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Sediment Quality Guidelines

- A component of the Water Quality Guidelines within the
National Water Quality Management Strategy (NWQMS)

User types

HOMEBUSH BAY & DUCK RIVER

@ All methods of fishing are prohibited In this area.
High levels of industrial poliutants have been found in fish and shelifish in this area.

National Assessment

Guidelines for Dredging

Monitoring, Assessment
& Reporting

S, ©

Planning Licensing & Approvals



Problem Formulation

Who is the user?

What is the (spatial) scale of the assessment?
e Site-specific and local vs broad-scale

Where is the assessment being undertaken?
e Which Australian region?
e What is the ecosystem type?

What is the level of protection?

e e.g. early detection methods, more stringent default guidelines
for locations of high conservation value?

Place in context of current understanding of
the system through conceptual modelling




Conceptual Models — Current understanding

Consequent Impacts on
.. “Stressors” “Values & Uses”
Activities
on of
Waterways Waterways
. \ 7\
Initial rea3 Midle Estuary ' Key emphasis
Conceptual =g ©On documenting
S5 current
Model ~{ g 1| understanding
through
conceptual
modelling
Select
......... <
relevant / \

indicators
Source: Derwent WQIP
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Framework for Sediment Quality Assessment

A tiered, decision-tree approach, in keeping with the risk-
based approach introduced in the water quality guidelines.

® Compare total contaminant concentration with a trigger value (TV)

e If the TV is exceeded, then consider bioavailability [ brablem formulation ]
Bioavailable contaminants > TVs
= contaminants of potential concern (COPCs) ;
Ecosystem and receptor
e Evaluation of additional lines of evidence (LOEs) / characteristics \
to determine whether the COPCs g
. Exposure?
are likely to affect ecosystem health. T
— Chemistry (including bioavailability measures) Effects?
— Ecotoxicology 3
— Bioaccumulation HPCLIERIBEl e
assessment
— Benthic ecology 1
— Other case-specific LOE / Exposure analysis Effects analysis /

e Assess Risks based on multiple lines of evidence
Exposure Stressor
\ profile response /
profile

| Risk characterization I




Sediment quality decision tree for metals

Below Between upper Above
lower guideline and lower guideline upper guideline

' C mesomememsmas

No action
Above lower guideline

Above
upper guideline
Below Iower guideline Above Iower guideline
No action Examlne factors controlling bioavailability

AVS, pore water, speciation
|
| Above Iowler guideline

No action Toxicity testing

Evaluate other lines of evidence
I

Apply weight of evidence
framework
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Sediment quality decision tree for organics

Below Between upper and lower Abovg .
lower guideline guideline upper guideline
| l
No action

Examine factors controlling bioavailability
Normalise to 1% organic carbon; pore water analysis

Below lower guideline Above lower guideline

No action Toxicity testing

Evaluate other lines of evidence

Apply weight of evidence
framework




Sediments: contaminant binding and exposure
Incorporating bioavailability .

Overlying water - Cu

Metals in sediments: Yatercolumn:
dissolved <

Bioavailability strongly copper
influenced by sediment .51
properties:

— oxidised nearer surface <. enie:

— sulfidised deeper down particulate &
porewater <
copper

Water || Sediment || gc' || NsoC? exposure

' Black carbon . . .
combustion Organlcs In sediments:

residue Bioavailability of non-ionic organic
?Natural contaminant (NOC) influenced very
sedimentary  gyrongly by concentrations and

organic )
matter forms of organic carbon

8 Dissolyed
organic
carbon

United States
F s
\"?EPA Environmental Protection
Agency




The SQG Trigger Values (TVs)

not be used on a pass/fail basis, but to trigger further assessment

Empirically derived: matching sediment chemistry and
observed biological effects (from toxicity tests and benthic
community information) (ERL/ERM, TEL/PEL)|Basis of the SQGs

e “Would we predict this sediment to be toxic?

Mechanistically derived: theoretical understanding of factors
that govern bioavailability and known relationships between
chemical and environmental, exposure, and toxicity interactions

e “Can this contaminant, at this concentration, in this sediment, contribute
to toxicity?” Encouraging use

Contaminants with no TVs = use of other lines of evidence (LOEs)
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Co-occurrence and empirical guidelines

Water quality guidelines Empirical sediment quality guidelines
® Based on effects data for ® Effects data suffer from co-occurence
individual contaminants of contaminants and influences the
(SSDs of NOEC, EC10s) derived guideline value
x £ 10 T
- Q
§ ql-l_j ] Threshold_p
[] for effects H
g % (TE) ' { . High
o s 05— e
q&_) 0 (Ff’E;f t
(O] o
> 2> . i i
:EU A :_(_% : Transition
> Chronic HC5 (PC95) 8 o L=, =~ .
£ S ¥ | | | | | |
(@) 100 101 102 108 104 10°

Contaminant concentration pg/L _ _
Chemical Stressor Concentration

Bioavailability assessment, toxicity testing ... are the key steps
for improving assessment quality
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Mechanistic guidelines (models)

Equilibrium partitioning sediment benchmark approached (ESBs)

® Mixtures of non-ionic organic contaminants (e.g. PAHs)
® Metal mixtures (SEM-AVS/fOC; Cd, Cu, Pb, Ni, Zn ( and Cr))
® Next generation SQGs

United States
%EF“ Environmental Protection

= Advantages

Procedures for the . . .
Derivation of Site-Specific ® Based on effects data for individual
Equilibrium Partitioning :

Sediment Benchmarks contaminants

(ESBs) for the Protection of ® Incorporating bioavailability

Benthic Organisms:
Nonionic Organics

Limitations
® Upper thresholds for model use ?

® Passive samplers for metals (DGT)
and organics (SPME, PED) used for
validating bioavailability models




Next generation sediment quality guidelines?

e.g. dietary exposure; metals in oxidised sediments

pues Buiseaiou|

Increasing fine particles

Silt, %

Current ‘single value’
sediment quality guideline

Chronic Copper Guideline, mg Cu/kg

100 | 15 34 58% 154 346 4907
75 | 13 27 44 % 110 245 - 346
50 12 22 34 82 - 178 250
25 1M1 15 20 » B9 T 106
10 | 10 12.75 24 44 58
5 10711 12 17 271 34
1 |0 10 10 1 13 15
%POC| 010 050 10 30 70 10

Increasing organic carb

>
s

Growth, % control

100 -

10

88888388

)

0.1 1 10 100

Particulate Cu, log(mg <63um Cu/ g OC)



Multiple lines of evidence

Contaminants with no TVs = use of other lines of evidence (LOEs)

* |In practice, levels of protection and timeliness of information govern
decisions on when to invoke different lines of evidence

®* The guidelines do not consider different lines of evidence at the outset

Total metals analysis
Grain size analysis

Below Between upper Above
lower guideline and lower guideline upper guideline

No action Acid-soluble metals analysis

Above lower guideline

Check against background concentrations Above
upper guideline
Below Ioweir guideline Above lower guideline
No action Examine factors controlling bioavailability

AVS, pore water, speciation

|
Above Iow1|er guideline

No action C Toxicity testing
I

Evaluate other lines of evidenc
.

Apply weight of evidence
framework



Ecotoxicology: Rapid, sensitive, robust & sublethal

Estuarine—marine species Freshwater species
 OK, but room to improve ... » Greater range needed ...
120 . e ' B Midge (Chironomus tepperi)
_ 100 1 e ’.' : « sub-chronic (growth, emergence,
£ % survival and sex ratios).
S 80 1 *2 ": =
=3 J *
= 60 - oM
i) | [ |
S 40 - ; P
S 1 g
5 & Melita plumul ; * o
S 20 - plumulosa .
ad B Nitocra spinipes I
0 l - -
0.01 0.1 1 10

Mean metal SQGQ (ISQG-Low)
(Dilute acid-extractable metals)

Rapid and sensitive bioassays
assessing reproductive effects
to amphipod Melita plumulosa
and copepod Nitocra spinipes.




Ecological Assessment

Abundance

Taxa Richness
N » o [+ S

Traditional versus ecogenomics (pyrosequencing) approaches
to assessments — are they complementary ?

Advances in statistical methods

Abundance

in

Taxa Richness

In

Contaminant concentration pg/L

CAP2

0.4

0.2+

-0.2+

041,

Principal coordinates analysis
— genomics data
-d.4 -(J.Z 0 O.}Z

Strept30
Jakobi.1
Holozo.1.1
Chloro34.1
Spirot23
Colpod.2
Spirot.8
Nemato.3
Spirot19
Gastro24
Spirot.6
Spirot10
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Approach to multiple lines of evidence

USES OF THE GUIDELINES
(planning, licensing and approval, monitoring and
assessment)

CONCEPTUAL MODELLING
Identify catchment activities

Refine conceptual model if necessary

A 4

Identify constituents/inputs
Identify indicators for all EVs
I
AQUATIC ECOSYSTEMS
Identify indicators for water and/or sediment
- LINE OF EVIDENCE INVESTIGATIONS el <o D A IEOE i eess oay
= Determine minimum set of LOE S~ -
- N
-
, \
, N
/ \
/ \
' CHEMISTRY TOXICITY BIODIVERSITY BIOACCUMULATION OTHER N \
/ OR
/ Measurement of Assessment of chronic Assessment of effects BIOMARKERS Additional lines of \
1 chemical stressors and toxicity to target on communities, Assessment of uptake evidence \
I comparison with organisms important species by key organisms or \
background/ populations, and/or by surrogate
\ reference or TV ecosystem function biomimetic methods /
\
\ /
/
\ N »
N d
S ~ INTEGRATED WEIGHT OF EVIDENCE ASSESSMENT , 7
N Analyse the data from two or more lines of evidence to z -
U~ ~ determine significance of issue and implications for —
S o ecosystem health _-"




Approach to multiple lines of evidence

Four main lines of evidence

Simple three-level scoring matrix:
® Not significant : score 1

®* Moderately significant : score 2

® Highly significant : score 3

Scoring of each LOE then
combined in WOE assessment

Tabulation of a range of possible
examples for each LOE =

Refinement of SQGs where possible

{hazard/bioavailability}

Bioaccumulation
{biological exposure}

Chemistry icology

gle species}

Ecology

{structure/function}

Options include:

Qualitative WOE studies
— best professional judgment

Semi-quantitative approaches,
e.g. Sediment quality triad - visual
representations, +/- matrix effect ranking

Quantitative rankings using probability
/likelihood/multivariate approaches
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Weight-of-evidence assessment

LOE Score
3 2 1
Chemistry
Sediment Concentration Concentration Concentration < TV
contaminants > SQG-high > TV, < SQG-high
Pore water Concentration S W%?_ﬁggagm(? G- Concentration
contaminants >WQG-HC10 HClé) <WQG-HC5

Toxicity

>50% effect vs control

20-50% effect vs control

<20% effect vs control

Bioaccumulation

Significantly different
(p<0.05) and >3x control

Significantly different
(p<0.05) and <3x control

Not significantly different
from control

Ecology

Significant and high
effects on abundance
and/or diversity

Significant but moderate
effects on abundance
and/or diversity

No significant
effects on abundance
and/or diversity

TV= guideline trigger value, HC5 and HC10 = Chronic effects to 5% and 10% of species, respectively.

@



Chemistry icology
{hazard/bioavailability} gle species}

WOE ranking

Bioaccumulation

{biological exposure} {structure/function}

Line of Evidence *
Case Chemistry ; : Weight-of-evidence Overall Assessment
; Bioaccumulation /
(metals- Toxicity Biomagnification Ecology (WOE) Score
organics)
w1 3 3 20r3 3 3 Significant adverse effects from sediment contamination
w2 3 3 2o0r3 2 3 Significant adverse effects from sediment contamination
w3 2o0r3 3 2 2 3 Significant adverse effects from sediment contamination
w4 20r3 2 1or2 2 2 Possible adverse effects from sediment contamination
w5 2 20r3 1or 2 2 2 Possible adverse effects from sediment contamination
wé 2 2 1or2 2o0r3 2 Possible adverse effects from sediment contamination
w7 Toxic chemical stressing system but resistance may
2018 2013 Zors b 2 have developed at community level
ws Unmeasured toxic chemicals causing effects on
1 2008 1 2or3 2 communities is possible
il 1 20r3 1 1 2 Unmeasured physical or chemical causes of toxicity
w10 sor3 1 1 2or3 2 Chemicals are not bioavgilable or community change
may not be due to chemicals
Wil 1 1 1 20r3 1 Changes probably not due to measured contaminants
wis 1or2 1 1or2 1 1 No adverse effects
s 1 1 1 1 1 No adverse effects
s 2o0r3 1 1 1 1 Contaminants unavailable
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Revisions underway:
Web-based platform for the new Guidelines

Necessitated:
e Expense in maintaining and updating hard copy versions
e Global move to e-availability of technological information and guidance

e Far superior medium for delivering complex, cross-cutting and integrative
guideline components (e.g. one-screen, decision framework with hyperlinks)

Consequences for revision
e Opportunity to vastly improve:
— Correct pathway that different users take in undertaking water quality assessments

— Acquiring more accurate assessments through weight of evidence science,
integrating information across different indicators

e Challenges in drawing in current and new information to new decision
support system
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