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In 2008, ongoing intensification of New Zealand’s pastoral agriculture provided justification for the
developing and understanding the §15N and 6180 of nitrate in New Zealand pastoral agriculture. Today, the
capability developed at GNS is the only routine commercial provider of dual-isotope nitrate analyses in
Australasia. The technique appears to be the most promising tool capable of identifying opportunities to
reduce inflows of nitrate to aquatic ecosystems with minimal reductions in agricultural productivity.
Dual-isotope nitrate offers the opportunity to find and confirm hot spots and hot moments of nitrate
leaching that occur as a result of insufficient plant and microbial demand to retain soil nitrogen.
Understanding these hot spots and hot moments will open a window of improved control points for
nitrogen management with the potential to keep nitrogen on farms and enhance productivity, while
mitigating nitrate leaching. An indicator framework has now been developed that allows high concentration
breakthroughs of nitrate linked to urine, urea, other fertilizers, or effluent to be identified and targeted for
improved management. The indicator framework utilises nitrogen and oxygen isotopes in nitrate, as well as
nitrate concentrations, to define a “signature” for sources associated with unwanted “breakthrough”
sources. The breakthrough source signatures can be distinguished relative to a frequently observed pattern
of “normal nitrogen retention”.

The framework can be applied to both surface water and groundwater, and can potentially avert the need
to understand groundwater flow and processes. Progress with this tool also suggests that 2—5 %o shifts in
nitrogen isotopes, algal particulate matter, periphyton, macrophytes or wider food webs can directly link
aquatic impacts to manageable sources of excess nitrogen. The next steps in identifying management
opportunities to reduce nitrate loads now requires application of these techniques in small streams,
estuaries, or lakes, where inflows from groundwater and other sources require identification.
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Consumer nutrient recycling (CNR) is an important component of lake nutrient cycles but remains poorly
understood. The importance of CNR for sustaining primary production is expected to vary in space and time.
For warm monomictic lakes such as Lake Taupd, CNR likely becomes an important source of nutrients for
pelagic phytoplankton during summer stratification when nutrients are depleted to severely limiting levels
in the surface mixed layer. Quantifying CNR by traditional methods such as nutrient pool assessments has
limitations as CNR demonstrates “high flux—small pool” dynamics with extended periods of stratification.
Measuring the 8°N stable isotope values of nitrogen pools within a lake is a promising method to
investigate the significance of CNR. Recent stable isotope analytical advances now allow §°N determination
from low-concentration ammonium and nitrate pools. In this study we performed a comprehensive stable
isotope survey of nitrogen constituents in Lake Taupo over a complete annual cycle to investigate the
significance of CNR as a nutrient source to phytoplankton. We tested if CNR is a 1*N-deplete nitrogen source
by examining consumer excretion in incubations. Correlations of ammonium 8N values with zooplankton
excretion 8*°N values suggested a significant contribution of zooplankton excretion to ammonium pools. A
seasonal, whole-lake survey demonstrated that CNR contributed most to nutrient pools and phytoplankton
nutrient uptake during the summer stratified period. These are discussed in the context of possible
responses of Lake Taupo to changes in climate and the lake food web.
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The >N/¥N ratio of nitrogen gas is typically measured for a range of biogeochemical processes. This includes
15N enriched nitrogen gas generated during denitrification rate measurements. There are a few existing
methods available to do this, the principal one being the use of helium to flush headspace nitrogen into the
mass spectrometer. We have developed and built a new alternative automated method with a twin-needle
injection system that uses water to expel the nitrogen gas into a sample loop at atmospheric pressure. An
aliquot of water is injected into a vial to displace the nitrogen headspace gas through a sample loop and then
into the mass spectrometer. An advantage of the water displacement principle is that repetitive injections
give equal concentrations with identical isotope values. This method is a cost effective alternative to the
helium displacement method. We recommend this simple but effective method for analysis of nitrogen

headspace samples.



Ross Sea Deglaciation — Environmental Reconstruction from the RICE Ice
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The Roosevelt Island Climate Evolution (RICE) project recovered a 763.4 m deep ice core to bedrock during
2011-2013 from Roosevelt Island (RI), at the northern edge of the Ross Ice Shelf. The ice at Rl is grounded 210
m below sea level and accumulates in situ, with the Ross Ice Shelf flowing around the rise. High resolution

radar surveys show well-developed Raymond Arches of isochrones suggesting a stable ice divide.

Here, we show isotope and geochemical data spanning the past 30 ka and discuss reconstructions of sea
surface and air temperature, sea ice extent, atmospheric circulation patterns, and ice shelf grounding line
retreat. An ensemble of sensitivity modelling experiments is used to determine thresholds for the removal of
Rl ice and correlated grounding line and ice volume changes of the Ross Ice Shelf and the West Antarctic Ice

Sheet.

Our data suggest that the onset of the Ross Ice Shelf grounding line retreat during the deglaciation was driven
at least in part by the early deglaciation in West Antarctica as recorded in the WAIS Divide ice core, perhaps
through a freshwater feedback. The Ross Ice Shelf grounding line started to retreat rapidly with the initiation
of an ice shelf cavity. Atmospheric circulation changes precede the onset of the Antarctic Cold Reversal (ACR)
by about 200 years. Maximum ACR sea ice extent is reached at the termination of the ACR and is maintained

into the early Holocene, a time period of rapid atmospheric warming and circulation changes.



Revolutionising EA-IRMS: Getting more for less by ultra-high sensitivity
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The Thermo Scientific™ EA IsoLink™ IRMS System has revolutionised EA-IRMS by introducing temperature
ramped gas chromatography with a single GC column and a helium management system that reduces cost
per analysis. These innovative features open doors to push research boundaries at new levels, especially for
the analysis of nitrogen, carbon and sulphur concentrations less than 5 ug (Table 1) and on very high C/N and
C/S ratio samples (Figure 1), whilst delivering automated routine analysis. In figure 1, complete baseline
separation is shown with sound background correction and sharp peak shapes for very large (7000 ug C) and

very small (11 pug N and 0.8 pg S) analyte amounts. For 5 replicate measurements on wood, §3C = -

24.10+0.06%o0; 6N = 3.20+0.23%o and §**S = 5.92+0.26%o.
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Figure 1. Simultaneous NCS analysis of wood (C/S ratios >7900:1) from a single sample drop using the EA
IsoLink IRMS System. Analysis time <10 minutes using <1.4 liters of helium.

This presentation will focus on the analysis of small concentrations of carbon, nitrogen and sulphur and
illustrate with data, how the EA-IRMS utilises chromatographic principles to routinely increase the sensitivity
on NCS measurements and reduce cost per analysis. An example of the gains in sulphur sensitivity is shown

in Table 1 from measurements on 1 mg of bone collagen, where data precision is significantly better than
0.3%eo.



Table 1. Sulphur sensitivity on bone collagen determined by changing chromatographic parameters
using the software.

. Sensitivity
0,
Sample Weight (mg) %S Hg S Area (Vs) (Vs/ug S)
Bone 0.996 0.280 2.789 0.581 0.280
Collagen
Bone 0.998 0.280 2.794 11.730 4.198

Collagen
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Over the last two years we have been developing methods to analyse N, and N,O in water and gas samples
to support research investigating nitrogen cycle pathways. A GasBench Il linked to a Delta V Plus isotope
ratio mass spectrometer (IRMS) (Thermo Fisher Scientific, Germany) enables us to measure isotope ratios of
I5N/2N of N, plus *>N/**N and *¥0/**0 of N,O in natural abundance or enriched water or gas samples. We
have modified methods in the literature to produce optimal conditions for accurate and precise N> and N,O
measurements, and here present details of our analytical set-up and quality control reporting parameters.

We also present some case study applications and discuss future research opportunities.
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organic matter validates Southern Ocean isoscapes and informs
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A joint collaborative venture between National Institute of Water and Atmospheric Research (NIWA) and
Australian Antarctic Division (AAD) resulted in two voyages to the Antarctic Ross Sea, the first in
February/March 2010 and the second in February/March 2015. On both voyages, underway sampling of
suspended particulate organic material (SPOM) was carried on latitudinal transects from New Zealand to
the Ross Sea shelf and along the shelf edge. The SPOM samples were analysed to generate §°N and §*3C
phytoplankton baseline isotopic values in the areas traversed. Measurements of underway temperature,
salinity, chlorophyll a, HPLC, and fluorometry have enabled key oceanographic features to be identified and
variations in SPOM isotopic values to be interpreted. These data have been used to ground-truth a
modelled Southern Ocean carbon and nitrogen isoscape, which has then been used to interpret the trophic

status and diet of humpback whales studied around, and to the east of, the Balleny Islands.
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NIWA’s recent multi-million dollar stable isotope facility upgrade has widened our spectrum of isotopic
analyses to include a diverse array of water, gas and solid-matrix sample analyses delivering highly accurate
and precise results. The investment included the acquisition of a GasBench Il and Thermo Chemical
Elemental Analyser (TCEA) linked to Delta V Plus isotope ratio mass spectrometers (IRMS) (Thermo Fisher
Scientific, Germany). The GasBench Il is an on-line preparation system to the IRMS, capable of high
throughput analysis of carbon, nitrogen, oxygen and hydrogen isotopes in water and gas samples; whilst the
TCEA enables us to measure O and H isotopes in organic, inorganic and water samples. Recent in-house
methods developments on both these instruments now enables us to offer new applications to the isotope
research community. The Gasbench Il has been optimised to measure: 2H/H in water through equilibration
with H,/Pt and 0/*®0 in water through equilibration with CO,, with applications relevant to climatic,
hydrological, oceanic water mass, ecological and animal movement studies; 20/0 and 3C/**C in
carbonates for palaeoceanographic and climate studies; *3C/**C of dissolved inorganic carbon (DIC) for
carbon flux and palaeoclimate research; and **N/**N of N,, plus *N/*N and 80/%0 of N,O for terrestrial,
aquatic and atmospheric nitrogen cycle studies. We have also optimized the TCEA for analysis of 2H/H and
80/%0 in solid organics, such as plants, soils, bird material (feathers, claws), tree-ring cellulose and
chironomid head capsules (chitin) samples to support research in terrestrial water dynamics, palaeoclimate,
climatology, animal migration and ecological studies. We will present some examples of these

developments and applications.



Macrosopic controls on mean transit times in catchments
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Elucidating the controls on the time required for water to be transmitted through catchments from where it
recharges to where it discharges into a stream (the transit time) is critical in understanding catchment
behaviour. The mean transit times in several catchments in southeast Australia estimated using 3H vary from
a few to several hundred years. There is no simple correlation between catchment attributes such as slope,
area, or drainage density and the mean transit times within or between the catchments. Taken as a whole,
however, the typical mean transit times are much longer than those estimated for comparable catchments in
Europe or New Zealand. These large-scale differences are probably the result of low recharge resulting from
a combination of factors. Firstly, native Australian eucalyptus vegetation has high evapotranspiration rates.
Secondly, southeast Australia has relatively low rainfall and high evaporation rates. Lastly, the low organic

carbon content of the soils and high clay content of the regolith result in low permeabilities.

The long mean transit times result in these catchments only responding slowly to land clearing and changes
to rainfall totals and amounts. The transport of contaminants such as nitrates to the stream through the
groundwater system is likely to be relatively slow, which may also promote attenuation of the contaminants
(e.g., via denitrification). Understanding the controls on mean transit times within catchments is difficult as
evapotranspiration rates and the hydraulic properties of the soils and regolith are difficult to measure and
may be spatially heterogeneous. Nevertheless, the integration of mean transit time studies with those that
examine the flow through catchments in detail would allow a better understanding of the controls on mean

transit times.
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New respiration (Rnew, Of freshly fixated carbon) and old respiration (R4, of storage carbon) were estimated
for different regions of the global surface ocean using published data (Carvalho et al., 2017). These consisted
in simultaneous measurements of: 1) primary productivity using **C (**PP); 2) gross primary productivity (GPP)
based on 80 or 0y; and 3) net community productivity (NCP) using O,. The ratio Rnew / GPP in 24 h incubations
was typically between 0.1 and 0.3 regardless of depth and geographical area (Fig. 1A), demonstrating that
values were almost constant regardless of large variations in temperature (0 to 27 °C), irradiance (surface to
~100m deep), nutrients (nutrient rich and poor waters), and community composition (diatoms, flagellates,
etc). As such, between 10 and 30% of primary production in the surface ocean is respired in less than 24 h,
and most respiration (between 55 and 75%) was of older carbon (Fig. 1B). Rnew Was most likely associated with
autotrophs, with minor contribution from heterotrophic bacteria. Patterns were less clear for Reg. Short *C
incubations are less affected by respiratory losses. Global oceanic GPP is estimated to be between 70 and 145
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Figure 1: Depth profiles for averages of Rnew / GPP (new respiration divided by gross primary
productivity) and Rod / Riotal (0ld respiration / total respiration) covering several different areas of the global
surface ocean. Error bars show the standard deviation for different means at the same depth. Data were

pooled for depths in groups of 10 meters. Source: Carvalho et al., 2017.
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Low-cost and easy analytical solutions enabled by Autolt
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Combining analytical instruments has been traditionally recognized as a difficult task, especially if the
instruments are made by different manufacturers. This limitation can hamper research progress due to

technical or economic factors.

With Autolt, a scripting language for the Windows operating system, combining instruments becomes a trivial
task (Carvalho, 2016). Some examples are: 1) using low-cost, general purpose robotic arms as autosamplers
for water analyses (Fig. 1, Carvalho and Eyre, 2013); 2) using the autosampler of an instrument with a different
one (Carvalho, 2013); 3) performing unattended experiments without any complex change in the analytical
setup (Fig. 2, Call et al., 2017); 4) converting autosamplers into liquid handlers without expensive or complex

procedures; 5) integrating devices through the internet (Carvalho, 2016).

Autolt, together with open-source hardware and crowdfunding, enables true democratization of science by

radically reducing the costs necessary to undertake it.

EFFECTIVE:

SAMPLE  BLANK

Figure 1: Robotic arm used as an autosampler (Carvalho and Eyre, 2013).
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Figure 2: High-frequency, unattended measurements of dissolved inorganic carbon concentrations
and stable isotopes measured using a high-precision sampling system coupled to cavity-ring mass

spectroscopy compared to traditional low-frequency mass spectrometry measurements (Call et al., 2017).
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The upland swamps in the Sydney Basin have Endangered Ecological Community status under the
Commonwealth Government and are important for biodiversity, supporting threatened flora and fauna.
These swamps are important hydrologically because they maintain stream flow and water quality (Young,
2017). However, the hydrological function of the swamps is threatened by erosion, changing climate, landuse,
wildfires and in some areas, underground mining and associated subsidence, upsidence and valley closure.

We use novel stable isotope pore water equilibration method along with stable isotopes of rainfall,
surface water, pore water within peat and groundwater to understand the hydrogeological processes within
the swamps. Our study is supported by moisture content data, organic matter content and lithology profiles.
We collected samples from three swamps in the vicinity of longwall panels prior to their extraction with
sampling undertaken on three occasions.

We found an overall similarity in swamp response to recharge and flow even though the morphology
of each swamp is different. Stable isotope values of swamp moisture, measured by pore water-vapour
equilibrium techniques, become more negative with depth and reached values similar to groundwater at a
depth of around 60-80cm. Within the upper 40-60 cm in the vadose zone, there is overall enrichment in
5'®0and 82H as a result of evaporation. We conclude that although rainfall infiltration reaches the saturated
zone within the swamp quickly, the upper shallow organic rich zone has high water retention capacity even
during dry weather periods. The stable isotope signature at the base of the swamp indicates lateral baseflow
contribution is also an important source of water for the swamp.

The findings of this study and the application of this novel pore water equilibration method provide

good understanding of the swamp groundwater movement to assist with future management.
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Size-Aggregated Aerosols Collected at Baring Head, New Zealand
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Marine sulfate aerosols in the Southern Ocean are critical to global radiation balance, yet the sources
of sulfate and their seasonal variations are unclear. We evaluated the sources of sulfate in coarse (0.95-10
um) and fine (0.05-0.95 um) aerosols over a one-year sampling campaign collecting both marine and ambient
aerosols at Baring Head, New Zealand. In both collectors, sea-salt sulfate (SO4%ss) mainly existed in coarse
aerosols and non-sea-salt sulfate (S04*nss) dominated the sulfate in fine aerosols, although some SO4%yss
appeared in coarse particles in summer due to rapid growth. SO4%xss in the marine aerosols was mainly (88-
100%) from marine biogenic dimethyl sulfide (DMS) emission, while the SO4*yss in the ambient aerosols was
a combination of both DMS emission (73-79%) and SO emissions from shipping activities (~21-27%). The
seasonal variations of SO4%xss concentrations in both collectors were mainly controlled by the DMS flux. We
compare these spatio-temporal observations with other complimentary New Zealand sulfur speciation

datasets from both urban and coastal settings.
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The geographic origin of tea is a critical feature determining its quality and fame, so the reliable origin
authentication is critical for geographical origin protection. A total of 129 tea samples from Shandong and
Zhejiang province were collected in 2013, and the content of stable isotopes and multi-elements derived from
tea plant and soil were measured by isotope ratio mass spectrometry (IRMS) and inductively coupled with
plasma mass spectrometry (ICP-MS), respectively. A random forest model, as a machine learning algorithm
with superior predictive performance over parametric statistical models (Breiman, 2001), combining 32 input
predictors (e.g., 83C, 8*°N, 6%H, Mo, and 2°8Pb) was developed to discriminate different geographical origins
of Chinese tea. Our results indicated that the random forest model well discriminated the tea from Zhejiang
and Shandong province with the accuracy of 99.2%. The tea origins from Zhejiang and Shandong province
were also well classified with the estimated accuracy of 97.3% and 76.5% respectively. Mo, *K, 6?H are the
most important factors on determining the province origins of tea with their expandability of 11.6%, 9.8%,
and 7.9%, respectively. The 8§3C, ®*Cu and 3°K are the most important ones for discriminating the tea origins
of Hangzhou West Lake (a famous tea geographic origin) and other regions in Zhejiang province. The results
showed that the random forest method is superior or equivalent to those methods using principle component
analysis and linear discriminate analysis (PCA-LDA), multilayer perceptron (MLP), and Bayes (Laursen et al.,
2011; Yuan et al., 2016). It provides an alternative choice for discriminating the geographical origins for tea

and other agro-products.
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First Measurement of Field Samples at the Southern Hemisphere’s First
Noble Gas Facility
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The noble gas facility at CSIRO’s Waite site is the only laboratory in Australia and on the southern
hemisphere dedicated to measure the concentrations of all noble gases (He, Ne, Ar, Kr, Xe) and the activities
of the radioactive noble gas isotopes ?22Rn, 8°Kr, 3°Ar and 8IKr in water samples.

Application of the radioactive noble gas isotopes as tracers, and other tracers like CFCs and SFe can
be supported by the information derived from measurements of stable noble gases. For example,
guantification of excess air (from Ne concentrations) is needed to interpret SFs results, and recharge
temperatures best derived from the heavy noble gases Ar, Kr, Xe are useful for interpreting CFCs and H1301.
The quantification of helium in groundwater and pore water, being either radiogenic or mantle-derived,
allows estimates of residence times, groundwater influx from deeper formations and aquifer connectivity.
This information can decrease uncertainty of models that are based upon tracer results.

A fully-automated measurement system that is supported by an offline extraction system has been
under development from 2014-2016 for the measurement of He, Ne, Ar, Kr, and Xe. Since January 2017 we
have advanced to measuring samples from groundwater and surface water field projects, together with series
of gas standards and water standards. This talk will feature results that highlight performance characteristics
of the measurement system during this commissioning phase.

Ongoing optimisation of the measurement process includes investigation of the adsorption and
desorption kinetics during the cryogenic gas separation, which is of particular importance for our types of

samples given the large ranges of gas amounts that are analysed.



Hydrogeological insights from stable isotopes - a window into the
functioning of arid environments

Dr Shawan Dogramaci?
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Arid and semi-arid regions around the world are characterised by severe rainfall deficit, resulting in scarce
surface water as well as ground water resources that may not be replenished by modern recharge. The
competing demands of the environment with various end users of these limited resources requires deep
understanding of the interactions among all components of the system, including climate patterns, landscape
structure, hydrological processes and groundwater recharge dynamics. The role and relative importance of
potentially complex interactions can be revealed using both stable and radioactive isotopes of chemical
elements that make up the environment. We present here a case study focussed on the Hamersley Basin of
the Pilbara region of northwest Australia to demonstrate how a multi-isotope tracer (5°H, 820, TU, 83C, 4C,
39Ar, 8Kr) approach can significantly enhance understanding of the chemical and physical processes that
control water quality, the mode of occurrence of surface water features, unsaturated flow, recharge and
groundwater dynamics, and their interactions. Analysis of 8°H and 8'®0 showed that intense rainfall events
of >20 mm with limited evaporation prior to infiltration currently contribute the most to recharge. In contrast,
the 62H, 80 values and chemical composition of the relatively saline groundwater in the discharge zone of
the Basin suggest that groundwater evolved through mixing of highly evaporated old groundwater and recent
recharge from flood water. The groundwater dating tracers (TU, 83C, 14C, 3°Ar, Kr) provided estimates of
recharge that ranged from < 1 mm/a to 10mm/a. The 8%'Sr, and 5*Ssos suggests that groundwater evolution
in the Basin is dominated by de-dolomitisation that added SO, and Mg into surface and groundwater. The Cl
and isotope mass balance and dating tracers also show the groundwater is a mixture of old ~ 1000 years and
new <50 years. The evolution of groundwater chemistry from recharge down gradient to the main discharge
zone has been taking place over the last 40,000 to 160,000 years. This detailed case study demonstrates that
accurate identification of recharge-discharge characteristics, as well as clear understanding of key physical
and chemical processes occurring over a long period of time can only be accomplished through combination

of conventional hydrologic methods with isotopic measurements.
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Soil has a three-dimensional structure composed of solid-phase particles or aggregates and soil pores.
Better soil structure facilitates nutrient uptake of plants and reduces nutrient loss. In order to verify the
effects of different soil structure on the utilization rate of nitrogenous fertilizer of maize, **N tracing
technique was used in this study with PVC pipe (diameter 40cm, height 40cm) embedded in black soil. 6
treatments were conducted including CK(PVC pipe directly embedded in the soil column), A (<0.5mm), B
(0.5-1mm), C (1-7mm), E (<7mm) and D (0-20 cm soil layer mixed with peat). Except CK and D treatment, all
the other treatments of soil were stratified out and sieved according to the original soil layer sequence. The
results showed that with the enhance of aggregate size, the rate of nitrogen utilization increased
13.1~18.0%.The treatment E (unsieve-fractionated) was in intermediate state, which indicated that the
treatment with large particle size could promote the >N absorption. Compared with CK, treatment D
increased >N utilization from 15.7% to 22.7%, which illustrated that the application of peat ameliorated soil
structure and improved nitrogen utilization. Therefore, the application of peat and large-size particle
treatment could promote soil structure, increase the absorption and utilization of nitrogen in maize.
However, the small-size particle plays an important role in enhancing the soil residue and reducing the
nitrogen loss.

Acknowledgements: This work was financially supported by the National Key Research and Development
Program of China (grant No. 2016YFD0200304).
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Optical measurements of radiocarbon (14C) using cavity ring-down
spectroscopy

Dr Adam Fleisher

Optical spectrometers capable of high precision in situ sensing of stable carbon isotopes (e.g. 13C, 2C)
have enabled numerous field campaigns to expand our knowledge of atmospheric carbon sources and sinks.
Similar laser-based spectrometers for the detection of radiocarbon (**C) would unambiguously differentiate
between carbon of biogenic or petrogenic origins, and thus, be of great value to elucidating carbon cycles on
various temporal and physical scales. The main challenge in designing an optical sensor for *C is its extremely
low natural abundance, with a modern value of 1.176 pmol/mol (parts-per-trillion). Therefore, traceable and
robust optical techniques of the highest possible sensitivity are required.

Here we present our first-generation spectrometer for the detection of *C below a fraction modern
of one (F**C = 1 is defined as *C/*2C = 1.176 pmol/mol) (Trumbore et al., 2016). The mid-infrared laser
spectrometer is based on the principles of cavity ring-down spectroscopy in the familiar linear absorption
regime (Fleisher et al., 2017). By probing the rotationally resolved vibrational spectrum of **C®0, near 2209
cm™ at low temperature (220 K) and low pressure (0.9 kPa), samples of high-purity CO, were analysed to
determine their absolute !*C content. In our initial demonstration, the spectrometer unambiguously
identified commercially prepared biogenic and petrogenic CO, samples, and reported a value of F1*C=0.75 +
0.11 for the biogenic sample that was in good agreement with the value of F}*C = 0.86 independently
measured by accelerator mass spectrometry. Recent progress towards a second-generation spectrometer

with increased sensitivity will also be discussed.
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Combining the use of sulfur isotopes with carbon and nitrogen to improve
our understanding of aquatic food webs and animal connectivity and

movement
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Natural abundance carbon and nitrogen isotopes have traditionally been used to develop our
understanding of the sources of production, and transfer and fate of energy and nutrients in aquatic
ecosystems. More recently, sulfur isotope analysis has emerged as a complementary method to resolve the
challenges faced with identifying sources and sinks, and tracing movement patterns of aquatic animals.
However, the analytical methods surrounding sulfur analysis are challenging and time consuming, and hence
analyses are more expensive than carbon and nitrogen alone. We have improved on the existing analytical
methods to provide a reliable, routine and cost-effective process for analysing sulfur isotopes. For example,
we have applied this method to trace the movement patterns of highly mobile fish and crocodiles within a
tropical floodplain river system in northern Australia. In this case, carbon and sulfur isotopes were used
together as a conservative tracer to identify the degree of utilisation of food sources across different habitats.
The study found that large bodied fish, as a barramundi, were well subsidised by floodplain food sources and
moved widely through the waterways to access food supplies, indicating a high degree of hydrological
connectivity in the system (Jardine et al., 2012). Furthermore, results indicated that whilst seasonal
migrations among large-bodied fish were common, they still largely retained the carbon and sulfur isotopic
compositions of the restricted waterholes they reside in during much of the year. We believe that our newly
developed capability in analysing sulfur isotopes will substantially improve our ability to interpret stable

isotope results, and ultimately result in an improved understanding of aquatic food webs.
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Significant exchange fluxes are often observed between streams and connected alluvial aquifers.
Estimating these fluxes and the associated residence time scales can be challenging, because there is a lack
of tracers for groundwater residence times of weeks to months. In this age range *?’Rn is not sensitive
anymore and other tracers such as CFCs, SFs, 3H, or ®Kr are not yet sensitive enough. We investigate the
possibility of filling this gap in groundwater dating with radioactive 3’Ar (half-life of 35 days).

Measurements of 3’Ar are done by decay counting on large-volume gas samples extracted from
groundwater in the field. Production of 3’Ar is mainly via capture of cosmogenic neutrons and muons in the
shallow subsurface resulting in a depth-dependent secular equilibrium concentration of *’Ar.

We established such a secular equilibrium concentration profile in the Emmental, a shallow alluvial
system in Switzerland, as a basis for interpreting the first 3’Ar measurements undertaken as part of a study of
the exchange processes in this alluvial system (Schilling et al., 2017). Additional tracer measurements and a
coupled groundwater-surface water numerical model of the system provide a good basis to evaluate the novel

37Ar tracer.
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Application of 39Ar as a tracer for recent anthropogenic change of a

groundwater system: The Red River Delta in Vietnam
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Groundwater with residence times of a few hundred years is difficult to date because of a lack of
suitable tracers in that time window. ¥Ar is a radioactive noble gas which covers exactly that time window
(half-life 269 years) and is projected to become a more accessible tracer over the coming years due to
improvements in the new Atom Trap Trace Analysis (ATTA) measurement technique. Here, the potential of
and possible issues with *°Ar dating are discussed based on a case study from northern Vietnam.

In the south of Nam Dinh Province, Red River Delta, Vietnam, fresh Pleistocene groundwater has been
identified to exist next to brackish pore waters in the Red River area (Wagner et al. 2011). Extensive
exploitation of the fresh water results in decreasing groundwater heads and sea-water intrusion (Wagner et
al., 2012). In order to understand the dynamics and origin of the fresh and saltwater and to predict the future
evolution of the resource an extensive investigation using environmental tracers has been carried out (*°Ar,
8Kr, 3H, stable noble gas measurements, 20, 2H, and major chemical elements).

Depleted stable noble gas concentrations correlate with high concentrations of dissolved methane
suggesting degassing due to the high methane partial pressure. Measurements of 3°Ar are insensitive to this
degassing because the isotopic ratio is measured rather than absolute concentrations. 3°Ar results show that
groundwater generally flows northwards as well as towards the coast on timescales of hundreds of years from
an elevated and hilly recharge area in the west of the delta. A comparison of measured total dissolved solids
as a function of ¥Ar ages reveals that both old paleoseawater as well as recently intruded seawater are

present.
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Recent improvements in analytical techniques and the ongoing effort to build a measurement system
for 8Kr in Adelaide raise the prospect of 8Kr as a viable and powerful alternative to tracers such as ¢Cl and
“He for estimating groundwater ages and flow patterns on time scales of hundred thousands of years.

Here we present a case study from the multi-layered sedimentary Baltic Artesian Basin (BAB, Gerber
et al., 2017) to showcase what #Kr can achieve and discuss possible caveats when interpreting 8Kr data. We
focus on the Cambrian Aquifer System (CAS), which is the lowermost aquifer of the BAB, and considered for
storage of CO; or radioactive waste, as well as being an important source of drinking water for northern
Estonia.

Samples from seven deep wells (up to 1800 m) were analysed for a suite of dating tracers (¥*Kr, *Ar,
81Kr, *Herad, and *°Arn.q), noble gas concentrations, 20, 2H, and chemistry. The results are consistent with
mixing of three water types: (i) fresh meteoric water, (ii) glacial meltwater, and (iii) a brine end member.
These end members are expected to also have different residence times, which need to be deconvoluted. The
noble gas concentrations of the different end members turned out to be very important for the
deconvolution.

For the brine component, 8Kr ages exceed the dating range of the ATTA 3 instrument of 1.3 Ma. Ages
of >1 Ma for the brine component are also supported by *Heaq and *°Arq. In turn, 8Kr ages of the fresh
meteoric and glacial meltwater components range from 300 ka to 1.3 Ma. The spatial pattern of these ages
implies that past flow patterns must have differed from today’s flow patterns. A conceptual model shows that

it is plausible that the flow direction reversed during the advances of the Scandinavian Ice Sheet.
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Land-use change is a likely outcome of climate warming over the next few decades. In upland
agroecosystems, warming climate will allow some plant communities to naturally extend their growth range
to higher altitudes where conditions previously limited them to a lower elevation zone. This warming will
also make it possible for farmers to extend pastoral agriculture and cropping to higher elevations, where
previously this was not possible.

A consequence of higher/increased intensity of rainfall associated with climate warming, will be an
increase in upland soil erosion. The resulting increases in sediment transport rates will impact downstream
ecosystems and damage water supplies with higher suspended sediment loads that can smother stream beds
and infill reservoirs. To mitigate the impact of these effects we need to be able to distinguish between erosion
that is a direct consequence of climate change and may not be amenable to management, and erosion from
agricultural practices made possible by climate change and where management may be possible.

In this paper, we present a concept, using the compound specific stable isotopic (CSSI) signatures of
intrinsic biomarkers in the soil, for achieving this discrimination. The preliminary results of measurements

along a 30-year pine-to—pasture chronosequence are used to support this concept.
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The El Nifio—Southern Oscillation (ENSO) effects 2/3 of the planet’s population, and
understanding its evolution is critical to anticipating future changes. However, Pacific records of the
behaviour of ENSO over the past millennium disagree about the timing and intensity of EI Nifio- and
La Nifia- dominated phases, presenting a challenge to testing hypotheses of ENSO response to
changing background conditions. There is a need for further records from ENSO affected regions,
especially Australasia, which is under-represented in the literature. Here we present a ~1500 year
quantitative precipitation record from sub-tropical Australia, based on the carbon and oxygen isotope
ratios (8'3C and &'0) of sub-fossil Melaleuca quinquenervia leaf fragments preserved in the
sediments of Swallow Lagoon, North Stradbroke Island, south-east Queensland. Previous work has
shown that the carbon isotope discrimination (A) calculated from the bulk leaf 3C of modern M.
quinquenervia responds to local precipitation (Tibby et al. 2016). Here the A values of sub-fossil M.
quinguenervia are compared to instrumental rainfall data from the past century to test this established
relationship through time. We also examine the 520 of leaf cellulose allowing for both for the carbon
and oxygen isotope signals to be related to rainfall. The A and 580 records from sub-fossil leaves are
then used to quantitatively reconstruct rainfall over the last 1500 years. We tested hypotheses which
suggest that the Medieval Climate Anomaly (MCA) was more La Nifia-like than the Little Ice Age
(LIA) (Mann et al. 2009). The results of our work suggest La Nifia-dominated conditions in sub-
tropical Australia during both the LIA and MCA, possibly indicating that ENSO was not controlled

by external climate forcing over these intervals.
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Presence of adjacent grasses enhances while 14NH4+—-addition to
receiver-pines reduces 15N-movement between paired-pine saplings in a

Californian pine forest
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Nutrient movement in common mycorrhizal networks (CMNs) has often been demonstrated, but the
mechanism and significance of such nutrient movement in the field remains uncertain. Previously, we have
demonstrated ®N-movement between ectomycorrhizal (EM) pine (Pinus sabiniana) trees. In that study,
arbuscular mycorrhyzal (AM) plants surrounding EM trees received an equivalent amount of N from the
donor-tree, suggesting root exudation is an important transfer mechanism. In a follow-up experiment, we
removed the grass vegetation between donor- and receiver-trees to test the hypothesis that more *N would
move between trees in the absence of grasses. We performed the following treatments: (1 and 2) >N application
to donor-pine needles in the presence or absence of grasses and (3 and 4) with or without N application to
receiver-pine needles. We found that needle 3*°N values of receiver-pines (462%o) growing in the presence of
grasses were significantly greater compared to receiver-pines (320%o) growing in the absence of grasses.
Receiver-pine roots in the presence of grasses also became significantly more enriched (42%o) than pine-
receiver roots (29%o) in the absence of grasses. The N application to the receiver-tree reduced **N movement
from tree to tree regardless of the presence or absence of grasses. Grasses appeared to facilitate the transfer of
N between trees in all four treatments. The movement of ®N to grass roots when present, expressed as
concentrations, was similar to the receiver-pine roots. The movement of N from a pine rhizosphere and common
EM network to a common AM network suggests that root and/or hyphal leakage is an important process that
circulates N in the rhizosphere. Our results indicate that root exudation may be an important indirect transfer
and reallocation mechanism of N and other nutrients among plants and diverse CMNS. Our results have
important implications for nutrient movement between diverse plants in terrestrial ecosystems.

Keywords: *N/**N, common mycorrhizal networks, grass, N transfer, paired pines
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Nutrient movement in common mycorrhizal networks (CMNs) has often been demonstrated, but the
mechanism and significance of such nutrient movement in the field remains uncertain. Previously, we have
demonstrated ®N-movement between ectomycorrhizal (EM) pine (Pinus sabiniana) trees. In that study,
arbuscular mycorrhyzal (AM) plants surrounding EM trees received an equivalent amount of °N from the
donor-tree, suggesting root exudation is an important transfer mechanism. In a follow-up experiment, we
removed the grass vegetation between donor- and receiver-trees to test the hypothesis that more >N would
move between trees in the absence of grasses. We performed the following treatments: (1 and 2) N
application to donor-pine needles in the presence or absence of grasses and (3 and 4) with or without *N
application to receiver-pine needles. We found that needle B**N values of receiver-pines (462%o) growing in
the presence of grasses were significantly greater compared to receiver-pines (320%o) growing in the absence
of grasses. Receiver-pine roots in the presence of grasses also became significantly more enriched (42%o) than
pine-receiver roots (29%o) in the absence of grasses. The N application to the receiver-tree reduced **N
movement from tree to tree regardless of the presence or absence of grasses. Grasses appeared to facilitate
the transfer of N between trees in all four treatments. The movement of °N to grass roots when present,
expressed as concentrations, was similar to the receiver-pine roots. The movement of N from a pine
rhizosphere and common EM network to a common AM network suggests that root and/or hyphal leakage is
an important process that circulates N in the rhizosphere. Our results indicate that root exudation may be an
important indirect transfer and reallocation mechanism of N and other nutrients among plants and diverse
CMNS. Our results have important implications for nutrient movement between diverse plants in terrestrial
ecosystems.
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Nano-scale secondary ion mass spectrometry (nano-SIMS) images can
differentiate organo-mineral complexes and associated carbon
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The submicron information about in situ mechanisms of fertilization practices affecting organo-mineral
complexes and associated carbon (C) preservation is limited. Recently, a novel imaging facility, nano-scale
secondary ion mass spectrometry (Nano-SIMS), is capable of the concurrently quantitatively high spatial
resolution imaging of five stable isotopes (e.g., *H/?H, 12C/13C, “N/*N, %0/*80, 31S5/3%S, etc.) with high
sensitivity at 250 nm metric and ppm atom scales. Nano-SIMS analyses are particularly powerful when
combining with 3C- and *N-labelled amino acids, which can bound to their amino, carboxyl or both groups
depending on their size. The quantitative of molecular and isotopic patterns of inorganic and/or organic C and
N source could be hence imaged and detected. We applied Nano-SIMS, X-ray photoelectron and X-ray
absorption fine structure spectroscopies to examine submicron effects of 24-year long-term inorganic (NPK:
nitrogen, phosphorus & potassium) vs. organic (M: manure; and NPKM) fertilization on associations of organic
and mineral components in a red soil in south China. Results showed that organic amendments had
significantly increased the mineral availability, particularly in the short-range-ordered (SRO) phases. Nano-
SIMS images provided direct evidence that citric acid, a major component of root exudates, promoted the
formation of SRO minerals, which acted as "nuclei" for C retention, and that the submicron elemental
distribution and spatial heterogeneity in the soil colloids and the ratios of 2C7/?’Al**0™ and 2C/>Fe'®0O~ were
greater under NPKM or M than under NPK. The C-binding loadings of Al and Fe minerals in colloids at
submicron scales, and the concentrations of highly reactive Al and Fe minerals, were greatly enhanced under
NPKM or M than under NPK. Our submicron-scale findings suggest that both the reactive mineral species and
their associations with C are differentially affected by 24-year inorganic and organic fertilization.

Xiao JA, Wen YL, Li H, Hao JL, Shen QR, Ran W, Mei XL, He XH, Yu GH. 2015. In situ visualisation and
characterisation of the capacity of highly reactive minerals to preserve soil organic matter (SOM) in colloids
at submicron scale. Chemosphere 138: 225-232.

Xiao JA, He XH, Zhou Y, Zheng LR, Hao JL, Ran W, Shen QR, Yu GH. 2016. New strategies for submicron
characterization the carbon binding of reactive minerals in long-term contrasting fertilized soils: Implications
for soil carbon storage. Biogeosciences 13: 3607-18.
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The illegal wildlife trade facilitates the global movement of exotic animals as pets, creating pathways
for non-native species to establish wild populations as individuals escape from captivity or are intentionally
released (SCBD, 2010; Garcia-Diaz et al., 2016). Novel surveillance tools are required to detect, prevent and
respond to the evolving threat of exotic pet incursions. This study aims to develop a set of best-practice
methods using stable isotope ratios of key alien vertebrate species to determine the environmental history
and provenance of seized or at-large specimens.

We focus on the red-eared slider turtle (Trachemys scripta elegans), a North American species with
established wild populations worldwide due to unregulated pet trade until the 1970s (Garcia-Diaz et al. 2015).
Five specimens with different incursion and seizure histories were selected and stable carbon, nitrogen, and
oxygen isotope ratios in scute keratin were measured. Additionally, elemental analysis of bone (vertebra,
femur, and toe) and scute keratin was performed by laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS). Variation was minimal across each turtle carapace and bone. However, differences
in oxygen isotope ratios, and concentrations of uranium (U.ss) and barium (Bais7) were correlated to

environmental history. Thus, chemical differentiation of captive and wild animals appears promising.
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Biosecurity intelligence: biogeochemical clues to high-risk pest natal origins
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Based on the same principles used to investigate cosmic processes and provenance of items of forensic and
commercial value, stable isotope and trace element biogeochemical signatures show promise as markers of
an insects’ natal origin.

In the context of national biosecurity, point of origin discrimination of pests detected in MPI surveillance
and border security programs can be of significant economic and social value; as provenance information
can identify risk pathways; as well as distinguish whether samples from surveillance traps are non-
established new arrivals — or if they represent an established population. Therefore, this information can
direct appropriate operational responses in exotic pest eradication campaigns, as well as support
maintaining “area pest free” status and thereby preserving export trade access for NZ produce.

Here we will briefly review the comparatively new field of tracking insect movement using natural
abundance biogeochemical markers. Recent advances, including a much improved understanding of
fundamental principles, will be discussed, focusing on research which has used high-impact internationally
distributed pests and real-world pest incursion case-studies. These works have shown strong potential for
entomological provenance resolution through the multivariate examination of both climatically and
geologically linked spatial markers, namely 82H, 880, 87Sr/%¢Sr, 27Pb/?°®Pb and 2°8Pb/>*®Pb isotope ratios.
The provenance value of trace element concentration signatures will also be discussed.

From this body of work, the potential and constraints of this technology are revealed, and future
technological developments identified.



The drivers of rainfall isotope variability in Australia and why groundwater
is often different

Dr Cath Hughes?, Dr Jagoda Crawford?, Dr Dioni Cenddn?, Dr Karina Meredith?, Dr Suzanne Hollins?
IAustralian Nuclear Science And Technology Organisation, Lucas Heights, Australia

Rainfall stable isotope composition varies dramatically across Australia. Using monthly 2H and 20
data from 15 Global Network of Isotopes in Precipitation (GNIP), sites the underlying causes for the spatial
and temporal variability have been investigated. Because of the island nature of Australia, moisture originates
from the Indian Ocean to the west and the Pacific Ocean to the east, and is dominated by the monsoon and
tropical cyclones to the north and frontal and low pressure systems to the south. Simple rainfall amount or
temperature relationships don’t explain the observations because of the huge spatial variability in moisture
source and synoptic processes. However, latitude, elevation and continentality were found to have some
influence on the isotopic average at the 15 sites. Using relationships developed with data from the 15 GNIP
sites and additional data from higher elevation sites, an isoscape has been developed. This is used to
investigate what drives groundwater recharge at a variety of locations across Australia. In many regions
groundwater recharge can be linked isotopically to extreme high rainfall events such as tropical cyclones, east
coast lows or major troughs which may occur on sub-annual or decadal time scales. For many inland sites,
recharge from such events results from widespread flooding over hundreds or thousands of kilometers,
introducing an evaporated signature to groundwater, or one that reflects a different composition to local
rainfall. In contrast, reliable seasonal rainfall from the monsoon in the north, or winter rainfall in the south
west leads to groundwater signatures in alluvial, karst and fractured rock aquifers that reflect wet season
averages. A better understanding of how these processes vary across the continent improves our ability to
apply stable isotopes to trace groundwater recharge and ultimately provides valuable information for water

resource managers in sustainably managing groundwater and connected surface water systems.



Dynamic rainfall isoscapes for biosecurity and hydrology

Dr Elizabeth Keller!, Prof Troy Baisden?, Dr Peter Holder?, Ms Silvia Canessa?, Ms Vanessa Trompetter!, Ms
Abigail Lovett!

1GNS Science, Lower Hutt, New Zealand, 2University of Waikato, Hamilton, New Zealand, 3Lincoln University,
Christchurch, New Zealand

We describe the development of an irrigation and tap water isoscape model for biosecurity and
hydrology research in New Zealand. New Zealand’s location in the Southern Ocean exposes it to unique
weather patterns and alternations of sub-tropical northerly and sub-Antarctic southerly storm tracks that
result in high spatial and temporal variability in precipitation. We have previously demonstrated (Baisden et
al., 2016) that dynamic precipitation isoscapes (maps of 6H and &0 in rainfall) can be calculated and
compiled at monthly resolution using daily gridded weather data weighted by precipitation amount. The
isoscapes enable applications in hydrology, paleoclimate, agricultural authentication, and biosecurity. Here,
we focus primarily on biosecurity, where a number of sap-sucking insects with severe invasive potential are
frequently intercepted at the border and occasionally found deep within New Zealand. For this class of insects,
H and O isotope ratios can help determine whether an insect is part of an established breeding population in
New Zealand or a single exotic, non-breeding individual.

We have redeveloped our existing precipitation isoscape model to take advantage of an additional
two years of daily event-based precipitation collection at major ports (run by the Better Border Biosecurity
(B3) Programme), augmenting the ~3 years of monthly data from 50 stations used to develop our previous
model. The new model is tested against previously acquired data from groundwater and monthly samples in
77 major river sites, enabling the calculation of an empirical relationship between precipitation and
groundwater / surface water. This forms the basis of an irrigation and tap water isoscape that can be

compared against isotope ratios in insect samples.
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Mountains to the sea: quantifying the transfer of terrestrial organic

matter to the deep ocean in submarine canyons

Dr Daniel Leduc?, Max Gibbs?, Andrew Kingston?, Andrew Swales?, Brittany Graham?, Scott Nodder?, Ashley

Rowden?

INIWA, Wellington, New Zealand, 2NIWA, Hamilton, New Zealand

Deep-sea canyons that incise the continental shelf can facilitate the transfer of terrestrially and coastally-
derived organic matter to the deep ocean, thus potentially providing important food resources to deep-sea
benthic communities. Accordingly, some canyons are recognised as hot-spots of benthic biomass and
activity; none more so than the Kaikoura Canyon, which hosts among the highest biomass yet recorded at
the deep seabed globally (Figure 1). In this study, we compare the contribution of land and coastal-derived
plant material to the sediment of the high productivity Kaikoura Canyon and the low productivity Hokitika
Canyon using the compound-specific stable isotope (CSSI) technique and multivariate mixing models (Gibbs
2008). This method, which is used for the study of connectivity between nearshore and deep ocean
ecosystems for the first time, provides new insights into the mechanisms responsible for the exceptionally
high productivity of Kaikoura Canyon seabed communities, which may be driven by food inputs from
outside the canyon. The application of this and other tracer methods will help clarify the fate of the vast
quantities of fine, land-derived organic matter entering the oceans.
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Nitrogen attenuation, dilution and recycling at the groundwater - surface
water interface of a subtropical estuary
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Groundwater — surface water interactions in estuaries can promote the attenuation and dilution of
groundwater-borne contaminants. For an Australian subtropical estuary, up to 80% of the N load in
contaminated groundwater (>300 mg N L™%) was removed during passage through the riverbed. The remaining
N was also diluted by a factor of two or more by mixing before being discharged to the estuary. Most of the
mixing occurred in a ‘hyporheic zone’ in the upper 50 cm of the riverbed. However, groundwater entering this
zone was already partially mixed (12 — 60%) with surface water via a tidal circulation cell. Below the hyporheic
zone (50 — 125 cm below the riverbed), NOs™ concentrations declined slightly faster than NH4* concentrations
and and gradually increased, suggesting a co-occurrence of anammox and denitrification. During transport
through the hyporheic zone, continued to become enriched (consistent with either denitrification or
anammox) but became more depleted (indicating some nitrification). The discrepancy between (23 —35%o)
and (1.2 —8.2%o) in all porewater samples indicated that the original synthetic nitrate pool (B**N ~ 0%o; @80
~ 18 — 20 %o) had turned-over during transport in the aquifer before reaching the riverbed. Whilst porewater
NOs~ was more B'®0 depleted than its synthetic source, porewater (—3.2 to —1.8%o.) was enriched by 1-4%o
relative to rainfall-derived groundwater mixed with seawater. Isotopic fractionation from H,0 uptake during

the N cycle and H,0 production during synthetic NOs™ reduction are the probable causes for this enrichment.
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Quantifying groundwater discharge using radon-222 to understand
groundwater-surface water dynamics

Miss Heather Martindale!, Mr Rob van der Raaij', Dr Matthew Knowling®, Dr Uwe Morgenstern®
1Gns Science, Lower Hutt, New Zealand

The aim of this study was to investigate whether quantifying groundwater (GW) discharge using the
soluble, unstable isotope, radon (Rn) could provide further insight into GW-surface water (SW) interaction
processes in the New Zealand riverine environment. In particular, hyporheic and parafluvial flows are
investigated.

Radon samples were collected from two study sites, the Shag and Te Arai Rivers, at a spatial resolution
of 500m, under low flow conditions. A mass-balance approach for quantifying GW flux using Rn was then
applied to the gaining reaches (Cartwright and Hofmann 2016; Equation (1)).

Equation 1

Where /is the GW inflow along a reach (m* m™* day?), Q is river discharge (m® day™), x is the distance
of the reach measured (m), w is stream width (m), E is the evaporation rate (m day™), Fy is the flux of Rn from
the hyporheic zone (Bqg m™ day™), F, is the flux of Rn from the parafluvial zone (Bq m™ day™) k is the gas
transfer coefficient (day™), d is river depth (m), A is the Rn decay constant (0.181 day™), c,w is the

concentration of Rn in GW (Bq m™3) and ¢, is the Rn concentration in the river water (Bqg L3).

To express the uncertainty associated with the input variables in Equation (1), a Monte Carlo sampling
approach was applied. This allows for the uncertainty in calculated discharge rates based on Equation (1) to
be estimated. Discharge flux is calculated here in the absence of a distinct input of Rn from parafluvial flow
(Fp). When the calculated discharge from Equation (1) significantly exceeds the discharge indicated by
concurrent gauging, it is assumed that the discrepancy is an indication of the contribution of discharge from

parafluvial flow.
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Seeing the forest through the leaves: Isotopic and morphological proxies

for canopy closure in ancient forests
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Forests canopy structure controls the penetration of light, relative humidity, and the isotopic
composition of CO; in the understory. These factors influence the carbon isotope signatures of plants at
different levels of the forest as well as their leaf morphology (e.g. undulation index, leaf mass per area).
Leaves from closed canopy forests have more *C-depleted and more variable carbon isotope ratios than open
forests (Graham et al., 2014), while undulation index in phytoliths has been linked to Leaf Area Index (LAI)
(Dunn et al., 2015). However, our application of these proxies together in the fossil record has proven
challenging (Bush et al., 2017). To explore the controls on carbon isotope ratios and leaf morphology in a
modern closed canopy forest, we quantify the variability in these traits in relation to light in the Daintree
Rainforest in Queensland, AU.

Leaves from five species of rainforest trees were sampled from the upper canopy, interior canopy
and understory of intact rainforest, as well as from a forest gap. The goal was to characterise variation in leaf
traits and isotopic composition within species across a canopy-induced light gradient, as well as to examine
the effects light wells. The light environment for each foliar sample was quantified in terms of leaf LAI, which
ranged from 0 to 7.

Carbon isotope ratio increased with light exposure, with similar scale of response in all species. In
contrast, the responses in undulation index, cell area, and leaf mass per area differed among species,
indicating that reconstructions based on leaf traits will require careful selection of taxa. No differences were
detected between gap understory and control understory sites. This is encouraging for applying these
methods to the fossil record because most fossil floras are biased towards forest gaps where water bodies

accumulate and preserve fossil leaves.
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A decade of isotopic investigations of drought and flood cycles of the

Darling River

Dr Karina Meredith

Australian Nuclear Science and Technology Organisation, Australia.

The Barwon-Darling River system is the longest river in Australia (2,735 km). It faces environmental pressures
from both climate change and anthropogenic activities, impacting the availability of water resources in the
semi-arid environment. The motivation for this study was to provide water resource managers with a firm
understanding of recharge characteristics, the evolution of saline groundwater and the impact of drought on
water quality. As part of this ten year study, various hydrochemical and isotopic tracers were used to
understand these fundamental hydrological and hydrogeological processes.

Water-limited environments are particularly difficult to monitor due to the large time lags between floods,
the remoteness and expense of studying hydrologically complex systems in detail. High resolution surface
water sampling using hydrochemical and stable isotope (60 and 62H) data allowed us to quantify the
contribution of evaporation, bank storage release and saline groundwater influx to the Darling River
(Meredith et al., 2009). Non-traditional isotopes such as the trace element isotopes (6’Li, 6B and &’Sr/%Sr)
were essential in differentiating saline groundwaters of different origin (Meredith at al., 2013).

Recharge frequency and the sources of water were identified using 60, 6°H and 3H in groundwater, soil
water, rainfall and river waters, before extended drought and then again after recharge. It was found that
large overbank flood events were responsible for groundwater recharge over decadal time periods (Meredith
et al,, 2015). Understanding groundwater residence times using *C in this water-limited environment was
challenging because of the mixing of different water and carbon sources. High evaporation rates also
impacted the carbon dynamics in the groundwater system. It was found that various water-sediment
processes occur to promote greater calcite dissolution in saline groundwater leading to the input of a higher
than predicted ‘dead’ carbon source (Meredith et al., 2016).

The outcomes of this ten year study highlight the importance of using a multi-tracer approach, which includes
trace element isotopes, stable isotopes, radioactive and hydrogeological methods in resolving complex
geochemical processes that lead to the evolution of surface and groundwater in water-limited environments.
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Isotopic fractionation and geochemical evolution of subaqueous deposited
sulfide-rich mine tailings: Implications for mine closure
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The oxidation of sulfide minerals in subaerial tailings deposits generates acid and releases sulfate and
metals to pore water. Subaqueous disposal of tailings is a common method for limiting sulfide-mineral
oxidation. Short-term studies have demonstrated that shallow water covers are effective at limiting oxygen
diffusion to submerged tailings; however, long-term studies are lacking. The former Sherritt-Gordon Zn-Cu
mine, located in Sherridon, Manitoba, Canada, deposited sulfide-rich tailings into Fox Lake during 1951. The
tailings formed a number of small exposed islands with the majority of material submerged underwater.
Mineralogical examination of the land-deposited tailings showed a well-defined, ochreous oxidation zone
that extended from surface to about 40 cm depth. The interval from 40 to 60 cm was a transitional zone of
much weaker oxidation, and at depths >60 cm sulfide minerals in the tailings were not altered. In contrast
to the thickness of the oxidation zone in the land-based tailings, the equivalent zone in the submerged
tailings extended <6 cm below the water-solids interface. Porewater collected from the land-based tailings
was characterized by low pH, depleted alkalinity and elevated concentrations of dissolved sulfate and
metals. Conversely, development of strong reducing conditions in the subaqueous tailings had resulted in
circumneutral pH conditions, low concentrations of dissolved sulfate and metals, H,S production and strong
5345-S0,4 and 83C fractionation indicating microbially-mediated sulfate reduction. Within the submerged
tailings, secondary marcasite was observed in the relic ochreous zone occurring as coatings on primary
minerals. This observation indicates that, following a period of oxidation, metals were subsequently
sequestered from solution in this zone. This finding further emphasizes the influence of reducing conditions
and microbial activity on metal mobility within mine tailings. Results from this study provide insight for the

submergence of sulfide-rich tailings under a shallow water cover as a viable method for long-term storage.



Heretaunga Plains: groundwater dynamics and source from age
tracers, isotopes, and hydrochemistry
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Aims

This collaborative study between Hawke’s Bay Regional Council, Hastings District Council, Napier
City Council, and GNS Science aims to improve our understanding of the Heretaunga Plains
aquifers in regards to groundwater recharge sources and rates, flow dynamics, and interaction
between groundwater and surface water. This information is key to sustainable management of
this hydrologic system including preserving the drinking water security, and the integrity of the
aquifers and surface waters that receive inflows from groundwater.

Method

This study utilises tritium, CFCs, SFs, 2H, '¥0, Ar, N, CH4, radon and major/minor ion
hydrochemistry data with respect to understanding the dynamics of the groundwater from
recharge to discharge and interaction with surface water, and understanding the processes that
control the hydrochemical properties (quality) of the groundwater including denitrification.

Age tracer and isotope data are available from c. 160 ground- and surface water sites.
Groundwater wells are located across the Heretaunga Plains. In the west, near the Ngaruroro
River, the wells are typically shallow, with depth ranging from 7 to 40 m. In the east, towards the
coast, wells are typically becoming deeper as the depth to the confined aquifer increases. Around
Hastings, a number of wells are significantly deeper, between 100—-200 m.

Historic and recent tritium and SFs data show that the groundwater abstracted from wells in the
Heretaunga Plains has often a complex age distribution. A refined 3D geologic model developed
by GNS’ Urban Geology programme captures the complex structure of the aquifer system, where
well screens intersect multiple layers of a heterogeneous aquifer. Highly conductive Holocene
river gravel fans are inter-fingered with the main aquifer. This refined geological model
underpinned development of a new groundwater mixing model.

We used binary mixing models (BMM) consisting of two parallel exponential piston flow models
to represent complex age distribution. The BMMs produce excellent matches to the measured
multi-age-tracer time-series data collected for most (>90%) of the drinking water wells. Due to
the complex hydrogeologic setting, very young water from shallow flow pathways can be ‘hidden’
in overall old water from the deep main aquifer. Matching the BMM to the multi-age-tracer time-
series data enabled identification of such young water.

Results



Hierarchical Cluster Analysis (HCA) results provide context for the main drivers of hydrochemistry
and recharge source, including oxic rivers and river-recharged groundwaters with little or no
elevation of nutrient concentrations, association with limestone or carbonate geology, oxic
rainfall-recharged groundwaters with moderate land-use impact and anoxic groundwater with
chemistry typical of natural conditions.

The age tracers indicate that groundwater in most of the wells within the Holocene unconfined
gravel fans of the Ngaruroro River and the Tukituki River are relatively young with mean residence
time (MRT) 0 — 10 years, and from the area of the main water loss from the Ngaruroro River
towards the coast, the groundwater within the confined aquifer becomes progressively older. The
drinking water wells southwest of Napier contain water with MRT between 20—-40 years. Further
toward the coast, the groundwater becomes significantly older with MRT 40-80 years, and close
to the coast the water is even older, indicating sluggish flow at this part of the aquifer. More
vigorous groundwater flow in the confined aquifer toward the coast is indicated further south in
the centre of the Plains. A tongue of very young groundwater with MRT < 5 years extends nearly
half way towards the coast, and the groundwater near the coast is still relatively young with MRT
27-34 years. At the southern margin of the confined aquifer, older water of MRT >70 years
prevails, again indicating more sluggish flow on the margin of the aquifer. Only around the
Holocene gravel fan of the Tukituki River very young groundwaters of MRT <10 years occur.

The recharge source indicators (Ar, N,, 2H, 180, nitrate, excess-nitrogen, and CFCs) show a strong
pattern of recharge source within the Heretaunga Plains aquifer. Two areas show a strong
indication of aquifer recharge from the Ngaruroro River: around and southwest of Napier, and a
band of river-recharged groundwater located at the centre of the Plains. It is likely that this band
represents a buried paleo river channel that is still hydraulically connected to the Ngaruroro River
and thus enables fast seaward flow of water lost from the river. This band of river-recharged
groundwater coincides with the band of young groundwaters. The Tutaekuri River appears not to
be connected to this aquifer. The unconfined area of the Ngaruroro River shows a clear indication
of local rain recharge, similar to the southern half of the Heretaunga Plains aquifer.

Radon data, despite being sparse, show a clear discharge pattern, which is consistent with
observed gain-loss patterns in rivers and streams. Low radon concentrations, indicative of no or
little interactions with groundwater, are found in the lower reaches of the Tutaekuri River. High
radon concentrations south of the Tutaekuri River indicate high groundwater discharge into the
streams, water lost from the upstream reaches of the Tutaekuri River as indicated by water mass-
balance. High radon concentrations in the gaining reaches of the Ngaruroro River and its
tributaries confirm groundwater discharge into the River and streams. High radon concentrations
in the drainage area south of the Ngaruroro River indicate discharge from the groundwater
system, potentially resurfacing water lost from the Ngaruroro River further upstream. High radon
concentration in the lower reaches of Karamu Stream and one of its tributaries also indicate
discharge from the groundwater system.

Conclusions
Despite the still-remaining limitations of the Heretaunga Plains age, gas, and isotope tracer data

set, it already has revealed details on large-scale groundwater processes that are not obtainable
by other hydrologic methods, with implications to the management of these water resources.



AMS measurement of 32Si in Antarctic snow and ice
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32j allows dating of ice cores and sediments over the last several hundred years, an important
period for assessing anthropogenic impacts on earth. An issue with the 32Si technique is,
however, the relatively high uncertainty of its half-life. We aim to address this by measuring the
325j decay rate in well dated ice cores covering the last 1000 years. Cold Antarctic ice offers the
advantage of good preservation of silicon and age markers (e.g. tritium and sulphur from large
volcanic events). Our results show that the half life of 32Si is significantly lower than thought.

Acknowledgement: This work was supported by Marsden Grant 01-GNS-009 ESA of the Royal
Society of New Zealand.



Isotopic insights into plant carbon metabolism with climate warming
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Isotopic insights into plant carbon metabolism with climate warming

Climate warming has the potential to alter the balance between photosynthetic carbon
assimilation and respiratory losses in forest ecosystems, leading to uncertainty in predicting
their future physiological functioning, with implications for ecosystem carbon fluxes. The effects
of warming on plant respiration have been well studied, but effects on carbon allocation and
residence time have received less attention. We conducted an isotopic tracer study to evaluate
effects of warming on assimilation, sugar metabolism, transport, storage, respiration and root
exudation. Eucalyptus parramattensis trees were grown in the field in whole-tree chambers
operated at ambient and ambient +3 °C temperature treatments (n=3 per treatment). The
unique chambers were 9-m tall, with a volume of 57 m3 and were equipped with independent
canopy and below-ground compartments. We applied a *CO, pulse and followed the label in
plant sugars, bulk tissues and soil microbes, and in CO; respired from leaves, canopy, roots and
soil over a 3-week period in conjunction with measurements of tree growth. Periodic monitoring
of A3C-CO; values in the canopy and soil compartments allowed us to quantify the total amount
of 3C0O; assimilated and respired by each tree. Compound-specific B**C measurements of leaf
sucrose, glucose and raffinose indicated that warming did not affect *C enrichment of these
primary and secondary metabolites. However, warming appeared to reduce the residence time
of carbon respired from the canopy, and especially from roots and soil. The proportion of the
assimilated *CO, retained by the trees was reduced by ~10% with warming, indicating that
autotrophic respiration has the potential to feedback to climate change. This isotopic pulse-
chase experiment provides insights into how rising temperatures may affect the fate of
assimilated carbon from the leaf to the ecosystem scale.



Dual-isotope nitrate measurements to support nitrogen management in New Zealand

Andy Phillips?, Professor Troy Baisden?, A Immers?, J Cooper?
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New Zealand is far away from other industrialised countries and has a population of only 5
million people, so that our rivers, lakes and streams have minimal impacts from atmospheric
pollution. This creates a unique and ideal natural laboratory to study isotope effects associated
with nitrogen cycling process, including denitrification, in our natural and managed ecosystems.
New Zealand contains vast areas unaffected by human activities, but also has major rivers with
large contributions from pastoral agriculture, cropping and horticultural systems, forestry, waste
water treatment, meat processing, and other nitrogen sources.

Our continuing studies have shown that we can distinguish between some of these contributing
sources to the nitrate levels and have assisted councils monitor and regulate water quality.
Choosing a method for dual-isotope nitrate measurements was a particular challenge within
New Zealand. The genotypes of the denitrifying bacteria used most commonly around the world
to produce nitrous oxide are difficult to import and use under restrictive biosecurity regulations.
At GNS Science we have adapted the Mcllvin and Altabet cadmium-azide chemical reduction
method. We use customised automated pre-concentration device connected to an IsoPrime
IRMS, which analyses nitrous oxide delivered by sparging, pre-concentration, and isothermal gas
chromatic separation.

We have successfully analysed fresh to saline waters across a wide range of concentrations,
following a convenient sample preservation technique matched to our laboratory methods, for
measurement of N and O isotope ratios in nitrate and nitrite, and N isotopes in ammonium.

| highlight key methodogical advances, findings and challenges, and welcome discussion with
other groups doing or considering this analysis.



Combining stable isotopes and mass-balance modelling to
understand the Ross Sea ecosystem
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The world’s largest Marine Protected Area (MPA) was established in the Ross Sea region of the
Southern Ocean in December 2017. The MPA was designed to help understand the effects of
climate change and fishing, and to mitigate threats to the integrity of the ecosystem. Setting up
monitoring, tracking ecosystem change and understanding the conservation value of the MPA
requires knowledge of how organisms are inter-related, especially through feeding (trophic) links.

A trophic mass-balance model of the Ross Sea ecosystem (Pinkerton et al., 2010) was
developed. Initial values for all parameters were determined from survey and literature data, and
then the model was balanced by adjusting all parameters simultaneously according to estimates
of their relative uncertainties. This balanced model has been used to identify groups with high
trophic importance to prioritise monitoring (Pinkerton & Bradford-Grieve, 2014), design spatial
management to mitigate threats from fishing (Sharp et al., 2010), and to investigate the potential
for changes due to fishing to cascade through the ecosystem (Pinkerton et al., 2016).

However, the balanced Ross Sea trophic model is highly under-constrained; there is a
large family of possible solutions all of which are feasible according to the conceptual framework
and available empirical data. Stable isotopes can help to explore the “feasible parameter space”
of food web models such as this and provide estimates of uncertainty on ecosystem properties
derived from them. More than 1300 measurements of bulk-tissue §"°N and §*3C have been made
on organisms across the Ross Sea ecosystem from particulate organic matter (POM), copepods,
pteropods, salps, krill, silverfish, myctophids, cephalopods, and 18 species of demersal fish
(Pinkerton et al., 2013). We show how Bayesian Markov chain Monte Carlo modelling can be used
to determine the distribution of model parameters and emergent ecosystem properties

consistent with the isotope data.
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Nitrogen sources, transfer pathways, processing and fate in the

complex Peel Harvey Estuarine System, Western Australia.
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Isotopes are useful tool for tracking the sources and fate of nitrogen that is over-enriching coastal
waters and driving eutrophication. However, untangling the sources and fate of nitrogen using
isotope signatures requires careful delineation of flow paths and instream processing. The
complex hydrology, which includes wetlands, three rivers, two estuaries and extensive artificial-
drainage network, of the Peel-Harvey Estuarine system (PHES) in Western Australia presents a
unique challenge to using isotope tracers to track nitrogen. This is further complicated by extreme
wet and dry seasons and the multiple nitrogen sources. We measured §°N-NOs’, §!¥0-NOs’, and
5%N-NHj, to track nitrogen sources and fate from the farm through the drains and rivers to the
estuary along with 82H-H,0, §'0-H,0, and ?*2Rn which help determine major transfer pathways.
Samples were collected from drains (n = 53), rivers (n = 125), estuaries (n = 62), groundwater (n =
21), and precipitation (n = 20) in the dry season (February 2017) and wet season (July 2017). NOs’
isotopes in summer showed a distinct spatial pattern. In the estuary, 8">°N-NOs  and §'®0-NOs
values ranged from 0.3%. and 40.1%o. at the ocean entrance, to 5.0%0 and 3.5%. at the river
mouth, respectively. The two major rivers had distinct 8*°N-NO3™ (mean of 6.2%o and 10.3%o) and
8'80-NO; values (mean of 12.5%0 and 8.2%o). The high 6'°N-NO3 (mean = 18.8%o) and §'®0-NO;
(mean = 28.7%s.) values in many drains most likely reflect denitrification in the artificial-drainage
network. Wastewater effluent was identified as a potential point source, but the NOs isotope
signature was not distinct within hundreds of meters of outflow drain due most likely to NOs’
assimilation and formation of fresh NOs from the nitrification of NH4*. These first results from
NOs isotopes alone show the practicality of our approach for tracing nitrogen in the complex

hydrology of the PHES.



Differentiating drivers of pelagic food webs in the central and
eastern Great Australian Bight using compound specific amino

acid nitrogen isotopes

Dr Andrew Revill}, Dr Rudy Kloser?, Caroline Sutton?

1Csiro Oceans And Atmosphere, Hobart, Australia

A key objective of this study was to, investigate the trophic linkages and pathways

between the central and eastern regions of the Great Australian Bight with the hypothesis that

|”

the central region is driven more by “microbial” processes while the east experiences more

upwelling and is therefore a more “traditional” food web.

Recently, compound specific nitrogen isotopes (CSIA) in individual amino acids have been
used to investigate a wide variety of trophic interactions (Chikaraishi et al. 2009, Lorrain et al.
2009, Dale et al. 2011). Of particular interest for this study is the fact that certain “source” amino
acids are incorporated with very little isotopic fractionation and are thus indicative of isotopic
composition of the foodweb base.

Using these techniques we were clearly able to elucidate differences between the food
webs operating in the eastern and central upper slope GAB with the east apparently being much
more reliant on upwelled nutrients and the central GAB under an increased influence by

picoplankton and nitrogen fixation.

The Great Australian Bight Research Program is a collaboration between BP, CSIRO, the South
Australian Research and Development Institute (SARDI), the University of Adelaide, and Flinders
University. The Program aims to provide a whole-of-system understanding of the
environmental, economic and social values of the region; providing an information source for all
to use
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EVALUATING ANTHROPOGENIC INFLUENCES ON NEW ZEALAND
REGIONAL AND URBAN SOILS USING MULTI- ISOTOPES AND
ELEMENTS

Dr Karyne Rogers?, Dr Rose Turnbull?, Dr Adam Martin?, Ms Grace Frontin-Rollet?, Dr Mark
Rattenbury!

1GNS SCIENCE, LOWER HUTT, NEW ZEALAND, >GNS SCIENCE, DUNEDIN, NEW ZEALAND, 3NIWA,
WELLINGTON, NEW ZEALAND

Human influences on global landscapes are more frequently being assessed by regional
and urban soil surveys. Recently, a geochemical baseline survey of regional Southland and
southern Otago soils, along with Dunedin City has been undertaken (Martin et al. 2016, Turnbull
et al. 2017).

Stable isotopes and trace elements are increasingly being used in environmental studies
as tracers of anthropogenic influences. Soil chemistry is found to be controlled by source rock
type (geogenic), soil formation processes (detrital), topography and climate. However, the New
Zealand landscape has been significantly altered by humans, especially over the last two
centuries. We present results from a multi-isotope and elemental study of pristine, rural and
urban landscapes which investigates anthropogenic changes attributed to industrial, agricultural,
farming, mining, forestry and urbanisation activities.

Elemental and isotopic (C, N, S) data have been acquired for soils sampled across a variety
of land uses (e.g. pristine national park versus urban or intensively farmed pastures), climates (e.g.
Fiordland >6000 mm annual rainfall, Middlemarch <500 mm annual rainfall), topography (sea
level to >2300 m asl), and soil parent materials (e.g. sandstone, schist, basalt) (Rogers et al. 2017).
We demonstrate the effectiveness of chemometrics using statistical integration of the
geochemical data (PCA and LDA) to identify human impacts on New Zealand’s landscape, and to
discriminate between different land uses and the heritage effects of early settlement around

Dunedin City compared to newer residential areas and other landuse activities.
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GEOGRAPHICAL TRACEABILITY USING STABLE ISOTOPES AND
MULTI-ELEMENT FINGERPRINTS

Dr Karyne Rogers!
1GNS SCIENCE, LOWER HUTT, NEW ZEALAND, 2INSTITUTE OF QUALITY AND STANDARDS FOR AGRICULTURAL
PRODUCTS, ZHEJIANG ACADEMY OF AGRICULTURAL SCIENCES, HANGZHOU, CHINA

Food safety is a growing concern particularly in countries where mislabelling and fraud
are frequently found in high-value or frequently consumed food products. Stable isotopes are
now widely recognised as a scientific tool which is leading the way to combat and detect food
fraud, with food forensics becoming well-established globally (Carter & Chesson, 2017). While
stable isotopes have been frequently used in the past to determine authentication and origin,
more recently a combination of isotopes and elemental abundances are now being used in more
sophisticated ways such as multi-variate chemometric analyses which statistically clusters similar
origin or authentic products together using much large groups of parameters (10-50 parameters).
Chemometrics uses Primary Component Analyses (PCA) and Linear Discriminant Analyses (LDA),
and this technique is also capable of machine learning to identify unknown products.

The application of these discrimination techniques are far-reaching beyond food and can
be used for environmental, industrial, geological or inorganic products. We will present three case
studies to demonstrate the utility and robustness of these techniques when identifying growing
methods of organic vegetables (Yuan et al 2016) and organic rice (Yuan et al. 2018) from
conventional products, and confirm the geographical origin of high-value green tea (Yuan et al.

2018a).
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Stable isotopes analysis: a neglected tool for placing parasites in
food webs

Dr Amandine Sabadel*, Dr Anthony Stumbo?, Dr Colin MaclLeod?
tUniversity Of Otago, Dunedin, New Zealand, ?Otago Museum, Dunedin, New Zealand, 3University of British
Columbia, Vancouver, Canada

Parasites are often overlooked in the construction of food webs, despite their ubiquitous
presence in almost every type of ecosystem. Researchers who do recognise their importance
often struggle to include parasites using classical food web theory, mainly due to their multiple
hosts and life stages. A novel approach using compound-specific stable isotope analysis promises
to provide considerable insight into the energetic exchanges of parasite and host which may solve
some of the issues inherent in incorporating parasites using a classical approach. Understanding
the role of parasites within food webs, and tracing the associated biomass transfers, are crucial
to constructing new models that will expand our knowledge of food webs.

This talk will focuses on stable isotope studies published in the last decade, and will
introduce compound-specific stable isotope analysis as a powerful, but underutilised, newly
developed tool that may answer many unresolved questions regarding the role of parasites in

food webs.
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Characterisation of particulate organic matter cycling during a
summer North Atlantic phytoplankton bloom using compound-
specific stable isotopes of amino acids

Dr Amandine Sabadel®, Dr Nicolas Van Oostende?, Prof Bess Ward?, Mr E. Malcolm S. Woodward?,
Dr Robert Van Hale?, Prof Russell Frew!

tUniversity Of Otago, Dunedin, New Zealand, Princeton University, Princeton, USA, 3Plymouth Marine
Laboratory, Plymouth, UK

Determining the fate of fixed carbon and nitrogen in marine food webs requires a deeper
mechanistic understanding of the processes through which organic matter pools originate and
the pathways through which they are transformed. We used compound-specific stable isotope
analysis of individual amino acids (CSIA-AA) to characterize particulate organic matter (POM)
sources and transformations in surface waters of the temperate and subarctic Atlantic Ocean. The
robustness of several recently developed AA in situ biomarkers and proxies was assessed by
comparison with pigment and flow cytometric community analyses. Trophic level (TL ~ 1.5)
indicated the presence of higher trophic matter in POM, such as heterotrophic microeukaryotes
and multicellular zooplankton. The carbon pattern indicated a switch in biomass nutritional mode,
from autotrophic biomass dominating the euphotic zone to POM of mostly heterotrophic origin
below the mixed layer. The nitrogen pattern in the euphotic zone could discern between PON of
mostly autotrophic eukaryotic origin at one station and a higher fraction of detrital matter at the
second station in a more advanced state of bloom decline. The XV parameter, proxy for
heterotrophic bacterial AA resynthesis, indicated no major resynthesis in the mixed layer with
POM mainly composed of live biomass (ZV ~ 1.3). At 100 m POM exhibited a strong heterotrophic
bacterial alteration signature (ZV = 2.5) indicating active AAs are recycling. The robustness of all

these tested proxies will be discussed during the presentation.
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Soil and plant water isotope composition across land-use types in
the tropics

Dr Luitgard Schwendenmann?
1School Of Environment, University Of Auckland, Auckland, New Zealand

Land-use and plant community composition influence ecosystem water fluxes. In this
study, water stable isotopes were used to (1) monitor the variation in the isotopic composition of
soil and plant water across land-use types and seasons, (2) to test if different pools of soil water
can be identified and (3) to determine plant water sources.

Plant xylem and soil samples (0-10, 10-30, 30-50, 50-70 cm) were collected in Panama
(native tree plantation, pasture, subsistence agriculture, secondary forests) and Indonesia (cacao
agroforest, native forest). Soil water was obtained by cryogenic vacuum extraction (bulk water)
and suction lysimeters/piezometers (mobile water). All samples (n = 1700) were analyzed for §2H
and 880 using TC/EA-IRMS.

The 6%H and 60 values ranged from -100 to 15 %o and from -15 to 2 %o, respectively.
Independent of land-use, the seasonal pattern was most pronounced in bulk and mobile soil water
collected from the top 30 cm. More positive plant and soil water §2H and 60 values during drier
periods were related to the input of more enriched precipitation and/or evaporation. The isotopic
separation between bulk and mobile soil water and xylem water was relatively small and only
observed during drier periods at sites characterised by a distinct dry season.

Xylem &%H and 880 values of grass and herbaceous species showed a strong overlap with
the isotopic signature of shallow soil water (0-30 cm depth). In contrast, trees obtained most of
their water from layers below 30 cm depth and some tree species showed seasonal shifts in water
uptake.

In summary, this study revealed that most plant, mobile and bulk soil §2H and 580 values
plotted largely on or between the local and global meteoric water line. Thus, this study provides

only limited evidence to support the ‘two water world’ hypothesis.



Soil moisture drying-wetting cycle driven by cyclonic events in the
arid subtropics

Dr Grzegorz Skrzypek®, Dr Shwan Dogramaci?, Dr Pauline Grierson?
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The University of Western Australia, Crawley,, Australia, ?Rio Tinto Iron Ore, Perth, Western Australia,
Perth,, Australia

SkrzypekG_etal_AICE2018.docm (could not be inserted) Large but infrequent
precipitation events are of critical importance for many types of ecosystems in arid and semi-arid
zones of Australia. These ecosystems rely on soil moisture contents overwhelmingly driven by
spatial and temporal distributions of large-volume cyclonic precipitation events. In this study, we
analyzed the precipitation stable hydrogen and oxygen isotope compositions of soil and multiple
rainfall events over the 2010-2017 period, including large cyclones. Large events (>100 mm/day)
had very negative but also highly variable spatial and temporal 60 values strongly reflecting
continental and rainout effects. For example, at a site ~300 km from the coast, rainfall 5§20
decreased from -13.7%o to -19.3%o over 5 hrs of a rain event, resulting in floodwater 620 of -13.4
to -16.5%o. These signatures are distinct from those of regional groundwater in alluvial aquifers
(60 -8.0+0.8%0) and clearly visible in wetting fronts moving downward during infiltration of
floodwater through soil horizons. For example, pre-cyclone dry soils at 4 m had 80 values of -
4.1%0 but four weeks after flooding -16.1%o. Analyzes of 80 of soil in multiple cores along
transects reviled that soil moisture has been completely replaced by infiltrating floodwater down
to 3.5 m as a response to 213 mm of precipitation from a cyclone over 5 days. The soil moisture
580 returned to its pre-cyclone value after 21 months reaching -5.00%o in upper 2 m. Our study
reveals considerable spatial and temporal complexity in determining the fate of rainwater in arid

environments, and thus its significance for different soil levels and types.
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Where is the missing CO2? A novel multi-species approach to

trace the fate of atmospheric CO2.
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Taipei, Taiwan

A robust understanding of CO, fluxes is vital for accurate estimates of future atmospheric
carbon dioxide (CO,) levels. However, current estimating techniques show large disagreement
on terrestrial CO; fluxes. In particular, the net CO;sink in Fiordland, one of New Zealand’s largest
indigenous forests, has recently been suggested to be larger than previously thought. We have
been awarded a Marsden Fast-Start grant to test the hypothesis that Fiordland’s forest is more
productive than previously thought.

We plan to make atmospheric measurements before and after the air has passed over
Fiordland’s forests. The measured differences will enable the quantification of biogeochemical
trace-gas exchange (Figure 1). We will use an innovative ensemble of multi-tracer carbon cycle
observations. While measurements of CO, mole fractions indicate CO; level changes directly,
measurements of 63C-CO, distinguish terrestrial net CO, uptake, due to the characteristic
isotope fractionation during photosynthesis. On the other hand, 680-CO,, which is controlled by
the exchange of oxygen with leaf water, will provide information on photosynthetic CO; uptake.
We will measure A¥C-CO; as a tracer for fossil CO, as well as ecosystem respiration. Additional
measurements of COS will provide an independent tracer for photosynthetic CO, uptake.
Furthermore, we will test A¥0-CO, and clumped isotopes in CO; as novel tracers to further
constrain regional CO; fluxes. Our measurement results will be interpreted using state-of-the-art
bottom-up and top-down models.

This study will help to better understand regional CO, fluxes on process levels, with the overall
goal to reduce the uncertainty in New Zealand’s greenhouse gas emissions that are reported to

the United Nations Framework Convention on Climate Change.
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Figure 1. Schematic of observation strategy and selected tracers.
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Developing a measurement technique for nitrous oxide
isotopomers in air

Peter Sperlich!, Mike Harvey?!, Ross Martin', John McGregor?, Zoe Buxton?
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Nitrous oxide (N2O) is a long-lived greenhouse gas that has been accumulating in the
atmosphere due to increased usage of N fertilisers in agricultural production. The main removal
mechanism is chemical destruction in the stratosphere. The global budget is relatively well known
but processes that control individual source contributions and the relative importance of several
microbial pathways that lead to N,O emission from soils and the oceans are poorly understood.

N,O isotopomers provide a method to improve knowledge of N,O formation processes.
The 4 most abundant isotopic variants are *N'*N*®0, *N'*N*80, “N**N*®O(a) and >N**N*®O(B).
The site preference variable (SP = 6°*Na — 6°NB) is thought to be independent of the substrate
isotopic composition and depends only on the reaction(s) forming and destroying N,O. Therefore,
SP provides a possible tool to differentiate between nitrification and denitrification production
pathways.

A new generation of quantum cascade laser spectrometers has potential to make rapid
measurement of isotopomer variants. We show our preliminary experiments using a Los Gatos
Research analyser, coupled to a custom-made instrument for N,O pre-concentration. Pre-
concentration of N,O increases the signal-to-noise ratio, which is needed to resolve variations of
N,O-isotopomers in air. It is intended to use the new technique in soil chamber and emission

experiments to provide new insights into N>O formation processes.



Uncertainties of tritium streamflow ages

Dr Michael Stewart?, Mr Mike Toews?, Mr Rob van der Raaij?, Dr Uwe Morgenstern?, Dr Maksym
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Tritium-based age uncertainties due to measurement errors and model parameter
choices were investigated using Monte Carlo sampling in a generalised likelihood uncertainty
estimation (GLUE) framework (Gallart et al., 2016) for a variety of lumped parameter models. The
models were the exponential piston flow (EPM), dispersion (DM) and gamma (GM) models. These
single models are appropriate for homogeneous catchments. We also looked at double versions
of these models, which allow for extreme heterogeneity (i.e. two distinctive parts) in a catchment,
to check for spatial aggregation effects on tritium ages (Stewart et al., 2017)

The ranges of the parameters examined were limited to those that can occur in nature.
This required eliminating L-shaped transit time distributions (i.e. those with dispersion
parameters greater than 0.8 for the DM, and alpha less than 1.0 for the GM; Bardsley, 2017).
These ranges enable consistent MTTs to be obtained with the different models.

The method was applied to data from the Waikoropupu Main Spring using a program
written in R. Age uncertainties expressed as standard deviations about the mean or 5/95 %
spreads were derived. Differences in mean ages obtained from the single and double models

indicated aggregation effects because two types of water feed the spring.
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A Multi-Tracer Study in a Complex Aquifer System: Surat Basin,
Queensland
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Within the framework of GISERA (Gas Industry Social and Environmental Research
Alliance) we performed several field campaigns to study a complex multi-aquifer system in the
Surat Basin, Queensland. We used multiple environmental tracers (water chemistry, 180, 2H, 3H,
13¢, 14C, 36Cl, #7Sr/8%Sr, stable noble gases and #Kr, 3°Ar, 8'Kr) to assess recharge rates and flow
velocities in the Hutton and Precipice Sandstone aquifers.

Face value groundwater ages for *C were contradicted by those for 3¢Cl by a factor of ten
in the Hutton Sandstone. It was possible to resolve this discrepancy by describing the aquifer as a
large-scale “dual porosity” system with only <30% of its thickness conducting effective
groundwater flow and the remainder being stagnant. This model allowed for the first time to
quantify the effective deep recharge rate for this aquifer.

The groundwater flow of the Precipice sandstone aquifer has not previously been
assessed by tracer measurements and exhibits high hydraulic conductivities, our tracers
demonstrate high groundwater velocities and is regarded as the future fresh water source for the
cattle industry in the region.

Our stable noble gas measurements show vertical upward groundwater movement along
faults. This is demonstrated by local occurrences of water exhibiting high helium concentrations

that can be described as small admixtures of old and deep groundwater ascending along the fault.



Introducing ArDB: The Cutting-Edge Analytical Results Database
and Data Visualisation Software from Elementar

Dr Kyle W. R. Taylor?, Mr Michael Sudnik!, Mr Michael Seed?
1Elementar UK Ltd, Stockport, United Kingdom

ArDB stands for Analytical Results Database and is a completely new software product for
the stable isotope community and beyond. ArDB has been created to extend the envelope of data
analysis beyond simply data processing. Perhaps more so than any other analytical technique,
stable isotope ratio mass spectrometry is about comparison. Comparisons of one stable isotope
to another; comparisons of a sample to a standard, and comparison of unknown samples to
known samples within a database. Until now, IRMS manufacturers have concentrated solely on
software to generate results. With ArDB, we provide powerful new results management and
analytical tools.

For any environmental sample, there will be many associated parameters which place the
analytical results into context. For example: latitude/longitude, depth, proximity to potential
source of pollution, season, storage conditions, etc. These parameters are what are commonly
known as "metadata"”, and ArDB allows your analytical results to be evaluated in the context of
these metadata. ArDB makes it possible to recognize patterns in data, evaluate similarities
between unknown and known samples, and visualize data on maps and charts (i.e. ArDB may be
used as a Geographical Information System, GIS). With this metadata-handling functionality, ArDB
can be used to plan, coordinate and manage your sampling strategies and maintain quality
through to the final data analysis. ArDB also incorporates the capability to apply common
statistical methods to datasets, such as Principle Component Analysis (PCA) and Linear
Discriminant Analysis (LDA), as well as supporting integration with the statistical software package
R.

As a database is constructed, it becomes possible to compare unknown samples with
known samples within the database and evaluate statistical similarities or difference, which in
turn can be used to inform likely sources of an analytical signal and potential trace that signal to

likely sources, in environmental and forensic contexts.
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Geolocation of Cotton Using Stable Isotope Profiling
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The unique characteristics of raw cotton cannot be replicated by other fibers. Its ability
to extent into a tubular fibre which can then be spun into a yarn highlights its importance in
manufacturing industries of yarns and textiles (Khadi et al., 2010). Every production year the
demand for high quality cotton rises and so does the profit for manufacturing companies.
However, success for businesses in countries like Egypt, China and the USA depends upon the
guality of the cotton accompanied by the correct label of its origin. To avoid losses due to
documentations for cotton commodity being falsified (Schenk., 2012), establishing a means for
independent determination of cotton origin becomes crucial. The use of isotope ratio mass
spectrometry (IRMS) as a tool for raw cotton fibre stable isotope analysis to investigate the
provenance of un-dyed spun cotton fibre have only been reported as a proof-of-concept study
(Daéid et al., 2011). This work strives to contribute to the field by using a larger number of
unprocessed cotton samples of known origin to examine the extent of the following hypothesis:
Do the isotope ratios H and O from cotton provide a fingerprint for determining the geographic
origins of the cotton.

Measurements of H and O isotope composition were obtained of 145 raw cotton samples
from known countries of origin and investigated for discriminatory information that could be used
to determine origin. This yielded isotope ratio values specific to the origin of the raw cotton, its
purity, the manufacturing processes involved with its production and more (Bowen., 2010 &
Lennard., 2012). The isotopic ratio values deduced for the raw cotton samples were found to be

consistent with their known country of origin.
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Spatial and temporal variation of residence time of spring and

groundwater in multiple watersheds, Japan and New Zealand

Dr Maki Tsujimura®, Mr Koichi Sakakibara?®, Mr Yuki Imaizumi?, Dr Maksym Gusyev?, Dr Uwe

Morgenstern®, Dr Michael Stewart?

tUniversity of Tsukuba, Tsukuba, Japan, 2ICHARM, Tsukuba, Japan, *GNS Science, Lower Hutt, New

Zealand

We performed an investigation on spatial distribution of spring water age using SFs, CFCs,
and microbe in the spring water, and an evaluation of groundwater storage volume based on
water budget analysis in multiple watersheds underlain by different lithology in Japan and New
Zealand. Also, we investigated a temporal variation of spring water age in a small forested
headwater catchment underlain by granite, Fukushima, Japan.

The spring water age ranges from less than one year to more than 20 years, and the
storage volume of the groundwater ranges from 103 m3 to 108 m? in volume in the headwaters in
Japan. The age of the spring water varies from less than one year to more than 10 years, and it
tends to show high values specifically during the rainstorm events. We are also going to present

a preliminary result on comparison of the spring water age between Japan and New Zealand.



Application of hydrochemical and isotopic methods to assess water
source and contaminant pathways in the Waiokura catchment,

Taranaki, New Zealand

Mr Rob van der Raaij!, Ms Heather Martindale!, Mr Regan Phipps?

1GNS Science, Lower Hutt, New Zealand, ?Taranaki Regional Council, Stratford, New Zealand

This study aimed to contribute towards an understanding of nutrient loads from
groundwater reaching the spring-fed Waiokura Stream, and to help resolve flow paths and origin
of water and contaminants, using a suite of hydrochemical and isotopic tracers (stable isotopes
(680 and 62H of water, 6'°N and 60 of NOs), hydrochemistry (Cl, Br, Na, Ca, Mg, K, Alkalinity,
DOC, SO4, N, P, and SiO,), radon and age tracer data (tritium, CFCs, SFe)).

Differences in stable isotopes of water between groundwater and stream water reflect
the influence of local versus higher altitude inputs and/or seasonal effects. One well with different
isotopic and chemical composition than other groundwater samples appears to have a separate
recharge source. §°N and 60 measurements in dissolved nitrate sit above the denitrification
line typical of New Zealand samples from pasture and forest sites suggesting breakthrough of
urea/urine or fertiliser N.

The mean residence time (MRT) of groundwater, from wells 5 to 14 m deep, ranged
between 1 and 49 years, with most having MRTs of 1 to 2 years. One well had a mix of very young
groundwater with much older water, suggesting a highly stratified aquifer system. Waiokura
Stream samples had MRT between 6 and 14 years, implying inflows of older groundwater than
observed at most wells.

Chemistry data for the Waiokura Stream and nearby groundwater showed relationships
indicating the influence of groundwater age and water-rock interaction as well as land-surface
inputs. Time series chemistry data for the Waiokura Stream display seasonal variations related to
either seasonal changes in uptake of nutrients by instream biota or changes in composition of
inflowing groundwater due to changes in groundwater MRT. Nitrate concentrations in one well
vary considerably. The groundwater at this well appears to alternate over time between younger,

oxic water with high nitrate, and older anoxic water with low nitrate.



Stable Isotope Analysis in Aquatic Ecosystems

Mrs Jennifer van Holst?, Dr. Debashish Mazumder?!, Mrs. Barbora Gallagher!
IANSTO, Lucas Heights, Australia

Aquatic ecosystems, both marine and freshwater, are essential to the economy and
health of the population. These ecosystems serve a number of important ecosystem services
including natural filtration, pollution reduction, flood mitigation as well as groundwater recharge
and carbon sequestration. Aquatic habitats act as nurseries for many species of commercially
valuable fish.

Stable isotope analysis (SIA) has proved instrumental in assessing the health of these
ecosystems and the subsequent food webs within. Carbon and nitrogen SIA is used to determine
energy and nutrient flow across all trophic levels. Nutrient flow changes can help researchers
determine limiting factors within a specific ecosystem, thus being able to suggest improvements
that will increase biome health.

ANSTO is collaborating with universities, management agencies and industries to ensure
that there is the most efficient use of facilities to understand ecosystem functionality. Here we
report how SIA helps aquatic ecosystems management decisions. These studies include;
freshwater wetlands at Murray-Darling basin, looking at changes in trophic connectivity between
species of fish during variable water conditions (Mazumder et al., 2011; Mazumder et al., 2012
Mazumder et al., 2017), the effects of man-made barriers on aquatic food webs (Mazumder et al.,
2016), nutrient assimilation of bivalves to streamline oyster aquaculture production (Liu et al.,
2016) and tracking the movement of nitrogen pollutants in an aquatic food chain through a major

urban river.
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Problems of authenticating processed food and beverages - an

investigation into changes occuring during coffee roasting.

Professor Stewart Walker!, Mr Peter Tran*

IFlinders University, Adelaide, Australia, Adelaide, Australia

There is a growing interest in authenticating food and beverage for a number of reasons
including:- security of food supplies, preservation of agricultural industry, economic protection
from cheap/inferior imports, prevention of spread of disease (quarantine and exclusion zones),
ensuring consumers get what they pay for and preventing criminals from benefitting from food
or beverage forgery. To this end many researchers have investigated the ability of authenticating
origin of a material by comparison of the stable isotopes and trace metals of questioned material
to examples of material known to come from a particular source. However, if a product is
processed this can change the composition of the product and, therefore, make it impossible to
compare processed with raw material. As part of ongoing research, this project has considered
the effect of roasting of raw coffee beans.

Using a temperature programmed ‘roaster’ for reproducibility a range of raw/green
coffee beans from different growing regions were roasted to ‘light’, ‘medium’ and ‘dark’ roast.
Analysis of trace metals by ICPMS of microwave acid digested beans and 3C:'2C and °N:N ratios
by IRMS indicated that there were some elements that were ‘conserved’ and these could be used
as indicators of changes during the processing, some increased (relative to total weight of the

bean) and some decreased indicating that they were being lost during the process.



Development of online microdialysis-mass spectrometry to

determine turnover of organic compounds in soil

Dr Charles Warren®

1University Of Sydney, Camperdown, Australia

The metabolism of low molecular weight organic compounds by soil microbes is
the rate-limiting step in many terrestrial biogeochemical cycles. Existing methods for
determining the turnover of low molecular weight organic compounds (e.g. amino acids)
suffer drawbacks. The most common method is to add '3C or *C-labelled substrate to soil
and quantify evolved 3CO; or '#CO; (i.e. mineralisation). However, mineralisation is a
misleading indicator of turnover of organic compounds because CO; evolution reflects
metabolic cycling after uptake. A better indicator might be how rapidly added
compounds are removed from soil solution, yet we currently don’t have methods capable

of measuring soil solution concentrations at high temporal resolution.

Microdialysis could be one means of probing soil solution concentrations at high
temporal resolution. Microdialysis is intrinsically suited to continuous sampling, yet most
commonly dialysates are collected over a period of 20-30 minutes and the discrete
samples are subsequently analysed offline. Microdialysis with offline analysis may be too
slow to track the fate of small organic compounds added to soil, and even a small
experiment may generate too many samples for subsequent offline analysis to be
practicable. Hence, the aim of this study was to develop an online microdialysis-mass
spectrometry system that would permit the continuous measurements of soil solution

concentrations of isotope labelled compounds.

The online microdialysis-mass spectrometry system involved dialysate from a
microdialysis probe merging with a stream of desolvation/internal standard solution (75%
methanol, 0.2% formic acid, U-13C'°N-Gly) before entering the ESI source of the mass
spectrometer wherein compounds were identified and quantified by MS?. Detection
limits for amino acids were 0.1-1 uM, and detection was linear over three orders of
magnitude. Measurements on soil showed that the system can reliably measure the rapid

appearance and disappearance of labelled amino acids added to soil (Fig 1).
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Fig 1. Extremely rapid loss of L-alanine added to soil, as measured by online
microdialysis-mass spectrometry. 4.0 mL of 100 pmol L™ U-13C,*>*N-L-Ala was added at

the time indicated by the arrow.



A multi-(nitrogen) species approach to measuring aquatic

ecosystem function

Dr Naomi Wells?, Prof. Bradley Eyre!

1Southern Cross University, Lismore, Australia

Nitrate stable isotopes (6°N-NOs, 60-NOs’) have emerged as a powerful tool for
evaluating the sources and fate of reactive N in aquatic environments. However, this approach is
inherently limited in sub-tropical and tropical waterways, where organic forms dominate the N
pool and NOs concentrations are often negligible. To overcome this limitation we developed a
multi-species §*°N mass balance approach that allowed us to assess the degree of whole-system
N ‘recycling’ (assimilation, mineralisation) and removal (denitrification, anaerobic ammonium
oxidation) (Fig. 1). We used this model to evaluate N turnover in ‘pristine’, moderately impacted,
and degraded sub-tropical Australian estuaries under wet and dry season conditions. The
measured shift in the difference between the §°N of the inorganic (nitrate + ammonium + nitrous
oxide) v. organic (particulate + dissolved organic N) pools from +20 + 8 %o (degraded) to 0 + 2 %o
(pristine) indicates that net assimilatory N cycling decreases with ecosystem degradation. At the
same time the degraded estuary also had negligible dissimilatory N removal, as determined from
the magnitude of offset between measured and ‘expected’ (marine-freshwater mixing) inorganic
pool 6°N values. Dissimilatory N removal instead peaked in the moderately impacted estuary
(offsets of 50%o0 - 100%. integrated over estuary length). The isotopic model developed here to
evaluate changes in N sources and processes provided revealed how increasing degradation can
switch estuaries from ‘reactors’ assimilating terrestrial N to ‘pipes’ transporting reactive N directly
to the coast. This finding reveals the importance of considering both organic and inorganic N

forms in isotope-based, as well as conventional, N monitoring efforts.
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Figure 1. A conceptual model demonstrating the relationship between ecosystem
degradation, N recycling (difference between §*°N-DIN and §'°N-ON), and net biological
N removal (difference between §*°N-DIN and the §°N composition predicted based
purely on source mixing, 3*®°Nmix). Increased degradation shifted estuaries from systems,
(1) dominated by an ON pool tightly coupled to a small DIN pool, to, (2), dominated by
dissimilatory inorganic N cycling that drives net estuary N removal, to, (3) dominated by
downstream transport and with minimal biological recycling or removal.
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Quality control materials for H(deuterium) isotopic measurements

Mr Kavindra Wijenayake?!, Prof Russell Frew?

1University Of Otago, New Zealand, Otago, New Zealand

Measuring hydrogen isotope ratios of natural products have been important in fields such as
forensics, food authentication and ecology. Quantifying hydrogen isotope ratios on organic
materials has been controversial. Difficulties arises from the presence of acidic hydrogen within
organic matter that can exchange with hydrogen from ambient water (Augenstein et al., 2011).
Furthermore, complete exclusion of adhering water is much more difficult with a finely ground
organic powder than for a polymer (eg: IAEA-CH7). To obtain consistent data a strict, tedious
sample treatment protocol involving equilibration of samples with waters of known isotopic
composition must be adhered to. However, when making a measurement on samples with the
same matrix the Principle of Identical Treatment (PIT) can be applied as long as suitable QC
materials are available (Carter and Fry, 2013). Provided the QC materials and samples having same
matrices and have been subjected to same recent history (e.g. 10-day equilibration on the bench,
5 days drying in vacuum oven) a normalization based on expected values of the QC samples may
be applied.

Here we report on efforts to determine non-exchangeable hydrogen isotope ratios
of several widely available materials that could be used for normalization of hydrogen isotope
data. Several IAEA standards were equilibrated with three types of waters (ICE = -260.3, SEA = -
1.66, Enriched = +535 %.) for 10 days then vacuum dried for 5 days. The fraction of hydrogen that
exchanged and isotopic ratio of the non-exchangeable hydrogen were calculated for each
material. Milk powder (IAEA 153) had the highest portion of exchangeable hydrogen (0.067) while
Italian Rice Std had the poorest reproducibility in isotopic measurement (S.D. = + 4.35 %.). |AEA
372 (Grass) had much lower exchangeable hydrogen (0.012) and a better reproducibility in
hydrogen isotope measurement was represented by Cotton wool In-house Std (+ 1.38 %.). Further
experiments are proposed to distinguish exchangeable hydrogen from residual water not

removed by the drying process.

Keywords- Hydrogen; Isotopes; Fractionation; Mass spectrometry; Exchangeable
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Authentication of organically farmed food using stable isotopic and

multi-element features with chemometrics — Keeping food safe

Professor Yuwei Yuan'?, Dr. Zhi Liu*?, Mrs Karyne Rogers?

Ynstitute of Quality and Standard for Agro-products,Zhejiang Academy of Agricultural Sciences, Hangzhou,
China, 2Key laboratory of Information Traceability for Agricultural Products, Ministry of Agriculture,

Hangzhou, China, 3GNS Science, National Isotope Centre, Lower Hutt, New Zealand

Organically farmed agro-products are well-recognized health food and often deliberately
faked by non-organic products with less safety for higher price, which seriously disrupts
commercial trust and destroys consumption confidence. Many researches have reported that
stable isotope features (e.g. 83C, 6N, 62H and &'®0) can be as important indexes for the
authentication of organic and non-organic agro-products (Yuan, et al., 2014; Yuan, et al., 2012).
Besides, trace element concentrations can be also used for the classification (Yuan, et al., 2016).
However, traditional comparison methods based on just a single or two variable(s) often cannot
clearly discriminate, in which overlaps frequently occur. In this context, chemometric data-
processing strategies based on multi-variable analysis, such as principal component analysis
(PCA), linear discriminant analysis (LDA) and partial least square-discriminant analysis (PLS-DA),
are applied for comprehensively extracting feature information of all variables (stable isotopes
and trace elements), building models for significantly improving the discriminant accuracy of
organic ago-products. This novel strategy that combines stable isotopic and multi-element
features with chemometric approaches can be promising as an available tool to authenticate
organic ago-products, enhance government regulation and protect the rights and interests of

enterprises and consumers.
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Development of a surface water isotope information for New
Zealand

Dr Bruce Dudley?, Dr Christian Zammit*
INIWA, Riccarton, New Zealand

The stable isotope values of oxygen and hydrogen in river and stream water store
information on catchment water sources and evaporative fluxes. Hence, a national map of surface
water isotope values is a potentially powerful tool in the development of a national hydrological
model. We present methods and available data for a GIS-based model of long-term annual
average surface water isotope ratios in New Zealand. We will use gridded precipitation isotope
maps developed by GNS, as well as NIWA Virtual Climate Station Network precipitation and
evapotranspiration data as model inputs. This method will allow us to incorporate monthly
variation in precipitation evapotranspiration (P-E) differences into calculations of isotope values
of catchment surface water flows.

Start new paragraphs indented like thisFor validation, we will use river water samples
from the NIWA National Water Quality Monitoring Network as well as regional water isotope
sampling carried out under the National Hydrological Programme in collaboration with Regional

Council partners.



Stable isotopes indicate potential ecosystem bottom-up effects on
the population decline of a rare albatross

Dr Jingjing Zhang?, Dr. Jim Roberts?, Dr. Brittany Graham?, Dr. Sarah Bury!, Ms. Julie Brown?, Dr.
David Thompson?, Dr. Kath Walker?, Dr. Graeme Elliott?, Dr lan Tuck?®
INational Institute of Water and Atmospheric Research, Wellington, New Zealand, 2Department of

Conservation, Wellington, New Zealand

Increasingly it is being recognised that dynamic bottom-up processes affect populations
of marine apex predators. Long-term population studies have identified a ongoing decline in the
main breeding population of Antipodean albatross (Diomedea antipodensis) on the Antipodes
Islands in the New Zealand Sub-Antarctic, since the mid-2000s (Elliott & Walker, 2017).
Demographic assessment shown that this was partly driven by an adverse shift in the age at first
breeding, breeding rate and breeding success—consistent with a protracted period of nutritional
stress, although there has been no assessment of their diet and/or trophic environment across
this time (Edwards et al., 2017).

In this study, we use stable isotope analysis of blood carbon (**C/*2C, or §*3C) and nitrogen
(N/N, or 8°N) to investigate the possible changes in diet of this species following population
decline. The blood samples analysed were collected from adult birds on Antipodean Island before
(1998) and at the onset (2005) of the population started declining.

Analysis showed that §*3C values of blood were lower in Antipodean albatrosses in 2005,
compared to 1998. Lower carbon isotope values can indicate changes in plankton communities at
the base of the foodweb, which could contribute to a population decline. However, reduced §3C
could also indicate foraging in more southern latitudes, so this difference could also be explained
by changes in foraging distribution. There was no evidence for any associated shift in trophic level,
given the similarity of 6°N sighatures comparing 1998 and 2005 samples. Females have higher
513C and &N values than males, which is consistent with sex-differences in foraging distribution
and demographic rates during the study period. This study demonstrates the power of isotopic
analyses to examine temporal trends in the trophic environment and further highlights the
potential role of bottom-up processes in mediating populations of Antipodean albatross and other

marine apex predators.
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Figure 1. Biplots depicting the overall annual 613C and 615N isotope ratios of Antipodean
albatross in years 1998 (blue) and 2005 (red). The mean sample results of males and females are
represented by circles and triangles with standard deviations as error bar. The light shaded
circles and triangles are results of individual birds.
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