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Sampling sediments in a river

Faecal Indicator Bacteria (FIB), which include
Escherichia coli, live primarily in the gut of
humans, animals and birds. It was thought
that FIB deposited into the environment in
faeces would not persist but die-off quickly
making them ideal indicators of recent faecal
contamination in a waterway. However, it
is now established that FIB can persist and
multiply in/on temperate water habitats such
as sediments and aquatic plants. The presence
of environmental FIB is likely to confound the
correlation between indicator and pathogen
making it difficult to determine the health risk
represented by elevated FIB.
Environmental FIB may fit into two categories:
z FIB derived from a faecal contamination event. In
this situation a few dominant faecal FIB subtypes
(e.g. ‘faecal’ E. coli) have survived after entering
water and adapted to life outside of the animal
host. These faecal FIB may have settled into the
sediments.

Sediment sample

z FIB which are natural inhabitants of the
environment (e.g. ‘non-faecal’ E. coli). This
second group is not always distinguished
from faecal FIB due to traditional biochemical
methods identifying them as the same bacterial
species. It is only with the advent of genetic
analyses that this second group of ‘non-faecal’
FIB has been identified as unique. The non-faecal

strains of FIB carry additional genes which
permit adaptation to environmental conditions
rather than host colonisation in an animal’s gut.
At ESR, genetic methods are being used to identify
these two environmental groups of E. coli and
determine whether they are contributing to the
E. coli identified during water quality monitoring
surveys. This information is correlated with the
results of faecal source tracking to determine the
likely source of any faecal contamination identified
in the water.
If either of these environmental groups of E. coli are
observed in water then questions are raised about
whether their presence in the water is indicative of
a health risk from pathogens. Dominance by one or
two subtypes of ‘faecal’ E. coli still signals that a
faecal event has occurred but that it is not a recent
event. Therefore, it is inconclusive that there is a
health risk associated with the waterway. If ‘faecal’
E. coli fall into this category of non-recent faecal
contamination there may be a reduced likelihood of
Campylobacter but there could be a significant
risk from those pathogens such as pathogenic
E. coli, Cryptosporidium, Giardia and viruses that
can persist in the environment (e.g. in sediments).
Dr Megan Devane
megan.devane@esr.cri.nz

Testing new surrogate technology for virus removal in
drinking-water filtration systems
Dr Liping Pang, a Science Leader for ESR’s Environmental
Science group, has secured funding to test new methods to
remove pathogens from New Zealand’s drinking-water filtration
systems.
Pathogens can pose serious public health concerns and the
pathogens Cryptosporidium, rotavirus, adenovirus, and norovirus are
frequently detected in surface waters in New Zealand and overseas.
With a $1.06 million research grant from the Health Research
Council (HRC), new surrogate techniques will be tested in real world
settings for protozoan and virus removal in drinking-water filtration
systems.
Prior to this HRC-funded project, Dr Pang and her team developed
and validated new surrogates (biomolecule-modified particles) for
quantifying the filtration removal of Cryptosporidium, rotavirus and
adenovirus. They are currently developing norovirus surrogates.
For this new project, Dr Pang and her team at ESR’s Christchurch
Science Centre, will be trialling the new Cryptosporidium surrogate
at a pilot-scale drinking water treatment plant in Invercargill that
uses rapid sand filtration – the most common filtering method for
protozoan removal in New Zealand. At ESR laboratories, they will
also test virus removal in point-of-use filtration systems, commonly
used in rural settings using rotavirus, adenovirus, norovirus and their
surrogates. The surrogate particles will be tagged with unique DNA
markers or dye to help sample analysis.
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Using surrogate and pathogen testing in real-world settings and
testing their efficacy, Dr Pang and her team will demonstrate the
practicality and cost effectiveness of the new surrogate technology.
The research findings will help implement preventive measures to
reduce waterborne infection risks in our drinking water, which will
be estimated using quantitative microbial risk assessments and
associated cost benefit analyses. Research outcomes will promote
uptake of new surrogate technology for safeguarding community
water supplies.
This is a collaborative effort with scientists from the University of
Otago and NIWA, and end-users from Community and Public Health
and Invercargill City Council contributing to this project.
Read the HRC website for more information about Dr Liping Pang
and this new study on pathogen removal.

Examples of point-of-use domestic filters to be tested in the project

New Zealand Freshwater
Sciences Society Annual
Conference 2016
A number of staff from ESR attended the New Zealand Freshwater
Sciences Society Annual Conference, held in Invercargill in
December 2016. Together with NIWA, ESR ran a workshop on
microbial issues related to swimmability. The workshop included
talks on microbial modelling techniques and issues surrounding the
Recreational Water Guidelines, closing with a panel discussion and
thoughts on the future direction to be taken.
ESR staff presented on topics including:
z Naturalisation of E. coli.
z Molecular and statistical approaches to water quality analysis.
z Deer as sources of microbial loadings in the environment.
We also ran a competition at our stand was extremely popular and
caused much laughter trying to link the faeces to the correct animal.
Congratulations to Dean Olsen of Otago Regional Council on walking
away with the prize!
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The local paper reported on the conference and on the presentations
and public meeting held in Invercargill during the week in the
following article: http://www.stuff.co.nz/environment/87047310/
looking-back-on-history-at-the-nz-freshwater-science-societyconference
We look forward to seeing you at the 2017 Freshwater Sciences
Conference in Hamilton.
Dr Elaine Moriarty

A novel tool for assessing groundwater health
The ecosystem present in the groundwater environment has
been little studied due to the inherent difficulties obtaining
representative samples in this environment.
The groundwater ecosystem has the potential to protect
groundwater sources by removing contaminants entering the
groundwater from land use practices. To protect groundwater in the
future it is important to understand how these ecosystems function
in the presence of intermittent and long term contamination events.
Our research aims to establish a better understanding of
groundwater ecosystems and elucidate the response to
contamination as a means of indicating stress on the groundwater
ecosystem. Using state of the art methods, we can identify sentinel
organisms that respond to contaminants and highlight potential
groundwater quality issues in a timely manner.
We have set up in-situ samplers that remain in place in boreholes
around the Canterbury and Southland regions. The samplers enable
us to collect microbial and macroinvertebrates (Stygofauna) that
inhabit the aquifer system.
z Next generation sequencing has been used to analyse the
diversity present.
z Metabolic activity has been measured.
z The water chemistry in these aquifer systems has also been
analysed.
The data from these analyses is being combined to develop a
Groundwater Health Index. This index could be used in identifying
key species present in groundwater and assessing the health of
groundwater from this.
This knowledge will develop our understanding of groundwater
ecosystems and the vital role they play in protecting our drinking
water.
Our research also has the potential to identify key organisms
that could play a role in remediating groundwater that has been
contaminated. Bioaugmentation (addition of organisms capable
of removing contaminants present) or stimulation of those key
organisms present in the aquifer are two ways in which this could
be achieved.

Phil Abraham deploying the in-situ sampler at a well site
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An example of a macroinvertebrate collected from site
Left: Example of the sequence data derived from groundwater, gravel biofilm
bags deployed in the wells and controls. Note the controls do show similar
abundances as the samples but when the number of reads (ie the number of
individual sample sequences) are taken into account they are too low to have a
significant impact on the sequence data for the samples.

The 2017 New Zealand Land Treatment
Collective Annual Conference will be held from
29–31st March at Christchurch City Council.
Over two days, delegates will hear presentations on the theme
“Resilience and Innovation” from industry, regulatory authorities
and scientific researchers working in the area of land treatment.
On the third day, we will be visiting a range of sites on our annual
field tour, including the Aranui vacuum plant, Bromley drier,
Pines Wastewater Treatment Plant and an ESR research field
site at Kaiapoi.
Registration is via https://nz-ltc-2017-conference.lilregie.com/
For further information contact Dr Alma Siggins, NZLTC Technical
Manager at nzltc@esr.cri.nz
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Concurrently tracking multiple sources of water
contamination using synthetic DNA tracers – an MBIE Smart
Idea Project
ESR scientists have begun developing synthetic DNA tracers that, once validated, will help swiftly and accurately identify the source
of water contamination, such as the bacteria that contaminated Havelock North’s drinking water in August last year.

Temporary effluent pipe during Canterbury earthquake 2011

Work on the $900,000 MBIE Smart Idea project began in October
last year and partners ESR with researchers from the University
of Canterbury and the University of Calgary, and end-users from
Environment Canterbury (ECan), the CAREX group and Waikato
Regional Council. The project team will develop and validate
synthetic DNA tracers for concurrently tracking multiple water
contamination source locations and pathways.
DNA tracers will be developed with both ‘free’ DNA and microencapsulated DNA (within food-grade biopolymers) for use in
different environmental conditions. Free DNA can readily diffuse
into the porous media of aquifers and soils. Encapsulated DNA is
better protected from environmental stresses that can be found in
wastewater and polluted surface-water.
Laboratory studies will be carried out to examine potential
interactions of the DNA tracers with environmental material at
field trial sites. The project team will assess inhibition of DNA
detection in effluent and environmental waters, adsorption of DNA

There are many organisations that have a
responsibility to make sure people can trust the
supply and quality of the water they drink, play
in and use. ESR works in partnership with key
stakeholders, including government, industry, the community
and Māori, to improve the safety of freshwater and groundwater
resources for human use and the safer use of biowastes.
We support and help health authorities, local and central
government, industry and communities by supplying scientific advice
and expertise on the management of drinking-water, groundwater,
recreational and wastewater.

to stream sediments, soils and aquifer media, and DNA degradation
in effluent, surface water and groundwater. Results obtained from
the laboratory studies will provide information which will be used to
assist the design of field trials and optimise DNA tracer synthesis if
necessary. Field studies will be carried out to evaluate the use of the
new DNA tracers in surface water, groundwater (aquifers) and soils.
Working with end-users such as regional councils, the project
team will demonstrate the techniques in the field and how the
research findings can be applied to improve the tracking of water
contamination. The research will also contribute to mitigation
strategies for the protection of precious freshwater resources locally
and potentially worldwide.
More information about the project can be found on the ESR website.
Dr Liping Pang
liping.pang@esr.cri.nz
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