
The potential for nutrients (particularly nitrogen) to degrade the 

water quality of Whangateau Harbour is a

concern for stakeholders. The discharge of treated wastewater 

from the Omaha Wastewater Treatment Plant

(Omaha WWTP) to irrigation blocks on either side of the harbour 

represents a significant source of nitrogen if

it were transported without losses into this high quality receiving 

water.





As part of resource consent applications for continued operation of 

the WWTP (including the irrigation

system), Watercare Services Ltd commissioned a study on the fate 

and transport of irrigated nitrogen. An

initial scoping study (Streamlined Environmental, 2015) showed 

that there were locations along the likely

groundwater path from the irrigation site to the harbour, where 

denitrification activity (the conversion of

nitrate or nitrite to nitrogenous gases) was significant. Hence 

nitrogen could potentially be lost from the

system.

In this follow up study we focussed on nitrogen transformations in 

soil beneath the irrigation sites. We

measured a range of biochemical rates in soil cores with the aim of 

understanding nitrate loss (denitrification)

and nitrate production (nitrification – the conversion of ammonium 

to nitrate). We also made additional

chemical measurements to determine the inorganic nitrogen 

concentrations in pore water, the amount of

readily mineralizable carbon (needed to sustain denitrification), 

and redox potential (Eh) at the boundary



with the groundwater table. We also commissioned Scion and Turf and 

Landcare Science Pty Ltd to estimate

nitrogen uptake and immobilization in the eucalypt stand, and golf 

course, respectively.



This slide shows that potential pathways whereby irrigated 

nitrogen can be lost from the system and include crop harvest, 

ammonia volatilisation (conversion to ammonia gas), 

runoff/erosion, denitrification (conversion to nitrogen gas) and 

leaching. 

For this study we concentrated on the processes of denitrification 

and leaching (shown in the purple boxes) as the only two ways in 

which nitrogen can be lost from the ‘irrigation site’. This is

because 

(i) there is either a long term (as is the case with the eucalypts) or 

no crop harvest (even on the golf course clippings are left to 

decompose and not removed)

(ii) for ammonia volatilisation to be significant soil pH needs to be 

alkaline, whereas at both the OBGC and Jones Rd pH is weakly 

acid, and 

(iii) the topography is generally flat and there is no visible 

indication of tunnel or gully erosion. 

Denitrification is the only process whereby nitrogen is completely 

removed from land and aquatic ecosystems through the end 

products being nitrogenous gases that are lost to the atmosphere 



(which is ~78% nitrogen).



In a previous part of our study we estimated the amount of nitrogen 

entering the Whangateau Harbour from land-based sources. We used the 

latest landuse data available (LCDB4 2012) and published information on 

the amount of nitrogen generated from different types of landuse

(including beef and sheep, dairy, forestry, native vegetation, urban), 

which is illustrated in the map. The table shows a much greater nitrogen 

contribution is likely from runoff from land than from wastewater 

irrigation.





An estimate of nitrogen uptake by the Eucalyptus forest was 

needed to inform the nitrogen flow model. This  was provided by 

Scion (Smaill, 2015). We estimated N uptake on the native site 

(mainly manuka and kanuka) from a recent  Lincoln university PhD 

thesis (Franklin, 2015).

• The Eucalyptus forest at Jones Road is a 10 ha stand (7.6 ha 

irrigated) of mainly mature Eucalyptus botryoides with small 

numbers of Acacia melanoxylon (a N fixer)).

• A. melanoxylon is an N-fixing legume and the rate of fixation 

increases with age. 

• Smaill reasoned that when the N-fixing impact of A. 

melanoxylon is considered, the N uptake by the irrigated 

Eucalyptus forest may be close to 0.

• He concluded that N uptake from the stand is in the range 0-10 

kg N/ha/y

• We estimated N uptake from the native site to be similarly low 

based on the results of N uptake trials on native species 

conducted by Franklin (2015)



An estimate of nitrogen uptake by the golf course was needed to 

inform the nitrogen flow model. This was provided by Turf & 

Landcare Science Pty Ltd, Queensland.

Nitrogen inputs
• Fertiliser N is currently applied to the fairways at a rate of 100 

kg N/ha/year in the form of ammonium sulphate.

• A total of 7.5 ha is currently irrigated.

• Typically, 100-200 m3 is irrigated in winter (May to September) 

and 1000m3 in summer (October to April) holiday period. 

• There is no legume content, so the only other N input is 

assumed to be wastewater irrigation.

• The information provided also indicates that an average of 

128kg N/ha/yr is applied to the fairways via the recycled water. 

• Therefore, T&LC Science (2015) estimated that ~ 228kg N /ha / 

yr is applied to the fairways and tees.

Nitrogen loss (outputs)
• T&LC Science (2015) noted that from an agronomic perspective, 

N removal occurred via two processes: soil immobilisation and 

leaching through the profile. 

• Soil organic matter testing indicated that 2100 kg N/ha is stored 

in the soil profile, much of which is likely to have accumulated 



over the past 12 years of irrigating. 

• This indicates that up to 175 kg N/ha/yr could have accumulated in the 

soil profile, with an estimated 50 kg/ha/yr of N being leached. 

• T&LC Science (2015) also noted that because the N removal was related 

to good turf management, the immobilisation rate was probably 

sustainable.





A range of tests (assays) related to denitrification and leaching were 

undertaken. Field-based tests included the in-situ denitrification or DEA 

analyses, as well as measurement of nitrate (NO3) and ammonia (NH4). 

Lab-based analyses included RMC and DOC (2 measures of the amount of 

organic carbon available for bacteria) and SNA.

Denitrification enzyme activity (DEA) is a surrogate indicator of 

recent denitrification, such as might occur when a high nitrate-

containing leachate (from irrigated wastewater) passed through a 

zone where denitrifying microorganisms were present, and 

conditions were not limiting to denitrification (i.e. there is 

sufficient available organic matter to sustain the energy 

requirements of the denitrifiers, and oxygen is absent). DEA is 

measured in the lab.  In situ denitrification is a measure of 

denitrification occurring in the soil at the time of measurement. It 

is measured in the field.

Short-term Nitrification Activity (SNA) is an similar type of assay 

to DEA except that it measures the rate of nitrate production 

(nitrification) under aerobic conditions by nitrifying bacteria.

Nitrate (NO3)/ammonia (NH4) concentrations provide estimates of 

the pore water concentrations of these N forms.  They were used 



to provide corroborative evidence that the biochemical processes 

(nitrification and denitrification were occurring.

Available carbon provides the energy for denitrifying microorganisms to 

grow, and without it significant denitrification is not possible. We used 

readily mineralisable carbon (RMC) to provide an index of carbon 

availability to denitrifying microorganisms, which we use to explain 

differences in rates both spatially and with depth. Loss on ignition (LOI) 
was also measured, as it provides an indication of the total carbon 

reserves in soil or sediment. It provided a definitive and objective 

measure of the carbon reserves beneath each of the land

treatment sites.

DOC (Dissolved Organic Carbon) provides an analogous measurement of 

carbon availability for denitrification as RMC. It is best suited for water 

samples or saturated soil samples and so was used on the PDP collected 

bore site samples.



Soil samples were collected in two separate field trips; one by 

Streamlined Environmental (SEL) with assistance from NIWA, and 

the second by PDP. Soil samples were collected 30 minutes after a 

30-minute irrigation event was completed. The samples collected 

by PDP were within the saturated zone of the sediment profile, 

whereas samples collected by SEL were at or above the interface 

between the unsaturated zone and the saturated  (groundwater) 

zone. Duplicate samples were collected from different depths 

zones (specifically 0 – 200mm, 600-800mm and >1000mm).





From the graphs of Nitrogen Loss (denitrification) measures it can 

be concluded that: 

DEA
• DEA (which is responsive to added nitrate) activities were 

highest in the surface layers for all landuses with the OBGC 

(Golf) and OTWSR (Kah) having the highest activities.

• This appears to be related to the high RMC values in the surface 

layers under these landuses, which provides organic carbon 

available for use by bacteria.

• The surprisingly high DEA in the surface layer of the OTWSR 

(Kah) (given there is no treated wastewater present) may 

indicate the presence of heterotrophic bacteria (that requires 

carbon), which can denitrify when oxygen is absent (anaerobic 

conditions) and nitrate is supplied..

In-situ denitrification
• There is consistent denitrification activity in-situ (in situ DEA) 

throughout the eucalypt cores (ie all depths) (Euc).

• There is similar (but lower) denitrification activity in the native 

block (Nat), which also has some intermittent peat deposits.

• However, for both the OBGC (Golf) and OTWSR (Kah), higher 

activities were apparent only at the surface where available 



carbon was also high. 

RMC
• RMC is relatively high in the surface layers under all landuses.

• Loss on ignition (LOI ), which is a surrogate for total carbon, is 

uniformly high under the eucalypts, which is consistent with the peat 

substrate

• It is less than half that level in the native plantation, which may be due 

to the patchy peat distribution (and therefore be a matter of chance in 

where the cores were taken), or it may reflect a mixing of mineral and 

peat soils at the time the native plantation was planted. 

• LOI is almost absent under both the OTWSR (Kah) and OBGC (Golf) 

reflecting the mineral soil below the organic-enriched surface layer.  

Conclusion
• Whilst in-situ denitrification is highest under the eucalypts they are not 

orders of magnitude greater than the other landuses

• There appears to be more than enough readily mineralisable carbon to 

sustain denitrification, so it would appear that something else is 

limiting.

• There is measureable nitrification activity down to at least 800 mm 

depth (next slide) and other measurements indicate that oxygen was 

present.

• It is therefore likely that oxygen is limiting.

• Denitrification clearly is still occurring but it will be limited to 

anaerobic areas rather than throughout the entire peat matrix. 

• However, the depth of the peat means that even though denitrification 

rate per unit of soil is relatively low, the depth of peat soil is such that

nitrate supplied from wastewater and nitrification is removed to low 

levels. This is confirmed in modelling (see later). 



From the graphs of Nitrogen Production (nitrification) measures it 

can be concluded that: 

• There are very high nitrification rates measured in the native 

block

• Consequently accumulation of nitrate-N also occurs under this 

landuse down to 1m.

• Significant (but lower than native block) nitrification measured 

in eucalypts down to 80 cm.

• In contrast, relatively low nitrification activity was measured at  

OTWSR (Kah) and OBGC (Golf).



We developed a numerical model to provide for screening level 

analysis of likely nitrogen (N) flow paths of Omaha WWTP land 

irrigation water.

• the model should be considered “high level”, with recognized 

uncertainties associated with both the timing and magnitude of 

projected nitrogen concentrations and loads in the shallow 

subsurface. 

• The model simulates the application of Omaha WWTP treated 

wastewater, as irrigation, to multiple land treatment zones. 

• The model focuses on the shallow unsaturated subsurface 

associated with the two primary irrigation areas: Jones Road 

(divided into separate “Eucalypt” and “Native Block” zones) and 

the Omaha Golf Course (OBGC, divided into separate “Fairways” 

and “Dunes” zones).

• Nitrogen fate in the subsurface is simulated as a function of 

water movement through the unsaturated zone, vegetation 

uptake, and denitrification and other N loss processes occurring 

in the subsurface. 





Model output is in the form of daily ammonia-N, nitrate-N, and 

total-N concentrations in unsaturated zone pore water (the water 

occupying the spaces between sediment particles) and total 

nitrogen loads to the deeper (saturated zone) subsurface.



One interprets the graph in terms of likelihood.  There is for 

example a 10% chance (exceedance probability 0.1) that that the 

TN load from the golf course is > 630 kg/y; a 50% chance that its 

greater than 370 kg/y, and a 90% chance that it is greater than 200 

kg/y.  On this basis the native and eucalypt blocks would be 

predicted to leach approximately the same annual average load 

from the unsaturated zone, while the golf course would leach the 

greatest load.



Based on the model, there is  only a 10% chance (0.1 exceedance 

probability) that the change in groundwater groundwater 

concentration from irrigation on the  native and eucalypt blocks 

(Jones Rd side) would be greater than ~0.005 g/m3, whereas on 

the golf course side there is a 50% chance that the change in 

groundwater concentration will be greater than ~0.03 g/m3.  In 

other words the groundwater concentration entering the harbour 

caused by irrigation at Jones Road is expected to be negligible and 

the change due to irrigation on golf course is only slightly greater.



The sensitivity analysis tells us that with a residence time 200 days or 

greater in saturated peat layers, the N concentrations are predicted to 

be < 0.05 g/m3.  The PDP groundwater modelling studies predict that 

residence time in these layers is of the order 2-5  years.









• Analysis of P soluble (dissolved) phosphorus from Ti Point since 2008 

indicates a significant decline in concentrations over that period. 

• There has also been a weak, but significant decline in Chlorophyll a 

over the same period. 

• There is no evidence that phosphorus concentrations in the 

Harbour are increasing (the opposite if anything) and hence no 

evidence that leachate from Omaha WWTP is having an adverse 

effect on the Harbour.





• Emerging contaminants (ECs) are chemical or microbial agents that 

are not regulated against. 

• They include industrial chemicals, Pharmaceuticals and Personal Care 

Products, Pesticides, (microbes, nanoparticles…)

• ECs can be manmade or natural

• ECs can be diffuse or point source

• Major diffuse sources are agriculture

• Major point sources are WWTPs & septic tanks

• Highly diverse effects, uses, chemical properties, stability and 

production

• Effects are generally more long-term or inter-generational than acute

• Uses include industrial, medicines, personal care products, agriculture 

& horticulture

• Vast numbers and properties

• Many knowledge gaps






