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Date:  Tuesday, 11 August 2020 

Subject:  Defining classes and attribute state tables for Southland 
groundwater 

 

 
Message: 
 

1. Purpose of this memo 
 

This memorandum provides background information pertaining to the process of defining potential 
classes, attributes and attribute state tables for Southland groundwater.  This memo informs the 
development of draft numeric freshwater objectives (Norton and Wilson, 20191) and contributes to 
fulfilling requirements under the National Policy Statement for Freshwater Management 2017 
(NPSFM).  

 
2. Values being considered 
 
From the twenty community values identified for freshwater in Wilson et al (2019), three have been 
considered for developing groundwater numeric attribute state tables and draft freshwater objectives: 
 

 Human Health for drinking water2; 

 Ecosystem Health – of groundwater ecosystems; 

 Ecosystem Health – of surface water ecosystems contributed to by groundwater. 
 
Although this memo only explicitly considers these three values, they also link and/or contribute to 
other community and tangata whenua values such as mahinga kai, and they contribute to Te Mana o 
te Wai.  
 

 
3. Groundwater classes 
 

3.1 Classes for groundwater human health for drinking (water supply)  
 

Groundwater quality is most usefully assessed on a bore specific basis when considering drinking water 
supply. It is the water drawn from bores that must meet the identified human health objectives 
regardless of its relationship with the source aquifer. 
 
                                                                 
1 Although the draft freshwater objective report (Norton and Wilson, 2019) predates this memo, the analysis contained within 
this memo was undertaken in conjunction with the development of Norton and Wilson (2019). 
2 Included in the value ‘Water Supply’ in Wilson et al, 2019. 
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For the value of human health for drinking I, in consultation with others, propose three different 
classes which bores may be assessed within. These are: 
 

 bores with naturally potable water3;  

 bores with naturally unpotable water4; and  

 drinking supply bores with associated drinking water protection zones (as identified in the 
proposed Southland Water and Land Plan (pSWLP)5). 

 
These classes have not attempted to be mapped at this point in time, excepting one drinking water 
protection zone which has be delineated in the pSWLP. The remaining protection zones and areas of 
potable and non-potable groundwater have not been mapped due to the complexity and uncertainty 
of doing this at a regional scale. It is recommended that mapping or identification of classes is done as 
required on a site-specific basis. 
 
The above classes were identified by utilising existing wording within Objective 8 of the pSWLP. This 
Objective differentiates between groundwater that are naturally potable and groundwater which is 
not.  
 
One way groundwater class may be relatively easily identified is by using water analysis results. To 
identify bores associated with naturally non-potable groundwater in this memo, the Drinking Water 
Standards for New Zealand (DWSNZ) (MOH, 2018) were used to identify determinands that:  
 

a) have defined maximum acceptable values (MAVs);  
b) are naturally occurring in Southland and their variation in groundwater is primarily not 

anthropogenically controlled; and  
c) are feasibly measured during regular monitoring.   

 

These determinands are manganese, arsenic, and radon. While arsenic and radon could feasibly be 
measured as part of regular monitoring, currently they are not. Hence, manganese is used in the first 
instance to identify bores that fall into the naturally non-potable class (they have a manganese 
concentration > the MAV (0.4 mg/L)). Arsenic and radon data are used where available. All other bores 
are classed as naturally potable. This classification is done specific to each assessment. 
 
Drinking water protection zones can be identified using a basic default methodology. This would apply 
to any registered drinking water supplies. Standard areas to be classed as within a protection zone can 
be established using Error! Reference source not found. and Table 1. This method is adapted from 
that used by Environment Canterbury. 
 

                                                                 
3 Drinking Water Standards for New Zealand (DWSNZ) Maximum Acceptable Values (MAVs) are not exceeded for 
predominantly non-anthropogenically influenced parameters (specifically manganese, arsenic and radon according to criteria 
in the DWSNZ parameter table in Appendix 1). 
4 Maximum acceptable values (MAVs) are exceeded for predominantly non-anthropogenically controlled parameters 
(specifically manganese, arsenic and radon according to criteria in the DWSNZ parameter table in Appendix 1). 
5 Appendix J of the pSWLP (Environment Southland, 2016). 
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Figure 1: Method for calculating the area of a provisional Group or Community Drinking-water 
Protection Zone. Grey shading indicates area within the protection zone. 

 

The area of the protection zone is determined by selecting from the table below depending on the 
screen depth (or well depth if no screen depth is recorded) and aquifer type. 
 

Table 1: Protection distances for varying screen/bore depths and aquifer types. 

Screen depth or well depth if 
screen depth is not available 

(metres) 
Aquifer Type* 

Protection distances (metres) 

Up-gradient from 
the bore (A) 

Down-gradient 
from the bore (B) 

< 10  All 2,000 200 

10 ≤ 30  
Unconfined or semi confined 1,000 200 

Confined 100 100 

30 ≤ 70  
Unconfined or semi confined 500 200 

Confined 100 100 

> 70  
Unconfined or semi confined 100 100 

Confined 100 100 

*As identified in the pSWLP or through hydrogeological investigation. 
 
 

Where more site specific delineation of a protection zone is to be undertaken then the dimensions of 
the zone are to be determined following the national guidance of Moreau et al. (2014) and using site 
specific information including, but not limited to: 
 

 the topography, geography and geology of the site; 

 the depth of the well; 

 the construction of the well; 

 pumping rates; 

 the type of aquifer; 

 the types of actual or potential contaminants; 

 the level of treatment that the abstracted water will receive; 

 any potential risk to water quality.  
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3.2   Classes for ecosystem health (groundwater ecosystems and groundwater - surface 
water dependant ecosystems) 

 

Several options were considered for defining classes relating to ecosystem health. These primarily 
revolved around delineating groundwater according to variation in contamination risk (i.e. nitrogen 
contamination risk). This could potentially be achieved by utilising existing spatial frameworks, 
particularly, physiographic classifications (Rissmann et al., 2016, Hughes et al., 2016) and the 
groundwater management zones as defined in the pSWLP (Environment Southland, 2016). Ultimately 
derivation of multiple classes relating to ecosystem health was not adopted due to factors including: 
 

 Uncertainty in mapping the variation in contamination risk specific to certain contaminants; 

 Uncertainty surrounding the relationships between groundwater ecosystem health and 
different groundwater/aquifer physical and chemical characteristics and their relationship to 
groundwater-dependant ecosystems; 

 Insufficient existing data to adequately map and report on multiple classes. 
 
Therefore, it is proposed that the groundwater ecosystem health attribute state tables and associated 
freshwater objectives apply to all groundwater in the region. 
 
 

4. Groundwater attributes 
 
The NPSFM requires “attributes”6 to be identified.  Attributes describe the characteristics of the water 
that needs to be managed to provide for the region’s freshwater values.  The NPSFM does not identify 
any national compulsory attributes for groundwater. However, the NPSFM national compulsory 
attributes for surface water (i.e. those within the National Objectives Framework) have informed the 
development of groundwater attributes for the Southland region.  The pSWLP (2016 notified version), 
attributes used in similar processes in other regions in New Zealand and a review of the latest scientific 
material were all also canvassed in order to derive possible attributes for draft groundwater numeric 
freshwater objectives. 
 
Several criteria were then used to short list attributes that are proposed to be included as groundwater 
numeric freshwater objectives.  The criteria was: 
 

 national compulsory attributes from the NPSFM  (of which, there are none currently defined 
for groundwater); 

 attributes have at least some local data to be able to ascertain current state; 

 attributes that are practical to monitor;   

 attributes for which we have the technical information to justify development of “attribute 
state option tables” (i.e. choices of ABCD state similar to the format provided in the NPSFM).  
This includes available science literature, national guidelines and/or local project data; 

 attributes that best describe the “ends” we are interested in (i.e. the environmental state we 
think will support identified values), while keeping attributes that describe “means” to achieve 
those ends (e.g. nutrient concentrations and loads) for use as limits in the subsequent third 
phase of the Regional Forum process7. 

 

                                                                 
6 NPSFM definition of ‘attribute’: “is a measurable characteristic of fresh water, including physical, chemical and biological 
properties, which supports particular values.” 
7 where the ‘means’ and ‘ends’ distinction fits the definitions of limits and freshwater objectives in the NPSFM (respectively). 
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The following section presents all potential attributes identified in this process and provides 
justification for their inclusion or exclusion as proposed attributes. 
 

4.1  Human health (water supply) attributes  
 

Several attributes were considered for use in assessing the Human health (water supply) value which 
are described below. Consideration was given to attributes that could be used to assess untreated 
groundwater supplies that are not subject to the networked (public and private) drinking water supply 
standards in the DWSNZ.   
 
4.1.1 Protozoa attributes 
 
Protozoa (e.g., Giardia and Cryptosporidium) are among the most common causes of infection and 
disease in humans and other animals. The largest recorded outbreak of water-borne disease in a first-
world country was due to Cryptosporidium. This outbreak occurred in Milwaukee, USA, in 1993, with 
an estimated 400,000 people becoming ill. The DWSNZ give a maximum acceptable value (MAV) for 
the total concentration of protozoa in treated water of less than 1 organism per 100 litres. Note that 
the units for protozoa are for litres of water, not millilitres as for bacteria. Giardia and Cryptosporidium 
are the protozoa of primary concern in drinking waters. Giardia and Cryptosporidium exist as 
environmentally robust spores outside a host. Both organisms are resistant to water treatment 
processes Cryptosporidium is more difficult to remove by filtration because it is smaller. It is also more 
resistant to chlorine. (Nokes, 2008). Due to limitations in analysis methods and monitoring resources 
it is not proposed that protozoa is used as a groundwater human health attribute.   
 
4.1.2 Viral attributes 
 
The DWSNZ does not include criteria for viruses due to insufficient information8, although it is signalled 
that viral criteria is intended to be included in a future standard when they are better understood.   A 
virus suitable to act as a viral indicator (similar to E. coli for bacteria) is yet to be identified or agreed 
upon. Potential candidates have proved unsatisfactory because:  
 

a) they respond differently from viral pathogens to treatment with disinfectants;  
b) there is no correlation between their concentration and the concentration of viral pathogens 

in the water; and,  
c) test methods are unsuitable (the incubation time is too long, too complex or too expensive).  

 
Although there is no MAV for viruses in the DWSNZ, this does not mean they do not present a threat 
to health. Water subject to faecal contamination can harbour disease-causing viruses (viral pathogens). 
The presence of E. coli in water, although a bacterial indicator, may also signal the potential presence 
of viral pathogens. Viruses that cause water-borne disease tend to be enteric (i.e., they infect the 
gastrointestinal tract and are excreted by infected humans). Some viruses that infect animals may also 
infect humans (Nokes, 2008). 
 
Due to limitations in information, analysis methods and monitoring resources, no viral attributes have 
been proposed.  Indicators of bacterial contamination provides the best available proxy of viral 
contamination and risk. 
 
 
 
 

                                                                 
8 In particular, insufficient information exists regarding the removal or inactivation of viruses through the various processes 
used in drinking-water treatment. 
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4.1.3 Bacterial attributes 
 
The bacterial indicator organism Escherichia coli (E. coli) is used in the DWSNZ to assess the potential 
for faecal contamination of water. The bacterial quality of treated water is satisfactory if the E. coli 
concentration is less than 1 organism per 100 millilitres. Apart from a few strains, E. coli is not a disease-
causing organism (pathogen) itself. It is found in very high numbers in the gut of all warm-blooded 
animals. Fresh faeces almost always contain E. coli, although it may not survive in the environment as 
long as some pathogens. In general, the presence of E. coli confirms that water has been in contact 
with faeces, meaning that pathogens may also be present. The types of pathogen in water and their 
concentration will depend on the nature of the organisms that are infecting the source of the faeces 
(animal or human) and the number of animals or humans that are infected.  E. coli concentrations are 
routinely tested as part of Environment Southland’s groundwater monitoring and a large body of data 
already exists.  It is proposed that E. coli is used as an attribute for assessment of the Human Health 
(water supply) value. It can be used as an indicator of likely faecal contamination and risk to human 
health from a variety of waterborne pathogens as described above. 
 
4.1.4 Chemical and radiological attributes  
 
Tables 2.2 (MAVs for inorganic determinands of health significance), 2.3 (MAVs for organic 
determinands of health significance) and 2.4 (MAVs for radiological determinands) in the DWSNZ 
establishes water quality standards to which all drinking water supplies must comply.   It is proposed 
the same determinands and standards be used be used as groundwater human health attributes. 
 
In addition, further consideration was given to nitrate-nitrogen because of all the determinants listed 
in Tables 2.2, 2.3 and 2.4, nitrate-nitrogen is the one that is most frequently monitored and found to 
exceed MAV in Southland (note this excludes E. coli which is covered Table 2.1 in the DWSNZ and in 
the above section).  Nitrate and nitrite forms of nitrogen are included in the DWSNZ to protect against 
methaemoglobinaemia in bottle-fed infants.  
 
Environment Southland holds an extensive dataset of nitrate-nitrogen from monitored bores in the 
region, and nitrate-nitrogen is included as a standard measurement in most monitoring and 
investigation programmes.  Due to the availability of data, and relatively ease of sampling, it is 
proposed that nitrate-nitrogen be included specific attribute. While most determinands within the 
DWSNZ are not monitored or reported on regularly they are proposed to be included to retain 
consistency with the DWSNZ and to allow assessment where data is available, or as required9. 
 
4.1.5 Short-listed numeric attributes for human health (water supply) 
 
The groundwater human health attributes proposed for use are: 
 

 Escherichia coli (E. coli) (MPN or CFU); 

 Nitrate nitrogen (mg/L); and 

 All other determinants contained within the DWSNZ which have MAVs defined (MOH, 2018; and 
Appendix 1). 

 

 
4.2 Ecosystem health (groundwater ecosystems) attributes  
 

Groundwater supports a wide range of ecosystems both above ground and beneath the land surface. 
Preservation of the health of these ecosystems is important, not only for their intrinsic ecological value 
                                                                 
9For example, some of the other attributes (or determinants) from the DWSNZ may apply to discrete (‘hotspot’) areas within 
freshwater management units (FMUs), depending on how the numeric attributes are applied within the planning framework. 
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but also to sustain the services that they provide to the broader environment and human activities. 
Groundwater is used for drinking, agriculture and industrial applications. The function of aquifers is 
supported by their biological communities and together they provide many critical ecosystem services. 
Biological communities act to purify water and decongest aquifer materials. Microbial and 
macrofaunal communities are selected and regulated by the chemical and physical characteristics of 
groundwater, similarly these communities mediate redox reactions effectively controlling dissolved 
concentrations of associated elements such as oxygen, nitrogen, iron, manganese, and sulfur. Thus 
they play an important role in biodegradation of anthropogenic contaminants and nutrient cycling. 
Through maintaining hydrological function groundwater communities can contribute to buffering the 
effects of floods and droughts (Griebler and Avramov, 2014 and references therein). 
 
Key threats to groundwater ecosystems are changes in water level and flow rate (hydrological regime), 
dissolved oxygen, organic carbon and contaminant concentrations. Nitrate, ammonium, agrichemicals 
and other anthropogenic organic contaminants can all enter groundwater from a range of land use 
activities. Nitrate toxicity arguable represents the most significant current risk to groundwater 
ecosystems but there is a lack of toxicity data for groundwater species (Fenwick et al., 2018; Hickey, 
2019). Alteration or degradation of these ecosystems may result in changes in groundwater chemistry 
as well as deterioration or potential loss of critical aquifer functions. Figure 2 below conceptually 
describes some of the relationships relevant to a groundwater ecosystem and the potential direct and 
indirect effects of human activities.  
 

 
Figure 2: Potential direct and indirect effects of human activities on groundwater ecosystem 
functioning (from Fenwick et al., 2018) 

 
The available information specific to groundwater ecosystems suggests that a precautionary approach 
is required for managing activities with the potential to cause adverse effects on groundwater 
ecosystems (Fenwick et al., 2018). In keeping with this, it is proposed that nitrate is adopted as a 
numeric attribute for the value of ecosystem health. There are multiple toxicants that could be used 
as attributes, however, nitrate is proposed as the short-listed attribute for several reasons. These are: 
 

 nitrate has been identified as arguably the most significant current risk to groundwater 
ecosystem health;  
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 there are established nitrate numeric thresholds for surface water for the protection of 
ecosystem health that could be used as a basis of developing groundwater numeric thresholds;  

 nitrate is routinely measured in groundwater in Southland and there is an extensive nitrate 
dataset available for Southland; and  

 there are Southland specific data on groundwater ecosystems (Appendix 3).  
 
Therefore, it is proposed that nitrate is adopted as an attribute and a precautionary numeric risk 
classification is employed. A numeric attribute state table of nitrate for groundwater ecosystems will 
enable objectives to be set and reported against to ensure groundwater quality is maintained or 
improved as required by the proposed Southland Water and Land Plan and the NPS-FM (2017).  
 
As there is insufficient information available to establish numeric threshold values specific to 
Southland groundwater (stygofaunal) species, it is recommended that the guidelines and standards 
derived for the protection of surface water species are adopted in their absence (Hickey, 2019). Most 
evidence available suggests that groundwater species are likely to be more sensitive to toxicants 
(including nitrate) than their surface water counterparts (see Appendix 2). This would suggest that 
applying the surface water numeric thresholds for nitrate nitrogen toxicity is a minimum standard to 
adopt. Further information on this is presented in Appendix 2. 
 
4.2.1 Short-listed numeric attributes for groundwater ecosystem health 

 
The groundwater ecosystem health attributes proposed for use are: 

 

 Nitrate nitrogen (mg/L) 
 
 

5. Groundwater attribute state tables 
 

The following section contains the proposed attribute state tables and describes the rationale and 
justification for these.    

 
5.1 Human health (water supply) attribute state tables  
 

The attribute state table for E. coli is presented below (Error! Reference source not found.).  It is 
proposed the assessment is made on a site by site basis, therefore, each bore falls into a band of either 
pass or fail. Analysis would be performed on any data collected over a one-year timeframe. There is 
no minimum number of samples required for an assessment to be made. Any detection of E. coli within 
that one-year assessment period would result in the bore receiving a fail classification. 
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Table 2: Attribute state table for E. coli. 

Value Water supply 

Freshwater Body Type Groundwater  

Attribute E.coli 

Attribute Unit MPN/100mL (Most probable number per 100 millilitres) 

Attribute band and description Numeric Attribute State 

 Annual maximum* 

Pass 
Will rarely result in waterborne illness to 

humans through consumption of water. 

 

<1 

Proposed minimum acceptable state  <1 

Fail 
Unsuitable for human consumption.  Indicative 

of faecal contamination and increased risk of 

waterborne illness to humans. 

>1 

* Assessed annually (no minimum number of samples per bore).   

 
 

Why use an annual statistic? 
 

Assessments relating to contamination of water supply for human consumption or domestic 
use needs to be representative of recent conditions that are site specific.  This is particularly 
relevant for microbial attributes (i.e. E. coli), as contamination can be highly spatially and 
temporally variable. Attributes more likely to be associated with diffuse contamination   are 
more suited to longer assessment periods. 
 

Why is there no allowance for any exceedances? 
 

The annual maximum is proposed as this provided the greatest certainty that the bore or well 
complies with the DWSNZ.   This is also why there is no minimum number of samples required. 

 

The attribute state table for all determinants in the DWSNZ, excluding E. coli (see Table 2) and nitrate-
nitrogen (see Table 4) is presented below (Error! Reference source not found.).  It is proposed the 
assessment is made on a site by site basis, therefore, each bore falls into a band of either pass or fail. 
Analysis would be performed on any data collected over a one-year timeframe. There is no minimum 
number of samples required for an assessment to be made. 
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Table 3: Attribute state table for all determinants in the DWSNZ with a MAV, excluding E. coli and 
nitrate-nitrogen. 

Value Water supply 

Freshwater Body Type Groundwater  

Attribute Other parameters* in DWSNZ with assigned MAVs 

Attribute Unit Dependent on attribute 

Attribute band and description Numeric Attribute State 

 Annual mean Annual maximum 

Pass 
Suitable for human consumption with low risk of 

health effects from contaminant concentrations.  On 

the basis of present knowledge, it is considered not to 

cause any significant risk to the health of the 

consumer over 70 years of consumption of 2 litres per 

day of that water (MOH, 2018). 

≤75% of MAV ≤100% of MAV 

Proposed minimum acceptable state 75% of MAV MAV 

Fail 
Unsuitable for human consumption.  On the basis of 

present knowledge, it is considered to cause 

significant risk to the health of the consumer over 70 

years of consumption of 2 litres per day of that water 

(MOH, 2018). 

>75% of MAV >100% of MAV 

* These include microbiological measures, pesticides, organics, inorganics, heavy metals, and measures of 

radiation or radioactive elements (MOH, 2018) and listed in Appendix 1. 

Note: special consideration should be given to nitrite nitrogen concentrations. The sum of the ratio of the 

concentrations of nitrate and nitrite to each of their respective MAVs must not exceed one (MOH, 2018). 

 
 
Why has 75% of the attribute MAV been proposed as the minimum acceptable state?  
 

Drinking water standards are expressed as maximum allowable concentrations, i.e. peak 
concentrations. To ensure consistency, the assessment of groundwater in relation to criteria 
should also be made against peak concentrations. As groundwater quality monitoring 
programmes in Southland are not continuous, it is likely that peak concentrations will be 
missed. Consequently, a statistical approach is required to account for this. To ensure a 
consistent approach throughout classification, comparison of monitoring data against a 
standard or MAV should be based upon a 95th percentile or equivalent approach (UKTAG, 
2008). However, groundwater quality data are often not collected frequently enough over 
relevant timeframes to derive statistically robust 95th percentiles. Where there are sufficient 
reliable monitoring data for each individual site, then the 95th percentile could be calculated 
and used to assess compliance. Where data are insufficient to calculate 95th percentiles for 
individual sites, a trigger value can be used so that, if the mean of a dataset is below this trigger 
value there is a reasonable expectation that the 95th percentile would not exceed the 
maximum admissible concentration, if those 95th percentiles could be calculated. On this 
basis, it is proposed that the minimum acceptable state is set at a value of 75% of the relevant 
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drinking water standard MAV. This percentage has been selected because it takes into account 
the large variability in hydrogeological settings, potential temporal variability in parameter 
values and because it introduces what is believed to be an adequate degree of protection such 
that the risk of misclassification is acceptable. 

 
Why use both a mean and maximum statistic? 
 

Any exceedance of the MAV indicates that the water is unsuitable for human consumption. To 
provide sufficient protection it is suggested that the annual or 5-year (NO3-N only) maximum 
value is used in conjunction with the 75% of MAV trigger value to assess state. For E. coli this 
means any detection throughout the reporting year will result in a non-compliance.  

 
The proposed attribute state table for nitrate-nitrogen is presented below (Error! Reference source 
not found.). It is proposed the assessment is made on a site by site basis, therefore, each bore falls 
into a band of either pass or fail. Analysis is to be performed on any data collected over a five-year 
timeframe. A site must have a minimum of ten observations for at least 4 of the 5 years to be eligible 
for analysis. 
 
Table 4: Attribute state table for nitrate-nitrogen. 

Value Water supply 

Freshwater Body Type Groundwater  

Attribute Nitrate 

Attribute Unit mg NO3-N/L (milligrams nitrate-nitrogen per litre) 

Attribute band and description Numeric Attribute State 

 5-year mean* Maximum 

Pass 
Suitable for human consumption with respect to low 

risk of methaemoglobinaemia in bottle fed infants. 

≤8.5 ≤11.3 

Proposed minimum acceptable state 8.5 11.3 

Fail 
Unsuitable for human consumption with respect to 

high risk of methaemoglobinaemia in bottle fed infants.   

>8.5 >11.3 

* 5 year mean with a minimum of 10 samples and data from at least 4 of the 5 years. This is used as it has 

particular relevance to the frequency which groundwater samples are usually collected in Southland and the 

general temporal variability in groundwater chemistry. 

 
 

Why has a 5-year time period been used, and not annual like the other attributes for human health 
for drinking water (water supply)?    

 
A five year statistical time period is consistent with the criteria for the nitrate-nitrogen 
attribute used in ecosystem health (see the following section). The five year maximum is also 
used to provide sufficient protection and certainty that the MAV is not exceeded. Additionally, 
each site must have a minimum of 10 samples to be eligible for assessment. 
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The five-year assessment period reflects the frequency of monitoring (commonly biannually 
or quarterly) and the rate of change in groundwater systems. For biannual sampling this results 
in 10 observations. While localised nitrogen contamination can and does occur, diffuse sources 
are more commonly the cause of widespread groundwater pollution. Characterisation of 
widespread diffuse pollution in groundwater systems is more robustly achieved utilising 
available data over a longer period of time. 

 

Why must a site have data from four of five years to be eligible for assessment? 
 
This criterion serves to ensure that the state assessment is representative of a timeframe 
relevant to diffuse contamination of groundwater. For example, this may exclude a bore that 
has been sampled at a high frequency but only over a short timeframe. 

 

 
5.2 Ecosystem health (groundwater ecosystems) attribute state tables  
 
The attribute state table for nitrate-nitrogen is presented below (Error! Reference source not found.).  
It is proposed the assessment is not made on a site by site basis but instead utilises data from all eligible 
bores within an area to generate a representative estimate for the specified assessment zone10. 
Analysis would be performed on any data collected over a five-year timeframe. A site must have a 
minimum of ten observations for at least 4 of the 5 years to be eligible for analysis. 

 
  

                                                                 
10 Particular spatial unit that is being assessed. For example, this may be the region, a freshwater management unit or a 
groundwater management zone. 
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Table 5: Nitrate-nitrite nitrogen attribute options table for groundwater ecosystem health (toxicity).  

Value Ecosystem health 

Freshwater Body Type Groundwater  

Attribute Nitrate 

Attribute Unit mg NO3-N/L (milligrams nitrate-nitrogen per litre) 

Attribute band and description Numeric Attribute State 

 5-year mean1 

A 
High conservation value system.  Unlikely to be 

effects even on sensitive stygofauna species.   

≤1.0 

B 
Likely growth effect on some stygofauna 

species. 

>1.0 and ≤2.4 

C 
Growth effects on a proportion of stygofauna 

species.  Potential effects on groundwater 

ecosystem function. 

>2.4 and <6.9 

Proposed minimum acceptable state2 6.9 

D 
Likely impacts on growth of many stygofauna 

species and effects on groundwater ecosystem 

function. 

>6.9 

1 5 year mean is determined by first calculating the median values for all sites within an assessment unit where 

sites meet the data criteria of having at least 10 data points from a minimum of 4 years; and then calculating the 

mean from all site medians. 

2 This is based on the national bottom line in the nitrate toxicity NOF table in the NPSFM 2017.  Subsequent to 

the work contained within this memo, the national bottom line has since been increased to the C/B band (2.4 

mg/L).   

 

 
Why use an assessment unit11 instead of a site-by-site requirement like the other attribute state tables?   

 
It is proposed this assessment is not done on a site by site basis, but instead utilises data from 
all eligible bores within an area to generate a representative estimate. This allows for 
assessment at a scale that is appropriate to consider the vertical and lateral movement of 
stygofauna, the nature of diffuse nitrogen contamination in an aquifer setting and the data 
available. 

 

 
 
 

                                                                 
11 Particular spatial unit that is being assessed. For example, this may be the region, a freshwater management unit or a 
groundwater management zone.  
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Why calculate site medians first, then the mean of sites within the unit area? 
 
A measure of central tendency needs to be calculated for each site first to avoid overrepresentation 
of data from any one site in the overall assessment. 

 
Why is there a requirement that only sites with at least 10 observations within the five-year period will 
be eligible for inclusion in the assessment? 
 
The five-year assessment period reflects the frequency of monitoring (commonly biannually or 
quarterly) and the rate of change in groundwater systems. For biannual sampling this results in 10 
observations. While localised nitrogen contamination can and does occur, diffuse sources are more 
commonly the cause of widespread groundwater pollution. Characterisation of widespread diffuse 
pollution in groundwater systems is more robustly achieved utilising available data over a longer 
period of time. 

 
Why is there a requirement for a site to be eligible it must have data from at least four of the five years 
within the assessment period? 
 
This criterion serves to ensure that the state assessment is representative of a timeframe relevant to 
groundwater. For example, this may exclude a bore that has been sampled at a high frequency but 
only over a short timeframe. 
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Appendix 1 
 
Tables listing determinands identified within the DWSNZ (MOH, 2018). 
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Appendix 2 
 
Further information relating to groundwater ecosystem health. 
 

The lack of toxicity data for stygobiotic taxa means that, to date, there have been no numeric toxicity 
threshold values derived specifically for groundwater ecosystems. Many reasons have been given for 
the use of a protective assessment factor for groundwater that is based on data for surface water 
species. The first is that stygobiotic organisms have a prolonged period of exposure to toxicants relative 
to surface water species because the processes of toxicant degradation are slower. The stable 
environmental conditions, particularly temperature, the absence of light, oligotrophy and low redox 
potential in groundwaters result in decreased biotic and photolytic degradation and hence greater 
persistence of chemical substances than in surface waters (Yagi et al., 2010).  In most surface water 
systems (e.g. rivers), the residence time of water (the amount of time that a molecule of water spends 
in a particular system) ranges from a few days to a few weeks. However, in groundwater ecosystems 
such as aquifers, the residence time may be decades or even centuries (Freeze and Cherry, 1979). 
Consequently, where the baseline quality of the riverine surface water may recover after a relatively 
short period of time, the recovery in aquifers may require decades, or disturbances may even be 
irreversible (EMA, 2018). Additionally, groundwater ecosystems are characterised by lower levels of 
complexity (in terms of a lower number of trophic levels) due to the allotrophy

 
and heterotrophy

 
of 

these systems. This lower level of complexity also implies that re-colonisation after perturbation may 
be relatively slow, and that the restoration of an affected biotic community is correspondingly slow 
(Culver and Pipan, 2009). This results in groundwater ecosystems having a low resilience to 
perturbations. Groundwater communities are often characterised by a high level of endemism, 
longevity, slow growth and low reproduction rates (Gibert et al., 1994). The biological adaptations of 
these species contribute to the low resilience and adaptability of their community when reacting to 
repeated or chronic pressure due to chemical stressors. Due to the low resilience to perturbations by 
groundwater ecosystems, recovery from the toxic effects of toxicants may not be possible within a 
realistic timeframe of a few seasons or even decades (Kolar and Finizio, 2017). Consequently, the 
permanent loss of endemic groundwater species is a realistic threat (Bulog and Mali Bizjak, 2014) 
(EMA, 2018). 

To account for the sensitivity of groundwater ecosystems, the European Medicines Agency (EMA, 2018 
& Kolar and Finizio, 2017) propose applying a reduction factor of 10 to equivalent surface water 
numeric thresholds. The EMA guidelines consider the sensitivity of stygobiotic taxa one order of 
magnitude higher than that of surface water species (EMA, 2018). However, some other studies have 
highlighted that stygobiotic species are up to 15 times more sensitive than closely related surface 
water species under short-term exposures to metals, ionized ammonium and pesticides (Bosnak and 
Morgan, 1981; Mösslacher, 2000; Canivet et al., 2001; Di Lorenzo et al., 2014; Di Marzio et al., 2018). 
If, in addition to the higher sensitivity, other unfavourable factors are considered, such as the 
prolonged exposure to pollutants (because of the longer life spans), the long residence time of 
xenobiotic substances, the low metabolic rates and the high number of narrow endemic species, a 
factor equal to 10 may be insufficient (Di Lorenzo et al., 2019).  
 
In light of this, it is a proposed that in absence of specific nitrate toxicity thresholds for groundwater 
ecosystems, the very minimum step to take would be to adopt the New Zealand guidelines and 
standards derived for surface water species. This has previously been expressed in a New Zealand 
context in relation to management of Te Waikoropupū Springs (Fenwick et al. 2018; Hickey et al. 2018; 
Young et al. 2017).  
 
The maximum nitrate concentration for protecting freshwater biodiversity and ecological functioning 
has undergone successive reviews since the ANZECC & ARMCANZ (2000) guidelines were established. 
A revision of the ANZECC toxicity guideline concentration for nitrate was incorporated into National 
Objectives Framework (NOF) of the NPS-FM for nitrate concentrations in rivers (MFE, 2014). The NOF 
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establishes a national bottom line of 6.9 mg/L and 9.8 mg/L of nitrate nitrogen as annual median and 
annual 95th percentile values, respectively. At these concentrations, which are much lower than the 
national drinking water guideline of 11.3 mg/L, growth effects are likely for up to 20% of sensitive 
species, such as fish, but acute effects should be absent (MFE, 2014). According to the narrative in the 
NOF, annual median and annual 95th percentile values of ≤1 and ≤1.5 mg/L are required to avoid any 
adverse effects on riverine ecosystem health. 
 
The proposed Southland Water and Land Plan does not currently specify nitrogen thresholds in 
groundwater with regards to ecosystem health, but Objective 8 requires aquifers that meet the 
Drinking Water Standards and any freshwater objectives (established under the Freshwater 
Management Unit process) for connected waterbodies to be maintained. Adopting a numeric 
threshold framework will allow assessment and reporting against any established objective states. 
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Appendix 3 
 

Existing work relating to groundwater ecosystems in Southland. 
 
ESR have had a groundwater microbiological testing programme in Southland for approximately five 
years. The aim of this work is primarily to test collection and analysis methods and ultimately develop 
a groundwater health index based around microbiological and stygofaunal data. To date this work has 
helped develop effective sampling techniques, and demonstrated some of the diversity present in 
Southland groundwater. Figure 3 presents a sample of data. For further information on this work 
please contact Dr Louise Weaver (ESR). Additional bacterial diversity analysis of bores from the New 
Zealand National Groundwater Monitoring Programme is presented in Sirisena (2014), Sirisena et al. 
(2014) and Sirisena et al. (2013). 
 

 
Figure 3: Phylum level assessment shows a dominance of microalgae (incl. diatoms)(Orchrophyta), 
protozoa (Cilliophora, Cercozoa, Euglenozoa) and fungi (Ascomycota, Basidiomycota). 

 

 
 


