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3. Ecology 

3.1 Why do we monitor ecological communities? 

As described in Chapter 1 the primary assessment components of the Regional Monitoring 
Programme are sediment quality, benthic ecology and public health. Measuring abundances 
of animals in sediments (benthic ecology) is the most appropriate measure of the effect of 
contaminants on ecological communities because: 

1. The major impact of stormwater is due to the increasing levels of contaminants in 
sediment in receiving environments. 

2. Contaminant levels can reach concentrations that are toxic to sediient dwelling 
organisms. 

3. ~ v e n  low contaminant levels in water and sediment can accumulate in sediment 
dwelling organisms and reach toxic levels. 

4. Sediment -dwelling organisms are a major component of estuarine, harbour and 
coastal ecosystems, providing food for birds, fish and humans, and affecting water 
quality, nutrient cycling and productivity. 

The utility of sampling benthic organisms is well-established for monitoring estuarine and 
harbour habitats in the Auckland Region. The ARC has Long Term Baseline monitoring 
programmes at representative sites across the region (e.g., ARC TP 110 and TP 11 1, 1999). 
In the past, the use of benthic ecology as a monitoring tool has been limited by the high 
natural variability in community structure that has meant that it has been difficult to establish 
differences between sites or through time, unless the differences were very great. 

A large number of animal species inhabit the sofl-sediment intertidal areas of the Auckland 
region. At a recent survey six sites in the Manukau alone, 99 species were found on a single 
occasion. This large number of species results in a large number of potential responses to 
pollution. If the communities are summarised by diversity indices or by a few indicator 
species, the responses to pollution are blurred, as described above, and it is difficult to detect 
differences. If, however, changes in all the various species can be taken into account, a more 
sensitive tool to detect community responses can be developed. Scientists at NIWA and at 
the University of Auckland (see Box B)have recently made a substantial step forward in 
utilising benthic ecological data by developing a sensitive tool, and by establishing 
relationships between the health of benthic communities and a pollution gradient. The 
relationship is expressed in the 'Healthy Communities Model' (Box &Assessment of 
Ecosystem Health, Anderson et al. 2002). Separate models are being developed fbr Settling 
Zones and Outer Zones. These models will give powerful tools for investigating the impacts 
of stormwater derived contaminants, indicated by sediment quality, on these benthic 
communities. Figure 3.1 shows the relationship between benthic community structure and a 
pollution ranking for Outer Zone data. 

The relationship can be used to assign a pollution rank to a new site to one of the 'traffic' 
signals, i.e., Green, Amber or Red. This is done by surveying the benthic ecological 
coyun i ty  at a site, calculating (i.e. projecting) the position of that community on the 
candB'al axis, and seeing where this places the site along the pollution gradient (Figure 3.1) 
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Outer Zone 

In the past various criteria such as total abundance, diversity and other summary indices have 
been used. However, these indicators are comparatively insensitive to changes in the 
composition of communities. Thls is especially problematic where there is relatively high 
natural variability and subtle changes in the comnunity due to pollution are of interest. 
Multi\iariate methods (i.e. methods that draw and consolidate infonnation from many 
different variables simultaneously) are much more sensitive and usehl in this regard, for they 
can detect changes in relative abundance andor community structure (e.g.,Clarke 1993). 
Another use of such a multivariate criterion would be in the assessment of recovery, for 

Pollution rank index 

Figure 3.1 Relationship between the benthic community and pollution ranking 

The Regional Discharges Project utilises this approach to assess a receiving environment in 
conjunction with sediment quality (Chapter 2). Both sediment chemistry and ecology are 
monitored, rather than just one or the other, because these methods are complementary and 
interactive, and physico-chemical and biological information are needed to ensure the 
environment is managed in a responsible manner. Sediment quality identifies a possible 
causal 'source' of an ecological effect. However, the causeleffect relationship is not robustly 
established for the New Zealand situation, and we rely on guidelines to indicate probable 
toxic effect (Section 2.2). Benthic ecology is a direct empirical measure of effects when it is 
possible to compare impacted and un-impacted sites. As well as being a direct measure of 
ecological effects, it is probably a more sensitive measure than comparing international 
sediment guidelines to measured sediment chemistry. 

Box B Assessment of Ecosystem Health 

1 The measurement of the current condition of benthic communities and the monitoring of 
changes over time requires a reliable criterion that will enable a particular benthic 
invertebrate community to be placed along a pollution gradient at any particular time. The 
criterion will be used to enable the categorization of the relative 'health' of a site along a 
continuous gradient for management response purposes. 
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example, when attempting to detect improvements in benthic ecology following 
improvements in stormwater treatment. 

Scientists at NIWA and at the University of Auckland have developed a new multivariate 
method for Auckland's urban coastal marine areas, that allows individual sites to be classified 
along a gradient of 'healthy' v ' impacted' communities of benthic organisms. The gradient 
model has been developed on the basis of multivariate analyses of a wide range of biological 
and environmental variables from Settling Zone and Outer Zone receiving environment 
datasets held by NIWA, ARC and other regional agencies. 

Results to date suggest that sites in the Auckland region demonstrate a significant pollution 
gradient and a model of ecosystem health can be constructed for Settling Zones and Outer 
Zones. New observations of fauna can be placed in this model, and they can be assessed for 
their relative 'health' along the gradient. Ongoing studies are refming the method for Settling 
Zones and Outer Zones and extend it to open coastal receiving enviromnents and special 
investigation areas (ARC TP 170). 

I 

The utility of the multivariate model and ongoing use of the canonical technique is therefore 
to provide a tool for: 
(a) assessing the current status of sites in the Auckland region on the basis of the benthic 
communities found there; 
(b) monitoring the health of benthic communities through time; 
(c) detecting significant environmental changes in communities; 
(d) tracking recovery of polluted sites following active management decisions. 

First, all commensurable sites in existing databases were ranked into 5 categories, from 
'healthy' (1) to 'polluted' (5), using independent subjective and objective information and 
without examining benthic community structure at the sites. Then, multivariate canonical 
analyses (developed by Anderson and Robinson, submitted manuscript) were used to relate 
the benthic community data to this pollution ranking. The relationship was significant (e.g. 
Fig. 3.1). Thus, these analyses are able to usehlly determine differences among 
communities found in healthy and polluted sites, even in the presence of substantial natural 
variability. This multivariate model, developed by Anderson, Hewitt and Thursh (2002), will 
provide the operational basis of the guideline for benthic ecology. 

3.2 Monitoring Protocols 

I 3.2.1 Site definition 

Locate a representative sampling site within the Settling Zone and Outer Zore 
receiving environments as described and mapped in ARC Technical Publication 170. 
[Note that there are Special Investigation Areas along the northeast coast, within the 
Port of Auckland area and from Orakei to Archilles Point. These areas are mainly 
open coastal waters and do not comply with Settling Zone and Outer Zone theory.] 
Locate the site as close as practicable to a sediment quality site. 

+,r , 
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3.2.2 Rationale Behind Selecting Sites For Benthic Ecology 

In chapter 2 we have described site selection for sediment quality samples, which are the 
primary screening samples for site assessment. Sediment quality and benthic quality should 
be assessed at sites in close proximity. The rationale for selecting representative sediment 
quality and benthic ecobgy sites is slightly different due to scale (see 3.2.3). The following 
describes the method, designed by MWA, for selecting benthic ecology sites that it will be 
necessary to follow if one wishes to choose further sites for assessment of receiving 
environments. These methods also assist with site location and sampling in the Outer Zone. 

The method is described in the following using the Pakuranga estuary and Whau embayment 
case study areas as follows: 

Calculate the potential number of sites for each Zone by estimating the lineal amount 
of intertidal area. One site can be expected to represent lkm (see Figure 3.2,3.3). 
Note that the lkn? may include land within the square. The "square" is the maximum 
size that 1 sampling site will reasonably represent. That is, the results from a smaller 
area within the square will be reasonably representative of the pressures on the 
benthic ecology in a lkn? square. The ecological sites are representative of 
community 'health' in the same way that sediment quality sites are representative of 
contaminant levels, and they are representative of the average condition and are not 
intended for small-scale comparison. This 1 knl unit is based on the long-term 
experience of monitoring benthic ecology in the Auckland region, and the dictates of 
pragmatism. 
Locate drainage channels, anthropegenic inputs, relative size and type of industrial, 
(point source) stormwater and wastewater discharges. 
Defme catchment boundaries and categorise land use as residential, commercial, 
industrial or open space. 
Identify areas of consistency and divide the area into a number of sub areas of similar 
type based on physical attributes (substrate, landuse, inputs) and other monitoring 
information using available site data. Prepare tables as shown in Table 3.1 and 3.2. 



NIWA). Figure 3.2 Potential 

Bigme 3.3 Potential monitoxing sitw in the ]P- (h J, Haw& W A )  
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Table 3.1 Determination of unique sites for the Whau Embayment (from J. Hewitt, 
m A )  

a Sh = shell, r = rock shelf, M = mud, Sd = sandy. 
L = low, M= medium, H =high. 

C 0 = open, R = residential, I = industrial. 

Table 3.2 Determination of unique sites for the Pakuranga Estuary (from J. Hewitt, 
W A )  

L = low, M= mehum, H = high. 
0 0 = open, R =residential, I = industrial. 

If the full procedure above is followed, then 7-8 unique squares would describe the Middle 
Harbour between Pt Chevalier and Te Atatu Point (Fig. 3.2). In the Pakuranga Estuary, 4-6 
squares (sampling sites) are defined (Fig. 3.3). The uncertainty in the numbers of squares is 
due to the uncertainty in the information in the Tables 3.1 and 3.2. 

For pragmatic purposes, we recommend that the number of determining factors is reduced by 
combining inputs/streams/landuse. We do this because often the influence of these factors 
tend to combine in a Settling Zone or Outer Zone, because of tidal excursion. (However, we 
also suggest that this combination is undertaken cautiously, because in some sihations the 
differentiation of these determining factors will become important and there will be a need to 
separaket inputs and landuse. For example, where there is industrial land use in one 
branch of an estuary and residential in another branch.) 
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Following the recommendation 'collapses' the number of possible sites to a small number of 
representative sites as described in ARC Technical Publication 170. When these categories 
are merged, Table 3.1 and 3.2 reduce to Tables 3.3 and 3.4. Further rationalisation of sites 
can be made by considering the suitability of the substrate for sampling, and by prioritising 
the categories. In the Whau embayment (an Outer Zone), the sites suitable for monitoring 
impacts of catchment runoff are 3,4, or 6 for the Whau estuary and catchments, 10 or 11 for 
Wateniew Inlet and catchments, and 13 for Meola Stream. 

Table 3 3  Determination of unique sites for the Whau Embayment. Un = unsuitable 
substrate, Re = site remote from inputs. 

Table 3.4 Determination of unique sites for the Pakuranga Estuary. Un = unsuitable 
sites because at had  of estuary. 

For Pakuranga (Table 3.4), sites 4-6 are unsuitable for monitoring because they are in the 
upper reaches of the settling zone, are subject to high velocities and to scour and deposition, 
and because they are dominated by mangroves. Sites 1 and 3 cover the range of impacts, and 
would suitably characterise the impacts within the settling zone. 

Note that the combination and merging of factors as in Tables 3.1 and 3.2 will reduce the 
information obtained, and the fmally selected sites cannot be regarded as truly representative 
of the whole "area". However, they would still fulfil their major function, which is to 
provide a robust assessment of the impact of stormwater and wastewater in the receiving 
enviromnent. 

3.2.3 Monitoring site size and location 

1. Confirm the location of the sites with a field visit, in particular checking the location 
&&charge pipes. Avoid vegetation, excessive shell and large wave-forms. 

2. In settling zones and estuaries the site should be 2500 d (for example, 50m x 50m) 
and in harbours and outer zones 1 ha (for example, lOOm x 100m) and-located by a 
Global Positioning System. In some settling zones, 50 x 50 may be too large because 
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of restraints imposed by rocks or mangroves. In this case a 20 x 50 'patch' may need 
to be chosen as for sediment quality (see Section 2.6.2.1) 

3. Situate the sites between mid tide and low water on relatively flat areas. Additional 
guidance for site selection is given in Section 2.6.2.1 

3.2.4 Sampling protocols 

Soft-sediment intertidal sampling methodology consists of 8 - 12 cores of 13 cm diameter, 15 
cm deep taken in October. The October date is chosen to reduce or eliminate the 
confounding influence of seasonal variability and mini ise  problems due to recruitment. A 
stratified random approach is recommended, i.e., the sampling area is divided into equal 
subareas (number equivalent to number of samples) and a sample taken from a random 
position w i t h  each subarea. All samples are sieved on a 500 Km mesh sieve and preserved 
in 70% Isopropanol with 2% Rose Bengal. Animals are sorted from sediment before 
microscopic identification is carried out. Bivalve sizes are recorded for frequently occurring 
species. 

This method would be the same regardless of whether Settling Zones or Outer Zones are 
being sampled. It is highly recommended that the site is assessed twice for the initial 
assessment to c o n f i  its healthy community status. 

3.3 Statistical Methods 

Multivariate analysis is used to assess the similarities between communities, and in this 
process each community in the database is compared with every other community in the 
database. Each species (or taxon) in the dataset can be thought of as a dimension in 
multivariate space. Thus, changes in the abundance of one species from one site to the next 
can be thought of as a difference in the position of the two sites along that one dimension in 
multivariate space. Representing the sites in terms of their community composition would 
require plotting and examining all of these dimensions. This naturally becomes very 
unwieldy with increases in the number of species. Ordination methods are generally used to 
reduce the number of dimensions of the problem to allow graphical representation of the sites 
in 2 dimensions, where the relative distances between sample points (sites) in the diagram 
correspond to the relative differences between communities (e.g. MDS plots, Clarke 1993). 
"Canonical" or "constrained" ordination techniques will, instead, reduce dimensionality by 
projecting the communities onto a particular variable or gradient of interest, such as a 
pollution gradient (e.g. canonical correlation analysis, Gittins 1985). These canonical 
methods can be used: (a) to test for significant relationships between the community structure 
and the pollution gradient, (b) to construct a model of community structure by reference to 
the gradient and (c) to place new observations (sites) along the model canonical axis for 
classification. 

Recently, Anderson and Robinson (submitted manuscript) and Anderson and Willis 
(submitted manuscript) have generalised canonical analysis to allow any measure of 
~ommunity~~~milarity of choice to be used as the basis of the analysis, including methods to 
allow rigorocb~tatistical tests of relationships. This generalised canonical method was used 
by Anderson, Hewitt and Thrush (2002) to develop a multivariate canonical model of the 
benthic communities in tidal creeks and harbours of the Auckland region. Sites can be 
compared with this model and classified as 'Green', 'Amber' or 'Red', according to (1) their 



Blueprint for monitoring in urban receiving environments 

position along the pollution gradient (Fig. 3.1) and (2) their relative proximity to the five 
pollution groups (Fig. 3.4). 

Figure 3.4 Ordination plot showing the relationship between community structure at 
Settlimg Zone sites and the five different categories of pollution (ranked 1-5) 
with l=healthy, 5=most polluted. 

Canonical Axis 1 

Settling Zones 

The basic statistical methods used to develop the model were as follows: 

1. Suitable sites were identified from large long-term databases to develop the baseline 
model. These needed to be commensurable in terms of the method used and the 
timing of sampling of the benthic communities. The sites also needed to span the 
range from what might be considered 'kealthy' to 'polluted' across the entire 
Auckland region. 

2. Sites were classified into five graded categories, from 1 = 'healthy' to 5 = 'polluted' 
using information independent of the benthic ecology. 

3. Dissimilarities were calculated between all sites on the basis of their community 
composition and relative abundances of species, using the BrayCurtis measure of 
'percentage difference' (Bray and Curtis,1957). 

4. Generalised canonical analysis was used to do 2 ordinations: 
a. Ordination A: describes the relationship between community structure at the 
i 
"""sites and the 5 separate categories (treated simply as 5 separate groups, Fig. 

3.4). 
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b. Ordination B: describes the relationship between the community structure at 

1 
the sites and the rank pollution gradient (treated as a gradient from 1-5, Fig. 
3.1). 

1 
5. The two canonical ordinations provide the basis of the model. 

When data from a benthic ecology survey for a new (or existing) site is obtained, the 
following procedure may be used: 

1. One fust calculates the BrayCurtis dissimilarities between the new site and all 
existing sites in the model. Then, the new site is placed into the canonical space of 
each of the 2 ordinations on the basis of these measures. 

2. Ordination A will provide a 'rank' for the site by classifying it on the basis of its 
proximity to the centre of the closest pollution grouping. Ordination B will provide a 
'rank' for the site by virtue of its position along the canonical axis and the known 
relationship of that axis with the rank pollution gradient. 

3. The 'rank' values found by these two procedures are averaged and this average is 
assigned a pollution status ('Green', 'Amber' or 'Red'). 

3.4 Data Analysis 

Quality control protocols related to sample sorting, identification and data entry would be 
available on the ARC web site. 

Data analysis is a complex and specialized task. Pollution rank would be assigned by 
submitting information to the appropriate location of the ARC web site. Data entry and 
submission will generate a pollution rank and pollution status (Green, Amber, Red). At 
regular intervals the benthic community health model files would be updated, after quality 
control checks on the new data. Thus the model will be a 'living' model in a feedback 
system, where the model robustness and accuracy would improve with time. 

Results for the assessment phase monitoring and subsequent monitoring visits can be 
translated into 'traffic light' grades for a site. It would be possible to assign a condition to a 
site and an indication of which direction the site is moving over time. For example, a site in 
2002 might be Green (healthy). Following land use change, monitoring might show that this 
site moves to Amber. This would be a signal that the benthic community structure is 
responding to increased contaminant loads. 

The full assessment procedure is given in Chapter 6, which shows how the benthic 
community health 'score' is integrated with other measures of ecosystem and human health. 



Blueprint for monitoring in urban receiving environments 

I 
4 Water Quality - Ecosystem protection 

4.1 Outline 

Water Quality (WQ) monitoring, other than human healtkrelated, is conducted at a 
secondary level (see Chapter 6). This is because: 

I 1. it is difficult to define targets and guidelines for some major parameters such as those 
that affect colour and clarity (suspended solids, turbidity, algal blooms). Major 
studies are needed to define these (see Appendix B for a fuller explanation). 

2. other parameters (toxic substances such as dissolved Zn, Cu and ammonia (I%'+ ) are 
not perceived to be major factors in determining the health of Auckland's urban 
coastal marine receiving water ecosystem. 

3. it is difficult to obtain representative samples of WQ because of complexities of 
salinity gradients, mixing, dispersion, tidal ebb and flow. 

Nevertheless, we recommend targeted monitoring of some parameters below. These include: 
1. Dissolved oxygen, to ensure that organic-rich discharges do not lead to excessive 

oxygen depletion. Dissolved oxygen is a critical parameter, relatively easy to 
measure, and could reflect excessive inputs of wastewater from overflows or spills to 
stormwater. We recommend monitoring under special circumstances (see below) 
when there is reason to suspect that watenvater overflows or cross-connections are 
occumng as determined, for example, by a catchment sanitary survey (see Chapter 5). 

2. The toxicants dissolved Cu, Zn (from storm and waste water) and ammonia (from 
wastewater) to ensure these do not exceed Water Quality Guidelines for significant 
periods of time. These would be difficult to monitor without help from a 
hydrodynamic model for the Auckland Harbours. We recommend monitoring under 
special circumstances (see below) where relatively large stormwater or wastewater 
inflows occur. 

We do not recommend routine monitoring of these parameters as a general procedure. We 
recommend their monitoring under particular circumstances, when canying out a detailed 
evaluation of the cause of impacts on benthic organisms. This is outlined in Chapter 6. 

4.2 Dissolved Copper and Zinc 

Heavy metals can be toxic to animals in the water column. However, it is only the dissolved 
fraction (or the bioavailable part of the dissolved fraction) that is toxic. A large proportion of 
heavy metals are bound to particulate matter, and the effects of this fraction of the total metal 
are considered elsewhere (Chapter 2). 

Concentrations of dissolved Cu and Zn in stormwater can exceed Water Quality Guidelines 
(WQG) for urban freshwaters (Timperley 2000). Potentially, concentrations could also 
exceed WQG in marine receiving waters, but there is no data to assess this for Auckland. 
Exceedance is only likely to occur during storm runoff, and some little time after, depending 
on flushing times and whether the metals desorb from the suspended or freshly-deposited 
sediment&> mote that dissolved Pb and PAH do not exceed WQG in urban freshwaters and 
stormwater.] 
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In general, because the exceedance of WQG in stormwater is not large, we do not expect the 
impacts of elevated concentrations to persist over large areas and over long times in the 
marine environment. For these reasons, we recommend that dissolved metals Cu and Zn are 
part of the secondary level of monitoring (see Chapter 6). 

The concentrations experienced in the marine receiving waters will depend on: 
The degree of mixing of fresh and salt waters, and conversely, the persistence of 
freshwater lenses or salinity gradients: 
Diution and dispersion through mixing between incoming stormwater and marine 
water: 
Reactions between dissolved metals and particulate matter - especially adsorption 
onto particulate matter3. 

The complexity of hydrological processes such as persistence of salinity gradients, mixing, 
dispersion etc and how these interact with such factors as storm flow and size and state of the 
tide makes it very difficult to specify sampling locations, depths and times. The most 
expedient approach is to model estuary concentrations of dissolved Cu and Zn assuming 
conservative behaviour3, to identify the location, depth and timing of sampling. Because 
conservative behaviour is assumed,  is could be done initially using salinity data, i.e., the 
hydrodynamic model does not need to be calibrated with dissolved Cu and Zn concentrations. 
Concentrations will still need to be measured, however, because we do not know what 
behaviour3 these trace metals will exhibit in Auckland estuaries. The results from actual 
measurements could then he used to upgrade the harbour model to allow for now 
conservation behaviour, if that is observed. T h s  is not a trivial exercise and would only be 
undertaken at new sites if the early studies and modelling show that there is a serious issue 
with dissolved Cu and Zn pollution. 

Once this has been done, the model could then examine a range of scenarios (land use, storm 
size etc) to see how often and under what conditions WQG are exceeded, and provide a 
overall risk assessment for aquatic organisms in Auckland estuaries and coastal areas. 

Sampling, analysis and quality assurance could follow recommendations and procedures in 
ANZECC (2000) procedures (see Volume 7, Monitoring and Reporting, Chapters 3-6). 

4.3 Dissolved Oxygen 

Low levels of dissolved oxygen can stress aquatic organisms and increase the anaerobic 
character of sediments, which may in turn stress benthic organisms. 

The estuaries and harbours of Auckland can be regarded as low-moderately impacted 
ecosystems with respect to dissolved oxygen. There is unlikey to be widespread dissolved 
oxygen depletion except from prolonged discharge of wastewater. We suggest that the 
ANZECC (2000) default values should be used and that there is no indication that effort 

Freshwater-derived dissolved metals can exhibit many different behaviours in different estuaries. 

Concednrrations can remain conservative, i s . ,  only changed by dilution; concentrations can be non-conservative 

i.e., they can increase as dissolved metals are released from particulate matter, or they can decrease through 

adsomtion mechanisms. . . 
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Minimum 1 Maximum 
80% 1 110% 

Dissolved oxygen (DO) should be measured as deptkaveraged percentage saturation. 
Samples for water temperature, salinity, and dissolved oxygen should be taken within 2 hours 
of dawn, to measure the lowest diurnal percentage saturation. The water temperature and 
salinity data are required to calculate the DO % saturation, and would also be of use in 
interpreting hydrology. 

There are a number of suitable methods for measuring dissolved oxygen (APHA 1998). The 
ARC LTB protocol for saline sites is outlined in Appendix C. 

4.4 Ammonia 

(The following has been summarized from ANZECC (2000)). 
The term 'ammonia' refers to two chemical species of ammonia that are in equilibrium in 
water: the un-ionised ammonia, N H 3 ,  and the ionised ammonium ion, N&+. The proportion 
of the two chemical forms in water varies with the physico-chemical properties of the water, 
particularly pH and temperature. Ammonia is a nompersistent and nomcumulative toxicant 
to aquatic life. The toxicity of ammonia is primarily attributed to the un-ionised m. Being a 
neutral molecule, un-ionised ammonia is able to cross epithelial membranes of aquatic 
organisms more readily than the ammonium ion. Acute toxicity to fishes may cause loss of 
equilibrium; hyperexcitability; increased breathing rate, cardiac output and oxygen uptake; 
and, in extreme cases, convulsions, coma and death. Chronic effects of ammonia include a 
reduction in hatching success, reduction in growth rate and morphological development, and 
pathological changes in gill, liver and kidney tissue. 

A marine moderate reliability trigger value of 910 pg/L TOTAL ammonia-N was calculated 
at pH 8.0 statistical distribution method with 95% protection. Table 4.1 indicates how the 
guideline figure changes at different pH values. 

Table 4.1. Marine trigger values as total ammonia-N in p g L  at different pH 
(Temperature is not taken into consideration) 

PH Marine Trigger value 
(pgL as total ammonia-N) 

7.7 1560 
7.8 1320 
7.9 1100 
8.0 910 
8.1 750 
8.2 620 
8.3 510 

":\q-b 

Samples should be taken at the same stations and depths and at the same time as for DO 
monitoring. (Note that temperature, salinity and pH data is necessary for determining total 

. - 

2.: ,*\:, 33 



Blueprint for monitoring in urban receiving environments 

ammonia toxicity). Sample precautions, preservation, analytical method, quality assurance 
are described in ANZECC (2000), Volume 7 Monitoring, Chapters 3-6, Table 5.2. 

II 5 Water Quality - Human Use 

The Minst~y of Health (MoH) and Mmistry for Environment (ME) have jointly prepared 
Recreational Water Quality Guidelmes (2001). These guidelines are to ensure that the public 
are informed of the microbiological health risk of swimming at beaches in time for them to 
make informed decisions about whether to swim or cany out contact recreation activities in 
marine waters. 

The ARC has restricted the public health assessment, and subsequent monitoring of the 
Region's urban marine receiving environments, to water quality sampling for protection of 
these recreational pursuits. We are not able to recommend a suitable public health monitoring 
programme for edible shellfish and other seafood. Specific public health issues related to 
contact recreation and seafood are the domain of the Region's health authorities while the 
ARC generally is responsible for management of the resource and protection of the 
ecosystems. This document therefore recommends that the primary responsibility for 
monitoring and management of public health related water quality remains with the TA and 
MoH. It is recommended that the monitoring required to support the MfE/MoH approach is 
carried out by the TA. A summary of the procedure is set out below. 

The recreational water guidelines use indicator organisms to signal the potential presence of 
pathogens in recreational waters. There are a number of constraints to the use of indicator 
organisms, they are: 

Management actions are retrospective and after human exposure to the hazard. 
* The risk to health is primarily from human and animal excreta, the traditional indicators 

of which may also derive from other sources. 
While beaches are designated as suitable or unsuitable for recreational purposes, there is a 
gradient of increasing severity, variety and frequency of health effects with increasing 
sewage pollution and it is desirable to promote incremental improvements or prevention 
prioritising 'worst features' for cost effective inte~entions. 

These constraints have been recognised worldwide and following a meeting in the USA the 
Annapolis Protocol was published in 1999. The protocol covers the application of approaches 
involving both an environmental hazard assessment and a microbiological water quality 
assessment. The protocol has been modified for New Zealand conditions and incorporates, 
assessment of both microbiological risk factors entering the water from the catchment and the 
quality of the ongoing water in parallel. Catchment risk factors are established through a 
catchment risk assessment that considers the potential sources and transmission routes of 
faecally derived pollution within the catchment. Microbiological water quality assessment is 
carried out using existing data (previous 5 years) and ongoing testing for enterococci 
indicator bacteria. There are two outcomes from this approach. One is a recreational water 
environment grading based on long-term analysis of catchment risk and water quality data, 
the other is immediate action to reduce exposure. 

The,guidelmes use a combination of catchment risk factors, long-term microbiological water 
qual&*and single samples to assess safety and mana~ement responses. The guidelines move - - 
away from thesole use of 'guideline' valbes of faecal indicator bacteria to a qualitative 
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ranking of faecal loading in recreational water environment, supported by the direct 
measurement of appropriate faecal indicators. 

The guidelines apply the following framework: 

Assessment of 
microbiological data 
(optimum 5 years 

data - 100 data points 
or greater) n 

assessment category 

Application of the 
Catchment 

Assessment 
Checklist (CAC) 

Category 

1 Suitability for Recreation Beach Grade 

Weekly surveillance and reporting during 
bathing season 

Figure 5.1 The grading provides an indication of the general condition of the beach. 

Clean: "Safe" for bathing (green), requiring relevant agencles to contmue surveillance 
(e.g. routine monitoring). 

Potentially contaminated: "Potentially unsafe" (amber), requiring relevant agencies to 
undertake further investigation to assess the safety. The water manager reaches the amber 
condition through two mechanisms, each requiring a slightly different response. These 
tw? mechanisms are discussed in subsequent sections of this document. 

oln, ., 
e Highly likely to be contaminated: "Highly likely to be unsafe" (red), requiring urgent 

action from relevant agencies, such as public warnings. 
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The public will be informed when swimming is not recommended (when two consecutive 
samples taken from the beach exceed the action level guideline value (GV) of the 
bacteriological water quality guidelines). 

The beach grading system ranges from "very good" to "very poor" (Figure 5.1) and the risk 
of becoming sick from swimming at these beaches increases as the Suitability for Recreation 
Grade decreases. It is recommended that weekly monitoring be carried out across the year for 
the middle range bathing beaches with beach grades Good, Fair and Poor. On most occasions 
the Good beaches will comply with the guidelines but on occasions such as high rainfall 
increase the risk of contamination levels from stormwater runoff. Ongoing microbiological 
monitoring should be carried out for Good, Fair and Poor beaches. If one sample exceeds 277 
enterococci/100mL then a second sample must be collected within 24 hours as in the Action 
box below. 

The box below sets out how the monitoring results are to be interpreted as surveillance, alert 
and action modes (green, amber and red analogous to traffic lights). 

5. I Microbiological Sample Collection Protocols 

Microbiological sample collection should follow the protocols described in detail in chapter 4 
of the. Tuppouting Manual to the Recreational Water Quality Guidelines': (Ministry for 
the Environment, Ministry of Health, December 1999) and available on the Ministry for the 
Environment web site. 
http://www.mfe.govt.nzlabout~publications/water~quali~/suppman~workingdrafi.pdf 
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5.2 Microbiological Sample Analyses Protocols 

Mxrobiological sample analysis should follow the protocols described in detail in chapter 5 
of the 'Supporting Manual to the Recreational Water Bality Guidelines". (Ministry for the 
Environment, Ministry of Health, December 1999) and available on the Ministry for the 
Environment web site. 
h t t p : / / w w w . m f e . g o v t . n z ~ a b o u t . ! p u b l i c a t i o ~ f i . p d f  
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[I 
6.2 Assessing Ecosystem Health 

I 6.2.1 Overview 
A series of 6 flow charts in the following (3 for Settling Zones and 3 for Outer Zones) 

I describe the receiving environment site assessment process, and depending on the results, the 
subsequent action. This process can be quite complex and difficult to follow through on a 
general basis, so we envision that the charts will only be used for a particular case study or 

I when dealing with a specific site. 

6.2.2 Sediment quality assessment 
The first step in this assessment is an initial screening that takes place based on sediment 
quality using the primary contaminants Zn, Cu, Pb and PAH. Existing data can be used (and 
many sites have been surveyed for sediment contamination in the Auckland region - see 
Snapshot2. Otherwise, the sediment quality wilt need to be measured (see Chapter 2) and 
concentrations compared with Sediment Quality Guidelines. The site is 'scored' as Green, 
Amber or Red for sediment quality. 

Inevitably there is some variability in sediment concentrations, although we expect that the 
sediments in the settling zone will be reasonably homogeneous. The costs of any detailed 
investigation and management action means it is very important that sediment quality status 
is confirmed by assessing the quality on more than one occasion. For sites that have not been 
previously monitored, this would mean following up an initial sample with a subsequent 
sample one year later. If the sediment quality status is ambiguous, then further assessment is 
needed through further sampling, using a predictive model, or recourse to results from other 
similar estuaries and catchments. The priority for subsequent sampling for confirmation 
would depend on the degree of actual contamination. If the site may be a AmberIRed, then 
there is a high priority to confirm its status. If a site is a GreenIAmber, then it is possible to 
delay the reassessment. 

If the site is Green, no further action is required and the site is monitored every 5 years unless 
there is a major change in catchment land use. If the site is Amber or Red, benthic 
community health is assessed. 

6.2.3 Benthic community health 
Assessment of benthic community health is described in Chapter 3. As with sediment 
quality, it is important to confirm the status of a site by assessing the benthic community 
health on two occasions. 

The purpose of this step is to confirm that there is indeed an impact at a site as indicated by 
sediment quality. In this sense, it follows the ANZECC (2000) philosophy of confirming an 
implied impact (i.e., sediment concentrations exceeding guidelines) by a direct measurement 
of impact. As described above in Section 6.2.2, the benefits of any proposed infrastmcture 
upgrades needs to be clearly established before proceeding. 

If no impact on benthic organisms is confirmed, the site is 'scored' as a Green. If the 
sediment quality status is different from the b e n ~ i c  community health status, then will need 
to be iqqestigated (see later). 
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If the benthic community health 'scores' an Amber, then some impact at the site is 
confirmed. Amber represents the Region's best opportunity to maintain current status or 
delay the time that the site becomes more contaminated. Priorities for action are determined 
by predicting how rapidly the site could become Red. Details on this procedure are described 
in the flow charts (3 - 4,5  - 6). 

If the site 'scores' a Red for benthic community health, then impacts from stormwater or 
wastewater overflows are the most probable cause and a detailed investigation would be 
required. This investigation would use a wide range of diagnostic tests to confirm the cause 
of the impact and hence provide a sound scientific basis for evaluating the viability 
infrastructure upgrades. Details on this procedure are described in the flow charts (3 - 4,5 - 
6). 

Some further work is recommended in conjunction with the ARC if the benthic community 
health scores: 

Green or Amber whereas sediment quality has scored Red 
Green or Red whereas sediment quality has scored Amber 

One reason may be that contaminant bioavailability has been reduced by the sediment 
chemical characteristics. Metals react with Acid Volatile Sulphides (AVS) forming insoluble 
compounds. Increases in Total Organic Carbon (TOC) concentration can reduce the 
bioavailability of PAH. This can be checked by spatial and seasonal surveys of these 
important sediment characteristics. 

6.2.4 Prediction of future sediment quality 
This can be achieved with spreadsheet models, such as the Urban Stormwater Contaminant 
Model (ARC 1998b, Green et al. 2001). These are described briefly in the report 
"Environmental Targets for Urban Coastal Marine Area" (ARC TP169). For Amber sites, 
the rate of predicted increase in concentration to a 'Red' sediment quality condition 
determines the priority for evaluating remedial options. 

< 5 years - very high priority 
5- 10 years - high priority 
10-20 years - moderate priority 
>20 years - low priority 

Predictions of future sediment quality are also undertaken for Red sites if possible, to see how 
rapidly a site is deteriorating a d  to have a model to use as a tool to evaluate remedial 
options. 
6.2.5 Detailed investigation 
For a site that has scored Amber or Red for sediment quality and Red for benthic ecology, a 
detailed investigation should be carried out to establish cause and to ensure that any remedial 
action is appropriate. Site assessment needs to be detailed in order to provide the LNO with 
sufficient information to evaluate management actions that are capable of addressing the 
environment effect. It would be unreasonable to expect a LNO to proceed with any upgrade 
of infrastructure, if it does not address the cause of environmental degradation. 

Sediment organochlorine concentrations would be checked to see if they are a possible 
cause &the 'Red' benthic community kalth condition. These persistent chemicals are 
widely sourced from past agricultural, household and industrial use and their concentrations 
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I 
can exceed Sediment Quality Guidelines at sites around Auckland (Williamson & Mills 

I 2002). Methods for analysis are described in Chapter 3. 

I Dissolved Zn and Cu would be monitored if it were suspected that these were exceeding 

I 
their WQG in the receiving water (see Section 4.2). At this stage, we can only give general 
guidance as to whether this might be important. The site would need to have large 
stormwater inputs and be poorly flushed. Hydrodynamic modelling of the Waitemata 

I 
harbours will give much better guidance in the future. Sampling and analysis methods are 
referenced in Chapter 4. 

Water quality DO and NH3 would be checked if significant wastewater overflows occur (See 
Section 4.3). Some guidance on this likelihood would be obtained from the Human Health 
assessment (Chapter 5). Methods for D.O. and NH3 are given in Chapter 4. 

AVS and TOC would be measured to assess the bioavailability of metals and toxic organics, 
and hence determine their role as toxic agents in the observed benthic community health 
score. Methods are referenced in Chapter 3. 

Laboratory toxicity testing would be undertaken for the following reasons: 
1. It is recommended by ANZECC (2000) as the final step in assessing sediment 

contamination. 
2. To test for phototoxicity by PAH. If phototoxicity is found, then PAW is probably a 

causative agent in the 'Red' site status, and could then receive special consideration in 
assessing remedial options. 

3. To examine the possibility that sediment pore water NH3 concentrations are 
sufficiently high to be the cause of toxicity and a low benthic community health score. 
In this case, the sediments are likely to be enriched with organic matter, which could 
be sourced from wastewater overflows or other catchment-related sources. 

4. To determine the degree of toxicity of the sediient (in a traffic light sense sense, the 
degree of "Redness"). This degree of "Redness" may help with decision making, 
especially in setting priorities. For example, if the sediient is toxic to amphipods or 
worms, then the site would be 'scored' as highly contaminated (Sediment Quality- 
Red, Benthic Ecology-Red, Toxicity-Red). There may he difficulties in returning this 
site to Amber status in terms of benthic ecology, but it may be possible to reduce the 
toxicity (and the toxicity test would become a measure of success). 

6.2.6 Evaluate remedial options 
This includes, but is not limited to, evaluating the following: 

Confinning the source of contamination by catchment based investigations 
Priorities for action 
Value of receiving environment 

0 Types of network improvement measures and treatment options. 
0 Costs of infrastructure upgrades 

Public expectation 
Expected environmental outcomes from infrastructure upgrades +*.* .'.*., * Time frame for any upgrades 

These are not discussed in this Blueprint doc~~ment. They would be consideied under a 
formal review of discharge consent conditions initiated by ARC under s128 of the RMA. 
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I 

I 6.2.8 Additional Notes for Charts 5-6 (Outer Zones) 

We recommend a slightly different approach whether the source of contaminations is: 

I Directly from the catchment - Mainly from upstream Settling Zone(s) 

In the first case, monitoring the Outer Zone foxms the basis for decisiommaking, and in this 
sense, one proceeds as for a settling Zone. In the second case, monitoring the Outer Zone 
foms part of the monitoring programme for the upstream Settling Zone. Remedial options 
may be evaluated on the basis of the Settling Zone, the Outer Zone or both. For example, in 
Motions Creek, an initial appraisal assigned a Red status to the SZ and the OZ. The SZ is 
highly contaminated, in fact one of the most contaminated in Auckland. Also the catchment 
is fully developed, and an evaluation of remedial options may discover that only limited 
reductions in contaminant export can be achieved, and this does not result in a significant 
shift in the SZ status, apart from slowing its deteriorating statm. However, because the OZ 
receives the 'leakage' from the SZ, it may be possible to reverse its deterioration and return it 
to an Amber status. 

6.3 Determining Human Health Status 

As stated earlier, this process is as recornmebded by mFe/MoH Guidelines, TA's have 
primary responsibility for implementing the associated monitoring. 

6.3.1 Grading of risk 
The risk to human health would be assessed with a two- fold process as set out in the 
MfEMoH Guideline. Firstly, a Catchment Assessment Checklist is used to obtain a Sanitary 
Inspection Category. This is combined with a Microbiological Assessment Category derived 
from historical microbiological data. The receiving environment is then graded (Fig. 5.1) 
into very good, good, med, poor, very poor. Routine monitoring is then put in place at the 
good, med and poor "beaches". 

6.3.2 Assigning contamination status 
Monitoring results are used to grade the site as Green, Amber or Red. For Green sites, the 
routine monitoring programme is continued. For Amber sites, sampling frequency is 
increased to check whether there is really a problem and the Catchment Assessment Checklist 
data is interrogated to identify likely sources, which are checked through sanitary surveys. 
Red sites require daily sampling, erection of warning notices at the site and general 
notification of the public, as well as identification of sources. 

6.3.3 Remedial options 
For Red sites, this leads to the evaluation of remedial options. For Amber sites, persistent 
problems would also lead to the evaluation of remedial options. 
This includes, but is not limited to, evaluating the following: 

Priorities for action 
Value of receiving environment for contact recreation 

* 'Types of BPOs 
Costs of infrastructure upgrades 

* Public expectation 
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Appendix B 
The development of targets for the Auckland Urban Coastal Marine Environment were 
considered for the following parameters, but there was insufficient knowledge to achieve this. 

61  Water Clarity 

Stormwater, especially from catchments undergoing construction activities can affect the 
colour and clarity of marine receiving waters, so Targets could be considered to minirnse this 
impact (Larcombe 2001). ANZECC (2000) list default trigger values for turbidity in slightly 
disturbed estuaries of 10 NTU, but acknowledge that they are of little use. Observed turbidity 
is highly location and weather-conditions dependent, and the present turbidity criteria are of 
doubtful relevance for shallow and muddy estuaries suchas those characteristic of Auckland. 
These can become quite turbid on windy days irrespective of catchment discharges. A study 
program to define an appropriate guideline has been recommended. This study would gather 
the necessary data from a number of representative local receiving environments, in line with 
the ANZECC (2000) recommended procedures. 

Any study programme would need to establish the relationship between suspended solids 
concentration and turbidity, and conspicuous change in colour for marine waters. The black 
disc is an accurate and inexpensive measure of clarity, but difficult to apply in inclement 
weather, where instrumental turbidity measures are more sensible. Suspended sediments are 
measured to calculate potential sedimentation rates in receiving environments. In addition, 
there could be some merit in determining the relationship between rainfall intensity and effect 
where conspicuous changes in colour were a problem. Clarity is wind related, which depends 
on wind direction, strength and time, topography, the state of the tide, and so the study would 
need to deal with quite complex information. 

62  Nitrogen and Phosphorus Nutrients, 

82.1 Potential Target and Guideline 
An appropriate Target would be to maintain nitrogen and phosphom nutrient concentrations 
below those at which nuisance growths of benthic macroalgae or phytoplankton may occur 
(Larcombe 2001). Initial guidelines could be adapted from ANZECC (2000) guidelines for 
the concentration of chlorophyll 'a' and important nutrients. 

82.2 The ANZECC Nutrient Guidelines 
There are currently no rules that define when eutrophication will occur in an estuary. 
ANZECC (2000) provides some general guidelines that can be used to assess whether an 
estuary is in an enriched state and how close it could be to conditions where eutrophication 
might be expected to begin to occur. 

Nutrient guidelines are given as "trigger levels". If concentrations in the estuary exceed these 
levels, then investigations of the estuary would be required to determine whether adverse 
impacts are actually occurring. If nutrient levels are above the triggers, but there are no 
adver%5ffects, some exploration of factors that limit the onset of impacts would be 
worthwhile to ensure the system is well enough understood to prevent future impacts kom 
occurring. 
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ANZECC default irigger levels for nutrients in slightly disturbed ecosystems are (Table 3.3.2, 
ANZECC 2000): Total phosphorus (TP) = 30 mg d3, Filterable Reactive Phosphorus F W' = 5 mg m-3, Total Nitrogen = 300 mg m-3, Nitrate Nitrogen (NO3-N) = 15 mg ni , 
Ammoniacal Nitrogen (NH4-N) = 15 mg ni3. The use of 80% iles allows for trigger level 
exceedance in 20% of the samples while maintaining environmental quality within acceptable 
bounds. 

These trigger levels are for Soutkeast Australian estuaries. They are recommended for use in 
NZ by ANZECC until guidelines for our estuaries have been developed. The ANZECC 
guidelines further recommend that trigger values be derived for specific ecosystems such as 
the Auckland estuaries by using local reference data. 

62.3 The situation in Auckland 
Nutrient concentrations approach (for nitrogen species NO3-N, Nh-N,  and TIN) or exceed 
(for TP and DW) ANZECC trigger levels in many Auckland estuaries. This indicates that 
nutrient concentrations are suniciently elevated to be of concern for promoting 
eutrophication (and associated algal blooms). Indeed algal blooms occur regularly in 
Auckland during summer. Obvious blooms "red tides" are frequently reported. Other 
blooms also occur regularly, but these are less visible. Blooms occur in estuaries and the 
open coast and are not necessarily linked to eutrophication. 

Because concentrations already widely exceed the default ANZECC guidelines, and blooms 
regularly occur, it would be pointless to apply the ANZECC guidelines, and there would be a 
need to develop sitsspecific guidelines - as is recommended by ANZECC -for a case such 
as this. The appearance of blooms also depends on a combination of other factors including 
tidal flushing, algal grazing, and turbidity. Exactly which factors are most important is 
unknown. (ANZECC 2000) point out that the factors regulating algal growth will need to be 
understood before site-specific guidelines for nutrients can be developed. 

62.4 Benthic macroalgae 
Another guideline could be constructed around nuisance growths of benthic macroalgae that 
are attributable to stormwater and wastewater discharges (Larcombe 2001). Benthic 
macroalgae monitoring could be undertaken where an actual or potential problem is 
identified. Monitoring would consist of fixed quadrat photography; biomass determination, 
and survey of the extent of beds in which specified degrees of surface cover occurred. 
However, we did not see this to be a major problem in the Auckland region for wastewater 
overflows or stormwater. This would need to be re-visited if indeed problems were observed 
to occur. 
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