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Bizarre new species
stops Pilliga mining

BY HSIN-YI LO AUGUST 09, 2013

THE DISCOVERY OF NEW
stygofauna species in the groundwater
of Pilliga State Forest in New South
Wales has brought a $1 billion drilling
project to a pause...
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Water contamination probe

CLARE PEDDIE
SCIENCE REPORTER

RESIDENTS of 901 hamnes at
figh of cortamination fom
st e ol indusdrial chemicals
ar: being advised pat to we
Bore waler for any pampmse
while the Envirnmenesntal Pao-
Tection Agency investigates,

Yestendsy residents in the
Woodville Morth sssesement
ares, north of Toorens Bd to
Crand Juncticg Rl received
alvioe in a letterbox drop
about testing to begin net
month.

The EPA will engage cone
saltanss to drill grovsdwater
Eeores i roaud verges: and oot
paths, mot on private proper
be, %o sample and test
groundwater  for  chemmicals
andvapoar comeing up thraugh
the sl

EPA  regudation  divector
Peber Dolan said they wore
particularly  inberested  in
chlorinabed hydrararhons
fch a5 trichloroethene or
TCE, but also some petrolissm
products  that may e
leached through the =8 into
groursheater,

“Lwould bevery surprised i
it was perfectly clean, I pat &
that way, [ think we will find
vonkaminatian,” be said.

“The question 15, is & oa
place or form that's going to
bwurt peopli o not and that we
teart k.

“Wire conceoed enough
that we want to flnd oo, but it's
wery hard to predict what we
will fin .

There s 5 potential risk to
man Bealth fros wing bore
waker of fom vapour coming
ugrthraugh the seil.

Long-term  eEposare  to

TCE has been knked to cancor
al the Tiver or kidnays and non:
Hedigirn lymphoms

Mz Dioban said the Gesting
wiold targed wesldential areas
argund the furmer Finstury
Faciery, which made amma
nition during World Wer 11

Smow fhen other lange
manufecturing  compandes
have warksd i the arm now
kmown a5 the Woudville Notth
Industrial Comples.

The EPA conducts assess
ments mho so-called “wrphan”
it wivere the oeigtral poliat.
T WO R RS OF ool be

idenlified Aswell a5 writing o
, residents, the EPA is conduct
ing & conimumity infurmation
sessicn tn September and bas
iranslated  information ot
Vieumess, with a Vienam-
e interpreter available at the
SN
The assessment relates io
groundswater (hare water) anly
and radns Werer and aimeales
are safe o use.
Floime grovn vegetables are
safe to eat, provided they ane
niot being watered with bare

WRTET,

B
AREA UNDER
ASSESSMENT N

anies

Public still in dark
~on CSG chemicals
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'Contaminated water found near air base

Patrick Begley

Chemicals from the RAAF air base
#il Richimond on Sydney's nwiskirts
have leached inte groundwater,
putentiadly rigking the bealth of
nearhy residents, an imeestigntion
s found,

From 1978 to 2004, the hose
nekd & form of Erefghting foam
thit eoatained per- and poly
fuoroalky] subslances, concer-
cagsEngy chemicals knoens
oommoely s PFAS.

The NSW Emviroenment Protec-
Gen Authority refors to PFAS as
#n "smerging contaminant® - ome
tant bas unknown effects on ha-
manhealth.

Bzt & growing body of Interns-
tinmz] evidence has assoctated ex-
podire with o sbew of haalih &f-
fects, inchuding immume suppres-
#don, ver dysfimetion, high choles-
tarel and some forms of cancer,

Lagt year Lhe ADTF launehed an
imventigadion into the Richmord
Leigs #nd thé sirtoanding ares, re-

lensing resulis to local resldents
yesterdey.

The report, completed by envir-
onmental cengultaney firm Aseom,
frund chemieals had  entesed
grounduater i a phame Zkm long
and ke wida, extending bayomd
the hnse perimeter.

Concertrations of PFAS ware
found ot nll major drainage ays-
tems an the binse but slso in nearby
watorwiys  Including  Hickabys
Crook and Bakers Lapeomn

“Ultimately, all surface waber
discharges inte msgjor drainage
networks and ereeks flowing from
the slte towards the Hawkeabury
Riwer,” the report said,

AssiEtant secrelary of FFAS In-
weatigation and Manapameant Luke
MeLaod exid peaple did not nesd to
avodd swimming bn the water.

“Feoghe don't drink the g
water,” he told the ARC,

A sarvew of 167 respondents in
the area foumd only one need bora
water, for eattle, bt PFAS can
also be spread threagh the stme-

sphere in soil and dust.
Arcording to the repart, poten-
tisl “emeslts receptors” of the

clembeats Included residents e
ing an ihe base, emplovess and
ehiliren allending the base's child
cara pentre Blie House,

“Off-site rocopdors™  inoluded
mearhy  reaidents, recreational
e of creekn amd rivera in the
arih, oommercial workers sach a
Farmers, and lvestork.

Defence invesliputors are pre
paring to assess any efects on b
tat bealth, momitoring exposures
through soil and water eontacl but
alsg Dnraigh food, such o seafood,
egps and home-growt crops from
L area.

The Departmeat of Defenes will
fdevelop 4 mansgement plon to
handle sny unscceptable risks to
human Bealth,

Condamine River's mysterious bubbling 'intensifying'

By SMark Wiy
Upcialsd! Sun 14 Fob 2018 Toa7
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Groundwater resources in Australia
Supplies 30% of Australia’s total

Australia’s drinking waters and in Provisioning Drinking water
some areas 100%) Irrigation

Industrial uses

Figure 1.2: Australia’s reliance on groundwater

Regulating Bioremediation
Nutrient recycling
Refugia
Baseflow to wetlands and
rivers
Flood and erosion
mitigation
Mrofins Aoy ﬁj Cultural Tourism to caves, natural
s Savoarmiient: springs
RS h— o Indigenous spiritual values

Source: National Centre for Groundwater Research and Training, 2013
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Groundwater management

Management previously based on environmental values
(beneficial uses) —irrigation, drinking water supply, with
concerns mainly for human health

Mina AT T Y Ty __...,‘._ e  — e e . -
WATER TABLE g g Unconfined Aquifer

Confined Aquifer

How Contaminants

Get Into Our Water Supply

Environmental impacts historically only considered when GW
infiltrated surface waters

E——— ©



Groundwater ecosystems
GW supports a range of groundwater-dependent ecosystems (GDEs)
GDEs depend on GW regime:

e Residence time

Duration,

hd FI UX ) frequency and

Terrestrial surface / timing of maxima

stream stage A
* Pressure B T e e i e

Distance between terrestrial

surface GDEs and water table Rate of Rate of
d De pth v increase decline

* Dynamics (frequency, duration, timing)

pressure/hydraulic head)

Saturated zone
depth/volume

Groundwater regime response
(i.e. water table depth, flow rate ol

Magnitude
of change

-
Duration, frequency
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Time




Groundwater ecosystems

GW supports a range of groundwater-dependent ecosystems (GDEs)
GDEs depend on GW regime:

e Residence time

Duration,

e F | UX ) frequency and
Terrestrial surface / timing of maxima
stream stage A

* Pressure S e e e e e e e

* Depth

Distance between terrestrial
surface GDEs and water table Rate of Rate of
¥ increase decline

* Dynamics (frequency, duration, timing)

pressure/hydraulic head)

Saturated zone
depth/volume

Groundwater regime response
(i.e. water table depth, flow rate ol

* Quality

Magnitude
of change

* Physical (e.g. temp, turbidity)

-

. Duration, frequency
* Chemical (e.g. TDS, minerals) \ and timing of minima

Time

* Biological (e.g. pathogens, microbes, fauna)

Water quality (EC, nitrate and carbonate) shown to have greatest influence on

GW microbial assemblages (together with seasonality) in an alluvial aquifer
(Korbel and Hose, 2015)
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Outline

Why is groundwater quality important?
How do we measure groundwater health?

Are ecotoxicological tools that we use for surface waters also
applicable to assessing groundwater quality?

Case studies

* eDNA to assist bioremediation
* VOCs
* PFAS

How can this help improve groundwater management?

B O



Why is groundwater quality important?




Sub-surface groundwater ecosystems

Aquifers are not just conduits for water
Wide variety of sub-surface GW ecosystems

Habitats for biota (microbes and invertebrates)
which form a unique ecosystem

Aquifers contain diverse and unique fauna found
only in GW systems

GW must be fit for purpose to support these
unique GDEs — this means GW quality as well as
GW quantity/regime

Bennelongia

Limbodessus bennetti

T



Stygofauna

Animals occupying groundwater ecosystems (from Styx River,
portal to Hades)

Like Hades — lightless, confined, low DO, low energy i.e. hell
for most animals unless adapted for subterranean life:

* reduced/lost eyes but other sensory structures

* elongated appendages on flexible bodies

* |ow metabolic rates and low reproductive rates

Occur in caves and interstitial spaces in alluvial, karstic or
fractured rock aquifers, usually in low densities

Most are short-range endemic species (>4,500) dominated by
crustaceans, but also includes beetles, snails, mites, worms

Burrow/bioturbate which may enhance water flow in some
aquifers and graze on microbes, improving water quality

Increased vulnerability to habitat loss through altered
groundwater regime/water quality therefore vulnerable to
extinction




Hydrobiidae sp. BO2 — a stygofaunal Billibathynella sp. BO1 — another
snail from the eastern Pilbara stygofaunal syncarid crustacean

Gomphodella yandi — Ostracod species
currently only known from Australia

Hydrobiidae

© Peter Hancock

Neoniphargidae

Pilbarophreotoicus

Photos from Bennelongia and P. Hancock



Peter Hancock




Groundwater-surface water connectivity

GW quality
influenced by
residence
time
underground
and by sub-
surface and
surface
conditions

S

Stream

Hydrologically connected vertically and laterally via hyporheic zone

Physical and biochemical filter between river water and groundwater
(e.g. microbial activity transforms nutrients along flow path)

» Need holistic approach to manage these connected systems



Groundwater-surface water connectivity

Combination of stream and groundwater
biota often associated with the direction of
SW-GW exchange

Stream
insects




Groundwater-surface water connectivity

Combination of stream and groundwater
biota often associated with the direction of
SW-GW exchange

Stream
insects

Groundwater
invertebrates




But groundwaters are different to surface waters

Physical Light, variable temp, colour, Stable, dark, constant temp,
suspended sediments pressure, large surface area




But groundwaters are different to surface waters

Physical

Chemical

Light, variable temp, colour,
suspended sediments

Oxic, terrestrial and microbial
C, high nutrients

Stable, dark, constant temp,
pressure, large surface area

Low O,, low DOC, low
nutrients, variable ionic
composition



But groundwaters are different to surface waters

T e v runawores

Physical Light, variable temp, colour, Stable, dark, constant temp,
suspended sediments pressure, large surface area
Chemical Oxic, terrestrial and microbial Low O,, low DOC, low
C, high nutrients nutrients, variable ionic
composition
Hydrological Variable flows -often Different depths, slow flow,
ephemeral or temporary, variable age, long distances

floods, erosion, pulse events from source of recharge



But groundwaters are different to surface waters

Physical

Chemical

Hydrological

Biological

Light, variable temp, colour,
suspended sediments

Oxic, terrestrial and microbial
C, high nutrients

Variable flows -often
ephemeral or temporary,
floods, erosion, pulse events

Primary producers basis of
most food chains, vertebrates
common, high species
diversity and abundance,
diverse feeding strategies

Stable, dark, constant temp,
pressure, large surface area

Low O,, low DOC, low
nutrients, variable ionic
composition

Different depths, slow flow,
variable age, long distances
from source of recharge

No photoautrophs, few
vertebrates, invertebrates
(crustaceans) dominate,
sparse fauna, short-range
endemics, limited resilience,
low fecundity and
metabolism, omnivores, low
diversity of microbes (mostly
attached), difficult to culture



How do we measure groundwater
health?




Groundwater health

‘A healthy groundwater system is one that sustains its
ecological structure and function (including vigour and

resilience) while sustainably providing ecosystem services”
Korbel and Hose (2011)

Threats to groundwater systems

. Climate change

C Over-extraction
* lrrigation
*  Mining/gas
C Contaminants
. Salinity, acidity

. Pesticides, organics, metals, nutrients,
radionuclides, emerging contaminants

. Pathogens

——— —




Contaminants in groundwater

Contaminants are substances present in the environment at concentrations above natural
background (biological, physical, chemical)

Surface to GW pathway GW to surface water pathway

CSG Water CSG Water Water
well bore well bore bore
Steel| Cement Steel| Cement
casing| annulus Wetland casing | annulus
WATER |

WELL

Wikl Wi
WA WA

UNSATURATED OVEREURDEN

[ Water bearing aquifer @ Flow through hydraulic fracture [ Water bearing aquifer © Flow through hydraulic fracture
growing vertically upward into [ Aquitard into water bore

[ Aquitard
Vi Fluid loss from leaky bore
[ CSG production interval the aquer [ CSG production interval @ e y
Basement rock - coal [ Basemen 1t rock = Coal
> Direction of flow =~ Direction of flow

AQUIFER

700

CONTAMINATED GROUNDWATER

400

TOon
Total volatile organics

mn Hﬂ‘ Pﬂ' I'I'lI“W'n [T Water bearing aquifer
[0 Water bearing aquifer © Flow through hydraulic fracture up 1 Aquiterd draulic fract
[ Aquierd welbore amnulus (21 CSG production nterval @ Flow through natural faut
1 CSG production interval = Coal [ Basement rock - Coal
[ Basement rock > Direction of flow ~~> Direction of flow

Mallants et al (2017) %




So managed differently?

_ Surface waters Groundwaters

Physical

Chemical

Hydrological

Biological

Management

Light, variable temp, colour,
suspended sediments

Oxic, terrestrial and microbial
C, high nutrients

Variable flows -often
ephemeral or temporary,
floods, erosion, pulse events

Primary producers basis of
most food chains, vertebrates
common, high species diversity
and abundance, diverse
feeding strategies

Water Quality Guidelines
(WQGs) based on
ecotoxicological effects or
reference condition

Stable, dark, constant temp, pressure, large
surface area

Low O,, low DOC, low nutrients, variable
ionic composition

Different depths, slow flow, variable age,
long distances from source of recharge,

No photoautrophs, lack vertebrates,
invertebrates (crustaceans) dominate,
sparse fauna, short range endemics, limited
resilience, low fecundity and metabolism,
omnivores, low diversity of microbes
(mostly attached), difficult to culture

Often regulated based on salinity
Insufficient taxonomic diversity to derive
GW-specific WQGs

WQGs for surface waters usually used to
protect GW biota

—



Groundwater quality management

Oy

National Water Quality
Management Strategy — guidelines
for different environmental values

Guidelines for Groundwater
Quality Protection in Australia
2013

* General framework

*  No specific WQOs or WQGs

State/territory responsibility

Some states have catchment-
specific WQOs

e.g. Qld has a range of WQ
parameters for alluvial aquifers
of different depths

T



Integrated approaches to assessing groundwater
quality and health

Ecotoxicology

Ecology
(biomonitoring)




Weight of evidence approach

SELECTION OF LINES OF EVIDENCE
Determine minimum set of LoEs

PRESSURE STRESSOR ECOSYSTEM RECEPTOR
LINE OF EVIDENCE
/-\ N
/ N\ y 4 AN | / AN y 4 \
[ I \Z I I 7 I N\ / | \ | l
PRESSURE CHEMICAL PHYSICAL OTHER TOXICITY BIODIVERSITY BIO- BIOMARKERS
e.g. Cropping, Measurement of Measurement of es8. Inv?sivg Assessment of Assessment of CCUMULATION| Assessment of
land clearing, chemical PhVS'FO‘ Species, riparian chronic toxicity effects on Assessment of stressor-
erosion, acid sulfate stressors and Az connectivity, to target communities, uptake by key related
sl comparison with stressgrs ant}l alterefi flow organisms (lab important species organisms or exposure or
GV comparison with period, or field) populations, by surrogate effects on
background, inundation, etc and/or ecosystem biomimetic organism
reference or GV function iciieds fitness

AN

/

\

p ——

WEIGHT OF EVIDENCE ASSESSMENT
Analyse the data for stressor and receptor

LoEs across priority pressures




G W h e a It h i n d ex Biotic Indicator choice ll.ld ben;hma:ks

1. Choose & 1 or more organisational amd fmetionsl
indicaior from a range of biota (see Korbel & Hose
200 1)

Stressor indicator choice and
benchmarks

I, Chossie 1 or more stresaor indicator tobe
aiseiied (s e Korbel & Hose 200 1)

o o 2. Caleulste benchmarks for sach indices using
2. Caleulste the benchmark for esch individual mdices ‘referena dles results.

using * reference siles” resulis.

* Atwo tiered framework using biotic and abiotic

3. A each die, total the sumber of siresor

3. For each indiestor group, total the number of indices indices that “Eil" o meet the benchmark of

that *fail" to meet the benchmarks of good health per ood health
components to assess GW ecosystem health .
* Tier 1 uses 6 functional (e.g. DOC), organisational (e.g. impactng biota persite
taxa abundance) and stressor (e.g. pesticides) indicators to LI
compare with universal benchmarks and rank as R
‘pass’ or ‘fail’ :]f ﬁ
. . . r—— ' _L (" Multicdy otal ) Multiply oisl
 Tier 2 refines assessment (12 indicators compared to Multiply total || Multply total e of mumber o
“failed”” indices “failed * “failed” hed
benchmarks from ‘best available’ reference sites) 5%;@@ st iy e by
|\ LBTS site by 0.75 -
) I l
* GW ecosystem health weighted to account for | |
o o g : - ) -
natural factors (e.g. aquifer type, DO) and classified as: o eigued { Weighed
. . L mdicator score mdi cator score mdicator score
1. Similar to reference . T .
2. Mild deviation from reference [;;g;;‘;;wgfg‘:;gmf;:;:;jhﬂfﬂ“;ﬁ;f;f;*;:n%‘“*"‘*“‘*‘“‘"" ‘
3. Major deviation from reference '

[ Average the weighted health score for each sample event = overall health score ]

' ™
Similar to reference Mild deviation from Major deviation
health reference from reference

weighted seone -1 | wel ghted scome 2-3 weighied soore 4+

&




Are ecotoxicological tools that
we use for surface waters also
applicable to assessing
groundwater quality?




Ecotoxicology C Oecoton)

Ecotoxicology is the study of the fate and effects of contaminants on
individual organisms, species, populations, communities and
ecosystems

Organisational
Level

Primary Effect
Bioaccumulation

Molecular/

. Biochemical | Disruption of biochemical

processes

L Physiologicalj Physiological stress

Whole ) Individuals cannot survive
___Organism _ or reproduce
Population Species absent
( C it ) Changes in structural
ommunity attributes

\ v

B O




Ecotoxicity tests

* Measure an organism’s response to contaminants

* Can be short-term (acute toxicity e.g. survival, behaviour) or
long-term (chronic toxicity e.g. growth, reproduction)

* Response depends on:
« organism (species, health, prior exposure, measured endpoint)
« contaminant bioavailability

« route and duration of exposure



Ecotoxicity tests ‘,‘@
.

* Measure an organism’s response to contaminants

Can be short-term (acute toxicity e.g. survival, behaviour) or
long-term (chronic toxicity e.g. growth, reproduction)

Response depends on:
« organism (species, health, prior exposure, measured endpoint)
« contaminant bioavailability

« route and duration of exposure

Useful to assess complex mixtures of unknown chemicals

Early warning

Predict impacts

ldentify contaminants of concern (TIE)

Derive water quality guidelines (WQGs)

Cirrhosis of the river.




Deriving water quality guideline values ‘.@

o TN
Derived from chronic toxicity tests with aquatic biota -
A
0
(NOEC or EC10)

INo toxicity EC20 (~ LOEC)

501-------r

Toxic Effect, % of Control

100 - - —
Contaminant concentration

E——— ©



N
Derived from chronic toxicity tests with aquatic biota -
A =
Ie) 0 -
‘E 10 No toxicity (NOEC or EC10) .
S 20+ .EC20 (~ LOEC) = &
5 o
o ! 5 2
=N ! g
£ 50t——-—-—-——- -+ EC50 g
2 ! I PC95 (HC5)is & 2
T ! I concentration g
o ;! I protecting 95% of £
X P! I species 5 &
2 .
! I e S
1OC . - . g } - [ T T TTTTTIT T T TTTTTIT T T TTTTT T T TT
Contaminant concentration g 10 100 1000

22
micrograms per litre

If sufficient data, chronic toxicity endpoints (EC10 or NOEC) are plotted in a species
sensitivity distribution (SSD) and the 5t percentile is the WQG for slightly to
moderately disturbed receiving waters




Can we use SW ecotox tests as a LOE to ‘.@

protect GW quality? —

e Toxicity depends on contaminant bioavailability. Different aquifers have

different geology and ionic compositions which will alter contaminant
bioavailability

e Significant differences in sensitivities of GW and SW biota found

. GW biota have lower metabolic rates so uptake of contaminants may be reduced
but detoxification/elimination rates also slower

. GW invertebrates tend to be less sensitive to metals
. GW biota may be more sensitive to some pesticides e.g. chlorpyrifos

Yes, but prefer GW test species rather than SW surrogates

B O



Groundwater toxicity tests - invertebrates

Parameter Peat swamp Fractured
(Budderoo) sandstone
Groundwater invertebrates (2 aquifer

cyclopoid and 1 harpacticoid (Somersby)
copepods) collected from a GW-

fed upland peat swamp (1.8 m) PH 4.6-5.0 4.2-5.6

and a fractured sandstone Conductivity 95 131 -195

aquifer (22 m), NSW (uS/cm)

GW spiked with As(lll), Cr(VI) DO (%sat) 18 - 52 59 - 83

and Zn separately Hardness 8-37 25-44

Mortality measured over 96 h, (mg CaCO4/L)

14 and 28 days TOC (mg/L) 21-35 3-13
As (mg/L) <0.01 <0.01
Cr (mg/L) <0.01 0.03
Zn (mg/L) 0.07 0.02

B ©



Groundwater toxicity tests — invertebrates
14-day LC50s (mg/L)

Metal/metalloid Budderoo cyclopoid Somersby

harpacticoid

As (I1l) @ @ 1.5

Cr(V1) 0.54 1.1 0.03

Zn 2.4 3.1 0.74

All GW species less sensitive than SW copepods to Zn and Cr(VI)

Issues:

Collection of sufficient nos. of copepods (large volumes of GW filtered)
Taxonomic identification difficult

Matching test conditions to GW e.g. DO

Insufficient taxa for SSD and GWQG




GW microbial tests- fungi

GW microbial communities dominated by bacteria and
fungi

Test developed with Penicillium fungi isolated from
alluvial aquifer in Bylong Valley, NSW

This fungi dominant and widespread in different aquifer
types due to tolerance to physicochemical conditions

Not present in HC contaminated aquifers

2 tests developed:

1. Hyphae growth on agar plates over 4 and 21 days

2. Hyphae growth and viability (absorbance) in microtitre
plates over 48 h

Low sensitivity Cr(VI) > Cu (Img/L) >>Zn (100mg/L) >>
As (111)(1000mg/L)

Yeast (from sand aquifer) test (24-h cell viability) also
developed - more sensitive to metals at GW relevant conc

B —— D



New metagenomics (eDNA) approaches ———=

Limitations of traditional biological monitoring
* Time-consuming
 Costly

* Requires good taxonomic expertise

7 1
. . . Eukaryotes (o |
* Most studies examine 50-60 relatively large & 17
5% 3333 F&
metazoan taxa *\% i ¢ 58
% 25T & Wy e
e % sd & LR (e oyt
Gy, ¢ Oy, Boe\% O f s o osT L opnytes
€, 2
Var St %Ox Ve, Labyvm\huhdS Ch%ODhyres
Plasp, Me 4,4,
. . Ozl e, Mok,
[ ] Chon Mol NZe Cryptophytes
arse an eterogeneous I0Ta - NO detections A
s _p
Vahlkampfiid Amoebae
m Euglena
MicrosPO e Jakobids T,
(e
= M M parabasalids @:%Ofo .
* Focus is on structure and not eco OglCa unction Dboronss; %
.
8 L@x@ e go®
& 0} oo® @)
Cey & qend GNSB)
"H’Chaeu,,, ?D“\eve'; onvsilf maac\er\a(
Oesufy,,, Sul e teobacteria
Tu 0/ £-pro!
Aeropy ’“”’/Pyr;?frfg&ﬁ < mitochondrion

Pyrobaculum/thermoproteus

hemofi™

Hye

Archaea

Bacteria




0
New metagenomics (eDNA) approaches

Genetic material recovered directly from

_ Operational Taxonomic Units
environmental samples

Rapid and cost-effective genetic approaches for
assessing ecological status (structure and function)
Microbial diversity and abundance

Higher organism diversity

Metabarcoding
Sequence DNA o .
Extract DNA PCR Target genes 168, AGGTTCTTCAATCGGACC Bioinformatics
I 185 rDNA

———
B —’§—>



Case studies




Case study 1: Using eDNA to assess bacterial diversity
and abundance in a coal tar polluted aquifer

Former gasworks site in Germany — coal tar derived pollutants (BTEX) leaking into GW

LOE included physical and chemical analyses, bacteria sequencing, targeted functional
genes for aromatics degradation, culture of GW microbes

%ﬂa’ 50 m
h

] Well A Well B Well C|
coal =] e e |
] tarV
T2 back-fill

_.--11::7 alluvial loam
..... -|.-...-------------------W | FEE N

- - - gravel |
CUTRREEEEEEEETT sanastone |

Sperfeld et al. (2018) Wat Res 132, 146-157 %




Case study 1 con....

Relative abundance of
bacteria in GW

A Groundwater
sampling wells
A B Cc
100 . 0
B Coclonprotashaara * Betaproteobacteria
90 = Sla\rr?maptrotzob?ct_eria d . d f I .
aproteobacieria
—Jntnetunle ominated (facultative
B Actinobacteri
80 — e anaerobes that degrade
I Bacteroidetes
B Chioroflexi
70 B Acidobactoria HCS)
= = ﬁlrtllam},fdiae . E .I t b t .
[ Irospirae
L 60 | Sacchgribacleria (TMT) pSI Onpro eobacteria
B Cyanobacteri q -
5 B Vorrucomicrobia dominant in Well B (S and
S 50 = rlanctsmcytrcetes(zm)
o navil ri
@ B Commatmonadetss N cyclers)
= [ Spirochaetes
g 40 [ Others
i
30
20
10




Case study 1 con....

Relative abundance of
bacteria in GW

A

Relative abundance [%)]

100

90

80

70

60

50

40

30

20

Groundwater

sampling wells

A

B

C

[ Betaproteobacteria
I Epsilonproteobacteria
Bl Gammaproteobacteria
[ Alphaproteobacteria
I Deltaproteobacteria
W Actinobacteria

I Firmicutes

I Bacteroidetes

I Chloroflexi

I Acidobacteria

I Chlamydiae

I Nitrospirae

I Saccharibacteria (TM7)
I Cyanobacleria

[ Verrucomicrobia
I Planctomycetes

Il Ignavibacteriae (ZB1)
N Gemmatimonadetes
[ Spirochaetes

0 Others

Relative abundance [%]
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Aromatic compound
degrading bacteria (ACDB)

Groundwater

sampling wells

A

B

C

I Sulfuritalea spp.
0 Pelotomaculum spp.
I Azoarcus spp.

N Georgfuchsia spp.
I Geobacter spp.
I Syntrophus spp.
I Desulfatiglans spp.

N Desulfobacterium spp.

Desulfococcus spp.

I Rhodoferax spp.
[ Pseudomonas spp.
I Acidovorax spp.
B PFolaromonas spp.
[0 Dechioromonas spp.
I Nevskia spp.

W Bradyrhizobium spp.
I Xylophilus spp.

I Novosphingobium spp.

BN Variovorax spp.

W Burkholderia spp.
Methylibium spp.

W Curvibacter spp.

I Hydrogenophaga spp.
Delftia spp.

| Others

Betaproteobacteria
dominated (facultative
anaerobes that degrade
HCs)
Epsilonproteobacteria
dominant in Well B (S and
N cyclers)

Design of bioremediation approaches can benefit from identifying
microbes and their function at a contaminated site




Case study 2: NAPLs in GW

Former diamond-processing operation resulted in

contamination of groundwater and surface waters

with several volatile organic compounds (VOCs)

including 1,1,2,2-tetrabromoethane DBE

Tetrabromoethane breaks down to:
1,2-dibromoethene (DBE)
1,1,2-tribromoethene (TriBE)

Contamination zone from 2-18 m deep in stratified
sands

Groundwaters had up to 250 mg/L TriBE and 2 mg/L TriBE
DBE

Surface waters - 1 pg/L TriBE and 3 pg/L DBE

No WQGs for these VOCs to protect either SW or
GW fauna

o o, o 018 oo s o oot
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Lines of evidence

1. GW chemical analyses
17 brominated compounds

60 VOCs

Gas chromatography — mass
spectrometry

2. Bioaccumulation in fish

3. Ecotoxicity tests (SW species)
Acute
Bacteria (Microtox”)

Cladoceran (48-h immobilisation)

Midge (48-h survival)

Chronic
Microalgae (72-h growth rate)

Duckweed (7-day growth rate and
biomass)



Species sensitivity distribution - TriBE

WQGV = 0.03 mg/L TriBE

95% species protection

Cumulative Frequency (%)

| ' 1
1.0 20
Concentration of TriBE (ma/L)
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Groundwater toxicity

Guidelines: TriBE 0.03 mg/L,
DBE 2.0 mg/L
Helll={e& = cooonnn0n000000000000000A00 000000000 1000000050000000000 000000000 A0- P STREAM
. meo8  mB13B  MB3B
[TriBE] = 250 mg/L [TriBE] = 9 mg/L [TriBE] = 3 mg/L
[DBE] = 3 mg/L [DBE] = 2 mg/L [DBE] = 3 mg/L
Most toxic Less toxic Least toxic
(Microtox, cladocerans)

Highest [VOCs] Lower [VOCs] Lowest [VOCs]
Only site with TBA
5 x more toxic than Microtox = TriBE toxicity Only toxic to Microtox as

predicted just from TriBE predicted

More toxic to cladocerans
than predicted

Dilution of 1:1670 needed Dilution of 1:50 needed Dilution of 1:18 needed

B O



Surface water toxicity

In the stream, TriBE (3 pg/L) and DBE (1 pg/L) ~1000 times lower than in least
toxic sample

Therefore groundwater attenuation occurring

Stream concentrations well below guidelines (2 mg/L DBE and 0.03 mg/L TriBE),
therefore risk to stream biota is very low

Bioaccumulation in fish negligible

Further attenuation likely, therefore risk to Swan River is even less
: . —




Case study 3: Perfluoroalkyl and
Polyfluoroalkyl Substances (PFASs)
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What is PFAS?

PFAS: per- and polyfluoro alkyl substances (about 2000 compounds)

* The famous C8s: F FFE FR FFR F

0
* Perfluorooctane sulfonate (PFOS) EW&O- PFOS

, , F FFF FF FO
* Perfluorooctanoic acid (PFOA)
e Other chain lengths and chemistries RFRFRF O

" on PFOA

. Poly-fluorinated e.g. fluorotelomers OH
F FF FF FF F
. Precursors

e Used in wide variety of products , RFRFRF QH O
.{f
« Surfactant properties - S~ Fluorotelomer

. F FoFF F g HO
* Non-volatile

e Highly mobile

* Persistent (precursors can degrade to stable PFAAs)
* Bioaccumulate differently in plants/animals

* Toxic

* Partitions to protein (not fats) in blood, liver, kidney,
muscle (not metabolised)



Over 110 PFAS investigation sites

@ Defence bases
@ Airports

@® Fire Services

@ Bulk fuel terminals
O Other

Landfills — sleeping giant — PFAS detected in every landfill leachate tested so far

B ©



PFAS Williamtown NSW RAAF base

e PFOS and PFOA main concerns,
with PFAAs further from source

e 823 ha (on site) and 50 km? (off
site) impacted

e 25-km long plume

 PFOS 2,900,000 ng/Lin GW G
(BG <50n g / L) I . . --s:'m:::::f,.,m.m,n.;::“;nitzmmm;m .

* Human health and ecological risk
assessments 2016




10000

1000
PFOS 95%

Species

E‘ Protection
- 100
M -~
; _I ........................................................................................................
S—
02
Q= 10
a
1 99% Freshwater
Species Protection
Value 0.23ng/L
0.1 ]
Residential Consumption Aquatic Consumption
(Drinking of Fish by Toxicity of Aquatic
Water) Anglers (Surface Water) Organisms
(Surface Water) by Birds
(Surface Water)

No PFOS WQGYV for GW but soil criterion (0.009 mg/kg) to protect GW




How can this help improve
groundwater management?




So what?

We have multiple LOE/data/tools to assess GW quality:
LOW

1. Natural uncontaminated GW regime

e  GW quality should be maintained within the natural range of
variability

e  Monitor and protect to avoid contamination
e  Prevention better than remediation




So what?

We have multiple LOE/data/tools to assess GW quality:

, , LOW
1. Natural uncontaminated GW regime
e  GW quality should be maintained within the natural range of
variability
e  Monitor and protect to avoid contamination
e  Prevention better than remediation
2. Moderately disturbed GW system MID

Diffuse, gradual legacy contamination

° Monitor at source, monitor attenuation zone and boundary, assess
impacts
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So what?

We have multiple LOE/data/tools to assess GW quality: 5
LOW

1. Natural uncontaminated GW regime

e  GW quality should be maintained within the natural range of
variability

e  Monitor and protect to avoid contamination
e  Prevention better than remediation

2. Moderately disturbed GW system MID
Diffuse, gradual legacy contamination

Monitor at source, monitor attenuation zone and boundary, assess
impacts
3. Highly degraded GW system
e  Contaminant plume moving slowly (or faster via preferential pathway)
e WQ monitoring + flow path modelling HIGH
e Engineering solutions — remove source, barrier, pump and treat

° Bioremediate with microbes in situ

B O



Key messages

* Inherent value in GW ecosystems that deserve protection in their own
right (not just for their env. values/beneficial uses)

e Connectivity between GW and SW demands a holistic approach to their
management and protection

 Contaminant sources similar but GW protection may not be achieved
by just using SW guidelines. GWs have unique physico-chemical and
hydrological properties, and endemic biota, that necessitate
development of specific GW quality objectives

* GW quality assessment requires multiple LOE in a WOE approach

* Ecotox tools used for surface water monitoring (toxicity tests, eDNA) can
be applied to GW quality assessment with some refinement (e.g. different
biota)

T



The future?

* GW ecosystems are not currently sufficiently valued. We have the science and
tools but not the policy, will or resources to protect them

e Australia is leading the way on GW ecotoxicology. Hose group has published 3
of the 10 papers in the global literature!

* Very limited baseline data on GW quality and ecotoxicology is hampering our
ability to protect these systems

* Usually only site-specific or industry-specific GW WQ monitoring, except Qld
GW pesticides monitoring

* Need a national baseline monitoring program of GW WQ

* Need national repositories for this WQ data (only quantity e.g. BOM’s Aust GW
Explorer water level database)

* Need national database on GW biota e.g. Qld stygofauna database
( )

B O


https://data.qld.gov.au/dataset/queensland-subterranean-aquatic-fauna-database
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