
  
 
 

 

  
 

 

Sustainability of Te Waikoropupu 
Springs' aquifer ecosystems 

 

Prepared for Andrew Yuill 

March 2015 

Corrected July 2016 

 
  

  



  
 
 
 

© All rights reserved.  This publication may not be reproduced or copied in any form without the permission of 
the copyright owner(s).  Such permission is only to be given in accordance with the terms of the client’s 
contract with NIWA.  This copyright extends to all forms of copying and any storage of material in any kind of 
information retrieval system. 

Whilst NIWA has used all reasonable endeavours to ensure that the information contained in this document is 
accurate, NIWA does not give any express or implied warranty as to the completeness of the information 
contained herein, or that it will be suitable for any purpose(s) other than those specifically contemplated 
during the Project or agreed by NIWA and the Client. 

Prepared by: 
Graham Fenwick 

For any information regarding this report please contact: 

Graham Fenwick 
Principal Scientist 
Biodiversity 
+64 3 343 8051 
graham.fenwick@niwa.co.nz 
 

National Institute of Water & Atmospheric Research Ltd 

PO Box 8602 

Riccarton 

Christchurch 8011 

 

Phone +64 3 348 8987 

 

NIWA CLIENT REPORT No: CHC2015-020 
Report date:   March 2015 
NIWA Project:    
 
 

Quality Assurance Statement 

 Reviewed by: Scott Larned 

 Approved for release by: Clive Howard-Williams 

 
 
 

 



  

Sustainability of Te Waikoropupu Springs' aquifer ecosystems  

Contents 
 

1 Introduction .............................................................................................................. 4 

1.1 Background ............................................................................................................... 4 

1.2 Scope and limitations................................................................................................ 4 

2 Groundwater quality .................................................................................................. 4 

2.1 Organic carbon (no ANZEEC guideline concentration) ............................................. 5 

2.2 Dissolved oxygen (no ANZEEC guideline concentration) .......................................... 7 

2.3 Nitrate ....................................................................................................................... 9 

2.4 Ammonia ................................................................................................................. 12 

3 Conclusions ............................................................................................................. 12 

4 Acknowledgements ................................................................................................. 12 

5 References ............................................................................................................... 13 

 

Tables 

Table 1: Concentrations of organic carbon reported for New Zealand aquifers. 7 

Table 2: Dissolved oxygen concentrations for various New Zealand aquifers. 9 

Table 3: Guideline concentrations for nitrate-N based on surface water species. 11 

 
 

 
 



  

4 Sustainability of Te Waikoropupu Springs' aquifer ecosystems 

1 Introduction 

1.1 Background 

Te Waikoropupu Springs emerge from a complex of aquifers1 (for convenience here called the Te 

Waikoropupu Springs aquifer complex (WaiSAC) and, because of the extremely high natural, 

ecological, biodiversity, spiritual, cultural and economic values associated with this remarkable 

feature, work towards ensuring that their values are sustained has commenced. This initiative seeks 

a Water Conservation Order to sustainably manage the springs themselves, plus the surface and 

ground waters that supply and sustain them. 

NIWA was requested to recommend numerical water quality limits for water in these aquifers, based 

on a desk-top evaluation of available information on groundwater ecosystem responses to key water 

quality variables. 

1.2 Scope and limitations 

This report provides recommendations based on a preliminary analysis of scant data and available 

information, and its recommendations must be regarded as tentative. A more rigorous water quality 

guideline and limit setting process, ideally backed by a more substantial body of research 

information, is essential to review and revise these recommendations as soon as practical.   

The approach taken here was to review the limited available information on stygofauna tolerances to 

a few key water quality variables and compare this toxicity information with the relevant 

concentrations in New Zealand’s surface water quality guidelines (i.e., the ANZECC guidelines 

((ANZECC & ARMCANZ 2000)). Effects of water quality on aquifer microbes, notably those comprising 

biofilms, are not considered here, despite their importance in aquifer ecological functioning and the 

established relationships between water quality and both suspended and attached (i.e., non-biofilm 

and biofilm, respectively) bacterial community composition (Flynn et al. 2013; Sirisena et al. 2014). 

Two key variables, organic carbon and dissolved oxygen, are not covered by the ANZECC guidelines, 

but are essential for most groundwater ecosystems. Their concentrations vary naturally in 

groundwaters, as well as being influenced indirectly via human activities.   

2 Groundwater quality  
Water quality generally is a measure of the extent to which water and the substances that it contains 

is fit for purpose, either for human purposes and/or for natural ecosystem functioning. Several 

categories of substances may be involved in water quality, such as toxicants (e.g., metals and other 

chemicals that are toxic in low concentrations), others that are resources at low concentrations but 

toxic at high concentrations (e.g., nitrate and other nutrients), and other resources which are 

essential for life and may interact with each other (e.g., dissolved oxygen and dissolved organic 

carbon). 

The quality of New Zealand’s surface freshwaters is managed in large part using the ANZECC 

guidelines (ANZECC & ARMCANZ 2000). These guidelines were intended “to achieve the sustainable 

use of Australia’s and New Zealand’s water resources by protecting and enhancing their quality while 

                                                           
1 Te Waikoropupu Springs water is considered to originate from at least three aquifers, the Arthur Marble, Takaka Limestone and Takaka 
Valley Unconfined Gravel aquifers (Stewart & Williams 1983). This has significant implications for managing the springs’ water, but these 
complexities are beyond the scope of this report. 
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maintaining economic and social development” (ANZECC & ARMCANZ 2000: xii), indicating that any 

guideline concentrations or limits for protecting a high conservation value surface water body should 

be more stringent than the ANZECC guideline values. The guidelines are, however, the only available 

and comprehensive set of research-based and ecologically meaningful concentrations of several 

important potential toxicants for surface freshwaters.  

The water quality requirements for sustaining groundwater ecosystems and their biodiversity 

components are poorly researched and poorly understood internationally and in New Zealand. This 

applies even for the small set of key variables discussed here: organic carbon, dissolved oxygen, 

nitrate and ammonia. Water quality within the WaiSAC is poorly defined, and few relevant data are 

available. Thus, any limits for water quality variables to sustain the WaiSAC and its ecosystem must 

be very tentative, and regarded as very preliminary until: (a) more comprehensive monitoring data 

on of all relevant water quality parameters are available, (b) a rigorous limits setting exercise can be 

completed, and (c) there is a much better understanding of the water quality requirements for 

sustaining groundwater ecosystems generally and for the WaiSAC in particular.  

In the absence of the underpinning science outlined above, water quality guidelines for the proposed 

Water Conservation Order must be linked to the WCO’s objective of sustaining the diverse values of 

Te Waikoropupu Springs. This means that any water quality guidelines or limits for the springs and 

associated aquifers should be based on historical and present water quality of the springs and of the 

contributing aquifers, tempered by any additional relevant scientific information. The 99% protection 

level concentrations provided within the ANZECC guidelines (see ANZECC & ARMCANZ 2000; Table 

3.4.1) could provide interim default guidelines concentrations for groundwater in the absence of any 

other relevant information, but the numerous limitations of these guidelines identified within that 

report, and their uncertain applicability to groundwater ecosystems, must be considered.  

The following discusses preliminary guidelines concentrations of four key attributes for the WaiSAC 

water, including some not included in the ANZEEC guidelines. 

2.1 Organic carbon (no ANZEEC guideline concentration) 

Organic carbon, as the primary food source for most groundwater organisms, varies seasonally and 

generally determines groundwater community composition and abundance (e.g., Baker 2000, Sinton 

1984, Fenwick et al. 2004, Datry et al. 2005, Hancock & Boulton 2008). In dissolved or very fine 

particle forms (including in bacteria cells), it may be carried into the aquifer with inflowing water in 

the upper catchment or at any point along a catchment (Baker 2000; Jones 1995; Scarsbrook 2003). 

Most importantly, organic carbon also enters groundwater from overlying land use activities where it 

is incorporated into biofilms (Fenwick et al. 2004, Boulton et al. 2008, Hartland et al. 2011).  

Biological activity in groundwater ecosystems is frequently limited by organic carbon availability 

(Baker 2000; Jones 1995). Many stygobitic2 taxa are adapted to living in aquifers where food is 

scarce, with their metabolic (and reproductive) rates and oxygen requirements generally appreciably 

lower than equivalent epigean3 or stygophilic4 species (e.g., Spicer, 1998; Wilhelm et al. 2006). 

Increased organic carbon and food availability potentially cancels the competitive advantages of this 

stygobitic physiological adaptation, enabling stygophilic species with higher metabolic rates (and 

faster generation times) to displace the natural stygobitic community (assuming dissolved oxygen is 

                                                           
2 Stygobite or stygobitic species: obligate or strictly subterranean aquatic inhabitants for the entire lives. Taxa: generally used here to mean 
a species, at times means some other taxonomic unit or grouping of organisms. 
3 Epigean: inhabiting surface waters. 
4 Stygophilic species or stygophile: inhabit both surface and subterranean aquatic environments, not constrained to either. 
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not limiting)(Wilhelm et al. 2006). Thus, while increased organic carbon supply increases abundances 

of some species, it may lead to other strictly stygobitic species and communities being displaced or 

even eliminated through competition by non-obligate stygophilic species, especially if other 

environmental factors (e.g., dissolved oxygen) change to suit the stygophiles (Datry et al. 2005). Such 

a shift in community composition occurred within a large coastal aquifer contaminated by treated 

wastewater (increased nitrate, biochemical oxidation demand, dissolved organic carbon) over 45 

years, with one omnivorous species becoming the dominant, displacing others (including apparent 

extinction of one endemic stygobitic species)(Marsciopinto et al. 2006).  

Community density increased with organic carbon enrichment in a New Zealand alluvial aquifer some 

5 km from the nearest surface waters (Sinton 1984), but taxonomic resolution was insufficient to 

observe any associated changes in species richness. That study did report repeated significant kills of 

stygofauna at the most contaminated wells, apparently due to excessive organic carbon from 

effluent leading to anoxic conditions (Sinton 1984).  

Stygofauna within karst cave systems appears similarly affected by organic carbon enrichment. For 

example, massive organic enrichment resulting from dumping sawdust into a cave exterminated the 

previously abundant and diverse stygofauna, biofilms >1 cm thick coated the gravel substrate, and 

huge populations of opportunistic species (tubificid worms and chironomid flies) developed (Culver 

1992). Similar shifts in community composition in response to organic carbon enrichment are noted 

for several other SGDEs (e.g., Illife 1984). 

Organic carbon concentrations tend to be higher closer to upper catchment recharge areas, than 

lower in the catchment (see Table 1) and some decrease in concentration with increasing depth in 

the aquifer seems likely. Some organic carbon hotspots associated with buried ancient wood or other 

organic material seem likely at any depth within many alluvial aquifers. Organic carbon 

concentrations also may vary over quite small distances and quite short time spans within alluvial 

aquifers. For example, dissolved organic carbon (DOC) varied from 1.5 to 24 mg/L seasonally over an 

eight-month period in an Austrian aquifer (2-6 m depth) (Gunatilaka 1994).  

Some of the variability reported in these studies may be natural, and some does result from human 

activities. To date, there is no clear understanding of organic carbon concentrations or its natural 

variation in groundwaters completely unaffected by human activities. Organic carbon was optically 

undetectable in water emerging from the springs when measured twice (February 1993 and March 

1995) (Davies-Colley & Smith 1995). There are no data on organic carbon concentrations elsewhere 

within the catchment and aquifer, but it must be generally very low for the organic carbon to be 

entirely consumed during the water’s transit to the springs.  

Table 1 lists reported organic carbon concentrations available from New Zealand research on 

aquifers. These values come from diverse measurements, some gathered over several years, others a 

single measurements. Perhaps the most relevant values are those from groundwater adjacent to the 

upper reaches of the Selwyn River, at a point where the river leaves less intensively farmed foothills 

to disappear into the aquifer that flows seaward under more intensively farmed plains. In our 

experience, organic carbon concentrations of up to 3-4 mg/L, in combination with moderate 

concentrations of dissolved oxygen (e.g., >4 mg/L) are associated with apparently healthy, functional 

alluvial groundwater ecosystems.  

Clearly, organic carbon concentrations within the WaiSAC require urgent measurement to provide a 

meaningful background for guiding management of water quality at the springs. On-going 
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monitoring, especially to determine any seasonal variations and changes to these, are essential. This 

measurement and monitoring is likely to find different organic carbon concentrations at different 

points within each of the contributing aquifers and at different seasons at each point. Thus, it is 

inappropriate to suggest any initial guideline or limit concentrations for this variable, other than for 

at the springs water itself, where concentrations of dissolved organic carbon must remain 

undetectable to maintain the water’s extreme clarity. 

Table 1: Concentrations of organic carbon reported for New Zealand aquifers.  

Organic 
carbon (mg/L) 

Location Contamination Aquifer details Source 

undetectable Te 
Waikoropupu 
Springs 

Low; probably 
uncontaminated 

Karst & alluvial (3 
aquifers contribute) 

Davies-Colley & 
Smith 1995 

1.1-3.4 Templeton, 
Canterbury 

Moderate Alluvial aquifer c. 18 m to 
water table; control well 

Fenwick & Wilson 
1999 

1.5-5.6 Templeton, 
Canterbury 

Highly Alluvial aquifer c. 18 m to 
water table; wastewater 

Fenwick & Wilson 
1999 

8.1 Leeston, 
Canterbury 

Moderate Fine-grained alluvial 
aquifer, contaminated  

Hartland et al. 
2011 

9.0-18.2 Leeston, 
Canterbury 

Highly Fine-grained alluvial 
aquifer, wastewater 
contaminated 

Hartland et al. 
2011 

1.2 (n=4) Selwyn River, 
Canterbury 

Low (headwaters) Alluvial aquifer riverine 
recharge zone 

Williamson et al. 
2012 

0.7 (n=4) Selwyn River, 
Canterbury 

Moderate (lower 
reach) 

Alluvial aquifer close to 
lowland river 

Williamson et al. 
2012 

0.4 (n=4) Lincoln, 
Canterbury 

Moderate Alluvial aquifer Williamson et al. 
2012 

0.6-3.4 (n>20) Selwyn River, 
Canterbury 

Low (headwaters) Alluvial aquifer riverine 
recharge zone 

Larned et al. 2014 

0.4-2.1 (n>20) Selwyn River, 
Canterbury 

Moderate (lower 
reach) 

Alluvial aquifer close to 
lowland river 

Larned et al. 2014 

 

2.2 Dissolved oxygen (no ANZEEC guideline concentration) 

Normally, unpolluted, gravel-bed stream water is close to 100% saturated with oxygen (i.e., c. 10 

mg/L, depending on temperature (Davies-Colley & Wilcock 2004)), although natural processes and 

human impacts can deplete oxygen, especially where higher temperatures and/or organic carbon 

enrichment increase chemical and biological demand for oxygen beyond its replenishment rate. In 

aquifers, water flowing through the aquifer matrix often has minimal or no oxygenation from contact 

with air for long periods (weeks, months, years, decades). Consequently, alluvial aquifer waters tend 
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to contain less oxygen with increasing distance from their recharge zones and typically are 5-45% 

saturated (e.g., Danielopol et al. 2001; Hancock et al. 2005).  

Oxygen is fundamental to aerobic organisms, including most stygofaunal invertebrates and especially 

crustaceans (Malard & Hervant 1999), and its availability can be the dominant, direct effect on 

stygofunal community composition and abundance (Mosslacher, Pospisil et al. 1996). Aerobic 

organisms take up and use oxygen for respiration, even at rest, although taxa differ in their oxygen 

consumption rates and ability to withstand reductions in dissolved oxygen availability. True stygobitic 

species consume less oxygen than their stygophilic and epigean counterparts (Spicer 1998; 

Mosslacher 2000; Wilheim, Taylor et al. 2006), frequently enabling survival at the lower (<3 mg/L) 

dissolved oxygen concentrations common in subterranean interstitial habitats (Malard & Hervant 

1999). Under such hypoxic conditions (oxygen concentrations typically < 2-3 mg/L), some stygobites 

switch to anaerobic metabolism to fuel their energy needs (Hervant et al. 1996), although there is no 

clear evidence that any normally aerobic stygobitic species survives anoxia indefinitely. Others, such 

as some hyporheic amphipods, actively move towards and into higher dissolved oxygen 

concentrations, independent of flow direction (Henry and Danielopol 1999).  

Any food or organic carbon enrichment that stimulates microbial activity may use much or all of the 

available dissolved oxygen (e.g., Baker et al. 2000). Stygofaunal communities increase in density in 

response to increased food (i.e., organic carbon) only if there is sufficient dissolved oxygen 

(Mösslacher & Notenboom 1999). Enrichment and bacterial stimulation without sufficient dissolved 

oxygen (perhaps due to reduced water flows or increased temperature) can lead to anoxia that kills 

much of the stygofauna (Sinton 1984; Boulton et al. 2008). 

Field evidence of the effect of dissolved oxygen on community compositions and species abundances 

are generally confounded by other interacting environmental variables. For example, the stygofauna 

inhabiting wells generally closer to a river differed from that at more distant wells where the aquifer 

was shallower, contained less dissolved oxygen and transmissivity was lower (Dumas et al. 2001).  

As with organic carbon, therefore, setting any limits for dissolved oxygen concentrations is 

complicated and requires a substantial body of research information, much of this specific to the 

WaiSAC. A cursory survey of readily available information on dissolved oxygen in New Zealand 

alluvial aquifers (Table 2) provides little guidance, except that Te Waikoropupu’s water contains c. 

6.5 mg/L of oxygen (at least in 1976). The only appropriate guideline is that the WaiSAC should be 

managed to ensure that water discharging from the springs contains at least 6.0 mg/L of dissolved 

oxygen. It is inappropriate to suggest any guideline levels for dissolved oxygen concentrations 

elsewhere within the WaiSAC in the absence of specific information on current dissolved oxygen 

concentrations within different parts of the aquifer and their relationships to spring water.  

We note that dissolved oxygen is replenished primarily via recharge water and that as recharge 

declines, so too do water levels (depths below ground)(i.e., hydraulic head decreases) and dissolved 

oxygen concentrations. In particular, dissolved oxygen appears to become a critical factor at low 

aquifer levels when the hydraulic gradient is reduced and the rate of water replacement (containing 

more dissolved oxygen) is slowed. Thus, managing, water levels to ensure near natural 

velocities/flows through the aquifer matrix, in tandem with managing organic carbon concentrations 

within groundwater, seems likely to sustain higher dissolved oxygen concentrations within most 

aquifers. 
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Table 2: Dissolved oxygen concentrations for various New Zealand aquifers.  

Dissolved 
oxygen mg/L 

Location Contamination Aquifer details Source 

6.5 Te 
Waikoropupu 
Springs 

None; natural? Discharge from Arthur 
Marble Aquifer of  

Michaelis 1976 

6.4-8.1 Templeton, 
Canterbury 

Moderate Alluvial aquifer c. 18 m 
to water table; control 
well 

Fenwick & Wilson 1999; 
Scarsbrook & Fenwick 
2003 

3.7-8.4 Templeton, 
Canterbury 

Highly Alluvial aquifer c. 18 m 
to water table; 
wastewater 

Fenwick & Wilson 1999; 
Scarsbrook & Fenwick 
2003 

6.3-9.6 Waimakariri R, 
Canterbury 

Low Alluvial aquifer riverine 
recharge zone 

Scarsbrook & Fenwick 
2003 

3.3-8.5 Hawkes Bay: 
Ngaruroro R. 

Moderate Riverine alluvial aquifer Scarsbrook & Fenwick 
2003 

6.0-7.8 Hawkes Bay: 
Waipaua R. 

Moderate Riverine alluvial aquifer Scarsbrook & Fenwick 
2003 

2.1–8.6 (n=3) Selwyn River, 
Canterbury 

Low (headwaters) Alluvial aquifer riverine 
recharge zone 

Williamson et al. 2012 

1.52–4.73 
(n=3) 

Selwyn River, 
Canterbury 

Moderate (lower 
reach) 

Alluvial aquifer close to 
lowland river 

Williamson et al. 2012 

7.4 (n=4) Lincoln, 
Canterbury 

Moderate Alluvial aquifer Williamson et al. 2012 

0.3-7.1 Selwyn River, 
Canterbury 

Low (headwaters) Alluvial aquifer riverine 
recharge zone 

Larned et al. 2014 

0.7-7.2 Selwyn River, 
Canterbury 

Moderate (lower 
reach) 

Alluvial aquifer close to 
lowland river 

Larned et al. 2014 

 

2.3 Nitrate  

The nitrate5 ion (NO3
-) occurs naturally in the environment along with ammonium (NH4

+) and nitrite 

(NO2
-) in ionic form as the most common inorganic forms of nitrogen. Ammonium is usually 

converted (oxidised) to nitrite and nitrate by common aerobic bacteria when oxygen is present, even 

at low (1 mg/L) oxygen concentrations, so that nitrate predominates in aerobic aquatic environments 

(e.g., Camargo et al. 2005). Nitrate is removed from aquatic environments when taken up as an 

essential nutrient by plants or converted to nitrogen gas (N2) by bacteria in anaerobic situations (and 

                                                           
5 It is the concentration of nitrate ions (NO3

-) that determines toxicity. However, toxic concentrations frequently are reported in terms of 
nitrate-nitrogen (NO3-N), which can be converted to nitrate ion equivalent by multiplying by 4.43 (and the converse by multiplying by 0.23 
to derive mg NO3-/L)(after Hickey 2013: 8). Here, we follow the common approach of reporting toxicities as mg NO3-N /L, but the 
difference in reporting unit makes no difference to toxicity (Hickey 2013: 8). 
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at anaerobic micro-sites within more generally aerobic environments). However, substantial 

additional nitrate enters many surface and groundwaters from human sources (e.g., agricultural 

runoff, municipal and industrial wastewaters, urban runoff), frequently increasing total dissolved 

nitrate concentrations substantially (e.g., Tidswell et al. 2012).   

The primary concern over nitrate in the environment is due to its toxicity to humans, farm and 

domestic stock, and to aquatic invertebrates. In all cases, nitrate binds to the oxygen-carrying blood 

pigments (haemoglobin in humans and mammals, haemocyanin in many invertebrates), preventing 

these pigments from transporting oxygen to body tissues (Camargo et al. 2005). Nitrates also are 

implicated as potential carcinogens for humans, adding to concern about drinking nitrate 

contaminated water. Thus, nitrate is a high priority for resource management, especially for 

managing freshwaters.  

Although there are few useful data on nitrate toxicities for groundwater invertebrates, equivalent 

information for surface water faunas provide useful guidelines. Nitrate increases in toxicity to aquatic 

animals with increasing concentrations and with exposure times, and may decrease with increasing 

body size, water salinity, and environmental adaptation (Camargo et al. 2005). Based several 

experiments and other results, a maximum nitrate (as nitrogen) concentration of 2.0 mg NO3-N/L (or 

8.86 mg NO3
-/L) was recommended to protect sensitive surface water species during longer-term 

exposures (Kincheloe et al. 1979; Camargo et al. 2005).  

The effects of nitrate on groundwater biofilms and stygofauna in situ are less clear. Amphipod 

crustaceans appear to be among the more sensitive of invertebrates and are especially relevant here 

because they dominate many groundwater communities.  

In a detailed, expert review of all available data on nitrate toxicology for freshwaters and using the 

ANZECC (2000) and Environment Canada’s methodology, Hickey & Martin (2009) recommended 

specific NO3-N concentrations for high conservation/ecological value surface water ecosystems, 

slightly to moderately disturbed systems and for highly disturbed systems for Canterbury’s 

freshwater environments. They noted, however, that the “datasets are particularly lacking in species 

which are known to be of high sensitivity to contaminants”, especially “amphipods, mayflies and 

some native fish species that are more sensitive to some chemical contaminants than the standard 

international test species” (Hickey & Martin 2009: 19). A subsequent update of that review for New 

Zealand lakes and rivers (not groundwaters) included several new acute and chronic data (including 

for a native mayfly and juveniles of an endemic fish), partially addressing the earlier information gaps 

(Hickey 2013). It recommended average long-term exposure concentrations of 1.0 mg NO3-N/L to 

protect high conservation value ecosystems (concentrations at which no effect was observed; 

termed Grading) and threshold effect (termed Surveillance) concentrations of 1.5 mg NO3-N/L for 

managing seasonal (up to three months) maximum concentrations (Table 3).  
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Table 3: Guideline concentrations for nitrate (reported as NO3-N concentrations) to protect surface 
water species. Grading guidelines are based on species’ no observed effect concentrations, and Surveillance 
guidelines based on threshold effect concentrations. From Hickey (2013): 16 (Table 5.1). 

 

 

This is the best available compilation of relevant toxicity data for freshwater and groundwater 

organisms. However, it noted continuing significant knowledge gaps in:“(i) the adequacy of native 

fish and invertebrate [nitrate toxicity] data for surface waters; (ii) absence of [data on] hyporheic 

species; and (iii) [nitrate] toxicity modification in relation to water mineral content (measured by 

hardness)” (Hickey 2013: 25). Hickey (2013) also noted the need for field validation of these results 

and the potential ameliorating effects of water hardness and chloride ion concentrations. Further 

important information gaps are (i) the sensitivities of stygobitic fauna and biofilms to nitrate, (ii) how 

these sensitivities change with other human-induced stresses, especially dissolved oxygen, and (iii) 

nitrate concentrations for sublethal effects that interfere with biodiversity and ecosystem 

functioning are poorly understood, particularly for stygobites.  

Recent reports indicate concentrations of NO3-N6 mostly within 0.0-2.0 mg/L closer to the springs, 

concentrations between 2.1 and 4.0 mg NO3-N /L further up the catchment and values exceeding 4.1 

mg NO3-N /L at 3-4 monitoring points upstream of the springs (Stevens 2010). Water in the springs 

was reported to contain 0.31-0.32 mg/L (0.31-0.32 g/m3) of NO3-N in 1976 (Michaelis 1976), with 

                                                           
6 Stevens (2010) reported nitrate concentrations in units of mg/L-N. We assume that these units are mg NO3-N/L. 
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recent nitrate concentrations reported as “typically <0.4 mg/L-N” (median 0.36 mg/L; Stevens 2010: 

31).  

Based simply on Hickey’s (2013) recommendations, his chronic-high conservation value of 1.0 mg 

NO3-N/L could be regarded as an upper limit, as an interim measure. However, because present 

concentrations are less than half this value and historical data indicate significant increases since the 

1970s, the aquifers and catchments should be managed to ensure that NO3-N concentrations in 

spring water do not exceed 0.4 mg NO3-N/L in order to protect the springs’ high conservation values.  

2.4 Ammonia  

Under anaerobic conditions, nitrate is reduced to ammonium (NH4
+), which persists in equilibrium 

with unionised ammonia (NH3) (Close et al. 2001). Ammonia is an important and highly toxic 

contaminant, whereas ammonium (NH4
+) is largely inert (Russo 1985; Prenter et al. 2004), however 

the two forms exist in a dynamic equilibrium influenced by temperature and pH (Emerson, Lund et al. 

1975). At lowest water levels and/or with excessive organic carbon loadings when dissolved oxygen 

concentrations are very low (i.e., hypoxic conditions) and especially at higher pH (>9.2) and 

temperature, ammonia concentrations in groundwater can threaten groundwater ecosystems.  

Ammonia (NH3) is toxic to freshwater invertebrates at low concentrations. For example, 50% of 

individuals of three freshwater amphipod species died after exposure to 0.36, 1.16 and 1.54 mg 

NH3/L, with sublethal effects (disruption of mating) occurring at concentrations as low as 0.12 and 

1.23 mg/L (Prenter et al. 2004). Another investigation of amphipods reported that 50% of individuals 

died after 96 h exposed to 0.71 mg NH3/L and after 21 hours for a concentration of 6 mg NH3/L 

(McCahon, Poulton et al. 1991), comparable to 50% mortality after 27 h exposure to 3 mg NH3/L 

from another study (Williams, Green et al. 1986).  

Ammonia concentrations reported for Te Waikoropupu Springs (as NH3-N) were 0.00026 mg/L in the 

1970s (estimated from Michaelis’s (1976) 0.04 mg/L NH4-N using an on-line calculator ) and more 

recently reported to be 0.0-0.05 mg/L, with higher concentrations in nearby groundwater (Stevens 

2010). These values and available information on toxicities of ammonia indicate that WaiSAC water 

should be managed to maintain ammonia concentrations below 0.05 mg/L and perhaps substantially 

lower. Certainly, the ANZECC trigger value of 0.32 mg/L NH3 for protecting 99% of species seems 

inappropriate for Te Waikoropupu springs water and the WaiSAC generally. 

3 Conclusions 
The guideline concentrations for the four substances discussed here must be regarded as tentative 

because they are based on a review of a very small body of empirical information. A more rigorous 

and comprehensive approach is highly desirable, but there is scant information on toxicities, 

tolerances and sublethal effects for groundwater ecosystems, including biofilms, and specifically for 

New Zealand or WaiSAC stygofauna. For these reasons, refining these suggested limits will require 

significant time and other resources. 
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