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The need

> Still a general lack of understanding of
site-specific GVs

o What they are
o How they can be derived
o Relative strengths and limitations

o How they can be appropriately applied
(i.e. what is fit for purpose?)

> Little new guidance on site-specific GVs
provided as part of the revision of the
Aust/NZ Water Quality Guidelines

o Except guidance on how to derive GVs

Revised Method for Deriving
Australian and New Zealand
Water Quality Guideline
Values for Toxicants

Prepared for the Council of Australian Government's Standing Council
on Environment and Water (SCEW)

MStJ Warne, GE Batley, RA van Dam, JC Chapman, DR Fox, CW
Hickey and JL Stauber

Australian Government Initiative "

About Management framework Guideline values Your location Monitoring Resources

lues » Laboratory-effects data

) Deriving guideline values

Reference-site data

Field-effects data

Multiple lines of evidence

Cultural and spiritual values >

# EDITLINKS

Deriving guideline values using laboratory-effects data

Laboratory effects data from single-toxicant and single-species toxicity tests underpin most of the information used to derive toxicant water quality guideline
values for Australia and New Zealand.

In the past, laboratory-effects approaches were n

more often for certain stressors (e.g. sal
Laboratory toxicity testing can take numerous forms, including:

« assessing single toxicants or mixtures of toxicants, including the assessment of waste waters or ambient waters

« standardised testing or site-specific testing
N " .

Overcoming limitations of laboratory toxicity testing

Most laboratory experiments comprise relatively simple bench-scale toxicity testing using single species of aquatic biota (e.g. algae, invertebrates, fish), which are
often used to assess the toxicity of single toxicants.

In the natural environment, a toxicant will most often be present in combination with other toxicants, and interactions may occur to alter their toxicity.
But advantages of single-toxicant toxicity testing include:

« excellent assessment of cause and effect

 more controllable test conditions (e.g. solution chemistry, temperature) to match site-specific conditions or a standard test water composition.

ot commonly used to derive guideline values for chemical and physical stressors but now they are being used

, nutrients and dissolved oxygen).

i es or testing

eeeeee ion than multi-toxicant testing or field-based
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Context for site-specific GVs
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Context for site-specific GVs
What are they? Spatial and temporal scales

Default GV (DGV)

> A generic guideline value recommended for application in the absence of a
more specific guideline value (e.g. site-specific)

Regional GVs
(Sub)catchment GVs

Site-specific GV

> A guideline value that is relevant to the specific location or conditions that
are the focus of a given assessment or issue
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Context for site-specific GVs
What are they? Spatial and temporal scales

(e.g. diurnal, hours)

High

Temporal resolution

(sub)

regional
GVs catchment

specific GV

(e.g. drainage ECITI
default GVs  basin. climatic wetland, lake,
(e.g. national) zone) (e.g. river, tributal reach, stream)
Low High
Spatial resolution

Low

> Much complexity at the scale at which site-specific GVs are used
SETACAU 2017



Context for site-specific GVs

Why/when are they needed?

> Where 1. a toxicant identified as a significant hazard to the site of interest,
> And 2. aquatic ecosystems are the key (& most sensitive) community value,

> And 3. a default GV doesn’t exist* or the existing default GV is not appropriate/applicable

e.g. o Existing default GV considered too under- or over-protective
o High conservation area
o Local species/ecosystems of particular importance

o Specific water quality that has potential to affect bioavailability/ toxicity of
contaminant of concern

o Nature of exposure is substantially different
o Natural background concentrations exceed the default GV

> Site-specific GVs being increasingly applied in regulatory settings

o Importance of doing it well, and for end users on all sides of the fence being informed

* Could first consider cost-benefit of deriving site-specific GV versus default GV. SETAC AU 2017



Context for site-specific GVs
Decisions, complexity and gaps in guidance

Issue definition

How are regulators and industry
meant to know
o What is good versus what is bad?
o What is fit-for-purpose?
o What to use where?

Department of Environment and Heritage Protection

Site-specific GV derivation

Toxicant properties and mode of action, Deriving local water quality guidelines
Laboratory-based, (semi-)field, MLoE? Environmental Protection (Water) Policy 2009
* f Introduction
This factsheet explains the framework under which water quality guidelines and objectives are derived under the
I . Environmental Protection (Water) Policy 2009. Water types for which guidelines can be derived include fresh
(surface and ground water), estuarine and coastal/marine waters.
Data an a y s’s Further infqrmatiqn on 'how environmental values gnd water quality objectives are u§ed in decision m_aking
M Odlfy eXlstI ng or derlve new GV, m ethOd(S) for data ana IySl S s::g:;:e;ﬁzﬁ;ﬁe(ﬂ%g:zﬁarate factsheets, available from the Department of Environment and Heritage (EHP)
and GV derivation? Background
* The purpose of the Environmental Protection (Water) Policy 2009 is to protect Queensland’s water environment
while allowing for development that is ecologically sustainable.

Synthesis Qld EHP (2009)

Other supporting evidence, integration of results?
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Context for site-specific GVs
Guiding principles®

> Importance of understanding the issue

> Ensuring the outcome addresses the issue and is
fit-for-purpose

> Need for robust derivation methods

> Appropriate balance between prescription
and flexibility

> Strengths of using multiple lines of evidence
> Importance of transparency and quality

> Importance of independent peer review

- New guidance adds a layer beneath these
principles

* From van Dam et al (2014) ESPR 21, 118-130. SETACAU 2017



Types of site-specific GVs

1. Modifying default GVs

2. Deriving new site-specific GVs
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Types of site-specific GVs
1. Modify default GV to suit local conditions (‘site-adapted’)

> Added risk approach
> Non-local species removal (‘recalculation procedure’)

> Local species addition
Ammonia

Table 8.3.7 Freshwater trigger values as total ammonia-N in ug/L at different pH

> Wate r effe Ct ratio (W E R) a p p roa C h (Temperature is not taken into consideration)

pH Freshwater Trigger value Marine Trigger value
(ug/L as total ammonia-N) (ug/L as total ammonia-N)
» Adjusting default GV based on a generic toxicity
6.1 2555 5870
Correction 6.2 2540 5760
6.3 2520 5630
6.4 2490 5470
. . . 6.5 2460 5290
> Biotic ligand model —
6.7 2380 4830
2 ) United S(;\te's s_a 2330 4550
\-’EPA Eonmenial Prtecin
6.9 2260 4240
Environmental Topics Laws & Regulations About EPA 7.0 2180 3910
7.1 2090 3560
Related Topics: Water Quality Standards: ions and es CONTACTUS  SHARE (f) (w) (P) ()
- = 7.2 1990 3200
. . . 7.3 1880 2840
Copper Biotic Ligand Model v o0 .
BLM Demonstration References 75 1610 2150
7.6 1470 1850
About the Biotic Ligand Model (BLM) 7 1320 1560
EPA's 2007 aquatic life freshwater quality criteria for copper is based on the Biotic Ligand Model (BLM). The BLM is a metal bioavailability A N Z ECC & A R M CA N Z (2 000)
model that uses receiving water body characteristics and monitoring data to develop site-specific water quality criteria. Input data for the
BLM include: temperature, pH, dissolved organic carbon (DOC), major cations (Ca, Mg, Na, & K), major anions (SO, & Cl), alkalinity, and
sulfide.
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Types of site-specific GVs
2. Derive new site-specific GV

> Background / reference water quality approach
> Non-local species in local water quality

> Local species in local water quality

o supplemented with other relevant data (e.g.

non-local species in ‘relevant’” water quality)

o adjusted based on local data
for modifiers of toxicity

> Field or semi-field (mesocosm) data

> Multiple lines of evidence

Referential GV for Mn

Trigger

Mn (ug/L)

Focus

(80" percentile)
Action

(95t percentile)
Guideline
(99.7th percentile)

6.8

1

26

SETACAU 2017
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Types of site-specific GVs
2. Derive new site-specific GV

> Background / reference water quality approach GV for Mn

100
|

a2 Mogurnda mogurnda

> Non-local species in local water quality

8 - ) /Pé;udokirchneriella subcapitata
> Local species in local water quality g » oo
g S A Lemnfa”aequinoctialis
o supplemented with other relevant data (e.g. ff Ceribdaphmia dubia
non-local species in ‘relevant” water quality) & - Pimephales promelas
§ Ja Moinlézjaphnia macleayi

o adjusted based on local data 2 - /s famergona cumin
for modifiers of toxicity

,
’ 1
/A /Hydra yiridissima
h

> Field Or Semi_field (mesocosm) data H\1\I0 T \HHiH(I)O\ HH;\(\)IOO\ \H;g\(l)oo\ \\\1\!105\ TTTTIm

75
Manganese (ugL™")
Harford et al (2015)

> Multiple lines of evidence
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Types of site-specific GVs
2. Derive new site-specific GV

> Background / reference water quality approach

> Non-local species in local water quality DOC modified U GV = GV, / (1 +2 x 0.09) x (1 + DOC,, x 0.09)
» Local species in local water quality Uranium GV DOC correction
o supplemented with other relevant data (e.g. ey e e ety e
non-local species in ‘relevant’ water quality) 2 28
3 3.0
o adjusted based on local data ; 32
for modifiers of toxicity ° 34
6 37
> Field or semi-field (mesocosm) data ; j:"
. . . 9 43
> Multiple lines of evidence B s
15 56
20 6.6

van Dam et al (2017)
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Types of site-specific GVs
2. Derive new site-specific GV

> Background / reference water quality approach
> Non-local species in local water quality

> Local species in local water quality

o supplemented with other relevant data (e.g.

non-local species in ‘relevant’” water quality)

o adjusted based on local data
for modifiers of toxicity

> Field or semi-field (mesocosm) data

> Multiple lines of evidence

Leptophlebiidae abundance

Cumulative percent

250

200 A

150 4

100 4

50

o

Field-based GV for EC

® 2006
O 2007
v 2008

w%‘
°
° 80 ©
o
o9 o,
o °© Jeewmo ew Oe
100 1000 10000

Electrical conductivity (1S/cm)

frm

1 1196 uS/em

0 20l()0 40I00 60l00
Electrical conductivity (uS/cm)

5th %ile

8000 10000 12000 14000

van Dam et al (2014)
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Types of site-specific GVs
2. Derive new site-specific GV

> Background / reference water quality approach
> Non-local species in local water quality
> Local species in local water quality

o supplemented with other relevant data (e.g.
non-local species in ‘relevant’” water quality)

O adeSted based on local data Line of evidence and response Conditions gcgc('::;/tf)
for modifiers of tOXiCity Laboratory Short-term: chronic 72-144 h 25

Sub-lethal toxicity, 6 local species exposures; Mg:Ca <9:1

. . e Mesocosms C Mid-term and sustained: 24
> Field or semi-field (mesocosm) data Zooplankton: 4 weeks: Similarity Lo g el exnosures: -

Zooplankton: 4 weeks: Taxa number 23

Chlorophyll a concentration: 4 weeks Mg:Ca <201 ;?
: : : Chlorophyll a concentration: 8 weeks .
> M u Itl p l e I Ines Of evi d ence Billabong macroinvertebrates
GTB similarity Long-term and sustained: 5.6
GTB taxa number average of antecedent wet 3.9
SSD: All sites and dry seasons median 4.7
SSD: GTB contaminant values; Mg:Ca 5.0
TITAN: All minesites, filtered ~3.5:1 1.3
TITAN: All minesites, unfiltered 24

Humphrey et al (2017)
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How can we help end users?
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Confidence that approach will protect
ecosystem

How to help end users?
Conceptual hierarchy of approaches

Significance of the issue being assessed

lower higher

w

7]

2

Modified default GVs
Default ,
Added risk
GVs approach . -
Site-specific GVs
Removing non- Addinglocal LTS b?sed :
local species / spesies dm &/ on1-2 modifiers Non-local species
from SSD or t0 SSD or using generic in local water
algorithms
Water effect
ratio approach
Local speciesin supplemented Adjusted based on
L local water &  withrelevant site-specific =
Biotic ligand existing data toxicity modifiers
model
Field/semi-field study with strong
gradient & minimal confounding
‘ Lab & field, multiplelines of
. >

o Embeds concept of evidence | -
()

= ’frt_fo r_pu rpose' Background/reference

\ water quality approach
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How to help end users?
Document relative strengths and limitations

Table 2 Attributes of methods that can be used to derive water quality benchmarks for specific sites.

Sclentific defensibility Applicability Practicality Cost-eflectiveness
Approach Sased on Considers Considers site Applcable to 2l Degree of site Uncertainty In Acceptability to Supports the Level of Timeliness Aclative expense Acquires
oialogical effects | potential for specific classes of specificity the apolcabllity stakeholders development of complexity of generation of
data? dloaccumulation | conditions? chemicals? numerica mplementation new Diological
benchmarks data?
Modification of existing generic
benchmaork (modified defoult, site-
adapted)
Added risk approach No No No Low Hign Yes Low Fast Low No
Aecaloulation procedure {species No No Yes Low High Yes Low Fast Low No
remaval)
‘Water effect ratio (WER) approach Yes Yes Yes Moderate Maoderate Yes Hign Moderate Maoderate Yes
Species addition Yes Yes/No Yes Low Low - Moderate Yes Maoderate Moderate Maoderate Yes
Adjustment based on 1-2 madifiers Yes Yes No Maoderate Maoderate Yes Maoderate Fast Low No
of toxicity
Slotk ligand medel Yes Yes No High Maoderate Yes Maoderate Fast Low No
Derlvation of new site-specific
benchmark
Sackground/reference water No No No Low Low Yes Low Fast Low No
qualky approach
All local species but not in local Yes No Yes Low High Yes Moderate Moderate Moderate Yes
water quality
All local species in local water Yes Yes Yes High Low Yes Moderate Moderate Maoderate Yes
quality
Naon-local species in local water Yes Yes Yes Maoderate Maoderate Yes Maderate Maderate bﬂ:dcm:e Yes
quality
All local species in local water Yes Yes Yes Maoderate Moderate Yes Maoderate Maoderate Maoderate Yes
qualry supplemented with other
relevant data (eg. non-local
speces in similar water gualgty)
All local species in local water Yes Yes Yes High Low Yes Moderate - ¥gh | Moderate - Slow Moderate - Hgh Yes
quality with adjustment based on
data for local tosdcty moddying
factors
Use of field or semi-field data Yes Yes Yes Hign Maoderate Yes High Slow Hign Yes
‘Weght of evidence approach Yes Yes Yes High Low Yes Hign Slow High Yes
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How to help end users?

Develop a site-specific GV ‘applicability’ classification?

Table 3 Potential scoring system to determine the robustness of approaches used to derive biological

effects-based site-specific water quality benchmarks.

Element of a modified generic/site-specific benchmark

Site-specific GV examples from ERISS

Laboratory (single species data)

Modified generic benchmaorks

Modified 2 generic benchmark by removing non-local/relevant species

Incorporated corrections to the benchmark based on generic
guantitative relationships for toxicity medifiers [i.e. not locally-

Points
) - - - -
1 per correction 1 = - -

validated)
Modified a generic benchmark based on the water eff atie (WER) 1 per species _ _ _ _
approach
Site-specific benchmarks
Assessed toxicity to local/lccally-relevant@p | water quality, 2 per species 16 14 12 12
having demonstrated adeguate represe assessment
Incorporated corrections to the by pcally-derived or 2 per correction 2 2 _ 4
-validated quantitative relatigns’ t toxicity modifiers or
other relevant conditions
Ratainad dara far nanllasalcna tacta cimilar watar nnalisu 1
Table 4 Scoring system to determine the applicability of approaches used to derive - - 1 -
biological effects-based site-specific water quality benchmarks. .
Category Example of application Points GV Type*
A Slightly/moderately disturbed eco 5 <6 M-D - - - 2
B Slightly/moderately disturbe tems where >6 M-D or - - - 2
contaminant represents e or higher risk 5-5 i i i 3
C High ecological / co value ecosystems >12 S-S
- . - 2
D High ecological / conse™ation value ecosystems where  >20 5-5
contaminant represents a moderate or higher risk - 1 1 3

NHz — Mooney et al (in prep); U—van Dam et al (2017); Mn — Harford et al (2015); Mg — Humphrey et al (2017)



Key messages
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Key messages

> There is no ‘one size fits all’ approach for site-specific GVs
- flexibility is essential

> More guidance is needed for the selection, use and assessment of
site-specific GVs
o Available approaches
o Strengths and limitations
o Applicability
o Importance of independent peer review

> Must be done under an overarching framework/set of principles that
o Emphasises issue definition
o Allows adequate balance between prescription and flexibility
o Maximises quality and rigour by appropriately using best available science
o Recognises and ensures ‘fit-for-purpose’

> Final guidance will represent a useful support tool for those deriving and
assessing site-specific GVs (and hopefully will be incorporated into the new WQGs website)
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