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1 Executive Summary 
In 1995, the Auckland Regional Council (ARC) published a report TP 53 entitled »The 

Environmental Impacts of Urban Stormwater Run-off¼ (Macaskill et al. 1995). This 

report was an overview of urban stormwater and its impacts on receiving waters, and 

summarised the state of knowledge at that time. Since then, a large amount of 

scientific research and monitoring has been conducted, significantly furthering our 

understanding of stormwater. The ARC therefore commissioned an updated review, 

covering the decade 1995 @>>C s|£w£zsr »The Environmental Impacts of Urban 

Stormwater Run-off< O `s¥ws¦ }t W|t}¡{o£w}| ?GGC £} @>>C¼ (ARC 2008 ¾ referred in 

the following as the 2005 Review) .  

The Auckland Regional Council recognised that there were a number of key studies 

underway in this field during 2005, which were not included in the 2005 Review. This 

present report is a review of this ongoing and new work from 2005 to 2008, with the 

aim to update the review of 1995 ¾2005 information.  

This present update should be read along with the 2005 Review, which has a more 

comprehensive description of the effects of stormwater on the environment. The 

1995¾2005 and 2005¾2008 reviews critically examine and summarise information 

produced on the impacts of stormwater on the aquatic envir onment in Auckland. They 

draw together the large body of published information on stormwater impacts into two 

}¥s¡¥ws¦ ¡s~}¡£¢ £vo£ qo| ps ¤¢sr o¢ o »}|s-¢£}~¼ ¢}¤¡qs }t w|t}¡{o£w}| o|r o¢ o 

bibliographic reference for those requiring more detailed informa tion.  

The following is a summary of the k ey advances made during 2005¾2008 in 

understanding the effects of stormwater in receiving environments.  

1.1 Sources of chemical contaminants 

The sources of the contaminants copper (Cu), polynuclear aromatic hydrocarbons 

6^OV7: zsor 6^p7: b}£oz a¤¢~s|rsr ¢}zwr¢ 6baa7 o|r ©w|q 6h|7 w| O¤qyzo|rº¢ ¢£}¡{¦o£s¡ 

run-off  are better understood, although further work is needed to quantify some 

potential sources. Some of this understanding has been encapsulated in the 

Contaminant Load Model (CLM), which now has the potential to be a primary driver for 

stormwater management. The model estimates TSS, Cu and Zn loads from roofs, 

roads, motorways, pavements, parks, construction sites, stream channels, and rural 

areas. The model can be used for hindcasting loads and is available for public use. The 

derivative model USC3-CLM1 is more sophisticated and dynamic, because it 

incorporates the projected future changes in population, infilling, traffic density and 

building materials, thus providing realistic predictions of future loads.  

O {ox}¡ ¡s¥ws¦ }t o |s¦ »qzo¢¢¼ }t qvs{wqoz q}|£o{w|o|£¢  the Chemicals of 

Potential Environmental Concern (CPEC)  has provided an excellent primary source 

                                                           
1 USC3 or USC-3 = Urban Stormwater Contaminant model version 3.  
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document for further work in Auckland. As well as a co mprehensive list of chemicals, 

sources, and occurrence in overseas studies, the review provides a relative risk 

assessment of these CPEC in urban aquatic receiving environments.  

1.2 Stormwater effects in the freshwater environment 

Water quality of urban streams appears to be improving, and this may be partly due to 

improvements in stormwater. The ARC Regional Stream Monitoring Programme has 

shown decreases in TSS, nitrate and faecal coliform levels over the past 20 years. 

These, in particular TSS and faecal coliforms, have been identified as important factors 

limiting the potential use of urban streams and their receiving waters, and hence their 

improvement is a significant step forward. The programme could benefit from 

pressure-state-response (PSR) analysis to better link the improvement to changes in 

catchment conditions and hence direct management towards actions that will continue 

the trends.  

The ecological functions of regional streams (including urban streams) are now able to 

be described and measured through the Stream Environmental Valuation (SEV) 

methods. This provides a key tool for effective management of urban streams, which, 

if implemented, should result in real improvements in stream ecology and address 

many of the impacts of urbanisation.  

Toxicological understanding has been advanced on the effects of short -term, high 

concentrations of TSS, which can occur during major storms in urban streams draining 

catchments which are undergoing development. The work reported to date has found 

that New Zealand stream biota are quite resilient in the most part to TSS, so that 

infrequent, very high TSS levels are not especially toxic. A new initiative studying long -

term toxicity across several generations of stream biota commenced during 2008.  

A number of studie s have measured the reduction in low flows brought about by 

urbanisation. This effect can be very significant in some catchments, but not in others, 

and further work is needed if a regional perspective is to be gained.  

Overall, from 1995 to 2008, there wa s enormous progress in understanding 

stormwater effects in urban streams, to the point that many of the tools for measuring 

stream health and effective management are now available. Most of the advances 

address the effects of flow, habitat modification and  changes in ecological functioning. 

Of these, the SEV methodology is the latest, and potentially most powerful, 

development.  

1.3 Impacts on marine water quality 

The Coastal Water Quality Programme (27 sites) monitors contaminants associated 

with erosion, nutr ients and biological wastes (organic material and faecal 

contaminants) in the water column. While not directly monitoring the effect of 

stormwater, the programme does provide consistent, long -term information on the 

s|¥w¡}|{s|£oz  ¤ozw£¨ }t O¤qyzo|rº¢ {o¡wne environment, and the effect of land use. 
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Marine water quality is poorest at inner harbour or estuary sites subject to freshwater 

inflows from urban (and rural) areas. The improvements in stream quality described 

above (reductions in TSS, nitrate and faecal coliforms) for freshwater have been linked 

to slow and gradual improvements in marine quality at some sites. Some of the 

improvement may be due to conversion of rural land (high indicator bacteria, nutrients) 

to urban land (lower indicator bacteria, nutrients), and some to the reduction in 

wastewater overflows. Most important, despite the large increase in urbanisation 

since monitoring programs begun in 1987, the general water quality in the marine 

environment has not deteriorated and may even have impr oved slightly. As with the 

Freshwater Water Quality Programme, the cause and effect linkages are not well 

quantified and would benefit with PSR modelling.  

\s¦ ¦}¡y vo¢ qvozzs|usr ¢}{s ~o¡orwu{¢ }| ¢£}¡{¦o£s¡ w| O¤qyzo|rº¢ {o¡w|s 

environment. Zinc concentro£w}|¢ w| ¦o£s¡ w| £vs evo¤ S¢£¤o¡¨ 6}|s }t O¤qyzo|rº¢ 

most impacted estuaries) can be relatively high during low flow conditions and exceed 

water quality guidelines in saline waters. This is at odds with the previous views, 

which proposed that Zn (and Cu) concentrations would be low and below water quality 

guidelines in the water column in the wider marine receiving environment (see the 

2005 Review). This proposition was based on dilution calculations and actual 

measurement of Zn and Cu levels in Mangere Inlet. The new work proposes that Zn 

desorbs from particulate matter. High Zn concentrations were also measured in pore 

waters. The implications of these findings and propositions could be important, and 

therefore worth listing:  

1. They point to the significance of the dissolved phase for Zn fate, effects and 

transportation in the marine environment, while previous work has emphasized the 

particulate phase.  

2. As described above, Zn concentrations are high enough in the saline water column 

to exceed water quality  guidelines or criteria, and hence potentially cause adverse 

effects on estuarine biota.  

3. Zn concentrations can also exceed water quality guidelines in pore water; which 

provides a mechanism for toxicity in sediments.  

4. Mobilisation of Zn from sediments into the water column, along with dispersal in 

tidal flushing could be a significant redistribution mechanism to other parts of the 

marine environment, including losses to the Hauraki Gulf and the Tasman Sea.  

However, the Whau Estuary work is only one study, s o further investigations are 

warranted, especially because the implications of the initial work are so far reaching.  

Overall, advances in our understanding on trends in general marine water have been 

made, with general water quality improving despite the continued expansion of urban 

land use. There is new evidence for the greater importance of dissolved phase for the 

fate, effects and transport of Zn in marine receiving waters.  
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1.4 Chemical contamination of marine sediments 

There is much more comprehensive in formation on heavy metal concentrations in 

marine sediments from existing programmes (State of the Environment (SoE), 

Regional Discharges Project (RDP)) and from new studies. The understanding of spatial 

patterns has not changed significantly from those de scribed in the 2005 Review, 

except that there is much better detail in Outer Zones and in areas which are 

undergoing urbanisation (Upper Waitemata Harbour, South East Manukau Harbour). 

The continuing assessment of trends in heavy metal concentrations has u ncovered 

some significant changes from previous findings. The previously described linear 

trends have not been maintained and trend profiles are more complex. Nevertheless, 

substantial increases in Zn (and to a lesser degree Cu) have definitely occurred in many 

urbanised estuaries over the past decade. New developments in contaminant load 

models and receiving environment models (eg, CLM and USC3) may be useful in 

gaining a better understanding of the monitoring data, and will provide insight into 

future tre nds. 

A very recent survey of Chemicals of Potential Environmental Concern (CPEC) in 

marine sediments is an important preliminary step in developing an understanding of 

the importance of these chemicals in the marine environment. It is too early to assess 

the significance of these initial data. 

Overall, the picture of the distribution of contaminants in the marine environment that 

emerged from studies described in the 2005 Review vo¢ pss| »twzzsr w|¼ ¦w£v {}¡s 

detail. The view that sediment quality is largel y determined by inputs of sediment and 

contaminants and by the hydrodynamic energy in the receiving water is generally 

supported. Major advances have been made on understanding other factors that 

control levels of contamination (besides proximity to source s), such as sediment 

chemistry and texture (particle size) and hydrodynamic forces (tides, currents, waves ¾ 

¢ss »^¡srwq£w}|¢¼ psz}¦7 o|r ¢srw{s|£ ¢¤~~z¨ 6oz¢} ¢¤{{o¡w¢sr psz}¦ w| 

»^¡srwq£w}|¢¼7< bvs ¢w{~zs ~wq£¤¡s }t zw|so¡ w|q¡so¢s¢ w| h| o|r Q¤ o|r rsq¡eases in Pb 

obtained from early trend monitoring (as described in the 2005 Review) has not 

prevailed, and the recent data show that changes over time are more variable than 

this. Reasons are, as yet, unknown and are currently being investigated.  

1.5 History of urban stormwater impacts 

Various studies have produced a great number of results on contaminant profiles in 

sediments and/or sedimentation and hence the history on sediment contamination and 

deposition. Studies have published information from cores colle cted from the 

Rangitopuni (2 cores), Lucas (1), Central Waitemata (21), Tamaki (12), Mangere Inlet 

(6), SE Manukau (6), and region-wide (12). Many of these cores have been dated or 

have other relevant information on stormwater impacts. There is a wealth of  

information embodied within these studies that, if integrated and rationalised with 

other sediment profile findings described in the 2005 Review, would greatly enhance 

our understanding of land use impacts. 
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The classical picture of heavy metal accumulation close to the sediment surface is 

generally supported, with the deepest and greatest build up in older, more sheltered 

urban areas. This accumulation is smaller and close to the surface in newer urban 

areas. Deposition rates are available for a much greater area than before and in greater 

detail in some areas. A study specifically designed to determine whether some 

estuaries have higher background concentrations from volcanic rocks did not find 

supporting evidence. However, it and another detailed study on  heavy metal profiles, 

did find elevated concentrations as the base of cores at some sites. In some cases, 

this was probably due to cores not being deep enough to penetrate pre -urban 

sediment. At other sites, it may be due to cores penetrating underlying r ock. These, 

and other studies, would bear further appraisal of these baseline concentrations, 

although comparisons are challenging because methodologies varied between studies.  

Studies of fossil foraminifera have shown that the major driver for these commu nities 

may have been an increase in freshwater run-off  from development and was unlikely 

to be heavy metal pollution. The studies have also postulated that increased 

freshwater run-off  may have also affected benthic macroinvertebrate communities. 

The understanding of stormwater effects would benefit from further assessment of 

these studies.  

Overall, the information on history of stormwater has been greatly enriched by many 

studies and conclusions, and it may be timely to integrate, synthesize, and hence 

clarify a regional picture from this wealth of information.  

1.6 Predicting contaminant fate in the marine environment 

Two new suites of models have been developed to predict the fate of contaminants 

(heavy metals, TSS and bacteria) in the marine environment: (1) CREA2 and (2) USC-3. 

The models take information on stormwater inputs and through hydrodynamic and 

particle tracking models, determine the fate of stormwater particulate solids including 

attached Zn and Cu. The CREA model also tracks the fate of indicator  bacteria. 

In the Central Waitemata and South East Manukau Harbours, the USC-3 models 

predict that contaminants increase in concentration only slowly in the sediments and 

do not reach the high concentrations predicted (and found) in tidal creeks and 

embayments. Sediment supply has a major influence on the fate and concentrations of 

Zn and Cu in the marine sediments through dilution (SE Manukau) and destabilising 

sediment beds. Overall, contaminants are widely dispersed in harbours but can be 

concentrated wi thin parts of the harbour by hydrodynamic conditions (eg, Shoal Bay 

receives much of its contamination from catchments west of the Auckland Harbour 

Bridge). 

The USC-3 model is able to take into account inputs from all catchments, and the 

exchange of contaminants between different areas within the harbours. It shows the 

links between sources and fate, so that contamination can be traced back to its 

discharge (and catchment). Therefore, the fate of all contaminants from a specific 

                                                           
2 CREA = Coastal Receiving Environment Assessment model.  
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catchment discharge can be tracked. The models can assess the effect of 

management intervention, such as land use change, source control and stormwater 

treatment. Overall, the USC-3 and CREA models are good PSR models, linking 

Pressure (catchment loads) ¾ State (concentrations in sediments) ¾ Response 

(management intervention).  

The CREA model predictions of future concentrations were made by assuming 

present-day catchment loads persist into the future. They do not take into account the 

likely changes in loads associated with changes in building materials and traffic 

densities, population growth and density, and infilling, that have been recently 

encapsulated in the USC3-QZ[ qo£qv{s|£ {}rsz¢ 6¢ss op}¥s »a}¤¡qs¢¼7< T¤¡£vs¡ 

work is thus needed on the CREA model using the more accurate an d sophisticated 

USC3-CLM model for stormwater inputs. CREA predictions of bacterial contamination 

of bathing beaches provides an additional tool to investigate stormwater impacts and 

management because it provides the Pressure (stormflows) ¾ State (Bathing beach 

quality) linkages to explain and investigate exceedance of recreational water quality 

(eg, Ministry for the Environment ( MfE)) guidelines. 

1.7 Impacts on the marine benthic ecology 

The Benthic Health Model (BHM)  measures the community structure of anima ls in the 

sediments (benthic ecology) as an indicator of the effect of contaminants and 

stormwater on ecological communities. The model ranks the community structure of 

sites across the Auckland region into five groups. While it is based on correlations wi th 

Cu, Pb and Zn contamination, it does not necessarily establish that these are the 

causative agents. The degree of contamination reflected by the metals may reflect the 

levels of other contaminants (which may be the responsible agents) or possibly some 

other correlated environmental parameter (not necessarily a contaminant) not covered 

p¨ £vs {}rsz< bvs¡st}¡s: £vs qo¤¢o£w¥s ous|£¢ »r¡w¥w|u¼ £vs }p¢s¡¥sr sq}z}uwqoz 

differences remain uncertain. This is being addressed to a limited extent in other 

research that is described in this review. This research suggests that the cause is 

unlikely to be a single stressor (Section 9 ¾ Ecology), and unlikely to be PAH (Section 

10 ¾ Toxicity) but could include Zn (Section 5 ¾ Marine Water Quality). 

At present the BHM sh ows very strong spatial trends but no trends over time. 

Recently (2008), the first steps have been undertaken to understanding the implication 

of the pollution ranking to the wider ecosystem. The magnitude of the differences 

between the five  pollution groups and the changes in the types of animals has been 

described. Many large, relatively rare, species disappear when the degree of pollution 

increases. While relatively rare, some of these animals provide import ant functions to 

the ecosystem.  

The many regional monitoring programmes outside urban areas are supplying valuable 

information on long-term and short -term cycles in biotic communities, as well 

describing the effects of sediment texture. Regional programmes that monitor 

urbanised estuaries and harbours have not yet distinguished time trends due to urban 

stormwater effects. Future work could integrate the BHM findings with other regional 
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programs, some of which ascribe variation in benthic communities and animals in 

terms of sediment texture (particle siz e). 

There are robust research programmes on understanding benthic community health 

and structure that are being carried out under Public Good Science Funding. These 

programmes are expected to provide scientific information to help interpret regional 

monitoring programmes. 

Overall, the BHM is one of the most robust sources of evidence for stormwater 

effects in the marine environment. Its continual improvement, testing and 

interpretation should have a high priority. Benthic community monitoring provides a 

key indicator of environmental health, and the regional programmes, as well as Public 

Good research, are providing a significant information base from which to interpret 

stormwater effects.  

 

1.8 Toxicity of urban stormwater in the marine environment 

A state-of-the-¢qws|qs ¡s¥ws¦ }t ^OV ¢}¤¡qs¢: rw¢£¡wp¤£w}| o|r sttsq£¢ w| O¤qyzo|rº¢ 

marine and freshwaters has been prepared. PAHs in the receiving environment are 

tightly bound to particulate organic matter and only a small fraction (typically less than 

5 per cent) can be extracted under conditions that mimic bioavailability to marine biota. 

On the basis of this and other evidence, the authors concluded that PAH 

concentrations in marine sediments are unlikely to be having adverse effects on 

marine biota at present and are unlikely to in the near future.  

Laboratory-based toxicity tests were used to improve the understanding of the 

potential ecological effects of stormwater -contaminated sediments. Testing of 

sediments from ten estuarine RDP sites, spanning a wide range  of contamination 

levels, showed only a weak toxicological response. Thus contaminants in Auckland 

sediments are, at most, only weakly toxic under the conditions of the toxicity test 

procedures. In contrast, the benthic ecology surveys described earlier have shown a 

wide gradient of ecological changes associated with these sites, presumably reflecting 

a long-term, integrative response to all environmental perturbations. Combining toxicity 

test results with other measures of contamination ¾bioaccumulation of metals in 

oysters collected at the sites, and a simple measure of biotic diversity/abundance ¾ in a 

weight of evidence (WoE) approach ¾ gave a clearer picture of effects, which was 

somewhat comparable with the range shown by the BHM. As found in previous 

toxicological studies of Auckland's marine sediments, these results indicate that 

current laboratory toxicity tests alone are unlikely to provide a clear measure of 

potential ecological effects of stormwater. Combinations of tests, however, may 

provide useful information.  

Studies on cockles have demonstrated that their health, abundance and size 

distribution is adversely affected in urban estuaries, confirming their presumed 

susceptibility to urban stormwater. These comprehensive studies provide considerable  

detail on the nature of the effects on a key species.  
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Overall, these studies have added significantly to our understanding of stormwater 

toxicity in marine environments. Sediment toxicity testing showed the advantages and 

limitations of the latest methodo logy, providing better information on the most 

appropriate methods to be selected in future to address specific questions. The review 

of PAH brought together most of the information currently available to obtain a 

comprehensive assessment of risks to marin e ecology. It would be timely to repeat 

this type of exercise for other major contaminants (eg, Zn, Pb, Cu, DDT, PCB). The 

cockle studies provide much greater depth of understanding of the effects of 

urbanisation on this important species. The BHM (see Ben thic Ecology) remains the 

most powerful tool measuring the effect of stormwater but cannot identify the direct 

causal links between stressors and benthic animals. These links may be best provided 

by controlled toxicity test with specific potential stressor s such as Zn. 

1.9 The key advance in 2005-2008 

All the work reported in this review has made important contributions to understanding 

stormwater effects. However, there are a number of key studies that have a major 

impact on scientific understanding, managemen t implications, and represent a 

significant advance on the state of knowledge from the 2005 Review: 

 The CLM models for stormwater loads of TSS, Zn and Cu. 

 The USC-3 model which predicts the fate of contaminants in Auckland  harbours. 

 The Stream Ecosystem Valuation methodology, which measures stream ecological 

functions and provides simple means for guiding the effective remediation of 

urban stream health.  

 The improvement and further validation of the Benthic Health Model . 

These studies provide a powerful se t of tools for improved stormwater effects 

assessment and management. However all models and methods would benefit from 

further refinement.  

The development of these tools to the point where they can realistically be used to 

reduce future effects and aid th e restoration and rehabilitation of already affected areas 

(in particular streams) illustrates a maturing of our understanding of stormwater and its 

effects, and how these effects could be managed. The initial scoping studies 

conducted in the mid -late 1990s helped identify and define the nature and extent of 

the stormwater problem. The next 10 years (as summarised in the 2005 Review) 

provided additional detail and scientific rigour to this information base and also the 

creation of management tools (eg, mode ls, classification systems etc .). The most 

recent work, as reviewed here from 2005 2008, shows that the next stage has built 

on all this earlier work, and the most significant advances have been in building more 

sophisticated, but still useful and robust, management tools.  

A key future challenge is to continue this progression by using the available tools to 

identify what can realistically be done to reduce stormwater effects and to implement 

the most effective measures identified. Refined monitoring (for e xample using the PSR 
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framework) to link management interventions with environmental responses, must 

also continue to ensure the predicted outcomes are realised, and to track changes 

6v}~st¤zz¨ w{~¡}¥s{s|£¢7 w| £vs ¢£o£s }t £vs O¤qyzo|rº¢ o ¤o£wq ¡sqsw¥w|u 

environments.  
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2 Introduction 
In 1995, the Auckland Regional Council (ARC) published a report entitled The 

Environmental Impacts of Urban Stormwater Run-off  (Macaskill et al. 1995). This 

report was an overview of urban stormwater and its impacts on receivi ng waters, and 

summarised the state of knowledge at that time.  

Since then, a large amount of scientific research and monitoring has been conducted, 

significantly furthering our understanding of stormwater impacts. The ARC has 

therefore commissioned the pro duction of an updated review, covering the decade 

1995 2005 entitled The Environmental Impacts of Urban Stormwater Run-off . A 

Review of Information 1995 to 2005 (ARC 2008). 

The Auckland Regional Council recognised that there were a number of key studies 

underway in this field during 2005, which has not been included in the 2005 Review. 

This present report is a review of this ongoing and new work from 2005 to 2008, with 

the aim to update the review of 1995 ¾2005 information. It shou ld be read along with 

the 2005 Review, which has a more comprehensive picture of impacts.  

The 2005 Review and this update critically examine and summarise the impacts of 

stormwater. They draw together the body of published information on stormwater 

impacts into two overview reports  £vo£ qo| ps ¤¢sr o¢ o »}|s-¢£}~¼ ¢}¤¡qs }t 

information and as a bibliographic reference for reader requiring more detailed 

information.  

This 2008 Update addresses advances under the following categories, which are 

similar to those used in the 2005 Review: 

 Sources of Chemical Contaminants ¾ Section 3 

 Impacts on the Freshwater Environment ¾ Section 4 

 Impacts on Marine Water Quality ¾ Section 5 

 Chemical Contamination of Marine Sediments ¾ Section 6 

 History of Urban Stormwater  Impacts ¾ Section 7 

 Predicting Contaminant Fate in the Marine Environment ¾ Section 8 

 Impacts on Marine Benthic Ecology ¾ Section 9 

 Toxicity in the Marine Environment ¾ Section 10. 
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3 Sources of Chemicals Contaminants 
a}¤¡qs¢ }t £vs q}|£o{w|o|£¢ Q¤: ^OV: ^p: baa o|r h| w| O¤qyzo|rº¢ ¢£}¡{¦ater run-

off  are better understood, although further work is needed to quantify some potential 

sources. Some of this understanding has been encapsulated in the Contaminant Load 

Model (CLM), which now has the potential to be a primary driver for stormwater 

management. The model estimates TSS, Cu and Zn loads from roofs, roads, 

motorways, pavements, parks, construction sites, stream channels, and rural areas. 

The model can be used for hindcasting loads and is available for public use. The 

derivative model USC3-CLM3 is more sophisticated and dynamic, because it 

incorporates projected future changes in population, infilling, traffic density and 

building materials, thus providing more realistic predictions of future loads. 

Improvements have also made in estimatin g rural sediment loads, which are important 

sources of sediment and natural metals and are diluents for urban metal loads.  

O {ox}¡ ¡s¥ws¦ }t o |s¦ »qzo¢¢¼ }t qvs{wqoz q}|£o{w|o|£¢  the Chemicals of 

Potential Environmental Concern (CPEC)  has provided an excellent primary source 

document for further work in Auckland. As well as a comprehensive list of chemicals, 

sources, and occurrence in overseas studies, the review provides a relative risk 

assessment of these CPEC in the urban aquatic receiving environments.  

3.1 What was known in 2005 

Up to 2005, there had been a considerable amount of effort directed at determining 

the key sources of contaminants in urban stormwater in Auckland. This was because 

q}|£o{w|o|£ ¡sr¤q£w}| }¡ szw{w|o£w}| o£ ¢}¤¡qs 6»¢}¤¡qs q}|£¡}z¼7 ¦o¢ ~s¡qsw¥sr £} ps 

the most effective method for reducing contaminant loads and impacts on 

downstream receiving environments. Once sources were identified and quantified, the 

options for, and the benefits of source control measures could be objective ly predicted 

and prioritised.  

The key sources studied and characterised to 2005 were: 

1. Vehicle emissions. 

2. Road run-off . 

3. Buildings ī mainly roof run-off , but also residues associated with building materials 

such as paints and plumbing. 

4. Catchment soils, containing chemicals (eg, metals) naturally present 

6»poqyu¡}¤|r¼ zs¥sz¢7 o¢ ¦szz o¢ ¡s¢wr¤s¢ o¢¢}qwo£sr ¦w£v vw¢£}¡wqoz ¤¢ss (eg, 

organochlorines, Pb). 

Attempts to quantify their contributions to catchment loads had been made, using a 

combination of detailed stormwater monitoring and predictive modelling. In matching 

                                                           
3 USC3 or USC-3 = Urban Stormwater Contaminant model version 3.  
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sources of copper, lead and zinc with their loads measured in stormwater, there 

appeared to be large deficiencies in the source inventory, with relatively large unknown 

sources of Cu and Pb (Timperley et al. 2005). There were either additional unknown 

sources, or the contribution of known sources to stormwater had been 

underestimated.  

3.2 Outline of new work 2005-2008 

New work addressed the source inventory problem through a reassessment of 

sources in three studies:  identifying sources of Cu, Pb and Zn in the urban landscape 

(Section 3.3); through improved methods for estimating loads from urban sources with 

the Contaminant Load Model (Section 3.4); and from estimating loads of sediment and 

metal from rural sources with the GLEAMS model ( Section 3.5).  

A comprehensive review of PAH sources, fate and effects has been pub lished which 

has shown the relative importance of historical coal tar residues, modern road run-off , 

petrol station and atmospheric inputs (Section 3.6).  

One area not covered in the 2005 Review was sources of chemicals from industrial 

and commercial opera£w}|¢< bvw¢ vo¢ pss| p¡wstz¨ orr¡s¢¢sr w| £vw¢ ¡s¥ws¦ 6»W|r¤¢£¡woz 

a}¤¡qs¢¼7 £v¡}¤uv ¡sts¡s|qs £} tw|rw|u¢ t¡}{ £vs O`Qº¢ W|r¤¢£¡woz ^}zz¤£w}| ^¡s¥s|£w}| 

Programme (IP3) (Section 3.7).  

O |s¦ w|w£wo£w¥s orr¡s¢¢sr ¦o¢ »s{s¡uw|u qvs{wqoz¢ }t q}|qs¡|¼: ¦vwqv was 

identified in the 2005 Review (ARC 2008) as a major information gap. These represent 

a whole new spectrum of chemical sources of potential contamination ( Section 3.8).  

Another area that was not covered in the 2005 Review was stormwater quality itself.  It 

was outside the scope of the review because it was the subject of another major 

review (Griffiths & Timperley 2005). Since the Griffiths & Timperley (2005) review, 

significant additional stormwater quality information has been obtained in the Meola 

and Motions catchments (Moores et al. 200 5) and in the Henderson area (Trowsdale et 

al. 2005). The Meola-Motions study is a useful update in that it compares observed 

stormwater quality with the other catchment studies covered in NIWA (2005). The 

Henderson (o¡ »b¦w| a£¡so{¢¼7 ¢£¤r¨ q}{~o¡s¢ ¢£}¡{¦o£s¡  ¤ozw£¨ ps£¦ss| zwts¢£¨zs: 

peri-urban and urban catchments. These references are given for the sake of 

completeness but stormwater quality and treatment is not addressed any further.  

3.3 Sources of Cu, Pb and Zn in the urban landscape 

As described above, the initial budgets (Timperley et al. 2005) found that the sources 

of metals did not match with their loads measured in stormwater. There were large 

contributions from »unknown¼ sources in this budgeting exercise. Wh ile the mass 

budgets for zinc appeared to be relatively well understood, the mass budgets for 

copper and lead were incomplete. Loads from unidentified sources totalled 

approximately 60 per cent of the copper load for the residential, 70  per cent for the 

commercial, and 80 per cent for the industrial catchments. The mass budgets for lead 
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were somewhat better for the residential catchment, with unidentified sources only 8  

per cent of the catchment load; however unidentified sources accounted for 60  per 

cent of the commercial, and 80  per cent of the industrial catchment load.  

The ARC commissioned a major review of metal sources within the Auckland urban 

landscape (Kennedy & Pennington 2008). New Zealand and overseas data were 

reviewed and estimates made of lik ely contributions from a wide variety of sources 

(the picture of the house from Kennedy & Pennington 2008 show many of the sources 

considered). While some sources could be well characterised and estimated, many 

could not, although most of these were arguab ly negligible. The review updated the 

metal budget (Table 1 and 2), accounting for more of the metals, and pointing the way 

for future refinements.  

Figure 1  

Example to show sources of metal sources in the urban Auckland landscape. 

 

There is still a great deal of uncertainty in estimates and these are described in the 

report. Significant sources for copper were precipitation (wet and dry), brake linings, 

natural soils, garden soils, road wear, roof material and building walls. Minor sources 

were tyres and potable water.  

Significant sources for lead were precipitation (wet and dry), soils (natural, roadside, 

garden), roof material, lead head nails and building walls. Minor sources (<1 per cent) 

were tyres, brake linings, wheel weights and potable water.  
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The sum of the contributions still falls short of the measured catchment load, although 

the budget between sources and catchment exports are much closer than in the 2005 

study (Timperley et al. 2005). However, one of the significant differences between the 

estimates of Timperley et al. (2005) and Kennedy & Pennington (2008) is the inclusion 

of a significant precipitation component in the later estimates. This is unlikely to be an 

additional independent source (eg, air pollution resulting from activities outside  the 

region, localised industrial pollution) because metals in precipitation are probably 

largely sourced from the catchment activities (eg, vehicle emissions, dust 

resuspension), which are already accounted for in both budgets. This uncertainty 

needs to be resolved. Other uncertainties in contribution for key sources, such as Cu 

from brake linings, should be resolved by more measurements. The very 

comprehensive report of Kennedy & Pennington (2008) will form a useful starting point 

and provide a format to refine these estimates, and should be updated when further 

measurements are made. 

Table 1 

Copper budget for three urban catchments (adapted from Kennedy & Pennington 2008). The 

estimated contribution is presented as the proportion (%) of the measured total  catchment load 

(Timperley et al. 2005). Significant sources are highlighted. Confidence in estimate are given by 

the uncertainty levels where 1= high certainty to = 5 greatest uncertainty. CBD = Auckland 

Central Business District (commercial), Mission = r esidential catchment, Mt We llington = 

industrial catchment.  

Primary 

source 

Secondary source Estimated contribution (%)  Uncertainty 

level 
CBD Mission Mt 

Wellington 

Precipitation Wet  13.9 2.1 10 3 

Dry 20.5 20.3 12.4 4-5 

Vehicles Exterior paint NA NA NA 5 

Wheel weights  NA NA NA 3 

Brake linings 29.8-74.6 7.3-18.7 13.8-35.5 3-5 

Tyres <0.1 <0.1 0.6-1.2 3 

Oil & grease <0.1 <0.1 <0.1 3 

Accidents NA NA NA 5 

Soils Natural 1.7 7.4 8.5 3 

Roadside 0.1 <0.1 <0.1 4 

Garden 2.8 9.4 0.4 3 

Road wear Pavement  2.2 1.8 0.4 4 

Marking paint NA NA NA 4 

Buildings Roof material <2.6 13.1 5.2 4 

Roof NA NA NA 4 
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Primary 

source 

Secondary source Estimated contribution (%)  Uncertainty 

level 
CBD Mission Mt 

Wellington 

infrastructure  

Lead head nails <0.1 <0.1 <0.1 4 

Walls 4.0 0.2 0.3 4-5 

Site infrastructure  NA NA NA 4 

Potable water  - 1.1 1.4 1.1 5 

Garden & household products NA NA NA 5 

Litter  - NA NA NA 5 

Street 

infrastructure  

Galvanised poles NA NA NA 5 

Cable & wiring NA NA NA 5 

CCA treated 

timber 

NA NA NA 5 

Total - 79-124 63-75 53-74 - 

Total 2005 Timperley et al. 

2005 

40 30 20 - 

Table 2 

Lead budget for three urban catchments (adopted from Kennedy & Pennington 2008). The 

estimated contribution is presented as the proportion (%) of the measured total catchment load 

(Timperley et al. 2005). Significant sources are highlighted. Confidence in estimate are given by 

the uncertainty levels where 1=low (ie, high certainty) to = 5 (high). CBD = Auckland Central 

Business District (commercial), Mission = residential catchment, Mt Wellington = industrial 

catchment.  

Primary source Secondary source Estimated cont ribution (%) Uncertainty 

level 
CBD Mission Mt 

Wellington 

Precipitation Wet  19.8 3.6 9.9 3 

Dry 15 17.2 7.3 4-5 

Vehicles Exterior paint NA NA NA 5 

Wheel weights  0.2 1 0.2 3 

Brake linings 0.6 0.7 0.1 3 

Tyres 0.17 0.25 0.11 3 

Oil & grease <0.1 <0.1 <0.1 3 

Accidents NA NA NA 5 

Soils Natural 2.5 12.7 2.3 3 

Roadside 4.1 1.9 0.8 4 
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Primary source Secondary source Estimated cont ribution (%) Uncertainty 

level 
CBD Mission Mt 

Wellington 

Garden 7.9 28 1 3 

Road wear Pavement  0.5 0.4 <0.1 4 

Marking paint NA NA NA 4 

Buildings Roof material 7.2 <2.9 3.3 2 

Roof 

infrastructure  

NA NA NA 4 

Lead head nails 3.9 4.6 2.1 4 

Walls 1.8 0.8 0.6 5 

Site infrastructure  NA NA NA 5 

Potable water  - 0.3 0.4 0.2 5 

Garden & household products NA NA NA 5 

Litter  - NA NA NA 5 

Street 

infrastructure  

Galvanised poles NA NA NA 5 

Cable & wiring NA NA NA 5 

CCA treated 

timber 

NA NA NA 5 

Total - 64.1 76.8 28.5 - 

Total 2005 Timperley et al. 

2005 

40 92 20 - 

3.4 The catchment load models 

Predicting stormwater contaminant loads  

There have been major improvements in the ways urban loads are estimated. Until 

recently, loads have been calculated using specific loads or flow weighted means 

generic to a particular urban land use (eg, residential, commercial etc.) (Seyb & 

Williamson 2004, URS 2001, URS 2004) and population density and road areas (Green 

et al. 2004). These types of models are almost universally used throughout the world 

for stormwater management, and they can include some source differentiation (eg, 

roads, permeable surfaces, other impermeable surfaces). Since 2005, the Contaminant 

Load Model has been developed by the ARC. This model predicts loads of TSS, Cu, Zn 

and Total Petroleum Hydrocarbons (TPH) for a single year for a wide range of surfaces 

in the urban landscape, and is available through the ARC website 

(www.arc.govt.nz/environment/water/stormwater/contaminants -in-auckland-stormwater.cfm ). 

The above models do not allow for the dynamic variation in the urban landscape from  

changes in the intensity of  sources (eg, traffic density) or changes in source materials 

http://www.arc.govt.nz/environment/water/stormwater/contaminants-in-auckland-stormwater.cfm
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(eg, roof types) or source controls. A more recent advance, the Urban Stormwater 

Contaminant 3 - Contaminant Load Model (USC3-CLM) (Timperley & Reed 2008a, b) 

provides this dynamic facility, and a more detailed breakdown of sources.  

The USC3-CLM is a relatively detailed model in the sense that it calculates loads from 

many different distinct surfaces such as roads, motorways, other pavement, urban 

parks, stream channels, construction sites and roofs. It does this for residential, 

commercial and industrial land uses. Roads are split into four categories depending on 

traffic density; motorways into two  categories; roofs into eight categories depending in 

roof material (Figure 2). The model uses specific yields of contaminants from surfaces 

(g/m2/yr), which draw on direct measurements from roof run-off , road run-off , solids 

trapped in catchpits, stream erosion studies, soils data, reviews and overseas 

information. Sediment specific yields for non -urban (rural) areas were obtained from 

GLEAMS modelling (see next section). Rural loads can also be dealt with simply in the 

model, but it is also more usual to u se GLEAMS. 

Historical predictions are made based on an assessment of past land use, traffic 

numbers and roof types. Future predictions are more dynamic, and take into account 

changes in roofing materials, population trends and traffic densities. These are in turn 

based on industry roof material sales figures and roof longevity, and on urban growth 

models. Urban expansion and population growth is allowed to occur within the model 

through infilling and more-dense housing (ie, apartment building). These changes are 

allowed to take place in realistic ways, with appropriate losses in pervious area, 

increase in impervious areas and the short-term appearance and disappearance of 

construction (bare soil) sites. The model incorporates various means for addressing 

source controls and stormwater treatment controls, as well as ways to vary the rate of 

(time line for ) implementation.  

Figure 3 shows examples of the change in roof and road types into the future in 

Auckland City. These changes illustrate the dynamic nature of the model, allowing for 

realistic projected changes in the cityscape into the future.  
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Figure 2  

aqvs{o£wq p¡soyr}¦| }t zo|r ¤¢s o|r ¤¡po| »¢¤¡toqs¢¼ w|qz¤rsr w| £vs QZ[ 6Oro~£sr t¡}{ 

TImperley & Reed 2008 a). 

 

The CLM model sums the loads from individual sub-catchments (Stormwater 

Management Units or SMUs) to produce the total load leaving the catc hment. There is 

no attenuation of contaminants in the stream channels of flood plains. Figure 4 shows 

the predicted total TSS, zinc and copper loads to the whole Central Waitemata Harbour 

(Timperley & Reed 2008b). 

The model has been applied to the catchments draining to the Central Waitemata 

Harbour (Timperley & Reed 2008b) and South East Manukau Harbour (Moore & 
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Timperley 2008a,b) to provide input to the USC-3 model predicting sediment and metal 

fate in these estuaries.  

Figure 3  

A) Trends in roof area (m2) of different materials in the residential part of Auckland City. B) Trends 

in areas (m2) of local roads in the commercial area of Auckland City. vpd = vehicles per day, units 

of Y-Axis are m2. (Reproduced from Timperley & Reed 2008a). 
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Figure 4  

Predicted total loads of TSS, total Zinc (TZn) and total Cu (TCu) to the Central Waitemata Harbour 

(excluding inputs from the Upper Waitemata Harbour) for 4 different source control and 

stormwater treatment scenarios (Reproduced from Timperley & Reed 2008b).  

 

This model improves on previously used predictive tools and load estimates by 

estimating contributions from all the major surfaces (roof, roads, motorways, pervious 

areas, stream channel, construction sites) in urban areas, taking into account roof 

materials, and traffic densities. Unknown contributions (mostly from other paved 

surfaces) were used as calibration factors. The model was calibrated to loads 

measured in three representative catchments in Auckland (described in Timperley et 

al. 2005), and specific yields from other paved surfaces were adjusted to get a good fit. 

The shortcomings of the previous attempt to conduct a source budget for Auckland 

(Timperley et al. 2005) was overcome in the CLM with a more complete source 

inventory, improved data to inform the model, use of overseas data where NZ data 

was lacking and the model calibration.  

Predicted changes in roofing materials, based on sales figures and expert assessment 

of the life of existing galvanised steel roofs, has major implications for Zn l oads and 

concentrations in the receiving environment in the future. There is a relatively rapid 

decrease in Zn loads at the present time and the near future (Figure 4). A major 

consequence is that there is a large change between historical trends (where th ere is a 

gradual increase in Zn loads to 2001) and future predictions, where there is an almost 

exponential decrease in Zn loads over the next 20 years.  
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3.5 Rural suspended sediment loads 

A major source of sediments, natural metals and a diluent for urban con taminants 

Rural areas are an important source of sediments to their receiving waters. Where 

significant rural areas exist upstream of urban areas or as part of the overall watershed, 

the rural sediment load is an important component of the total sediment l oad. This 

affects sedimentation rates and also the concentrations of contaminants in the 

receiving environment sediments, largely because the rural sediments act as a diluent 

to contaminant inputs from urban areas. GLEAMS was described in the 2005 Review 

(ARC 2008) where it was used in modelling the Upper Waitemata Harbour, Orewa and 

Weiti estuaries. The GLEAMS model has been improved and tested, and extended for 

use in hindcasting (Parshotam & Wadhwa 2008a-c, Parshotam 2008, Parshotam et al. 

2008a-c). The outputs from the model were used in USC3 modelling in the Central 

Waitemata harbour and South East Manukau harbour (see Section 8). An example of 

model output is shown in Figure 5.  

Figure 5  

Sediment yields (kg/ha/yr) predicted for 1945 by GLEAMS for the Central Waitemata Harbour 

watershed. SMU ¾ stormwater management unit. Loads are averaged over each SMU 

(Parshotam & Wadhwa 2008b). 

 

Improvements in the prediction of natural or soils metal loads were made by collecting 

orrw£w}|oz w|t}¡{o£w}| }| O¤qyzo|rº¢ soils (eg, Reed 2007), which could be applied in 

the GLEAMS outputs for rural areas, or incorporated in the USC3-CLM model for urban 

areas.  
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3.6 Yxu£l£lurl j{xvj}rl q£m{xlj{kxw| rw J~ltujwm´| jz~j}rl nw r{xwvnw} 

A comprehensive summary of sources, fate and ef fects of PAH 

In 2005, the ARC commissioned a major review of sources, concentrations and 

environmental risk posed by Polycyclic Aromatic Hydrocarbons (PAH) (Depree & 

Ahrens 2007). The environmental risk assessment described by these authors is 

summarised in Section 10 ¾ Toxicity. 

PAHs are a well-documented class of persistent organic pollutants that are 

characteristic of most urbanised and industrial areas. They derive from a variety of 

sources, both ongoing and historic, the majority of which are incomplet e combustion 

of organic matter (such as from residential heating and vehicle emissions) or distillation 

of fossil fuels. Because PAHs are poorly water -soluble and degrade only slowly under 

anaerobic conditions, they tend to accumulate in sediments and in b iological tissues to 

concentrations that, if high enough, may have adverse effects on resident biota.  

bvs {ox}¡w£¨ }t ¢srw{s|£ ^OV q}|qs|£¡o£w}|¢ w| O¤qyzo|rº¢ s¢£¤o¡ws¢ o¡s ¦szz psz}¦ 

O`Qº¢ s|¥w¡}|{s|£oz ¡s¢~}|¢s q¡w£s¡wo 6S`Q `sr7 }t ?<E {u=yu 6t}¡ vwuv molecular 

weight PAHs)4. In a small number of estuarine locations and freshwater creeks (such 

as Meola, Motions and Oakley Creek, the Whau River and the upper Tamaki Estuary), 

sediment PAH concentrations are markedly higher. 

PAH concentrations have not increased significantly in Auckland estuaries over the last 

ten years, and the authors suggest that levels are at steady-state. Estimates of PAH 

mass loadings from likely sources rule against atmospheric deposition and run-off  from 

petrol stations as major PAH contributors and point to road run-off  as the primary 

source (Figure 6). 

                                                           
4 bvs O`Qº¢ ^OV S`Q o¡s t}¡ vwuv {}zsq¤zo¡ ¦swuv£ ^OV< O\hSQQ u¤wrszw|s¢ o¡s uw¥s| t}¡ p}£v vwuv {}zsq¤zo¡ 

weight and total PAH. 
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Figure 6  

Schematic showing the connectivity and inter -relationships between different anthropogenic 

sources, atmospheric particulates and road run-off  particles. Adapted from Depree & Ahrens 

(2007). 

 

Analyses of deep sediment cores in the Manukau Harbour have demonstrated that 

sediment PAH levels in Auckland were historically higher than they are today (ARC 

2008), probably due to the past widespread use of coal for heating and powe r, as well 

as PAH-rich coal-tar for road construction. While the use of coal tar largely ceased by 

the late 1960s, recent coring of Auckland city streets and footpaths has demonstrated 

that there are still considerable quantities of PAHs locked in pavement s in the form of 

coal-tar, such as found in older residential catchments upstream of the most PAH -

contaminated monitoring sites. Combining advanced source identification techniques 

6»^OV tw|us¡~¡w|£w|u¼7 o|r qvo¡oq£s¡w¢o£w}| }t ^OV rw¢£¡wp¤£w}| w| ¢srw{s|£ sub-

fractions has provided further evidence that the majority of PAHs in high PAH 

catchments (eg, Motions Creek) are not derived from current vehicle or residential 

emissions, but rather from roading coal tar. Input of PAH -rich, coal-tar laced pavement 

material is still ongoing, explaining the high PAH levels in the adjacent creek and 

downstream estuary.  

Source identification using diagnostic PAH ratios confirmed that composition of PAHs 

in the most contaminated receiving environment sediments is different  to that of 

typical road run-off  particulates. These sediments were characterised by pyrogenic 

PAH compositions with strong similarity to pyrogenic source materials, such as wood 

soot, coal soot and coal tar. In contrast, road run-off  particulates had a mixed or 

»intermediate¼ PAH composition. The »intermediate¼ composition observed for run-

off  and air particulates is presumably due to a mixture of petrogenic (eg, road/tyre 

abrasion and engine oil) and pyrogenic (eg, combustion soot) source particles (Figure 

6). 
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Figure 7  

 

Auckland air particulates, sampled three times throughout the year, had a very similar 

PAH composition to road run-off . This is consistent with these two particulate phases 

being linked by deposition and suspension/resuspension processes (Figure 6). Analysis 

of coal soot and wood soot marker compounds showed that whereas these 

combustion sources are relevant in other cities (ie, Christchurch) there is little 

indication that they constitute a major source of PAHs in Auckland air particulate s, run-

off  or sediments. Concentrations and composition of PAHs in high PAH aquatic 

sediments are consistent with coal tar constituting over 80  per cent of the PAHs. 

Despite the strong weighting due to historic coal tar inputs in some sediments, run-off  

from modern bituminous -based roads is likely to be an additional important source of 

PAHs in Auckland, especially in catchments that were developed after the coal ta r era 

of roading (ie, post 1960s). Modern road particulates collected in a stormwater 

treatment device in Grafton Gully contained PAH concentrations of 10-13 ɛg/g.  

The proportion of PAHs attributable to run-off  particulates was estimated for Auckland 

receiving environment sediments. Modern road run-off  particulates contributed 

between 4 -62 per cent of the total concentration of PAHs in the receiving environment 

sediments examined. For sediments with higher PAH levels, the proportional 

contribution from modern road run-off  was lower. For example, for stream sediments 

containing more the 4 mg/kg tot al PAHs (and therefore of possible concern because 

this exceeds ANZECC guidelines) modern run-off  particulates contributed only 4 -14 per 

cent of the total PAHs. At these sites, coal tar inputs from historic road construction 

practices are the major source of sediment PAHs. For sediments containing 

approximately 1 ɛg/g of PAHs, modern run-off  contributed 24-62 per cent of the PAHs. 

Based on these estimates, and the assumption that the existing »dilution¼ by inorganic 

and organic material continues, it seems unlikely that PAH inputs from modern road 

run-off  have tvs qo~oqw£¨ £} ¡ow¢s ^OV ¢srw{s|£ q}|qs|£¡o£w}|¢ op}¥s £vs O`Qº¢ S`Q 

red criterion of 1.7 mg/kg. However, if the sediment inputs to estuaries were to 

become more dominated by road run-off  particulates (as is predicted for the Central 



 

bvs W{~oq£¢ }t a£}¡{¦o£s¡ w| O¤qyzo|rº¢ O ¤o£wq `sqsw¥w|u S|¥w¡}|{s|£< O `s¥ws¦ }t W|t}¡{o£ion 2005-2008 28 

 

Waitemata Harbour ¾ see Section 8), then the concentrations could theoretically 

exceed the ARC red guideline.  

3.7 Industrial sources 

Management of site operations to minimize stormwater contamination  

Industrial and commercial activities can be an additional source of contamination to 

urban stormwater. While it is difficult to quantify this source because it is site specific 

compared with generic sources such as road run-off , its management is of utmost 

importance. This is cove¡sr ¤|rs¡ £vs O`Qº¢ W|r¤¢£¡woz ^}zz¤£w}| ^¡s¥s|£w}| 

Programme (IP3). This is an ongoing programme that primarily focuses on the high 

priority (high risk) industries (eg, electroplating).  

Figure 8  

 

The following Table 3 is an example of the sources uncovered in an intensive survey 

6»pzw£©¼7 }t £vs w|r¤¢£¡woz o¡so¢ £vo£ r¡ow| £} eow¡o¤ Q¡ssy w| £vs evo¤ S¢£¤o¡¨ 6O`Q 

2000, 2001). The purpose of a blitz is to visit all industrial and commercial premises in 

each area not categorised as high priority, to investigate actual and potential 

stormwater and/or groundwater contamination issues associated with activities carried 

out on each site. [Specific high priority sites are targeted individually and regionally in 

separate occasions]. Where actual pollution problems are identified, advice is given 

regarding any remedial work required. Educational material is provided to all site 

owners/occupiers to raise awareness of potential sources of water pollution from each 

site and to advise on what actions should be taken to  minimise these risks.  

Table 3 

Oq£¤oz o|r ~}£s|£woz w¢¢¤s¢ wrs|£wtwsr r¤¡w|u o »pzw£©¼ }t GG q}{{s¡qwoz o|r w|r¤¢£¡woz ~¡s{w¢s¢ w| 

the Kelston and McLeod Rd Areas in 2001 (ARC 2001). 

Business 

category 

No. of premises with 

problems 

Total no. of problems Contaminated sites  

Potential Actual Potential Actual 

Motor vehicle 15 8 31 12 4 
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Business 

category 

No. of premises with 

problems 

Total no. of problems Contaminated sites  

Potential Actual Potential Actual 

Engineering 7 4 13 14 3 

Transport 1 - 1 - - 

Chemical 5 - 7 - - 

Manufacturing 6 3 12 7 2 

Miscellaneous 5 4 9 8 1 

Totals 39 19 73 41 10 

The distribution of actual and potential problems identified during blitzes reflects the 

type of industry in the study area. The main types of businesses found polluting were 

in the motor vehicle, manufacturing and engineering categories, which are largely 

considered to have a low or medium potential pollution risk.  

Typical problems identified during the McLeod Road and Kelston area blitzes are listed 

below:  

 washing of equipment, used parts, floors and vehicles drained to the yard or 

stormwater system;  

 compressor condensate discharging to ground or stormwater system;  

 contaminants leaking onto the ground from waste bins stored outside;  

 poor housekeeping such as old/empty drums left outdoors;  

 companies lacking a spill plan or staff education on environmental issues;  

 drums, tanks and containers of chemicals and oils stored in an inappropriate 

manner; 

 inadequate bunding; 

 spillages onto the yard and into the stormwater system;  

 uncovered or uncontained waste bins; and 

 ground contamination. 

In most cases, it was relatively simple to carry out the remedial works or action 

required to prevent the discharge of pollutants to the stormwater system or onto the 

ground. Sometimes clean up requires significant expenditure by the company, so the 

IP3 impress on company staff and management the importance of preventative action. 

Industrial and commercial sites that handle large quantities of substances that may be 

toxic in receiving waters have the potential to grossly contaminate the environment. 

Therefore the IP3 programme is important for managing the qu ality of urban 

stormwater. Over the last 10 years there has been a great deal of effort quantifying 

diffuse source loads of TSS, Cu, Pb and Zn (eg, see Section 3.3), but there has been 

little effort in quantifying potential point source loads from industri al spillage etc. This is 

an important information gap, especially for other potential contaminants such as Hg 
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and CPEC (see Section 3.8). Quantification of sources is not aimed to inform the IP3 

programme (although this will also be achieved) but to better  understand potential 

impacts in the environment.  

3.8 Emerging chemicals of potential concern 

Chemicals that are found at increasing frequency and increasing concentrations in the 

receiving environment but have as yet uncertain significance  

The 2005 Review (Mills & Willamson 2008) concluded that further investigation of the 

levels and significance of some Persistent Organic Pollutants (POPs, including 

phthalate esters and PCBs) and Hg was warranted to assess whether they are likely to 

be important stormwater -de¡w¥sr q}|£o{w|o|£¢ w| O¤qyzo|rº¢ ¡sqsw¥w|u s|¥w¡}|{s|£< 

Some of these are Priority Pollutants ¾ contaminants with high environmental 

persistence, high bioaccumulation and high acute toxicity. ARC has monitored many of 

the traditional priority pollutants (eg, PAH, organochlorine pesticides, PCBs) in recent 

times.  

A new group of chemicals are emerging as being of potential environmental concern, 

based on their toxicity, persistence, and widespread or on -going use. These have been 

termed Chemicals of Potential  Environmental Concern (CPEC)5. In contrast to the 

»~¡w}¡w£¨ ~}zz¤£o|£¢¼ ¦vwqv vo¥s q}|¢w¢£s|£z¨ vwuv s|¥w¡}|{s|£oz ~s¡¢w¢£s|qs: vwuv 

bioaccumulation and high acute toxicity, many CPECs have a lower environmental 

hazard profile. Notably, many CPECs have lower acute toxicity than Priority Pollutants 

(PP). Nevertheless, some CPECs have a potential to exert chronic effects by being 

neuroactive or acting as hormone mimics (endocrine disrupting chemicals). Some are 

associated with high production volumes, so the re is a potential for accumulation of 

£vs¢s qvs{wqoz¢ w| O¤qyzo|rº¢ ¡sqsw¥w|u s|¥w¡}|{s|£: ¦w£v ¤|y|}¦| q}|¢s ¤s|qs¢< 

The differences between PP and CPEC are summarised in Table 4. 

Table 4 

Comparison of risk profile of priority pollutants and emerging chem icals of potential 

environmental concern (adapted from Ahrens 2008). 

Property Priority pollutants CPEC 

Toxic effects & mode of 

action 

Acute & chronic . Not likely to be acutely toxic 

at environmental doses, but 

potentially bioactive (eg, 

estrogenic, neuro-active). 

 

Environmental concentrations Frequently monitored; stable 

or decreasing (except Zn, Cu, 

PAH in urban stormwater). 

Not frequently monitored, 

assumed to be increasing. 

 

Persistence High. Variable: low, medium, high. 

 

                                                           
5 Also termed Emerging Chemicals of Concern (ECC), or emerging contaminants. 
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Property Priority pollutants CPEC 

Bioaccumulation potential High. Variable: low, medium, high. 

 

Sources Mainly industrial & 

agricultural; building 

materials and vehicles; few 

domestic (ie, sewage). 

Some industry & agriculture; 

mostly domestic (via sewer 

overflows, wastewater 

discharges). 

 

Existing water quality 

guideline 

Yes. No. 

 

Discharge regulated Often (but not in diffuse run-

off  in NZ). 

Rarely. 

 

Detection and quantification Relatively easy; methods are 

well established. 

Difficult and expensive to 

measure. 

Examples Mercury, lead, arsenic, DDT, 

PCB, PAH, dioxin, Cu, Zn. 

Surfactants, plasticizers, 

disinfectants, pesticides, 

flame retardants, hormones, 

cosmetics. 

Ahrens (2008) conducted a very comprehensive review of CPEC that are emerging in 

£vs ¦}¡zrº¢ zw£s¡o£¤¡s< Po¢sr }| £vw¢ ¡s¥ws¦: Q^SQ r} |}£ o~~so¡ £} ¡sach 

environmental concentrations able to exert acute toxicity effects on biota. However, if 

moderately elevated concentrations are present, or bioavailability is enhanced with 

long-term exposure, there is the possibility of chronic effects on organism heal th. 

Because they are likely to occur in mixtures, there is the possibility of additivity of 

toxicity of chemicals with a common mode of action, such as endocrine disruptors. 

Thus while the environmental concentrations may fall below the levels where a 

specific chemical is known to effect organisms, these chemicals may act in concert, 

producing an additive adverse effect.  

As well as urban stormwater as a potential source for such CPEC as pesticides, 

plasticizers, petroleum products, Ahrens (2008) identified  many other potential sources 

in the urban landscape including marinas, sewage outfalls, combined sewage 

overflows, landfill leachate, and agricultural run-off . To summarize and compare the 

potential hazard profile of these chemicals in the Auckland environment, he used the 

qualitative persistence-bioaccumulation-toxicity (PBT) classification scheme. This 

scheme assigns a hazard rank based on the persistence of the chemical in the 

environment, its tendency to accumulate in biota and its toxicity to aquatic organisms. 

A summary of the environmental hazard rankings, as PBT scores, is shown in Figure 9 

for 24 product categories.  
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Figure 9  

Summary of qualitative environmental hazard ratings (Persistence-Bioaccumulative-Toxicity (PBT) scores) for all CPEC summarised in the 24 general compound 

classes described in Ahrens (2008). Relative score is rated 0 ¾ 100, with 100 as most hazardous.  See Ahrens (2008) for rating method. 
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3.9 Conclusions 

A detailed review and inventory of sources of Cu, Pb and Zn in the urban environment has 

been undertaken. The refined inventories have estimated contributions from a wider 

variety of sources than previous studies, but were unable to account for all Cu and Pb 

exported from three catchments. It has shown where further measurements  need to be 

made.  

Continual improvements in catchment load modelling have led to a much -improved model 

¾ the Contaminant Load Model (CLM). The model predicts TSS, Zn, Cu and TPH loads 

from urban catchments. This model improves on previously used predictiv e tools by 

estimating contributions from all the major surfaces (roof, roads, motorways, pervious 

areas, construction sites, other paved areas) in urban areas. A dynamic version of the 

CLM, which includes predictions of changes of sources into the future, has been applied 

to Central Waitemata Harbour and SE Manukau Harbour (USC3-CLM). It takes into account 

roof replacement, projected changes in roofing materials, traffic density projections, 

population densities and associated projections (infilling, increased impervious areas). 

Coupled with this development are improvements in predicting contributions of 

suspended sediment from adjacent or upstream rural areas. 

The CLM model has greatly improved predictions, and allows the modeller to match input 

variables to specific catchment details. This is a substantial advance in estimating sources 

of contaminants. Further work could extend modelling to other contaminants (such as Pb) 

and it would be useful to compare the CLM with the source study of Kennedy & 

Pennington (2008) described above. The USC3-CLM incorporates predictions of the 

remaining life of existing galvanised steel roofs. Many of these roofs will be replaced with 

zinc-aluminium coated steel that produces much less zinc in run-off  than galvanised steel. 

This will result in a rapid decline in Zn loads to receiving waters over the next 20 years, 

which has major implications for impacts of stormwater.  

bvs rs£owzsr ¡s¥ws¦ }t ¢}¤¡qs¢ }t ^OV vo¢ rw¢£w|u¤w¢vsr »{}rs¡| ¢}¤¡qs¢¼ 6{}¢£z¨ t¡}{ 

bituminous roads) and legacy sources (from coal tar). The latter can be a much larger 

source of PAH to run-off . The review found that PAH loads from atmospheric fallout and 

petrol stations are small. This review is coupled with a summary of information on PAH in 

the receiving environments and an assessment of likely ecological effects (see Section 10 

¾ Toxicity).  

While work in the Industrial Pollution Prevention Programme (IP3) is not new, this has 

been included in this review to fill an information gap in the 2005 Review. The IP3 seeks to 

prevent contamination of stormwater (and groundwater) from site -specific activities on 

commercial or industrial sites. This contamination and potential impacts, difficult to predict 

with urban generic models, is indeed preventable, and is appropriately addressed by 

inspection and education and not source quantification and study of impacts. However, for 
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understanding stormwater impacts, particularly for Chemicals of Potential Environmental 

Concern (CPEC), it would be useful to estimate the magnitude of these sources.  

The potential for impacts from chemicals of potential environmental concern (CPEC) have 

begun to be addressed through a comprehensive review of CPEC in the overseas 

literature and by measuring concentrations of some of the more com mon CPEC in 

O¤qyzo|rº¢ {o¡w|s ¡sqsw¥w|u s|¥w¡}|{s|£ 6Section 6). 

Overall, there have been major advances in understanding the magnitude of sources and 

formulating these into a useful model that can be used by managers to estimate loads 

from any catchment i n Auckland. The model also encapsulates the effect of changes in 

loads accompanying population and traffic projections, as well as changes in roofing 

materials. The comprehensive review of PAH is a timely, useful and excellent summary on 

the »state-of-the-science¼ that would be advantageously repeated with other major 

contaminants. 
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4 Impacts on the Freshwater Environment  
Water quality of urban streams appears to be improving, and this may be partly due to 

improvements in stormwater. The ARC Regional Stream Monitoring Programme has 

shown decreases in TSS, nitrate and faecal coliform levels over the past 20 years. These, 

in particular TSS and faecal coliforms, have been identified as important factors limiting the 

potential use of urban streams and their rece iving waters, and hence their improvement is 

a significant step forward. The programme could benefit from pressure -state-response 

(PSR) analysis to better link the improvement to changes in catchment conditions and 

hence direct management towards actions t hat will continue the trends.  

The ecological functions of regional streams (including urban streams) are now able to be 

described and measured through the Stream Environmental Valuation (SEV) methods. This 

provides a key tool for effective management of ur ban streams, which, if implemented, 

should result in real improvements in stream ecology and address many of the impacts of 

urbanisation.  

Toxicological understanding has been advanced on the effects of short-term, high 

concentrations of TSS, which can occur during major storms in urban streams draining 

catchments which are undergoing development. The work reported has found that New 

Zealand stream biota are quite resilient in the most part to TSS, so infrequent, very high 

TSS levels are not especially toxic. A new initiative studying long -term toxicity across 

several generations of stream biota commenced during the 2008.  

A number of studies have measured the reduction in low flows brought about by 

urbanisation. This effect can be very significant in some catchments, but not in others, and 

further work is needed if a regional perspective is to be gained.  

Overall, from 1995 to 2008, there was enormous progress in understanding stormwater 

effects in urban streams, to the point that many of the tools for measuri ng stream health 

and effective management are now available. Most of the advances address the effects of 

flow, habitat modification and changes in ecological functioning. Of these, the SEV 

methodology is the latest, and potentially most powerful, developme nt.  

4.1 What was known by 2005 

Urbanisation causes a wide range of changes to the stream environment, affecting water 

quality, stream flows, stream channel shape and stability, riparian vegetation, and 

¢£¡so{psr qvo¡oq£s¡w¢£wq¢< bvs¢s qvo|us¢ 6}¡ »{¤z£w~zs ¢£¡s¢¢}¡¢¼7 qo| or¥s¡¢sz¨ ottsq£ 

the quality of aquatic plant and animal communities inhabiting urban streams. The diagram 

below (Figure 10) summarises these potential effects.  
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By 2005, a very large body of work had been conducted on improving our understand ing of 

£vs w{~oq£¢ }t ¤¡po|w¢o£w}| }| O¤qyzo|rº¢ ¢£¡so{¢< bvs ¦}¡y vorH 

 provided an extensive database on water quality, stream ecology, and (to a lesser 

degree) sediment quality, which have enabled the impacts on s treams to be well 

characterised; and 

 clearly demonstrated that urban streams have the poorest water quality, sediment 

quality, and biological quality of all the streams in the Auckland region. However, in 

many places, upstream rural land use contributes to the degraded state of urban 

waterways, at least for water quality and ecology.  

Figure 10  

The effects of urbanisation on the freshwater environment (reproduced from Suren & Elliot 2004).  

 

 provided much of the knowledge required to predict how changes in land use, and 

consequent changes in stream flow, water quality etc ., will affect the biological health 

of urban streams, and how these changes are likely to develop over time as 

catchments undergo development and mature; and  

 allowed an urban stream management framework based on scientifically -based, 

realistically achievable, maintenance and restoration objectives to be developed. 

The information shows that urban streams have the following characteristics. Figure 11 

illustrates many of these characteristics.  

 highly variable water quality and flow,  due to the intermittent nature of discharges, and 

their small size relative to the run-off  volumes that they receive;  
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 very poor microbiological quality, making them unsafe for contact recreation or food 

gathering; 

 high turbidity and suspended solids concentrations, and low visual clarity, which 

decreases the aesthetic appeal and ecological values of these streams (although this is 

oz¢} q}{{}| £} O¤qyzo|rº¢ ¡¤¡oz ¢£¡so{¢7I 

 occasionally high ammonia concentrations, probably most often associated with 

wastewa ter overflows or leakage;  

 moderately elevated plant nutrient concentrations, generally sufficient to support 

excessive growths of aquatic plants and algae; 

 elevated temperatures in shallow, unshaded, stream reaches, particularly open 

concrete-lined channels where thermally sensitive aquatic animals would be unlikely to 

survive in summer;  

 elevated concentrations of Zn and Cu in stream waters, such that both short -term 

acute effects during storm run-off , and longer-term chronic toxic effects during base 

flows , probably occur; 

 very high concentrations of Zn, Cu, and Pb in streambed sediments, suspended 

sediments, and biofilms, which are almost certainly going to be toxic to aquatic 

animals that ingest these materials when feeding;  

 a degraded macroinvertebrate community, dominated by animals that are tolerant of 

poor water quality and habitat and high flow variability, and lacking sensitive life forms 

that are indicative of high quality, stable, stream environments; and  

 variable fish populations, depending largely on stream location, size, barriers to 

migration, and to a lesser degree, presence of appropriate habitat. 
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Figure 11  

Comparison of typical unmanaged urban reach with natural reach of a small stream. 

 

The degree to which these characteristics are observe d in a given stream will vary 

depending on a range of variables, including the nature and intensity of urbanisation in the 

catchment, the age and history of development, upstream land use, the amount and type 

of stormwater (and sewage) reticulation and tre atment present, traffic densities etc. It 
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simple, holistic, indicator (or predictor) of potential impacts on stream quality. Impacts are 

observable at low levels of impe rviousness (<10 per cent), and increase dramatically 

between 10 and about 20  per cent, above which streams often have very poor quality.  

4.2 Outline of new work 2005-2008 

A key gap identified by 2005 was the lack of information on assessing the ecological 

functions of urban streams and how they might be measured, and therefore managed and 

¡s¢£}¡sr< evwzs sq}z}uwqoz t¤|q£w}|¢ vor pss| wrs|£wtwsr 6O`Q @>>Bo7 ¦w£vw| £vs O`Qº¢ 

stream categorisation framework, additional methodology was needed to facilitate their 

quantification. New work was undertaken in the following two areas:  


