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ABSTRACT
GNS Science was contracted by Auckland Council to interpret the nitrate (NO3-N) concentrations
and nitrate isotope signatures of 36 water samples collected in 2014 and 2015 in the Franklin
area, Auckland, to identify possible sources and transport environmental processes in the
context of elevated nitrate concentration in groundwater.
The sample set consists of eight surface water and four groundwater samples collected in
2014 to investigate elevated nitrate concentration in the Franklin area and 24 vadose zone
leachate samples from a farm in Franklin collected to understand the impact of fertiliser
application on soil leachate in 2015. Analysis for nitrate concentration and isotopes was
undertaken and reported as analytical results at the time of sampling, and this interpretive
report is based on these results.
Using a dual nitrate isotope approach, the findings include:
•

The key contaminant source was identified as synthetic fertilisers rather than farming
effluent due to their isotopic signature falling into the fertiliser and Mixed soil nitrogen
(Soil N) and fertiliser zones.

•

The samples had NO3-N concentrations ranging from 0.002 to 69.6 mg/L and nitrate
isotope values from -6.7 to 9.2 ‰ for 15N and -2.0 to 10.0 ‰ for 18O.

•

Surface water samples with high NO3-N concentrations (>5 mg/L) indicate contamination
from recent fertiliser application, as the nitrate concentrations are above expected
background levels (of <1 mg/L).

•

Groundwater samples with higher NO3-N concentrations (>5 mg/L) indicate fertiliser
breakthrough into the aquifer and/or subsurface transport of leached nutrients from soils.

•

Groundwater with lower nitrate concentrations (<3 mg/L), suggesting denitrification
(based on isotopes) or lower contamination levels and sufficient assimilation within the
ecosystem to assimilate any excess nutrients. There is only one site (LB02, a 47-m-deep
bore from Fielding Road) where NO3-N concentrations are very low, with low dissolved
oxygen and higher NH4-N levels, suggesting that it has probably reset to natural
background levels due to denitrification.

•

15N and 18O values reflect the nitrate source and its subsequent fate. Key processes
observed in these samples involve mineralisation and transformation of nitrogen sources
through to the denitrification zone. If further fertiliser pulses or applications occur,
the cycle can reset, and nitrate isotopes reflect the new input. Only when the removal
process rate from denitrification or ecosystem uptake exceeds the additive rate will
nitrates decline through ecosystem assimilation or denitrification.

This information will contribute to an ongoing research strategy by Auckland Council to improve
understanding of the dynamics and interactions of groundwater and surface water nitrate
in the Franklin area. The findings will help inform future management strategies that aim to
reduce these nitrate concentrations over time in order to meet the requirements of the National
Policy Statement for Freshwater Management 2020.

KEYWORDS
Nitrate, nutrient, Franklin, stable isotopes, source, groundwater, surface water
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1.0

INTRODUCTION

Nitrate has been an issue in Auckland Council’s Franklin area groundwater for decades
(White et al. 2019). This study, commissioned by Auckland Council, uses GNS Science’s
Stable Isotope Laboratory to interpret nitrate isotopes in two sets of historical water samples
collected by Auckland Council. These samples were analysed for a range of water chemistry,
including nitrate stable isotopes (15N and 18O), nitrate nitrogen (NO3-N) and ammonia
nitrogen (NH4-N) concentrations close to the time of collection (see Appendices 1 and 2).
Dataset 1: A set of samples was collected in 2014 to determine the usefulness of stable isotope
ratios to identify/distinguish sources of nitrate in surface and groundwater in the Franklin area.
Eight surface water and four groundwater samples were collected in 2014 across several
catchments in the Franklin area and analysed for 15N and 18O to see if a clear ‘isotopic source
signature’ could be identified (Figure 1.1).
Dataset 2: In 2015, a joint project called the ‘Rootzone Reality Project’ was undertaken
between Plant and Food, the Sustainable Farming Fund, Horticulture New Zealand, councils
and growers to assess leaching of nitrogen (Norris et al. 2017). A range of horticultural sites
around New Zealand were chosen, and a leaching trial was set up under different cropping
regimes. Leaching is notoriously hard to measure in horticultural systems, as lysimeters are
difficult to install in working farms (Norris et al. 2017). Soil suction cups also do not measure
drainage volume, so it was not possible to get an accurate measure of drainage/leaching flux.
However, the Plant and Food team developed ‘fluxmeters’ that could capture soil leachate and
were buried 2 m underground (so cropping could continue, leaving the fluxmeters undisturbed).
The Franklin area Rootzone Reality project used a farming site near Pukekohe on Patumahoe
clay loam soil (Norris et al. 2017), which was planted with potatoes in June 2015 and harvested
in November 2015. A dozen fluxmeters collected drainage water in 14 L storage vessels that
were routinely emptied over a period of four months during 2015. A total of 318 kg N/ha was
applied as fertiliser during the trial.
•

Application 1 of approximately 1000 kg/ha of Green Fertiliser and 300 kg/ha of ammonium
sulphate was applied in June 2015 during planting, and

•

Application 2, with 500 kg/ha of Calcium Ammonium Nitrate (CAN) was applied over two
applications: 300 kg/ha on 5/8/2015 (the day after the August fluxmeter samples were
taken) and 200 kg/ha on 8/9/2015.

Twelve fluxmeters were sampled each month and archived in the freezer for testing. However,
samples from only six of the fluxmeters were submitted for isotope testing each month from
the same fluxmeters due to budget constraints. There were frequent and often heavy rainfall
periods over the late autumn to early spring period (April to November), and modelled soil
water content remained high during this period (Norris et al. 2017). Flooding occurred at the
site during August and September (affecting samples collected on 6/8/2015 and 8/9/2015),
which may have affected drainage estimates and diluted the NO3-N concentrations. October
and November were drier, and there were higher NO3-N concentrations. The ‘Rootzone
Reality’ project samples were analysed for NO3-N concentration and nitrate isotopes in 2016
at GNS Science.
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Figure 1.1

1.1

Location of sampling sites in this study. Franklin area samples from Dataset 1 are represented by
the prefix LB (12 sites). The Rootzone Reality Project site (Dataset 2, one site) is indicated by the
circle to the left of Pukekohe. Sample locations and reported results are listed in Table 4.1 and
Appendices 1 and 2.

Report Objectives

This report undertakes a review and interpretation of historical groundwater nitrate isotope
data collected in 2014 and 2015 for the Franklin area and reported to Auckland Council as
raw laboratory results by GNS Science in 2014 and 2016. The review includes:
•

compilation and interpretation of two available nitrate isotope datasets from the Franklin
area, and

•

a report on findings.

2
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To support the work, the following datasets have been provided by Auckland Council:
•

Nitrate isotopes of the Franklin area (Dataset 1, Appendix 1), collected in May 2014.
The full report consists of physical chemistry and nitrate isotope (15N and 18O) results
from the following 12 surface water and groundwater sites: Rifle Range Road (surface
water), Fielding Road bore, BP Bombay bore, Patumahoe Spring, Hickey Spring,
Whangamaire Stream (upper and lower catchment), Ngakoroa Stream (upper and lower
catchment) and Hingaia Stream (upper, middle and lower catchment).

•

Nitrate isotopes from the ‘Rootzone Reality’ project (Dataset 2, Appendix 2) sampled
from leaching trial fluxmeters from July to October 2015. Twelve leachate samples
were collected as part of the Rootzone Reality project each month between August,
September, October and November 2015, and samples for six of the sites (i.e. a total
of 24 samples) were analysed; see above.
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2.0

BACKGROUND

2.1

Franklin Land-Use and Hydrological History

The Franklin area in Auckland has a long history of cultivation and livestock farming over the
last 100 years (Meijer et al. 2016). Vegetable production (onions, potatoes) is a key economic
activity in Pukekohe, and, accordingly, intensive horticulture requires high levels and frequent
applications of nitrogenous fertilisers to sustain high-quality agricultural production. When
fertiliser input exceeds plant assimilative capacity, these excess nutrients are transported
into surface water run-off and are susceptible to leaching through the soil into groundwater.
The Franklin area covers an area of 43,224 ha in size and is characterised by a frost-free
climate with rich volcanic soils, suitable for pastural farming and horticulture. Local shallow
aquifers were historically formed by several volcanic centres that produced lava flows in the
Manukau lowlands (Auckland Regional Council 1991), and the geology comprises mainly
sand and basaltic volcanic rocks (Meijer et al. 2016 and references therein). It is in groundwater
from these shallow (10–50 m) volcanic aquifers that the elevated nitrate concentrations are
observed. Beneath these shallow aquifers lies the Kaawa Formation, which is a deeper
confined aquifer characterised by a porous shell bed, sand deposits and weakly cemented
sandstone. The Pukekohe volcanic aquifer is hydraulically connected to the underlying
Kaawa aquifer, with a vertical hydraulic gradient from the volcanic to the sedimentary aquifer
(Viljevac et al. 2002).
Several major surface water catchments drain from Pukekohe Hill north towards the Manukau
Harbour. These include, but are not necessarily limited to, the Waitangi (19.5 km2), Mauku
(38 km2), Whangamaire (23 km2), Whāngapōuri (51 km2), Oira (18.5 km2), Ngakoroa (38 km2)
and Hingaia (57 km2) catchments (Viljevac et al. 2002). All streams gain water from the
Pukekohe volcanic aquifers, except for the Hingaia and Ngakoroa streams that gain water from
the Bombay and Drury volcanic aquifers, respectively.
Groundwater recharge into the unconfined aquifers is almost exclusively from drainage of
rainfall and irrigation water (Burden 1982) due to the shallow water table and relatively high
porosity of the Franklin soils (Auckland Regional Council 1991). These volcanic aquifers are
highly susceptible to periods of drought and heavy rainfall, which affects the mobility of surface
applied nutrients, potentially resulting in nutrient ‘hot spots’ and ‘pulses’ as excess surface
nutrients may be remobilised in an intensive slug, rather than continuous leaching over time.

2.2

Franklin Nitrate Issues

Elevated nitrate concentrations in Franklin surface waters and groundwaters have been
identified as early as 1959 and are described in previous reports (Meijer et al. 2016). Long
term State of the Environment (SOE) data shows that concentrations of nitrate-N in shallow
volcanic groundwater and surface water are consistently elevated in parts of the Franklin area
(Meijer et al. 2016; Ingley and Groom 2021).
Annual median NO3-N concentrations in SOE monitored rivers in Franklin range from below
0.5 to above 13 mg/L (Ingley and Groom 2021). Some of these rivers exceed or are approaching
the national bottom line for nitrate toxicity (2.4 mg/L) as defined in the National Policy Statement
for Freshwater Management 2020 (Ministry for the Environment 2020).

4
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Annual median concentrations of NO3-N across eight SOE and four national groundwater
sites in the Franklin area range from below 0.01 mg/L in the deep Kaawa and Waitemata
aquifers to up to 26 mg/L in the shallow volcanic aquifers (Foster and Johnson 2021).
Some of these sites far exceed the drinking water maximum acceptable value of 11.3 mg/L
(Ministry of Health 2018).
In general, high concentrations of nitrate in Franklin’s shallow volcanic aquifers and
groundwater-fed streams have been linked to soil quality and intensive horticulture in the
region (Williams et al. 2000), as horticultural land use is suggested to have the highest surplus
nitrogen (kg/ha). Crush et al. (1997) report that onion and potato farming hold the highest
risk for potentially leachable nitrogen, particularly for crops planted in the winter months
when soil temperatures are low, and therefore plant growth and nutrient uptake are reduced,
with the excess nitrogen leached away by higher seasonal rainfalls.
In order to sustain high productivity, vegetable growers have used upwards of 400–500 kg N/ha
of fertiliser applied to crops, while dairy pastures are estimated to receive between 65 and
95 kg N/ha through April to October (Francis 2003). Around 14% of the Franklin reporting
area is suggested to be used for arable farming or short-term crops and is located directly
above the South Auckland volcanic aquifer recharge zone, while up to 72% of the reporting
area is under pastoral land. Native bush and urban dwellings both represent 4% and 8% of the
area, respectively (Meijer et al. 2016). Apart from farming and horticulture, other potential
nutrient sources include urban wastewater discharges and leakages from reticulated water
infrastructure, natural background-level nitrogen from native bush or forestry and natural
organic soil nitrogen (Soil N) from greenspaces or urban backyards.
A recent study has shown that Mean Residence Time (MRT) of groundwater in the Bombay
and Pukekohe aquifer system ranged from 16 to 99 years (van der Raaij 2015). NO3-N
concentrations showed an inverse relationship with groundwater MRT, primarily due to
land-use change and intensification in recent times. There is limited information about
groundwater and surface water connectivity and the dispersal of nitrates across these
aquifers. Moreover, the source and fate of these nitrates is unknown. At the time of writing
this report, another groundwater age study led by GNS Science and commissioned by
Auckland Council is underway that includes groundwater samples collected in 2021.
Surface water quality may also fluctuate due to land run-off and leachate transportation
through the vadose zone. Baseflow ratios suggest that the Whangamaire Stream was
predominantly fed by groundwater (80%) and that the Hingaia tributary, Hingaia lower
and Whāngapōuri Stream sites also had significant groundwater contributions (45–49%).
The Maketū, Mauku, Ngakoroa and Waitangi downstream sites had a moderate groundwater
contribution (27–45%), while baseflow for the Hingaia upper and Oira Stream sites had
relatively low groundwater connectivity (12–14%). Baseflow data is not available for the Mauku
downstream, Puhitahi and Whangamarie downstream sites (White et al. 2019).

2.3

Nitrates

Nitrate can pose a human health hazard in drinking water and lead to accelerated
eutrophication (causing hypoxia and algal blooms) of surface waterways – the two most
prevalent water quality problems globally (United Nations 2014; OECD 2017). Approximately
40% of long-term groundwater monitoring sites in New Zealand historically show abovebaseline concentrations (Daughney and Wall 2007; Moreau et al. 2016).
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NO3-N concentration characterises the level of nitrate contamination in a water body and is a
primary indicator of water quality (Ballantine and Davies-Colley 2014). New Zealand’s drinking
water standards are set at a maximum acceptable value of 50 mg/L for total nitrate (Ministry of
Health 2018), which corresponds to 11.3 mg/L NO3-N, in line with World Health Organization
guidelines (WHO 2016, 2017). Current regulations maintain that, if community-supplied drinking
water NO3-N reaches half of the permissible level (5.65 mg/L), additional monitoring must be
undertaken given potential links to cancer and other health issues, such as methemoglobinemia
(blue baby syndrome), which can cause depletion of oxygen in blood supply.
In the last 10 years, 15N and 18O values and NO3-N concentrations from a range of
freshwater investigations across New Zealand have been reported, providing evidence of
local freshwater contamination issues and ecosystem assimilation processes (e.g. Stewart
et al. 2011; Parfitt et al. 2012; Clague et al. 2015; Wells et al. 2016; Morgenstern et al.
2019; Martindale et al. 2019; Stewart and Aitcheson-Earl 2020). Nitrate isotopes (15N and
18O) have been used as environmental indicators to tease out more complex nitrogen
contributions (Wassenaar 1995; Kendall 1998; Silva et al. 2000; Widory et al. 2004; Xue et al.
2009; Jung et al. 2020) and identify which processes (nitrification, anammox, mineralisation
and denitrification) dominate systems.
Sources of nitrate in the environment can have a wide range of 15N and 18O values
(Figure 2.1). Using a dual nitrate isotope approach, it is possible to identify different sources
based on their isotopic composition. There may also be overlap of the isotopic signals from
different nitrate sources. When this occurs, it is important to understand the composition of
nitrate sources, contamination level, age of contamination and flow paths from the source
to sampling site.
Various environmental and biological processes affect the isotopic composition of nitrate.
These processes can be classified by their isotopic signature and plotted on a biplot of 15N
versus 18O. In New Zealand, contributions from atmospheric nitrates (found in rainfall or
dust deposition and formed via lightning or volatilisation of ammonia or other anthropogenic
sources) are considered to be negligible compared to other sources (Nichols et al. 2018).
Most nitrates come from either fertilisers or animal waste such as urine (ammonia or urea)
or manure. Soil nitrate, considered to be a relatively low-level contribution, acts as a sink to
assimilate excess nitrogen from other sources, mitigating and removing nitrate.

6
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Figure 2.1

Dual nitrate isotope biplot (nitrogen 15N and oxygen 18O) highlighting the mechanism of nitrate
formation and transformation in water (Kendall 1998).

The various mechanisms of nitrate formation and transformation are described as follows:
Nitrification is the biological oxidation of organic nitrogen, ammonia or ammonium (from urea)
to nitrite, followed by further oxidation to nitrate by either ammonia-oxidising bacteria (AOB)
or ammonia-oxidising archaea (AOA) (Watson et al. 1981). Nitrosomonas is frequently the
most common genus associated with AOB (Equation 2.1), followed by further AOA oxidation
(Equation 2.2). In this second step, Nitrobacter is the most frequently identified genus, but
others include Nitrosococcus and Nitrosospira. Different heterotrophic bacteria or fungi can
also carry out nitrification. There is generally low fractionation of 15N during ammonification,
meaning that the ammonium (NH4) formed retains some of the isotopic signature of the organic
nitrogen (Kendall 1998). Most soils have 15N values in the range of +2 to +8 ‰ (Kendall 1998).
Organic-N → NH4+ → NH3 → NO2- + 3H+ + 2e-

Equation 2.1

NO2 – + H2O → NO3- + 2H+ +2e-

Equation 2.2

Anammox (anaerobic ammonium oxidation) is an important microbial process that converts
nitrite and ammonium ions directly into nitrogen gas and water rather than via oxidative steps
(Winkler et al. 2012). Frequently seen in wastewater treatment, ammonium undergoes partial
nitrification to nitrite by AOB (Equation 2.3), then the remaining ammonium and nitrite is directly
converted using the anammox process to nitrogen gas (Equation 2.4).
2NH4- + 3O2 → 2NO2- + 4H+ + 2H

Equation 2.3

NH4+ + NO2- → N2 + 2H2O

Equation 2.4

Mineralisation results in the production of NH4 from organic Soil N (Equation 2.5). During
mineralisation, soil microbes depolymerise organic matter that is rich in carbon and nitrogen
(Fujii et al. 2020). The decomposition process results in monomers that are then mineralised
GNS Science Report 2022/02
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into inorganic compounds such as ammonium or assimilated by the microbes for their
biosynthetic needs. Nitrogen mineralisation depends on the carbon to nitrogen (C:N) ratio of
the organic matter. In general, if the C:N ratio is higher than 30:1, then there may be insufficient
nitrogen available for mineralisation and the decomposing microbes will absorb the nitrogen
for their own biosynthesis. When the C:N ratio is less than 25:1, nitrogen mineralisation results
in a loss of ammonium to the environment. Under favourable conditions, ammonium is further
converted by micro-organisms to inorganic nitrate.
N(org) → NH4+ → NO3

Equation 2.5

Denitrification is a multi-step NO3-N removal process via microbes that consume and
assimilate diffuse NO3-N sources, followed by the stepwise reduction of the NO3-N to N2
gas in the presence of carbon as an electron donor (Kendall and Aravena 2000; Equation 2.6).
This fractionation process enriches the 15N of the water sample through preferential
consumption (removal) and uptake of the biologically (more) available 14N by bacteria. This
step is twofold, where both the residual nitrate-15N increases and the NO3-N concentration
decreases. As denitrification progresses through several intermediary steps to the end-product
(N2 gas), isotope fractionation may be refreshed (reset back to original values) or interrupted
through new contaminant pulses in the environment. Mobilisation (or remobilisation) of
surface contaminants from irrigation or precipitation causes further contaminant infiltration
into the vadose or phreatic zones, mixing with residual contaminants that may be more or less
denitrified. In this instance, transportation and anammox processes will also influence the
fractionation processes.
NO3 → NO2 → NO(g) → N2O(g) → N2(g)

Equation 2.6

Previous studies have shown that groundwater samples with elevated iron and ammonia-N
concentrations are generally reducing (higher redox potential) and likely to encourage
microbial denitrification and loss of NO3-N (Snow 2018). They also found that surface water
samples with elevated nitrate contents also tended to have elevated chloride, sulphate, iron
and ammonia-N. Moreover, the lighter 16O isotope is also preferentially removed by bacteria
during denitrification, enriching residual nitrates in 18O as denitrification progresses, although
temperature, dilution and mixing with rainfall (new water) and groundwater (old water) have
also been shown to affect these contributions (Jung et al. 2020).
Volatilisation occurs when ammonia gas released from urea-based fertilisers or animal
waste is hydrolysed to ammonia and lost from soils to the atmosphere (Equation 2.7). Residual
soil ammonia is enriched in 15N with the loss of the lighter 14N fraction and, with nitrification,
enriches the 15N of resulting nitrate.
CO(NH2)2 + 2H2O → 2NH4+ 2CO2 → 2NH3 + 4H+

Equation 2.7

Globally, there is a recognised range of typical 15N values for different nitrogenous sources
(Xue et al. 2009; Figure 1.1).
Synthetic nitrate fertilisers (manufactured via the Haber-Bosch method), urea fertiliser or
ammonification of urine induces lower 15N values in water, typically from -4 to +4 ‰ (Loo et al.
2017; Suchy et al. 2018; Figure 2.1). Dissolved inorganic nitrogen (DIN) supplied by fertilisers,
manure or urban waste is transported into groundwater by contaminated surface water
percolating through the root zone (source load) and sub-surface sediments (in the vadose and
phreatic zones). Generally, coarse-grained, permeable sediments provide the fastest direct
nitrate entry route into a receiving freshwater body, i.e. aquifer (delivered load), with minimal
likelihood of retention or remediation processes such as microbial denitrification. Redox
8
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processes convert root-zone DIN loss into nitrates under oxic conditions, while denitrification
occurs under reducing conditions, changing the nitrate back to harmless nitrogen gas
(Wilson et al. 2020).
Organic soil nitrogen covers a broad range of 15N values from +4 to +10 ‰ (Kendall 1998;
Figure 2.1). Freshwater with 15N values greater than +10 ‰ are typically classed as
undergoing denitrification when on a 1:1 linear relationship with 18O, or as containing effluent
when on a 2:1 linear relationship with 18O (Figure 2.1). 18O values were found to be more
useful than 15N values to separate atmospheric NO3 deposition from microbially produced
soil NO3, as their 18O values were significantly different (Wassenaar 1995). 18O values
produced by nitrification in freshwater range from -15 to +15 ‰, while atmospheric NO3 has
a 18O range from +15 to +70 ‰ (Granger and Wankel 2016). Previously, it was thought that
the mechanism of nitrate formation during nitrification was oxidation of NH3 to NO2, which
incorporated one oxygen from air and one oxygen from water, while subsequent oxidation
of NO2 to NO3 incorporated an oxygen from water, providing a 1:1 denitrification trajectory
on the nitrate biplot (Figure 2.1).
More recent work has shown that 18OH2O kinetic isotope effects are associated with
denitrification, as well as the isotopic equilibrium of the oxygen atoms between NO2 and water,
which has an inverse kinetic effect on NO2 to NO3. In freshwater systems, these nitrifiers
can coexist with denitrifiers, revealing that nitrates can be replenished by co-existing NO2
oxidising bacteria and anammox processes during denitrification (Granger and Wankel 2016).
This results in a lower denitrification trajectory, providing a 2:1 gradient, which integrates
the replenishment of 15N from anammox processes. Furthermore, 18ONO3 values can be up to
5 ‰ higher if the 18OH2O value is isotopically enriched as a result of evaporation, which can
occur in surface water, denitrification ponds and seasonal groundwater recharged from higher
altitudes, or if the soil 18O value is higher than atmospheric O2 due to fractionation during soil
bacterial respiration (Zhang et al. 2019). Other reactions may also induce higher fractionation
in 18OH2O than the theoretical fractionation, such as low pH environments, water with a high
redox potential or fractionation processes occurring during the initial nitrification process.

2.4

Dual Isotope Nitrate Approach

A study of New Zealand surface water and groundwater has been undertaken to establish
classification boundaries based on the relationship between 15N,  18O and nitrate concentration
(Rogers et al. 2022; Figure 2.2). Characteristics of each class are provided in Table 2.1.
Samples with low 15N and  18O values, and low nitrate concentrations (<1 mg/L), are classed
as baseline results typical of background-level residual Soil N, while high nitrate concentrations
(>5 mg/L) imply nitrogenous fertiliser or urine/urea (after conversion to nitrate) leaching into the
water. In general, most samples tend to fall into the Mixed Soil N fertiliser region. It characterises
background nitrogen levels (low NO3-N concentrations) found in untilled soils and soils
that have low levels of land-use intensity, as well as acting as a transition zone for nitratecontaminated water (mixed fertilisers) to transition through to denitrification. Conversely, once
entering the denitrification zone, additional nitrogenous input may cause the isotopic values to
decrease again and return to the Mixed Soil N and Fertiliser (Mixed SF) zone, or even return
to the Urine and Urea Fertiliser (UUF) zone. In this case, if further mixing or remobilisation of
nutrients occurs, the nitrate concentration will usually also increase. If NO3-N concentrations
are higher (>3–4 mg/L), then it is likely that there is a mixture of nitrogenous fertilisers or
urine/urea and background Soil N.
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Denitrification is considered to have occurred when 15N values increase (>8 ‰), as the lighter
14
N isotope is preferentially removed during nitrate attenuation, resulting in more positive 15N
values.

Figure 2.2

10

Dual nitrate isotope results (nitrogen 15N and oxygen 18O) of groundwater and surface water from
1000 sites across New Zealand. Nitrate concentration is represented by the bubble size and ranges
from 0.01 mg/L to 76.6 mg/L.
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Table 2.1

Description of indicator biplot zone classifications.

Class

Name

Description

Baseline

Baseline

Low-concentration background nitrate with low  15N and  18O values.

Urine and Urea
Fertilisers
(UUF)
Fertiliser NO3

Urine and Urea
Fertiliser

Nitrate Fertiliser

Breakthrough and mineralisation of urine, urea or inorganic ammonium
fertilisers into groundwater and surface water. Higher NO3-N concentrations
(>5 mg/L with low  15N and  18O values; <4 ‰ for both isotopes).
Nitrate-bearing fertilisers such as NH4NO3 or Ca(NO3)2 that have low 15N and
high  18O values.
Typical diffuse background-level nitrate matches soil organic  15N,

Soil N

Soil N

sits on 1:1.5 ‘denitrification and mixing’ line with moderate  15N values;
NO3 concentration decreases with increasing  15N values.
UUF and/or Fertiliser NO3 transition through the Soil N zone towards the

Mixed Soil N
and Fertilisers

denitrification zone. This interaction creates a Mixed SF transition zone.
Mixed SF

Higher concentration of nitrate may characterise fertiliser samples from Soil N
samples.  15N and  18O values increase along the denitrification gradient.
Some UUF / Fertiliser NO3 samples may be diluted with Soil N water.

Denitrification

Denitrified

Effluent

Effluent

GNS Science Report 2022/02

Higher 15N and 18O values and decreasing NO3-N concentrations suggest
that denitrification has occurred.
Breakthrough of effluent-derived nitrate: higher NO3-N concentration with
higher 15N values.
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3.0

ANALYTICAL METHODS

3.1

Nitrate Concentrations

Thirty-six surface and groundwater samples (12 samples from Dataset 1 and 24 samples
from Dataset 2) were collected from sites around Franklin by Auckland Council staff and
were submitted to Hills Laboratory in 2014 and 2015 for nitrate concentration assessment.
On arrival, water samples were filtered through Whatman 0.45 µm acetate membrane filters
and refrigerated for a few days until analysis. Water samples (250 mL) were analysed for
NO3-N according to standard methods (APHA 2012) and other basic chemistry, including
nitrite, and NH4-N concentrations were also supplied with Dataset 1.

3.2

Nitrate Isotopes

Stable isotope ratios 15/14N and 18/16O of dissolved nitrate in groundwaters and surface waters
were measured at the Stable Isotope Laboratory at GNS Science in Lower Hutt. Isotopes
are measured to understand the source and fate of nitrogen. The isotopic ratios are expressed
as  values with respect to air for δ15N and Vienna Standard Mean Ocean Water (V-SMOW)
for 18O:
 bE (‰) = [b/aRsample – b/aRreference] / b/aRreference

Equation 3.1

where a and b are the lighter and heavier mass numbers of element E, and Rsample and Rreference
is the heavy-to-light ratio of element E in sample and reference materials, respectively.
This isotopic delta () value is usually presented as per mil (‰), which is based on multiples
of 1000.
The water samples were collected and filtered through GF/F filters (0.2 or 0.45 μm) into HDPE
bottles and preserved by freezing or acidification to pH 2–3 by adding 1 mL 2.5 mM sulfanilic
acid in 10% (degassed) HCl to remove nitrite to each 100 mL of sample. The isotope sample
analysis process involves conversion of nitrate (NO3-) to nitrite (NO2-) using spongy cadmium,
then to nitrous oxide (N2O) using sodium azide in an acetic acid buffer. The N2O is purged
from the water sample and, after going through a series of chemical traps to remove H2O
and CO2, N2O is cryogenically trapped with liquid nitrogen and subsequently passed through
a gas chromatograph column and into an Isoprime isotope ratio mass spectrometer (IRMS)
to determine its isotopic signature of nitrogen and oxygen (15N and 18O values). The method
is modified from McIlvin and Altabet (2005).
All results are reported with respect to AIR for 15N and VSMOW for 18O and normalised to
international standards: USGS 34 (15N =-1.8 ‰ and 18O =-27.9 ‰), IAEA-NO3 (15N =+4.7 ‰
and 18O =+25.6 ‰), USGS 32 (15N =+180.0 ‰ and 18O =+25.7 ‰) and USGS 35 (15N
=+2.7 ‰ and δ18O=+57.5 ‰); and to our internal standard: KNO3-b (15N =+10.7 ‰ and
18O =+11.7 ‰). The analytical precision for these measurements was ±0.3 ‰ for both 15N
and 18O, except for samples below 0.5 mg/L NO3-N, which may have lower precision.
Only one sample (LB02) fell within this range, although precision was not compromised.

12
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4.0

RESULTS

4.1

Nitrate Concentrations

NO3-N concentrations from Franklin groundwater and surface water (Dataset 1) ranged
from below detection levels (0.002 mg/L) at the Fielding Road bore (LB02, Drury Volcanic)
to 26 mg/L at Patumahoe Spring (LB04, Pukekohe Volcanic) (Table 4.1), which exceeds the
maximum acceptable value. Patumahoe Spring and Hickey Spring (LB05) had elevated
NO3-N concentrations, with the highest values (26 and 20 mg/L, respectively). It is likely that
these springs feed the Whangamaire Stream (LB06), which has higher NO3-N concentrations,
ranging between 11 and 17 mg/L, and signals the geographical dispersal of nitrates within the
catchment. The other locations all had Franklin area NO3-N concentrations below 5 mg/L,
apart from BP Bombay (LB03, Bombay Volcanic Aquifer), a groundwater bore with 11 mg/L
NO3-N. Nitrite concentrations were measured but found to be negligible (<0.008 mg/L).
Table 4.1

Nitrate isotopes and concentrations of the Franklin samples.

Site No. Site Name
LB01

Rifle Range Rd

LB02

Fielding Rd

LB03

BP Bombay

LB04

Patumahoe Spring

Dataset 1

LB05

LB06

LB07

LB08

LB09

LB10

LB11

Dataset 2

LB12

Sample Type

Collection
Date

δ15N
(‰)

δ18O
(‰)

NO3-N
(mg/L)

Surface water ponding

20/05/2014

7.3

4.4

1.4

20/05/2014

6.5

7.2

0.002

20/05/2014

5.0

5.6

11.0

20/05/2014

3.5

3.7

26.0

20/05/2014

4.3

4.4

20.0

Stream

20/05/2014

6.5

5.7

17.0

Stream

20/05/2014

6.3

6.0

11.0

Stream

20/05/2014

7.4

5.8

3.0

Stream

20/05/2014

9.2

7.0

2.9

Stream

20/05/2014

5.4

5.4

4.7

Stream

20/05/2014

6.0

6.0

3.5

Stream

20/05/2014

5.5

5.4

2.9

Groundwater –
Drury Volcanic (shallow)
Groundwater –
Bombay Volcanic (shallow)
Groundwater –
Pukekohe Volcanic

Hickey Spring

Groundwater –

(Seddon St)

Pukekohe Volcanic

Whangamaire Upper
(Ostrich Rd)
Whangamaire Dwn
(Charles Rd)
Ngakaroa Upper
(Mill Rd)
Ngakaroa Dwn
(Kern Rd)
Hingaia Upper
(Ararimu Rd)
Hingaia Mid
(Quarry Rd)
Hingaia Dwn
(Flanagan Rd)

NS2-1

North Site 2-1

Vadose Zone Leachate

9/07/2015

3.2

2.0

30.4

NS2-3

North Site 2-3

Vadose Zone Leachate

9/07/2015

2.5

1.1

41.2

NS2-5

North Site 2-5

Vadose Zone Leachate

9/07/2015

3.2

0.6

13.3

NS2-7

North Site 2-7

Vadose Zone Leachate

9/07/2015

3.5

1.1

29.9
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Dataset 2

Site No. Site Name

Sample Type

Collection
Date

δ15N
(‰)

δ18O
(‰)

NO3-N
(mg/L)

NS2-9

North Site 2-9

Vadose Zone Leachate

9/07/2015

2.0

2.0

30.0

NS2-11

North Site 2-11

Vadose Zone Leachate

9/07/2015

3.1

2.0

21.8

NS2-13

North Site 2-13

Vadose Zone Leachate

6/08/2015

1.6

1.0

24.0

NS2-15

North Site 2-15

Vadose Zone Leachate

6/08/2015

3.5

-2.0

28.5

NS2-17

North Site 2-17

Vadose Zone Leachate

6/08/2015

2.0

4.8

22.6

NS2-19

North Site 2-19

Vadose Zone Leachate

6/08/2015

2.0

0.7

9.6

NS2-21

North Site 2-21

Vadose Zone Leachate

6/08/2015

1.7

0.2

25.5

NS2-23

North Site 2-23

Vadose Zone Leachate

6/08/2015

-1.4

3.7

36.4

NS2-25

North Site 2-25

Vadose Zone Leachate

8/09/2015

-6.7

2.6

43.7

NS2-27

North Site 2-27

Vadose Zone Leachate

8/09/2015

0.1

2.8

32.4

NS2-29

North Site 2-29

Vadose Zone Leachate

8/09/2015

-2.7

3.4

21.3

NS2-31

North Site 2-31

Vadose Zone Leachate

8/09/2015

-2.1

10.0

12.7

NS2-33

North Site 2-33

Vadose Zone Leachate

8/09/2015

-4.6

1.7

44.0

NS2-35

North Site 2-35

Vadose Zone Leachate

8/09/2015

0.7

7.9

35.4

NS2-37

North Site 2-37

Vadose Zone Leachate

1/10/2015

-6.3

2.1

37.0

NS2-39

North Site 2-39

Vadose Zone Leachate

1/10/2015

0.3

5.6

39.1

NS2-41

North Site 2-41

Vadose Zone Leachate

1/10/2015

-2.2

2.2

54.1

NS2-43

North Site 2-43

Vadose Zone Leachate

1/10/2015

-2.1

8.9

48.2

NS2-45

North Site 2-45

Vadose Zone Leachate

1/10/2015

-3.7

2.5

45.8

NS2-47

North Site 2-47

Vadose Zone Leachate

1/10/2015

-2.0

5.7

69.6

Leachate samples (Dataset 2) were sampled over four months during winter and their NO3-N
concentrations ranged from 9.6 to 69.6 mg/L. Mean monthly NO3-N concentrations were
27.8, 24.4, 31.6 and 49.0 mg/L for August to November, respectively, indicating near-constant
NO3-N leaching during August and September due to higher rainfall (including flooding)
and dilution of the nitrates. Concentrations increased during October and November when the
local precipitation was lower. These nitrate levels are significantly above background levels,
indicating ongoing and increased nitrate leaching into subsurface soils. Two fertiliser events
are noted, one on planting in June 2015 and another in August 2015. It is likely that the second
fertiliser event is overprinting the basal load from the first fertiliser event.

4.2

Nitrate Isotopes

Dual isotope analysis of nitrogen and oxygen (15N and  18O) of the Franklin water and
leachate samples are plotted on a biplot to investigate the nitrate source and subsequent
chemical transformation that occurs in soil and groundwater zones (Figure 4.1). Datasets 1
and 2 show three main trends. Groundwater and surface water samples (crimson colour
circles) plot mainly in the Mixed SF zone, and leachate samples (blue/grey colour circles)
plot in the Fertiliser NO3 mineralisation/nitrification UUF and Mixed SF zones with slightly more
positive 15N values.

14
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Figure 4.1

4.2.1

Nitrate biplot of 15N and  18O in the collected Dataset 1 (crimson circles) and Dataset 2 (blue circles)
water samples from the Franklin area. The size of the symbol is proportional to NO3-N concentration.
Source classification is described in Table 2.1.

Water Samples

Franklin Dataset 1 (crimson colour) shows a linear and increasing trend along the 1:1
denitrification line (Figures 4.1 and 4.2), with the stream samples tending to lie further along the
denitrification line than the sub-surface (bore and spring) samples. The NO3-N concentrations
generally decrease with increasing 15N and 18O values. Samples with the highest NO3-N
concentrations (Patumahoe Spring LB04 and Hickey Spring LB05, represented by larger
crimson bubbles) have the lowest 15N and  18O values, suggesting that these samples are the
closest match for the isotopic signature of the source contaminant, which is most likely a
leached fertiliser. The remaining Franklin stream samples (those with 15N > 4.5 ‰) are likely
to be fed by groundwater. The trend is defined by water samples with a similar contaminant
source but that have undergone various amounts of denitrification, and their concentrations
attenuated during this process approach lower NO3-N concentrations than expected from
non-anthropogenic point sources such as background Soil N. The soil organic matter in contact
with this water is acting as an effective sink for any excess fertilisers, and the remnant levels
are currently manageable via environmental assimilation and attenuation.
GNS Science Report 2022/02
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Some groundwater sites (e.g. Patumahoe and Hickey spring) suggest that nitrogen
breakthrough has occurred where nitrate has passed through the soil into the groundwater
system but that in the stream samples (where NO3-N is less than 5 mg/L) either dilution from
uncontaminated sources or denitrification has taken place. Minor deviations from the 1:1
denitrification gradient (such as for Rifle Range surface water, LB1) may suggest a contribution
from another uncontaminated groundwater source input, which may cause the  18O values to
become more negative, or that natural background Soil N has a larger contribution to the 15N
value of this sample.
The isotopic signatures of the water samples suggest that the nitrates are primarily derived
from fertilisers rather than animal effluent (which tends to denitrify on a 1:2 gradient), and
therefore the main contaminant source is a urea/ammonia-based fertiliser.

Figure 4.2

16

Nitrate biplot of 15N and  18O from Dataset 1 water samples. The size of the symbol is proportional
to NO3-N concentration. Source classification is described in Table 2.1. Crimson colour identifies
stream samples; pink colour identifies spring or shallow bore samples.

GNS Science Report 2022/02

4.2.2

Leachate Samples

The Franklin Dataset 2 biplot indicates two main groups of samples corresponding to separate
sampling events (Figures 4.3 and 4.4). Group 1 samples were sampled on 9/7/2015 and
6/8/2015, and Group 2 was sampled on 8/9/2015 and 1/10/2015, although a single sample
(NS2-23) from the August survey lies within the Group 2 samples. The latter could be a genuine
result, a faulty analysis or potentially a mislabelled sample that may have been exchanged
with NS2-27.

Figure 4.3

Nitrate biplot of 15N and  18O from Dataset 2 vadose zone leachate samples. The size of the symbol
is proportional to NO3 concentration. Source classification is described in Table 5.1 and labels (XX)
represent sample numbers NS2-XX.

During the ‘Rootzone Reality’ project, two crop-scale fertilisation events occurred; an initial
fertiliser application of Green Fertiliser and ammonium sulphate (Source 1) in June 2015 and
further applications of CAN (Source 2) in August and September 2015.
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The nitrate isotope fluxmeter results clearly show smaller nitrate concentrations in Group 1
samples (monthly mean of 27.8 and 24.4 mg/L NO3-N for July and August) associated
with Application 1. A change in fertiliser type in August produced a different nitrate isotope
cluster (Group 2) with increased monthly mean nitrate concentrations of 31.6 and 49.0 mg/L
NO3-N for September and October 2015. Based on the nitrate zones from Figure 4.1, Group 1
samples clearly fall into a Mixed SF zone, typical of urea/ammonia-based fertilisers and natural
‘composting N’ fertiliser similar to a Soil N signature. Based on the fertilisers used in June, these
values are entirely consistent with the mixed nature of the fertiliser source. Subsequent to the
application of CAN, an ammonia-nitrate-based fertiliser, the isotopic signature is changed and
the Group 2 samples lie in the NO3 fertiliser zone and overlap into the ‘Urea/Ammonia fertiliser’
zone, overprinting the original nitrate signature seen in Group 1 and generating a different
signature for Group 2 samples taken in September and October. It is clear that the fertiliser
contribution is larger in the Group 2 cluster than the Group 1 cluster, in part due to mineralisation
of the fertilisers and the high amount (500 kg/ha CAN) applied compared to 300 kg/ha
ammonium sulphate and 1000 kg/ha Green Fertiliser. There was also a higher initial rainfall
(including flooding) during July and August, potentially diluting the fertiliser, and a strong
assimilative uptake by the crops during this rapid growth time.

Group 2

Group 1

Figure 4.4
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Nitrate biplot of 15N and  18O from Dataset 2 vadose zone leachate samples identified by month
of sampling. The size of the symbol is proportional to NO3 concentration. Source classification is
described in Table 5.1.
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5.0

DISCUSSION

5.1

Summary and Classification of Franklin Samples

Based on the nitrate isotopic bubble biplots, it is possible to classify the source and fate
of nitrate isotopes in the Franklin samples (Table 5.1). The groundwater and surface water
samples are mostly a mix of background Soil-N-attenuated samples and mixed fertiliser / Soil N
samples, with low levels of denitrification occurring. The leachate samples are all strongly
nitrate-contaminated samples showing two distinctive isotope signatures based on the use
of two distinct fertilisers during separate application events. Using the dual nitrate isotope
approach, the isotopic signature of the Group 1 samples shifts to a new isotopic signature for
the Group 2 samples. The nitrate isotope signature of the Group 1 samples clearly relates to
the ammonium sulphate fertiliser (a urea/ammonia-based fertiliser) applied in early June 2015.
Group 2 samples have an isotopic signature that reflects the CAN fertiliser (a nitrate-based
fertiliser) applied in August and September 2015, as the initial fertiliser application is no longer
dominant in the leachate samples.
Table 5.1

Site
No.

Site Name

Collection
Date

δ15N
Value

δ18O
Value

NO3-N
(mg/L)

LB01

Rifle Range Rd

20/05/2014

7.3

4.4

1.4

Soil N

LB02

Fielding Rd

20/05/2014

6.5

7.2

0.002

Soil N

LB03

BP Bombay

20/05/2014

5.0

5.6

11.0

Soil N and Mixed fertiliser

LB04

Patumahoe Spring

20/05/2014

3.5

3.7

26.0

Soil N and Mixed fertiliser

20/05/2014

4.3

4.4

20.0

Soil N and Mixed fertiliser

20/05/2014

6.5

5.7

17.0

Soil N and Mixed fertiliser

20/05/2014

6.3

6.0

11.0

Soil N and Mixed fertiliser

20/05/2014

7.4

5.8

3.0

Soil N

20/05/2014

9.2

7.0

2.9

Denitrified (slightly)

20/05/2014

5.4

5.4

4.7

Soil N

20/05/2014

6.0

6.0

3.5

Soil N

20/05/2014

5.5

5.4

2.9

Soil N

LB05

Dataset 1

LB06

LB07

LB08

LB09

LB10

LB11

LB12

Dataset 2

Classification of source and fate of Franklin area samples based on their nitrate isotopes and
concentrations.

Hickey Spring
(Seddon St)
Whangamaire
Upper (Ostrich Rd)
Whangamaire Dwn
(Charles Rd)
Ngakaroa Upper
(Mill Rd)
Ngakaroa Dwn
(Kern Rd)
Hingaia Upper
(Ararimu Rd)
Hingaia Mid
(Quarry Rd)
Hingaia Dwn
(Flanagan Rd)

Classification (as per
Figure 4.1 Biplot)

NS2-1

North Site 2-1

9/07/2015

3.2

2.0

30.4

Fertiliser NO3- Source 1

NS2-3

North Site 2-3

9/07/2015

2.5

1.1

41.2

Fertiliser NO3- Source 1

NS2-5

North Site 2-5

9/07/2015

3.2

0.6

13.3

Fertiliser NO3- Source 1

NS2-7

North Site 2-7

9/07/2015

3.5

1.1

29.9

Fertiliser NO3- Source 1

NS2-9

North Site 2-9

9/07/2015

2.0

2.0

30.0

Fertiliser NO3- Source 1
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Dataset 2

Site
No.

Site Name

Collection
Date

δ15N
Value

δ18O
Value

NO3-N
(mg/L)

Classification (as per
Figure 4.1 Biplot)

NS2-11

North Site 2-11

9/07/2015

3.1

2.0

21.8

Fertiliser NO3- Source 1

NS2-13

North Site 2-13

6/08/2015

1.6

1.0

24.0

Fertiliser NO3- Source 1

NS2-15

North Site 2-15

6/08/2015

3.5

-2.0

28.5

Fertiliser NO3- Source 1

NS2-17

North Site 2-17

6/08/2015

2.0

4.8

22.6

Fertiliser NO3- Source 1

NS2-19

North Site 2-19

6/08/2015

2.0

0.7

9.6

Fertiliser NO3- Source 1

NS2-21

North Site 2-21

6/08/2015

1.7

0.2

25.5

Fertiliser NO3- Source 1

NS2-23

North Site 2-23

6/08/2015

-1.4

3.7

36.4

Fertiliser NO3- Source 1

NS2-25

North Site 2-25

8/09/2015

-6.7

2.6

43.7

Fertiliser NO3- Source 2

NS2-27

North Site 2-27

8/09/2015

0.1

2.8

32.4

Fertiliser NO3- Source 2

NS2-29

North Site 2-29

8/09/2015

-2.7

3.4

21.3

Fertiliser NO3- Source 2

NS2-31

North Site 2-31

8/09/2015

-2.1

10.0

12.7

Fertiliser NO3- Source 2

NS2-33

North Site 2-33

8/09/2015

-4.6

1.7

44.0

Fertiliser NO3- Source 2

NS2-35

North Site 2-35

8/09/2015

0.7

7.9

35.4

Fertiliser NO3- Source 2

NS2-37

North Site 2-37

1/10/2015

-6.3

2.1

37.0

Fertiliser NO3- Source 2

NS2-39

North Site 2-39

1/10/2015

0.3

5.6

39.1

Fertiliser NO3- Source 2

NS2-41

North Site 2-41

1/10/2015

-2.2

2.2

54.1

Fertiliser NO3- Source 2

NS2-43

North Site 2-43

1/10/2015

-2.1

8.9

48.2

Fertiliser NO3- Source 2

NS2-45

North Site 2-45

1/10/2015

-3.7

2.5

45.8

Fertiliser NO3- Source 2

NS2-47

North Site 2-47

1/10/2015

-2.0

5.7

69.6

Fertiliser NO3- Source 2

There appears to be a relationship between the Franklin groundwater and surface water
and the leachate samples’ nitrate isotope signatures, with nitrate signatures for Group 1
leachate samples plotting on a similar denitrification trajectory as the Franklin waters. Given
that the Rootzone Reality project is freshly applied fertiliser that had limited time to denitrify,
it is likely that nitrogen isotopes will follow a 1:1 denitrification trajectory (Figure 4.1). If this
were the case, the Group 1 leachate samples’ nitrate isotopic signature would shift over
time to a similar location as the water samples and circles would reduce in size (i.e. nitrate
concentrations would reduce) with the onset of denitrification, resulting in a similar fingerprint.
If this were the case, it could be assumed that the nitrogen source of much of the water
sampled in the Franklin area could be from green fertilisers and ammonium sulphate-based
fertilisers, rather than nitrate-based fertilisers. The combination of plant nutrient nitrogen from
green compost and ammonium sulphate provides a mixed, natural Soil N background signal
combined with an ammonia (non-nitrate) fertiliser signal, resulting in slightly more positive 15N
values and lower 18O values than nitrate-based fertilisers. Subsequently, it may also be of
interest to investigate if there is also elevated S or Ca found in the water. Depending on the
use of these fertilisers, specific trace elements may be present at elevated concentrations,
providing yet another mechanism to estimate leaching and flow paths of nitrate into surface
and sub-surface strata.
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6.0

CONCLUSIONS

High nitrate concentrations have been noted in surface water and groundwater around the
Franklin area since as early as 1959. Nitrate isotopes were used to investigate the source or
origin of these nitrates on water and leachate samples. A series of water samples collected
from local springs, streams and ponds in the Franklin area confirms fertiliser contamination in
surface water and groundwater overprinting natural background Soil N and lies in the Mixed
Soil N and fertiliser zone. Sampled from springs, streams and ponds around the Franklin area
have not undergone significant denitrification and reflect the isotopic composition of their
contaminant source.
Fluxmeter drainage samples from a ‘Rootzone Reality’ study (Dataset 2) provides comparative
evidence of nutrients leaching from green and synthetic fertilisers (ammonium sulphate and
calcium ammonium nitrate) that were applied to crops. The preservation of the fertiliser isotope
signals in the leachate samples suggests minimal denitrification over this short-term study.
In summary, the following conclusions can be made from the data:
•

Using a dual nitrate isotope approach, the key contaminant source was identified as
synthetic fertilisers rather than farming effluent due to their isotopic signature falling into
the ‘Fertiliser’ and ‘Mixed Soil N and Fertiliser’ zones.

•

Surface water with higher NO3-N concentrations (>5 mg/L) indicates contamination from
recent fertiliser application, as the nitrate concentrations are above expected background
levels.

•

Groundwater with higher NO3-N concentrations (>5 mg/L) indicate fertiliser breakthrough
into the aquifer and/or subsurface transport of leached nutrients from soils.

•

Groundwater from the shallow volcanic aquifers with lower NO3-N concentrations
(<3 mg/L) indicates denitrification (based on isotopes), lower contamination levels or
sufficient assimilation within the ecosystem to assimilate any excess nutrients. There
appears to be only one groundwater sample from Field Road (LB02) that has been
sufficiently reset to natural background Soil N levels through denitrification.

•

15N and 18O values reflect the nitrate source and its subsequent fate. Key processes
involve mineralisation of nitrogen sources and transformation into the mixed Soil N and
fertiliser zones and through to the denitrification zone. If further fertiliser pulses or
applications occur, the cycle can reset and nitrate isotopes reflect the new input,
often resulting in a cyclic addition/removal system, as seen in the isotopic transitional
change in the fluxmeter samples from fertiliser Application 1 (Group 1 samples) to fertiliser
Application 2 (Group 2 samples). Only when the removal process rate exceeds the
additive rate will nitrates decline through ecosystem assimilation or denitrification.

Stable nitrate isotope signatures combined with nitrate concentrations provide clear evidence
of horticulture-induced contamination of these waters sampled in 2014 and 2015 from
applied fertilisers, rather than animal effluent from farming, although future efforts should
investigate nitrate isotope ratios of groundwaters located near dairy farms. Longer-term
monitoring is recommended to understand the status of these waters with regards to their
nitrate concentrations and isotopic signatures. With decreasing nitrogenous loads, the nitrate
concentrations will subsequently decrease, and the isotopic values will shift into the
‘denitrification’ zone or towards a ‘baseline’ load in the Mixed Soil N and fertiliser zone.
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Dual nitrate isotopes, combined with nitrate concentrations of surface water and groundwater,
is a practical approach to improve our understanding of the origin and fate of nitrate in the
Franklin area. The findings will inform future strategies around baseline nitrate monitoring,
investigative surveillance and mitigation of this pervasive contaminant and will contribute to
meeting the requirements of the National Policy Statement for Freshwater Management 2020
(Ministry for the Environment 2020).
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APPENDIX 1

FRANKLIN AREA DATASET 1

Site
No.

Order
Sampled

Date

Time

LB01

1

20/05/2014

9.30 am

Rifle Range Rd

LB02

8

20/05/2014

2.10 pm

Fielding Rd bore

LB03

5

20/05/2014

10.55 am

LB04

2

20/05/2014

9.40 am

LB05

7

20/05/2014

12.00 pm

LB06

3

20/05/2014

9.55 am

LB07

4

20/05/2014

10.15 am

LB08

6

20/05/2014

11.15 am

LB09

9

20/05/2014

12.50 pm

LB10

10

20/05/2014

1.00 pm

LB11

11

20/05/2014

1.25 pm

LB12

12

20/05/2014

1.45 pm
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Total N
(mg/L)

NH4-N
(mg/L)

DON
(mg/L)

NO3-N
(mg/L)

NO2-N
(mg/L)

pH
(lab)

δ15N
(‰)

δ18O
(‰)

3.1

0.019

0.51

1.4

0.002

6.6

7.26

4.38

0.17

0.72

0.58

0.1

0.002

0.002

7.8

6.52

7.18

7.11

0.13

11

0.005

0.1

11

0.002

7.2

4.96

5.56

15.11

6.19

0.18

29

0.005

0.1

26

0.002

6.5

3.5

3.69

251.1

15.53

6.62

0.15

21

0.005

0.1

20

0.002

6.5

4.32

4.44

9.48

237.4

11.77

7.21

0.15

17

0.012

0.25

17

0.0078

7.4

6.51

5.7

55.8

5.98

229.6

12.24

7.13

0.15

11

0.008

0.2

11

0.0024

7.1

6.34

5.97

5881624

90.9

9.83

132.6

11.82

7.34

0.08

3.3

0.017

0.24

3

0.0048

7.3

7.4

5.78

1773491

5886645

89.8

9.82

155.3

11.28

7.45

0.1

3.1

0.013

0.17

2.9

0.0034

7.5

9.16

6.99

Stream

1775380

5887586

96.4

10.35

165.5

12.14

7.72

0.1

4.9

0.023

0.23

4.7

0.0054

7.7

5.35

5.39

Stream

1774461

5889625

92.7

10.04

153.9

11.72

7.6

0.1

3.6

0.018

0.26

3.5

0.0068

7.6

6

5.97

Stream

1773119

5891376

108.4

11.44

185.4

12.66

8.61

0.12

3.4

0.016

0.24

2.9

0.0059

8

5.53

5.42

Easting
(NZTM)

Northing
(NZTM)

1766295

5880987

Groundwater

1774435

5890642

2.5

0.24

304.4

17.62

7.8

BP Bombay

Groundwater

1775891

5881877

78.3

7.94

224.1

14.53

Patumahoe Spring

Spring

1764114

5889239

84.8

8.52

300.5

Spring

1768720

5882057

86.1

8.58

Stream

1763578

5884625

87.7

Stream

1765440

5889202

Stream

1775164

Stream

Site Name

Hickey Spring
(Seddon St)
Whangamaire Up
(Orstrich Rd)
Whangamaire Dwn
(Charles Rd)
Ngakoroa Up
(Mill Rd)
Ngakoroa Dwn
(Kern Rd)
Hingaia Up
(Ararimu Rd)
Hingaia Mid
(Quarry Rd)
Hingaia Dwn
(Flanagan Rd)

Type
Surface
water

DO
(%)

DO
(ppm)

EC
(mS/cm)

Temp
(°C)

pH

Salinity
(psu)

No measurements taken.
Sample taken from ponded water next to bores, not bore water.
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ROOTZONE REALITY PROJECT DATASET 2
15N

18O

(‰)

(‰)

30.42

3.2

2.0

9/07/2015

41.17

2.5

1.1

1

9/07/2015

13.34

3.2

0.6

2

3

9/07/2015

29.92

3.5

1.1

North Site 2-9

3

1

9/07/2015

30.02

2.0

2.0

NS2-11

North Site 2-11

3

3

9/07/2015

21.77

3.1

2.0

N-1600007

NS2-13

North Site 2-13

1

1

6/08/2015

24

1.6

1.0

N-1600008

NS2-15

North Site 2-15

1

3

6/08/2015

28.53

3.5

-2.0

N-1600009

NS2-17

North Site 2-17

2

1

6/08/2015

22.59

2.0

4.8

N-1600010

NS2-19

North Site 2-19

2

3

6/08/2015

9.63

2.0

0.7

N-1600011

NS2-21

North Site 2-21

3

1

6/08/2015

25.46

1.7

0.2

N-1600012

NS2-23

North Site 2-23

3

3

6/08/2015

36.42

-1.4

3.7

N-1600013

NS2-25

North Site 2-25

1

1

8/09/2015

43.7

-6.7

2.6

N-1600014

NS2-27

North Site 2-27

1

3

8/09/2015

32.39

0.1

2.8

N-1600015

NS2-29

North Site 2-29

2

1

8/09/2015

21.33

-2.7

3.4

N-1600016

NS2-31

North Site 2-31

2

3

8/09/2015

12.67

-2.1

10.0

N-1600017

NS2-33

North Site 2-33

3

1

8/09/2015

44

-4.6

1.7

N-1600018

NS2-35

North Site 2-35

3

3

8/09/2015

35.38

0.7

7.9

N-1600019

NS2-37

North Site 2-37

1

1

1/10/2015

36.95

-6.3

2.1

N-1600020

NS2-39

North Site 2-39

1

3

1/10/2015

39.11

0.3

5.6

N-1600021

NS2-41

North Site 2-41

2

1

1/10/2015

54.08

-2.2

2.2

N-1600022

NS2-43

North Site 2-43

2

3

1/10/2015

48.19

-2.1

8.9

N-1600023

NS2-45

North Site 2-45

3

1

1/10/2015

45.82

-3.7

2.5

N-1600024

NS2-47

North Site 2-47

3

3

1/10/2015

69.6

-2.0

5.7

SIL ID

External Site ID

Site ID

Replicate Number

Fluxmeter

Collection Date

NO3-N mg/L

N-1600001

NS2-1

North Site 2-1

1

1

9/07/2015

N-1600002

NS2-3

North Site 2-3

1

3

N-1600003

NS2-5

North Site 2-5

2

N-1600004

NS2-7

North Site 2-7

N-1600005

NS2-9

N-1600006
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