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Executive Summary 

The aim of this project was to provide information about greywater use from a representative 
sample of at least 600 Melbourne households through undertaking a survey asking 
questions about the prevalence, frequency and purposes of use during the period 2007 to 
2011. Households responding to the survey were asked if they were willing to take part in 
the second stage of the project involving collection and microbial water quality testing of 
greywater samples from a subset of households. Information obtained from the survey and 
greywater sampling program was used to perform modelling of the disease burden 
associated with current greywater usage practices using Quantitative Microbial Risk 
Assessment (QMRA). 

Three modes (telephone, postal and internet) of surveyadministration were employed. For 
the telephone and internet modes a comparison was made of response rates to 
personalised (addressed to a named person) and generic (addressed to the householder) 
methods of approach. For the telephone survey, only a personalised approach was used. 
The results for the three survey modes and two approaches were combined for analysis. 

The study gathered detailed information on the greywater use practices of over 1000 
Melbourne households, produced a robust dataset on microbial quality for three commonly 
used greywater types (washing machine wash water, washing machine rinse water and 
bath/shower drain water) and provided health risk estimates for consumption of home-grown 
produce irrigated with untreated greywater. The main findings are briefly outlined below: 
 
Survey implementation 

- the three modes of survey administration yielded different response rates, with the 
telephone mode giving the highest response rate (30.2%),followed by the postal 
mode (10.5% for the personalised approach, 7.5% for generic approach) then the 
internet mode (4.7% for the personalised approach, 2.2% for generic approach). 

- overall, 67.6% of survey respondents had used greywater during at least one year 
during the period 2007 to 2011. This figure may not be representative of all 
Melbourne households as the survey targeted an area likely to have high greywater 
use and greywater users were probably more motivated to respond than non-users. 

- the household characteristics of greywater users responding to the survey were 
consistent with previous research by the Australian Bureau of Statistics which has 
shown that household greywater use is strongly associated with the presence of a 
garden and home ownership. Thus the data collected in the survey is believed to be 
representative of greywater using households in Melbourne. 

 
Greywater collection and use 

- greywater was most commonly collected from the laundry (71.1% of greywater-using 
households), followed by the bathroom (63.1%). Use of greywater from the kitchen 
was less common (33.7%).  

- most households used simple methods such as buckets and other containers for 
collection and distribution of greywater.  

- greywater was mainly used immediately or within 24 hours of collection, but was 
sometimes stored more than 24 hours  

- the great majority of households did not treat greywater before use. Only 1.5% 
reported methods of treatment that were probably effective in reducing microbial 
contamination, including 0.9% who had commercial greywater treatment systems. 



 2

- greywater was most commonly used for garden watering (92.1% of users) followed 
by watering pot plants (46.7%) and vegetables (25.5%). Surface water irrigation 
methods were most commonly used. 

- overall, the reported duration of greywater collection per year was 8.7 months for 
bathroom water, 8.2 months for laundry water and 9.3 months for kitchen water. 

- water restrictions were cited as the most common reason for using greywater (87.0% 
of users), followed by sustainability (59.0%). 

- changes in greywater use over time were reported by 59.0% of greywater users. The 
most common reasons given were increased rainfall (42.0% of all users), relaxation 
of water restrictions (21.6%) and installation of a rainwater tank (17.3%).  

- most greywater users (85.2%) intended to continue use of greywater in the future. 
- more than one third of households (35.8%) had changed household products or 

reduced the amount of product used as a consequence of collecting greywater. 
- nearly half of households (49.1%) said they were aware of EPAV guidelines on 

greywater use. Awareness did not influence non-recommended practices such as 
using greywater to water vegetables/fruits/herbs that were to be eaten without 
cooking, storing greywater for longer than 24 hours or reusing kitchen water.  

- on the basis of 2011 estimates, greywater using households collected 14.9 litres per 
person per day, or 41.1 litres per household per day, averaged over the whole year. 
Average household tap water use in Melbourne for the 2010/2011 financial year was 
140 litres per person per day, therefore greywater-using households on average are 
collecting and reusing about 10% of their total water use. 

-  
Greywater quality 

- levels of faecal contamination in greywater, as judged by measured concentrations of 
indicator Escherichia coli, were highly variable. Comparison of washing machine 
wash and rinse water showed no significant difference in median E. coli 
concentrations, but bathroom water (from bath or shower drain) had significantly 
higher median E. coli concentrations than either type of washing machine water. 

- no significant relationships were found between indicator E. coli concentrations for 
washing machine water samples and washing machine operational settings, 
composition of the washing load, or washing product type. There was also no 
significant association with the presence of children in the household. 

- no significant relationship was found between the concentrations of E. coli in 
bathwater and the age of persons generating the bath water. There was also no 
significant relationship between the presence of children in the household and the 
concentration of E. coli from bath, shower or combined bathroom water. 

- testing of 104 greywater samples for genetic markers of pathogenic E. coli showed 
the presence of pathogenic strains in two washing machine water samples (both 
containing typical enteropathogenic E. coli) and one bathroom water sample 
(containing enteroaggregative E. coli). In addition, atypical enteropathogenic E. coli 
strains were detected in 5 washing machine water samples and 6 bathroom water 
samples although the pathogenic significance of these organisms is uncertain.  

- tests for norovirus were performed on a limited number (40) of greywater samples 
due to budgetary limitations. Samples for testing were selected on the basis of high 
E. coli count, presence of pathogenic E. coli or gastrointestinal symptoms as reported 
in health diaries completed by household members. One norovirus positive sample 
was detected. This was a sample of washing machine wash water which had zero 
indicator E. coli and no pathogenic E. coli detected. The sample was collected from a 
household where two members had diarrhoea symptoms prior to sample collection. 

 
Health risk estimates 

- the results of quantitative microbial risk assessment (QMRA) modelling suggested 
that habitual consumers of unwashed home-grown lettuce irrigated with untreated 
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greywater might incur an annual disease burden from norovirus illness which 
exceeds target levels specified in the Australian Guidelines for Water Recycling (i.e. 
exceeds 1 microDALY per person per year) under worst case assumptions. 

- QMRA modelling of the average disease burden across the whole Melbourne 
population indicated that health risks fell below the target level under all the 
scenarios assessed. 

- under worst case assumptions,the maximum number of additional cases of norovirus 
illness in Melbourne attributed to consumption of lettuce irrigated with greywater,was 
estimated as 16 cases per year. This is a tiny increase over the 401,000 cases of 
norovirus illness that are estimated to occur each year in Melbourne. 

 
Recommendations arising from this research 
- Integrated water management strategies should consider aspects of housing design 

which facilitate greywater collection. A substantial fraction of householders have shown 
they are willing to use greywater when circumstances restrict tap water use. Factors 
which affect ease of greywater collection such as accessibility of laundry and bathroom 
drainage pipes should be considered in housing design requirements to maximise the 
potential for greywater use. 

- Reliable and affordable methods for detection and enumeration of pathogens in 
greywater and other water sourcesare needed to advance risk assessment.In the 
absence of data on pathogens, a constant ratio between E. coli numbers and enteric 
virus numbers in contaminated water sources has been employed as a default 
assumption by some risk assessors. There is evidence to support the validity of this ratio 
for fresh sewage, however it may not apply in other contexts as the persistence of 
indicator bacteria and pathogens may be differentially affected by a number of factors 
including the presence of nutrients or biocides, water temperature and elapsed time 
since the contamination event. Methods for the detection of viral pathogens should be 
the highest priority due to their role in driving water treatment requirements and lack of 
any suitable surrogate measure of virus removal by natural processes and by water 
treatment and disinfection. 

- Communication efforts should be strengthened to reduce the use of greywater for non-
recommended purposes such as watering home grown produce that is consumed 
without cooking. While this study has suggested that the health risks associated with this 
practice are low, they nevertheless may exist. Given that greywater use in Melbourne 
has declined recently due to changes in weather conditions, such communication efforts 
would be more appropriately targeted when drought conditions recur in the future. 

- Further research to characterise the variability of faecal contamination levels in 
greywater using indicator organisms is not recommended. The results of this study 
suggest that the intrinsic variability of greywater sources is so high that very large 
numbers of samples would be needed to discern the relationships (if they exist) between 
greywater quality and factors such as greywater source and household demographics. 
There are already sufficient data to suggest that relative risks from different greywater 
sources do not conform to a fixed hierarchy, but vary from one set of circumstances to 
another. 
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1. BACKGROUND 

Recent drought conditions and restrictions on outdoor household water use have been 
accompanied by increasing use of alternative water sources for watering domestic gardens 
in Australia. Greywater (water reused from waste water sourced from shower/bath, laundry 
and kitchen) is a readily available water source for households which can be collected and 
used at little or no additional cost. Greywater contains a range of chemical contaminants 
from products commonly used in the home (e.g. household cleaning products, laundry 
detergents, personal care products), and may sometimes contain other contaminants (e.g. 
solvents, paints) due to inappropriate disposal practices. Greywater also contains variable 
levels of microbial contamination from faecal, dermal and, to a lesser degree, respiratory 
sources.   

When prioritising human health risks relating to greywater, consideration must be given to 
the incremental risks associated with greywater reuse in contrast to the situation where 
greywater is simply disposed of to the sewer (i.e. when water is not being saved for reuse). 
Collecting and reusing greywater may expose household members to both microbial and 
chemical contaminants, but the degree of chemical exposure from greywater is low 
compared to the potential for direct exposure of householders during the use of household 
products (which will occur regardless of whether or not greywater is being saved for reuse).   

The risk of infection from faecal pathogens is therefore considered to be the most significant 
human health risk associated with greywater reuse (WHO, 2006b). Such pathogens may 
potentially be transmitted through accidental ingestion of greywater (e.g. from airborne 
droplets), contamination of hands (with subsequent transfer of pathogens to the mouth or to 
foods), or consumption of uncooked home grown produce irrigated with greywater. Limited 
information  on faecal indicator organisms levels in greywater shows a wide range of 
concentrations, sometimes reaching levels seen in raw sewage, but few or no data exist on 
pathogen levels(Robins-Browne et al., 2004). 

Data from a 2007 national survey of household water use practices indicated that 71% of 
Melbourne households used greywater as a water source; the highest reported rate for any 
state capital (ABS, 2007). Forty-one percent (41%) of Melbourne households with a garden 
reported that greywater was their main source of water for garden watering. No further 
information was available on specific uses within the garden (e.g. whether used for irrigation 
of lawns, ornamental plants or vegetables/fruit), or whether greywater was treated prior to 
use. 

The Victorian EPA provides a guidance brochure (EPAV, 2008)advising householders not to 
use greywater on vegetables that are to be eaten raw. Similar guidance is also provided by 
the Victorian Department of Human Services (now Department of Health) (DHS, 2008), but 
the level of public awareness and adherence to this advice is not known. A survey of 120 
greywater users among members of the Alternative Technology Association (ATA) 
conducted in 2005 showed that 27% of respondents reported using greywater for growing 
vegetables (ATA, 2005). The ATA is a not-for-profit organisation that promotes sustainable 
technology and practice. Members of this organisation have a particular interest in water 
sustainability issues and their greywater use practices may not be typical of all 
householders. 

There is a need therefore to better characterise greywater use in households, and acquire 
data on greywater quality and how this may vary according to household demographics and 
the specific sources used. Information is also needed about public awareness of and 
compliance with relevant guidelines, and whether current practices may be associated with 
adverse health impacts on greywater users. Hence this project was initiated to characterise 
greywater use in a broader group of Melbourne households.  

At the time the project was designed in late 2009, Melbourne was in a state of drought and 
Stage 3A water restrictions were in force. The study therefore aimed tocollect information 
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about greywater use during the next summer period (summer of 2010/11). In September 
2010, water restrictions were relaxed to Stage 2 and heavy spring rains reduced the need for 
garden watering. It was expected that this would result in a decrease in the number of 
households currently using greywater, and therefore the survey was modified to collect some 
additional information about greywater use in the previous year (summer 2009/2010) for 
households which were not currently using greywater. In addition, it was decided to add 
generic modes of contact to the recruitment approaches to counteract the expected decline 
in response rates. 

In November 2010, when the data collection phase of the project was just about to 
commence, the results of a new national survey conducted in March 2010 were published 
(ABS, 2010b). This showed an apparent decline in greywater use since the previous 2007 
survey on which sample size calculations for this project had been based. The proportion of 
Melbourne households reporting greywater use (for any purpose) fell from 71.0% in 2007 to 
41.8% in 2010. The question methodology had changed slightly and therefore the two 
survey results may not be directly comparable. The question regarding greywater use in the 
garden had not changed from the previous survey and this showed that the proportion of 
households with gardens which reported using greywater as their main water source for 
gardening fell from 41.0% in 2007 to 17.0% in 2010. The reason for this change was not 
explored in the ABS survey, but it is notable that the survey also found the proportion of 
Melbourne households with gardens reporting rainwater tanks as their main water source for 
gardening rose from 3.7% in 2007 to 18.5% in 2010.  

In the light of these new data and continuing high rainfall, a decision was made to further 
modify the survey to cover a 5 year period (2007 to 2011). Householders were asked 
whether they had used greywater in any of the previous five years and then were asked to 
provide information about the most recent year in which greywater was used. The sample 
size for personalised modes of contact was also increased as much as the budget would 
permit. These changes in the recruitment strategy are detailed in the Methods section of this 
report. 
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2. INTRODUCTION 

This project aimed to provide information about greywater use from a representative sample 
of at least 600 Melbourne households through undertaking a survey asking questions about 
the prevalence, frequency and purposes of use. The survey was conducted using three 
modes of contact; mail out of a postal survey, mail out of an introductory letter followed by a 
telephone interview, and mail out of postcards inviting householders to complete an on-line 
survey on a website. Comparison of response rates and survey data from the three different 
modes of contact also allowed the success of recruitment by each of these modes to be 
compared, providing valuable methodological information for future household surveys. 

Households responding to the survey were also asked if they were willing to take part in the 
second stage of the project where water quality data (E. coli and total coliform levels in 
different grey water sources) and health diary data (occurrence of gastroenteritis symptoms) 
was collected from a subset of households. It was initially planned to collect one greywater 
sample from each of 100 households, but the sampling program was later modified and a 
total of 185 greywater samples were collected from 93 households. A limited program of 
testing for two pathogenic microorganisms (norovirus and pathogenic E. coli) was also 
planned for greywater samples from a smaller subset of 25 households. Previous research 
indicates that these two pathogens are the most common causes of gastroenteritis in the 
Melbourne community (Sinclair et al., 2005a), and both appear to have peak occurrence in 
the summer-autumn period. Some cost savings in the testing program subsequently enabled 
an increase in pathogen tests so that tests for pathogenic E. coli were performed on 104 
greywater samples from all 93 households, and norovirus tests were performed on 40 
samples from 37 households.   

The survey provided information about the way in which greywater has been used in the 
context of recent water restrictions and allows a comparison of household practices with 
guidance provided by EPA Victoria and the Department of Health, Victoria. The greywater 
sampling program provided a robust data set on the microbiological quality of three 
commonly used types of greywater and enabled the investigation of relationships between 
water quality, greywater source and household demographics. In addition, data obtained 
from the survey was used as input to modelling the disease burden associated with current 
greywater usage practices using Quantitative Microbial Risk Assessment (QMRA).  

The key deliverables from the project comprised: 

- Achievement of a minimum of 600 completed questionnaires about household greywater 
use. 

- Quantification of the use of greywater by households including an estimation of the 
volume of drinking water conserved. 

- E. coli and total coliform quality data available for a variety of greywater sources for 100 
households during peak greywater usage period (summer). 

- Pathogenic E. coli data for greywater sources for 100 households and norovirus data for 
25 households during peak greywater using period (summer). 

- Estimation of the health risk associated with consumption of greywater-irrigated produce. 

- Transfer of information to health department policy makers and regulators about infection 
risks and burden of disease associated with household greywater. 

- Transfer of information to government water departments about the uptake of greywater 
usage for water infrastructure planning. 

- Transfer of information about household greywater quality to Environment Protection 
Authority Victoria personnel to support their policy advice. 

- Availability of information to risk assessment practitioners via relevant databases. 



 13

The project was limited to household users of greywater and did not address greywater use 
by commercial premises. It also did not assess compliance with legislative requirements for 
greywater systems relating to installation by licensed plumbers or local council approvals. 
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3. OBJECTIVES 

The project was designed to meet a number of information needs that will assist in providing 
advice to the public about safe greywater household use, and scientific evidence to underpin 
health regulations relating to greywater use. Specific objectives were to: 

- provide information on the use of greywater by Melbourne metropolitan households.  

This included the types of systems used (e.g. simple diverter system; buckets of water 
collected from washing machine rinse cycle; treated greywater system) and the uses to 
which greywater is put (garden watering etc). An estimate of the volume collected each 
day was also made. 

- assess the microbiological quality of greywater derived from different household sources. 
This included data on bacterial indicator (E. coli and total coliforms) levels in greywater 
produced by different household groups, defined by their size and the age of household 
members during a time of peak greywater use (summer), plus data on pathogen 
occurrence (specifically pathogenic E. coli and noroviruses) in greywater. 

- estimate the health risks from gastrointestinal pathogens associated with current 
greywater use practices.  

This included examination of whether greywater quality and consequent health risks 
differed for different greywater sources (laundry versus shower) and/or different 
household demographics (households with and without children). An estimate was made 
of the disease burden attributed to greywater use for home vegetable production in 
suburban Melbourne households using Quantitative Microbial Risk Assessment 
modelling.  

The project also had the following ancillary objectives: 

- compare the response rates of three modes of survey administration: telephone, postal 
and Internet, 

- compare the characteristics of respondent households for the three modes of survey 
administration and assess how representative each group is of Melbourne metropolitan 
households more generally, 

- evaluate the use of a health diary to record the incidence of gastrointestinal disease in 
greywater users as a means to select greywater samples for pathogen monitoring.  
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4. STUDY MANAGEMENT 

4.1 Project Team 
The project was managed by Water Quality Research Australia and carried out by a team of 
researchers from Monash University and the University of Melbourne. 
Monash University - Associate Professor Karin Leder, Dr Martha Sinclair, Dr Joanne 
O’Toole, Dr Manori Malawaraarachchi.   

Researchers Leder, Sinclair and O’Toole have expertise in the design and conduct of 
epidemiological studies of water-related health risks, and the public health impact of 
waterborne enteric pathogens. O’Toole also has specialised knowledge on microbial testing 
methods for water. Malawaraarachchi is a Sri Lankan medical graduate with additional 
qualifications in community medicine and experience in the conduct of epidemiological 
research. 

University of Melbourne  - Dr Andrew Hamilton, Ms Fiona Barker.  

Researchers Hamilton and Barker have expertise in health risk assessment and modelling. 
Their previous research includes the use of Quantitative Microbial Risk Assessment models 
to estimate disease risks associated with consumption of raw vegetables irrigated with 
recycled water. 

Water Quality Research Australia - Dr David Halliwell.  

Dr Halliwell is the WQRA Program Manager for Recycled Water and Wastewater, and was 
responsible for overall project management. 

4.2 Steering Committee 
A Project Steering Committee was formed to provide input to the design of the study and the 
questionnaires used for data collection. Members of the Committee also reviewed the draft 
version of the final report. 

The Steering Committee comprised: 

- Associate Professor Karin Leder (Chair), Monash University 

- Dr Martha Sinclair, Monash University 

- Dr Joanne O’Toole, Monash University 

- Dr Andrew Hamilton, University of Melbourne 

- Ms Pam Kerry, South East Water (nominated by SWF) 

- Mr Peter Roberts, Yarra Valley Water 

- Dr David Halliwell, Water Quality Research Australia Limited 
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5. METHODS 

5.1 Ethics Approval 
Ethics approval for the study was granted by the Monash University Human Research Ethics 
Committee (MUHREC) as Project Number: CF10/1163 – 2010000621. Approval was 
obtained on 9 August 2010 and is valid for five years. The project title used for 
communication with potential participants was ‘Understanding greywater use around the 
home’. 

5.2 Greywater Use Survey 

5.2.1 Sampling Frame 
When the project was designed it was intended that households would be recruited using a 
data extract (names and addresses) obtained from the Victorian Electoral Roll. Name and 
address information would be used directly for the postal components of the survey and a 
subset of names and addresses would be matched against the Electronic White Pages to 
enable telephone contact to be made for the telephone interview component. A subsequent 
change in approval criteria by the Federal and State Electoral Commissions severely 
restricted the ability of public health researchers to obtain such data extracts, and the 
application for a data extract for this project was unsuccessful. 

Other data sources which could be used for sampling households were then assessed and 
the Infobase Consumer Database was identified as the most suitable alternative data source 
available. This is a commercial database compiled from publicly available information 
sources, and contains the contact details of over 70% of Australian households. Data 
extracts from this database may be rented for marketing or research purposes. 

5.2.2 Sampling Strategy 
Contact methods 

Three modes of contact with households were included in the original design of the study: 

- mail out of a postal survey form, 

- mail out of an introductory letter followed by a telephone interview, 

- mail out of postcards inviting householders to complete an on-line survey on a website. 

These three modes were used for personalised contact with households (i.e. personally 
addressed letters or postcards) to invite them to take part in the survey.  In addition, two 
generic contact modes were added to counteract an expected decline in current greywater 
use in response to the relaxation of water restrictions in Melbourne in September 2010. 
These were utilised in parallel with the above modes: 

- mail out of a postal survey addressed ‘to the Householder’,   

- mail out of postcards addressed ‘to the Householder’ inviting householders to complete 
an on-line survey on a website. 

The number of personalised recruitment approaches was also increased above the originally 
planned number in response to new ABS data and continuing wet weather conditions in late 
2010. The changes in the numbers for each method of recruitment contact are summarised 
in Table 5.1. For the telephone interviews, the telemarketing company was contracted on the 
basis of cost for a fixed number of person-hours worked, and therefore the number of 
telephone survey contact attempts actually made depended on the average time required 
per call. This was dependent on the relative proportions of survey refusals, short interviews 
(non-users of greywater) and long interviews (greywater users). 
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The target number of completed surveys to be obtained was 600, with approximately 200 
derived from each of the three modes of contact (postal, internet, telephone). This was 
sufficient to enable statistical comparison of respondents from the three different contact 
modes in terms of household characteristics and greywater use.  Assuming that there were 
no significant differences in greywater use between households recruited by the different 
modes, it was intended to combine survey results for each mode of contact for the data 
analysis, thus increasing the statistical robustness of results. The numbers of contact 
approaches for each mode are shown in Table 5.1. The Table shows the initially-planned 
number of approaches plus changes made in response to changes in water restrictions, 
weather conditions and information about greywater use. 

Table 5.1: Number of recruitment approaches for each method of contact 

Type of recruitment approach Planned number First revision Final revision 
Personalised letter /postal survey 4,000 4,000 5,500 
Personalised postcard /web survey 7,000 7,000 10,000 
Personalised letter /telephone survey up to 1,000 up to 1000 up to 2,000 
Generic letter /postal survey - 4,000 4,000 
Generic postcard /web survey - 7,000 7,000 

 
Study area 

The selected area for the study comprised 25 contiguous suburbs in the south east of 
Melbourne (see Table 5.2). This area was selected due to the higher percentage of homes 
with gardens relative to the inner suburbs, and reasonable proximity to the water testing 
laboratory to be contracted for the water sampling stage of the study. The target area 
contains approximately 128,000 residential delivery addresses (according to Australia Post 
data), therefore it was expected that over 89,000 households in this area would be present in 
the Infobase Consumer Database. 
Table 5.2: Study area. 

Suburb Postcode Suburb Postcode 
Bentleigh East 3165 Mount Waverley 3149 
Chadstone 3148 Mulgrave 3170 
Cheltenham 3192 Murrumbeena 3163 
Clarinda 3169 Noble Park 3174 
Clayton 3168 Noble Park North 3174 
Clayton South 3169 Notting Hill 3168 
Dandenong North 3175 Oakleigh 3166 
Dingley Village 3172 Oakleigh East 3166 
Glen Waverley 3150 Oakleigh South 3167 
Heatherton 3202 Springvale 3171 
Highett 3190 Springvale South 3172 
Huntingdale 3166 Wheelers Hill 3150 
Moorabbin 3189   

 
Two additional suburbs (Burwood VIC 3125 and Burwood East VIC 3151) were added later 
to repeat the internet survey generic mail out because oftechnical problems with the website, 
which may have affected responses to the first internet survey generic mail out (see Results 
section). These two suburbs were located immediately to the north of the originally selected 
area. 
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Sample size 

The target for the total number of completed surveys was 600, with approximately 200 
surveys to be obtained from each mode of contact. This target was chosen after obtaining 
biostatistical advice on the minimum sample size required to allow for meaningful 
comparison of responses between respondents to the three modes of contact. The number 
of approaches made for each contact mode was estimated using information on response 
rates from recent research studies by the Monash research group and information about the 
prevalence of relevant factors (e.g. percentage of households using greywater, percentage 
of households with internet access). The sampling strategy and assumed response rates at 
each stage are summarised diagrammatically in Figure 5.1. 

 

 
CATI = computer assisted telephone interview 

Figure 5.1: Sampling strategy and assumed response rates. 

In designing the study we estimated response rates to personalised approaches based on 
our recent research projects, but the expected response rates for generic approaches were 
uncertain. In addition, the estimated proportion of households using greywater was based on 
reported usage rates for greywater in a 2007 Australian Bureau of Statistics survey, but the 
recent wet weather and relaxation of water restrictions for Melbourne meant that fewer 
households were expected to be currently using greywater, and this would decrease the 
number eligible to take part in the water sampling/health diary part of the study. People who 
do not currently use greywater might also be more likely to refuse the survey even when 
informed that they are eligible to do parts of it. Thus, while addition of the generic modes of 
contact would be expected to result in an increase in the number of completed surveys, the 
number of respondents using greywater might in fact have been similar to our initial 
assumptions. For these reasons the target number of completed surveys to be achieved 
remained at 600. 

5.2.3 Recruitment 
An Explanatory statement fulfilling MUHREC requirements was developed in pamphlet form 
(Appendix 1), along with Introductory letters for the postal and telephone surveys 

Obtain 17,500 randomly selected household records for 
target area from Infobase Consumer Database.

Randomly divide into 3 groups

 
2,000 name/address/telephone 

records for CATI
 

 
5,500 name/address records for 

postal survey 
 

 
10,000 name/address records for 

postcard mailout for internet survey 
 

 
Send letters to 2,000 households in 

advance of phone contact 
 

 
Send postal survey to 5,500 

households
 

 
Send postcards to 10,000 

households
 

 
CATI administered to at least 750 

households
 

 
Target = 200 completed surveys

 (27% response)
 

 
Target = 200 completed surveys

(3.6% response)
 

 
Target = 200 completed surveys 

(60% with household internet access, 
3.3% response)

 

 
Responses from generic 

postal surveys and postcards
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(Appendices 2 and 3). For the internet survey, an Introductory postcard was developed 
(Appendix 4). 

Postal survey packs for mail out contained the Introductory letter, Explanatory statement, 
Greywater survey form and a reply-paid envelope. 

Introductory packs for the telephone interview component contained an Introductory letter 
and Explanatory statement.  

Introductory postcards were mailed without additional material. The Explanatory statement 
was available on the internet site at the address given on the postcard. In order to prevent 
multiple survey responses from the same household, postcards were overprinted with a 
unique PIN code which had to be entered in order to begin the survey. Each PIN code could 
be used only once. 

For the personalised contact modes, a data extract for 17,500 randomly selected 
households from the Infobase Consumer Database was rented. This extract was drawn from 
addresses in 23 of the 25 target suburbs, and contained the details of only one person from 
each household. The remaining two suburbs were used for the generic survey approaches. 
This ensured that each household received only one approach to take part in the survey. 
The data extract of 17,500 random households was composed as follows: 

- 10,000 records (name and address) for the personalised internet survey component 

- 5,500 records (name and address) for the personalised postal survey component 

- 2,000 records (name, address and telephone number) for the personalised telephone 
survey component. A total of 2060 records were actually supplied, with the excess 
number intended to compensate for anticipated losses from the DoNotCall register (see 
below). 

The telephone interview component of the study was conducted by a telemarketing 
company. An introductory letter was posted to households selected for the computer 
assisted telephone interview (CATI) two weeks before telephone calls began. This provided 
householders with an option to opt out of subsequent contact by telephoning or emailing one 
of the study team (this requirement for provision of early ‘opt-out’ was imposed by 
MUHREC). The telephone list was also subsequently compared against the national Do Not 
Call register to ensure registered households were not approached. A maximum of 10% loss 
of potential households was anticipated for these procedures. 

The two suburbs for the initial generic survey approaches were split as follows: 

- one suburb to receive 7,000 postcard invitations for the internet survey (Cheltenham) 

- one suburb to receive 4,000 postal surveys (Mulgrave) 

Subsequently an additional 7,000 generic postcard invitations for the internet survey were 
sent to Burwood and Burwood East. The generic postcards and postal surveys were 
delivered by Australia Post as ‘unaddressed mail’. This ensured that the material was 
delivered to the household in the same way and at the same time as conventional mail, 
rather than being bundled with ‘junk mail’ deliveries. In each case the number of items in the 
generic mail out was similar to the number of residential postal addresses for the suburb, so 
that virtually every home in the suburb received an approach to take part in the study. 

5.2.4 Design of Greywater Use Survey 
The questionnaire to be used for the Greywater use survey was initially designed to record 
current greywater use by households (i.e. during the summer of 2010/2011).  As noted in the 
Background section of this report, subsequent changes in weather patterns, an easing of 
water restrictions in metropolitan Melbourne and new data published by the Australian 
Bureau of Statistics led to modification of the survey to cover greywater use for the most 
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recent year of use in a five year period (between 2007 and 2011). The final survey 
questionnaire is shown in Appendix 5. 

The questionnaire was designed to collect demographic and household information on all 
responding households even if they had not used greywater during the last five years. Those 
who had used greywater at some time in the period of interest were asked questions about 
greywater practices and specific details for the most recent year of use on the type(s) of 
greywater collected, greywater storage, treatment and the purposes for which greywater was 
used. 

The final section of the questionnaire asked about willingness to participate in the second 
stage of the study (provision of greywater samples and completion of health diaries for 
household members). Respondents were also offered the opportunity to participate in a prize 
draw for retail vouchers (see below). 

5.2.5 Incentives for Participation 
Respondents to the survey were offered the opportunity to participate in a prize draw for 
retail vouchers valued at $70. Twenty vouchers were offered for survey respondents. Entry 
into the prize draw required supplying name and address details. Respondents could 
participate in the survey anonymously if they chose not to enter the prize draw. Households 
which also participated in the second stage of the study were sent retail gift vouchers after 
supplying greywater samples and returning completed health diaries. The value of these 
vouchers varied from $50 to $100 depending on the number of greywater samples provided 
and the number of separate sampling dates for the household. As required by MUHREC, 
respondents who received retail vouchers were also mailed an Acknowledgement form 
which they were requested to sign and return in a reply-paid envelope. 

5.3 Greywater Sampling Program 

5.3.1 Consent Processes 
Households responding to the Greywater use survey were asked to indicate if they were 
willing to take part in the second stage of the study. This involved providing samples of 
greywater for microbiological testing and completing a health diary for each household 
member. The health diarycovered a two-week period including the week of water sampling. 
The aim was to have 100 households complete these components. Furthermore, the intent 
was to obtain samples of the two or three most commonly used types of greywater (as 
indicated by the results of the initial survey) and to obtain samples from households with 
differing demographic composition (with or without children). MUHREC required that signed 
informed consent was obtained from households undertaking this part of the project. 

Selected households indicating willingness to participate in the second stage of the study 
were sent a consent pack consisting of a covering letter, Explanatory statement (the same 
as previously used for recruitment), consent forms for two adults and a combined consent 
form for children, a sample health diary, and a Reply-paid envelope (refer to the Results 
section for details of criteria for selection of households for consent processes). 

Households which returned signed consent forms were assigned a unique household 
identification number. They were then contacted by telephone and their suitability for 
greywater sampling was confirmed by questioning about access to a suitable place to drop 
off and pick up the sample cool box, lack of dogs, locked gates, and ability to supply 
samples during the required time period. The sample collection process was also explained. 
If suitability was confirmed, a water sampling date was arranged with the householder. 

The number of households who were mailed consent packs was deliberately in excess of the 
target number required for these components as it was expected that some households 
would change their mind about participation, and others might be willing to participate but be 
unable to provide greywater samples or complete diaries for other reasons. It was also 
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desired to complete the greywater sampling program before the commencement of the 
school holiday period in early April 2011, and therefore only households which returned 
signed consent forms promptly could be included in the sampling program.  

5.3.2 Greywater sample collection 
As household consent processes were finalised and sampling dates booked, the details of 
households were progressively sent to the water testing laboratory. The testing laboratory 
delivered a cool box, fridge pack, sampling bottles, labels and sampling instruction sheet to 
each household prior to the scheduled sample collection date. Each cool box contained a 
letter detailing the type of water sample(s) to be collected and the date on which samples 
were to be collected. Sample submission sheets and accompanying written instructions were 
customised for each household and for each greywater source (laundry and bathroom). 
Paperwork provided to householders included a description of the contents of thecool box, 
sampling instructions (laundry or bathroom), the household identification number, the 
number of samples due to be collected, a description of the sample(s) to be collected and a 
sample submission sheet pre-printed with the household identification number. 

For laundry samples, householders were asked to collect one sample of washing machine 
wash water and one sample of washing machine rinse water. The laundry sample 
submission sheet required the householder to provide details of the washing machine water 
level, water temperature, contents of the load (e.g. clothing, underwear, towels) and 
sampling day, date and time. For bathroom samples, householders were asked to collect 
one sample of either bath water and/or shower drain water. The bathroom sample 
submission sheet required the householder to provide details of greywater source (bath, 
shower or combined), persons generating greywater, sampling method (dip or outlet drain) 
and sampling day, date and time. The sterile plastic sample bottles were pre-labelled with 
sample descriptors (washing machine wash water/washing machine rinse water/bathroom 
water), requiring the householder only to insert the household identification number on the 
sample bottle label. Households providing both laundry and bathroom greywater samples on 
the same day were provided with two separate cool boxes containing relevant paperwork 
and sample bottles and labels for each greywater source type. 

Householders were asked to collect the water samples (500mL per sample) on either 
Sunday or Wednesday, for pick up by the contracted laboratory on the next morning 
(Monday or Thursday). Householders were instructed to collect the greywater samples no 
more than 24 hours prior to pick up and to keep the sample chilled after collection. There 
were six sampling days in total, spread over four weeks. To facilitate efficient sample pick 
up, the target area was divided into two halves (north and south). On a given day, sample 
collections were booked for only one of these areas. 

Following the completion of the water sampling program, a supplementary questionnaire 
was sent with a reply-paid envelope to participants who had supplied laundry water samples. 
This questionnaire collected information about laundry product use for the wash load from 
which greywater samples were taken (powder or liquid detergent, chlorine or oxygen 
bleach/sanitiser, fabric softener, other products). 

5.3.3 Greywater sample analysis 
E. coli and total coliforms  

Greywater samples were transported to the laboratory and analysed for E. coli and total 
coliforms within 24 hours of sample collection.  Analysis for E. coli and total coliforms was 
performed using Colilert®-18 substrate technology coupled with Quanti-tray®/2000. Most 
Probable Number (MPN) enumeration system (IDEXX, Westbrook, ME, USA). For analysis 
of water samples, a 100mL volume of undiluted sample or a dilution thereof (10-2 dilution for 
all samples and 10-4 dilution of a subset of samples) was added to a sterile sample vessel 
prior to the addition of Colilert®-18 powder reagent. Following addition of the powder 
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reagent and sealing in sample trays, trays were incubated at 37˚C for 18 to 22 hours. At this 
time, yellow colour formation and fluorescence was noted in each sample tray. Based on the 
number of positive fluorescent and yellow wells or yellow wells only, the MPN per 100mL of 
E. coli and total coliforms respectively were determined. The laboratory was National 
Association of Testing Authorities (NATA), Australia accredited for these tests. 

Pathogenic E. coli testing 

Tests for pathogenic E.coliwere carried out only on undiluted laundry wash water and 
bathroom greywater samples. The standard detection of E. coli in water samples using the 
Colilert® system is based on reaction of the chromagen ONPG (ortho-nitrophenyl-β-D-
galactopyranoside) with the β-galactosidase enzyme causing production of a yellow colour 
due to pH change, plus cleavage of the substrate 4-methylumbilliferyl-β-D-glucuronic acid 
(MUG) by the β-glucuronidase enzyme to yield a fluorescent product. Some pathogenic 
strains of E. coli lack the glucuronidase enzyme and therefore produce the yellow colour but 
do not fluoresce. Such organisms would be classified as ‘coliforms’ but not E. coli under the 
standard Colilert® scoring method. Therefore, in order to screen for pathogenic E. coli 
strains, it was necessary to test coliform-positive samples regardless of whether they were 
also classified as positive for E. coli.  

After incubation and reading of results for E. coli and total coliform detection,Quanti-trays® 
containing undiluted greywater samples (100 mL volume) were stored at 4˚C by the water 
testing laboratory. The trays were then transportedat 4˚C in batches each week to the 
specialist testing laboratory at the University of Melbourne. Upon arrival at the laboratory, a 
0.1 mL volume was taken from each large yellow well with up to 17 yellow wells pooled 
together. Following mixing, one tenth of the pooled solution was used to inoculate a 
MacConkey broth (Oxoid, Hampshire, England) which was incubated overnight at 37ºC. 
After incubation, a crude DNA lysate was prepared and frozen and later analysed for E. coli 
pathotypes using PCR. A presence / absence method was employed for testing for a range 
of pathogenic E. coli using a published multiplex PCR to detect genes conferring 
pathogenicity. The method was able to detect genes associated with the following E. coli 
pathotypes: typical and atypical enteropathogenic E. coli (EPEC), enterohaemorrhagic E. 
coli (EHEC), Shiga-toxin producing E. coli (STEC), and enteroaggregative E. coli (EAEC). 
NATA accreditation is not available for this range of tests. Further details on the testing 
method are included in Appendix 6. 

Norovirus testing 

Tests for noroviruswere carried out on a subset of 40 samples that were selected from 
among the laundry wash water and bathroom greywater samples. Prior to analysis for E. coli 
and total coliforms and following sample registration, subsamples (1.0 mL volume) from all 
laundry wash water and bathroom greywater samples were aseptically removed and 
transferred to separate sterile containers, labelled and frozen at -70˚C for possible later 
norovirus analysis. Of the 185 samples tested for E. coli and total coliform bacteria, 40 
samples were selected for norovirus testing. Criteria for selection of samples for norovirus 
testing were: 

- sample type - only washing machine wash water and bathroom greywater samples were 
selected.As the washing machine wash and rinse water samples were paired samples 
from the same wash load, it was decided to select only from the wash water samples for 
pathogen tests on the premise that these were probably more likely to contain pathogens 
than the corresponding rinse water. 

- indicator E. coli count (counts equal to or greater than MPN 1000 per 100mL),  

- reporting of gastrointestinal illness (diarrhoea and/or vomiting) in the health diary by one 
or more household members in the period prior to sample collection, and 

- presence of E. coli strains of definite pathogenic significance  
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Based on these criteria, a subset of 40 samples were selected for norovirus testing.  These 
comprised 26 laundry wash samples (12 selected on E. coli count alone, two on E. coli count 
plus presence of pathogenic E. coli, one on E. coli count plus symptoms and 11 selected 
only on symptoms) and 14 bathroom water samples (8 selected on E. coli count alone, 5 
selected on reported illness and one selected on the basis of prior detection of EAEC). The 
40 samples tested were drawn from 38 households. Two households had both washing 
machine wash water and bathroom water samples tested for norovirus (Household IDs 112 
and 129).  

Samples were analysed for norovirus Genogroup I and Genogroup II detection using PCR 
performed directly on an undiluted water sample (equivalent volume tested = 23 μL).Further 
details on the testing method are included in Appendix 7. 

5.3.4 Health diaries 
Households which took part in the greywater sampling program were also asked to fill in 
health diaries covering the interval when greywater samples were collected in each 
household. The health diaries collected information about symptoms of gastrointestinal 
illness, medical treatment and time off from normal activities due to illness. Questions were 
also asked about some common exposures which may be associated with gastroenteritis 
(swimming, consuming take away foods) as well as greywater exposure and handling 
practices. These questions on other exposures were included to dilute the emphasis on 
health risks from greywater. The primary purpose of the health diary was to collect 
information on gastrointestinal symptoms in order to help prioritise greywater samples for 
norovirus testing. The health diary also provided an indication of whether gastrointestinal 
illness rates among participants were similar to those recorded in previous research studies. 
There was no intent or ability to attribute any reported illnesses to greywater use or to any 
other exposure. 

Prior to the scheduled greywater sampling date, householders were sent health diaries (see 
Appendix 7) for each adult in the household who had given consent and for each child for 
whom parental consent was given. Each household was also provided with information 
about the diary questions, the day on which to start the diaries, the day on which greywater 
sample(s) should be collected, and reply-paid envelopes for the return of completed diaries. 
The aim was for each household to commence health diary data recording at least a few 
days prior to greywater sampling so that any symptoms of gastrointestinal illness in this 
period could be recorded. For those households which collected water samples on two 
separate occasions, a supplementary set of health diaries for one additional week was 
mailed to the household to ensure that both greywater collection dates were covered. 

5.4 Data Collection 
A web-based database was constructed for the study data and an internet domain name 
was registered (www.greywatersurvey.org.au). The database was hosted on a secure server 
managed by a specialist medical research company contracted by Monash University. This 
database provided data entry interfaces for three methods of data entry corresponding to the 
three modes of contact for the Greywater survey: 

- an interface where respondents to the internet survey entered their own data as they 
completed the survey. Respondents were first required to enter the unique PIN code on 
the invitation postcard. 

- an interface for telephone interviewers from the telemarketing company to enter survey 
data as they talked to respondents. The company managed scheduling of phone contact 
attempts and logging of call outcomes using its own call management software. 

- an interface for staff to enter data from returned postal surveys. 

http://www.greywatersurvey.org.au)
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Data from the health diaries and laundry product questionnaire were entered into 
spreadsheets. The results of the greywater testing program were reported by email as each 
batch of samples was tested, and overall results were supplied in the form of a spreadsheet 
by the testing laboratory. 

5.5 Data Analysis 
The survey data were extracted from the database and prepared for data analysis by 
performing range and consistency checks and identifying the extent of missing data. Free 
text responses (where an option of ‘Other – specify’ was offered in the Greywater survey) 
were coded for analysis. Descriptive statistics were initially calculated for response rates, 
demographic characteristics and survey responses from different contact modes. Analyses 
were carried out to determine the frequencies of use of different sources of greywater, water 
collection and treatment systems, volume of water collected, purposes for which water is 
used, as outlined in the project objectives. Relationships between microbiological quality, 
demographic characteristics and greywater use sources and practices were also examined.  

Data analysis was carried out using the software package STATA Version 11.0 (Statacorp, 
Texas, USA) employing the following methods: 

- A Wilcoxon rank sum (Mann-Whitney 2 sample statistic) test was performed to compare 
E. coli counts in different greywater types (laundry wash water, laundry rinse water and 
bathroom greywater) and in households with different demographic characteristics (with 
children versus without children). This test is a non-parametric test which accommodates 
skewed distributions. Even when log transformation of water quality data was employed, 
the distribution was skewed, requiring the use of a non-parametric test. The null 
hypothesis for this test is that for the distributions for the two populations (e.g. E. coli 
counts for greywater A and greywater B or for household type A and household type B) 
are identical, and the alternative hypothesis is that the distribution of population A is 
shifted to the right or left of the distribution of population B. A P value of less than 0.05 
was interpreted as showing that the distributions were significantly different.   

- A Pearson’s chi-square test was performed to compare categorical data from two 
independent populations (e.g. presence/absence of pathogenic E. coli according to 
household demographics (children/no children). A chi-square P value of less than 0.05 
was interpreted as showing that the row and column variables have an associated 
relationship.  

- A two-sample test of proportion was used to test for a statistically significant difference 
between two proportions drawn from independent samples (e.g. telephone versus postal 
survey respondents). A P value of less than 0.05 was interpreted as showing that the 
proportions were significantly different.  

5.6 Quantitative Microbial Risk Assessment 
Quantitative Microbial Risk Assessment (QMRA) was used to assess human health risks 
associated with the consumption of greywater-irrigated vegetables grown in Melbourne 
backyards. The identified hazard was norovirus and the exposure assessment in this 
instance involved determining the dose of norovirus due to the consumption of greywater-
irrigated lettuce. In addition to estimating risks for households using greywater to irrigate 
lettuce, overall disease risks for the Melbourne population were also estimated using project 
data together with information from other sources (see Appendix 19). 

Determination of dose included consideration of norovirus concentration in irrigation water, 
volume of irrigation water retained on lettuce, pathogen decay rates and lettuce consumption 
rates. Once determined, the dose was used to calculate the probability of infection and 
illness and the annual burden of disease. Lettuce was chosen because it is a common crop 
for home production, it is predominantly eaten raw and it retains a relatively large volume of 
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water on the surface of the plant. A more detailed description of the exposure model and 
parameter estimation is provided below. 

5.6.1 Exposure model 
For this model, the dose of norovirus (λ) resulting from the consumption of greywater-
irrigated home-grown lettuce that the consumer is exposed to was defined as: 

-w -ktλ= c10 VIG e  Equation 1 

where: 
- c is the concentration of norovirus in the greywater (number/mL) 
- w is the log10virus reduction from vegetable washing with tap water 
- V is the volume of greywater retained on the surface of lettuce plants following irrigation 

(mL/g) 
- I is the mean per capita daily consumption of lettuce (g/person/day) 
- G is the proportion of the population exposed in a given scenario 
- k is the in-field virus kinetic decay constant (per day), and  
- t is the withholding period (days), i.e. time between last greywater irrigation event and 

harvest.  

This exposure model considers overhead irrigation only because our survey found this to be 
the most common method used by householders (Appendix 12). Post-harvest decay of 
enteric viruses is likely to be insignificant (Badawy et al., 1985) and unlikely to be a factor in 
backyard food production as food is likely to be harvested close to the time of consumption. 
The distributions and point estimates used for the various input parameters are provided in 
Appendix 19. 

Concentration of norovirus in irrigation water (c) 
The greywater sampling component of this project (Section 5.3) determined E. coli 
concentrations in laundry wash, laundry rinse and bathroom greywater samples from 
Melbourne households. We have assumed that greywater is used as collected, without any 
additional treatment, as indicated by our survey results (Appendix 13). Reuse of kitchen 
greywater has been excluded from this model as kitchen greywater is widely acknowledged 
as unsuitable for reuse, due to the presence of food particles, oils and fats (DHS, 2008, 
EPAV, 2006). 

The norovirus test results from this study could not be used in modelling because these were 
presence/absence tests and did not provide enumeration of viruses. The testing laboratory 
advised that analysis for norovirus using real time PCR (quantitative) was not available due 
to the difficulty in obtaining control cultures to correlate the number of virus particles with the 
number of target nucleic acid copies. In the absence of further method development, results 
generated using real time PCR at best would only have been semi-quantitative (i.e. 
indicating that one sample is twice as contaminated as another). For this reason presence / 
absence PCR testing (qualitative) was performed. In addition, due to the small number of 
greywater samples tested for norovirus combined with the (likely) low prevalence rate of 
norovirus in greywater, any estimates obtained from such limited data would be subject to a 
high degree of uncertainty.  

Instead, E. coli concentrations in greywater were converted to estimated virus numbers  
assuming a ratio of 1:105 (enteric virus: E. coli), which has been widely used by others (Zhao 
et al., 2006, WHO, 2001, Shuval et al., 1997), and assuming that enteric virus 
concentrations are equal to norovirus concentrations (Mara and Sleigh, 2010b). A lognormal 
distribution (Haramoto et al., 2006, Masago et al., 2006), fitted to the estimated norovirus 
concentrations, was then used for the calculation of dose. In addition to the measured 
greywater sources, we also estimated ‘average’ greywater quality, using the results of the 
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greywater survey to determine the likely mixture of greywater sources used by householders 
to water lettuce (refer to Table 9.2 in Section 9.1).  
Post-harvest practices (w) 
Post-harvest practices such as washing and sanitising have been shown to reduce bacterial 
loads on produce with varying degrees of efficiency (Shirron et al., 2009, Amoah et al., 2007, 
Lang et al., 2004, Fatica and Schneider, 2009, Gil et al., 2009, Adams et al., 1989). 
Relatively little work has been published on the efficacy of washing treatments against 
viruses although some have reported they are more resistant than bacteria (Allwood et al., 
2004).  

A few studies have investigated the efficacy of washing produce with tap water and have 
reported virus reductions on lettuce ranging from 0.1 to 2 log10 units (Croci et al., 2002, 
Dawson et al., 2005, Gulati et al., 2001, Predmore and Li, in press, Baert et al., 2009). The 
WHO Guidelines for Wastewater Use in Agriculture (WHO, 2006a) assign a 1-log10 pathogen 
reduction to the washing of salad crops. Therefore, we have assumed that washing of 
lettuce with tap water results in a 1-log10 reduction of viruses. We have also accounted for 
the proportion of the population that washes produce prior to consumption (refer to 
Vegetable Washing below). 

Volume of water on produce (V) 
For this analysis, it has been assumed that pathogens in the water retained on the irrigated 
produce remain on the produce even after the water evaporates (Shuval et al., 1997). There 
are very few studies that have attempted to quantify the volume of water retained on the 
surface of vegetables. An estimate for lettuce was determined by Shuval et al. (1997) and, 
following on from Hamilton et al. (2006), we have used a normal distribution to describe the 
volume of water retained on an individual lettuce head. 

Lettuce consumption (I) 
There is little information on vegetable consumption in Australia. While USA data for 
consumption of home-produced lettuce obtained directly from surveys of home vegetable 
consumption is available, there are no such data for Australia. Direct use of USA data 
requires an assumption that behaviour of USA and Australian consumers is the same and 
this may not be the case. The only available Australian information relates to ‘apparent 
consumption’, which is derived from production data (production minus exports plus 
imports), but does not capture produce sold off-farm (via farmers’ markets) or home 
production, nor does it account for wastage and spoilage from point of sale through to 
consumption, which is typically considerable. Such figures do not provide an accurate 
estimate of actual lettuce consumption. Accordingly, use of either of these data sets is 
somewhat problematic. To overcome shortcomings, we used two different methods to better 
represent our uncertainty about the true value for this parameter. These methods provide 
estimates of the amount of home-produced lettuce consumed by the exposed population 
(those individuals growing and irrigating lettuce with greywater). The two estimates were 
used to define a uniform distribution representing consumption of home-produced lettuce in 
grams per person per day (g/p/d). 

Method 1. Estimate based on data from USEPA Exposure Factors Handbook (USEPA, 
2009) 

The USEPA provides an estimate of the consumer-only consumption of home-produced 
lettuce of 0.39 g/kg-person/day. Accounting for losses from food preparation (12.4% loss 
by weight, p 83, Table 13-69) reduces the consumption rate to 0.34 g/kg-person/day.  
Using the weighted average Australian body mass (65.428 kg; refer to method below), 
consumer-only consumption of home-produced lettuce is 22.4 g/p/d.  

This method assumes that home lettuce growers in the USA and Australia have similar 
lettuce consumption habits. If we compare apparent lettuce consumption estimates from 
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both countries (30.2 (USEPA, 2009) and 26.03 (Ausveg, 2009)g/p/d, respectively as 
described below in Method 2) we see that they are quite similar, from which we can 
conclude that general lettuce consumption behaviours between the two countries are 
similar. This supports our use of the USEPA data for consumption of home-produced 
lettuce. 

Method 2. Estimate based on Australian data 
The only available recent Australian data, published by Ausveg (2009), provides 
estimates of per capita lettuce consumption (3 years to 2008) using the apparent 
consumption method. The inadequacy of this methodology can be demonstrated by 
comparing ‘apparent consumption’ estimates with those from surveys of direct 
consumption. The US EPA (2009) reports values using both methods: the value using a 
similar method to ‘apparent consumption’ is 30.2 g/p/d while the value using the survey 
method is 0.24 g/kg-person/day (or 17.4 g/p/d using weighted average USA body 
weight). Therefore, the ‘apparent consumption’ method provides a consumption estimate 
nearly double that determined using the survey method.  

The relationship between these two methods (survey / ‘apparent consumption’ = 0.575) 
can be used as a scaling factor for the Ausveg data (‘apparent consumption’ method). 
Applying this scaling factor, we get an estimate of 15.0 g/p/d total per capita lettuce 
consumption. From the most recent surveys of Australian home vegetable production 
(1998 and 1999), national home lettuce production accounted for 15% of total lettuce 
consumption by weight (ABS, 2000). Assuming this relationship remains valid, then per 
capita consumption of home-produced lettuce can be estimated as 2.24 g/p/d (15.0 * 
0.15).  

The above figure is an average across the whole population, but in reality only some of 
the population consume home-produced lettuce. An Australian survey in 1991 found that 
13% of Victorian households grew lettuce (Cross and Taylor, 1996). Therefore, if we 
assume that consumption of home-produced lettuce is limited to those who grow it, then 
the consumer-only consumption rate of home-produced lettuce is 17.3 g/p/d (2.24/0.13). 

Weighted average Australian body mass 
A number of different data sources were consulted to obtain body mass data for all age 
groups. Children under the age of 1 were excluded from this analysis as it was assumed that 
they would not be consuming solid food. Body mass values (mean and standard deviation) 
were obtained for children (DoHA, 2010) and adults (ABS, 1998), determined by gender and 
age ranges. Body mass was assumed to be lognormal (Walls et al., 2010, Penman and 
Johnson, 2006) and distributions were constructed for each age range, weighted by 
population (ABS, 2010a).Weighted body mass means were summed across all age ranges 
and gender to get a whole of population weighted mean body mass distribution (kg).  
Proportion of population exposed (G) 
Each scenario modelled evaluates the level of risk per person and, depending on the 
scenario, we have accounted for the proportion of people engaged in particular activities 
related to potential norovirus exposure from greywater use.  

Firstly, we determined the level of risk for individuals that chose to irrigate home-produced 
lettuce with greywater (Girrig=1, all people exposed). We then extrapolated the risk of 
greywater irrigation of lettuce to the whole Melbourne population. This involved an estimation 
of the prevalence of these behaviours within the broader Melbourne population. We know 
from recent ABS surveys that greywater use in Melbourne changed significantly between 
2007 and 2010. For this reason, we have chosen to use data on the percentage of 
Melbourne households that used greywater for 2007 (71.0%) and 2010 (41.8%) (ABS, 2007, 
ABS, 2010b), in an effort to account for the large variation in household water reuse 
behaviours.  
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There is very little information on the end-uses of domestic greywater and the results of our 
greywater survey provided the best information on irrigation practices. We found that 25.5% 
of greywater users were using greywater to irrigate a vegetable garden (279 of 1095 
greywater users; Appendix 10). We also know that a high proportion of vegetable gardeners 
grow lettuce (28%; (National Gardening Association, 2009)) and we have assumed that this 
would apply to greywater irrigators of vegetable gardens. While this value has been taken 
from a recent survey of American gardeners, it is consistent with results of a 1991 Australian 
survey that reported that 31.6% of vegetable gardeners grew lettuce (Cross and Taylor, 
1996). We used Equation 2 to estimate the proportion of the Melbourne population that was 
using greywater to irrigate backyard lettuce as follows: 

% population that 
uses greywater 

x % greywater users that use 
greywater to irrigate  
vegetable garden 

x % vegetable 
gardeners that grow 

lettuce 

Equation 2 

2010: 41.8% x 0.255 x 0.28 = 2.98% 
2007: 71.0% x 0.255 x 0.28 = 5.07% 

 
Vegetable washing  
For scenarios accounting for vegetable washing before consumption, we used results from a 
recent survey of over 500 Melbourne households that found that 66.9% of people always 
wash vegetables before serving (Mitakakis et al., 2004). We have assumed that these 
washing behaviours are evenly distributed across the population and would be similarly 
represented in the sub-population considered here (greywater irrigators of lettuce). For this 
particular scenario, the dose of norovirus from consumption of washed and unwashed 
lettuce was weighted by the proportion of the population reporting those behaviours: 

−+-k t 1 - k t
w a sh in g ir rig n o  w a sh irr ig w a shλ = (c V IG G e ) (c1 0 V IG G e )  Equation 3 

Kinetic virus decay constant (k) 
Petterson et al. (2001, 2002) constructed a conservative model of decay using a resistant 
bacteriophage on lettuce. This model was selected as it is the most robust model available. 
In this analysis, only in-field decay was considered; post-harvest decay is hard to regulate 
and highly variable and was therefore not accounted for.   

Withholding period (t) 
Withholding period is the time between the last irrigation with greywater and consumption. 
Without any detailed statistics on backyard irrigation practices, we chose to evaluate a range 
of withholding periods from zero – or consumption immediately after irrigation – to 2 days, 
which is a realistic maximum as plants are unlikely to thrive for more than 2 days without 
irrigation during hot dry weather.  

5.6.2 Probability of infection and illness 
Dose-response models 
Until recently, QMRAs for enteric viruses have been based on the dose-response 
relationship for infection with rotavirus (Ward et al., 1989, Haas et al., 1993) as it was the 
most infectious waterborne virus for which dose-response information was available (Regli et 
al., 1991). While rotavirus infection is predominantly a paediatric disease, the recently 
published dose-response model for norovirus (Teunis et al., 2008) offers a significant 
improvement as the virus affects all age groups (Marshall et al., 2003, Glass et al., 2009) 
and is a very common cause of viral gastroenteritis. Assuming a daily dose, the following 
equation was used to calculate the probability of norovirus infection per dose (pinf per person 
per day (/p/d)): 
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( )= − α α + β −λinf 1 1p 1 F , ;
,
 Equation 4 

where 1F1 is a confluent hypergeometric function, λ is the dose of norovirus (number per 
day) and α and β are fit parameters (Teunis et al., 2008).  

The probability of illness from norovirus exposure appears to be dose-dependent. Teunis et 
al. (2008) determined a dose-response relationship for the conditional probability of illness 
(pill) in infected subjects as: 

r
illp 1 (1 )−= − + ηλ  Equation 5 

where ŋ and r are described by Teunis et al. (1999) and therefore the probability of illness 
per dose (pill2) (/p/d) can be calculated as follows: 

=ill2 inf illp p p  Equation 6 

Annual probability estimates 
An improved method for the determination of annual risk (Karavarsamis and Hamilton, 2010) 
has been included in a recent update of the WHO Guidelines for the Safe Use of 
Wastewater, Excreta and Greywater. This method, recently used by Mara and Sleigh 
(2010a), uses the following equation to determine annual probability of infection and illness 
(p/p/y): 

=

= − −∏
d

k
k 1

P 1 (1 p )  Equation 7 

where pk is the kth probability of infection or illness per dose and d is the number of exposure 
events per year (i.e. number of days exposed to norovirus dose per year), such that the dose 
is randomly selected for each exposure event during the year. The Australian guidelines 
assume irrigation during 6 months of dry weather per year(Robins-Browne et al., 2004), 
while the survey results indicate that greywater is collected by households for approximately 
9 months per year (Section 6.4.10, Appendix 11). We have therefore chosen to evaluate 
both scenarios: 6 and 9 months of greywater irrigation per year. 

5.6.3 Annual disease burden 
Traditionally, the tolerable level of risk was defined as a maximum level of infection or 
illness. The US EPA suggested an acceptable level of risk of 10-4 infections per year 
(USEPA, 2004) or one infection per 10,000 people per year. This approach did not consider 
the varying severity of outcomes associated with different illnesses or hazards; therefore, 
disability adjusted life years (DALYs) have been accepted as a more appropriate measure of 
disease burden. 

The DALY is a measure of overall disease burden expressed as the number of years lost 
due to illness, disability or premature death. The annual disease burden (DALYs per year) of 
a particular illness is a function of the annual probability of illness per dose (Pill2), disease 
burden (B: DALYs per case of illness) and the proportion of the population susceptible to the 
disease (Sf: susceptibility fraction). 

= ill2 fDALYs P BS              
       Equation 8 

The 95th percentile value of probability of illness (Pill2) was used in the calculation of annual 
disease burden, as recommended by the Australian Guidelines for Water Recycling (Robins-
Browne et al., 2004).  
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Disease burden (DALYs per case of illness) is calculated as the sum of years of life lost 
(YLL) and years of life lived with disability (YLD), where disability refers to conditions that 
detract from good health (i.e. illness), as follows: 

YLL = mortality (deaths/case) x length of life loss caused by death (years lost/death); and 

YLD = severity weight x duration of disease per case (years/case). 

Previous studies have used a range of values for disease burden. As there is no published 
Australian value for norovirus disease burden, we opted to evaluate two scenarios using the 
maximum and minimum published values, in an effort to account for the uncertainty in this 
parameter.  

While there is some evidence that a proportion of the population is not susceptible to 
norovirus infection (Teunis et al., 2008, Lindesmith et al., 2003, Johnson et al., 1990), due to 
the variation between norovirus genotypes, a recent review has suggested that is it likely 
that every person is genetically susceptible to at least one norovirus genotype (Atmar, 2010). 
For this reason, even though the norovirus dose-response model was developed for 
secretor-positive individuals (Teunis et al., 2008), we have assumed 100% susceptibility (Sf) 
in this model (Soller et al., 2010). 

The annual burden of disease can be evaluated against the maximum tolerable additional 
burden of disease (DALYs per person per year), set at 1 x 10-6(0.000001) by the World 
Health Organisation (WHO, 2006b) and included in the Australian Guidelines for Water 
Recycling (AGWR)(Robins-Browne et al., 2004). Recently, there have been questions raised 
about the appropriateness of this benchmark value, particularly in low- and middle-income 
countries (Mara et al., 2010), but for this study, we have adhered to the Australian guidelines 
and used 10-6DALYs per person per yearas a threshold value for the interpretation of results. 
It should be noted, however, that the AGWR are not intended to apply to greywater collected 
and used at the level of individual households. Rather, these guidelines are applicable to 
larger scale greywater systems serving multiple dwellings such as apartment blocks. 

5.6.4 Model construction 
Wherever possible, probability distributions were used to account for uncertainty in model 
input parameters. Distribution fitting to water quality data was conducted using @Risk 
(version 5.7.0 Professional edition, Palisade Corporation, Ithaca, New York) (refer to Table 
8.2 for goodness of fit statistics). The model, algorithms for Monte Carlo simulations and 
sensitivity analyses were executed in ‘R’ version 2.12.2 (The R Foundation for Statistical 
Computing, 2011). 

Monte Carlo simulations were used to generate values for dose from the exposure model 
(Equations 1 and 3), which were then fed through the dose-response model to yield 
probability of infection and illness per dose (Equations 4, 5 and 6). This was done d times 
(i.e. number of exposure events per year) and then Equation 7 was used to give a single 
estimate of annual risk (P). This entire process was repeated 9,999 times to obtain a 
simulated distribution of annual risk (annual probability of infection or illness). 

Sensitivity analyses to determine the influence of variation in the random input variables on 
the variation in the estimates of daily probability of infection and illness were conducted 
using Spearman rank order correlation (performed in R). Sensitivity analyses were 
determined over 913,516 iterations1 of the exposure model. 

  

                                                
1The number of iterations was limited by computing power. To obtain 10,002 annual values (allowing for 
truncation of 2 annual values), 2,740,548 daily estimates were required (10,002 x 274 daily values (for 9 month 
scenarios) = 2,740,548). The code was run three times as computing power was insufficient to run all required 
iterations at one time (2,740,548/3 = 913,516 iterations of daily calculations). 
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The exposure scenarios examined in QMRA modelling are summarised in Table 5.3. The 
parameters varied were: 

Irrigation period: 6 or 9 months of year 

Vegetable washing: 0% or 66.9% of households washing lettuce before consumption. 

Withholding period:  0, 1 or 2 days. 

Water types: washing machine wash, washing machine rinse, bathroom, combined 
laundry, combined greywater (refer to Section 9.1) 

Population: Melbourne population in 2010 (17% of households using greywater), 
Melbourne population in 2007 (41% of households using greywater), exposed population 
(greywater users only). 

 

Table 5.3: Matrix of 180 different scenarios examined in QMRA modelling 

ANNUAL 
CALCULATION 

DAILY 
DOSE: 

Average Melbourne 
population (2010) 

Average Melbourne 
population (2007) 

Exposed only = 
100% 

6 months 
irrigation 

No washing 
of 

vegetables 

withholding Water 
x 5 

withholding Water 
x 5 

withholding Water 
x 5 

0  0  0  
1 15 1 15 1 15 
2  2  2  

Average 
washing = 
wash + no 

wash 

withholding Water 
x 5 

withholding Water 
x 5 

withholding Water 
x 5 

0  0  0  
1 15 1 15 1 15 
2  2  2  

9 months 
irrigation 

No washing 
of 

vegetables 

withholding Water 
x 5 

withholding Water 
x 5 

withholding Water 
x 5 

0  0  0  
1 15 1 15 1 15 
2  2  2  

Average 
washing = 
wash + no 

wash 

withholding Water 
x 5 

withholding Water 
x 5 

withholding Water 
x 5 

0  0  0  
1 15 1 15 1 15 
2  2  2  
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6. RESULTS: SURVEY IMPLEMENTATION 

6.1 Administration of the survey 

6.1.1 Postal survey 
A total of 5,500 personalised survey packs and 4,000 generic survey packs were delivered 
by Australia Post on Monday 7 February. The personalised surveys were sent to 23 suburbs 
as listed in the Methods section, the generic surveys were sent to the suburb of Mulgrave. 
Householders were asked to mail back the survey by 4 March 2011. The first completed 
survey forms mailed back by householders were received on 9 February. 

6.1.2 Internet survey 
A mail out of 7,000 generic invitation postcards to the suburb of Cheltenham occurred from 
Monday 7 February to Friday 11 February. The mail out had not been intended to 
commence until Thursday 10 February, when the website was made available to the public. 
This error was discovered on 8 February when several telephone calls and emails were 
received from people who had received the generic postcards. Within two hours a message 
was uploaded to the website apologising for the premature mail out of postcards and asking 
interested people to revisit the site on or after Thursday 10 February.  Respondents to the 
internet survey were asked to complete the survey by 4 March 2011. Internet surveys began 
to be entered on-line by householders on 10 February. 

As the effect of the unavailability of the website on the response rate to the generic internet 
survey was unknown, we decided to mail out a further batch of 7,000 generic postcards to 
the suburbs of Burwood and Burwood East. This mail out occurred from 14 to 18 March, with 
a survey closing date of 8 April. 

Ten-thousand personalised invitation postcards for the internet survey were mailed between 
14 and 18 February. These were sent to the same 23 suburbs as the personalised postal 
survey but to different households. Respondents were asked to complete the survey on the 
website by 4 March 2011.  

6.1.3 Telephone survey 
Introductory letters together with an information pamphlet were mailed to 2,060 addresses 
on 7 February. As required by MUHREC, these letters included telephone and email contact 
information so that recipients had the opportunity to opt-out of the telephone interview prior 
to contact for the interview. Introductory letters returned to sender due to out of date mailing 
details were also noted for removal from the calling list. A total of 193 numbers were 
removed from the contact list by these mechanisms. This list of names was sent to the 
telemarketing company so that the households could be flagged as ‘not interested’. The 
contact list was then checked against the national DoNotCall register, resulting in a further 
48 names being removed. This resulted in a final list of 1819 names and telephone numbers 
available for contact attempts. Telephone interviews commenced on Monday 21 February 
and continued from 4pm to 8pm on Monday to Thursday, ending on 24 February. A total of 
903 telephone numbers had at least one contact attempt made. 

6.2 Response rates for the survey 
A total of 1677 responses to the Greywater survey were received and data entered by 11 
April 2011. These comprised 924 postal surveys, 273 telephone surveys and 480 internet 
surveys. Among the postal surveys, 40 returned surveys were excluded from data entry as 
they were incomplete and had large amounts of missing data. An additional 16 surveys (10 
postal and 6 internet surveys) were excluded from data analysis as they were from 
respondents living outside the study area. It is assumed that these respondents may have 
previously lived in the study area but recently moved out and had their mail redirected to 
their new address. This left 1621 surveys for data analysis (874 postal, 273 telephone and 
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474 internet surveys). Among this figure there were 97 anonymous postal surveys which 
lacked postcode information but were otherwise complete. These were included in data 
analysis except for those analyses involving socioeconomic factors as the suburb of 
residence was unknown for these respondents. 

The crude and adjusted response rates for each mode of contact are shown in Table 6.1. 
Adjustments were made as follows: 

- for postal surveys, the crude response rates include only survey responses from known 
postcodes in the target area. To calculate the adjusted response rates, the 97 postal 
surveys with missing postcodes (designated ‘Postal survey unknown’ in the Table) were 
attributed to the personalised mail out (64 surveys) or generic mail out (33 surveys) by 
assuming the same response rates as for surveys with known postcodes. 

- for the internet surveys, the denominator for the crude response rate is the number of 
invitation postcards mailed. The denominator for the adjusted response rate is corrected 
for the percentage of households in each suburb of the target area which have internet 
access. Information on household internet access was obtained from ABS Community 
Profiles data for each suburb from 2006 Census data (ABS, 2008a).  

- for the telephone survey, the crude response rate has been calculated for a denominator 
of 1000 (the minimum quantity of telephone numbers that may be rented from the 
Infobase Consumer Database). The adjusted response rate is based on 903 telephone 
numbers where contact was attempted.Of 866 households contacted, 273 completed the 
survey, 352 refused, 148 asked to be called back but were not able to be recontacted 
before the survey ended. Language difficulties prevented survey administration in 93 
households.Technical difficulties were encountered for 37 telephone numbers. 

Table 6.1: Response rates to the Greywater use survey. 

Type of 
approach 

Number of 
approaches  

Number of 
responses 

Crude 
response 
rate (%) 

Adjusted 
number of 
approaches 

Adjusted 
number of 
responses 

Adjusted 
response 
rate (%) 

Postal survey 
personalised  

5,500 511 9.3 5,500 575a 10.5 

Postal survey 
generic 

4,000 266 6.7 4,000 299a 7.5 

Postal survey 
unknown  

- 97 - - - - 

Internet 
survey 
personalised  

10,000 289 2.9 6,210b 289 4.7 

Internet 
survey generic 
Batch 1  

7,000 84 1.2 4,256c 84 2.0 

Internet 
survey generic 
Batch 2 

7,000 101 1.4 4,515d 101 2.2 

Telephone 
survey 
personalised 

1,000 273 27.3 903e 273 30.2 

Total 34,500 1621 4.7 25,384 1,621 6.4 
aAdjusted figure after distribution of surveys with unknown postcode. 
b  62.1% of households in the personalised internet survey area had internet access. 
c 60.8% of households inthe Batch 1 generic internet survey area had internet access. 
d64.5% of households inthe Batch 2 generic internet survey area had internet access.  
e 903 telephone numbers had at least one contact attempt made.  
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The highest response rate was seen for the telephone survey mode of contact. This is not 
surprising as in this method the contact is initiated by the interviewer. Contact modes which 
required the respondent to take action (fill in a postal survey form and mail it back, or visit an 
internet site to do an on-line survey) had lower response rates. For both postal and internet 
surveys, a personalised approach (addressed to a specific person) produced a higher 
response rate than a generic approach (addressed To the Householder). 

6.3 Characteristics of survey respondents 

6.3.1 Relationship of survey respondents to the population of the target area and the 
Melbourne metropolitan region 
Table 6.2 summarises the characteristics of the 1621 households responding to the survey 
along with all households in the target area (27 suburbs containing 126,278 households) and 
the metropolitan Melbourne area (Statistical Division of Melbourne containing 1,243,373 
households). Data for the target area and the Melbourne metropolitan area were obtained 
from ABS Community Profiles (ABS, 2008a).A descriptive comparison of household 
characteristics is given below regarding how representative households responding to the 
survey are of households in the study area and in the Melbourne metropolitan area more 
broadly.  
Table 6.2: Characteristics of households: survey respondents, study area and Melbourne 
metropolitan area. 

Characteristic Percentage of households 
Survey 
respondents 

Target study area Melbourne 
metropolitan area 

Home ownership: 
    Own or buying home 

 
93.9% 

 
72.9% 

 
70.0% 

    Renting home 6.1% 23.2% 22.8% 
    Unknown 0% 3.9% 7.2% 
Household type: 
    Family  

 
52.6% 

 
49% 

 
48.9% 

    Couple 32.5% 25.5% 23.9% 
    Single 13.0% 21.4% 23.0% 
    Group 1.9% 4.0% 4.2% 
Dwelling type: 
    Detached house 

 
88.5% 

 
78.3% 

 
68.4% 

    Semi-detached 10.3% 8.8% 9.5% 
    Flat/Apartment 1.2% 12.5% 13.2% 
    Unknown 0% 0.4% 8.9% 
Rainwater tank ownership* 41.6% 23.5% 22.7% 
Average number of persons 
per household 

2.85 2.65 2.81 

Internet access - 62.2% 63.6% 
* Rainwater tank ownership for the target area and the Melbourne metropolitan area were estimated 
from ABS data assuming only detached and semi-detached homes are potentially suitable for tanks 
(ABS, 2008a, ABS, 2010b). 

Home ownership The proportion of householders in the selected study area (72.9%) that 
own or are buying their own home was similar to that in the whole of the Melbourne 
metropolitan area (70.0%). The proportion of survey respondents who owned or were buying 
their house was much higher (93.9%). Conversely, the number of persons renting a house in 
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the survey group (6.1%) was much lower than for the study area (23.2%) and the Melbourne 
metropolitan area (22.8%).  
Household type Respondents to the survey were of a household type generally typical of 
the study area and the Melbourne metropolitan area more generally. Single households 
were underrepresented among survey respondents, while couple households were 
overrepresented. 
Dwelling type The proportion of detached houses was higher for survey respondents 
(88.5%) than in either the study area (78.3%) or the Melbourne metropolitan area (68.4%). 
This was counterbalanced by the lower proportion of residence in flats/apartments in survey 
respondents (1.2%) as compared with the study area (12.5%) and the larger Melbourne 
metropolitan area (13.2%).  

Rainwater tank ownership Rainwater tank ownership in the survey population (41.6% of 
respondents) was much higher than the estimated percentage for the survey area (23.5%) 
and the larger Melbourne metropolitan area (22.7%). This may be attributable to the higher 
proportions of detached houses and home ownership among the survey population. 

Average numbers of persons per household The survey household population on 
average had 2.85 persons per household, similar to the average for the Melbourne 
metropolitan area (2.81) but slightly higher than for the study area (2.65). This is consistent 
with the lower proportion of single household types amongst study respondents (13.0%) as 
compared with households in the study area (21.4%).   

6.3.2 Comparison of survey respondents from different modes of contact 
Household characteristics Table 6.3 summarises the characteristics of households 
responding to the greywater survey according to survey mode.  

Table 6.3: Characteristics of households according to survey mode. 

Attribute Survey mode  
Combined 
(N=1621) 

Telephone 
(N= 273) 

Internet 
(N= 474) 

Postal 
(N= 874) 

Home ownership: 
    Own /buying home 

 
92.3% 

 
93.7% 

 
94.5% 

 
93.9% 

    Renting home 7.7% 6.3% 5.5% 6.1% 
Household type: 
    Family  

 
51.3% 

 
54.4% 

 
52.1% 

 
52.6% 

    Couple 29.3% 32.7% 33.4% 32.5% 
    Single 13.9% 11.0% 13.7% 13.0% 
    Group 5.5% 1.9% 0.8% 1.9% 
Dwelling type: 
    Detached house 

 
89.4% 

 
85.9% 

 
89.7% 

 
88.5% 

    Semi-detached 8.8% 12.2% 9.7% 10.3% 
    Flat/Apartment 1.8% 1.9% 0.6% 1.2% 
Rainwater tank ownership 33.0% 41.6% 44.4% 41.6% 
Average number of 
persons per household 

2.91 2.89 2.81 2.85 

 

The household characteristics of respondents to the different survey modes were generally 
similar. Telephone survey respondents included a significantly higher proportion of ‘group’ 
households and had a significantly lower proportion with rainwater tanks compared to other 
modes of contact. Residence in flats/apartments was significantly less common among 
postal survey respondents than for telephone or internet respondents. 
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Greywater use in the period 2007–2011Table 6.4 summarises the percentage of greywater 
users amongst each of the respondent groups (telephone, internet and postal) during the 
five year period covered by the survey. Greywater use was lowest among telephone survey 
respondents. Greywater use was significantly lower for telephone respondents as compared 
with both internet and postal respondents and for postal respondents as compared with 
internet respondents.  
Table 6.4: Percentage of greywater-using households according to survey mode. 

Attribute Survey mode 
Telephone 
(N = 273) 

Internet 
(N = 474) 

Postal 
(N = 874) 

All modes 
(N =1621) 

Percentage using 
greywater  

46.9% 76.4% 69.2% 67.6% 

N is the number of respondents for each survey mode. 

 
Types of greywater used The use of greywater from different rooms in the house 
(bathroom, laundry, kitchen) among respondents indicating use for one or more years 
between 2007 and 2011 is summarised in Table 6.5 according to survey mode. Internet and 
postal survey respondents were very similar in terms of use of water from the three different 
rooms. Telephone survey respondents who had used greywater showed a similar rate of use 
of laundry water to the other two groups but were statistically less likely to report use of 
bathroom or kitchen water.  

Table 6.5: Percentage of household indicating greywater source according to survey mode. 

Attribute Survey mode 
 Telephone 

(N = 128) 
Internet 
(N = 362) 

Postal 
(N = 605) 

All modes 
(N=1095) 

Reuse bathroom water 48.4% 62.4% 66.1% 62.8% 
Reuse laundry water 71.1% 72.4% 70.7% 71.3% 
Reuse kitchen water 24.2% 34.3% 35.4% 33.7% 
N is the number of respondents using greywater from one of more rooms for each survey mode. 

 
Overall, these results indicate some minor differences in household characteristics between 
respondents to the three different survey modes. The observation that respondents to the 
telephone survey had a lower prevalence of greywater use is not unexpected as non-users 
may be more likely to agree to a short telephone interview when contacted than to fill in and 
return a postal survey or visit a web site to complete an internet survey. The statistically 
lower use of greywater by postal as compared with internet respondents may perhaps be 
explained by the greater ease for non-users of returning a postal survey as compared with 
retention of the internet postcard until access to a computer is available(at home or work) to 
allow for the completion of an internet survey.  

Telephone survey respondents who had used greywater seemed to have lower use of 
greywater from the bathroom or kitchen compared to postal or internet respondents. As 
telephone respondents comprise only 11.7% of the total number of greywater users amongst 
survey respondents, this has little impact on overall figures. On this basis, a decision was 
made to combine the results from all survey modes for further analyses. 

6.3.3 Socio-economic status, survey response rates and greywater use 
Socio-Economic Indexes for Areas (SEIFA) is a product developed especially for those 
interested in the assessment of the welfare of Australian communities. The ABS has 
developed four indexes to allow ranking of regions/areas, providing a method of determining 
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the level of social and economic well-being in each region. Each of the four indexes 
summarises different aspects of the socio-economic conditions of people living in an area; 
each is based upon a different set of social and economic information from the 2006 
Census. The indexes provide more general measures of socio-economic status than is given 
by measuring, for example, income or unemployment alone. For this study, the SEIFA Postal 
Area Index of Relative Socioeconomic Advantage and Disadvantage 2006 was used to 
classify postcodes into quintiles (ABS, 2008b). SEIFA quintiles are calculated using a 
population weighted quintile calculation. This method divides the data into 5 groups, where 
each group has the same population size. The most disadvantaged areas are those in 
quintile 1 and the most advantaged areas are those in quintile 5.  

Survey response ratesFigure 6.1 shows the percentage of respondent households 
according to SEIFA category (quintiles 1 to 5) and approach type (personalised approach 
only versus generic and personalised approaches combined). There were no households 
from SEIFA category 2 approached to complete the survey as none of the suburbs in the 
target area fell into this category, hence there are no respondent households in this 
category. The areas approached by generic methods were in quintiles 4 and 5 only and are 
not shown separately. The highest proportion of household respondents was from SEIFA 
category 5, irrespective of whether households that received a personalised approach only 
(51%) are considered or whether households receiving personalised and generic 
approaches are combined (43%). A high proportion of respondent households in SEIFA 
category 4 was approached using a generic address hence the significant difference in the 
relative percentage of respondent households when personalised (11%) and combined 
approaches (31%) were made. After SEIFA category 5, the next most common SEIFA 
category to which respondent households belonged, excluding generic approaches was 
SEIFA category 1 (26%).  
 

 
Figure 6.1: Respondent households from personalised and all approaches according to 
SEIFA Postal Area Index of Relative Socioeconomic Advantage and Disadvantage 2006 
category (quintiles). 

To investigate the relationship between SEIFA category and response rates, Figure 6.2 
shows the number of personalised postal surveys sent and the corresponding response rate 
for each SEIFA category. Personalised postal surveys have been chosen to investigate the 
relationship between survey response rates and SEIFA category based on the high number 
of completed surveys obtained for this mode (N= 511 personalised postal surveys from 
known postcodes). Analysis of the response rates for personalised postal surveys does not 
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show a clear increasing (linear) trend in survey response rates according to SEIFA category 
and interpretation is somewhat complicated by the unequal numbers of postal surveys sent 
to households in each of the SEIFA categories.  

The highest response (12%) was recorded for SEIFA category 5 and lowest (7%) was 
recorded for SEIFA category 1 (these response rates are significantly different from each 
other), but there was no clear trend in the intervening categories. The response rate (10%) 
for SEIFA category 3 whilst significantly higher than for SEIFA category 1 is not significantly 
different to response rates for either category 4 (8%) or category 5 (12%). The response rate 
(8%) obtained for households in SEIFA category 4 is not significantly different to that for 
households in SEIFA category 1 yet is significantly lower than recorded for households in 
SEIFA category 5. 

 

 
 
Figure 6.2: Number of personalised postal surveys sent and response rates according to 
SEIFA category. 
Greywater use Figure 6.3 shows the percentage of greywater users amongst survey 
respondents in each of the SEIFA categories. This figure shows that the highest percentage 
of greywater users that responded to the survey were from SEIFA categories 3 (76%) and 4 
(76%), followed by SEIFA category 5 (65%) and SEIFA category 1 (58%). The proportions of 
greywater users in SEIFA categories 3 and 4 were statistically significantly higher than those 
in SEIFA category 5, which in turn was statistically significantly higher than for households in 
SEIFA category 1.  
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Figure 6.3: Greywater users amongst survey respondents according to SEIFA category. 

When survey response rates and greywater use are considered together, results showed 
that although households in SEIFA category 5 were statistically more likely to complete the 
greywater survey than households in other categories, they were not more likely to be users 
of greywater. Postal survey response rates were lowest for SEIFA category 1, as was 
reported greywater use.  
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7. RESULTS: GREYWATER USE SURVEY 

7.1 Prevalence of greywater use 
In total,  1136 of 1621 respondents answered ‘Yes’ to Survey question 1.7 ‘Have you used 
greywater in the last 5 years (2007 to 2011)?’ and indicated at least one year of greywater 
use during this interval (Survey question 2.10). When the answers to specific questions 
about greywater use (Survey sections 3, 4, 5 and 6) were examined, 41 of these 
respondents did not fall into the category of greywater users (defined as collecting water 
from at least one of bathroom, laundry or kitchen for reuse).  

Four of the 41 respondents indicated use of combined greywater from different sources 
(Survey question 2.11), but these subsequently specified only tank water (2 respondents), 
roof water (1 respondent) or water from a water heater (1 respondent) when answering 
Survey question 6.1 ‘Which of the following sources are collected and combined?’. The 
remaining 37 respondents had indicated they did not combine greywater from different 
sources (Survey question 2.11), but then answered ‘No’ to use of bathroom, laundry and 
kitchen water (Survey questions 3.1, 4.1 and 5.1 respectively). It is not known whether these 
households used some other type of water which they considered to be greywater but which 
did not fall into the survey definition. These 41 households were therefore reclassified as 
non-users of greywater for the purposes of data analysis. 

After these corrections, the percentage of survey respondents classified as greywater users 
during the five year interval covered by the survey was 67.6% (1095/1621) of the survey 
respondents. The frequency of different patterns of use over the five year interval among all 
respondents to the survey is shown in Table 7.1. The variation in use by households during 
individual years is shown in Figure 7.1, and the most recent year of use is shown in Figure 
7.2. Overall, the average number of years of greywater use among the 1095 households 
which reported greywater use during the five-year study period was 3.4 years.  
Table 7.1: Yearly patterns of greywater use among the 1621 households responding to the 
Greywater use survey. 

Number of  
households 

Percentage of 
households 2007 2008 2009 2010 2011 

Years 
of use 

315 19.4% + + + + + 5 
99 6.1% + + + + - 4 
112 6.9% - + + + + 4 
91 5.6% - + + + - 3 
52 3.2% + + + - - 3 
115 7.1% - - + + + 3 
26 1.6% + + - - - 2 
43 2.7% - + + - - 2 
87 5.4% - - + + - 2 
24 1.5% - - - + + 2 
16 1.0% + - - - - 1 
18 1.1% - + - - - 1 
36 2.2% - - + - - 1 
21 1.3% - - - + - 1 
37 2.3% - - - - + 1 
2 0.1% + - - - + 2 
1 0.1% + - - + + 3 
526 32.4% - - - - - 0 
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Figure 7.1: Use of greywater by individual years among the 1621 households responding to 
the Greywater use survey. 

 

 
Figure 7.2: Last year of greywater use among the 1621 households responding to the 
Greywater use survey. 

Among the 1095 households which had used greywater, 28.8% (315/1095) reported using 
greywater in all five years covered by the survey. Use for four out of five years was reported 
by 19.3% of households (211/1095). Use for three years out of five was reported by 23.7% 
of households (259/1095), use for 2 years by 16.6% of households (182/1095) and for only 
one year by 11.7% households (129/1095).  

7.2 Reasons for greywater use 
The majority (87.0%: 953/1095) of greywater users cited ‘water restrictions’ as a reason for 
using greywater, and 55.8% (532/953) of these also nominated ‘sustainability’. Among those 
who did not nominate ‘water restrictions’ (13.0% of greywater users, 142/1095), the majority 
(81.3%: 114/142) cited ‘sustainability’ as a reason for using greywater. Only 10% of 
respondents specified other reasons for using greywater in an optional free text answer. The 
most common reasons were classified as ‘reducing water costs’ (4.1% of all greywater 
users: 45/1095), ‘conserving water/environmental concerns’ (3.8%: 42/1095) and 
‘watering/keeping alive garden plants/lawns’ (1.1%: 15/1095).  
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7.3 Changes in greywater use 
Forty-one percent (449/1095) of greywater users said they had not changed their greywater 
use over time. Some change in use was reported by 59.0% of greywater users (646/1095), 
and the most common reason nominated was ‘there has been more rain’ (42.0%: 460/1095). 
Other reasons nominated were ‘water restrictions have been relaxed’ (21.6%: 236/1095), 
and ‘rainwater tank installed’ (17.3%: 189/1095).  

A total of 7.8% of greywater users (85/1095) gave additional reasons in an optional free text 
answer. Among these, the most common reason given was ‘not able to collect greywater’ 
due to a change of household appliances, change of plumbing or moving house (1.4% of all 
greywater users: 15/1095), followed by ‘greywater was bad for plants/soil’ (1.1%: 12/1095), 
and ‘unable to carry buckets’ (due to old age/injury/other health reason) (1.1%: 12/1095). 
Eight respondents said collecting and using greywater was too inconvenient (0.7%: 8/1095) 
and seven cited problems such as leaking hoses or accidental flooding of the house, which 
had caused them to stop using greywater (0.6%: 7/1095). 

7.4 Intentions for future greywater use 
Among all households which had used greywater at some time during the five year period, 
the majority (85.2%, 933/1095) stated they intended to keep using greywater in the future. 

7.5 Changes in household product use 
Among the 1095 greywater-using households, a total of 29.6% (324/1095) indicated they 
had changed one or more household products because they used greywater. The product 
most commonly changed was laundry detergent (27.8%: 304/1095), followed by other 
detergents/cleaning agents (11.4%: 125/1095). Changes in personal care products were 
less common (3.5%: 38/1095), and changes in oral care products were rare (1.1%: 
12/1095). 

A further 6.2% of households (68/1095) indicated they had not changed products but had 
modified how they were used. The most common change was to use a smaller amount of 
product (2.8%: 31/1095), followed by changing to environmentally friendly products (1.1%: 
12/1095). 

7.6 Characteristics of gardens 
The vast majority of greywater-using households reported having some type of garden 
(99.5%: 1089/1095). Most households had a lawn area (69.6%: 762/1095), and 49.3% 
(540/1095) reported having a vegetable/fruit/herb garden. 

7.7 Use of greywater on home grown produce 
More than one-third of greywater-using households (35.0%: 383/1095) reported having used 
greywater to water vegetables/fruits/herbs. This included 22.6% of households (248/1095) 
which used greywater to water produce that was eaten without cooking. Households were 
also asked about use of greywater specifically for vegetable watering in a separate question 
(although information on whether vegetables were cooked before eating was not requested 
in this question). Overall, 25.5% of greywater users reported using greywater on vegetables. 
The difference between prevalence of use on vegetables/fruits/herbs (35.0%) and 
specifically on vegetables (25.5%) provides an indication of use on fruits and/or herbs.  

A total of 338 households (30.9% of 1095) reported giving home-grown produce to friends 
and neighbours. This included 130 households (11.9% of 1095) which used greywater on 
vegetables/fruits/herbs that were consumed without cooking.  

7.8 Collection of ‘separate’ versus ‘combined’ greywater 
Respondents who used greywater were asked whether they collected and used water 
separately from each room or combined water from more than one room before use. Those 
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who indicated ‘separate’ use were then asked to provide details about greywater collection 
and use for each room. Those who indicated ‘combined’ use were asked to provide 
information about the rooms from which greywater was collected, then how this combined 
water was used. Due to the design of the survey, there were some differences in the 
information collected from these two groups. Separate users provided information on 
collection of specific water types within a room and the number of months that greywater 
was collected, but this information was not obtained from combined users. Combined users 
were asked about storage containers for greywater, but separate users were not. Thus in the 
following sections of this report, some results are available for all greywater users but others 
are available only for one subgroup of users. 

Among the 1095 greywater-using households, the majority (847/1095) said they did not 
combine water from different sources (rooms) before use. The remaining greywater-using 
households (248/1095) reported combining water from different sources (rooms) before use. 
When survey results were further examined, 46 of those who described themselves as 
combined users reported only using water from one room (13 used only bathroom water, 32 
used only laundry water and 1 used only kitchen water). These households were therefore 
reclassified as separate users. After this reclassification, the percentage of greywater users 
in each category was 81.6% (893/1095) separate users (of which 46 had been reclassified) 
and 18.4% (202/1095) combined users. 

7.9 Sources of greywater used 
To examine the effect of recent rainfall and a relaxation of water restrictions, greywater-using 
households were grouped according to the last year of greywater use and the pattern of use 
from different rooms (as reported in Sections 3 to 6 of the survey form) and compared. 
Figure 7.3 shows the percentage of households using water from each room (either alone or 
in combination with water from other rooms) according to the last year of greywater use. 
Households which last used greywater in 2007 or 2008 were excluded due to low numbers 
(2007=16 households, 2008=44 households).  
 

 
Figure 7.3: Percentage of households using greywater from different rooms by last year of 
greywater use. N is the number of households that last used greywater in a given year.  

There appeared to be little change in the prevalence of use of greywater from each room 
over the three years examined. Overall, water from the laundry was the most common type 
used (used by 71.1% of all greywater users at some time in the five year survey period), 
followed by water from the bathroom (63.1% of greywater users). Use of water from the 
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kitchen was less common overall (33.7% of greywater users), although use from this room 
appeared to have increased in 2011 compared to previous years. 
Patterns of use were further investigated by examining the frequency of use from single 
rooms or two or three rooms. These use patterns are summarised in Table 7.2 according to 
the last year of greywater use and presented in Figure 7.4. 

Table 7.2:Overall greywater use patterns from different sources (rooms). 

 Last use 2009 Last use 2010 Last use 2011 
Pattern of use Number Percent Number Percent Number Percent 
Laundry 34 26.0% 90 30.2% 150 24.8% 
Bathroom 27 20.6% 53 17.8% 84 13.9% 
Kitchen 3 2.3% 8 2.7% 23 3.8% 
Laundry + Bathroom + Kitchen 11 8.4% 23 7.7% 109 18.0% 
Laundry + Bathroom 33 25.2% 82 27.5% 131 21.6% 
Laundry + Kitchen 10 7.6% 22 7.4% 47 7.8% 
Bathroom + Kitchen 13 9.9% 20 6.7% 62 10.2% 
Total Households 131  298  606  

 

 
Figure 7.4: Patterns of greywater use from different sources (rooms) by last year of use. 

For each year examined, use of greywater from the laundry only was the most common 
practice, followed by use of greywater from both the laundry and the bathroom. For 2009 
and 2010, the next most common practice was use of greywater from the bathroom only. In 
2011 use of greywater from all three rooms was more common than bathroom-only use. 

7.10 Types of greywater used from within the bathroom, laundry and kitchen 
Information on use of specific greywater types within each room was collected only from 
households which did not combine greywater before use. Information was available for 847 
of the 893 households in this category (this information was lacking for the remaining 46 as 
they had been reclassified after self-reporting as combined users). Among these 
households, 67.9% (575/847) reported use of laundry water, 59.5% (504/847) reported use 
of bathroom water and 29.5% (250/847) reported use of kitchen water. Once again 
households were split into groups according to the last reported year of greywater use to 
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examine any changes in use patterns over time. Households which reported last using 
greywater in 2007 or 2008 were excluded due to low numbers.  

Full details of the patterns of use for individual sources within each room are provided in 
Appendix 9. Tables 7.3, 7.4 and 7.5 show the four most frequent patterns of use for each 
room according to last year of greywater use. 

Table 7.3: Most frequent patterns of use of sources within the laundry. 

    
Last use 2009 
N=65 

Last use 2010 
N=170 

Last use 2011 
N=310 

WM 
-all 

WM-
rinse 

Sink 
-all 

Sink 
-rinse Number % Number % Number % 

 +  -  -  - 32 49.2% 76 44.7% 135 43.5% 
 -  +  -  - 17 26.2% 55 32.4% 72 23.2% 
 +  -  +  - 5 7.7% 18 10.6% 35 11.3% 
 -  +  -  + 2 3.1% 10 5.9% 19 6.1% 
WM-all = all water from washing machine 
WM-rinse = water from washing machine rinse cycle only 
Sink-all = all water from laundry sink 
Sink-rinse = rinse and clean water from laundry sink 

 
Table 7.4: Most frequent patterns of use of sources within the bathroom. 

    
Last use 2009 
N=66 

Last use 2010 
N=136 

Last use 2011 
N=270 

Bath 
Shw- 
drain 

Shw- 
wait Sink Number % Number % Number % 

 -  -  +  - 27 40.9% 48 35.3% 104 38.5% 
 +  -  -  - 13 19.7% 25 18.4% 24 8.9% 
 -  +  -  - 5 7.6% 14 10.3% 31 11.5% 
 +  -  +  - 7 10.6% 16 11.8% 25 9.3% 
Shw-drain = water collected from the shower drain outlet. 
Shw-wait = water collected from the showerhead while waiting for hot water to come through. 

 
Table 7.5: Most frequent patterns of use of sources within the kitchen. 

   
Last use 2009 
N=25 

Last use 2010 
N=47 

Last use 2011 
N=166 

Dish-
washer Sink-all Sink-rinse Number % Number % Number % 
 -  -  + 17 68.0% 36 76.6% 118 71.1% 
 -  +  - 7 28.0% 10 21.3% 35 21.1% 
 -  +  + 1 4.0% 1 2.1% 11 6.6% 
 +  +  + 0 0.0% 0 0.0% 1 0.6% 
Sink-all = all water (wash + rinse) from the kitchen sink 
Sink-rinse = only rinse water from the kitchen sink 

Among the households which collected only ‘Shw-wait’ water from the bathroom (water 
collected from the showerhead while waiting for hot water to come through), the majority 
also collected greywater from the laundry and/or kitchen. The remaining households which 
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did not collect any greywater from the laundry or kitchen represents a subgroup that 
collected only clean tap water for further use. Such use is relevant for estimating the 
quantities of greywater collected and potential savings of tap water due to reuse, but is not 
relevant for health risk assessment as no pathogens would be present. This group 
comprised 8.4% of greywater users with last use in 2009, 5.7% of those with last use in 
2010, and 5.0% of those with last use in 2011. 

The patterns of use of individual water types are illustrated in Figure 7.5. There was some 
variation in patterns of use among the three groups of greywater users, but there did not 
appear to be an overall trend towards use of fewer greywater types among those who last 
used it in 2011 compared to those who last used it in 2010 or 2009.  

 
Figure 7.5: Use of individual water types by last year of use. 

Abbreviations: Shw=shower, B=bathroom, WM=washing machine, L=laundry, K=kitchen. 

7.11 Months of greywater collection 
Only survey respondents who did not combine greywater from different sources (bathroom, 
laundry, kitchen) were asked to state for how many months of the year they collected 
greywater. If this question was not answered (as was the case for some postal surveys), a 
conservative (low) value of three months was assumed. The average collection times were 
similar for all three sources when averaged over all greywater users in this category: 8.7 
months for bathroom water, 8.2 months for laundry water and 9.3 months for kitchen water.  

When compared by last year of use (Table 7.6), there was no indication of diminishing 
collection of greywater among 2011 users in comparison to those who last used greywater in 
2010 or 2009. Indeed, the reported duration of greywater collection for every room was 
longer in 2011 compared to the two previous years. 
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Table 7.6: Months per year of greywater collection by last year of use. 

 
Months per yearof greywater collection 
(average) 

Last year of use Bathroom Laundry Kitchen 
2009 6.4 5.8 6.9 
2010 7.2 6.3 7.1 
2011 10.2 9.8 10.3 

 

7.12 Purposes of greywater use 
Greywater was used primarily for outdoor uses including garden, pot plant and vegetable 
garden watering (see Figure 7.6). More than one use of greywater could be nominated by 
survey respondents. 

 
Figure 7.6:  Percentage of greywater users (n=1095) who nominated particular greywater 
use activities. 

A detailed breakdown of the use of greywater from different rooms for each of these 
purposes is given in Appendix 10. A total of 15.7% of greywater users (172/1095) nominated 
one or more ‘other’ uses in an optional free text question. The most frequent use specified in 
this category was lawn watering (5.1%: 56/1095), followed by indoor and outdoor cleaning 
(3.8%: 42/1095), then vehicle washing (2.6%: 28/1095), and use in the laundry (2.6%: 
28/1095). 

7.13 Storage practices for greywater 
Users of greywater were also asked about how long greywater was stored before use, with 
responses required for each greywater type. More than one response could be nominated 
for this question. Most respondents reported using greywater immediately after collection 
(61.1% to 89.1%, depending on water source) or within 24 hours of collection (22.1% to 
45%). Storage for more than 24 hours was less common (17.2% to 18.3%).  

Households reporting use of combined greywater were asked what type of container was 
used to store greywater. More than one answer could be chosen for this question. The most 
common type of storage containers nominated were buckets/bins (73.3%: 148/202 
households), followed by above-ground tanks (10.4%: 21/202). More than one-fifth of 
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households (21.3%: 43/202) reported that storage containers were not usedat all (i.e. 
greywater was used immediately). See Appendix 11 for further details. 

7.14 Treatment practices for greywater 
The vast majority of greywater users (99.0% to 99.3%, depending on water source) who 
collected greywater separately from different rooms reported no treatment of the water 
before use (Appendix 13). The majority (90.1%) of those who combined greywater from 
different rooms before use also reported no treatment. In total, 65 households indicated 
some type of treatment for greywater, but in four cases their answers showed no treatment 
was actually used (three said they selected less contaminated water or diluted greywater 
with tap water or rainwater, one household stated they piped water directly to the garden). A 
further four households indicated ‘other’ treatment but gave no details. 
Of the remaining 57 households, 16 cited treatment methods that were likely to be effective 
in reducing levels of microbial contamination (10 with commercial greywater systems and 6 
citing chemical treatment). The remaining 41 households mentioned treatment methods that 
were not likely to be effective. Most of these (37 households) cited screens and/or filters, 
three (3) households cited UV but it is believed this may have referred to sunlight exposure 
rather than a UV treatment system as they did not mention screens or filters which would be 
necessary to reduce turbidity prior to UV treatment. One household mentioned heating 
greywater that was used in the laundry but did not apply treatment to greywater collected 
from the bathroom or kitchen. Overall, only 1.5% (16/1095) of greywater-using households 
applied treatment methods that were likely to be effective in reducing levels of microbial 
contamination in greywater. 

7.15 Distribution of greywater 
Greywater users were asked how greywater was distributed for use and could nominate 
more than one answer. A detailed breakdown of methods of distribution is given in 
Appendix12. The most common method of distributing greywater among both separate 
users and combined users was by using buckets (used by 56.3% to 85.0% of separate users 
depending on source, and 95% of combined users). Among combined users, 19.8% 
reported using subsurface watering systems and a similar frequency of subsurface use 
(18.4%) was reported for laundry water by separate users. Use of subsurface watering 
systems was less often reported for bathroom water (10.7%) or kitchen water (4.4%). Use of 
garden hoses and surface watering was also reported by all groups. 

7.16 How greywater was combined 
Households which reported combining greywater from more than one source (room) were 
asked how the water from different sources was combined. More than one answer could be 
selected for this question. The majority (85.6%: 173/202 households) used simple methods 
such as buckets or other containers. In addition, 49 households (24.3%) used do-it-yourself 
plumbing arrangements and 10 households (5%) had commercial greywater treatment 
systems. See Appendix 13 for details. 

Households reporting combined use of greywater were also asked whether their system 
(meaning their method of combining collected greywater) was approved by the Victorian 
EPA. Such approval is required for greywater treatment systems in Victoria. A total of 18 
households answered ‘Yes’ to this question. Six (6) of these were households with 
commercial greywater treatment systems, 2 reported use of do-it-yourself plumbing systems 
and 10 reported only use of simple collection/mixing methods (buckets/containers). The 
remaining 4 households with commercial greywater treatment systems answered ‘Don’t 
know’ to the question. 
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7.17 Awareness of EPA guidelines and effect on greywater use practices 
A total of 49.1% (538/1095) of greywater users stated that they were aware that the Victorian 
EPA publishes guidelines for greywater use. Awareness of the specific content of these 
guidelines was not assessed in the survey as it was felt that this might influence some 
respondents to give answers which matched the recommendations in the guidelines rather 
than reflecting their actual greywater use practices.  

The practices assessed in the survey which the EPA guidelines specifically recommended 
against are: 

- use of greywater on home grown vegetables that are eaten without cooking 
- storage of greywater for more than 24 hours before use 
- use of greywater from the kitchen  

Among those who were aware of EPA guidelines, 22.5% (121/538) used greywater on 
vegetables/herbs/fruit which were eaten without cooking, and among those who were not 
aware 22.8% (127/557) used greywater for this purpose. These proportions were not 
significantly different therefore awareness of the guidelines did not influence this behaviour. 

There was also no evidence that awareness of the EPA guidelines affected the likelihood of 
users storing greywater for more than 24 hours before use. Among those who were aware of 
the guidelines, 37.9% (204/538) reported storing greywater for longer than 24 hours. Among 
those who were not aware, the corresponding figure was 35.9% (200/557) and this was not 
significantly different. It should be noted that householders could choose one or more 
options for the questions on length of greywater storage (used immediately/ stored less than 
24 hours/ stored more than 24 hours). Many householders choose more than one option, 
indicating that storage time was variable, therefore the above figures relate to the 
percentage of households which sometimes stored greywater longer than 24 hours. 

Use of greywater from the kitchen was reported by 31.4% (169/538) of households aware of 
the EPA guidelines and 35.7% (199/557) of non-aware users, and the difference was not 
statistically significant. 

7.18 Estimates of greywater volume collected by householders 
Households were asked to state the average volume of greywater collected each day from 
each source (room). The amount could be stated in litres or buckets for separate greywater 
users, or litres or kilolitres for combined users. Overall, 63.7% of households gave an 
estimate of volumes collected, while the remainder replied ‘don’t know’ to these questions.  

Volume calculations were performed at the individual household level for each source (room) 
then averaged over the number of households in the category. For these calculations, one 
bucket was assumed to equal 8 litres. For separate users the estimated volumes were 
averaged over the year by adjusting for the number of months of the year that greywater was 
reported to be collected from each room. As noted previously, where the householder had 
failed to state the time for which greywater was collected, a conservative (low) value of three 
months was assumed. For combined users (for whom the duration of greywater collection 
had not been asked in the survey) the duration of greywater collection was assumed to be 
equal to the median value of the separate user estimates for the three rooms (8.7, 8.2, and 
9.3 months for bathroom, laundry and kitchen, respectively). The mean volume of greywater 
collected per person per day was calculated by dividing the total estimated volume by the 
number of people in the households contributing to each estimate in order to adjust for small 
variations in the average number of people per household in each year category. 

Table 7.7 shows the range of daily volume estimates provided by households, separated by 
year of last use. Estimates of the daily volume of greywater collected are presented per 
household and per person. Households which reported last using greywater in 2007 or 2008 
were excluded due to low numbers. 
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Table 7.7:  Householder estimates of the volume of greywater collected by year of last use 
and for all years. 

 Year of last use All 
 2009 2010 2011 years 
Total volume collected per day (L) 1493 4849 16,114 24,330 
Range among households (L per day) 0.3 to 108.8 0.1 to 400 0.1 to 725 0.1 to 725 
Number of households giving volume 
estimate 

88 177 392 698 

Number of households last using 
greywater in this year 

131 298 606 1095 

Average volume /household /day (L) 17.0 27.4 41.1 34.9 
Average volume /person /day (L) 5.7 9.4 14.9 12.4 

 

The average volume estimates given by households who had used greywater in 2011 were 
consistently higher than those who last used greywater in 2010, and these households in 
turn gave higher estimates than households which last used greywater in 2009.When 
estimates for greywater volumes collected from individual rooms by separate user 
households were examined, the trend was the same for each room. 

7.19 Comparison of householder volume estimates to published estimates of 
household greywater generation 
In order to compare householder volume estimates with previously published estimates, 
records from a subset of households reporting use of a single greywater source within a 
room (bathroom, laundry, kitchen) were examined. Data from these households were used 
to calculate an average volume estimate (L per person per day) for individual greywater 
sources. Use of these data has the advantage that calculations use direct estimates by 
householders and do not involve assigning relative volume proportions to different greywater 
sources within a room. Average volumes were calculated separately for households 
reporting volumes in buckets and for those reporting volumes in litres and are shown in 
Figure 7.7.  

Estimates of volume for particular sources by individual householdersshowed a large degree 
of variation regardless of whether they were estimated in buckets or litres. To allow direct 
comparison, bucket estimates were converted to litre estimates using a conversion factor of 
8 litres per bucket. Estimates are expressed as litres per person per day (adjusted for 
household size). Household volume estimates and conversion from bucket to litre 
computations are presented in Appendix 17. Figure 7.7 presents both ‘bucket’ and ‘litre’ 
estimates by householders for individual greywater sources and compares them with data 
published from earlier Australian household studies. The references and assumptions used 
in deriving the published estimates of volumes used here are detailed in Appendix 18. It 
should be noted that the published estimates relate to tap water use for particular sources 
rather than greywater collection by households. Therefore the published figures provide an 
estimate of expected greywater generation if all water from this source is collected for reuse. 
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Figure 7.7: Comparison of household estimates of greywater collection volumes (bucket and 
litre) with estimates of household water use (published estimate). 

Volume estimates (‘bucket’ and ‘litre’) for individual sources were generally similar with the 
exception of the estimated volume of water per person per day for ‘shower outlet drain’ and 
for ‘top loading washing machine –all’ (Figure 7.7). In both instances, ‘bucket’ estimates 
were less than the corresponding ‘litre’ estimate. When household volume estimates are 
compared with those obtained in published water usage studies (literature estimate), it is 
notable that bucket and litre household estimates are lower than published values for all 
greywater sources except bathwater.  

Households which provided volume estimates in buckets produced a mean volume estimate 
of 4.82 buckets for ‘top loading washing machine–all’, while the mean estimate for ‘top 
loading washing machine – rinse’ was 5.08 buckets. For households estimating volumes in 
litres, there was a greater difference between mean volumes for ‘top loading washing 
machine-all’ (63.37 L) and ‘top loading washing machine-rinse’ (43.73 L), but the ratio was 
still less than two-fold. 

7.20 Greywater volumes estimates using published values 
An additional volume estimate for greywater collection was made using published values for 
greywater generation from individual sources. This removed variability due to householders 
collecting only a proportion of the water from each source. These estimates were combined 
with greywater use patterns reported by survey respondents in order to provide a maximum 
estimate of the volume of greywater that could be collected by households.  

Calculations were limited to households reporting separate collection of greywater from 
different sources (rooms), as only these had details of individual sources within each room. 
As before, the published values presented in Appendix 18 were used. In this method of 
calculation, the data input from individual households comprises only the number of people 
in the household, whether or not a particular source of greywater within a room was used by 
the household and the duration of greywater collection (months of the year) for the room. 
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The assumed volume per source within a room per person per day is fixed at the published 
value for all households, rather than reflecting the volume estimates made by individual 
householders. 

Table 7.8: Maximum estimates of volume of greywater collected by year of last use and for 
all years. 

 Year of last use All 
  2009 2010 2011 years 
Total volume collected per day (L) 4,950 12,660 39,015 59,676 

Range among households (L per 
day) 

0.7 to 404 0.3 to 542.5 0.2 to 504 0.2 to 545 

Number of households contributing 
to volume estimate 

105 243 449 847 

Average volume /household /day (L) 47.1 52.1 86.9 70.5 

Average volume /person /day (L) 15.2 18.7 31.8 25.1 

 

The volume estimates calculated in this way from published values for each water source 
were two to three-fold higher than those calculated from householder figures. There was a 
pattern of larger volumes being estimated for more recent years of greywater use. 
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8. RESULTS: GREYWATER SAMPLING PROGRAM 

8.1 Selection of households for the greywater sampling program 
An examination of the first 323 greywater survey responses received indicated that the most 
commonly used types of greywater over the five year period were ‘washing machine - all 
water’ (26% of households) and ‘washing machine – rinse water’ (14% of households). It 
was therefore decided that priority should be given to these uses in the water sampling 
program. It was also desired, if possible, to compare water quality between households with 
differing demographic composition (with and without children).  

To simplify sampling procedures and minimise the number of households required, it was 
decided to request that households with top loading washing machines supply two water 
samples; one of wash water and one of rinse water. This enabled calculation of water quality 
for ‘whole cycle’ water as well as direct measurement of ‘rinse water’. To provide a 
reasonable degree of statistical robustness for comparison of demographic groups, 33 
households with children and 33 without children were required (each household providing 2 
water samples = 132 samples). In addition, it was desired to assess water quality from 
bathroom sources. Among the initial 323 survey responses, 17% reported using water from 
either the bath or the shower drain. It was decided to attempt collection of 33 samples of 
‘bathroom water’ (either bath or shower drain water). 

Consent processes for households willing to take part in this component of the study were 
therefore targeted on the basis of the following criteria: 

- the year greywater was last used by the household (preference was given to current 
(2011) users); 

- household composition (preference was given to households with children); 

- households reporting the reuse of water from the laundry or bathroom (predominant 
greywater sources) in the past 5 years; 

- households with top-loading washing machines (for reasons of ease of sampling—wet 
weather conditions preceding the sampling program meant that diverters or temporary 
plumbing arrangements had commonly been removed, preventing sampling from front 
loading washing machines); and 

- availability of householders to collect samples within a designated sampling period.  

8.2 Consent processes 
Between 23 February and 10 March, 256 households were sent consent packs and 42 of 
these returned signed consent forms. Reminder telephone calls were then made to non-
responding households asking them to return consent forms if they were still willing to take 
part in the second stage of the study. In addition, a final consent pack mail out to a further 85 
households was carried out on 17 March, bringing the total number of households sent 
consent packs to 341. The number of survey responses received, consent approaches made 
and subsequent participation in the water sampling component of the study are shown in 
Figure 8.1.  

By 22 March a total of 116 households had returned signed consent forms and after 
telephone contact to confirm suitability, 95 of these were booked into the water sampling 
schedule. As some households agreed to collect all three types of greywater sample, this 
was sufficient to meet the target figures for each water sample type including some degree 
of overbooking. Households participating in the greywater sampling program were assigned 
a unique household identification number for use on health diaries and other forms. 

Of the nine households which were approached but not scheduled for sample collection, two 
had greywater treatment systems, three were planning to be away from home during the 
sampling period, one was unable to collect a sample, and three were not able to be 
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contacted by telephone. A thank you letter was sent to these households and to those 
households which returned consent forms after 22 March, informing them that their 
participation in this part of the study was not required.  

 
Figure 8.1: Survey completion and participation in greywater sampling component: numbers 
of households. 

8.3 Collection of greywater samples 
Greywater samples were collected on six occasions over a three week period from 17 March 
to 4 April. Ofthe 95 households booked, there were ten which agreed to collect samples on 
two occasions (washing machine samples on one date and bathroom water samples on a 
different date), and six households which agreed to collect all three types of water sample on 
the same date. To facilitate sample pick up, the study area was divided into two halves 
(north and south), with sample pick up on a given day restricted to one area. Up to 23 
households were booked on each day. 

A high degree of compliance with sample collection by householders was achieved with only 
two of the 95 households that were booked to provide water samples failing to do so. In one 
case the primary householders had decided to go on holiday after the booking was made 
and the remaining adult in the home decided not to participate. In the second case the 
householders reported that the cool box containing sample bottles and instructions had not 
been delivered to them, while the laboratory asserted that it had been delivered to the 
correct address. The householders supplied greywater samples in glass jars which they had 
pre-boiled to sterilise. These were picked up by the laboratory but were not analysed. 

8.3.1 Sample numbers and type 
Overall, 93 households collected a total of 185 greywater samples for analysis. Table 8.1 
shows a breakdown of sample numbers and type(s) and households contributing greywater 
samples.  

A total of 74 households collected both washing machine wash water and washing machine 
rinse water samples. One household collected a sample of washing machine wash water 
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only (total number of laundry greywater samples was 149). A subset (16) of households 
collecting laundry greywater samples also provided bathroom greywater samples.  

A total of 23 households collected samples of bathwater and two of these households 
provided two bathwater samples (total number of bathwater samples was 25). Nine 
households collected a sample of shower water and two households provided a sample of 
‘combined’ greywater originating from the bathroom.  
Table 8.1: Breakdown of sample types, sample numbers and contributing households. 

Sample type(s) Number of 
households 

Number of samples 

Washing machine wash water only 1 1 
Washing machine rinse water only 0 0 
Washing machine wash water and washing 
machine rinse water 

58 116 

Washing machine wash water and washing 
machine rinse water and bath water 

16 48 

Bathwater only 7 9 
Shower water only 9 9 
Combined bathroom only 2 2 
Total 93 185 

8.3.2 Characteristics of households collecting greywater samples 
The majority of households (77%) providing samples were current (2011) users of greywater 
with less than 10% of households having last used greywater in 2009 or earlier. The 
demographic characteristics of households providing greywater samples are given in Table 
8.2. 

Among households collecting greywater samples from the laundry, 37% were households 
with persons under 18 years of age. The percentage of households with persons under 18 
years of age was higher (74%) for those households collecting samples from the bathroom. 
Five of the 75 households supplying sample(s) of washing machine water had front loading 
washing machines, with the majority (93%) having top loading washing machines. 

Table 8.2: Demographic details (percentage with children) of households collecting water 
samples. 

Sample type Number households 
(sample number) 

Number households 
with children ≤ 18 
years old (percentage) 

Washing machine rinse and/or 
wash water*  

75 (149) 28 (37%) 

Bath water* 23 (25) 22 (88%) 
Shower water 9 (9) 2 (22%) 
Combined bathroom  2 (2) 1 (50%) 
All bathroom greywater 34 (36) 25 (74%) 

*16 households supplied both laundry and bathwater samples 

8.3.3 Indicator E. coli results – by source water type 
E. coli and total coliform results for all 185 water samples are tabulated in Appendix 14. As 
total coliforms commonly originate from other than faecal sources (e.g. soil and vegetation), 
and are less specific indicators of faecal contamination than E. coli (and thus not significant 
in terms of health risk), summary results for total coliforms are not presented in the following 
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tables and figures. Total coliform results, however, do provide an indication of the integrity of 
sample collection. Whilst E. coli were not detected in 64 (64/185 = 35%) samples, there 
were only 9 occasions where total coliforms were not detected in the same samples.  

The presence of total coliforms where E. coli were not detected is consistent with non-faecal 
contamination of laundry and bathwater, as might occur with dirty clothing and bathing.The 
absence of both E. coli and total coliforms in greywater samples may be associated with a 
number of factors. For washing machine greywater these include: 

- presence of biocide (sanitiser) in the washing machine load, 

- the timing of sample collection and, 

- uneven distribution of bacteria throughout the washing machine water. 

For bathwater, factors influencing the presence of faecal indicator bacteria include: 

- the bath duration, 

- the cleanliness of the person prior to immersing themselves in the bath, and 

-  whether any residual chlorine was present in the tap water used to fill the bath.  

E. coli counts showed high variation between greywater sources (Table 8.3 and Figure 8.2). 
Highest maximum counts were obtained for washing machine wash water (8,200,000 per 
100mL) but median counts were highest for greywater originating from the bathroom 
(median 130 per 100mL).  

Results for laundry greywater did not show a consistent relationship between the numbers of 
E. coli in washing machine wash as compared to washing machine rinse waters. On 31% of 
occasions counts were equal in wash and rinse waters, on 41% of occasions counts were 
higher in wash water and on 28% of occasions numbers were higher in rinse water. 
There was no significant difference in E. coli levels between washing machine wash water 
and washing machine rinse water but differences between bathroom water and each of 
washing machine wash water and washing machine rinse water were statistically significant.  

Table 8.3: Summary E. coli results per 100 mL for different greywater sources. 

Greywater 
source type 

N Mean Standard 
deviation 

Median Range 

Bathroom 36 1,708 4,461 130 0–21,000 
Washing machine 
wash water 

75 110,811  946,710 2 0–8,200,000 

Washing machine  
rinse water 

74 3,427 27,882 1 0–240,000 
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Box and whisker plot: The middle of the box represents the median value. The end of the box 
represents the 25th and 75th percentile values. The whiskers represent the 75th percentile plus 1.5 
times the difference in these percentiles and the 25th percentile minus 1.5 times the difference in 
these percentiles (upper and lower adjacent values). Outlier results are dots.  
Figure 8.2: Comparison of E. coli counts per 100mL for greywater from different sources. 

8.3.4 Indicator E. coli results – laundry greywater samples 
Relationship to washing machine operational settings, washing load and washing 
product type 
Of the 75 household providing water samples, 74 households supplied information about the 
washing machine operation (water level and water temperature) and load details (clothing 
type). Seventy one households also provided details of washing machine products relating to 
the collected washing machine greywater samples. This information is tabulated in Appendix 
15.  

The majority of households (53%) supplying water samples for analysis used a high level 
water setting, followed by households (23%) that used an ‘automatic level’ setting (an 
automatic setting represents a high water level if a full load of clothing is added to the 
machine). Only 4% of households used a low level water setting. Information submitted 
about the water temperature showed that warm and cold water temperature settings were 
equally used by households (47% for each) with 4% using mixed temperature, and only one 
household (1%) using a hot water setting for clothes washing. Mixed clothing loads were the 
most common type of load. None of the washing machine loads contained nappies and, 
while no washing machine load contained underwear alone, underwear was present in 44% 
of mixed clothing loads. Laundry detergent (powder or liquid) was added to all machine 
loads, and chlorine bleach or oxygen bleach products were used in 19% of loads.  

There were no detectable statistically significant relationships between the washing machine 
clothing load type, water level, water temperature and the levels of indicator E. coli in 
greywater. Similarly, there were no detectable statistically significant relationships between 
the addition of laundry washing products and E. coli counts, including with the use of 
chlorine and oxygen bleach products that are biocidal. 
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Relationship to household demographics 
Figure 8.3 shows E. coli counts for each of washing machine wash water and washing 
machine rinse water for households with and without children (less than 18 years of age). 
There was no significant difference in E. coli levels according to the presence of children in 
households for both washing machine wash water and washing machine rinse water.  
 

 
Box and whisker plot: The middle of the box represents the median value. The end of the box 
represents the 25th and 75th percentile values. The whiskers represent the 75th percentile plus 1.5 
times the difference in these percentiles and the 25th percentile minus 1.5 times the difference in 
these percentiles (upper and lower adjacent values). Outlier results are dots.  
Figure 8.3:E. coli counts per 100mL for washing machine wash water and rinse water 
according to the presence of children in the household. 

8.3.5 Indicator E. coli results – bathroom greywater samples 
Different sources of greywater within the bathroom 
Table 8.4 shows E. coli results for each of the greywater sample types from the bathroom. 
The total number of greywater samples received from the bathroom was 36 (contributed by 
34 households). The majority of these were bathwater samples (25) followed by shower 
samples (9), with only two samples of ‘combined’ greywater (from more than one source e.g. 
basin water plus shower/bath water). The median E. coli count per 100 mL for all bathroom 
samples was 130. Of the 36 greywater samples collected from the bathroom, 33 were 
collected directly from the bath or from a collection vessel for ‘combined’ greywater 
originating from the bathroom. Three samples were collected from the shower outlet drain. 
Figure 8.4 compares E. coli levels for different sources of greywater within the bathroom. 
Median E. coli counts per 100 mL were highest for combined bathroom greywater but only 2 
samples were received from this source.  
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Table 8.4:E.coli results for bathroom greywater samples (count per 100 mL). 

Greywater source N Mean  Standard 
deviation 

Median 
E. coli 
count  

Range 

Bathwater 25 860 2400 100 0 – 12,000 
Shower water 9 4300 7700 260 0 – 21,000 
Combined bathroom 2 760 910 760 110 - 1400 
N is number of greywater samples collected. 

 

 
Box and whisker plot: The middle of the box represents the median value. The end of the box 
represents the 25th and 75th percentile values. The whiskers represent the 75th percentile plus 1.5 
times the difference in these percentiles and the 25th percentile minus 1.5 times the difference in 
these percentiles (upper and lower adjacent values).  
Figure 8.4: E. coli counts per 100 mL for bathroom greywater samples. 

 

Relationship to greywater source, age of persons contributing to greywater 
Table 8.5 summarises E. coli counts for bathwater based on ages of persons ‘generating’ 
the bathwater. All bathwater samples except 4 were generated by single bathers. Four baths 
were occupied by multiple bathers less than 10 years of age. Eleven out of 25 baths were 
occupied by children less than 5 years of age. There were no detectable statistically 
significant relationships between levels of indicator E. coli in greywater and the age of the 
persons generating the water. 

Table 8.5:E. coli results for bathwater according to age of persons generating bathwater. 

Parameter Age of persons generating bathwater 
<5 years 

only 
<5 years +  
6-10 years 

6-10 years 
only 

11-17 years ≥18 years 

Mean E. coli 
count per 100.mL 

410 13 2,200 1,400 450 

Median E. coli 
count per 100.mL 

290 10 190 1,400 3 

Number of 
samples 

11 4 6 1 3 
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Statistical evaluation using a two sample rank sum (Mann-Whitney) test showed there to be 
no significant difference in E. coli levels for all bathroom greywater sources combined 
according to the presence of children in households (Figure 8.5).  
 

 
Box and whisker plot: The middle of the box represents the median value. The end of the box 
represents the 25th and 75th percentile values. The whiskers represent the 75th percentile plus 1.5 
times the difference in these percentiles and the 25th percentile minus 1.5 times the difference in 
these percentiles (upper and lower adjacent values). 
Figure 8.5:E. coli counts per 100mL for bathroom greywater according to the presence of 
children in the household. 

8.3.6 Test results for pathogenic E. coli 
Initially there were 111 samples (75 washing machine wash water samples and 36 
bathwater samples) ‘designated’ for pathogenic E. coli testing, but 7 of these samples did 
not contain total coliforms (no yellow wells in the incubated Colilert® tray) precluding testing 
for pathogenic E. coli using the testing schema employed. Of the 104 trays tested, 89 trays 
(86%) were negative for all of the genes tested. The remaining 15 trays were found to 
contain one or more genes indicative of pathogenic E. coli strains: 

- eleven (11) trays contained atypical enteropathogenic E. coli (eae gene). These included 
two trays from Household ID 112 and two trays from Household ID 189; 

- two (2) trays contained typical enteropathogenic E. coli (eae and bfpA genes); 

- one (1) tray contained enteroaggregative E. coli (aaiC gene); and 

- one (1) tray was positive for the haemolysin gene (ehxA) alone but strains with this 
profile do not fall into any particular category and are not believed to be pathogenic. 

No genes characteristic of enterohaemorrhagic or Shiga-toxin-producing strains were 
detected.  
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Enteroaggregative (EAEC) strains and typical enteropathogenic (typical EPEC) E. coli 
strains are considered to be definitely pathogenic, but the status of atypical 
enteropathogenic E. coli isolates (atypical EPEC) is less clear. A previous study in the 
Melbourne community showed that atypical EPEC strains were found in faecal specimens 
from 12.8% of people with gastroenteritis symptoms(Robins-Browne et al., 2004). In the 
same study, atypical EPEC strains were also found in 2.3% of faecal specimens from 
asymptomatic people, suggesting that carriage of these strains without illness may also be 
reasonably common.It may be that only some atypical EPEC strains are capable of causing 
illness.  

Of the 7 washing machine wash water and 7 bathroom water samples with positive 
detections of pathogenic or potentially pathogenicE. coli, 5 (71%) washing machine and 1 
(14%) bathroom samples recorded corresponding E. coli indicator counts greater than 1000 
per 100mL.  

Typical enteropathogenic E. coli were detected in 2 washing machine water samples and 
enteroaggregative E. coli was detected in a bathroom greywater sample (shower water – 
adult). Atypical enteropathogenic E. coli were detected in 5 washing machine water samples 
and 6 bathroom greywater samples(all bathwater occupied by children). Both washing 
machine and bathroom greywater from household ID 112 contained atypical 
enteropathogenic E. coli. Two bathroom greywater  samples submitted by household ID 189 
contained atypical enteropathogenic E. coli. The results of tests for pathogenic E. coli and 
norovirus, together with corresponding indicator E. coli and coliform results are presented in 
Table 8.6.  

8.3.7 Test results for norovirus 
Norovirus genogroup GI was not detected in any of the 40 greywater samples selected for 
testing, and norovirus genogroup G II was detected in only one sample (household ID 
167,washing machine wash water) (Table 8.6). The Table also shows 6 samples (5 
bathroom water, 1 washing machine wash water) which did not meet testing criteria for 
norovirus but were positive for the presence of atypical EPEC. It should be noted that the 
Table does not show the results for the65 greywater samples which were potentially eligible 
for norovirus testingbut did not meet the test criteria. Of these, 58 tested negative for 
pathogenic E. coli, and 7 contained no indicator E. coli or total coliforms and were therefore 
not tested for pathogenic E. coli. 

The greywater sample containing norovirus GII had corresponding E. coli and total coliform 
indicator counts of zero and one per 100mL respectively and arose from a household where 
two household members reported gastrointestinal symptoms (including one person with 
symptoms conforming to the definition of infectious gastrointestinal illness) (see Section 
8.3.8 for details of gastrointestinal symptoms).  
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Table 8.6: Pathogen (E. coli and norovirus) presence/absence and health diary results. 

Household 
ID 

Symptomsa Sample 
typeb 
 

Indicator Pathogensc 

D V E. coli per 
100mL 

Total coliforms per 
100mL E. coli  Norovirus 

40 greywater samples tested for norovirus 
188   WM 8,200,000 >24,000,000 ehxA  - 
115   WM 55,000 24,000,000 - - 
201   WM 34,000 >240,000 - - 
123   B 21,000 25,000 - - 
180   B 14,000 25,000 - - 
112   B 12,000 12,000 Atyp EPEC - 
195   B 2,600 77,000 - - 
113   B 2,400 2,400 - - 
159   WM 2,400 >240,000 - - 
173   WM 2,400 52,000 Atyp EPEC - 
192   WM 2,400 >240,000 Typ EPEC - 
157   WM 2,000 >240,000 - - 
171   WM 1,700 4,800 Typ EPEC - 
126   B 1,400 2,000 - - 
162   B 1,400 14,000 - - 
177   WM 1,400 >240,000 Atyp EPEC - 
129 +  WM 1,300 24,000,000 - - 
137   WM 1,300 >240,000 - - 
127   WM 1,200 >24,000,000 - - 
112   WM 1,100 46,000 Atyp EPEC - 
154   WM 1,100 >240,000 - - 
178   WM 1,100 >240,000 - - 
160   B 1,000 2,400 - - 
110 +  B 820 4,300 Atyp EPEC - 
150   B 520 >240,000 EAEC - 
104 +  WM 410 430,000 - - 
199 +  B 130 98,000 - - 
122  + B 33 160,000 - - 
124 +  WM 33 58 - - 
110 +  WM 28 370 - - 
129 +  B 18 6,800 - - 
193 +  WM 13 >240,000 - - 
138  + WM 1 58,000 - - 
143 +  WM 1 870 - - 
145 +  WM 1 >240,000 - - 
167 +  WM 0 1 - GII 
105 +  WM 0 340 - - 
111 +  B 0 3,200 - - 
132 +  WM 0 40 - - 
139 +  WM 0 3 - - 
6 greywater samples testing positive for pathogenic E. coli, but not tested for norovirusd 
102   B 1 1 Atyp EPEC NT 
116   B 370 170,000 Atyp EPEC NT 
131   WM 51 33,000 Atyp EPEC NT 
174   WM 2 520 Atyp EPEC NT 
189   B 99 2,400 Atyp EPEC NT 
189   B 290 3,300 Atyp EPEC NT 
a Reporting of gastrointestinal symptoms in the health diary for one or more household members prior to 
greywater sample collection, D = diarrhoea, V= vomiting. 
b WM = washing machine wash water, B = bathroom water (shower drain or bath) 
c ehxA = haemolysin gene, GII =positive for norovirus genogroup II, - = negative, NT=not tested 
d Not shown are 65 samples which did not meet norovirus test criteria. Of these, 58 tested negative for 
pathogenic E. coli, and 7 had no indicator E. coli or total coliforms and were not tested for pathogenic E. coli. 
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8.3.8 Health diary results 
Return of completed health diaries 
Completed health diaries were returned by all 93 households which provided greywater 
samples. The average number of people completing health diaries per household was 3.0 
(diaries were only completed by residents giving consent and not all persons in participating 
households completed a diary).  

Characteristics of diary respondents 
The average age of diary respondents was 37.8 years (standard deviation 23.5) with a range 
from less than 1 year up to 81 years. Thirty percent (N=82) of diaries were completed by 
parents/guardians on behalf of children under 18 years of age. Twenty six percent (N=21) of 
children were under 5 years old. Forty nine percent (N= 136) of diaries were completed by 
adults in the age range 18–59 years of age. Twenty one (N= 58) percent of respondents 
were 60 years of age or older.  

Duration of diary collection 
Diaries were completed for at least a 2 week period by all respondents (276 people). A 
subset of households (N=10 households, 35 respondents) completed the diary for an 
additional one week period (total of 3 weeks). (Note person 2 in household 118 completed a 
diary for 2 of the 3 weeks but persons 1 and 3 in the same household completed a diary for 
3 weeks). Those householders completing the diary for a 3 week period were from 
households where washing machine and bathroom greywater samples were collected on 
separate sampling dates between one and three weeks apart.  

The total number of weekly records completed was 587 (276 x 2 weeks + 35 x 1 additional 
week = 587 person-weeks of health data). 

Diary commencement and sampling date 
On average, diaries were commenced 4.73 (sd = 2.26) days before greywater samples were 
collected. 123 householders out of 276 (45%) commenced diaries one week or more prior to 
sample collection, 148 (54%) commenced diaries in the same week as sample collection (1- 
6 days prior to collection) and less than 2% commenced diaries after sample collection (all 1 
day later). For those households collecting washing machine and bathroom greywater 
samples on different days, diary data were available for between 17 and 21 days prior to the 
collection of the final sample.  
Reported health symptoms 
Episodes of gastrointestinal symptoms (diarrhoea and/or vomiting) reported by household 
diary respondents are summarised in Appendix 16, Table A16.1. There were 23 reports of 
diarrhoea from 18 individuals (14 households), and two reports of vomiting from two 
individuals (2 households) out of 585 weekly records (two people did not answer these 
questions). Diarrhoea and vomiting symptoms did not occur in the same household. None of 
the 23 weekly reports of diarrhoea or 2 weekly reports of vomiting resulted in a visit to the 
doctor or days taken off school or work.  

In order to determine whether the rate of gastrointestinal illness in participating households 
was approximately similar to that of the broader population, a previously published definition 
of infectious gastrointestinal illness (IGI) was applied (Hall et al., 2006). Under this definition, 
an episode of IGI requires at least three loose bowel actions or two vomits in a 24 hour 
period. Such definitions are generally used in studies of infectious gastrointestinal illness as 
it is considered that single episodes of diarrhoea or vomiting may arise from non-infectious 
causes. Using this definition, nine of the illness episodes reported by participants qualified as 
IGI (Table A16.1). This incidence of IGI is very similar to the expected rate calculated by 
applying the incidence of 0.92 IGI episodes per person per year from an Australian survey 
(Hall et al., 2006),to the 585 person-weeks (= 11.25 person-years) observation period of this 



 64

study. From this calculation we would predict that about 10 (10.35) cases of IGI would occur 
in the health diary group. 

These observations confirm that symptoms consistent with infectious gastrointestinal illness 
occurred in the greywater sampling group during the time period when greywater samples 
were being collected, at levels similar to the expected rate for the general Melbourne 
population. It should be noted that this study did not have the statistical power to distinguish 
whether the rate of IGI in greywater using households was significantly different from the 
rate of IGI in otherwise equivalent non-using households. To make this comparison would 
require a large scale epidemiological study involving several hundred households observed 
over 12 months. 
Greywater use practices 
Among 572 people who filled in the question regarding handling greywater, 217 (38%) 
reported handling greywater in the diary recording period. Six percent of householders 
handling greywater in the health diary survey period indicated that they wear rubber gloves 
when handling greywater and 80% indicated that they wash their hands after handling 
greywater.Thirty-five percent of householders reported wearing rubber gloves when 
gardening and 94% reported washing their hands following gardening.  

8.3.9 Relationship between water quality, reported illness and pathogen detection 
There was no statistically significant relationship between indicator E. coli counts in washing 
machine wash water, washing machine rinse water or bathroom greywater and the reporting 
of diarrhoea or vomiting episodes by householders. In addition, there was no detectable 
statistical relationship between reporting of symptoms of diarrhoea or vomiting and the 
detection (presence/absence) of indicator E. coli in greywater samples (chi-2 test).  

The small numbers of detected pathogenic E. coli (14, including atypical enteropathogenic E. 
coli isolates) and norovirus (1) and low numbers of reports of diarrhoea or vomiting (total 25) 
precluded any statistical test being performed to detect a possible relationship between 
reported episodes of vomiting and diarrhoeal and pathogenic E. coli and norovirus positive 
detections. 
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9. RESULTS: QUANTITATIVE MICROBIAL RISK ASSESSMENT 

9.1 Estimation of greywater quality used to irrigate home produce 
As noted in Section 7.1.7, 22.6% (248/1095) of greywater users responding to the survey 
reported using greywater to irrigate home produce that was eaten without cooking. This 
included 174 households which collected greywater separately from each room and for 
whom detailed information was available on use of individual water types from within a room. 
The water use patterns reported by this subset of households was combined with published 
values for water volumes (from Appendix 18) in order to estimate the contribution of 
individual water types to the total volume of greywater collected. The results of these 
calculations are presented in Table 9.1. 

Table 9.1: Contribution of different water types to total greywater collected. 

Water types within room Percent contribution 
washing machine wash 43.08% 
washing machine rinse 12.45% 
laundry sink wash 2.33% 
laundry sink rinse 1.10% 
shower drain/bath 25.50% 
shower-wait 7.76% 
bathroom sink 1.46% 
kitchen 6.33% 
Total 100.0% 

 

The results of the water sampling program provided direct water quality measurements in 
terms of E. coli concentration for washing machine wash water, washing machine rinse 
water and shower drain/bath water. Estimates of greywater quality were then calculated for 
likely combinations of different greywater types as indicated by the survey results. Two 
mixtures were defined: 

Combined laundry represents mixed washing machine wash and rinse water. It was 
assumed that wash and rinse cycles have similar water volumes and therefore the mean of 
the wash and rinse water quality distributions were used. This quality would be typical for 
households which used greywater from the whole washing machine cycle and did not use 
greywater from other sources.  

Combined greywater represents average greywater as estimated from the overall pattern of 
use for households reporting use of greywater on home produce consumed without cooking. 
To estimate the quality of this mixture, the following assumptions were made about water 
types not measured in the greywater sampling program:  

- laundry sink wash water similar quality to washing machine wash,  

- laundry sink rinse similar quality to washing machine rinse, bathroom sink similar quality 
to shower drain/bath; and 

- shower wait water and kitchen water similar to clean tap water (while kitchen water may 
contain high numbers of E. coli bacteria and bacterial pathogens there are no human 
faecal inputs for this greywater source and hence no human viral inputs).  

The average water quality of this mixture is therefore determined as follows: 45.41% laundry 
wash, 13.55% laundry rinse, 26.95% bathroom, 14.09% clean tap water (assume 0 
norovirus/mL). 
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The E. coli concentrations and estimated norovirus concentrations for the different mixtures 
of greywater are shown in Table 9.2. These were generated as described in Section 5.6.1 
using a ratio of 1 norovirus particle per 105E. coli in greywater. 
Table 9.2:E. coli and estimated norovirus concentrations in greywater sources and mixtures. 
Goodness-of-fit statistics for distributions fit to log10 norovirus estimates. 

Water source or 
mixture 

n E. coli (CFU/mL)a 
mean (stdev) 

Norovirus 
Estimate  
(log10/mL) 

mean (stdev) 

Chi-
squared 

goodness-
of-fit 

statistic 

Norovirus Estimate  
(number/mL) 
mean (stdev)b 

Washing machine – 
wash 

75 1.108x103 

(9.467x103) 
-5.941 (1.607) 73 8.560 x10-4 

(4.230x10-2) 
Washing machine – 
rinse 

74 3.427x101 

(2.788x102) 
-6.262 (1.315) 164 5.116 x10-5 

(1.460x10-3) 
Bathroom 36 1.708x101 

(4.462x101) 
-5.032 (1.325) 5.6 9.370 x10-4 

(2.790x10-2) 
Combined laundry     4.540 x10-4 

(2.120 x10-2) 
Combined greywater     6.530 x10-4 

(2.140 x10-2) 
aNote that all zero E. coli counts (i.e. < detection limit) were represented as 0.5 CFU/100 mL (half detection limit) 
in all calculations.  
bmean and standard deviation values estimated from 100,000 iterations of the model. Data presented for 
comparison purposes only as discrete values were not used in the model. 

9.2 Estimation of infection and illness rates and burden of disease 
The estimated norovirus concentrations in the different greywater sources and mixtures were 
used as inputs for the QMRA model in order to estimate the annual probability of infection 
and illness and the annual burden of disease potentially related to greywater exposure. The 
model input parameters are described in Appendix 19. Estimates were made for the 
subgroup of households using greywater to irrigate lettuce that was consumed without 
cooking, and for the larger Melbourne population taking into account the proportion of 
households using greywater for vegetable garden watering and the likely proportion growing 
lettuce. The results have been evaluated using the 95th percentile values as recommended 
by the Australian Guidelines for Water Recycling(Robins-Browne et al., 2004). 

The main findings of the QMRA modelling were as follows: 
- the annual burden of disease for the average Melbourne population did not exceed the 

tolerable additional burden of disease of 10-6DALYs(1 microDALY) per person per year 
for any of the scenarios considered. Even under worst case assumptions (5.07% of the 
Melbourne population consuming home grown lettuce irrigated with untreated greywater 
for 9 months of the year with no withholding period and no washing, and using the high 
DALY per case value for norovirus) the health burden was two orders of magnitude 
(approximately 100-fold) below the additional tolerable burden of disease limit.  

- when risks were evaluated solely for the small percentage of the population using 
greywater to irrigate lettuce, the threshold was exceeded for all water types, except for 
washing machine rinse water, when the maximum disease burden (DALYs per case) for 
norovirus was used in modelling together with assumptions of no withholding period and 
no washing of lettuce. The threshold was never exceeded when the minimum disease 
burden (DALYs per case) for norovirus was used to calculate annual burden of disease. 

- among those using greywater for irrigating lettuce, a one-day withholding period was 
sufficient to reduce the annual burden of disease below the threshold level for all 
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scenarios and reduced the annual disease burden by 83–88%. When the prevalence of 
vegetable washing was accounted for, the threshold was exceeded only for washing 
machine wash water when irrigation was assumed to occur for 9 months per year. 
Extending the irrigation period from 6 to 9 months nearly doubled the annual disease 
burden, while accounting for the prevalence of vegetable washing behaviours reduced 
annual disease burden by 78–84%. 

The annual disease burden estimates for Melbourne in 2007 (highest prevalence of 
greywater use) were nearly 3 times those for 2010 (moderate prevalence of greywater use). 
The annual disease burden for the exposed population was nearly 2 orders of magnitude 
greater than that for the Melbourne population in 2007, and 2 to 3 orders of magnitude 
greater in 2010.  

The outcomes of the QMRA analysis for the Melbourne population are presented in more 
detail in Table 9.3. Included are estimates of the maximum annual number (95th percentile) 
of additional cases of norovirus illness in Melbourne which might be attributable to irrigation 
of home grown lettuce with greywater. The highest number of cases estimated for a year 
with high greywater use (2007), using laundry wash water for lettuce irrigation, no 
withholding period between irrigation and consumption, and no washing of lettuce was 16.1 
cases. This figure needs to be placed in context with the occurrence of approximately 3.75 
million cases of gastrointestinal illnessin Melbourne each year, based on a population size of 
4.08 million (ABS, 2010a) and anillness rate of 0.92 cases per person per year determined 
from a national survey(Hall et al., 2006). A study of community gastrointestinal illnessin 
Melbourne found that 10.7% of cases were attributable to norovirus (Sinclair et al., 2005b), 
and this is consistent with other estimates that norovirus is responsible for around 10 to 15% 
of gastroenteritis cases in developed countries. Using a figure of 10.7% we would estimate 
that about 401,000 cases of norovirus occur annually in Melbourne.   

Sensitivity Analysis Sensitivity analyses were conducted and results were very similar 
across all scenarios. Figure 9.1 illustrates typical results. In all scenarios, variation in the 
virus concentration of the greywater had the most significant influence on the variation in the 
estimates of daily probability of infection and illness. The influence of variation in the 
estimates of the volume of water retained on lettuce, the rate of lettuce consumption and k 
(decay coefficient) was marginal. 

 
 

Figure 9.1 Tornado graph showing typical Spearman rank order correlation coefficients for 
variable input parameters.This example shows correlation coefficients for annual probability 
of infection (pinf), for the average Melbourne population (2010), from irrigation of lettuce with 
washing machine wash water, assuming no washing of vegetables and consumption 1 day 
after irrigation. 
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Table 9.3:Annual probability of norovirus infection and illness and DALYs/year for the Melbourne population, assuming 9 months of greywater 
irrigation per year. 

 
 Laundry wash  Laundry rinse  Laundry combined  Bathroom  Combined greywater 
Withholdingper
iod 

0 days 1 days  0 days 1 days  0 days 1 days  0 days 1 days  0 days 1 days 

2007 scenario               
Annual Probability of Infection (per person per year) - 95th percentile 
w1a 10-2 10-2  10-3 10-4  10-2 10-3  10-2 10-2  10-2 10-3 
w2 10-2 10-3  10-4 10-4  10-3 10-3  10-2 10-3  10-3 10-3 
               
Annual Probability of Illness (per person per year) - 95th percentile 

w1 10-6 10-7  10-9 10-9  10-6 10-7  10-6 10-7  10-6 10-7 
casesb 16.1 1.9  0.0 0.0  4.2 0.5  9.7 1.2  5.8 0.7 

w2 10-7 10-8  10-9 10-10  10-7 10-8  10-7 10-8  10-7 10-8 
cases 2.6 0.3  0.0 0.0  0.7 0.1  1.5 0.2  0.9 0.1 

               
DALYs (per person per year)c - minimum,maximum 

w1 10-10, 10-8 10-11, 10-9  10-13, 10-11 10-13, 10-12  10-10, 10-9 10-11, 10-10  10-10, 10-8 10-11, 10-9  10-10, 10-9 10-11, 10-9 
w2 10-11, 10-9 10-12, 10-10  10-13, 10-12 10-14, 10-12  10-11, 10-9 10-12, 10-10  10-11, 10-9 10-12, 10-10  10-11, 10-9 10-12, 10-10 

 
 
Table continued on next page. 
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Table 9.3:Annual probability of norovirus infection and illness and DALYs/year for the Melbourne population, assuming 9 months of greywater 
irrigation per year. (continued) 

 
 Laundry wash  Laundry rinse  Laundry combined  Bathroom  Combined greywater 
Withholdingper
iod 

0 days 1 days  0 days 1 days  0 days 1 days  0 days 1 days  0 days 1 days 

2010 scenario               
Annual Probability of Infection (per person per year) - 95th percentile 

w1 10-2 10-3  10-3 10-4  10-2 10-3  10-2 10-3  10-2 10-3 
w2 10-3 10-3  10-4 10-4  10-3 10-3  10-3 10-3  10-3 10-3 

               
Annual Probability of Illness (per person per year) - 95th percentile 

w1 10-6 10-7  10-9 10-10  10-7 10-8  10-7 10-7  10-7 10-8 
cases 5.6 0.7  0.0 0.0  1.4 0.2  3.4 0.4  2.0 0.2 

w2 10-7 10-8  10-10 10-11  10-8 10-9  10-7 10-8  10-8 10-8 
cases 0.9 0.1  0.0 0.0  0.2 0.0  0.5 0.1  0.3 0.0 

               
DALYs (per person per year) - minimum,maximum 

w1 10-10, 10-9 10-11, 10-9  10-13, 10-11 10-14, 10-12  10-11, 10-9 10-12, 10-10  10-11, 10-9 10-11, 10-10  10-11, 10-9 10-12, 10-10 
w2 10-11, 10-9 10-12, 10-10  10-14, 10-12 10-15, 10-13  10-12, 10-10 10-13, 10-11  10-11, 10-10 10-12, 10-10  10-12, 10-10 10-12, 10-11 

 
NOTE: Results for a 2 day withholding period are not shown. 
a w1 = assumes no washing of produce; w2 = accounts for the rate of vegetable washing in average Melbourne population. 
b additional cases of norovirus illness per year for Melbourne (using the 95th percentile probability of illness). These estimates are based on the Melbourne population as at 
December 2010 (4.08 million) (ABS, 2010a).  
c DALYs calculated using 95th percentile values of annual probability of illness/person/year and min, max values for DALYs/case. 



 70

10. RISK MANAGEMENT 

Description of Risk (and 
reference to applicable 
milestone) 

Potential Impact on 
Project (Description) 

Mitigation Strategy 

Lower than expected 
response to surveys 
(CATI; postal and web-
based) 
 
Milestone 3 

This could lead to 
unexpected additional 
costs associated with 
the need for a second 
mail-out so that target 
numbers of surveys are 
completed.  
A low response rate 
could result in 
misleading assumptions 
about the prevalence of 
greywater use and 
specific uses. 

Estimated response rates for original study 
design were somewhat conservative and 
based on prior studies. The study design was 
modified in response to relaxation of water 
restrictions, wet weather and new ABS data 
showing a decline in greywater use. 
The time frame was expanded to cover 
greywater use in the last 5 years, generic 
contact methods were added and numbers for 
personalized approaches increased to 
counteract these factors. 

Non-representative 
household sample 
surveyed 
 
Milestone 5 

This could lead to an 
inability to extrapolate 
findings to Melbourne 
households more 
generally 

This was avoided through good project design. 
Letters were sent to randomly selected 
households from a database which included 
70% of all households; hence selection bias 
was reduced. An incentive (prize draw) was 
offered for responding to the survey. 
Nevertheless, participation in the study 
required the ability to speak or read English in 
order to answer the survey. 

Lower than expected 
uptake of households to 
take part in cross-
sectional water quality 
survey and health diary 
 
Milestone 4 

This could lead to 
insufficient data and 
variety in participating 
household types to 
enable the association 
between greywater 
types and sample 
demographics to be 
explored.  

Estimated response rates for original study 
design were somewhat conservative and 
based on prior studies and ABS data.  
Changes were made as detailed above to 
ensure a sufficient number of greywater using 
households responded to the survey, therefore 
enabling recruitment of the desired number of 
households for this phase. 

Water quality cross 
sectional survey (100 
house-holds) is not co-
incident with period 
when greywater usage 
is greatest 
 
Milestone 4 

This could lead to 
insufficient numbers of 
households participating 
in cross-sectional survey 
and a misrepresentation 
of greywater quality 

The project schedule is designed so that the 
water quality survey was conducted in 
Feb/March when household greywater usage 
was expected to be at its peak.  

Problems associated 
with sample collection, 
preservation and 
analysis for designated 
pathogens 
 
Milestone 4 

This could potentially 
lead to loss of data and 
a misrepresentation of 
greywater quality 

Careful planning of the water sampling 
program, provision of written and verbal 
instructions to householders and close liaison 
with the testing laboratory ensured smooth 
execution of the water sampling program. 
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Project budgeted 
amount will be 
exceeded 
 
Milestone 5 

Project will exceed 
budget amount 
potentially leading to a 
reduction in number of 
analyses performed 
and/or inability to 
undertake some of the 
project components 

The experienced research team was able to 
implement the required changes to the study 
design within the project budget.  

Significant reduction in 
household greywater 
use due to changes in 
water restrictions and 
weather 
 
Milestone 3 

Data will not reflect 
greywater use under 
more stringent water 
restrictions and this will 
limit  interpretation of 
data 

The survey was modified to assess greywater 
use during most recent of last 5 years (summer 
2006/2007 to summer 2010/2011) and the 
reason for changes.  
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11. DISCUSSION 

This project has yielded detailed information on the greywater use practices of over 1,000 
Melbourne households, produced a robust dataset of microbial quality for three commonly 
used greywater types, and provided health risk estimates for consumption of home-grown 
produce irrigated with untreated greywater. The main findings of the study are: 

- most households that use greywater employ simple collection systems and do not store 
greywater before use 

- very few households employ treatment methods that are capable of reducing levels of 
microbial contamination 

- garden watering is the predominant use of greywater and some households use 
greywater to irrigate home produce that is eaten without cooking 

- water from the laundry is most frequently used, followed by water from the bathroom 

- volume estimates suggest that householders do not collect all available greywater  

- the levels of faecal contamination of greywater are highly variable and there was no 
consistent relationship between water quality and household demographics or greywater 
source 

- common gastrointestinal pathogens (pathogenic E. coli and norovirus) were 
demonstrated to be sometimes present in household greywater 

- health risks attributable to consumption of homegrown lettuce irrigated with greywater 
are very low but may sometimes exceed health targets set for recycled water.  

Particular points of interest and unexpected findings are discussed further below.  

11.1 Greywater survey 

11.1.1 Representativeness of the survey population 
As for any voluntary survey, the respondents to the greywater survey are expected to 
contain an over-representation of those who are interested in the topic and therefore feel 
motivated to respond. Both users and non-users of greywater were eligible to respond to the 
survey; but it is probable that non-users felt less motivated to do so. The majority of 
greywater users who responded to the survey had last used greywater in 2011 (55.3% of 
users) or 2010 (27.5% of users). This was also to be expected, as those who had used 
greywater further in the past but then ceased to use it probably had less interest in 
responding to a survey on this topic. 

Response rates from the different modes of contact varied, with the telephone survey 
producing the highest response rate (30.2%), followed by the personalised postal survey 
(10.5%). This variation most likely reflects the level of motivation required to respond to each 
mode of contact. For telephone interviews the contact was initiated by the researcher and 
thus less motivation was needed by the respondent in comparison to postal or internet 
surveys. The prevalence of greywater use also varied between the different modes of 
contact, with a lower rate of greywater use being seen for telephone respondents (46.9%) 
compared to postal (69.2%) or internet (76.4%) respondents. Again, this probably is a result 
of differing levels of motivation. Non-users were more willing to answer a brief questionnaire 
when contacted by telephone, than to take the necessary action to answer the same 
questionnaire in postal or internet format.  

The demographic characteristics of greywater users responding to the survey were 
consistent with previous ABS research which has shown that household greywater use is 
strongly associated with the presence of a garden and with home ownership. Respondents 
to the survey spanned a range of socioeconomic levels as judged by the SEIFA Postal Area 
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Index of Relative Socioeconomic Advantage and Disadvantage, and there was no clear 
trend in response rates relative to socioeconomic status. Respondents were required to 
have a good command of spoken or written English as the survey was conducted only in this 
language. The effect of this restriction can be estimated from the telephone survey, where 
10.7% of households contacted could not be interviewed because of language difficulties. 

Nevertheless, in terms of household characteristics and greywater use behaviour, the survey 
respondents are believed to be largely representative of Melbourne households which have 
used greywater in recent years. The large number of participants (1095 greywater using 
households among 1621 total respondents) was well above the target figure of 600 
households.  

11.1.2 Types of greywater systems used 
The majority of greywater-using households used simple systems such as buckets and 
hoses to collect and distribute greywater. Do-it-yourself plumbing arrangements were used 
by around one-quarter of households which combined greywater from different rooms before 
use, and only 5% of these households had commercial greywater treatment systems. 

11.1.3 Purposes for which greywater is used 
Garden watering was by far the most common use of greywater by households, followed by 
watering of pot plants and vegetables. This is not surprising given that mandatory water 
restrictions on households relate to outdoor water uses, and garden watering is a major 
component of outdoor tap water use when water restrictions are not in force. 

11.1.4 Changes in greywater use over time 

The survey covered greywater use during the period 2007 to 2011. Metropolitan Melbourne 
was under Stage 3 water restrictions from 1 January to 31 March 2007. The level of 
restriction was then raised to stage 3A on 1 April 2007 and remained at that level until 1 April 
2010 when restrictions were reduced to Stage 3. Restrictions were relaxed to Stage 2 on 1 
September 2010. The period from October 2010 to February 2011 was characterised by 
above average rainfall which greatly reduced the need for garden watering. In addition to 
water restrictions, government rebates were offered for installation of rainwater tanks and 
purchase of water saving devices (e.g. low flow showerheads), and a public education 
campaign (Target 155) to reduce household water use to 155 litres per person per day 
operated from November 2008 to February 2011.  

It was therefore expected that household greywater use in 2011 would be considerably lower 
than in 2010, both in terms of the number of households using greywater and the volumes of 
greywater being collected by those who continued to use it. The survey did show that of the 
865 households which reported using greywater in 2010, only 567 (65.5%) continued to use 
it in 2011. Contrary to expectations, householder estimates of the volume of greywater 
collected by those who last used it in 2011 were higher than volume estimates by those who 
last used it in 2010, and these were in turn higher than estimates by those who had last used 
greywater in 2009. Survey results also showed no indication of fewer greywater sources 
being used in 2011 compared to 2010 or 2009. The reason for these anomalies is unclear. It 
may be that recall bias causes water volumes from past years to be underestimated 
compared to current estimates that are based on recent experience. Another possibility is 
that users were reporting their practices during “peak use” (driest year) rather than the most 
recent year of use as requested by the survey. 

A third possible explanation for the unexpected pattern of yearly volume estimates is that 
those who continued to use greywater in 2011 were more “dedicated” users who 
havedeveloped a high level of commitment to water conservation regardless of the level of 
water restrictions. It is likely that among households that have ever used greywater, there is 
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a range in the strength of motivation and the efforts that are made to collect greywater.If 
those who are less motivated also collect smaller volumes and discontinue greywater 
collection more readily whenrainfall occurs or water restrictions are relaxed, then this may 
explain the anomalous volume estimates for different years of last use. 

ABS telephone surveys conducted in March 2007 and March 2010 showed a decline in the 
proportion of Melbourne households using greywater over the intervening period (see page 
9), but did not record data on the volumes used by householders. These surveys also 
showed a large increase in the proportion of households with a rainwater tank, consistent 
with our data on reasons why people stopped using greywater. However, ABS figures 
cannot be directly compared to the results of this study as ABS surveys are designed to 
collect representative data for the entire population while we deliberately targeted an area 
with a high likelihood of greywater use. In addition, the status of the ABS ensures almost 
100% compliance with surveys among those contacted, while our survey was voluntary and 
therefore had a lower response rate (although greywater users were probably more 
motivated to respond than non-users).  

11.1.5 Volume of greywater collected by households 
On the basis of 2011 estimates, greywater using households collected 14.9 litres per person 
per day, or 41.1 litres per household per day, averaged over the whole year. This would 
equate to collection of about 15,000 litres of greywater per household per year among those 
who collect greywater. Average household tap water use in Melbourne for the 2010/2011 
financial year was 140 litres per person per day(2011),therefore it appears that greywater-
using households on average are collecting and reusing about 10% of their total water use. 

Householder estimates of the volume of greywater collected from individual sources were 
two to three-fold lower than published values for average tap water use for the 
corresponding sources. This may indicate that householders do not always collect water 
from the nominated source, but collect greywater only on some occasions but not others. 
The survey questionnaire did not ask how frequently greywater from each source was 
collected or what fraction of the water was collected, instead asking householders to 
estimate the average volume collected each week.  

Another possible reason for discrepancies in volume estimates compared to published 
estimates is the change in water efficiency in household appliances in recent years. New 
appliances such as washing machines and dishwashers now have much lower water use 
than models purchased several years ago, and over 70% of Melbourne households now 
have water efficient showerheads. These changes have reduced the average volume of tap 
water used by households, and consequently reduced the volume of greywater available to 
be collected. Therefore estimates of tap water use (and potential greywater collection) for 
individual household sources derived some years ago may no longer be valid due to the 
gradual replacement of older appliances and fixtures with more water-efficient models.  

11.2 Greywater quality 

11.2.1 Scope of the greywater sampling program 
The water sampling program in this study was tailored to provide information necessary to 
model the health risk associated with household greywater use according to behaviours of 
Melbourne households. The initial aim was to obtain greywater quality data from some 100 
households, but the water quality monitoring program was subsequently modified so that a 
total of 185 samples were obtained from 93 households; comprising 75 washing machine 
wash water, 74 washing machine rinse water and 36 bathroom greywater samples. Sample 
types analysed corresponded to the greywater types most commonly used by Melbourne 
households. Samples were collected, refrigerated and analysed within 24 hours, thereby 
minimising any growth of bacterial indicator organisms that may occur in greywater samples. 
Analysis of ‘fresh’ (less than 24hrs old) greywater samples, as performed in this study, best 
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represents the quality of greywater as used by Melbourne households as the majority of 
Melbourne households use greywater immediately or within 24 hours of its collection.  

As part of this study field information was collected at the same time that greywater samples 
were taken, distinguishing this data from data in the existing scientific literature. Information 
provided by households collecting washing machine greywater samples included washing 
machine operational settings (water level and wash temperature) and load (clothing) type. 
Information was also later collected about washing product type (powder/liquid/sanitiser) 
used in the washing machine load from which water samples were collected. While there 
were no detectable statistical relationships between washing machine load type, water level, 
water temperature, washing products and levels of indicator E. coli in greywater, this 
information provides useful data for use in health risk modelling and provides a ‘context’ to 
greywater indicator E. coli counts. For example, only 1% of households reported using a hot 
water wash, indicating that thermal inactivation of micro-organisms during the washing 
machine wash can be generally discounted given the predominant use of cold (47%) or 
warm (47%) water temperature settings by Melbourne households. In addition, information 
about the proportion of washing machine loads containing underwear or prevalence of 
biocide laundry product use provided a ‘context’ to greywater indicator E. coli counts 
obtained for greywater from the washing machine.  

Information provided by households collecting bathroom samples included the number and 
ages of persons generating the greywater. While there were no detectable statistically 
significant relationships between levels of indicator bacteria in greywater and the age of the 
persons generating the greywater, information provided showed that persons that have a 
bath were more likely to be under 10 years of age (21/25 individuals) than older (4/25 
individuals). Such information is valuable for modelling the relative risk of use of greywater 
produced by different population groups.  

11.2.2 Microbiological quality of greywater derived from different household 
sources 
Indicator E. coli results for this study, in accord with results reported in the literature, showed 
that greywater emanating from the bathroom and laundry can be significant sources of 
faecal coliforms (of which E. coli is a member). In addition, faecal indicator counts obtained 
in this study are consistent with the observation that faecal indicator summary data for 
greywater are often characterised by large count ranges and/or where reported, standard 
deviations equal to or greater than arithmetic means (Rose et al., 1991, Friedler, 2004, 
Jefferson et al., 2004, Christova-Boal et al., 1996, Witt et al., 1975).  

When median results are assumed to best summarise greywater quality, results from this 
study indicate that greywater from the bathroom has a higher faecal loading than does 
greywater from the washing machine. This conclusion is consistent with findings  derived by 
other investigators (Rose et al., 1991, Environmental Protection Agency, 1978, Christova-
Boal et al., 1996, Siegrist, 1977, Friedler, 2004), but not universally (Witt et al., 1975, 
Surendran and Wheatley, 1998). The lack of consistency in the observed relationship 
between faecal indicator bacteria loading of bathroom versus laundry greywater in the 
literature is not surprising, and can be attributed to differences between studies, 
encompassing factors such as: low sample numbers, high variability in indicator bacteria 
counts, the variety of summary statistics used to derive conclusions, the method of analysis 
employed for faecal coliform enumeration (including whether faecal/thermotolerant coliforms 
versus E. coli are enumerated) and/or (potential) differences in the length of time and 
storage conditions of individual greywater types prior to sample collection.  

Despite analysis of a higher number of samples in this study than in previously reported 
studies, the large variability in water quality measurements means that choice of a different 
summary statistic can lead to different conclusions regarding ranking of faecal contamination 
levels in different greywater sources. If average (mean) values for E. coli levels obtained in 
this study are assumed to best summarise greywater quality, the derived conclusion is that 
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washing machine wash water has a higher faecal loading than does greywater sourced from 
the bathroom.  

In this study analysis of separate samples of washing machine wash and rinse water was 
undertaken. Results showed that the mean number of E. coli was higher for washing 
machine wash water (110,800 per 100mL) compared with washing machine rinse (3,400 per 
100mL) water (median results were 2 and 1 per 100mL respectively) leading to an 
observation that relative numbers of E. coli bacteria are higher in wash, as compared with 
rinse, water. This observation is consistent with findings reported by other investigators 
irrespective of the summary measure(s) that they used to define washing machine wash and 
rinse water microbial quality (in all cases sample numbers were less than those for this 
study) (Witt et al., 1975, Siegrist, 1977, Rose et al., 1991, Friedler, 2004).  

11.2.3 Microbial quality of greywater produced by different household groups 
(children versus no children) 
In addition to characterising the microbial quality of different household greywater sources, 
this study aimed to characterise greywater quality produced by different household groups. 
As this study was a volunteer study where households in the first instance, self-selected their 
participation in the water quality monitoring program, participant households were unable to 
be equally allocated to household groups with and without children. It was also not possible 
to achieve an equal distribution of households with children between washing machine water 
samples and bathroom water samples because of the higher use of baths by young children 
compared to older children and adults. Available Melbourne data for bath use show that use 
by adults is minimal and average use is 0.2 baths per week with 84% of households having 
no adult use of the bath at all. In contrast, average bath use for children under 12 years old 
is 2 baths per week (Roberts, 2004). Opportunities to collect shower drain water were very 
limited. Several households who had indicated use of this greywater type in the survey were 
contacted to arrange sample collection but most said they had removed temporary plumbing 
arrangements for collecting greywater due to recent rainfall, and were therefore unable to 
collect such samples. 

The difference in proportions of households with children collecting washing machine (37%) 
and bathroom (73%) greywater samples, leads to questioning as to whether observed 
differences in E. coli levels in washing machine and bathroom greywater are attributable to 
the presence of children in the household in addition to the greywater source (i.e. bath 
versus washing machine). The relationship between greywater microbial quality and the 
presence of children in the household has been investigated in prior studies comparing two 
households (Casanova et al., 2001) or six households (Rose et al., 1991). Both found that 
faecal coliform levels were higher in households with children. In this study differences in 
greywater quality were not observed according to whether a household had children. 
Analysis of results showed that detection of E. coli in each of washing machine wash, 
washing machine rinse and bathroom greywater was not significantly more likely in 
households with children compared to those without children. Results did show that the 
proportion of samples where E. coli were detected was significantly higher in bathwater 
compared with either washing machine wash or rinse water (all p<0.05) regardless of 
whether children were present in the household. This latter result indicates that bathroom 
greywater is more likely than washing machine greywater to contain faecal indicator bacteria 
independent of the presence of children in the household. 

11.2.4 Pathogen occurrence (pathogenic E. coli and noroviruses) in greywater 
Assuming that pathogen methods are sensitive enough, a precondition of detection of 
pathogens in greywater is that a member of the population producing the greywater is 
shedding pathogens. Where greywater is produced by a large population it is not surprising 
that pathogens may be detected even when relatively few samples are analysed. This was 
demonstrated by Birks and co-workers in the analysis of washbasin greywater from the 
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Millennium dome in London (Birks et al., 2004), where 2 of 3 samples analysed for Giardia 
and Cryptosporidium were positive. Nonetheless this does not mean that even in such 
circumstances pathogens may be readily detected. This is because sampling must be 
coincident with the production of greywater generated by persons shedding pathogens. Also, 
pathogen detection is more likely when greywater is freshly produced as pathogen numbers 
can decline after extended storage periods. These aspects were specifically commented 
upon by Birks and Hills who noted the difficulty in deciding times to target pathogen analysis. 
They identified barriers to both the analysis for, and the detection of, pathogens in greywater 
as follows: the expense of a pathogen monitoring program, identifying the most likely time to 
isolate pathogens, analysis of an ‘unusual’ water source and estimating when the greywater 
will be ‘fresh’ or ‘stagnant’ (Birks and Hills, 2007).  

The same dilemmas were encountered in the design of the pathogen monitoring program in 
this study. The first consideration was selection of the gastrointestinal pathogens to be 
sought in greywater. The pathogens selected were norovirus and pathogenic E. coli. Their 
selection was based on these pathogens being those most frequently detected in an earlier 
study of Melbourne households made up of family units with at least two children aged 15 
years or younger (Sinclair et al., 2005a).  

All samples of washing machine wash water and bathroom greywater where total coliforms 
were detected (yellow wells in Colilert® tray) were tested for pathogenic E. coli. The 
rationale for testing of washing machine wash water only, rather than wash and rinse water, 
was the additional cost of the analysis and that wash and rinse samples were paired 
samples obtained from the same washing machine load. Unsurprisingly, as the starting point 
of the method for detection of pathogenic E. coli was the prior detection of indicator coliform 
bacteria including E. coli, the detection of pathogenic E. coli was associated with the 
presence of indicator E. coli in the greywater. Of the washing machine wash and bathroom 
water samples with positive detections of pathogenic E. coli, 5 out of 7 (71%) washing 
machine and 1 out of 7 (14%) bathroom samples recorded corresponding E. coli indicator 
counts greater than 1000 per 100mL.  

Selection of a subset of 40 samples for norovirus monitoring was based on several criteria 
including high levels of indicator E. coli, occurrence of diarrhoea or vomiting symptoms prior 
to greywater sample collection and detection of confirmed pathogenic E. coli. None of the 
subset of samples selected for analysis contained norovirus genogroup GI and one sample 
out of 40 (2.5%) contained norovirus genogroup GII. The positive norovirus GII detection 
was from household (ID 167), a household where two persons (ages 48 and 39) reported 
diarrhoeal symptoms, although the greywater sample (washing machine wash water) 
contained only 1 indicator E. coli per 100mL. Norovirus genogroup GII is the most prevalent 
norovirus world-wide in faecal and environmental samples. A previous study of 
gastroenteritis in Melbourne households found that norovirus genogroup GII was present in 
84% of norovirus-positive faecal specimens (Marshall et al., 2003). 
The presence of norovirus and pathogenic E. coli in greywater in households where 
individuals reported gastrointestinal symptoms in no way implies that exposure to greywater 
by household members was the cause of reported symptoms. There are many potential 
household exposures that may result in gastrointestinal illness – exposure to greywater is 
one potential route of disease transmission at the household level but not the main one. 
Other exposures that are more important include: person to person transmission of 
pathogens associated with close contact between householders, foodborne transmission via 
food consumed within or outside the household, contact with household pets and 
recreational exposures (e.g. visit to swimming pools). This study was not designed nor 
statistically powered to detect an association between the reporting of gastrointestinal 
disease by householders and exposure to pathogens via greywater use or other exposure 
routes. Rather, positive isolations of norovirus or pathogenic E. coli in this study highlight 
that i) should householder(s) be excreting pathogens (whether they have current 
gastroenteritis symptoms or not) that these pathogens may be contained in greywater and ii) 
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that the rate of detection of these pathogens in households using greywater is similar to the 
rate of detection of these pathogens in the general community.  
Of note is that of the 11 positive detections of atypical enteropathogenic E. coli, one 
household (ID 112) recorded a positive detection in both washing machine wash water and 
bathroom greywater samples and another household (ID 189) recorded positive detections 
in two bath water samples generated by different household members. These detections 
together with the observation that within individual households where symptoms of 
diarrhoeal disease were reported there were 4 out of 14 households (ID 110, 124, 167, 199) 
where two householders reported diarrhoeal illness underscore that i) commonly two 
household members may be concurrently suffering diarrhoeal symptoms, ii) the same 
pathogen (or potential pathogen) may be excreted by more than one household member in 
the same time frame and, iii) multiple greywater sources from the one household may 
concurrently contain potential pathogens.  

11.2.5 Incremental risks from greywater exposure 
The nature of pathogen exposure in the situation of household greywater use differs from 
that where ‘foreign’ pathogens may be introduced from external sources. For example, 
where households receive recycled water from a centralised treatment scheme any 
pathogens present in the water can be regarded as presenting an additional risk that would 
not be present in the absence of that water source. In the case of household greywater 
collection, pathogens will only be present in greywater if one or more members of the 
household is currently infected with a pathogenic micro-organism. Therefore other members 
of the household will already be subject to pathogen exposure through person-to-person 
contact with the affected individual or via contamination of the household environment by 
vomit or faeces, as well as any exposure that occurs from greywater. 

The degree of infection risk from household contact will depend on the particular pathogen 
and strain involved, the hygiene practices of the individual and the rest of the household, 
and the relationship of the sick person with others in the household (e.g. the primary carer of 
a young child with gastroenteritis is at high risk of infection compared to others in the 
household). The collection and use of greywater at a time when someone in the household 
is ill with infectious gastroenteritis poses an incremental risk on top of this unavoidable 
‘background’ risk which already exists for household members.  

When a person in the household is excreting a pathogen, the level of contamination of 
greywater will vary depending on the pathogen involved, the severity and duration of 
diarrhea or vomiting symptoms, hygiene practices and types of greywater being collected. 
The level of contamination will also depend on whether the householders deliberately modify 
greywater collection practices to avoid obvious highly contaminated sources, For example 
the householder may deliberately not collect bathwater used by a child who is ill, or may 
separately wash clothes that are visibly contaminated with vomit or faeces and discard this 
water. Sanitising agents may also be added to the washing machine load or be used to pre-
soak soiled clothing before laundering. Such changes in behaviour may not completely avoid 
pathogen contamination of collected greywater, but could greatly reduce contamination 
levels. Therefore the additional risk to household members from handling and using 
greywater in these circumstances is likely to be relatively minor in comparison to the existing 
background risk. 

As pathogen transmission between householders may occur via multiple pathways this leads 
to questions about the significance of detection of pathogens on greywater irrigated crops to 
householders where the household members themselves have generated the greywater 
used for irrigation. For those members of the household who are already infected with the 
pathogen, there will be no additional risk if they consume contaminated crops. For those who 
are not infected, the additional risk is present but may be small. These considerations have 
been commented upon in the literature, leading to the contention that the smaller the reuse 
cycle, the lower the pathogen risk. Thus, using greywater from a single household is much 
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safer (because it is microbiologically ‘familiar’) than reusing greywater on a neighbourhood 
scale system (Dixon et al., 1999). For this reason this survey also questioned householders 
whether or not home-grown vegetables were given to others outside the household to eat. A 
total of 338 households (30.9% of 1095) reported giving home-grown produce to friends and 
neighbours. This included 130 households (11.9% of 1095) which used greywater on 
vegetables/fruits/herbs that were consumed without cooking. Households to which such 
home-grown produce is given for eating without cooking, represent an additional group that 
are subject to potential health risks associated with greywater use. In this case there will be 
no existing high ‘background’ risk within the recipient household, and pathogens on 
greywater-irrigated produce can be viewed as an additional source of risk.  

11.2.6 Factors influencing householder choices of greywater sources 
The decision to use greywater at all or to use particular greywater source(s) in preference to 
others for a particular purpose will be dependent upon the householder’s perception of the 
safety and suitability of the water. This study did not specifically address these perceptions 
but some inferences can be drawn from comments made in optional questions in the survey. 
Comments regarding selection or avoidance of greywater sources mainly related to reducing 
levels of chemical contamination from detergents or cleaning chemicals rather than reducing 
potential microbial contamination. 

The ‘counterbalancing’ of microbial health risks with environmental risks associated with 
other pollutants was not addressed in this study as there was no chemical characterisation 
of greywater sources. Others have investigated the relative chemical and microbiological 
impacts of using individual greywater sources. In one study where exclusions of greywater 
sources from the main greywater stream were systematically investigated for their impact on 
overall greywater quality, it was found that exclusion of either the bath or shower streams 
from the main greywater stream resulted in negative effects i.e. concentrations of most 
chemical pollutants were found to be higher when these streams were excluded although 
levels of faecal coliforms were reduced (Friedler, 2004). This finding is of interest as it 
highlights a tension between the preferential use of greywater from the bathroom for garden 
irrigation based on it containing lower concentrations of chemical constituents and excluding 
its use based on higher faecal indicator counts. It is unsurprising that householders might 
preferentially use bath or shower water for garden irrigation based on its appearance (e.g. 
low turbidity, low detergent levels) as compared with laundry wash water. The physico-
chemical properties of greywater therefore also play a role in determining the microbial 
health risk to which greywater users are subjected. 

11.3 Health risk assessment using QMRA 

11.3.1 Greywater irrigators 
Estimated risks for norovirus illness among greywater irrigators were compared to the 
tolerable burden of disease target adopted in the Australian Guidelines for Water Recycling 
(10-6 DALYs per person per year). These guidelines are intended for use in larger scale 
greywater systems where greywater from multiple households is collected and mixed before 
reuse. They were used in this study to provide a threshold level for interpretation of results.  
It was found that the AGWR threshold was exceeded for all water types, except for washing 
machine rinse water, when worst case assumptions were made (using the maximum 
disease burden for norovirus, and assuming daily consumption of greywater-irrigated lettuce 
for 9 months of the year, with no withholding period and no washing of lettuce). The 
threshold was never exceeded when the minimum disease burden (DALYs per case) was 
used to calculate annual burden of disease, or if a one-day withholding period was assumed. 
Normal vegetable washing practices also reduced the risk to below the threshold value for 
most scenarios. 
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11.3.2 Melbourne household population 
QMRA modelling showed that the annual burden of disease for the average Melbourne 
population (including the subgroup of greywater-irrigators) did not exceed the tolerable 
additional burden of disease threshold for any of the scenarios considered. 

While the Australian Guidelines for Water Recycling set health targets in terms of annual 
disease burden, it is instructive to translate these estimates into numbers of cases of illness 
in order to place the risk associated with greywater use in context. The QMRA modelling 
indicated that even under the worst case assumptions, the maximum number of additional 
cases of norovirus illness (symptomatic infections) in Melbourne attributable to greywater 
exposure (through consumption of greywater-irrigated produce) during a year of high use 
would be about 16 cases. This represents a tiny increase on the estimated 401,000 cases of 
this illness which are estimated to currently occur each year in the Melbourne population. 

11.4 Implications for health risks associated with greywater use 
Faecal contamination of greywater could be a potential route for transmission of a range of 
gastrointestinal pathogens, but in this project we have assessed health risks only for one 
pathogen (norovirus). The choice of pathogen was based on the high frequency of 
occurrence in the population, and the availability of the required dose-response information 
to perform quantitative microbial risk assessment. We found that predicted levels of health 
risk were low even among the highly exposed subgroup of greywater users who may 
consume unwashed lettuce recently irrigated with untreated greywater. These findings 
cannot be directly extrapolated to other pathogens due to their variable characteristics. 

Consideration of the context of greywater collection and use within single households 
suggests that risks of pathogen transmission via greywater exposure will be relatively minor 
compared to the ‘background’ risk that already exists from household contact. If the 
characteristics of a pathogen (excreted load, environmental persistence, infectious dose) 
render it more readily transmitted via greywater than norovirus, logic suggests it will also be 
more readily transmitted via other routes of exposure in the household. 

In situations where produce irrigated with greywater is consumed by people outside the 
household that produced it, the incremental risk may be significant. The same consideration 
applies where greywater is derived from multiple households and therefore may contain 
pathogens to which some users have not been exposed. 

11.5 Limitations 
While the dataset generated from this study contained sample numbers equal to, or larger 
than, those for other studies reported in the literature, the large variability in E. coli counts 
within individual greywater types nonetheless made it difficult to compare the microbial 
quality of individual greywater sources (i.e. laundry versus bathroom greywater) using a 
single summary statistical measure.  

To make a comparison of water quality between individual greywater types it was necessary 
to select a summary statistic that best characterised greywater microbial quality. The median 
E. coli count for bathroom greywater (130 per 100mL) was two orders of magnitude higher 
than median counts for washing machine wash and rinse water (medians of 2 and 1 per 
100mL respectively). Using the median values as a summary measure, the ranking of 
microbial water quality from worst to best was: bathroom greywater (worst), washing 
machine wash water and washing machine rinse water. In contrast, mean counts for both 
washing machine wash and rinse water (110,800 and 3400 per 100mL respectively) were 
higher than mean counts for bathroom greywater (1700 per 100mL) giving a ranking from 
worst to best of: washing machine wash water, washing machine rinse water and bathroom 
greywater (best). The discrepancy in the ranking of greywater source microbial quality using 
different summary measures highlights the difficulty in selecting a single summary measure 
and the respective disadvantages associated with the use of mean and median values. The 
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arithmetic mean as a summary statistic is not a ‘robust’ measure as it is influenced 
disproportionately by even low numbers of samples with high (outlier) counts and this is 
compounded when sample numbers are low. Use of the median as a summary measure is 
also problematic if the gap between some numbers is large, while it is small between other 
numbers in the dataset, as this can cause the median to be a very inaccurate way to find the 
middle of a set of values.  

In comparing greywater quality, the median was preferred as the summary statistic, leading 
to the conclusion that commonly greywater from the bathroom has a higher faecal loading 
than does greywater originating from the washing machine. In using a middle value, 
however, it is important that high counts are not neglected even if occurring on rare 
occasions. This is because such counts represent events of significant faecal loading and 
thus are important from a health risk perspective. Clearly, while on most occasions bathroom 
greywater may have a greater propensity to contain faecal matter compared with laundry 
greywater, addition of soiled underwear to a washing machine load may result in ‘spikes’ of 
faecal loading to washing machine greywater, equal to, or in excess of, those present in 
bathroom greywater. The data collected in this study illustrate this – E. coli were not 
detected in 6% of bathroom greywater samples compared with 37% of washing machine 
wash water and 46% of washing machine rinse water samples. Data also show that despite 
the greater frequency of detection of E. coli and higher median E. coli counts in bathroom 
greywater compared with washing machine greywater, the maximum count for washing 
machine wash water was two orders of magnitude higher than for bathroom greywater 
(8,200,000 and 21,000 per 100mL respectively).  

The microbial data collected are robust in that they were obtained from ‘fresh’ greywater 
samples that were analysed within 24 hours of collection. Accordingly, the potential for 
growth of indicator bacteria to occur in stored greywater was minimised and comparison of 
E. coli counts in different greywater sources was not confounded by differential regrowth or 
die-off of bacteria in different source waters. One limitation of these data is that collection of 
washing machine wash and rinse water was not performed in a standard manner by 
households. When interpreting these results it is important to consider the manner in which 
samples were taken. Samples were collected by householders according to sampling 
instructions provided but instructions did not ‘mandate’ the timing of collection of the wash 
water samples relative to the rinse water sample. One reason for this was that this survey 
sought to capture the behaviour of the householder and not to standardise their behaviour. 
Also practically, this was not possible as householders had different machine types with 
different capacities (volume) and operating characteristics (e.g. different duration of wash 
and rinse cycles). As a consequence, householders may have collected samples at any 
point in the wash and rinse cycles (i.e. beginning, middle or end). One possible reason for E. 
coli counts sometimes being higher in rinse water samples compared to wash water (a 
somewhat unexpected outcome based on prior studies but nonetheless occurring on 28% of 
occasions) is that wash water samples were collected at the beginning of the wash cycle 
prior to ‘extraction’ of contaminants from the soiled laundry and thus had low E. coli counts 
relative to rinse water. 

Modelling of health risk using QMRA, as performed in this study, did not use a single 
summary measure to characterise the norovirus content of individual or combined greywater 
sources. Rather, a distribution of E. coli values was used for each greywater source type or 
mixture to estimate norovirus concentrations. Use of a distribution of values has the 
advantage that it captures the inherent variability or randomness in the concentration of 
microbial constituents in greywater. To obtain norovirus estimates an assumption was made 
that the relationship between norovirus and indicator E. coli numbers was 1: 105 (norovirus: 
E. coli). While this ratio has been used by others in health risk modelling, is derived from 
available enteric virus and E. coli data from raw sewage (paired samples) and is defensible 
based on the lack of availability of affordable, reliable, quantitative methods for noroviruses, 
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there areno available data to verify its applicability to greywater. The validity of the use of 
this (or another) ratio is dependent upon the following:  
- a constant relationship between numbers of norovirus and indicator E. coli in faeces – 

but this may not be the case (e.g. asymptomatic versus symptomatic shedding),  

- the survival characteristics of micro-organisms remain the same for all water sources – 
this may not be the case for greywater matrices as they may variously contain inhibitory 
substances that affect microbial survival or nutrients that support bacterial growth. Also, 
even for raw sewage samples, the ratio may not hold depending upon the length of time 
between deposition of faecal matter and sample analysis (i.e. whether raw sewage is 
‘fresh’ or not),  

- that the survival of norovirus and E. coli are equivalent under all conditions – this is 
unlikely as E. coli is able to grow whereas norovirus cannot. Also, if inhibitory substances 
in the greywater result in differential die-off rates of these micro-organisms, the ratio will 
be altered and,  

- the recovery efficiency of the methods to enumerate E. coli and noroviruses must be 
consistent – if the method used to enumerate viruses has variable recovery efficiency 
and/or an inferior recovery efficiency to that of E. coli the ratio will change depending 
upon the method employed for testing and/or as an artifact of variable method 
efficiencies.  

In all QMRA scenarios, variation in the virus concentration of the greywater had the most 
significant influence on the variation in the estimates of daily probability of infection and 
illness. This finding highlights the need for relevant norovirus data and the need for the 
development of affordable, reliable enumeration methods for norovirus, rather than relying 
on the use of an indicator E. coli to norovirus ratio in raw sewage and extension of its use to 
domestic greywater. In the absence of quantitative norovirus data, the use of the E. coli 
norovirus ratio provides an available means to investigate the relative health risk associated 
with household greywater use despite its limitations. QMRA has the advantage that it is a 
transparent process that allows very low levels of health risks to be investigated. Given that 
the rate of gastrointestinal illness in the community is relatively high (close to one episode 
per person per year) it is difficult to distinguish small incremental risks such as those 
associated with household greywater use. In this context, health risk assessment can only 
be realistically performed using modelling approaches. As new and better norovirus data 
become available, health risk estimations can be refined.  
As discussed above, no detectable difference was found in E. coli counts for households 
with and without children and results indicated that source water type, rather than the 
presence of children in the household is the more important determinant of the presence of 
E. coli in greywater. Our results showed that bathroom greywater is more likely than washing 
machine greywater to contain faecal indicator bacteria independent of the presence of 
children in the household. Accordingly, the health risk scenarios that were examined using 
QMRA modelling centred about greywater source type, not household demographics.  
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12. RETURN ON INVESTMENT 

- This project has achieved its goals of gathering detailed information on the greywater 
use practices of Melbourne households, produced a robust dataset on microbial quality 
for three commonly used greywater types and provided health risk estimates for 
consumption of home-grown produce irrigated with untreated greywater.  

- The project has provided information that the gastrointestinal pathogen health risks 
associated with greywater use at the household level are very low. This information is 
important as it highlights from a policy perspective, that on a population basis, household 
greywater use presents a lesser health concern than many other exposure sources for 
gastrointestinal pathogens.  

- Information gained about the awareness of the existence of EPA Victoria guidelines for 
greywater use by 49.1% households and, notwithstanding this knowledge, common 
breaches of this advice by the same households, shows that existing guideline 
messages should be both promoted and reinforced.   

- Estimates of greywater use in this study and other findings provide important information 
that may be utilised for integrated water management scheme design and water demand 
management, as follows: 

▪ not all tap water generated from each room in the house will be reused by 
greywater-using households (in fact, 100% of greywater generated is rarely 
collected); 

▪ greywater utilisation is dependent upon prevailing environmental conditions and 
is taken up by more households when there are restrictions on the use of tap 
water; and 

▪ a significant proportion of households (85.2%) which had used greywater at some 
time during the five year period are planning to continue to use greywater in the 
future. 
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13. CONCLUSIONS 

- The greywater use survey has provided detailed information on greywater use practices 
from a large and representative group of Melbourne households. Such information was 
not previously available in the published literature.   

- The dataset of microbial water quality generated from this study provides useful data for 
use in mathematical models, enabling E. coli counts in individual household greywater 
sources to be described as a distribution of values rather than as a ‘point value’. In 
addition, the data is relevant to Melbourne households reflecting their household 
practices (predominant use of greywater from individual rooms without storage). 

- Water quality monitoring confirmed the high variability in E. coli counts and by inference, 
the high variability in faecal loading of household greywater from individual household 
sources. 

- Based on results of QMRA modelling, the estimated risk of norovirus infection and illness 
was lowest for washing machine rinse water and highest for bathroom and washing 
machine wash water, although the differences in estimated norovirus concentration were 
quite small. The QMRA model predicted that irrigation with washing machine wash water 
carried the highest annual burden of disease across all scenarios, followed closely by 
bathroom water and combined greywater. 

- Overall results of QMRA indicate that household greywater use represents a low health 
risk to householders using greywater for irrigation of crops and when averaged across 
the whole Melbourne population, an even lower risk. Health risks for the greywater 
irrigators subgroup exceeded the tolerable additional burden of disease target of 10-

6DALYs(1 microDALY) per person per year only under worst case assumptions. For the 
average Melbourne population, the target value was not exceeded for any of the 
scenarios examined. 

- Within the greywater irrigators group, simple mitigating factors such as washing of home 
grown produce prior to eating or a withholding period of at least one day between the last 
greywater irrigation event and consumption of produce were sufficient to significantly 
reduce health risks. 

- Consideration of the context of household greywater use suggests that the incremental 
risk from pathogens in collected greywater is minimal compared to the ‘background’ risk 
from normal household contact when a member of the household is infected. Supplying 
home produce to friends and neighbours at such times may expose them to infection 
risks that they would not otherwise encounter. 
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14. RECOMMENDATIONS 

It is recommended that: 
- further efforts should be made to communicate greywater use guidelines to 

householders to reduce the use of greywater on home grown produce that is consumed 
without cooking. While this study has suggested that the health risks associated with this 
practice are low, they nevertheless do exist. Given that greywater use in Melbourne has 
declined recently due to changes in weather conditions, such communication efforts 
would be more appropriately targeted when drought conditions recur in the future. 

- use of greywater at the household level should be considered in integrated water 
management strategies for Melbourne. A substantial fraction of householders have 
shown they are willing to use greywater when circumstances restrict tap water use. 
Factors which affect ease of greywater collection such as accessibility of laundry and 
bathroom drainage pipes should be considered in housing design requirements to 
maximise the potential for greywater use. 

- funding should be directed towards development of reliable and affordable methods for 
detection and enumeration of pathogens in greywater and other water sources. This is 
necessary to advance health risk assessment beyond its current limitations. Methods for 
viral pathogens should be the highest priority due to their role in driving water treatment 
requirements and lack of any suitable surrogate measure of virus removal by natural 
processes and by water treatment and disinfection. 

Further research to characterise the variability of faecal contamination levels in greywater 
using indicator organisms is notrecommended. The results of this study suggest that the 
intrinsic variability of greywater sources is so high that very large numbers of samples would 
be needed to discern the relationships (if they exist) between greywater quality and factors 
such as greywater source and household demographics. There are already sufficient data to 
suggest that relative risks from different greywater sources do not conform to a fixed 
hierarchy, but vary from one set of circumstances to another. 
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17. APPENDICES 

 

Appendix 1 Explanatory statement (pamphlet) 
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Appendix 2 Introductory letter for postal survey 
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Appendix 3 Introductory letter for telephone survey 
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Appendix 4 Introductory postcard for internet survey 
 

 
 

 
 
The postcard was 225 x 115 mm in size. Each postcard was overprinted with a unique PIN code which had 
to be entered into the survey website to commence the survey. PIN codes could be used only once. 

Personalised postcards had the name and address of the recipient printed in the address section on the front 
and the following statement printed on the back across the bottom of columns 2 and 3:  

‘Your household has been randomly selected to participate in this survey using contact information 
(name and address) from the Infobase Consumer Database which is compiled from multiple public 
domain data sources.’ 

Generic postcards had ‘To the Householder’ printed in the address section and omitted the statement about 
the source of contact information (Infobase Consumer Database) on the back. 
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Appendix 5 Survey Questionnaire 
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Appendix 6 Detection of pathogenic Escherichia coli in samples of 
greywater. 
 
Extraction from Colilert trays and preparation of crude lysate 
After standard Colilert®screening for E. coli and total coliforms, 104 trays containing at least 
one coliform-positive (yellow) well were stored at 4°C for up to one week at the water testing 
laboratory, then transported at 4°C to the specialised testing laboratory in the Department of 
Microbiology and Immunology at the University of Melbourne. Samples were stored there at 
4°C until DNA extraction was performed. 

100 µL from each yellow well were extracted using a sterile 1 mL syringe fitted with a 23 
gauge needle and transferred to a sterile 2 mL Eppendorf tube. Samples from up to 17 
yellow wells were pooled together. Each tube was vortexed and 200 µL was used to 
inoculate 2 mL of MacConkey broth. Broths were incubated overnight at 37ºC, with shaking 
at 180 rpm. A crude DNA lysate from each pool was prepared by centrifuging the overnight 
culture and removing the supernatant without disturbing the pellet. The cells were washed in 
1 mL of phosphate buffered saline and resuspended in 500 µL of nuclease-free sterile 
distilled water. Tubes were boiled for 10 min, chilled on ice and centrifuged for 5 min. The 
resultant supernatant was transferred to a fresh Eppendorf tube and stored at -20ºC until 
required. 

Detection of E. coli virulence genes by multiplex PCR 
PCRs were performed in a 30-µL reaction mixture containing 2 µL of template DNA, 0.3 µM 
of each primer for stx1/2and aaiC, 0.6 µM of each primer for ehxA, aggR, eae and bfpA, and 
1x GoTaq Green Mastermix (Promega). Thermocycling was performed in a GeneAmp PCR 
system 9700 (AB Applied Biosystems) under the following conditions: 95ºC for 5 min, 95ºC 
for 20 sec, 55ºC for 45 sec and 72ºC for 1 min for 30 cycles, with a final 7 min extension at 
72ºC.  Samples were visualised on 2.0% agarose gels after electrophoresis at 120 V for 30 
min with 1X TAE buffer. Details of positive control strains for each of the genetic markers are 
shown in Table 1 below and the sequences of PCR primers are listed in Table 2 (next page). 

Table A6.1: Control E .coli strains used in this study. 

Category Reference strain Target gene(s) 
EPEC E2348/69 intimin, eae 

bundle-forming pili, bfpA 
STEC EH48 EHEC-haemolysin, ehxA 

shiga-toxin 1, stx1 
shiga-toxin 2, stx2 

EAEC O42 plasmid-encoded transcriptional regulator, aggR 
chromosomally-encoded secreted protein, aaiC 

 
DNA purification and sequencing  
Samples positive for E. coli virulence genes on the multiplex PCR test were re-tested in a 
single gene PCR and the product was cleaned using ExoSap-IT® reagent (USB 
Corporation) according to the manufacturer’s instructions. Sequencing of the cleaned 
product was performed using the ABI PRISM Big Dye Terminators v3.1 Cycle Sequencing 
Kit (Applied Biosystems). 

Sequence Analysis 
Reactions were analysed on an Applied Biosystems ABI PRISM 377 DNA sequencer. 
Sequences were edited and assembled into contiguous sequence using the Sequencher 
program (Gene Codes). Searches for nucleotide homology with sequences in the public 
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databases were performed by using the BlastN program available at the National Center for 
Biotechnology Information website (www.ncbi.nlm.nih.gov). 

Table A6.2: Oligonucleotide primers used in this study 

 
 
 

  

Primer 
Name Sequence (5’-3’) Target gene 

Amplicon 
size(bp) 

eae-F GACCCGGCACAAGCATAAGC 
eae 384 eae-R CCACCTGCAGCAACAAGAGG 

bfpA-F GGAAGTCAAATTCATGGGGG 
bfpA 300 

bfpA-R GGAATCAGACGCAGACTGGT 
ehxA-F GCATCATCAAGCGTACGTTCC 

ehxA 534 
ehxA-R AATGAGCCAAGCTGGTTAAGCT 
stx1-F ATAAATCGCCATTCGTTGACTAC 

stx1 180 
stx1-R AGAACGCCCACTGAGATCATC 
stx2-F GGCACTGTCTGAAACTGCTCC 

stx2 255 
STX2-R TCGCCAGTTATCTGACATTCTG 
aggR-F CTAATTGTACAATCGATGTA 

aggR 457 
aggR-R AGAGTCCATCTCTTTGATAAG 
aaiC-F ATTGTCCTCAGGCATTTCAC  

aaiC 
 
215 aaiC-R ACGACACCCCTGATAAACAA 

http://www.ncbi.nlm.nih.gov)
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Appendix 7 Detection of norovirus genogroup I and II in greywater samples. 
 

Sample processing 
Analysis of samples for norovirus Genogroups I and II was performed on 1 ml sub-samples 
of greywater which had been stored frozen at -80˚C. Nucleic acid extraction from a 280µL 
aliquot of the neat sample was performed using a commercially available kit (Qiagen 
QIAamp viral RNA Mini Kit) and the resultant extract was resuspended in a final volume of 
60µL. Following DNase treatment for RNA viruses; testing for norovirus in a 5µL aliquot was 
performed by reverse transcription (RT)-PCR (see Figure A7.1)using published primers 
(Table A7.1). 
Figure A7.1: Process schematic for norovirus Genogroup I and II analyses used in 
this study 

 
Control cultures 
Norovirus Genotype Group I and Group II infectious material was obtained from the National 
Institute for Biological Standards and Controls, (NIBSC) UK. The NIBSC have determined 
that the cycle threshold (Ct) value of the Norovirus GI and GII is approximately 30 using their 
in-house assay. Validation tests resulted in a Ct value of 33 for both viruses and matched 
the targeted amplicon size based on published primers.  

 

Table A7.1 Oligonucleotide primers used in this study 
 
Genogroup Loci Detection 

method 
Primer References 

GI ORF2 RT-PCR COG1F, GISKR  1, 2 
GII ORF1&2 Nested RT-PCR Nv2oF2, Nv2oR2, 

G2F3, G2SKR 
2,3,4 

References: 
1 =Kageyama, T., Kojima, S., Shinohara, M., Uchida, K., Fukushi, S., Hoshino, F.B., Takeda, N., and Katayama, 
K. 2003.  Broadly reactive and highly sensitive assay for Norwalk-Like viruses based on real-time Quantitative 
Reverse Transcription-PCR.  J Clin Microbiol 41(4):1548.1557. 
2 =Kojima, S., Kageyama, T., Fukushi, S., Hoshino, F.B., Shinohara, M., Uchida, K., Natori, K., Takeda, N., and 
Katayama, K. 2002. Genogroup-specific PCR primers for detection of Norwalk-like viruses. J Virol Methods 
100(1-2): 107-14 
3= Bull, R.A. Tu, E.T., McIver, C.J., Rawlinson, W.D., and White, P.A. 2006. Emergence of a new norovirus 
genotype II.4 variant associated with global outbreaks of gastroenteritis. J Clin Microbiol 44(2): 327-33. 
4 = Kobayashi, S., Natori, K., Takeda, N., and Sakae, K. 2004. Immunomagnetic capture RT-PCR for detection 
of norovirus from foods implicated in a foodborne outbreak. Microbiol Immunol 44(8):201-204 
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Appendix 8 Health diary and instructions. 
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Appendix 9 Patterns of use of greywater from different sources (rooms). 
 
(Data from survey questions 3.1, 4.1, 5.1 and 6.1) 
Table A9.1: Percentage of households, by last year of greywater use, for each pattern of greywater 
source  

 
Last year of use 
2009 

Last year of use 
2010 

Last year of use 
2011 

All greywater 
users 

Pattern Number Percent Number Percent Number Percent Number Percent 
L 34 26.0% 90 30.2% 150 24.8% 288 26.3% 
BL 33 25.2% 82 27.5% 131 21.6% 259 23.7% 
B 27 20.6% 53 17.8% 84 13.9% 179 16.3% 
BLK 11 8.4% 23 7.7% 109 18.0% 152 13.9% 
BK 13 9.9% 20 6.7% 62 10.2% 101 9.2% 
LK 10 7.6% 22 7.4% 47 7.8% 79 7.2% 
K 3 2.3% 8 2.7% 23 3.8% 37 3.4% 
Total 131  298  606  1095  

L = laundry, B = bathroom, K = kitchen 
Separate results not shown for households which last used greywater in 2007 (N=16) or 2008 (N=44). 
 
Tables A9.2, 9.3 and 9.4 Breakdown by separate or combined greywater collection 
 
Table A9.2:504 separate users who used greywater only from 1 room 
Number of households  Percentage Bathroom Laundry Kitchen 
288 57.1%  -  +  - 
179 35.5%  +  -  - 
37 7.3%  -  -  + 
     
 
Table A9.3: 389 separate users who used greywater from 2 or 3 rooms 
Number of households  Percentage Bathroom Laundry Kitchen 
175 45.0%  +  +  - 
93 23.9%  +  +  + 
70 18.0%  +  -  + 
51 13.1%  -  +  + 
     
 
Table A9.4:202 combined users who used water from 2 or 3 rooms 
Number of households Percentage Bathroom Laundry Kitchen 
84 41.6%  +  +  - 
59 29.2%  +  +  + 
31 15.3%  -  +  + 
28 13.9%  +  -  + 
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Appendix 10 Collection of specific greywater types from within each room. 
Data compiled from survey questions 3.2, 4.2 and 5.2 for 847 households collecting 
greywater separately from one or more rooms. More than one type could be selected for 
each room. Separate results not shown for households which last used greywater in 2007 
(N=16) or 2008 (N=44). 
 
Table A10.1:Households using greywater from the bathroom 

    
Last year of 
use 2009 

Last year of 
use 2010 

Last year of 
use 2011 All users 

Bath 
Shw- 
drain 

Shw-
wait Sink No. % No. % No. % No. % 

 -  -  +  - 27 40.9% 48 35.3% 104 38.5% 193 38.3% 
 +  -  -  - 13 19.7% 25 18.4% 24 8.9% 64 12.7% 
 -  +  -  - 5 7.6% 14 10.3% 31 11.5% 56 11.1% 
 +  -  +  - 7 10.6% 16 11.8% 25 9.3% 50 9.9% 
 -  +  +  - 5 7.6% 10 7.4% 23 8.5% 39 7.7% 
 -  -  +  + 0 0.0% 6 4.4% 11 4.1% 19 3.8% 
 +  +  -  - 1 1.5% 4 2.9% 11 4.1% 18 3.6% 
 +  +  +  - 1 1.5% 3 2.2% 10 3.7% 15 3.0% 
 +  -  +  + 0 0.0% 1 0.7% 9 3.3% 10 2.0% 
 -  +  +  + 2 3.0% 3 2.2% 4 1.5% 10 2.0% 
 -  -  -  + 2 3.0% 1 0.7% 7 2.6% 10 2.0% 
 -  +  -  + 1 1.5% 1 0.7% 5 1.9% 8 1.6% 
 +  +  +  + 0 0.0% 3 2.2% 3 1.1% 6 1.2% 
 +  +  -  + 1 1.5% 1 0.7% 2 0.7% 4 0.8% 
 +  -  -  + 1 1.5% 0 0.0% 1 0.4% 2 0.4% 
    66  136  270  504  
Shw_drain = water collected from the shower drain outlet. 
Shw_wait = water collected from the showerhead while waiting for hot water to come through. 

 
 
Table A10.2:Households using greywater from the kitchen 

   
Last year of 
use 2009 

Last year of 
use 2010 

Last year of 
use 2011 

Last year of 
use users 

Dish 
washer 

Sink-
all 

Sink-
rinse No. % No. % No. % No. % 

 -  -  + 17 68.0% 36 76.6% 118 71.1% 180 72.0% 
 -  +  - 7 28.0% 10 21.3% 35 21.1% 52 20.8% 
 -  +  + 1 4.0% 1 2.1% 11 6.6% 14 5.6% 
 +  +  + 0 0.0% 0 0.0% 1 0.6% 2 0.8% 
 +  +  - 0 0.0% 0 0.0% 0 0.0% 1 0.4% 
 +  -  - 0 0.0% 0 0.0% 1 0.6% 1 0.4% 
 +  -  + 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
   25  47  166  250  
Sink-all = all water (wash + rinse) from the kitchen sink 
Sink-rinse = only rinse water from the kitchen sink 
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Table A10.3:Households using greywater from the laundry 

    
Last year of 
use 2009 

Last year of 
use 2010 

Last year of 
use 2011 All users 

WM-
all 

WM-
rinse 

Sink-
all 

Sink-
rinse No. % No. % No. % No. % 

 +  -  -  - 32 49.2% 76 44.7% 135 43.5% 256 44.5% 
 -  +  -  - 17 26.2% 55 32.4% 72 23.2% 151 26.3% 
 +  -  +  - 5 7.7% 18 10.6% 35 11.3% 59 10.3% 
 -  +  -  + 2 3.1% 10 5.9% 19 6.1% 35 6.1% 
 -  -  -  + 2 3.1% 5 2.9% 13 4.2% 22 3.8% 
 +  +  -  - 2 3.1% 1 0.6% 15 4.8% 18 3.1% 
 -  -  +  - 0 0.0% 0 0.0% 8 2.6% 11 1.9% 
 +  -  -  + 1 1.5% 3 1.8% 4 1.3% 8 1.4% 
 -  +  +  + 1 1.5% 1 0.6% 2 0.6% 4 0.7% 
 -  +  +  - 2 3.1% 0 0.0% 2 0.6% 4 0.7% 
 +  +  +  + 0 0.0% 0 0.0% 3 1.0% 3 0.5% 
 +  -  +  + 1 1.5% 0 0.0% 1 0.3% 2 0.3% 
 +  +  +  - 0 0.0% 1 0.6% 0 0.0% 1 0.2% 
 -  -  +  + 0 0.0% 0 0.0% 1 0.3% 1 0.2% 
 +  +  -  + 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
    65  170  310  575  
WM-all = all water from the washing machine (wash + rinse cycles). 
WM-rinse = water only from the rinse cycle of the washing machine. 
Sink-all = all water (wash + rinse) from the laundry sink. 
Sink-rinse = only rinse water from the laundry sink. 
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Appendix11 Purposes for which greywater from different sources (rooms) 
was used. 
Data compiled from survey questions 3.4, 4.4, 5.4 and 6.8 for 1095 households using 
greywater (more than one answer could be selected). 

 
Table A11.1:Number of households using greywater for specific purposes 

Source Garden Pot plants Vegetables Toilet flush Other 
Total households  
using source 

Separate users      893 
   Bathroom 424 240 93 101 63 517 
   Laundry 515 186 103 54 106 607 
   Kitchen 195 154 76 21 18 251 
Combined users 188 14 101 0 34 202 

All users 1008 511 279 158 172 1095 

       
Table A11.2:Percentage of households using greywater for specific purposes 

Source 
Garden 
watering Pot plants Vegetables Toilet flush Other  

Separate users       
   Bathroom 82.0% 46.4% 18.0% 19.5% 12.2%  
   Laundry 84.8% 30.6% 17.0% 8.9% 17.5%  
   Kitchen 77.7% 61.4% 30.3% 8.4% 7.2%  
Combined users 93.1% 6.9% 50.0% 0.0% 16.8%  

All users 92.1% 46.7% 25.5% 14.4% 15.7%  

 
Table A11.3:Breakdown of ‘other’ uses 

Use 
Number of 
households 

Percentage 
(of 1095 households) 

Vehicle washing  
(including cars, boats, caravans etc) 28 2.6% 
Indoor and outdoor cleaning  
(e.g. washing paving or driveways, 
mopping floors) 42 3.8% 
Garden watering 13 1.2% 
Lawn watering 56 5.1% 
Laundry 
(e.g. reuse for hand washing/soaking 
or in the washing machine) 28 2.6% 
Miscellaneous uses 17 1.6% 
Total 172 15.7% 
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Appendix 12 Collection time, storage time and storage containers for 
greywater. 
 
Number of months for which greywater was collected  
Data compiled from survey questions 3.3, 4.3 and 5.3 for 847 households who collected 
greywater separately from different rooms (default value=3 months if question not 
answered). Calculations omit 46 households who initially identified themselves as combined 
users but were reclassified as separate users and therefore had no duration data. 
Table A12.1: Average collection time for greywater 

Room 
Number of 
greywater users 

Average collection time 
(months) 

Bathroom 504 8.7 
Laundry 575 8.2 
Kitchen 250 9.3 

 
Storage time for greywater 
Data compiled from survey questions 3.7, 4.7, 5.7 and 6.5 for 1095 households who 
collected greywater (more than one answer could be selected). 
Table A12.2: Storage time for greywater 
Time stored Bathroom Laundry Kitchen Combined 
Used immediately 308  468 191 180 
Less than 24 hours 225 127 90 91 
24 hours or more 63 65 18 37 
Total households 504 575 250 202 

 
 
Type of storage container 
Data compiled from survey question 6.6 for 202 combined greywater users (more than one 
answer could be selected). 
Table A12.3: Storage containers 

Type of container Number of households 
Percentage  
(of 202 households) 

None 43 21.3% 
Buckets/bins 148 73.3% 
Above ground tank 21 10.4% 
Below ground tank 2 1.0% 
Bladder tank 1 0.5% 
Other 14 6.9% 
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Appendix 13 Methods for distributing and for combining greywater. 
 
How greywater was distributed 
Data compiled from survey questions 3.5, 4.5, 5.5 and 6.9 for 1095 households who 
collected greywater (more than one answer could be selected). 

 
Table A13.1:Number of households using each greywater source and distribution 
method. 
 Bathroom Laundry Kitchen Combined 
Garden hose 69 195 7 45 
Watering-subsurface 54  106 11 40 
Watering surface 8 34 5 12 
Bucket 421 324 220 192 
Other 19 54 31 17 
Total households 504 575 250 202 
     
Table A13.2:Percentage of households using each greywater source and 
distribution method. 
 Bathroom Laundry Kitchen Combined 
Garden hose 13.7% 33.9% 2.8% 22.3% 
Watering-subsurface 10.7% 18.4% 4.4% 19.8% 
Watering surface 1.6% 5.9% 2.0% 5.9% 
Bucket 83.5% 56.3% 88.0% 95.0% 
Other 3.8% 9.4% 12.4% 8.4% 

 
How greywater was combined  
Data compiled from survey question 6.2 for 202 combined greywater users (more than one 
answer could be selected). 
Table A13.3:How greywater was combined. 

Method Number of households 
Percentage  
(of 202 households) 

Simple method (buckets/containers) 173 85.6% 
Do-it-yourself plumbing 49 24.3% 
Commercial greywater system 10 5.0% 
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Appendix 14 Treatment of greywater. 
 
Greywater treatment practices 
Data compiled from survey questions 3.8, 4.8, 5.8 and 6.4 for 1095 households who 
collected greywater (more than one answer could be selected).  

Sixty-fivehouseholds (5.9%) reported one or more types of treatment; however, only 16 were 
considered to have treatment which was probably effective in reducing microbial 
contamination (10 with commercial greywater systems and 6 citing chemical treatment). 
 
Table A14.1:Number of households employing greywater treatment and treatment 
type. 
Treatment Bathroom Laundry Kitchen Combined 
None 499 571 248 182 
Screens 7 12 0 8 
Filter 7 21 3 14 
Chemicals 2 2 0 2 
UV 2 2 0 2 
Other 3 6 1 4 
Greywater treatment system - - - 10 
Total households using this 
greywater source 504 575 250 202 
     
Table A14.2:Percentage of households employing greywater treatment and treatment 
type. 
Treatment Bathroom Laundry Kitchen Combined 
None 99.0% 99.3% 99.2% 90.1% 
Screens 1.4% 2.1% 0.0% 4.0% 
Filter 1.4% 3.7% 1.2% 6.9% 
Chemicals 0.4% 0.3% 0.0% 1.0% 
UV 0.4% 0.3% 0.0% 1.0% 
Other 0.6% 1.0% 0.4% 2.0% 
Greywater treatment system - - - 5.0% 
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Appendix 15 Indicator E. coli and total coliform results for greywater 
samples. 
 
Table A15.1: Indicator E. coli and total coliform results for greywater samples. 
Household 
ID 

Washing machine  
wash water 

Washing machine 
rinse water 

Bathroom greywater 

E. coli per 
100mL 

Total 
coliforms per 
100mL 

E. coli per 
100mL 

Total 
coliforms 
per 100mL 

E. coli per 
100mL 

Total 
coliforms per 
100mL 

101 0 23 0 2,400   
102 0 0 0 35 1 1 
103 54 15,000 6 2,400 260 200,000 
104 410 430,000 23 120,000   
105 0 340 25 96   
107 0 13 0 17   
109 0 40 0 25   
110 28 370 13 4,300 820 4,300 
111     0 3,200 
112 1,100 46,000 0 1,000 12,000 12,000 
113 0 25 0 40 2,400 2,400 
114 0 140 0 120 110 160 
115 55,000 24,000,000 440 24,000,000   
116 0 1 0 4,700 370 170,000 
118 2 550 5 17,000 3 520 
119     920 2,100,000 
120     1 23 
121 6 870 3 1,400   
122     33 160,000 
123     21,000 25,000 
124 33 58 4 56   
125 1 2,000 0 16,000   
126     1,400 2,000 
127 1,200 >24,000,000 0 650   
128 7 10,000 30 49,000   
129 1,300 24,000,000 13 2,600,000 18 6,800 
130 460 360,000 5 18,000   
131 51 33,000 5 3,700 7 12,000 
132 0 40 0 17   
133     16 17,000 
134 5 20,000,000 7 24,000,000   
135     650 29,000 
136 0 0 0 6   
137 1,300 >240,000 1 >240,000   
138 1 58,000 370 >240.000   
139 0 3 0 15   
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Table A15.1: Indicator E. coli and total coliform results for greywater samples (continued). 
Household 
ID 

Washing machine  
wash water 

Washing machine 
rinse water 

Bathroom greywater 

E. coli per 
100mL 

Total 
coliforms per 
100mL 

E. coli per 
100mL 

Total 
coliforms 
per 100mL 

E. coli per 
100mL 

Total 
coliforms per 
100mL 

140 580 2,600 190 1,200   
141 0 >240,000 1 >240,000   
142 1 3,100 0 5,500   
143 1 870 0 250   
144 0 1 1 23   
145 1 >240,000 0 >240,000   
146 4 340 76 1,100   
147 18 3,200 4 280   
149 0 27,000 0 6,600   
150     520 >240,000 
151 0 0 0 0   
153 370 >240,000 1,600 >240,000   
154 1,100 >240,000 1,300 14,000   
155 0 21,000 0 19,000   
156 0 >240,000 1 140,000   
157 2,000 >240,000     
158 150 >240,000 0 770   
159 2,400 >240,000 310 240,000   
160 130 >240,000 5 140,000 1,000 2,400 
162     1,400 14,000 
163 0 0 11 370   
164 0 17,000 1 24,000   
166 0 21,000 0 >240,000   
167 0 1 0 1,700   
168 5 >240,000 66 >240,000   
169 50 5,100 51 >240,000   
171 1,700 4,800 2,400 5,300   
172 0 150 0 1   
173 2,400 52,000 2,400 65,000   
174 2 520 99 39,000   
176 0 0 0 2   
177 1,400 >240,000 2,000 >240,000   
178 1,100 >240,000 1,100 >240,000   
179 0 0 0 5   
180 3 >240,000 0 2,400 14,000 25,000 
181     1 130 
182 0 >240,000 0 >240,000   
183 0 690 47 13,000   
184 0 6 0 79   
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Table A15.1: Indicator E. coli and total coliform results for greywater samples (continued). 
Household 
ID 

Washing machine  
wash water 

Washing machine 
rinse water 

Bathroom greywater 

E. coli per 
100mL 

Total 
coliforms per 
100mL 

E. coli per 
100mL 

Total 
coliforms 
per 100mL 

E. coli per 
100mL 

Total 
coliforms per 
100mL 

185 10 46,000 0 15,000   
186 21 280 0 250   
187     820 >240,000 
188 8,200,000 >24,000,000 240,000 >240,000   
189     99 2,400 
189     290 3,300 
190     3 6,500 
191     26 2,400 
192 2,400 >240,000 220 46,000   
193 13 >240,000 0 58,000   
194 0 0 0 8   
195     2,600 77,000 
196 5 2,900 14 310 1 13 
197 1 190 0 26,000 36 110,000 
198 1 3,900 0 0   
199     390 21,000 
199     130 98,000 
200     0 5 
201 34,000 >240,000 770 >240,000 130 2,000 
202 
 

2 19 10 18 29 400 

Shaded area: no samples collected from this greywater source 
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Appendix 16 Washing machine settings, load and product types used. 
 
Table A16.1:Washing machine operation: water level. 

Machine level No of households 
(percentage) 

High level 39 (53%) 
Medium level 14 (19%) 
Low level 3 (4%) 
Mixed level (high and 
medium) 

1 (1%) 

Automatic level 17 (23%) 
Total households 74 
 
Table A16.2:Washing machine operation: water temperature. 

Water temperature No. of households 
(percentage) 

Hot  1 (1%) 
Warm  35 (47%) 
Cold  35 (47%) 
Mixed (warm and cold) 3 (4%) 
Total households 74 
 
Table A16.3:Washing machine load: clothing type. 

Item type Number (%) of times present 
in mixed load 

No. of times only item in 
washing machine 

Sheets 16 (22%) 3 (4%) 
Towels 34 (46%) 8 (11%) 
Clothing 58 (78%) 10 (14%) 
Underwear 49 (66%) 0 (0%) 
Nappies 0 (0%) 0 (0%) 
Total households=74 
 
Table A16.4:Washing machine product use. 

Product  Number (%) of households using product 
Laundry detergent powder 51 (72%) 
Laundry detergent liquid 20 (28%) 
Chlorine bleach 2 (3%) 
Oxygen bleach 11 (16%) 
Softener 18 (25%) 
Total 71 
Total households=74 
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Appendix 17 Summary of health diary results. 
 
Table A17.1:Reported gastrointestinal symptoms during health diary survey period. 

Household ID  Number of reports  Person affected 
(age in years)  
* denotes IGI case 

Number of 
consecutive weeks 
that symptoms 
were reported 

Diarrhoea  Vomiting IGIa 
episodes 

104 1   Person 3 (24) 1 
105 2   Person 2 (53) 2 
110 3  1 Person 1 (40) 

Person 4 (2)* 
1 
2 

111 1  1 Person 2 (36)* 1 
122  1  Person 2 (39) 1 
124 2  2 Person 2 (44)* 

Person 4 (17)* 
1 
1 

129 1   Person 2 (40) 1 
132 1  1 Person 1 (58)* 1 
138  1  Person 1 (36) 1 
139 1   Person 1 (64) 1 
143 2  2 Person 2 (57)* 2 
145 2   Person 2 (34) 2 
167 2  1 Person 1 (48) 

Person 2 (39)* 
1 
1 

193 1   Person 2 (48) 1 
199 3  1 Person 3 (3.5) 

Person 4 (1)* 
1 
2 

202 1   Person 2 (71) 1 
Totals 23  2 9   
aIGI = symptoms conforming to definition of infectious gastrointestinal illness (Hall et al. 2006) 
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Table A17.2:Frequency of household exposures/activities and greywater handling practices. 
Practice in survey period  
(2-3 weeks duration) 

Percentage of householders N* 

Eat take away food  63% 358/571 
Eat at restaurant 35% 197/566 
Eat uncooked homegrown vegetables 41% 232/572 
Swimming pool use 19% 111/572 
Handle greywater 38% 217/572 
Wear rubber gloves when handling 
greywater 

6% 12/212 

Wash hands after handling greywater 80% 183/228 
Garden  48% 277/573 
Wear rubber gloves when gardening 35% 98/280 
Wash hands after gardening 94% 267/284 
Take antibiotics 2% 10/564 
* Some households did not answer all questions, accounting for different denominator values reported 
in the table. 
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Appendix 18 Daily greywater volume estimates by householders using only one greywater source per room. 
 Household ‘bucket' estimate Household ‘litre’ estimate Greywater 

generation 
estimate 
(L)** 

Greywater  
source 

No. of 
buckets 
(mean) 

Persons 
per 
household 
(mean) 

Number of 
households 
providing 
estimate  

Min in 
number 
of 
buckets 
 

Max in 
number 
of 
buckets 
 

Buckets 
per 
person 
(mean) 

Conversion- 
bucket to L 
per person* 
(mean) 

No. of 
litres 
(mean) 

Persons 
per 
household 
(mean) 

Number of 
households 
providing 
estimate  

Min in 
litres 
per 
day 

Max 
in 
litres 
per 
day  

L per 
person 

Shower 
(outlet drain) 

3.1 2.4 16 0.5 9 1.3 10.2 60.2 2.7 13 8.5 150 22.3 50 

Shower 
(waiting) 

1.9 2.7 117 0.3 10 0.7 5.7 9.4 2.7 42 2 50 3.5 8 

Bath 6.9 3.5 30 1 36 2.0 15.7 46.5 3.2 13 0.5 90 14.5 1 
Sink 1.5 1.5 2 1 2 1.0 8.0 10 2.3 6 3 25 4.3 27 
Top loading 
WM - all  

4.8 3.1 27 1 20 1.6 12.4 63.5 2.8 52 <0.1 240 22.6 40 

Top loading 
WM - rinse 

5.1 2.7 43 0.5 36 1.9 15.1 43.7 2.8 33 1 300 15.6 20 

Front loading 
WM - all 

5.1 2.8 14 1 14 1.8 14.6 39.5 3.1 13 4 125 12.7 27 

Front loading 
WM - rinse 

2.4 2.5 14 0.5 6 1.0 7.6 40.8 3.8 6 5 100 10.7 13.5 

Laundry 
tub/sink – all  

1.5 2.7 3 1 2.5 0.6 4.4 9.3 3.3 3 4 20 2.8 8 

Laundry 
tub/sink – 
clean & rinse  

2.6 2.9 9 0.5 10 0.9 7.2 16.2 3 6 1 60 5.4 4 

Kitchen sink – 
all  

2.7 2.7 25 0.33 14 1.0 8.0 14.5 2.4 7 3 50 6.0 10 

Kitchen sink – 
clean & rinse  

1.9 2.8 77 0.25 6.5 0.6 5.1 6.17 2.8 59 0.3 50 2.2 5 

Data collated from ‘separate’ greywater users responses to survey questions 3.2, 4.2 and 5.2 (types of water collected from within room) and questions 3.6, 
4.6 and 5.6 (volume collected per day), ONLY for those indicating use of ONE water type per room. 
* assumes 8L per bucket 
WM=washing machine, **refer to Appendix 18  
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Appendix 19 Volume of water generated by greywater sources (past household studies). 
Greywater type Volume 

estimate per 
person per 
day (L) 

Assumptions made and support for estimate 

Shower drain 50 Loh & Coglan study based on 1998-2000 figures.1 
Bath 1 Loh & Coglan study based on 1998-2000 figures.1  
Bathroom sink 9 The most common flow rate at hand basins is 6L/min and the overall average flow rate is 4.9L/min2. On 

average each person uses the hand basin 5.5 times per day.2 
A twenty second hand wash has been assumed. 20 sec x 5.5 uses/day x 1 min/60sec x 4.9 L/min = 8.97 L. 

Shower – waiting  8 Assumption approx. one bucket on average per person per day and 8 L per bucket. 
Top loading washing 
machine – all  

40 This figure was based on the Loh & Coglan study based on 1998-2000 figures1. 

Theyestimated 43L per person per day assuming 145L/day and 39L/fill. 
Top loading washing 
machine – rinse 

20 50% of ‘all’ volume assumed. 

Front loading washing 
machine – all  

27 This figure was based on the Loh & Coglan study based on 1998-2000 figures1. 

They estimated 27L per person per day, assuming 104L/day with 15L fill. 
Front loading washing 
machine –rinse  

13.5 50% of ‘all’ volume assumed. 

Laundry sink - all 8  Assumption approx. one bucket on average per person per day and 8 litres per bucket. 
Laundry sink – rinse & 
clean 

4 50% of ‘all’ volume assumed. 

Kitchen sink - all 10 For households without automatic dish washers, hand washing is undertaken on average 10.1 times per 
week.2 
Assumes an average flow rate of 19.4L/min and 1 min per sink fill and 3 persons / household. 
Dishwasher use per day is 5L and those with dishwasher undertake hand washing per week 5.9 times per 
week2.Therefore total use is approx. 10L per person per day regardless of whether a dishwasher is used. 

Kitchen sink – rinse & 
clean 

5 50% of ‘all’ volume assumed. 

References: 1 = (Loh and Coghlan, 2003); 2= (Roberts, 2004) 
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Appendix 20  QMRA model input parameters and distributions for 
various scenarios. 
 
Parameter Values and Scenarios Source 

w = virus reduction due to 
post-harvest washing of 
lettuce (number/mL) 

Point estimate 
1. no washing (0 log reduction) = 100 
2. washing with tap water (1 log 

reduction) = 101 

 
 
2. (WHO, 2006b) 

V = volume of greywater 
captured by lettuce (mL/g) 

Normal (mean, sd) 
(0.108, 0.019) – truncated at zero 

 
(Hamilton et al., 2006, Shuval et al., 
1997) 

I = mean daily consumption 
of lettuce per person (g per 
person per day) 

Uniform (min, max) 
(17.3, 22.4) 

(USEPA, 2009, Ausveg, 2009, ABS, 
2000, Cross and Taylor, 1996) 

m = mean Australian body 
mass (kg per person), 
weighted by age, gender 
and population 

Deterministic 
65.387   

 
(DoHA, 2010, ABS, 1998, ABS, 
2010a) 
 

G = proportion of 
population affected by the 
scenario 
 
 
 
 
 

Point estimate / Uniform (min, max) 
1. no washing of produce (Gwash = 0) 
2. Melbourne - average vegetable 

washing: Gwash =0.669, 
Gno wash =0.331 

3. Melbourne – proportion of 
households that use greywater to 
irrigate vegetables eaten raw:  
Girrig (2010)= 0.0298 
Girrig (2007)= 0.0507 

4. greywater vegetable irrigators 
only: Girrig =1 

 
 
2. (Mitakakis et al., 2004) 
 
 
3. (ABS, 2007, ABS, 2010b, 
National Gardening Association, 
2009) and survey results 

k = in-field virus kinetic 
decay constant (per day) 

Normal (mean, sd) 
(1.07, 0.07) 

(Petterson et al., 2001, Petterson et 
al., 2002) 

t = withholding period 
(days) 

Point estimate 
values: 0, 1, and 2 

 

Dose-response parameters: 
α 
β 
n 
r 

Point estimate 
0.04 
0.055 
0.0255 
0.086 

 
(Teunis et al., 2008) 

d = exposure events per 
year (days) 

Point estimate 
1. 183 days (6 months) 
2. 274 days (9 months) 

1. (Robins-Browne et al., 2004) 
2. survey results (Section 6.4.10) 

B = disease burden 
(DALYs per case of illness) 

Point estimate 
(min, max) 
(1.06x10-4, 6.23x10-3) 

 
(Begg et al., 2007, Haagsma et al., 
2008) 

Sf = susceptibility fraction Point estimate 
value: 1 

 
(Atmar, 2010, Soller et al., 2010) 
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