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1 Executive Summary  

1.1 Research Question 

What adverse effects does runoff from copper cladding have on the Avon River in 

Christchurch, and how can these be mitigated? 

1.2 Research context 
The topic of stormwater contamination caused by copper cladding was brought to our 

attention by our community partner, Di Lucas from Peterborough Village. The Christchurch 

rebuild currently taking place incorporates copper into the designs of many buildings. She 

believes that research should be carried out to determine the effects copper-cladded buildings 

are having on the Avon River. The research group was asked to determine if the adverse 

effects outweigh the use of the fashionable material.  

1.3 Aims and Objectives 
• To determine the level of copper concentration present in the Avon River in Christchurch. 

• To define adverse effects of copper cladding from runoff on the Avon River. 

• To improve awareness and knowledge associated with the negative effect of copper 

cladding of architects working in Christchurch.  

• To suggest mitigation solutions to reduce the amount of copper entering the Avon River. 

1.4 Summary of Methods 

1.4.1 Quantitative method 

20 water samples were collected during two different rain events at two different sites, Knox 

Presbyterian Church and the Christchurch Courthouse. New and old copper claddings were 

included. 

1.4.2 Qualitative method 

An online survey was sent out to 222 architects in Christchurch to identify mitigation 

practices and raise awareness about this issue.  
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1.5 Key Findings 

1.5.1 Water samples 

High copper concentrations were found in the majority of samples at both sampling sites. 

1.5.2 Surveys 

It was found that there is little knowledge about the actual effects of the heavy metal on the 

environment. Furthermore, participants in the survey suggested mitigation solutions such as 

maintenance and restrictions to copper use. 

1.6 Limitations 
• Budget - limited number and types of samples collected and analysed, and limited survey 

questions. 

• Time - short period (3 months), therefore only allowing two sampling events. 

• Weather - sampling was dependent on rain events. 

• Unknown cladding parameters on buildings  

1.7 Future Research 
• Inclusion of more samples for more representative data for the Avon River. 

• Inclusion of dissolved copper water samples, as it is known to be more bioavailable. 

• Inclusion of other heavy metals such as zinc and lead, as they are also contributors to 

toxicity in water.  
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2 Introduction 

2.1 Purpose 

This report investigates the negative impacts of copper cladding runoff on the Avon River 

and recommends ways to combat the issue. It discusses copper concentrations found in the 

Avon River and compares these to Australian and New Zealand Environment and 

Conservation Council (ANZECC) trigger values in order to establish and understand the 

adverse impacts on the aquatic ecosystem. Furthermore, Christchurch architects’ knowledge 

about the issue and existing policies in Christchurch are evaluated to determine mitigation 

solutions. 

2.2  Background 

Copper has been embraced in the design of buildings for centuries. Its versatility, durability 

and aesthetic qualities make copper a highly valued material (West, 1982). The 2010/2011 

Christchurch earthquake sequence damaged infrastructure located in the Central Business 

District (CBD) and in the city’s suburbs. As a result, many buildings were deemed 

structurally unsafe and were subsequently demolished or rebuilt. This led to opportunities for 

developers and architects to implement alternative materials such as copper into the design of 

new buildings. Hence, its implementation has recently become a trend within the 

Christchurch rebuild. However, despite its popularity, copper is a heavy metal that can 

become bioavailable and harm aquatic ecosystems when it occurs in high concentrations 

(Sneddon & Treblay, 2011) 

2.3 Scope 
Research shows that many heavy metals can be toxic to ecosystems when present in high 

concentrations (Sneddon & Treblay, 2011). The aim of this study is to determine the effects 

of copper cladding runoff in the Avon River and obtain the copper concentrations therein, 

and following this provide mitigation solutions concluded from a survey with Christchurch 

architects.  
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3 Literary Review 

3.1 Sources of copper 

It is suggested that there are other sources that contribute copper into waterways including 

roads, carparks, air conditioning, brake linings and fertilisers (Arnold, 2005; Charters et al., 

2014; O’Sullivan et al., 2012). Therefore the results of this research cannot conclude with 

certainty that the copper measured was solely due to copper cladding runoff. 

3.2 Mobilization of copper 
The dry periods between rainfall events exposes the copper to corrosion (Hedberg, et al. 

2014). This means that the amount of corroded copper available to be transported by rainfall 

is determined by the time and intensity of environmental conditions acting upon it. 

 

Copper (Cu) has an adverse effect on stormwater runoff due to the interaction of the cladding 

with the atmosphere (corrosion) resulting in the formation of patina layer, a thin green layer 

made of copper sulfate. Further patina products form due to exposure depends on the 

environment and pollutants that are present in air readily interact with the copper surface 

producing different copper constituents of different chemical composition (Leygraf & 

Wallinder, 2001). These can be broken into four main categories: copper oxides and sulfides, 

inorganic salts, organic copper salts and other components (Franey, Graedel & Nassau, 

1987). 

 

The time scales for corrosion rate that eventually lead to the formation of patina would vary 

substantially with geographic location (Franey, Graedel & Nassau, 1987). Leygraf and 

Wallinder (2001) emphasised that a full risk assessment of environmental adverse effects of 

copper needs to be taken into the consideration of chemical speciation along with surface 

characteristics, precipitation condition and pollutants present when determining the 

contribution of copper in runoff and eventually further in the river. 
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3.3 Sampling and Testing Copper 
Water sampling techniques were investigated. This was important as results are heavily 

dependent on water samples as well as proper methodology. The literature review helped to 

determine the steps and precautions to take. The samples were collected during a storm flow 

event. However, it was taken into consideration that copper concentration levels will be 

higher than in a base-flow event, due to the behaviour of copper in conditions of lower 

turbidity (O’Sullivan et al., 2011). A report carried out by Mohuiddin et al. (2011) 

highlighted the importance of a successful collection process.  

 

Michels et al. (2002) stated that it is essential to collect samples one hour after the rain has 

begun, in order to eliminate the first-flush. The first-flush gives abnormally high 

concentrations before decreasing to a constant rate (Michels et al., 2002). To avoid this, it 

was decided to collect samples at a steady state. This allowed for constant copper 

concentration at steady state condition from the time of precipitation (He, Wallinder & 

Leygraf, 2000). As a result of these sampling and testing methods from previous research, it 

was decided to explain the purpose of taking five water samples from each sampling site per 

event and to do so at least one hour after rainfall first commences. 

3.4 Copper in freshwater ecosystems 
Sneddon and Treblay (2011) outlined that excess copper concentrations in ecosystems can 

have adverse effects on aquatic organisms. The high copper concentration is toxic to some 

species causing a decline in their population (Sneddon & Treblay, 2011). This was an 

important finding because it gave the research a purpose. Previous research shows that high 

copper concentrations do in fact have adverse effects. However, as Arnold (2005) suggests, 

the concentration of copper in stormwater can decrease its bioavailability as it travels from 

source to waterway. Furthermore, the surface of which the water travels across changes the 

chemical composition of the water (Gӧbel et al., 2007). Because of these findings, 

observations were made at the sampling sites to understand the contact the stormwater has 

with different surfaces. 
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4  Methodology 

4.1 Quantitative Sampling  

20 water samples were collected from two sites, Knox Presbyterian Church and Christchurch 

Courthouse, representing different ages at two rain events. 

4.1.1 Sampling sites 

The sampling sites were chosen based on both recommendations by our community partner 

and professionals interested in the project and the characteristics of the cladding of the 

buildings such as age.  

The chosen sampling sites in Christchurch included the Courthouse (CH) on Durham Street 

North constructed in 1989, and Knox Presbyterian Church (KPC) on Bealey Avenue, rebuilt 

in 2014 (Rice, 2014; Knox Church, 2014). Each sampling site included five sampling points; 

downspout (A), drainage point (B), in stream (C), upstream (D) and downstream (E). These 

were chosen to determine the mobilization of copper level concentration from the source to 

the Avon River due to their accessibility and proximity. 

 

Figure 1. Sampling points at KPC   
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Figure 2. Sampling points at CH 

 

4.1.2 Sampling Events 

The sample collection occurred during two separate rain events which allowed for 

comparison of the copper concentration levels between light to moderate and heavy rain 

events. The sampling collection event dates were determined by constant inspection on local 

meteorological websites; www.metservice.com and www.accuweather.com. Sampling 

occurred on August 15, 2015 and September 1, 2015, where samples were collected for Total 

Metals (TM) from the mentioned sampling points. TM collection was chosen as an initial 

investigation of water samples which accounts for the dissolved form of heavy metals and 

particulates present. The two separate events allowed for sample repetition resulting in a good 

estimate of accuracy and unbiased results. Secondary data was used to compare analysed 

values (Rice, 2003). 
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4.1.3 Sampling Preparation 

For TM collection a total of 20 plastic containers with an approximate volume of 75ml per 

bottle were prepared with 2-3 drops of 70% concentrated Nitric Acid (HNO3). This gave a pH 

value <2 to dissolve the metals, prevent metals sticking to the sides of the container and to 

preserve the water samples (He, Wallinder & Leygraf, 2000). The samples were labelled to 

be identifiable in the field and translated into approved chemistry codes for analysis in the 

Chemistry lab (Appendix 1). 

4.1.4 Sample collection 

Samples were collected to determine copper concentration levels; from point A to E. 

Different empty containers were used to collect the samples. The samples were then 

transferred to the acidified containers, filled to the brim of the container to avoid interaction 

with air that would produce air bubbles in the sample which could lead to the samples being 

impure and therefore not true representations of the concentration present. 

 

The group was provided with waders for instream sampling collection from B to E and 

equipped with Nitrile gloves for protection as well as minimising any contaminants that may 

contribute to the samples. Instream samples were collected in the main flow of the river at 

15cm depth to avoid organic matter, eddies or rubbish that could contaminate the samples. 

After each sample collection, samples were kept chilled until the environmental laboratory 

was available to prepare for analysis. 

4.1.5 Analytical Preparation 

The samples were brought to the laboratory and prepared for chemical analysis. The process 

involved the samples to be acid digested in a heating block and analysed through induced 

coupled plasma mass spectrometry (ICP-MS). Precise 25ml of samples using an Eppendorf 

pipette were transferred into a 50ml centrifuge tube and 5ml of 70% concentrated HNO3 acid 

was added. Tubes were then placed in a heating block at 120°C for one hour. After the 

samples cooled down, approximately 8-10ml of the sample were filtered through a 25ml 

syringe with a 0.45μm pore size filter and transferred into labelled ICP-MS tubes. The 

samples were prepared for analysis through ICP-MS, measured in the Chemistry Department. 

Each event contained 12 samples to be analysed which included a blank and a duplicate for 

quality control purposes.   
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4.2 Qualitative Sampling  

4.2.1 Participants 

Christchurch architects were chosen as the target population after the following three 

assumptions were made:  

 Architects make design decisions on a project 

 Architects ensure that aesthetic aspects are met 

 Only Christchurch architects are involved in the Christchurch rebuild 

During the site location process, it was realised that the architects of Knox Presbyterian 

Church in Christchurch, from Wilkie and Bruce Architects, won a prize for their work on the 

church. Thus, the importance of raising awareness and understanding architects’ knowledge 

about the environmental impacts of copper was recognized. 

4.2.2 Materials  

The survey was created on the online platform www.surveymonkey.com. The survey 

comprises an information sheet, eight closed-questions, one open-ended question and one 

comment segment (Appendix 2). Every question was set to require an answer to avoid 

skipping questions by the participants. Moreover, an optional comment box was included for 

the first nine questions of the survey to allow for additional notes. 

4.2.3 Procedures 

The survey was distributed to 222 identified personal email addresses of Christchurch 

architects. 49 architects participated in the survey within the given timeframe September 1, 

2015 midday until September 18, 2015 midnight, giving a response rate of 22.1%. 
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5 Results and Discussions for water samples 

5.1 Tracing copper from roof to stream 

Concentrations of total copper on two different rain events are summarised in Table 1. For 

four samples, in stream and upstream samples from both KPC and CH on September 1, 2015, 

copper concentrations were under the detection limit of 5µg/l. However, the remaining 

samples were all above the ‘save’ value (Figure 3). Through dilution with rainwater and 

stream water, copper concentrations in stormwater decreased significantly from downspout to 

in stream water (Appendix 3 and Appendix 4). In addition, the amount of copper present in 

the runoff can also be reduced by contacting sediment, as heavy metals tend to bind to 

concrete and soil (Arnold, 2005). An unusual trend was observed in samples taken on 

September 1, 2015, namely, higher copper concentrations were found in downstream samples 

than those of in stream samples (Appendix 3 and Appendix 4). These unexpected results 

suggest a presence of other copper sources running into the Avon River. 

 

Table 1. Concentrations (in micrograms per litre) of total Cu in water samples. 4 out of 20 samples are below 

the level of detection (BDL) of 5μg/l. (Relative percent difference = 6.47% between duplicates, 12.47% between 

two different rain events) 

 

 

 

 

 

 

 

 

Location Sampling point Cu concentration (µg/l) 

  15/08/2015 01/09/2015 
KPC Downspout 88.80 109.73 

Drainage point 11.18 35.44 
In Stream 8.80 BDL 
Downstream 8.16 9.00 
Upstream 12.44 BDL 

CH Downspout 105.95 86.82 
Drainage point 30.18 69.99 
In Stream 7.72 BDL 
Downstream 6.14 18.85 
Upstream 6.45 BDL 
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Figure 3. Copper concentrations in the Avon River compared to the ANZECC trigger (save) value. 

 

5.2 Difference in weather (precipitation) events 
Overall, copper concentrations of samples taken on September 1, 2015 (light rain) are higher 

than those taken on August 15, 2015 (heavy rain) (Appendix 5). This could have resulted 

from the slow flow of rainwater, allowing water to interact with copper roof surface for 

longer time, which in turn possibly caused increased copper corrosion. Furthermore, less 

dilution of copper with rainwater should be expected since the total amount of rainfall is 

significantly lower (Appendix 5). Assuming that stream water mixing is not as fast as it is 

during heavy rain, some copper might have been attached to the sediment. This could support 

the low copper concentration levels found in upstream and downstream samples (Table 1). 

5.3 Age of copper roof 

According to Leygraf and Wallinder (2001), aged copper surfaces would develop defects and 

cracks, where pollutants react with copper surface which tends to be concentrated in between 

the cracks contributing to high copper concentration in runoff which is inevitable in the river. 

An increase of copper corrosion with the age of roofing caused by the degradation of the 

copper surface was observed during the research. CH samples generally had greater copper 

concentration than KPC.  
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However, the opposite was observed in Auckland by Pennington and Webster-Brown (2008), 

where buildings with newer copper cladding had higher concentration compared to older 

copper cladded buildings (Appendix 6). Significantly high copper concentrations (Appendix 

6) observed in Auckland could be the future image of Christchurch city, considering that 

Auckland is the largest city in New Zealand and Christchurch is still at the starting point of 

the rebuild. 

5.4 The effects of corrosion rate and patina formation 
Copper surfaces exposed to atmosphere, humidity and environment will undergo corrosion. 

The corrosion rate is determined by environmental factors such as surface characteristics of 

copper including age, thickness and inclination precipitation events versus dry periods, 

pollutants present in air and urban environment including other sources of copper, 

precipitation pH and intensity (Leygraf & Wallinder, 2001). These factors affect the rate of 

runoff which could potentially lead to increased impact of copper concentration in the river. 

 

The patina layer visually changes from metallic; dull brownish to black and finally to green 

blue tinge. With the appearance of patina formation comes the chemical speciation of copper. 

Initial products formed by the patina are commonly found as cuprite and then as a non-

crystalline water soluble cupric sulfate in the early stages of copper surface development (He, 

Wallinder & Leygraf, 2000). The water soluble cupric sulfate, is the most toxic form of 

copper and would further increase with organics, inorganics and be made bioavailable in 

aquatic life (Legraf & Wallinder, 2001).  

5.5 Other sources of copper 

Other sources of copper including brake linings and fertilisers could explain the unusual high 

concentrations of copper observed in upstream samples (Table 1). Between KPC and CH, 

there are several possible copper containing sites, such as Hagley Park, Christchurch Botanic 

Gardens, severely damaged Christchurch Cathedral with copper roofing, and busy traffic 

roads that could add to the copper content in the Avon River. This could also explain the 

sudden increase of copper found in Mona Vale by Interim Global Stormwater Consent 

(IGSC) (Figure 4), as it also has a garden along the river. Schools, commercial buildings, 

museums, hospitals, hotels and other buildings could also introduce copper if they use air 

conditioning with copper pipes. Considering the fact that Christchurch CBD area will be 

more populated and trafficked as the rebuild activities progress, concentration of copper in 
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Avon River could increase through these factors. O’Sullivan et al. (2012) further suggested 

that a continuous input of copper from other sources would have an impact in the long run 

unless maintain. 

 

 

Figure 4. Comparison of copper concentration from a previous study with this study including the ANZECC trigger vale. 

  



   

17 | P a g e  
 

5.6 Ecotoxicology 
The ANZECC guidelines are a tool used to determine the sustainability of waterways 

(ANZECC, 2000).  In this case, the guidelines are used to understand consequences of excess 

copper on the ecosystem in the Avon River. In 2006, an ANZECC trigger value of 1.4μg/l 

was used as the Avon River was categorised as a slightly to moderately disturbed system. 

This trigger value means 95% of species are expected to be protected at 1.4 micrograms of 

copper per litre. 

 

In a 2013 investigation of the water quality of the Avon River, a trigger value of 1.8μg/l. 

meaning 90% of species are expected to be protected at this concentration. The reasoning for 

the change is in accordance with the 2011 Environment Canterbury (ECAN) Natural resource 

regional plan (NRRP) guidelines for ANZECC trigger values for spring-fed rivers (ECAN, 

2011) (Appendix 7). 

 

All observed values in water samples exceed the 90% ANZECC trigger value of 1.8µg/l 

(Figure 3). Therefore, as directed in ANZECC a 90% hardness modified trigger value 

(HMTV) of 3.56μg/l was employed for further investigation (Figure 4). This is the value 

modified based on the concentration of CaCO3 present in Avon River, which indicates more 

site specific potential risk (ANZECC,2000). As most samples exceed the 90% HMTV of 

3.56μg/l, this suggests that 10% of aquatic life present in Avon River could negatively 

affected by high concentration of copper. 

 

One of the project aims was to determine the adverse effects copper has when it enters the 

Avon River. Copper is an essential element to the survival to most organisms when it is 

bioavailable in low concentrations (USEPA, 2007). However, it becomes toxic to species 

when the concentration of copper in the water is too high. If copper is able to be transferred 

from the water to biochemical receptors in or on an organism, it becomes bioavailable. The 

ability of copper to become bioavailable varies between species (USEPA, 2007).  

 

The industrialisation of Christchurch has changed the ecology of the Avon River in the city 

centre (CCDU, 2013). The decline in water quality is proven by the disappearance of clean 

water invertebrate taxa in the Avon River which only thrive in good quality water (CCDU, 

2013). High copper concentrations in water can harm species living there in a number of 
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ways. Sneddon and Tremblay (2011) discussed that different aquatic species react and are 

affected differently by the contamination. For instance, larger organisms are more robust and 

able to regulate and therefore control excess metal concentration amount within their body, 

while smaller organism are more vulnerable and sensitive to contamination (Michels, 

Boulanger & Nikolandis, 2002).  

 

Sneddon and Tremblay (2011) added that, if the environmental levels of copper exceed an 

organism requirement, the metals begin to interfere and compete for enzyme or membrane 

protein sites resulting increasing in toxicity. Once the copper disrupts the metabolism, it 

reduces growth rate; causes weight loss; sensory responses dysfunction and they become 

more prone to disease. A study in the U.S. found that when rainbow trout fry are exposed to 

14μg of copper per litre, there was a 50% mortality rate within 14 days shown in Figure 4 

(Marr et. al., 1998) 

As shown in Figure 5, 14μg of copper per litre can kill 50% of rainbow trout fry within 14 

days. Trout Spawn in the Avon River and are therefore exposed to the copper entering the 

river from the stormwater systems. This study is therefore applicable to the survival of young 

trout in the Avon River by indicating a copper concentration threshold for trout fry. When 

compared to the water sample results of this study, some in stream copper concentrations 

from water samples were above the value of 14μg/l. Therefore, the Avon River may 

potentially cause a higher rate of mortality for trout fry due to the high levels of copper 

concentrations entering the water from stormwater runoff. 

 

Figure 5. Shows after 14 days, 50% of rainbow trout fry have deceased when exposed to 14μg copper per litre (Marr et. 
al., 1998). 
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6 Results and Discussion for Surveys 

6.1 Results 

The survey was conducted to answer the subsequent part of the research question, namely, to 

identify mitigation solutions about the environmental impacts of runoff from copper cladding 

on the Avon River and as a part of it improve awareness and knowledge associated with the 

negative effect of copper cladding of architects working in Christchurch. 

 

The first question in the survey was asked to understand architects’ knowledge about the 

effect of copper cladding runoff on the environment.  Results show an almost 50/50 

distribution between yes and no/I don’t know (Appendix 8). The fact that almost 50 % of the 

respondents were unaware consequently raised awareness of the issue.  When architects were 

asked whether the heavy metal degrades over time, it became apparent that many architects 

know about the degradation of copper over time but they do not know about the increasing 

adverse effects the aging of copper causes to the environment (Appendix 9). 10 out of 49 

participants stated that copper degrades very slowly over time; nevertheless, they use the 

heavy metal as it is the best choice with regards to building maintenance, environmental and 

economic sustainability. 

 

The majority of participants agreed to substitute copper for other alternatives. However, they 

suggested predominantly lead and zinc which are heavy metals known to be just as harmful 

to the ecosystems as copper (Appendix 10). Such heavy metals are also known to be toxic to 

aquatic organisms, adversely affecting their fertility, growth, respiration, physical structure 

and behaviour when evident in high concentrations (Margetts & Marshall, 2014). Many 

architects claimed to include environmental effects when making design decisions, 

nonetheless, most participants would also use more copper if it was less expensive (Appendix 

11). This shows that architects rather respond to market prices than including environmental 

factors in their design decisions. 
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6.2 Discussion 

6.2.1 Mitigation solutions 

The above results were helpful to understand architects’ knowledge and awareness about the 

issue. It underlines the need of identifying mitigation solutions that address all professionals 

involved in a project. Therefore three different mitigation approaches are suggested.   

6.2.1.1 Direct Mitigation approach 

Incorporating current methods of stormwater management need to be implemented in order to 

prevent copper concentrations from entering the water. The majority of survey respondents 

claimed both that they include long-term environmental effects in their design choices and 

that they would use more copper if it was less expensive. Therefore, to protect the Avon 

River ecosystem in the long-term given the evidence of excessive amounts of copper already 

entering the Avon River (Figure 3) and how the participants responded to the survey, a direct 

approach to reducing copper entering the Avon River should be implemented. 

 

A small minority of respondents raised issues regarding their support for protecting New 

Zealand waterways and ecosystems, and moving towards more sustainable options. The 

research conducted by Charters et al. (2014) provides a diverse range of mitigation options 

that aim to directly prevent stormwater contaminants such as copper entering neighbouring 

streams. Solutions provided by Charters et al. (2014) that should be applied to reducing 

runoff from copper cladding include inter alia rain gardens, roof maintenance, and wet ponds 

(Appendix 12 – Appendix 14). 

 

The Christchurch City Council (CCC) plans to spend approximately $51,000 on stormwater 

system management in 2015, with the money going towards replacements, improvements and 

meeting growing demand of stormwater management (CCC, 2015). Plans are underway to 

filter stormwater through rain gardens to prevent direct discharge into the stormwater system 

(CCDU, 2013). This will mitigate the adverse effects of excess copper in stormwater which 

causes environmental degradation and reduces water quality (CCC, 2015). This funding has 

been planned to continue through to 2025 (CCC, 2015). 
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6.2.1.2 Restriction to copper use 

In 2014, the CCC introduced a bylaw for Water Supply, Wastewater and Stormwater. 

Sections of this bylaw are targeted at treating receiving waters to meet the US Environmental 

Protection Agency (USEPA) water quality standards for copper (CCC, 2014). The bylaw 

requires polluted stormwater discharge to run into a separate part of the stormwater system 

(CCC, 2014). This is to improve the water quality of the Avon River in the central city. 

Additionally, water quality monitoring within Christchurch takes place monthly at 40 sites 

involving identifying dissolved copper concentration in the water (CCC, 2015).  

 

Christchurch plans to establish stormwater treatments so that receiving waters in urban areas 

at least meet USEPA water quality standards for copper (CCC, 2009). The Biotic Ligand 

Model (BLM), used by USEPA, gives “guidance on the concentrations of copper that will be 

protective of aquatic life” (USEPA, 2009, pg.1). Despite the fact that such bylaws are in 

place, water samples showed high copper concentrations in the Avon River. This urges for 

policies restricting the use of copper cladding in Christchurch to avoid further rises in 

concentration.  

 

The contradiction between inclusion of environmental effects and copper pricing underlines 

that many architects are driven by market prices as well as product quality rather than 

environmental awareness (Appendix 11). Although, prices of copper are a natural restriction 

to the use of the heavy metal this does not stop architects from using it as they are also bound 

to  their clients’ wishes and project specification. Maintenance, cost and longevity 

characteristics are sought to be optimised in design for their clients. Therefore, a policy 

restricting copper use is seen as more effective than only focussing on direct prevent 

methods. 

 

Limiting the use of copper through enforcing restrictions on its use is not a favoured action 

by architects (Appendix 15). The low proportion of the survey population in support of 

restrictions is a clear indicator that copper is a building material of high value to architects 

and their businesses. The high value it has amongst architects is also reflected in the support 

of maintenance options of copper (Appendix 16). This shows that a higher proportion of 

architects would be in favour of simply introducing maintenance requirements rather than 

restricting its use. It was found that most participants do not agree to the introduction of 
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restriction to the use of copper unless further proof of the issue was provided. However, the 

quality of the environment should be regarded more important than architects’ wishes and 

needs. 

6.2.1.3 Education Mitigation approach 

The need for more education surrounding the effects and chemical reaction of heavy metals 

in general with the environment is emphasised in Appendix 8 and 9. Participants refer to the 

benefits of the aging process of copper cladding including good appearance, the impression 

of quality and durability. However, they do not understand the process itself as well as the 

increasing concentration the patina layer can add to receiving waters. Furthermore it is 

apparent that only 55% of the participants are aware that copper cladding runoff can have 

adverse effects on the environment.  

 

This is the reason for the third mitigation approach. Ideally the New Zealand tertiary 

education system will be targeted with the ultimate goal of educating and raising awareness 

among students completing their tertiary studies in the field of architecture. The main 

education institutions that provide tertiary qualifications within architecture in New Zealand 

are CPIT (Christchurch), Victoria University (Wellington) and in Auckland, the University of 

Auckland and Unitec. It is suggested that the tertiary providers listed introduce compulsory 

courses which target the environmental impacts and chemical reactions of materials used in 

architecture. As all of these tertiary institutions curriculums do not offer courses relating to 

this area (Appendix 17 – Appendix 20). This is out of the scope of this study but has the 

potential to be implemented in the long-run with further research in this area. 
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7 Conclusion  
The objective of this report was to determine copper concentration levels in the Avon River 

and generate an understanding of the impacts of runoff from copper cladding into the Avon 

River in Christchurch. Furthermore, we aimed to provide forms of mitigation by improving 

Christchurch awareness and knowledge about the issue that could potentially reduce the 

amount of copper entering the Avon River. 

The quantitative data collected through the water samples confirmed that the copper 

concentration present in the Avon River was above the safe level for aquatic ecosystem as 

determined by the ANZECC. Further investigation into preventing copper entering the Avon 

River was therefore necessary. Due to copper having been implemented into many new 

buildings in Christchurch’s CBD, an online survey was designed that targeted architects as 

their opinion was regarded as the most important when it came to building design. The survey 

provided a qualitative approach to collecting data that was used to raise awareness amongst 

architects of the adverse environmental effects of copper. It also had the purpose of providing 

a better understanding into how much architect’s valued copper and thereafter options for 

mitigation were suggested.  

Overall, as high copper concentrations were found and the first step of raising awareness 

among professional architects in Christchurch has been accomplished, this research suggests 

an implementation of all three suggested mitigation solutions together in order to achieve a 

positive outcome for the aquatic ecosystem in the Avon River. 

The opportunity for future research in this area is important if the aquatic life of the Avon 

River is to survive. This research could include the extension of data points collected to 

encapsulate more of the site, or conducting research on metals such as lead or zinc, which 

were also present in high concentrations in this study. 
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10 Appendices  

Appendix 1 
Table 2. Table presents Chemical labelling code for sample collection and analysis. 
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Appendix 2 
 

 

Figure 6. Survey template which was created on www.surveymonkey.com (Pg. 1). 

http://www.surveymonkey.com/
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Figure 7. Survey template which was created on www.surveymonkey.com (Pg. 2). 
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Figure 8. Survey template which was created on www.surveymonkey.com (Pg. 3). 
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Figure 9. Survey template which was created on www.surveymonkey.com (Pg. 4). 

 

Figure 10. Survey template which was created on www.surveymonkey.com (Pg. 5). 
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Appendix 3 

 
Figure 11. Decreasing copper concentration from downspout to the in stream- KPC. 

 

Appendix 4 

 

Figure 12. Decreasing copper concentration from downspout to the in stream- CH. 

 

Appendix 5 
Sources: http://weather.crowe.co.nz/Rainfall/Month/?Date=2015-08-01, 

http://weather.crowe.co.nz/Rainfall/Month/?Date=2015-09-01 

Table 3. The table shows the weather conditions for the two sampling events with regards to rainfall in mm per day. 

 

  

Date Time Rainfall 
15/08/2015 11:30 - 13:00 Heavy rain 10.00mm/day 
01/09/2015 13:30 - 14:45 Drizzle 1.58mm/day 

http://weather.crowe.co.nz/Rainfall/Month/?Date=2015-08-01
http://weather.crowe.co.nz/Rainfall/Month/?Date=2015-09-01
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Appendix 6 
Source: Pennington & Webster-Brown (2008). 

 

Figure 13. Average concentration of total Cu in roof runoff in Auckland and Christchurch. Auckland data taken from HTC: 
Holy Trinity Cathedral (recent = 8 years old, old = 37 years old), Dilworth: Dilworth School Hall (45 years old), UoA: 
University of Auckland 

 

Appendix 7 
Source: ANZECC (2010).  

 

Figure 14. Decision tree to determine the potential toxicity. 
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Appendix 8 

 

Figure 15. Graph showing survey answers for architects’ awareness about adverse effects of runoff from copper cladding 
on the environment. 

 

Appendix 9 

 

Figure 16. . Graph showing survey answers for architects’ awareness about degradation of copper over time. 
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Appendix 10 
Table 4. The table below summarises other metals present in high concentration in the samples collected. Further 
analysis resulted in other metals (Lead (Pb), Zinc (Zn), and Cadmium (Cd)) present in high concentration were noted in 
the collected water. 

 

 BDL = below detection level (>0) 

 13 out of20 sample collected in Pb exceeded ANZECC (2000) trigger value 

 15 out of 20 samples collected in Zn exceeded ANZECC (2000) trigger values  

 17 out 20 samples collected in Cd exceeded ANZECC (2000) trigger values 

Table 5. The table below summarises Antimony (Sb) present in high concentration. 

 

 

 



   

37 | P a g e  
 

Appendix 11 

 

Figure 17. Graph opposing architects' inclusion of long-term environmental effects in design decisions and their 
responsiveness to prices. 

 

Appendix 12 
Source: http://www.mineo.co/rain-garden-design/ 

 

Figure 18. Rain gardens as copper catchment. Ideally with soil that is high in organic, matter, weathered and high in sand 
content as this types of soil is known to be deficient in copper (Reuther, 1957). 

  

http://www.mineo.co/rain-garden-design/
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Appendix 13 
Source: http://inspectapedia.com/roof/Copper_Roofs.htm 

 

Figure 19. The picture shows a maintained roof and an unmaintained roof with copper cladding. Maintenance would 
slow the patina layer formation down leading to lower copper concentrations in receiving waters. 

 

Appendix 14 
Source: http://www.ccc.govt.nz/assets/Documents/Environment/Water/waterways-

guide/WaterwayswetlandsandDrainageGuideWWDGchapter6StormwatertreatmentsystemsMay2012.pdf 

 

Figure 20. The picture shows a manmade wet pond which was installed in Auckland. This allows water quality and 
quantity management with regards to stormwater runoff (CCC, 2012). 

http://inspectapedia.com/roof/Copper_Roofs.htm
http://www.ccc.govt.nz/assets/Documents/Environment/Water/waterways-guide/WaterwayswetlandsandDrainageGuideWWDGchapter6StormwatertreatmentsystemsMay2012.pdf
http://www.ccc.govt.nz/assets/Documents/Environment/Water/waterways-guide/WaterwayswetlandsandDrainageGuideWWDGchapter6StormwatertreatmentsystemsMay2012.pdf
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Appendix 15 

 

Figure 10. Graph showing architects' opinion about restriction to copper use. 

 

Appendix 16 

 

Figure 11. Graph showing architects' opinion about introducing maintenance to copper cladding. 
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Appendix 17 
Source:  http://www.cpit.ac.nz/__data/assets/pdf_file/0006/169260/Science_Architecture_Engineering-

brochure.pdf 

 

Figure 23. Study information for a Bachelor of Architectural Studies study at CPIT in Christchurch, New Zealand excluding 
subjects about environmental effects and chemical reaction of materials used. 

 

http://www.cpit.ac.nz/__data/assets/pdf_file/0006/169260/Science_Architecture_Engineering-brochure.pdf
http://www.cpit.ac.nz/__data/assets/pdf_file/0006/169260/Science_Architecture_Engineering-brochure.pdf
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Appendix 18 
Source: http://www.victoria.ac.nz/architecture/study/subjects/arci 

 

Figure 24. Study information for a Bachelor of Architectural Studies study at Victoria University of Wellington in 
Wellington, New Zealand excluding subjects about environmental effects and chemical reaction of materials used. 

http://www.victoria.ac.nz/architecture/study/subjects/arci
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Appendix 19 
Source: http://www.unitec.ac.nz/sites/default/files/public/BAS.pdf 

Table 6. Study information for a Bachelor of Architectural Studies study at the Auckland Unitec in Auckland, New 
Zealand excluding subjects about environmental effects and chemical reaction of materials used. 

 

http://www.unitec.ac.nz/sites/default/files/public/BAS.pdf
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Appendix 20 
Source: https://cdn.auckland.ac.nz/assets/creative/for/current-students/course-planning-

enrolment/Planning%20and%20enrolment%20assets/14%2008%2013_BAS_Planner_2015.pdf 

 

Figure 25. Study information for a Bachelor of Architectural Studies study at the University of Auckland in Auckland, 
New Zealand excluding subjects about environmental effects and chemical reaction of materials used 
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