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1. Introduction

Nitrate-nitrogen (NO;-N) is a common contaminant of ground and surface water the world over.
The New Zealand Drinking Water Standards (NZDWS, 2008) specify a limit of 11.3 mg/L NO,-
N for drinking water in order to protect human health. The primary criteria for this limit are
associated with the elevated risk of a condition known as methemoglobanemia (“blue baby
syndrome”) in infants and pregnant women ingesting water with nitrate (NO;) at elevated
concentrations.

Much lower limits of 0.167 and 0.444 mg/L NO;-N are recommended for protection of upland
and lowland surface water bodies respectively, in the ANZECC, (2000) water quality guidelines.
Compared to levels considered safe for potable supply, these much lower values reflect the greater
sensitivity of surface fresh and saline water bodies to nitrogen loading. The relevance of surface
water ecological NO;-N limits to groundwater reflects the considerable contribution of

groundwater as base flow to rivers, lakes, estuaries and the costal marine environment throughout
Southland (Liquid Earth, 2011a,b; Rissmann et al., 2012).

The following document summarises the spatial variation of NO;-N concentrations within
Southland groundwater for the last five years (2007-2012 (June)). The spatial variability of NO;-N
is presented according to specific threshold values defined for NO5-N concentrations in Southland
and New Zealand groundwater (Daughney and Reeves, 2005; Daughney et al., 2012; Morgenstern
and Daughney, 2012; Rissmann et al.,, 2011, 2012). These thresholds relate to specific sources of
NO;-N and/or human health effects and provide a relevant context for assessing the extent of
NO;-N contamination of Southland aquifers. Importantly, this map is not a predictive tool but is
intended to reflect overall conditions of groundwater quality with regards to the New Zealand
Drinking Water Standards. The methodology used to develop the maps is discussed in detail in
Appendix 1.
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2. NOs-N Thresholds

Groundwater research in New Zealand and Southland indicates that prior to European
colonisation NO,-N concentrations in shallow oxidised groundwater was at or below 0.4 mg/L
(Daughney and Reeves, 2005; Morgenstern and Daughney, 2012; Rissmann et al., 2011, 2012).
NO;-N concentrations of 0.4 mg/L are similar to pre-anthropogenic NO;-N concentrations
reported for groundwater throughout the world (see Riemann et al., 2005; Daughney and Reeves,
2005; Panno et al., 2000).

In Southland a “pre-European” NO;-N concentration of 0.4 mg/L, is supported by a median
NO;-N concentration of 0.4 mg/L (n = 54) for shallow oxidising groundwater beneath old growth
indigenous forests in Fiordland, Stewart Island and conservation estate areas throughout
Southland (Table 1; Rissmann et al., 2011). These areas have little if any history of intensive land
use. In addition to an absence of intensive land use, these areas tend to be remote and isolated
from cities, agricultural activities and human industry.

Importantly, strongly reducing groundwater (low oxygen, high reduced Fe concentrations)
typically contains low NO;-N concentrations (<0.4 mg/L) itrespective of the land use intensity
due to the process of denitrification. However, impacted reduced groundwaters typically show
other signs of intensification, such as elevated phosphate and major ion concentrations with or
without elevated E.co/i counts (Rissmann et al., 2012).

Table 1. NO;-N classes defined for oxidised groundwaters in Southland.

NO,-N Description of Each Class Characteristic Areas for each
Class NO;-N Class
(mg/L)
0.01-0.4 | Pristine, pre-European groundwaters showing no | Fiordland National Park or large
impact from human activity undeveloped areas remote from
regions of high intensity land
use.
0.4 to 1.0 | Modern day background showing only diffuse Undeveloped or low intensity
inputs of NO;-N from human activity land receiving indirect NO;-N

inputs from diffuse sources.
Commonly, land areas
surrounding regions of greater
intensity land use both urban
and agricultural.

1.0 to 3.5 | Minor to moderate anthropogenic land use Developed land dominated by
impacts from intensive land use intensive agriculture.

3.5t0 8.5 | Moderate to high anthropogenic land use impact | Developed land dominated by
intensive agriculture.

8.5 to 11.3 | Groundwaters with NO;-N in excess of the 75 Developed land dominated by

percent of Maximum Allowable Value for intensive agriculture.
Drinking Water in New Zealand

>11.3 Groundwater with NO;-N concentrations in Developed land dominated by
excess of the New Zealand Drinking Water intensive agriculture.
Standards
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A threshold of 1.0 mg/L NO,-N is considered the upper bound defining “modern day
background” concentrations for Southland (Rissmann et al., 2011). Areas defined as “modern day
background” can be described as young, oxidising groundwaters subject to diffuse anthropogenic
inputs. Diffuse inputs define NO;-N contributions from indirect sources such as wet and dry
(dust) deposition of nitrogen compounds to the land surface from combustion of fossil fuels
and/or volatilisation of ammonia from application of urea or animal wastes (see Panno et al.,
2006; Rissmann et al, 2012). Therefore, oxidised groundwater with NO;-N concentrations
consistent with modern day background levels may include conservation estate land occurring
within or adjacent to a region dominated by intensive agriculture or urban activity. Hence, modern
day pristine groundwater may occur in or adjacent to more densely populated or intensively
farmed areas.

At concentrations greater than 1.0 mg/L NO,-N, the contribution from intensive land use
becomes increasingly important (Daughney et al., 2005; 2010). Where NO;-N concentrations are
above 1.0 mg/L, the most important contributors to elevated NO;-N include synthetic fertilisers,
animal urine and manure, human effluent and industrial wastes. Groundwater research in New
Zealand and Southland indicates that concentrations above 3.5 mg/L, NO;-N, are almost certainly
indicative of human impact (Daughney, 2004; Daughney and Reeves, 2005; Morgenstern and
Daughney, 2012). At any one site the elevated NO;-N concentrations may originate from multiple
origins or be dominated by a single source'.

2.1 Median NOs-N Maps

The susceptibility to groundwater contamination by NO,;-N for Southland aquifers is presented in
Figure 1. Areas of elevated risk to groundwater contamination were generated from an assessment
of groundwater quality risk associated with land disposal of Farm Dairy Effluent (FDE) using a
weighted overlay of soil and receiving environment risk factors (Wilson and Hughes, 2007).

! Threshold values for all NO;3-N classes, with the exception of the 3.5 mg/L NO3-N threshold, are based on median
values. The 3.5 mg/L threshold is based on the 95th percentile NO3-N concentration for Southland and New Zealand
groundwaters as defined by Daughney, (2004) and Daughney and Reeves, (2005).
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Figure 1: Map of elevated groundwater quality risk for the Southland region
(Note: Generated based on a regional risk assessment of water quality (Wilson and Hughes, 2007). Included are groundwater
zones and the shallow wells used in NO3-IN modelling.)

In Figure 2 the extent of NO,-N concentrations at a threshold of 1.0 mg/L. (modern day
background) is overlaid onto a theoretical map of elevated groundwater quality risk for the
Southland region (Wilson and Hughes, 2007). Comparing the extent of NO;-N concentrations in
excess of 1.0 mg/L with the extent of elevated groundwater quality risk shows a good correlation,
corroborating the relationship between areas mapped as having an elevated groundwater risk and
observed NO;-N concentrations.
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However, some notable exceptions occur, including the extent of elevated NO;-N in northern
Southland beyond the mapped area of elevated groundwater risk. Low NO;-N also occurs across
the northeast corner of the Makarewa groundwater zone and lower portions of the Wathopai
groundwater zone. These discrepancies can be explained in terms of an updated assessment of
aquifer sensitivity to NO,;-N loadings that predicts elevated NOs-N across the Five Rivers,
Castlerock, and Oreti groundwater zones (see Rissmann, 2011). A similar rationale is used to
explain the elevated NO;-N across the Lower Aparima groundwater zone observed in Figure 2.
Aquifer sensitivity mapping also predicts low NO;-N concentrations throughout the lower
portions of the Waihopai groundwater zone due to the presence of peat and/or lignite measures
which active remove NO;-N that reaches the groundwater table via the process of denitrification
(Figure 2).

The lack of an elevated NO;-N across large portions of the Whitestone and Te Anau groundwater
zones should be viewed with caution, primarily because this area is not well represented spatially in
terms of sampling points (Figure 2). As both of these groundwater zones are mapped as being of
high sensitivity to NO;-N accumulation (Wilson and Hughes, 2007; Rissmann, 2011) it is not
unreasonable to expect elevated NO;-N in excess of modern day background which are not
represented in subsequent figures. An example includes a recent NO4-N investigation survey of
the Lower Waiau groundwater zone, which revealed significantly elevated groundwater NO;-N
across an area for which levels were previously unknown (Rissmann, 2012). The discovery of
elevated NO;-N throughout the Lower Waiau may be relevant to the Whitestone and Te Anau
groundwater zones given the potentially elevated NO;-N risk of these areas. However, higher risk
does not always mean higher NO;-N concentrations, with elevated values expected only where
elevated contaminant inputs occur to oxidising groundwaters that are young enough to show the
impact of recent land use’.
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Figure 2: Extent of nitrate (NO,-N) concentrations in excess of the modern day

background threshold of 1.0 mg/L
(INote: Overlaid onto a theoretical map of Elevated Groundwater Quality Risk for the Southland Region (Wilson and Hughes,

2007). Concentrations in excess of 1.0 mg/ L occur as red shaded areas.)

Page 9



The interpolated extent of groundwater NO;-N in excess of 3.5 mg/L is displayed in Figure 3.
NO;-N at concentrations at or above 3.5 mg/L are seldom the result of natural inputs, rather they
reflect contamination of groundwater by intensive land use (Daughney et al., 2005, 2012;
Morgenstern and Daughney, 2012; Rissmann et al., 2012). From Figure 3 it is evident, that
anthropogenically contaminated groundwater underlies a significant area of the Southland plains
(see below for discussion on the extent/area of each NO,-N class).

Comparison of the extent of NO;-N concentrations in excess of 3.5 mg/L with the extent of
elevated groundwater quality risk (Wilson and Hughes, 2007) shows a strong correlation - again
corroborating the relationship between areas mapped as having an elevated groundwater risk and
observed NO;-N concentrations (Figure 3). The strong spatial relationships between mapped
areas of elevated groundwater quality risk and observed NO;-N is not surprising given the current
intensity of land use, the youthfulness of Southland groundwaters, declining regional ground and
surface water quality trends (ES and TAMI, 2010; Liquid Earth, 2011a,b) and the observation that
90 percent of Southland’s aquifers are classified as highly sensitive to NO,-N accumulation
(Rissmann, 2011).

Figure 3: Extent of anthropogenic nitrate (NO;-N) contamination in Southland
groundwater

Note: Overlaid onto a map of Elevated Groundwater Quality Risk (Wilson and Hughes, 2007). Concentrations in excess of
3.5 mg/ L occur as red shaded areas.
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Figure 4: Extent of nitrate (NO;-N) concentrations relative to 75 percent of the maximum
allowable value for drinking water
(Note: Groundwater with NO3-N concentrations in excess of 8.5 mg/ L occur as red shaded areas.)

The interpolated extent of NO;-N concentrations that currently exceed 75 percent of the
Maximum Allowable Value (MAV) are shaded in red in Figure 4. NO,-N concentrations in a
number of these known “hotspots” show increasing temporal trends, as well as the expansion in
the physical extent of hotspot areas defined by NO;-N values in excess of 75 percent of MAV
(Wilson, 2010; Liquid Earth, 2011a,b).
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2.2 Summary of NO;-N Classes

A summary of the extent of the various NO;-N classes for Southland are presented in Figures 5
and 6 along with a table (Table 2) quantifying the areal extent of each of the following generalised
NO;-N classes’:

1.

0.01-0.4 mg/L = Pristine, pre-European groundwater NO;-N concentrations

Whete 0.01 mg/L is the NO;-N detection limit and 0.4 the threshold for pre-European
groundwater. These groundwaters either pre-date European colonisation and/or occur in
remote, undeveloped catchments with little or no history of intensive land use. The NO;-N
trigger values for 95 percent protection of upland and lowland surface water bodies fall
within this range (ANZECC, 2000). Strongly reduced groundwater (low oxygen and high
iron) may also fall within this category, which causes the extent of this generalised class to be
over represented in Figures 5 and 6. For this reason, the extent of high cumulative
denitrification potential (CDNP) aquifers, after Rissmann (2011), has been included (black
hatching) in the aforementioned figures. These aquifers are comprised of peat and/or lignite,
which facilitate the removal of leached NO;-N (see Rissmann, 2011 and Rissmann et al.,
2012).

0.4-1.0 mg/L = Modern day background threshold for Southland groundwater that
shows minimal impact of land use

This class defines pristine modern day groundwater that occurs in or adjacent to populated
regions. Some of the NO;-N in this groundwater is likely to have originated from diffuse
inputs of nitrogen from combustion of fossil fuels or volatilisation of ammonia from
fertilisers and/or animal wastes. The NO;-N trigger values for protection of upland and
lowland surface water bodies are lower than but close to this range (ANZECC, 2000).
Moderately reduced groundwater may also fall within this category.

1.0-3.5 mg/L = Evidence of minor to moderate land use impacts, but generally of
low magnitude

This NOs-N class typically surrounds regions of highly elevated NO;-N (“hotspots”) or
occur across areas that are less impacted by anthropogenic NO;-N due to dilution, recharge
by pristine waters and/or lower intensity land use. Some weakly reducing groundwater may
fall within this threshold but overall reducing conditions are considered less important to this
NO;-N class.

Greater than 3.5 mg/L = moderate to high anthropogenically impacted groundwater
where the majority of NOj-N is derived from human activities at the land surface

As NO;-N concentrations increase beyond 3.5 mg/L. the magnitude of human sourced
contamination becomes increasingly important. Beyond concentrations of 3.5 mg/L, the
most important contributors to elevated NO;-N include synthetic fertilisers, animal urine
and manure, human effluent and industrial wastes. At any one site the elevated NO;-N
concentrations may originate from multiple origins or be dominated by a single source.

Greater than or equal to 8.5 mg/L = Defined as 75 percent of the MAV (11.3 mg/L)
for drinking water in New Zealand

3 Note, reduced groundwaters (low oxygen and high iron) typically contain low NO3-N concentrations that fall within
categories 1-2 (less for category 3), which causes the extent of these generalised classes to be over represented in
Figures 2-6. To rectify this issue areas of high cumulative denitrification potential (CDNP) as mapped by Rissmann
(2011) ate comptrised of peat swamps and/or lignite measutres and have been included within Figures 5 and 6 for
sake of clarity.

Page 12



This limit is based on the risk to human health and is at a level where almost all the NO;-N
is derived from anthropogenic sources. This threshold is included within Figure 5 and 6 to

illustrate the extent of groundwater approaching or exceeding the New Zealand Drinking
Water Standard (NZDWS).

6.  Greater than or equal to 11.3 mg/L = Groundwater that exceeds the NZDWS
threshold for NO,-N
Groundwater that exceeds the NZDWS for NO;-N is potentially unsafe for human
consumption. Again, almost all (greater than 85 precent) the NO;-N in this class is derived
from anthropogenic sources.

2.3 Regional Extent of NOs-N Classes

The relative extent (area in hectares) of NO;-N associated with the above categories is defined in
Table 2. Also presented is the proportion of each category as it pertains to the entire Southland
region (3,007,115 ha, including Fiordland National Park) and to the area of Southland’s intensively
managed groundwater zones (i.e. 592,588 ha). To account for the role of denitrification over low
NO;-N values, the extent of aquifers with a high combined denitrification potential (CDNP) were
quantified for each NO;-N class and subtracted from the total area of each respective class (after
Rissmann, 2011) for the entire Southland region and for the managed groundwater zones (Table
2). The extent of reducing groundwater, aquifers classified as having a high CDNP is also included
in Figures 5 and 6.

After taking into account the extent of high CDNP aquifers the extent of pristine, pre-European
groundwater is estimated to cover approximately 73 percent (2,160,644 ha) of the Southland
region, the majority of which (70 percent) occurs within Fiordland National Park (Table 2 and
Figure 5)*. Outside of Fiordland, it is likely that the areal extent of this class is over estimated due
to the limited spatial extent of data coverage across a number of critical groundwater zones’. By
subtracting the extent of high CDNP aquifers from the extent of 0.01 — 0.4 mg/L. NO;-N
groundwaters returns an areal extent of approximately 25 percent for pristine, pre-European
groundwater occurring within the managed groundwater zones.

The NO,-N class for modern day background, 0.4-1.0 mg/L, defines pristine modern day
groundwater that occurs close to, or within, areas of intensified land use (Figures 5 and 6). Some
of the NO,-N in this groundwater is likely to have originated from diffuse inputs of nitrogen from
combustion of fossil fuels or volatilisation of ammonia from fertilisers and/or animal wastes. This
NO;-N class covers approximately 453,656 ha, or 15.4 percent of the entire Southland region
(Table 2). Oxidised groundwaters with modern day background NO;-N concentrations occur
across approximately 26 percent (144,236 ha) of Southland’s managed groundwater zones. Again,
it is likely that the areal extent of this class is over estimated, primarily due to limited data coverage
within a number of critical groundwater zones (Te Anau and Whitestone) and the possibility that
the total extent of high CDNP aquifers have not been quantified.

The NO;-N class defined for minor to moderate land use impact (i.e. 1.0-3.5 mg/L) covers 6.9
percent of the entire Southland region (Table 2). Within the managed groundwater zones this
class accounts for 27 percent (147,081 ha) of the areal extent, which is consistent with the higher
density of intensive land use occurring within these zones. From Figures 5 and 6 it can be seen
that the majority (90 percent or more) of this class occurs within the managed groundwater zones.
Again, it is likely that the areal extent of this class is under estimated, primarily due to limited data

4 It is important to note the majority of Fiordland has no groundwater data.
5 Poor data coverage occurs across the Te Anau, Whitestone, Lower Waiau, Upper Mataura, Upper Aparima, Otrepuki
and Catlins groundwater zones.
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coverage within a number of critical groundwater zones and the possibility that the extent of high
CDNP aquifers have not been entirely quantified.

The 3.5 — 8.5 mg/L NO4-N class defines groundwaters displaying NO,-N values consistent with
moderate to high land use impact. This class occurs across approximately 4 percent of the entire
Southland region and a much larger 19 percent of the managed groundwater zones. Again, it is
likely that the areal extent of this class is over estimated, primarily due to limited data coverage
within a number of critical groundwater zones and the possibility that the extent of high CDNP
aquifers have not been entirely quantified.

The NO4-N class defined at greater than 75 petrcent of the MAV for the NZDWS (i.e. 8.5 mg/L
NO;-N) has an areal extent of 9,288 ha or 0.3 percent of the entire Southland region (Table 2).
This class defines groundwater containing NO;-N concentrations approaching the regulatory limit
of 11.3 mg/L. NO;-N. The areal extent of this class, within the managed groundwater zones, is
approximately five times larger but still only accounts for approximately 2 percent (9,288 ha).
Importantly, this class defines 7 discrete “nitrate hotspots,” all of which occur within the managed
groundwater zones and were previously known to Environment Southland staff. Perhaps not
surprisingly, hotspots occur in regions with no evidence for aquifers of high CDNP.

The largest of these “hotspots,” the Balfour hotspot, occurs within the Waimea Plains
groundwater zone. Other smaller but significant “hotspots” occur within the Edendale, Makarewa,
Knapdale, Castlerock, Lower Oreti, Central Plains and Waihopai groundwater zones. Recent work
on the Balfour “hotspot” indicates a significant increase in the spatial extent of the aquifer where
groundwater NO;-N exceeds 75 percent of the MAV as well as strong temporal trends of
increasing NO;-N (Wilson, 2010). Similar increasing temporal trends in NO,-N concentration
have been observed for a large number of Southland’s groundwater zones (Liquid Earth, 2011a).
The origin of NO,-N within this class is likely a combination of fertiliser and animal derived NO;-
N associated with intensive land use.

The NO;-N class that exceeds the NZDWS limit of 11.3 mg/L NO;-N has an areal extent of 0.1
percent of the entire Southland region. The areal extent of this class within the managed
groundwater zones is eight times larger, albeit only accounting for 0.8 percent or 4,284 ha of the
managed groundwater zones. This limit denotes the NO;-N threshold beyond which it is
considered unsafe to drink groundwater. The origin of NO,-N within this class is likely an
amalgam of fertiliser and human derived NO,-N associated with intensive land use.

Despite the relatively small area of groundwaters exceeding the 75 percent MAV the potential
influence on human health, economic endeavour and ecosystem health extends far beyond the
boundaries of these areas. Specifically, hotspots reflect major NO,-N inputs to regional
groundwater systems and are likely responsible for the expansion of the lower NO;-N classes
down gradient - as is supported by the observed increase in the extent of anthropogenic NO;-N
with time (Wilson, 2010; Liquid Earth, 2011a).

If the areas of impacted groundwater classes (i.e., NO;-N > 1.0 mg/L) are combined
approximately 11 percent of the entire Southland region shows impact by human activities.
However, within the managed groundwater zones approximately 50 percent or 265,600 ha show
evidence of human impact. The large difference in proportional cover of impacted groundwaters is
consistent with the majority of intensive land use occurring within managed groundwater zones.
It is likely that the extent of groundwaters that show signs of impact by human activities are
underestimated due to large spatial data gaps across a number of significant groundwater zones
and the possibility that the extent of high CDNP aquifers have not been entirely quantified.
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Figure 5: Classed NO;-N map for regional Southland groundwater
(Note: 1V alues in excess of 3.5 reflect human sourced contamination. Red areas define those gones occurring with areas of significant human contamination where NOs-IN values exceed the 75

percent MAV for drinking water.  Reduced groundwater may also exhibit low NO3-IN values and be erroneously defined as pristine. For this reason, the extent of high cummnlative
denitrification potential (CDINP) aquifers has been included (black batching).)
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Figure 6: Classed NO;-N map for Southland’s managed groundwater zones

(Note: 1 alues in excess of 3.5 reflect human sonrced contamination. Red areas define those gones occurring with areas of significant human contamination where NO3-IN values exceed the 75
percent MAV for drinking water. Reduced groundwater may also exhibit o NOs-IN valnes and be erroneously defined as pristine. For this reason, the extent of high cumnlative denitrification
potential (CDNP) aguifers bas been included (black hatching).)
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Table 2: Breakdown of NO,-N Classes by area for entire Southland region and managed groundwater zones

Classed NO;-N NOs-N Area (Ha) by NO5-N Class for | Percentage cover of each class Area (Ha) by NO3-N class for all Percentage cover of each class for
(mg/L) entire Southland Region* | for entire Southland Region** Managed groundwater zones* Managed groundwater zones**

Pristine, pre-European 0.01-0.4 2,160,644 73.4 137,666 25.1
Modern day background 0.4-1.0 453,656 15.4 144,236 26.3
Minor to moderate land use impacts 1.0-3.5 202,507 6.9 147,081 26.9
Significant land use impacts 3.5-85 111,667 3.8 104,944 19.2
75% Maximum Allowable Value (NZDWS) |> 8.5 9,288 0.3 9,288 1.7
Excess NZDWS (>11.3 mg/L) >11.3 4,284 0.1 4,284 0.8

2,942,046 100.0 547,498 100.0

This data is derived from the median NO3-IN values for 2007 — 2012. Areas (ha) for pre-Enropean and modern day background are likely over estimates (see texit). Areas (bha) for groundwater impacted by
land use are likely under estimates due to gaps in data coverage within specific groundwater gones and the occurrence of reducing groundwater (see text). Where: CDNP = Combined Denitrification Potential;
*Area values calculated after subtracting the extent of high CDNP aquifers occurring within each NO3-IN class; **Percentage cover based on exctent of each NO3-N class after area of high CDNP aguifers

subtracted.
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3. Summary

In summary, elevated NO;-N concentrations indicative of contamination of shallow oxidised
groundwater by human activities are associated with approximately 11 percent or 327,746 ha of
the entire Southland region, including Fiordland National Park. By comparison, elevated NO;-N
concentrations indicative of contamination of groundwater by human activities accounts for
approximately 50 percent or 265,600 ha of the managed groundwater zones. The greater
percentage of NO;-N contaminated groundwater occurring within the bounds of the managed
groundwater zones is consistent with increased NO;-N inputs and losses associated with high
intensity land use, primarily agriculture, across the alluvial plains of northern and southern
Southland.

The extensive nature of NO,-N contamination of shallow oxidised groundwater within the
managed groundwater zones reflects the high sensitivity of the majority of Southland aquifers to
NO;-N losses associated with intensive land use as defined by groundwater quality risk (Wilson
and Hughes, 2007) and aquifer sensitivity mapping (Rissmann, 2011). Risk and aquifer sensitivity
mapping in conjunction with significant increasing temporal trends in NO,-N concentrations,
across the managed groundwater zones, highlights the high degree of sensitivity of Southland
aquifers to the current level of land use intensity. The latter, in conjunction with current
temporal trends of increasing NO,-N for many groundwater zones, suggest there will be ongoing
expansion of each of the anthropogenic NO;-N classes within the managed groundwater zones
in the near future.

The occurrence of elevated NO;-N concentrations in a large proportion of Southland’s managed
groundwater zones is important in terms of the down-gradient impacts on ecosystems and the
future effects on the region’s economy. Specifically, elevated groundwater NO;-N is a significant
contributor to the NO,-N load of Southland’s rivers, lakes and estuaries. This is because the
majority of Southland’s rivers and streams derive a significant component (between 40 — 60
percent) of their flow from groundwater. Therefore, for areas with elevated groundwater NO,-N
it is likely that a significant proportion of the NO;-N entering a river has originated from
groundwater. In this instance, riparian fencing or reduction of overland flow to surface waters
cannot reduce that component of dissolved NO,-N originating from groundwater.

Commonly, NO;-N concentrations are higher in impacted groundwater than surface waters due
to dilution of surface waters by rainfall. As a result, impacted groundwaters can act as a reservoir
of high NO,;-N that is released to surfacewater bodies as base flow or direct groundwater
seepage. Of our major waterways and coastal estuaries, most show signs of significant
eutrophication and a decline in keystone species due to high nutrient inputs. Issues surrounding
the degradation of the Waituna Lagoon have recently highlighted the contribution of
groundwater to eutrophication of coastal waterways.
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Appendix 1: Methodology

Groundwater nitrate nitrogen (NO;-N) data for 710 wells in Environment Southland’s
groundwater database were extracted from 2007 to present (June 2012). For wells having more
than one NO;-N measurement, the median NO,-N value was computed. Censored data, those
median NO,-N concentrations that fall below the NO;-N detection limit of 0.01 mg/L, were
transformed using the recommendations of Sanford et al., (1993). Specifically, where a small
proportion of “less than” substitutions occur a simple-substitution replacement factor of 0.55 is
recommended:

Rey = DL *0.55

where R, is the revaluated censored value and DL is the detection limit for the analytical
method.

From Figure Al it is evident that the greatest range and highest maximum NO,-N
concentrations occur in shallow wells less than 10 m deep. With increasing depth, NO,-N
concentrations exhibit a general decline, which is a common observation of groundwater systems
around the world (McMahon and Chapelle, 2008). The tendency for deep wells to have low
NO;-N concentrations is primarily related to low oxygen (reducing) conditions within deep
water bearing layers (McMahon and Chapelle, 2008), although deeper groundwater also tends to
have lower NO;-N concentrations due to the presence of low permeability layers that limit
vertical percolation of surficial contaminants to depth.

Therefore, due to the tendency for NO;-N to be actively removed under low oxygen conditions
the NO;-N data set was further reduced to a subset of 584 wells of a depth of less than 40 m
below ground level (m bgl) (Figure Al). A depth of 40 m was selected in an attempt to strike a
balance between having a sufficient number of wells for mapping and the likelihood that the
NO;-N concentrations of deep wells are not representative of land use inputs. Inherent in the
selection of a 40 m depth cut-off is a degree of conservatism due to the aforementioned
tendency for deeper wells to remove NO;-N under low oxygen conditions.
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Figure Al: Relationship of well depth in meters below ground level and median NO,-N
concentration for Southland wells (2007-2012 data)

The remaining 584 median NO;-N values computed for the last five years were then contoured
using natural neighbour spatial analysis. Natural neighbour spatial analysis finds the closest
subset of input samples to a query point and applies weights to them based on the increasing
distance from the query point to interpolate new values where no sampling point has been
measured. However, the limitation of any interpolation method is that it is only a representation
(model) of the true natural spatial variance. How true a representation is of a natural
phenomenon is largely dependent upon the quality of the input data, especially spatial coverage.

In Southland, as with other regions, there are large gaps in the spatial coverage of shallow
groundwater wells due primarily to the presence of mountain ranges, specific rock or aquifer
types’ and limited population densities. In more intensively farmed regions, the converse is true
with high densities of wells resulting in dense clusters of wells. Furthermore, many aquifer
systems are highly heterogeneous in terms of permeability and relative recharge contribution,
which can also strongly influence NO;-N concentration.

Therefore, in order to constrain the spatial variability in NO;-N concentrations across Southland,
concentrations were assigned to specific locations based on known patterns and behaviour of

oxidisable nitrogen (NO,;-N), specifically:

1. areas mapped as peat swamps or sutficial lignite deposits were assigned a low (0.2 mg/L)
NO;-N groundwater concentration; and

2. mountainous and/or remote areas (National and World Heritage Parks) were assigned a
NO;-N concentration of 0.4 mg/L NO;-N.

NO;-N values were not assigned to any areas that fall outside of these criteria.

¢ Certain rock types ot aquifer materials may hinder successful well drilling or contain groundwaters that are deemed
unsuitable for use.
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Assigning low NO;-N values to wells terminating within peat deposits and/or lignite measures is
justified by the outcomes of cross-referencing (“intersecting”) aquifer composition (after
Rissmann, 2011) with known NO;-N and Total Ammoniacal Nitrogen (TAM) concentrations
for Southland wells (Table Al)".

Table Al: Relationship between shallow (<40 m bgl) aquifer compsotion and NO,-N and
TAM concentrations for Southland

Standard

Aquifer CDNP Species Valid Cases Mean Median Deviation
High NNN 86 1.36 0.20 2.10
TAM 86 0.17 0.10 0.37
Low NNN 466 3.95 2.92 4.47
TAM 466 0.07 0.01 0.53

Where CDNP = Cumulative Denitrification Potential; NNN = Nitrate, Nitrite Nitrogen;

TAM = Total Ammoniacal Nitrogen; units in mg/L
The outcome of the intersection supports the general observation that:

(i)  shallow (< 40 m bgl) wells terminating in materials classified as having a high combined
denitrification potential (CDNP) typically exhibit low (median of 0.2 mg/IL) NO;-N

concentrations; whereas

(i)  wells terminating in low CDNP aquifers contain elevated NO,;-N concentrations (a median
NO,-N value approximately 15 times greater than high CDNP aquifers)®. This general
spatial relationship reflects the relative availability of organic carbon for microbially
mediated redox reactions. Specifically, where organic carbon concentrations are low,
NO;-N is able to accumulate to higher concentrations and where organic carbon
concentrations are high, NO;-N is removed is removed via the process of denitrification
(see Rissmann, 2011; Rissmann et al., 2012).

Justification for a NO;-N concentration of 0.4 mg/L for mountainous areas throughout
Southland is based on a number of sources. Firstly, the median NO;-N concentration for
shallow groundwater occurring within large forested catchments (n = 54) throughout Southland,
including National and World Heritage Parks, is equal to 0.4 mg/L (Rissmann et al.,, 2011). A
NO;-N value of 0.4 mg/L has also been reported as the natural, “pre-European” background’
concentration of NO;-N for New Zealand groundwater (Morgenstern and Daughney, 2012).
Secondly, natural snowmelt collected from across Southland has a median inorganic nitrogen
concentration of 0.04 mg/L that is similar to median values reported for pristine rainfall
throughout New Zealand (Nicol et al., 1997). Relevant here, is the large component of rainfall
recharge in mountainous areas as well as the absence of intensive land use, or the generally low
intensity of land use activities, in high country catchments under which NO;-N values are not
expected to reach high levels.

7 Wells and aquifer composition (after Rissmann, 2011) were intersected using the Spatial Analyst tool in ArcGIS.
8 The converse of NO;-N was evident for TAM (i.e., higher TAM concentration in high CDNP aquifer materials
and vice versa).

° Natural background refers to NO3-N concentrations in groundwaters that existed ptior to human intensification.
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Following assignment of NO;-N concentrations to the domains outlined above, both data sets
were combined and NO;-N concentrations for Southland were contoured (interpolated) using
the natural neighbour spatial analysis tool in ArcGIS. The spatial distribution of NO,-N was then
modelled at different thresholds, as outlined above, and contrast with groundwater quality risk
maps.
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