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Abstract
Over 20 years of groundwater monitoring carried out by the Wellington Regional Council has identified a persistent area of NO3-N contaminations in the Coastal and Hautere Groundwater Zones in Kapiti Coast, Wellington, New Zealand. Time series data analysis has identified a decreasing trend in concentrations over time for the majority of sites monitored in the region as well as some a seasonal influence on nitrate levels of certain bores. Sites displaying consistently higher concentrations in NO3-N could be affected by point source contamination with a possibility that contamination plumes are also being transported to sites further down-gradient with time. Further analysis of climate data and land use data is needed in order to determine contaminant sources and areas vulnerable to nitrate accumulation. Transport modeling of NO3-N through the aquifer system will also be required in order to ascertain effects down gradient to contaminated sites.
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1. INTRODUCTION
Nitrate contamination of waterways is a prolific problem worldwide with increasing severity and frequency (Gulis, Czompolyova, & Cerhan, 2002). Intensification of land use (particularly agriculture) has been identified as a significant source of nitrate into soils and underlying groundwater bodies 

Groundwater satisfies a large proportion of New Zealand’s freshwater needs. In addition to being the sole water supply for some urban centres, it is also extensively utilized for agricultural, industrial and domestic purposes (GNS, 2006). 

Under the provisions of the Resource Management Act 1991 (RMA), regional councils are responsible for the management of groundwater resources. In Wellington, a baseline groundwater quality monitoring network in the regions of Hutt Valley and Kapiti Coast was first set up in 1993 by the Wellington Regional Council (WRC) (Hughes, 1995). Since then, the network has expanded significantly and quarterly monitoring of what is now known as the Groundwater State of the Environment (GWSoE) Network is conducted in order to establish current and long term trends in water quality.

Continued State of The Environment (SoE) monitoring and one site specific groundwater quality investigation has resulted in the identification of the Coastal and Hautere groundwater zones of the Kapiti Coast district in Wellington as an area of persistent nitrate contamination (Hughes, 1995, 1996, 1997; Jones & Baker, 2005). Sampling from a number of wells showed elevated NO3-N levels close to or exceeding the Maximum Allowable Value (MAV) of 11.3mgL-1. This was largely attributed to nitrate leaching from pastoral and horticulture irrigation as well as dairy effluent disposal in areas up-gradient to the site (Hughes, 1995, 1996). 

Recent groundwater quality sampling of the area indicates reduced nitrate levels at some sampling sites. However, no detailed investigation has been undertaken in order to identify reasons behind the changes in nitrate concentrations over time.  This will require trend analyses of catchment changes (such as land use change, changes in rainfall, climate etc.) as well an understanding of how the contaminant is transported within the aquifer system.

This investigation will address the gaps of information identified by the GWSoF in this area. It will enable the identification of differences in ground water nitrate levels due to land use changes and climatic effects since 1996 to 2009. For this purpose, it will specifically address how nitrate transport influenced down-gradient flow of original contamination plumes. It will also attempt to describe how the land use change influenced fresh nitrate inputs to the groundwater and how these new inputs intermingled with existing nitrate concentrations.

2. SITE DESCRIPTION
The Hautere and Coastal groundwater zones are part of a larger groundwater network underlying the Kapiti Coast in Wellington, New Zealand. 
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Fig. 1 – Location of Wellington, New Zealand
The Kapiti Coast groundwater reserve has been classed into six different groundwater zones based on similar hydrogeological characteristics. These are the Raumati Paekakariki Zone, Waikanae Zone, Coastal Zone, Hautere Zone, Otaki Zone and Waitohu Zone. 

Traditional land use in this area has been dominated by agriculture and dairy farming. However, in recent years this has expanded to included market gardening and horticulture.

2.1 Hautere 

This groundwater zone covers an area of approximately 25Km2 and underlies what is presently known as the Hautere Plain. It is composed of fluvial outwash fans deposited during the last glacial (Otira glaciation) period.

The plain forms a high terrace along the Otaki River which defines the Northern border of this zone. To the West, The alluvial fans are truncated by a sea cliff. This marks the marine transgression event which took place 6,000 years before present (BP) during the Aranuian interglaciation when sea level rose above the present day level. This sea cliff signifies the Western limit of the groundwater zone.  The Eastern and Southern borders are formed by the foothills of the Tararua Ranges. 

Based on previous work by Kampman and Caldwell (1985), the conceptual model applicable to this groundwater zone is that of a single stratified aquifer containing three water- bearing layers. These layers are separated by discontinuous silt lenses and are largely distinguished based on water quality results. The uppermost layer (10-30m below ground level) is an unconfined gravel layer characterised by high NO3-N levels. Nitrate contamination of this shallow layer has been persistent for the last 24 years since the Kampan and Caldwell (1985) study. 

2.2 Coastal

This is an area of roughly 33Km2 bounded by a high terrace running along the Otaki River to the North and Peka Peka and Hadfield Roads the South. The Eastern boundary is roughly defined by the 6,000 BP sea cliff. 

Groundwater is utilized from several gravel aquifers, 3 of which are located at depths in excess of 35 meters. These water bearing layers were deposited during the Otiran and  Terangi Glaciations. The upper 30- 40 meters is composed of medium to fine sand layers deposited during the last 14,000 years and form an unconfined water bearing layer. 

3 METHODS
3.1 Data Collection

This investigation is almost solely reliant on GWSoE monitoring data gathered by the Greater Wellington Regional Council. Data collection was undertaken according to the national groundwater sampling protocol (Ministry for the Environment). 

Various water quality parameters were sampled on a quarterly basis each year. This included 7 sampling sites located in the Hautere and Coastal groundwater zones (Figure 2).

3.2 Data Analysis

The available data was sorted by site and date. Time series graphs of NO3-N concentrations vs. time were plotted from the earliest sampling date in order to ascertain which sites were prone to Nitrate contamination and to establish long term trends. 
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Fig. 2 GWSoE Well Locations for Hautere and Coastal Groundwater Zones
4. RESULTS

NO3-N levels measured from bore numbers S25/5200, R25/5135 and R25/5100 in the Hautere/Coastal groundwater zones are low (<0.1mgL-1) and remain well under the MAV of 11mgL-1. 
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Fig. 3 Graph of NO3-N concentrations vs time for bore number R25/5190

Figure 3 (above) shows Nitrate-Nitrogen levels over time for bore number R25/5190. A large data gap exists between November 1999 and September 2003, however, results indicate that Nitrate concentrations in this bore have always been relatively high, with concentrations exceeding MAV in March 2004. 

Results for bore R25/5256 (Figure 4) are similar with concentrations exceeding the MAV value for the majority of the monitoring period. NO3-N levels appear to show an overall decrease, especially in later years with levels stabilising below the MAV.
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Fig. 4 Graph of NO3-N concentrations vs time for bore number R25/5256
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Fig. 5 Graph of NO3-N concentrations vs time for bore number R25/5165
Nitrate levels at site R25/5165 (Figure 5)  appear to be influenced seasonally. Nitrate concentrations peak consistently in December/March of every year until June 2007. NO3-N levels appear to level off at this point and have remained low (<1mgL-1) for the last year. 

Results from bore R25/5164 (Figure 6) show a similar seasonal trend although the peak in NO3-N concentrations during the summer seasons are not as high or obvious as those seen in R25/5165. Concentrations also appear to be increasing overall through time. The measurement in March 2009 shows an anomalous increase in Nitrate concentrations. Monitoring results from later in the year will have to be obtained in order to ascertain whether this is a persistant trend.  
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Fig. 6 Graph of NO3-N concentrations vs time for bore number R25/5164
4.1 Summary of Results
The time series graphs show variable trends in NO3-N concentrations for each bore. Concentrations in 4 of the 7 bores are medium to high (exceeding MAV), however, there appears a general decrease in nitrate levels through time with the exception of site R25/5164. Results from site R25/5164 and R25/5165 also show a seasonal effect on NO3-N levels. 
5. DISCUSSION
Elevated concentrations of nitrate in groundwater destined for domestic use and stock watering are a health risk. The toxic effects of nitrate are particularly high in infants due to methaemoglobinaemia. There is also evidence that nitrate may be converted to suspected carcinogenic nitrosamines in the human digestive tract (ANZECC/AWRC 1992). Where groundwater discharges to surface waters, nitrate can also cause nutrient enrichment. Elevated nitrate concentrations in surface waters can alter the nitrogen to phosphorus ratio, resulting in increased risk of eutrophication and algal blooms (LWRRDC 1999).

A previous study by Brydon Hughes (1996) highlighted NO-N levels at site R25/5256. High levels were attributed to nitrate leaching from horticultural practices, nearby dairy farm effluent disposal and septic tank effluent disposal. It is possible that nitrates from these sources are still affecting groundwater quality of this site at the current time. The presence of these point sources could also explain why concentrations have been historically higher at this site compared with other GWSoF monitored sites in the area. 
Similarly, Bore R25/5190 has tended to display higher NO-N levels which could also be attributed to a similar reason. Further investigation into historical land use practices and nitrate sources in the nearby vicinity is required. 

Water quality (in terms of nitrate concentrations) appears to be improving with time for the majority of monitored sites. This could be due to improved land use practices. It is also possible that contamination plumes are being transported to sites down gradient of the original source. Sampling would need to be undertaken over a wider area in order to determine how the contaminants are being transported within the groundwater zone. 
Bores R25/5164 and R25/5165 are located in the small township of Te Horo. Therefore, there is a possibility that NO3-N concentrations in groundwater could be influenced by changes in pumping patterns. 

Further study needs to be carried out in order to determine the causes of these apparent trends. Future work will involve nitrate transport modeling in order to better understand contaminant transport rates and down-gradient flow directions from potential sources. For instance, depending on the model results, nitrate concentrations observed in a particular well might not correspond to the contaminant source closest to it (Ministry for the Environment, 2007).  

Land use changes will also need to be to be analysed. This includes domestic use, farming use, industry use and public use. Analysis will need to include changes in percentage cover of land, nitrate input of each land use type, and location. 

Land use changes will have to be coupled with climatic influences. Rainfall, temperature, humidity, extreme weather events will be analysed. This data is largely available from Greater Wellington Regional Council databases.

 For the purposes of this study, GIS software will be utilised to graphically represent areas most vulnerable to nitrate accumulation and the link to potential sources once land use trends and climatic data have been analysed. Groundwater transport modeling will be accomplished by using MODFLOW modeling software. 
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