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Summary 

In accordance with the Water Industry Act 1991, all water supplied in England and Wales by 
statutory water companies, and which is intended for all domestic purposes, must be 
wholesome at the time of supply. There is a similar legal requirement for private water 
supplies (i.e. water not provided by a statutory water company). Whilst water for toilet flushing 
falls within the definition of a domestic purpose, such a supply might not need to be of the 
same quality as that for other domestic purposes, provided it is used solely for toilet flushing. 

Consequently, the Drinking Water Inspectorate (DWI) for England and Wales commissioned 
this research project to document the scientific information required to underpin a technical 
definition of wholesomeness to water from a natural source (e.g. springs or boreholes) used 
solely for toilet flushing in domestic properties without further preparation or treatment. This 
investigation takes into consideration public health risks and aesthetic issues, including the 
possible setting of standards for such a water supply. 

A review of international studies on this topic identified that various guidelines/standards do 
exist for non-potable water used for toilet flushing in a number of countries. However, rather 
than a natural source of water, these concentrate on reused/reclaimed water such as grey or 
rainwater and may also consider the use of treatment such as disinfection, and so are of 
limited value in this review. These guidelines/standards are mainly based on two 
methodologies. A risk assessment is undertaken of the recycled water and the effects of toilet 
flushing in terms of dermal and aerosol exposure, or the values are based on those set for 
recreational water; for example, bathing water standards. This latter method yields standards 
which are less stringent than drinking water standards or values based on a specific risk 
assessment. In conclusion, there was no consensus on either a definition of wholesomeness 
or appropriate guidelines or standards for water sourced naturally and used solely for toilet 
flushing with further preparation or treatment. There is also a lack of basic research on the 
risks to human health associated with the use of non-drinking water for toilet flushing. 

In the absence of such consensus, a risk evaluation approach was considered which could be 
used by local authorities and individuals or groups of individuals taking account of local 
conditions. Rather than a methodology based on standards, which would require monitoring, 
this approach is based on a traditional Source-Pathway-Receptor assessment considering 
potential microbiological and chemical risks which would exclude use of potential sources 
where a risk was identified and also further advise on pathways such as pipe fittings and 
storage. Such a risk evaluation process could work alongside the extensive advice provided 
by DWI on private water supplies. 

The following recommendations are suggested: 
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 The results of this review indicate that there is no consensus on a definition of 
wholesomeness and/or standards that can be used for natural water sources solely 
used for toilet flushing. Therefore, no change in legislation in terms of guidelines or 
standards is recommended. 

 A framework is suggested for risk evaluation of the use of natural water for toilet 
flushing. Such a framework could be subject to comment by water experts, local 
authorities and consumers and then a revised framework tested in a series of practical 
scenarios. 

 Any framework would need to be fitted alongside the existing private water supply 
guideline from DWI, which considers many of the same areas for private drinking water 
use. 
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1. Introduction 

1.1 Background 

In accordance with the Water Industry Act 1991, all water supplied by statutory water 
companies, and which is intended for all domestic purposes, must be wholesome at the time 
of supply. There is a similar legal requirement for private water supplies (i.e. water not 
provided by a statutory water company). Whilst water for toilet flushing falls within the 
definition of a domestic purpose, there is a suggestion that it might not need to be the same 
quality as that for other domestic purposes, provided the supply from natural sources is used 
solely for toilet flushing. Consequently, the DWI commissioned this research project to 
document the scientific information required to underpin a technical definition of 
wholesomeness to water used solely for toilet flushing in domestic properties, taking into 
consideration public health risks and aesthetic issues.  

The use of water for toilet flushing poses different risks to public health than water used for 
other domestic purposes. Some private water supplies which are not used for drinking water 
proposes may be abstracted from locally-occurring natural sources (locally sourced raw 
water, such as boreholes and springs) and not from source that have been reclaimed or 
recycled or through exploitation of alternative sources such as grey water or rainwater. Such 
sources can be vulnerable to contamination by harmful micro-organisms and chemicals and 
be objectionable aesthetically. The toilet flushing process will generate aerosols and droplets 
that could potentially expose individuals to contamination, particularly through inhalation or 
skin contact, although hand-to-mouth transfer cannot be ruled out from touching contaminants 
deposited on surfaces. Also, collection, treatment, storage and distribution of water for toilet 
flushing may create additional risks.  

Several countries have developed guidelines and regulations permitting the use of non-
potable water for toilet flushing. Predominantly these are based on a specific set of standards 
which are less stringent than those required for drinking water, but are still intended to ensure 
that the water supply is of a suitable quality and aesthetically acceptable. Such 
guidelines/standards may also consider the use of further preparation and treatment and 
include all water sources including grey and rain water. While such approaches are useful for 
comparison, the ‘wholesomeness’ definition being sought in this project refers to locally 
sourced natural raw water, whether ground or surface without further preparation or 
treatment.  

1.2 Legislative context 

The Drinking Water Inspectorate (DWI) for England and Wales acts for and on behalf of the 
Secretary of State for Environment, Food and Rural Affairs and the Welsh Ministers to ensure 
that the public water suppliers fulfil their statutory duties in terms of providing a safe clean 
drinking water of a quality that meets the European and national legislation. As well as being 
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the independent regulator of public drinking water supplies, the DWI also has a role in relation 
to private water supplies by providing technical support and advice to local authorities. 

The 1998 European Union Drinking Water Directive (DWD) (98/83/EC) which defines the 
quality of water intended for human consumption in Article 2 as “all water either in its original 
state or after treatment, intended for drinking, cooking, food preparation or other domestic 
purposes”. National legislation, specifically section 218 of the Water Industry Act 1991 (the 
Act) defines water supplied for domestic purposes as including water used for “drinking, 
washing, cooking, central heating and sanitary purposes”. Section 68 of the Act requires that 
water undertakers supply water for all domestic purposes that “is wholesome at the time of 
supply”. 

Whereas it is clear that toilet flushing, a sanitary purpose, may fall within the scope of the 
domestic purposes definition in the Act, there is not the same clarity that the DWD definition 
was intended to be applied to a water supply used only for toilet flushing. However, it would 
seem that that both the Act and the DWD require water for toilet flushing to be wholesome 
and clean. 

The Water Supply (Water Quality) Regulations 2000 as amended are made under the Act and 
transpose the DWD in respect of public drinking water supplies in England. The Private Water 
Supply Regulations 2009 (the PWS Regulations) made under the Act also transpose the 
DWD but in respect of private water supplies. Private water supplies are defined as those that 
are not provided by a water undertaker or a licensed water supplier. Both sets of Regulations 
define “wholesomeness” in Regulation 4. Similar regulations exist for Wales. 

Full relevant extracts from EU and UK legislation are provided in Appendix A for reference 
purposes. 

The lack of a technical definition of wholesomeness for water used only for toilet flushing has 
arisen because traditionally premises receive a single supply of water that is used for all 
domestic purposes including drinking, cooking and washing and this same water supply is 
also used for toilet flushing. More recently there has been an increase in the number of 
properties where water for toilet flushing is provided by a second supply (e.g. rainwater, grey 
water or a private borehole or well) that is not used for drinking, cooking or washing. 

1.3 Objectives 

The aim of this project is to provide the DWI with information on what might be appropriate 
water quality criteria to underpin a technical definition of wholesome in relation to the 
application of the Regulations to water from natural sources used only for toilet flushing in 
domestic properties. 
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The specific original objectives were to: 

1. Review the literature on the quality of water used to flush toilets to include specific 
references to the actual or predicted occurrences of such waters being rejected for use 
by consumers or giving rise to perceived or actual illness or operational failures in the 
functioning of such water systems. 

2. Analyse the approaches adopted by other countries to this issue and critically appraise 
the rationale for any definitions, guidelines or standards and how these have been 
promulgated or applied. 

3. Consider which parameters should be incorporated into a definition of “wholesome and 
clean” for toilet flushing water and what limit should be placed on the number, amount 
or concentration of each of the proposed parameters, and provide a clear concise 
rationale for the inclusion of each parameter and the associated limit value. 

However, after completion of objectives 1 and 2, the review has not identified any consensus 
on a definition of wholesomeness or the derivation of standards suitable for non-potable water 
intended to be used exclusively for toilet flushing. Where the standards have been derived 
through application of a risk assessment, these limits tended to be more stringent than where 
water quality has been based on what is considered acceptable for recreational water, but less 
stringent than drinking water standards. 

Adopting the conclusion, that a definition of wholesomeness and the settings of standards will 
be difficult to achieve, Objective 3 was revised to investigate an approach to the evaluation of 
the risk of using natural sources of water used solely for toilet flushing. A framework is outlined 
using a source-pathway-receptor approach and leading to a flow diagram to evaluate possible 
systems of flushing water and exclude or advise on certain sources and processes.  

1.4 Definitions 

The water supply considered in this project is a private source not treated for drinking water 
proposes, which may be abstracted from locally-occurring natural sources (locally sourced 
raw water, such as boreholes, wells and springs) and not reclaimed or recycled and not 
available through exploitation of alternative sources such as grey water or rainwater. It is not 
considered necessary that these natural water sources would need to undergo additional 
preparation or treatment. Much of the information available on these types of supply is 
concerned with the use of such reclaimed/reused sources including further treatment and 
such data have been collected for comparison purposes.  
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2. Methodology 

2.1 Literature review 

A review of the literature was conducted for two purposes: 

 to determine current research and knowledge on the flushing of toilets by non-public 
supplies; 

 to determine current water quality guidelines for toilet flushing standards, which have 
been developed internationally.  

A search of the peer-reviewed literature was conducted in May 2014 by searching two 
authoritative databases using a number of relevant keywords. The databases used were: 
PubMed, a database containing citations for biomedical literature from Medline, life science 
journals and online books, which is maintained by the National Center for Biotechnology 
Information, at the US National Library of Medicine, located at the National Institutes of 
Health; and Scopus, a database maintained by the publisher Elsevier, which covers a wide 
range of scientific journals. The search used “toilet” as the key word, linked by the Boolean 
operator “AND” with the index terms and representative key words as listed in Table 2.1. 

Table 2.1 Keywords used in the literature search in conjunction with “toilet” 

Category Key words used 

Water type 
source, private water supply, borehole, grey water, greywater, graywater, 
gray water, rain water, rainwater, reclaimed water 

Quality 
flush AND quality, flush AND chemical, flush AND pathogen, pathogen, 
aesthetics  

Treatment UV, chlorine, disinfection, flush AND treatment 

Exposure flushing, aerosol, cross-connections, transmission, exposure 

Health risk 
illness, health risk, disease, flush AND risk assessment, deterioration, 
adverse effects 

Standards flush AND standards, flush AND guideline, regulation 

 
Using this search strategy, a large number of abstracts were located. Duplicates between the 
searches were excluded, as were abstracts deemed to be irrelevant to the purpose of the 
literature review through a quick read of the title or abstract; examples of this would be where 
the articles focused solely on water saving, source-separating toilets, or general aspects of 
hygiene in hospitals. After eliminating these abstracts, a total of 235 abstracts (119 from 
PubMed and 116 from Scopus) were taken forward to the next selection stage.  
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These 235 abstracts were discussed within the project team and prioritised based on their 
relevance to the topic, in order to decide which full journal articles to obtain and include in the 
final literature review. Seventeen articles were unavailable at the time of review, and were 
therefore excluded. Of those remaining, exclusion criteria included: low relevance to the topic, 
a focus on the water saving and economic benefits of using alternative sources of water for 
toilet flushing (rather than the health aspects), or a detailed focus on a specific treatment 
technology. Larger-scale and field studies were also prioritised over small-scale or laboratory-
based studies. Literature taken to the next stage included a range of studies on the quality of 
alternative water sources for toilet flushing (both microbial and chemical) and any associated 
health risks; previous experience in the UK or other countries, including case studies; studies 
investigating public acceptance of the use of alternative water sources for toilet flushing; and 
any studies which discussed current standards/guidelines and how they were derived. 
Following this review process, 81 articles were then selected for more in-depth review; these 
are listed in Appendix F and a summary of the search strategy is presented in Figure 2.1. Full 
articles were obtained using our in-house sources as well as through contact with study 
authors, and any outstanding articles were purchased online. 

These 81 papers were then further assessed for relevance to the derivation of standard for 
water wholesomeness and toilet flushing and its scientific basis. Papers were ranked 1-3 
using judgement on their relevance to grey water, residential properties, toilet, 
standards/guidelines, water treatment, health effects and perception. Papers ranked 1 and 2 
were further prioritised and this reduced the list to 38 papers, as many papers were mainly 
concerned with water treatment which was not considered relevant to this project. The 
conclusions from these papers are considered in section 3 and 4. 
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Figure 2.1 Search strategy for literature review on quality of water used to flush 
toilets 

 

 

 

 

 

 

 

 

 

 

 

 

2.1.1 Journal papers 

A complete list of the journal papers (i) identified during the literature review as being useful, 
or (ii) provided by one of the contacts approached in relation to this project is given in 
Appendix F. In order to standardise the information extracted from these papers a data 
extraction form was used (see Appendix G). 

2.1.2 Published documents 

A complete list of published documents (i) identified during the literature review as being 
useful, or (ii) provided by one of the contacts approached in relation to this project is given in 
Appendix F. 

 PubMed  Scopus 

 3843  2004 

 119  116 

 42  39 

 Total references:  
38 relevant /81 

Complete search 
output: 

Total after first 
selection stage: 

Total after second 
selection stage: 
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2.1.3 Unpublished documents 

A complete list of unpublished documents (i) identified during the literature review as being 
useful, or (ii) provided by one of the contacts approached in relation to this project is given in 
Appendix F. 

2.2 Contacts with UK and international authoritative bodies 

By using existing professional contacts, and identifying relevant new ones, professional and 
trade bodies, academic institutions, government departments and national regulators in the 
UK, throughout the European Union, across Australasia and in North America (both Canada 
and the United States of America) were contacted. The purpose of this exercise was to 
determine whether other countries and jurisdictions had in place or considered adopting 
standards and/or a definition for the quality of non-potable water solely used for toilet flushing. 
A complete list of organisations approached, along with a brief summary of their response, is 
given in Appendix C, whilst an international legislative overview is given in Appendix D. 

2.2.1 Summary of responses received 

In summary, 239 organisations were approached and 128 responded (a breakdown of the 
regional location of these contacts is provided in Table 2.2). 

Table 2.2 Summary of the responses per region to the initial email contacts 

 UK Europe 
North 

America 
Australasia International Totals 

Total number of 
emails sent: 

13 36 157 31 2 239 

Number of 
respondents: 

11 24 72 20 1 128 

Number with 
standards: 

0 1 9 5 0 15 

Number without 
standards: 

4 13 18 7 0 42 

Number offering 
advice, opinion and / 

or information: 
7 12 59 18 1 97 

Number of no 
responses: 

2 12 85 11 1 111 

Notes: The total of ‘number of standards’, ‘number without standards’ and ‘number offering advice, opinion and / or 
information’ is more than the total of ‘number with standards’ as some respondents provided advice, opinion and / or 
information whilst also stating that they did not have any standards. ‘Australasia’ includes Australia, New Zealand, 
Hong Kong and Singapore. ‘North America’ includes the USA and Canada. ‘UK’ includes England, Scotland, Wales 
and Northern Ireland. 
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Because the definition and regulation of use of grey water within the USA is devolved to State 
level (guidance is issued at a Federal level by the Environmental Protection Agency) it was 
necessary to contact various stakeholders within each State in order to compare and contrast 
the differing stances that had been adopted; as a result, over half of all the emails issued (157 
out of a total of 239) were sent to American stakeholders. Although one outcome of this 
exercise has been to skew responses to the United States, this was still a worthwhile exercise 
because of the extreme range of responses received. For example, some States classified 
grey water as sewage, effectively prohibiting its reuse in a domestic context, irrespective of 
any strain on local or regional water resources. Some other States took a more pragmatic 
approach to water stress, and allowed the reuse of grey water, or rainwater harvesting, in 
order to help preserve (or supplement) mains water supplies; conversely, some States did not 
see the merit of promoting water reuse because their water resources were in abundance. In 
at least one State, because the demand for alternative water sources to be used solely for 
toilet flushing was so low the decision had been made that it was not an effective use of 
resources to construct a framework for its regulation. At least two States were facing the 
same academic dilemma as the DWI but, due to lack of funds and / or political will, had not 
made any headway in the development of standards. 

Elsewhere in North America Canadian correspondent stated that: “The establishment of water 
reuse requirements for a project should reflect an understanding of health hazards and 
associated risks as well as the need to meet minimum aesthetic and nuisance standards. 
Health hazard and risk evaluations involve an assessment of problems derived from direct 
water contact or ingestion.”1 The reason for including the quote here is that nowhere else has 
the issue been as succinctly elucidated. However, despite the known risks associated with 
reuse of grey water, in those countries and jurisdictions where reuse of grey water is 
permitted for use for toilet flushing it has not been possible to determine a scientific basis for 
the water quality standards in force. Put simply, the science underpinning such standards is 
minimal. 

With reference to the 239 emails sent, out of the 128 respondents, 42 said they did not have 
standards in place, three said they had considered standards but had not progressed any 
further, and 15 had already implemented standards; the remaining respondents merely 
provided (albeit useful) background information and documents on the subject (a summary of 
which is provided in Appendices B and C). Further details on these standards are provided in 
Section 4. 

Notably, France has an Article (R. 1321-1) that prescribes the use of drinking water for all 
internal domestic uses (including toilet flushing), and the supply by a network of non-potable 
water is forbidden and submitted to prefectural dispensation (R. 1321-57). In addition, Health 
Facilities Scotland did not recommend the use of rainwater harvesting or grey water recycling 

                                                   

1  Canada Mortgage and Housing Corporation. An Application Guide for Water Reuse Systems. 
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although other schemes for buildings such as BREEAM2 might approve its use in some 
situations. Other respondents (such as BSRIA3) indicated some doubt about the ‘policing’ of  
in-use water quality such as standards for greywater or wholesomeness of non-mains water 
used for toilet flushing. Doubts were also expressed as to the value of the creation of a new 
definition of wholesome water for toilet flushing. 

Table 2.2 also shows a regional breakdown of where stakeholders are based, along with an 
indication of those jurisdictions where standards were, and were not, in place. Many of the 
respondents to the initial email contacts proffered advice, information, or alternative 
organisations to contact, and this information is also quantitatively captured in Table 2.2. 

Of the 128 who replied, there was no indication of any legal challenges to the implementation 
of standards for greywater, harvested rainwater, or untreated borehole or well water used only 
for toilet flushing. It is, of course, possible that legal challenges had been mounted in those 
countries or jurisdictions from whom a reply was not received. However, due to the extensive 
professional network that was developed for this project, coupled with the comprehensive 
literature search undertaken, confidence is fairly high that, should there have been such a 
legal challenge, it would have been highlighted. 

Of those very few countries where reuse of greywater is permitted and regulated, the most 
comprehensive approach is adopted within the aforementioned Canadian correspondent, 
which not only provides a rationale for the limits proposed, but also outlines treatment options, 
as well as operational and health and safety issues, all of which observe the multi-barrier 
approach promoted by the World Health Organization via Drinking Water Safety Plans. 

In order to extract useful information from strategic stakeholders in a more robust way a 
questionnaire was devised, the format and content of which was agreed with DWI prior to it be 
issued (see Appendix E). The final version was sent to 48 of the respondents to the initial 
email contact; and 11 (a response rate of 23%) completed questionnaires were received (see 
Table 2.3), which was significantly greater than the usual response rate of around 5-10% to 
such structured questionnaires.  

The specific three US States and European countries who responded reported that there 
were no specific standards for reuse and no particular pressure for action. The Australian 
states have issued guidelines to promote the use of rainwater tanks in residential properties 
for use in toilet flushing and clothes washing machines. They also supplied guidance for the 
testing of borehole water although this is mainly for drinking water. New Zealand has been 
looking at greywater/rainwater use in non-residential buildings but does not allow dual pipe 

                                                   

2  Environmental assessment method and rating system for buildings. 
3  BSRIA (Building Services Research and Information Association) is a UK-based testing, 

instrumentation, research and consultancy organisation. 
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systems in residential properties for potential cross-connection reasons. The use of greywater 
for toilet flushing is also banned for similar reasons. Hong Kong supplied a comprehensive list 
of microbiological and non-microbiological water quality standards for greywater and rainwater 
which are included in section 4 and in Tables B1 and B2, Appendix B. Due to the lack of 
freshwater resources they have been supplying seawater to consumers for toilet flushing 
since the 1950s. They are currently investigating the technical aspects and water quality 
standards behind water reuse. 

Table 2.3 Summary of the responses per region to the questionnaire 

 UK Europe 
North 

America 
Australasia International Totals 

Total number of 
questionnaires sent: 

0 10 28 10 0 48 

Number of 
questionnaires 
completed and 
returned: 

0 3 3 5 0 11 

Number of no 
responses: 

0 7 25 5 0 37 

 
As had been found with the initial email, there was no indication in any of the responses to the 
questionnaire of any legal challenges to the implementation of standards for grey water, 
harvested rainwater, or untreated borehole or well water used only for toilet flushing. Again 
though, just to qualify this finding, it may be possible that legal challenges had been mounted 
in those countries or jurisdictions where stakeholders had not responded, but due the reasons 
previously mentioned, this is thought unlikely. 
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3. Current research and knowledge 

3.1 Introduction 

The toilet provides an environment conducive to the transmission of infectious organisms 
given the right conditions. The likelihood of acquiring illness depends on the presence of an 
infectious organism, factors contributing to its release and spread from the toilet bowl and 
adoption of active control measures such as toilet hygiene and hand washing. 

This section reviews the health risks associated with flushing a toilet and examines the 
contribution made by using water that is non-potable compared to water of potable quality. 

3.2 Literature Review 

The health effect of flushing toilets has long been recognised as a potential source of illness. 
The risk has been attributed to inhalation of airborne pathogenic microorganisms released 
from toilet flushing (Johnson et al., 2013a) or hand to mouth transfer after touching 
contaminated surfaces (Barker and Jones, 2005). In contrast, the toxicological risk was 
considered to be insignificant since chemical concentrations are low and the exposure period 
is limited.  

A number of studies have investigated the potential for airborne spread of infection through 
toilet flushing. Early work by Darlow and Bale (1959) demonstrated the release of bacterial 
aerosols after flushing toilets that had been inoculated with Serratia marcescens. This 
bacterium was found to be recoverable for at least 12 minutes after the flush. A further study 
by Gerba et al. (1975) examined the fate and behaviour of bacteria and viruses seeded into 
household toilets. Large numbers of organisms were shown to remain in the bowl after 
flushing and, because of adsorption to the porcelain bowl and persisted, although declining in 
number, through several flushes. The seeded organisms were recovered from the air and 
after settling on nearby surfaces. Later work by Johnson et al. (2013b) quantified the number 
and distribution of droplets generated by modern flush toilets. All toilet types released in 
excess of several thousand droplets per flush and confirmed observations from other studies 
that droplet production increases with increasing flush energy. 

These studies have all demonstrated the potential for release of organisms. But, for infection 
to occur, the pathway of transmission must permit an individual to be exposed to sufficient 
numbers of pathogenic microorganisms. The most obvious and significant source of micro-
organisms in the toilet is derived from human activity. Most of the microbes in our gut are 
harmless bacteria or viruses (bacteriophages) that infect these bacteria. Pathogenic 
microorganisms will only be present if an individual is carrying an infection where the 
pathogen is shed in faeces.  



DWI 
 

Report Reference: UC10198.02/16206-0 
December 2015 

© WRc plc 2015 14

Inhalation of fine droplets and touching contaminated surfaces are the significant routes of 
transmission of infection initiated by toilet flushing (Pitchers and Stanfield, 2005). Only 
droplets with a small particle size will reach the full extent of the respiratory system although 
larger particles may be retained in the throat and swallowed subsequently (see Pitchers et al., 
1995). 

Infectious organisms can persist in the toilet environment for long periods of time. Barker and 
Bloomfield (2000) showed that Salmonella persisted in biofilm material found under the 
recess of the toilet bowl rim and was difficult to remove with household toilet cleaners. In two 
homes, Salmonella bacteria became incorporated into the scaly biofilm adhering to the toilet 
bowl surface below the water line. Salmonella enteritidis persisted in one toilet for four weeks 
after the diarrhoea had stopped, despite regular cleaning. 

No prospective epidemiological studies have been conducted to assess the health risks from 
exposure to organisms released by toilet flushing. However, examination of the circumstances 
surrounding the SARS outbreak in an apartment block was strongly suggestive that 
transmission had occurred because of exposure to virus contaminated droplets spread from 
the sanitary fittings (Hung, 2003).  

As an alternative approach to epidemiology quantitative microbial risk assessment (QMRA) 
was applied by Fewtrell and Kay (2007) to assess the health risks from exposure to aerosols 
generated from toilets flushed with rainwater. In their study, Campylobacter was identified as 
the organism of most concern because of the potential for avian faecal contamination but the 
risk to public health was estimated to be negligible. 

The studies have indicated a potential risk to human health from flushing a toilet. Observation 
supports the possibility but it has not been supported by demonstrable evidence that would 
only come from epidemiological investigations. However, such studies are unlikely to be 
feasible because of the difficulties of isolating the variable under consideration, impact of toilet 
flushing, from other risk factors at the household level, for example person to person 
transmission.  

QMRA can be beneficial where epidemiological approaches are not feasible. However, only 
one study was found that specifically addressed the health risks from toilet flushing. As it was 
concerned with risks posed by rainwater as the source of water for flushing, it did not consider 
the threat from viruses. The presence of these organisms may increase the risk and so their 
occurrence would need to be taken into account when conducting the risk assessment for the 
final task of this project.   
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3.3 Contribution of non-potable water to the risk 

A considerable number of factors will influence the risk of infection from a toilet in a domestic 
property regardless of the source of water used to flush a toilet. Therefore, it is important to 
determine if alternative, non-potable, sources of water would significantly increase the level of 
risk that already exists.  

In a domestic situation, infectious organisms will be introduced by individuals with illness. For 
those with gastrointestinal illness or acting as an asymptomatic carrier, they will shed high 
numbers of infectious organisms with their faeces immediately into the toilet environment with 
the potential for transmission to other members of the household (Bloomfield and Scott, 
1997). Consequently, whilst the source water needs to be taken into account, its quality would 
need to be poor if was to exert a significant influence on the risk under this condition.   

In the absence of an individual with gastrointestinal illness and with all other factors 
associated with the risk being equal, the quality of the source water becomes significant. 
Sources of water can have a variable but unpredictable burden of infectious organisms 
depending on their origin. Several investigations have demonstrated the presence of 
infectious organisms or high numbers of faecal indicator bacteria in both greywater (Rose et 
al., 1991, Dixon et al., 1999, Eriksson et al., 2002, Ottoson and Stenstrom, 2003 and Birks 
and Hills, 2007) and rainwater (Birks et al., 2004). Thus, it has proved necessary to treat 
water from these sources to mitigate the risk of infection (Alkhatib et al., 2006).  

Where treatment is required it would seem appropriate to adopt standards for quality 
equivalent to those for drinking water. It would avoid creating the requirement for dual 
treatment and distribution systems which could subsequently lead to compromised water 
quality if not designed, installed and operated properly (Oesterholt et al., 2007). In this study 
on several housing estates in Holland, the presence of dual water systems led to some cross-
contamination due to poor plumbing the increased presence of biofilms and increased 
complaints of odour and colour. This led the Dutch government to discourage such dual 
supplies of water. The use of such treatment systems does not seem to be economically 
feasible for use with small domestic property system for toilet flushing. 
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4. Standards 

4.1 Introduction 

Only a small number of papers contained numerical guidance on the quality of water for non-
potable use, the results of which are presented in Appendix B. Included in this table are 
guidelines from the USA (2004, and updated 2012 guidelines), Canada, Germany, South 
Africa and Japan. Similarities were observed between many of the guideline parameters of 
these countries, particularly with regards to pH and turbidity, which were closely related. More 
variable guideline values were observed for biochemical oxygen demand (BOD), chlorine 
residual and microbiological parameters, between the different countries. Microbiological 
parameters were also stipulated in the majority of the guidelines, although the groups of 
indicator organism and the number permissible were variable. 

4.2 Microbiological standards 

4.2.1 Criteria 

The microbiological parameters in national regulations, standards and guidelines governing 
the quality of reclaimed water for toilet flushing are given in full in Table B.1 in Appendix B and 
summarised in Table 4.1. They apply to the quality of harvested rainwater or reclaimed from 
greywater, blackwater and wastewater sources rather than to the more typical sources of 
water used currently for private supplies and which would be the likely source for toilet 
flushing in these private properties.  

Regardless of the origin of the reclaimed water, coliforms are the predominant microbiological 
parameter used as standard for water quality. Most standards have included a value for an 
acceptable number of total coliforms with limits from 102 to 103 colonies per 100 ml.  

Some standards have included limits for faecal coliforms or thermotolerant coliforms and 
more specifically E. coli. The range of limits is highly variable. In North America, the US EPA 
and Health Canada have values of 0 (none detected) in volumes of 100 ml for thermotolerant 
coliforms and E. coli respectively. 

Other microbiological parameters have been included in some standards. The British 
Standard for the quality of greywater includes a limit for intestinal enterococci of 100 colonies 
per 100 ml, while in Germany, recognition has been given to the potential for the occurrence 
of opportunistic pathogens. There is a limit for Pseudomonas aeruginosa of no more than 100 
colonies per 100 ml of greywater. 

The only exception from this approach is France which does not specify any criteria for an 
acceptable microbiological quality. Instead, it permits use of harvested rainwater for toilet 
flushing in domestic properties provided the rainwater has been collected from surfaces not 
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accessible to the general public or manufactured from asbestos or lead and good practice is 
adhered to for its storage and supply within a property. 

Table 4.1 International microbiological guidelines/standards 

Country Type of water Assessment/Standards used 

France  Rainwater 
Assessment of good operational practice. No 
parameters 

Germany Greywater EU Guidelines for Bathing waters 

UK BSi Greywater/rainwater 
Guidelines for water quality for good system 
for majority of operating conditions 

Israel Greywater Not stated 

China Reclaimed wastewater Not stated 

Hong Kong  Greywater/rainwater reuse Not stated 

India Greywater QMRA 

Japan Reclaimed wastewater Bathwater water guidelines 

Taiwan Reclaimed wastewater Not stated 

Canada 
Reclaimed wastewater and 
water reuse 

QMRA 

USA Urban reuse Not stated 

 

4.2.2 Derivation of standards 

The review identified very little evidence that underpinned the derivation of the standards. No 
epidemiological studies have been undertaken to assess the health risk of non-potable water 
specifically for toilet flushing. 

In Europe, reference was made by two countries (Germany and the UK) to the requirements 
specified in the EU Bathing Water Directive. The assumption was made that the limits for 
good quality recreational water would provide a similar level of public health protection where 
water was used for toilet flushing.  

More recently, two countries (India and Canada) have applied quantitative microbial risk 
assessment (QMRA) to derive acceptable limits for the quality of reclaimed water. Both 
studies used the Disability Adjusted Life Year (DALY) as the health-based target to derive 
limits for numbers of thermotolerant coliforms. Despite both studies adopting 10-6 DALY as 
their acceptable level of risk, limits differed between 0 (corresponding to none detected) per 
100 ml and 5000 per ml. This difference appears attributable to the different exposure 
scenarios and the number of assumed incidents used in the respective risk assessment. The 
guidelines from Health Canada (2010) considered infection through aerosol exposure and 
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ingestion as a result of a cross-contamination incident and having a correspondingly stringent 
standard. The risk assessment by Godfrey et al. (2010a, b) considered a much wider range of 
exposure scenarios in their risk assessment although the frequency of exposure incidents 
was much lower.  

The Guidelines values for bacteriological monitoring in the UK BSi for greywater and 
rainwater also suggest that frequent monitoring is not necessary, but observations should be 
made during maintenance and tests conducted when the system appears not be functioning 
properly or there are complaints of illness associated with the system. There is a ‘traffic light’ 
system associated with the interpretation of these results: 

 Green – results less than the guidelines, system under control 

 Amber – results equal to guideline to 10X above, re-sample to confirm results and 
investigate system operation 

 Red – greater than 10X above guideline, suspend use of water until problem resolved 

4.3 Non-microbiological parameters 

A number of other parameters have been included in national regulations, standards and 
guidelines concerning the quality of reclaimed water for toilet flushing (Table B.2 in Appendix 
B) including the USA (2004, and updated 2012 guidelines), Canada, Germany, South Africa 
Hong Kong, UK and Japan. Similarities were observed between many of the guideline 
parameters of these countries, particularly with regards to pH (pH6-9) and turbidity 
(Nephelometric Turbidity Units (NTU) of ≤ 2 with a maximum of 5 or for Total Suspended 
Solids (TSS) of less than 30), which were closely related. More variable guideline values were 
observed for biochemical oxygen demand (BOD of ≤ 10-20 mg/l.), chlorine residual and 
microbiological parameters, between the different countries. Chlorine residuals were set 
where disinfection was considered necessary, but are irrelevant where treatment of natural 
sources is not required. 

A ‘traffic light’ system (as outlined in section 4.2 above for bacteriological guidelines has also 
been suggested in UK BSi for greywater/rainwater general system monitoring: 

 Green – Less than guideline, system under control 

 Amber – greater than guideline, re-sample to confirm result and investigate system 
operation 
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Table 4.2 International non-microbiological guidelines/standards for 
Greywater/Rainwater 

Guidelines Water quality 

 pH BOD Turbidity/SS 
Chlorine 
Residual 

Additional requirements 

US EPA  Yes Yes Yes Yes - 

Germany - Yes - - O2 Saturation 

South Africa Yes Yes Yes Yes TP ≤0.2 mg l-1 

Japan Yes Yes Yes Yes 
Appearance- and odour not 
unpleasant, CODMn 30 mg l-
1 

British 
Columbia 
Canada;  

Yes Yes Yes - Plus general considerations 

Canada  - Yes Yes Yes - 

Australia - - - - 
To be determined case-by-
case depending on 
treatment 

Hong Kong Yes Yes Yes Yes 

Dissolved O2, colour, 
Threshold Odour Number, 
ammoniacal N, synthetic 
detergents 

UK BSi Yes Yes Yes Yes 
Guidelines for general 
system monitoring 

 

There has been no attempt to derive non-potable water standards for chemicals, such as 
those set for drinking water. This would require consideration of exposure primarily through 
inhalation, and perhaps dermally, rather than the oral route. It is not thought necessary to 
require water of the same quality as drinking water and that even those chemicals for which 
there are standards will not be of concern to human health when the water is used for toilet 
flushing. 

There have been a number of studies (e.g. Eriksson et al., 2002) suggesting that greywater 
contains similar levels of heavy metals to wastewater, probably from domestic pipework. 
While this would not be considered a health problem in toilet flushing there might be an effect 
on appearance. However, this would not be a consideration in water from natural sources if 
an assessment was made of local geological and industrial conditions. 
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Assessment of those chemicals for which parameter values and standards have been set in 
the UK indicates that a number of them are volatile to some extent and so if present in 
flushing water could potentially be inhaled. These chemicals are: benzene, cyanide, mercury, 
epichlorohydrin, pesticides including those named in the parameter listing, aldrin, dieldrin, 
heptachlor, heptachlor epoxide, polycyclic aromatic hydrocarbons and vinyl chloride. There 
are also a number a number of chlorinated chemicals which are volatile but these are likely to 
be disinfection by-products as a result of the addition of chlorine to water in the presence of 
organic compounds. If the flushing water has not been chlorinated and the review considers 
water that has not undergone further treatment, they are unlikely to be present. These 
chemicals are 1,2-dichloroethane, tetrachloroethene, trihalomethanes and 
tetrachloromethane. It seems unlikely that even the volatile chemicals will be inhaled from 
toilet flushing at concentrations anywhere near the standards for oral intake from drinking 
water unless the concentrations in the flushing water are extremely high. It is assumed that 
drinking water standards will also protect consumers from exposure by inhalation (e.g. when 
showering and bathing). 

4.4 Aesthetic considerations 

The aesthetic quality, namely the smell and appearance of water from alternative sources, is 
an important consideration alongside other water quality parameters, although few papers 
were found during the literature which approached this subject in any depth. A survey of 136 
residents of an Australian community by Hurlimann and McKay (2005) found that the 
aesthetic condition of recycled water was important to residents. A lack of odour and 
discolouration was considered more important in water used for toilet flushing than garden 
irrigation but less important than in water for uses such as clothes washing. Around 60% of 
respondents stated that they would not use recycled water for toilet flushing if it intermittently 
gave off a “swampy” smell.  

Oesterholt et al. (2007) reported complaints of appearance and odour from the residents of 
several new housing estates when dual drinking and reclaimed water supplies (from various 
sources) were installed. 

Only Japan mentioned that appearance and smell should not be unpleasant in their guidelines 
on reclaimed wastewater. 

4.5 Summary 

Countries have used QMRA to derive standards for reclaimed and reused water. Others have 
also used bathing water standards as appropriately precautionary. Rather than parameters, 
France has favoured an individual assessment approach for harvested rainwater with an 
emphasis on good practice. 

Whatever the type of reclaimed and reused water considered, faecal coliforms predominate 
as the standard for water quality while thermotolerant coliforms and E.coli were also included. 
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Enterococci and opportunistic pathogens were considered by the UK and Germany 
respectively. The range of limits, however, are highly variable.  

As regards non-microbiological determinands, no standards for chemicals were set except 
chlorine when used as a treatment, while other parameters considered were pH, BOD and 
turbidity/SS. Only Japan specified that appearance and odour should not be unpleasant. 

There has been no consensus on either the approach or the values themselves in setting 
guideline/standards for reclaimed or reused water. There is insufficient research on the 
specific risks of the use of non-drinking water in toilet flushing to set scientifically-derived 
bacteriological or chemical standards/guidelines. Therefore, what values that have been set 
have been based on other use such as bathing or drinking.  

The source of water considered in this project, natural (e.g. springs, wells, boreholes) and 
without further preparation and treatment has not been previously specifically considered in 
the literature and the approaches used for reclaimed and reused water are only of limited 
relevance. For example, many of these use as least limited treatment and so the 
guideline/standards may include the measurement of chlorine. The setting of such 
guideline/standards would also require regular monitoring which may be beyond the scope of 
the domestic properties considered in this project. A number of countries (e.g. The 
Netherlands and New Zealand) have also raised concerns about the use of dual water 
supplies (drinking and reuse) due to the risk of cross-connections, even going so far as to 
actively discourage the use of toilet flushing with grey or rainwater. 

The review of potential standards and guidelines for the use of alternative sources of water 
solely for the flushing of toilets has also concluded that there was no sound scientific basis to 
propose standards for the quality of water used in this way. Insufficient information was 
available to undertake a robust and quantitative assessment of the risks where water was 
abstracted from a private supply not intended for consumption as drinking water.  

In the absence of consensus on appropriate guidelines/standards for the use of water from a 
natural source used solely for toilet flushing, a risk-based approach could be considered. This 
could be in a similar way to that proposed by France, based on good practice. This would 
define the source of water free from microbiological and chemical risk to health, and advise on 
further best practice on supply and use and remove the need for regular monitoring. This 
approach is developed in the next two sections. 
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5. Definition of “Wholesomeness” and 
standards for water used for toilet flushing 

The derivation of appropriate water quality criteria for defining wholesomeness for water 
exclusively for toilet flushing requires consideration of a number of factors. These factors 
include the types of source water intended to be used for toilet flushing, its collection and 
storage and which route of exposure may need to be mitigated. Therefore, it is important that 
a framework is prepared for ensuring hazards are properly identified and corresponding risks 
assessed and controlled in the most effective manner.  

A suitable approach would be to adopt the WHO Drinking Water Safety Plan (DWSP) 
concept. It is considered the most effective way of ensuring that a water supply is safe for 
human consumption and that it meets the health based standards and other regulatory 
requirements. A DWSP applies comprehensive risk assessment and risk management to all 
the steps in a water supply chain from catchment to consumer. 

A source-pathway-receptor approach provides an appropriate framework for conducting the 
risk assessment. Three of the components of the risk assessment approach correspond 
directly with three of the elements of a DWSP. The source term is equivalent to catchment, 
the pathway being equivalent to treatment and distribution and routes of transmission and 
receptor constituting the likelihood of infection for a given water quality. This approach does, 
however, require a level of risk to be established against which the outcome of the risk 
assessment can be compared to determine if the risk predicted for a particular scenario is 
deemed acceptable.  

The source component of the risk assessment will vary depending on the origin of the water 
intended to be used for toilet flushing. Water abstracted from typical sources used for private 
water supplies will be of variable quality depending on the nature of the catchment. Faecal 
contamination with viral, bacterial and protozoan pathogens is an obvious hazard, but 
supplies may also be vulnerable to chemical pollution from, for example, pesticide application 
or hydrocarbon spills. In contrast, greywater would have a higher loading of organic material, 
greater concentration of detergents and additional pathogens such as Pseudomonas 
aeruginosa. Also, it would not be subject to direct faecal contamination (unless the water is 
accidentally contaminated at source) or be subject to the same type of chemical pollution as 
typical sources of private water supplies. Rainwater would be expected to be generally free 
from chemical pollution provided that it has been collected from an inert surface although it 
would be subject to a certain amount of faecal contamination contributing bacterial and 
protozoan pathogens. 

The potential routes of exposure to water designated solely for toilet flushing would have a 
significant impact on the criteria acceptable water quality. The greatest risk would arise from a 
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cross-connection which has the potential for an individual to ingest a relatively large volume 
with a high likelihood of producing illness. However, such events do not frequently occur and 
could be mitigated better by good practice for design, installation and operation of the supply 
used for toilet flushing. Conversely, aerosols are unavoidably generated during toilet flushing 
and would expose individuals to much lower volumes of water, but more frequently. No 
studies have been undertaken to quantify the volumes of water released by toilet flushing. 
Estimates provided for various risk assessments have proposed volumes between 0.01 ml 
(Ashbolt, 2009) and 0.1 ml (Health Canada) per flush. However, exposure to potential 
pathogens would depend on droplet size which is influenced by various factors related to the 
flow characteristics of the toilet and the prevailing environmental conditions (Pitchers and 
Stanfield, 2000). Therefore, it is important that the exposure scenarios are defined to permit a 
proper assessment of the risk and establish appropriate criteria for microbiological standards 
to be included in a definition of wholesomeness. 

Owners and operators of private water supplies have an obligation to satisfy the requirements 
of the private water supply regulations to produce water suitable for drinking and other defined 
purposes. Under such circumstances, having a separate water supply exclusively for toilet 
flushing may not prove desirable even if a lower quality standard was acceptable. It would 
require a dedicated supply pipework that did not permit cross-contamination of the potable 
water supply. 

Recycled sources of water (greywater and rainwater) are likely to be viewed as being more 
appropriate for exclusive use in toilet flushing. Some of the risks will be different for such 
sources compared to private water supplies. Whilst greywater would not be expected to be 
subject to contamination directly by faecal-oral pathogens, their presence cannot be ruled out 
because of inadvertent or accidental shedding from an individual with gastrointestinal illness. 
However, in this research project DWI is only considering the suitability of non-potable water 
from natural sources for toilet flushing in domestic properties. In a household free of illness, 
flushing a toilet with water from such as a source may pose an increased risk of an adverse 
health effect compared with drinking water. In the same circumstances but with an individual 
experiencing an infectious gastrointestinal illness, other routes of transmission within a 
household are likely to be more significant than the source of water. 

Greywater though can have a high organic loading which would encourage the growth of 
heterotrophic bacteria, particularly where it is stored before use and conditions are warm. It 
may permit growth of opportunistic pathogens that do not infect through the faecal-oral route, 
but can cause infections if inhaled or when they enter through damaged skin. The intermittent 
availability of greywater would necessitate storage to ensure a supply is available for toilet 
flushing. Therefore, the process must be managed to ensure that water derived from this 
source has adequate safeguards against a wider range of transmission routes.  

Where treatment is required the process would need to be monitored to ensure its effective 
operation. Validation of performance is undertaken by assessing the ability of a treatment 
system to remove or inactivate those pathogens of concern. Once the desired performance 
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criteria have been established, the effectiveness of the treatment system can be assessed 
using surrogate parameters that are easier to monitor. 
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6. Risk-based evaluation of the acceptance of 
water used for toilet flushing 

Following completion of Objectives 1. and 2., it has been difficult to identify a definition of 
wholesomeness or provide a derivation of standards suitable for non-potable water intended 
to be used exclusively for toilet flushing. However, where the standards have been derived 
through application of a risk assessment their limits tend to be more stringent than where 
water quality has been based on what is considered acceptable for recreational water 
(although less stringent than drinking water standards). 

 The review of potential standards and guidelines for the use of alternative sources of water 
solely for the flushing of toilets has also concluded that there a lack of studies to provide a 
sound scientific basis to propose standards for the quality of water used in this way. 
Insufficient information was available to undertake a robust and quantitative assessment of 
the risks where water was abstracted from a private supply not intended for consumption as 
drinking water. 

With the conclusion that Objective 3, a definition of wholesomeness and the settings of 
standards, will be difficult to achieve, this report now focussed on a tiered approach to 
evaluate the risk of using alternative sources of water in toilet flushing. The premise for the 
risk assessment is intended to be applied to a natural source of water for flushing a toilet in a 
domestic property that is inherently of suitable quality and so without the need for additional 
preparation or treatment.  

An alternative approach to the use of standards is to provide a series of criteria suitable for 
conducting a qualitative risk assessment on a case by case basis. This would take into 
consideration local conditions which may impinge on the quality of water to be used. The risk 
assessment is intended not only for use by local authorities conducting their risk 
assessments, but also to enable owners of domestic properties to be aware of the risks 
associated with such an alternative source of supply and to determine if a particular source of 
water is suitable. It would also provide guidance on the installation and operation of the supply 
arrangements. This procedure involves the adoption of the basic principles of a source-
pathway-receptor framework as outlined in Table 6.1. 
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Table 6.1 Principles for qualitative risk assessment 

Source Pathway Receptor 

Water collected from a 
natural source 

Distributed without storage 

Separate dedicated supply 

Occupants – residents and 
visitors 

All age groups 

 

These principles are then subject to further considerations in the proposed risk evaluation 
process. 

Source 

The supply is restricted to water collected from a natural source. This includes the following 
considerations; 

 Exclude water collected from an artificial surface and avoid collection of faecal material. 

 Exclude water from open sources (ponds, streams, etc.). This will protect against the 
presence of high organic carbon with a potential for growth of biofilms in pipework and 
therefore pathogens. Avoidance of such open water sources may also protect against 
high levels of chemicals (e.g. heavy metals) present due to the natural geology of the 
area. 

 Exclude all water potentially subject to human faecal contamination (e.g. where source 
is influenced by discharges of sewage). 

 Exclude contamination from run-off from used grazing animals and manure spreading 
(potential pathogen risk) and run-off from land used for crop production (pesticide and 
herbicides). 

Pathway 

 Water to be supplied by a sealed pipe by the shortest route possible without storage of 
water except for the toilet cistern. 

 Fixtures and fittings in accordance with BS6920. 

 Permanent, sole supply to the toilet so there is no need to use a potable supply in time 
of shortage, therefore avoiding a dual supply. 

 Drain cock to empty cistern for extended periods of absence, then refill and flush with 
dilute bleach. 
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Potential exposure routes 

 Ingestion – risk depends on exposure to sufficient numbers of faecal organism 
pathogens 

o Droplets touching contaminated surfaces 

o Hand-to-mouth transfer 

Studies have demonstrated the extent of the exposure to pathogens through touching 
contaminated surfaces and transferring organism into the body through the mouth or 
nose. The magnitude of the risk would be influenced by a considerable number of 
factors. The rate of pathogen accumulation in the toilet environment would be 
dependent on their release during flushing and deposition of surfaces (Barker and 
Jones, 2005) offset by losses caused by desiccation in the air and on the surface 
(Sattar et al., 1988). High relatively humidity and lower temperatures will favour 
organism survival on hard surfaces (Boone and Gerba, 2007).  

Transfer of organisms from inanimate surfaces to hands is most affected by the type of 
surface and the period of drying before a contaminated surface is touched. Lopez et al. 
(2013) showed that non-porous surfaces had a greater transfer (up to 57%) compared 
to porous surfaces (less than 7%) under low relative humidity. The difference was 
greater at higher humidity. Most surfaces in the toilet environment likely to be touched 
are plastic or porcelain and therefore non-porous.  

Survival on hands depends on the organism (Mackintosh and Hoffman, 1984) and the 
dampness of the hand (Ansari et al., 1988). Organisms on hands can be readily 
transferred to other inanimate surfaces (Julian et al., 2010) or ingested when the 
touching the mouth (Rusin et al., 2002). Proper toilet hygiene (Bloomfield and Scott, 
1997) and effective hand washing would greatly reduce the risks posed by exposure to 
pathogens released from toilet flushing (Barker et al., 2001). 

 Inhalation – exposure to aerosols containing opportunistic pathogens (e.g. Legionella, 
Mycobacterium). Small droplets reach further into the lungs. 

Receptor 

Occupants  

o Permanent - residents 

o Temporary – visitors/relatives 

o All age groups with visiting children at the greatest risk. 
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The criteria included have been set out in a flow-chart (see Figure 6.1) which is divided into 
two sections. The first section evaluates the suitability of the proposed source of water. The 
second section gives guidance to maintain water quality during supply.      

The assessment of the suitability of a source of water provides a sequential series of 
questions where YES to a single question would EXCLUDE it from any further consideration. 
A small amount of overlap exists between some of the criteria but was considered necessary 
to ensure a comprehensive assessment. The final outcome of the source water assessment is 
not dependent on the order of the questions. Therefore, criteria have been arranged in an 
order that represents the ease of obtaining the relevant information. 

Once the suitability of a source has been evaluated, a second set of criteria have been given 
to ensure that the water does not undergo any deterioration in quality from source to flush. 
These criteria have been developed on the basis that the source water quality has been 
assessed under the preceding scheme. The response to each question is given as 
ADVISORY when the answer is NO to a question. The assumption has been that the risk 
assessment is intended to apply a plumbing installation that has yet to be installed solely for 
toilet flushing. Correspondingly, reference is made to the requirements on good practice for 
the design, installation and operation of the supply arrangements. Where good practice 
cannot be adopted, it would not be permitted to use a supply, even if it was of suitable quality. 

The framework in Figure 6.1 provides a foundation for a risk evaluation of naturally sourced 
water for use solely for toilet flushing without the need for further preparation or treatment. By 
first considering the source and asking questions about possible contamination from 
microorganisms and chemicals in general, it is unnecessary to consider potential exposure to 
individual, specific organisms and chemicals. Having identified a suitable source, the rest of 
the framework gives advice on protection of the water from deterioration in quality. This 
framework could be assessed by water professionals, local authorities and consumers and 
altered subject to their comments and then tested with a number of practical scenarios. It 
would also need to be assessed to be considered alongside the extensive guidance on 
private water supplies provided by DWI.  
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Figure 6.1 Framework for the Assessment of the suitability of a source of water intended solely for flushing a toilet in a 
domestic property 

 

Is the water from an 
open source? 

Is water subject to 
faecal contamination 

of human origin? 

Supply is suitable as a 
source of water for 

toilet flushing 

Reject open sources of water whether flowing or not streams and ponds) can be vulnerable to faecal 
contamination from animal sources. Non flowing sources can support algal blooms. Chemical pollution due to 
agricultural (e.g. pesticides),or industrial nearby land use (present or historic) or natural geology (e.g. heavy 
metals). These sources can contain appreciable amounts of natural organic matter that could provide nutrients 
for proliferation of organisms, especially where the water is stored before use. Under such conditions, the 
growth of opportunistic pathogens may occur (Legionella, Pseudomonas and Mycobacteria) which pose a risk 
of infection through respiration. Particulate matter and sediment accumulation. Colour/odour e.g. organics or 
metals. 

Inspect the surrounding environment for evidence of discharges from sanitary treatment (septic tanks 
etc.). It may be necessary to make enquires with your local authorities or your neighbours. Human sewage, even 
when treated, cannot be guaranteed to be free of microorganisms that are harmful to health when ingested. It is 
not practically possible to know the extent and numbers of pathogens that may be present in a particular source. 
Variation encountered with time. 

Exclude 

Is the supply of water 
from the source 

intermittent? 
The toilet must not have a separate connection to the potable water supply. A constantly available supply 
will ensure that no arrangements are required for a supplementary supply of water. Interruptions greater than 
month or beyond storage capacity. Exclude 

Is the source 
unprotected? 

Chemical pollutants and faecal organisms can move through soil and contaminate underground sources of 
water. This contaminated land may be due to present or historic use. A minimum of 50m exclusion from known 
sources of sewage. Depth of well. Location of pollution. Prevention of animal trespass. 

Exclude 

Exclude 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 
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Is no storage required? 

Is the supply direct to 
the toilet? 

Source and system 
acceptable for flushing 

Protect the integrity of the network used to supply the water.  
Storage is permissible to ensure it can meet daily usage demands only. Water should be stored in covered tanks 
that are protected from warming and freezing. Only store water that is free from colour and odour. 

Properly installed pipe delivery system.  
Protected against ingress / avoid potential for warming and stagnation of the water from the surroundings. 
Materials must be suitable for plumbing applications. Avoid leaching of chemicals. Approved plumber. 

Advisory 

Is the pipeline direct to 
the toilet? 

Properly installed pipe delivery system.  
No other connections to the drinking water supply system inside or outside the property. 

Advisory 

Has provision been 
made for extended 

absence from 
property? 

Where system is not intended to be used for periods beyond one week.  
Avoid potential for stagnation. Drain toilet cistern. Flush through on return. 

Advisory 

Advisory 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Will the toilet be used 
by more than only the 

occupants? 

Awareness to all users. 
Visitors / relatives more affected by general toilet hygiene 

Advisory 

No 
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 Extracts of relevant EU and UK Appendix A
legislation 

Full relevant extracts from pertinent legislation are given below for reference. 

A1 Drinking Water Directive 98/83/EC 

For the purposes of this Directive: 

2 (1) ‘water intended for human consumption’ shall mean: 

(a) all water either in its original state or after treatment, intended for 
drinking, cooking, food preparation or other domestic purposes, 
regardless of its origin and whether it is supplied from a distribution 
network, from a tanker, or in bottles or containers; 

(b) all water used in any food-production undertaking for the manufacture, 
processing, preservation or marketing of products or substances 
intended for human consumption unless the competent national 
authorities are satisfied that the quality the foodstuff in its finished 
form; 

2 (2) ‘domestic distribution system’ shall mean the pipework, fittings and 
appliances which are installed between the taps that are normally used for 
human consumption and the distribution network but only if they are not the 
responsibility of the water supplier, in its capacity as a water supplier, 
according to the relevant national law. 

3 (2) Member States may exempt from the provisions of this Directive: 

(a) water intended exclusively for those purposes for which the competent 
authorities are satisfied that the quality of the water has no influence, 
either directly or indirectly, on the health of the consumers concerned; 

(b) water intended for human consumption from an individual supply 
providing less than 10 m³ a day as an average or serving fewer than 
50 persons, unless the water is supplied as part of a commercial or 
public activity. 
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A2 Water Industry Act 1991 

Section 68 (as amended) of the Water Industry Act 1991 describes the duties of water 
undertakers and licensed water suppliers with respect to water quality and the text of this 
Section is reproduced in full below. 

(1) It shall be the duty of a water undertaker where its supply system is used for the 
purpose of supplying water to any premises for domestic or food production purposes- 

(a) to ensure that any water so supplied is wholesome at the time of supply; and 

(b) so far as reasonably practicable, to ensure, in relation to each source or 
combination of sources from which water is so supplied, that there is, in 
general, no deterioration in the quality of the water which is supplied from time 
to time from that source or combination of sources. 

and this section and section 69 below apply, in relation to the duty of an undertaker, 
whether or not the water supplied using the undertaker’s supply system is supplied by 
the undertaker. 

(1A) It shall be the duty of a licensed water supplier- 

(a) when supplying water to any premises for domestic or food production 
purposes, in accordance with its retail authorisation, to ensure that the water is 
wholesome at the time of supply; and 

(b) so far as reasonably practicable, to ensure, in relation to each source or 
combination of sources from which that supplier supplies water to premises for 
domestic or food production purposes, in accordance with its retail 
authorisation, that there is, in general, no deterioration in the quality of the 
water which is supplied from time to time from that source or combination of 
sources, 

and references in this subsection to the retail authorisation shall be construed in 
accordance with section 17A(2) above. 

(2) For the purposes of this section and section 69 below and subject to subsection (3) 
below, where a water undertaker’s supply system is used for the purpose of supplying 
water to any premises, any water so supplied to any premises shall not be regarded as 
unwholesome at the time of supply where it has ceased to be wholesome only after 
leaving the undertaker’s pipes. 
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(3) For the purposes of subsection (1) above where a water undertaker’s supply system is 
used for the purpose of supplying water to any premises, and the water so supplied 
would not otherwise be regarded as unwholesome at the time of supply, that water 
shall be regarded as unwholesome at that time if- 

(a) it has ceased to be wholesome after leaving the undertaker’s pipes but while in 
a pipe which is subject to water pressure from a water main or which would be 
so subject but for the closing of some valve; and 

(b) it has so ceased in consequence of the failure of the undertaker, before the 
water is supplied, to ensure that such steps are taken as may be prescribed for 
the purpose of securing the elimination, or reduction to a minimum, of any 
prescribed risk that the water would cease to be wholesome after leaving the 
undertaker’s pipes. 

(3A) For the purposes of subsection (1A) above where water supplied by a licensed water 
supplier to any premises would not otherwise be regarded as unwholesome at the time 
of supply, that water shall be regarded as unwholesome at that time if- 

(a) it has ceased to be wholesome after leaving the relevant pipes but while in a 
pipe which is subject to water pressure from a water main or which would be 
so subject but for the closing of some valve; and 

(b) it has so ceased in consequence of the failure of the supplier, before supplying 
the water, to ensure that such steps are taken as may be prescribed for the 
purpose of securing the elimination, or reduction to a minimum, of any 
prescribed risk that the water would cease to be wholesome after leaving the 
relevant pipes. 

(3B) In subsection (3A) above “relevant pipes” means the pipes of the water undertaker 
whose supply system is used for the purpose of the supply made by the licensed water 
supplier. 

(4) The provisions of this section shall apply in relation to water which is supplied by a 
water undertaker whether or not the water is water which the undertaker is required to 
supply by virtue of any provision of this Act. 

(5) The duties of a water undertaker and licensed water supplier under this section shall be 
enforceable under section 18 above by the Secretary of State. 

Section 218 of the same Act provides a definition of ‘domestic purposes’ in relation to water 
supply and the text of this Section is reproduced in full below. 
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(1) Subject to the following provisions of this section, in this Act references to domestic 
purposes, in relation to a supply of water to any premises or in relation to any cognate 
expression, are references to the drinking, washing, cooking, central heating and 
sanitary purposes for which water supplied to those premises may be used. 

(2) Where the whole or any part of the premises are or are to be occupied as a house, 
those purposes shall be taken to include- 

(a) the purposes of a profession carried on in that house or, where- 

(i) that house and another part of the premises are occupied together; 
and 

(ii) the house comprises the greater part of what is so occupied, in that 
other part; and 

(b) such purposes outside the house (including the washing of vehicles and the 
watering of gardens) as are connected with the occupation of the house and 
may be satisfied by a supply of water drawn from a tap inside the house and 
without the use of a hosepipe or similar apparatus. 

(3) No such reference to domestic purposes shall be taken to include a reference- 

(a) to the use of a bath having a capacity, measured to the centre line of overflow 
or in such other manner as may be prescribed, of more than two hundred and 
thirty litres; 

(b) to the purposes of the business of a laundry; or 

(c) to any purpose of a business of preparing food or drink for consumption 
otherwise than on the premises. 
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A3 Water Supply (Water Fittings) Regulations 1999 

SCHEDULE 1: FLUID CATEGORIES 

Fluid category 1 

Wholesome water supplied by a water undertaker and complying with the requirements of 
regulations made under section 67 of the Water Industry Act 1991(a). 

Fluid category 2 

Water in fluid category 1 whose aesthetic quality is impaired owing to– 

(a) a change in its temperature, or 

(b) the presence of substances or organisms causing a change in its taste, odour 
or appearance, 

including water in a hot water distribution system. 

Fluid category 3 

Fluid which represents a slight health hazard because of the concentration of substances of 
low toxicity, including any fluid which contains– 

(a) ethylene glycol, copper sulphate solution or similar chemical additives, or 

(b) sodium hypochlorite (chloros and common disinfectants). 

Fluid category 4 

Fluid which represents a significant health hazard because of the concentration of toxic 
substances, including any fluid which contains– 

(a) chemical, carcinogenic substances or pesticides (including insecticides and 
herbicides), or 

(b) environmental organisms of potential health significance. 

Fluid category 5 

Fluid representing a serious health hazard because of the concentration of pathogenic 
organisms, radioactive or very toxic substances, including any fluid which contains– 
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(a) faecal material or other human waste; 

(b) butchery or other animal waste; or 

(c) pathogens from any other source. 

A4 The Water Supply (Water Quality) Regulations 2000 (as amended) and 
the Water Supply (Water Quality) Regulations 2010 (Wales) 

4. (1) Water supplied- 

(a) for such domestic purposes as consist in or include, cooking, drinking, 
food preparation or washing; or 

(b) to premises in which food is produced, shall, subject to paragraphs (4) 
and (5), be regarded as wholesome for the purposes of Chapter III, as 
it applies to the supply of water for those domestic purposes, if the 
requirements of paragraph (2) are satisfied. 

(2)  The requirements of this paragraph are- 

(a) that the water does not contain- 

(i) any micro-organism (other than a parameter) or parasite; or 

(ii) any substance (other than a parameter), at a concentration or 
value which would constitute a potential danger to human 
health; 

(b) that the water does not contain any substance (whether or not a 
parameter) at a concentration or value which, in conjunction with any 
other substance it contains (whether or not a parameter) would 
constitute a potential danger to human health; 

(c) that the water does not contain concentrations or values of the 
parameters listed in Tables A and B in Schedule 1 in excess of or, as 
the case may be, less than, the prescribed concentrations or values; 

(d) that the water satisfies the formula [nitrate]/50 + [nitrite]/3 ≤ 1, where 
the square brackets signify the concentrations in mg/1 for nitrate (NO3) 
and nitrite (NO2). 
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A5 The Private Water Supplies Regulations 2009 (2010 for Wales) 

4. Water is wholesome if all the following conditions are met- 

(a) it does not contain any micro-organism, parasite or substance, alone or in 
conjunction with any other substance, at a concentration or value that would 
constitute a potential danger to human health; 

(b) it complies with the concentrations or values specified in Part 1 of Schedule 1; 
and 

(c) in the water: (nitrate (mg/l) / 50) + (nitrite (mg/l) / 3) ≤ 1 

Furthermore, these Regulations place an obligation on local authorities to undertake periodic 
risk assessments of private water supplies to ensure they do not constitute a potential danger 
to human health. Specifically, Regulation 6 states: 

6. (1) A local authority must carry out a risk assessment within five years of the 
coming into force of these Regulations, and subsequently every five years (or 
earlier if it considers that the existing risk assessment is inadequate) of each 
private supply that supplies water to any premises (other than a supply to a 
single dwelling not used for any commercial activity). 

(2) The risk assessment is to establish whether there is a significant risk of 
supplying water that would constitute a potential danger to human health. 

(3) It must also carry out a risk assessment of a private supply to a single dwelling not 
used for any commercial activity if requested to do so by the owner or occupier of that 
dwelling. 



DWI 
 

Report Reference: UC10198.02/16206-0 
December 2015 

© WRc plc 2015 41

 International Standards Appendix B
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Table B.1 Microbiological standards 

Country 

Type of source water 
and application of 

‘recycled’ water for 
toilet flushing 

Derivation of 
guidelines 

Microbiological Parameters 

Coliforms (cfu/100 mL)4 
Comment 

Total Faecal E. coli 

France(1) 

Rainwater  

Usable indoors for 
toilet flushing in 

domestic properties. 

Risk managed by 
adherence to good 

operational practice. 

Collected from roofs 
not generally 

accessible and not 
subject to pollution or 
manufactured from 

asbestos or lead and 
water stored under 
defined conditions. 

- - - 
No parameters are 

defined in the National 
Order. 

                                                   

4  These terms are used for comparison, as faecal coliforms are not used as a parameter in UK legislation. Other defined bacterial parameters are outlined 
in the Comments column.  
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Country 

Type of source water 
and application of 

‘recycled’ water for 
toilet flushing 

Derivation of 
guidelines 

Microbiological Parameters 

Coliforms (cfu/100 mL)4 
Comment 

Total Faecal E. coli 

Germany 

(1999)(2) 

Greywater - 
wastewater from 

baths, showers, sinks 
and washing 

machines, but 
excluding kitchen and 
sanitary wastewaters. 

Wastewater for urban 
re-use, including 
supplying some 

residential dwellings 
with about 100 

persons with recycled 
greywater for toilet 

flushing. 

EU Guidelines for 
Bathing 

Water (76/160/EEC).  

 

<104 - <103 

P. aeruginosa <100 
100 mL-1 

 

Other parameters 
added subsequently, 

including; faecal 
streptococci 0/0.1mL 

Candida albicans 
0/0.1mL 

S. aureus 0/1mL 

Legionella spp. 0/10mL 

Salmonella 0/100mL 

 

Germany 

(2005) 
(3) 

Greywater - 
wastewater from 

baths, showers, sinks 
and washing 

machines, but 
excluding kitchen and 
sanitary wastewaters. 

The requirements 
have been developed 

EU Guidelines for 
Bathing 

Water (76/160/EEC).  

This was based on the 
assumption that 

persons having body 
contact with this water 
and moreover those 

who even occasionally 

<102 <101 - 
P. aeruginosa <100 / 

100 mL-1 
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Country 

Type of source water 
and application of 

‘recycled’ water for 
toilet flushing 

Derivation of 
guidelines 

Microbiological Parameters 

Coliforms (cfu/100 mL)4 
Comment 

Total Faecal E. coli 

on behalf of the Berlin 
Senate Office, 

specifically for water 
for toilet flushing. 

swallow some of it will 
not be subjected to a 
health risk if the limit 

values are held. 

United Kingdom 

British Standards 

2010 
(4) 

Greywater - domestic 
wastewater excluding 

faecal matter and 
urine 

 

Non-potable domestic 
use for WC flushing at 

single site and 
communal domestic 

systems 

 

Derivation of numerical 
values not stated. 

 

Standard includes a 
requirement for an 

assessment of the risk 
including that affecting 

water quality. 

1000 - 250 
Intestinal Enterococci 

100 / 100 mL 

United Kingdom 

British Standards 
(5) 

Rainwater -  Guideline values for 
bacteriological 

monitoring 
1000 - 250 

Intestinal enterococci 

100 / 100 ml 

Israel 
(6) 

Greywater 

Water for toilet 
flushing included in 
quality category C. 

 

- 102(a) -  

South Africa Reclaimed Author’s suggested ≤0(b) ≤0(b) -  
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Country 

Type of source water 
and application of 

‘recycled’ water for 
toilet flushing 

Derivation of 
guidelines 

Microbiological Parameters 

Coliforms (cfu/100 mL)4 
Comment 

Total Faecal E. coli 
(7) wastewater 

Domestic uses 
including toilet 

flushing 

guidelines by reference 
to international 

practice. 

Australia 
(8) 

  
- - <1  

China 
(9) 

Reclaimed 
wastewater 

Toilet flushing only. 

Not known. 
3 x103 - -  

Hong Kong 
(10) 

Reclaimed 
wastewater 

Toilet flushing only. 

 

 

Greywater/rainwater 
reuse 

Not known. 
<103 

 

 

 

 

- 

 

 

 

 

- 

- 

 

 

 

 

Non-
detectable  

 

India 
(11) 

Onsite greywater 
recycling in residential 

schools 

Toilet flushing 

Application of a QMRA 
to set standards based 

on 10-6 DALY as an 
acceptable level of risk. 

- 5x103 - 
Based on a number of 
exposure scenarios. 

Japan 
(13) 

Reclaimed 
wastewater 

Coliform standard is 
numerically equivalent 

103 - -  
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Country 

Type of source water 
and application of 

‘recycled’ water for 
toilet flushing 

Derivation of 
guidelines 

Microbiological Parameters 

Coliforms (cfu/100 mL)4 
Comment 

Total Faecal E. coli 

Domestic uses 
including toilet 

flushing 

to that applicable to 
public bathing water 

Taiwan 
(13) 

Reclaimed 
wastewater 

Toilet flushing only. 

Not stated. 

 <103    

Canada 

National 
(14) 

Reclaimed water. 

Designated for 
flushing urinal and 

toilets. 

Application of a QMRA 
to set standards based 

on 10-6 DALY as an 
acceptable level of risk. 

- 0(c) 0(c)  

Canada 

British Columbia 
(15) 

Reclaimed water from 
wastewater and water 

reuse. 

Unrestricted public 
access – urban 
(including toilet 

flushing) 

Appears to be expert 
judgement. 

- ≤2.2 -  

United States 

National 
(16) 

Unrestricted urban re-
use: the use of 

reclaimed water in 
non-potable 

applications in 
municipal settings 

 

- 0(c) - 
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Country 

Type of source water 
and application of 

‘recycled’ water for 
toilet flushing 

Derivation of 
guidelines 

Microbiological Parameters 

Coliforms (cfu/100 mL)4 
Comment 

Total Faecal E. coli 

where public access is 
not restricted. 

United States 

California 
(17) 

Above ground non-
potable reuse. 

(Disinfected tertiary). 

 

≤2.2 - - 

Based on a mean, with 
maximum number of 
23 MPN/100ml in 30 

days 

Notes 
(a) annual mean, but must not exceed a faecal coliform count of 400 organisms per 100 ml. 
(b) volume not stated, but assumed to be 100 ml by reference to other occurrences of these parameters in the publication.  
(c) 0 is equivalent to none detected in the volume examined (100 ml) 

References 
(1) Arrêté du 21 août 2008 relatif à la récupération de eaux de pluie et à leur usage à l’intérieur et à l’extérieur des bâtiments (National 

order of 21 August 2008 relating to the rainwater collection and its indoor and outdoor uses for buildings).  
(2) Nolde et al. (1999). 
(3) Fachvereinigung Betriebs- und Regenwassernutzung e.V.(fbr) – Information Sheet H 201- Greywater Recycling Planning fundamentals 

and operation information. 1st Edition, October 2005. [English Translation] 
(4) BSI Greywater 
(5) BSI Rainwater 
(6) Oron et al. (2014) 
(7) Adewumi et al. (2012) 
(8) National Water Quality Management Strategy (NWQMS). Risk management framework based on the framework- Australian Drinking 

Water Guidelines (NHMRC-NRMMC 2004). 
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(9) Standardization Administration of China 2002 Reuse of Recycling Water for Urban: Water Quality Standard for Urban Miscellaneous 
Water Consumption. GB/T 18920-2002. Standardization Administration of China. 

(10) Technical specifications on grey water reuse and rainwater harvesting. 1st Edition Water Supplies Department. 2015. 
(11)  Godfrey et al. (2010b) 
(12) Guideline for water quality standard and technical issues of reuse of treated sewage water, Ministry of Land, Infrastructure and 

Transport. Japan. 2005. 
(13) Environmental Protection Administration. Taiwan. 
(14) Canadian Guidelines for Domestic Reclaimed Water for Use in Toilet and Urinal Flushing. Health Canada. 2010.  
(15) CANADA MORTGAGE AND HOUSING CORPORATION. Water Reuse Standards and Verification Protocol. CHMC, Ottawa, 2004. 

Research Report 1611–06.  
(16) Guidelines for Water Reuse. United States Environmental Protection Agency. 2012 
(17) Yu et al. (2013) 
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Table B.2 Non-microbiological standards 

Guidelines Water quality 

 pH BOD Turbidity/ SS Chlorine Residual Additional requirements 

US EPA 2004 6-9 ≤10 mg l-1 ≤2 NTU Cl2 1 mg l-1 - 

US EPA 2012 6-9 ≤10 mg l-1 ≤2 NTU Cl2 1 mg l-1 

pH - weekly 

BOD - weekly 

Turbidity - continuous 

Faecal coliform - daily 

Cl2 residual - continuous 

California, USA 

(Yu et al., 2013) 
- - 

Mean 2 NTU 

Max. 5 NTU 
-  

Wisconsin, USA 

(Yu et al., 2013) 
6-9 200 mg l-1 TSS ≤5 mg l-1 Free Cl 0.1-4.0 mg l-

1  

Germany 

(Nolde, 1999; Oron 
et al., 2014; Nolde, 

2005) 

- <5 mg l-1 - - O2 Saturation- >50% 

South Africa 

(Adewumi et al., 
2012) 

6-9 ≤5 mg l-1 
TSS ≤5 mg l-1 

≤1 NTU 
≤1 mg l-1 TP ≤0.2 mg l-1 

Japan 

(Maeda et al., 1996) 
5.8-8.6 - - Retained 

Appearance- not unpleasant 

Odour- not unpleasant 
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Guidelines Water quality 

Japan 

(Maeda et al., 1996) 
5.8-8.6 ≤20 mg l-1 Not unpleasant Retained 

Appearance- not unpleasant 

Odour- not unpleasant 

Japan 

(Yamagata et al. 
2003) 

5.8-8.6 20 mg l-1 SS 30 mg l-1 0.5 mg l-1 CODMn 30 mg l-1 

British Columbia 
(Canada; (Schaefer 

et al. 2004)) 

6-9 

(Weekly 
monitoring) 

≤10 mg l-1 

(Weekly 
monitoring) 

≤2 NTU 

(Continuous 
monitoring) 

- Plus general considerations 

Canada 2010 - 
Median ≤ 10 mg l-1 

Max. ≤ 20 mg l-1 

Median ≤ 2 NTU 

Max. ≤5 NTU 

 

TSS 

Median ≤ 10 mg l-1 

Max. ≤ 20 mg l-1 

Total residual Cl 

≥ 0.5 mg l-1 
- 

Australia 2006 - - - - 
To be determined case-by-case 

depending on treatment 

Hong Kong (via 
email) 

6-9 5-day ≤ 10 mg l-1 ≤5 NTU/TSS 
≥1 mg/l exiting 

treatment  

≥0.2 at user end 

Dissolve O2 ≥2 mg/l 

Colour ≤20 Hazen unit 

Threshold Odour Number (TON) ≤100 

Ammoniacal N ≤1 mg/l as N 

Synthetic detergents ≤5 mg/l 

United Kingdom 

British Standards 

2010 

5-9 - 
<10 NTU for all 

uses 

SS visually clear 

<2 mg/l 
Dissolved O2 in stored rainwater 
>10% saturation or >1 mg/l O2 

whichever is lower 
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Guidelines Water quality 

and free from 
floating debris for 

all uses 

Residual bromine <0.2 mg/l 

Colour not objectionable 
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US EPA 2004 

For any size and type of system, proper consideration for public health begins with risk 
management, which puts in place mechanisms to minimize or eliminate the risk of 
contaminated water entering the water supply. Thus, from a policy perspective, the first step 
in risk management is establishing transparent criteria for water quality; the NSF Standard 
350 establishes water quality criteria for on-site systems. 

In 2011, NSF/ANSI Standard 350 Onsite Residential and Commercial Water Reuse 
Treatment Systems and NSF/ANSI Standard 350-1 Onsite Residential and Commercial 
Greywater Treatment Systems for Subsurface Discharge were adopted (NSF, 2011a and 
2011b). The standards provide detailed methods of evaluation; product specifications; and 
criteria related to materials, design and construction, product literature, wastewater treatment 
performance, and effluent quality for on-site treatment systems. Greywater treatment to NSF 
350 levels also requires certified operators, reliability, and public water supply protection. The 
NSF/ANSI Standard 350 is for greywater treatment systems with flows up to 5.7 m3/d or 
larger. The standards apply to greywater treatment systems having a rated treatment capacity 
of up to 5.7 m3/d, residential wastewater treatment systems with treatment capacities up to 
5.7 m3/d, and commercial treatment systems with capacities exceeding 5.7 m3/d for 
commercial wastewater and commercial laundry facilities. End uses appropriate for reclaimed 
water from these systems include indoor restricted urban water use, such as toilet flushing, 
and outdoor unrestricted urban use, such as surface irrigation. 

Table B.3 Fundamental components of a water reuse regulatory framework for 
States (US EPA, 2012) 

Category Comment 

Purpose and/or goal 
statement 

Frame the purpose for developing the rule or regulation (e.g., to satisfy 
a need or fulfil a statutory requirement), and describe the ultimate vision 
for the water reuse program. The process to authorise, develop, and 
implement rules or changes to rules is time consuming and costly. After 
adoption, rules are difficult to change, which limits the ability to 
accommodate new technologies and information. 

Definitions 
Define type of use and other water reuse-related terms used within the 
body of the rule or regulation. 

Scope and applicability 

Define the scope and applicability of the rules or regulations that 
delineates what facilities, systems, and activities are subject to the 
requirements of the rules or regulations. 

Include grandfathering or transitioning provisions for existing facilities, 
systems, or activities not regulated prior to the adoption of the rules or 
regulations. 

Exclusions and prohibitions Describe facilities, systems and activities that are 1) not subject to the 
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Category Comment 

requirements of the rules or regulations, and 2) specifically prohibited by 
the rules or regulations. 

Variances 

Describe procedures for variances to design, construction, operation, 
and/or maintenance requirements of the regulation for hardships that 
outweigh the benefit of a project, and the variance, if granted, would not 
adversely impact human health, other beneficial uses, or the 
environment. These variance procedures give regulators flexibility to 
consider projects that may deviate only minimally from the requirements 
with no significant adverse impact or opportunities that are not 
anticipated during initial development of a regulation. Since variances 
need to be based on sound, justifiable reasons for change, regulatory 
programs should develop guidance on how to develop adequate 
justification that can be relied upon as precedence setting for future 
regulatory decisions and actions. 

Permitting requirements 

Describe the permitting framework for water reuse. Indicate whether the 
water reuse rule or regulation will serve as the permitting mechanism for 
water reuse projects or identify other regulations through which the 
water reuse rule or regulation will be implemented and projects 
permitted. 

Describe if or how end users of reclaimed water will be permitted, and 
rights of end user to refuse reclaimed water if not demanded. 

Describe permit application requirements and procedures. Specify all 
information that the applicant must provide in order to appropriately 
evaluate and permit the water reuse projects. 

Define or refine control and 
access to reclaimed water 

Determine the rights to and limits of access and control over reclaimed 
water for subsequent use and the relationship between the underlying 
water right, wastewater collection system ownership, reclamation plant 
ownership, and downstream water users who have demonstrated good-
faith reliance on the return of the wastewater effluent into a receiving 
stream within the limits and requirements of the state’s water rights 
statutory and regulatory requirements. 

Relationship to other rules 

Describe relationship between water reuse rule or regulation and, for 
example, water and wastewater regulations, environmental flow 
requirements, solid waste or hazardous waste rules, groundwater 
protection, required water management plans, and relevant health and 
safety codes for housing, plumbing, and building. 

Relationship to stakeholders 
Identify regulatory or non-regulatory stakeholders from various sectors 
(e.g., water, wastewater, housing, planning, irrigation, parks, ecology, 
public health, etc.) that have a role or duty in the reuse program. 
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Category Comment 

Relationship to regulations 
or guidelines for uses of 
other non-conventional 
water sources 

Describe other rules or regulations that exist for greywater recycle and 
stormwater or rainwater harvesting and use. 

Some states may choose to develop a more comprehensive approach 
that encompasses rules or regulations for all non-conventional water 
sources, including water reuse, within one set of rules or regulations. 

Reclaimed water standards 

See standards. 

Include a provision to evaluate and allow standards to be developed on 
a case-by-case basis for less common uses of reclaimed water that are 
not listed. 

Require points of compliance to be established to verify compliance with 
standards. 

Describe response and corrective action for occurrence of substandard 
reclaimed water (a component of the Contingency Plan, below). 

Treatment technology 
requirements 

In addition to reclaimed water standards, some states specify treatment 
technologies for specific reuse applications. 

Monitoring requirements 
Describe methods and frequency for monitoring all standards listed in 
the rules or regulations. 

Criteria or standards for 
design, siting, and 
construction 

Describe criteria or standards of engineering design, siting, and 
construction for water reuse facilities and systems that typically include, 
but are not limited to, facilities or systems to treat/reclaim, distribute, 
and store water for reuse. 

Develop requirements for dual plumbed distributions systems (separate 
distribution of potable and non-potable water) that are co-located. 

Describe requirements for the transfer of reclaimed water and its 
alternative disposal if unsuitable or not required by target user (e.g., 
during wet seasons). 

Construction requirements 
Describe requirements for engineering reports, pilot studies, and 
certificates required to construct and to operate. 

Operations and 
maintenance (O&M) 

Describe minimum requirements for the submission and content of O&M 
manual. The scope and content of an O&M manual will be determined 
by the type and complexity of the system(s) described by the manual. 

Management of pollutants 
from significant industrial 
users as source water 
protection 

Where facilities or systems with inputs from significant industrial users 
are proposing to generate reclaimed water suitable for human contact or 
potable reuse, describe programs that must be implemented to manage 
pollutant of concern from significant industrial users. 

Pre-treatment programs of combined publicly owned treatment works 
and reclamation systems may satisfy program requirements. 

Develop program requirements for satellite reclamation systems also 
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Category Comment 

affected by inputs from significant industrial users. 

Such pre-treatment programs should develop discharge limits that are 
intended to protect source water, rather than wastewater treatment and 
sewer system integrity. 

Access control and use area 
requirements 

Describe requirements to control access to sites where reclaimed water 
will be generated, or in some cases, stored or utilised. 

Describe requirements for advisory sign placement, message, and size. 

Describe requirements for proper use of reclaimed water by end users 
to ensure protection of the environment and human health (e.g., 
setbacks, physical barriers or practices to prevent reclaimed water from 
leaving the site of use, etc.). 

Education and notification 

Include requirements for generators or providers of reclaimed water to 
educate end users of appropriate handling and use of the water, and to 
provide notification to end users regarding the discharges of 
substandard water to reuse and loss of service for planned or 
unplanned cause. 

Operational flow 
requirements 

Requirements for maintaining flow within design capacity of treatment 
system or planning for additional treatment capacity as needed. 

Contingency plan 
Include a requirement for a contingency plan that describes how system 
failures, unauthorized discharges, or upsets will be remedied or 
addressed. 

Recordkeeping 
Describe what operating records must be maintained, the location 
where they are retained, and the minimum period of retention. 

Reporting 
Describe what items must be reported, the frequency of reporting, and 
to whom they are reported. 

Stakeholder participation 
Requirements on public notice, involvement, and decision-making. This 
will apply where the water reuse rule or regulation is used as the vehicle 
to permit water reuse projects. 

Financial assistance Describe state, local, or federal funding or financing sources. 

 

References 
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 Summary of organisations Appendix C
contacted and their responses 

A complete list of professional and representative bodies, research organisations, government 
departments and regulators contacted, along with a brief summary of their response, is given 
in Table C.1 below5. 

Table C.1 A list of organisations responding to contact 

Country 
Organisation 

(and named contact if available) 
Notes 

UK 

UK Chartered Institution of Water and 
Environmental Management 

No guidelines / standards currently exist. 

University of Exeter Two journal references provided, and the 
contact details for a PhD student working on 
rainwater harvesting (who subsequently sent 
some references of his own). 

BSRIA Respondent stated, from a personal 
perspective “the problem with an in-use water 
quality standard for grey water in particular or 
wholesomeness of non-mains water used for 
toilet flushing is that it will be difficult if not 
impossible to police in any meaningful 
respect”; furthermore, he stated that “trying to 
create a new definition of wholesome water 
for toilet flushing is fundamentally wrong”. 

Water Hygiene Centre Respondent was not aware of any standards 
in existence or being developed. 
Furthermore, in the UK water demand is 
static/falling (EA data) and rainwater 
harvesting has a greater carbon footprint than 
mains water (Energy Saving Trust). The 
respondent suggested the DWI use the word 
‘sanitary’ rather than ‘wholesome’. 

                                                   

5  A complete list is given in this interim report for information. However, for conciseness, only 
respondents will be listed in the final report. 
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Country 
Organisation 

(and named contact if available) 
Notes 

England Department of Health No guidelines / standards currently exist.  

Brighton and Sussex University 
Hospitals 

Considered using grey water for toilet 
flushing, but after a detailed discussion with 
its infection control leads it was decided that 
this would not be appropriate as it could not 
be guaranteed that the water would be 
infection-free. 

Scotland Drinking Water Quality Regulator 
for Scotland 

No guidelines / standards currently exist. 

Scottish Government (Health and 
Social Care Department) 

Provided extensive information and weblinks. 
The respondent thought “to have a second 
definition for grey or rain water would, 
perhaps, be a bit confusing”. 

Health Facilities Scotland Provided copies of two Scottish Health 
Technical Memoranda – the respondent 
stated “the SHTMs are quite unambiguous 
and do not recommend the use of RWH or 
GWR”. 

Welsh Government (Health and 
Social Services Department) 

Enquiry was passed to the Natural Resources 
and Food Department’s Water Policy Branch; 
no guidelines / standards currently exist. 

Northern Ireland Drinking Water Inspectorate for 
Northern Ireland 

Respondent stated that “we have not 
considered in detail the quality of water 
required to be used specifically in relation to 
toilet flushing”. Furthermore, it was stated that 
“the use of such systems in single private 
dwellings would not fall under our private 
water supplies regulations”. 

International 

 International Water Association Unable to connect me directly to IWA 
members unless I become a member myself. 
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Country 
Organisation 

(and named contact if available) 
Notes 

Europe 

Europe DG Environment, European 
Commission 

It is the legal view of DG Environment that 
water used for toilet flushing is domestic use 
of water and, as such, falls under the Drinking 
Water Directive; hence, water used for toilet 
flushing must be of potable standard. Some 
links to recent research provided. 

CEN (European Committee for 
Standardization) 

Reply received from the UK representative.  

Austria Environment Agency No guidelines / standards currently exist, and 
no consideration is currently being given to 
this topic. 

Federal Ministry of Health Neither the respondent nor any of her 
colleagues were aware of any such standards 
or guidance in Austria. Suggested contacting 
the Federal Ministry of Agriculture, Forestry, 
Environment and Water Management. 

Medical University of Vienna The European Committee on Standardization 
is looking at waste water engineering 
(CEN/TC 165) and, in particular, Working 
Group 50 is looking at the use of treated 
waste water (including rainwater and grey 
water); Austrian Standards is contributing to 
CEN/TC 165. 

Belgium Flemish Environment Agency* No guidelines / standards currently exist, and 
the respondent had no information about 
other countries. 

Croatia Environment Agency Advised to contact Directorate for Water 
Management, Ministry of Agriculture. 

Czech Republic National Institute of Public Health* Respondent stated that “there is no standard 
for grey water quality used in the Czech 
Republic; however, there is a need for such a 
standard”. Also provided a link to a national 
project. 

Estonia Health Board No guidelines / standards currently exist, and 
no consideration is currently being given to 
this topic. 
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Country 
Organisation 

(and named contact if available) 
Notes 

France Ministry of Social Affairs and 
Health* 

Article R.1321-1 prescribes the use of 
drinking water for all internal domestic uses 
(including toilet flushing). The supply by a 
network of non-potable water is forbidden and 
submitted to prefectorial dispensation (article 
R.1321-57). Also supplied a number of 
documents. 

Finland National Institute for Health and 
Welfare* 

Respondent did not know if any country has 
such standards; he asked his colleagues in 
the Ministry of Health and Finnish 
Environment Institute and they did not know 
either. 

Hungary National Public Health and 
Medical Officer Service 

No guidelines / standards currently exist, and 
no consideration is currently being given to 
this topic. 

Ireland Environmental Protection Agency Respondent was not aware of any work in 
this area. Suggested contacting the 
Department of the Environment, Community 
& Local Government. 

 University of Genoa Respondent stated he has no expertise in this 
field, and that none of his colleagues are 
engaging with this issue either. 

National Institute of Health* There is no national initiative, but there are 
some regional standards relating to water re-
use; the regional decree for Apulia Region 
was provided. 

Latvia Health Inspectorate* No guidelines / standards currently exist, and 
the respondent had no information about 
other countries; furthermore, he did not see 
the need for such standards to be developed. 

Portugal Instituto Superior Técnico* No guidelines / standards currently exist, and 
there are no studies considering this topic 
that the respondent was aware of. 

Romania National Institute of Public Health No guidelines / standards currently exist, and 
no consideration is currently being given to 
this topic. 
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Country 
Organisation 

(and named contact if available) 
Notes 

Slovakia Public Health Authority of the 
Slovak Republic* 

No guidelines / standards currently exist, and 
no consideration is currently being given to 
this topic. 

Slovenia Institute for Water for the Republic 
of Slovenia 

The Institute does not work in the area of 
wholesomeness of water. 

Sweden Agency for Marine and Water 
Management 

This topic is not within the respondent’s remit, 
and he suggested two colleagues to 
approach. 

Agency for Marine and Water 
Management* 

This is not an issue in Sweden. 

Swedish University of Agricultural 
Sciences 

The respondent was not aware of any 
research undertaken into the suitability of 
using rainwater or grey water for toilet 
flushing. He thought that use of grey water 
was more of a technical problem than a 
health problem. Provided a copy of a paper. 

Switzerland Federal Office for the Environment Suspects that no such standards / guidelines 
exist in Switzerland. Forwarded my email to 
EAWAG, the respondent from which provided 
a chapter entitled “Source Separation and 
Decentralisation”. 

North America 

United States of 
America 

 

American Water Works 
Association 

Provided some useful weblinks and names of 
national organisations. 

US Environmental Protection 
Agency* 

Such standards have not been developed at 
the federal level. However, a series of 
guidelines have been developed since 1980. 
Suggested I contact the National Academies. 

The National Academies The National Academies’ current project 
relating to on-site reuse of grey water and 
storm water does not specifically address 
toilet water quality standards. 

Centers for Disease Control and 
Prevention* 

No such standards or guidance have been 
developed at a federal level. 

WateReuse Association Provided with a weblink to 3 useful 
documents: ‘Treatment, Public Health, and 
Regulatory Issues Associated with Graywater 
Use’, a ‘Graywater Use Database’ and a 
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Country 
Organisation 

(and named contact if available) 
Notes 

‘User Manual’. 

American Rainwater Catchment 
Systems Association 

Provided with a copy of the ARCSA 
Rainwater Design and Catchment Installation 
Standards. 

Division of Public Health, 
Department of Health and Social 
Services, Alaska State 
Government 

Advised to contact the DEC. 

Department of Health, Arkansas 
State Government* 

Arkansas is water rich and there has not 
been the need to pursue the use of captured 
rainwater. No standards or regulations for this 
have been developed.  From a strictly 
regulatory standpoint, Arkansas’ state 
plumbing code requires use of potable water 
and that would include toilets, etc. 

San Francisco Water Power 
Sewer 

Provided some background information and 
several very useful weblinks. 

Water Quality Control Division, 
Department of Public Health and 
Environment, Colorado State 
Government* 

Rainwater use for toilet flushing is not 
currently allowed in Colorado and therefore 
no water quality standards and / or treatment 
requirements have been developed. Grey 
water use for toilet flushing is not currently 
allowed in Colorado; however, in May 2013 
the Colorado legislature passed House Bill 
13-1044 which would allow local jurisdictions 
to permit grey water use provided that all 
other local, state and federal laws are 
followed.  The DPHE is currently developing 
a grey water control regulation outlining 
allowed grey water uses, prohibitions, and 
standards for graywater use in Colorado. The 
DPHE is proposing requiring ANSI/NSF 350 
Class R or Class C, storage tank, 
disinfection, dye injection, diversion valve, 
emergency backup potable connection, and 
signage (for non-single family). 

Department of Natural Resources 
and Environmental Control, 
Delaware State Government 

Query forwarded to the Division of Water; 
weblink provided to wastewater treatment 
and disposal systems regulations. 



DWI 
 

Report Reference: UC10198.02/16206-0 
December 2015 

© WRc plc 2015 63

Country 
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Safe Drinking Water Branch, 
Environmental Management 
Division, Department of Health, 
Hawaii State Government* 

The DoH’s SDWB regulates public water 
systems under the federal Safe Drinking 
Water Act (SDWA). The SDWA addresses 
water systems that serve 25 or more persons, 
60 days per year or more. Due to resource 
limitations of some of the State’s municipal 
water suppliers who are unable to fully cover 
all areas where people want to live, there are 
many rainwater catchment systems serving 
individual residences in the state. These 
individual systems regularly use rainwater to 
flush their toilets out of necessity (lacking 
alternative water supply) without any prior 
approval. The SDWB has not developed any 
standards or guidance in the use of rainwater 
for flushing of toilets. 

With respect to grey water, the DoH’s 
Wastewater Branch and Sanitation Branch 
deal with its use(s). Grey water would need to 
be treated to the State’s R1 standard in order 
to be used to flush toilets.   

Department of Health and 
Welfare, Idaho State Government* 

The DHW has not developed any guidance or 
standards, and neither is it considering 
undertaking any research at this time. 

Department of Natural Resources, 
Illinois State Government 

Advised to contact the Illinois Environmental 
Protection Agency. 

Environmental Public Health 
Division, Department of Health, 
Indiana State Government* 

Advised standards do not currently exist, and 
neither are any planned. 

Department of Environmental 
Management, Indiana State 
Government 

The DoH deals with grey water. Neither DEM 
nor the DoH has standards for water quality 
for reuse for toilet flushing; however, the state 
plumbing code has been modified to allow for 
such use. 675 IAC (Indiana Administrative 
Code) 16-1.4-17 specifies what sources of 
grey water can be reused and how it must be 
treated (filtered, disinfected, and dyed) before 
using it for toilet flushing. 

Department of Public Health, Iowa The EPA has developed guidelines for water 
Reuse EPA/625/R-04/108 for non-potable 
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State Government* water sources and uses. The Iowa State 
Plumbing Code does not have specific 
standards or guidance in relation to the 
quality of rainwater / grey water used for toilet 
flushing. 

Division of Water, Department for 
Environmental Protection, Energy 
and Environment Cabinet, 
Kentucky State Government 

The DoW does not have any regulatory 
requirements regarding grey water / rainwater 
for toilet flushing. In the Kentucky Division of 
Plumbing Administrative Regulations it states 
that “Non-potable water may be used for 
flushing a water closet or urinal, if the water is 
piped in an independent system”. Advised to 
contact the DoP DoHBC directly. 

Cabinet for Health and Family 
Services, Kentucky State 
Government 

Advised to contact the DoW, DEP, Kentucky 
Energy and Environment Cabinet. 

Department of Environmental 
Protection, Maine State 
Government 

Advised to contact the Maine Drinking Water 
Program, Division of Environmental Health, 
DHHS. 

Drinking Water Program, Division 
of Environmental Health, 
Department of Health and Human 
Services, Maine State 
Government* 

The DWP has not developed any standards 
or guidance in relation to the quality of 
rainwater or grey water used for toilet flushing 
and it has no plans in the near future to 
undertake any research in this area. 

Department of the Environment, 
Maryland State Government* 

The State of Maryland is struggling with the 
same issue: What, if any, water quality 
standard should be applied to toilet water. 
The United States does not currently have a 
standard established by law or regulation. 
The bigger concern is the potential for cross-
contamination of potable and non-potable 
supplies. A copy of the ‘Draft Guidelines for 
the Use of Reclaimed Water’ were provided. 

Department of Environmental 
Quality, Michigan State 
Government* 

The DEQ has not developed standards or 
guidance on this issue, nor is it aware of any 
efforts currently underway; Michigan does not 
distinguish between grey water and sanitary 
wastewater, so grey water must be disposed 
to a treatment system. There are some water 
reuse systems in Michigan that store and use 
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stormwater runoff to flush toilets, or to use in 
some industrial washing operations and 
irrigation, but there are no water quality 
standards established for those uses. A 
useful weblink to the NCSL was provided. 
Supplementary information provided in a 
second email regarding grey water reuse 
(including for toilet flushing) at Michigan State 
University. 

Department of Community Health, 
Michigan State Government 

The DCH does not have any standards or 
guidance regarding water reuse. In Michigan, 
the DEQ and 45 local health departments 
administer drinking water and wastewater 
regulations; the DCH is not aware of any 
programs for water reuse at those agencies. 
Provided a useful link to the EPA’s water 
recycling and reuse webpage. 

Minnesota Board of Water and 
Soil Resources 

Advised to contact the University of 
Minnesota. 

Minnesota Environmental Quality 
Board 

Query forwarded to DoH (although DoH 
confirmed the MEQB would not be 
undertaking any research in this area). Query 
also forwarded to Laura Millberg of the 
Pollution Control Agency and Anita Anderson 
from the DoH. 

Health Risk Assessment Unit, 
Department of Health, Minnesota 
State Government 

The HRAU of the DoH has been asked to 
consider issues relating to the appropriate 
quality of rainwater ‘harvested’ for toilet 
flushing or other non-potable uses; it is 
working in conjunction with the SDWP.  It is 
current primarily considering the microbial 
quality of the water, but chemical quality is 
also of interest. To study the microbial quality 
question, it will be conducting research that 
will include the components of a QMRA, 
including hazard assessment, exposure 
assessment, dose-response, and risk 
characterization.  It is contracting with the 
University of Minnesota and, when the 
research is complete, it plans to use the 
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findings to help create guidance on water 
quality for non-potable water reuse. The 
HRAU hopes to complete the study late in 
2015.  In the meantime, if the DoH is 
approached with questions about water 
quality requirements for water reuse systems, 
the default recommendation is usually to treat 
the water to drinking water quality standards.  
However, at times, the California Title 22 
standards have also been referenced. 

Department of Health, Mississippi 
State Government* 

DoH is not aware of any standards or 
guidelines with regard to grey water, but my 
email has been forwarded to the Division of 
Drinking Water and of Wastewater. A second 
email from the initial respondent stated that 
he had mentioned my query to his Drinking 
Water Director – the DoH does not have any 
regulations or standards regarding either 
rainwater or grey water, probably because 
these practices have yet to become prevalent 
enough in Mississippi to warrant guidance. 

Department of Natural Resources, 
Missouri State Department* 

The DNR has not developed any standards 
or guidance in relation to the quality of 
rainwater / grey water used for toilet flushing, 
nor is thinking about undertaking any 
research in this area. 

Office of Administration, Division 
of Facilities Management, Design 
and Construction, Missouri State 
Government 

Informed that DNR’s regulatory mandates 
typically follow the US EPA clean water act 
quite exactly; advised to contact the US 
Green Building Council. 

Department of Environmental 
Quality, Nebraska State 
Government* 

DEQ does not believe there are any current 
plans to allow re-use of wastewater (which 
includes grey water) in Nebraska. 

Nebraska Environmental Trust NET is not involved with developing 
standards or guidelines – suggested 
contacting the DNR and the DEQ. 

Department of Environmental 
Quality, Nevada State 
Government* 

There are no current plans to allow the reuse 
of wastewater (which includes black and grey 
water) in Nebraska. 
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Land Resources Management 
Program, Subsurface Systems 
Bureau, Department for 
Environmental Services, New 
Hampshire State Government* 

Advised that in New Hampshire there are 
currently adequate water supplies so grey 
water re-use is not as much of a significant 
concern as for other States. New Hampshire 
currently doesn’t have any regulations that 
authorise the re-use of grey water and it must 
be disposed in a state approved system. 

New Hampshire Water 
Sustainability Commission 

The work of the WSC was at a strategic level 
so the issue of water quality standards or 
guidance was not considered. 

Division of Water Supply and 
Geoscience, Department of 
Environmental Protection, New 
Jersey State Government 

The Bureau of Surface Water Permitting 
(from the Division of Water Quality) allows 
facilities to utilize treated effluent better 
known as reclaimed water for beneficial reuse 
(RWBR) for a wide variety of uses. The uses 
are broken down into two categories, Public 
Access and Restricted Access. The main 
difference between these two categories is 
that the Public Access requires a higher level 
of treatment due to probability of exposure to 
the general public. 

The utilization of RWBR for toilet flushing is 
an activity that is permitted by that Bureau 
and requires compliance with the Public 
Access requirements.   

Delaware River Basin 
Commission* 

The DRBC does not have any standards or 
guidance on this issue, nor does it plan to 
undertake any research in the near future 
(although the respondent has a personal 
interest in this issue, being a former 
Environment Agency (England and Wales) 
employee). 

Department of Environmental 
Conservation, New York State 
Government* 

The respondent is not in a policy-setting 
position at the DEC so he has forwarded my 
email to his supervisor for consideration. 

Ohio Water Development 
Authority 

Advised to contact the EPA. 

Ohio Environmental Protection 
Agency 

No response. 
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Department of Health, Oklahoma 
State Government 

Advised to contact either the DEQ or the 
OWRB. 

Department of Environmental 
Quality, Oklahoma State 
Government* 

DEQ has Water Reuse Regulations for toilet 
flushing, amongst other uses.  It is not 
considered ‘grey water’ in Oklahoma but 
‘reclaimed water’ which is treated municipal 
(domestic) wastewater to a high level of 
treatment with disinfection. 

Drinking Water Services, Oregon 
Health Authority 

Grey water reuse does not fall under the 
regulation of DWS; it is, however, regulated 
by the Department of Environmental Quality. 

Department of Environmental 
Quality, Oregon State 
Government 

Advised that “if appropriately collected and 
handled, graywater can be safely reused for 
flushing toilets and urinals”. 

Department of Environmental 
Protection, Pennsylvania State 
Government* 

The Commonwealth of Pennsylvania does 
not recognize the category of grey water.  All 
grey water is included in, and must be treated 
as, sewage. It has long been the policy of the 
Commonwealth not to allow the reuse of 
treated sewage for domestic purposes in 
residential establishments, due to health 
concerns and the likelihood of do-it-yourself 
plumbers. It may be used, however, in 
commercial and industrial buildings for toilet 
flushing, if appropriately treated. 

Rhode Island Water Resources 
Board* 

RIWRB has not developed standards or 
guidance for the use of grey water / rainwater 
for toilet flushing. Grey water systems are not 
common at all in Rhode Island. 

Department of Health, Rhode 
Island State Government 

Although the DoH recognizes the need to 
develop standards / guidance with respect to 
appropriate use of grey water, it has not 
developed such standards, and has no plans 
to do so unless it receives funding. 

Department of Environment and 
Conservation, Tennessee State 
Government* 

Tennessee Regulations currently define 
graywater as sewage, and as such, any 
graywater that exits a home or business must 
be disposed of through municipal sewer or 
through an approved subsurface sewage 
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disposal system. However, graywater reuse 
inside the home is not regulated by the DEC. 
Some local plumbing codes require 
safeguards such as cross connection and 
backflow prevention. On a larger scale, there 
are many municipalities in Tennessee that 
are creatively reusing treated wastewater for 
many effective purposes. 

Regarding capturing rainwater for household 
uses, DEC recognizes the potential merits to 
this approach; however, there are obvious 
concerns for consistent public health 
protection that are currently unanswered in 
DEC’s regulatory approach. 

Texas Commission on 
Environmental Quality* 

The TCEQ has adopted rules which address 
rainwater harvesting and use of grey water. 
Further, rules are in place concerning the 
reuse of grey water for purposes such as 
toilet flushing. Many useful weblinks were 
provided. 

Division of Water Resources, 
Department of Natural Resources, 
Utah State Government 
(forwarded to the Division of 
Water Quality, Department of 
Environmental Quality*) 

The DEQ has not established water quality 
standards for use of any water in toilet 
flushing. Standards have been adopted for 
outdoor use of treated wastewater where 
direct human contact is likely to occur. 

Drinking Water and Groundwater 
Protection Division, Department of 
Environmental Conservation, 
Vermont State Government* 

Vermont has permit programs that deal with 
onsite wastewater treatment and disposal: 1) 
The Wastewater System and Potable Water 
Supply Rules; and 2) The Indirect Discharge 
Rules. The latter Rules contain standards for 
grey water used for toilet flushing. Also 
suggested contacting the Institute for 
Sustainable Futures in Sydney. 

Office of Drinking Water, 
Department of Health, 
Washington State Government 

Advised to contact the OoEH, DoH. 

Office of Environmental Health, 
Safety and Toxicology, 
Department of Health, 

Advised to contact the Office of Shellfish and 
Water Protection in the Waste Water 
Management Section. 
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Washington State Government 

Office of Shellfish and Water 
Protection, Waste Water 
Management Section, Department 
of Health, Washington State 
Government* 

If the non-potable water (grey water or 
rainwater) is collected and reused within a 
building, WA State building code prevails, 
and plumbers have the authority to approve, 
etc. There aren’t any standards in the 
Uniform Plumbing Code for design, treatment 
level, ownership, or monitoring and reporting; 
several useful weblinks were also provided. 
The respondent also forwarded my query to 
SF Water Power Sewer. 

Aquatic Resources Division, 
Department of Natural Resources, 
Washington State Government* 

Grey water is regulated and managed by the 
DoH; Washington does not allow use of grey 
water to flush toilets. 

Department of Environmental 
Protection, West Virginia State 
Government 

Advised to contact the Department of Health 
and Human Resources. 

Department of Health Services, 
Wisconsin State Government 
(email forwarded to Department of 
Environmental Quality*) 

The DEQ is not presently looking at 
developing standards for using either 
rainwater or grey water reuse for purposes of 
toilet flushing. 

Wyoming Water Development 
Commission 

Advised to contact the DEQ. 

Guam Waterworks Authority* GWA has not developed any standards or 
guidance – suggested contacting the Water 
and Environmental Research Institute of the 
Western Pacific at the University of Guam. 

US EPA Region 2 (has 
environmental jurisdiction for the 
US Virgin Islands) 

Not aware of any effort to address this issue. 
Suggested contacting the EPA's Caribbean 
Environmental Protection Division's Municipal 
Water Program Branch; also suggested 
contacting the Puerto Rico Water Resources 
and Environmental Research Institute. 

Santé Canada / Health Canada* A weblink was provided for the Canadian 
Guidelines for Domestic Reclaimed Water for 
Use in Toilet and Urinal Flushing. Santé 
Canada does not have a guideline for use of 
rainwater. 
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Australasia 

Australia Australian Water Association Suggested contacting the Australian Water 
Recycling Centre of Excellence. 

ACT (Australia Capital Territory) 
Government 

My email has been forwarded to the 
Environment and Sustainable Development 
Directorate for a response. 

Environment Protection Authority, 
Australia Capital Territory* 

The ACT Government’s current guidelines on 
grey water use was provided, which contains 
a list of contacts. 

Office of Water, Department of 
Primary Industries, New South 
Wales Government 

The OoW applies the preventive risk 
framework in the Australian Guidelines for 
Water Recycling to determine the treatment 
requirements depending on the source of 
water and the potential exposure to the 
public. The Guidelines have a very detailed 
explanation of the methods using quantitative 
microbial risk assessment and references the 
data that was used to underpin the 
calculations. At this moment, there are no 
intentions for further research by the OoW. 

NSW Environment Protection 
Authority* 

The EPA has not been involved with setting 
state-level standards; instead it relies on 
nationally set guidelines and standards that 
apply to the whole of Australia. Suggested 
contacting the NHMRC, the federal 
Department of Environment, and the 
Metropolitan Water Directorate. 

Department of Health, Northern 
Territory Government* 

The Northern Territory does not have specific 
guidelines for the use of rainwater and grey 
water for toilet flushing as there has been 
little demand for that method of water 
recycling plus it is difficult for a small 
jurisdiction to successfully regulate. Provided 
some useful background information and 
weblinks. 

Northern Territory Environment 
Protection Authority* 

EPA has neither standards nor guidance in 
relation to the quality of rainwater / grey water 
used for toilet flushing; the respondent was 
also unaware of any likely research in this 
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area occurring. 

Queensland Government A link was provided to the water supply 
regulations; also suggested to contact the 
Department of Energy and Water Supply. 

Department of Energy and Water 
Supply, Queensland Government* 

The information requested would be best 
supplied by the Department of Housing and 
Public Works – my email has been forwarded 
to them for consideration and reply. 

Environment Protection Authority, 
South Australia 

In South Australia it is now a requirement for 
all new houses and also some extensions to 
existing houses to include the installation of a 
1kL rainwater tank which is plumbed into the 
house and can be used to flush toilets. As 
roof runoff is considered to be ‘clean’ water 
there is no requirement from the EPA in 
South Australia to treat that water first in any 
way. 

Grey water for toilet flushing requires a higher 
level of treatment than for garden irrigation. 
When you flush the toilet you create an 
aerosol-like effect, so grey water must be 
treated to a certain standard to protect your 
health. In addition, some problems have been 
experienced with toilet cisterns operating on 
grey water due to microbial growth interfering 
with the flushing operation. 

Environment Protection Authority, 
Tasmania* 

The EPA does not have any regulatory 
oversight of, or issue standards for, the use of 
grey water. Some weblinks and useful 
information was provided. 

Department of Environment and 
Primary Industries, Victorian 
Government 

Suggested I contact the Victoria EPA. 

Environment Protection Authority 
Victoria* 

The EPA does not specify standards relating 
to domestic use of either rainwater or grey 
water; neither are they planning on 
undertaking any research in this area. 

Department of the Premier and 
the Cabinet, Government of 

Provided several weblinks, including one to 
the ‘Code of Practice of the Use of Greywater 
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Western Australia in WA 2010’; also suggested contacting the 
Water Corporation. 

Environmental Protection 
Authority, Government of Western 
Australia 

The EPA does not have any standards or 
guidance on water quality for domestic use; 
advised to contact the WA Department of 
Health and the Water Corporation). 

Department of Health, 
Government of Western Australia* 

The WA DoH has adopted and applies the 
Australian Guidelines for Water Recycling: 
Managing Health and Environmental Risks 
(Phase 1); it has prepared its own (simplified) 
interpretation of the Phase 1 Guidelines that 
have been in use since 2011. Grey water is 
considered to be ‘sewage’ in accordance with 
the WA Health Act 1911 and, as such, it has 
to be effectively, efficiently and safely 
disposed of in manner approved by the DoH. 
With respect to the use of rainwater it is 
considered by Australian Standard AS 3500 
to pose a low risk and accordingly it can be 
used for any domestic purpose. In WA rain is 
precious and is usually used exclusively for 
drinking, borehole water is the water of 
choice to flush toilets. A number of useful 
weblinks provided. 

Hong Kong Water Supplies Department, the 
Government of the Hong Kong 
Special Administrative Region of 
the People’s Republic of China* 

No guidelines / standards currently exist, but 
the WSD is currently consulting on a set of 
quality standards for rainwater / grey water 
reuse for toilet flushing. 

New Zealand Water New Zealand* No guidelines / standards currently exist, but 
some consideration is now being given to this 
topic. 

Singapore PUB* Provided guidelines for rainwater harvesting 
and the water quality requirements for grey 
water recycling. 

 

Questionnaires were sent to those respondents marked with an asterisk (*). 
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 Legislative overview Appendix D
D1 International guidance 

The World Health Organization is the principal international source of guidance on both 
drinking water quality and recreational water quality. It has produced a number of guidance 
documents and technical notes, most notably: 

 Guidelines for drinking water quality, 4th edition6; 

 Water safety in distribution systems7; 

 Managing water in the home: Accelerated health gains from improved water 
supply8;and 

 Guidelines for safe recreational water environments9. 

 Valuing water, valuing livelihoods: Guidance on social cost-benefit analysis of drinking-
water interventions, with special reference to small community water supplies10. 

Many pieces of legislation, regional and national policies, and water quality limits are based 
on such guidance documents and technical notes, such as the European Union’s Drinking 
Water Directive and the Bathing Water Directive. 

D2 European Union legislation 

European Union Directive, Regulations and Decisions underpin the vast majority of its 
Member States’ national legislation; notable examples include the Drinking Water Directive11, 
the Water Framework Directive12 and the Bathing Water Directive13. 

                                                   

6  http://www.who.int/water_sanitation_health/dwq/guidelines/en/  
7  http://www.who.int/water_sanitation_health/publications/Water_Safety_in_Distribution_System/en/  
8  http://www.who.int/water_sanitation_health/dwq/wsh0207/en/  
9  http://www.who.int/water_sanitation_health/bathing/en/  
10  http://www.who.int/water_sanitation_health/publications/2011/valuing_water/en/  
11  http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31998L0083  
12  http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1414147676128&uri=CELEX:32000L0060  
13  http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1414147509715&uri=CELEX:32006L0007  
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Council Directive 98/83/EC on the quality of water intended for human consumption 
(commonly referred to as the Drinking Water Directive) (the DWD) concerns the quality of 
water intended for human consumption, which is defined in Article 2 as “all water either in its 
original state or after treatment, intended for drinking, cooking, food preparation or other 
domestic purposes”. Relevant extracts from the Drinking Water Directive are provided in 
Appendix A. 

D3 UK legislation 

The Water Industry Act 199114 sets the regulatory framework for the provision of drinking and 
waste water in England and Wales. Section 68 (as amended) of this Act (the Act) describes 
the duties of water undertakers and licensed water suppliers with respect to water quality, 
both of which have a duty to ensure that any water so supplied is wholesome at the time of 
supply. Section 218 of the Act provides a definition of “domestic purposes” in relation to water 
supply which includes “drinking, washing, cooking, central heating and sanitary purposes”. 

Formerly each water company in England and Wales had their own set of byelaws in order to 
prevent the contamination or waste of potable water. These were subsequently consolidated 
and revoked by the Water Supply (Water Fittings) Regulations 199915. Schedule 1 of these 
Regulations defines five different categories of fluids, and Fluid category 1 is described as 
“wholesome water supplied by a water undertaker and complying with the requirements of 
regulations made under section 67 of the Water Industry Act 1991(a)”. For each successive 
fluid category the quality of the water is reduced and the risk to human health is increased. 

The Water Supply (Water Quality) Regulations 200016 transposes the requirements of the 
Drinking Water Directive 98/83 into national legislation and applies to public water supplies 
wholly or mainly within England; they are primarily concerned with the quality of water 
supplied in England for drinking, washing, cooking and food preparation, and for food 
production, and with arrangements for the publication of information about water quality. 

According to their accompanying guidance, these Regulations “are directed at the 
achievement of the objective set out in Article 2 of [the Drinking Water Directive], namely, to 
protect human health from the adverse effects of any contamination of water intended for 
human consumption by ensuring that it is wholesome and clean”. Regulation 4 prescribes the 
scope of these Regulations, which includes "such domestic purposes as consist in or include, 
cooking, drinking, food preparation or washing”; furthermore, the same Regulation contains a 
definition of wholesomeness of water supplied, and part of the definition states that such 

                                                   

14  http://www.legislation.gov.uk/ukpga/1991/56/contents  
15  http://www.legislation.gov.uk/uksi/1999/1148/contents/made  
16  http://www.legislation.gov.uk/uksi/2000/3184/contents/made  
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water must not contain “any substance (other than a parameter), at a concentration or value 
which would constitute a potential danger to human health” and that the water “does not 
contain any substance (whether or not a parameter) at a concentration or value which, in 
conjunction with any other substance it contains (whether or not a parameter) would 
constitute a potential danger to human health”. 

The Private Water Supply Regulations 200917 made under the Act also transpose the DWD 
but in respect of private water supplies. Private water supplies in England are those other 
than those provided by a water undertaker or a licensed water supplier. Regulation 4 defines 
the wholesomeness of the water supply, and part of this definition states that “water is 
wholesome if … it does not contain any micro-organism, parasite or substance, alone or in 
conjunction with any other substance, at a concentration or value that would constitute a 
potential danger to human health”. The Regulations impose a duty on the local authority to 
carry out a risk assessment of the private water supply and to monitor the supply. 

Full relevant extracts from each of the above pieces of legislation can be found in Appendix A. 

D4 Australian legislation 

At a federal level the Australian Government, in conjunction with the National Health and 
Medical Research council and the Natural Resource Management Ministerial Council, 
produced the 2011 Australian Drinking Water Guidelines18. These guidelines undergo rolling 
revision in order to ensure they represent the latest scientific evidence on good quality 
drinking water; they are not a mandatory standard, but they do provide the basis for 
determining the quality of water to be supplied to consumers in Australia. The guidelines have 
been used as the basis for state and territory-based Acts, such as Victoria’s Safe Drinking 
Water Act 200319 and South Australia’s Safe Drinking Water Act 201120. 

D5 New Zealand legislation 

The Health Act 1956 was amended by the Health (Drinking Water) Amendment Act in 
October 2007 and aims to protect public health by improving the quality of drinking-water 
provided to communities21. Previously compliance with the water quality standards was only a 

                                                   

17  http://www.legislation.gov.uk/uksi/2009/3101/contents/made  
18  http://www.nhmrc.gov.au/guidelines/publications/eh52  
19  http://health.vic.gov.au/water/drinkingwater/legislation.htm  
20http://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/about+us/legislatio

n/safe+drinking+water+act  
21  http://www.health.govt.nz/our-work/environmental-health/drinking-water/drinking-water-legislation  
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voluntary requirement, but this Act implemented the WHO’s risk-based approach enshrined in 
the Water Safety Plan concept. 

D6 American legislation 

In the United States, laws are enacted, interpreted, and enforced at the federal, state, and 
local level. All three levels contain a constitution (called a charter at the local level, although 
many municipalities do not have charters) adopted by the people, laws enacted by a 
legislative body, and rules promulgated by individual agencies. As a general rule, a hierarchy 
exists, such that a constitution (or charter), law, or rule may not contradict a higher 
constitution, law, or rule. The hierarchy is22: 

 U.S Constitution 

 Laws (statutes) enacted by Congress 

 Rules promulgated by federal agencies 

 State constitution 

 Laws enacted by the state legislature 

 Rules promulgated by state agencies 

 City / county charters (the “constitution” for the city or county) 

 Local laws and ordinances 

 Rules promulgated by local agencies. 

The supreme piece of legislation is the United States Constitution, which provides a 
foundation for the federal government of the United States. The United States Constitution 
establishes the boundaries of federal law which consists of Acts of Congress, treaties ratified 
by the Senate, regulations promulgated by the executive branch, and case law originating 
from the federal judiciary. The official compilation and codification of this federal law is 
provided for in The United States Code. 

                                                   

22http://www.nyc.gov/html/conflicts/downloads/pdf2/municipal_ethics_laws_ny_state/introduction_to_am
erican_law.pdf  
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Many statutes give executive branch agencies (such as the Environmental Protection Agency) 
the power to create rules and regulations, which are published in the Federal Register and 
codified into the Code of Federal Regulations; rules and regulations may only be issued under 
statutory authority granted by Congress. A ‘rule’ is defined as “any agency directive, standard, 
regulation or statement of general applicability that implements, interprets or prescribes law or 
policy, or describes the procedure or practice requirements of any agency”23. 

The fifty American states each have a legislative branch which enacts state statutes and an 
executive branch that promulgates state regulations pursuant to statutory authorization. 
States have delegated law-making powers to thousands of agencies, townships, counties, 
cities, and special districts. 

D6.1 Canadian legislation 

Unlike many other developed countries Canada does not have country-wide regulations 
enforced by a single regulator; instead, it relies on non-statutory guidelines which are 
complied with at a province, territory or municipal level. The Guidelines for Canadian Drinking 
Water Quality and the Guideline Technical Documents are developed by the Federal-
Provincial-Territorial Committee on Drinking Water and are published by Health Canada24. 
The Guidelines deal with microbiological, chemical and radiological contaminants; they also 
address concerns with physical characteristics of water, such as taste and odour. 

 

                                                   

23  http://sos.oregon.gov/archives/Pages/about_rules.aspx  
24  http://www.hc-sc.gc.ca/ewh-semt/water-eau/drink-potab/guide/index-eng.php  
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 Questionnaire sent to Appendix E
respondents of initial email 

QUESTIONNAIRE 
WRc plc (www.wrcplc.co.uk) is working on a project for the Drinking Water Inspectorate 
(www.dwi.gov.uk) (DWI) for England and Wales in the UK, the aim of which is to document the scientific 
information required to underpin a technical definition of wholesomeness in relation to private water 
supplies used for domestic purposes for toilet flushing. 

Private water supplies are supplies that are not provided by a water company. They are commonly in 
rural areas and include wells, boreholes, springs and rainwater. The quality of private water supplies in 
England is governed by the Private Water Supply Regulations 2009 which transpose the EU Drinking 
Water Directive in respect of water intended for human consumption. The regulations apply to water 
used for domestic purposes (e.g. drinking, cooking, food preparation, washing and other sanitary 
purposes). The project for the DWI is specifically focusing on whether private water supplies should be 
wholesome as defined in the legislation where used only for the domestic purpose of toilet flushing. 

From a consumer acceptability and functional point of view it is self-evident that water for toilet flushing 
must be clean. Therefore, it may be necessary to set limits for parameters such as colour, turbidity and 
parameters or properties that might adversely impact on consumer acceptability. Users should also be 
entitled to expect that they would not be exposed to other hazards, notably pathogens, and so there 
also may need to be limits set on the degree of faecal contamination of the source water which would 
guide the need for the water to be disinfected. Furthermore, if the water source requires disinfection 
guidelines may be needed for the effective functioning of that disinfection and on the nature of any 
other treatment necessary to prepare the water for disinfection. 

You kindly recently responded to an initial email from our Dr Robert Keirle, and we would now like to 
obtain some further information for the project. There follows a short questionnaire, split into three 
Sections – you are only expected to complete one of the Sections (depending on which one is 
applicable to your organisation), and the time taken to complete the five questions should be less than 
15 minutes. We would like to thank you in advance for taking the time to complete this questionnaire – 
we greatly appreciate your assistance with this project. 

Should you have any queries about this questionnaire or the project itself then please do not hesitate to 
contact Dr Robert Keirle on robert.keirle@wrcplc.co.uk. Alternatively, write to him at: WRc plc, 
Frankland Road, Blagrove, Swindon, Wiltshire, SN5 8YF, United Kingdom, or call +44 1793 865000, or 
fax +44 1793 865001. 

Please note, it is the Department for Environment, Food and Rural Affairs   
www.gov.uk/government/organisations/department-for-environment-food-rural-affairs) (Defra) policy to 
publish all final project reports and the report from this project will be made available on both the Defra 
and DWI websites. 
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SECTION A 
 

Please complete this section if you DO currently have standards or guidelines 
in place relating to the use of certain types of water including grey water, 

rainwater or untreated borehole water for the flushing of toilets in domestic 
properties. 

Question A1 Why did you decide to develop these standards or guidelines? 

Answer A1 

 

 

 

 

 

Question A2 Did you identify any financial / legal / technical / public acceptance / regulatory 
difficulties in producing such standards or guidelines (e.g. possible health effects, 
difficult in ensuring compliance with standards, lack of suitable treatment, etc.)? 

Answer A2 Yes / No (delete as applicable) 

Question A3 If you answered ‘Yes’ to Question A2 please could you elaborate on these difficulties 
below. 

Answer A3 

 

 
 

 

 

Question A4 What research or consultations did you carry out in order to develop these standards 
or guidelines? 

Answer A4 

 

 

 

 

 

Question A5 If you have carried out research or consultations in order to develop standards or 
guidelines, please can you provide us with copies of these documents. 
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SECTION B 
 

Please complete this section if you DO NOT currently have any standards or 
guidelines in place relating to the use of certain types of water including grey 

water, rainwater or untreated borehole water for the flushing of toilets in 
domestic properties, but YOU ARE thinking about developing standards or 

guidance in the future. 

Question B1 Why do you not currently have any standards or guidelines (e.g. because of lack of 
public acceptance, legal challenges, etc.)? 

Answer B1 

 

 

 

 

 

Question B2 Why are you thinking about developing standards or guidelines in the future? 

Answer B2 

 

 

 

 

 

Question B3 Have you already undertaken any research or consultations to help you develop 
standards or guidelines in the future? 

Answer B3 Yes / No (delete as applicable) 

Question B4 If you answered ‘Yes’ to Question B3, what research or consultations have you 
carried out in order to develop standards or guidelines in the future? 

Answer B4 

 

 

 
 

 

Question B5 If you have carried out research or consultations in order to develop standards or 
guidelines in the future, please can you provide us with copies of these documents. 
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SECTION C 
 

Please complete this section if you DO NOT currently have any standards or 
guidelines in place relating to the use of certain types of water including grey 

water, rainwater or untreated borehole water for the flushing of toilets in 
domestic properties, and you ARE NOT thinking about developing standards 

or guidance in the future. 

Question C1 Why do you not currently have any standards or guidelines (e.g. because of lack of 
public acceptance, legal challenges, etc.)? 

Answer C1 

 

 

 

 

 

Question C2 Did you undertake any research or consultations that helped you decide not to 
produce any standards or guidelines? 

Answer C2 Yes / No (delete as applicable) 

Question C3 If you answered ‘Yes’ to Question C2 please can you provide us with copies of these 
documents. 

Question C4 Did you identify any financial / legal / technical / public acceptance / regulatory 
difficulties in producing such standards or guidelines (e.g. possible health effects, 
difficult in ensuring compliance with standards, lack of suitable treatment, etc.)? 

Answer C4 Yes / No (delete as applicable) 

Question C5 If you answered ‘Yes’ to Question C4 please could you elaborate on these difficulties 
below. 

Answer C5 

 

 

 

 

 

 
Once completed, please return this questionnaire to 

Dr Robert Keirle at robert.keirle@wrcplc.co.uk – many thanks
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 Results of literature search Appendix F
Table F.1 Relevant journal papers after second selection stage 

Authors 
Year of 

Publication 
Title Journal 

Adewumi, J.R., 
Ilemobade, A.A. and 
van Zyl, J.E. 

2012 Proposed operational principles and 
guidelines for South Africa 

Journal of Water 
Reuse and 
Desalination 

Ahmad, S. 1991 Public attitude towards water and water 
reuse 

Water Science and 
Technology 

Ahmed, W., 
Gardner, T. and 
Toze, S. 

2011 Microbiological quality of roof-harvested 
rainwater and health risks: a review 

J Environ Qual. 

Albrechtsen, H.J. 2002 Microbiological investigations of 
rainwater and graywater collected for 
toilet flushing 

Water Sci Technol. 

Al-Jasser, A.O. 2011 Greywater reuse in Saudi Arabia: 
Current situation and future potential 

Transactions on 
Ecology and the 
Environment 

Alkhatib, R.Y., 
Roesner, L.A. and 
Marjoram, C. 

2007 An overview of graywater collection and 
treatment systems 

Examining the 
Confluence of 
Environmental and 
Water Concerns - 
Proceedings of the 
World Environmental 
and Water 
Resources Congress 
2006 

Andersen, H.R., 
Lundsbye, M., 
Wedel, H.V., 
Eriksson, E. and 
Ledin, A. 

2007 Andersen HR, Lundsbye M, Wedel HV, 
Eriksson E and Ledin A (2007). 
Estrogenic personal care products in a 
greywater reuse system. Water Sci 
Technol. 56(12):45-9. 

Water Sci Technol. 

Barker, J. and 
Bloomfield, S.F. 

2000 Survival of Salmonella in bathrooms and 
toilets in domestic homes following 
salmonellosis 

J Appl Microbiol. 

Barker, J. and 
Jones, M.V. 

2005 The potential spread of infection caused 
by aerosol contamination of surfaces 
after flushing a domestic toilet 

J Appl Microbiol. 
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Authors 
Year of 

Publication 
Title Journal 

Johnson, D.,  
Lynch, R., 
Marshall, C., 
Mead, K., and  
Hirst, D. 

2013 Aerosol generation by modern flush 
toilets 

Aerosol Science and 
Technology 

Birks, R. and 
Hills, S. 

2007 Characterisation of indicator organisms 
and pathogens in domestic greywater for 
recycling 

Environ Monit 
Assess. 

Birks, R., 
Colbourne, J., 
Hills, S. and 
Hobson, R. 

2004 Microbiological water quality in a large 
in-building, water recycling facility 

Water Sci Technol. 

Boyce, J.M., 
Havill, N.L., 
Otter, J.A. and 
Adams, N.M. 

2007 Widespread environmental 
contamination associated with patients 
with diarrhea and methicillin-resistant 
Staphylococcus aureas colonization of 
the gastrointestinal tract 

Infection Control and 
Hospital 
Epidemiology 

Brown, R.R. and 
Davies, P. 

2007 Understanding community receptivity to 
water re-use: Ku-ring-gai Council case 
study. Water Sci Technol. 55(4):283-90. 

Water Sci Technol. 

Casanova, L.M., 
Gerba, C.P. and 
Karpiscak., M. 

2001 Chemical and microbial characterization 
of household graywater 

J Environ Sci Health 
A Tox Hazard Subst 
Environ Eng. 

Chiou, R.J., 
Chang, T.C. and 
Ouyang, C.F. 

2007 Aspects of municipal wastewater 
reclamation and reuse for future water 
resource shortages in Taiwan 

Water Sci Technol. 

Christova-Boal, D., 
Eden, R.E. and 
McFarlane, S. 

1996 Investigation into greywater reuse for 
urban residential properties 

Desalination 

Cubbon, M.D., 
Karunaharan, R.N. 
and Planche, T.D. 

2012 Multidrug-resistant Pseudomonas 
aeruginosa outbreaks in two hospitals: 
association with contaminated hospital 
waste-water systems 

Journal of Hospital 
Infection 

Domènech, L. and 
Saurí, D. 

2011 A comparative appraisal of the use of 
rainwater harvesting in single and multi-
family buildings of the Metropolitan Area 
of Barcelona (Spain): Social experience, 
drinking water savings and economic 

Journal of Cleaner 
Production 
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Authors 
Year of 

Publication 
Title Journal 

costs 

Donner, E., 
Eriksson, E.,  
Revitt, D.M., 
Scholes, L., 
Lützhøft, H.C. and 
Ledin, A. 

2010 Presence and fate of priority substances 
in domestic greywater treatment and 
reuse systems 

Sci Total Environ. 

Egert, M., 
Schmidt, I., 
Bussey, K. and 
Breves, R. 

2010 A glimpse under the rim--the 
composition of microbial biofilm 
communities in domestic toilets 

 J Appl Microbiol. 

Eriksson, E. and 
Donner, E. 

2009 Metals in greywater: Sources, presence 
and removal efficiencies 

Desalination 

Eriksson, E., 
Auffarth, K.,  
Henze, M. and 
Ledin, A. 

2002 Eriksson E, Auffarth K, Henze M and 
Ledin A (2002). Characteristics of grey 
wastewater. Urban Water. 4(1):85-104. 

Urban Water 

Eriksson, E., 
Donner, E. and 
Ledin, A. 

2010 Presence of selected priority and 
personal care substances in an onsite 
bathroom greywater treatment facility 

Water Sci Technol. 

Fernandes, T.M.A., 
Schout, C.,  
De Roda Husman, 
A.M., Eilander, A., 
Vennema, H and 
van Duynhoven, 
Y.T.H.P. 

2007 Gastroenteritis associated with 
accidental contamination of drinking 
water with partially treated water 

Epidemiology and 
Infection 

Friedler, E. and 
Gilboa, Y. 

2010 Performance of UV disinfection and the 
microbial quality of greywater effluent 
along a reuse system for toilet flushing 

Sci Total Environ. 

Friedler, E., 
Kovalio, R. and  
Galil, N.I. 

2005 On-site greywater treatment and reuse 
in multi-storey buildings 

Water Sci Technol. 

Friedler, E., 
Yardeni, A., 
Gilboa, Y. and 
Alfiya, Y. 

2011 Disinfection of greywater effluent and 
regrowth potential of selected bacteria 

Water Sci Technol. 
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Authors 
Year of 

Publication 
Title Journal 

Gerba, C.P., 
Wallis, C. and 
Melnick, J.L. 

1975 Microbiological hazards of household 
toilets: droplet production and the fate of 
residual organisms 

Appl Microbiol. 

Ghaitidak, D.M. and 
Yadav, K.D. 

2013 Characteristics and treatment of 
greywater – a review 

Environ Sci Pollut 
Res Int. 

Goddard, M. 2006 Urban greywater reuse at the D'LUX 
development 

Desalination 

Godfrey, S., 
Labhasetwar, P., 
Wate, S. and 
Jimenez, B 

2010a Safe greywater reuse to augment water 
supply and provide sanitation in semi-
arid areas of rural India 

Water Sci Technol. 

Godfrey, S., 
Singh, S., 
Labhasetwar, P., 
Parihar. G. and 
Wate, S.R. 

2010b Health-based targets for greywater 
reuse in residential schools in Madhya 
Pradesh, India 

Water and 
Environment Journal 

Hills, S., Smith, A., 
Hardy, P. and Birks, 
R. 

2001 Water recycling at the Millennium Dome Water Sci Technol. 

Ho, G,, Dallas, S., 
Anda, M. and 
Matthew, K. 

2001 On-site wastewater technologies in 
Australia 

Water Sci Technol. 

Hurlimann, A. and 
McKay, J. 

2007 Urban Australians using recycled water 
for domestic non-potable use – an 
evaluation of the attributes price, 
saltiness, colour and odour using 
conjoint analysis 

J Environ Manage. 

Hurlimann, A.C. and 
McKay, J.M. 

2006 What attributes of recycled water make it 
fit for residential purposes? The Mawson 
Lakes experience 

Desalination 

Ilemobade, A.A., 
Adewumi, J.R. and 
Van Zyl, J.E. 

2009 Non-potable water use/reuse in South 
Africa: Review and strategic issues 

Proceedings of the 
10th Annual Water 
Distribution Systems 
Analysis Conference, 
WDSA 2008 

Ilemobade, A.A., 
lanrewaju, O.O. and 
Griffioen, M.L. 

2013 Greywater reuse for toilet flushing at a 
university academic and residential 
building 

Water SA 



DWI 
 

Report Reference: UC10198.02/16206-0 
December 2015 

© WRc plc 2015 87

Authors 
Year of 

Publication 
Title Journal 

Jackson, M., 
Aldred, J., 
Canady, J., Corsi, R. 
and Siegel, J. 

2010 The potential role of toilets as a vector 
for transmission of infectious disease 

IAQVEC 2010: 7th 
International 
Conference on 
Indoor Air Quality, 
Ventilation and 
Energy Conservation 
in Buildings 

Johnson, D., 
Lynch, R., 
Marshall, C., 
Mead, K. and 
Hirst, D. 

2013 Aerosol generation by modern flush 
toilets 

Aerosol Science and 
Technology 

Khastagir, A. and 
Jayasuriya, L.N. 

2010 Impacts of using rainwater tanks on 
stormwater harvesting and runoff quality 

Water Sci Technol. 

Krishna Kumar, O., 
Adithya, K., 
Abhilash, R. and 
Aravind, T. 

2013 Household grey water treatment-
utilization for flushing of toilets 

International Journal 
of Applied 
Engineering 
Research 

Law, I.B. 1996 Rouse Hill – Australia's first full scale 
domestic non-potable reuse application 

Water Science and 
Technology 

Lazarova, V., 
Hills, S. and 
Birks, R. 

2003 Using recycled water for non-potable, 
urban uses: A review with particular 
reference to toilet flushing 

Water Science and 
Technology: Water 
Supply 

Ledin, A., 
Albrechtsen, H-J., 
Auffarth, K., 
Baun, A.,  
Boe-Hansen, R., 
Eriksson, E. and 
Mikkelsen, P.S. 

2002 Development of methodology for hazard 
identification of rainwater collected for 
reuse 

Global Solutions for 
Urban Drainage 

Li, F., Behrendt, J., 
Wichmann, K. and 
Otterpohl, R. 

2008 Resources and nutrients oriented 
greywater treatment for non-potable 
reuses 

Water Sci Technol. 

Maeda, M., 
Nakada, K., 
Kawamoto, K. and 
Ikeda, M. 

1996 Area-wide use of reclaimed water in 
Tokyo, Japan 

Water Science and 
Technology 
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Authors 
Year of 

Publication 
Title Journal 

Maimon, A., 
Friedler, E. and 
Gross, A. 

2014 Parameters affecting greywater quality 
and its safety for reuse 

Sci Total Environ. 

March, J.G. and 
Gual, M. 

2007 Breakpoint chlorination curves of 
greywater 

Water Environ Res. 

March, J.G., 
Gual, M. and 
Orozco, F. 

2004 Experiences on greywater re-use for 
toilet flushing in a hotel (Mallorca, Island, 
Spain) 

Desalination 

Marks, J., 
Cromar, N., 
Fallowfield, H. and 
Oemcke, D. 

2003 Community experience and perceptions 
of water reuse 

Water Science and 
Technology: Water 
Supply 

Matos, C., 
Sampaio, A. and 
Bentes, I. 

2010 Possibilities of greywater reuse in non-
potable in situ urban applications, 
according with its quality and quantity 

4th WSEAS 
International 
Conference on 
Waste Management, 
Water Pollution, Air 
Pollution, Indoor 
Climate, WWAI '10 

Matos, C., 
Sampaio, A. and 
Bentes, I. 

2010 Possibilities of greywater reuse in non-
potable in situ urban applications, 
according with its quality and quantity 

 WSEAS 
Transactions on 
Environment and 
Development 

McGarvey S.T., 
Buszin, J., Reed, H., 
Smith, D.C., 
Rahman, Z., 
Andrzejewski, C., 
Awusabo-Asare, K. 
and White, M.J. 

2008 Community and household determinants 
of water quality in coastal Ghana 

Journal of Water and 
Health 

Mels, A., van 
Betuw, W. and 
Braadbaart, O. 

2007 Technology selection and comparative 
performance of source-separating 
wastewater management systems in 
Sweden and The Netherlands 

Water Sci Technol. 

Mendes, M.F. and 
Lynch, D.J. 

1976 A bacteriological survey of washrooms 
and toilets 

Journal of Hygiene 

Mercoiret, L. and 
Howsam, P. 

2007 Domestic rainwater harvesting: UK 
legislation 

Journal of Water Law 
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Publication 
Title Journal 

Meuler, S., Paris, S. 
and Hackner, T. 

2008 Membrane bio-reactors for decentralized 
wastewater treatment and reuse 

Water Sci Technol. 

Morter, S., 
Bennet, G., 
Richards, J., 
Allen, D.J., 
Nawaz, S.,  
Iturriza-Gómara, M., 
Brolly, S., and 
Gray, J. 

2011 Norovirus in the hospital setting: Virus 
introduction and spread within the 
hospital environment 

Journal of Hospital 
Infection 

Nguyen-Deroche, 
T.L.N.,  
De Gouvello, B., 
Lucas, F.,  
Garrec, N. and 
Gromaire, M-C. 

2013 Évaluation de la qualité de l'eau de pluie 
en vue de son utilisation: vers la 
définition de paramètres pertinents et de 
protocoles adaptés | [Evaluation of 
rainwater quality in view of its utilization: 
Towards the definition of relevant 
parameters and appropriate protocols] 

Journal Europeen 
d'Hydrologie 

Ward, S., 
Memon, F.A. and 
Butler, D. 

2010 Harvested rainwater quality: The 
importance of appropriate design 

Water Science and 
Technology 

Niu, Z.G., Zang, X. 
and Zhang, J.G. 

2014 Health risk assessment of exposure to 
organic matter from the use of reclaimed 
water in toilets 

Environ Sci Pollut 
Res Int. 

Noble, M.A.,  
Isaac-Renton, J.L., 
Bryce, E.A., 
Roscoe, D.L., 
Roberts, F.J., 
Walker, M., 
Scharf, S., 
Walsh, A.,  
Altamirano-Dimas, 
M. and Gribble, M. 

1998 The toilet as a transmission vector of 
vancomycin-resistant enterococci 

Journal of Hospital 
Infection 

Nolde, E. 2000 Greywater reuse systems for toilet 
flushing in multi-storey buildings - over 
ten years’ experience in Berlin 

Urban Water 

Nolde, E. 2005 Greywater recycling systems in 
Germany – results, experiences and 
guidelines 

Water Sci Technol. 
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Nusca, A., Funari, E. 
and 
D'Alessandro, D. 

2010 Gray water reuse in domestic 
environment: implications for public 
health 

Ann Ig 

Oesterholt, F., 
Martijnse, G., 
Medema, G. and 
Van Der Kooij, D. 

2007 Health risk assessment of non-potable 
domestic water supplies in the 
Netherlands 

Journal of Water 
Supply: Research 
and Technology – 
AQUA 

Ogoshi, M., 
Suzuki, Y. and 
Asano, T. 

2001 Water reuse in Japan Water Sci Technol. 

Oron, G., Adel, M., 
Agmon, V.,  
Friedler, E., 
Halperin, R., 
Leshem, E. and 
Weinberg, D. 

2014 Greywater use in Israel and worldwide: 
Standards and prospects 

Water Res. 

O'Toole, J., 
Keywood, M., 
Sinclair, M. and 
Leder, K. 

2009 Deriving data to quantify microbial health 
risks associated with aerosol generation 
by water-efficient devices during typical 
domestic water-using activities 

Water Sci Technol. 

O'Toole, J., 
Sinclair, M., 
Malawaraarachchi, 
M., Hamilton, A., 
Barker, S.F. and 
Leder, K. 

2012 Microbial quality assessment of 
household greywater 

Water Res. 

Ottoson, J. and 
Stenström, T.A. 

2003 Faecal contamination of greywater and 
associated microbial risks 

Water Res. 

Schaefer, K., 
Exall, K. and 
Marsalek, J. 

2004 Water reuse and recycling in Canada: A 
status and needs assessment 

Canadian Water 
Resources Journal 

Simmons, G., 
Hope, V., Lewis, G., 
Whitmore, J. and  
Gao, W. 

2001 Contamination of potable roof-collected 
rainwater in Auckland, New Zealand 

Water Res. 

Sung, M., Kan, C.C., 
Wan, M.W., 
Yang, C.R., 
Wang, J.C., Yu, K.C. 

2010 Rainwater harvesting in schools in 
Taiwan: system characteristics and 
water quality 

Water Sci Technol. 
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and Lee, S.Z. 

Tajima, A., 
Sakurai, K. and 
Minamiyama, M. 

2007 Behavior of pathogenic microbes in a 
treated wastewater reuse system and 
examination of new standards for the 
reuse of treated wastewater 

Environ Monit 
Assess.  

Van Der Hoek, J.P., 
Dijkman, B.J., 
Terpstra, G.J., 
Uitzinger, M.J. and 
Van Dillen, M.R.B. 

1999 Selection and evaluation of a new 
concept of water supply for 'Ijburg' 
Amsterdam 

Water Science and 
Technology 

van Voorthuizen, 
E.M., 
Zwijnenburg, A. and 
Wessling, M. 

2005 Nutrient removal by NF and RO 
membranes in a decentralized sanitation 
system 

Water Res. 

Vialle, C., 
Sablayrolles, C., 
Lovera, M., 
Huau, M-C., 
Jacob, S. and 
Montrejaud-
Vignoles, M. 

2012 Water Quality Monitoring and Hydraulic 
Evaluation of a Household Roof Runoff 
Harvesting System in France 

Water Resources 
Management 

Vialle, C., 
Sablayrolles, C., 
Lovera, M., 
Jacob, S., 
Huau, M.C. and 
Montrejaud-
Vignoles, M. 

2011 Monitoring of water quality from roof 
runoff: Interpretation using multivariate 
analysis 

Water Res. 

Wang, X.C., 
Chen, R., Liu, Y.Z., 
Zhou, Y.B., 
Yang, X.D. and 
Zhang, H.S. 

2011 An independent water system with 
maximized wastewater reuse for non-
potable purposes - Model case for future 
urban development 

Water Practice and 
Technology 

Ward, S., 
Memon, F.A. and 
Butler, D. 

2010 Harvested rainwater quality: The 
importance of appropriate design 

Water Science and 
Technology 

Yamagata, H., 
Ogoshi, M., 
Suzuki, Y., Ozaki, M. 

2003 On-site water recycling systems in 
Japan 

Water Science and 
Technology: Water 
Supply 
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Authors 
Year of 

Publication 
Title Journal 

and Asano, T. 

Yu, Z.L., 
Rahardianto, A., 
DeShazo, J.R., 
Stenstrom, M.K. and 
Cohen, Y. 

2013 Critical review: regulatory incentives and 
impediments for onsite graywater reuse 
in the United States 

Water Environ Res. 
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Table F.2 Relevant publicly available documents 

Authors 
Year of 

Publication 
Title 

United Kingdom 

WRc plc 1993 An Evaluation of the Feasibility of the Re-use of Treated 
Sewage Effluent in the Kent Division of Southern Water 

Water Regulations 
Advisory Scheme 

1999 Reclaimed Water Systems: Information About Installing, 
Modifying or Maintaining Reclaimed Water Systems 

WRc plc 2000 Water Reuse in the UK: Definitions, Legislation, Associated 
Risks and Matrix of Organisations 

Environment Agency 2008 Greywater: An Information Guide 

BSi 2009 BS8515 Rainwater Harvesting Systems – Code of Practice 

BSi 2010 BS8525-1 Greywater Systems – Part 1: Code of Practice 

BSi 2010 BS8525-2 Greywater Systems – Part 2: Domestic Greywater 
Treatment Equipment – Requirements and Test Methods 

Health Facilities 
Scotland 

2011 Scottish Health Technical Memorandum 04-02: The Control of 
Legionella, Hygiene, ‘Safe’ Hot Water, Cold Water and 
Drinking Water Systems 

Emerging technologies 

Part C: Grey Water Recovery 

Health Facilities 
Scotland 

2011 Scottish Health Technical Memorandum 04-02 

The Control of Legionella, Hygiene, ‘Safe’ Hot Water, Cold 
Water and Drinking Water Systems 

Emerging technologies 

Part B: Rainwater harvesting 

Health Facilities 
Scotland 

2013 Research Report: Grey Water Recovery 

Health Facilities 
Scotland 

2013 Research Report: Rainwater Harvesting 

UK Department of 
Health 

2013 Health Technical Memorandum 07-07: Sustainable Health and 
Social Care Buildings 

UK Department of 
Health 

2013 Health Technical Memorandum 07-04: Water Management 
and Water Efficiency – Best Practice Advice for the Healthcare 
Sector 
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Authors 
Year of 

Publication 
Title 

Europe 

Department of 
Environment, Heritage 
and Local 
Government, Irish 
Government 

2010 Building Regulations 2010: Technical Guidance Document H – 
Drainage and Waste Water Disposal 

Switzerland 2011 EAWAG chapter on Source Separation and Decentralization 

DG Environment, 
European Commission 

2011 Water Performance of Buildings: Background Paper – 
Stakeholder Consultation 

Austrian Standards 2014 ISO TC 282 – Water Reuse (PowerPoint presentation) 

European Committee 
for Standardisation 

2014 Report of Working Group CEN/TC 165/WG 50 

Joint Research Centre 2014 Water Reuse in Europe: Relevant Guidelines, Needs for and 
Barriers to Innovation (draft final document) 

Middle East 

Centre for the Study of 
the Built Environment, 
Jordan 

2003 Graywater Reuse in Other Countries and its Applicability to 
Jordan 

Centre for the Study of 
the Built Environment, 
Jordan 

2010 Greywater Use in the Middle East: Technical, Social, 
Economic and Policy Issues 

United States of America 

Colorado State 
University, produced 
on behalf of the 
WateReuse Research 
Foundation 

2013 Treatment, Public Health, and Regulatory Issues Associated 
with Graywater Reuse: Guidance Document 

Colorado State 
University (produced 
on behalf of the 
WateReuse Research 
Foundation) 

2013 User Manual for the Graywater Reuse Database 

WateReuse 
Association 

2010 White Paper on Graywater 

Texas Water 
Development Board 

???? Presentation for the Colorado River Watch Network 
Stewardship Workshop: Riverside Conference Center, 
Bastrop, Texas 
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Authors 
Year of 

Publication 
Title 

Texas Water 
Development Board 

2009 Rainwater Harvesting Program 

Venhuizen Water 
Works, White Hat 
Creative & Texas State 
University (produced 
on behalf of the 
WateReuse Research 
Foundation) 

2013 Rainwater Harvesting as a Development-Wide Water Supply 
Strategy 

Article in Water Quality 
Products 

2008 Rainwater Harvesting in the State of Texas 

Texas Water 
Development Board 

2006 Rainwater Harvesting Potential and Guidelines for Texas 

Texas Water 
Development Board 

2005 The Texas Manual on Rainwater Harvesting (3rd edition) 

Colorado Department 
of Public Health and 
Environment 

???? Draft Graywater Control Regulation 

Pacific Institute 2010 Overview of Greywater Reuse: The Potential of Greywater 
Systems to aid Sustainable Water Management 

National Research 
Council of the National 
Academies 

2012 Water Reuse: Potential for Expanding the Nation's Water 
Supply Through Reuse of Municipal Wastewater 

Environmental 
Protection Agency 

2004 Understanding the Safe Drinking Water Act 

Washington State 
Department of Health / 
Washington State 
Department of Ecology 

1997 Water Reclamation and Reuse Standards 

???? ???? Single Site Non-Potable Water Calculator (Excel spreadsheet) 

???? ???? District Scale Site Non-Potable Water Calculator (Excel 
spreadsheet) 

San Francisco Water 
Power Sewer 

2014 San Francisco’s Non-Potable Water Program (factsheet) 

San Francisco Water 
Power Sewer 

2014 Non-Potable Project Water Budget Application 
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Authors 
Year of 

Publication 
Title 

San Francisco Water 
Power Sewer 

???? Grant Assistance for Large Alternate Water Source Projects: 
Grant Guidelines and Terms 

San Francisco Water 
Power Sewer 

2014 San Francisco’s Non-potable Water System Projects 

City and County of San 
Francisco 

2014 San Francisco’s Non-potable Water Program: Guidebook for 
the Collection, Treatment, 

and reuse of Alternate Water Sources in San Francisco 

San Francisco 
Department of Public 
Health 

2014 Director’s Rules and Regulations Regarding the Operation of 
Alternate Water Source Systems 

NSF International 2011 The New NSF 350 and 350-1 

County of Los Angeles 
Department of Public 
Health 

2011 Guidelines for Harvesting Rainwater, Stormwater, & Urban 
Runoff for Outdoor Potable Uses 

Innovation in Urban 
Water Systems 

2014 Innovation in Urban Water Systems: Meeting Summary Report 

???? ???? Special greywater design considerations for the State of 
Wyoming 

WateReuse 2008 Public Acceptance: The Greatest Barrier to Widespread Water 
Reuse 

Oasis Design 2002 Notes of meeting with New Mexico Department of Environment 
Greywater Committee 

Oasis Design 2008 Model Gray Water Ordinance for Tier One Simple Residential 
Gray water Systems 

Oasis Design 2009 Relative Health Hazard of Different Waters (spreadsheet) 

Oasis Design 2007 Improvements to Greywater Laws 

Centre for the Study of 
the Built Environment 

2003 Graywater Reuse in Other Countries and its Applicability to 
Jordan 

Practical Action 
Publishing Ltd & 
Centre for the Study of 
the Built Environment 

2010 Greywater Use in the Middle East 

???? 2010 Chapter 3, Section 8 – Permit by Rule Greywater Added – 
Policy 11.1 (memorandum – relates to Wyoming) 

Cottonwood, Arizona ???? Chapter 15.12 Plumbing Code 
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Authors 
Year of 

Publication 
Title 

Canada 

Canada Mortgage and 
Housing Corporation 

1997 An Application Guide for Water Reuse Systems 

Canada Mortgage and 
Housing Corporation 

1997 Regulatory Barriers to On-site Water Reuse 

Canada Mortgage and 
Housing Corporation 

2005 Water Reuse Standards and Verification Protocol 

Health Canada 2010 Canadian Guidelines for Domestic Reclaimed Water for Use in 
Toilet and Urinal Flushing 

Canadian Medical 
Association 

2012 ‘Flush and Run’ article 

Canada Mortgage and 
Housing Corporation 

???? Water Quality Guideline and Water Monitoring Tools for 
Residential Water Reuse Systems 

Western Australia 

Australian Government  2004 Guidance on use of Rainwater Tanks 

Natural Resource 
Management 
Ministerial Council, 
Environment 
Protection and 
Heritage Council &  

Australian Health 
Ministers Conference 

2006 Australian Guidelines for Water Recycling: Managing Health 
and Environmental Risks (Phase 1) 

 

Natural Resource 
Management 
Ministerial Council, 
Environment 
Protection and 
Heritage Council &  

Australian Health 
Ministers Conference 

2006 Overview of the Australian Guidelines for Water Recycling: 
Managing Health and Environmental Risks 

Natural Resource 
Management 
Ministerial Council, 
National Health and 
Medical Research 
Council & Environment 
Protection and 

2008 Australian Guidelines for Water Recycling: Augmentation of 
Drinking Water Supplies 
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Authors 
Year of 

Publication 
Title 

Heritage Council 

Unknown 2009 Reuse Requirements 

Department of Health, 
Government of 
Western Australia 

2010 Code of Practice for the Reuse of Greywater in Western 
Australia 

Department of Health, 
Government of 
Western Australia 

2011 Guidelines for the Non-potable Uses of Recycled Water in 
Western Australia 

Department of Health, 
Government of 
Western Australia 

2011 Using Rainwater after a Bushfire 

Department of Health, 
Government of 
Western Australia 

2013 Code of Practice for Product Approval of Onsite Wastewater 
Systems 

Department of Health, 
Government of 
Western Australia 

2013 Country Rainwater Collection 

Department of Health, 
Government of 
Western Australia 

2013 Urban Rainwater Collection 

Water Research 
Australia 

2013 Fact Sheet: Health Risks of Greywater Use 

Singapore 

Public Utilities Board ???? Guidelines for Treated Greywater Quality – for Recycling of 
Greywater for Toilet Flushing & Cooling Tower Make Up Water 
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Table F.3 Relevant legislation 

Country/State/Region 
Year of 

Publication 
Title 

United States of America 

Federal Government 1971 Clean Water Act 

Federal Government 1974 Safe Drinking Water Act 

Federal Government 2000 Beaches Environmental Assessment and Coastal Health Act 

Texas 2005 Chapter 210 – Use of Reclaimed Water; Subchapter F: Use of 
Graywater Systems 

Texas 2005 Chapter 285 – On-Site Sewage Facilities; Subchapter H: 
Disposal of Graywater 

Texas ???? Chapter 341 – Minimum Standards of Sanitation and Health 
Protection Measures 

Colorado 2013 House Bill 13-1044 Concerning the Authorisation of the Use of 
Graywater 

Delaware 1985 7 Delaware Code Chapter 60 Regulations Governing the 
Design, Installation and Operation of On-site Wastewater 
Treatment and Disposal Systems 

Indiana ???? Article 16 Plumbing Code 

San Francisco ???? Ordinance no. 208-13 

California ???? Senate Bill 1258, Chapter 172 – “An act to add Sections 
17922.12 and 18941.7 to the Health and Safety Code, and to 
amend Section 14877.1 of the Water Code, relating to building 
standards” 

California 2007 Article 16 Gray Water Systems (2007 California Plumbing 
Code) 

Nevada 2009 Senate Bill 126 – “Requires local governments to allow the 
reuse of graywater in single-family residences” 

Australia 

South Australia 2011 Safe Drinking Water Act 2011 

South Australia 2012 Safe Drinking Water Regulations 2012 

Victoria 2003 Safe Drinking Water Act 2003 

Victoria 2005 Safe Drinking Water Regulations 2005 

Western Australia 1911 Health Act 1911 
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Country/State/Region 
Year of 

Publication 
Title 

New Zealand 

New Zealand 
Government 

1956 Health Act 1956 

New Zealand 
Government 

2007 Health (Drinking Water) Amendment Act 2007 

Singapore 

National Environment 
Agency 

2008 Environmental Public Health (Quality of Piped Drinking Water) 
Regulations 2008 

International 

Word Health 
Organization 

2006 WHO Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater 

Volume 1: Policy and Regulatory Aspects 

Word Health 
Organization 

2006 WHO Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater 

Volume 2: Wastewater Use in Agriculture 

Word Health 
Organization 

2006 WHO Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater 

Volume 3: Wastewater and Excreta Use in Aquaculture 

Word Health 
Organization 

2006 WHO Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater 

Volume 4: Excreta and Greywater Use in Agriculture 

United Nations 
Environment 
Programme 

???? Water and Wastewater Reuse: An Environmentally Sound 
Approach for Sustainable Urban Water Management 
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 Data extraction form used for Appendix G
journal papers 

DATA EXTRACTION FORM 

SECTION A 
Journal paper details 

Title of 
paper: 

 
 

Author(s):  
 

Year 
Published: 

 

Journal:  

 

SECTION B 
Scope of the journal paper 

Question B1 What water type(s) does the paper relate to (e.g. rainwater, grey water, untreated 
borehole water, etc.)? 

Answer B1 
 
 

Question B2 What is the geographic jurisdiction of the paper (e.g. a single country, multiple 
countries, the EU, etc.)? 

Answer B2  
 
 

Question B3 In what context is the water being used (single domestic property, multiple domestic 
properties, commercial, industrial, mixed used properties/premises, etc.)? 

Answer B3 
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Question B4 What type of study is covered by the paper (e.g. a review of other research, outputs / 
outcomes of experimental research, outputs / outcomes of social research, etc.)? 

Answer B4 

 

 

Question B5 Did the study consider public perception? 

Answer B5  Yes / No (delete as applicable) 

Question B6 Did the study consider water treatment? 

Answer B6 Yes / No (delete as applicable) 

Question B7 Did the study consider the aesthetics of using rainwater / grey water / untreated 
borehole water? 

Answer B7  Yes / No (delete as applicable) 

Question B8 Did the study consider the health effects of using rainwater / grey water / untreated 
borehole water? 

Answer B8  Yes / No (delete as applicable) 

Question B9 Did the study consider the quality of the rainwater / grey water / untreated borehole 
water? 

Answer B9  Yes / No (delete as applicable) 

Question B10 Did the study consider any legislation relating to the use of rainwater / grey water / 
untreated borehole water for the flushing of toilets? 

Answer B10  Yes / No (delete as applicable) 

Question B11 Did the study consider any guidelines / codes of practice relating to the use of 
rainwater / grey water / untreated borehole water for the flushing of toilets? 

Answer B11  Yes / No (delete as applicable) 
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SECTION C 
Public perception 

(only to be completed if answered ‘yes’ to Question B5) 

Question C1 How did the study consider public perception (e.g. questionnaire, poll, etc.)? 

Answer C1 

 

 

Question C2 How many people were covered by the study? 

Answer C2 

 

 

Question C3 What questions were asked? 

Answer C3 

 

 

Question C4 How was the data analysed? 

Answer C4 

 

 

Question C5 What were the main conclusions relating to public perception? 

Answer C5 
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SECTION D 
Water treatment 

(only to be completed if answered ‘yes’ to Question B6) 
Question D1 What was the scale of the treatment (e.g. for a single domestic property, for multiple 

properties, for commercial premises, for industrial premises, etc.)? 

Answer D1 
 
 

Question D2 How was the treated water monitored / tested (e.g. real-time monitoring, sampling, 
use of handheld probes, etc.)? 

Answer D2 
 
 

Question D3 How were the treatment processes maintained? 

Answer D3 
 
 

Question D4 What type and capacity of storage was included for the treated water? 

Answer D4 
 
 

Question D5 What type of disinfectant was used (e.g. ozone, UV, chlorine gas, hypochlorite, etc.)? 

Answer D5 
 
 

Question D6 What type of dye /colouration was used to distinguish this water from potable water? 

Answer D6 
 
 

Question D7 What were the main conclusions relating to water treatment? 

Answer D7 
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SECTION E 
Aesthetics 

(only to be completed if answered ‘yes’ to Question B7) 

Question E1 What aesthetic parameters were considered (e.g. smell, appearance, discolouration 
of toilet bowls, etc.)? 

Answer E1 

 

 

Question E2 How were the aesthetics monitored (e.g. turbidity sampling, real-time monitoring, 
customer perception, etc.)? 

Answer E2 

 

 

Question E3 What were the main conclusions relating to aesthetics? 

Answer E3 
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SECTION F 
Health effects 

(only to be completed if answered ‘yes’ to Question B8) 

Question F1 What health effects were considered? 

Answer F1 

 

 

Question F2 What were the transmission routes (e.g. ingestion, inhalation, dermal, etc.)? 

Answer F2 

 

 

Question F3 How did the health effects vary across consumers (e.g. disproportionate effects on 
the young, the elderly, male / female, immuno-compromised, etc.)? 

Answer F3 

 

 

Question F4 What were the rates of incidence of the health effects? 

Answer F4 

 
 

Question F5 What were the main conclusions relating to health effects? 

Answer F5 
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SECTION G 
Water quality 

(only to be completed if answered ‘yes’ to Question B9) 
Question G1 What physical properties were considered (e.g. pH, conductivity, turbidity, odour, 

etc.)? 

Answer G1 
 
 

Question G2 What chemical parameters were considered (e.g. metals (specify types), organics 
(specify types), micropollutants (specify types), total dissolved salts, etc.)? 

Answer G2 
 
 

Question G3 What microbiological parameters were considered? 

Answer G3 
 
 

Question G4 How did storage of the water prior to use impact on its quality? 

Answer G4 
 
 

Question G5 What were the drivers for considering water quality (e.g. legislation, feedback from 
public consultation, etc.)? 

Answer G5 
 
 

Question G6 What risk factors were identified that had an impact on water quality (e.g. type of 
storage, location of storage, ambient temperature, materials used for pipes / storage 
tanks, source of water, etc.)? 

Answer G6 
 
 

Question G7 What were the main conclusions relating to water quality? 

Answer G7 
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SECTION H 
Legislation 

(only to be completed if answered ‘yes’ to Question B10) 
Question H1 What legislation was referred to? 

Answer H1 
 
 

Question H2 On what geographic scale does this legislation apply (e.g. country-wide level, 
regional, local, etc.)? 

Answer H2 
 
 

Question H3 Which organisation enforces the legislation? 

Answer H3 
 
 
 

SECTION I 
Guidelines / codes of practice 

(only to be completed if answered ‘yes’ to Question B11) 

Question I1 What guidelines / codes of practice were referred to? 

Answer I1 

 

 

Question I2 On what geographic scale do these guidelines / codes of practice apply (e.g. country-
wide level, regional, local, etc.)? 

Answer I2 

 

 

Question I3 Which organisation enforces the legislation? 

Answer I3 

 

 

 



 

Report Reference: UC10198.02/16206-0 
December 2015 

© WRc plc 2015 109

SECTION J 

Paper’s overall conclusions 
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SECTION K 
Reviewer’s overall comments 

Reviewer 1: 

 

 
 

 

 

 

 

Reviewer 2: 

 

 

 

 

 

 

 

Reviewer 3: 
 

 

 

 

 

 

 

Reviewer 4: 

 

 

 

 
 

 

 

 


