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Executive Summary 

Nitrate contamination of groundwater in Southland is widespread, reflecting the combined effects of 
ƛƴǘŜƴǎƛǾŜ ƭŀƴŘ ǳǎŜ ŀƴŘ ǘƘŜ ǳƴŘŜǊƭȅƛƴƎ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƻŦ Ƴŀƴȅ ƻŦ ǘƘŜ ǊŜƎƛƻƴΩǎ ƎǊƻǳƴŘǿŀǘŜǊ ǎȅǎǘŜƳǎΦ ¢Ƙƛǎ 
report summarises the current state of knowledge on the magnitude 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 and the National Groundwater Monitoring Program, regional models of 
groundwater and land-use, 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 (NO3

--N) concentrations exceed 3.5 mg/L in 66% of the assessed zones, and 8.5 mg/L 
in three others. In one zone, NO3

--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 proportion of long-term monitoring sites, with 56ς71% of assessed sites 
exhibiting upward trends classified as likely or very likely across 10-, 15-, and 20-year 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 
ƴƛǘǊŀǘŜ όΨƘƻǘǎǇƻǘǎΩύ ǿŜǊŜ ŀƭǎƻ identified.  
 
¢ƘŜ ƴƛǘǊŀǘŜ ΨƘƻǘǎǇƻǘǎΩ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŦǊƻƳ ǎǇŀǘƛŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ǎƛǘŜ ƳŜŘƛŀƴǎΣ ŀƴŘ ƳƻŘŜƭƭŜŘ ǇǊŜŘƛŎǘƛƻƴǎΦ 
These include Balfour/Waimea Plains, Wendonside Terrace, Five Rivers/Castlerock, Edendale, 
Knapdale, Mabel Bush/Woodlands, Central Plains/Waimatuku, and Otahu Flat. The vulnerability of 
these regions to elevated groundwater nitrate is commonly associated with several shared 
characteristics:  
 

¶ They are shallow, oxic, unconfined alluvial aquifers.  

¶ They have well-drained or bypass-prone soils.  

¶ They have long histories of intensive agriculture.   
 
Some of the human health risks associated with elevated nitrate concentrations are well-documented. 
For example, nitrate concentrations in drinking water above the MAV pose an immediate risk for 
infants (methemoglobinemia). Emerging international evidence suggests other possible health risks 
(e.g., colorectal cancer, pre-term 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 monitored in the 2017ς2022 period fail the drinking water nitrate assessment (as 
proposed by Rodway et al., 2023), indicating that elevated nitrate exposure through drinking water is 
possible for many groundwater users.  
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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 groundwater (10 metres below land 
surface). Results show that almost half of domestic supply wells (49%) are located within the modelled 
3.5ς8.5 mg/L range, 3% within areas predicted to exceed 8.5 mg/L, and 2% are located in areas 
predicted to exceed the drinking water MAV of 11.3 mg/L (Figure 1). Percentages represent the 
proportion of domestic drinking-water supply wells located within modelled nitrate-nitrogen 
concentration ranges and do not indicate actual measured concentrations at individual wells. 
 
 

 
Figure 1: Proportion of domestic drinking-water supply wells by modelled groundwater nitrate-nitrogen concentration 
range (10 m below land surface), based on spatial analysis of well locations and predicted nitrate concentrations. 
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When assessed based on groundwater contamination vulnerability across the region, 612 (44%) 
domestic supply wells and 18 (45%) registered public drinking-water supplies are located within areas 
classified as having high vulnerability to nitrate contamination. Assuming 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 13,632 on public groundwater supplies are served 
by drinking-water supplies located within mapped areas of high vulnerability. This represents a 
screening-level assessment of potential vulnerability rather than confirmed exposure, as registered 
public supplies are routinely monitored and managed to meet drinking-water standards. Confirmation 
of actual risk requires review of Territorial Authority monitoring data, including nitrate concentrations, 
bore construction details, and supply management practices. The following table summarises the 
population within groundwater nitrate hotspot areas served by drinking-water supplies located in 
areas of either high modelled nitrate concentration (10 m depth) or high groundwater vulnerability. 
This is a screening-level assessment of potential vulnerability, not current exposure. 
 
Table 1: Summary of potential Southland population exposure to elevated nitrogen concentrations in drinking water.  

 

Number of people served by supplies with elevated   
NO3

--N at 10 m depth (modelled value) or located within vulnerable 
groundwater areas  

Hotspot Area 
Modelled 

concentration 
>11.3 mg/L  

Modelled 
concentration 

> 8.5 mg/L  

Supply is within a 
vulnerable 

groundwater area  
Total population 

Balfour/Waimea Plains 57.5 27.5 10811 1,1661 

Wendonside Terrace 0 40 30 70 

Five Rivers/Castlerock 0 17.5 82.5 100 

Edendale Area 0 5 178 183 

Knapdale 02 0 7,5302 7,5302 

Mabel Bush/Woodlands 0 0 215 215 

Central 
Plains/Waimatuku 

0 17.5 3413 3593 

Otahu Flat 0 2.54 7.5 10 

Regional     

All of Southland 65 113 14,9855 15,162 
1 Includes Lumsden/Balfour supply - 30m deep and likely at low risk. 
2 Actual exceedances observed in Gore supply wells - 7,480 people. 
3 Includes Heddon Bush and Drummond school supplies. 
4 Actual exceedances of 11.3 mg/L observed. 
5 Includes registered drinking water supplies that may have low/moderate measured concentrations but are spatially within 
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 expected to increase, 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 

materially change understanding. The emphasis should move toward reviewing identification of high-

risk areas, implementing mitigation, and reducing nitrogen losses in areas of known susceptibility.  
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1 Introduction 

1.1 Purpose of this report 

The purpose of this report is to collate and summarise existing information relating to nitrate 
contamination in Southland groundwater. The report provides an overview of the current 
state, extent and trends in the region, and it summarises information on likely nitrate sources in 
Southland, including whether these are associated with historical or recent activities. The report 
also highlights associated risks to human health in relation to drinking water. Some considerations 
relating to improving scientific understanding, reducing uncertainty, and 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 relating to ecological risk. Assessments of human 
health risk are indicative only. 

2 Data Sources 

2.1 Available data and information 

This report draws on a range of existing data and analyses to characterise nitrate contamination in 
Southland groundwater, including several site-specific groundwater nitrate investigations. Additional 
data compiled for this report include the following:  
  
9ƴǾƛǊƻƴƳŜƴǘ {ƻǳǘƘƭŀƴŘΩǎ ǎŎƛŜƴŎŜ ŀƴŘ ŎƻƳǇƭƛŀƴŎŜ ƳƻƴƛǘƻǊƛƴƎ Řŀǘŀ όƴƛǘǊŀǘŜ-nitrogen),  

¶ National Groundwater Monitoring Programme (NGMP) groundwater monitoring data 
((nitrate-nitrogen),  

¶ Land Air Water Aotearoa (LAWA) state and trend assessments (nitrate-nitrogen),  

¶ Land use,  

¶ Domestic supply bores (for exposure risk),  

¶ Registered drinking water supplies (for exposure risk).  
 
Several derived analyses and publicly available national nitrate mapping products were also 
considered in this report. These include:  
 

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

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

¶ ¢ƘŜ DǊŜŜƴǇŜŀŎŜ άYƴƻǿ ¸ƻǳǊ bƛǘǊŀǘŜ aŀǇέ ƴƛǘǊŀǘŜ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƳŀǇ  

¶ ¢ƘŜ Db{ {ŎƛŜƴŎŜ όƴƻǿ 9ŀǊǘƘ {ŎƛŜƴŎŜǎ b½ύ άbƛǘǊŀǘŜ²ŀǘŎƘέ ƳŀǇ  
 
Collectively, these resources provide a foundation for assessing the current state, spatial extent, and 
ǘŜƳǇƻǊŀƭ ǘǊŜƴŘǎ ŀƴŘ Ǌƛǎƪ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƴƛǘǊŀǘŜ ƛƴ {ƻǳǘƘƭŀƴŘΩǎ ƎǊƻǳƴŘǿŀǘŜǊΦ 
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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 temporal coverage of the monitoring data:  
Groundwater monitoring is unevenly distributed across the region, with some areas having limited or 
no long-term data. Approximately 35 wells have robust long-term records, but many 
aquifers remain sparsely monitored, reducing confidence in regional-scale assessments.  
 
Variable well depth and aquifer representation: 
Groundwater monitoring wells in Southland span a wide range of depths and do not consistently 
target the same parts of an aquifer or groundwater system. As a result, groundwater 
nitrate concentrations presented and analysed in this report include samples from shallow, 
intermediate, and deeper systems. Groundwater nitrate is influenced by recharge pathways, redox 
conditions, and surface connectivity, which is often depth dependent, so variable well depths add 
uncertainty to some models and analyses. Additionally, the groundwater 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 in the development of spatial models (Snelder et al, 2019). 
 
Groundwater lag times: 
The hydrological travel time between the land surface and the receiving aquifers can range from 
years to decades. This means current nitrate concentrations in some places may reflect historical land 
use practices rather than recent changes. Limited age-tracer data constrain the ability 
to confidently link concentrations with specific time periods or individual nitrate sources. 
 
Well construction and localised influences: 
Bore construction details (screen length, casing integrity, pump configuration) can influence 
the measured nitrate concentration at a particular well. For example, two bores at the same location 
may yield different results if one well has a short screen and the other has a long screen because the 
longer screen draws water from a wider range of depths with potentially different nitrate 
concentrations. Some wells may also be affected by localised point sources, leading to elevated 
concentrations that do not reflect broader aquifer conditions. 
 
Analytical and data-quality issues in third-party nitrate maps: 
External datasets such 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 incorporate data from non-accredited 
laboratories, community sampling programmes, in-situ sondes, or methods that do not meet 
standardised groundwater quality monitoring protocols. As a result, they are best used for high-level 
pattern recognition rather than quantitative analysis.  
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Limited information on land-use history and source attribution: 
The ability to link nitrate concentrations to specific land management activities is constrained 
by several data gaps. Among the most significant is a lack of high-resolution land use information and 
data, which limits the ability to confidently attribute observed patterns to specific causes. 
 
Water supply information: 
Assessments of risk to water supplies rely on datasets that may be incomplete or contain outdated 
information. The exposure assessment presented here is based primarily on modelled 
nitrate concentrations and underlying vulnerability rather than a comprehensive compilation of 
empirical data from all domestic and public supply wells. This approach is intentional because it 
reflects the limited availability of monitoring data for most domestic wells. However, it also means 
ǘƘŀǘ ǎƻƳŜ ōƻǊŜǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ Ψŀǘ ǊƛǎƪΩ ƳŀȅΣ ƛƴ ǇǊŀŎǘƛŎŜΣ ƘŀǾŜ ƭƻǿŜǊ ŀŎǘǳŀƭ ŜȄǇƻǎǳǊŜ ŘǳŜ ǘƻ ŦŀŎǘƻǊǎ ǎǳŎƘ 
as screen depth, dilution, soil characteristics, or aquifer properties.  
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3 Background to nitrate contamination of groundwater 

Nitrogen can be introduced to groundwater via point- and non-point sources. Point sources such as 
wellhead infiltration, septic tanks, landfills, or wastewater discharge tend to create localised nitrogen 
plumes that are relatively straightforward to identify and characterise. Often, these can be mitigated 
by developing wellhead protection to block the infiltration pathway or by removing the contamination 
source. Non-point sources, which include biological fixation, application of synthetic fertilisers, animal 
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 factors 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 occurs when rainfall, snowmelt, irrigation, or other water inputs infiltrate soil 
and percolate downward at a rate sufficient to saturate the soil, which allows drainage to continue 
beyond the root zone. Some of the variables affecting recharge 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 groundwater. Leaching 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 release large 
quantities of stored nitrogen to the soil resulting in excess nitrogen that can be leached.  Intensive 
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 these processes (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 (animal urine) or 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 nitrogen in small areas. bƛǘǊƻƎŜƴ ŦŜǊǘƛƭƛǎŜǊǎ ƛƴŎƭǳŘŜ ǳǊŜŀ ό/hόbIіύі), 
ŀƳƳƻƴƛǳƳ όbIјяύΣ ŀƴŘ ƴƛǘǊŀǘŜ όbhїѐύ ŦƻǊƳǎΦ ¦ǊŜŀΣ ǿƘƛŎƘ ƛǎ ǘƘŜ most used nitrogen fertiliser in New 
Zealand, is generally rapidly converted in soil to ammonium following application. Ammonium that is 
not taken up by plants is subsequently converted to nitrate by soil bacteria. Nitrate is highly mobile in 
soil and readily leached 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 carbon-rich soils, bacterial mineralisation and nitrification reactions convert 
most soil nitrogen to nitrate. The rates of these reactions are sensitive to many environmental factors 
including temperature and hydrogeologic setting (see next section). In oxygen-poor environments 
(anoxic), bacterial denitrification converts nitrate into N2 gas that is returned to the atmosphere. In 
anoxic, carbon-rich soil and aquifer environments, denitrification can remove a significant fraction of 
groundwater nitrate.  In well-oxygenated groundwater, nitrate behaves largely as a conservative, 
dissolved ion, therefore changes in nitrate concentration are limited 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 susceptible to nitrate 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 low-oxygen (anoxic) 
conditions and sufficient organic carbon are present, such as in poorly drained soils, wetlands, or 
organic-rich subsurface zones; however, it is typically limited in well-oxygenated, high-permeability 
aquifers. Nitrate concentrations in groundwater may also be reduced by dilution where recharge from 
lower-nitrate sources occurs, including rainfall, lateral inflow from other aquifer units, or river-derived 
recharge where hydraulic conditions allow. 
 
Summary  
Non-point source nitrogen is spatially and temporally variable, making it 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 al., 2016; Hughes et al., 2016). 
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Nitrate concentrations in groundwater are highly variable across catchments and the region. 
Concentrations depend 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: 
 
¶ Areas with well-drained soils, oxidising conditions, shallow aquifers with low groundwater 

throughflow, and older terraces overlain by intensive land use are susceptible to shallow 

groundwater contamination. 

¶ Conversely, areas with poorly-drained soils, or organic-rich soils and geological settings that 

support denitrification or have a high proportion of riverine recharge tend to have lower 

nitrate concentrations, even under intensive land use. 

Work in Southland has previously assessed the inherent risk of nitrogen contamination in groundwater 

(Rissmann et al., 2016, Hughes et al., 2016). By considering the key factors that influence inherent 

vulnerability as described above, the areas most vulnerable across the region can be mapped, as 

illustrated in Figure 2. 
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Figure 2: 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 geographic 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 commonly used for human purposes. The Quaternary alluvial groundwater 
systems are generally unconfined, shallow, and recharged via rainfall infiltration, hydraulic connection 
to fluvial systems, or a combination of these sources. 
 
{ƻǳǘƘƭŀƴŘΩǎ ǳƴŎƻƴŦƛƴŜŘ ŀƭƭǳǾƛŀƭ ŀǉǳƛŦŜǊǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ŀ ƘƛƎƘ ǿŀǘŜǊ-table, often less 
than 5 metres below ground level. A large proportion of their water volume is hydraulically connected 
to the land surface, making these aquifers particularly vulnerable to contamination from land-use 
activities. Figure 3 below conceptually illustrates how contaminants can move from the ground 
surface into underlying shallow groundwater. 

 
Figure 3: Typical Southland alluvial aquifer showing a high water-table 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 aquifer. Lag time is influenced by several factors, including soil properties, 
the characteristics of the unsaturated zone, and the depth to the groundwater table. The composition 
and drainage properties of the soil and unsaturated zone affects the lag time between the land surface 
and underlying unconfined aquifer. In general, areas with sand and gravel will drain more quickly than 
those with silt and clays. The proportion of water running over the land surface as overland flow, or 
laterally through the soil via mole-pipe drains, also increases with silt and clay, with a smaller 
proportion of rainfall reaching the underlying aquifer (Figure 4). 
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Figure 4: 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 use from less than 
a year ago, or as much as decades ago, depending on the location. However, it has been estimated 
that for 90% of Southland, it takes less than two years for nitrate to travel from the soil down to the 
groundwater (Wilson et al., 2014). 
 
  



17 
 

4 Current State and Trends of Nitrate Contamination in Southland 
Groundwater 

4.1 Assessment of regional concentrations 

Monitored groundwater sites were grouped into their respective Freshwater Management Units 
(FMU) and Groundwater Management Zones (GMZ). Mean groundwater nitrate-nitrogen 
concentrations were calculated as the arithmetic mean of site median concentrations for all suitable 
sites within each FMU and GMZ over the 2017ς2022 period. A summary presenting mean 
concentrations for each FMU and GMZ is presented below in Table 2. The table cells are coloured and 
categorised according to the magnitude of the mean concentration as shown in the key below. The 
ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǎǘŀǘŜ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ά{ǘŀǘŜέ ƛŦ ǘƘŜǊŜ ƛǎ Řŀǘŀ ŦǊƻƳ мл ƻǊ ƳƻǊŜ ōƻǊŜǎ ǳǎŜŘ ƛƴ ǘƘŜ 
ŀǎǎŜǎǎƳŜƴǘ ƻǊ άLƴŘƛŎŀǘƛǾŜέ ƛŦ ǘƘŜǊŜ ƛǎ Řŀǘŀ ŦǊƻƳ ƭŜǎǎ ǘƘŀƴ мл ōƻǊŜǎ ǳǎŜŘΦ 
Table 2: Mean nitrate-ƴƛǘǊƻƎŜƴ όbhї-N) concentrations for Southland FMUs and GMZs for the 2017-2022 monitoring 
period. 

Nitrate Mean concentration (2017-2022) Number of sites Confidence 

Freshwater Management Unit    

Aparima 4.9 39 State 

nǊŜǘƛ  4.8 58 State 

Mataura 6.7 58 State 

Waiau 2.7 7 Indicative 

Waituna 0.01 2 Indicative 

Groundwater Management Zone    

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 

Lower nǊŜǘƛ  5.0 11 State 

Lower Mataura 6.3 13 State 

Dipton 0.0 1 Indicative 

Knapdale 9.7 3 Indicative 

Croydon 3.8 3 Indicative 

Edendale 6.8 9 Indicative 

Upper Aparima 4.7 19 State 

Castlerock 10.1 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 

nǊŜǘƛ  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 

Upper Mataura 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 ς 3.5 

3.5 ς 8.5 

8.5 ς 11.3 

> 11.3 
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Analysis of the available data at the Freshwater Management Unit (FMU) scale shows that the 
Mataura FMU has the highest mean nitrate-nitrogen concentration (6.7 mg/L). The Aparima and nǊŜǘƛ 
FMUs also display elevated mean concentrations (4.9 mg/L and 4.8 mg/L, respectively). This FMU-level 
assessment is coarse and primarily illustrates that nitrate concentrations are elevated across several 
large management units but 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 mean nitrate-nitrogen concentration at 12.8 mg/L, 
which exceeds the 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 nitrate-nitrogen concentrations above 3.5 mg/L, indicating that elevated 
nitrate is widespread across the region. 
 
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 (2012ς2017 and 2017ς2022) were assessed against 
the nitrate-nitrogen criteria proposed for potable groundwater in Rodway et al. (2023).  This 
ŀǎǎŜǎǎƳŜƴǘ ŀǇǇƭƛŜǎ ŀ ΨtŀǎǎΩ ƻǊ ΨCŀƛƭΩ ƎǊŀŘŜΦ ! ǎƛǘŜ ǿƛƭƭ ōŜ ŀǎǎƛƎƴŜŘ ΨCŀƛƭΩ ƎǊŀŘŜ ƛŦ ŜƛǘƘŜǊ ǘƘŜ р-year median 
ŎƻƴŎŜƴǘǊŀǘƛƻƴ җуΦр ƳƎκ[ ƻǊ ǘƘŜ р-year maximum nitrate-nitrogen ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƛǎ җммΦо ƳƎκ[Φ The 
median threshold identifies wells with sustained elevated nitrate levels where intermittent peaks may 
not be observed due to sampling intervals, whereas the MAV identifies confirmed exceedances 
relevant to acute health riskΦ ¢ƘŜ ŎǊƛǘŜǊƛŀ ǊŜǉǳƛǊŜ ŀ ǎƛǘŜ ǘƻ ƘŀǾŜ җмл ǎŀƳǇƭŜǎ ŀŎǊƻǎǎ ŀǘ ƭŜŀǎǘ п ƻŦ ǘƘŜ р 
assessment years.  The criteria exclude bores assessed as naturally unpotable and these are shown as 
Ψb!ΩΦ 
The assessment shows that 27.5% ŀƴŘ нфΦо҈ ƻŦ ǎƛǘŜǎ ǿŜǊŜ ŀǎǎƛƎƴŜŘ ŀ ΨCŀƛƭΩ ƎǊŀŘŜ ŦƻǊ ǘƘŜ нлмт ŀƴŘ 
2022 data periods respectively (Figure 5). 

 
Figure 5: Regional assessment of nitrate-nitrogen in potable groundwater for the 2017 and 2022 5-year periods. 
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Figure 6 below shows the spatial distribution of bores assessed against the nitrate-nitrogen in potable 
groundwater criteria. 
 

 
Figure 6: Spatial distribution of bores assessed against the nitrate drinking water criteria.  

Figure 7 and Figure 8 provide tables and graphs of this same assessment by FMU and GMZ (graph and 
2022 period only). These assessments indicate that large (14ς35%) proportions of bores fail to meet 
potable criteria across four of the five FMUs. Additionally, at the GMZ scale, 15 of the 27 assessed 
zones have more than 20% of monitored bores that fail the potable groundwater criteria for nitrate-
nitrogen. 
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Figure 7: Table and bar chart detailing the proportion 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. 

 
Figure 8: Proportion of sites in pass and fail bands with respect to nitrate nitrogen for the 2022 assessment period by GMZ. 
There is insufficient data to assess the Orepuki, Upper Mataura and Tiwai zones. 
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4.3 Temporal trends in nitrate concentrations 

Trend assessments for Southland groundwater are derived from the analyses presented by LAWA 
(2025)Σ ōŀǎŜŘ ƻƴ 9ƴǾƛǊƻƴƳŜƴǘ {ƻǳǘƘƭŀƴŘΩǎ ƭƻƴƎ-term State of the Environment (SOE) monitoring wells 
(Table 3 and Figure 9). These assessments use only wells with sufficient data to support statistically 
robust trend evaluation. The results indicate that, of the assessed sites, a substantial proportion of 
monitored sites are showing worsening nitrate-nitrogen concentrations: 60% of sites exhibit likely or 
very likely degrading trends over the past 10 years, 56% over 15 years, and 71% over 20 years. 
Although not shown here, approximately one quarter of sites were not assessed due to insufficient 
data. These results highlight that, of all the assessed sites, degradation is more common than 
improvement, and that the pattern of worsening nitrate concentrations is persistent across multiple 
assessment periods. The deteriorating trends are spatially widespread indicating nitrate increases are 
a regional issue despite some areas being more susceptible or the magnitude of contamination being 
greater. 
 

Table 3: Assessments of trend for nitrate-nitrogen concentrations in Southland groundwater monitoring sites (LAWA, 
2025). 

Trend Description 10-Year 15-Year 20-Year 

Very likely improving 6 9 6 

Likely improving 2 0 1 

Indeterminate 2 2 0 

Likely degrading 6 2 2 

Very likely degrading 9 12 15 

 25 25 24 
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Figure 9:  Assessments of trend for nitrate-nitrogen concentrations in Southland groundwater monitoring sites. Trend periods shown are 10-year, 15-year, and 20-year (left to right)(LAWA, 
2025).
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4.4 Spatial extent of nitrogen contamination in 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 approaches. Figure 10 
presents the median nitrate concentration for each site with available data from the 2017ς2022 
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 not capture the full three-dimensional distribution of nitrate within the 
groundwater system. 

 
Figure 10: Spatial distribution of median groundwater nitrate-nitrogen concentrations from data collected during the 
2017-2022 monitoring period. 
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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 as 2-dimensional. Examples of 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 how muŎƘ άŀǊŜŀέ ǘƘŜȅ ǿƻǳƭŘ 
contribute if the new point were added to the dataset. This method respects the original data, it 
ǇǊƻŘǳŎŜǎ ǊŜŀƭƛǎǘƛŎ ΨǎǳǊŦŀŎŜǎΩΣ ŀƴŘ ƛǘ ǇŜǊŦƻǊƳǎ ǿŜƭƭ ǿƛǘƘ ƛǊǊŜƎǳƭŀǊƭȅ ǎǇŀŎŜŘ ǎŀƳǇƭƛƴƎ ǇƻƛƴǘǎΦ CƛƎǳǊŜ 
11, reproduced from Rissmann (2012), shows the estimated nitrate-nitrogen concentration in 
Southland, interpolated from 2007ς2012 median values.   

 
Figure 11: interpolated nitrate nitrogen concentrations in Southland groundwater for the five-year period 2007-2012. 
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Model: Total Oxidised Nitrogen  
In Southland, total oxidised nitrogen (TON) is generally equivalent to nitrate-nitrogen in oxic 
groundwater. Based on this equivalence, Snelder et al. (2019) applied a statistical model to predict 
total oxidised nitrogen (TON) concentrations in groundwater at depths of 7, 10, and 20 metres. 
This model used groundwater monitoring data from 2013ς2017. This modelling also incorporates 
a range of predictor variables, including land use, estimated nitrogen losses, physiographic 
information, and Groundwater Management Zone boundaries, to improve the accuracy of the 
spatial predictions., Figure 12, adapted from Snelder et al. (2019), illustrates the results of this 
model (at 10 metres depth). 

 
Figure 12: Predicted total oxidised nitrogen concentration at 10 metres below 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 
high-level indications of where nitrate contamination may be present, but they have 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 that these 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.  
 

  
Figure 13Υ Db{ ΨbƛǘǊŀǘŜ²ŀǘŎƘΩ ƳŀǇ όƭŜŦǘύ ŀƴŘ DǊŜŜƴǇŜŀŎŜ ΨYƴƻǿ ¸ƻǳǊ bƛǘǊŀǘŜ aŀǇΩ όǊƛƎƘǘύ όDb{Σ нлнр ŀƴŘ 
Greenpeace, 2025). 

 

Discussion  

Comparison of the three spatial representations (the 2017ς2022 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 periods. All three 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 nitrate-nitrogen. 

These patterns likely represent the combination of systems 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 drainage characteristics or attenuation processes such as dilution 

and denitrification. Collectively, the spatial assessments indicate that nitrate contamination is 

ǿƛŘŜǎǇǊŜŀŘ ŀŎǊƻǎǎ {ƻǳǘƘƭŀƴŘΩǎ ƎǊƻǳƴŘǿŀǘŜǊ ǎȅǎǘŜƳǎΣ ǿƛǘƘ ǇŜǊǎƛǎǘŜƴǘ ƘƻǘǎǇƻǘǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ 

evident across more than a decade of monitoring. The repeated spatial patterns also suggest a 

strong influence of underlying physiographic controls, land-use pressures, and aquifer 

vulnerability.   
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/ƻƳōƛƴƛƴƎ ǘƘŜǎŜ ǘƘǊŜŜ ǎǇŀǘƛŀƭ ŀǎǎŜǎǎƳŜƴǘǎ ƘƛƎƘƭƛƎƘǘ ǎŜǾŜǊŀƭ ƴƛǘǊŀǘŜ ΨƘƻǘǎǇƻǘǎΩΦ ¢ƘŜ ƳŀǇ ōŜƭƻǿ 

(Figure 14) utilises the available spatial data broadly identify high risk areas for further discussion 

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

ΨƘƻǘǎǇƻǘΩ ōƻǳƴŘŀǊƛŜǎΦ  9ŀŎƘ ƻŦ ǘƘŜ ƛŘŜƴǘƛŦƛŜŘ ΨƘƻǘǎǇƻǘǎΩ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǘƛƻƴΦ 

Hotspots are shown in relation to the modelling of Snelder et al. (2019) but delineation also 

utilised site median data.   

 
Figure 14Υ LŘŜƴǘƛŦƛŜŘ ƴƛǘǊŀǘŜ ΨƘƻǘǎǇƻǘΩ ŀǊŜŀǎ ŦƻǊ ŦǳǊǘƘŜǊ ŘƛǎŎǳǎǎƛƻƴ ƛƴ ǘƘƛǎ ƳŜƳƻǊŀƴŘǳƳΦ ¢ƘŜ ŎƛǊŎƭŜǎ ŀǊŜ ŦƻǊ ƛƴŘƛŎŀǘƛǾŜ 
ǇǳǊǇƻǎŜǎ ƻƴƭȅ ŀƴŘ Řƻ ƴƻǘ ŘŜŦƛƴŜ ΨƘƻǘǎǇƻǘΩ ōƻǳƴŘŀǊƛŜǎΦ 
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5 Drivers of contamination in Southland including assessment of each of 
the identified ΨhotspotΩ areas 

The spatial assessments presented here reveal the following patterns of nitrate contamination:  
  
¶ Nitrate contamination of groundwater in Southland is widespread, 
¶ ¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ŀǊŜŀǎ ƻǊ ΨƘƻǘǎǇƻǘǎΩ ƛƴ {ƻǳǘƘƭŀƴŘ ǿƘŜǊŜ ƎǊƻǳƴŘǿŀǘŜǊ ƴƛǘǊŀǘŜ ƛǎ 

consistently elevated, 
¶ Nitrate ΨƘƻǘǎǇƻǘǎΩ ǎƻƳŜǘƛƳŜǎ ŜȄŎŜŜŘ ǘƘŜ ƴŀǘƛƻƴŀƭ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǎǘŀƴŘŀǊŘ ŦƻǊ ƴƛǘǊŀǘŜΦ   

  
The presence of nitrate hotspots reflects the combined influence of land-use pressures and 
inherent aquifer vulnerability. Understanding the drivers behind these elevated concentrations 
requires consideration of both current and historical anthropogenic inputs in the context of 
natural processes such as lag times and attenuation. The following subsections outline the primary 
ŎŀǳǎŜǎ ƻŦ ƴƛǘǊŀǘŜ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƛƴ {ƻǳǘƘƭŀƴŘΩǎ ƎǊƻǳƴŘǿŀǘŜǊ ŀǘ ǊŜƎƛƻƴŀƭ ƭŜǾŜƭΣ ŀƴŘ ŀŘŘƛǘƛƻƴŀƭƭȅΣ 
provide a brief interpretation of the likely drivers within each identified hotspot. 

5.1 Regional groundwater contamination in Southland 

Monitoring data, land-use patterns, and established nitrogen cycling science all indicate that 
ŀƎǊƛŎǳƭǘǳǊŜ ƛǎ ǘƘŜ ǇǊƛƳŀǊȅ ǎƻǳǊŎŜ ƻŦ ƴƛǘǊŀǘŜ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƛƴ {ƻǳǘƘƭŀƴŘΩǎ ƎǊƻǳƴŘǿŀǘŜǊΦ Lƴ ŀǊŜŀǎ 
with elevated nitrate concentrations, the surrounding land use is dominated by pastoral farming 
systems that involve high nitrogen inputs to land through livestock urine deposition, fertiliser 
application, and effluent irrigation. These inputs create excess plant-available nitrogen in the soil 
that can be leached beyond the 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 rates or 
intensive grazing, generates large quantities of nitrate-rich 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).    
 
Point-source 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 point-source discharges can produce very high nitrate readings in individual 
wells, point-source 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 tanks contribute 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 elevated nitrate concentrations observed across large parts of Southland are not 
consistent with isolated point-source failures. Instead, they more likely reflect diffuse, non-point 
source nitrogen inputs across the wider landscape, Pastoral land use, leads to broader 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 pattern of elevated 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 
Zealand (Parfitt 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). 

Individual dairy cattle urine patches contain on average 613 kg N/ha with a range of 200ς2000 
kg N/ha (Selbie et al., 2015 and references therein; Selbie, 2014). This is generally higher than 
the nitrogen requirement for pasture growth (~200 kg N/ha), and the excess nitrogen is highly 
susceptible to leaching beyond the root zone (Ledgard, 2001; Di & Cameron, 2002, 2007; 
Monaghan, 2007; Gourley et al., 2025). While a substantial proportion of urine nitrogen may be 
taken up by plants, particularly under favourable 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 leaching and contamination include synthetic fertiliser 
application, biological nitrogen fixation, mineralisation 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 coincided with widespread increases in nitrate concentrations in groundwater and 
surface waters across many regions. 

Dairy livestock numbers in Southland increased from approximately 38,000 in 1990 to a peak of 
730,000 in 2017 (Stats NZ, 2018), a ~1800% increase. Land area used for dairy farming in Southland 
has also increased, from 45,000 ha in 1994- 95 (Moran et al., 2017) to 300,000 ha in 2017 (Stats 
NZ, 2025a), a ~560% increase. This is evident in changes to estimates of nitrogen loss to water 
across the region between 1996 and 2017 (Figure 15). This intensification of land use has been 
accompanied by a 185% increase in nitrogen applied as fertiliser between 2002 and 2019 (Stats 
NZ, 2025b)(Figure 16). Nitrogen fertiliser inputs increase the nitrogen surplus in pastoral systems, 
both by contributing directly to nitrogen surplus in the soil and indirectly by increasing pasture 
growth and livestock intake. Both, in turn, lead to increase losses via leaching (Di and Cameron, 
2002; Monaghan et al., 2007).  
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Figure 15: Estimated nitrogen loss to water from land use in 1996 vs 2017. The colour gradient indicates estimated 
magnitude of nitrogen loss from <5 kg/ha/yr (dark green) to >50 kg/ha/yr (dark red). 

 
Figure 16: Nitrogen applied as urea fertiliser in Southland between 2002 and 2019. 

 
  

1996 2017 
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Trials on Southland and New Zealand dairy systems show that nitrate-nitrogen concentrations in 
drainage water typically range from 10ς20 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 settings it is realistic to expect groundwater nitrate-nitrogen 
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 high-risk pathway for nitrogen leaching. This is due to very high temporary stocking rates, 
often free-draining nature of soils, soils commonly at field capacity 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 disproportionately 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 loss pressure from 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., 2018; Belliss et al., 2022, 2023). The index highlights areas 
where winter grazing pressure has been highest over this 2014ς2022 period. Cells with high 
normalised values (dimensionless) represent areas where large areas of land have been 
repeatedly cultivated for winter forage (Figure 16). This intensity index was also used to indicate 
pressure relative to each groundwater management zone (Figure 17). Assuming that the spatial 
pattern of 2014ς2022 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 nitrate contamination. This 
is particularly true among groundwater management zones that experience higher winter grazing 
pressure than others (Five Rivers, Castlerock, Wendonside, Waipounamu, Upper Mataura). 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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Figure 17: Regional winter forage crop pressure index (2014ς2022). Highest values indicate where large areas have 
been repeatedly used for winter forage crops. 
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Figure 18: Assessment of winter forage crop pressure per GMZ for the 2014ς2022 period. Highest pressure indicates 
GMZs with a high proportion of crop and repeatedly cropped areas. 

In summary, agricultural intensification and increase in nitrogen loss explains why pastoral 
agriculture is the leading cause of nitrate contamination in New Zealand groundwater, particularly 
in Southland where large areas of intensive agriculture overly shallow, oxic, freely draining soil 
and aquifer systems. The elevated nitrate concentrations and degrading trends observed in 
groundwater monitoring wells across Southland and New Zealand, reflect this agricultural 
influence (LAWA, 2025; Rodway et al., 2023; Norton et al., 2019; Hodson et al., 2017; Snelder et 
al., 2019; Daughney & Wall, 2007; 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 approximately 95% 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 groundwater acts as an integrating system, the elevated nitrate 
concentrations and long-term increasing trends observed in many Southland monitoring wells are 
consistent with the cumulative effects of agricultural intensification in relatively recent times. In 
some Southland aquifers with longer total lag times (5ς20 years), current concentrations may lag 
behind contemporary land-use practices, although such areas comprise only a small portion of the 
region. Figure 19 below from Wilson et al. (2014) illustrates estimated total 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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Figure 19: 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 background conditions 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, reference nitrate-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 of 0.04 ± 0.01 mg/L. These low values reflect natural 
contributions from soil organic matter mineralisation and atmospheric deposition. Additionally, it 
demonstrates that elevated nitrate in many Southland aquifers, commonly exceeding 3.5 mg/L 
and often >11.3 mg/L, cannot 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 origin and primarily driven by 
intensification of pastoral agriculture. 
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5.5 !ǎǎŜǎǎƳŜƴǘǎ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ΨhƻǘǎǇƻǘΩ ŀǊŜŀǎ 

5.5.1 Balfour/Waimea Plains 

Overview 
Groundwater nitrate contamination in the Balfour/Waimea Plains area has been well documented 
for more than two decades, with multiple investigations showing that the hotspot represents one 
ƻŦ {ƻǳǘƘƭŀƴŘΩǎ Ƴƻǎǘ ŜƭŜǾŀǘŜŘ ƴƛǘǊŀǘŜ areas. Monitoring beginning in the early 2000s showed 
nitrate-nitrogen concentrations close to or exceeding the drinking water standard (11.3 mg/L 
nitrate-nitrogen) in several shallow unconfined bores. A comprehensive hotspot investigation 
undertaken by Sinclair Knight Merz (SKM) in 2008 established 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 setting, specifically, an unconfined aquifer of 
poorly sorted alluvial gravels recharged exclusively by local rainfall, with slow rates of 
groundwater movement and limited dilution potential. The soil and aquifer system is 
characterised by oxic conditions creating a high risk setting for nitrate contamination of 
groundwater (Sinclair Knight Merz, 2008; Hughes et al., 2016).  That SKM study also incorporated 
piezometric data, 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 3ς7 years imply lags between land-use changes and groundwater 
response; and (c) the spatial extent of the hotspot exceeds 10 km² with contamination migrating 
downgradient toward the Waimea Stream, influencing surface-water 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 inputs, combined with the intrinsic 
vulnerability of the aquifer, have resulted in consistently very elevated nitrate-nitrogen 
concentrations in shallow groundwater. Despite the absence of absolute source apportionment, 
the observation of nitrate concentrations regularly exceeding human-health thresholds, and the 
weight of available evidence supports the implementation of management responses focused on 
reducing diffuse nitrogen losses from agricultural land use. 
 
Risk to drinking water supplies 
Lƴ ǘƘŜ .ŀƭŦƻǳǊκ²ŀƛƳŜŀ tƭŀƛƴǎ ŀǊŜŀΣ но ǿŜƭƭǎ ǊŜŎƻǊŘŜŘ ŀǎ ōŜƛƴƎ ŦƻǊ ΨŘƻƳŜǎǘƛŎ ǎǳǇǇƭȅΩ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ 
areas where groundwater is predicted to exceed 11.3 mg/L nitrate-nitrogen at 10 m depth. A 
ŦǳǊǘƘŜǊ мм ΨŘƻƳŜǎǘƛŎ ǎǳǇǇƭȅΩ ǿŜƭƭǎ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ ŀǊŜŀǎ ǿƘŜǊŜ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƻ ŜȄŎŜŜŘ 
8.5 mg/L at 10 m 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 deep and likely 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 area (4 of which are shallower than 20 m or have no recorded depth). 
Using an average household size of 2.5 people (Stats NZ, 2014) and the estimated population 
served by registered supplies, approximately 1,166 people may be at risk of exposure to elevated 
nitrate concentrations 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. 
Given the presence of the Lumsden/Balfour public supply within an area identified as vulnerable 
to contamination the following information would be useful for future assessment: 
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¶ Review District Council data for these public supply wells. The wells are relatively deep 

(30m) so risk is lower, but early identification of any changes in hydrochemistry is useful.  

¶ Review conceptual understanding of the wells and source aquifer, develop robust capture 

zone models and protection zones if appropriate. 

5.5.2 Wendonside Terrace 

Overview 
The Wendonside Terrace area exhibits a complex hydrogeological setting that includes both 
shallow, land-connected unconfined groundwater and deeper semi-confined aquifers. 
Addtionally, the spatial extent of shallow groundwater is variable. This complex setting results in 
variable vulnerability to nitrate contamination across the terrace. In the northern portion of the 
terrace, where groundwater levels are shallower and the system is unconfined, elevated nitrate-
nitrogen concentrations have been consistently ǊŜŎƻǊŘŜŘ ǘƘǊƻǳƎƘ 9ƴǾƛǊƻƴƳŜƴǘ {ƻǳǘƘƭŀƴŘΩǎ 
monitoring programme, indicating strong land-surface connectivity and limited natural 
attenuation. In contrast, the deeper semi-confined aquifer shows lower concentrations but has 
demonstrated a slowly increasing nitrate trend over time, likely reflecting gradual migration of 
nitrogen through the system and the long-term 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 the last 20-years with land use 
intensification, and occurring in areas of high vulnerability to leaching. 
 
As shown above in Section 5.2, winter forage crop pressure in the Wendonsie GMZ is high relative 
to other zones (Figure 18). It is 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.  Much of the recent 
winter forage cropping pressure is on the western portion terrace (Figure 20) where unconfined 
groundwater is deeper and observations are limited. 
 
Despite the absence of absolute source apportionment, the observation of nitrate concentrations 
regularly exceeding human-health thresholds, and the weight of available evidence supports the 
implementation of management responses focused on reducing diffuse nitrogen losses from 
agricultural land use. 
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Figure 20: Median nitrate nitrogen concentrations and winter forage crop pressure index (2014 ς 2022). Highest 
values (red) indicate where large areas have been repeatedly used for winter forage crops. 

Risk to drinking water supplies 
Lƴ ǘƘŜ ²ŜƴŘƻƴǎƛŘŜ ŀǊŜŀ мс ǿŜƭƭǎ ǊŜŎƻǊŘŜŘ ŀǎ ōŜƛƴƎ ŦƻǊ ΨŘƻƳŜǎǘƛŎ ǎǳǇǇƭȅΩ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ ŀǊŜŀǎ 
where groundwater is predicted to exceed 8.5 mg/L nitrate-nitrogen at 10 m depth. Additionally, 
there are 12 bores located within areas of high vulnerability (9 of which are shallower than 20 m 
or have no recorded depth). 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 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. 



40 
 

5.5.3 Five Rivers / Castlerock 

Overview 
The Five Rivers and Castlerock groundwater zones cover extensive Quaternary alluvial terraces 
and flood-plain deposits in the central nǊŜǘƛ Basin, forming shallow, unconfined or weakly 
confined aquifer systems. Water tables commonly lie only 2-3 m below the ground surface, 
facilitating rapid recharge and limited natural denitrification of infiltrating water. Soil and aquifers 
are generally oxic, free-draining and have low nitrate attenuation potential, especially in areas of 
older alluvial deposits that are no longer directly connected to the river systems. These conditions 
make for increased risk of nitrate leaching and localised groundwater contamination 
(Environment Southland, 2025).  Groundwater quality data indicate that the Five 
Rivers/Castlerock areas exhibit consistently elevated nitrate-nitrogen concentrations and 
exceedances of the MAV have been recorded in multiple locations. 
 
Causes 
Historically and currently, these areas support intensive land use and subsequently a long history 
of nitrogen loading. Recent conversion in some are as to dairy/irrigated dairy is likely to have 
increased nitrogen losses to groundwater.  Winter 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 shallow, stony, free-draining soil typical of the Five Rivers area measured mean annual nitrogen 
leaching losses of 81 kg N/ha/yr (range 8.5-125 kg N/ha/yr), and nitrate-nitrogen concentrations 
in drainage water ranging from <1 to >40 mg/L. This indicates that large nitrogen loads and high 
concentrations can rapidly move below the root zone under grazed winter forage paddocks (Smith 
et al., 2012). As shown above in Section 5.2, winter forage crop pressure in the Five Rivers and 
Castlerock GMZs is high relative to other zones (Figure 18 and Figure 21ύΦ LǘΩǎ ƘƛƎƘƭȅ ƭƛƪŜƭȅ ǘƘŀǘΣ 
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 of absolute source apportionment, the observation of nitrate concentrations 
regularly exceeding human-health thresholds, and the weight of available evidence supports the 
implementation of management responses focused on reducing diffuse nitrogen losses from 
agricultural land use. 
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Figure 21: Median nitrate nitrogen concentrations and winter forage crop pressure index (2014 ς 2022) 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 
Lƴ ǘƘŜ /ŀǎǘƭŜǊƻŎƪκCƛǾŜ wƛǾŜǊǎ ŀǊŜŀ т ǿŜƭƭǎ ǊŜŎƻǊŘŜŘ ŀǎ ōŜƛƴƎ ŦƻǊ ΨŘƻƳŜǎǘƛŎ ǎǳǇǇƭȅΩ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ 
areas where groundwater is predicted to exceed 8.5 mg/L nitrate-nitrogen at 10 m depth. 
Additionally, there are 33 bores located within areas of high contamination vulnerability (21 of 
which are shallower than 20 m or have no recorded depth). Assuming 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 of nitrate 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 Edendale Area 

Overview 
An area of consistently elevated nitrogen concentrations is identified on both the Edendale 
terrace and the adjacent Mataura River flats immediately to the east. The Edendale terrace aquifer 
is an unconfined terrace-type system hosted within late-Quaternary alluvial gravels that range in 
thickness from about 10 to 30 m across the terrace. Overlying soils vary considerably, from freely 
draining soils on the eastern side of the terrace to more poorly drained soils toward the western 
margin. These soil conditions are often modified by the presence of fine-grained loess deposits 
(2ς5 m thick) which overlay the gravel in many areas (Wilson, 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 the Mataura River high nitrogen concentrations have been observed in groundwater. 
 
This heterogeneity means infiltration and recharge behaviour varies spatially across the area. In 
locations with permeable soils and minimal loess cover, land-surface 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 occur, infiltration is slowed and recharge is 
delayed, which may slow nitrate transport to groundwater, but is unlikely to provide substantial 
attenuation because the soil, vadose zone and aquifer generally remain oxic. 
 
Overall, despite some spatial variation in soil and infiltration characteristics, the dominant 
hydrogeological setting across Edendale is shallow, oxic, land-surface recharged groundwater, 
resulting in a generally high risk of nitrate contamination. Monitoring indicates that groundwater 
nitrogen concentrations in the Edendale area have been persistently elevated for over two 
decades. The mean concentration for the GMZ is assessed using 2017-2022 data to be 6.8 mg/L 
nitrate-nitrogen. Exceedances of MAV have been 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). It was hypothesised that inadequate management of dairy wastewater application in the 
ŜŀǊƭȅ нлллΩǎ generated a contaminant plume extending from disposal areas, most notably at 
Mararua Farm. Work by Pattle Delamore Partners (PDP) subsequently modelled this plume and 
expected change over time. For reference, the modelled chloride concentrations are included in 
this report (Figure 22)(PDP, 2012). 
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Figure 22: Modelled chloride plume extents over time. Concentrations shown exclude background concentrations. 

Nitrogen concentrations in downgradient bores were observed to increase and decrease 
potentially indicating the period during which the wastewater derived plume passed the sites 
(PDP, 2012). Figure 23 below shows nitrogen concentrations in a downgradient bore (F46/0185). 
Concentrations increase and then appear to trend back toward the underlying elevated 
background condition. 

 
Figure 23: 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 show consistently elevated 
concentrations (Figure 24). 
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Figure 24: Nitrate nitrite nitrogen concentrations in bores F46/0581 and F46/1055 located in the northern portion of 
the Edendale terrace. 

Land use in the Edendale area has been intensive for decades and dominated by dairy farming, 
dairy factory wastewater irrigation, and high-input pastoral and horticultural activities. 
Groundwater quality monitoring demonstrates pervasive nitrate contamination across the 
terrace. Spatially, monitoring data shows elevated nitrate-nitrogen concentrations 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 of absolute source apportionment, the observation of nitrate concentrations 
regularly exceeding human-health thresholds, and the weight of available evidence supports the 
implementation of management responses focused on reducing diffuse nitrogen losses from 
agricultural land use. 
 
Risk to drinking water supplies 
¢ƘŜǊŜ ŀǊŜ н ǿŜƭƭǎ ǊŜŎƻǊŘŜŘ ŀǎ ōŜƛƴƎ ŦƻǊ ΨŘƻƳŜǎǘƛŎ ǎǳǇǇƭȅΩ ƭƻŎŀǘŜŘ ƛƴ ŀǊŜŀǎ ǿƘŜǊŜ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ 
predicted to exceed 8.5 mg/L nitrate-nitrogen at 10 m depth. Additionally, there are 71 bores 
located within areas of high contamination vulnerability (68 of which are shallower than 20 m or 
have no recorded depth). 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. There are two bores registered as groundwater 
drinking supplies supply in the area (Edendale/Wyndham). These supply bores are outside the 
expected high-risk zone, but a 2009 nitrate-nitrogen concentration of 2.95 mg/L indicates some 
vulnerability. Recent Southland District Council monitoring data are needed to confirm whether 
current concentrations remain low. It is likely there are additional domestic supply wells in the 
area not documented in the Environment Southland database. 
 
Overall, Edendale represents a high-risk nitrate hotspot driven by the combination of a vulnerable 
aquifer system, decades of intensive land use, large-scale wastewater irrigation and the presence 
of many shallow domestic supply wells. 
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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 supply within 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 capture and 

protection zone models if appropriate. 

5.5.5 Knapdale 

Overview 
The Knapdale area is underlain by a thin but regionally extensive unconfined aquifer hosted in 
late-Quaternary alluvium, overlying low-permeability Tertiary lignite-measure sediments. Soils 
across the zone vary substantially, from free-draining Riversdale/Mataura soils on the floodplain 
to more poorly drained Fleming/Otama/Dipton soils on older terraces and are locally mantled by 
loess. These finer materials can slow infiltration but provide little to no nitrate attenuation, as the 
soil zone and underlying aquifer remain oxic. Most recharge occurs via direct rainfall infiltration, 
with limited dilution except along the Mataura River riparian margin, where groundwater-surface 
water interaction is strongest (Hughes, 2012; Environment Southland, 2025). 
 
Groundwater quality monitoring shows that the Knapdale area is vulnerable to nitrate 
contamination, especially in areas removed from the Mataura River where recharge is sourced 
solely from land-surface infiltration. Available data indicate a range of nitrate concentrations 
across the zone, with multiple bores recording elevated concentrations and several exceeding the 
MAV. This pattern reflects the combined influence of shallow water tables, oxic conditions, 
moderate to low aquifer permeability, and intensive agricultural land use. 
 
Causes 
Observed groundwater contamination is consistent with the combined influence of shallow water 
tables, oxic conditions, moderate to low aquifer permeability, and intensive agricultural land use 
including winter forage crop grazing in vulnerable areas. Despite the absence of absolute source 
apportionment, the observation of nitrate concentrations regularly exceeding human-health 
thresholds, and the weight of available evidence supports the implementation of management 
responses focused on reducing diffuse nitrogen 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 approximately 7,480 people. The 
wells at this location have a long record of elevated nitrogen concentrations (Figure 25).  
 



46 
 

 
Figure 25: Nitrate-nitrogen concentrations in Coopers Wells (data from Gore District Council). 

 
Concentrations exceeding the MAV were reported by Gore District Council in July 2025. Recent 
investigations into the high concentrations at Coopers Wells were unable to confirm the 
contamination had originated from a discrete or single-point source. Indicating that the elevated 
levels are most likely the result of diffuse contamination from surrounding land use. It is likely that 
intensive agriculture and winter forage crop grazing within the delineated capture zone for the 
Coopers Wells (GNS, 2011) is a contributor 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 within 100-200 m 
upgradient of the Coopers supply bores provides direct evidence that high nitrogen loading events 
are occurring within the capture zone (Figure 26). While 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, particularly where deposition coincides with drainage or limited plant 
uptake. Rotational grazing systems concentrate livestock nitrogen inputs in space and time; while 
overall farm-average stocking rates may be moderate, the pulsed nature of urine deposition 
increases local nitrogen excess and the likelihood that nitrogen loading coincides with drainage 
events, which are the primary control of nitrate leaching. Given the short transport distance and 
limited opportunity for attenuation, these events represent a plausible and avoidable source of 
nitrogen contributing to groundwater contamination. 
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Figure 26: Google Earth image dated March 2023 showing high intensity dairy cow grazing (~200 cow/ha) upgradient 
and within close proximity to the Coopers Wells. 

 
As a further example of specific high risk intensive land use, Figure 27 below shows the distribution 
of winter forage crop over the four mapped years 2014, 2017, 2021 and 2022 (North & Belliss, 
2015; North et al., 2018; Belliss et al., 2022, 2023). Additionally, Figure 28 shows the relative 
winter forage pressure index as described above in Section 5.2. These maps demonstrate the 
repeated occurrence of this high-risk activity within the identified capture zone of the public 
supply wells. 
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Figure 27: Mapped winter forage crop extent for 2014, 2017, 2021, and 2022 shown in relation to the Coopers Wells 
capture zones (GNS, 2011). The black-outlined areas correspond to the estimated time-of-travel zones as labelled. 
Uncertainty relating to hydrogeological parameters such as transmissivity and porosity are incorporated into these 
combined estimates. 
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Figure 28: Winter forage crop pressure index (2014 ς 2022) shown in relation to the Coopers Wells capture zones 
(GNS, 2011). Highest values (red) indicate where large areas have been repeatedly used for winter forage crops. The 
black-outlined areas correspond to the estimated time-of-travel zones as labelled. Uncertainty relating to 
hydrogeological parameters such as transmissivity and porosity are incorporated into these combined estimates. 
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In the broader hotspot area, there are 20 domestic supply bores located within areas of high 
contamination vulnerability (16 of which are shallower than 20 m or have no recorded depth). 
Using an average household size of 2.5 people (Stats NZ, 2014) and the estimated population 
served by registered public supplies, approximately 7,530 people are at risk of exposure to 
elevated nitrate concentrations in drinking water. It is likely there are additional domestic supply 
wells in the area not documented in the Environment Southland database. 
 
Given its hydrogeological vulnerability, observed contamination and legacy of intensive land use, 
and importance as a drinking water supply area, Knapdale represents a high-risk area. 
 
Management Considerations 
Given the recent exceedance of the MAV in the Gore town supply wells future work in the 
Knapdale hotspot area should focus on source attribution, improved conceptual understanding, 
and targeted protection of the wellfield. Collection of the following information would strengthen 
confidence and improve management options: 
 
Source attribution and conceptual understanding 

¶ Undertake stable isotope (ɻцъb-bhїΣ ʵцэh-bhї) analysis to strengthen confidence in the 

most likely nitrogen sources. 

¶ Implement a groundwater age characterisation sampling regime to improve 

understanding of travel times, lag effects, and temporal variability, complemented with 

high frequency major ion sampling. 

¶ 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 

¶ Update or confirm capture zone delineation for the Coopers Wells and Jacobstown Wells 

using current pumping rates, groundwater level data, and aquifer parameters. 

¶ Identify high-risk practices in capture zones of both wellfields (e.g. winter forage grazing, 

intensive stocking, and effluent irrigation on vulnerable soils) and their spatial overlap 

with capture zones. 

¶ aŀǇ ǘƘŜǎŜ ŎŀǇǘǳǊŜ ȊƻƴŜǎ ŀǎ ΨŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǇǊƻǘŜŎǘƛƻƴ ȊƻƴŜǎΩ ŀƴŘ where confidence is 

sufficient implement strengthened land-use rules and or consent conditions targeting the 

loss of nitrogen to groundwater within these areas. 

Management and future monitoring 

¶ If new land-use rules or mitigation measures are introduced in the capture zone, work 

with Gore District Council to implement monitoring of effectiveness. 

¶ Undertake a re-assessment every 3-5 years to assess: nitrogen state and trends, land use 

management, conceptual understanding, and adequacy of monitoring. 
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5.5.6 Mabel Bush / Woodlands 

Overview 
An identified hotspot located near the Mabel Bush/Woodlands area lies primarily within the 
Waihopai Groundwater Management Zone. This area comprises mid-Quaternary alluvial terraces 
deposited by the ancestral Mataura River. These alluvial deposits host unconfined shallow 
groundwater, commonly 2-3 m below ground level. Soils generally comprise imperfectly to well 
drained silt loam soils formed in deep wind-blown loess deposits (Environment Southland, 2025). 
The surface is incised by northeast to southwest flowing waterways forming a series of raised 
ridges in between the drainage channels. Soils on these raised areas commonly include the 
Waikiwi soil, a well-drained fine silt-loam with deep rooting depth and relatively high plant-
available water capacity, commonly used for intensive pastoral farming. The oxic and well-drained 
ƴŀǘǳǊŜ ƻŦ ǘƘŜ ²ŀƛƪƛǿƛ ǎƻƛƭǎ ƳŀƪŜǎ ǘƘŜƳ ǎǳǎŎŜǇǘƛōƭŜ ǘƻ ƴƛǘǊŀǘŜ ƭŜŀŎƘƛƴƎΦ ¢ƘŜ ǎǇŜŎƛŦƛŎ ΨƘƻǘǎǇƻǘΩ ǘƘŀǘ 
has been identified by monitoring data showing consistently elevated concentrations in multiple 
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 nitrate contamination in the Mabel Bush/Woodlands area is most likely 
intensive pastoral land use, including winter forage crop grazing, occurring on well-drained 
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 (61 of which are shallower than 20 m or have no recorded depth). 
Using an average household size of 2.5 people (Stats NZ, 2014), approximately 215 people may be 
at risk of exposure to elevated nitrate concentrations in drinking water. It is 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 identified high 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 Plains / Waimatuku 

Overview 
The Central Plains hotspot is located on a broad lowland alluvial terrace between the Waimatuku 
ŎŀǘŎƘƳŜƴǘ ŀƴŘ ǘƘŜ nǊŜǘƛ wƛǾŜǊ. The terrace is formed by Quaternary gravels of varying thickness 
that form a shallow, largely unconfined aquifer system. Soils across the Central Plains vary 
considerably. Much of the area is dominated by heavy silty-clay to poorly drained soil types 
associated with older alluvial terraces; these soils have higher potential for denitrification or 
runoff, which generally reduces the risk of nitrate reaching groundwater. However, interspersed 
among these heavier soils are patches of more permeable well-drained soil. In these more 
permeable areas, land-surface recharge is rapid, and the oxic unconfined aquifer receives direct 
infiltration, resulting in vulnerability to nitrate leaching. It is hypothesised that during dry periods 
heavier clay-rich soils can crack allowing bypass flow and direct transfer of nitrogen rich recharge 
water to groundwater in the underlying oxic aquifers (Environment Southland, 2025). High nitrate 
concentrations are widespread across the Central Plains, particularly in areas of well-drained soils 
or soils prone to cracking and bypass flow that overlie a shallow, 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 Plains/Waimatuku hotspot area, provides 
detailed insights into groundwater contamination processes in this area. The multi-level nested 
piezometer installed here allows sampling from 3-15 m depth and was specifically designed to 
understand how intensive land use affects groundwater quality. Results show consistently 
elevated nitrate-nitrogen concentrations in the shallow and mid-depth groundwater (11.5-12.2 
mg/L), all exceeding the MAV of 11.3 mg/L.  Even at 9-12 m depth, concentrations are high, 
indicating that nitrate contamination present through the 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 
shows some evidence for rapid vertical mixing within the upper aquifer, meaning contaminants 
applied at the land surface can move relatively quickly into groundwater (liquid Earth, 2009). This 
aligns with the conceptual understanding of the Central Plains as a high-vulnerability 
hydrogeological setting, with shallow unconfined groundwater, oxic conditions, and land-surface-
dominated recharge. Hydrochemical observations 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 high nitrate observations, the understanding of the land and groundwater system, 
combined with the absence of evidence for point-source contamination, indicate that diffuse 
agricultural nitrogen inputs are the dominant cause of high concentrations in this area. 
 
Risk to drinking water supplies 
¢ƘŜǊŜ ŀǊŜ т ǿŜƭƭǎ ǊŜŎƻǊŘŜŘ ŀǎ ōŜƛƴƎ ŦƻǊ ΨŘƻƳŜǎǘƛŎ ǎǳǇǇƭȅΩ ƭƻŎŀǘŜŘ ƛƴ ŀǊŜŀǎ ǿƘŜǊŜ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ 
predicted to exceed 8.5 mg/L nitrate-nitrogen at 10 m depth. Additionally, in the broader hotspot 
area there are 78 bores located within areas of high contamination vulnerability (68 of which are 
shallower than 20 m or have no recorded depth). There are two registered public drinking water 
supplies within areas of high contamination vulnerability (Heddon Bush and Drummond schools).  
Using an average household size of 2.5 people (Stats NZ, 2014) and the estimated population 
served by registered public supplies, approximately 359 people may be at risk of exposure to 
elevated nitrate concentrations 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. 
 

5.5.8 Otahu Flat 

Overview 
The Otahu Flat area lies within the Blackmount Groundwater Management Zone, which in this 
location comprises an alluvial-terrace system with a series of stepped terraces descending toward 
the Waiau River. The aquifer system is comprised of Quaternary alluvial gravels in places up to 
~25 m thick, these overly low-permeability Tertiary sediments of the Waiau Group. At Otahu Flat 
coarse sands and gravels form moderate- to high-yielding aquifers with shallow water tables.  Soils 
over much of these terraces and flats are typically well-drained and oxic, facilitating rapid 
infiltration and drainage directly into the unconfined oxic 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 
(3).   
 
Causes 
High nitrate concentrations in groundwater at Otahu Flat are most likely caused by the 
combination of intensive pastoral land use and the intrinsic vulnerability of the soil and aquifer 
system. Since the early 2000s, the Otahu Flat terraces have seen progressive intensification land 
uses with increasing areas of land used for dairy and dairy support. Additionally, winter forage 
grazing is common in the area.  
 
Risk to drinking water supplies 
¢ƘŜǊŜ ƛǎ ƻƴŜ ǿŜƭƭ ǊŜŎƻǊŘŜŘ ŀǎ ōŜƛƴƎ ŦƻǊ ΨŘƻƳŜǎǘƛŎ ǎǳǇǇƭȅΩ ƭƻŎŀǘŜŘ ƛƴ ŀǊŜŀǎ ǿƘŜǊŜ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ 
predicted to exceed 8.5 mg/L nitrate-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 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 (below). 
 

5.6 Considerations for management of hotspot areas 

Management of nitrate contamination across Southland will require a coordinated science, 

monitoring, and land-management response. The following pieces of information would support 

consistent investigation and management across all identified hotspots, while recognising that 

individual zones will have specific local drivers. 

1. Improve conceptualisation and delineation of high-risk areas 

¶ 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. 

¶ Undertake targeted investigations in poorly constrained hotspots (e.g., limited bore data) 

to refine understanding contamination and vulnerability. 

¶ Apply source-attribution tools ƛƴŎƭǳŘƛƴƎ ƴƛǘǊŀǘŜ ǎǘŀōƭŜ ƛǎƻǘƻǇŜ ŀƴŀƭȅǎƛǎ όʵцъb ŀƴŘ ʵцэhύ ŀƴŘ 

selective use of major ion analyses to distinguish diffuse agricultural inputs from any 

potential point-source contributions where uncertainty exists. 

¶ Use groundwater age-dating (ǘǊƛǘƛǳƳΣ {CњΣ /C/ǎύ ǘƻ ōŜǘǘŜǊ ŎƻƴǎǘǊŀƛƴ ƭŀƎ ǘƛƳŜǎΣ ƛŘŜƴǘƛŦȅ 

seasonal changes in contributing water sources, and improve interpretation of trends. 

2. Assess land-use pressure and contamination risk 

¶ Undertake fine-scale land-use pressure mapping (e.g., winter forage intensity, high 

nitrogen loss activities, stocking rates, fertiliser inputs) to quantify localised drivers within 

hotspots or identify previously unidentified areas of contamination. 
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¶ Analysis of the winter forage pressure index indicates high relative pressure in the Upper 

Mataura GMZ. There is limited groundwater monitoring data in this area, and a targeted 

investigation should be planned to characterise potential contamination. 

¶ Combine land-use pressure indicators with physiographic vulnerability layers or new 

assessments and modelled nitrate concentrations to identify areas where mitigation 

would be most effective. 

3. Prioritise drinking-water protection and community engagement 

¶ Delineate capture/protection zones for public groundwater supplies. Prioritising those 

assessed to be most vulnerable. 

¶ Engage with Territorial Authorities and communities to ensure regular nitrate monitoring, 

especially for vulnerable or shallow domestic wells. 

4. Establish a structured programme of ongoing reassessment 

¶ Develop a regular review cycle (e.g., every 3ҍ5 years) to reassess nitrate status, update 

spatial modelling, and evaluate the effectiveness of any land-management interventions. 

¶ Utilise new monitoring data, updated land-use information, and new techniques to refine 

hotspot delineation and priorities over time. 

¶ Ensure that monitoring, modelling, and assessment methods remain consistent and 

transparent, supporting long-term trend evaluation. 

 
Although contamination is most pronounced within key hotspot areas, nitrate contamination of 

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, further conceptual investigation is 

unlikely to materially change understanding. The emphasis should move toward reviewing 

identification of high-risk areas, implementing 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 Section 4, when using strict data-quality criteria (inclusion of sites with җмл 
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., нлно όŜƛǘƘŜǊ ƳŜŘƛŀƴ җуΦр ƳƎκ[ bhї-N or maximum 
җммΦо ƳƎκ[ύΦ ¢Ƙƛǎ ŘŀǘŀǎŜǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ Ƴƻǎǘ Ǌƻōǳǎǘ ƛƴŘƛŎŀǘƻǊ ƻŦ ǊŜƎƛƻƴŀƭ ƎǊƻǳƴŘǿŀǘŜǊ ǎǘŀǘŜ ƛƴ 
relation to the nitrate drinking water standards because it relies on long-term, quality-assured 
monitoring sites with multiple observations. This assessment also excludes 0.6% of bores known 
to be naturally unpotable as these are (in theory) not relevant for assessing nitrate exposure risk. 
 
When all sites are included, including those with only 1ҍ2 samples, the exceedance rate drops to 
14% (using same criteria). However, these sites generally lack the temporal resolution required 
for reliable state assessment. The strict-criteria 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 sites (2017ҍ2022) fail this 
assessment relating to drinking water suitability. Using higher-quality long-term data, this rises to 
29%, indicating that a considerable number of groundwater users may be exposed to nitrate 
concentrations close to or exceeding the MAV. 

6.2 Domestic and registered drinking water supplies. 

Wells from the Environment Southland database listed as being for domestic supply or public 
consumption were spatially compared with predicted total oxidised nitrogen concentrations at 10 
m below ground level (Snelder et al., 2019). As detailed in Table 4 and illustrated in Figure 29, 1% 
of wells are located in an areas with predicted concentrations <1 mg/L, 45% of wells are located 
within the 1.0ς3.5 mg/L class, 49% of domestic wells are located within the 3.5ς8.5 mg/L class, 
with an additional 5% exceeding 8.5 mg/L, including 2% within areas predicted to exceed the 
drinking water MAV of 11.3 mg/L nitrate-nitrogen.  Note that in many cases observation data will 
exist for some of these wells and those data may not match the predicted concentrations 
presented here. This analysis provides general risk assessment screening only rather than any 
assessment of individual domestic supply bores. 
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Table 4: Distribution of public supply wells in relation to predicted oxidised nitrogen concentrations at 10 m bgl. 

Predicted total oxidised nitrogen 
ŎƻƴŎŜƴǘǊŀǘƛƻƴ όƳƎκ[ bhї-N) 

Number of domestic supply bores 
in this area 

Percentage 

<1 9 1% 

1ҍ3.5 592 45% 

3.5ҍ8.5 638 49% 

8.5ҍ11.3 45 3% 

>11.3 26 2% 

 

 
Figure 29: Spatial distribution of public supply wells in relation to predicted total oxidised nitrogen concentrations at 
10 m bgl. 

  














