
OVERVIEW - Blueprint for monitoring the urban receiving environment 

Green, Amber, and Red gradings indicate of the status of urban receiving environments and 
are derived on a scientific basis. Their use is for guiding management action and articulating 
desirable outcomes. They do not impose compulsory requirements for remediation. It would 
be highly desirable to return the more contaminated sites to a more pristine condition. 
However, within an active urban environment, this is unrealistic in some cases, given the 
existing infrastructure, costs of remediation, the nature and sources of these contaminants and 
the current growth rates within the region. 

The urban marine receiving environment (or urban CMA) is defmed as the marine waters 
adjacent to land within the MUL. 

The SQG in this document apply to Settling Zones of estuaries and Outer Zones within this 
area. They are defined on the maps in ARC TP 170. 

The Human Health Guidelines have been taken directly from MfE/MoH Guidelines. This 
document does not require additional monitoring for Human Health assessment. It is 
recommended that TA's, as the primary agency responsible for implementing these 
guidelines, follow the methodology that the above guidelines set out. 
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Key points of the RDP Monitoring Programme 

Stormwater and wastewater discharges to urban coastal receiving environments are of major 
concern. The ARC requires their management to minimize impacts of current and future 
discharges to our urban coastal receiving environments. 

Decisions to upgrade infrastructure and put in BPOs are important, given the considerable 
expense of BPO infrastmture and the long time frames required to realize environmental 
benefits. 

Therefore it is very important to have a robust method to assess the severity of impacts in the 
receiving environment and to link this to management action. 

The method involves three important steps: 

In this 'Blueprint' assessment and monitoring of receiving environments incorporates some 
key elements, as follows. 

Assess 

Action 

Monitoring 

Sediment quality and benthic ecology "health" are the primary tools used to assess impact at 
sites. 

Use sediment quality, benthic ecology and water quality to determine 
severity of impact 
Determine the necessity and level of infrastructure upgrades, and time 
frame for works based on: 

assessment results 
practicality 
affordability 
community expectations 

Monitor for response to management action 

It uses green, amber and red, analogous to traffic lights, to rank the level of impact. 
Green sites are low impact sites and require no further management unless significant 
changes in catchment land use occur. - 
Amber sites show indications of h r e  degradation and represent the greatest 
opportunity to make a difference by preventing or deferring their degradation over 
time. 
Red sites are higher impact sites where significant degradation has already occurred, 
and remedial opportunities are often more limited. 

The assessment is a priority setting exercise, it builds a picture of the receiving environment - 
it is not a passlfail test - rather it provides a scientific basis for a management response. 

The ARC accepts that some receiving environments will remain degraded for a long time 
bec~use scientific research shows that the recovery from urban contamination is a slow 
pro?Zs"s and others may not be remediated. 
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I Introduction 
Network operators throughout the AucMand Region have applied to the ARC for resource 
consents to allow the continued operation and development of their wastewater and 
stormwater networks. These consent applications will be processed under the umbrella of the 
so-called Regional Discharges Project (RDP). The issues involved in the RDP are complex, 
with the potential to have a major effect on all residents and ratepayers in the Region. 

The overall strategic aim of the project is to ensure that, talung into account public 
expectations and affordability, discharges from stormwater and wastewater networks are 
managed so as to minimise adverse effects on the environment. 

As part of the Regional Discharges Project, the ARC has developed environmental targets for 
the coastal marine area and fresh water resources that will indicate whether or not stormwater 
and wastewater discharges are leading to environmental degradation. These targets can also 
be used to aid the assessment of stormwater and wastewater consent applications. 

The Auckland Regional Plan: Coastal defines environmental targets and policies for the 
coastal marine area. These provisions have been subjected to a wide range of public input 
and scrutiny and provide comprehensive general policy guidance to both the ARC and 
resource users. However, the ARC considers that additional policy guidance is required to 
provide stormwater and wastewater network operators with greater certainty regarding 
acceptable effects on the quality of the coastal marine receiving environment. 

This "Blueprint" for monitoring urban receiving environments will provide detail on how to 
select a sampling site, collect and analyse a sample. The site selection process and sampling 
methodologies are largely based on existing ARC protocols where possible. There are a 
number of supporting documents for this Blueprint report, they are: 

1. Larcornbe (2001). "Stormwater disposal to the Auckland urban coastal marine area" 
is a very broad-based and comprehensive description of actual and potential impacts 
of stormwater and wastewater on the receiving environment. It forms the basis for: 

2. ARC TP 169 (2002a). "Environmental Targets for Urban Coastal Marine 
Environment" gives an overview of the monitoring process, the environmental targets 
and guidelines used in the RDP, and details how the receiving environment is split 
into two types of zones: Settling Zones and Outer Zones. 

3. Williamson and Mills (2002). "Sediment Quality Guidelines for the Regional 
Discharge Project" provides supporting scientific information for Sediment Quality 
Guidelines. 

4. ARC TP 170 (2002b). "Regional maps of Settling and Outer Zones" maps and 
describes the Settling Zones and Outer Zones and gives indications for sampling sites. 
It also delineates areas for special investigation - where we are unsure of the impact 
or how to monitor it. 

5. Williamson and Green (2002). "Regional Identification of Settling Zones" develops 
and describes the methodology used to locate Settling Zones, and applies these 
methods to two case studies; the Tamaki Estua~y and the Upper Waitemata Harbour. 

This Blueprint report will also describe how to assess sediment quality, ecological 
cod%?ity health, and water quality in Auckland's urban receiving environments. The 
assessment will determine if a site is Gveen, Amber or Red. If sites are classified as Amber or 
Red then hrther investigations are recommended. This provides scientific'guidance to the 
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relevant agencies (Local Network Operators, ARC) that would then address the management 

I 
of the stormwater and wastewater discharges. This will lead to an extensive evaluation of the 
management options. These options are likely to include source ide~ltification and control, 
and application of current and innovative Best Management Practices. They are expected to 
take into account the value of the receiving environment, technical limitations, affordability, 
and public expectations. This may lead to infrastructure upgrades over an agreed timeframe. 
Following this, a monitoring programme would be set in place to measure any changes in ~- - 

Auckland's receiving environments. 
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2 Sediment quality 

2.1 What we are measuring 

The most significant medium-to-long term implication of stormwater discharges on marine 
receiving waters is the accumulation of stormwater-related contaminants in the sediments and 
their impact on benthic organisms. This is because the contaminants can build up to toxic 
concentrations over time. For this reason, as described in Chapter 1, sediment quality is a 
primary assessment component of the receiving environment. The sediment quality 
parameters of most concern are: 

Heavy metals: copper (Cu), lead (Pb), and zinc (Zn) 

Polynuclear Aromatic Hydrocarbons (a sub-set of which, the High Molecular Weight or 
HMW PAH or HPAH for short, are recommended for monitoring) 

Organochlorines: Chlordane, dieldrin, the DDT suite (the major compounds being p,p'- 
DDE, p,p'-DDT, p,p'-DDD,), lindane, polychlorinated biphenyls (PCB) 

In addition to these, there are some important sediment characteristics that determine 
contaminant bioavailability: 

Acid Volatile Sulphide (AVS) which precipitates and binds heavy metals 
* Total Organic Carbon which controls the bioavailability of toxic organics 

Assessment is made through comparison with Sediment Quality Guidelines (SQG) as 
outlined in Table 20.1 of the proposed variation to the Regional Plans and in the following 
section. 

There are three important concepts involved in this assessment which are outlined below 
The initial assessment of the receiving environment is conducted with the primary 
contaminants Zn, Cu, Pb, and PAH. The other assessments of ecosystem health (e.g., 
benthic ecology) follow depending on this initial assessment. 
Differing SQG are applied to Settling and Outer Zones 
Other toxic organics, organochlorines, are only measured in particular circumstances. 

2.2 The Sediment Quality Guidelines 

2.2.1 A brief description of the Guidelines and how we use them 
The Sediment Quality Guidelines are used to assess whether the concentrations of 
contaminants present in the sediments are likely to result in adverse environmental effects. 
We utilised the ANZECC (2000) approach, which provides trigger values (called the "Interim 
Sediment Quality Guideline-Low (ISQG-Low)" with which to compare monitoring data. 
Thqke%are not passlfail numbers, but a spur for hrther investigation -usually either a toxicity 
test andlor ecological evaluation (usually an assessment of benthic invertebrate community 
health). 
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In addition we have incorporated a mechanism that reflects the fact that the major 
contaminants in many urban estuaries are probably increasing in concentration (ARC 1998b). - 
Measuring sediment quality at any one time only provides a snapshot, and does not indicate 
if, and how rapidly, contamination is changing. We have captured this mechanism in the - - .  - - 
"traffic light" system described in the introduction where: 

Concentrations <Green then OK 
* Concentrations =Amber then predict and investigate future trends 

Concentrations > Red then investigate impacts 

2.2.2 The numerical values of the Guidelines 
The sediment quality guidelines used to assess monitoring data are summarized in Table 2.1 
and 2.2. We utilised the ANZECC (2000) approach and their published values, but also 
adopted other currently available guidelines when we found that the trigger values given by 
ANZECC (The "ISQG-Low") were inappropriate to the Auckland region. This is consistent 
with the AZECC (2000) philosophy of developing trigger values appropriate to local 
conditions. Note that as the Auckland Region is assessed for effects from stormwater and 
wastewater discharges, further and better information will accrue, allowing evaluation and 
improvement of the appropriateness of the trigger values and the assessment procedures. 
Again, this is consistent with the philosophy endorsed by ANZECC (2000), which promotes 
the development of local guidelines, which are then used to c o n f m  impacts before 
proceeding to management actions. 

The reasons for changing ANZECC (2000) trigger values are outlined below and explained 
more fully in "Sediment Quality Guidelines for the Regional Discharges Project" Williamson 
& Mills 2002. Table 2.1 shows the original ANZECC (2000) trigger values and our 
suggested amendments. 

Table 2.1 ANZECC (2000) trigger values for contaminants and our suggested amendments. 

A. Primary contaminants (mgikg dry weight) 
Parameter 

Zn 
Cu 

Pb 
HMW PAH 

Source of Amended value3 

ERL 
ERL 

ISQG- low''2 
(ANZECC 2000) 

200 
65 
50 
1 .74 

ISQG-IOW"~ 
(RDP 2002) 

150 
34 

50 
1 .74 
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B. Secondary toxic organics'32 (pgkg dry weight) 

I Total PCB I 23 22 I ISQG (CCME) 
I We have rounded the values to two significant figures. 
These values are for the total sediment in the SZ and for the mud fraction within the OZ. 
Source: 

ERL = Effects Range Low (Long et al. 1995) 
TEL = Threshold Effects Level for Florida Department of Environmental Protection (MacDonald 1996) 
ISQG-Low =Interim Sediment Quality Guideline-Low (ANZECC 2000) 
ISQG CCME = Interim Sediment Quality Guideline for Canadian Counoil of Ministers for the Environment 
(CCME 1999). 

ANZECC (2000) has specified this for an organic carbon content of 1% (see text). 
'ANZECC guideline is for o,p'- + p,p'-DDD. This is slightly (ca. 20%) higher than for p,p3-DDD alone. 

Zinc and Copper. The ANZECC (2000) ISQG-Low values for Cu and Zn are the same as 
the Hong Kong interim sediment quality values for dredge spoil disposal "ISQV" (Chapman 
et al. 1999). These Hong Kong data are based on local unpublished studies, which did not 
find toxic effects below these concentrations. The text accompanying the ANZECC (2000) 
guidelines assert a high level of confidence in ER-L values and have used ERL for other 
toxicants. There seems to be no justification to substitute ERL values with ISQV values, so 
we used the ER-L value for Cu and Zn. 

Organochlorines. We have not used the ANZECC (2000) Guidelines for organochlorines, 
because of: 

1. An unrealistically low ANZECC (2000) dieldrin value that is below commonly 
quoted analytical detection limits and would be exceeded at most Auckland Settling 
Zones. 

2. We believe that no-effects data' should be included in derivation of guidelines for 
contaminants that are present at low concentrations and there is a low reliability in 
derived values (Williamson & Mills 2002). The ANZECC (2000) values are based 
largely on the ERL values of Long et a1 (1995) that were derived from effects data 
only and these have low reliability. 

The consequences are guidelines (Table 2.1) that are lower, or of similar, sensitivity for 
organochlorines except for dieldrin. We feel that this will reduce the number of 

' No-effects data are studies that show no relationship between the specific contaminant level and a measured 

spegi$; biological effect. Effects data are studies that have established a link between the contaminant and a 

measured specific biological effect. Either effects data alone or both databases can be used in developing 

guidelines (MacDonald et al 1996). 
. . 
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toxicity/ecological investigations that could unnecessarily be triggered by the low ANZECC 
guideline values of some organochlorine compounds. 

Polycyclic Aromatic Hydrocarbons. We recommend the use of the guidelines for high 
molecular weight PAH because: >< this group of compounds is better defmed than Total PAH, which can be somewhat 

arbitrarily defmed by the analytical method used 
>< the higher molecular weight PAH compounds are more reliably analysed, since they 

are less susceptible to volatilization or biodegradation losses, and 
>< they are more relevant for evaluating stormwater contamination, as combustiorr 

derived PAH (which are mainly high molecular weight compounds) represent the 
most significant fraction of PAHs found accumulating in estuarine sediments. 

However, we do not rule out other measwes of PAH in particular circumstances. For 
example, low molecular weight PAH, which are less persistent, less accumulative, but more 
acutely toxic than the high molecular weight compounds, are more relevant for short-term 
he1 spill issues. 

Other contaminants not in Table 2.1. There are other contaminants in urban coastal marine 
areas that presently exceed or may exceed guideline values in the hture -such as mercury 
(Hg) (P. Kennedy, pers. comm.) and dioxins. Their sources and relationship with stormwater 
and wastewater discharges need further research and investigation before we would be able to 
recommend their inclusion as targets in the RDP. 

2.2.3 Differing levels of protection in Settling and Outer Zones 
The way the Guidelines are to be used for monitoring the imuact of stormwater and - 
wastewater are different in the Settling and Outer Zone, reflecting the different characteristics 
of these zones. In the Settling Zones, the guidelines refer to the total sediment, excluding 
shell material and small stones. In the Outer Zone, the guidelines for heavy metals are 
applied to the mud fraction, rather than the whole sample. The precautionary approach 
reflects the higher degree of protection required for more sensitive organisms and the 
markedly different berdhic assemblage there. 

For the Outer Zone (OZ), where Environmental Targets do not allow any significant 
ecological degradation, much more stringent criteria are required. Therefore the ANZECC 
approach, which is based on the laboratory toxicity of whole sediments, is not adequately 
protective. In this report we will examine the possibility of having trigger values that are 
based on concentrations in the mud fractionrather than in the whole sediment. This proposal 
is based on the following reasoning: 

The fine fraction is the most ecologically relevant component of sediments in terms of 
contaminants, since it is more likely that benthic animals will ingest or be in intimate 
contact with fine rather than coarse materials. 
Sandy areas are likely to contain more pollutiorrsensitive organisms than muddy 
areas. 
The mud fraction of the OZ sediments is roughly equivalent to the 'total' sediment in 
inuddy areas of the OZ. So in sheltered areas (see Green et al. 2001), the ISQG-low 
of the mud fraction approximately equates to the ISQG-Low for the total sediment. "5 * 

* If toxicity to benthic organisms in the OZ is due to ingestion of mud particles, then 
such a trigger value is sensible. 
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Sandy sediments have a lower capacity to bind heavy metals and organic 
contaminants, because of smaller specific surface areas, and lower concentrations of 
adsorbing phases iron oxide (FeOOH), acid volatile sulphides (AVS), and organic 
matter. 
Sandy sediments contain few stable burrows (at least in the Auckland region) and 
there is less inigative flushing of sediments. While permeability is relatively high in 
sandy sediments, movement of interstitial water is slow 

* There are definite advantages in using the mud fraction for monitoring where there 
are large changes in sediment texture, as occurs in the OZ. This greatly simplifies 
monitoring (Williamson & Green 2002). 

This approach is not sensible for very sandy sediments with low mud content (<5%) because 
of uncertainty and complexities associated with the nature of the fine material in slch 
sediments and how chemical contaminants interact with these materials. We recommend an 
interim cutoff point of 5% mud in the application of this approach for heavy metals. Below 
this, the OZ strategy of assessing the metal content of the mud fraction is not valid and we 
assume there are no significant effects in the OZ. In fact, we recommend that very sandy 
sediments are not sampled. 

For these reasons then using the ISQG-low in the mud faction as a Target Value for the OZ 
could be appropriately protective for these ecologically sensitive areas, and such a 
precautionary approach should be taken until the many uncertainties about the ecological 
effects of low levels of contaminants in such environments are resolved. 

Application of this Guideline wuld require separation and measurement of metals in the 
mud fraction. For organics, however, because trigger values are calculated from the organic 
carbon content, this step in unnecessary and analysis is made on the whole sample. The lower 
organic content in sandy sediments effectively lowers the trigger value for organic 
contaminants for the OZ. Conversely, the higher organic content in muddy sediment 
increases the trigger value. We recommend an interim lower cutoff point of 0.2% TOC in the 
application of these guidelines. This value was used as a cut-off in the Equilibrium 
Partitioning SQC for nomionic organic chemicals (e.g. USEPA 1993). DeWitt et al. (1992) 
stated that Equilibrium Partitioning-based SQC for fluoranthene was sensible for TOC levels 
as low as 0.3%. Below 0.2%, these guidelines are not valid and we assume there are no 
significant effects of toxic organics. 

2.2.4 The Traffic light values 
Table 2.3 lists the Sediment Quality Guidelines values for Red, Amber and Green conditions. 
The parameters are divided into primary contaminants and secondary contaminants. The 
primary contaminants form the frst step in the receiving environment appraisal. Note that 
PAH concentrations are normalized to 1% Total Organic Carbon (TOC), as recommended in 
the ANZECC (2000) guidelines. This involves dividing the measured PAH concentrations 
(mgkg) by TOC concentration (%). 

The secondary contaminants are measured only if the primary contaminants and benthic 
community health show cause for concern (see Chapter 6). Note that their concentrations are 
normalized to 1% Total Organic Carbon (TOC), as for PAH. 

ti,, 
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Table 2.3 Sediment Quality trigger values for Red, Amber and Green conditions. 
A. Primary contaminants (mg/ka 

1 Parameter I Redqn2 I Source of Red I ~mber ' . '  I Greeniz2 1 Source of Amber 1 

These values are for the total sediment in the SZ and for the mud fraction within the OZ. 
Source: 

ERL = Effects Range Low (Long et al. 1995) 
TEL = Threshold Effects Level for Florida Department of Environmental Protection (MacDonald 1996) 
ISQG-Low = Interim Sediment Quality Guideline-Low (ANZECC 2000) 
ISQG CCME = Interim Sediment Quality Guideline for Canadian Council of Ministers for the Environment 
(CCME 1999). 

This after normalization to an organic carbon content of 1% (see text). 
'we have not specified "amber" values for organochlorines because we are uncertain of the trends in 
concentrations for these contaminants. Whereas for heavy metals and PAH, we expect contamination to 
increase because the sources will persist in urban catchments in foreseeable future, we do not know whether 
source are increasing or decreasing for organochlorines. Therefore any exceedance of the green values will 
require an investigation into trends and effects. 

Zn 
CU 
Pb 

HMW PAH~ 

2.3 Site selection 

The Regional Discharges Project has divided Auckland's urban marine area into two types of 
receiving environments for the purposes of monitoning the impact of stormwater and 
wastewater discharges: 

>I50 
>34 
>50 
>1.7 

Settling Zone 
Outer Zone 

The rationale for this subdivison is explained in ARC (2002a) "Environmental Targets for the 
u&&a Coastal Marine Area". Maps for the urban coastal marine area are reproduced in the 
report "Regional Maps of Settling Zones and Outer Zones" ARC 2002b. 

Value 

ERL 
ERL 
ISQG ANZECC 
ISQG ANZECC 

124-150 
19-34 
30-50 
0.66-1.7 

<I24 
<I9 
C30 
~0.66 

Green Value3 

ISQG (CCME) 
ISQG (CCME) 
ISQG (CCME) 
TEL 
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2.4 Time (season) of sampling 

Because the intention is to look at long-term accumulation, the season of sampling is 
unimportant. Therefore, it is appropriate to compare samples taken in different seasons. 

2.5 Depth of sampling 

The depth of sampling is important because we are primarily interested in deposition in 
recent times. The surface sediients represent the best sample for detecting change, as well 
as being the most important part of the sediment profile in terms of biological effects. It 
encompasses the most active benthic habitat, and while there are some important deeper 
dwelling animals, some of these ked on the surface. In addition, surface sediients infill 
burrows from time to time. It is the zone where most waterlsediment interactions occur. 
Two cm represents a depth equivalent to the settling rate occurring during 0.2-7 years for 
most Settling Zones. In terms of detecting trends, 2 cm is a compromise between shallower 
depths that might be biased by 1 or 2 large recent events and deeper depths where any change 
in concentration is diluted by levels laid down over long periods. A different argument could 
be made for sampling the whole bioturbated layer (about 15 cm) because this would collect 
sediment from the same depth as that being sampled to measure benthic ecology. However, 
as this equates to a timeframe of 5-30 years, we feel that the best compromise is to sample the 
surface layer, so both ecological and time trend aspirations can be met. 

2.6 The sampling protocol 

2.6.1 Overview 
The protocols for sampling were taken directly from the ARC'S Long Term Baseline 
Monitoring Programme (LTB; ARC 1998a), but these were modified to meet the 
requirements for the RDP. 

Why do we use the ARC LTB protocol? The ARC LTB protocol was primarily designed 
to look at changes in sediment contaminant levels over time. The method, which uses 
pseudo-replicated sampling, analyzing the mud fraction for acid extractable heavy metals, 
and determination of PAHs in a coarser-sieved sediment fraction, was designed to minimize 
variance and maximize the detection of concentration trends through time. In contrast, the - 
RDP monitoring programme is primarily interested in comparison of measured 
concentrations with sediment quality widelines, and secondly with time trends. . - 

The ARC LTB protocols lend themselves to a slight change in procedures to achieve the 
primary aim of the RDP, while maintaining the secondary aim. The advantage of 
maintaining the protocol for secondary aim of detecting time trends is to enable any 
changes in sediment contaminant levels that may result from catchment management to 
be most rapidly measured. (i.e. an efficient information feedback mechanism). 
There is additional advantage in being able to compare RDP and LTB data, or directly 
utilize LTB data for the RDP, thereby maximizing data usehlness and minimizing 
unnecessary duplication. 

~ i ~ e a t :  Review of the ARC LTB Protocol. The ARC protocol is currently under review, 
so the suggested protocols here are tentative until this has been completed (scheduled for 
June 30 2002). 
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2.6.2 Sampling procedure for Settling Zones 

2.6.2.1 Choosing the sampling "patch" 
The ideal site would be located mid-distance within the "settling zone" of the estuarine 
catchment, on the intertidal flat and not including lowtide channels, banks, or side channels, 
and preferably not amongst any mangrove forest or its pneumatophore zone. It should not be 
near the SZIOZ boundary. 

~ i ~ $ i . l :  Intertidal mud flats. A. Marking out a suitable site between channel and mangroves, 
sampling can be difficult. B. Mud flat to the left of the mangroves is suitable for sampling. Avoid 
mangroves or  surrounding pueumatophores if possible. C. The low tide channel banks may not give a 
representative samples because both deposition and scour can occur here. . - 



Blueprint for monitoring in urban receiving environments 

Sampling should take place in a well-defined patch within the estuary. Location needs to be 
defined (e.g., by GPS, permanent pegging). The patch will need to be large enough to obtain 
sufficient samples for replication. The ARC LTB (ARC 1998a) uses a rectangle, 50 m along 
the channel and 20 m normal to channel, located on the top of the low tide channel bank, no 
less than 0.5 m from top of bank, and preferably 1-2 m or more upslope towards the shore 
(Appendix A). 

The patches need to be remote from obvious point sources of contamination and this can be 
checked by inspecting the estuarine riparian area. Pipes, incised channels and discoloration 
(e.g., iron staining) are obvious giveaways. 

2.6.2.2 Replication 
Collect three replicates, each replicate being a composite of ten samples, with the sample 
collection points intermingled. The rationale for this design is the need to obtain a good 
estimate of the concentration within the sampling patch, while minimising the sampling 
variance for trend detection. Therefore it is appropriate to collect intermingled composites 
rather than each composite being collected in a different part of the patch. The real variance 
over the area of the patch is not of interest. 

2.6.2.3 Sampling methods 
Composite samples are collected using a suitable plastic scoop (see Appendix A). 
Replication and compositing is achieved by collecting 30 sub-samples, with each sub-sample 
assigned to the 3 replicates in a sequential manner (i.e., sub-sample 1 in placed in replicate 1, 
sub-sample 2 in placed in replicate 2, sub-sample 3 in placed in replicate 3, sub-sample 4 in 
placed in replicate 1, etc.) This method is similar to that used in the ARC LTB sediment 
quality survey (ARC 1998a, Appendix A). 

2.6.3 Outer Zone 

2.6.3.1 Choosing the sampling "patch" 
The Outer Zones present a variety of sediment textures from coarse shell material to fine 
mud. Because we have recommended measuring the mud fraction, it is important to select 
sites with a significant proportion of mud. It is difficult to be predict the exact location of 
sampling sites, because sediment texture will vary widely within the Outer Zone, both in 
location and over time. For example, changes in prevailing winds may result in a bay 
becoming muddy or vice versa, and the muddy deposits can vary in size shape and depth (see 
Box A Characteristics of Main Estuary Body). The sampling procedures outlined in the 
following for the OZ are currently being tested and may, depending on the outcome of these 
studies. lead to refinement and better definition of the methods. 

Where Outer Zones consist of Eeterogeneous sediment texture - such as the Middle 
Waitemata Harbour, the sampling area needs to be larger than the more homogeneous 
Settling Zone. Unlike the Settling Zone, the sampling protocol needs to capture the spatial 
variability because sediment texture changes through time and the same precise location may 
not be muddy next time or may have undergone other textural changes. Spatial variability is 
captured by collecting replicate samples representative of discrete areas in the wider Outer 
Zo*~f$nthis sense it is a stratified sampling method). In dominantly sandy areas such as the 
Middle Waitemata Harbour, this may require sampling over a wider area - as much as 200m 
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x 200 m, simply in order to encounter a sufficient number of sampling areas withsignificant 
mud content. 

In the muddy OZs, which encompass Upper Tamaki, Middle Tamaki Lower Whau, 
Waiarohia, and Hellyers (see Regional Maps for Settling and Outer Zones), sampling can 
take place over a smaller area. We recommend using the ARC protocol (see section 2.6.2). 

In the open coast Outer Zones, such as the East Coast Bays, protocols have yet to be 
developed. This will require some Special Investigations, as described in Regional Maps for 
Settling and Outer Zones (ARC TP170). We h o w  little about sediment or contaminant 
dynamics here, so we are less confident about recommending a method at such sites. 
However, the high energy in these zones will slow contaminant accumulation and any 
ecological effects, so they are not as high priority to assess as more sheltered areas. This 
effectively allows us time to gather appropriate information to see if and how these areas 
should be monitored. 
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Box A Characteristics of Estuarine Main body 

(Summarised from Green et al. 2001). 
An estuary classification scheme has been developed for Auckland estuaries that combines 
our understanding of estuarine geomorphology and the processes that disperse 
sediments/contarninants. 

The Auckland estuary archetype is shown below. 

waves and 

Main Body 

The main body is muddy in the upper reaches, where it connects with the arms associated 
with source streams. The lower reaches, which are connected to the coastal ocean via the 
throat, tend to be sandy. The main process is secondary redistribution of muds injected from 
arms during floods and of sands that are pushed through the throat by waves and tides. 
Secondary redistribution is achieved mainly by tides, internally generated waves, and 
gravitational flows. The main body is characterised by mixed sediments (mud and sand) and, 
in places, encroachment of muds on sands and vice versa. 

In addition to the characteristic longitudinal gradient in sediments, there is also a typical 
cross-estuary gradient: sandy intertidal flats lie between mud along channel margins and mud 
or sand/shell on upper intertidak flat margins. 
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Box A (continued) 

Prevailing wind (increasing exposure to left) 

To throat 1 

U 
(a) Lagged channel bottom. Typically, a larger area of the channel bottom is lagged in 
the lower reaches of the estuary, where tidal currents are stronger. 

[b) Mud accumulations along subtidal margins of channels. 

[c) Mud accumulations along channel intertidal fringes. These typically become thinner 
in the lower reaches where tidal currents are stronger, exposure to wind is greater, and 
gistance from source of mud is greater, 

:d) Sandy intertidal flat, fypieally coverixl by wave-induced ripples and littered with 
hells and shell hgments. Broadest in the lower reaches, which are closer to source of 
marine sands. May be exposed to ocean swell that penetrates through estuary month. 

:e) Wave-built accumulations of sandlshell on fringes of upper intertidal flats. These 
nay be thicker and more numerous in the lower reaches, hut occurrence throughout an 
!stuary will vary greatly with local exposure and sediment supply. 

(f) Mud acc~malattons on fringm of upper intertidal aats, These nre t y p k d ~ '  stabilised 
[nd pmtrted by Iringiag vegetation. Typically mom extensive in uppm reaches, but, 
gain, ocmrence throngbout estuary wiU vary greatly with l d  exposme and 
~ d i i e n t  supply. 



Blueprint for monitoring in urban receiving environments 

2.6.3.2.1 Procedure at Sandy OZ - replication, procedure and tools 
Locate a sampling site of suitable area e.g., 100 m x 100 m (see Section 3.2). Locate 3 areas 
within this site where there is significant mud (check by texture), preferably each area being 
at least 10 x 10 m. Collect 10 samples randomly in each area - no more than 10 cn? by 2 cm 
deep, then composite to produce one composite sample fromeach of the three areas (i.e. a 
total of three separate composite samples for analysis). 

Use a plastic scoop like a cut-down milk bottle and sleds (if necessary) (Section 2.4.2.3). 

2.6.3.3 Procedure at Muddy OZ - replication, procedure and tools 
Use methodology for the Settling Zone (See Section 2.4.2) 

2.6.3.4 Procedure at Open Coast OZ - replication, procedure and tools 
These are currently undergoing special investigation. 

2.7 Sample analysis 

2.7.1 Overview 

Heavy metals are analysed in two ways in order to: 
Compare with guidelines 
Maximize trend detection, especially for measuring the benefits of remediation 
Provide different levels of protection to Settling and Outer Zones 

PAH are analysed on total samples only (after removing coarse debris - see below), and 
concentrations normalized to 1% Total Organic Carbon (TOC), in line with ANZECC (2000) 
Guidelines. This achieves guideline comparison, a reasonable precision in the degree of 
trend direction (but not as precise as with heavy metals) and differing levels of protection in 
Settling and Outer Zones. 

Organochlorines are analysed only if heavy metals or PAH exceed guidelines, or if there is 
reason to suspect elevated levels in receiving water sediment, for example, when urbanizing 
horticultural land. Concentrations are also normalized to 1% TOC (consistent with the 
approach used for PAH). 

2.7.2 The initial sample 

The samples are dispatched in chilly bins, unfrozen if same day, or frozen if dispatched later. 
On receipt, or on thawing, each composite is placed in a shallow plastic tray and thoroughly 
homogenized (Figure 3.1). A subsample is wet-sieved though a nylon mesh to obtain a 
representative <63 Fm fraction. 
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Sediment preparation scheme 

3 replicates p a  site 

Homgenise each 
replicate on a tray 

I 
Mud fraction metals Total metals, PAH, TOC 

Centlifuge Coarse sieve (0.5 mm) 
remove overlying water Store in freezer 

t sub-sample oven dried sub-sample wen dried 
to determine moisture cmtent to determne moisture mntent 

I Total Metals HWPAH TOG 
4 

-Room temp. 17 hours - (33 HCI:HN03) 
-Centrifuge - 100-110degC 

Cleanup 
Analysis by GGMS 

TOC analyser r l  
The remainder of the sample is freeze dried for total Pb, Cu, Zn, high molecular weight PAH 
and (if necessaly) organochlorine analysis. The freeze-dried sample is sieved through a 0.5 
mm sieve to remove any large particles e.g., shell, before analysis. This reduces variability 
associated with the presence of large debris (e.g. wood, rock, shell) that can be significant in 
some samples, while retaining sufficient amount of the original sample to allow analysis of 
the organic contaminants (which usually require larger amounts of sample than the heavy 
metals). It is acknowledged that freeze-drying will result in the loss of some volatile organic 
compounds during sample preparation. This is partly why the high molecular weight PAH 
(which are not susceptible to these losses) are used. Freeze-drying and sieving produces a 
sediment sample that is fairly homogeneous, and which is much more easily and reproducibly 
analyzed than a wet sample. These advantages outweigh the potential for losses outlined 
above. [Freeze-drying would not be recommended if volatile compounds (e.g. low molecular 
weight PAH) are of interest. This is not generally the case for the LTB or RDP programmes.] 
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2.7.3 Metals 

How is the mud fraction analysed in the OZ and compared to trigger values? One of two 
methods could be used. We recommend the use of 2 M HClovernight extraction, as is used 
in the ARC LTB protocol (ARC 1998a). Ths  departs from the traditional approach used to 
derive guidelines, which specifies "total metals" (which are determined by a stronger acid 
digestion of a total sediment sample). However, remember that the fact that the metal 
contaminants are measured in the mud fraction is already a nonstandard approach. We 
recommend the use of acid extractable rather than total digests because: 

1. It matches the ARC protocol and can be used to assess trends through time. 
2. The significant departure from the standard guidelines protocol in utilizing the mud 

fraction means we may as well take this opportunity to move toward the approach 
recommended by the ANZECC (2000) guidelines of using a better measure of 
bioavailable (rather than total) metals. The acid extractable fraction is associated with 
phases actively involved in early diagenesis, i.e. adsorbed on FeC03, CaC03, 
amorphous iron and manganese oxides and organic matter, or coprecipitated with acid 
volatile sulphides (mostly FeS). It will include the bioavailable fraction, either that 
which is available at the time of sampling or after diagenetic mobilisation, and 
probably most of the anthropogenic input (Auckland Regional Council 1994). 

3. Using the mud fraction is a big step towards conservatism, i.e., the trigger values 
based on the mud fraction are much more protective than traditional guideline values 
based on the total sediment sample. In this case, it seems intuitively sensible to use a 
measure that more closely reflect bioavailable metals (i.e., acid extractable) rather 
than the total metal in the mud fractions (i.e., strong acid digests). Total digests 
extract some metal content that is not bioavailable in any situation (and hence unable 
to exert any toxicity). 

4. The default trigger values will have to be those given for total metals in the short term 
(Table 2.3). In the long term, trigger values will evolve from the Healthy 
Communities Model (see Chapter 3), as information accumulates on sediment 
chemistry and benthic ecology. 

For the total sediment sample (freeze-dried, 4 0 0  pm), three replicates are digested in aqua 
regia (HCIhlN03). 

The methods must be reproducible, to ensure analytical variability is minimised. Data 
variability hampers detection of trends over time, which is an important component of the 
proposed programme. Reproducibility must be demonstrated by analysis and reporting of 
replicates, both within- and betweerrbatch. Numbers of replicates must be sufficient to 
clearly demnstrate the reproducibility of the data (e.g. at least 10% of the samples analysed 
as replicates). 

The method must be accurate. This is best demonstrated by analysis of estuarine sediment 
Standard Reference Materials (SRMs), for which internationally accepted concentrations 
have been determined. Reporting of SRM sample results for each batch of samples is 
recommended to verify the accuracy of the data. Suitable SRMs are available from several 
agencies, one of the most appropriate for NZ estuarine sediments being the US National 
Institute of Standards and Technology (NIST) SRM1941a. 

b 
n*., 

If the site is going to be assessed through time, (e.g., for trend analysis following 
management action) then samples need to be archived for future analysis-and quality control 
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2.7.4 Organic contaminants 

We recommend a standard procedure based on Gas Chromotography-Mass Spectrography 
(GC-MS). Guidance on appropriate procedures can be obtained from international agencies 
such as USEPA, NOA.4, and Environment Canada. 

Samples are collected for PAH and TOC analysis. After processing, the freeze-dried sieved 
fraction is archived (freezing) for possible analysis of organochlorines, depending on the 
requirements of the receiving water assessment (see Chapter 6). 

It is more appropriate to ensure that any chosen method meets certain performance criteria. 
These are: 

1. The method must be sensitive enough to reliably determine the concentrations of the 
targeted contaminants at the low concentrations often found in New Zealand estuarine 
sediments. Detection limits must be well below the relevant SQG trigger levels. This 
can be problematic for organochlorine pesticides, some of which are diff~cult to 
reliably quantify at low levels, and for which SQGs are also low (e.g. dieldrin, DDTs, 
lindane, chlordane). A suitable detection limit for organochlorine pesticides would be 
approximately 0.05-0.1 nglg (ppb) dry weight sediment. This is a compromise 
between what is currently achievable by most labs, and what is required to reach 
SQGS'. Detection limits for PAHs of approximately 0.1-0.5 ng/g per compound 
should be adequate to allow accurate determination of PAH levels in sandy sediments. 
Data for blanks analysed with each batch should be reported to verify that any low 
level contaminants found in the samples are not spurious laboratory artefacts. 

2. The method must be reproducible, to ensure analytical variability is minimised. Data 
variability hampers detection of trends over time, which is an important component of 
the proposed programme. Reproducibility must be demonstrated by analysis and 
reporting of replicates, both within- and betweerrbatch. Numbers of replicates must 
be sufficient to clearly demonstrate the reproducibility of the data (e.g. at least 10% of 
the samples analysed as replicates). 

3. The method must be accurate. This is best demonstrated by analysis of estuarine 
sediment Standard Reference Materials (SRMs), for which internationally accepted 
concentrations have been determined. Reporting of SRM sample results for each 
batch of samples is recommended to verify the accuracy of the data. Suitable SRMs 
are available from several agencies, one of the most appropriate for NZ estuarine 
sediments being the US National Institute of Standards and Technology (NIST) 
SRM1941a. 

4. Analytical surrogate recoveries must be measured and reported for each sample, or a 
recovery statistical summary included in the analytical report, to demonstrate the 
integrity of the analyses. It must be clearly stated whether (or not) results have been 
corrected for surrogate recovery. Analytical surrogates must be appropriate for the 
contaminants being measured (e.g. deuterated or '3~-labelled compounds are best) 

The most significant exception is for dieldrin, for which the ANZECC trigger level is 0.02 nglg. The ANZECC 

trigg*ep,Qvel for endrin is also 0.02 nglg, but this contaminant is not commonly found in our estuaries. These 

values are probably unrealistically low, and therefore ARC has proposed using Canadian TEL values (see 

section X.Y). . . 



Blueprint for monitoring in urban receiving environments 

and the concentrations used in the analysis must be similar to those encountered in the 
samples (e.g. within a factor of approximately 10 of the sample concentration). 

5. If the site is going to be assessed through time, (e.g., for trend analysis following 
management action) then samples need to be archived for future analysis and quality 
control. 

2.7.5 Total Organic Carbon 

The TOC is analysed on the same fraction as PAH analysis (freeze-dried, 500 pm sieved). 
Because toxic organics are normalised to 1% TOC before comparing to SQG, TOC is always 
analysed with organic contaminants. Suitable methods are summarized in ANZECC (2000), 
Volume 7, Monitoring, Table 5.2, p5.4 and accompanying text. 

2.7.6 Acid Volatile Sulphide 

Samples are only analysed if required by the assessment procedure (see Chapter 6). Samples 
for AVS analysis are therefore collected and frozen for later analysis if required. Suitable 
methods for analysis are given in ANZECC (2000). 

AVS is unstable to atmospheric oxidation. Whole sediment samples are usually stable for at 
least 24 hours provided they are a compact. They are stable because oxygen penetrationis 
slow. Problems can be experienced with sand samples, however, because their high 
permeability means interstitial water can drain. Sandy samples should be packed in small, 
rigid plastic containers and kept upright. In fact, specimen containers are ideal for collection, 
but not for long term storage because they are permeable to oxygen. 

Samples can also be homogenized without undue loss of AVS, provided this is done quickly. 
After homogenization of the sample, sub-samples should be frozen immediately in small 
glass vials, preferably after flushing with oxyge~free nitrogen. 

2.7.7 Particle size 

One composite of the three replicates is dispersed by peroxide oxidation, dispersing agent and 
agitation, and wet sieved to obtain the >500,500-250pm, 250-125 pm, 125-63 pm, and <63 
pm fraction. Alternatively, methods which analyse particle size spectra could be used. 

2.8 Reporting Requirements 

2.8.1 Compilation of data into a freely-available database 
The ARC is preparing a Regional Receiving Environment database 'Snapshot2'. This 
database will be available to all relevant parties. It is intended that this database will be a 
'living document', and a protocol for data entry will accompany the database. 

2.8.2 Site assessment 
The site assessment takes place by conparing observed concentrations with guideline values. 
This is outlined in Chapter 6 in the form of flow charts. 

+\-- k 
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Metals 
For Settling Zones, the 'traffic light oolour' is assessed by comparing the guideline trigger 
values with the total (digests) metals in the total (1500 pm) sediment. 

For Outer Zones, the traffic light colour is assessed by comparing the guideline trigger values 
with the higher of the two sets of analyses: 

A. the total (digests) metals in the total (-300 pm) sediment; 
B. the 2 M HC1 extractable metal from the mud fiaction. 

If the metal concentrations in the mud fraction are analysed by digestion instead of 2M HCI 
extraction, the traffic light colour for heavy metrals is assessed using the mud fraction only. 

This is done because some Outer Zones are muddy, so comparison 'A' is the most 
appropriate. With sandy OZ, comparison 'B' is the most appropriate. 

Toxic organics 
Concentrations in both Settling Zones and Outer Zones are assessed with SQG after 
normalizing to 1% TOC. (Multiply total concentrations by the factor l/[TOC].). 
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