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Executive Summary

Nitrate contamination of groundwater in Southland is widespread, reflecting the combined effects of
AyGaSyarg@dsS tFyR dzaS FyR (KS dzyRSNI &Ay3d @dz ySNI 0Af
report summarises the current state of knowledge or thnagnitude and extent of groundwater

nitrate contamination in Southland and provides an integrated assessment of groundwater nitrate
sources, trends, and health risks. Supporting data include analytical measurements reported by
Environment Southland anché National Groundwater Monitoring Program, regional models of
groundwater and landise, and water supply data.

The available evidence shows that elevated nitrate concentrations occur across multiple Freshwater
Management Units (FMUs) and Groundwater Management Zones (GMZs). At the GMZ scale, mean
nitrate-nitrogen (NOs-N) concentrationsexceed 3.5 mg/L in 66% of the assessed zones, and 8.5 mg/L

in three others. In one zon®&Os-N was observed at concentrations greater than the drinking water
maximum acceptable value (MAV; 11.3 mg/L; NZDWS 2022). Trend assessments show increasing
groundwater nitrate at a large proption of longterm monitoring sites, with 5671% of assessed sites
exhibiting upward trends classified as likely or very likely acrossl®0 and 20Gyear periods (LAWA,

2025). Data show that groundwater nitrate concentrations vary considerably across the region.
Although areas of concern are widespread across Southland, smaller regions of elevated groundwater
YAGNI GS 0 WK 2 iflentifiddil 4 Q0 6 SNB | f az
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These include Balfour/Waimea Plains, Wendonside Terrace, Five Rivers/Castlerock, Edendale,
Knapdale, Mabel Bush/Woodlands, Central Plains/Waimatuku,Gtatiu Flat. The vulnerability of

these regions to elevated groundwater nitrate is commonly associated with several shared
characteristics:

1 They are shallow, oxic, unconfined alluvial aquifers.
1 They have weltlrained or bypasgrone soils.
1 They have long histories of intensive agriculture.

Some of the human health risks associated with elevated nitrate concentrations ardogathented.

For example, nitrate concentrations in drinking water above the MAV pose an immediate risk for
infants (methemoglobinemia). Emerging international evidesaggests other possible health risks
(e.g., colorectal cancer, pterm births) at concentrations below the MAV, but the establishment of
cause and effect is not yet definitive. Under strict data assessment criteria, groundwater samples from
29% of wells mnitored in the 201¢2022 period fail the drinking water nitrate assessment (as
proposed by Rodway et a023), indicating that elevated nitrate exposure through drinking water is
possible for many groundwater users.



The vulnerability of drinking water supply wells was assessed using a spatial analysis of domestic
supply wells and a model of predicted nitrate concentrations in groundwatem@idesbelow land
surface). Results show that almost half of domestic supply wells @@%gcatedwithin the modelled

3.5¢8.5 mg/L range, 3%vithin areas predicted texceed 8.5 mg/L, and 2% adi@cated in areas
predicted to exceed the drinking water MAV of 11.3 mg/L (Figurd*&jcentages represent the
proportion of domestic drinkingvater supply wells located within modelled nitratérogen
concentration ranges and do not indicaetualmeasured concentrations at individual wells.

Predicted nitrate-nitrogen concentrations at domestic
drinking-water supply wells
>11.3 I2%

8.5-11.3 l 3%

3.5-8.5 49%

a Il%

0% 10% 20% 30% 40% 50% 60%
Percentage of domestic drinking-water wells
Figurel: Proportion of domestic drinkingwater supply wells by modelled groundwater nitrateitrogen concentration
range (10 m below land surface), based on spatial analysis of well locations and predicted nitrate concentrations.

Predicted nitrate-nitrogen concentration (mg/L)



When assessed based on groundwater contamination vulnerability across the region, 612 (44%)
domestic supply wells and 18 (45%) registered public drinkistgr supplies are located within areas
classified as having high vulnerability to nitrate contamimatiAssuming an average of 2.5 people per
domestic household supply (Stats NZ, 2014) and using population estimates for public supplies,
approximately 1,530 people on private supplies and 13@8gublic groundwater suppliege served

by drinkingwater supplies located within mapped areas of high vulnerabilithis represents a
screeninglevel assessment of potential vulnerability rather than confirmed exposure, as registered
public supplies are routinely monitored and managed to meet drintiater standards. Confirmation

of actual risk requires review of Teaiial Authority monitoring data, including nitrate concentrations,
bore construction details, and supply management practidése following table summarises the
population within groundwater nitite hotspot areas served by drinkimgater supplies located in
areas of either high modelled nitrate concentration (10 m depth) or high groundwater vulnerability.
This is a screenidgvel assessment of potential vulnerability, not current exposure.

Tablel: Summary ofpotential Southlandpopulation exposure to elevated nitrogen concentrations in drinking water

Number of peopleserved by supplies witlelevated
NGs-N at 10m depth (modelled value)or locatedwithin vulnerable
groundwater areas
Modelled Modelled Supply is vithin a
Hotspot Area concentration | concentration vulnerable Total population

>11.3 mg/L >8.5 mg/L groundwater area
Balfour/Waimea Plains 57.5 27.5 1081 1,166
Wendonside Terrace 0 40 30 70
Five Rivers/Castlerock 0 17.5 82.5 100
Edendale Area 0 5 178 183
Knapdale 0? 0 7,53C¢ 7,53C
Mabel Bush/Woodlands 0 0 215 215
Central 3
Plains/Waimatuku 0 17.5 341 359°
Otahu Flat 0 2.5 7.5 10

Regional

All of Southland 65 113 14,985 15,162

lIncludes Lumsden/Balfour suppl80m deep and likely at low risk.

2 Actual exceedances observed in Gore supply wé&llé80 people

3Includes Heddon Bush and Drummond school supplies.

4 Actual exceedances of 11.3 mg/L observed.

5Includes registered drinking water supplies that may havertmyderate measuredoncentratiors but arespatiallywithin
vulnerable areas.

Although nitrate contamination of groundwater is more pronounced in the hotspot areas presented
in this report, nitrate degradation of groundwater quality is widespread in Southland. Moreover, the
risk of nitrate contamination of groundwater is expectedihzrease, especially where vulnerable
hydrogeological settings coincide with intensive land use. Given the strong evidence base linking land
surface nitrogen losses to groundwater concentrations, further conceptual investigation is unlikely to
materiallychange understanding. The emphasis should move toward reviewing identification ef high
risk areas, implementing mitigation, and reducing nitrogen losses in areas of known susceptibility.
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1 Introduction

1.1 Purpose ofthis report

The purpose of this report is to collate and summarise existing information relating to nitrate
contamination in Southland groundwatéfhe reportprovides aroverview of the current
state,extentand trendsin the region, and isummarises information olikely nitrate sources in
Southland, including whether these are associated with historical or recent activitieseddme
alsohighlights associated risks to human health in relation to drinking water. Somsiderations
relating to improving scientific understandingeducing uncertaintyand mitigating effects are
proposed.

1.2 Scope and limitations

This review is intended to inform understanding of the magnitude, distribution and risks of nitrate
contamination in Southland groundwater. It is not intended to propose policy recommendations,
include new data collection or present assessment relatingctmogical riskAssessments of human
health risk are indicative only

2 Data Sources

2.1 Available dataand information

This report draws on a range of existing data and analyses to characterise nitrate contamination in
Southland groundwater, including several ssfgecific groundwater nitrate investigations. Additional
data compiled for this report include the following:

OYPBANRYYSY(l {2dziKflyRQa &O0ASyOSirdgghR O2Y LI Al yOS Y
1 National Groundwater Monitoring Programme (NGMP) groundwater monitoring data

((nitrate-nitrogen),

Land Air Water Aotearoa (LAWA) state and trend assessments (riitedgen),

Land use,

Domestic supply bores (for exposure risk),

Registered drinking water supplies (for exposure risk).

=A =4 =4 =4

Several derived analyses and publicly available national nitrate mapping products were also
considered in this report. These include:

1 The 2012 nitrate heat map developed by Rissmann (2012)

1 The 2019 groundwater modelling work by Snelder et al (2019)

f ¢KS DNBSYLISIFEOS daYy2g ,2dzNJ bAGNI GS al L¥E yAONF
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Collectively, these resources provide a foundation for assessing the current state, spatial extent, and
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2.2 Limitations of available data

This assessment of nitrate contamination in Southland groundwater is subject to several data and
methodological limitations that influence the interpretation of results, detailed below.

Spatial and temporatoverage of themonitoring data:

Groundwater monitoring is unevenly distributed across the region, with some areas having limited or
no longterm data.Approximately 35 wells have robust lotgym recordsput many
aquifersremainsparselymonitored, reducing confidence in regiorsdaleassessments.

Variable well depth and aquifer representation

Groundwater monitoringvellsin Southlandspan a wide range of depths and do not consistently
target the same parts of an aquifer or groundwater system. As a regolindwater
nitrate concentrations presented and analysed in this report inclsa®ples fom shallow,
intermediate, and deeper systems. Groundwater nitrate is influencetkblyarge pathwaysedox
conditions,and surface connectivityyhichis often depth dependent, so variable well depths add
uncertaintyto some models and analyse&dditionally, thegroundwater resource is three
dimensional, but available data are often interpreted in two dimensions i.e. distributed spatially on a
two-dimensional map.These factors are sometimes considered via filtration of data or consideration
of depth inthe development of spatial models (Snelddral, 2019).

Groundwater lag times:

Thehydrologicakravel timebetweenthe land surfaceand the receiving aquifersan range from
years to decades his meansurrent nitrate concentrationin some placemay reflect historical land
usepracticesrather than recent changes. Limited atyacer data constrain the ability
to confidentlylink concentrations with specific time periodsiodividual nitratesources.

Well construction and localised influences:

Bore construction detailéscreen length, casing integrity, pump configuratioah influence

the measuredhitrate concentration at a particular well. For exampiep bores at the same location
may yield different results if one well has a short screed #re other hasa long screeecause the
longer screermdraws water from awiderrange of depthsvith potentially different nitrate
concentrationsSome wells may also be affected by localised point sources, leading to elevated
concentrations that do noteaflect broader aquifer conditions.

Analytical and datagquality issues in thirdparty nitrate maps:

External datasetsuch as the Greenpeace and GNS Science nitrate maps provide broad national
context but include little metadata describing underlying analytical methods, monitoring networks,
spatial resolution, or QA procedures. These products may incamalata from noraccredited
laboratories, community sampling programmes;situ sondes, or methods that do not meet
standardised groundwater quality monitoring protocols. As a result, they are best used fdewaih
pattern recognition rather than quditative analysis.



Limited information on landuse history and source attribution:

The ability to link nitrate concentrations to specific land management activities is constrained
by several datagaps. Among thenost significants alack ofhigh-resolutionland use information and
data, which limitghe ability to confidently attributeobserved patterns to specific causes.

Water supply information

Assessments of risk to water supplies rely on datasets that may be incompletatainoutdated
information. The exposure assessment presented here is based primarily on modelled
nitrate concentrations and underlying vulnerability rather than a comprednam compilation of
empirical data from all domestic and public supply wells. This approach is intertiecslse it
reflectsthe limited availability of monitoring data for most domestic wells. However, it also means

GKFG a42YS 02NBZQONFAAARXRYSRINFDIWOSINKE DTS 26 SNJ

asscreendepth, dilution, soil characteristics, or aquifetoperties.
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3 Background to nitate contaminationof groundwater

Nitrogen can be introduced to groundwater via peiahd norpoint sources. Point sources such as
wellhead infiltration, septic tanks, landfills, or wastewater discharge tend to create localised nitrogen
plumes that are relatively straightforward to idefytiand characterise. Often, these can be mitigated

by developing wellhead protection to block the infiltration pathway or by removing the contamination
source. Norpoint sources, which include biological fixation, application of synthetic fertilisersahnim
waste, and atmospheric deposition introduce nitrogen at the soil surface where it can potentially leach
into groundwater. Because these inputs are diffuse and vary across space and time, they can be
substantially more difficult to mitigate. The key fart contributing to this variability include
groundwater recharge, nitrogen source, the hydrogeological setting and nitrogen reactions and
transfers in soil, plant, and water system.

Groundwater Recharge

Groundwater recharge occurghenrainfall, snowmelt, irrigationpr other water inputsnfiltrate soil

and percolatedownwardat a rate sufficient to saturate the soil, which allows drainage to continue
beyond the root zoneSome of the variableaffectingrecharge rates include climate, antecedent soil
moisture,soil type,and land cover.

When recharge occurs, water soluble compounds such as nitrate are carried with the infiltrating
water. When nitrate is abundant in the soil, this can result in elevated nitrate concentrations in the
drainage water, and therefore, the shallow groundwaterathing can be especially high when plant
uptake is low and recharge rates are high, for example, when temperatures are low, paddocks are in
fallow or bare, and during periods of high rainfall. Additionally, cultivation events can rdtagse
guantitiesof stored nitrogen to the soil resulting in excess nitrogen that can be leadhéshsive
farming systems that utilise large fertiliser and feed inputs increase the amount of nitrogen circulating
in the system and increase the risk of leaching via tipgseesses (Di and Cameron, 2002; Monaghan

et al., 2007).

Nitrogen Source

Non-point sources of soil nitrogen include biological fixation by legumes such as clover, synthetic
fertiliser inputs, and nitrogen contained in imported feed. This nitrogen is used by plants for growth

and commonly returned to the soil as urea (animahejior organic nitrogen (dung and plant residues

such as leaf litter). Nitrogen returned via urine and dung is concentrated and deposited by the animal
resulting in high concentrations of nitrogenin small ardad. i N2 3Sy FTSNIATt AaBENE Ay O
FYY2YAdzY 6blja0dx FyR yAlNI inSstuddihitrogenifertiiseriimNawp | NS I :
Zealand, igienerallyrapidly converted in soil to ammonium following application. Ammonium that is

not taken up by plants isubsequentlyconverted to nitrate by soil bacteria. Nitrate is highly mobile in

soil and readily leadd under drainage conditions.

Nitrogen Reactions in Soil and Water

Nitrogen in soil may be organic (urea, dung, leaf litter, etc.) or inorganic (ammonium and nitrate). In
well-oxygenated and carberich soils, bacterial mineralisation and nitrification reactions convert
most soil nitrogen to nitrate. The rates of thesecdions are sensitive to many environmental factors
including temperature and hydrogeologic setting (see next section). In oyy@@nenvironments
(anoxic), bacterial denitrification converts nitrate inte ¢as that is returned to the atmosphere. In
anoxc, carbonrich soil and aquifer environments, denitrification can remove a significant fraction of
groundwater nitrate. In welbxygenated groundwater, nitrate behaves largely as a conservative,
dissolved ion, therefore changes in nitrate concentratioa Emited to effects of transport, dilution

and diffusion.
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Hydrogeologic Setting

Natural conditions of the land and groundwater system influence groundwater recharge rates and
redox conditions that control many bacterial nitrogen reactions. Soils that drain rapidly and have a
low capacity to hold water are generally more susceptiblaitaate leaching, whereas soils with high
water-holding capacity or poor drainage tend to retain water for longer and may reduce leaching risk.
Denitrification, which removes nitrate from groundwater, occurs where -towygen (anoxic)
conditions and suffient organic carbon are present, such as in poorly drained soils, wetlands, or
organierich subsurface zones; however, it is typically limited in-aejigenated, higipermeability
aquifers. Nitrate concentrations in groundwater may also be reduced byadilwhere recharge from
lower-nitrate sources occurs, including rainfall, lateral inflow from other aquifer units, ordegved
recharge where hydraulic conditions allow.

Summary

Nonpoint source nitrogems spatially and temporally variablepakingit difficult to mitigate or
manage. The combination of factors that can influence concentrations means that some areas of
Southland are much more susceptible to nitrate leaching and groundwater contamination than others
(Rissmann et gl2016; Hughes et al2016).

12



Nitrate concentrations in groundwateare highly variable across catchments and the region.
Concentrationsdepend heavily on land use, soil and geology type, groundwater flow, redox
conditions, aquifer depth and drainage. Some of the patterns that have been observed are

1 Areas with weHdrained soils, oxidising conditionshallow aquifers with low groundwater
throughflow, and older terracesverlain byintensive land usere susceptible to shallow
groundwater contamination.

1 Conversely, areas with poortirainedsoils,or organierich soilsand geological settings that
support denitrification orhave a high proportion of riverine rechargend to have lower
nitrate concentrationseven under intensive land use.

Work in Southland hgsreviously assessed the inherent risk of nitrogen contamination in groundwater
(Rissmann et gl2016, Hughes et al2016) By considering the key factors that influerinberent
vulnerability as described aboyéhe areas most vulnerable across the reg@am be mappegdas
illustrated inFigure2.

13
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Figure2: Estimated areas of shallow groundwater that is inherently vulnerable to nitrogen contamination due to soil and
aquifer properties. Adapted from Hughes et al. (2016).
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3.1 Southland g@ographic and hydrogeologic context

In Southland, accessible and usable groundwater is primarily hosted within the alluvial Quaternary
sedimentary deposits. Older Tertiary formations and basement rocks also contain groundwater, but
these systems are less commonigedfor human purposesThe Quaternanalluvial groundwater
systems are generally unconfined, shallow, and recharged via rainfall infiltration, hydraulic connection
to fluvial systems, or a combination of these sources.

{2dzi Kt yRQa dzy O2y FTAYSR I dz@dAl t | |j dabl& SftidEless NB
than 5 metres below ground level. A large proportion of their water volurhgdsaulicallyconnected

to the land surface, making these aquifers particularly vulnerable to contamination frorauksend
activities. Figure3 below conceptually illustrates how contaminants can move from the ground

surface into underlying shallow groundwater.

water table is typically
less than 5 metres
below ground surface
in Southland

o
o
3
>
g
3

alluvial gravel aquifer
typically less than

50 metres thick

in Southland

Figure3: Typical Southland alluvial aquifer showing a high wataible and connectivity with the land surface above.

'Lag time' is the amount of time it takes for water, or contaminants in water, to move from the ground
surface to the underlying aquifekag time is influenced by several factors, including soil properties,
the characteristics of the unsaturated zone, and the depth to the groundwater.tAbkecomposition

and drainage propertiesf the soil andunsaturated zone affects the lag time between the land surface
and underlying unconfined aquifer. In general, areas with sand and gravel will drain more qudokly th
those with silt and clays. The proportion of water running over the land surface as overland flow, or
laterally through the soil via molgipe drains, also increases with silt and clay, with a small
proportion of rainfall reaching the underlying aquif&igure4).
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rock coarse mixed gravel fine sand clay
gravel and sand/silt and silt
Figure4: Conceptualisation of the proportion of water flowing over the land surface vs the proportion draining through
unsaturated zone for each sediment type. Thicker arrows indicate larger proportions of flow.

The lag time means that current groundwater quality in Southland can reflect land uséeksitinan
a yearago, or as much as decades ago, depending on the lociimmever, it has been estimated
that for 90% of Southland, it takes less than two ydaraitrate to travel from the soil down to the
groundwater(Wilson et al, 2014)
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4 Current Stateand Trend=of Nitrate Contaminationin Southland
Groundwater

4.1 Assessment of regional concentrations

Monitored goundwater sites were grouped into their respectiegeshwater Management Units

(FMU) and Groundwater Management Zones (GMElean groundwater nitratenitrogen
concentrations were calculated as the arithmetic mean of site median concentrations for all suitable

sites within each FMU and GMZ over the 26022 period. A summary presentingnean
concentrationgor eachFMU andGMZ is presented below in TaldeThe table cells are coloured and
categorised according to the magnitude of the mean cotregion as shown in the key below. The
FaaSaaySyad 2F adardsS Aa OfraairiFASR Fa af{dardasSg A
FaaSaaySyid 2N aLYRAOIFIGADGSE AF GKSNB Aa RIEGE FNRY
Table 2: Mean nitrate’y” A i N2 3 -$l)/congemtrations for Southland FMUs and GMZs for the 2022 monitoring

period.

a
a

Nitrate Mean concentration (20172022) Number of sites Confidence
Freshwater Management Unit

Aparima 4.9 39 State
nNB A 4.8 58 State
Mataura 6.7 58 State
Waiau 2.7 7 Indicative
Waituna 0.01 2 Indicative
Groundwater Management Zong

Waimatuku 5.8 10 State
Longridge 5.2 2 Indicative
Te Anau 2.5 3 Indicative
Makarewa 2.3 6 Indicative
Waihopai 3.0 11 State
Waimea Plains 12.8 6 Indicative
Lowern NB i A 5.0 11 State
Lower Mataura 6.3 13 State
Dipton 0.0 1 Indicative
Knapdale 3 Indicative
Croydon 3.8 3 Indicative
Edendale 6.8 9 Indicative
Upper Aparima 4.7 19 State
Castlerock 4 Indicative
Wendonside 7.7 6 Indicative
Awarua 0.0 2 Indicative
Central Plains 6.1 16 State
Blackmount 5.1 2 Indicative
Riversdale 5.8 8 Indicative
nNB A 6.4 1 Indicative
Te Waewae 0.5 2 Indicative
Five Rivers 5.2 6 Indicative
Lower Aparima 4.0 11 State
Orepuki N/A 0 N/A
Wendon 3.4 3 Indicative
UpperMataura N/A 0 N/A
Waipounamu 4.0 2 Indicative
Cattle Flat 1.0 2 Indicative
Centre Hill 1.3 1 Indicative
Tiwai N/A 0 N/A
Key:

Nitrate Concentration (mg/L)

<1

1¢3.5

3.5¢8.5

>11.3
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Analysis of the available data at the Freshwater Management Unit (FMU) scale shows that the
MatauraFMU has the highest mean nitratétrogenconcentration (6.7 mg/L). The Aparima andNB G A
FMUs also display elevated mean concentrations (4.9 mg/L and 4.8 mg/L, respectively). FlagdtMU
assessment is coarse and primarily illustrates that nitrate concentrations are elevated across several
large management unitsut does not discriminate the spatial variation within these areas.

At the Groundwater Management Zone (GMZ) scale, a much wider range of mean concentrations is
evident. The Waimea Plains GMZ has the highest méegate-nitrogenconcentration at 12.8 mg/L,

which exceedshe Drinking Water Standard of 11.3 mg/L. Elevated mean concentrations are also
observed in the Knapdale (9.7 mg/L) and Castlerock (10.1 mg/L) GMZs. Overall, 18 of the 27 assessed
GMZs (66%) have mean nitratérogen concentrations above 3.5 mg/L, indicating that elevated
nitrate is widespread across thegion.

Conversely, mean concentrations in the Dipton and Awarua GMZs are below 1 mg/L, suggesting

minimal contamination. However, these values are derived from a very small number of bores and
should be considered indicative only.
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4.2 Assessment of concentrations against drinking water criteria

Regional groundwater data from two time periods (262@17 and 201g2022) were assessed against

the nitrate-nitrogen criteria proposed for potable groundwater in Rodway et al. (2023). This
FaasSaaySyd FLILIXASE | Wt a%m POU AVCO A MeaftedidR’s S A (0 &
O2y OSYidNY (A2Y yeardpximdrmitrdte-n@dg@nOR FOBY G NI GA2TheAd XXMM
median threshold identifies wells with sustained elevated nitrate levels where intermittent peaks may

not be observd due to sampling intervals, whereas the MAV identifies confirmed exceedances
relevant to acute healthrisk ¢ KS ONAGSNAIF NBIdZANBS || aAdGsS (2 KI @
assessment years. The criteria exclude bores assessed as naturally unpotable and these are shown as
Yb! Qo

The assessment shows that 206 Y R H pdPoxs 2F aAdsSa oSNB aaAiraySR
2022 data periods respectively (Figibe

2017 2022

Num Pass NA Num Pass NA
Southland 218 72.0% 27.5% 0.5% 164 70.1% 29.3% 0.6%

100.0

90.0

80.0

70.0

60.0

50.0

40.0

30.0

Percentage of sites (%)

20.0

10.0

0.0
2017 (n=218) 2022 (n=164)

Pass mFail ENA
Figure5: Regional assessment of nitrateitrogen in potable groundwater for the 2017 and 2022y&ar periods.
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Figure6 below shows thepatial distribution of bores assessed against tiiteate-nitrogen in potable
groundwagr criteria.
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Figure6: Spatial distribution of bores assessed against the nitrate drinking water criteria.

Figure7 and Figure8 provide tables and graphs of this same assessment by FMU and GMZ (graph and
2022 period only). These assessments indicate that large3624) proportions of bores fail to meet
potable criteria across four of the five FMUsdditionally, at the GMZ scale, 15 of the 27 assessed
zones have more than 20% of monitored bores that fail the potable groundwater crioenmtrate-
nitrogen.
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2017 2022
FMU Num Pass - NA Num Pass -1
Mataura 76 64.5% 35.5% 0.0% 58 69.0% 31.0% 0.0%
Oreti 86 74.4% 24.4% 1.2% 58 70.7% 27.6% 1.7%
Aparima 45 77.8% 22.2% 0.0% 39 66.7% 33.3% 0.0%
Waiau 10 80.0% 20.0% 0.0% 7 85.7% 14.3% 0.0%
Waituna 1 100.0% 0.0% 0.0% 2 100.0% 0.0% 0.0%

100 p— —
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40
30
20
10

Percentage of sites (%)

0
2017 2022 2017 2022 2017 2022 2017 2022 2017 2022

Aparima Oreti Mataura Waiau Waituna

Pass Fail ENA

Figure7: Table and bar chart detailing therpportion of sites in pass and fail bands with respect to nitrate nitrogen for
each assessment periods by FMU. There is insufficient data to make an assessment for the Fiordland and Islands FMU.
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Figure8: Proportion of sites in pass and fail bands with respect to nitrate nitrogenthe 2022 assessmemteriod by GMZ.
There is insufficient data to assess the Orepuki, Uppataura and Tiwai zones.
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4.3 Temporaltrends in nitrate concentrations

Trend assessments for Southland groundwater are derived from the analysssnpedby LAWA
(20255 o0l AaSR 2y 9y @A NP Sty of theZEdzirddrhentySOB)anoritching B
(Table3 and Figure9). These assessments use only wells with sufficilta to support statistically
robust trend evaluation. The results indicate thaf the assessed sitea,substantial proportion of
monitored sites are showing worsening nitratérogenconcentrations60% of sites exhibit likely or
very likely egrading trends over the past 10 yeaf§% over 15 years, and1% over 20 years.
Although not shown here,@proximately one quarter of sites were not assessed due to insufficient
data. These results highlight thagf all the assessed siteslegradation is more common than
improvement, and that the pattern of worsening nitrate concentrations is persistent across multiple
assessment period3he deteriorating trends arspatially widespread indicating nitrate increases are
a regional issue despite some asdaeing more susceptible or the magnitude of contamination being
greater.

Table 3: Assessments of trend for nitrat@itrogen concentrations in Southland groundwater monitoring sites (LAWA,
2025).

Trend Description 10-Year 15Year 20-Year

Likely improving 2 0 1

Indeterminate 2 2

Likely degrading 6 2 2
25 25 24
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4.4 Spatialextent of nitrogen contaminationin Southland groundwater

The spatial pattern of nitrate contamination in shallow groundwater can be illustrated in higher
spatial resolution by displaying site specific data and by utilising modelling appro&ina®10
presents the median nitrate concentration for each site with available data from thec2022
monitoring period.This figure helps to illustrate the spatial variation groundwater concentrations
across the Southland region. However, because the data have not been filtered by bore or sample
depth, the map does notapture the full threedimensional distribution of nitrate within the
groundwater system
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FigurelO: Spatial distribution of median groundwater nitrataitrogen concentrations from data collected during the
20172022 monitoring period.

24



The concentration of nitrate in groundwater can be estimated in areas with no monitoring data
using spatial interpolation or modelling techniques. Each approach uses individual site data as the
primary input and treats the data asdmensional. Examplesf these methods are presented

here.

Spatial Interpolation

Spatial interpolation is a method or algorithm used to calculate values at locations where no
measurements exist. Rissman (2012) applies the natural neighbour method, which identifies the
nearest surrounding data points and weights them according to hoiku & I NI ¢ GKS@
contribute if the new point were added to the dataset. This method respects the original data, it

LINE RdzOS& NBIfAAGAO WadaNFI O0SaQr FyR Al LISNF2N)Ya
11, reproduced from Rissmann (2018hows the estimated nitrat@itrogen concentration in

Southland, interpolated from 20@2012 median values.

Predicted nitrate-N (mg/L)
(Rissmann, 2012)

.-
B s
| |3s5-85
B ss- s
R

Figurell: interpolated nitrate nitrogen concentrations in Southland groundwater for the fiyear period 20072012.
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Model: Total Oxidised Nitrogen

In Southland, total oxidised nitrogen (TON) is generally equivalent to nitiattigen in oxic
groundwater. Based on this equivalence, Snelder et al. (2019) applied a statistical model to predict
total oxidised nitrogen (TON) concentrations in groundwatedepths of 7, 10, and 20metres.

This model used groundwater monitoring data from 2§2317. This modelling also incorporates

a range of predictor variables, including land use, estimated nitrogen losses, physiographic
information, and Groundwater Managnent Zone boundaries, to improve the accuracy of the
spatial predictions., Figure2l adapted from Snelder et al. (2019), illustrates the results of this
model(at 10metresdepth).
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Figurel2: Predicted total oxidised nitrogén concentration at Xfietresbelow ground level.
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Other Data Products

Other publicly available spatial assessments, such as the GNS Nitrate Watch map and the
Greenpeace Know Your Nitrate map, were also considered (Figure 13). These products provide
hightlevel indications of where nitrate contamination may be present, butythave important
limitations. In most cases the underlying data sources, sampling methods, lab analysis, and
processing steps are not fully documented, and the spatial resolution is insufficient for detailed
assessment at local scales. It is understood thase maps also draw from some of the same
monitoring data. These maps are primarily designed for broad public communication rather than
technical analysis and therefore are not used further in this assessment.

KNOW YOUR NITRATE MAP. =

Search for places or addresses Q |l n

Invercaragi bl

No samples yet 0.0-1.0 1.0-2.0 2.0-4.0 Nitrate concentration
-£,499, B
® 0] 5 4.0 -5.65 5.65-11.3 . =11.3 (units mg/L) Low High Extreme
Figure13Y Db{ WbAGNI iS2FGOKQ YIL) 6tS8Fd0 FyR DNBSYLSIOS wyy
Greenpeace, 2025).

“\t‘":@molrs |+

Discussion

Comparison of the three spatial representations (the 22022 site medians, the Rissmann
(2012) interpolation, and the Snelder et al. (2019) model) shows that regional patterns are
consistent despite differences in data sources, methods and time peddidtiree maps

identify areas where groundwater nitrate concentrations are elevated, including zones where
levels are sufficiently high to exceed the drinking water standard of 11.3 mg/L rititabgen.

These patterns likely represent the combinatiorsgétems susceptible to contamination from
intensive land use activities. Likewise, each map highlights definable areas where nitrate
concentrations remain low, indicating either limited nitrogen losses from land use and/or
reduced vulnerability due to diaage characteristics or attenuation processes such as dilution
and denitrification. Collectively, the spatial assessments indicate that nitrate contamination is
GARSALINBIR | ONRPaa {2dz2ikKflyRQAa 3INRdzyRgl 1SNJ aeai
evident across more than a decade of monitoring. The repeated spatial patterns also suggest a
strong influence of underlying physiographic controls, tasd pressures, and aquifer

vulnerability.

27



/I 2Y0AYAYy3 (GKSasS GKNBS aLl GdAlrft FaaSaavySyda KaA3IK
(Figure 14) utilises the available spatial data broadly identify high risk areas for further discussion

in this memorandum. This process is largely subjectiveinre and does not delineate

WK2(3iaLR2iQ o02dzyRIF NASao® 91 OK 2F (G(KS ARSYUGUATFASR
Hotspots are shown in relation to the modelling of Snelder et al. (2019) but delineation also

utilised site median data.
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5 Drivers ofcontamination in Southland including assessment of each of
the identified HotspotCareas

Thespatial assessmenfgesented here revedhe followingpatterns ofnitrate contamination:

71 Nitrate contamination of groundwater in Southland is widespread

1 ¢KSNBE IINB &AS@OSNIf FNBFa 2N WK2dalLkRdaaqQ Ay

consistently elevated

A N o oA A~

1 NitateWK20aLR2iaQ a2vySiAaySa SEOSSR GKS ylLGaAaAz2yl ¢

The presence of nitrate hotspots reflects the combined influence of-lesed pressures and
inherent aquifer vulnerability. Understanding the drivers behind these elevated concentrations
requires consideration of both current and historical anthropogenfuis in the context of
natural processes such as lag times and attenuation. The following subsections outline the primary

Ol dza8& 2F YAGNIGS O2y il YAYFGA2Y Ay {2dd Kl yRQ

provide a brief interpretation of théikely drivers within each identified hotspot.

5.1 Regionalgroundwater ontamination in Southland

Monitoring data, laneuse patterns, and established nitrogen cycling science all indicate that

I ANA Odzf G dzNBE A& GKS LINAYEFNE &2dz2NOS 2F YAUGNFGS
with elevated nitrate concentrations, the surrounding land usédminated by pastoral farming
systems that involve high nitrogen inputs to land through livestock urine deposition, fertiliser
application, and effluent irrigation. These inputs create excess {aaaitable nitrogen in the soil

that can be leached beyorttie root zone, particularly during periods of high drainage or where
soils have limited ability to retain or transform nitrate. International and New Zealand studies
consistently show that pastoral agriculture, especially systems with high stocking aates
intensive grazing, generates large quantities of nitnath drainage water compared with other

land uses such as forestry or native forest cover (Di & Cameron., 2002; Monaghan et al., 2007,
Larned et al., 2018).

Pointsource contamination of groundwater is also common in Southland. Typical sources include
non-secure wellheads, septic tanks, leaking effluent infrastructure, abandoned bores, or localised
discharges. Although pokstource discharges can produce vhigh nitrate readings in individual
wells, pointsource contamination plumes tend to be localized and therefore able to be
investigated and remediated through wellhead upgrades, infrastructure repairs, or containment
measures. It is likely that septic tamkcontribute measurably to groundwater nitrate
contamination in some locations where dwelling densities are high, however, overall contribution
to catchment nitrogen loads are likely to be relatively small (Liquid Earth, 2014; Snelder & Plew,
2024). The levated nitrate concentrations observed across large parts of Southland are not
consistent with isolated poirsource failures. Instead, they more likely reflect diffuse,-poimt
source nitrogen inputs across the wider landscape, Pastoral land use,ttebdsader aquifer

scale contamination due to the cumulative effect of widespread urine deposition and soil nitrogen
surpluses. While point source contamination has been an issue in Southland, the regional scale,
persistence over time, and spatial patteshelevated nitrate demonstrate that diffuse inputs are

the primary driver of groundwater contamination in Southland. Explained further below.
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5.2 Land use and anthropogenic inputs

Agricultural land use is the dominant source of nitrate entering freshwater systems in New
ZealandParfitt et al., 2012)Among agricultural land uses, dairy cattle systems have been

shown to typically generate higher nitrogen losses to water than most other land uses, reflecting
a combination of higher stocking rates, greater nitrogen inputs, and grazing intensity (Rodway,
2020; Srinivasan et al., 2020; Bright et al., 2018; Drewry, 2018; Ledgard, 2014).

Individualdairy cattleurine patches containn average 613 kg N/ha with a range260c2000

kg N/ha(Selbie et al., 2015 and references therein; Selbie, 2014). This is gehigriadly than

the nitrogen requirement for pasture growth (~200 kg N/her)dthe excess nitrogen is highly
susceptible to leaching beyond the root zohedgard, 2001Di & Cameron2002,2007,
Monaghan, 2007Gourley et al., 2025While a substantial proportion of urine nitrogen may be
taken up by plants, particularly under fawaible growing conditions, field and lysimeter studies
consistently demonstrate that a significant fraction of this nitrogen is leached beyond the root
zone, especially during periods of high drainage.

Additional contributors to nitrogen leachirajpd contaminatiorinclude synthetic fertiliser
application,biological nitrogen fixatiormineralisation of soil organic matter, and legacy
nitrogen associated with historical land use. The relative importance of these sources varies
spatially and temporally; however, the expansion and intensification of dairy farming since the
1990s has coinded with widespread increases in nitrate concentrations in groundwater and
surface waters across many regions.

Dairylivestock numbersn Southlandncreasedrom approximately38,000 in 1990 to a peak of
730,000 in 2017 (Stats N2018) a ~1800% increaskandareaused fordairy farming in Southland

has also increased, from 45,000 ha in 1998 (Moran et al.2017) to 300,000 ha in 2017 (Stats

NZ 20253a), a ~560% increas@his is evident in changes to estimates of nitrogen loss to water
across the region between 1996 a@017 (Figure 3). This intensification of land use has been
accompanied by a 185% increase in nitrogen applied as fertiliser between 2002 and 2019 (Stats
NZ, 202b6)(Figure B). Nitrogen fertiliser inputs increase the nitrogen surplus in pastoral systems,
both by contributing direcyl to nitrogen surplusin the soil and indirectly by increasing pasture
growth and livestock intakeéBoth, in turn, lead toincrease losses via leaching (Di and Cameron,
2002; Monaghan et al2007).
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Figurel5: Estimated nitrogen loss to water frm land use in 1996 vs 2017. The colour gradint indicates estimated
magnitude of nitrogen loss from <5 kg/ha/yr (dark green) to >50 kg/ha/yr (dark red).
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Figurel6: Nitrogen applied as urea fertiliser in Southland between 2002 and 2019.
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Trials on Southland and New Zealand dairy systems show that rititatgyen concentrations in
drainage water typically range from 20 mg/L (Silva et al., 1999; Di & Cameron, 2002). In
hydrogeological settings where denitrification potential is negligible and groundwater is shallow,
oxic, and recharged directly from the land surface, these leachate concentrations provide an
indication of the potential nitrate concentration in shallow groundwater under intensive dairy
land use. Consequently, in these segs it is realistic to expect groundwater nitratérogen
concentrations to approach or exceed the 11.3 mg/L MAV, particularly where stocking rates and
nitrogen inputs are high.

Winter forage grazing is a widespread activity in the region and has consistently been identified
as a highrisk pathway for nitrogen leaching. This is due to very high temporary stocking rates,
often free-draining nature of soils, soils commonly at fielapacity during winter, and lack of
vegetation cover or growth post grazing. Nitrogen losses to water from grazed winter forage crops
are demonstrated to range from 50 to >150 kg N/ha/yr, have drainage nitrogen concentrations of
1 to >40 mg/L, and disproptionately contribute to overall farm nitrogen losses (Smith et al.,
2008; Smith et al., 2012; Shepherd et al., 2012; Malcolm et al., 2015; Smith et al., 2016; Malcolm
et al., 2016; Chrystal et al., 2017). To assess spatial variation in nitrogen |lcas¢fesm winter
forage grazing, a winter forage intensity index was constructed using four years of mapped winter
forage extent in Southland. This utilised mapped winter crop extent from 2014, 2017, 2021 & 2022
(North & Belliss, 2015; North et al., 20lliss et al., 2022, 2023). The index highlights areas
where winter grazing pressure has been highest over this @X2R period. Cells with high
normalised values (dimensionless) represent areas where large areas of land have been
repeatedly cultivated for winter forage (Figure 18his intensity index was also used to indicate
pressure relative to each groundwater management zone (FigureAsBuming that the spatial
pattern of 20142022 winter grazing pressure is broadly consistent with historic winter grazing
activity, then available evidence on nitrogen loss from grazed winter crops indicates it is probable
that these areas have contributed disproportionately to groundwater nitetamination. This

is particularly true among groundwater management zones that experience higher winter grazing
pressurethan others (Five Rivers, Castlerock, Wendonside, Waipounamu, Upa&ura). In

other words, winter grazing activities very likely contribute to observed nitrogen hotspots in these
GMZs where contamination vulnerability is high.
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In summary, gricultural intensification and increase in nitrogen loss explains pdwstoral
agriculture is the leading cause of nitrate contamination in New Zealand groundwater, particularly
in Southland where large areas of intensagricultureoverly shallow, oxic, freely drainingpil

and aquifer systems. The elevated nitrate concentrations and degrading trends observed in
groundwater monitoring wells across Southlaattd New Zealandreflect this agricultural
influence LAWA, 2025; Rodway et,#023 Norton et al, 2019; Hodson et gl2017; Snelder et

al., 2019;Daughney & W3alR007; Moreau& Hodson, 2015).
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5.3 Historical vs. recent contributions

Current nitrate concentrations in Southland groundwater can reflect both recent and historical
nitrogen inputs due to variable groundwater lag times. However, shallow groundwater in
Southland is generally young (<10 years) and it is estimated that ap@t@yn®5% of all nitrate
leached would be mixed with groundwater within five years (Wilson et al., 2014). This strongly
suggests that in most locations shallow groundwater nitrate concentrations reflect the impacts of
recent land use. Because groundwatestsaas an integrating system, the elevated nitrate
concentrations and longerm increasing trends observed in many Southland monitoring wells are
consistent with the cumulative effects of agricultural intensification in relatively recent times. In
some Sothland aquifers with longer total lag times¢®0 years), current concentrations may lag
behind contemporary landise practices, although such areas comprise only a small portion of the
region. Figure Qbelow from Wilson et al. (2014) illustrates estimat®tal lag times in Southland,
demonstrating that the present state of groundwater contamination is primarily a reflection of
contemporary land use (the last 10 years or less).
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Figure19: Combined travel and shallow water mixing time for nitrate leached from the land surface from Wilson et
al. (2014).

5.4 Natural background contributions

Understanding natural backgrourmbnditions for nitrate is essential for distinguishing human
impacts from natural variability. Daughney et al. (2023) define reference conditions as the nitrate
concentrations expected in groundwater in the absence of human disturbance, or under minimally
impacted conditions. At a national scale, referenuiérate-nitrogen concentrations in oxic
groundwater have an estimated 80th percentile of 1.65 £+ 0.12 mg/L, while anoxic groundwater
has an even lower reference threshold @04 + 0.01 mg/L. These low values reflect natural
contributions from soil organic matter mineralisation and atmospheric deposiflditionally, it
demonstrates that elevated nitrate in many Southland aquifecommonly exceeding 3.5 mg/L
and often >11.3 mg/Lcannot be explained by natural processes alone. The comparison between
observed concentrations and national reference thresholds clearly indicates that nitrate
contamination in Southland groundwater is anthropogenic in origid primarily driven by
intensification ofpastoral agriculture.
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5.5.1 Balfour/Waimea Plains

Overview

Groundwater nitrate contamination in the Balfour/Waimea Plains area has beedeaimented

for more than two decades, with multiple investigations showing that the hotspot represents one
2F {2dz2iKfl yRQ& VYaeasiMoriidri®ydhegin8ng in yhe éaky 20@E@sowed
nitrate-nitrogen concentrations close to or exceeding the drinkingter standard (11.3 mg/L
nitrate-nitrogen) in several shallow unconfined bored comprehensive hotspot investigation
undertaken by Sinclair Knight Merz (SKM) ié&86stablished that elevated nitrate concentrations
pre-dated dairy conversion and were strongly linked to a long history of intensive arable land use
combined with the vulnerable hydrogeological settirspecifically, a unconfined aquifer of
poorly sorted alluvial gravels recharged exclusively by local rainfall, with slow rates of
groundwater movement and limited dilution potentialThe soil and aquifer system is
characterised by oxic conditions creating a high risk setting for nitrate contamination of
groundwater (Sinclair Knight Merz, 2008; Hughes e8l16). That SKMstudy also incorporated
piezometricdata, stable isotope tracing, and groundwater age dating, confirming that (a) nitrate
sources reflected a mix of soil mineralisation, fertiliser inputs, and animal effluent; (b)
groundwater residence times of;3 yearamplylags between landise changes and groundwater
response; and (c) the spatial extent of the hotspot exceeds 10 km2 with contamination migrating
downgradient toward the Waimea Streaimfluencing surfacavater nitrate levels downstream

Causes

As mentioned above, the Balfour/Wendonside Terrace area had a long history of intensive arable
land use and this was subsequently followed by pastoral intensification and widespread dairy
conversion from the 1990s onward. These sustained nitrogen inpaisbined with the intrinsic
vulnerability of the aquifer, have resulted in consistently very elevated nini#ttegen
concentrations in shallow groundwatddespite the absence @bsolutesource apportionment,

the observation ohitrate concentrations reglarly exceethg humanhealth thresholds, and the
weight ofavailableevidence supports the implementation of management responses focused on
reducing diffuse nitrogen losses from agricultural land use.

Risk to drinking water supplies

Ly GKS . FfF2dNk2FAYSEF tflFAya FNBFX nHo ¢Stfa NB
areas where groundwater is predicted to exceed 11.3 nmgttate-nitrogen at 10 m depth. A
FTAdNLIKSN) mm WR2YSAaGAO adzllxX eQ ¢gStfta FNB f20F SR
8.5 mg/L at 10n depth. There is one registered drinking water supply (two bores) located within

an area of high contamination vulnerability, this is registered to supply 1061 people. These public
supply bores are 30m deepaitikely at low risk, District Council data should be reviewed to assess

actual risk. Additionally, there are 8 bores located within areas of high contamination vulnerability

in the Balfour Waimea Plains areaofdvhich are shallower than 20 m or have no recorded dgpth

Using an average household size of 2.5 people (Stats NZ, 2014) and the estimated population
served by registered supplies, approximatk)¥66peoplemay beat risk of exposure televated

nitrate concentrations in drinking waterlt is ikely there are additional domestic supply wells in

the area not documented in the Environment Southland database.

Management Considerations

Considerationselating to management of hotspots are given at the end of this section.

Given the presence of the Lumsden/Balfour public supply within an area identified as vulnerable
to contaminationthe following information would be useful for future assessment:
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1 Review District Council data for these public supply wells. The wells are relatively deep
(30m) so risk is lowebut early identification of any changes in hydrochemistry is useful.

1 Review conceptual understanding of the wells and source aquifer, develop robust capture
zone modelsand protection zoned appropriate.

5.5.2 Wendonside Terrace

Overview

The Wendonside Terrace area exhibits a complex hydrogeological setting that includes both
shallow, laneconnected unconfined groundwater and deeper seawonfined aquifers.
Addtionally, the spatial extent of shallow groundwater is variabléscomplex settingesults in
variable vulnerability to nitrate contamination across the terrace. In the northern portion of the
terrace, where groundwater levels are shalkvend the system is unconfined, elevated nitrate
nitrogen concentrations have been consisteniyB O2 NRSR (G KNR2 dzZK 9y FANR Y\
monitoring programme, indicating strong lassdirface connectivity and limited natural
attenuation. In contrast, the deeper sefonfined aquifer shows lower concentrations but has
demonstrated a slowly increasingtnate trend over time,likely reflecting gradual migration of
nitrogen through the system and the lotgrm influence of land use.

Causes

The Wendonside terrace has a long history of intensive land use including sheep, stock finishing,
arable cropping and subsequent conversion to dairy and dairy support. As such nitrogen loss has
been sustained through time, substantially increased in th&t [@0years with land use
intensification, and occurring in areas of high vulnerability to leaching.

As shown above in Sectiér, winter forage crop pressure in the Wendonsie GMZ is high relative

to other zones (Figure8). Itis likely that winter forage cropping is a key driver of the observed
elevated nitrogen concentrations in this area. Because of the complex hydrogeology and scarcity
of data, the spatial extent of contamination is somewhat poorly characterised. Muck oé¢lent

winter forage cropping pressure is on the western portion terréeigure20) where unconfined
groundwater is deeperrad observations are limited.

Despite the absence absolutesource apportionmentthe observation ofiitrate concentrations
regularly exceeithg humanhealth thresholds, and the weight alvailableevidence supports the
implementation of management responses focused on reducing diffuse nitrogen losses from
agricultural land use.
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FigureZOﬁ Median nitrate nitrogen concentrations and winter forage crop pressure index (2@12022). Highest
values (red) indicate where large areas have been repeatedly used for winter forage crops.

Risk to drinking water supplies

Ly GKS 2SyR2yAdARS INBIFI wmc 6Stta NBO2NRSR la o
where groundwater is predicted to exceed 8.5 mgfitate-nitrogenat 10m depth. Additionally,

there are 12 bores located within areas of high vulnerabilitgf(@hich are shallower than 20 m

or have no recorded depjh Assuming an average of 2.5 people (Stats NZ, 2014) per domestic
household supply there may be approximately 70 people at risk of exposure to elevated
concentrations of nitrate in drinking watert i$ likely there are additional domestic supply wells

in the area not documented in the Environment Southland database.

Management Considerations
Considerations relating to management of hotspots are given at the end of this section
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5.5.3 Five Riverg Castlerock

Overview

The Five Riverand Castleroclgroundwater zones cover extensive Quaternary alluvial terraces
and floodplain deposits in the centrah NBBasin, forming shallow, unconfined or weakly
confined aquifer systemsWater tables commonly lie only-2 m below the ground surface,
facilitating rapid recharge and limited natural denitrification of infiltrating wa&wil and aquifers
are generally oxic, fredraining and have low nitrate attenuation potential, especially in areas of
older alluvial deposits that ameo longer directly connected to the river systermBese conditions
make for increased risk ohitrate leaching and localised groundwater contamination
(Environment Southland, 2025) Groundwater quality data indicate that the Five
RiveréCastlerock areas exhibit consistently elevated nitramgrogen concentrationsand
exceedances of the MAV have been recorded in multiple locations

Causes

Historically and currently, thessreassupport intensive land usand subsequently a long history

of nitrogen loadingRecentconversionin some are a$o dairy/irrigated dairy is likely to have
increased nitrogen losses to groundwat®Vinter forage grazing is likely to be a major contributor

to the elevated groundwater nitrate observed in the Castlerock / Five Rivers area. A field trial on
a shallowstony,free-drainingsoil typical of the Five Rivers anegasuredneanannual nitrogen
leaching lossesf 81 kg N/ha/yr (ange8.5-125kg N/halyr), and nitratenitrogen concentrations

in drainage water rarigg from <1 to >40 mg/LThis indicateshat large nitogenloadsand high
concentrationsan rapidly move below the root zone under grazed wifdeagepaddockgSmith

et al, 2012).As shown above in Secti@n2, winter forage crop pressure in the Five Rivers and
Castlerock GMZs is high relative to other zones (FigBrendl Figure 20 ® L G Q& KA 3IKE & f
along with sustained intensive land use, winter forage cropping is a key driver of the observed
elevated groundwater nitrogen concentrations in this area.

Despite the absence absolutesource apportionmentthe observation ofitrate concentrations
regularly exceeitig humanhealth thresholds, and the weight availableevidence supports the
implementation of management responses focused on reducing diffuse nitrogen losses from
agricultural land use.
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Figure21: Median nitrate nitrogen concentrations and winter forage crop pressure index (2@12D22) for the Five
Rivers and Castlerock area. Highest values (red) indicate where large areas have been repeatedly used for winter
forage crops.

Risk to drinking water supplies

Ly GKS /1adft SNPOLKCABS WAQGSNE FNBI 1t gStfa NBC
areas where groundwater is predicted to exceed 8.5 mmjftate-nitrogen at 10 m depth.

Additionally, there are 33 bores located within areas of high contamination vulneral2ilitgf(

which are shallower than 20 m or have no recorded dgpftssuming an average of 2.5 people

(Stats NZ, 2014) per domestic household supply there may be approximately 100 people at risk of
exposure to elevated concentrations otmaite in drinking water. It is likely there are additional

domestic supply wells in the area not documented in the Environment Southland database.

Management Considerations
Considerations relating to management of hotspots are given at the end of this section
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5.5.4 EdendaleArea

Overview

An area of consistently elevated nitrogen concentrations is identified on both the Edendale
terrace and the adjaceMiatauraRiverflatsimmediatelyto the east. The Edendale terraaquifer

is an unconfined terract/pe system hosted within lat®uaternary alluvial gravels that range in
thickness from about 10 to 30 m across the terrd@eerlying soils vary considerapisom freely
draining soils on the eastern side of the terrace to more poorly drained soils toward the western
margin These soil conditins are often modified by the presence of figmined loess deposits
(2¢5 m thick) which overlay the gravel in many aré@éilson, 2010; Environment Southland,
2025) On the river flats to the east of the terrace thin stony soils with high leaching risk are
common and overlie shallow oxic groundwater. In locations not hydraulically connected and
diluted by theMatauraRiver high nitrogen concentrations have been observed in groundwater.

This heterogeneity means infiltration and recharge behaviour varies spatially acroasethén
locationswith permeable soils and minimal loess cover, landface recharge directly enters the
unconfined aquifer under oxic conditions, creating a high vulnerability to nitrate leaching. In other
areas where thicker loess or more poorly drained soils occiiltration is slowed and recharge is
delayed which may slow nitrate transport to groundwater, but is unlikely to provide substantial
attenuationbecause thesoil, vadose zone aratjuifergenerallyremain oxic

Overall, despite some spatial variation in soil and infiltration characteristics, the dominant
hydrogeological setting across Edendaeshallow, oxic, landurface rechargedroundwater,
resultingin a generally high risk of nitrate contaminatidvionitoring indicates that goundwater
nitrogen concentrations in the Edendalarea have beenpersistently elevatedor over two
decades. The gan concentratiorfor the GMZs assessed using 202022 data to be5.8 mg/L
nitrate-nitrogen. Exceedances of MAV haween observed at multiple sites across the terrace,
indicative of sustained pressure from intensive pastoral land use.

Causes

Irrigation of dairy factory wastewater has contributed to acute localised contamination proximal
and hydraulically downgradient of the irrigation areas, located centrally within the terrace (PDP,
2012).1t was hypothesised that inadequate management of dairy wastewater appliciatitre

SI NI & generateud @ Zontaminant plume extending from disposal areas, most notably at
Mararua FarmWork by Pattle Delamore PartnefBDP)subsequently modelled ik plume and
expected change over tim&or reference,lie modelledchloride concentrationare included in

this report(Figure22)(PDP, 2012)
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Figure22: Modelled chloride plume extents over time. Concentrations shown exclude background concentrations.

Nitrogen concentrationsin downgradient bore were observed to increase and decrease
potentially indicating the period during which the wastewatigrived plume passed the siie
(PDP, 2012Figure 3 below shows nitrogen concentrations in a downgradient bore (F46/0185).
Concentrations increase and then appear térend back toward the underlying elevated
background condition.
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Figure23: Nitrate nitrite nitrogen concentrations in bore F46/0185.

However, nitrogen contamination on the Edendale terrace area is not solely or even primarily
driven by dairy factory wastewater discharge. Recently observed nitrogen concentrations in bores
hydraulically upgradient of any wastewater discharge areas showmsistently elevated
concentrations figure 2).
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Nitrogen (nitrate nitrite) concentration at F46/0581 and F46/1055
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Figure24: Nitrate nitrite nitrogen concentrations in bore§46/0581 and F46/1055 located in the northern portion of
the Edendale terrace.

Land use in the Edendale arbas been intensive for decadasd dominated by dairy farming,
dairy factory wastewater irrigation, and highput pastoral and horticultural activities.
Groundwater quality monitoring demonstrategervasive nitrate contamination across the
terrace Spatidly, monitoring datashows elevated nitrat@itrogenconcentrations particularly in
the central and southern portions of the aquifer, where cumulative effects of wastewater
irrigation and intensive pastoral land use overlap.

Despite the absence absolutesource apportionmentthe observation ofitrate concentrations
regularly exceeitig humanhealth thresholds, and the weight availableevidence supports the
implementation of management responses focused on reducing diffuse nitrogen losses from
agricultural land use.

Risk to drinking water supplies

CKSNE IINB H ¢gSffta NBEO2NRSR |a 0SAy3 FT2N) WR2YSa
predicted to exceed 8.5 mg/hitrate-nitrogen at 10m depth. Additionally, there are 71 bores
located within areas of high contamination vulnerability (88vhich are shallower than 20 m or
have no recorded depdh Assuming an average of 2.5 people (Stats NZ, 2014) per domestic
household supply there may be approximately 183 people at risk of exposure to high
concentrations of nitrate in drinking water. Thereeatwo bores registered as groundwater
drinking supplies supply in the area (Edendale/Wyndharh@se supply bores areutside tte
expectedhigh-risk zone, but a 2009 nitrateitrogen concentration 0f2.95mg/L indicates some
vulnerability. RecenSouthlandDistrict Council monitoring data are needed to confirm whether
current concentrations remain lowlt is likely there are additional domestic supply wells in the
area not documented in the Environment Southland database.

Overall, Edendale represents a higgk nitrate hotspot driven by the combination of a vulnerable

aquifer system, decades of intensifamd use largescale wastewater irrigatioand the presence
of manyshallow domestisupplywells
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Management Considerations

Considerations relating to management of hotspots are given at the end of this section

Given the presence of the Edendale/Wyndham public suppthin an area identified as
vulnerable to contamination the following information would be useful for future assessment

1. Review District Council data for the public supply wells to assess current and future risk and

changes over time.
2. Review conceptual understanding of the wells and source aquifer, develop robust captlure
protectionzone models if appropriate.

5.5.5 Knapdale

Overview

The Knapdalareais underlain by a thin but regionally extensive unconfined aquifer hosted in
late-Quaternary alluvium, overlying lepermeability Tertiary ligniteneasure sediments. Soils
across the zone vary substantiafisom free-draining Riversdal®lataurasoils on the floodplain

to more poorly drained Fleming/Otama/Dipton soils on older terraaedare locally mantled by
loess. These finer materials can slow infiltration but provide little to no nitrate attenuation, as the
soil zone andinderlyingaquifer remain oxic. Most recharge occurs via direct rainfall infiltration,
with limited dilution except along thMatauraRiver riparian margin, where groundwatsurface
water interaction is strongegHughes, 2012; Environment Southland, 2025)

Groundwater quality monitoring shows thahe Knapdale area is vulnerable to nitrate
contamination, especially in areas removed from tataura River where recharge is sourced
solely from lanesurface infiltration. Available data indicate a range of nitrate concentrations
across the zone, witmultiple bores recording elevated concentrations and several exceeding the
MAV. This pattern reflects the combined influence of shallow water tables, oxic conditions,
moderateto low aquifer permeability, and intenss agricultural land use.

Causes

Observed groundwater contaminatios consistent with theombined influence of shallow water
tables, oxic conditions, moderate low aquifer permeability, and intensive agricultural land use
including winter forage crop grazing in vulnerable ar&espite the absence absolutesource
apportionment, the observation ofnitrate concentrations regularly exceid) humanthealth
thresholds, and the weight dadvailableevidence supports the implementation of management
responses focused on reducing diffuseoden losses from agricultural land use.

Risk to drinking water supplies

There are two registered groundwater drinking water supplies (Gore town supplies) located in and
hydraulically downgradient of areas where groundwater contamination vulnerability is high.
These wells (Coopers Wells) provide drinking water for up to appaigly 7,480 peopleThe

wells at this location have a long record of elevated nitrogen concentraffeigsire 3).

45
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Figure25: Nitrate-nitrogen concentrations in Coopers Wells (data from Gore District Council).

Goncentrations exceeding the MAV were reported by Gore District Coundully©2025. Recent
investigations into the high concentrations at Coopers Wells were unable to confirm the
contamination had originated from a discrete or singtdnt source. Indicating that the elevated
levels are most likely the result of diffuse contaminatfoom surrounding land usé.islikelythat
intensive agriculture anevinter forage crop grazing within the delineated capture zone for the
Coopers Wells (GNS, 2011) is atdbutor to high nitrogen concentrations

To support this, the observation (from Google Earth imagery dated March 2023) of very high
instantaneous stocking density (approximately 200 cows per hectare) occurring with2000@
upgradient of the Coopers supply bores provides direct evidence that high nitrogen loading events
are occurring within the capture zone (Figu®.2Vhile a single grazing event cannot be directly
linked to measured nitrate concentrations at the bores, such practices are well established-as high
risk for nitrate leaching, péicularly where deposition coincides with drainage or limited plant
uptake. Rotational grazing systems concentrate livestikckgeninputs in space and time; while
overall farmaverage stocking rates may be moderate, the pulsed nature of urine deposition
increasedocal nitrogen excess arttie likelihood that nitrogen loading coincides with drainage
events, which are the primary controf nitrate leaching. Given the short transport distance and
limited opportunity for attenuation, these events represemtplausible and avoidable source of
nitrogencontributing to groundwater contamination.
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Figure26: Google Earth image dated March 2023 showing high intendéiry cowgrazing (~200 cow/ha) upgradient
and within close proximity to the Coopers Wells.

As aurther example of specifibigh riskintensive land usesigure Z below shows the distribution
of winter forage crop over the four mapped years 2014, 2017, 2021 and @0&#h & Belliss,
2015; North et al., 2018; Belliss et al., 2022, 2028)ditionally,Figure 8 shows the relative
winter forage pressure index as described above in Se&iganThese maps demonstrate the
repeated occurrence of this higisk activity within the identified capture zone of the public
supply wells.
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In the broader hotspot area, there are 20 domestic supply bores located within areas of high
contamination vulnerability (1®&f which are shallower than 20 m or have no recorded dipth
Using an average household size of 2.5 people (Stats NZ, 2014) and the estimated population
served by registeregublic supplies, approximately 7,530 peopdge at risk of exposure to
elevated nitrate concentrations in drinking watét is likely there are additional domestic supply
wells in the area not documented in the&ronment Southland database.

Given its hydrogeological vulnerabilighserved contamination anigégacy of intensive land use,
and importance as a drinking water supply arn€aapdale represents highrisk area.

Management Considerations

Given therecent exceedance of the MAV in the Gore town supply weltsre work in the
Knapdale hotspoareashould focus on source attribution, improved conceptual understanding,
and targeted protection of the wellfiel€ollection of the following information wouktrengthen
confidence andmprovemanagemenbptions

Source attribution and conceptual understanding

T Undertake stable isotope (1B b 7 % -bh)jamdhysis tastrengthen confidence in the
most likely nitrogen sources.

1 Implement a groundwater age characterisation sampling regitee improve
understanding of travel times, lag effects, aanporal variability, complemened with
high frequency major ion sampling.

1 Review current monitoring approach and, if necessary, implement monitoring of sentinel
wells at a range of depths to better characterise and give early warnings of contamination.

Update and implement available capture zone information
1 Update or confirm capture zone delineation for t@eopers Wells and Jacobstown Wells

using current pumping rates, groundwater level dadad aquifer parameters.
1 Identify highrisk practicesn capture zones of both wellfields.g. winter forage grazing,
intensive stockingand effluent irrigation on vulnerable soils) and their spatial overlap
with capture zones.
f al LJ 6KSasS Ol LIidz2NB T2ySa I a Ywieddcygnfidenéais o I G S NJ
sufficientimplementstrengthened lanelse rulesand or consent conditions targeting the
loss of nitrogen to groundwater within these areas.

Management and future monitoring
1 If new landuse rules or mitigation measures are introduced in the capture zaoek

with Gore District Council to implement monitoring of effectiveness.
1 Undertake a reassessment every-3 years to assess: nitrogen state and trends, land use
management, conceptual understanding, and adequacy of monitoring.
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5.5.6 Mabel BushY Woodlands

Overview

An identified hotspot located near thBlabel BusWoodlands aredlies primarily within the
Waihopai Groundwater Management Zorféis area comprisenid-Quaternary alluvial terraces
deposited by the ancestraMataura River. These alluvial deposits host unconfined shallow
groundwater, commonly -3 m below ground level. Soiigenerally comprise imperfectly to well
drained silt loam soils formed in deep wHtbwn loess deposit€Environment Southland, 2025).

The surface is incised by northeast to southwestvihg waterways forming a series of raised
ridges in between the drainage channe®oilson these raised areas commoniyclude the
Waikiwi soil a welldrained fine silloam with deep rooting depth and relatively high plant
available water capacity, commonly used for intensive pastoral farriing oxic and wetrained
YIEGdz2NE 2F GKS 2FA1ABA az2Aafa YI{1Sa GKSY &dzaOSL
has been identified by monitoring data showing consistently elevated concentrationsliiple

bores. The hotspot area is associated with Waikiwi soils and likely extends to other areas of
Waikiwi soils on this same alluvial surface.

Causes

The primary driver of itrate contamination in the Mabel BusiWWoodlandsarea ismost likely
intensive pastoral land usencluding winter forage crop grazingccurring on wetlrained
Waikiwi soils that overlie an oxic, unconfined alluvial aquifer.

Risk to drinking water supplies

In the broader hotspot area, there are 86 domestic supply bores located within areas of high
contamination vulnerability (6bf which are shallower than 20 m or have no recorded dipth
Using an average household size of 2.5 people (Stats NZ, appd)ximately215peoplemay be

at risk of exposure to elevated nitrate concentrations in drinking wakers likely there are
additional domestic supply wells in the area not documented in the Environment Southland
database. There are three registered public supply wells in the area (within the Waihopai GMZ);
however, these are outside of the identifigdigh contamination risk area. The monitoring data
held by the Territorial Authorities for these supplies should be reviewed to assess the associated
risk.

Management Considerations
Considerations relating to management of hotspots are given at the end of this section

5.5.7 Central Plaing Waimatuku

Overview

The Central Plairtsotspot is located om broad lowland alluvial terrace between the Waimatuku
OF G OKYSy il Iy RTha riacensNdaned bQuatedByNjtavels of varying thickness
that form a shallow, largely unconfined aquifer systeBuils across the Central Plains vary
considerably. Much of the area is dominated by heavy-sldy to poorly drained soil types
associated with older alluvial terraces; these soils have higher potential for denitrification or
runoff, which generally redtes therisk of nitratereaching groundwater. However, interspersed
among these heavier soils are patches of more permeal®#-drained soil. In these more
permeable areas, landurface recharge is rapid, and the oxic unconfined aquifer receives direct
infiltration, resulting invulnerability to nitrate leachingt is hypothesised that during dry periods
heavier clayich soils can crack allowing bypass flow and direct transfer of nitrogen rich recharge
water to groundwater in the underlying oxic aquifers (Enwin@nt Southland, 2025). High nitrate
concentrations are widespread across the Central Plains, particularly in anga-dfainedsoils

or soils prone to cracking and bypass flinat overlie ashallow,oxic, unconfined alluvial aquifer.
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Additionally, very high concentrations have been observed in an area further north adjacent to
the Aparima River.

Work undertaken at Heenans Corner, within the Central PNagnatuku hotspot areagprovides
detailed insights into groundwater contamination processes in this area. Theleudtinested
piezometer installed here allows sampling frord3 m depth and was specifically designed to
understand how intensive land use affects groundwater quality. Results show consistently
elevated nitratenitrogen concentrations in the shallow and rdépth groundwater (11.82.2

mg/L), all exceeding the MAV of 11.3 mg/IEven at 912 m depth, concentrationgare high,
indicating that nitrate contaminatiopresentthroughthe upper aquifer. Only the deepest interval

(15 m) shows lower nitrate levels (~5 mg/L), suggesting either older water or the onset of reducing
conditions(Liquid Earth, 2009)

Causes

Investigations demonstrate that groundwater at this site responds rapidly to rainfall recharge and
showssome evidence forapid vertical mixing within the upper aquifer, meaning contaminants
applied at the land surface can move relatively quickly into groundwhtrrid Earth, 2009)This
aligns with the conceptual understanding of the Central Plains as a-vhighrability
hydrogeological setting, with shallow unconfine@gndwater, oxic conditions, and larsurface
dominated recharge.Hydrochemical olervations at the site suggest that other complex
processes relating to flow paths, chemical evolution and mixing may be occurring within the
shallow groundwater that obscure observation of a direct response to surface inputs.

Overall, the fgh nitrate observationsthe understanding of the land and groundwater system,
combined with the absence of evidence for pegaurce contamination, indicate that diffuse
agriculturalnitrogeninputsare the dominant cause dfigh concentrationén this area.

Risk to drinking water supplies

¢CKSNBE INB 1 ¢Sftfa NBO2NRSR |a 06SAy3 T2N) WR2YSa
predicted to exceed 8.5 mghitrate-nitrogenat 10m depth. Additionally, in the broader hotspot

area there are 78 bores located within areas of high contamination vulnerabilityf(@8ich are

shallower than 20 m or have no recorded depthhere are two registered public drinking water

supplies within areas of high contaminatiealnerability(Heddon Bush and Drummond schools).

Using an average householdesiaf 2.5 people (Stats NZ, 2014) and the estimated population

served by registereghublic supplies, approximatel$59 people may beat risk of exposure to

elevated nitrate concentrations in drinking watelt is likely there are additional domestic supply

wells in the area not documented in the Environment Southland database.

Management Considerations
Considerations relating to management of hotspots are given at the end of this section

5.5.8 Otahu Flat

Overview

The Otahu Flat area lies within the Blackmount Groundwater Management ddne) in this
location comprisean alluvialterrace systenwith a series of stepped terraces descending toward
the Waiau RiverThe aquifer system is comprised of Quaternary alluvial gravels in places up to
~25 m thick theseoverly lowpermeability Tertiary sediments of the Waiau GrodpOtahu Flat
coarse sands and gravels form moderatehighyielding aquifers with shallow water tableSoils

over much of these terraces anitats are typically wellirained and oxi¢ facilitating rapid
infiltration and drainage directly into the unconfinedxic aquifer system This combination of
well-drained soils and shallow oxic groundwater predominantly from land surface recharge results
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in a high risk setting for nitrate contamination. Monitoring data from the Otahu Flat has shown
long term nitrate contamination in some locations, however the number of bores sampled is small

@)

Causes

High nitrate concentrations in groundwater at Otahu Flat are midstly causedby the
combination of intensive pastoral land use and the intrinsic vulnerability ostlleandaquifer
system. Since the early 2000s, the Otahu Flat terraces have seen progressive intensification land
useswith increasing areas of land used for dairy and dairy supgatlitionally, winter forage
grazing is common in the area.

Risk to drinking water supplies

CKSNBE Aa 2yS ¢Sttt NBO2NRSR Fta o60SAy3 F2NJ WR2YSa
predicted to exceed 8.5 mg/hitrate-nitrogen at 10 m depth. This well has returned nitrate
concentrations exceeding 11.3 mg/L but is not regularly monitored by Environment Southland.

There are 3 other additional domestic supply wells in the high contamination vulnerability area. It

is likely there are addonal domestic supply wells in the area not documented in the Environment
Southland database.

Management Considerations
Considerations relating to management of hotspots are given at the end of this sémtionmv)

5.6 Considerationdor management of hotspot areas

Management of nitrate contamination across Southlandl require a coordinated science,
monitoring, and landnanagement response. The followipgeces of information wouldupport
consistent investigation and management across all identified hotspdide recognising that
individual zones will have specific local drivers.

1. Improve conceptualisation and delineation of higfsk areas

1 Enhance groundwater monitoring networks within hotspot zones, including reinstating
monitoring at bores with long and valuable historical records and improving spatial
coverage in areas with limited data.

1 Undertake targeted investigations in poorly constrained hotspots (e.g., limited bore data)
to refine understandingontamination and vulnerability

1 Apply sourceattributiontoolsA y Of dzZRAYy 3 yAGNI S aGlrofS AazidzlL
selective use of major ioanalysesto distinguish diffuse agricultural inputs from any
potential pointsource contributions where uncertainty exists.

1 Use groundwater agdating (i NA G A dzYX {CwX / C/ a0 (G2 o0SaG0GSNJ
seasonal changes in contributing water sources, and improve interpretation of trends.

2. Assess landse pressure and contamination risk

1 Undertake finescale laneuse pressure mapping (e.g., winter forage intenshigh
nitrogen loss activitiestocking rates, fertiliser inputs) to quantify localised drivers within
hotspotsor identify previously unidentified areas of contamination
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1 Analysis of the winter forage pressure index indicates high relative pressure in the Upper

MatauraGMZ. There is limited groundwater monitoring data in this area, and a targeted
investigation should be planned to characterise potential contamination.

Combine laneuse pressure indicators with physiographiginerability layers or new
assessmentaind modelled nitrate concentrations to identify areas where mitigation
would be most effective.

3. Prioritise drinkingwater protection and community engagement

il

Delineate capture/protection zones for public groundwater supplies. Prioritising those
assessed to be most vulnerable.

Engage witfTerritorial Authoritiesand communities to ensure regular nitrate monitoring,
especially for vulnerable or shallow domestic wells.

4. Establish a structured programme of ongoing reassessment

f

Develop a regular review cycle (e.g., eve) $ears) to reassess nitrate status, update
spatial modelling, and evaluate the effectivenessigyland-management interventions.

Utilisenew monitoring data, updated landse information, aneshew techniquedgo refine
hotspot delineation and priorities over time.

Ensure that monitoring, modelling, and assessment methods remain consistent and
transparent, supporting lontgerm trend evaluation

Although contamination is most pronounced within key hotspot areas, nittatéaminationof
groundwater is a widespread across Southland and is expected to intensify where vulnerable
hydrogeological settings coincide with intensive land use. Given the strong evidence base linking
land-surface nitrogen losses to groundwater concentrations,Hartconceptual investigation is
unlikely to materially change understanding. The emphasis showde toward reviewing
identification of highrisk areasimplementing mitigation, and reducing nitrogen losses in areas of
known susceptibility.
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6 Associated Risks to Human Health

6.1 Drinking water standards (DWS) exceedances

As presented in Sectiof, when using strict datgquality criteria {nclusion of sites withk M n

samples across at least 4 of the 5 assessment years), 29% of monitored sites fail the drinking water
nitrate criteria as defined in Rodway et,al. n1Ho 6 SA G KSNJ Y SR arimgximyy ®p Y 3 K
XMM®o YIkK[0OP ¢KAA RFEGFaSG NBLNBaSyida GKS YvYzali
relation to the nitrate drinking water standards because it relies on-engy, qualityassured

monitoring sites with multiple observations. This assessmaisbexcludes 0.6% of bores known

to be naturally unpotabla@sthese areg(in theory)not relevant for assessing nitrate exposure risk

When all sites are included, including those with ordg $amples, the exceedance rate drops to
14% (using same criteria). However, these sites generally lack the temporal resolution required
for reliable state assessmenthe strictcriteria dataset is used as the primary assessment of
groundwater state, with the full dataset interpreted as indicative only.

Even under the most conservative assessment, 14% of monitored (8d4352022) fail this
assessment relating to drinking water suitabilitysing highequality longterm data, this rises to
29%, indicating that a considerable number of groundwater users may be exposed to nitrate
concentrationsclose to or exceeding the MAV.

6.2 Domestic and registered drinking water supplies.

Wells from the Environment Southland database listed as beingdovedtic supply or public
consumptionwere spatially compared with predictadtal oxidised nitrogeroncentrations at 10
m below ground levelSnelder et a).2019) Asdetailed in Tablg andillustrated in Figur9, 1%

of wells arelocatedin an areas with predicted concentrations <1 mg/L, 45% of \mefidocated
within the 1.@;3.5 mg/L class49% of domestic wellare locatedwithin the 3.5%8.5 mg/L class,
with an additional 5% exceeding 8.5 mg/L, includingv@®hin areaspredicted to exceed the
drinkingwater MAV of 11.3ng/L nitrate-nitrogen Note that in many cases observation data will
exist for some of these wells and abe data may not match the predicted concentrations
presented here. This analysis provides general risk assessu@ningonly rather than any
assessment of individual domestic supply bores.
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Table4: Distribution of public supply wells in relation to predicted oxidised nitrogen concentrations ati®gl.

PrgdictedvtoAtaI o.zddised.{ nitrogen | Number of_don"_lestic supply bores Percentage
O2YOSYUNI UANY in this area
<1 9 1%
153.5 592 45%
3.5:8.5 638 49%
8.5511.3 45 3%

Figure29: Spatial distribution of public supply wells in relation to predicted total oxidised nitrogen concentrations at
10m bgl.
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