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Executive Summary

Aim of the study

The Office of the Auditor General (OAG) requestessistance from NIWA on technical matters
underpinning OAG’s audit of freshwater quality mgement by regional councils in New Zealand.
This report details results of a study performedNdWA that responds to two specific questions

posed by OAG:

1. Do regional councils have effective methods to gathformation about and monitor the
quality of freshwater?

2. Over the last 10 years, what is the state and srendiater quality as indicated by state of the
environment monitoring data collected by regiomalrcils and NIWA?

We have addressed these questions for four regionialcils specified by OAG:

e Environment Southland

Taranaki Regional Council
» Horizons Regional Council
* Environment Waikato

To answer the first question we assessed the metiastl to monitor the quality of freshwater in each
of the following regions: Southland, Taranaki, Horis, and Waikato. We first obtained information
(metadata) from the regional councils that desdritheir State of Environment (SoE) for physical,
chemical, microbiological and biological aspectswater quality monitoring programs for rivers,
lakes and groundwater. Specifically, we obtainedltitations and the details of monitoring sites, th
frequency of monitoring, the variables analysed, @A/QC and data storage procedures. From this
information we assessed the network and monitgingrammes from technical perspectives.

To answer the second question we analysed statdrands in water quality data for rivers and
streams (hereafter referred to as “rivers”) for tee year period up to and including 2009. We
included sites in the National Water Quality Moniitg Network (NRWQN) that is run by NIWA that
are within the four regions.

Findings to question 1: Regional council state ofreironment monitoring of freshwater

We consider that the four regional councils surdefiave well-planned and operated networks for
assessing the current state and long term trenghyisical and chemical quality of freshwaters. All

Audit of freshwater quality monitoring by regior@iuncils i
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four councils have monitoring networks with SoEesiffor rivers, lakes and groundwater that are
distributed over their regions in a reasonably éspntative manner (i.e. where the number of gites i
different catchments or types of water bodies immensurate with the overall importance and
quantity of water bodies of that type). We also sider that all four councils are monitoring a
comprehensive suite of relevant physical, chemioatrobiological and biological variables at a
suitable frequency, and that they generally haesjadte QA/QC and data storage procedures.

We made a specific evaluation of the adequacy ohbmu of sites included in the rive8oE
monitoring networks in each regions. Our evaluatwas based on whether the networks had
sufficient statistical power to detect large sqaddterns, defined by River Environment Classifimati
(REC) categories, in water quality state and trefitte REC categories grouped the monitoring sites
in four categories on the basis of the dominanbgo@phy of their catchments; Low-elevation, Hills,
Lakes or Mountains. Such groupings provide insighte the causes of spatial patterns of water
quality state and trends in relation to environrakand human factors and can be used to describe
how well a network of sites represents the overaironmental variation within a region.

We used river water quality data provided by thenmils and from the NRWQN for the 10 year
period ending 2009 that had been collected at ateplyaor monthly basis. Trend analysis of water
quality data, and to a lesser extent the calculaiiche central tendency to evaluate state (iesamor
median conditions), is only meaningful if calcuthtgsing a continuous time series of observations of
sufficient length. Not all the river water qualitata sets provided by the regional councils were
sufficiently complete to provide robust trend asaly for the 10-year period of our trend analysis. W
limited our analysis to data sets for which att€&®96 of sample occasions had data. Accepting time
series with more missed sample occasions wouldtriesmore insignificant results. Thus, for sites
that were monitored quarterly, we included sitext thad data for 32 quarters of 40 possible quarters
and for sites that were monitored monthly we inellicsites that had data for 96 of 120 possible
months. These criteria restricted the number of itndng sites that we used to estimate state and
trends. Environment Southland had approximatelystés (depending on variable) that met our
criteria for trend analysis. Taranaki and HorizdRsgional Councils had 13 and 17 SoE sites
(depending on variable) that met our criteria retipely. Environment Waikato had a total of 113
SoE sites which met our criteria for trend analysis

The river water quality monitoring data for Souttdaand Waikato were able to detect detailed
patterns in both state and trends (i.e. statificignificant differences in state and significanerall
trends were found for many REC categories and bisy The data for 12 sites in the Taranaki
region was sufficient to detect patterns albeit fewer REC categories and variables than for
Southland and Waikato. The Horizons dataset wasl\pbadequate to describe large scale patterns in
water quality state and trends in the region. Thibecause, in the past, Horizons have employed a
system of “rolling SoE sites” whereby some sitesehbeen monitored on a rolling basis, i.e. once
every three years 12 months of monthly sampling been undertaken. This practice is no longer
carried out by Horizons Regional Council and thenber of SoE sites in the monitoring network has
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been increased to 63. The large differences betwagions in the total number of currently active
SOE sites reflect, to a degree, the size of themsg

We do not consider that any of the regions haveféaosites to describe regional patterns in water
quality. More sites would provide more detailedoimfiation at a larger number of specific locations.
A case could be made for further SoE sites addéldetaurrent Taranaki regional network of 12 sites
(which is comparatively low compared to the 113%sitn Waikato, for example). However, we
consider it unlikely that the overall regional pict of water quality state and trends would bettyrea
different if the number of sites in any of the @ were increased. An important point is thatoES
monitoring is to be of maximum benefit (i.e. betahle for robust trend analysis) it must be frequen
and consistent and this requires an ongoing comenitnbby the regional councils. However, we
acknowledge that trend analysis, while desiralsleyat necessarily the most important aspect of SoE
monitoring. A trade off between cost, coverage oégion’s water bodies and continuity of the time
series has to be made.

We did find that Environment Southland and Horizoegd to lower detection limits for some water
chemistry variables in order to detect trends irremtly high quality water bodies. Ideally councils
should measure flows on sampling occasions, so assist with interpreting water quality data amd t
enable both trend analysis and estimation of comtam loads. Where flows are not measured at
water quality sites it is common practice to estanfiows from suitable (close) gauged rivers. We
consider that the uncertainties associated withv festimates should be evaluated so that the
robustness of trend analyses based on these flEmwisecassessed.

The four regional councils surveyed monitor biotagicharacteristics in rivers including periphyton
(algae that grows on the bed of rivers) and maaveriebrates (invertebrate animals that live on the
bed of rivers). Biological organisms integrate axgress the effect of water quality and habitatr ove
time and provide an index of the ecological healtlwaters. Because living organisms express (in
part) the effect of the historic flux of contamitsinthey need not be sampled as frequently as water
quality. The biological sampling programs of alliogils started in the mid 1990s and there has heen
consistent effort to monitor at least annually. iEmvment Southland, Horizons Regional Council and
Environment Waikato sample invertebrates annuallgereas Taranaki Regional Council sample
invertebrates twice a year. Annual biological sangpis generally performed during summer in order
to assess conditions during the period of low flaujch is generally the period of greatest ecolalgic
stress. Annual sampling is subject to occasionab Wiy atypical conditions such as unseasonal
flooding but is generally considered to be suitdbled is the protocol of the NRWQN, for example).

All four regional councils carry out SOE monitoriog lakes. These programs are focussed on the
management of individual lakes (e.g., cyanobactdbilaoms during summer, long term
eutrophication). These programs are targeted toifspéiconic” lakes within each region, which is
practical and appropriate. All four regional cousidiave extensive groundwater monitoring SoE
programmes that represent the major aquifers imdpions. Monitoring is predominantly carried out
on an annual basis and in accordance with thematprotocols.

Audit of freshwater quality monitoring by regior@iuncils iii
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Findings to question 2: State and trends in water aglity

We analysed state and trends in river water qudhita because SoE monitoring of freshwaters is
most comprehensively and consistently carried outhis type of water body (in terms of the time
period for which monitoring has been carried oatnple frequency, variables analysed and intensity
of sampling). This study did not analyse state @adds in lake or groundwater quality data. Lake
data is collected in a less consistent manner a¢hesregions due to differences in the distributd
lakes (e.g., Taranaki and Horizons have few ictakes) and because of differences in the intemgity
lake management issues. There are also differencé®w groundwater is monitored across the
regional councils reflecting differing regional tees of the groundwater programmes. Most
groundwater monitoring programmes indicate stakdéewchemistry other than for nitrate, which is
usually monitored in separate (non-SoE) programifiesre have been recent national studies of the
state and trends of laKeacross New Zealand for the ten year period umtbiacluding 2009 and
groundwater up to and including 2008. In addition, we did moglyse state and trends in biological
variables (e.g., macro-invertebrates and periphgitin). Again, this was because of differencefen t
time period for which biological monitoring has beearried out, sampling frequencies and range of
variables analysed by the four regions. These réiffees reflect differing regional focuses for
biological monitoring programmes.

We used data supplied by the councils and fromNIR®VQN to assess river water quality state in
each region. Ten physical and chemical variable® wessessed; black disc water clarity, conductivity
dissolved reactive phosphorus, total phosphorusi@mum, oxidised nitrogen, total nitrogeh,coli,
faecal coliform, and in a small number of casealtstispended solids. Nutrient species (oxidised
nitrogen, total nitrogen, ammoniacal nitrogen, digsd reactive phosphorus and total phosphorus)
were included because they stimulate the growtiplafts, including algae, which can be either
suspended in the water column of lakes and riverattached to substrates (periphyton). Nutrient
contamination results from point and non-point seudischarges and is strongly associated with
intensive land use. High nutrients can promote &ste (‘nuisance’) growth of plants that, in turn,
can smother habitat, produce adverse fluctuatiorisisolved oxygen and pH, and impede flows and
block water intakes. Excess plants in water bodigs have and detrimental effects on aesthetics and
human uses causing changes to water colour, ododr tlae general physical nature of the
environment. Nitrogen and ammoniacal nitrogen dse &xicants that can adversely affect both
ecosystems and human health. Effects of nitrogenuoman health mean that it is a key variable that
is monitored in ground water. We note that Regiaoaincils routinely measure dissolved oxygen and
pH which are water quality variables that are sitpnnfluenced by the growth of plants in water
bodies. These variables fluctuate over the courseday due to the metabolic cycles of plants. This
means that one-off samples of dissolved oxygenphhdre not particularly useful as SoE variables
because they must be interpreted with referentieetime of day that the sample was taken.

! Verburg, P., K. Hamill, M. Unwin and J. Abell. 201Lake Water Quality in New Zealand 2010 : Statnd
Trends. NIWA Client Report: HAM2010-107. Hamiltdsp.

2 Daughney, C.; Randall, M. 2009. National Groundwapuality Indicators Update: State and Trends 1995
2008, GNS Science Consultancy Report 2009/145. Bgpared for Ministry for the Environment, Welliog,
New Zealand.
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Conductivity is routinely measured by the four coilsbut conductivity itself does not have adverse
effects, at least in New Zealand’s ‘dilute’ watddawever, conductivity is a general indicator afio
constituents including nutrients. Trends in conthitgt can indicate changes in water quality due to
human activities. Visual water clarity and suspehsialids are monitored because they are associated
with the attenuation of light due to contaminamiattare suspended in the water column and because
settleable solids have the potential for smothetiregbeds of rivers and downstream water bodies.
Visual clarity is generally measured as the sightange of a black disc (e.g. MfE 1994). Low visual
clarity has ecosystem effects, including changesammal behaviour. Water clarity also has
implications for contact recreation due to its effen human visibility through water. Councils
include bacterial variables in monitoring for riseand lakes. Faecal coliforms aadcoli indicate the
presence of human or animal faeces and the assoai@k of infectious disease from waterborne
pathogens for both humans via contact recreatidrdainking water and livestock via drinking water.

Overview of state analysis

We used the median value of each of the variatiléiseasites (or the 35percentile forE. coli) as a
measure of the state and compared these to gweditigger values” for water quality. The trigger
values are not national standards but rather, baea devised to assess the levels of physical and
chemical stressors which might have ecologicaliological effects. Rather than implying that there
will be ecological and biological effects causediyreased levels of physical and chemical stressor
exceedances of trigger levels (referrer to heréfafing” guidelines) indicates cause for further
investigation of water quality issues.

Our analysis showed that water quality state betvees within regions was highly variable. The
state of individual sites also showed strong vimabetween variables within sites (i.e. sites waet
guidelines for some variables and not for othe#s).outlined in Table A, across all regions water
quality had strong relationships with RHGpography categories with the highest water quality (e.g.,
highest clarity, lowest conductivity, lowest nutrie and lowest indicator bacteria) generally odogrr
in the Mountain, Lake and Hillopography categories. Low-elevation sites usually failed evat
quality guidelines for many variables and Hitdlpography categories often failed (Table A).

Overview of trend analysis

Trend direction and strength for the ten physical ehemical variables over the ten year period from
2000 to 2009 were quantified using the non-parame®easonal Kendall Sen Slope Estimator
(SKSE). The SKSE is a commonly used method formegding trends in data that are subject to
appreciable seasonality such as water quality déhues of the SKSE were normalised by dividing
by the median and normalising to 100 to give tdHative SKSE (RSKSE; %), allowing for direct
comparison between sites measured as per centepangear. A positive RSKSE value indicates an
increasing trend, while a negative RSKSE valuecaigis a decreasing trend. The RSKSE values were
also associated with a test of significance? I “small” (i.e.P < 0.05), it can be concluded that the
observed trend is most unlikely to have arisentgnce.

Audit of freshwater quality monitoring by regior@iuncils v
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Table A: Water quality state by region and variablefor sites grouped by REC Topography
category. NA = no sites in the category. Pass = thmedian of the site median
values was acceptable with respect to water qualityuidelines3. Fail = the median
of the site median values was not acceptable withespect to the water quality
guideline. The categories L, H, Lk and M refer to atchments dominated by Low-
elevation, Hill, Lake or Mountain topography.

Region Variable REC Topography category
L H Lk M
Southland  Clarity Fail Pass Pass Pass
Dissolved reactive phosphorus Fail Pass Pass Pass
Escherichia coli Fail Fail Pass Pass
Faecal coliforms Fail Pass Pass Pass
Ammoniacal nitrogen Fail Pass Pass Pass
Total nitrogen Fail Pass Pass Pass
Total phosphorus Fail Pass Pass Pass
Oxidised nitrogen Fail Pass Pass Pass
Taranaki  Clarity Fail Pass NA NA
Dissolved reactive phosphorus Fail Fail NA NA
Escherichia coli Fail Fail NA NA
Faecal coliforms Pass Pass NA NA
Ammoniacal nitrogen Pass Pass NA NA
Total nitrogen Fail Pass NA NA
Total phosphorus Pass Pass NA NA
Oxidised nitrogen Fail Pass NA NA
Horizons  Clarity Fail Fail NA Fail
Dissolved reactive phosphorus Fail Fail NA Pass
Escherichia coli Fail Fail NA NA
Faecal coliforms NA NA NA NA
Ammoniacal nitrogen Pass Pass NA Pass
Total nitrogen Fail Pass NA Pass
Total phosphorus Fail Pass NA Pass
Oxidised nitrogen Falil Pass NA Pass
Waikato  Clarity Fail Fail Fail Pass
Dissolved reactive phosphorus Fail Fail Fail Fail
Escherichia coli Fail Fail Pass NA
Faecal coliforms Fail Pass Pass NA
Ammoniacal nitrogen Pass Pass Pass Pass
Total nitrogen Fail Pass Pass Pass
Total phosphorus Fail Fail Fail Pass
Oxidised nitrogen Falil Pass Pass Pass

® The guidelines are provided in Table 2 of thisorep

Audit of freshwater quality monitoring by regior@iuncils Vi
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Table B: Ten-year overall trends by region and varble for sites grouped by REC
Topography category. NA = less than 3 sites in theategory (therefore an overall
trend could not be assessed), NS = No significamend for the category, Deg = a
degrading trend for the category, Imp = an improvirg trend for the category.
The categories L, H, Lk and M refer to catchments dminated by Low-elevation,
Hill, Lake or Mountain topography.

Region Variable REC Topography category
L H Lk M
Southland ¢ jarity NS NS NS NA
COND NS Deg NS NA
Dissolved reactive phosphorus NS Imp NS NA
Escherichia coli NS Imp NA NA
Faecal coliforms NS Imp NA NA
Ammoniacal nitrogen Deg NS NS NA
Oxidised nitrogen Deg Deg NS NA
Total nitrogen Deg NS NS NA
Total phosphorus NS NS NS NA
Taranaki  cjarity Deg NS NA NA
COND NS NS NA NA
Dissolved reactive phosphorus NS NS NA NA
Escherichia coli NS NS NA NA
Faecal coliforms NS NS NA NA
Ammoniacal nitrogen Deg NS NA NA
Oxidised nitrogen NS NS NA NA
Total nitrogen NS NS NA NA
Total phosphorus NS NS NA NA
Horizons  cjarity NS NS NA NA
COND NS NS NA NA
Dissolved reactive phosphorus NS NS NA NA
Escherichia coli NS NS NA NA
Faecal coliforms NA NA NA NA
Ammoniacal nitrogen NS NS NA NA
Oxidised nitrogen NS NS NA NA
Total nitrogen NS NA NA NA
Total phosphorus NS NA NA NA
Waikato  cjarity Deg Deg Deg NA
COND Deg NS Deg NA
Dissolved reactive phosphorus Imp Imp NS NA
Escherichia coli Deg NS NS NA
Faecal coliforms Deg NS NS NA
Ammoniacal nitrogen Imp NS NS NA
Oxidised nitrogen Deg Deg Deg NA
Total nitrogen Deg Deg Deg NA
Total phosphorus Imp Imp NS NA
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Trend direction and strength at individual sitesved strong variation across variables. An overview
of the trends in each region’s river water quaityrovided by grouping sites by REC Topography
categories (Table B). We deemed that there wasearalbtrend for a REC Topography category if the
number of sites that exhibited that trend were tgrethan could be expected by chance. This was
formally evaluated with the Binomial test under ta@l hypothesis that degrading and improving
trends were equally likely. In this manner we fowverall degrading trends in clarity in Taranaktlan
Waikato, degrading trends in conductivity in Wadkaimproving trends in Dissolved reactive
phosphorus in Southland, Taranaki and Waikato,gradigng trend irE.coli in Waikato, improving
trends in Ammoniacal nitrogen in Horizons and W#kand a degrading trend in ammoniacal
nitrogen in Taranaki, degrading trends in oxidisgtlogen in Southland, and Waikato, degrading
trend in total nitrogen in Southland and Waikatd anproving trend in total phosphorus in Horizons
and Waikato. When these trends were broken dowRE§ categories there was a predominance of
degrading trends in Low-elevation and Hibpography and the Pastureand-cover categories. These
results suggest that water quality degraded overteh year period in Low-elevation areas and in
catchments dominated by pastoral land cover (oftelow elevation areas). There were however,
generally improving trends in dissolved reactivegghorus and total phosphorus in all of the regions

The degrading trends are consistent with increasitensification of agricultural land use in New
Zealand's low elevation and hill country pastoeaidscapes. However, there were improving trends in
dissolved reactive phosphorus and total phosphdhesimproving trend in phosphorus shown in this
study is consistent with a recent national stuahyd may be attributable to two factors. Firstreheas
been increase in phosphorus fertiliser costs dwetdst decade (an 86% rise in 2008 alone). Second,
there has also recently been very active manageofeabil phosphorus (Olsen-P) levels by the
pastoral industry. However, the degrading trendiinogen may be attributable to increased farm
production. For example, there has been a 20% inisdairy-farm production. This increase in
production is associated with leaching of nitroffem pasture soils for which there are not cursentl
adequate mitigation methods.

Two points of caution need to be borne in mindsing the state and trends analysis in this report t
draw conclusions concerning regional councils’ nggmaent of freshwater. First, we compared the
existing state to non-statutory guideline values fdlly assess whether regional councils are mgetin
(their own) standards, the standards defined itutsty plans would need to be compared with the
state information derived in this study. Secondndis provide information about change in water
quality over time but also need to be considerdflimithe broader statutory framework that regional
councils have set. That analysis is outside thpesobthis report.

“ Ballantine, D., D. Booker, M. Unwin and T. Sneld2810. Analysis of National River Water QualitytBdor
the Period 1998-2007. NIWA. NIWA Client Report: CR010-038 72p.
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Introduction

The Office of the Auditor General (OAG) requestessistance from NIWA with

OAG’s audit of freshwater quality management byialgl councils. This report
details results of a study performed by NIWA for GAhat responds to two specific
questions posed by OAG:

« Do regional councils have effective methods to gatimformation about and
monitor the quality of freshwater?

e Over the last 10 years, what is the state and $ramdreshwater quality (within
selected catchments and regions) as indicated &g <if the environment
monitoring data collected by regional councils &l as NIWA?

These questions have been addressed for four egionncils specified by OAG:

+ Environment Southland

» Taranaki Regional Council

e Horizons Regional Council

+ Environment Waikato

To answer question one we assessed the methodstasednitor the quality of
freshwater in each of these regions. We first oleinformation (metadata) from the
regional councils that described their State of iEmment (SoE) for physical,
chemical and biological aspects of water qualityhitaying programs for rivers, lakes
and groundwater. Specifically, we obtained the tiooa and the details of monitoring
sites, the frequency of monitoring, the variableslgsed, the QA/QC and data storage
procedures. From this information we assessed teevonk and monitoring
programmes from technical perspectives.

To answer question two we analysed state and triendsiter quality data for rivers
and streams (hereafter referred to as “rivers”) tiee ten year period up to and
including 2009. We included sites in the Nationatéf Quality Monitoring Network

(NRWOQN) that is run by NIWA that are within the fotegions.

The first section of this report describes the rdthwe used to address these
questions. The subsequent two sections provideesmonse to the two questions for
each of the four regions.

Audit of freshwater quality monitoring by regior@iuncils 1
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2. Methods

2.1

Question 1: Assessment of the methods used by tregions to monitor the quality
of freshwater

We obtained information (metadata) from the fougioeal councils (Waikato,

Taranaki, Horizons and Southland) that describedt tBtate of Environment (SoE)
water quality monitoring programs for rivers, lakasd groundwater including; the
locations and the details of sites in their netwoitke frequency of monitoring, the
variables analysed and the QA/QC and data stomnagegures. From this information
we reviewed the following aspects of their monitgrprogrammes:

1 Network design. We considered the design of the regional counetivaorks
including; the number of sites, where (what typéfmvironments) they cover,
sampling interval (frequency) as it relates to fatwse of the data for trend
analysis and load calculations. A key question wdressed was the extent to
which the major freshwater resources (rivers, lakesl groundwater) were
represented in the SoE programmes. As part of filigach region, we assessed
the extent to which each network of sites represktite environmental variation
in freshwater resources. An allied but less easilywered question concerns the
overall adequacy of the network. A single defirgtitest of the adequacy of
networks is hard to justify because all the potdnises of SoE data cannot be
known. However, a reasonable test is whether thigilolition of monitoring sites
across a region’s water bodies is sufficient t@lgh general patterns in both
state and trends in statistically robust way. Wspoaded to this question for each
regions rivers, for which we were analysing statd &rends, by grouping both
state and trend data by environmentally definediggo The details of these tests
are discussed in section 2.2.5 below.

2 Water quality variables. We considered the measured variables and analysis

methods.  This included review of methods used $ample collection,
preservation and stabilisation (for samples andlyse laboratory at a later date)
and analysis. We assessed detection limits (seéhgitif the analytical methods)
and significant figures in reported data. Detectlonits can be particularly
important when monitoring water bodies that havghhwvater quality status and
there is an expectation that the time series willbed to perform trend analysis.

3 Flow data. When monitoring river water quality, it is impant to have flow
measurements accompanying each water quality nmexasat as many water
quality variables are subject to either dilutioreddeasing concentration with
increasing flow, e.g., conductivity) or land rundiificreasing concentration with
increasing flow, e.g., total phosphorus). Data banflow adjusted before trend
analysis, to remove the effects of changes in flmwwater quality variable

Audit of freshwater quality monitoring by regior@iuncils 2
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concentrations. Because changes in flow are tiednatural changes in
precipitation and evapotranspiration, flow adjustimef water quality variable
concentrations allows trends caused by other, laageghropogenic, changes to be
more directly assessed. Without a proper consideratf flow-dependency (of
any given variable) it is difficult to decide if soentration increases are a result of
more rainfall or increased land loadings. Furtheemflow data enables accurate
calculation of loads and specific yields to chaggse land use change in a given
catchment.

4 Microbial variables. We reviewed the microbial variables that are idettiin the
SoE programmes. Microbial variables provide measuwaifethe risk of infection
from waterborne pathogens and may include the Famgwhcator bacterium
Escherichia coli (E. coli), or the whole Faecal coliforms (FC) group (thretiudes
E. cali , but also other “coliforms” such as those of gemusKlebsiella) that are
found in the gut of warm-blooded animals.

5 Biological monitoring. We reviewed the biological variables (viz.
macroinvertebrates, cyanobacteria and periphytmergdhat are included in the
SoE programmes. Surveys of biological variables mlement water quality
monitoring by providing measures of ecosystem healtd habitat condition
(invertebrates), nuisance growths of plants (pgtimh) or potential health risks
(cyanobacteria), and by integrating water condibear time.

6 QA/QC methods. We considered the quality assurance and contrél/QQ)
methods and data storage and QA/QC procedures.

Question 2: Analysis of state and trends in river ater quality

We analysed state and trends in river water quebta because state of environment
monitoring of freshwaters is most comprehensiveaiy aonsistently carried out on
this type of water body (in terms of the time pdrior which monitoring has been
carried out, sample frequency, variables analysetl intensity of sampling). This
study did not analyse state and trends in lakeaurglwater quality data. Lake data is
collected in a less consistent manner across then® due to differences in the
distribution of lakes (e.g., Taranaki and Horiztwase few iconic lakes) and because
of differences in the intensity of lake managenissiies. There are also differences in
how groundwater is monitored across the regionaincits reflecting differing
regional focuses of the groundwater programmes.tMpsundwater monitoring
programmes indicate stable water chemistry othan flor nitrate, which is usually
monitored in separate (non-SoE) programmeéBhere have been recent national
studies of the state and trends of lakes (Verbual.£2010) across New Zealand for
the ten year period up to and including 2009 amdiggwater (Daughney et al. 2009)
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up to and including 2008. In addition, we did noalgse state and trends in biological
variables (e.g., macro-invertebrates and periphgata). Again, this was because of
differences in the time period for which biologicabnitoring has been carried out,
sampling frequencies and range of variables andlyse the four regions. These
differences reflect differing regional focuses fohneir biological monitoring
programmes.

2.2.1  Obtaining and formatting river water quality data

All New Zealand regional councils maintain exteeswater quality databases, which
are frequently used by MfE and other agenciesytinly NIWA) for specific research

projects (e.g., Ballantine et al., 2010). When assing data requirements for the
current project with OAG, it was decided to complé state-of-environment water

quality monitoring data collected by each of tharfeegional councils for the 10 year
period up to the end of 2009. To this we also adtledNational River Water Quality

Network (NRWQN) water quality monitoring data fates in the four regions. The

NRWQN is a national network of river water qualitypnitoring sites that is operated
by NIWA. However, these data are often used by cit&ito augment their own SoE
data and reports.

The data sets used for this study provided recofdsommonly measured water
quality variables (Table 1) at a range of sitesr dvee, but varied widely in reporting
formats, reporting conventions, variable namestsuofi measurement, and sampling
frequency. For example, reporting formats rangedhfa single Excel sheet with all
variables for all sites stored in a single colutenmultiple workbooks for individual
sites with data for each site distributed over ipldtworksheets with each variable
stored in a separate column. Electrical condugtivitas provided as a field
measurement (labelled “Conductivity” or some neguiealent), as a laboratory
measurement (typically labelled EC25, i.e., condiigtat 25°C), and sometimes as
both within a single region. Units of measuremanbgt notably for conductivity)
varied between regions, and (less commonly) fangles variable within a region. To
consolidate these data into a uniform structure mmdmise the potential for error
associated with manually copying data between vimdts, we used a modified
version of a MS-Access database developed fordaque MfE water quality review
(Ballantine, et al., 2010). When retrieving data $absequent analyses, we adopted
the following conventions:

1. field conductivity (COND) was used where availaldtherwise EC25 (which was
highly correlated (r= 0.85) with COND for sites where both variablesrev
reported) was used as a surrogate
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2. variables marked as below a specified detectioiit kmere recoded as half the
detection limit. For variables marked as aboveexiied level (e.g.E. coli > 20
000), we used the numerical value as given.

3. total nitrogen (TN) for regions which did not sfdexlly report this variable was
calculated (where possible) as the sum of Nitratei&l Nitrogen (NNN) plus
Total Kjeldahl Nitrogen (TKN).

4. Sites in estuarine waters were flagged so as taakewing data for variables
(such as conductivity) which are likely to be highklevated in such
environments.

Data associated with each site included:

1. site name

2. location and regional council identifier (if avdila)

3. NZMS260 grid reference (converted from NZTM as ajppiate)

4. reach number (NZ Reach) as defined in the RiverirBnment Classification
(REC,; see Section 2.2.2) scheme (Snelder and B2jg).

All sites were then assigned a unique identifiesdshon the corresponding regional
council name and site identifier. All analyses welerived from queries of this
database, which produced water quality data forltheariables described in Table 1
in consistent units.

Table 1: Water quality variables included in this study
Variable type Variable name Description Units
Physical CLAR Black disc visibility m
COND Electrical conductivity pS/cm
SS Total suspended solids mg/L
Nutrients NH2-N Ammoniacal nitrogen mg/L
NOx-N Oxidised nitrogen mg/L
TN Total nitrogen mg/L
DRP Dissolved reactive phosphorus mg/L
TP Total phosphorus mg/L
Bacteria indicator E. coli Escherichia coli n/100 mL
FC Faecal coliforms n/100 mL
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Within the regions, over the duration of the sammpliwater quality analytical methods
have changed. One example of this is field conditgtand lab conductivity at 26.
Some regional councils previously used one methadduring the sampling period,
changed to another method. In such cases, we cethbbe data that was analysed
using different methods to provide a continuousoreéc In the case of field
conductivity and lab conductivity, this was jusiliie because the two methods
produce data that are strongly correlatéd ©.85).

The resulting data set contained some gaps in tethpoverage corresponding to
missed sampling occasions, mixed (quarterly andthtygnsampling by individual
councils and the discontinuation or commencemersiteé during the period. Trend
analysis is only robust if calculated using a daawith few missing values and must
be data collected consistently on either a qugr{ed. seasonal) or monthly basis. Not
all data sets provided by the regional councilsensrfficiently complete to provide
robust trend analyses for the 10-year period oftemd analysis. For example some
sampling occasions (either months or seasons) meged for many sites (Figure 1).
In addition, Horizons historically employed a systef “rolling SoE sites” whereby
sites were monitored discontinuously, for exampheeoevery three years a years
worth of monthly sampling may be undertaken (Figlije This strategy increases
spatial coverage, but means that data cannot lsttplanalysed for trends. To ensure
our trend analysis was robust, we limited our asialyo data sets for which at least
80% of sample occasions had data. Thus, for diggswere monitored quarterly, we
included sites that had data for 32 quarters gb@ssible quarters. For sites that were
monitored monthly we included sites that had dat&6 of 120 possible months.

Water Quality State

We used the median concentration of all observatiand for each water quality
variable over the entire time period to descril\later quality state of each site that
met our criteria for trend analysis. To place theakies in context they have been
compared with guidelines and ‘trigger values’ (Eal®2). The median nutrient
concentrations have been compared with the Newaddatrigger values for the
protection of aquatic ecosystems from the Austnaiiad New Zealand Environment
Conservation Council (ANZECC) guidelines (ANZEC©0B). The trigger values are
not national standards but rather, have been devs@ssess the levels of physical
and chemical stressors which might have ecologic#iological effects. Rather than
implying that there will be ecological and biologieffects caused by increased levels
of physical and chemical stressors, exceedancésgger levels indicate cause for
further investigation of water quality issues. Cersely, where trigger levels anet
exceeded we can have reasonable confidence theit quatlity is sufficient to support
the ecological values. We compared the mediantglaneasurements to the MFE
(1994) water quality guidelines for clarity.
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Typical sample calendars (years on the hizontal axis and months on the vertical axis)
showing when data was present for specific variabdeat three sites. Gaps in temporal
coverage are white and sample occasions with dataeagrey. The upper calendar shows
months whenE.coli data was available for an Environment Waikato sitethat has been
sampled quarterly (seasonally). The middle calendashows months when NH4-N data is
available for a Horizons Regional Council site thahas been repeatedly discontinued and
re-commenced (a rolling site). The lower calendarh®ws months when DRP datais
available for a Horizons Regional Council site thatis sampled monthly but for which
some dates have been missed.
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We compared the $5percentile values foE. coli with the microbiological water
quality guidelines for recreational use (MfE and#|@003), which are based on the
95" percentile value foE. coli. Finally we nominated a guideline of 148/100 mL for
Faecal Coliforms (FC) based on the ANZECC (2000dgjine for E.coli of 126
/100ml. Becauseée. coli makes up approximately 85% of all faecal coliforthe
guideline represents a FC guideline of 148 /100ml.

Table 2: ANZECC trigger values for nutrients (basedon median values),
MfE guideline for clarity (based on median values)and MfE/MoH guideline
value (93" percentile) for Escherichia coli and modified ANZECC 2000
guidelines for Faecal Coliforms.

CLAR DRP NHs-N  NOx- TN TP E. coli FC
(m) (ppm)  (ppm) N (ppm)  (ppm)  (per (per
(ppm) 100ml)  100ml)
ANZECC
(2000)
(lowland) 0.010 0.021 0.444 0.614 0.033
ANZECC
(2000)
(upland)5 0.009 0.010 0.167 0.295 0.026
MFE (1994)
Guideline 1.6
MfE/MoH 148
(2003) 550°

To facilitate comparisons, and to provide an insigko the spatial patterns of water
quality and the environmental and human factors dietermine these, we compared
the median values (95ercentile forE. coli) of selected variables for sites for which
at least 80% of sample occasions had data, groopdREC Topography and Land-
cover categories.

Trend analysis

2.4.1  Statistical analysis

The trend assessment was carried out on datatéasr gear time period (2000-2009).
Trends in water quality variables can be eviden¢mthe data are viewed graphically.
For example Figure 2 shows time series for TN, m& BRP collected over the 10-
year period at a site in the Southland region. dseat all sites and variable

Above 150 metres a.s.|.
6 The action threshold fd&. coli is 550 /100 ml. This guideline is for recreationater
quality and applies to the “summer season” (1 Ndwemto 31 March).
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combinations that met our criteria were formallgessed using the non-parametric
Seasonal Kendall Sen Slope Estimator (SKSE, Se)19%e SKSE is used to
quantify the magnitude and direction of trends @tadthat are subject to appreciable
seasonality such as water quality data. Regionahaits commonly use the Time
Trends software (http://www.niwa.co.nz/our-sciefreshwater/tools/analysis) to
estimate SKSE values. We used the same methoth#tas provided by Time Trends
within alternative (bespoke) software because efthmber of sites considered which
would make trend analysis onerous.

It is important to have flow measurements accomjp@nyeach water quality
measurement because many water quality analytesubject to either dilution
(decreasing concentration with increasing flow,.,egpnductivity) or wash-off
(increasing concentration with increasing flow,.etgtal phosphorus). Data can be
flow adjusted before trend analysis, to removeettfiects of variation in river flow on
water quality analyte concentrations. Because atsmnygriver flow are tied to natural
changes in precipitation and evapotranspiratioow fadjustment of water quality
analyte concentrations allows trends caused byroidigely anthropogenic, changes
to be more directly assessed. Trend analysis waedaut on raw data and on flow
adjusted data but only flow adjusted trends areudsed in this report since these are
usually the most useful basis for inferring chaimgeater quality.

The flow adjustment procedure was performed usiByMESS (LOcally WEighted
Scatterplot Smoothing) with a 30 per cent span.nfEdata point in the record was
adjusted depending on the value of flow as outlibgdmithet al. (1996): adjusted
value = raw value — smoothed value + median valde(e the “smoothed value” is
that predicted from the flow at time of samplingngsLOWESS). For cases where
flow data were provided for at least 80% of wataality sampling occasions, we used
these flow data to flow adjust each variable. Isesawhere flow data were provided
for less than 80% of water quality sampling occasiove used a flow estimation
method (Ballantine et al 2010) to estimate flowsd aherefore perform flow
adjustment.

Values of the SKSE were normalised by dividing bg tedian to give thedlative
SKSE (RSKSE), allowing for direct comparison betweies measured as per cent
change per year. The RSKSE may be thought of aadax of the relative rate of
change. A positive RSKSE value indicates an overalteasing trend, while a
negative RSKSE value indicates an overall decrgasend. The SKSE calculations
were accompanied by a Seasonal Kendall test (Hels&lFrans, 2006) of the null
hypothesis that there is no monotonic trend. Ifegsociated-value is “small” (i.e P

! LOWESS (locally weighted least squares) is a da#dyais technique for producing a “smooth”

function that describes a “noisy” relationship betw two variables (Cleveland, 1979).
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Scatter-plots of Total Nitrogen, Total Plesphorus and Dissolved Reactive
Phosphorus data collected over the 10-year periodt & site in the Southland
region. A smoothed line has been fitted to the datéo illustrate a temporally
averaged concentration that indicates the longer ten trend. When formal trend
analyses were performed on these data the variabi@ the upper plot (Total
Nitrogen) had a significant increasing trend, the ariable in the middle plot
(Total Phosphorus) had middle plot was stable andariable in the lower plot
(Dissolved Reactive Phosphorus) had a significanedreasing trend.
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< 0.05), the null hypothesis can be rejected {lie.observed trend or any larger trend,
either upwards or downwards, is most unlikely teeharisen by chance).

2.4.2 Flow estimation methods

Many regional council water quality sampling sieher did not have flow recording
stations or did not provide flow measurements lier s$ampling occasions. Therefore,
we used a method for estimating flows that inteafs data from gauging stations in
the New Zealand Hydrometric Network (Ballantineagét 2010). Only flow gauges
with five or more years of data and that were fi@en flow modification due to
abstractions and dams were used (n = 264). Forwatdr quality site and each date
when water quality had been measured we identiffed most appropriate flow
gauging station. This gauging station was definedtl& geographically closest
gauging station (Euclidean distance) that sharesl same REC Climate and
Topography category as the monitoring site (see Section P&ntl that also had a
record of flow at the time of sampling. The floncoeded at the closest flow gauging
station was standardised by dividing by mean flaw the entire flow monitoring
period. Standardised flows were then convertednits wf n? s* multiplied by the
national estimate of mean flow (Woods et al. 208jociated with each water quality
monitoring site.

In a previous study Ballantine et al. (2010) shoted we can have a reasonable level
of confidence in the overall findings of water dtyakrend analyses derived using
flows estimated using this method. However, trefutssome individual sites have
large errors due to uncertainties associated vighflow estimation. Uncertainties
associated with these flow estimates reduce thastobss of our trend analysis in
comparison to having flow measurements associatéith all water quality
observations. The implication of this for this stud that the trends for individual
sites need to be treated with caution. HoweveraBahe et al. (2010) showed that we
can be confidant concerning our findings for oJete#nds (that is trends at the
regional scale or by environmentally defined groggi within regions, see Section
2.6).

2.4.3  Categorisation of trends

To provide an interpretation of the trends we oatisgd them according to their
direction and magnitude. Scarsbrook (2006) receghibat statistical significance of
a trend does not necessarily imply a ‘meaningfidhd, i.e., one that is likely to be
relevant in a management context. We followed $tack (2006) in denoting a
‘meaningful’ trend as one for which the (statidlicasignificant) RSKSE has an
absolute magnitude > 1 per cent yeaBcarsbrook (2006) recognised that the choice
of 1 per cent yedr as the ‘meaningful’ threshold is arbitrary, buistthas the
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advantage that it corresponds to a magnitude #aplp are likely to detect within a
human lifetime. Therefore, trends were categorasetbllows:

i. no significant trend — the null hypothesis for the Seasonal Kendatl wess
not rejected (i.e.P > 0.05)

il. significant trend — the null hypothesis for the Seasonal Kendall vess
rejected (i.e.P < 0.05) but the magnitude of the trend (SKSE) ieas than
one per cent per annum of the raw data median (he.RSKSE value was
less than 1 per cent y&r Note that the trend at some sites may be
‘significant but not meaningful’

iii. ‘meaningful’ trend — the null hypothesis for the Seasonal Kendall wess
rejected (i.e., P < 0.05) and the magnitude oftterd (SKSE) was greater
than one per cent per annum of the raw data mddmnthe RSKSE value
was greater than 1 per cent year-1 or about 10%qu=xde)

Ranking of sites within regions

To help identify locations or catchments of managentoncermithin each region or
risk we ranked the sites based on an index defioed the state and trends analysis.
The ranking for a site is made by summing scoratale assigned to state and trends
for each variable. Variables that fail guidelinesrevassigned a score of 1 and that
pass a score of 0, as follows:.

* meaningful degrading trend was assigned -2,

« significant degrading trend was assigned -1,

* insignificant or stable trend was assigned a sobfe

» significant and meaningful improving trend was gsed 1,and

* significant and meaningful improving trend was gsed 2.

High values of the index indicate sites that faleyal guidelines and for which
several trends are degrading and low values reprdbe reverse. The sites were
ordered in tables from highest risk (i.e. thoséhwiite largest index) to lowest concern.
We stress that this is a subjectively defined nagkand the actual level of
management concern must also include considerafidhe values that are affected
and their significance, which we have not considekle also urge caution in using
state and trends at specific sites as a basis d&mg conclusions about management
because water quality conditions can be affecteddry localized activities and be
associated with legacies. We therefore considérathaverview of the region’s water
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quality is more robustly made by grouping sitesRiyer Environment Classification
(REC) categories (see section 2.6.3).

Determination of overall state, trends and assessmieof the monitoring network

We assessed overall state, trends in each regibrearh council’s river monitoring
network by grouping sites according to River Envimeent Classification categories
(REC; see Section 2.5.4 below). The REC groupsrgivihat share similar
environmental characteristics and which thereferaltto have similar physical and
biological characteristics (Snelder and Biggs, 2002EC Topography and Land-
cover categories classify rivers according to the domirtapography and land cover
of their catchments. Such groupings are commongdue provide insights into the
causes of spatial patterns of water quality stateteends in relation to environmental
and human factors and to describe how well a né&twbssites represents the overall
environmental variation within a region (e.g., Baliine et al. 2010).

2.6.1 Representativeness of council’s river monitoring rigvork

We performed an analysis to assess how well eagicds river monitoring network
represented the environmental variability of thgiar’s rivers by first evaluating the
number of SoE sites in all combinations of RHGpography and Land-cover
categories. We then compared the number of sitesaioh combination of REC
Topography andLand-cover categories with the total length of rivers belomgio this
category. The implicit assumption here was thaerrilength is an appropriate
weighting of ‘representativeness’. This assessmbstefore, provides an indication
of how representative the regional councils momgpmetworks are in relation to
river length in various categories. We acknowledgere are other physically and
ecologically meaningful weightings that could belégd also (e.g., flow or riverbed
area). We also acknowledge that regional counail® Ispecific issues that influence
the exact layout of their networks. The assessipentided here is just one way of
assessing the ‘representativeness’ of the mongoi@ther criteria against which a
monitoring network might be assessed could consitter overall perceived
importance of water bodies or focus on areas sutgebe greatest impact.

We made two sets of representativeness analygss. Wwe counted the sites that that
met our criteria for trend analysis (see Sectiah). X his provides an assessment of the
representativeness of the historic network (i.ew lrepresentative the council’s
networkwas — over the 10-year period 1999-2009). Second, wmted sites in the
SoE network as of 2009 to analyse how represeet#ti® council’s networks now.
Ongoing changes in the number and location of nétwives will mean that, in future,
the existing network may be more or less repretigatéhan it was over the 10-year
period
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2.6.2 Determination of overall state, trends and assessmi of
the statistical power monitoring network

Previous studies have shown that water quality statl trends vary strongly between
sites within regions. In addition, studies havevamdhat within sites, there can be

strong variation in water quality state and trebdswveen variables. Sites can meet
guidelines for some variables and not for otherg.(8allantine et al. 2009). There

can also be conflicting trends at sites for differeariables. For example, Figure 2
shows three quite different trends at the same aitggnificant increasing trend for

TN, a stable trend for TP and decreasing tren®fP.

To provide regional summaries of water quality estabd trends we grouped water
quality sites into RECTopography and Land-cover categories and provided an
overview of the category. For state we use boxpmthow the central tendency (i.e.
the median) and dispersion™(525", 75" and 9%' percentile values) of the median
values of the individual sites in each group focleaariable. We compared the
median of the grouped values to the guidelines howswhether the categories
“overall” tended to be within or exceed guideliriues. We also tested whether there
were statistically significant differences in theedian of site median values when
grouped by RECTopography and Land-cover categories using the Kruskal-Wallis
one-way analysis of variance. A significant Krusk&hllis statistic indicates that
there are differences in the group medians. Weidenthat the Kruskal-Wallis is one
of many possible measures of the adequacy of th&eu of sites in each region’s
monitoring network. A significant test indicatedfatient statistical power (numbers
of sites relative to the variability of the site drens) to detect large scale patterns (as
defined by REC categories) in water quality stdtesignificant Kruskal-Wallis
statistics would suggest that more sites are needed

We used the binomial tésto determine “overall trends” for sites grouped REC
Topography and Land-cover categories in each region and for each variable. W
deemed that there was an overall trend in a cedimection for a grouping if the
number of sites that exhibited that trend were tgrethan could be expected if
increasing and decreasing trends were equallyylikBhe binomial test determined
whether there are more trends in a group of dit@s tould be expected by chance. To
perform a binomial test we first counted the numbérpositive RSKSE values
(increasing trends). Note that all RSKSE valuesewacluded regardless of ther
values. We then performed a “two-tailed” binomiggdttbased on expectation that sites
have a 50 per cent probability of having an indreasrend. If the resulting-value
was less then 0.05 we rejected the null hypothesiswe concluded that there were
more trends in a group than could be expected bpahand that the group exhibited
an “overall” trend. We then determined the ovetadhd direction as positive if the

8 The binomial test is used for discrete dichotosndata, where each sampling event

can result in one of only two outcomes.
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proportion of positive trends was greater than 80qent and negative if the reverse
were true. A complication arises because RSKSEegatan take the value zero for
several reasons, some of which are related tocelty. In particular, RSKSE can be

zero if there are many non-detect values in thee-Beries or if there are many
identical values (ties), which occurs if the prems of the test or recorded

concentrations are low. We added half of the nundjesites with RSKSE values

equal to zero to the number of increasing trendsparformed the test based on this
number. Note that the reported values are the numbsites with RSKSE values

equal to zero regardless of thpivalues and should not be confused with stablelgen
(i.e. RSKSE values equal to zero gnd 0.05).

We used the binomial tests as another measureeofdlequacy of the monitoring
network. A significant test indicates sufficientatsstical power (numbers of sites
relative to the variability of the trends amonges)tto detect large scale patterns (as
defined by REC categories) in water quality trend& consider that insignificant
binomial tests suggest large scale patterns igiames water quality trends cannot be
inferred and that more sites would be needed tectletuch large scale patterns in
trends.

2.6.3 River Environment Classification

The REC is based on a digital representation of Nleev Zealand river network
comprising segments with a mean segment length 7600~m. Each segment is
associated with its unique upstream catchment. cétehment of each segment is
described by various environmental variables ¢a¢chment characteristics) and these
are categorised to define REC categories. Rgidgraphy andLand-cover categories
have previously been shown to distinguish significdifferences in many river
characteristics including water quality and hydgylde.g., Sneldeet al., 2005). We
used the geographic coordinates and site namesatel all sites in the database on a
single NZ Reachin the REC river network. Once linked with theetivnetwork, all
sites were able to be associated with their RE€goaites and other data (e.g., site
elevation) that were subsequently used in our aealy

o The NZ reach is a unique valley segment, defimgdhe upstream and downstream

tributaries, which is represented by the digitatrinetwork on which the REC is
based.
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REC categories for theTopography and Land-cover groups of

categories and the category criteria (see Sneldend Biggs, 2002 for details)

Category Category Symbol Criteria
Grouping
Topography Low elevation L majority of catchment draining
land lower than 400 m
Hill H majority of catchment draining
land between 400 and 1000 m
Mountain M majority of catchment draining
land greater than 1000 m
Glacial GM More than 2 per cent of catchment
Mountain covered by glacier
Lk
Lake flow strongly influenced by
upstream lakes
Land-cover Urban U The spatially dominant land-cover
category unless P exceeds 25 per
Pasture P cent of catchment area, in which
case category = P, or unless U
Exotic Forest EF exceed 15 per cent of catchment
area, in which case category = U.
Scrub S
Indigenous IF
Forest
T
Tussock
w
Wetland
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3. Regional council methods for monitoring freshwatemuality

3.1

Environment Southland

3.1.1  Rivers physical-chemical and microbiological

Baseline river water quality monitoring commencadSiouthland in 1989 as part of
the National River Water Quality Monitoring Networkn by NIWA. There are five
sites in the NRWQN within the region, located omrfanain river systems (Waiau,
Aparima, Oreti and Mataura). To supplement thisvoek, Environment Southland
established a comprehensive monitoring programmel984 and 1995. Regular
monthly monitoring of faecal indicator bacteria coenced in July 1994 at 15 sites.
In July 1995, a network of 26 sites (not includitite NIWA sites) was established to
monitor physico-chemical variables. This networkswaodified between July 1999
and July 2000 to incorporate tests fiagcal indicator bacteria at all water quality sites
(Meijer 2010).

Currently, Environment Southland conducts monthignitoring of 70 sites on 43
rivers (Table 4). The majority have records of Bykars of data, providing a good
basis for trend analysis. There are 17 geograplrcaks, but some do not have
surface water monitoring sites (viz. Fiordland, §&ah Longwoods, Stewart Island
may be included in future following a review by Asqet), with the reason being that
the sites are very difficult to access, or have fa@ssures on the resources that
warrant inclusion in the SoE monitoring programme.

Table 4. Total number of current river SOE monitoring sites in each region by
variables analysed. The number of sites for whichhe ten water quality variables
are analysed for each region is provided in Sectiod for Southland (Table 9),
Taranaki (Table 15), Horizons (Table 21) and Waikab (Table 25).

Variables Environment Taranaki Horizons Environment
Southland Regional Regional Waikato
Council Council
Physical-
Chemicaland ., 13 63 113
microbiologica
[
Periphyton 70 21 42 46
_ Macro- 70 51 42 46
invertebrates
Microbes
including blue- 1 14 14 12

green algae for
bathing water
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There were 56 SoE water quality monitoring sitetha Southland region that met our
criteria for trend analysis. The majority of thestes were located in Low-elevation
Topography and PastoralLand-cover categories. These categories are also the most
commonly occurring REC category by river lengthi{fea5). The Hill Topography
category was well represented by 16 sites that wiswibuted over Exotic and
Indigenous Forest, Tussock and Pastuaed-cover categories. The network included
only one site in the Mountaifopography category and 4 in the LaKEopography
category. Thus, the monitoring network gave goguagentation of the environmental
variability of the region’s rivers, but, as expettander-represented unimpacted
regions — because of difficulty of access and laickbvious pressures. Environment
Southland staff have recently reviewed their SoBnitoring programme and
recommended an increase to 94 water quality mongosites. This provides the
opportunity to refine the representativeness of tetwork by including more
unimpacted (reference) and urban sites, and modifihe spatial coverage of water
quality sites to improve representation of managemenes defined by the Regional
Water Plan.

Table 5. Numbers of river SoE water quality monitoing sites in the
Southland region that met our criteria for trend analysis and (in brackets) the
number of apparent SoE sites in 2009 (i.e. havingt deast one sample in each
season during 2009). The sites have been classified REC Topography and

Land-cover categories (see Table 3) and the colour scale indtes the total
proportion of river length in the Region that is chssified by each of the
categories
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Flow data are available for most occasions wheremguality data is obtained; either
from permanent flow monitoring sites, actual gagginor estimates based on nearby
flow monitoring sites. Thirteen sites are at Enmirent Southland flow gauging
stations site; six sites have NIWA gauging statiaws sites have rated Environment
Southland gauging stations and 15 have a gaugatigstwithin 15 km (total of 36).
The remaining 36 sites have flow measurements atuifrom known relationships
to nearby flow sites. While this means that sites generally associated with flow
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data for each monitoring occasion more detailedyaisawould be needed to assess
whether the estimated flows are adequate or shmichproved.

Samples were routinely analysed for 14 water qualdriables: black disc water
clarity, conductivity, dissolved oxygen, dissolvezhctive P, total PE. coli, faecal
coliform, ammonium N, nitrate plus nitrite N, totll, pH, total suspended solids,
temperature and turbidity. Samples from seven sitese also monitored for BOD.
The range of variables is very similar to that ld NRWQN except that ES do not
measure CDOM, but do include SS and FC (as wel agli).

Statistically significant differences in water gtalstate for sites grouped by REC
Topography andLand-cover categories were observed for most variables (segdd
4.1.1). In addition, overall trends (in specific ®Eopography and Land-cover
categories) were observed for several variables §etion 4.1.2). These analyses
indicate that the river water physical-chemical amdrobiological quality monitoring
program is adequate, at least from the perspethiae it has sufficient statistical
power (numbers of sites relative to their variapjlto detect large scale patterns (as
defined by REC categories) in water quality staie tiends in the Southland region.

3.1.2  Rivers biological

Invertebrate and periphyton surveys have been atedwat approximately 70 sites
per year since 2007. This monitoring was startetio@6, with more sites added over
time such that about 70 sites (on average) have bereyed annually since 2007.
Invertebrate data are expressed as MCIl and SQMEésd¢o detect changes over time
for river ecosystem health. Periphyton samplesidctdd following Stark 2010) are
analysed for chlorophyl and Ash Free Dry Weight (AFDW) and assessed aouprd
to standard procedures. Periphyton are sampled amweally during summer, when
pressures of temperature and algae growth andkahe to be highest, and river flows
are low and stable. Annual biological sampling dgrsummer is a useful way of
capturing habitat stress at low flows and high terafures, but may miss seasonal
land use impacts such as the peak production frainy darming that occurs during
spring and is subject to bias from atypical coodisi (e.g. higher than usual rainfall
and river flow). However, annual sampling is getigreonsidered to be suitable (and
is the protocol of the NRWQN, for example) (Stankl@hillips 2009).

3.1.3  Contact recreation and drinking water

Water samples are analysed Ebrcoli (a faecal indicator organism) from 11 popular
freshwater bathing sites over summer. Seven sites tested weekly between
December and March each summer, and four sitetested monthly over the whole
year with the aim being to warn the public of pairhealth risk. In addition, faecal
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coliforms have been monitored at monthly intervails71 representative river sites
throughout the region, since 1994. This second sktprovides a picture of trends in
faecal contamination within the region; especiaflievant given the large number of
dairy conversions in Southland. These programmesaaigmented by case-study
investigations such as a study of faecal pollutionWaituna Lagoon. Bacterial

concentrations are evaluated according to the Naltibathing guideline thresholds
(MfE and MaoH, 2003).

Drinking water monitoring is predominantly of graiwaters and is evaluated
according the the Drinking Water Standard for NezalZnd (Ministry of Health). The
Standard specifies maximum acceptable values (MAd) E. coli, nitrate-N,
manganese, pH, chloride, total hardness, sulpbatm and iron.

3.14 Lakes

Environment Southland began regular lake waterityuadonitoring in July 2000 on

Lake Te Anau, and on Lake Manapouri in July 200hre€ small lakes on

Southland’s southern coast (Lake George, Lake Vinemd The Reservoir) were
sampled in early 2002. Prior to this, data on tlhéewquality of Southland’s lakes was
limited to one-off investigations and spot sampRsgular water quality monitoring

on the Waituna Lagoon commenced in October 2001j¢M2010). These lakes are
either potentially threatened by runoff from lanseuntensification, or are actually
undergoing change. There are several lakes in d¢geomrr that are not presently
monitored, including Lake Monowai, Lake Hauroko, keaPoteriteri and Lake

Hakapoua — which are all difficult to access buely to be in pristine condition.

However, the inclusion of these large, nationallgluable, lakes in the SoE
programme may be worth consideration in future.imment Southland staff have
recently reviewed their SOE monitoring programme aecommended water quality
monitoring of more coastal lakes.

Lake waters are sampled at monthly intervals atgites on Lake Te Anau and three
sites on Lake Manapouri, at two depths on occasmren the lake is isothermal (i.e.
top and bottom waters are within 3°C), and from épdimnion and hypolimnion
when the lake is stratified. Waituna lagoon is siashpnonthly at four sites. Regular
monitoring commenced at one site (East) in Oct@®€1 and three additional sites
were included (West, Centre, South) in August 2(l8s are located in the deepest
areas of the lagoon near freshwater and salingsnurface water samples (only) are
collected and analysed for the same suite as &tatkes, but with the addition &
coli (a faecal indicator organism).

Lake waters are analysed in the field for: Seceltll, dissolved oxygen, temperature
and conductivity. Samples are analysed in the &boy for pH, nitrate+nitrite N,

Audit of freshwater quality monitoring by regior@iuncils 20



> 00

T

24/11/10

—NIVA_—

Taihoro Nukurangi

ammoniacal N, total N, dissolved reactive P, tBtathlorophylla, turbidity, total and
volatile suspended solids, by RJ Hill Laboratorigd using standard methods and
procedures for sampling and sample stabilisatiowirBnment Southland should give
consideration to lower detection levels for somegaldes, particularly when looking
at pristine lake water chemistry. The absencé.otoli in the suite of lake water
variables is notable but may be included elsewlerbathing water programmes.
Given the changes in land use within Southlardat be appropriate to include
coli as a water quality variable in the lakes monitgnogramme.

3.15 Groundwater

Groundwaters are classified into 29 zones thatrcthe major aquifers of the region

and fall into four broad categories: riparian aqrsf terrace aquifers, lowland aquifers
and fractured rock aquifers. Groundwater is exteatgiused for domestic, stock and
municipal water supplies throughout the Southlarebi®n. Groundwater is also

extensively used for industrial and farm (particiyiaairy shed) supply which also

require water of potable quality.

The main monitoring network comprises approxima#sysites distributed across the
major aquifer systems that are sampled quartenyafovide range of variables:
conductivity, chloride, sodium, bicarbonate, catejumagnesium, total hardness,
manganese, iron, nitrate, dissolved reactive prarsishandE. coli (in 200 wells
within the main network). In addition, about 25€s are monitored for resource
consent compliance and there are several othepadnkiestigations of groundwater
quantity and quality (e.g. nitrate “hotspots”, pedes). Water quality is assessed
principally against the Drinking Water StandardsNew Zealand (2008) for potable
supply, or the ANZECC (2000) guideline for stockt@resupply or other uses.

3.1.6 QA/QC and data storage

Water chemistry samples are now analysed by RJ litioratories, Christchurch
(IANZ accredited laboratory) with appropriate medthofor natural waters (Meijer
2010). It is worth noting that detection levels @Llfor some variables reported by
Hill Laboratories are higher than for other envirantal “water” laboratories. For
example, DLs cited by Hills for total N and ammarshN are 0.1 and 0.01 g'in
respectively, compared with 0.01 and 0.001 §for the NIWA water laboratory in
Hamilton. This will reduce the future ability ofetprogram to detect trends in water
bodies that are currently in good condition. Sorsglit’ samples are sent to Hill
Laboratories and to two other laboratories (Enviment Canterbury and MLS
Envirolab, Invercargill) for interlaboratory comjpson. Results showedsome
variation between laboratories but were generaltistactory.
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Invertebrate samples are analysed by Ryder CongulBlunedin with QA/QC check
analyses provided by Stephen Moore, Landcare Rese#&uckland. The check
analyses indicate that most invertebrates were ectyr identified by Ryder
Consulting and that the numbers of individuals etlsdy Ryder (but found by
Landcare) in the sorted residue were generally IBwironment Southland have
recently reviewed their SOE monitoring programmd sgscommended an increase in
the number of annual river biomonitoring sites.

Environment Southland supplied us with multipleespisheets and do not appear to
have a database for their water quality data. fakes it difficult to restructure data
or to efficiently interrogate the data sets.

Taranaki Regional Council

3.2.1  Rivers physical-chemical and microbiological

Samples from TRC’s river SOE monitoring sites aretinely analysed for 19 water
quality variables Temp, flow, DO, BOD5, pH, conduity, black disc visibility,
turbidity, absorbance (3 wavelengths), ammoniaitate-N, total-N, DRP, total P,
alkalinity, SS, and faecal coliform<. coli, and enterococci bacteria. This suite of
microbial and physico-chemical variables providegoad description of the land use
impacts and the suitability of the monitored watesources for protection of
ecosystem health, human contact and recreationstouk health, and provides a
sound data base for evaluating river water quatdyus, trends and loads.

Monitoring sites are distributed across the regiod distinguish differences between
predominantly forest catchments (near the NatiorRdrk boundary) and
predominantly pasture catchments (often near tlastgoHowever, there are no sites
that represent unimpacted (reference) conditiohis 3eems to be a limitation caused
by the inaccessibility of upland reference sited Hre extensive nature of intensive
agriculture in the region.

There were 12 SoE water quality monitoring sitethim Taranaki region that met our
criteria for trend analysis. The majority of momit sites were predominantly
located in Low-elevatioTopography and Pastoraland-cover categories, which was
also the most commonly occurring REC category berriength (Table 6). The
indigenous Forest (IF) categorylahd-cover, particularly in lowlands, appears under-
represented. However, the representativenesktile aifficult to assess with only 12
SOE sites.
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Table 6. Numbers of river SoE water quality monitoing sites in the
Taranaki region that met our criteria for trend analysis and (in brackets) the
number of apparent SoE sites in 2009 (i.e. havingt éeast one sample in each
season during 2009). The sites have been classified REC Topography and

Land-cover categories (see Table 3) and the colour scale indies the total
proportion of river length in the Region that is clssified by each of the
categories.

Proportion of River Length
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River flows are estimated in all TRC river waterality monitoring. Flow gaugings
are carried out each month at four sites for ratipgrposes. Flows are recorded from
all other sites but only added to the data bass #ie site has been validated by TRC
or (depending on the site) NIWA hydrological staffd ratings have been verified for
the sampling periods. The combination of instantasdlow-concentration data pairs
enables flow-adjustment for trend analysis and Ifmads to be calculated and
compared temporally and spatially.

Despite the small number of SoE sites in the T&iaregion compared to the other
regions, statistically significant differences imter quality state for sites grouped by
REC Topography and Land-cover categories were observed for some variables (see
Section 4.2.1). In addition, a small number of alletrends (in specific REC
Topography and Land-cover categories) were observed for several variableg (s
Section 4.2.2). These analyses indicate that ter mvater physical-chemical and
microbiological quality monitoring program is adedg, at least from the perspective
that it has sufficient statistical power (hnumbefsites relative to their variability) to
detect large scale patterns (as defined by REQyeaés) in water quality state and
trends in the Taranaki region.

3.2.2  Rivers biological

TRC conduct freshwater macroinvertebrate and naesgperiphyton monitoring.
Invertebrates are sampled twice per year (sumneespring) at 51 sites on 22 rivers.
These sites range from near pristine to thoseddcat intensively farmed catchments,
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allowing numerous upstream-downstream comparisoasg impacted versus
unimpacted comparisons and the major geologicalemodegions are included. Sites
monitored for consents are included with SoE sifée. data provide a good picture of
the ecological status of Taranaki rivers and idyesea for long term trends in river
health based on the MCI score. Trends in MCI schige been used by TRC to
indicate where riparian management has been eféedti improving river habitat
condition (TRC 2009a).

Periphyton is sampled year per year (summer andgpat 21 sites on 10 rivers. This

regional coverage includes upper, middle and lossichment sites and enables
analysis of river slimes and trend analysis. Bentlyianobacteria are sampled at 11
sites fortnightly during the period November-March.

3.2.3  Contact recreation and drinking water

Water samples are analysed for: faecal colifoiffagoli and enterococci, 13 times a
year during the period November to March at 14 paplueshwater bathing sites over
summer. The annual medians of these data are osearehd analysis. A freshwater
cyanobacteria monitoring programme sample fivessitiepopular freshwater bathing
spots includes four lake beaches and one river site

3.24 Groundwater

TRC participate in two national monitoring prograesn that give resource
information about their region. Five wells in thard@nki region are included in the
IGNS national groundwater quality monitoring pragrae (NGMP). The NGMP

analyses groundwater to 15 chemical constituenta qoarterly basis. The National
Survey of Pesticides in Groundwater (NSPG) is cotetliby ESR on a four yearly
basis. The NSPG analyses for major pesticide grompBide organonitrogen

herbicide, acid herbicide and organochlorine pels In addition, TRC monitor

nitrogen in shallow groundwater at between 65 abidv8lls on a five-yearly basis.
The groundwater programmes (Appendix 1) cover tlgomgeological formations

where aquifers occur and address the key pointssaiurce use and availability, and
quality in relation to land uses.

3.25 Lakes

Lake Rotorangi is only lake of significance in tharanaki region. In our opinion the
TRC monitoring programme adequately describes tiemecal and nuisance plant
status of the lake. Two sites on the lake are saanfolur times annually for DRP, TN,
conductivity, NQ-N, NHs-N, BOD, TP, clarity, temperature, plankton, beathi
invertebrates. TRC carries out depth profiles ohgerature and dissolved oxygen
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(DO) at three sites (the additional site is aththad of the lake) four times (seasonally)
each year. Turbidity, black disc water clarity, mersded solids, conductivity,
chlorophylla and pH are measured at all sites at the surfakjrathe epilimnetic
and hypolimnetic layers. Whole lake surveys of rophytes are conducted every
three years, and additional measurements are @amieto check for benthic nutrient
release (occurring under temporarily deoxygenatediitions) during surveys in mid-
to late summer.

3.2.6 QA/QC and data storage

All analyses are performed by the Taranki Regio@aluncil IANZ registered
chemistry laboratory using Standard Methods. Thadanot externally accredited for
bacterial analysis, but performs QC/QA checks.rirdband external QC exercises for
the SoE monitoring programme include an annuatlatteratory comparison where
split samples are analysed by NIWA (Hamilton) ahd tesults compared with the
TRC laboratory. Recent results show good agreeifrostly +/-10%) between the
two laboratories for a wide range of variables (TR@9b). In general, the TRC
analytical laboratory performed well in interlabiony QC tests.

All data from Taranaki Regional Council’'s field nsemements and laboratory
analyses are stored in a water quality archivirnglose which ensures the data can be
efficiently extracted for analysis.

Horizons Regional Council

3.3.1  Rivers physical-chemical and microbiological

In common with some other regional councils, Hanzalo not distinguish between
SoE monitoring sites and other sites in their [tgrga monitoring programmes. For
example, the current rivers SOE programme compi@Sesites that are visited and
sampled at monthly intervals (Table 4). Another ‘@8erence’ sites upstream of
consented discharges and 13 contact recreatianaiemonitored at regular intervals
and are included in the overall monitoring prograsmiam give a total of 169 sites that
are used to describe the state of water qualithénregion. Water quality data from
monthly monitoring upstream of discharge sitesfisroamalgamated with SoE data
because of the added information that is gainedutalater resource condition,
although such sites are not called “SoE” sites.sTims in the past led to some
confusion. For example, a report by the Parliamgnt@ommissioner for the

Environment (PCE, 2004) identified that many regionouncils did not monitor

BOD, although Horizons do monitor BOD at over 5@sin the Manawatu catchment
alone.
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In the past, Horizons have employed a system dfirigpSoE sites” whereby some
sites have been monitored on a rolling basispnee every three years 12 months of
monthly sampling has been undertaken. This pragticeo longer carried out by
Horizons regional Council because of the need teehat least five years of
continuous (monthly) monitoring data for trend asa.

The 63 Horizons Regional Council SoE river samplsites are located on 35
different rivers. The region has four major rivesstems: Whanganui, Rangatikei,
Manawatu and Whangaehu that collectively have tE& sis well as several tributaries
with sampling sites. The current monitoring prognaen therefore, covers a broad
range of environmental conditions in the regionwideer, there were only 17 SoE
water quality monitoring sites in the Horizons githat met our criteria for trend
analysis. All but one of these sites was locateldow-elevation and HillTopography
and PastoralLand-cover categories. These combinations of categories &k the
most commonly occurring by river length (Table 7).

Table 7. Numbers of river SoE water quality monitoing sites in

the Horizons region that met our criteria for trend analysis and (in brackets) the
number of apparent SoE sites in 2009 (i.e. havingt deast one sample in each
season during 2009). The sites have been classified REC Topography and

Land-cover categories (see Table 3) and the colour scale indies the total
proportion of river length in the Region that is chssified by each of the
categories.
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Horizons SoE monitoring samples are analysed feuite of water quality variables
but some detection levels appear high for the aiglgf natural freshwaters. For
example, the DRP detection limit was identifiedtas high for trend analysis by
Ballantine & Davies-Colley (2009). Ammonium N ided to 0.01 g M, whereas the
ANZECC (2000) default trigger value for ammonium itN moderately disturbed
lowland rivers is 0.021 g thand some waters may have very low concentratibas o

Audit of freshwater quality monitoring by regior@iuncils 26



> 00

T

24/11/10

—NIVA_—

Taihoro Nukurangi

0.005 g rit. This will reduce the future ability of the progrdo detect trends in water
bodies that are currently in good condition. Fiehdasurements are made using
established methods (e.g. calibrated field metersdissolved oxygen (DO) and
temperature). Some SoE sites have continuous nnimgjtaf temperature (32),
conductivity (3) and dissolved oxygen (5). Flowalé&ither measured or derived) are
available for 54 sites but only 41 of these are Sités.

The small number of SoE sites in the Horizons megiesulted in few statistically
significant differences in water quality state $ates grouped by RETopography and
Land-cover categories (see Section 4.3.1). In addition, theeee few detectable
overall trends (in specific RETopography and Land-cover categories) (see Section
4.3.2). These analyses indicate that the river mwathysical-chemical and
microbiological quality monitoring program had iffszient statistical power
(numbers of sites relative to their variability)detect large scale patterns (as defined
by REC categories) in water quality state and tsendhe Horizons region. We note,
however, that the statistical power of Horizon’sESaetwork will substantially
increase in future now that the system of “rollBgE sites” has been abandoned and
the number of SoE sites in the monitoring netwa& heen increased.

3.3.2  Rivers biological

Approximately 42 of the SoE sites are also surveyetlally for benthic invertebrates
and monthly for periphyton. Results are expressedacroinvertebrate community
index (MCI) scores for state and trend analysisipRgton cover is estimated visually,
but samples are also taken for chlorophydissessment of biomass.

3.3.3 Lakes

State-of-the-Environment lake monitoring is onlyndacted on Lake Horowhenua,
but 3-4 lakes are sampled at weekly intervals dutire bathing season for contact
recreation. These samples are analysedEfocoli and cyanobacteria (which can
sometimes be neurotoxic to humans and domestic asiran contact). Lake
Horowhenua is sampled at monthly intervals at tlsiges along the axis of the lake.
Samples are bulked and analysed as for river sanaglevellas cyanobacteria during
summer. We consider this monitoring programme exjadte for a shallow, dune lake
such as Horowhenua.

3.3.4  Contact recreation and drinking water

Horizons Regional Council routinely tests waterldgyuat fourteen popular swimming
spots in the Region between 1 December and 30 &pih summer season. Sites
include coastal and river mouth beaches, river&el\/iritoa, Duddings Lake and
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Lake Horowhenua. Samples are analysed for cyanetiadilue-green algae) and
faecal indicator organisms (Enterococci, faecaltatal coliforms).

3.35 Groundwater

Seven groundwater management zones have beenfigteitty HRC. Currently 32
groundwater sites are monitored of which 28 are SitdS but since early 2008 this
has been reduced to 25. All 25 sites are sampleg ewery seven months. This
sampling frequency was considered the most costtfe monitoring frequency in
order to guarantee sampling of wells in all seasoradl months, with a return period
of 12 years. On-site field measurements made attithe of sampling include
temperature, electrical conductivity (EC), pH aadax potential. Laboratory analyses
include major cations (Ca, Mg, Na, K) and anion€Q@4, SQ, ClI), important minor
constituents (Fe, Mn), nutrients (NY, NH,-NDRP), and other indicative parameters
(SiO,, F, B, Br). Occasionally, samples are collected amalysed for microbial
indicators, vizE. Coli.

Horizons groundwater quality data is describedétail recent reviews by Daughney
et al. (2009) and Zarour (2009). The main conchsibeing that human activities
have little detectable influence on groundwaterigguand groundwater quality across
the Region is similar to the average expectatiorafpifers around the world. Trend
tests for the sites that have sufficient data m@dichat most parameters at most sites
have remained constant with time. While it appe¢het groundwater quality in the
Region has not been changing, there is a need amigoto long-term, regular
groundwater quality monitoring at a core set agdssib confirm this assessment.

3.3.6  QA/QC and data storage

Samples were originally analysed by the Horizongi&el Council laboratory, which

merged with the Palmerston City Council laboratryform Central Environmental

Laboratories (CEL) four years ago. Since 2009, sespave been analysed by
Watercare Services Ltd., Auckland. Thus, the cdumas had analytical results from
three different organisations with the prospeahobmpatibility between the different

analysts. The council have checked this by spiitsamples and conducting inter-
laboratory comparisons (the latest being a 3-ldboyacomparison between CEL,
Watercare and RJ Hills in 2010.

Benthic invertebrates are identified and enumerate&tark Laboratories; with QA
checks provided on 10% of samples by Biosorted Eigde periphyton chlorophykh
samples a month being sent to NIWA, Christchureh(JA comparison.
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All data from field measurements and laboratorylyses are stored in Horizons’
water quality archiving database. This ensuresi#ita can be efficiently extracted for
analysis.

Environment Waikato

3.4.1 Rivers physical-chemical and microbiological

A total of 113 river sites in the Waikato region¢luding 10 Waikato River sites are
currently being monitored and are reported on alhn(@Bable 4). Data sets for many
of the rivers began in 1990 although not all wagemlity variables have been
monitored for the same length of time, e.g. recafdgsual clarity did not begin until
1995, while records dEscherichia coli did not begin until 1998.

Ten locations along the Waikato River are visiteshthly (Taupo, Ohaaki, Ohakuri,
Whakamaru, Waipapa, Hamilton-Narrows, Hamilton-HoroHuntly, Mercer and
Tuakau), and an additional four locations are idetli for the summer intensive
microbiological survey. The major tributaries tteiter the Waikato River are also
monitored monthly as part of the Regional River Maning Programme (RERIMP)
initiated in 1993. Three locations (Taupo at Ref@sm, Hamilton at Wellington
Street, and Rangiriri) are sampled by NIWA as pathe NRWQN (EW 2008). The
13 Waikato River sites provide a comprehensive rijggan of the Waikato River
water quality along its length and, together witibutary river data and other
monitoring information (e.g. from Consents to dege wastewater), identify major
inputs to the River.

The current level of monitoring and annual repgrtof Waikato River water quality
data seems comensurate with the importance of th&atd River. However, the
bottom waters of the Waikato River hydro-lakes @oé monitored. The current EW
main-stem sampling (10 sites) focuses only on t#laavs from three of the lakes
(i.e. the surface waters), effectively treatingnthas river sites. As a result little is
known about any long-term changes in the bottonersatparticularly DO depletion
and sediment release of As, N and P. We recoghaegh, that deepwater sampling
would involve significant extra resources (boatsnimum of two staff per trip,
specialised field instruments and samplers).

The monitoring of other Waikato rivers is basedlmn following major rivers and key
tributaries: Upper Waikato River tributaries; Low®Yaikato Tributaries; Waipa
River; West Coast rivers, Coromandel Peninsulaasiee Lake Taupo inflows;
Hauraki Rivers (vis. Piako and Waihou River systemese waters range in size and
include approximately 20 sites where mean flows<drert/s and catchment areas <
30 knf. The monitoring programme covers all major watesources within the

Audit of freshwater quality monitoring by regior@iuncils 29



> 00

T

24/11/10

—NIVA_—

Taihoro Nukurangi

region, giving a good description of the state lué Waikato regional rivers and
enabling trend analysis to be conducted (e.g., ¥888).

There were 115 SoE water quality monitoring sitethe Waikato region that met our
criteria for trend analysis. The majority of thestes were located in Low-elevation
and Hill Topography and Pastoraland-cover categories, which were also the most
commonly occurring by river length (Table 8). Howev the Exotic Forest,
Indigenous Forest, Urban and Sciudmd-cover categories were also represented with
reasonably balanced numbers of sites.

Table 8. Numbers of river SoE water quality monitoing sites in

the Waikato region that met our criteria for trend analysis and (in brackets) the
number of apparent SoE sites in 2009 (i.e. havingt deast one sample in each
season during 2009). The sites have been classified REC Topography and

Land-cover categories (see Table 3) and the colour scale indies the total
proportion of river length in the Region that is chssified by each of the
categories.

Proportion of River Length

0-0.05
0(0) [ 0(0)| 1(2) | 0(0)| 0(0) | 0(0) | 0(0) | 0(0) | 0(0) 0.05-0.1

0.1-0.15
0(0) | 1(1)|2()]|0(0)|11(12) 0(0) | 0(0) | 0(0) | 0(0) 0.15-0.2
0.2-0.25
0() | 2(2)|8(8) | 0(0) [58(58) 0(0) | 0(0) | 3(3) | 0(0) 0.25-0.3
0.3-0.35
0.35-0.4
0(0)|3(@3)|6(6)|0(0)[19(20) 1(1) | 0(0) | 0(0) | 0(0) 0.4-0 45
0.45-0.5
0(0)| 0(0) [ 0(0) | 0()|0() [0()]|0(Q)|0(©)]|O0() 0.5-0.55
0.55-0.6

B EF F M P S T U w 0.6-0.65
0.65-0.7

<

-
~

Topography
—

T

@
<

Landcover

Water quality samples are analysed for up to 4Qakkes (27 routinely) for the
purposes of ecological health, human uses includawgeation, water supply and
drinking water. The Waikato River Independent SogpBtudy (WRISS) report has
identified some issues relating to future iwi coragement of the Waikato River.
WRISS identified the need for a cultural healthexdto be developed by iwi that
captures "health and wellbeing". The WRISS ideatifihe need for fish and other kai
abundance to be monitored. The WRISS report pomtshe difficulties in measuring
the direct indicators (e.g. whitebait catch) andgasts some surrogates (e.g., habitat
area). WRISS also identified the need for food tgafesssessment and possibly
monitoring (e.g., mercury and arsenic in fish, Eeuaicrobes on watercress, boron in
drinking water, pesticides).
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For 41 sites flow data is either available at arsel to each site (primary) or is
available from “secondary” sites (within about 2@)kenabling flow-adjustment of
data for trend analysis (Vant 2008). For the remagirv2 sites a “flow index” is
calculated, based on the flow at the time of samypiit a location elsewhere on the
relevant river, or on a similar river nearby. Thigproach involves uncertainty in the
flow estimates, with implications for trend anas/and for load calculations.

Statistically significant differences in water ¢tyastate for sites grouped by REC
Topography andLand-cover categories were observed for most variables (segdd
4.4.1). In addition, overall trends (in specifi€® Topography and Land-cover
categories) were observed for several variables §axtion 4.4.2). These analyses
indicate that the river water physical-chemical amdrobiological quality monitoring
program is adequate, at least from the perspethiae it has sufficient statistical
power (numbers of sites relative to their varidjlito detect large scale patterns (as
defined by REC categories) in water quality staie taends in the Waikato region.

3.4.2  Rivers biological

Environment Waikato has been carrying out annuakessnents of invertebrate
community composition in rivers since 1994 as pafrtthe Regional Ecological
Monitoring of Streams (REMS) programme. These sitedude wadeable high-
gradient rivers with stony beds, low-gradient waddeastreams dominated by soft
sediments, and some larger non-wadeable strearhslaviy term records that have
been retained while sampling protocols are developgom 2005, sampling has
included a network of 23 wadeable ‘reference sitesundeveloped catchments to
provide a baseline against which to measure chamgka range of sites representing
low, moderate and high levels of pastoral land-cd\tand-cover sites’). Sampling at
46 ‘long-term sites’, including three referencesijthas been conducted for more than
10 years using consistent protocols that have edassessment of temporal trends in
ecological condition at these sites (Collier andl)K2005). Condition is assessed
using four macroinvertebrate-based measures derifrech 200+ counts of
individuals: number of different types of mayfliestoneflies and caddisflies
(excluding algal-piercing Hydroptilidae)—EPT* richss; the percent abundance of
these sensitive insects—%EPT; a measure of toleramcorganic pollution—the
Macroinvertebrate Community Index or MCI; and aregrative score of all three
metrics—Average Score Per Metric or ASPM. Metriarevalso calculated reflecting
(i) habitat quality based on qualitative assessmehnine riparian, bank and channel
attributes, and (ii) instream plant cover and pecdition. Assessments of periphyton
and macrophyte metrics were also made at most s®pled since 2005, following
the methods described in Collier et al. (2006).
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The SoE monitoring of rivers by Environment Waik&a@omprehensive and enables
an overall understanding of the state of the régiomers. The program has been in
existence for a sufficiently long period for treridbe detected in relation to land-use.
Some deficiencies in the program have been idedtifiy EW staff, for example,
ideally, the bottom-waters of the Waikato River ttydakes would be routinely
monitored and more sites would have well-rated ftrauges.

3.4.3  Rivers biological

344 Groundwater

A total of 11 groundwater level sites are monitolsdEnvironment Waikato using
permanent recorders. In 2008 a total of 550 sanwpdes taken from 346 groundwater
water quality sites as part of the following mornitg programmes: Regional
Groundwater (110 wells annually), the National Grbwater Monitoring Programme
(10 wells quarterly), Taupo (37 six-monthly) andr@uoandel Groundwater Projects,
Nitrates (30 quarterly), Pesticides (4 quarterld &0 four-yearly) and Microbial (80
wells four-yearly). Community supplies are also mtaned involving 88 schools
biannually. The 110 regional wells are considerefl Sites and other nitrate, pesticide
and microbial sites are subsets used for envirotahgmicators.

Regional (SoE) groundwater quality monitoring isderiaken annually with 23
variables determined for 110 sites. This networgresents generally vulnerable
aquifers with relatively young groundwater in adcoltonditions. Wells with

significant iron concentrations are excluded frohis tnetwork. Thirty sites are
monitored quarterly and ten sites monitored quigrteis part of the National

Groundwater Monitoring Programme. Routine wateiialdes were determined on a
quarterly basis at 37 sites as part of the Lakep@deroject. In 2008, pesticides and
microbial indicators were monitored at 80 siteasithe region.

Comprehensive aquifer representation was a prirfagtor in site selection for the
groundwater SoE programme. Aquifers likely to shemporal change were given
preference over likely old waters and anaerobiditmms. Factors for individual well

selection included good log information, ease akas and sampling.

Quarterly sampling is considered sufficiently frequ for changes in groundwater.
Annual sampling reflects cost constraints. Lowent@iency sampling e.g. four yearly
for some indicators is used as a periodic checlafgr change rather than to detect
linear trends.

Environment Waikato have an extensive groundwataritoring SOE programme that
represents all major aquifers in the region dessrihe groundwater resources, within
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the constraints of cost for this work. Monitorirggpredominantly done annually and
again reflects the cost limitations. Sampling pcots are in accordance with the
National Protocol for SoE Groundwater Sampling (@faey et al. 2006), and address
issues of concern in the Waikato Region, notalihata.

3.45 Lakes

A long term programme monitoring the lake Taupoatev quality began in 1994.
This program is conducted by NIWA with field asarste from the Department of
Internal Affairs, Taupo Harbourmaster's Office. Tip@gramme initially focused on
oxygen depletion rates, but now targets phytoptamkiiomass, water clarity, and
nutrient (particularly nitrate) accumulation in theke. The long-term monitoring
programme uses the historical mid-lake site, SitélAnitoring of additional sites in
the Kuratau Basin (Site B) and the Western Bay (S) between January 2002 and
December 2004 suggested that spatial variabilitwater quality across Lake Taupo
iIs minimal such that the mid-lake site may be rdgdras representative of the open
water quality of the lake. Further validation oéthse of a single mid-lake monitoring
site was obtained from a comparison of upper wadkmn nutrient and chlorophydl
concentrations and algal enumeration between Sitandl near-shore sites in
Whangamata Bay (Kinloch) and Whakaipo Bay, overwa-year period from
February 2007 up to June 2009. The study determihatl “the near-shore water
quality was very similar to the mid-lake water guéland that “within this similarity

in the measured data was much variability which tmaylue to short period time lags
between the near-shore and mid-lake sites withetsip nutrient sources, and the
zones of algal growth”.

Water sampling is carried out at 2-4 week intenasl samples are analysed for
Secchi disc, chlorophyh, nitrate+nitrite-nitrogen, ammoniacal-N, dissolvedjanic
N, particulate-N, total nitrogen, dissolved reaetiphosphorus, dissolved organic
phosphorus, particulate phosphorus, total phosghand algal species dominance in
integrated-tube water samples from the top 10 nopEmkton net hauls from 100 m
(63 um mesh) are preserved in 4% formalin and storedipgranalysis. In addition,
12 bathing beaches around the lake are monitorexklywdgup to 12 times) during
summer (December-February), on alternate yearswhier clarity andE. coli (a
faecal indicator bacteria).

The other lakes in the Waikato region have beesegoaised by Environment Waikato
into the following groups: Taupo volcanic zone lek@iz. Lake Taupo); Waikato
River hydro lakes (included in the Waikato Rivernitoring programme); peat lakes;
riverine lakes; and west coast sand dune lakesirdimaent Waikato currently
monitors five shallow riverine lakes (Rotomanukartdp Rotoroa, Waahi, Waikare
and Whangape). Monitoring of water quality follottee method established by the
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New Zealand Lakes Water Quality Monitoring Prograammvhich was subsequently
adopted as a Ministry for the Environment proto@urns et al 2000). Each site is
monitored monthly, except for lakes Waahi, Waikamed Whangape, which are
monitored every two months. Trophic level indicatare calculated for chlorophy)
Secchi depth, total nitrogen and total phosphong r@sults displayed on the EW
website. Another four lakes (Mangahia, Ngaroto,oRatiri and Rotomanuka South)
had monitoring programmes that have now ceasedubecavailable information is
deemed sufficient (Barnes 2002).

The importance of Lake Taupo and the current le¥a@hterest in preserving its near
pristine state have provided the impetus for aanisive monitoring programme that
meets both SoE needs and research on abatingigatinity adverse effects from land
use activities. Most of the 100 or so lakes inrégion are small (less than 10 ha) and
monitoring is focused on those with ecological ealwor under land use pressures
(e.g., eutrophication from pastoral runoff). Wesast dune lakes are not included in
the regular lake monitoring programnteeit three of them (Harihari, Otamatearoa and
Taharoa) are part of a group of lakes that haven lstadied as part of a "special
investigation” to assess lake ecological healttipging water quality, involving visits
to each of lakes three times each year for thefpastyears (W. Vant, Environment
Waikato. pers. comm.).

3.4.6 QA/QC and data storage

Chemical and microbial analyses of water samplegairied out with comprehensive
QA/QC procedures. Some variables are measuredeirighd, but the majority are
analysed by (IANZ-registered) Hill Laboratories ngsistandard analytical methods
with detection levels that are sufficiently low fenvironmental monitoring (EW
2008). Sample collection, stabilisation and tramspare in accordance with
ISO9001:2000 protocols for quality management. Baelsamples are held for two
months until results have been verified by routinality assurance procedures.

All data from field measurements and laboratorylyses are stored in Environment
Waikato’s water quality archiving database (Time@8iu This ensures that data can
be efficiently extracted for analysis.
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4. State and trends in freshwater quality

4.1

Environment Southland

A maximum of 56 SoE sites in the Southland regi@t aur criteria for trend analysis
varied by water quality variable (Table 9), butyofisite for SS data. The location of
these sites, the variables they include and thaitemquality state and trend are
summarised in the maps shown in Figure 3 to Fiddrein general these maps show
that sites on the eastern Southland plains haveetemo exceed guidelines more
frequently than the more inland sites regardlesvasfable being considered. The
spatial patterns of trends is less clear with iasiteg and decreasing trends occurring
in both upland and low elevation sites. The stdtendividual sites showed strong
variation across variables (Appended Table 31psSitan meet guidelines for some
variables and not for others. Trend direction atréngth at individual sites also
showed strong variation across variables. Thisabdiiy in state and trends within
sites according to the variables that are beingidened makes it difficult to single
out particular sites or catchments as problemdtie sites have been ordered in
AppendedTable 31according to a ranking from worst to best watealigyt This is a
subjective ranking that does not take into accpoitentially important factors such as
the extent to which sites fail guidelines. It isalmportant to note that the network of
sampling sites shown in Figure 3 to Figure 11 @rsp relative to the region’s river
network. We therefore consider that an overvieswhefregion’'s water quality is more
robustly made by considering the grouping and assesst of state and trends data in
the following two sections.

Table 9. Number of river sites in Southland by vamble and REC
categories that meet criteria for trend analysis. 8 Table 3 for an explanation of
the REC categories.

Landcover Topography Total
EF F P S T U W/ GM H L Lk M
CLAR 1 8 3 O 5 1 2|0 15 34 4 1 54
COND 1 10 37 0o 5 1 2|0 16 3 4 1 56
DRP 1 10 3 O 5 1 2|0 16 34 4 1 55
ECOLI 1 8 3¢ o0 5 1 2|0 14 3 2 1 51
FC 1 8 3 O0 5 1 2|0 14 33 2 1 50
NH,-N 1 10 3 O 5 1 2|0 16 3 4 1 56
NOXN 3 10 37 0o 5 1 2|0 16 3 4 1 56
SS o o 1 o0 ©0 0 O|O0 O 1 0 o0 1
™ 1 10 3 O 5 1 2|0 16 3 4 1 56
TP 1 10 3 ©O0 5 1 2|0 16 34 4 1 55
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Figure 3.

Location of the Southland region SoE sitefor which visual clarity
data met our criteria for trend analysis showing the size of the trend and whether

the site median values are above or below the guide values shown in Table 2.
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Figure 4: Location of the Southland region SoE sifor which conductivity
data met our criteria for trend analysis showing tle size of the trend. Note that
conductivity is an indicator of ion content, but that there is no guideline value.
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Figure 5. Location of the Southland region SoE sigefor which DRP data

met our criteria for trend analysis showing the sie of the trend and whether the
site median values are above or below the guidelimalues shown in Table 2.
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Figure 6:

Location of the Southland region SoE si&for which TP data met
our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Nitrate nitrogen
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Location of the Southland region SoE sitefor which NOx-N data
met our criteria for trend analysis showing the sie of the trend and whether the

site median values are above or below the guidelimalues shown in Table 2.
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Figure 8:

Location of the Southland region SoE si®for which TN data met
our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Ammonium nitrogen

x

© Above guideline
© Below guideline

Location of the Southland region SoE sitefor which NH4-N data
met our criteria for trend analysis showing the sie of the trend and whether the

site median values are above or below the guidelimalues shown in Table 2.
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© Above guideline
© Below guideline

Location of the Southland region SoE s#s for which E.coli data
met our criteria for trend analysis showing the sie of the trend and whether the
site median values are above or below the guidelimalues shown in Table 2.
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Faecal coliform
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Figure 11: Location of the Southland region SoE s#s for which Faecal

Coliform (FC) data met our criteria for trend analysis showng the size of the
trend and whether the site median values are abowa below the guideline values
shown in Table 2.
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4.1.1  Water Quality State

Water quality patterns in Southland had strongtimiahips with RECTopography
categories, with the highest water quality (e.gghést Clarity, lowest conductivity,
lowest nutrients and lowest indicator bacteria)Mountain and LakeTopography
categories and poorer water quality in Hill follavey Low ElevationTopography
categories (Figure 12). Patterns in water qualigye also strongly related to REC
Land-cover categories (Figure 13 and Table 10). The Urbamd-cover category had
the poorest water quality and sites in this categxceeded water quality guidelines
for all variables considered. Sites in the Pasied-cover category also had
generally poor water quality with more than 50%sibés exceeding guidelines for all
variables excepk.coli. The majority of sites in the other RE@nd-cover categories
were within the guideline values.

Table 10: Kruskall Wallis tests performed by varable for Southland river SoE
sites grouped by RECTopography and Land-cover categories. See Table 3 for an
explanation of the REC categories. Statistically gnificant tests are shown with
blue text.

Variable Topography Land-cover

Statistic p-value n Statistic p-value n
CLAR 30.53 0.000 54 24.97 0.000 54
COND 38.59 0.000 56 21.40 0.001 56
SS NA NA 1 NA NA 1
NH4-N 27.60 0.000 56 24.37 0.000 56
NOxN 15.70 0.001 56 36.71 0.000 56
TN 24.14 0.000 56 35.29 0.000 56
DRP 23.88 0.000 55 22.17 0.000 55
P 28.28 0.000 55 23.10 0.000 55
E.coli 17.03 0.001 51 30.88 0.000 51
FC 16.84 0.001 50 30.87 0.000 50

Audit of freshwater quality monitoring by regior@iuncils 45



>0

T

24/11/10

—NIVA_—

Taihoro Nukurangi

s
E
— o o 2]
E &1 = £ B : s o
g . — o = a_
= o 2] - & P o
2 7] =L 2 S 4 L e ] °
2 T : > & E s ——
o 34 - E s o o 3 — =
2 o S - - -+ s 2 T
£ 5 . R - sl =1 —
g ° + t gl B3 : T L
S N i
i 531 T H_| 841 =
sl —_ — % S 4
T T T T T T T T T T @ T T T T T
GM H L L M GM H L Lk M o GM H L L M
o
E @ L] = S
S ° S N 4 ° e S <4
S - - S <
— o =t + - ° g
= 53 B3 = .
o w | o i 4 [T —_
s ! s ] =B g o] .
= o ! | = I:'
S 37 T — E o | H — =
° T ! s 2 - ! £ S =
= - - c 9 | -+ 2 e T
o o | o S o 4 —— L =—
o © © e
S & < - E o s
a 9 s < | < 84
w T T T T T L e T T T T T S T T T T T
GM H L L M GM L Lk M GM H L L M
— —
3 T
= . E = !
=3 -- - — % -
£ 1 =K s 8 £ &4 T El
8 o —_— ° g - -
o . T
_g o ] 1 , kS N ? !
s I g S+ 2 g LI
= - ] — ) < S [] -4
= - 5 0 o | ! —
= 8 s w0 L
e o o o 3 —
— T T T T T = T T T T T o T T T T T
GM H L L M GM H L Lk M GM H L L M
o
o
— wn
s <
é -
(%] - 8
5 3 T
£ g7 —
g -
s Hiz—
S [Te}
g g (=
o .
T T T T T
GM H L L M
Figure 12: Median values for Southland sites of theten water quality

variables grouped by RECTopography categories. See Table 3 for an explanation
of the REC categories. The guideline values the watquality variables shown in
Table 2 are shown as horizontal lines. Where therare two horizontal lines these
refer to the upland and lowland site guidelines. Nee that low values of Clarity
indicate poor water quality, whereas for other varables high values indicate poor

water quality.
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Figure 13: Median values for Southland sites of theten water quality

variables grouped by RECLand-cover categories. See Table 3 for an explanation
of the REC categories. The guideline values the watquality variables shown in
Table 2 are shown as horizontal lines. Where therare two horizontal lines these
refer to the upland and lowland site guidelines. Nee that low values of Clarity
indicate poor water quality, whereas for other varables high values indicate poor
water quality.
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4.1.2  Water Quality Trends

Trends in water quality for the Southland Regiom resented in Table 11 and Table
12. There was generally a mixture of both increasind decreasing trends for all
variables. There were increasing overall regioretids (i.e. based on all sites in the
region) for COND, NN, NO,-N and TN and decreasing overall regional trends fo
FC and DRP (Table 12). The overall regional tremdse not significant for the other

variables.

Table 11: Number of sites with significant and meamngful trends for all sites in
the Southland Region by water quality variable.

Variable Total Not
number Meaningful Significant significant Significant Meaningful
of sites decreases decreases increases increases
Clarity 54 5 0 43 0 6
D Conductivity 56 5 5 a1 6 5
PRP 55 16 0 37 0 2
R ECOL! 51 3 0 48 0 0
FC 50 5 0 45 0 0
A NHa-N 56 5 0 44 0 7
NOXN 56 1 0 37 0 18
F ss 1 0 0 1 0 0
™ 56 3 0 42 0 11
™ 55 4 0 48 0 3
I Table 12: Overall trends for the Southland regionby water quality variable
24/11/10 determined by grouping trends for all sites and usig a binomial test (Significance level =
0.05).
Variable Total p Overall trend direction
number
of sites
Clarity 54 1 Not Significant
Conductivity 56 0.005 Increasing
DRP 55 0 Decreasing
ECOLI 51 0.092 Not Significant
FC 50 0.003 Decreasing
NHa-N 56 0.022  Increasing
NOx-N 56 0 Increasing
SS
NA NA NA
TN .
56 0.001 Increasing
™ 55 0.788 Not Significant
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There were eight overall trends in tfiepography category groupings (Table 13).
There was a significant overall decreasing tremtpfoving water quality) in DRP,
ECOLI and FC for sites in the Hillopography category (Binomial test; Table 13).
There was a significant overall increasing trend@G®ND and NQ-N (deteriorating
water quality) for the Hill sites (Binomial testafle 13). In sites in the Low-elevation
Topography category there were overall increasing trendsh-N NO,-N and TN.

Table 13: REC Topography categories for which there were significant
overall trends in the Southland Region by water quity variable. See Table 3 for
an explanation of the REC categories.

Variable REC Total number p-value Overall trend
Topography of Sites (binomial
category test of

overall trend)

COND H 16 0.001 Increasing
DRP H 16 0 Decreasing
ECOLI H 14 0.013 Decreasing
FC H 14 0.013 Decreasing
NO,-N H 16 0.004 Increasing
NH,-N L 35 0.041 Increasing
NO,-N L 35 0 Increasing
TN L 35 0.001 Increasing

There were five overall trends in the Pastuaad-cover category groupings (Table
14). No othelLand-cover category groupings had significant overall treridsere was
a significant overall decreasing trend (improvingtev quality) in DRP and FC for
sites (Binomial test; Table 14). There were sigaifit overall increasing trends
(deteriorating water quality) for COND, NOx-N andl TBinomial test; Table 14).
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Table 14: REC Land-cover categories for which there were significant
overall trends in the Southland Region by water qulity variable. See Table 3 for
an explanation of the REC categories.

Variable REC Land- Total number p-value Overall trend
cover of Sites (binomial
category test of

overall trend)

COND Pasture 37 0.008 Increasing
DRP Pasture 36 0.011 Decreasing
FC Pasture 33 0.005 Decreasing
NO,-N Pasture 37 0 Increasing
TN Pasture 37 0 Increasing
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4.2 Taranaki Regional Council

A maximum of 12 SoE sites in the Taranaki regiort o criteria for trend analysis

by water quality variable (Table 15). The locatiohthese sites, the variables they

include and their water quality state and trendsam@marised on Figure 14 to Figure

24. In general the maps show that the more coastalver sites on the Taranaki Ring

Plains have tended to exceed guidelines more frelyuthan those higher on the

slopes of Mount Taranaki and the other headwateations regardless of variable

being considered. The spatial patterns of trendikess clear with increasing and

decreasing trends occurring in both upland and &ewation sites. The state of

individual sites showed strong variation acrossaldes (Appended Table 32). Sites

can meet guidelines for some variables and nattfeers. Trend direction and strength

at individual sites also showed strong variationoss variables. This variability in

state and trends within sites according to thealdes that are being considered makes

it difficult to single out particular sites or catoents as problematic. The sites have

been ordered in Appended Table 32 according tonkimg from worst to best water

quality. This is a subjective ranking that does tete into account potentially

important factors such as the extent to which daédsguidelines. IWe note that the

network of sampling sites shown in Figure 14 touFeg24 is sparse relative to the

region’s river monitoring network.

Table 15.: Number of river sites in Taranaki by vaiable and REC categories

that meet criteria for trend analysis. See Table 3 for an explanation of the REC

categories.
Variable Landcover Topography Total

EF IF P S T U W GM H L Lk M

CLAR 0 3 8 1 0 0 0 0 5 7 0 0 12
COND 0 3 8 1 0 0 0 0 5 7 0 0 12
DRP 0 3 8 1 0 0 0 0 5 7 0 0 12
ECOLI 0 2 6 1 0 0 0 0 4 5 0 0 9
FC 0 2 6 1 0 0 0 0 4 5 0 0 9
NH4-N 0 3 8 1 0 0 0 0 5 7 0 0 12
NO,-N 0 3 8 1 0 0 0 0 5 7 0 0 12
SS 0 0 0 0 0 0 0 0 0 0 0 0 0
TN 0 3 8 1 0 0 0 0 5 7 0 0 12
TP 0 3 8 1 0 0 0 0 5 7 0 0 12
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Figure 14..

Location of the Taranaki region SoE s#s for which Clarity data
met our criteria for trend analysis showing the sie of the trend and whether the

site median values are above or below the guidelimalues shown in Table 2.
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Figure 15. Location of the Taranaki region SoE site for which conductivity data
met our criteria for trend analysis showing the sie of the trend. Note that

conductivity is an indicator of ion concentration hut that there is no guideline
value.
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Figure 16:

Location of the Taranaki region SoE site for which DRP data
met our criteria for trend analysis showing the sie of the trend and whether the

site median values are above or below the guidelimalues shown in Table 2.
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Figure 17: Location of the Taranaki region SoE site for which TP data met

our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 18:

Location of the Taranaki region SoE site for which NOx-N data
met our criteria for trend analysis showing the sie of the trend and whether the

site median values are above or below the guidelimalues shown in Table 2.
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Figure 19: Location of the Taranaki region SoE ses for which TN data met our
criteria for trend analysis showing the size of thetrend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 20:

Location of the Taranaki region SoE site for which NH4-N data
met our criteria for trend analysis showing the sie of the trend and whether the

site median values are above or below the guidelimalues shown in Table 2.
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Figure 21:

Location of the Taranaki region SoE site for which E.coli data
met our criteria for trend analysis showing the sie of the trend and whether the

site median values are above or below the guidelimalues shown in Table 2.
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Figure 22: Location of the Taranaki region SoE site for which Faecal

Coliform (FC) data met our criteria for trend analy sis showing the size of the
trend and whether the site median values are abow& below the guideline values
shown in Table 2.
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4.2.1  Water Quality State

As shown on maps (Figure 14 to Figure 21) and Ta6levater quality patterns in the
Taranaki region had strong relationships with Toppby of the upstream
catchments. These topographic differences aretriiiezi by REC Topography
categories with the higher water quality (e.g.,hlesst Clarity, lowest conductivity,
lowest nutrients and lowest indicator bacteriathe Hill Topography category than in
the Low-elevationTopography category (Figure 23). Patterns in water qualityeve
also strongly related to RECand-cover categories (Figure 24 and Table 16). The
Pasturd_and-cover category had the poorest water quality with thgonitgt of sites in
this category exceeding water quality guidelines dlh variables. The majority of
sites in the other RECand-cover categories were within the guideline values. The
majority of sites in the Taranki region exceed DBRP guidelines probably because
the volcanic soils of the region that are naturdligh in phosphorus (for example,
DRP is fairly high in IF as well as P (Figure 24).

Table 16. Kruskall Wallis tests performed by variabe for Taranaki river SoE
sites grouped by RECTopography and Land-cover categories. See Table 3 for an
explanation of the REC categories. Statistically gnificant tests are shown with
blue text.

Variable Topography Land-cover

Statistic p-value n Statistic p-value n
CLAR 6.34 0.012 12 4.88 0.087 12
COND 4.81 0.028 12 7.62 0.022 12
NH4-N 8.13 0.004 12 7.54 0.023 12
NOy-N 7.28 0.007 12 7.52 0.023 12
TN 8.08 0.004 12 7.62 0.022 12
DRP 0.01 0.935 12 0.12 0.943 12
TP 1.49 0.222 12 2.36 0.307 12
E.coli 4.86 0.027 9 5.60 0.061
FC 4.90 0.027 9 5.65 0.059
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Figure 23. Median values for Taranaki region site®f the nine water quality

variables grouped by RECTopography categories. See Table 3 for an explanation
of the REC categories. The guideline values the watquality variables shown in
Table 2 are shown as horizontal lines. Where therare two horizontal lines these
refer to the upland and lowland site guidelines. Nee that low values of Clarity
indicate poor water quality, whereas for other varables high values indicate poor
water quality.
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Figure 24: Median values for Taranaki regionsites of nine water quality

variables grouped by RECLand-cover categories. See Table 3 for an explanation

of the REC categories. The guideline values the waatquality variables shown in
Table 2 are shown as horizontal lines. Where therare two horizontal lines these
refer to the upland and lowland site guidelines. Ne that low values of Clarity

indicate poor water quality, whereas for other varables high values indicate poor

water quality.
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Trends in water quality for the Taranaki region presented in Table 17 and Table
18. There was generally a mixture of both increasind decreasing trends for all
variables considered (Table 17). The majority orall regional trends (i.e. based on
all sites in the region) indicate degrading watealdy. There were increasing overall
regional trends for NOx-N and TN (deteriorating @raguality) and decreasing overall
regional trends for Clarity (improving water qugli{Table 17). There was an overall

4.2.2

Water Quality Trends

MN‘LWA -
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decreasing trend for DRP indicating improving caiodis for this variable (Table 17).
The overall regional trends were not significamttfee other variables.

Table 17: Number of sites with significant and meaimgful trends for all sites in
the Taranaki region by water quality variable.

Total

Variable  number Meaningful  Significant _ i\_lqt Significant Meaningful
of sites decreases  decreases significant increases increases

CLAR 12 3 0 9 0 0

COND 12 0 0 11 1 0

DRP 12 1 0 8 0 3

ECOLI 9 0 0 9 0 0

FC 9 0 0 9 0 0

NH4-N 12 0 0 10 0 2

NOx«-N 12 2 0 10 0 0

TN 12 2 0 10 0 0

TP 12 0 0 8 0 4

Table 18: Overall trends for the Taranaki region bywater quality variable determined by

grouping trends for all sites and using a binomiatest (Significance level = 0.05).

Total
Variable number p Overall trend direction
of sites

Clarity 12 0 Decreasing
Conductivity 12 0.388 Not Significant
DRP 12 0.039 Decreasing
ECOLI 9 0.18 Not Significant
FC 9 0.039 Increasing
NH2-N 12 0.006 Increasing
NOx-N 12 0.774 Not Significant
TN 12 0.146 Not Significant
TP 12 0.388 Not Significant
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There were two overall trends in thi®pography category groupings (Table 19).
There was a significant overall decreasing trencclarity for sites in the Low-
elevationTopography category (Binomial test; Table 19). There was alsognificant
overall increasing trend for conductivity and NM for sites in the Low-elevation
Topography category (Binomial test; Table 19).

Table 19: REC Topography categories for which there were significant overal
trends in the Taranaki Region by water quality variable. See Table 3 for an
explanation of the REC categories.

Variable REC Total number p-value Overall trend
Topography of Sites (binomial
category test of

overall trend)

CLAR L 7 0.016 Decreasing

NH4-N L 7 0.016 Increasing

There were four overall trends in the Pastuaed-cover category groupings (Table
20). No otherLand-cover category groupings had significant overall trendl$ four
overall trends in the Pastukand-cover categories indicated degrading water quality
in these rivers over the period of analysis. Theas a significant overall decreasing
trend in Clarity and significant overall increasitrgnds for FC, E.coli and NN
(Binomial test; Table 20).

In general the overall trends (i.e. based on tle@i@ngs of sites) indicate degrading
water quality. However, there was an improving alleregional trend in DRP. This
was not significant however in the REGopography and Land-cover category
groupings.
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Table 20: REC Land-cover categories for which there were significant overdal
trends in the Taranaki Region by water quality variable. See Table 3 for an
explanation of the REC categories.

Variable REC Land- Total number p-value Overall trend
cover of Sites (binomial
category test of

overall trend)

CLAR P 8 0.008 Decreasing
ECOLI P 6 0.031 Increasing
FC P 6 0.031 Increasing
NH4-N P 8 0.008 Increasing

>0

T

24/11/10

Audit of freshwater quality monitoring by regiora@uncils 66



> 00

T

24/11/10

4.3

—NIVA_—

Taihoro Nukurangi

Horizons Regional Council

A maximum of 17 SoE sites in the Horizons Regiddalincil region met our criteria
for trend analysis (Table 21). The location of theses, the variables they include and
their water quality state and trend are summarsed-igure 25 to Figure 32. The
maps highlight that sites in the catchment of thanBvatu River have tended to
exceed guidelines for a range of variables inclgdiarity, DRP, TP, N@N, TN and
E.coli. The spatial patterns of trends are less clean witreasing and decreasing
trends occurring throughout the region. The statenaividual sites showed strong
variation across variables (Appended Table 29gsSitan meet guidelines for some
variables and not for others. Trend direction atréngth at individual sites also
showed strong variation across variables. Thisabdiiy in state and trends within
sites according to the variables that are beingidered makes it difficult to single
out particular sites or catchments as problemdtie sites have been ordered in
Appended Table 29 according to a ranking from wtwdiest water quality. This is a
subjective ranking that does not take into accpotentially important factors such as
the extent to which sites fail guidelines. The ratwof sampling sites shown in
Figure 25 to Figure 32 is sparse relative to tiggores river network.

Table 21: Number of sites in Horizons by variable ad REC categories that meet
criteria for trend analysis. See Table 3 for an exanation of the REC categories.

Variable Landcover Topography Total
EF IF P S T ] w GM H L Lk M

CLAR 0 1 15 0 0 0 0 0 7 8 0 1 16
COND 0 1 16 0 0 0 0 0 7 9 0 1 17
DRP 0 1 16 0 0 0 0 0 7 9 0 1 17
ECOLI 0 0 8 0 0 0 0 0 4 4 0 0 8
FC 0 0 0 0 0 0 0 0 0 0 0 0 0
NHz-N 0 1 14 0 0 0 0 0 6 8 0 1 15
NOy-N 0 1 16 0 0 0 0 0 7 9 0 1 17
SS 0 1 9 0 0 0 0 0 5 5 0 0 10
TN 0 0 7 0 0 0 0 0 2 4 0 1 7
TP 0 0 8 0 0 0 0 0 2 5 0 1 8
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Figure 25: Location of the Horizons region SoE s#s for which Clarity data met

our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 26: Location of the Horizons region SoE s#s for which conductivity data
met our criteria for trend analysis showing the sie of the trend. Note that
conductivity is an indicator of contamination but that there is no guideline value.
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Figure 27: Location of the Horizons region SoE s#&s for which DRP data met

our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 28: Location of the Horizons region SoE s#s for which TP data met our
criteria for trend analysis showing the size of thetrend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 29: Location of the Horizons region SoE s#s for which NOx-N data met
our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 30: Location of the Horizons region SoE sits for which TN data met our

criteria for trend analysis showing the size of thetrend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 31: Location of the Horizons region SoE s#s for which NH4-N data met
our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 32: Location of the Horizons region SoE siéts for which E.coli data met

our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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4.3.1  Water Quality State

The low number of sites that met our criteria foalgsis meant that we detected few
significant patterns in water quality in the Homzoregion (Table 22). The highest
water quality (e.g., highest Clarity, lowest contikity, lowest nutrients and lowest
indicator bacteria) occurred in the Hilbpography category and poorer water quality
occurred in Low Elevatiorfopography categories (Figure 33). Water clarity in the
region was remarkable in that nearly all sites vielew the guideline value (i.e., the
water clarity is regionally poor and often unsuliéafor contact recreation). This may
be partly attributable to the soils of the regibattare vulnerable to erosion. Patterns
in water quality were also strongly related to RE#Dd-cover categories (Figure 34).
The Pasturd.and-cover category had poor water quality with the majodfysites in
this category exceeding water quality guidelingsafbvariables considered. Very few
of the analysed sites belonged to other RIa@d-cover categories (Figure 33), so no
significant patterns in water quality state asdeciavith Land-cover categories could
be detected (Table 22).
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Figure 33: Median values for Horizons Regional Concil sites of the nine water

quality variables grouped by REC Topography categories. See Table 3 for an
explanation of the REC categories. The guideline Waes the water quality

variables shown in Table 2 are shown as horizontdines. Where there are two

horizontal lines these refer to the upland and lovend site guidelines. Note that
low values of Clarity indicate poor water quality, whereas for other variables

high values indicate poor water quality.

Audit of freshwater quality monitoring by regior@iuncils 77



>0

T

24/11/10

= <
E v
= -—
£ oo :
0 T
> o
i1 B
@
° v | 1
g ° !
R L
0 o
o
T T T T T T T°71
BEFIF MPSTUW
€
S
g 87
: ¢
s | L
= O
o O
o
8
< —
£ o
o Ww
S
n 9
w - T T T T T T T 1
BEFIF MPSTUW
—
= n
[0}
= 4
f=2
£ — T
p —
[ '_|
g <2 ==
s 9 +
z 3
E —
g _
E=]
Z o
S
(o]
- T T T T T T T 1T
BEFIF MPSTUW
o
o
= 97
S o
£ _
1) —
2 o ™
o
-
%O e
g _ —
S 4
S u|
e S
o

BEFIF MPSTUW

Conductivity (uS/cm)

Total suspended solids (mg/l)

500

50 100 200

—NIVA_—

Taihoro Nukurangi

-4

Ammonium nitrogen (mg/l) Dissolved reactive phosphorus (mg/l)

Total nitrogen (mg/l)

0.010 0.100

0.001

1.000

0.010 0.100

0.001

0.20 1.00

0.05

T 1 T 1T T T T 1
BEIFMPSTUW

[

T T T T 17T T T°71
BEFIFMPSTUW

Figure 34: Median values for Horizons Regional Concil sites of nine water
quality variables grouped by REC Land-cover categories. See Table 3 for an
explanation of the REC categories. The guideline Waes the water quality
variables shown in Table 2 are shown as horizontdines. Where there are two
horizontal lines these refer to the upland and lovend site guidelines. Note that
low values of Clarity indicate poor water quality, whereas for other variables

high values indicate poor water quality.
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Table 22: Kruskall Wallis tests performed by varieble for Horizons river SoE
sites grouped by RECTopography and Land-cover categories. See Table 3 for an
explanation of the REC categories. Statistically ghificant tests are shown with
blue text.

Variable Source of Flow Land-cover

Statistic p-value n Statistic p-value n
CLAR 4.05 0.132 16 2.65 0.104 16
COND 3.43 0.180 17 2.67 0.102 17
SS 1.84 0.175 10 2.45 0.117 10
NHa-N 3.88 0.144 15 0.21 0.643 15
NOx-N 8.30 0.016 17 2.67 0.102 17
TN 4.82 0.090 7 NA NA 7
DRP 2.93 0.231 17 0.17 0.683 17
TP 5.25 0.072 8 NA NA
E.coli 0.33 0.564 8 NA NA

4.3.2  Water Quality Trends

Trends in water quality for the Horizons Regionalu@cil region are presented in
Table 23 and Table 24. There was generally a mexwir both increasing and
decreasing trends for all variables, however th¢oritg of significant trends were
meaningful decreases (Table 17). The small numbsites that met our criteria for
analysis meant that there were few overall trehdswere significant and limited the
extent to which we can comment on these. There deoeeasing overall regional
trends (i.e. based on all sites in the region)Nbl;-N and TP (Table 24). There was
only one overall trend when sites were grouped BZ Rategories. This was for IyH
N in the Pasturéand-cover category.

Table 23:: Number of sites with significant and meaingful trends for all sites in
the Horizons Regional Council region by water quaty variable.

Variable  Total Meaningful  Significant Not Significant  Meaningful
number  decreases decreases significant increases increases
of sites

CLAR 16 1 0 14 0 1
COND 17 4 0 10 2 1
DRP 17 9 0 7 0 1
ECOLI 8 0 0 8 0 0
NHz-N 15 8 0 7 0 0
NOy-N 17 5 0 12 0 0
SS 10 1 0 7 0 2
TN 7 3 0 3 0 1
TP 8 4 0 4 0 0

Audit of freshwater quality monitoring by regior@iuncils 79



> 00

T

24/11/10

_..-—-NJ-WA —

Taihoro Nukurangi

Table 24. Overall trends for the Horizons RegionalCouncil region by water
quality variable determined by grouping trends for all sites and using a binomial test
(Significance level = 0.05).

Variable Total p Overall trend direction
number
of sites
NHz-N 15 0.007 becreasing
Decreasing
TP 8 0.008
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Environment Waikato

A maximum of 115 SoE sites in the Waikato regiort me criteria for trend analysis
by water quality (Table 25). The location of thegles, the variables they include and
their water quality state and trend are summargsed-igure 35 to Figure 44. The
maps highlight that sites in the headwaters of \Waipa River, the lake Taupo
catchments and the Coromandel Peninsular have watel quality (mostly within
guidelines for a range of variables). Sites locatethe lower elevation plains of the
central and coastal Waikato including the vallelythe Waikato, Waipa, Waihou and
Piako rivers had poorer water quality (Figure 3%igure 44). The spatial patterns of
trends are less clear with increasing and decrgasiémds occurring throughout the
region. A strong downward trend in visual waterityas evident at a majority of sites
and strong upwards trends in nitrate and TN. Tthee0f individual sites showed
strong variation across variables (Appended TaBle Sites can meet guidelines for
some variables and not for others. Trend directioth strength at individual sites also
showed strong variation across variables. Thisabdiiy in state and trends within
sites according to the variables that are beingidened makes it difficult to single
out particular sites or catchments as problemdtie sites have been ordered in
Appended Table 34 according to a ranking from wtwdiest water quality. This is a
subjective ranking that does not take into accpoitgntially important factors such as
the extent to which sites fail guidelines. It isalmportant to note that the network of
sampling sites shown in Figure 35 to Figure 44pmrse relative to the region’s river
network. We therefore consider that an overvieswhefregion’'s water quality is more
robustly made by considering the grouping and assesst of state and trends data in
the following two sections.

Table 25. Number of sites in the Waikato regionyvariable and REC categories
that meet criteria for trend analysis. See Table 3or an explanation of the REC
categories.

Variable Landcover Topography Total
EF IF P S T U W |GM H L Lk M
CLAR 6 16 80 O 0 3 0 0 22 70 12 1 105
COND 6 17 88 1 0 3 0 0 29 71 14 1 115
DRP 6 17 838 1 0 3 0 0 29 71 14 1 115
ECOLI 6 13 59 O 0 3 0 0 20 52 0 81
FC 6 13 59 O 0 3 0 0 20 52 0 81
NH4-N 6 17 88 1 0 3 0 0 29 71 14 1 115
NO,-N 6 17 88 1 0 3 0 0 29 71 14 1 115
SS 0 0 0 0 0 0 0 0 0 O 0 0 0
TN 6 17 83 1 0 3 0 0 29 71 14 1 115
TP 6 17 83 1 0 3 0 0 29 71 14 1 115
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Figure 35. Location of the Waikato region SoE sitefor which Clarity data met

our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 36: Location of the Waikato region SoE site for which Conductivity data
met our criteria for trend analysis showing the sie of the trend. Note that
conductivity is an indicator of ion concentration aad contamination but that
there is no guideline value.
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Figure 37: Location of the Waikato region SoE site for which DRP data met our
criteria for trend analysis showing the size of thetrend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 38: Location of the Waikato region SoE site for which DRP data met our
criteria for trend analysis showing the size of thetrend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 39: Location of the Waikato region SoE site for which TP data met our
criteria for trend analysis showing the size of thetrend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 40: Location of the Waikato region SoE site for which NOx-N data met

our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 41: Location of the Waikato region SoE site for which TN data met our
criteria for trend analysis showing the size of thetrend and whether the site

median values are above or below the guideline vada shown in Table 2.
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Figure 42: Location of the Waikato region SoE site for which DRP data met our

criteria for trend analysis showing the size of thetrend and whether the site
median values are above or below the guideline vada shown in Table 2.

Audit of freshwater quality monitoring by regiora@uncils

89




—NHWA_—

Taihoro Nukurangi

Escherichia coli

Trend direction .

v Significant meaningful decrease

v Significant decrease
X Mot significant

4 Significant increase

& Above guideline

& Below guidsline
Significant meaningful increase k X
X z ®
X
_ o AL
- X W %
X s - 2
W
X % S
¥R
X
x ® X
%
X X

>0

% X5
x X
o o A
2 A ® X Ax
| o v
I s b4
A= -
; oy V
24/11/10

Figure 43: Location of the Waikato region SoE site for which E.coli data met

our criteria for trend analysis showing the size othe trend and whether the site
median values are above or below the guideline vada shown in Table 2.
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Figure 44: Location of the Waikato region SoE site for which Faecal Coliform

(FC) data met our criteria for trend analysis showng the size of the trend and
whether the site median values are above or belowd guideline values shown in
Table 2.
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4.4.1  Water Quality State

Water quality patterns in the Waikato region hacbrsgg relationships with REC
Topography categories with the highest water quality (e.gghbst Clarity, lowest
conductivity, lowest nutrients and lowest indicabacteria) generally occurring in the
Lake and Hill Topography categories and poorer water quality in Low-elevati
Topography categories (Figure 45 and Table 26). The majaftgites in the Lake,
Hill and Low-elevationTopography categories were below the water clarity guideline
value (i.e. had poor water clarity). The majorifysites in the Lake, Hill and Low-
elevationTopography categories were above the guidelines for the otla¢er quality
variables. This is mainly attributable to the doamoe of Pastoral land use in the
region Table 8. Patterns in water quality were rgjlp related to REQ.and-cover
categories Figure 46 and Table 26). Urban sitesvieagl poor water quality (Figure
46), followed by the Pasturkand-cover category. The majority of pasture sites
exceeded water quality guidelines for all varialdessidered. Sites in the other REC
Land-cover categories had generally better water quéfiigure 46)
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Figure 45: Median values for Environment Waikato SE sites of the nine water
quality variables grouped by REC Topography categories. See Table 3 for an
explanation of the REC categories.The guideline vaés for the water quality
variables shown in Table 2 are shown as horizontdines. Where there are two
horizontal lines these refer to the upland and lovend site guidelines. Note that
low values of Clarity indicate poor water quality, whereas for other variables

high values indicate poor water quality.
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Figure 46: Median values for Environment Waikato ®E sites of nine water
quality variables grouped by REC Land-cover categories. See Table 3 for an
explanation of the REC categories. The guideline Wes for the water quality
variables shown in Table 2 are shown as horizontdines. Where there are two
horizontal lines these refer to the upland and lovend site guidelines. Note that
low values of Clarity indicate poor water quality, whereas for other variables
high values indicate poor water quality.
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Table 26. Kruskall Wallis tests performed by vaiable for Waikato river SoE
sites grouped by REC Topography and Land-cover categories. Statistically
significant tests are shown with blue text.

Variable Source of Flow Land-cover
Statistic p-value n Statistic p-value n

CLAR 13.16 0.004 105 40.95 0.000 105
COND 22.75 0.000 115 26.07 0.000 115
NH4-N 18.69 0.000 115 35.35 0.000 115
NOx-N 21.23 0.000 115 40.38 0.000 115
TN 14.99 0.002 115 49.21 0.000 115
DRP 8.15 0.043 115 15.03 0.005 115
TP 2.06 0.560 115 31.93 0.000 115
E.coli 31.68 0.000 81 21.02 0.000 81
FC 27.80 0.000 81 22.27 0.000 81

4.4.2  Water Quality Trends

Trends in water quality for the Waikato region presented in Table 27 and Table 28.
There was generally a mixture of both increasing aecreasing trends for all
variables. There were overall regional trends pased on all sites in the region) for
all variables except FC (Table 28). There weredasing overall regional trends for
conductivity, E.coli, NO-N and TN indicating water quality degradation tbese
variables. There was a consistent decreasing ¢évegibnal trend for clarity, again
indicating water quality degradation. There wererdasing overall regional trends for
DRP, NH4-N and TP (Table 28), which indicate wapeality improvement.

Table 27: Number of sites with significant and meaingful trends for all sites in
the Waikato region by water quality variable.

Total Meaningful  Significant Not Significant  Meaningful
Variable number  decreases decreases significant increases increases
of sites
CLAR 105 67 0 35 0 3
COND 115 3 12 60 30 10
DRP 115 51 0 48 0 16
ECOLI 81 2 0 7 0 2
FC 81 4 0 74 0 3
NH4-N 115 15 5 91 1 3
NO,-N 115 3 0 50 0 62
TN 115 5 0 49 2 59
TP 115 26 4 66 1 18
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Table 28: Overall trends for the Waikato region bywater quality variable determined by
grouping trends for all sites and using a binomiatest (Significance level = 0.05).

Variable Total p Overall trend direction
number
of sites
CLAR 105 0 Decreasing
COND 115 0.005 Increasing
DRP 115 0 Decreasing
ECOLI 81 0.045 Increasing
NH4-N 115 0 Decreasing
NOx-N 115 0 Increasing
TN 115 0 Increasing
TP 115 0 Decreasing

There were many overall trends in the REGpography category groupings (Table
29). In general these trends indicate decreasinggrwguality in Hill and Low-
elevation categories. For example, there were deitrg trends in Clarity and
increasing trends in NEN, TN, COND, E.cali and FC. However, there were also
decreasing trends (i.e. improving water qualityd® in TP and DRP (Binomial test;
Table 29).

Table 29: REC Topography categories for which there were significant overdal
trends in the Waikato Region by water quality varieble. See Table 3 for an
explanation of the REC categories.

> 00

Variable REC Topography Total p-value Overall trend
category number of (binomial
T Sites test of
overall
24/11/10 trend)
CLAR Hill 22 0 Decreasing
DRP Hill 29 0 Decreasing
NOx-N Hill 29 0.001 Increasing
TN Hill 29 0 Increasing
TP Hill 29 0.024 Decreasing
CLAR Low-elevation 70 0 Decreasing
COND Low-elevation 71 0 Increasing
DRP Low-elevation 71 0.009 Decreasing
ECOLI Low-elevation 52 0.003 Increasing
FC Low-elevation 52 0.036 Increasing
NH4-N Low-elevation 71 0 Decreasing
NOx-N Low-elevation 71 0 Increasing
TN Low-elevation 71 0 Increasing
TP Low-elevation 71 0 Decreasing
CLAR Lake 12 0.039 Decreasing
COND Lake 14 0.002 Increasing
NOx-N Lake 14 0.002 Increasing
TN Lake 14 0.002 Increasing
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There were many overall trends in the RE&hd-cover category groupings (Table

30). In general these trends indicate decreasingrwaality. For example, there were
decreasing trends in Clarity (i.e. decreasing waiteity) in Exotic Forest, Indigenous

Forest and Pasture categories. There were alseasiog trends in COND, ECOLI,

NOx-N, and TN (i.e. decreasing water quality). Hoesm there were also decreasing
trends (i.e. improving water quality trends) in HC the Exotic Forest category,

COND, DRP, NH4-N and TP in the Indigenous Forestgary and DRP, NH4-N and

TP in the Pasture category (Binomial test; Table 30

In general the overall trends (i.e. based on tle@i@ngs of sites) indicate degrading
water quality. However, there was an improving alleegional trend in DRP and TP.

Table 30: REC Land-cover categories for which there were significant overal
trends in the Waikato Region by water quality varieble. See Table 3 for an
explanation of the REC categories.

Variable REC Land- Total number p-value Overall trend
cover of Sites (binomial
category test of

overall trend)

CLAR EF 6 0.031 Decreasing
FC EF 6 0.031 Decreasing
CLAR IF 16 0.004 Decreasing
COND IF 17 0.049 Decreasing
DRP IF 17 0.013 Decreasing
NH-N IF 17 0.049 Decreasing
TP IF 17 0 Decreasing
CLAR P 80 0 Decreasing
COND P 88 0 Increasing
DRP P 88 0.002 Decreasing
ECOLI P 59 0.036 Increasing
NH-N =3 88 0.001 Decreasing
NO,-N P 88 0 Increasing
TN P 88 0 Increasing
TP P 88 0.042 Decreasing
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5. Discussion and Conclusions

5.1

Do regional councils have effective methods to gath information about and
monitor the quality of freshwater?

In our opinion, the four regional council monitaginetworks provide a good basis for
assessing the quality of freshwater. All four cdlsnaow have networks that have
reasonable numbers of SoE sites for rivers, lakdsgaoundwater that are distributed
over their regions in a fairly representative manfe. where the number of sites in
different catchments or types of water bodies igrportion to the overall importance
and quantity of water bodies of that type). We dtamnd that all four councils were
monitoring a common suite of water quality variable

We made a specific test of the adequacy of the ®a& monitoring networks in the
regions. Our test of adequacy was based on asKiether the networks had sufficient
statistical power (numbers of sites relative to vaeability of the site medians) to
detect statistically significant large scale patterdefined by River Environment
Classification (REC) categories, in water qualitgtes and trends. We used the river
water quality data for the 10 year period endin@@®€hat met our criteria for trend
analysis to conduct this test (i.e. that had bexlected at quarterly or monthly on at
least 80% of sampling occasions). The river wateality monitoring data for
Southland and Waikato comprised sufficient sited thet these criteria that we were
able to detect detailed patterns in both state tegntls (i.e. statistically significant
differences in state and significant overall trem@se found for many REC categories
and variables). The data for Taranaki compriseg dlsites but this was sufficient to
detect patterns albeit for fewer REC categories\arthbles than for Southland and
Waikato. The dataset for Horizons comprised 17ssitad was barely adequate to
describe large scale patterns in water qualityessaid trends in the region. This is
because, in the past, Horizons have employed amyst “rolling SoE sites” whereby
some sites have been monitored on a rolling basisonce every three years 12
months of monthly sampling has been undertakers Practice is no longer carried
out by Horizons Regional Council and the numbelSoE sites in the monitoring
network has been increased.

We found that councils have given due consideratmi@QA/QC and data storage
issues. Environment Southland and Horizons neeaxbigider lowering detection for
some variables, notably DRP and Ammoniacal-N, beedigh detection limits will
mask trends in currently high quality water bodi@suncils could consider tightening
up on hydrometric infrastructure under-pinning wafeality monitoring, for example,
by establishing quantified relationships betweewwflat sampling sites and flow
gauging stations. An indication of the uncertamt@issociated with flow estimates will
be valuable for future load calculations, evenoif strictly needed for flow-adjustment
in trend analysis. We also consider that storageatér quality data in a database is
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highly desirable because this allows easy intetiogaof the data and datasets to be
restructured efficiently.

There were large differences between regions imtimebers of SoE sites that met our
criteria for inclusion in the trend and state asmlyIn all four cases council staff
indicated that they are currently monitoring a éargumber of sites than we assessed
in this report, and the approximate sizes of tegisting networks has been reported.
The difference between analysed sites and theddizxisting networks reflects an
ongoing effort by regional councils to increase itaing coverage. The relatively
small number of SoE sites from TRC and Horizons Wexre included in our analysis
reflects disruptions and changes to monitoring g over the previous ten years.
We have provided supplementary material that shvolmether there was data provided
by the councils for each site, in each month okerten year period by water quality
variable. These graphs indicate when sites wereamheanalysed variables were
changed and whether there were disruptions to tbgrgm. The important point is
that if monitoring is to be of maximum benefit iust be consistent and this requires
an ongoing commitment by the regional councils.

There were inconsistencies between regions in tefroertain detailed aspects of SOE
monitoring. These inconsistencies include samppngtocols (such as frequency),
laboratory analysis methods, QA/QC procedures aochge of water quality data.
Inconsistencies between regions is not an issusdlvidual regions, however it is a
national issue in that it leads to difficultiesaallating data and also prevents robust
comparison or amalgamation of data or statisticg.,(¢rends). The Ministry for
Environment (Tanya Gray pers. comm.) is currelgiding efforts (supported by the
Regional Council SWIM group Graham Sevicke-Joneswlkés Bay Regional
Council pers. comm.) to improve monitoring consisteacross all of the regions and
territorial local authorities.

What is the state and trends in water quality as idicated by state of the
environment monitoring data?

5.2.1  Water quality state

The assessment of water quality state shows thtrvwgaality was highly variable
throughout the individual regions. Median nutrieohcentrations at sites frequently
exceeded the ANZECC (2000) trigger values and mmedikrity at sites was
frequently lower than guidelines. Faecal bactdaakls were also high, witk. coli
numbers exceeding the MfE/MoH (2003) action valumany sites (based on the™95
percentiles).

Audit of freshwater quality monitoring by regior@iuncils 99



> 00

T

24/11/10

Taihoro Nukurangi

Land-use impacts on water quality state were cla#th poor water quality (high
nutrients and faecal pollution, and low visual itygrbeing associated with pastoral
land cover and even poorer water quality in urbia@asns. These patterns with land
cover are consistent with reports by other autimopgevious studies, (e.g., Ballantine
and Davies-Colley, 2009; Hamill and McBride, 2003ynedet al., 2003; Larneckt
al., 2004; Snelder and Scarsbrook, 2002).

5.2.2  Water quality trends

The trend analyses indicate that trend strengthdimedtion is highly variable across
sites in the four study regions. We used the biabneist to indicate whether there
were “overall trends” in sites grouped in severalys: We found overall degrading
trends in clarity in Taranaki and Waikato, degraditiends in conductivity in
Waikato, improving trends in DRP in Southland, Teald and Waikato, a degrading
trend inE.coli in Waikato, improving trends in NFN in Horizons and Waikato and a
degrading trend in NHN in Taranki, degrading trends in N¥® in Southland and
Waikato, a degrading trend in TN in Southland andiR&to and improving trend in
TP in Horizons and Waikato. When these trends Wwaeyken down by REC categories
there was a predominance of degrading trends in-d¢lewation and HillTopography
and Pasturéand-cover categories. These results suggest that watertyjalgicreased
over the ten year period in Low-elevation areas eng¢atchments dominated by
pastoral land cover. There were however, genenalbroving trends in DRP and TP
in all of the regions.. The improving trend in ppberus shown in this study
(consistent with a recent national study by Baitenet al. 2010) may be attributable
to two factors. First, there has been increasénosphorus fertiliser costs over the last
decade (an 86% rise in 2008 alone). Second, ttegelso recently been very active
management of soil phosphorus (Olsen-P) levelshbypistoral industry. However,
nitrogen has increased due to increased farm ptiotdud-or example, there has been
a 20% rise in dairy-farm production. This incre@&seroduction is associated with
leaching of nitrogen from pasture soils for whittere are not currently adequate
mitigation methods

A point of caution need to be borne in mind in gsihe state and trends analysis in
this report to draw conclusions concerning regiocalincils’ management of
freshwater. We compared the existing state to dulevalues. To fully assess
whether regional councils are meeting (their owtahdards, the standards defined in
statutory plans would need to be compared withsthge information derived in this
study. Second, trends provide information abouhgkan water quality over time and
also need to be considered within the broader tetgturamework that regional
councils have set. The analysis is outside tbpesof this report.
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Appendix

Table 31. State and trends for individual sites irthe Southland Region. For state, F indicates the @dian site value fails the most lenient guideline
and P indicates a pass. For trends -2 indicates aeaningful degrading trend, -1 a significant degradig trend, O is either a stable or insignificant
trend, 1 is a significant improving trend and 2 isa meaningful improving trend. The sites are orderedn the table from poorest quality (i.e. those with
the largest numbers of variables failing guidelinesnd with degrading trends) to highest quality. NAindicates that data were not available for the
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variable.
State Trends
Code Site Name CLAR DRP ECOLI FC NH4N NOxN TN TP CLAR COND DRP ECOLI FC NH4N NOxN SS TN TP
ES-058 Otamita Stream at Mandeville F F F F P F F P 0 1 0 0 0 2 2 NA 2 0
ES-085 Mataura River at Gore F P F F P F F P 0 2 0 0 0 2 2 NA 2 0
ES-031 Winton Stream at Lochiel F F F F F F F F 0 0 0 0 0 2 0 NA 0 2
ES-053 Waikaka Stream at Gore F F F F F F F F 0 0 0 0 0 2 2 NA 0 0
ES-120 Otapiri Stream at Otapiri Gorge F F F F P P F F 2 0 0 0 0 0 2 NA 2 0
ES-153 Currens Creek Triburary at Waituna lagoon F F F P F P F F 0 0 2 0 0 0 0 NA 0 2
ES-067 Waimatuku Stream at Lornville Riverton H F F F F P F F F 0 0 0 0 0 0 0 NA 2 0
ES-117 Mimihau Stream at Wyndham F F F F P F F F 0 0 0 0 0 0 0 NA 2 0
ES-150 Waituna Creek at Mokotua F P F F F F F F 0 0 -2 0 0 0 2 NA 2 0
ES-022 Otautau Stream at Otautau-Tuatapere Road F F F F F F F F 0 0 0 0 0 0 0 NA 0 0
ES-032 Makarewa River at Wallacetown F F F F F F F F 0 0 0 0 0 0 0 NA 0 0
ES-045 Mataura River 200m d/s Mataura Bridge F F F F F F F F 0 0 -2 0 0 2 2 NA 0 -2
ES-135 Tussock Creek at Cooper Road F F F F F F F F 0 -2 2 0 0 0 0 NA 0 0
ES-137 Waimatuku Stream d/s Bayswater Bog F F F F F F F F 0 0 0 0 0 0 0 NA 0 0
ES-139 Opouriki Stream at Tweedie Road F F F F F F F F 0 0 0 0 0 0 0 NA 0 0
ES-143 Otautau Stream at Waikouro F F F F F F F F 0 0 0 0 0 0 0 NA 0 0
gﬁ-(l)-S Oreti @ Riverton Hy Br P P NA NA P F F P 0 2 0 NA NA 0 2 NA 2 0
ES-014 Aparima River at Thornbury F P F F P F F P 0 0 0 0 0 0 2 NA 0 0
ES-065 Waikawa River at Progress Valley F F F F F F F F 0 -1 0 0 0 0 0 NA 0 0
ES-094 Oreti River at Centre Bush P P F P P F F P 2 2 0 0 0 0 0 NA 0 0
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ES-122 Makarewa River at Lora Gorge Road F F F F P F F F 0 0 0 0 0 0 0 NA 0 0
ES-130 Bog Burn d/s Hundred Line Road F F F NA F F F F 2 0 -2 0 NA 0 0 0 0 0
ES-152 Currens Creek at Waituna Lagoon Road F F F F F P F F 0 0 0 0 0 0 0 NA 0 0
ES-155 Winton Stream d/s Winton Dam F F F F P P P F 0 0 0 0 0 0 2 NA 0 0
ES-040 Waikiwi Stream at North Road F F F F F F F F 0 0 -2 0 0 0 0 NA 0 0
ES-041 Waihopai Stream u/s Queens Drive F F F F F F F F 0 0 -2 0 0 0 0 NA 0 0
ES-084 Oteramika Stream at Seaward Downs F F F F F F F F 0 0 -2 0 0 0 0 NA 0 0
gﬁé? Oreti @ Lumsden P P NA NA P F F P -2 2 0 NA NA 0 2 NA 2 0
ES-042 Otepuni Creek at Nith Street F F F F F F F F 0 -1 -2 0 0 0 0 NA 0 0
ES-148 Mokotua Stream at Awarua F P P P F P F P 0 0 0 -2 0 2 0 NA 0 2
ES-154 Moffat Creek at Moffat Road F NA F F F P F NA 0 NA 0 0 0 0 NA 0 NA
ES-007 Mararoa River at Weir Road P P F P P P P P 0 0 0 0 0 2 NA 0 0
ES-051 Waikaia River at Waipounamu Bridge Road P P F F P F F P 0 0 0 0 0 0 NA 0 0
ES-057 Mimihau Stream Tributary at Venlaw Forest F F P P P P P P 2 -2 -2 0 0 0 2 NA 2 0
gﬁ-tl)-S Mataura @ Seaward Downs F F NA NA F F F F -2 2 -2 NA NA -2 2 NA 2 -2
ES-029 Irthing Stream at Ellis Road P P F F P F F P -2 0 0 0 0 0 0 NA 0 0
ES-043 Mataura River at Gorge Road F F F F F F F F -2 0 -2 0 -2 -2 2 NA 2 -2
ES-052 Waikaia River u/s Piano Flat P P P P P P P P 0 0 0 0 0 2 0 NA 0 0
ES-063 Waituna Creek at Marshall Road F F F F F F F F -2 0 -2 0 0 -2 2 NA 0 -2
ES-096 Waiau River at Sunnyside P P P P P P P P 0 0 0 0 0 0 2 NA 0 0
ES-011 Aparima River at Dunrobin P P F P P P P P 0 0 0 0 -2 0 2 NA 0 0
ES-023 Oreti River at Three Kings P P P P P P P P 0 1 -2 0 0 0 2 NA 0 0
ES-038 Dunsdale Stream at Dunsdale Reserve F F F P P P P P 0 0 0 0 0 0 0 NA -2 0
ES-046 Mataura River at Otamita Bridge F P F F P F F P 0 0 0 -2 -2 0 0 NA 0 0
ES-118 Mararoa River at The Key P P F P P P P P 0 0 0 0 0 0 NA 0 0
gﬁge Mataura @ Parawa P P NA NA P P P P 0 1 0 NA NA 0 0 NA 0 0
ES-018 Pourakino River at Ermedale Road F P F P P P P P 0 0 -2 0 0 0 0 NA 0 0
ES-028 Cromel Stream at Selby Road P P P P P P P P 0 0 0 0 0 0 NA

ES-044 Mataura River at Mataura Island Bridge NA NA F F NA NA NA NA NA NA NA 0 -2 NA NA NA NA NA
ES-091 Mataura River at Garston P P P P P P P P 2 0 0 0 0 0 0 NA -2 0
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ES-095 Aparima River at Otautau P P F F P F F P 0 0 0 -2 -2 0 0 NA 0
ES-098 Waikaia River at Waikaia NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
ES-138 Pourakino River at Traill Road NA P F F P P P P NA 0 -2 0 0 0 0 NA 0
Upukeroa River at Milford/Te Anau Road

ES-099 Bridge NA P F P P P P P NA 0 -2 0 0 0 0 NA 0
ES-016 Cascade Creek at Pourakino Valley Road F P F P P P P P 0 0 -2 0 0 0 0 NA -2

NAT-

DNO09 Waiau @ Tuatapere P P NA NA P P P P 0 0 0 NA NA -2 0 NA 0
ES-008 Mararoa River at South Mavora Lake P P P P P P P P -2 1 0 0 0 0 -2 NA 0
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Table 32: State and trends for individual sites irthe Taranaki Region. For state, F indicates the nuan site value fails the most lenient guideline ah
P indicates a pass. For trends -2 indicates a meagiful degrading trend, -1 a significant degrading tend, O is either a stable or insignificant trend,1

is a significant improving trend and 2 is a meaninful improving trend. The sites are ordered in the &ble from poorest quality (i.e. those with the
largest numbers of variables failing guidelines andvith degrading trends) to highest quality. NA indcates that data were not available for the

variable.
State Trends
Code Site Name CLAR DRP ECOLI FC NH4.N NOxN TN TP CLAR COND DRP ECOLI FC NH4.N NOxN TN TP
TRC-PNH000900 Punehu Stream @ S.H. 45 F F F F F F F F 0 0 2 0 0 0 0 0 2
TRC-MRK000420 Mangaoraka Stream @ Corbett Rd. (Recorder site). P P F F P F F P 2 0 0 0 0 2 0 0 2
TRC-WGG000500 Waingongoro River @ Eltham Rd Bridge P F F F P F F F 0 0 2 0 0 0 0 0 2
TRC-WKHO000500 Waiwhakaiho River @ S.H.3 P F F F P P P F 2 0 2 0 0 0 0 -2 2
TRC-MGHO000950 Mangaehu River @ Raupuha Rd Bridge F P F F P P P P 2 0 0 0 0 2 0 0 0
TRC-PAT000360 Patea River @ Skinner Road Bridge P F F F F F F F 0 0 0 0 0 0 0 0 0
TRC-PNH000200 Punehu Stream @ Wiremu Rd. P F F P P P P F 2 0 0 0 0 2 0 -2 0
TRC-STY000300 Stony River @ Mangatete Road P F P P P P P P 2 0 2 0 0 0 0 -2 2
NAT-WAO01 Waitara @ Bertrand Rd F P NA NA P P P P 2 -1 0 NA NA 0 0 0 2
NAT-WAO03 Waingongoro @ SH45 F F NA NA F F F F 0 0 -2 NA NA 2 -2 -2 0
NAT-WA02 Manganui @ SH3 P P NA NA P P P P 2 1 -2 NA NA 0 0 0 0
TRC-MKWO000300 Maketawa Stream @ Tarata Rd. NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
TRC-PAT000200 Patea River @ Barclay Road Bridge P F F P P P P P 0 0 0 0 0 0 -2 -2 0
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Table 33: State and trends for individual sites irthe Horizons Region. For state, F indicates the nd&n site value fails the most lenient guideline ah
P indicates a pass. For trends -2 indicates a meagiful degrading trend, -1 a significant degrading tend, O is either a stable or insignificant trend,1

is a significant improving trend and 2 is a meaninful improving trend. The sites are ordered in the &ble from poorest quality (i.e. those with the
largest numbers of variables failing guidelines andvith degrading trends) to highest quality. NA indcates that data were not available for the

variable.
State Trends

Code Site Name CLAR DRP ECOLI FC NH4.N NOxN TN TP CLAR COND DRP ECOLI FC NH4N NOxN SS TN TP
TOR?(; Oroua at Awahuri Bridge F F F NA F F NA NA 0 0 -2 0 NA 0 0 o NA NA
\TV?—\B? Manawatu @ Weber Rd F F NA NA P F F F 0 0 -2 NA NA 0 0 NA 0 0
T;(i Whanganui at Pipiriki F P F NA NA P NA NA 0 0 0 0 NA NA 0 o NA NA
TSRE)(; Pohangina River @ Mais Reach NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 2 NA NA
'I’\'llﬁgl Whanganui @ Te Maire F P NA NA P P P P 0 1 -2 NA NA 0 0 NA 2 0
gﬁi% Hautapu U/s Rangitikei F F F NA P P NA NA 2 -2 0 0 NA -2 0 o NA NA
HRC- Whanganui River D/S Retaruke confl.(Wades

1307 Ldg) F F F NA NA P NA NA 0 -2 0 0 NA NA 0 NA NA NA
g']':_\;?. Hokio Stream @ Lake outlet @ weir NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
T(l;)% Manawatu at Hopelands F F F NA P F NA NA -2 2 0 0 NA -2 -2 0 NA NA
TO%(; Manawatu @ WHIROKINO BOAT RAMP F F F NA F F NA F 0 0 -2 0 NA -2 0 o NA -2
T;)(J:. Whanganui at Cherry Grove F P F NA P P NA NA 0 0 0 0 NA -2 0 0 NA NA
\TV/XBG Rangitikei @ Kakariki F P NA NA P P P P 0 1 -2 NA NA 0 0 NA 0 0
Q&)ﬁ Mangawhero at DoC Headquarters P F NA NA P P NA NA 0 -2 2 NA NA -2 2 2 NA NA
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Table 34. State and trends for individual sites inhe Waikato Region. For state, F indicates the medn site value fails the most lenient guideline
and P indicates a pass. For trends -2 indicates aeaningful degrading trend, -1 a significant degradig trend, O is either a stable or insignificant
trend, 1 is a significant improving trend and 2 isa meaningful improving trend. The sites are orderedn the table from poorest quality (i.e. those with
the largest numbers of variables failing guidelinesind with degrading trends) to highest quality. NAindicates that data were not available for the

variable.
State Trends

Code Site Name CLAR DRP ECOLI FC NH4N NOxN TN TP CLAR COND DRP ECOLI FC NH4.N NOx.N TN
EW-0683-

004 Otamakokore Stm @ Hossack Rd F F F F P F F F 2 0 0 2 0 0 2 2
EW-1282-

008 Whakapipi Stm @ SH22 Br F F NA NA P F F F 2 2 2 NA NA O 2 2
EW-0230-

005 Karapiro Stm @ Hickey Rd Bridge F F F F P F F F 2 1 2 0 0 0 2 2
EW-0488-

001 Mangawhero Stm @ Cambridge-Ohaupo Rd F F F F F F F F 0 2 2 0 0 0 2 2
EW-0749-

015 Piako River @ Paeroa-Tahuna Rd Br F F F F F F F F 2 2 0 0 0 0 2 2
EW-0258-

004 Komakorau Stm @ Henry Rd F F F F F F F F 0 1 0 2 2 0 0 0
EW-0398-

001 Mangakotukutuku Stm (Rukuhia) @ Peacockes Rd F F F F F F F F 0 1 2 0 0 0 0 2
EW-1202-

007 Waipapa Stm (Mokai) @ Tirohanga Rd Br F F F P P F F F 2 1 0 0 0 0 2 2
EW-0041-

009 Awaroa River (Waiuku) @ Otaua Rd Br opp Moseley Rd  F P NA NA F F F F 2 1 0 NA NA O 2 2
EW-0669-

006 Oraka Stm @ Lake Rd F F F F F F F F 2 0 0 0 0 0 2 2
EW-1249-

015 Waitoa River @ Landsdowne Rd Br F F F F P F F F 2 1 0 0 0 0 2 2
EW-0039-

011 Awaroa Stm (Rotowaro) @ Sansons Br F P F F F P F P 2 2 -2 0 0 2 2 2
EW-0240-

005 Kawaunui Stm @ SH5 Br F F F F P F F F 0 2 0 0 0 0 2 2
EW-0421-

010 Mangaonua Stm @ Hoeka Rd F F F F F F F F 2 1 -2 0 0 0 2 2
EW-0556-

009 Mokau River @ Totoro Rd Recorder F F F F P F F F 2 0 0 0 0 0 2 2
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EW-0612-
009
EW-1122-
018
EW-1230-
001
EW-0749-
010
EW-1131-
133
EW-1186-
002

NAT-HMO5
EW-0335-
001
EW-0380-
002
EW-0417-
007
EW-0665-
005
EW-0818-
002
EW-0934-
001
EW-1098-
001
EW-1131-
069
EW-1287-
007
EW-1293-
009
EW-0359-
001
EW-0407-
001
EW-0624-
005
EW-0786-
002
EW-1131-
143

Ohaeroa Stm @ SH22 Br

Waihou River @ Okauia

Waitakaruru River (Hauraki Plains) @ Coxhead Rd Br
Piako River @ Kiwitahi

Waikato River @ Tuakau Br

Waiotapu Stm @ Campbell Rd Br
Waihou @ Te Aroha Br

Little Waipa Stm @ Arapuni - Putaruru Rd
Mangakara Stm (Reporoa) @ SH5

Mangaone Stm @ Annebrooke Rd Br

Opuatia Stm @ Ponganui Rd

Puniu River @ Bartons Corner Rd Br
Tahunaatara Stm @ Ohakuri Rd

Waerenga Stm @ Taniwha Rd

Waikato River @ Horotiu Br

Whakauru Stm @ U/S SH1 Br
Whangamarino River @ Jefferies Rd Br
Mangaharakeke Stm (Atiamuri) @ SH30 (Off Jct SH1)
Mangamingi Stm (Tokoroa) @ Paraonui Rd Br
Ohote Stm @ Whatawhata/Horotiu Rd
Pokaiwhenua Stm @ Arapuni - Putaruru Rd

Waikato River @ Waipapa Tailrace

NA

NA

-2

-2
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NA

NA

NA

NA

NA
0 0
0 0
0 0
0 0
0 0

NA
0 0
0 0
0 0
0 0

NA
0 0
0 0
0 2
0 0

NA
0 0
0 0
0 0
0 0
0 0
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EW-1186-
004
EW-1236-
002

NAT-HMO03
EW-0443-
003
EW-0481-
007
EW-0556-
005
EW-0619-
019
EW-1191-
010
EW-1302-
001
EW-0388-
001
EW-0428-
003
EW-0438-
003
EW-0453-
006
EW-0476-
007
EW-0802-
001
EW-1057-
006
EwW-1131-
107
EW-1131-
147
EW-1174-
004

NAT-HMO04
EW-0414-
012
EW-0421-
016

Waiotapu Stm @ Homestead Rd Br

Waitawhiriwhiri Stm @ Edgecumbe Street
Waikato @ Hamilton Traffic Br

Mangapu River @ Otorohanga

Mangawara Stm @ Rutherford Rd Br
Mokau River @ Mangaokewa Rd (Off SH30)
Ohinemuri River @ Queens Head

Waipa River @ Pirongia-Ngutunui Rd Br
Whangape Stm @ Rangiriri-Glen Murray Rd
Mangakino Stm (Whakamaru) @ Sandel Rd
Mangaotaki River @ SH3 Br

Mangapiko Stm (Pirongia/Te Awamutu) @ Bowman Rd
Mangatangi River @ SH2 Maramarua
Mangatutu Stm (Waikeria) @ Walker Rd Br
Pueto Stm @ Broadlands Rd Br
Torepatutahi Stm @ Vaile Rd Br

Waikato River @ Ohakuri Tailrace Br
Waikato River @ Whakamaru Tailrace

Waiomou Stm @ Matamata-Tauranga Rd
Waikato @ Rangiriri

Mangaokewa Stm @ Te Kuiti Borough W/S Intake

Mangaonua Stm @ Te Miro Rd

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
0 0
NA
0 0
NA
0 0
0 0
0 0
NA
NA
NA
NA
NA
0 0
0 0
NA
0 0
0 0
0 0
NA
NA
0 0
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EW-0516-
005
EW-1122-
041
EW-1131-
077
EW-1247-
002
EW-1293-
007
EW-0513-
003
EW-0557-
005
EW-1131-
091
EW-1253-
005
EW-1318-
004
EW-1323-
001
EW-0033-
009
EW-0504-
002
EW-0556-
002
EW-1045-
003
EW-1167-
004
EW-1191-
012
EW-1253-
007
EW-0222-
016
EW-0253-
004
EW-0616-
001

EW-0971-

Matahuru Stm @ Waiterimu Road Below Confluence
Waihou River @ Whites Rd

Waikato River @ Huntly-Tainui Br

Waitetuna River @ Te Uku-Waingaro Rd
Whangamarino River @ Island Block Rd

Marokopa River @ Speedies Rd (Off Te Anga Rd)
Mokauiti Stm @ Three Way Point - Aria

Waikato River @ Mercer Br

Waitomo Stm @ SH31 Otorohanga

Whareroa Stm (Taupo District) @ Lakeside Lake Taupo
Whirinaki Stm @ Corbett Rd

Awakino River @ SH3 Awakau Rd Junction

Mapara Stm (Lake Taupo) @ Off Mapara Rd

Mokau River @ Awakau Rd

Tokaanu Stm @ Off SH41 Turangi

Waingaro River (Pukemiro) @ Ruakiwi Rd Off SH22
Waipa River @ SH3 Otorohanga

Waitomo Stm @ Tumutumu Rd

Kaniwhaniwha Stm @ Wright Rd

Kirikiriroa Stm @ Tauhara Dr

Ohautira Stm @ Waingaro Te Uku Rd
Tauranga-Taupo River @ Te Kono Slackline

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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NA

NA

NA

NA

NA

NA

NA

NA
0 0
0 -2
0 0
NA
0 0
0 0
0 -2
0 0
0 0
NA
0 0
0 -2
0 0
NA
NA
0 0
0 0
NA
0 0
0 0
NA
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004

EW-0976-

001 Tawarau River @ Off Speedies Rd F F NA NA P P P P 2 0 0 NA NA 0 2

EW-1131-

105 Waikato River @ Ohaaki Br P P P P P P P P 2 0 -2 0 0 0 2

EW-1191-

005 Waipa River @ Mangaokewa Rd P P NA NA P P P P 2 0 -2 NA NA 0 2

EW-1226-

001 Waitahanui River @ Blake Rd P F P P P P P F 2 0 -2 0 0 0 2

EW-1312-

003 Wharekawa River @ SH25 P P F F P P P P 2 0 -2 0 2 0 0

NAT-HMO02 Waipa @ SH23 Br Whatawhata F F NA NA P F F F 0 1 -2 NA NA 0 0

EW-0410-

004 Manganui River @ Off Manganui Rd F F F F P P P P 2 -1 0 0 0 -2 0

EW-0477-

010 Mangauika Stm @ Te Awamutu Borough W/S Intake P P P P P P P P 2 -1 -2 0 0 0 2

EW-0619-

020 Ohinemuri River @ SH25 Br P P F F P F F P 2 -1 -2 0 0 0 0

EW-1257-

003 Waiwawa River @ SH25 Coroglen P P F F P P P P 2 0 -2 0 0 0 0

EW-0234-

011 Kauaeranga River @ Smiths Cableway/Recorder P P F P P P P P 2 0 -2 0 0 0 0

EW-1105-

003 Waiau River @ E309 Rd Ford P P F P P P P P 2 0 -2 0 0 0 0

EW-1239-

032 Waitekauri River @ U/S Ohinemuri Conflu P P F P P P P P 2 0 -2 0 0 0 0

NAT-HMO01 Waipa @ Otewa F F NA NA P P P P -2 1 0 NA NA 0 0

EW-0398-

026 Mangakotukutuku Stm (Rukuhia) @ Waterford Road NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

EW-0411-

009 Mangaohoi Stm @ South Branch Maru Rd F F F P P P P F 0 0 0 0 0 0 -2

EW-0421-

050 Mangaonua Stm @ Harbutt Road Bridge NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

EW-0489-

002 Mangawhero Stm (Kaihere) @ Mangawara Rd F F F P P P P F 2 0 0 0 0 0 -2

EW-0504-

001 Mapara Stm (Lake Taupo) @ Mapara Rd Culvert Taupo NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

EW-1131-

101 Waikato River @ Narrows Br NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

EW-1131-

328 Waikato River @ Narrows Boat Ramp NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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EW-1249-
018 Waitoa River @ Mellon Rd Recorder F F F F F F F F 0 0 -2 0 0 -2 0 -2 -2
EW-1300-
001 Whangamata Stm (Kinloch) @ Whangamata Rd NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
EW-1318-
003 Whareroa Stm @ Whareroa Station Bridge NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NAT-RO06 Waikato @ Reids Farm P P NA NA P P P P 0 0 NA NA -2 0 0 0
NAT-TUO2 Tongariro @ Turangi P F NA NA P P P P -2 0 NA NA 0 0 0 1
EW-0033-
006 Awakino River @ Gribbon Rd P F F F P P P P 0 0 0 0 0 0 -2 -2 0
EW-1106-
004 Waihaha River @ SH32 P F P P P P P P 2 -1 -2 0 0 -1 0 0 0
EW-1173-
002 Waiohotu Stm @ Waiohotu Rd (Off SH5) NA F F P P P P P NA -1 -2 -2 0 0 2 2 -2
EW-0282-
005 Kuratau River @ Te Rae Street NA P P P P F F P NA -2 -2 0 0 -2 0 2 0
EW-0753-
004 Piakonui Stm @ Piakonui Rd F F F P P P P P 0 -1 -2 0 0 0 0 0 -2
NAT-HMO6 Ohinemuri @ Karangahake P P NA NA P F F P 0 0 -2 NA NA 0 0 0 -2
EW-0658-
001 Oparau River @ Langdon Rd (Off Okupata Rd) F P NA NA P P P P 0 0 -2 NA NA -2 0 0 0
EW-0940-
010 Tairua River @ Morrisons Br Hikuai P P F F P P P P 0 0 -2 0 0 -1 0 0 -2
EW-0954-
005 Tapu River @ Tapu-Coroglen Rd P P F P P P P P 0 0 -2 0 0 0 0 0 -2
EW-1131-
127 Waikato River @ Taupo Control Gates NA P P P P P P P NA 0 -2 0 0 -1 0 0 0
EW-1301-
001 Whanganui Stm @ Lakeside Lake Taupo NA F P P P P P P NA -2 -2 0 0 -1 0 0 0
EW-1491-
001 Tokaanu Power Station Tailrace Canal @ SH41 Bridge NA P NA NA P P P P NA 0 -2 NA NA -2 0 0 0
EW-0282-
004 Kuratau River @ SH41 Moerangi P P NA NA P P P P 0 -1 -2 NA NA 0 0 0 -2
EW-0169-
002 Hikutaia River @ Old Maratoto Rd P P F F P P P P 0 0 -2 0 0 -2 0 -2 -2
EW-0171-
005 Hinemaiaia River @ SH1 P F P P P P P F 2 -2 -2 -2 -2 0 0 0 -2
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