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Executive Summary 

This report addresses a requirement by Environment Southland (ES) for details on emerging 
organic contaminant (EOC) issues that need to be considered for the future of Southland, based 
on current understanding and knowledge. The report is in a format and style which we consider 
is suitable for policymakers; and outlines the risks from emerging contaminants potentially in 
Southland’s water bodies pose to human health and ecosystem health of the receiving 
environment.   

What are EOCs? 

EOCs are any synthetic or naturally occurring organic chemical that is not commonly monitored 
in the environment but has the potential to enter the environment and cause known or suspected 
adverse environmental and (or) human health effects. EOCs may be relatively small and simple, 
or large and complex chemicals. EOCs are mostly anthropogenic (synthetic) although they can be 
naturally occurring, and in rare cases, may be derived from both. Examples of EOCs include 
industrial chemicals (e.g. flame retardants, plasticisers, surfactants, UV filters), pharmaceuticals 
(including antibiotics), personal care products, and steroid hormones. 

There are multiple sources of EOCs as they are found in products that can be used daily and 
released into the environment in significant quantities. Major sources of EOCs to the aquatic 
environment include treated and untreated wastewater, stormwater, landfill leachate, 
recreational activities, antifouling paints and agriculture, horticulture and aquaculture. 
Conceptually, sources, environmental fate and effects of EOCs are very complex and there are 
more knowledge gaps than information available. 

There is global concern that the presence of EOCs in the environment may lead to adverse effects 
on human and environmental health, although there is uncertainty about the magnitude of such 
effects. This is due to the significant absence of data on the fate of EOCs and the criteria used to 
assess their environmental risk. 

Many EOCs are suspected of affecting the endocrine (hormonal) system and these types are 
known as endocrine disrupting chemicals (EDCs). EDCs are implicated in affecting male and 
female reproduction, juvenile development and have been associated with certain cancers. 
Antimicrobial resistance is an increasing threat to global public health, with overuse of antibiotics 
a suspected cause. Non-target effects (through multiple modes of action) and effects of mixtures 
(multiple stressors) are other complicating factors. Current risk assessment approaches may not 
be suited to characterise many EOCs, particularly in relations to combined effects of very low 
levels of multiple contaminants with different modes of action. New methodologies are being 
developed, however until such time arrives when these are fully accepted and implemented, 
assessments of effects need to be made using current methods. Presently, these are based on 
toxicity endpoints such as No Effects Concentrations (NOEC), Lowest-Effects Concentrations 
(LOEC), or predicted no effects concentrations (PNECs). 

Due to large knowledge gaps, the importance of EOCs in terms of environmental impacts in the 
natural environment relative to other chemical and non-chemical stressors is not clear. 
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Research history on EOCs 

International research on EOCs is increasing rapidly, with a 15-fold increase in research 
publications over the last 15 years. Research on EOCs in New Zealand has largely been on an ad-
hoc basis although, as is consistent with international research, it increased significantly 
(although still largely ad hoc) up to 2016. 

Since 2017, research on EOCs has gained more traction in New Zealand, including: 

• Participation in the Society of Environmental Toxicology and Chemistry (SETAC) Global 
Horizon Scanning Research Prioritising Project where emerging contaminants were 
ranked as one of the major themes. 

• Development of a national strategy for EOCs, where the key objective was a framework to 
build a multi-disciplinary knowledge base, capability, policies, and management practices 
appropriate to evaluate, protect and manage the risk of EOCs to the New Zealand 
environment.  

• MBIE funding (2017) for a 5-year multi-disciplinary research programme to characterise 
the risks EOCs pose to aquatic environmental health, taonga, kai moana and key export 
industries. 

• Ad-hoc studies from research groups that are new to the field (with international) 
collaborators. 

• For the first time, EOC inclusion in the long-standing National Survey of Pesticides in 
Groundwater. 

• Changes to the way that New Zealand’s Environmental Protection Agency (EPA) are 
screening and prioritizing hazardous chemicals. 

The Southland region 

Southland is predominantly rural, with agriculture making up nearly 87% of the developed land 
in the region, forestry around 10% and urban land around 3.3% (with around 60% of the region’s 
population residing in Invercargill and Gore). Southland contains a large amount of freshwater, 
both as surface water and groundwater. 

Southland has 24 publicly owned WWTPs, with over 95% of wastewater treated by the 6 largest 
WWTPs – Clifton (45%); Wallacetown (38%); Gore (7%); Te Anau (1.9%); Winton (1.6%); and Bluff 
(1.4%). Stormwater engineering has historically been around removal of water rather than 
treatment processes, however this is changing, especially for new residential developments. 
There is only one operational Class A landfill in Southland, located at Browns, near Winton. The 
leachate is recirculated within the landfill with excess leachate transported to the Invercargill 
WWTP at Clifton.  

Southland’s agricultural sector includes a range of different industries, from drystock (sheep, beef 
and deer) and dairy (almost entirely cattle) through to arable crops and horticulture but has 
always been predominantly pastoral farming. In recent years (1990 to 2014) the main trend has 
been a shift from drystock farming in two main directions: 
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1. A transfer of landuse from high country pastoral cover to conservation, with the creation 
of protected areas within the Department of Conservation estate. 

2. A shift in landuse from lowland drystock to dairy as the dairy industry expanded. Over 
this period there has been an approximate 16-fold increase in the area for dairy (16,000 to 
255,000 ha). 

Horticulture occupies a small area of land (< 0.07%) because it tends to occur on land leased from 
sheep and beef farms. Horticulture in Southland revolves around the growing of vegetables 
(mostly carrots, potatoes and parsnips) and tulip bulbs.1 

High level risk assessment of EOCs in Southland 

Wastewater 

As with other regions in New Zealand, there are many knowledge gaps in Southland around the 
risks (environmental and human health) from EOCs discharged from wastewater. We know that 
many EOCs survive (even if only partially) conventional wastewater treatment processes and 
some even survive advanced treatment. In terms of municipal wastewater treatment systems, 
Southland has only conventional treatment systems. An understanding of the discharge 
environment is important for assessing risk.  

Nearly half the wastewater in the region (45% - Invercargill) is treated and discharged at one 
point on the outgoing tide (New River Estuary), leading to potential environmental risk from 
EOCs.2 There is large tidal flushing in the estuary and dilution will be large, however a fairly large 
proportion of  exiting water from the estuary is returned on the next tide.  To provide some 
context, recent risk assessments of EOCs in WWTP discharges to marine receiving environments 
have been undertaken to inform reconsenting processes in Auckland. A range of EOCs were 
measured in the WWTP discharge and – coupled with hydrodynamic modelling dilutions – a risk 
assessment was carried out in the marine receiving environment. Results (after dilution) showed 
generally no more than minor ecological effects from EOCs at these WWTPs. Discharges to 
freshwater environments in the region are probably reduced environmental risk in comparison 
as there are multiple discharges. This may increase during low flow (dry) conditions. Discharges 
to land are likely the lowest potential environmental risk as there is a relatively low volume, 
spread over 6 WWTPs. Furthermore, there is opportunity for attenuation within the groundwater 
zone. It is recommended that a specific assessment of New River Estuary be done taking into 
account hydrodynamics of the estuary, the operational WWTP and its EOC concentrations and 
the adjacent decommissioned landfill.  

Southland has a relatively high proportion of on-site wastewater systems (septic tanks), where 
treatment is not regulated in the same way as municipal systems. Where groundwater is a 
drinking water source (which is often the case in rural communities), there is a potential human 
health risk from discharge of EOCs from septic tanks. 

 
1 Moran (2017) states that dairy support is included in dairy industry class and that drystock farms generally have 
some aspect of arable cropping, specifically winter forage and fodder crops, generally for their own stock So, each 
would be in their respective category and separate from horticulture. 
2 Invercargill WWTP contains landfill leachate from the operational Class A regional landfill in Browns, near Winton. 
There is much overlap of EOCs in landfill leachate and wastewater so this may be considered an extra load rather 
than source.     
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Trade waste industries in Southland appear to be predominantly meat processing and dairy 
factories, but other industries include an aluminium smelter, timber manufacturing, and dry 
cleaning. Therefore, the relative risk from EOCs may be reduced from these latter industries 
(nutrients and BOD are likely greatest risks), however cleaning products used in these processes 
may contain EOCs, such as surfactants. 

Cruise ships discharging treated or untreated sewage are another potential source of EOCs to the 
marine receiving environment. Marine pollution regulations state that raw sewage can only be 
discharged greater than 12 nautical miles from land and treated sewage greater than 3 nautical 
miles from land, suggesting risk is minimal. 

Agriculture 

In Southland, dairy farming has increased 16-fold (by area) over the last 15 years. Over this time, 
there has been an approximate 7.7% increase in dairy stocking rates from 2.6 cows/ha (in 
1999/2000) to 2.8 cows/ha (in 2014/2015). When the increase in stocking rates is taken into 
account, this has presumably led to a 17-fold increase in the amount of veterinary antibiotics and 
dairy maintenance compounds used in the region. It has also led to a 17-fold increase in steroid 
estrogens excreted by (almost exclusively) female dairy cows. Steroid estrogens are the most 
potent endocrine disrupting chemicals and can exhibit effects at extremely low (<1 ng/L) 
concentrations. The key effects are related to impacts on reproductive fitness ultimately leading 
to failure to reproduce offspring.  

Pesticide use in Southland will be similar to other rural areas, with a wide range of chemicals 
used. Recent surface water and groundwater analyses in Southland suggest pesticide 
concentrations are relatively low. However, these were one-off studies and not necessarily 
representative of the region.  

Horticulture 

In Southland, horticulture is a minor industry compared with pastoral farming. Therefore, risks 
from horticulture to the region are likely to be significantly less than farming. However, there 
may be localised risks from EOCs used in horticulture (especially pesticides), but this currently is 
a knowledge gap. 

Quantifying risk of EOCs in Southland – MBIE research programme 

Many of the knowledge gaps identified in this report are expected to be addressed by the multi-
disciplinary MBIE EOC programme “Managing the risk of emerging contaminants”, which is 
studying rivers flowing into the New River Estuary with predominantly rural influences but with 
some urban influence from Invercargill and smaller towns. Study sites were chosen in 
consultation with Te Ao Marama Inc (TAMI) and ES to provide good coverage of the catchment, 
as reasonably possible, reflecting differing inputs of EOCs (i.e. wastewater, landfill, stormwater, 
diffuse rural inputs including a reference site). The research is considering risk to both human 
and environmental health. 
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Two unique aspects to this research are: 

1. Passive sampling devices are used over grab water sampling to supplement sediment 
sampling. 

2. The effects (environmental and human) are driving the discovery of EOCs of most concern. 

Passive sampling devices accumulate chemicals from water over a defined period. This serves two 
main purposes: chemicals of interest may be accumulated (akin to a shellfish accumulating 
chemicals over time), and; short-term fluctuations in water concentrations are removed which 
means the amount of each EOC is “smoothed” over time and is more likely to be representative 
of what may be present in the water over a given time period. 

The effects driven analysis means that we do not pre-empt the discovery of which EOCs may be 
of most concern. There are potentially thousands of EOCs, however the number that can be 
routinely measured is around a hundred. By following the traditional methods of “looking for a 
specific EOC, or group of EOCs”, we potentially miss many EOCs that may be having an effect. This 
is a case of only finding what you are looking for (targeted analysis), not necessarily what is 
present (non-targeted analysis). 

Therefore, we expect that this research will identify EOCs of highest risk for Southland and 
specifically those at each site. This level of detail will enable us to link back to potential sources 
and focus further in-depth studies at these “hotspots”. 
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1. Introduction 

This report addresses a requirement by Environment Southland (ES) for details on emerging 
organic contaminant (EOC) issues that need to be considered for the future of Southland based on 
current understanding and knowledge. The report is in a format and style which we consider is 
suitable for policymakers; and outlines the risks to human health and environmental health from 
emerging contaminants that are potentially in Southland’s water bodies.   

1.1 Scope 

For the purpose of this report EOCs are: 

• Endocrine disrupting chemicals (EDCs), pharmaceutically active compounds (PhACs), 
veterinary medicines, fire retardants and industrial products, personal care products 
(PPCPs) and new generation pesticides. 

• Those that are known or suspected to induce microbial/pathogenic resistance to 
treatment. 

For the purpose of this report EOCs are not: 

• Biotoxins from freshwater or marine algal blooms. 
• Contaminants that have been well studied and regulated, including legacy contaminants 

such as organochlorine pesticides (OCPs: e.g. DDT), polychlorinated biphenyls (PCBs) 
dioxins and furans and current contaminants such as polycyclic aromatic hydrocarbons 
(PAHs) and trace metals. 

• Nanoparticles. 
• Microplastics, and.  
• Emerging/evolving microorganisms. 

This report is structured in the following way: 

• Section 2. Description of what EOCs are, including sources and known effects. 
• Section 3. Research history on EOCs, both internationally and within New Zealand. 
• Section 4. Description of the Southland region, including links to potential sources of 

EOCs. 
• Section 5. High level risk assessment of EOCs in Southland with specific examples. 

Knowledge gaps. 
• Section 6. Conclusions and recommendations. 
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2. What are emerging organic contaminants? 

Emerging organic contaminants (EOCs) are a subset of emerging contaminants (ECs). We use the 
widely accepted EC definition provided by the US Geological Survey (USGS) who define an EC as: 

• "any synthetic or naturally occurring chemical or any microorganism that is not 
commonly monitored in the environment but has the potential to enter the environment 
and cause known or suspected adverse ecological and (or) human health effects”.3 

In practice, most chemical ECs are organic (made up predominantly of carbon, nitrogen, oxygen 
and hydrogen atoms) rather than inorganic (generally lacking a carbon-hydrogen bond – often 
metals but carbon-based examples include carbonates and cyanides). Therefore, the term EOC is 
often used to denote that only organic chemical ECs are being considered in an assessment. 

2.1 EOC classes and major sources 

Examples of EOCs include industrial chemicals (e.g. flame retardants, plasticisers, surfactants, UV 
filters), pharmaceuticals (including antibiotics), personal care products, and steroid hormones. 
There are multiple sources of EOCs as they are found in products that can be used daily and 
released into the environment in significant quantities. EOCs potentially comprise thousands of 
organic chemicals and are generally grouped by their class, (Table 1) or effect (e.g. an endocrine 
disrupting chemical (EDC) – see Section 2.2 for further discussion). There is considerable 
complexity and overlap of EOC sources (Table 1) and pathways into the aquatic receiving 
environment. However, overall loads from each source and individual EOCs within each class may 
vary significantly. To illustrate the diversity and complexity of chemistry, application and 
potential sources, examples of some common EOCs within each major class are presented in Table 
2. As shown in Table 2, EOCs may be relatively small and simple chemicals (e.g. the corrosion 
inhibitor benzotriazole) or large and complex chemicals (e.g. the veterinary antibiotic monensin). 
The chemical structure may contain numerous uncommon elements (e.g. multiple fluorine atoms 
in PFOA). This diverse chemistry (often called chemical space) of EOCs manifests in diverse 
chemical properties, which can have a significant effect on the fate, stability and effects of each 
chemical. 

EOCs are mostly anthropogenic (synthetic) although they can be naturally occurring (e.g. the 
female sex hormone estradiol) or both (e.g. oxybenzone is in industrial sunscreens and contained 
in various flowering plants). 

As previously stated, sources of EOCs may overlap significantly (Table 1, and Table 2). For 
example, the normal life cycle of human pharmaceuticals is consumption and excretion (either 
unchanged or metabolised by the body) into the wastewater network, treatment and discharge 
to land and/or aquatic receiving environments. However, inappropriate disposal of 
pharmaceuticals to landfill can introduce another potential source. Furthermore, many animal 
pharmaceuticals are identical to those used in humans, but with clearly different pathways to the 
environment (primarily to land). 

 
3 http://toxics.usgs.gov/regional/emc/ 

http://toxics.usgs.gov/regional/emc/
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The environmental fate of EOCs is slowly being addressed via studies assessing their distribution 
in water, sediment and biota. However, despite this there are more knowledge gaps than 
information available, especially in the New Zealand environment. Preliminary research in New 
Zealand suggests that the concentrations of selected EOCs in wastes and receiving environments 
are at levels similar to those reported in other developed countries (e.g. Gadd et al., 2010b; Moreau 
et al., 2019; Stewart et al., 2014). 

Table 1. Classes of EOCs by major sources (reproduced from Stewart et al., 2016) 

EOC Class 
Human 
Wastewater  

Stormwater 
Landfill 
leachate 

Agriculture 
and 
Horticulture 

Aquaculture 
/Marine 
industry 

Recreation 

Pharmaceuticals ✔ ✔ ✔   ✔ 

Plasticisers ✔ ✔ ✔    

Antimicrobials ✔ ✔ ✔    

Corrosion inhibitors ✔ ✔     

Flame retardants ✔ ✔ ✔    

Surfactants ✔ ✔ ✔ ✔   

UV-filters ✔ ✔ ✔ ✔  ✔ 

Steroid hormones ✔   ✔   

Musk fragrances ✔ ✔ ✔    

Perfluorinated 
surfactants 

✔ ✔ ✔    

Veterinary medicines    ✔ ✔  

Pesticides    ✔   

Antifouling 
cobiocides 

    ✔  

 

Table 2. Examples of common EOC classes, with chemical structure, major application usage 
and pathway to aquatic receiving environment. 

Class Example Chemical structure Major applications 

Pathway to 
aquatic 

receiving 
environments 

Pharmaceuticals Paracetamol 

 

Human and animal 
medicine 

Excretion and 
inappropriate 

disposal to 
wastewater; 

landfill 

Plasticisers Bisphenol A 

 

Polycarbonate 
bottles, epoxy resins 

Wastewater; 
stormwater; 

landfill 

Antimicrobials Triclosan 

 

Antibacterial soaps, 
detergents, carpets, 

paints, toys, and 
toothpaste 

Wastewater; 
stormwater; 

landfill 

Corrosion 
inhibitors 

Benzotriazole 

 

Many industrial 
applications 

including 
prevention of 

copper corrosion 

Wastewater; 
stormwater 

n 
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Class Example Chemical structure Major applications 

Pathway to 
aquatic 

receiving 
environments 

Flame retardants 
Triphenyl 
phosphate 

 

Flame retardant for 
a variety of 

materials, including 
electronic 

equipment, PVC, 
hydraulic fluids, 

glues, in nail 
polishes, and casting 

resins 

Wastewater; 
stormwater; 

landfill 

Surfactants 

Nonylphenols 
(family of closely 

related 
chemicals) 

 

Used in many 
manufacturing 

processes including 
antioxidants, 
detergents, 
emulsifiers; 

Wastewater; 
stormwater; 

landfill; 
agriculture and 

horticulture 

UV-filters Oxybenzone 

 

Sunscreen, toys and 
naturally occurring 

in various flower 
plants 

Wastewater; 
stormwater; 

landfill; 
agriculture and 

horticulture; 
recreation 

Steroid hormones Estradiol 

 

Naturally occurring 
female sex 

hormone. But other 
SHs may be 

anthropogenic (e.g. 
EE2 used in human 
contraceptive pill) 

Wastewater; 
agriculture and 

horticulture 

Musk fragrances Galaxolide 

 

Perfumes 
Wastewater; 
stormwater; 

landfill 

Perfluorinated 
surfactants 

PFOA 

 

Widespread 
applications 

including fabric 
protection, 

firefighting foam, 
non-stick cookware 

Wastewater; 
stormwater; 

landfill 

Veterinary 
medicines 

Monensin 

 

Used extensively in 
the beef and dairy 

industries to 
prevent coccidiosis, 

increase the 
production of 

propionic acid and 
prevent bloat 

Agriculture 

Pesticides Glyphosate 

 

Widespread and 
high use broad 

spectrum herbicide 

Wastewater; 
stormwater; 

landfill; 
agriculture and 

horticulture 
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Class Example Chemical structure Major applications 

Pathway to 
aquatic 

receiving 
environments 

Antifouling 
cobiocides 

Diuron 

 

Antifouling paint 
booster biocide 

Aquaculture 
and marine 

industry 

 

Conceptually, sources, environmental fate and effects of EOCs are very complex. To assist and 
simplify this, we provide a conceptual diagram of EOCs from various sources to various aquatic 
environments (Figure 1). For example, wastewater treatment plants are significant point sources 
of many EOCs to the receiving environment. Discharge may be to land, lakes, rivers, and estuaries, 
or the open ocean. As stated earlier, there is a wide diversity of chemicals that make up EOCs, 
which means that some will associate more with the dissolved phase (i.e. remain in dissolved form 
and may therefore be rapidly transported (especially if in a flowing river), while others will 
associate more with particulate (sediment) phase (i.e. be absorbed onto sediment particles) and 
therefore have the potential to settle out in low energy environments and persist in the sediment. 
In practice, most EOCs will sit somewhere along a spectrum of association with water or sediment. 
This complicates any assessment of risk, and often both water and sediment need to be accounted 
for in any assessment. 

A further complication is that there is even less known about distribution of EOCs in biota than 
water and sediment. Bioaccumulation concentration factors (BCF) may be used to estimate 
potential bioaccumulation in species. USEPA4 define a chemical with BCF <1000 as low 
bioconcentration potential. Although analytical methodology for measurement of EOCs in biota 
is continually being developed international (see for example Grabicova et al., 2018; Mijangos et 
al., 2019; Ocaña-Rios et al., 2019), there are very few available analytical methods in New Zealand5 
for measuring EOCs in biota. This is a large knowledge gap. 

 

 

 

 
4 US EPA Sustainable Futures / P2 Framework Manual 2012 EPA-748-B12-001 Chapter 5. Estimating Physical / 
Chemical and Environmental Fate Properties with EPI Suite™. 
5 A notable exception is measurement of perfluorinated surfactants (PFAS) in biota by AsureQuality. 
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Figure 1. Conceptual model of the potential sources and fate of EOCs. 
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A summary of EOCs by source is provided in the following sections6. 

2.1.1 Wastewater 

Human wastewater (sewage) contains a cocktail of EOCs, including excreted pharmaceuticals and 
metabolites, illicit drugs, personal care products washed off during bathing, food additives, 
household chemicals and industrial chemicals. Human behaviour is a social aspect that also has 
an effect on loads of EOCs in wastewater (and landfills) through incorrect disposal of unused 
medicines. 

Many EOCs are not fully removed by current waste water treatment plant (WWTP) technologies 
(for recent reviews see: Luo et al., 2014; Margot et al., 2015). As a result, sewage disposal is the 
main pathway for EOCs to enter the aquatic receiving environment either through direct 
discharge from wastewater treatment plants into coastal zones, or indirectly via wastewater 
discharges into freshwater environments (rivers, lakes and streams), or via land. Sewer overflows 
and leaking pipes can result in untreated sewage being discharged directly into the environment 
(Lara-Martín et al., 2014). In rural areas discharge from septic tanks can contaminate ground and 
surface waters with EOCs (Phillips et al., 2015). Wastewater can be discharged directly from boats 
and large ships in ports or harbours. 

The recycling of biosolids from wastewater treatment plants and irrigation of WWTP effluents to 
land can introduce a range of EOCs into soil (Weiss et al., 2008), from which there will be a degree 
of partitioning to the dissolved phase in groundwater, followed by migration to surface waters 
via groundwater discharges. The risk of EOCs migrating to the aquatic receiving environment 
depends on the application regime, soil characteristics, climate, and proximity to a waterbody.  

2.1.2 Stormwater 

There is considerable overlap of EOC classes between stormwater and wastewater. Potential 
sources of EOCs in stormwater include releases from building materials and vehicles, waste 
materials disposed of down stormwater drains, poorly managed industrial sites as well as sewer 
overflows and leaking sewers (Xu et al., 2011; Zgheib et al., 2011).  

Stormwater is both a source and transport route of EOCs to the receiving environment. 
Stormwater treatment devices may reduce the load of some EOCs to the receiving environment, 
so may be a potential mitigation tool. 

2.1.3 Landfill leachate 

A further pathway for EOCs entering aquatic environments is landfill leachates (Ramakrishnan et 
al., 2015). A wide range of classes of EOCs are likely to be present in landfill leachates as they will 
be released as deposited waste materials degrade.  

 

6 The categories of sections below can be considered a source and route to the environment. In terms of management 
treatment, devices associated with these will be a way to remove or reduce some contaminants (including EOCs). 
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There are two classes of landfill in New Zealand: Class A and Class B. The Ministry for the 
Environment7 differentiates them as: 

• Class A landfills meet, or are consistent with, the site selection and design standards 
outlined in the Centre for Advanced Engineering's Landfill Guidelines (2000). These landfills 
are sited in areas that reduce the potential for adverse environmental effects, have 
engineered systems designed to provide a degree of redundancy for leachate 
containment, and collect landfill leachate and landfill gas. 

• Class B landfills are existing landfills that do not meet the site selection and design 
standards outlined in the Centre for Advanced Engineering's Landfill Guidelines (2000) and 
are consented to accept general domestic and commercial waste. These landfills have 
limited or no engineered systems designed to collect landfill leachate or gases, and may 
be in areas that pose a risk to the environment (e.g. sited over highly permeable sands 
and/or gravels, active faults, or floodplains). 

MfE state that “The majority of existing landfills do not meet the Class A standard, although the 
majority of refuse in New Zealand is disposed to sites that are likely to meet Class A. The inclusion 
of Class B acknowledges the existence of older-style tips or landfills and the need to control waste 
disposal at these sites. It is unlikely that new landfills would be consented unless they meet the 
Class A landfill standard.” 

Furthermore, landfill leachate may be sent to a municipal wastewater treatment plant (for 
example see Section 4.3.3) where it is treated before discharge to the receiving environment. 

2.1.4 Recreational activity 

Topically applied personal care products such as sunscreens, insecticides and pharmaceuticals 
can be washed off people’s skin during recreational activities including diving and swimming. 
Higher concentrations of UV-filter compounds from sunscreens have been reported in summer 
at popular swimming beaches (Sankoda et al., 2015).  

2.1.5 Antifouling paints 

Antifouling paints are used on commercial shipping and leisure craft to prevent aquatic 
organisms from fouling and building up on hulls. Antifouling paints may also be used on 
submerged structures including aquaculture facilities. Active ingredients that remain approved 
for antifouling paints in New Zealand include copper, 4,5-dichloro-2-octyl-1,2-thiazol-3(2H)-one 
(DCOIT), dichlofluanid, zinc, zineb, tolyfluanid and mancozeb (EPA, 2013).  

2.1.6 Agriculture, horticulture and aquaculture 

Agriculture and aquaculture are significant sources of pharmaceutically active compounds 
internationally, including veterinary medicines and steroid hormones entering the environment 

 

7 https://www.mfe.govt.nz/publications/waste/module-2-%E2%80%93-hazardous-waste-guidelines-landfill-waste-
acceptance-criteria-and-4 

 

https://www.mfe.govt.nz/publications/waste/module-2-%E2%80%93-hazardous-waste-guidelines-landfill-waste-acceptance-criteria-and-4
https://www.mfe.govt.nz/publications/waste/module-2-%E2%80%93-hazardous-waste-guidelines-landfill-waste-acceptance-criteria-and-4
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(Grigorakis and Rigos, 2011; Kools et al., 2008). As there is currently limited use of prophylactic 
antibiotics, and less use of feeding lots in New Zealand, compared with other countries, 
agriculture is likely to be a less significant source of veterinary medicines entering waterways 
than in other countries.  

There is negligible risk of EOCs from shellfish farming as EOCs are not used, assuming industry 
good practice is maintained. However, finfish aquaculture uses a range of chemicals including 
anaesthetics, detergents and disinfectants, plastics, antibiotics, and antiparasitics. Use of these 
chemicals in New Zealand is minimal compared with other countries, however it has been 
acknowledged that aquaculture of native species (e.g. kingfish and hapūku) may lead to the 
emergence of diseases that may require new treatments (Ministry for Primary Industries, 2013a). 

Horticulture, along with pasture management, is a source of insecticides and herbicides entering 
waterways either by leaching to groundwater or being washed into streams through runoff from 
land (Gaw et al., 2008; Shahpoury et al., 2013). New Zealand still permits the use of selected 
antibiotics for some horticultural applications, for example to control the Pseudomonas syringae 
pv. actinidiae (Psa) outbreak in kiwifruit (Vanneste, 2013). 

2.2 Known effects of EOCs 

EOCs are seldom regulated as their effects are normally associated with long-term effects of 
exposure rather than immediate short term (acute) effects. There is global concern that the 
presence of EOCs in the environment may lead to adverse effects on human and environmental 
health. There is a similar trend in New Zealand where regulators, the food industry, Māori and 
the wider community are increasingly concerned about the potential risk EOCs pose to human 
health and to the health of our unique ecosystems. This concern arises from the fact that there is 
a significant absence of data on the fate of EOCs and questions about the criteria used to assess 
their environmental risk. 

Many EOCs are suspected of affecting the endocrine (hormonal) system and these types are 
known as endocrine disrupting chemicals (EDCs). EDCs are implicated in affecting male and 
female reproduction, juvenile development and have been associated with certain cancers 
(WHO/UNEP, 2012). EDCs are considered some of the highest risk compounds as some (steroid 
hormones especially) can exhibit effects at extremely low (<1 ng/L) concentrations, and water 
quality objectives reflect this (reviewed in Margot et al., 2015).  

Antimicrobial resistance8 is an increasing threat to global public health with overuse of 
antimicrobials a suspected cause (WHO, 2015). Furthermore, accumulation of antimicrobial 
chemicals in sediments may have an impact on resident microbial communities. Therefore, where 
discharge of treated wastewater (that contains antimicrobial chemicals) is to an environment 
where accumulation in sediments or soils is possible, there is the potential for increased risk to 
human health or environmental health. 

The importance of EOCs in terms of biological impacts in the natural environment relative to 
other chemical and non-chemical stressors is not clear (Tremblay and Northcott, 2015). 
Assessments of effects have been hampered by a lack of appropriate testing regimes, in particular 

 
8 Antimicrobial resistance is resistance of a microorganism to an antimicrobial drug that was originally effective for 
treatment of infections caused by it. 
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for sub-lethal chronic toxicity assessments. Currently accepted standard ecotoxicity methods are 
not optimised to discern chronic or multi-generational effects imparted by many EOCs, and new 
test paradigms are required before the true impact of EOCs released into the environment can be 
fully understood (Stewart et al., 2016). 

Other complicating factors in assessing effects of EOCs include; (i) non-target effects (through 
multiple modes of action) and, (ii) effects of mixtures (multiple stressors) upon exposed 
organisms within receiving environments. Examples of non-target effects include: 
organophosphate flame retardants affecting both estrogenic and thyroid hormone 
concentrations in zebrafish at g/L concentrations (Kim et al., 2015; Wang et al., 2015); and, 
chronic mutigenerational effects in zebrafish caused by clofibric acid, the active metabolite of the 
blood lipid lowering drug clofibrate. These effects included reduced growth, reduced triglyceride 
muscle content, impact on male gonad development and increase in embryo abnormalities in the 
offspring of exposed fish (Coimbra et al., 2015). The limited information available suggests 
complex mixtures of chemicals may increase the potency of contaminants in an additive or 
synergistic (greater than additive) manner (Schwarzenbach, 2006). 

Current methods to assess effects may not be suited to many EOCs. New methodologies are being 
developed, however until such time arrives when these are fully accepted and implemented, 
assessments of effects need to be made using current methods. Presently, these are based on 
toxicity endpoints such as No Effects Concentrations (NOEC), Lowest-Effects Concentrations 
(LOEC), or predicted no effects concentrations (PNECs). This knowledge gap has been identified 
as a priority research questions through the recent Society of Environmental Toxicology and 
Chemistry (SETAC) Global Horizon Scanning Project. One of the priority questions identified at 
the Australasian workshop held in Nelson was: “What are the combined effects of very low levels 
of multiple contaminants (e.g., pesticides, natural resource extraction contaminants, salinity, 
pharmaceuticals and personal care products, endocrine‐disrupting chemicals) with different 
modes of action on aquatic and terrestrial organisms and ecosystems?” (Gaw et al., 2019).  
Approaches and methods for a more holistic and solution-oriented monitoring were suggested 
including chemical screening informing risk assessment, effect-based methods, effect-directed 
identification of toxicity drivers as well as chemical footprints as tools for assessment, 
prioritization and management. These methods are conceptually available and have been tested, 
for example, in the European SOLUTIONS project (Brack et al., 2018). The MBIE-funded EOC 
project uses some of these methodologies to identify the pollutants that pose the highest risk.  

Some of the challenges to assess the risks of EOCs relate to their recent detection in the 
environment through advances in analytical techniques and the lack of characterisation of their 
mode of toxicity (Luo et al., 2014; Poynton and Vulpe, 2009). The approach for assessing the risk 
of EOCs in water requires a harmonised framework, which may include the following steps: (1) 
harmonized toxicological and fate characterization of chemicals before entering commerce, (2) 
surrogate and indicator monitoring to characterise source waters and evaluate treatment 
efficacy, (3) discrete chemical and mixture toxicological screening using rapid bioassays, and (4) 
comprehensive occurrence evaluation using high-resolution mass spectrometry (Snyder, 2014). 
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3. EOC research history 

3.1 International 

International research on EOCs is increasing rapidly and showing no signs of abatement. A Google 
Scholar search of the term “emerging organic contaminants” shows that research articles on 
EOCs have increased from 64 in 2005 to 979 in 2019, a 15-fold increase over 15 years. Since 2015, 
the number of articles published annually has nearly doubled (Figure 2). Major contributors 
include United States, the EU, and China. 

 

Figure 2. EOC research articles by year (Google Scholar). 

Although much research appears to be of an ad-hoc nature, there have been major research 
programmes (Stewart et al., 2016). The major focus of the research has included: 

• prioritising EOCs of most concern (including specifically endocrine disrupting chemicals 
(EDCs) (e.g. WHO/UNEP, 2012). 

• developing methods for chemical analysis of EOCs in water, sediment and biota.  
• developing in vitro and in vivo bioassays and biomarkers. 

3.2 New Zealand 
3.2.1 Prior to 2017 

A detailed chronological review of EOC research in New Zealand was provided in 2016 for other 
regional councils (Stewart et al., 2016). In summary, research on EOCs in New Zealand has largely 
been on an ad-hoc basis although, as is consistent with international research, it increased 
significantly up to 2016. This review identified that there was an element of frustration amongst 
researchers and stakeholders that, despite numerous researcher and stakeholder meetings and 
workshops, there was still no national policy or direction on EOCs from central government, and 
the onus was on territorial authorities and regional councils to develop and implement 
monitoring plans. 
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3.2.2 Since 2017 

New Zealand participated in the Society of Environmental Toxicology and Chemistry (SETAC) 
Global Horizon Scanning Research Prioritising Project by hosting the SETAC Australasia 
workshop in Nelson as part of the 2015 SETAC Australasia conference. The aim of this project was 
to collect and prioritise the top 20 priority future research questions on a geographic basis as 
suggested by scientists from around the globe working in government, academia and industry. 
Emerging contaminants was ranked as one of the major themes and 3 related priority research 
questions were identified for the Australasian region (Gaw et al., 2019). 

A national strategy for EOCs 

It was recognised prior to 2017 that a science-based approach to characterise an issue of this 
magnitude was required, and a national strategy document would provide a framework to 
coordinate resources (Tremblay et al., 2011). US scientists had proposed a call for the government, 
the public, non-governmental organisations, and industry leaders to join the scientists in meeting 
this challenge (Novak et al., 2011). The key objective of a strategy document would be to provide 
a cohesive framework to build a multi-disciplinary knowledge base, capability, policies, and 
management practices appropriate to evaluate, protect and manage the risk of EOCs to the New 
Zealand environment.  

Following a series of workshops for “Developing a New Zealand strategy for emerging 
contaminant issues” jointly organised by experts from research organisations, environmental 
managers, policy makers and Māori representatives, a National Strategy to manage EOCs in New 
Zealand was developed (Appendix 1). The strategy document provides the blueprint to support 
implementation of the framework through communication and community involvement to 
ensure uptake of the biophysical research outcomes.  

The Strategy was developed to address a perceived gap in the co-ordinated management of EOCs 
in New Zealand. The purpose of the Strategy is the improve management and awareness of the 
risks and impacts of EOCs (and the wider range of emerging contaminants that are not organic) 
to New Zealand’s people and environment.  The Strategy has an inspirational vision: “A healthy 
Aotearoa-NZ safeguarded against emerging contaminants” and the following goals: 

• To provide direction, leadership and support to Aotearoa/NZ on the effects of ECs in the 
environment. 

• To identify research and development requirements for improving our knowledge of the 
toxicity of ECs to Aotearoa/NZ’s people and environment. 

• To communicate knowledge of emerging contaminants in an effective and timely manner, 
in order to protect Aotearoa/NZ’s prosperity, heritage and health. 

Implementation plans will be required to outline the approach to what needs to happen to enable 
the achievement of the goals of the Strategy. Implementation plans will be developed to achieve 
the goals of the Strategy and will be reviewed on a yearly basis to respond to new knowledge and 
shifting priorities.  
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Ad-hoc research 

There have been three recent papers on EOCs in New Zealand from groups that are new to the 
field. All three papers have external collaborators. 

Bernot et al. (2018) measured 26 EOCs at four waterways in Dunedin. To assess any effect of the 
large student population, sampling was conducted before and after the student ‘Orientation 
Week’ at the University of Otago. Most EOCs were below detection limits. However, caffeine, 
carbamazepine, cotinine and DEET (all wastewater markers) were measured at concentrations 
above detection limits. In general, concentrations of EOCs were ∼20% higher following the influx 
of students to the University. 

Hageman et al. (2019) measured current use pesticides in 36 agricultural streams in Waikato, 
Canterbury, Otago and Southland using a combination of grab water sampling and passive 
samplers (similar approach to sampling used in current MBIE programme – see Section 5.4). 
Multiple pesticides were found at most sites; two or more were detected at 78% of sites, three or 
more at 69% of sites, and four or more at 39% of sites. The pesticide of most concern was 
chlorpyrifos, which exceeded the No Observable Effects Concentration (NOEC) value for fish (140 
ng/L) at one Waikato Site and one Canterbury Site 7 (both 180 ng/L). Results specific to Southland 
are summarised in Section 3.2.4. 

Moreau et al. (2019) conducted a survey on EOC occurrence in Waikato groundwater, using a wide-
screening approach (723 compounds) and a method for ageing the groundwater. They looked 
predominantly at sites from the State of the Environment (SOE) network plus 10 targeted sites 
located in the vicinity of known EOC sources for comparison. Similar diversity and concentration 
ranges of EOCs were observed at the SOE and targeted sites. Higher concentrations and more 
types of EOCs were detected at sites in the youngest groundwater age category. Concentrations 
of EOCs detected at baseline sites were comparable to those found in overseas groundwaters, with 
28 compounds measured at concentrations greater than the EU maximum admissible 
concentration for pesticides.  

The Waikato region has important similarities to Southland, with predominantly rural landuse 
and a significant dairy industry. Therefore, it may be expected that similar results would be seen 
in Southland groundwater. 

Macaulay et al. (2020) studied the effects of temperature and the neonicotinoid imidacloprid on 
mortality and sub-lethal responses to two New Zealand mayflies (Deleatidium spp. and Coloburiscus 
humeralis). Increased temperature appeared to lead to higher mortality (at a lethal dose) and 
reduced mobility and moulting (at a sub-lethal dose). 

Pattle Delamore Partners (PDP) undertook a review of the impact of a range of fluorinated 
chemicals (commonly called PFAS) on ecosystems (PDP, 2018).  Due to concerns regarding the 
persistence, bioaccumulative potential and toxicity of PFAS, international regulations have begun 
to phase out some of the long chain PFAS (e.g. PFOS and PFOA). As with most EOCs, there is a lack 
of data regarding the concentration of PFAS within the New Zealand aquatic environment.  
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3.2.3 Current research programmes 

MBIE 

The main EOCs research programme in New Zealand is the MBIE funded “Emerging organic 
contaminants – managing risk for a safer NZ environment and economy”. It is a 5-year 
programme that started in 2017. The multi-disciplinary team, with international collaborators, 
iwi and stakeholders, integrate critical capability and expertise to characterise the risks EOCs 
pose to aquatic environmental health, taonga, kai moana and key export industries. The approach 
is using the latest passive sampling and analytical methodologies to identify the key EOCs in NZ’s 
aquatic environment. A series of bioassays and gene sequencing approaches using native species 
will characterise the risks of the most harmful EOCs. For the first time in NZ, we will develop an 
effect-directed analysis (EDA) approach fit for purpose for NZ to identify the EOCs with potential 
to adversely impact taonga species and human health. EDA uses a combination of chemical and 
biological methods to reduce the complexity of environmental samples to more manageable 
fractions of compounds that can subsequently be isolated and identified (see Section 5.4 for more 
detail). The adverse outcome pathway (AOP) concept will be used to analyse the generated 
complex set of results. The EDA approach will include the use of passive sampling devices for 
analysis of bioavailable EOCs in water. Subsequent fractionation procedures combined with 
bioanalytical and bioassay testing will identify and quantify biologically active EOCs. 

This research programme is being undertaken in partnership, based on the project team’s 
extensive relationships at both case study sites in the Whau (Auckland) and New River Estuary 
(Southland) catchments that will be further facilitated through collaborative planning sessions 
to integrate international expertise and policy insights into viable multi-scale strategies and 
regional management frameworks. The case studies will provide local contextual grounding to 
identify priorities and facilitate the selection of estuarine sites and taonga species for testing, 
bringing a layer of cultural relevance and significance (e.g. mahinga kai) to the study design. This 
will provide a platform to collect meaningful data on risk of EOCs to tangata whenua that will 
inform their relationship with and management of their natural resources. The case studies will 
provide opportunities for on-going discussions with Iwi, councils and community groups around 
pollution prevention, substitution of hazardous chemicals and promotion of more ethical 
industrial activities. 

The programme structure includes a National Advisory Panel (NAP) with membership from 
Regional Councils, MfE, MPI, DOC, EPA and industry to facilitate the flow of information on the 
risk of EOCs. The NAP will assist the project team to inform and educate the wider public and 
contribute to the adjustment and development of effective policies underpinned by the National 
Strategy. 

The key roles of the National Advisory Panel are to provide: 

• Independent advice on research strategy, quality and performance, and assist in ensuring 
that appropriate research directions are prioritised, and. 

• Independent input on stakeholder/partners’ research needs, and advice on how the 
uptake of project outcomes can be enhanced. 
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3.2.4 EOC research in Southland 

To our knowledge, there has only been very recent research on EOCs in Southland. This research 
has been as part of a wider study and includes: 

• The current MBIE research programme (described in Section 0) has Southland as one of 
two study areas (the other being the urban Whau Estuary in Auckland). Potential risks 
from a Southland context are covered in detail in the high-level risk assessment (Section 
5.1). 

• Hageman et al. (2019) – described above – included 6 Southland sites in their study on 
pesticides. Potential risks from a Southland context are described in Section  5.2.3. 

• The National Survey of Pesticides in Groundwater has been running since 1990, with the 
recent survey (2018) including EOCs for the first time (Close and Humphries, 2019). 
Potential risks from a Southland context are described in Section  5.2.3. 

3.2.5 New Zealand legislation 

Hazardous Substances and New Organisms Act 1996 (HSNO) 

The role of New Zealand’s Environmental Protection Agency (EPA) under the Hazardous 
Substances and New Organisms (HSNO) Act is the regulation of pesticides, household chemicals 
and other dangerous goods and substances. EPA have put controls in place to manage the risks of 
hazardous substances to safeguard people and the environment.9  

Hazardous substances, including petrol, solvents, industrial chemicals, agrichemicals, household 
cleaners and cosmetics, need to be approved before they can be used in New Zealand. Therefore, 
there is a process in place to prevent “new” EOCs from entering New Zealand, provided they are 
an “active ingredient” (e.g. a new pesticide or pharmaceutical) and not arriving through 
incorporation into other materials (e.g. flame retardants).  

Currently registered chemicals for which concerns have arisen since regulation approval can be 
re-assessed, however there is no legislative requirement to do this unless a formal re-assessment 
request is lodged. This may be initiated by the product owner, a submitter, and can also be 
initiated by the EPA Chief Executive. Grounds for reassessment need to be established (by a 
Decision Making Committee) prior to a reassessment being undertaken. Grounds for 
reassessment are defined in the HSNO Act as being when “information showing a significant 
change of use, or a significant change in the quantity manufactured, imported, or developed has 
become available.” 

Working with international counterparts, the EPA has developed a screening tool to 
evaluate a chemical’s potential risk to human health and to the environment. To date they have 
screened around 700 chemicals and identified a Priority Chemicals List of around 40 chemicals 
that require further review and scrutiny. Both the screening and priority chemicals list are 
'living' lists and are adjusted from time to time as new information becomes known. 

 
9 https://www.epa.govt.nz/industry-areas/hazardous-substances/what-are-hazardous-substances/  

https://www.epa.govt.nz/industry-areas/hazardous-substances/what-are-hazardous-substances/
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The screening tool developed – Flexible Reassessment Categorisation Screening Tool (FRCaST)10 
–categorises chemicals into risk-driven Priority Groups (A through F). The Priority Chemicals List 
is populated by chemicals that have been screened and categorised into the higher risk groups 
based on human health and environmental health risks (i.e. Priority Groups A and B). The 
screening process places the remaining chemicals in several lower risk groups (C to F), which are 
not of high enough risk to currently be included in the Priority Chemicals List. However further 
work, including similarity to Priority Chemicals, may result in chemicals in the lower risk groups 
being included in the Priority Chemicals List. 

The screening list of 700 is extensive and of the 13 examples of EOCs provided in Table 2, nine 
have been screened by FRCaST (Table 3). However, of these 9, only 1 (diuron) is on the Priority 
Chemicals List (Priority Group B). Others – for example bisphenol A and PFOA – are listed as group 
A for maximum human health risk, but group F for maximum environmental risk, with resulting 
overall priority group D. Interestingly, apart from diuron (maximum environmental risk group 
B), no other EOCs in this list are considered priorities under this category (Groups C to F). 

From the full list of 700 odd chemicals, there are 39 Priority Chemicals identified (i.e. Priority 
Groups A to B). In terms of maximum human health risk, of the 39, 26 are in Group A and 8 in 
Group B (total 34). In terms of maximum environmental risk, of the 39, 12 are in Group A and 17 
in Group B (total 29). This suggests there is a slight bias towards human health risk than 
environmental risk, which may reflect the currently available data used to derive the list. 

Table 3. List of example EOCs from Table 2 that have been screened by EPA.1  

Chemical Name CAS Maximum Human 
Health Risk 

Maximum 
Environmental 
Risk   

Priority Group 

Paracetamol 103-90-2 F F F 

Bisphenol A 80-05-7 A F D 

Triclosan 3380-34-5  F C E 
Nonylphenol and its 
ethoxylates 127087-87-0 C E D 

Estradiol 50-28-2 E F F 

PFOA 335-67-1  A F D 

Monensin 17090-79-8 C E D 
Glyphosate (and its 
common salts) e.g. 1071-83-6 D F E 

Diuron 330-54-1 A B B 
1 At this time benzotriazole, triphenyl phosphate, oxybenzone, and galaxolide have not been screened. 

Pharmaceutical Management Agency (PHARMAC) 

The Pharmaceutical Management Agency (PHARMAC) is the New Zealand Crown agency that 
decides, on behalf of District Health Boards, which medicines and related products are subsidised 
for use in the community and public hospitals.11 PHARMAC do not play a role in determining 
legislative procedures for the control of pharmaceuticals but (via funding decisions) indirectly 

 
10 https://www.epa.govt.nz/industry-areas/hazardous-substances/chemical-reassessment-programme/screened-
chemicals-list/  
11 http://www.pharmac.health.nz 

https://www.epa.govt.nz/industry-areas/hazardous-substances/chemical-reassessment-programme/screened-chemicals-list/
https://www.epa.govt.nz/industry-areas/hazardous-substances/chemical-reassessment-programme/screened-chemicals-list/
http://www.pharmac.health.nz/
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control the type and quantities of pharmaceuticals available for prescription, which ultimately 
enter domestic wastewater streams and the environment.  
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4. The Southland region 

Recent reports summarise information on the Southland region in relation to urban and 
industrial aspects (Moran et al., 2018) and agricultural and forestry aspects (Moran et al., 2017). 
Importantly, these reports provide up-to-date statistics on urban and rural environments in the 
Southland region, including, more importantly for EOCs, recent changes in landuse, particularly 
from a rural perspective.  

4.1 Urban environment 

Around 57,000 people (or just over 61% of Southland’s population) are concentrated in 
Invercargill and Gore, and 36,000 people (just under 39% of the region’s population) are widely 
distributed in smaller communities across the rest of the region’s developed land (roughly 1.3 
million hectares). At a regional scale, Southland’s population is relatively constant (deaths and 
outward migration being balanced by births and inward migration) but there is strong variability 
between local communities – with growth in some towns and declines in other towns reflecting 
changes in the economy. The larger towns are where there is usually more industry, and therefore 
more trade waste sources (Moran et al., 2018).  

4.2 Land and water 

Southland is predominantly rural, with agriculture making up nearly 87% of the developed land 
in the region, forestry around 10% and urban land around 3.3% (Moran et al., 2017). This is 
discussed further in following sections. 

Southland contains a large amount of freshwater, both as surface water (Figure 3) and 
groundwater. The region has six of New Zealand’s 25 largest lakes including Lakes Te Anau, 
Manapōuri, and Hauroko (which are also New Zealand’s three deepest lakes). There are also tens 
of thousands of kilometres of rivers and streams, including the Waiau, Aparima, Ōreti, and the 
Mataura Rivers. Together, the catchments of these four rivers drain 1.85 million hectares or 62% 
of the Southland mainland. Numerous other rivers and streams drain the remaining land to the 
coast, including Waituna Creek, Waimatuku Stream, and the Waikawa, Waihopai, and Pourakino 
Rivers. 
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Figure 3. Surface water in Southland (adapted from Moran et al., 2017).12  

 
12 Note: the rivers are displayed using lighter colours for the tributaries and becoming darker as they flow toward the 
main stem. 
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4.3 Point sources 
4.3.1 Major wastewater discharges13 

Wastewater (treated and untreated) is a major source of EOCs to the aquatic receiving 
environment. Water New Zealand maintain an inventory of publicly owned WWTPs in New 
Zealand and include information on location, treatment level (primary, secondary, tertiary)14, 
volume treated, discharge environment (land, freshwater, marine), and proportion of trade 
waste.15  Southland has 24 publicly owned WWTPs, of which 1 has primary treatment, 17 have 
secondary treatment, and 6 have tertiary treatment (Figure 4). Volumes treated annually range 
from around 10 million m3 (Clifton – Invercargill) to 2,000 m3 (Omaui) (Table 4). Most of the 
treated wastewater is from urban centres, with over 95% of wastewater treated by the 6 largest 
WWTPs – Clifton (45%); Wallacetown (38%); Gore (7%); Te Anau (1.9%); Winton (1.6%); and Bluff 
(1.4%).15

 

13 In Southland, many industries manage their trade wastewater through municipal schemes. More detail can be 
found in section 5.1.4. 

14 The level of treatment of WWTPs has an impact on the fate of EOCs discharged. This is discussed in Section 5.1. 

15 https://www.waternz.org.nz/WWTPInventory  

https://www.waternz.org.nz/WWTPInventory
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Figure 4. Location of publicly owned WWTPs in the Southland region. Colour codes refer to: primary (red); secondary (yellow); tertiary 
(green).
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Table 4. Information on publicly owned WWTPs in the Southland region. 

1 Not all data are up to date. 
2 New River Estuary. 
3 The municipal waste from Wallacetown goes through the Alliance treatment plant. 
4 Was coded as marine by Water NZ - changed to land see https://www.southlanddc.govt.nz/assets/LTP2018/AMP/15-AMP-
Wastewater-2018-2048-DRAFT-FEB-18.pdf  
 

 

Figure 5. Major WWTPs in the Southland region based on volume of wastewater treated. 
Note: only WWTPs with >1% of the region’s wastewater treated are labelled. 

Clifton, 45%

Wallacetown, 38%

Gore, 7%
Te Anau, 2%

Winton, 2% Bluff, 1%

Treatment Plant 
Name 

Level of 
treatment 

Discharge 
environment 

Volume treated 
(m3/year) 

% volume of 
Southland 

Year of latest 
record1 

Clifton Tertiary Marine harbour2 9,918,893 45.3 2017-2018 

Wallacetown Tertiary Freshwater3 8,296,450 37.9 2014-15 

Gore Secondary Freshwater 1,563,640 7.1 2017-2018 

Te Anau Tertiary Freshwater 416,100 1.9 2014-15 

Winton Tertiary Freshwater 354,050 1.6 2014-15 

Bluff Secondary Marine coastal 297,788 1.4 2017-2018 

Mataura Secondary Freshwater 205,952 0.9 2017-2018 

Riverton (Rocks) Secondary Marine coastal 127,750 0.6 2014-15 

Edendale Wyndham Primary Freshwater 106,945 0.5 2014-15 

Riverton (Townside) Secondary Land 83,585 0.4 2014-15 

Ohai Secondary Freshwater 79,570 0.4 2014-15 

Riversdale Tertiary Land4 74,095 0.3 2014-15 

Otautau Secondary Land 73,000 0.3 2014-15 

Balfour Secondary Freshwater 66,430 0.3 2014-15 

Tuatapere Secondary Freshwater 56,940 0.3 2014-15 

Lumsden Secondary Land 51,830 0.2 2014-15 

Nightcaps Secondary Freshwater 47,085 0.2 2014-15 

Manapouri Secondary Freshwater 22,995 0.11 2014-15 

Oban Tertiary Land 21,900 0.10 2014-15 

Gorge Road Secondary Freshwater 8,030 0.04 2014-15 

Tokanui Secondary Freshwater 5,840 0.03 2014-15 

Browns Secondary Marine coastal 3,650 0.02 2014-15 

Waikaka Secondary Freshwater 2,234 0.01 2016-17 

Omaui Secondary Land 2,000 0.01 2017-2018 

https://www.southlanddc.govt.nz/assets/LTP2018/AMP/15-AMP-Wastewater-2018-2048-DRAFT-FEB-18.pdf
https://www.southlanddc.govt.nz/assets/LTP2018/AMP/15-AMP-Wastewater-2018-2048-DRAFT-FEB-18.pdf
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4.3.2 Major stormwater discharges 

Most towns in Southland lie on flat to rolling land near rivers that are prone to flooding. Much of 
the last 150 years in catchment engineering has been about managing water quantity for 
alleviation of flooding and enhancement of land productivity, rather than water quality, with the 
aim being to get water off the land as quickly as possible. In urban areas there are complex 
stormwater networks to cope with the large volumes of water, just as in many lowland rural areas 
there are extensive tile and mole drainage networks (Moran et al., 2018). 

Treatment of stormwater is via a process of slowing the water flow so attenuation of 
contaminants can occur. These devices are gradually being implemented alongside new 
residential developments and include pre-treatment (e.g. vegetated swales), first flush 
interception, soakage systems, detention basins, and constructed wetlands (Moran et al., 2018).  

Stormwater may be reticulated into the wastewater network, increasing the flow of water for 
treatment.16 Stormwater may also be contaminated by wastewater through broken pipes, illegal 
cross connections, and/or wastewater overflows, where untreated sewage is discharged to 
stormwater drains, albeit diluted to some extent.  

Parts of the stormwater and wastewater networks in Invercargill and Gore are combined with 
associated cross-contamination issues. In the smaller towns, there is limited opportunity for 
contamination of stormwater discharges with waste substances and councils consider that 
improving the quality of wastewater discharges will be of more benefit for water quality (Moran 
et al., 2018). 

4.3.3 Major landfills 

There is only one operational Class A landfill in Southland (see Section 2.1.3 for description), the 
AB Lime-owned and operated regional landfill in Browns, near Winton. This landfill receives 
approximately 50,000 tonnes of waste under contracts with Invercargill City Council (ICC), Gore 
District Council (GDC) and Southland District Council (SDC). This Class A landfill has leachate 
collection systems, and the leachate is recirculated within the landfill with excess leachate 
transported to the Invercargill Wastewater Treatment Plant (WWTP) at Clifton (Gadd, 2019). 
Therefore, there is limited opportunity for contamination of groundwater by landfill leachate 
from this landfill. 

There are also numerous closed landfills located throughout the Southland region, of varying age, 
fill and environmental risk. Southland District Council is responsible for 48 closed landfills, 
including monitoring of surface and groundwater to assess actual or potential contamination 
from leaching. One of the largest closed landfills in the region is the former West Invercargill 
landfill, adjacent to the Waihopai River and Waihopai arm of the New River Estuary. This landfill 
received municipal waste, building materials and dredging wastes, and is expected to have also 
received industrial wastes, sewage from night soil collection and the Invercargill WWTP, and 
construction and demolition wastes including that from the former gas works site (Gadd, 2019). 

 
16 In Southland this is not a common occurrence but may occur, for example, when dewatering discharges from 
industrial sites are diverted to wastewater when the permitted criteria for stormwater is exceeded. 



 

29 
 

There is a significant opportunity for contamination of groundwater by landfill leachate from this 
landfill. 

4.4 Diffuse sources 
4.4.1 Agriculture 

Of the 1.2 million hectares of developed land in Southland, agriculture covers over 1.04 million 
hectares (86.7%). This sector includes a range of different industries, from drystock (sheep, beef 
and deer) and dairy (almost entirely cattle) through to arable crops and horticulture but has 
always been predominantly pastoral farming. Forestry (commercial, indigenous and farm 
forestry) covers 118,000 hectares (9.9%) and covers commercial plantation forestry (radiata pine, 
Douglas fir and eucalypts) and, to a lesser extent, farm forestry (tree blocks on-farm) and 
indigenous forestry (native timber harvest). The remaining 3.3% of developed land is used for all 
other activities, such as urban centres, transport networks, and industry (Moran et al., 2017).  

Landuse has been constantly changing in Southland since development started 150 years ago. In 
recent years the main trend has been a shift from drystock farming in two main directions: 

1. A transfer of landuse from high country pastoral cover to conservation, with the creation 
of protected areas within the Department of Conservation estate; 

2. A shift in landuse from lowland drystock to dairy as the dairy industry expanded. Over a 
period of 15 years (1990 and 2014) there was an estimated 30% decline (1,100,000 ha to 
795,000 ha) in the total area of land in Southland for drystock and an approximate 16-fold 
increase in the area for dairy (16,000 to 255,000 ha). 

Many lowland drystock farms either diversified from sheep to other enterprises or shifted away 
from sheep altogether and into dairying. Beef farming remained more stable, through some 
substitution of beef for sheep and because beef cattle tend to be run on land not sought after for 
dairying in Southland. Agricultural land also switched from drystock and arable farming to 
activities connected with the dairy industry, such as the grazing of mixed age dairy cattle (Moran 
et al., 2017). 

4.4.2 Horticulture 

Horticulture occupies a small area of land17 in Southland and revolves around the growing of 
vegetables (mostly carrots, potatoes and parsnips) and tulip bulbs (Moran et al., 2017). 

Almost all the commercial forestry area in Southland is plantation forestry, however, there are 
small areas of native (indigenous) forestry (Moran et al., 2017).  

  

 

17 Southland normally has around 500 hectares of planted vegetables (0.04% of developed land in the region) – mostly 
carrot, potatoes and parsnips – and around 300 hectares of tulips (0.025% of developed land in the region) (Moran et 
al., 2017). 
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5. High level risk assessment of EOCs in Southland 

5.1 EOCs from wastewater 

As stated in Section 4.3.1, wastewater (treated and untreated) is a major source of EOCs to the 
aquatic receiving environment. There are many factors that may affect the risk from EOCs found 
in wastewater. 

5.1.1 Level of treatment 

As summarised in Section 4.3.1, of the 24 publicly owned WWTPs in Southland, 1 has primary 
treatment, 17 have secondary treatment, and 6 have tertiary treatment. Due to the large number 
of EOCs entering the wastewater network and the complexity of those chemicals it is very difficult 
to draw firm conclusions on removal of individual EOCs for conventional wastewater treatment 
processes.18 There appears to be no clear distinction between primary, secondary and tertiary 
treatment for the removal of EOCs (reviewed in: Leu et al., 2012; Luo et al., 2014; Margot et al., 
2015; Stasinakis et al., 2013).  

According to Water New Zealand data15, all of the WWTPs in Southland have conventional 
wastewater treatment processes and none use advanced treatment processes such as membrane 
bioreactor (MBR), activated carbon adsorption, oxidation, nanofiltration or reverse osmosis. 
These advanced treatment options can achieve higher and more consistent EOC removal than 
conventional treatment processes.  

As summarised in Table 5, advanced treatment processes, such as MBR and advance oxidation or 
ozone, may provide higher removal of EOCs than conventional activated sludge. However, a word 
of caution, often there is conflicting information. For example, Radjenovic et al. (2009) stated that 
MBRs can effectively remove a wide spectrum of EOCs including compounds that are resistant to 
Conventional Activated Sludge (CAS) processes, but Cirja et al. (2008) compared conventional 
treatment plants and MBR, and concluded that there was no real difference between the two 
systems concerning the removal of different classes of EOCs.   

Table 5. Qualitative summary of different treatment options for EOC removal (from Luo et 
al., 2014). 

Treatment/EOC 
Common removal efficiency 

P PCP SH IC 

Conventional activated sludge 
(CAS19) 

Low-High Medium-High Medium-High Low-High 

Membrane bioreactor (MBR) Low-High Medium-High High Medium-High 

Ozone and Advanced Oxidation 
Processes 

Medium-High Medium-High High Medium-High 

P = pharmaceutical; PCP = personal care product; SH = steroid hormone; IC = industrial chemical. 

 

 
18 For the purposes of this review, conventional wastewater treatment process refers to conventional activated sludge 
treatment. 
19 CAS includes primary, secondary and tertiary treatment. 
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An important point to make is that even high wastewater removal efficiencies does not guarantee 
protection of aquatic life as some EOCs show effects at extremely low (nanogram per litre) 
concentrations. For example, the antimicrobial triclosan has a predicted no-effects concentration 
(PNEC) of 1.5 ng/L, while the steroid estrogens – estrone and -estradiol – have PNECs of 3.6 ng/L 
and 0.042 ng/L, respectively (Margot et al., 2015).  

5.1.2 Discharge environment 

A little over half (58%) of municipal WWTPs in Southland discharge to freshwater with total 
volume around half (51%) the total regional volume. Only 1 WWTP – Clifton – discharges to a 
marine harbour, (hereafter New River Estuary) and accounts for 45% of the total volume. 
Discharges to land (6 WWTPs and 1.4% of total volume) and marine coastal environments (3 
WWTPs and 2.0% of total volume) are relatively minor contributions. 

Table 6. Discharge characteristics of publicly owned WWTPs in Southland. 

Discharge 
environment 

Number 
Percentage of 
total number 

Volume treated 
(m3/year) 

Percentage of 
total volume 

Freshwater 14 58 11,232,261 51 

Land 6 25 306,410 1.4 

Marine Coastal 3 13 429,188 2.0 

New River Estuary 1 4 9,918,893 45 

The environmental risk from EOCs discharged from Clifton WWTP to New River Estuary is 
potentially significant. Although there is extremely high tidal flushing in New River Estuary, 
leading to high dilutions, nearly half of the Southland region’s wastewater is discharged at a 
single point. Currently, there are no data to assess this risk, however to provide some context, 
recent risk assessments of EOCs in WWTP discharges to marine receiving environments have been 
undertaken to inform reconsenting processes in Auckland: Waiuku/Clarke’s Beach WWTP; 
Omaha WWTP; Warkworth/Snells Beach WWTP; and Army Bay WWTP. A range of EOCs were 
measured in the WWTP discharge and – coupled with hydrodynamic modelling dilutions – a risk 
assessment was carried out in the marine receiving environment. Results (after dilution) showed 
generally no more than minor ecological effects from EOCs at these WWTPs (James et al., 2018, 
2016; Stewart, 2016a, 2016b). Furthermore, the MBIE programme (Section 5.4) includes 
monitoring of the discharge at sites associated with Clifton WWTP and within the New River 
Estuary receiving environment site.  

It is recommended that a specific assessment of New River Estuary be done taking into account 
hydrodynamics of the estuary, the operational WWTP and its EOC concentrations and the 
adjacent decommissioned landfill.  

Although a similar volume of wastewater is discharged to surface freshwater environments, this 
is spread over 14 different sites. Therefore, it may be expected that the potential risk from EOCs 
discharged from publicly owned WWTPs to surface freshwater environments is likely less than 
for the single New River estuary discharge. However, the environmental risk to surface 
freshwater environments will likely increase markedly during periods of low river flows, where 
potential for dilution is reduced. Furthermore, sensitivity and resilience of some freshwater 
receiving environments to EOCs may differ markedly from marine environments. Another factor 
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is human health risks may be present where the surface water is used as drinking water, especially 
where this is untreated, as may be the case in rural communities. 

In terms of environmental risk, discharges to land are likely the lowest potential risk as there is 
a relatively low volume, spread over 6 WWTPs. Furthermore, discharge to land will eventually 
follow the groundwater pathway to the marine receiving environment, after potentially 
traversing through freshwater environments (lakes, rivers and wetlands) which is significantly 
longer than to surface water (not withstanding surface water recharge) and offers a greater 
opportunity for attenuation of EOCs. In contrast, risks to human health from drinking water 
abstraction may be present where the point of abstraction may be close to sites of wastewater 
application to land. However, this is likely a larger risk in association with septic tank systems, 
where no pre-treatment is occurring (as would be happening in municipal wastewater treatment 
plants) (see Section 5.1.3). 

5.1.3 Septic tanks 

The Southland region contains large numbers of on-site septic tanks. In 2008, Ministry for the 
Environment released a discussion document on a proposed National Environmental Standard 
for on-site wastewater systems (Ministry for the Environment, 2008), where it stated that 61 of 
80 settlements in Southland treat their wastewater using septic tanks. The report also stated that 
existing and new septic tank systems are permitted activities and although there is a requirement 
for maintenance, there are no requirement for records to be kept and/or supplied to the Council. 
The Council only monitors consented systems. Aside from a companion report on submissions to 
the proposed National Environmental Standard for on-site wastewater systems, there doesn’t 
appear to have been any progress since this report.   

Septic tanks are characterised by mini-point source loads of contaminants to groundwater, which 
may ultimately comprise diffuse pollution to the receiving environment through the 
groundwater pathway, the level of which depends on how effectively attenuation of each EOC 
occurs. As the responsibility for maintenance of septic tanks lies with the owner and not a public 
water company, this is a large knowledge gap and potential effects are unknown. 

The primary receiving environment for septic tank discharge is groundwater, with surface 
freshwater and marine water being secondary receiving environments. Therefore, risks to human 
health may be increased in areas where there is a relatively high density of septic tanks and where 
groundwater is abstracted for drinking water. Rural areas generally treat groundwater with 
filters to remove particulate matter, and possibly UV treatment for pathogens. However, many 
EOCs would survive this process. 

5.1.4 Trade waste 

In Southland, many industries manage their trade wastewater through municipal schemes (red 
dots in Figure 6), particularly those in and around Invercargill and Gore. Others manage their 
trade waste using on-site systems (purple dots in Figure 6), however the technologies used in 
these on-site systems tend to be based on similar treatment principles to those used in many 
municipal schemes.  
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The majority of trade waste industries in Southland are meat processing factories and dairy 
factories but other industries include an aluminium smelter, timber manufacturing20, and dry 
cleaning. 

 

Figure 6. Location of key industrial discharges in Southland (Moran et al., 2018). 

5.1.5 Cruise ships 

In the 2019/2020 season there were 133 scheduled visits by cruise ships, however with the 
cancellations experienced resulting from the flood and corona virus events, only 103 of those 
scheduled visits came through Southland waters (personal communication Lyndon Cleaver, 
Harbourmaster). 

Cruise ships discharging treated or untreated sewage are another potential source of EOCs to the 
marine receiving environment. Marine pollution regulations21 state that raw sewage can only be 
discharged greater than 12 nautical miles from land and treated sewage greater than 3 nautical 
miles from land. 

 
20 This includes manufacture of medium density fibreboard (MDF). Resins used in the manufacture of MDF include 
polymers containing formaldehyde, urea and melamine. These are industrial products (see Section 1.1) and the 
individual components (and potential breakdown products) may be classed as an EOC. 
21 http://www.imo.org/en/About/Conventions/ListOfConventions/Pages/International-Convention-for-the-
Prevention-of-Pollution-from-Ships-(MARPOL).aspx 
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5.1.6 Summary of risk of EOCs from wastewater 

As with other regions in New Zealand, there are many knowledge gaps in Southland around the 
risks (environmental and human health) from EOCs discharged from wastewater. We know that 
many EOCs are not completely removed by conventional wastewater treatment processes and 
some even survive advanced treatment. In terms of municipal wastewater treatment systems, 
Southland has only conventional treatment systems.  

An understanding of the discharge environment is important for assessing risk. In summary:  

• Nearly half the municipal wastewater in the region (45% - Invercargill) is treated and 
discharged at one point (New River Estuary), leading to potential environmental risk from 
EOCs. However, there is large tidal flushing in the estuary and dilution will be large.  EOCs 
that partition to sediment may build up over time in low energy environments where 
there is limited resuspension of particulate matter. However, EOCs that partition strongly 
to sediment generally have higher WWTP removal rates as they are disposed with solid 
waste. 

• Discharges to freshwater environments in the region are probably a reduced 
environmental risk in comparison with the single Invercargill discharge as there are 
multiple discharges. This may increase during low flow (dry) conditions and be dependent 
on the resilience of each freshwater system.  

• Discharges to land are likely the lowest potential environmental risk as there is a relatively 
low volume, spread over 6 WWTPs. Furthermore, there is opportunity for attenuation 
within the groundwater zone.  

• Southland has a high relative proportion of on-site wastewater systems (septic tanks), 
where treatment is not regulated as for municipal systems.  

• For freshwater discharges, human health risk (via consumption of drinking water) is an 
added risk not present in marine environments, especially in rural areas. 

• Trade waste industries in Southland appear to be predominantly meat processing and 
dairy factories, but other industries include an aluminium smelter, timber manufacturing 
(including MDF), and dry cleaning. Therefore, the risk from EOCs may be reduced from 
these industries (nutrients and BOD are likely greatest risks), however cleaning products 
used in the processes may contain EOCs, such as surfactants. 

5.2 EOCs from agriculture 
5.2.1 Veterinary antibiotics 

Veterinary antibiotics are poorly adsorbed in the gut of animals, with the majority excreted 
unchanged in faeces and urine (Sarmah et al., 2006). Furthermore, land application of animal 
waste as a supplement to fertilizer is a common practice in New Zealand. Meat processing plant 
effluent is a possible source of veterinary antibiotics to the environment, however this is a 
knowledge gap as measurement of veterinary antibiotics is unlikely to be happening. 
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Within the Southland region – under the proposed Southland Water and Land Plan (Decisions 
Version (4 April 2018)22 – discharge of agricultural effluent to land is a permitted activity as long 
as certain conditions are met, which include, the discharge is (1) from a dairy shed servicing a 
maximum of 20 cows or 100 of any other animal; or (2) from piggeries with a maximum of 70 x 50 
kg pig equivalents. Other conditions specifically prevent discharge to or near surface waters. 

A wide range of veterinary antibiotics are used in the agriculture sector within New Zealand. The 
pig, poultry and dairy industries use the most significant mass of antibiotics in New Zealand, with 
most of those antibiotics being administered to pigs and poultry in feed and/or water. From a 
Southland perspective, pigs and poultry are not major industries, with cattle (including a rapidly 
increasing dairy industry), sheep and deer dominating. The primary use of antibiotics in the New 
Zealand dairy industry is by intramammary and injectable antibiotic administration, with the 
greatest proportion of that use being attributed to intramammary administration of mostly 
penicillins (Ministry for Primary Industries, 2013b). However, monensin is an ionophore 
antibiotic (see Table 2) used as a feed supplement in dairy and beef cattle.23 

Penicillins are used in human health, whereas monensin is not. No human toxicity studies have 
been undertaken on monensin, but toxicity tests on other species (dog, rat, mouse) suggest 
monensin toxicity in non-target species (Ritter et al., 2016).  

To the best of our knowledge, there is no information on the fate and potential environmental 
and human health effects from monensin and other veterinary drugs in Southland. 

5.2.2 Steroid hormones 

In New Zealand the dairy farming industry is a significant source of steroid hormones released 
into the environment (Gadd et al., 2010a, 2010b). The concentration of estrogenic steroid 
hormones in dairy shed effluents released to waterways or irrigated onto pasture exceed those in 
WWTP effluent. The greater bulk of dairy cow waste is deposited directly to pasture by defecation 
and urination. Steroid hormones in animal waste, irrigated oxidation pond effluents and 
oxidation pond slurry spread to pasture can migrate through soil into groundwater or be 
transported from pasture into nearby waterways (Gadd, 2008). As a consequence estrogenic 
steroid hormones have been detected in groundwater and stream waters of intensively farmed 
dairy catchments in New Zealand (Gadd, 2008). 

Significant dairy intensification has been occurring in Southland with a 16-fold increase (by area) 
over the last 15 years. Steroid hormones are potent endocrine disrupting chemicals and risks to 
ecological communities and human health (through drinking water from groundwater 
abstraction) are likely increased as a result of the dairy intensification. However, there are no 
data to support this and this remains a significant knowledge gap. 

 
22 https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-us/plans-and-
strategies/regional-plans/proposed-southland-water-and-land-
plan/documents/Proposed%20Southland%20Water%20and%20Land%20Plan%20-%20Part%20A%20-
%20Decisions%20Version%20%284%20April%202018%29%20PDF.pdf  
23 https://www.elanco.co.nz/products-services/cattle/products/rumensin-millmix  

https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-us/plans-and-strategies/regional-plans/proposed-southland-water-and-land-plan/documents/Proposed%20Southland%20Water%20and%20Land%20Plan%20-%20Part%20A%20-%20Decisions%20Version%20%284%20April%202018%29%20PDF.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-us/plans-and-strategies/regional-plans/proposed-southland-water-and-land-plan/documents/Proposed%20Southland%20Water%20and%20Land%20Plan%20-%20Part%20A%20-%20Decisions%20Version%20%284%20April%202018%29%20PDF.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-us/plans-and-strategies/regional-plans/proposed-southland-water-and-land-plan/documents/Proposed%20Southland%20Water%20and%20Land%20Plan%20-%20Part%20A%20-%20Decisions%20Version%20%284%20April%202018%29%20PDF.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-us/plans-and-strategies/regional-plans/proposed-southland-water-and-land-plan/documents/Proposed%20Southland%20Water%20and%20Land%20Plan%20-%20Part%20A%20-%20Decisions%20Version%20%284%20April%202018%29%20PDF.pdf
https://www.elanco.co.nz/products-services/cattle/products/rumensin-millmix
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5.2.3 Pesticides 

Pastoral farming uses many different pesticides including fungicides/bacteriocides, herbicides 
and insecticides. In 200424 it was estimated that 1278 tonnes (T) of active ingredient was used per 
year. Phenoxy hormone herbicides (e.g. 2,4-D, MCPA (2-methyl-4-chlorophenoxyacetic acid), 
mecoprop) were the most widely used, with 914 T, or 72% of the total. Phosphonyl herbicides (e.g. 
glyphosate) comprised 105 T, or a little over 8%, and organophosphates (e.g. chlorpyrifos) were 
the dominant insecticides with 71 T, or 5.5% of the total. Fungicide/bacteriocide use was minimal 
compared with other pesticides, with use significantly higher for horticulture. 

Hageman et al. (2019) assessed current-use pesticides in New Zealand agricultural streams, 
including 12 sites in Waikato, 12 sites in Canterbury, 6 sites in Otago, and 6 sites in Southland. 
They targeted 7 pesticides including 2 organophosphates (chlorpyrifos and diazinon), 2 
noenicitinoid insecticides (clothianidin and imidacloprid), a triazine herbicide (atrazine), and 
systemic herbicide (2,4-D). Interestingly, they did not measure glyphosate, one of the most widely 
used herbicides in New Zealand.25 

The authors found that chlorpyrifos was measured in highest concentrations, with 2 sites above 
the ‘No Observable Effect Concentration’ (NOEC) value for fish (140 ng/L). Neither of these sites 
were in Southland, and the Southland chlorpyrifos concentrations were less than 30 ng/L. Other 
pesticides were well below applicable NOECs at all sites. The relevance of these results for 
Southland Rivers should be viewed with caution, however. Although pesticides in Southland 
rivers appear to be at relatively low concentrations, this was a limited study. Samples were 
collected in December 2017 and January 2018, a period of unusually dry weather and negligible 
precipitation, where pesticide concentrations will have minimal dilution. Although this may 
appear to be a worst-case scenario, with limited rain there may be limited runoff of pesticides. In 
addition, apart from Waikato, sampling sites were generally clustered (see Figure 7) and may not 
be representative of each region. 

 
24 2004 data was the most up-to-date information that we could obtain. 
25 https://www.mpi.govt.nz/food-safety/food-safety-for-consumers/whats-in-our-food-2/chemicals-and-
food/agricultural-compounds-and-residues/glyphosate/  

https://www.mpi.govt.nz/food-safety/food-safety-for-consumers/whats-in-our-food-2/chemicals-and-food/agricultural-compounds-and-residues/glyphosate/
https://www.mpi.govt.nz/food-safety/food-safety-for-consumers/whats-in-our-food-2/chemicals-and-food/agricultural-compounds-and-residues/glyphosate/
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Figure 7. Location of sampling sites from Hageman et al. (2019).  

The National Survey of Pesticides in Groundwater has been running since 1990, with the recent 
survey (2018) including EOCs for the first time (Close and Humphries, 2019). There were 279 wells 
sampled for a range of pesticides, with none exceeding applicable drinking water maximum 
acceptable values (MAV). There were 135 wells measured for glyphosate and principal 
metabolites, with only 1 detection (2.1 µg/L), which was likely due to containers that were stored 
near the well. There is currently no MAV for glyphosate in drinking water in New Zealand and no 
World Health Organisation (WHO) guideline26 (WHO, 2017). The low prevalence of glyphosate 
detection is not unexpected as it binds to soil and is readily degraded and therefore is not 
expected to leach to groundwater.  

EOCs were measured in 121 wells as part of the pesticide survey. There were 29 different EOCs in 
the analytical suite and all regions where EOCs were measured had at least three wells with EOCs 
present. Within New Zealand, the most commonly detected EOC was the plasticiser bisphenol-A 
(BPA) that was detected in 40 wells, with the UV filter compounds, OMC and BP3 next most 

 
26 WHO report that under usual conditions, the presence of glyphosate and it’s major breakdown product (AMPA) in 
drinking-water does not represent a hazard to human health and they have not established a formal guideline value 
for glyphosate and AMPA. 



 

38 
 

common with 33 and 24 detections, respectively. Sucralose, an artificial sweetener, was next most 
common with 18 detections. In Southland (4 wells), OMC, sucralose and methyl-triclosan 
(metabolite of antimicrobial triclosan) were detected, but no BPA. 

These results indicate that EOCs are making their way into groundwater systems and can be 
detected at low concentrations. There are no MAVs for these EOCs in drinking water. However, 
some have are known to exhibit endocrine disrupting effects and the main concerns with these 
EOCs are environmental impacts (Close and Humphries, 2019). 

5.2.4 Dairy maintenance compounds 

Chemicals used to clean, sanitise or maintain dairy milking plants need to be approved by the 
Director General of MPI. A register of chemicals either approved or recognised for specific 
purposes currently contains over 650 products,27 which include antimicrobials, detergents, 
sanitisers, water treatment chemicals, and insecticides.  

This large number of chemicals used in dairy maintenance is a potential environmental and 
human health risk, however the fate of these chemicals is a current knowledge gap. 

5.2.5 Summary of risk of EOCs from agriculture 

In Southland, dairy farming has increased 16-fold (by area) over the last 15 years. Over this time, 
there has been an approximate 7.7% increase in dairy stocking rates from 2.6 cows/ha (in 
1999/2000) to 2.8 cows/ha (in 2014/2015) (Moran et al., 2017). When the increase in stocking rates 
is taken into account, this has likely led to a 17-fold increase in the amount of veterinary 
antibiotics and dairy maintenance compounds used in the region. It is likely that there has been 
a 17-fold increase in steroid estrogens excreted by (almost exclusively) female dairy cows. Steroid 
estrogens are the most potent endocrine disrupting chemicals and can exhibit effects at 
extremely low (<1 ng/L) concentrations. The key effects are related to impacts on reproductive 
fitness ultimately leading to failure to reproduce offspring (Caldwell et al., 2012).  

Pesticide use in Southland will be similar to other rural areas, with a wide range of chemicals 
used. Recent surface water and groundwater analyses in Southland suggest pesticide 
concentrations are relatively low. However, these were one-off studies and not necessarily 
representative of the region.  

5.3 EOCs from horticulture 
5.3.1 Pesticides 

Horticulture has the most intensive use of pesticides in New Zealand compared with other land 
uses (Manktelow et al., 2005). In 200428 it was estimated that 1898 T of active ingredient was used 
per year in horticulture, which is approximately 1.5 times that used in agriculture (see Section 
5.2.3). Fungicides and bacteriocides dominated pesticide use with 789 T, or 42% of the total use. 
The most widely used fungicides were dithiocarbamates (22.4%) and inorganic (copper and 
sulphur) compounds (11.0%). Herbicide use (281 T, 15%) was varied, with phosphonyls 

 
27 http://www.foodsafety.govt.nz/industry/general/maintenance-compounds/dairy-maintenance-compounds.htm 
28 2004 data was the most up-to-date information that we could obtain. 

http://www.foodsafety.govt.nz/industry/general/maintenance-compounds/dairy-maintenance-compounds.htm
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(glyphosate) the most widely used (5.5%). Insecticides comprised 142 T (7.5%), of which 
organophosphates (4.5%) were the dominant class. 

In Southland, horticulture is a minor industry compared with pastoral farming. Therefore, risks 
from horticulture to the region are likely to be significantly less than farming. However, there 
may be localised risks from EOCs used in horticulture (especially pesticides), but this is a 
knowledge gap. 

5.4 Quantifying risk of EOCs in Southland – MBIE research programme 

The MBIE EOC programme “Managing the risk of emerging contaminants” is studying rivers 
flowing into the New River Estuary with predominantly rural influences but with some urban 
influence from Invercargill and smaller towns. Study sites were chosen in consultation with Te 
Ao Marama Inc (TAMI) and ES to provide as complete coverage of the catchment as possible with 
differing inputs of EOCs (i.e. wastewater, landfill, stormwater, diffuse rural inputs including a 
reference site) and are shown in Figure 8, with site information in Table 7. 

Table 7. Site information for current MBIE “Managing the risk of emerging contaminants” 
research programme. 

 

 

Site # Site Name Comment 

1 New River Estuary Landfill Urban inputs and in close proximity to landfill 

2 Oreti Rd (Matua) Lower Oreti River site 

3 Otepuni Urban Industrial stormwater influences 

4 Waihopai Ag Large area of dairy farms 

L Landfill Sediment and porewater collected 

5 Waihopai Lake Rural landuse and ES water quality monitoring site 

6 WWTP Clifton (Invercargill) WWTP discharge channel 

7 Oreti Upstream Reference site. Very low intensity beef and sheep farming 

8 Oreti Ag site Predominantly rural input with some wastewater input from Dipton 
and Lumsden 

9 Makarewa Inputs from Wallacetown WWTP and Alliance freezing works 

10 Oreti DW Near channel taking water from Oreti for water treatment 

11 Otepuni Upper Rural but peri-urban site 

12 Kingswell Creek Urban stream with stormwater influences 

13 Waimatua Creek Rural but peri-urban site 

14 Waihopia River Bend Urban site with stormwater influences 

15 New River Estuary Confluence Estuarine site that integrates all upstream sites 
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Figure 8. Southland MBIE study sites.29 

 

 
29 Top figure is all sites and bottom figure is sites close to Invercargill. 
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Two unique aspects to this research are: 

1. Passive sampling devices are used over grab water sampling to supplement sediment 
sampling. 

2. The effects (environmental and human) are driving the discovery of EOCs of most concern. 

Passive sampling devices accumulate chemicals from water over a defined period. This serves two 
main purposes: chemicals of interest may be accumulated (akin to a shellfish accumulating 
chemicals over time) which allows for material to process further, and; short-term fluctuations 
in water concentrations are removed which means the amount of each EOC is “smoothed” over 
time and more representative of what may be present in the water. 

The effects driven analysis means that we do not pre-empt the discovery of which EOCs may be 
of most concern. As stated in Section 2, there are potentially thousands of EOCs, however the 
number that can be routinely measured is around a hundred. By following the traditional 
methods of “looking for a specific EOC, or group of EOCs”, we potentially miss many EOCs that 
may be having an effect. This is a case of only finding what you are looking for (targeted analysis), 
not necessarily what is present (non-targeted analysis). 

Therefore, we expect that this research will identify EOCs of highest risk for Southland and 
specifically those at each site. This level of detail will enable us to link back to potential sources 
and focus further in-depth studies at these “hotspots”. 
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6. Conclusions and recommendations 

EOCs encompass a large range of chemicals and may be anthropogenic (manmade) or natural. 
They may originate from a wide variety of sources including wastewater, stormwater, landfill 
leachate, and primary industry practices (agriculture, horticulture and aquaculture).  

There is global concern that the presence of EOCs in the environment may lead to adverse effects 
on human and ecosystem health of receiving environments, although there is uncertainty about 
the magnitude of such effects. This is due to the significant absence of data on the fate of EOCs 
and the criteria used to assess their environmental risk. 

EOC research internationally and within New Zealand is gaining momentum. In New Zealand 
there has been a concerted effort to coordinate resources and move away from what has 
historically been largely ad-hoc research. This is typified by the recent development of a national 
strategy to manage EOCs in New Zealand, and long-term funding of a multi-disciplinary research 
programme to attempt to fill some of the large knowledge gaps relating to EOCs. 

The Southland region is predominantly rural and typified by relatively small scattered urban 
areas. Agriculture makes up nearly 87% of the developed land. Recent changes to landuse have 
been significant increases in both conservation land and dairy farming. Horticulture is a 
relatively minor industry. There is a large amount of freshwater in Southland, including six of 
New Zealand’s 25 largest lakes and tens of thousands of kilometres of rivers and streams. 

Wastewater treatment plants are typically small and centred around the urban areas. Discharge 
is predominantly to freshwater environments or land. There are significant numbers of septic 
tank systems in the region. Wastewater is large source of EOCs into the receiving environment as 
many are not completely removed by the wastewater process.  

In terms of managing risk from EOCs from wastewater, there are many knowledge gaps and it is 
essential to undertake some sort of monitoring programme of EOCs to understand the risk at each 
site, as is being undertaken in other regions of New Zealand. We recommend that ES enforce the 
inclusion of an assessment of risks from EOCs in future environmental effects assessment to 
support applications for wastewater re-consenting. This will provide information on the need (or 
not) to implement potential upgrades to the treatment and/or discharge process to mitigate any 
risks from EOCs. 

The greatest risk from EOCs to the Southland region from agriculture is probably around 
chemicals used in the dairy industry, including those used in dairy support. There are also 
potential local-scale risks from pesticides used in horticulture. There is a large knowledge gap 
around the risk from EOCs from agriculture and horticulture, especially around which are the 
highest risk EOCs from each category and what is their fate in the aquatic receiving environment.  

We envisage that the MBIE funded programme on EOCs will fill some of these knowledge gaps. 
Southland is in a privileged position that it is one of the 2 study regions for this programme. ES 
have already contributed significantly to this programme and we recommend that they continue 
this level of contribution in the future, so being able to help drive the research and fill knowledge 
gaps in this region. 
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Tiakina te Mana o Te Taiao – He
Oranga Mutunga Kore
Protect the inherent authority of our environment as wellbeing for the future
We embrace a holistic environment approach that advocates respect for Aotearoa-NZ’s land, freshwater,
atmosphere, coastal and marine areas, including its wildlife and people.

The national strategy on emerging contaminants is important to all and aimed at collectively recognising the
national significance of our environment and how new threats to its well-being are already in Aotearoa-NZ.

This strategy acknowledges that emerging contaminants may not only negatively affect our environment, but
also a range of community and tāngata whenua values and aspirations. It is important that these values and
aspirations are supported, and that the ability of our environment to provide for them continues over time.

Our Challenge
InAotearoa-NZ, themainchallengewe facewithemergingcontaminants isourpoorunderstandingof them,and
their potential to threaten the health and well-being of our people and unique environment.

The effects of emerging contaminants on people, ecosystems and livelihoods are being documented elsewhere
in the world. However, in Aotearoa-NZ research and information about emerging contaminants is limited and
un-coordinated. There are currently few studies examining their role and transport in our ecosystems, or food
chains and the risk they pose to our economic and culturalwellbeing.Weneed tomovequickly andpurposefully
to understand current effects and how to manage these and any future risks.

TheAotearoa-NZStrategy for EmergingContaminants1 is a collective initiative thatwill enable thedissemination
of information to advance the understanding of the effects of emerging contaminants in Aotearoa-NZ. The
Emerging Contaminants Advisory Panel is comprised of expert colleagues who are currently identifying the key
environmental issues related to emerging contaminants.

1 Strategy aim: Management and awareness of the risks and impacts of emerging contaminants to Aotearoa-NZ's people
and environment.
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Emerging Contaminants – A definition*

Emerging contaminants (ECs) are micro-organisms and chemicals that have historically not been
considered contaminants, but have the potential to enter the environment and cause known or
suspected negative impacts on the environment and/or people.

Emerging contaminants are not commonly monitored, but may be present in the environment on a
global scaledue toactivities in our townsand cities, andour agricultural and industrial practices. In some
cases, the release of the emerging chemical or micro-organism into the environment has occurred for
a long time, but may not have been recognised until new detection methods were developed. In other
cases, synthesis of new chemicals or changes in use and disposal of existing chemicals can create new
sources of emerging contaminants.

*This definition is derived from the U.S. Geological Survey website:https://toxics.usgs.gov/
investigations/cec/index.php
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Our Mission

Protecting Aotearoa-NZ’s
prosperity, heritage and health
through leadership, transparency
and collaboration on the threats

of emerging contaminants

Nā te hautūtanga,
kōrero mahuki me te mahi
ngātahi ka tiakina te oranga,
te taurikura me te koiora o
Aotearoa whānui mai i ngā

tāwahawaha kikino
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Our Goals

Goal One

Tocommunicate knowledgeof emerging contaminants in aneffective and timely
manner, in order to protect of Aotearoa-NZ’s prosperity, heritage and health.

Ensure all end-users are regularly informed about the activities of the EC group,
new research outcomes and information.

Ensure all end-users are provided with contemporary information and advice
based on quality science-evidenced data.

Outcomes:

Community,Māori, end users, and government
are engaged with, using critical communication
pathways to deliver relevant and useful advice.

International knowledge and research is
identified, collated, and communicated to
Aotearoa-NZ decision-makers.

Regular updates are provided to the community
on ECs found in Aotearoa-NZ’s environment,
and their known effects.
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Goal Two

To identify research and development requirements for improving our know-
ledge of the toxicity of ECs to Aotearoa-NZ’s people and environment.

Ensure that Aotearoa-NZ has the people, the abilities, the resources and the tools
to deliver quality science that advances the knowledge and improves the
management of the risks of ECs to Aotearoa-NZ.

Outcomes:

A communication portal / information sharing
platform is established for interested partners
and agencies, with improved access across
multiple information platforms (e.g. science
articles, grey literature and information items).

A specific research programme of work is
established to enable the prioritising EC
research for use in resource management
decisions and in aiding policy development.

EC characterisation remains relevant and
accurate via the development of a relevant and
‘fit for purpose’ EC framework, which includes
annual reviews and updates.

EC identification andmanagement is prioritised
for industry and government via amulti-criteria
decision support tool and effects-based
prioritisation framework.
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Goal Three

Toprovidedirection, leadership and support toAotearoa-NZon theeffects of ECs
in the environment.

Provide direction and support through best quality international and national
data.

Provide leadership by ensuring strategic connectivity and clear communication
to Māori, industry, government, and end-users on issues topic of ECs.

Outcomes:

Leadership is underpinned by quality
international data and targeted national ECs
research.

Strategic linkages and transparent
communication result in a greater awareness of
the risks of ECs to Aotearoa-NZ.

Policy and management sectors develop
appropriate and timely responses to manage
ECs in Aotearoa-NZ.

Māori are informed and proactive in mitigating
any negative impact of ECs to their mātauranga
(knowledge), tikanga (processes) and wawata
(economic, environmental, cultural or social
aspirations).
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