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State of the Environment Surface Water Quality Monitoring Report, 2014 

Executive Summary 
The Resource Management Act (RMA 1991) requires regional authorities like the Marlborough District 
Council to report on the natural resources in its region as part of the obligation to manage the resources 
in a sustainable way. The state of the surface water quality in Marlborough, as of the end of 2013 is 
presented in this report.  

Monthly measurements of chemical and physical parameters of 34 river sites are summarised using the 
Canadian Water Quality Index. Changes in water quality have been examined by applying a statistical 
analysis of chosen parameters using the Seasonal Kendall Trend Test as well as analysing changes in 
the Water Quality Index results over time. 

The Water Quality Index for the recent three years (2011-2013) classifies four sites as good, but most 
sites have fair or marginal water quality with nearly an equal amount of sites in both quality classes. 
Some of the poorer water quality is a result of the natural geological processes in the catchment. 
However, for the majority of sites the sources of deterioration in water quality are anthropogenic (man-
made). 

The waterways with generally good water quality are the Wakamarina River, Black Birch Stream, Graham 
River and Upper Pelorus River. This is not surprising as these sites have more than 85% of the 
catchment covered in natural vegetation. 

In previous years the Upper Wairau had the best water quality of all sites monitored, however, higher 
flows in 2013 caused higher Turbidity in water samples and consequently resulted in a lower Water 
Quality Index for the period 2011-2013.  

Similar increases in Turbidity were also observed at the two Wairau River sites located further 
downstream as well as the Tuamarina River. As a consequence, all sites along these waterways showed 
a reduction in the Water Quality Index, with a particularly large decline in the Tuamarina River and the 
Wairau Diversion. These two sites now have Water Quality Indices at the lower end of the scale.  

Although the Awatere River and Waihopai River also have very low Water Quality Indices due to high 
Turbidity, the source is a naturally highly erodible geology in the catchment in the form of mudstone 
deposits. 

Another parameter that greatly reduces the Water Quality Index at a number of sites is Soluble Inorganic 
Nitrogen. Examples are the Kaituna River, the Rai River and spring-fed streams like Murphys Creek and 
Mill Creek. Most of the Soluble Inorganic Nitrogen occurs in the form of Nitrate. As concentrations are 
consistently high in these waterways, Nitrate leachate into subsurface flow rather than direct surface 
run-off or other direct inputs are the main causes. This becomes particularly apparent when Nitrate 
concentrations in nearby wells are comparable to Nitrate concentrations in the stream. Mill Creek and 
Murphys Creek are two examples of this occurrence. Trend analysis shows, however, that Soluble 
Inorganic Nitrogen concentrations are declining at a number of sites. 
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1. Introduction  

1.1. Purpose 
The Marlborough District Council monitors surface water quality in the streams and rivers of the region as 
part of its obligations under the Resource Management Act (RMA 1991). The monitored waterways cover 
a broad range of catchment types and developments, from pristine native bush catchments to 
predominantly urbanised catchments. Monitoring consists of monthly measurements of physical and 
chemical parameters at 34 sites. The monitoring is usually carried out as close to the bottom of each 
catchment as possible to allow the assessment of the cumulative effects of land use and uses of surface 
water resources. 

This annual State of the Environment Report is an analysis summary of the monitoring data and provides 
up-to-date information about the current quality of the resource as well as trends in water quality over 
time. This information is an important basis for the establishment of relevant and effective regional rules 
and policies. 

The 2013 Surface Water State of the Environment Report introduced the Canadian Water Quality Index 
as a method of summarising water quality data into a simple single score.  Unlike common statistics, the 
purpose of Water Quality Indices is to provide information for a non-technical audience that allows 
comparison between the sites. The intended outcome is the inclusion of a wider range of interested 
parties into the discussions around surface water quality and the effectiveness of policies and rules. 

Early this year a new National Policy Statement for Freshwater Management [21] was released. The 
document introduced a number of new terms and approaches, including Freshwater Management Units 
and Attributes. As a result, the 74 Water Resource Units that were used to divide the water resources of 
the region in the past are currently under review so they can be aligned with the new Freshwater 
Management Units. Attributes are measures of water quality and the National Policy Statements also 
introduced limits for a selection of these Attributes. Apart from Periphyton, all required Attributes are 
currently measured as part of the State of the Environment Programme.   

1.2. The Region 
The four largest rivers in the Marlborough region are the Pelorus River in the north-west, the Wairau 
River, the Waihopai River (the Wairau Rivers main tributary) and the Awatere River in the south. The 
Wairau River has the largest catchment spanning the region from the mountains of the St Arnaud Ranges 
in the west to the Pacific Ocean in the east and predictably has the largest flow of all the rivers in 
Marlborough. 

The Marlborough region is located on the eastern side of the South Island and as a consequence large 
parts of the region are in the rain shadow of the Southern Alps.  This results in a large variation in rainfall 
across the region (Figure 1). The greatest amount of rainfall (more than 2 metres a year) falls in the 
Pelorus catchment and around the upper reaches of the Waihopai River. The opposite extreme can be 
found in some areas along the East Coast and in the lower river flats of most of the Awatere River 
catchment. The total annual rainfall in these parts of the region is less than 600 mm. This is less than a 
third of the total annual rainfall in the Pelorus and Waihopai catchments, making the East Coast 
catchments some of the driest places in New Zealand. Consequently, although the Awatere River 
catchment is approximately twice the size of the Pelorus catchment, the mean flow in the Awatere River 
is considerable less than the flow in the Pelorus River. During late summer the eastern parts of some of 
the rivers in the south dry up completely. 
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Figure 1: Median Annual Total Rainfall in Marlborough. Source: NIWA (modified – original map with 
disclaimer can be found at www.niwa.co.nz/gallery/rainfall-14). 
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Figure 2:  Land cover in Marlborough as of 2012. 

MDC Technical Report No: 14-006 3 



State of the Environment Surface Water Quality Monitoring Report, 2014 

In the past rivers and streams with poor water quality were often associated with sources of 
contamination that came directly from point source discharges such as pipes discharging effluent or 
industrial waste into the waterway. In recent decades many improvements have been made in reducing 
the number and impact of such point sources.  Diffuse sources such as run-off from land and activities 
related to productive land use have now become the main source of contaminants that impact water 
quality in most streams and rivers. Nevertheless, a few point sources from stormwater systems still 
remain, mainly in and around residential areas.  

Alteration of the natural land cover is one of the most important factors influencing water quality.  Prior to 
human settlement in New Zealand the majority of the country was covered in forest.  Since the arrival of 
humans there has been a systematic clearance of large tracts of forest and as a result the majority of our 
waterways are no longer pristine.  The map in Figure 2 shows the land cover for the Marlborough region. 
Much of the north and west remains in native vegetation, particularly at higher altitude. Native forest, 
shrub and tussock still cover over 40% of the region. However, most of the river flats have been cleared 
of native vegetation and are now used agriculturally. Nearly 30% of the region has been converted to 
pasture. The majority is used to graze sheep and beef. A number of dairy farms are also operating, 
especially in the flats of the Rai and Pelorus River, but also in the Tuamarina, Kaituna and Linkwater 
areas and along the Lower Wairau River. Exotic pine forest covers around 7% of the region. 

Marlborough is most renowned for its viticulture and more and more land is being utilized. Still, vineyards 
cover less than 2.5% of the region and are concentrated on the Wairau Plain and the Lower Awatere. 

2. Methodology 

2.1. Chemical and Physical Water Quality 
Monthly water quality samples and field measurements are taken at 34 sites across the region. Two of 
the sites are part of NIWA’s national monitoring network and the water quality samples are collected by 
NIWA. NIWA kindly provides sampling data for these sites to the Marlborough District Council. At the 
remaining 32 sites, monitored by the Marlborough District Council, water samples are collected and then 
sent to an independent laboratory for analysis of a number of parameters.  Water Temperature and 
Dissolved Oxygen Concentration are measured in the field using a YSI handheld meter.   

In August 2011 the laboratory service provider was changed from ELS Ltd to Hill Laboratories Ltd. A table 
comparing the detection limits and analysis methods used by the two laboratories for the parameters 
measured can be found in Appendix 6.4. The field measurements and laboratory analysis results from the 
three years 2011 to 2013 inclusive were used to calculate a Water Quality Index for each site. Where a 
site has been sampled for more than 5 years trend analysis has been carried out. The following sections 
outline the methodology used for the calculation of the Water Quality Index and the trend analysis. 

2.2. Water Quality Index 
Water Quality Indices combine a wide array of data and information into a single figure that allows an 
easy comparison of the water quality of different streams and rivers. Several hundred Water Quality 
Indices have been developed, some for very specific purposes and others for general use in the 
assessment of water quality [1]. The Marlborough District Council has evaluated several different indices 
and decided to use the Canadian Water Quality Index (CCME WQI) for the reporting of surface water 
quality. The Canadian Water Quality Index was developed and evaluated by an expert panel and is one 
of the most widely used indices in New Zealand and around the world. Unlike many other indices the 
CCME WQI does not give different significance (weight) to individual parameters. This removes some of 
the subjectivity from the analysis. However, some subjectivity remains as the calculation of the CCME 
WQI requires the selection of guideline values. Therefore great care needs to be taken when setting 
these guidelines.  Justification and discussion of the guidelines currently used for the calculation of the 
CCME WQI can be found in the previous report [18]. The guidelines chosen are based on the protection 
of aquatic life and recreational uses of the waterbody, however, it was taken into consideration that most 
sampling sites are at the bottom of the catchment and a certain degree of water quality deterioration will 
occur naturally [26].  

The Water Quality Index is calculated in three parts, which are called factors (see Figure 3). The value of 
the first factor, F1 (Scope), depends on the number of parameters that exceed the guideline in at least 
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one of the samples taken. The second factor, F2 (Frequency), is calculated from the number of samples 
that exceed the guideline and the third and final factor, F3 (Amplitude), is based on the magnitude by 
which the guidelines are exceeded in the individual samples. A detailed description of the calculation is 
shown in Appendix 6.1.  

 

Figure 3:  The Factors of the Water Quality Index calculation. 

 

MDC Technical Report No: 14-006 5 



State of the Environment Surface Water Quality Monitoring Report, 2014 

 
Nine parameters have been chosen for the calculation of the Water Quality Index. Table 1 shows the 
individual parameters, the guidelines and a short comment about importance of the parameter. For 
parameters that are also an Attribute in the new National Policy Statement for Freshwater Management 
[21] the relation of the Water Quality Index guideline to the Attribute Limits is mentioned. 

 

Table 1:  The parameters used for the calculation of the Water Quality Index. 

Experience by other users of the Water Quality Index has also shown that at least 30 data points should 
be used for the calculation [8, 12]. The same number of data points is also considered to provide 
generally more representative results in statistical analysis of environmental data [31].  The Marlborough 
District Council undertakes monthly sampling of water quality. Therefore, in order to get a sufficient 
number of data points, data from a 3 year period, 2011-2013, was used to calculate the Water Quality 
Index. The table below shows the water quality classes assigned to different values of the Water Quality 
Index [7].  

Quality Class Water Quality Index Description 

Excellent 95 -100 Conditions very close to natural or pristine level  

Good 80-94 Conditions rarely depart from natural or desirable level 

Fair 65 -79 Conditions sometimes depart from natural or desirable level 

Marginal 45 - 64 Conditions often depart from natural or desirable level 

Poor  0 - 44 Conditions usually depart from natural or desirable level 

Table 2:  Quality classes for the Water Quality Index and the associated degradation levels. 
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2.3. Trend Analysis 
There are many different techniques for assessment of trends, but non-parametric tests are most suitable 
for water quality data because no specific distribution of data is assumed. Due to the common occurrence 
of values below the detection limit, water quality data tend to be skewed to varying extent [17], making the 
fitting of a distribution curve difficult. Additionally the seasonality of some of the parameters has to be 
taken into account. A common test used is the Seasonal Mann-Kendell test. The test produces two 
measures: the magnitude of the trend (presented as ‘median annual change’ in this report) and a P-value 
which represents the probability that the trend occurred by chance. P-values of 0.05 (5%) or less are 
usually indicative of statistically significant trends. Data from at least 5 years of monthly sampling (60+ 
data points) is required to produce statistically meaningful results [25] and the number of ‘seasons’ should 
be set to 12 (one for each month) [4]. Because for many parameters, increased flow is associated with 
either dilution or increased values due to run-off from land, flow adjustment of the data is carried out 
where possible. For this report flow adjustment was only applied to data from sites with a continuous flow 
monitoring station or sites where flow can be simulated based on measurements at nearby sites. This 
report presents the trends for two time periods, 7 years (2007-2013) and 5 years (2009-2013). 

In 2011 the Marlborough District Council changed laboratory service providers. As a result the method for 
the analysis of Dissolved Reactive Phosphorus concentrations changed, causing a noticeable 
step-change in concentrations for the results of a number of sites. Unfortunately no duplicate samples 
were sent to both labs to allow adjustment of the earlier results to the new method. Since the step change 
will influence the results of the trend analysis, there were no trends calculated for Dissolved Reactive 
Phosphorus.  

Values below the detection limit were changed to half the limit. The change in laboratory caused 
differences in detection limits for some of the parameters. When this was the case the higher detection 
limit was set as the standard and values below that were adjusted to half of the higher limit.  
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3. Results 
For the purpose of this report the Marlborough region has been divided into seven sub-regions (Figure 5). 
This reduces the number of sites that will be reported on at once, but also allows the comparison of sites 
with similar rainfall and flow patterns. The results for each sub-region will be presented in a separate 
section. These sections will start with a map of the sub-region and a summary table outlining some of the 
site and catchment characteristics. This will be followed by two figures containing a number of graphs 
showing the Water Quality Index for each site, the parameters contributing to the deterioration of water 
quality and the actual results for these parameters. The parameter results are shown as box and whiskers 
plots. These are a great way to show the distribution of parameter values. The Figure below explains how 
box and whiskers plots are created. 

Time Series Graph
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Figure 4:  How Box and Whiskers Plots are created. 

The main intention of the figures in the following sections is to show patterns, distributions and relative 
differences. The actual values for the Water Quality Indices and result statistics, like the Median and 
Percentile values are summarized in Appendix 6.5 and Appendix 6.6. 

The parts of the Clarence River and its tributaries that are located in the Marlborough region will not be 
reported on in this report as water quality in the Clarence catchment is monitored by Environment 
Canterbury. 
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Figure 5: For purpose of this report the Marlborough regions was divided into seven areas.  
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3.1. The Marlborough Sounds 

 

 

Figure 6: Sampling sites in the Marlborough Sounds.  
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Figure 7: Water Quality Indices and Parameter contributions for the monitoring sites in the 
Marlborough Sounds for the period 2011  ̵2013. 
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Figure 8:  Changes of Water Quality Indices and parameter contributions over time. 
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Catchment areas in the Marlborough Sounds are relatively small (less than 30 square kilometres) with the 
exception of the Kaituna River catchment. Most of the sampling sites have more than half of their 
respective catchment area in native forest and shrub cover. Linkwater Stream has the least amount of 
natural vegetation remaining in its catchment and is the only waterbody in this group with marginal water 
quality. All other streams and rivers have water quality ranging from fair to good. 

For a number of sites in the Marlborough Sounds, Soluble Inorganic Nitrogen is the parameter with the 
greatest contribution to a lower Water Quality Index. Often waterways with a greater portion of pastoral 
land use in the catchment have higher Nitrogen concentrations. This is reflected in the generally higher 
Soluble Inorganic Nitrogen concentrations measured in the Kaituna River, which has over 30% pastoral 
cover in the catchment compared to lower concentrations in the Kenepuru River, which has 17% of the 
catchment covered in pasture. The type of stock also influences the amount of Nitrogen leached from the 
pasture into the surface water; reports show that pasture grazed by dairy cattle leaches more Nitrogen 
than pasture stocked with beef and sheep [6, 13, 22]. This is the most likely reason for generally higher 
Soluble Inorganic Nitrogen concentrations in Cullen Creek compared to the Kenepuru River. The 
significantly lower pastoral cover in the Cullen Creek catchment is dominated by dairy while pasture in the 
Kenepuru catchment is exclusively beef and sheep. However, the number of stock units per hectare and 
geology as well as irrigation and rainfall also influence the amount of Nitrogen loss. 

In the most recent three years (2011-2013), the dairy catchments, Cullen Creek, Linkwater Stream and 
Kaituna Raiver also had the highest E. coli concentrations in this group, with a number of high levels 
measured during dry weather conditions, indicating stock access as the main cause. Stock access is also 
the most likely source for the occasional high E. coli levels in the Graham River. Samples with bacteria 
numbers above the guideline from the Kenepuru River and Waitohi River were taken during or shortly 
after rainfall events suggesting surface run-off as the main source.  

The noticeably higher pH values in the Waitohi River are most likely linked to the higher Dissolved 
Oxygen concentrations and a result of the photosynthetic activity of algae growing on the stream bed. 
The Waitohi River is also the only site with elevated Water Temperature, which favours algae growth. The 
fact that values pre-dating 2010 did not show the higher Water Temperatures is an artefact of a shift in 
sampling time; since 2010 samples were taken predominantly after midday, while in the years before at 
least half of the samples were taken during the earlier, cooler part of the day. Consequently, the Water 
Quality Index of recent years is more representative of the water quality in the Waitohi River as it includes 
the potential negative effects of high Water Temperatures on aquatic life. 

The occasionally low Dissolved Oxygen concentrations in the Kenpuru River are associated with very low 
flows. During these times, some of the water flows underground, reducing the oxygenation of the water. 
High E.coli concentrations, on the other hand, are mostly associated with rainfall, but in the past high 
concentrations were occasionally also measured during dry conditions. These were caused by stock 
access to the waterway upstream of the sampling site. In the period for which the latest Water Quality 
Index was calculated (2011 to 2013), only one sample from the Kenepuru River had E. coli 
concentrations above the guideline. The sample was taken during a small flood event. Occasional high 
pH of the Kenepuru River water appears unrelated to algae growth. 

There have been no significant changes in the water quality of the two Linkwater waterways, Linkwater 
Stream and Cullen Creek; Cullen Creek has better water quality in the fair category while the water 
quality of Linkwater Stream is marginal; the lower Water Quality Index of Linkwater Stream is caused by 
low pH values and occasional low Dissolved Oxygen concentrations as well as higher Turbidity. Until 
recently cattle were frequently seen in the waterway upstream of the sampling site causing damage to the 
stream banks. This resulted in higher Turbidity not only while the animals were in the waterway. Material 
dislodged from the stream bank was being pushed into the water by the animals. This increased the fine 
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sediment cover on the stream bed. This fine sediment is easily lifted back up into the water column by 
waterfowl or turbulences, which maintained increased Turbidity even when the cattle were removed. 
Another problem associated with stock access is the dropping of organic matter in the form of faecal 
matter directly into the waterway. Not only are the faeces a source of microorganisms that are potentially 
harmful to human health, but the organic matter is also broken down by bacteria, which lower the pH and 
Oxygen levels of the water in the process.  

The Waitohi River has a large percentage of natural vegetation cover remaining in its catchment (95.4%). 
Nevertheless, the Water Quality Index for this waterway is low as the sampling site is located in a 
residential area (Picton). The urban environment (i.e. stormwater) impacts on water quality in the form of 
higher E. coli concentrations and higher Turbidity. Because of the urban influences, a selection of Heavy 
Metals is also monitored as part of the State of the Environment sampling. While Arsenic and Copper 
concentrations are very low, concentrations of Zinc occasionally exceed the ANZECC Guideline for 95% 
species protection. On one occasion, in March 2012, the less stringent 80% species protection guideline 
was also exceeded. Zinc is commonly used in roofing iron and can be washed into waterways during 
rainfall, however, high concentrations in the Waitohi River are not always associated with rainfall events. 

 

Figure 9:  The Graham River has the best water quality of the sites monitored in the 
Marlborough Sounds. 
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Figure 10:  The Upper Pelorus. 
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3.2. The Rai/Pelorus Catchment 

 

 

Figure 11:  Sampling sites in the Rai/Pelorus catchment. 
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Figure 12:  Water Quality Indices and parameter contributions for the monitoring sites in the 

Rai/Pelorus catchment for the period 2011  ̵2013. 
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Figure 13:   Water Quality Indices and parameter contributions over time. 
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All sites in this group are part of one single catchment, that of the Pelorus River. The Upper Pelorus 
sampling site is located upstream of the two main tributaries, the Rai River and the Wakamarina River. 
Although both tributaries have catchments of similar size, the Rai River has considerably poorer water 
quality. This is a reflection of a greater amount of pasture in the catchment, much of which is grazed by 
dairy cattle. Several studies have shown that due to their large size and affinity for water, cattle have a 
greater impact on water quality when allowed access to waterways than other stock [9, 32]. 

In the Rai/Pelorus catchment Soluble Inorganic Nitrogen is the dominating parameter reducing the Water 
Quality Indices. With increasing proportions of pastoral land use in the catchment, Soluble Inorganic 
Nitrogen concentrations in the waterway are increasing. The correlation between pasture cover and 
Nitrogen concentrations is quite defined for this region (Figure 14). 

 

Figure 14:  Correlation between the percentage of pasture cover in the catchment and Soluble 
Inorganic Nitrogen concentrations for sites in the Rai/Pelorus area. 

The reason for the well-defined relationship is the fact that the pastoral land use is dominated by a single 
industry, dairy farming. However, trend analysis shows that Soluble Inorganic Nitrogen concentrations in 
the Rai River catchment, including its tributaries, the Ronga and Opouri River, have decreased over the 
years.  

Occasionally high pH values in the Pelorus River during the summer months are a result of 
photosynthetic activity of algae growing on the river bed. The large size of the Pelorus River means that 
even very tall vegetation along the river banks cannot fully shade the waterbody. This allows ample 
amount of sunlight to reach the river bed, which combined with higher Water Temperatures increases 
algae growth.  

The lower pH in the Ronga River is partly linked to organic matter input like faecal matter, as this river 
also exceeds the guideline for E. coli concentrations most often; yet the correlation between pH and 
E. coli concentrations is not very defined which suggests that other factors play a role. The decomposition 
of organic matter by bacteria not only results in a lower pH, but also in a reduction of Dissolved Oxygen 
concentrations. This can be seen from the generally lower Dissolved Oxygen Saturation measured in the 
Ronga River (Figure 12).  
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Figure 15:  pH values in the Rai River and its tributaries. On the right are scatterplots showing the 
correlation between the pH values of different waterways for the years 2008 and 2009.  

In the years before 2010, pH values below the guideline occurred sporadically in the Opouri River and 
Rai River. Data analysis shows that the pH was more variable during that time with a good correlation 
between pH values in the Opouri River and the Rai River. In later years this correlation was lost, mainly 
due to the reduction in variability, which in turn resulted in improved water quality in the Opouri River and 
the Rai River (Figure 15).  

The Wakamarina River and Upper Pelorus have the highest water quality scores in this region. While the 
good water quality in the Pelorus River has not changed since regular monitoring began in 2007. The 
Water Quality Index for the Wakamarina River showed a distinct reduction for the period 2008-2010 due 
to increases in E. coli concentrations and Turbidity during flood events with higher Turbidity persisting 
today. A closer inspection of the parameters contribution reveals that the type of water quality issues 
have changed from Water Temperature and pH to E. coli and Turbidity; There have been two 
exceedances of the E. coli guideline in 2010. One was observed during a flood event, but another at 
concentrations just above the guideline occurred during dry weather condition. This is likely linked to a 
localized source. 

At all sites in this group higher Turbidity is only observed during flood flows, while higher concentrations in 
Dissolved Reactive Phosphorus show no correlation with flow. 
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Figure 16:  The Upper Wairau. 
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3.3. The Upper and Mid Wairau Catchment 

 

 
Figure 17:  Sampling sites in the Upper and Mid Wairau catchment. 
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Figure 18: Water Quality Indices and parameter contributions for the monitoring sites in the 
Upper and Mid Wairau catchment for the period 2011 ̵ 2013. 
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Figure 19:  Water Quality Indices and parameter contributions over time. 
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Mill Creek is the only spring-fed stream in this group and water quality is quite different from the other four 
sites. As is the case for other spring-fed streams, Turbidity is generally low, Water Temperatures are 
relatively stable and Dissolved Oxygen concentrations lower than in streams and rivers not dominated by 
groundwater. High Soluble Inorganic Nitrogen concentrations in Mill Creek are very noticeable compared 
to the other sites in this group. The majority of this Nitrogen is in the form of Nitrate. Comparison with 
measurements taken from a nearby well shows that Nitrate concentrations in the groundwater are similar 
to concentrations measured in Mill Creek (Figure 20). This illustrates that the consistently high 
concentrations of Soluble Inorganic Nitrogen predominantly originate from groundwater and are therefore 
a result of Nitrate leachate through the soil during irrigation and rainfall rather than direct input or overland 
flow. Nearly the entire Mill Creek catchment has been converted to pasture and depending on stock type 
and farm management, the amount of Nitrate leached into the groundwater from pastoral land use can be 
in the order of 30 kg of Nitrogen per hectares or more. It also needs to be noted that groundwater is not 
bound by surface water catchment boundaries. Consequently some of the Nitrate in Mill Creek will 
originate from adjacent catchments.  

Trend analysis shows that the Soluble Inorganic Nitrogen concentration in Mill Creek has been 
decreasing. In fact, concentrations have reduced to the point that the Nitrate toxicity guideline has not 
exceeded in recent years, resulting in a higher Water Quality Index for the 2011-2013 period (Figure 19).   

 

 
Figure 20:  Map of the Mill Creek surface water sampling site and the groundwater well 0015. 

Below are the Nitrate-Nitrogen concentrations measured in the creek and in the 
groundwater. 
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Dissolved Reactive Phosphorus concentrations in the groundwater are slightly lower than in Mill Creek 
suggesting some direct input into the surface water (Figure 21). The occasionally very high E. coli 
concentrations during dry periods, however, are exclusively a result of stock access to the waterway as 
E. coli levels in groundwater are generally very low.  
 

 
Figure 21:  Dissolved Reactive Phosphorus concentrations in Mill Creek and groundwater from a 

nearby well. 

 
 
 

 

Figure 22:  The surface water monitoring site at Mill Creek. 
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Figure 23:  Analysis of Turbidity and Flow for the Upper Wairau, the Branch River and the two Waihopai River sampling sites.
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In past years the Upper Wairau River (at Dip Flat) has had the best water quality of all sites monitored as 
part of the State of the Environment programme. However, an increase in Turbidity caused the latest 
Water Quality Index to slide into the "fair" category. In fact, except for Mill Creek, all sites in this group 
show an increased Turbidity compared to previous years. Higher Turbidity is mostly associated with flood 
events. Therefore, the relationship between Flow and Turbidity for the Upper Wairau, the Branch River 
and the Waihopai River were further analysed (Figure 23). 

The top of Figure 23 shows the correlation between river flow and Turbidity on a log-log scale scatter 
plot1. The recent three years are shown in orange/red colours while the years before 2011 are shown in 
green colours. The Upper Wairau and Branch River show a comparatively good relationship with 
increasing Turbidity at higher Flows, while in the Waihopai River Turbidity is occasionally high at relatively 
low Flows. As was shown in the 2013 report [18], the Waihopai River catchment has large areas of 
sedimentary rock that has a high Mudstone component. Thunderstorms are not uncommon in the upper 
Waihopai catchment and can cause significant erosion, but the localized nature of these events often 
results in only a small increase in the Flow of the main river. 

The scatter plots already show that most of the higher Flow/Turbidity events occurred in the recent three 
years, particularly in the Upper Wairau and the Branch River. 

The rows of box and whiskers plots in Figure 23 show the distribution of Turbidity and Flow for the 
individual years during which monthly monitoring was carried out. The line graphs underneath show the 
median Flows measured during sampling compared to the overall median Flow for the sites. Apart from 
the early years in the Mid Waihopai sampling Flows were reasonably representative of the overall Flow in 
the rivers (there is no continuous Flow measurement in the Upper Wairau). It can be seen that in 2013 
generally higher Flows in the Upper Wairau and Branch River coincide with the higher Turbidity measured 
in the same year. In the Waihopai River, on the other hand, the highest Flows during sampling were 
observed in 2011 combined with higher Turbidity during that year, while in 2013 the Waihopai River had 
slightly lower Flows, but higher median Turbidity and the highest Turbidity measurement on record at both 
sites. The reason could be a significant slip into the waterway upstream of the two sampling sites that fed 
fine sediment into the water for a prolonged period, resulting in sustained elevated Turbidity until the slip 
was washed away by subsequent floods (Figure 24). This would explain the higher Turbidity median. 

Other parameters resulting in a reduction of the Water Quality Index for the Waihopai River are Soluble 
Inorganic Nitrogen, Dissolved Reactive Phosphorus and E. coli concentrations as well as elevated pH. All 
exceed the guidelines only occasionally, but more so in the Lower Waihopai, showing the influence of the 
exclusively pastoral and viticultural land use in the area between the two sampling sites. The higher 
Water Temperatures in the Lower Waihopai, on the other hand, are partially a natural consequence of the 
increasing width of the river, resulting in greater sun exposure of the water as even high vegetation along 
the banks cannot fully shade the water. 

 

1 A log-log plot is a graph with both axis on a logarithmic scale; a scatterplot shows the values of one measurement based on 
another measurement that was taken at the same time – in this case Turbidity at the Flows measured. 
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Figure 24: Photo of a slip on the banks of the Spray River, a tributary of the Waihopai River, taken 
in January 2013. This or a similar slip could be responsible for the higher Turbidity of the 
Waihopai River in 2013. 
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3.4. The Lower Wairau Catchment 

 

 

Figure 25:  Sampling sites in the Lower Wairau catchment. 
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Figure 26:  Water Quality Indices and parameter contributions for the monitoring sites in the 

Lower Wairau catchment for the period 2011 ̵ 2013. 
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Figure 27:  Water Quality Indices and parameter contributions over time. 
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Three sites in this group had a similar increase in Turbidity as the majority of sites in the Upper and 
Mid Wairau catchment (Section 3.3). Again, as higher Turbidity is usually associated with higher Flow, the 
relationship between Flow and Turbidity was analysed (Figure 28). 

 
Figure 28: Analysis of Turbidity and Flow for the Tuamarina River, Lower Wairau and the Wairau 

Diversion. The scatterplots show the correlation between Flow and Turbidity. The box 
and whiskers plots show the Turbidity and Flow results for the individual years. The 
line graph at the bottom shows the median Flows for the whole year (red) and for Flow 
measurements during sampling only (blue). 

The log-log scatterplots2 indicate a good correlation between Flow and Turbidity for the Lower Wairau 
and Wairau Diversion. The Box and Whiskers plots show that for the Wairau River, higher Flows during 
sampling in 2012 and 2013 were the reason for the high Turbidity measurements in the same years. In 
the Wairau Diversion the highest Flows and Turbidity were measured during 2011 and 2013. 
Unfortunately the Lower Wairau and the Wairau Diversion were not sampled on the same day. This is 
potentially the reason for the different patterns observed. However, the Wairau Diversion is usually 
sampled on the same day as the Tuamarina River. Also, the majority of the water from the Tuamarina 
River flows into the Wairau Diversion. The two highest Turbidity measurements taken from the Wairau 
Diversion in 2013 coincided with very high Turbidity in the Tuamarina River. 

Unlike the Wairau River, the Tuamarina River shows a very weak correlation between Flow and Turbidity. 
A reason is probably the approx 8.5 km distance between the site where Flows are measured to the site 

2 A log-log plot is a graph with both axis on a logarithmic scale; a scatterplot shows the values of one measurement based on 
another measurement that was taken at the same time – in this case Turbidity at the Flows measured. 
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where water quality is monitored (see Figure 29). Additionally both sites are separated by a large wetland, 
which has an effect on both Flow and Turbidity. Nevertheless, the Box and Whiskers Plots show that the 
highest sampling Flows occurred in the same year (2013) as the highest Turbidity measurement. A closer 
examination of the actual Flow record shows that two large floods occurred in 2013 and very high 
Turbidity was measured during smaller flood events following these large events. Large floods cause 
significant bank erosion, exposing large areas of bare soil, which in turn contribute to greater erosion 
during smaller floods. This is the most likely cause for the unusually high Turbidity measurements 
observed in the Turamarina River. A contributing factor, with potentially significant influence on Turbidity, 
is the large amount of forestry in the Tuamarina catchment (36.8%). When the forest is harvested, the 
bare soil that remains is easily eroded by rainfall, particularly on steeper hill sides.  

               

 
 
Figure 29:  Map showing the Flow recorder at Para Road, the surface water sampling site and the 

Para Wetland along the Tuamarina River. The graph shows the flow measured at the 
flow recorder together with Turbidity measurements (small diamonds) from the 
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surface water sampling site for the year 2013. Note that Turbidity measurements are 
shown on a logarithmic scale. 

Another parameter that impacts on the water quality of most of the sites in this group is Soluble Inorganic 
Nitrogen with the highest concentrations in Are Are Creek, which has the largest proportion of pastoral 
land cover in the catchment. The relationship between pasture cover and Soluble Inorganic Nitrogen 
concentrations is not as clear here as the Rai/Pelorus catchment, however, one reason is the diversity of 
stock grazed on the pastures in this group. The Onamalutu River catchment is dominated by sheep and 
beef while some of the pasture of the Tuamarina River and Are Are Creek is grazed by dairy cattle. The 
majority of Soluble Inorganic Nitrogen is in the form of Nitrate. Measurements from leachate collected by 
Lysimeters under different land uses have shown that generally more Nitrate is leached into the 
subsurface flow from dairy pasture, followed by beef and less under sheep pasture [6, 13, 22]. However 
other factors, including rainfall intensity, irrigation and stocking intensity, also play a role. 

Although a large amount of the pasture in the Tuamarina River catchment is used for dairying, all dairy 
farms are located upstream of the Para Wetland. Water quality is, however, monitored downstream of the 
Wetland (Figure 29). Wetlands are known to act as nutrient sinks and Soluble Inorganic Nitrogen 
concentration might actually be substantially higher upstream of the wetland. Currently, a small project is 
being carried out, investigating the water quality of the Tuamarina River upstream of the Para Wetland.  

Trend analysis shows that Soluble Inorganic Nitrogen concentrations in the Tuamarina River and 
Onamalutu River are decreasing. 

The land use of the Spring Creek catchment is dominated by vineyards. Lysimeters installed under a 
Marlborough vineyard show that Nitrogen leaching is relatively low [13]. Spring Creek, as the name 
suggests, is dominated by groundwater inflow. As has been mentioned in the previous section, 
groundwater is not bound by surface catchment boundaries and the Soluble Inorganic Nitrogen in Spring 
Creek is likely to partly originate from leachate in neighbouring catchments located to the west of the 
Spring Creek catchment. 

Dissolved Reactive Phosphorus concentrations are high in Are Are Creek and the Tuamarina River. The 
elevated concentrations in the Wairau Diversion originate from the Tuamarina River as concentrations in 
the Lower Wairau are usually low. However, pastoral land use downstream of the Tuamarina River 
confluence is a potential source of additional Phosphorus. 

Very high E. coli concentrations in Are Are Creek are a result of direct stock access to the waterway. 
Fencing stock would greatly reduce faecal contamination, particularly during dry weather. Stock access 
near the sampling site of the Onamalutu River also results in occasional high E. coli concentrations. The 
first E. coli guideline exceedance in Spring Creek was observed following heavy rainfall in 2013. Trend 
analysis shows an increase in E. coli concentrations in Spring Creek. 

The generally low Dissolved Oxygen Saturations observed in the Tuamarina River are a result of redox 
condition in the Para wetland upstream of the sampling site and are therefore predominantly a natural 
occurrence. A very low Dissolved Oxygen Saturation measured during a small flood in Are Are Creek in 
2010 was probably the result of organic material being washed into the creek from adjacent pastures. The 
occasionally high Water Temperatures measured in Are Are Creek are the consequence of the removal 
of high vegetation cover along large parts of the creek. Higher Temperatures in the Wairau River, on the 
other hand, are a result of the wide river bed reaching widths of 400 m or more. 

Low pH value in the Onamalutu River and Tuamarina River in the years before 2010 and 2011 have not 
re-occurred and pH values are now less variable. Unfortunately this improvement in water quality was 
offset by higher Turbidity, and in the Onamalutu River, also by higher E. coli concentrations (see Figure 
27).
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The Opawa Complex 

 

 

Figure 30:  Sampling sites in the Opawa Complex. 
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Figure 31:  Water Quality Indices and parameter contributions for the monitoring sites in the 

Opawa Complex for the period 2011 ̵ 2013. 
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Figure 32:  Water Quality Indices and parameter contributions over time. 
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Some of the water in the rivers and streams in this group originates from outside the boundaries of the 
physical surface catchment. The Mid Opawa receives water from the Waihopai River and Wairau River as 
part of an irrigation scheme. Murphys Creek and Doctors Creek are spring fed during base flow and 
receive water through the aquifer system from catchments to the north and west. These two creeks are 
the main tributaries of the Taylor River, contributing a large proportion of the flow during summer [18]. 
Finally, the Taylor River flows into the Opawa River influencing the water quality at the Lower Opawa 
sampling site. 

Very noticeable are the exceptionally high Soluble Inorganic Nitrogen concentrations in the waterways 
that are strongly influenced by groundwater. That the Nitrogen indeed originates from the groundwater 
can be seen in Figure 33. 

 

 

Figure 33:  Map of the Murphys Creek surface water sampling site and the Springlands well. The 
graph shows Nitrate-Nitrogen concentrations measured in the creek and in the 
groundwater. 

The majority of Soluble Inorganic Nitrogen is in the form of Nitrate. Except for two higher measurements 
in the groundwater, Nitrate concentrations in Murphys Creek, Doctors Creek and the Taylor River closely 
match those in the Springlands well in recent years. Higher concentrations in Doctors Creek in 2009 and 
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2010 are likely the result of direct inputs, either as fertilizer or animal faeces. Nitrate concentrations in the 
Taylor River were very high in late 2008 following large flood flows. Since 2011 Nitrate concentration 
have not exceeded the Nitrate toxicity guideline in any of the surface water monitoring sites, however, the 
Soluble Inorganic Nitrogen guideline is exceeded in all samples from Murphys Creek and Doctors Creek 
and as a consequence the Taylor River and the Lower Opawa. Soluble Inorganic Nitrogen concentrations 
in the Mid Opawa are similar to concentrations in the Omaka River, which has more than 35% of its 
catchment in pasture, mainly committed to sheep and beef. In summer, however, the lower Omaka River 
often dries out and does not contribute flow to the Mid Opawa. During these dry periods most of the flow 
in the Mid Opawa will consist of Waihopai River and Wairau River water that has been diverted into 
Gibsons Creek. Most of the Soluble Inorganic Nitrogen will then originate from the Waihopai River as 
concentrations in the Wairau River are lower. 

Long term trends show a significant decrease in Soluble Inorganic Nitrogen concentrations in the Mid 
Opawa, which is likely related to only slightly smaller decreases in the Omaka River. Neither the Lower 
Waihopai nor the Wairau River showed changes in Soluble Inorganic Nitrogen concentrations. 
Unfortunately we do not have sufficient data to analyse trends for Murphys Creek and Doctors Creek, but 
trend analysis for the Taylor River, as well as the Lower Opawa show some reduction in Soluble 
Inorganic Nitrogen (around 10%). The reduction in Soluble Inorganic Nitrogen concentrations and the 
associated reduction in Nitrate concentrations have resulted in increasing Water Quality Indices for most 
of the sites in this group. 

The Dissolved Reactive Phosphorus concentrations in the Murphys Creek and the Taylor River are also 
of the same magnitude as concentrations in the groundwater (Figure 34). 

 
Figure 34:  Dissolved Reactive Phosphorus concentrations in Murphys Creek and the nearby 

Springlands well. 

The concentrations of Dissolved Reactive Phosphorus in Doctors Creek are generally higher, suggesting 
that additional sources play a role in the Doctors Creek catchment. As is the case for Soluble Inorganic 
Nitrogen concentration, the Omaka River and Mid Opawa are also the sites with the lowest Dissolved 
Reactive Phosphorus concentrations. 

High Turbidity in the Mid Opawa is probably a result of input of Waihopai River water that can be turbid 
for prolonged periods due to areas with high Mudstone content in the underlying geology. Elevated 
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Turbidity in Doctors Creek, which is likely the cause for the higher Turbidity in the Taylor River, is 
currently under investigation. 

Turbidity measurements from the Opawa River as well as the Taylor River show an increasing trend. The 
increase in the Lower Opawa and the Taylor River appears to be limited to the period from 2007 to 2009, 
while the Turbidity in the Mid Opawa has increased further in recent years3.   

High E. coli concentrations in Doctors Creek are also under investigation. Exceedances of the E. coli 
guideline at both Opawa sites are rare with the first occurrences in late 2011. However, trend analysis 
shows E. coli concentrations are generally increasing. One very high E. coli concentration measured in 
the Omaka River at very low Flows in March 2013 was the first exceedance of the guideline since 
monthly monitoring began in 2007. This rare incidence can likely be attributed to a local source, including 
wildfowl as even small amounts of faecal matter can result in high E. coli concentrations when dilution is 
very low at reduced Flows. 

Occasional low Dissolved Oxygen levels in the Omaka River coincide with low Flows. As the water levels 
drop, a greater proportion of the overall Flow will occur through the gravels of the river bed where the 
Oxygen used by aquatic organisms during respiration cannot be easily replenished by algae or exchange 
with the atmosphere. As a result Oxygen levels are low when the water re-appears on the surface.      

Very high pH values in the Mid Opawa occur particularly during summer months, but also after periods of 
fine weather in the colder months. This suggests that photosynthetic activity of prolific algae mats and 
extensive weed cover are responsible. Often the water also has a noticeable green coloration indicating 
planktonic algae as an additional source. Trend analysis shows that pH values have reduced slightly and 
exceedances of the upper pH guideline now only occur occasionally, particularly since 2012. This is 
potentially linked to the substantial decrease in Soluble Inorganic Nitrogen concentrations that probably 
fuelled greater algae growth in the past. 

In contrast, formerly low pH values for the Taylor River and the Opawa River now show slightly improving 
trends. Results are now consistently above the lower pH guideline and subsequently contribute increased 
Water Quality Indices for these rivers in recent years (Figure 32). 

 

3 See Figure 42; All three sites show an increasing trend for the 7-year period from 2007 to 2013, but only the Mid 
Opawa shows an increasing trend for the 5-year period from 2009  to 2013. Additionally, for the Mid Opawa, the 
5-year trend is exceeding the 7-year trend. 
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3.5. South Marlborough 

 

 

Figure 35:  Sampling sites in the South Marlborough region. 
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** Water Quality Index for Black Birch Stm is incomplete - no Dissolved Oxygen Saturation and Water Temperature data 

Figure 36:  Water Quality Indices and parameter contributions for the monitoring sites in the 
Opawa Complex for the period 2011 ̵ 2013. 
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Figure 37:  Water Quality Indices and parameter contribution to reduction in the Water Quality 
Index over time for the sites in South Marlborough. 

The best water quality in this group can be found in Black Birch Stream, however, there are no field 
measurements (Water Temperature and Dissolved Oxygen) taken at this site which means that the Water 
Quality Index for Black Birch Stream is not complete. However, almost 90% of the catchment remains 
covered in natural vegetation, consequently Water Temperature and Dissolved Oxygen concentrations 
can be expected to be within the guideline values. Apart from occasional exceedances of the Dissolved 
Reactive Phosphorus and Turbidity guidelines, the water in Black Birch Stream is of exceptional quality. 
In the last three years the Turbidity guideline was exceeded only once following heavy rainfall. The small 
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variability of Dissolved Reactive Phosphorus concentrations in Black Birch Stream indicates 
concentrations might be naturally high (Figure 36). Most exceedances of the guideline are very close to 
the actual guideline value, with only one higher value in 2013.  

The water quality of the Awatere River is dominated by high Turbidity. Figure 38, a re-print from the 
previous report [19], shows areas of Siltstone and Sandstone/Mudstone in the catchment. These fine 
materials are easily eroded and due to their small size remain suspended in the water column for a 
relatively long time. Consequently, even localized rainfall events in some of the smaller tributaries can 
cause high Turbidity in the main River. The map in Figure 38 also shows areas of high Basalt and 
Limestone content in the underlying geology. This explains the generally high pH values for the Awatere 
River, Flaxbourne River and Waima (Ure) River. 

Elevated E. coli concentrations in the Flaxbourne River are a result of pastoral land use, as stock can 
regularly be seen in the waterway. Nearly 80% of the Flaxbourne River catchment has been converted to 
pasture, which is dominated by sheep and beef. Trend analysis shows that E. coli concentrations have 
increased substantially, particularly when the years before 2010 are included. This is indicated by an over 
80% increase for the 7-year trend compared to a 28% increase for the 5-year trend. In fact, in the years 
2007 to 2009 none of the samples taken from the Flaxbourne River had E. coli concentration in 
exceedance of the guideline (Figure 37). 

High Dissolved Reactive Phosphorus concentrations are likely to be a result of pastoral land use in the 
Flaxbourne River catchment. Concentrations are rather variable, indicating an anthropogenic4 source. As 
are high Water Temperatures during the summer month that are a result from the removal of tall riparian 
vegetation.  

Soluble Inorganic Nitrogen concentrations are comparatively low for sites in this group. Occasionally 
samples taken from the Mid Awatere had Ammonia concentrations in excess of the toxicity guidelines in 
the years 2008 and 2010. These were generally associated with high Dissolved Reactive Phosphorus 
concentrations, but the same samples did not have elevated E.coli or Nitrate concentrations. Only one of 
the five high Ammonia results was associated with rainfall in the area. Consequently the most likely 
source is careless fertilizer application during which some of the fertilizer was applied over the river or 
one of the tributaries. 

Occasionally low Dissolved Oxygen Saturations in the Waima River are exclusively observed during very 
low flows when some of the water travels through the river gravels resulting in a lower Oxygen 
concentration when the water returns to the surface. 

 

 
 

4 Caused by human activity  
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Figure 38:  Map of the South Marlborough region showing areas with limestone and high 

mudstone or siltstone content in the bedrock. 

 
Figure 39:  The Mid Awatere sampling site – High Turbidity is common even at low Flows. 
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4. Summary and Discussion 
Figure 40 shows the Water Quality Indices and parameter contributions for the period 2011 to 2013 for all 
sites that are monitored as part of the Surface Water State of the Environment programme. Table 3 
summarizes changes in the Water Quality Indices when compared to last year’s Water Quality Indices. 
Included are comments on the parameters that had the greatest influence on the changes.  

Four sites have good water quality, with the Wakamarina River having the highest Water Quality Index, 
followed by Black Birch Stream. The only parameters exceeding the guidelines in these two waterways 
are Turbidity and Dissolved Reactive Phosphorus. Although, Phosphorus concentrations in Black Birch 
Stream are naturally elevated, exceedances of the guideline are potentially linked to anthropogenic 
sources as is the case for the Wakamarina River.  

The other two waterways with good water quality are the Graham River and the Upper Pelorus River. 
Apart from the same parameters that are exceeding the guidelines in the Wakamarina River and Black 
Birch Stream, occasional exceedances of the E. coli guideline in the Graham River and higher summer 
pH value in the Upper Pelorus are the reason for lower Water Quality Indices for these waterways. 
Looking at the changes in Water Quality Indices, in previous years E. coli concentrations were a 
parameter that was contributing to a lower Water Quality Index in the Wakamarina River also, but 
concentrations did not exceed the guideline since 2011. 

The Upper Wairau River was the site with highest Water Quality Index in the previous report, but was 
significantly more turbid in 2013, resulting in fair water quality for the period from 2011 to 2013. Other 
sites also showed significant increases in Turbidity, including the Tuamarina River and the two other sites 
along the Wairau River. Analysis of the data showed that higher Turbidity was linked to higher Flows. 
Indeed, in 2013 the Tuamarina River had the two greatest floods since continuous flow monitoring was 
established in 2004. Increases in Turbidity in the Waihopai River, however, were not clearly related to 
increased flows, but some areas of the Waihopai catchment have a geology that is dominated by very 
fine sedimentary material, like mudstone. These materials are easily eroded and localized high intensity 
rainfall events can cause slips that reach into the waterway, causing very turbid water, but with only 
relatively small increases in the flow of the river. As a consequence the Waihopai River has a low Water 
Quality Index and is ranked in the bottom six together with the Tuamarina River and the Wairau 
Diversion, which receives the majority of the Tuamarina River water. Very high Turbidity is also common 
for the Awatere River and is predominantly a result of the underlying geology, which is similar to the 
Waihopai, as it includes areas with high mudstone content.  

Most sites monitored have a Water Quality Index in the Marginal and Fair category. It needs to be noted 
that per definition water with fair water quality only sometimes departs from the natural or desirable levels, 
indicating a still rather good state. For many of the sites with fair or marginal water quality Soluble 
Inorganic Nitrogen is the parameter dominating the reduction in Water Quality Indices. Soluble Inorganic 
Nitrogen is predominantly linked to pastoral land use. Consequently sites with a large proportion of 
pasture in the catchment tend to have elevated concentrations; however, concentrations are particularly 
high in spring-fed streams, like Murphys Creek and Mill Creek. The majority of Soluble Inorganic Nitrogen 
is in the form of Nitrate. Comparison with groundwater data shows that Nitrate concentrations in nearby 
wells are similar to concentrations in the surface water. This indicates that most of the Nitrogen in the 
waterway originates from leachate (water that has moved through the ground into the groundwater), 
rather than direct run-off from the land surface. Groundwater, unlike surface water, is not bound by 
surface water catchment boundaries and some of the Nitrogen in a spring-fed stream will originate from 
pastures in adjacent catchments. 
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Figure 40:  Water Quality Indices as well as parameter contributions to the reduction in the Water Quality Index for the three years from 2011 to 

2013 for all sites monitored. 
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Table 3:  Table showing the changes in relation to the Water Quality Index for the time period  

2010-2012 calculated in the previous year. 
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Trend analysis shows that Soluble Inorganic Nitrogen concentrations have been decreasing in many 
waterways in the region (Trend Summary). Sites with particularly large reductions are the Omaka River 
and the Mid Opawa. Nitrate concentrations have reduced to the point that the Nitrate toxicity guideline 
was not exceeded during the time period that is the basis of this year’s Water Quality Indices at any of the 
sites. Last year two sites still had Nitrate as a parameter contributing to the reduction in the Water Quality 
Index, Doctors Creek and Mill Creek. 

Ammonia toxicity is another guideline that was not exceeded in the recent three years. Occasional high 
Ammonia concentrations in the Mid Awatere in 2008 and 2010 were possibly a result of careless fertilizer 
application in the catchment upstream of the sampling site, but concentrations have been consistently low 
since. 

A number of sites show increasing Trends for E. coli concentrations, particularly the Flaxbourne River, the 
Mid Opawa, the Taylor River and the Kaituna River. Apart from the Taylor River, faecal contamination in 
these waterways is a result of stock being allowed to access the waterway. Microbial source tracking of 
samples from the Taylor River revealed that ducks and dogs were the main sources of high faecal 
bacteria concentrations. 

 

 

Figure 41:  The Mid Opawa sampling site - Trend analysis shows the greatest reduction in 
Soluble Inorganic Nitrogen of all sites monitored as part of the Surface Water State of 
the Environment Programme for this site. 

 

 

 

 
 
 
 

50 MDC Technical Report No: 14-006 



 State of the Environment Surface Water Quality Monitoring Report, 2014  

  
Figure 42:  Summary of Seasonal Kendall Trend Analysis as Relative Annual Changes. 
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6. Appendices 

6.1. Water Quality Index calculation 
The following section has been taken from the Canadian Water Quality Guidelines for the Protection of 
Aquatic Life [7]. 

“The index consists of three factors: 

Factor 1: Scope 

F1 (Scope) represents the extent of water quality guideline non-compliance over the time period of 
interest. It has been adopted directly from the British Columbia Index: 

 

Where variables indicates those water quality variables with objectives which were tested during the time 
period for the index calculation. 

Factor 2: Frequency 

F2 (Frequency) represents the percentage of individual tests that do not meet objectives (“failed tests”): 

 

Factor 3: Amplitude 

F3 (Amplitude) represents the amount by which failed test values do not meet their objectives. F3 is 
calculated in three steps. The formulation of the third factor is drawn from work done under the auspices 
of the Alberta Agriculture, Food and Rural Development. 

(i) The number of times by which an individual concentration is greater than (or less than, when the 
objective is a minimum) the objective is termed an “excursion” and is expressed as follows. When the test 
value must not exceed the objective: 

 

For the cases in which the test value must not fall below the objective: 

 

ii) The collective amount by which individual tests are out of compliance is calculated by summing the 
excursions of individual tests from their objectives and dividing by the total number of tests (both those 
meeting objectives and those not meeting objectives). This variable, referred to as the normalized sum of 
excursions, or nse, is calculated as: 
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iii) F3 is then calculated by an asymptotic function that scales the normalized sum of the excursions from 
objectives (nse) to yield a range between 0 and 100. 

 

The CCME WQI is then calculated as: 

 

The factor of 1.732 arises because each of the three individual index factors can range as high as 100. 
This means that the vector length can reach 

 

as a maximum. Division by 1.732 brings the vector length down to 100 as a maximum.” 
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6.2. Site Information 
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6.3. Land Cover 
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6.4. Laboratory Analysis 
 

Parameter Method Description Detection Limit Method Description Detection Limit

Turbidity Analysis using a Turbidity meter. APHA 2130 B 21st ed. 2005 0.01 NTU Analysis using a Hach 2100 Turbidity meter. APHA 2130 B 21st ed. 2005 0.05 NTU

Nitrate Nitrogen Ion Chromatography following USEPA 300.0 (modified) 0.010 mg/L

Calculation: Nitrite/Nitrate-Nitrogen - Nitrite Nitrogen; Nitrite/Nitrate 
Nitrogen analysed from filtered sample as total oxidised nitrogen. 
Automated cadmium reduction, flow injection analyser. APHA 4500-
NO3- I 21st ed. 2005

0.002 mg/L

Total Ammonical Nitrogen Flow Injection Autoanalyser following APHA 4500 NH3 H 21st ed. 2005 0.010 mg/L
Filtered sample. Phenol/hypochlorite colorimetry. Discrete Analyser. 
(NH4-N = NH4-N + NH3-N). APHA 4500-NH3 F (modified from manual 

analysis) 21st ed. 2005

0.010 mg.L

Soluble Inorganic Nitrogen Calculation NH4-N + NO3-N + NO2-N 0.010 mg/L Calculation NH4-N + NO3-N + NO2-N 0.010 mg/L

Dissolved Reactive Phosphorus Flow Injection Autoanalyser following  APHA 4500-P G 21st ed. 2005 0.005 mg/L
Filtered sample. Molybdenum blue colorimetry. Discrete Analyser. 
APHA 4500-P E (modified from manual analysis) 21st ed. 2005

0.004 mg/L

pH pH meter. APHA 4500-H+ B 21st ed. 2005 0.1 pH meter. APHA 4500-H+ B 21st ed. 2005 0.1

E. coli APHA 9222G 21st ed. 2005 1 cfu/100mL
Membrane filtration. Count on mFC agar, incubated at 44.5oC for 22 
hours, MUG Confirmation. APHA 9222 G, 22nd ed. 2012

1 cfu/100mL

Total Arsenic Nitric acid digestion, ICP-MS, trace level. APHA 3125 B 21st ed. 2005/US 
EPA 200.8

0.002 mg/L Nitric acid digestion, ICP-MS, trace level. APHA 3125 B 21st ed. 2005/US 
EPA 200.8

0.0011 mg/L

Total Copper Nitric acid digestion, ICP-MS, trace level. APHA 3125 B 21st ed. 2005/US 
EPA 200.8

0.002 mg/L Nitric acid digestion, ICP-MS, trace level. APHA 3125 B 21st ed. 2005/US 
EPA 200.8

0.00053 mg/L

Total Zinc Nitric acid digestion, ICP-MS, trace level. APHA 3125 B 21st ed. 2005/US 
EPA 200.8

0.005 mg/L Nitric acid digestion, ICP-MS, trace level. APHA 3125 B 21st ed. 2005/US 
EPA 200.8

0.0011 mg/L

Filtration Sample filtration through 0.45µm membrane filter Sample filtration through 0.45µm membrane filter

Environmental Laboratories Services (ELS) Ltd

Feb 2007 - Jul 2011 Since Aug 2011 

Hill Laboratories Ltd.
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6.5. Summary Statistics 
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6.6. Water Quality Indices 
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6.7. Trend Analysis  
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