex (Clark 1992) and organochlorine pesticides and polychlorinated biphenyls (PCBs) have
been implicated in reproductive and immunological abnormalities observed in terrestrial bird populations
and in marine mammal populations (Boon et al. 1992). While the impact of organochlorines are still
unclear for lower invertebrates such as corals, and their potential toxicity to immune systems and
reproductive processes is of concern.

The persistent nature of many of these and related contaminants, together with possible continued illegal
use of banned chloro-hydrocarbon compounds raises the potential for continued long-term chronic b‘
exposure to plants and animals of the Great Barrier Reef. ﬂ/

@
2.4 Heavy Metals <</

7/
Heavy metals are natural constituents of rocks and soils and enter the environment as a conseque%rc?
weathering and erosion. Many metals are biologically essential, but all have the potential to be@ to
biota above certain threshold concentrations. Following industrialisation, unnatural quantiti€sof metals
such as arsenic (As), cadmium (Cd), copper (Cu), mercury (Hg), lead (Pb), nickel (Ni) rq ¢ (Zn) have
been released, and continue to be released into the aquatic environment through agricu.deXa , urban
stormwater and wastewater discharges. As, Cd, Cu, Hg and Zn are the metals with ANT0s potential
impact that enter the environment as a consequence of agricultural activity. Zn ng a ed in small
amounts as fertilisers in some soils deficient in these elements, and As, Cd an areccynstituents of some
fungicides (Hunter 1992). Cu is also used as an algaecide and Cd and Zn as céptaminants of
phosphatic fertilisers (Rayment et al. 1989). Another metallic compour% an@iy, has no natural
counterparts and is generally introduced into the marine environmeng? ug cide applications,
principally as constituents of antifouling paints (Witney unpublish@ po@

Metals are strongly associated with particulates and enter the\ rin ifonment in a similar fashion to
organochlorine compounds. They mostly enter the envir t vigehe atmospheric transport of dust and
through sediment movement in overland flows and in wa ryan 1971). Additional quantities of
metals are also added to the environment via the di ge luent and urban stormwater. Particulate
metals in suspension and in bottom sediments ara\nyt gené(&ly directly available to aquatic organisms. The
exception to this is sediment bound metals, whigfic accumulated following solubilisation in the acidic
juices of a sediment-feeder’s gut (Waldic 85 e rates at which metals are solubilised from
particulates is dependent on environme t cluding dissolved oxygen concentrations, pH, salinity
and temperature (Waldichuk 1985). c&ed in the water column, metals may be accumulated by
marine invertebrates from solutiopdvia passiwe uptake across permeable surfaces such as gills and the
digestive tract (Rainbow 1990 ulal
cellular enzymes responsibl ory® organism survival and function (1989). Organism growth,
reproduction and behavio a!&,potentially affected by elevated environmental metal concentrations
(Langston 1990). 4

Z
\% 0\§°

Updated Great Barrier Reef Marine Park water quality guideline§@an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.



List of Abbreviations and Acronyms

AC covveeiieere e active constituent

B8 v acid equivalent

AIMS..........ccoce. Australian Institute of Marine Science

ANZECC.............. Australian and New Zealand Environment and Conservation Council

APVMA................ Australian Pesticides and Veterinary Medicines Authority q/b‘
4

ARMCANZ .......... Agricultural and Resource Management Council of Australia and Nevvc)

Zealand &

CASM.......ccevene. Comprehensive aquatic systems model )

CCl v, Coastal Catchments Initiative érb

Chlciii chlorophyll O

O I confidence level O%

(0111 O centimetre q)\

TR day OV .

DEWHA. ............... Department of the Environment, Water, Heritage&the&\\}[s (previously
Department of the Environment and Heritage) ®)

ECL10..cccciiiiiinns The concentration of a test substance resultir@gn ‘eoﬁe%t on 10% of the test
species ©)

EC50....ccccviienen, The concentration of a test substance re ng{»&u effect on 50% of the test
species &4 Q

EPA ..o, Environmental Protection Agencya\ 0®

GBRMPA ............. Great Barrier Reef Marine Pz@@\

Do hour & L9

IC50...cciiiiii The concentration of %ﬁ s%)[fgnce resulting in an inhibition of a given
biological process (o\llg gc@ of a process) in 50% of the test species

Lo litre

. N . o
LC50..ccciiviieinee, Concentraﬂon?&r~ example, in water, food or soil) resulting in a 50%
mortality o esE anism.

rve ect Concentration ie the test concentration at which some
effec rs "\

yl mercuric chloride

11T PRI Q}\I'l\l Iligeafe?

NOEC .......... ..k & erved Effect Concentration ie the test concentration at which no effect
N

served

NRA....O\/.... .‘s?.-?\lational Registration Authority (precursor agency to the APVMA)

NTUL. ... « ..... Nephelometric Turbidity Unit

NgQMS ............... National Water Quality Management Strategy

Q CD.ooevee Organisation for Economic Co-operation and Development
\li(/ N particulate nitrogen
O o particulate phosphorus
Q/A RED...cccoovivrienne Re-registration Eligibility Document
Q‘ SSe suspended solids
SSD..iiiiieee Species Sensitivity Distribution
3 micrograms

Updated Great Barrier Reef Marine Park water quality guideline§@n be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
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Glossary

Active constituent Active constituents are the substance/s in an agvet chemical product primarily
responsible for a product's biological or other effects

Acute Rapid adverse effect caused by a substance in a living organism. Can define
either the exposure or the response to an exposure. This document applies
acute exposure for multi-celled organisms as being less than or equal to 96 b‘
hours, and for single-celled organisms as being less than 72 hours (Warne ﬂ/
2001)

Ambient waters Surrounding waters, generally of largely natural occurrence <</

Assessment factor A unitless number applied to the lowest toxicity effect figure for a chéhjcal
to derive a concentration that should not cause adverse environmentaReffects
in the absence of sufficient data to apply more rigorous derivation @t ods

Aquatic ecosystem Any watery environment, from small to large, from pond t n, in which
plants and animals interact with the chemical and phy%'g\ eatures of the
environment X

Benthic Referring to organisms living in, or on, the sedimenlé‘gwhabitats

Biomass The living weight of a plant or animal populati@,@uall pressed on a unit

area basis @6
Catchment The total area draining into a river, rese &o@body of water including
the Great Barrier Reef lagoon ? &Q
ect ¢

Chronic Lingering or continuing adverse.a(f a@% by a substance in a living
organism for a long time; oftek(¥or peri@ds of several weeks to years. Can
define either the exposure er nse to and exposure (effect). This
document applies chroni po & for multi-celled organisms as being
greater than 96 hours& for%@gle-celled organisms as being equal to or
greater than 72 hours@Varn 1)

Concentration The quantifiable@nioun hemical in, say, water, food or sediment
Contaminant Biological eQ-b ct and viral pathogens) and chemical (see Toxicant)
introductj C of producing an adverse response (effect) in a
biologicalsyst eriously injuring structure or function or resulting in death
Criteria Sci cd
Desorption @mo éi@ an absorbed material from a surface
Direct toxici@ h of toxicity tests to determine the acute and/or chronic toxicity of a
assessment/ test ~\ ular contaminant on an organism
NN

Ecosystem he\@)] bo The ability of an ecosystem to support and maintain key ecological processes
N/ \6 and organisms so that their species compositions, diversity and functional
QO /@ organisations are as comparable as possible to those occurring in natural

habitats within a region
E%&ed coastal water The water body adopted from the Queensland Water Quality Guidelines
CYodly 2006. Refer to text at section 3.2 for full description

\Lf(/ Endpoint Measured attainment response
A Environmental values Particular values or uses of the environment that are important for a healthy
Q/ ecosystem or for public benefit, welfare, safety or health and that require
Q~ protection from the effects of pollution, waste discharges and deposits.
Several environmental values may be designated for a specific waterbody
Fertilization The fusion of gametes to produce a new organism of the same species
Geometric mean A type of mean or average, which indicates the central tendency or typical

value of a set of numbers. It is similar to the arithmetic mean, which is what
most people think of with the word "average," except that instead of adding
the set of numbers and then dividing the sum by the count of numbers in the
set, n, the numbers are multiplied and then the nth root of the resulting
product is taken

Updated Great Barrier Reef Marine Park water quality guideline§/€an be accessed via Queensland’s Environmental Protection
(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
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\Lg/gesticide

Guideline

High reliability guideline
trigger value

Inhibition
Inshore

Low reliability guideline
trigger value

Median
Metamorphosis

Midshelf water body

Moderate reliability
guideline trigger value

Mortality
Offshore water body

Open coastal Wate@&

XY
O

N\
P * &
arpmeter
ntile

Photosynthesis
Physico-chemical

Primary production
Reference condition

Numerical concentration limit or narrative statement recommended to support
and maintain a particular water use. In the Great Barrier Reef Marine Park the
use is the function of aquatic ecosystems

Trigger values that have a higher degree of confidence because they are
derived from chronic no observed effect concentration (NOEC) toxicity data
for five different species that belong to at least four different taxonomic
groups (Warne 2001)

A restraining of the function of a particular process or sequence

»‘
v

In most cases, the water body commencing at the seaward edge of the op
coastal water body (0.1 across the continental shelf) and continuing to
relative distance of 0.4 across the continental shelf assuming the shorellﬁbﬁas
a value of zero, and the edge of the continental shelf has a value

general text referenced to other authors the inshore water Qnay also
include open coastal and enclosed coastal water body é

Trigger values that have a low degree of confidence beca%\ ey are derived
from an inadequate data set. They are derived using e sessment factors
or from modelled data or by adopting freshwater gu% tr values.

Middle value in a sequence of numbers

A biological process by which an animal aII
hatching, involving a conspicuous and relagy&ly a
form or structure through cell growth iffer

The water body commencing at a@)ﬁge of the open coastal water
body and continuing to the rela sta 0.4 across the continental shelf
assuming the shoreline has %Qbro and the edge of the continental
shelf has a value of one. rei@ n De’ath and Fabricius (2008) as the
inshore water body

Trigger values that @e a n(&erate degree of confidence because they are
derived from a ta requirement (Warne 2001) of five different
species that to ast four different taxonomic groups, and applying
into the Bu &cal distribution method (Campbell et al 2000)

The cq ceptlblllty to death

Th commencing at the seaward edge of the midshelf water body
}%Jl g to the relative distance of one across the continental shelf

e shoreline has a value of zero, and the edge of the continental
s a value of one

elops after birth or
change in the animal's
tion

ono

ontj
um
she

@ water body commencing at the seaward edge of the enclosed coastal

QQ/ater body and continuing to the relative distance of 0.1 across the
continental shelf assuming the shoreline has a value of zero, and the edge of
the continental shelf has a value of one. Referred to in De’ath and Fabricius
(2008) as the coastal water body

A measurable or quantifiable characteristic or feature
Division of a frequency distribution into one hundredths

A substance or mixture of substances used to kill unwanted species of plants
or animals

The conversion of carbon dioxide to carbohydrates in the presence of
chlorophyll using light energy

Refers to the physical (eg temperature, electrical conductivity) and chemical
(eg concentration of nitrate, mercury) characteristics of water

The production of organic matter from inorganic materials

An environmental quality or condition that is defined from as many similar
systems as possible and used as a benchmark for determining the
environmental quality or condition to be achieved and/or maintained in a
particular system of equivalent type
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(Water and Wetland Biodiversity) Policy 2019 Basin environmental values and water quality objectives documents.
Updated Great Barrier Reef Marine Park toxicant water quality guidelines (metals and pesticides) can be accessed via the Australian and New Zealand Guidelines
for Fresh and Marine Water Quality.


http://en.wikipedia.org/wiki/Biological_process
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SedNet A web-based management tool that constructs sediment budgets for river
networks to identify patterns in the material fluxes. This can assist effective
targeting of catchment and river management actions to improve water
quality and riverine habitat

Sorption Process whereby contaminants in soil adhere to the inorganic and organic soil
particles
Species richness The number of species present (generally applied to a sample or community) q/b‘
Sublethal effects Below the level that causes death C)'
Tolerance The ability of an organism to withstand adverse or other environmeg(/
conditions for an indefinitely long exposure without dying P
Toxicant A chemical capable of producing an adverse response (effect) in a :Bical

system at concentrations that might be encountered in the e nment,
seriously injuring structure or function or producing death %

Toxicity test The means by which the toxicity of a chemical or otho@st material is
determined. A toxicity test is used to measure the @ree of response
produced by exposure to a specific level of stim&@br\ ncentration of

chemical) 0 Q
Toxicology The study of the nature and effects of poisionsQ O
Trigger value Concentration (or other measure) of the p ar eter measured for the

W that adverse biological
cat@‘a risk of potential impact if

me a€fion, either implementation of
oser~idvestigation to identify if the value

ecosystem, below which there exists@
(ecological) effects will occur. The@ i
exceeded and should ‘trigger’
management/remedial action,
has been set at the appropri el faf\he particular organism

Zooplankton The animal portion of& %o@\g
Zooxanthellae Intracellular endo@ various marine animals and protozoa,

nt
especially anthozogms su § the scleractinian corals and the tropical sea
anemone, Aipt; N
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