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ABSTRACT:  While there are an increasing number of outlets for information on building materials and 
methods, particularly web-based ones, little published information is available on the suitability of 
membrane materials for water collection. The microbiological aspects of roof materials and systems for 
rainwater collection are well documented, thanks to ongoing study of those at the Wellington Massey 
Roof Water Research Centre. Issues such as chemical leeching from materials however are far less 
comprehensively studied. This paper examines existing information on the performance of membrane 
roofs for water collection, identifies areas where such information is lacking, and suggests methods to 
improve the quality and breadth of information available. 
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INTRODUCTION 
With encouragement from local authorities and increasing public awareness on matters of sustainability, the 
collection of rainwater from our buildings is on the increase. Membrane roofs offer many effective and flexible 
solutions where existing houses are being retrofit for roof water collection, and are ideal for applications such as low-
slope roofs and buildings in high wind zones. 
 
There exists a breadth of options in terms of membrane composition, and despite manufacturers touting the moisture 
resistant properties of these materials, what little guidance is provided as to what applications are acceptable is very 
general. This paper discusses the lack of literature regarding the safety of these membrane materials for rainwater 
collection, and suggests points of improvement in terms of quality, breadth and ease of understanding of this 
information. 
 
1 MEMBRANE ROOFS FOR WATER COLLECTION 
 
Many properties of membranes make them ideal for roof water collection. Membranes can be built up with additional 
layers to increase moisture resistance, tear and puncture resistance and other physical properties. Most are easily 
repairable and are flexible, making them able to cope with building movement. Additives can be incorporated to 
improve many aspects of performance, such as resistance to micro-organism growth, and UV degradation. They can 
be formulated and applied to roof surfaces to allow for any size, shape, use or atmospheric condition. They offer a 
low- or non-permeable waterproofing layer that is homogenous or has few joints, making them an effective moisture 
barrier.  
In brief, membrane roofs are either sheets of pliable material applied to the substrate in one or more layers, or are 
brush or liquid-applied. They form (once cured for some) an essentially impermeable layer of waterproofing on the 
roof surface. Common sheet form membranes include butyl rubber (IIR - Isobutylene Isoprene Rubber), EPDM 
(Ethylene Propylene Diene Monomer), combinations of those two, PVC (Polyvinyl chloride) plastic and modified 
versions of this such as VET (Vinyl Ethylene Terpolymer), and PMBS (Polymer Modified Bitumen Sheeting). These 
can be fixed by hot-torching, with adhesives and solvents, or by mechanical means (Pringle, 2003). Mastic asphalt is 
a bitumen based product that is applied hot in multiple layers to form a homogenous covering. Common liquid applied 
systems are either acrylic (water-based) or solvent based, and incorporate resins and additives to improve various 
properties. Acrylic products are often touted as environmentally friendly, whereas solvent-based products are 
petrochemical products. Many solvents are known to off-gas VOC's, and are not safe to be ingested (OSH 1992). 
 
Roof water collection inherently reduces the load on urban water infrastructure, both supply and waste-water, and 
can reduce the contaminant load heading to waste where a filtration system such as a first-flush device is 
incorporated. Increasingly, local authorities are encouraging the use of domestic rainwater tanks, even in urban 
areas. Stan Abbott, director of the Roof Water Research, points out that “Currently more than 10% of New 
Zealanders rely solely on roof water for their drinking water.”(Abbott 2007:1) 
 
This number is set to increase as councils such as Waitakere and Kapiti offer financial incentives for fitting rainwater 
tanks to new or existing houses. It is when looking at fitting water collection systems to existing houses that 
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membrane roofs come into their own. Where the surfaces of existing roofs are not ideal for collection, such as when 
water-tightness cannot be guarenteed, roof shape is complicated, or where materials are not suitable to be used, 
membranes offer a number of solutions that require minimal additional structure, and minimise building waste. 
 
2 STATUTORY CONTROL ON ROOF COLLECTED RAINWATER 
 
Roof collected rainwater intended for consumption and hygiene falls under the Building Act 2004, the Local 
Government Act 2002, and the Health Act 1956. Clause G12 of the New Zealand Building Code (under the Building 
Act), requires buildings with water outlets and sanitary facilities to have "safe and adequate water supplies", and 
requires water intended for consumption, utensil washing or oral hygiene to be potable, further stating (Department of 
Building and Housing 2007): 
 

A potable water supply system shall be- (a) protected from contamination; (b) installed in a manner 
which avoids the likelihood of contamination; and (c) installed using components that will not 
contaminate the water (p.82). 
 

In the case of membrane roofs, part C legally requires roof-water systems to use materials that will not introduce 
contaminants, yet information on the performance of membrane materials in this respect is scarce. 
Under the Local Government Act 2002, some territorial authorities place restrictions on the use of rain collected 
water. Often this is due to the health concerns raised by studies, such as one by Massey University which found over 
half of the samples taken from the roof collected water of 560 buildings in New Zealand to exceed minimum health 
standards (Abbott 2007).  
 
The New Zealand Drinking Water Standards 2008 (under the Health Act 1956) contain specific requirements for 
water supplies. These define maximum values of both organic and inorganic contaminants in drinking water, such as 
those introduced from building materials themselves. These are measured as concentrations in milligrams per litre (or 
parts per million)(Ministry of Health 2008). 
 
3 ISSUES ARISING FROM LACK OF INFORMATION  
 
This issue is one of health and sustainability; without clear and definitive information on the performance of 
membrane roofs exposed to on-site conditions we cannot be sure that, for instance, the material does not introduce 
dissolved metals, VOCs (Volatile Organic Compounds), PAH’s (Polcyclic Aromatic Hydrocarbons) or other toxins or 
contaminants to runoff, stain laundry, or support microbiological or mould growth. 
 
The lack of published information presents a barrier to the use of membranes for roof water collection, in that where 
professionals are not confident of the suitability and performance of the material they are specifying, they will (should) 
choose an alternative. This makes little sense when considering the inherent benefits that membranes could provide 
in those applications. 
 
3.1 Inconsistency in literature  
When attempting to understand the suitability of membrane roof products for water collection difficulties arise due to 
the breadth of formulations, finishes, fixing methods and so on. General guidance in terms of roof material selection 
has been published by both the Massey Roof Water Research Centre in Wellington and BRANZ (Building Research 
Association of New Zealand), but these lists are far from detailed or exhaustive (BRANZ 2006; Massey Roof Water 
Research Centre 2009). PVC membranes, for example, are considered safe for water collection provided they do not 
contain lead stabilisers (BRANZ 2006; Massey Roof Water Research Centre 2009). However PVC products often 
incorporate biocides to reduce susceptibility to micro-organisms feeding on plasticisers in the products, for which 
definitive information on health or other effects is scarce(Sherman 1998). PVC can also contain vinyl-chloride 
monomer, which is a suspect cancer causing agent (Noble Company 2008). 
 
The same sets of guidelines from BRANZ and Massey university state bitumen-based roofing should not be used for 
rainwater collection (BRANZ 2006; Massey Roof Water Research Centre 2009). Conversely, manufacturers and 
promoters of PMBS (polymer-modified bitumen sheeting) products suggest the material is ideal for the application, 
pointing to studies that allegedly "have proven that leaching levels are extremely low" (Bitumen waterproofing 
Association, 2010:14). Manufacturers stop short of suggesting the material is suitable for potable water collection 
however (Bitumen Waterproofing Association 2010). 
Publications such as safety data sheets (SDSs) and product appraisals for many construction materials tends to be 
brief, and generally only cover the handling and general precautions when using the material. Where product data 
sheets are available from manufacturers, these usually gloss over the use of their materials for water collection, or fail 
to mention it at all. It is important for manufacturers to specify where it is or is not appropriate to use their materials. In 
some cases it is likely that the issue is avoided, as companies could be legally liable for suggesting their material is 
safe if it turns out not to be so. 
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3.2 Difficulty in comparison of measures of contaminants and runoff 
Health standards for drinking water and figures quoted in data sheets is are not directly comparable. Test results 
found in product data sheets relating to use for water collection include for example; exposure to heat, ozone, water 
or UV (Ultraviolet radiation). Tests are carried out to international standards, but the results discussed are geared 
more towards the extent to which the material deteriorates and meeting the minimum standard, rather than what may 
come from it when deteriorating and how much. The international standard test method for the effects of exposure of 
liquids to rubber materials, for example, does include methods for "determining the mass of soluble matter extracted 
by the liquid" alongside these other performance aspects however (ASTM International 2006). 
 
Other attributes for which figures are provided typically include: resistance to water absorption, water permeability, 
and temperatures of safe use (Waterproofing Systems 2006). When manufacturer’s present run-off measures, they 
are usually expressed in milligrams per square metre for specific test exposure conditions. The New Zealand drinking 
water standards express contaminant levels in milligrams per litre (parts per million) (Ministry of Health 2008). A 
comparison of these figures in not simple, nor is it likely to be much of an indication of relative performance in-situ. 
Additionally, roof run-off has been shown to be highly variable due to a number of factors such the pH of rainwater, 
contamination from dry or wet deposition, rainfall intensity, and the length of a dry spell before a rainfall (Abbott, 
Caughley et al. 2006). Figure 1. shows the basic concepts involved in the deposition process. 
 
 In a 2004 study of roof runoff quality in Auckland City commissioned by the Auckland Regional Council, roof material 
and dry deposition (material carried to the roof surface by wind, for example) to the roof were identified as being the 
key factors in the level of contamination present on roofs. The study also pointed out that “the key characteristic of 
rainwater that influences roof runoff quality is the low pH” (Auckland Regional Council, 2004:ix) of New Zealand rain. 
These observations seem to imply that test results under consistent lab conditions (by the manufacturer) are highly 
unlikely to echo actual performance in-situ. Other sources or causes of increased contaminant loads on roofs aside 
from corrosion identified by the study included wash-off deposition from nearby surfaces and localised point sources 
such as chimneys and ventilation exhausts(Auckland Regional Council 2004). 
 

 
Figure 1: Diagram of quality influences on roof runoff 

 

4 EXTENT OF PROBLEM  
 
Typically, in testing and filtration roof collected water, microbiological contamination is the focus. Dissolved metals 
and other chemicals in roof-collected water (or roof runoff) are less well understood, yet still present health risks and 
affect the level of (as the building code puts it) 'amenity'.  
 
My own research on roof material performance was a pilot study conducted in central Wellington City, and aimed to 
determine whether dissolved metals from building materials in roof-collected water exceeded health limits based on 
the New Zealand Drinking Water Standards. In the study samples of roof-collected water were taken from four 
buildings with rainwater samples taken concurrently for comparison and as a control. Two of the four buildings had 
membrane material as the primary collection surface. One of these used PMBS (polymer Modified Bituminous 
Sheeting), and the other used a butyl membrane. The concentration of these samples was measured using an 
ICMPS (Inductively Coupled Plasma Mass Spectrometer). This provided data from which the concentration of 
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dissolved metals in the samples could be analysed. The dissolved metals were selected for testing based on the roof 
materials of the sample buildings (this study was not limited to membrane roofs). 
 
The water samples that had been collected from butyl roofs showed contaminant levels below the limits set out in the 
Drinking Water Standards, in terms of both ‘health’ and ‘appearance, taste and odour’. This was aside from the 
presence of arsenic on one roof, which is attributable to CCA (copper chromium arsenate) treated timber in place 
near the collection surface. Rainwater showed very little dissolved metals in comparison. Figure 2 below presents the 
most relevant results of that study of the dissolved metal concentrations of water samples from buildings with 
membrane roofs, and rainwater as a control. 
 
 

 
Figure 2: Bar graph of measured dissolved metals in roof collected water 

 
The study consisted of one-off samples taken directly following a period of several days of light rain.  Runoff 
concentration was highest in rainfalls following a dry spell, and the lack of a dry period before samples were taken is 
a key factor in the low concentrations found in these samples. Zinc and lead were present in water from both roofs, 
zinc due to the galvanized materials on the roof, while the lead in roof-collected samples  (only marginally higher than 
that of rainwater) suggested urban air pollution plays a large role in the presence of that element. Levels of zinc 
reached 47 percent of the limit for appearance, taste and odour set in the Drinking Water Standards on the butyl and 
galvanised steel roof. This implies the water is suitable for drinking, though there could be potential for concern 
regarding the quality of the water in terms of taste or potential to stain laundry (a common use of grey water) for 
instance. The pilot study showed that under rainy consistently rainy conditions, runoff from the roof types sampled in 
Wellington City generally meets requirements for dissolved metals in the New Zealand Drinking Water standards.  
 
Of greater concern when dealing with collected water from membrane roofs are the organic contaminants in runoff, 
particularly PAH’s (Polycyclic Aromatic Hydrocarbons), of which there are over one hundred. These substances can 
accumulate in the human body (or that of other animals) through inhalation, ingestion or direct contact with skin. 
PAH’s can come from the material itself, from solvents used to adhere the membrane to the substrate, or from other 
residues left from construction. 
 
PAH’s are ubiquitous in our environment, present particularly in fossil fuel products and organic waste (Agency for 
Toxic Substances & Disease Registry 2009). They are a common by-product of combustion processes, and some 
have been identified as having carcinogenic effects (Agency for Toxic Substances & Disease Registry 2009). Certain 
PAH metabolites -substances that are involved in metabolism (Princeton 2010), can interact with DNA and are 
genotoxic -harmful to genetic material (HarperCollins 2009), with the potential to cause heritable genetic damage and 
malignancies in humans (Agency for Toxic Substances & Disease Registry 2009). Heavy exposure to PAHs brings 
with it a substantial risk of lung, skin or bladder cancer (Agency for Toxic Substances & Disease Registry 2009). 
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A key factor in leaching of PAH’s from membranes is UV (ultra-violet) degradation. There are a number of products 
available to improve the performance of membranes in this regard, such as UV resistant coatings and hybrid or 
alternative materials. Butyl rubber, for example, is particularly susceptible to degradation from the suns radiation, but 
is deemed safe for water collection provided it is coated with three layers of acrylic material. However, literature on 
organic contaminants in runoff is far less common than for trace metals. Part of the reason, as pointed out in the 
Auckland Regional Council study on roof runoff, is due to small proportion of roofs that are membrane clad as 
compared with profiled metal and other more traditional claddings (Auckland Regional Council 2004). That study 
identified that around 12% of roofs in the Auckland central business district were membrane clad (Auckland Regional 
Council 2004). As alluded to previously, the sheer number of different potential organic contaminants presents a 
problem in itself. 
 
5 RESOLUTIONS 
 
Where a first flush device is part of a rainwater collection system, the level of contaminants in roof collected water is 
drastically reduced. These first flush systems essentially decant the water from the roof, separating the first wash off 
the roof (that contains the highest proportion of contaminants) from the rest of the water. They are essential in 
reducing the microbiological contamination (dirt, dead leaves and insects for example) that ends up in the collection 
tank, however they will reduce the dissolved contaminant load (dissolved metals, PAH’s) of roof collected water only 
by removing the ‘first flush’ (and the contaminants therein).  
 
 The dissolved contaminants in the remaining water it must be filtered to reduce contaminants. There are several 
types of filter available that are aimed at reducing particular contaminants.  Activated carbon filters, for example, are 
effective at reducing the level organic contamination in the water, but are less effective at filtering dissolved metals 
(Seelig, Bergsrud et al. 1992).  Expanded polypropylene has been shown to be effective at adsorbing dissolved 
metals when used as a filtration medium (Sung Won Kang, Seog Ku Kim et al. 2009). These filters are available in 
New Zealand, however an understanding of what contaminants are or could be present in collected water is needed 
to select the correct type. 
 
Manufacturers and distributors of membrane roofing products are beginning to provide acrylic alternatives to 
traditional solvent-based adhesives and coatings. Acrylic products, being water-based as opposed to petroleum -
based solvents, are less harmful in terms of runoff. Many incorporate biocides, which inhibit the growth of micro-
organisms, which feed on plasticisers in plastics, causing them to weaken and break down (Sherman 1998). The use 
of biocides is positive in terms of inhibiting breakdown of the product, however in general, little information is provided 
on which biocides are used, and what effects they have on human health. 
 
The lack of detailed information from manufacturers is an issue that rears its head frequently when investigating 
membrane roof options for water collection. Further research into runoff performance in-situ is needed, particularly in 
terms of PAHs, for which local information is difficult to come across. This will enable more effective guidelines  for 
water collection to be developed, and make material selection safer and simpler. Additionally, when membrane 
product is advertised as suitable for water collection, solid data should be provided on the potential for runoff under 
various climatic conditions the material may experience in New Zealand. The New Zealand Metal Roofing 
Manufacturers Association is aware of this, having recently commissioned research along these lines. Their 
investigation will first examine international literature regarding the sustainability of their materials, with plans to 
conduct field tests early next year. This was prompted by the introduction of the New Zealand Green Star 
sustainability rating, for which material sustainability is a consideration. 
 
Testing material runoff, due to the variability of runoff, is a difficult process, but my own research indicates that with 
ongoing testing and a larger sample size and, bearing in mind climatic factors, a fair representation of performance 
can be achieved. 
 
CONCLUSION 
 
Considering that membrane roofs have a number of properties which benefit their use as materials for water 
collection, it is unfortunate that firm test results and information on suitability for these applications is difficult to come 
by. More research on in-situ runoff and performance of membranes needs to occur in order for effective guidelines to 
be produced. Manufacturers need to specify accurately what applications and conditions their products are suitable. 
They also need to specify more accurately, from a health and safety perspective, the effect their product can have on 
water quality.  
 
Effective means of comparing one membrane product to another is required. This requires industry standards of 
performance to be settled upon in order for apples to apples comparisons to become common place. Better quality 
information, benchmarks and comparisons between products will assist the development of a safer and more 
effective built environment, and provide more transparency for the layperson. 
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