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ABSTRACT

Many people in Australia choose to drink rainwater, even in areas where clean municipal water is
available. Domestic rainwater is defined here as any water collected from building rooftops subsequent
to rainfall events and stored by households for later use. Rainwater has been found in some cases to
contain bacteria, or trace metals, or both. As a result, in Australia, the Department of Health and Ageing
advises the public to limit rainwater use to outdoor purposes, and to laundry and toilet flushing. In this
study, over 12 months, rainwater samples were collected around Adelaide and tested for E. coli and
total coliforms. Of 400 samples tested, more than 50% contained E. coli. In Australia, the health
guideline for E. coli is 0/100 mL for drinking water. A survey on household drinking water choice was
undertaken across the metropolitan area of Adelaide. The aim was to determine drinking water choices
and to understand the driving forces behind drinking potentially contaminated rainwater in a city where
clean municipal water is supplied. The investigation concluded that a higher proportion of households
use rainwater as their primary source of drinking water in the Adelaide Hills and foothills compared
with other areas in metropolitan Adelaide (the Adelaide plains). It was found that a higher proportion
of households are using domestic filtration systems to improve municipal water quality in the Adelaide
plains. Opposition to municipal water chlorination and fluoridation was reported and this was central
to peoples’ drinking water preferences. Notably, this opposition to municipal water chlorination and
fluoridation is not supported by epidemiological evidence suggesting that these chemicals are harmful.
Keywords: public perception, drinking water, E. coli, household, fluoride, chlorination.

1 INTRODUCTION

The supply of safe and adequate drinking water to communities remains a global challenge
[1], and water security is an important issue for many communities [2]. Water security is not
only the absence of water, but also water quality, particularly with respect to water-borne
diseases [2]. In Australian cities, water utilities supply high quality, safe reticulated municipal
water, but many Australians are preferentially drinking roof harvested rainwater (RHRW).
This observed behaviour and the underlying factors giving rise to this choice is the focal point
of this investigation.

In many areas of Australia, concerns over water security arise from water quality rather
than quantity of water supplies, and many small towns in regional and remote Australia still
have limited access to clean water. Notwithstanding, in Australia, threats to water security
include drought conditions and population growth. Projections indicate a doubling demand
in water resources for Australia by 2050 [3]. Following drought conditions, water storage
was severely reduced in Victoria, with Melbourne water storage declining by 152 GL in 2015
[4]. In South Australia, the raw water prior to treatment is often of poor quality. This means
that the level of treatment necessary can be extensive [5]. Additionally, water quality and
quantity are impacted by population growth and extreme weather conditions. In New South
Wales and Tasmania, notices of water boiling are periodically issued to the public and in
2016, 18 Tasmanian water utilities were targeted by notices of water boiling. In that same
year, 23 drinking water alerts were issued by NSW Health [6]. In many areas of NSW, water
hardness is the primary contributor to poor municipal water quality [7]. For example, in the
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regional towns of Quirindi, Walhallow and Caroona, it’s common to hear local people
claiming that there is no water to drink despite municipal water being supplied, if rainwater
is unavailable [8]. Further west, since 2000, concerns over municipal water quality emerged
in 26 towns in the mid-west and goldfields regions of Western Australia [9].

Incentives to address these challenges are underway in Australia and include increased
funding, regulatory frameworks, quality control and community engagement [10], and water
recycling, seawater desalination and RHRW are emerging as options with the potential to
mitigate water stress.

RHRW can be associated with bacteria and metals that may be harmful to humans’ health
[11]. Many Australians use RHRW as their primary source of drinking water [12]. The EPA
Victoria [13], echoing the Department of Health and Ageing (DHA) messages [14], advises
the public to abstain from drinking RHRW in areas where municipal water is accessible.
South Australia and its capital city Adelaide have higher proportion of households drinking
RHRW compared with the rest of Australia [15]. Enteric E. coli, total coliforms and trace
metals have been detected in RHRW in Adelaide [16]. The health guideline for E. coli is 0
CFU/100 mL in drinking water [16].

A study by de Franga Doria [17] found that taste, smell and physical appearance are
central to community perception of municipal water quality. If smell, taste or colour can be
perceived, the water is considered to be of poorer quality. This is despite the fact that,
with the exception of manganese (concentration > 0.5 ppm/L) and sulphate (concentration >
500 ppm/L), bacteria and dissolved metals are unlikely to affect drinking water taste [18].
Detection of poor water quality requires expertise and appropriate laboratory tests. The
bacteria and metals that can affect water quality are not visible and contaminated water can
feature all the qualities of clean water [19].

Concerns over municipal water quality, consumers’ lifestyle factors, and the absence of
municipal water supplies are the primary factors contributing to drinking RHRW [20]. In
Australia, water supplied to communities is disinfected as precautionary measure to reduce
risks and as the final barrier to prevent water borne pathogenic bacteria from entering the
distribution network [21]. Chlorine (NaCl), potassium chloride (KCl), citric acid (CsHsO7)
and chlorine dioxide (ClO,) are largely used in drinking water disinfection [16]. Whilst not
directly part to the treatment process, fluoride (F) is introduced in municipal water to prevent
dental caries in children. In Australia, commonly used fluoride components include sodium
fluoride (NaF), sodium fluorosilicate (Na,SiF¢) and aqueous fluorosilicic acid (H2SiF,) [22].

Drinking water fluoridation is accepted practice by the Australian health authorities
(NHMRC [16]), and a drinking water fluoridation policy controlled and implemented by
States and Territories is enforced in Australia (16)]. The NHMRC [16] sets the guideline for
fluoride in drinking water at 1.5 ppm/L. In Adelaide, the average guideline for fluoride in
drinking water is 0.88 ppm/L [23]. Despite the significant achievement of dental caries
prevention in children resulting from fluoride and improved water sanitation resulting from
chlorine, debate still exists around the introduction of chlorine and fluoride in drinking water.

Studies by Cantor [24], Hassinger and Watson [25], and Plewa et al. [26] indicate that
chlorine in drinking water has the potential to bladder, stomach, pancreas, kidney, and rectum
cancer, and Hodgkin’s and non-Hodgkin’s lymphoma. However, it is not clear whether the
concentrations of chlorine currently added to drinking water could trigger an incident of
illness. Studies have shown that fluoride in drinking water could result in bone fractures in
children at 3 ppm/L and in hip fractures in elderly from 1.5 ppm/L to 4.3 ppm/L [27], [28],
in lowering children 1Q from 2.47 ppm/L to 4.5 ppm/L [26], in lowering fertility at 3.0 ppm/L
and in thyroid dysfunction at 2.3 ppm/L [27], [29]. Notwithstanding, this is countered by a
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review of 33 studies, which concluded that fluoridated water at 1 ppm/L does not have an
adverse effect on bone strength, bone mineral density and fracture incidence, and at higher
concentrations may even have a favourable effect on these parameters [30].

2 METHODS
2.1 Study area and design

A survey of households’ drinking water choice was conducted from March to May 2016 in
five locations around the metropolitan area of Adelaide. Of five survey locations, two were
located in the Adelaide plains, one in the Adelaide foothills and two in the Adelaide Hills
(see Fig. 1). Interviews were run in car parks adjacent to shopping malls during the busiest
times, from 9:00 am to 3:00 pm. At times, interviews were conducted on Saturdays and
Sundays to maximise the chance of including working people in the survey. An application
to allow the access to survey sites and a certificate of public liability (Certificate No.: UL
FLI 16) were sent to the management of shopping malls to comply with the provision of SA
Trespass Act 1953 which regulates entries on private properties [31]. In Adelaide, most
shopping malls are owned privately. On approval, a reply mail to allow the access to the
study area was sent by electronic mail. In event of late response or response not received,
officers in shopping malls were directly contacted to obtain the approval. A number of
shopping malls refused to allow access on their properties for undisclosed reasons.

Gume

3 .‘V
West Lakes &%
| JLobetnhaliFoodland

fLobethal

SWoodside .

L Blackwood
ds Park @0 2oKWoO

airne

Mount Barker

= o0gle earth
g .=

Figure 1: Study area map, Adelaide, South Australia.
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The study was approved by Flinders University Social and Behavioural Research Ethics
Committee (SBREC No. 6782) in compliance with the National Statement on Ethical
Conduct in Human Research (NSECHR) [32]. The survey used the National Statistical
Service (NSS) sample calculator to determine the sample size, using 95% as confidence level
(CL), 0.5 as proportion, 0.05 as confidence interval (CI) and 5.11 as relative standard error
(RSE) [33]. The survey involved 459 respondents. The sample was representative of an
estimate 504.400 households identified in Adelaide in 2011 [34]. Participants were randomly
chosen among people entering or leaving shopping malls and answering questions was
voluntary. The survey was anonymous. The chi-square (X?) statistic model was used in
testing parameters goodness-of-fit. This is expressed in the test statistic equation (eqn 1):

X2 =3O8 )

where: X% = Chi-square, E = expected frequency, O = observed frequency.
2.2 Questionnaire construction and design

Five questions were put to persons aged 18 and over, and questions included suggested
responses as prompts and allowed free responses where desired.

- Which water do you most drink? Answers included town water or municipal water,
bottle water and RHRW.

- Why do you prefer drinking municipal water, bottle water or RHRW? Proposed
answers included: it’s more convenient, it’s clean water and it tastes better.

- Do you have any other reasons for choosing municipal water, bottle water or RHRW?
The question was purposely unprompted to allow respondents to expand on reasons
in prolong to their drinking water choices. An additional question of ‘How do you use
your RHRW” was asked to respondents having RHRW harvesting systems but not
using RHRW for drinking.

- Do you have a RHRW tank? Answers consisted in ‘Yes’ or ‘No’ without further
option.

- What is your postcode? The question was used to identify participants’ area to later
establish their relative socio-economic status. In Australia, suburban postcodes align
with the Australian socio-economic indexes for areas (SEIFA). In the survey, SEIFA
indexes were based on data collected during 2011 census of population and housing
[35]. The maximum time to answer the questionnaire was set to three minutes
however; some respondents devoted more time to expand their views on drinking
water quality.

3 RESULTS AND DISCUSSION

People’s drinking water choices, in many ways, are based on municipal water community
perception [36]. While studies exist on municipal water, groundwater and recycled water,
limited resources were found on RHRW community perception, given recent government
incentives to RHRW harvesting and use in Australia [37]. Studies by de Franca Doria [38]
have concluded low health risks associated with drinking municipal water. A gap exists
between perceived benefits and risks to encounter in making drinking water options [37], and
the public is more inclined to understand the level of risks severity when they are directly
perceptible and with immediate effects [39].
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In two respects, the investigation provided insight into trends in RHRW harvesting and
use in Adelaide. Firstly, the investigation showed the magnitude of RHRW consumption
and related driving factors to consumption. Secondly, the investigation found relationships
between RHRW consumers, their geographical distribution and associated relative
socio-economic indexes. Survey responses were grouped into themes and tallied for
examples.

3.1 Source of drinking water

Results of household drinking water sources are presented in Fig. 2. The investigation found
that a higher proportion of households were using RHRW as their primary source of drinking
water in the Adelaide Hills. The tendency was observed from the Adelaide foothills and
gradually, reached higher proportions in the Adelaide Hills. The limited or absence of
municipal water supplied to communities in many small towns of the Adelaide Hills makes
RHRW the most convenient source of drinking water in the area. As a result, RHRW
consumption was more popular than any other water in the Adelaide Hills. In contrast,
RHRW was less popular in the Adelaide plains. In this area, drinking municipal water and
bottled water dominated, with higher proportion of households drinking municipal water in
western suburbs, and increasingly in the Adelaide foothills.

P-values of parameters tested in the model (P <0.0001) were lower than the critical
statistic value of 0.05 (see Table 1). This suggested a correlation that could exist between
households and the source of their drinking water. In the model, the proportion of respondents
who indicated drinking municipal water, along with those who drink RHRW, was central to
the chi-square formation. Locations such as Lobethal and West Lakes had larger chi-square
statistic values; indicating greater likelihood of linking households’ choices and the sources
of their drinking water.
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Figure 2: Sources of drinking water.

Table 1: Sources of drinking water and X? statistic.

Lobethal area (Adelaide Hills) 140.37  <0.0001 Mainly rainwater
Mount Barker area (Adelaide Hills) 23.14 <0.0001 Mainly rainwater
Blackwood area (Adelaide foothills) 22.01 <0.0001 Mainly rainwater
West Lakes area (Adelaide plains) 280.63  <0.0001 Mainly rainwater
Arndale area (Adelaide plains) 28.56 <0.0001 Municipal water and RHRW
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3.2 Drinking water preference

Generally, respondents’ choices aligned with municipal water community perception. With
the exception of areas where municipal water supplies are limited, many respondents’
drinking water choices were driven by municipal water taste rather than its quality. In
answering the question ‘Why do you prefer RHRW?’ the ‘yucky factor’ associated with
municipal water emerged from respondents, who indicated that chlorine and fluoride in
drinking water was a source of dissatisfaction regarding drinking water choice. However,
there were no respondents identified during the investigation who directly stated that they
thought that municipal water chlorination and fluoridation affected their health.

During the investigation, it was common to hear people saying: “although RHRW may
contain bugs, it is still better than municipal water”. This sentiment was reported all over the
metropolitan area, with the sentiment increasing among respondents from the Adelaide
foothills towards the Adelaide Hills (see Fig. 3). Of 459 participants, 2 households (the
equivalent of 0.4% respondents) stated that they drank municipal water for health reasons
(specifically, that municipal water contains fluoride which is efficient in children dental
caries prevention), and 123 (45%) respondents (out of those 275 respondents who mainly
drink municipal water) stated the major reasons as convenience.

Advertising campaigns by water filtration systems suppliers and water purifiers are likely
to play a role in consumers thinking that municipal water quality is inferior. In Adelaide,
statements such as: “We remove 99.9% of chemicals and bacteria in your water” are
frequently heard in advertising on local radio. This is despite the fact that reticulated
municipal water in Adelaide is of very high quality. It should be noted that not all Adelaide
households have private RHRW harvesting systems or use RHRW for drinking and cooking.
In the model, the probability associated with chi-square values (P <0.0001) shown in
Table 2 was lower than the significance level of 0.05. Thus, the null hypothesis could be
rejected for tested parameters. This suggests a plausible relationship between observed
drinking water choice, and the place where respondents live in the metropolitan area. In the
Adelaide foothills and the Adelaide plains, RHRW for gardening was a major contributor to
the chi-square formation whereas ‘Have no municipal water’ contributed to the chi-square
formation only in the Lobethal area, with all parameters equally contributing to the
chi-square formation in the Mount Barker area.
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Figure 3: Factors affecting choice of drinking water.
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Table 2: Drinking water choices and X? statistic.

Lobethal area 25776 <0.0001 Have no municipal water

Mount Barker area 1.68  <0.0001 No difference between parameters
Blackwood area 19.80 <0.0001 Rainwater for gardening

West Lakes area 734 <0.0001 Rainwater for gardening

Arndale area 21.27 <0.0001 Rainwater for gardening

3.3 The propensity to filter drinking water

The investigation observed a higher tendency to use private filtration systems to filter
drinking water in the metropolitan area (see Fig. 4). Puratap, an Adelaide domestic water
filtration systems supplier established in 1996 [40], sold 280,445 domestic water filtration
units to Adelaide households between 1996 and 2016 [41]; the equivalent of approximately
half of households in Adelaide [34]. As one household could have more than one water
filtration unit and remain recorded as just one unit, it is difficult to estimate the correct
number of households using water filtration units. Moreover, the number is not inclusive of
water filtration units purchased by households from suppliers other than Puratap, and filters
that are imbedded into refrigerators and used to improve drinking water quality.

This study found that private filtration units were applied to both RHRW and municipal
water. Unlike municipal water, RHRW is not integrated into SA Water reticulated supply
and therefore treatment. So while installation of private filtration systems could be done in
households using RHRW for microbiological and toxicological reasons, this cannot be the
case for municipal water. In Adelaide, SA Water supplies high quality, safe, reticulated
municipal water to communities. Thus, the primary reason for installing filters may be
directly linked with water filtration systems suppliers’ and water purifiers’ campaigns, along
with the perception of municipal water. As a result, the study found that the use of private
filtration systems on municipal water targeted chlorine and fluorine removal to improve water
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Figure 4: Use of private filtration systems.
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The role of chlorine in water sanitation may have been achieved prior to its removal at the
point of consumption. For fluoride however, the chemical is being removed from municipal
water before consumption. This practice is counter to Australia drinking water fluoridation
policy outlined in the Australian Drinking Water Guidelines (ADWG) [16]. South Australia
has no formal legislation on drinking water fluoridation [16]. This study found that the use
of private water filtration units on municipal water was higher in the Adelaide foothills and
the Adelaide plains. In contrast, the use of private filtration systems was mainly in
conjunction with RHRW in the Adelaide Hills and the Adelaide foothills.

In considering chi-square P-values (<0.0001) as expressed in the model, the null
hypothesis cannot be accepted. For tested parameters, chi-square values ranged from 34.12
in the West Lakes area and 3.83 in Mount Barker area, to 5:00 in the Blackwood area and
5.42 in the Arndale area. This is indicative of householders’ wish to improve their drinking
water quality on either municipal water or RHRW. Across locations, the main contributor to
the chi-square formation was essentially municipal water.

3.4 Rainwater harvesting and use

Fig. 5 shows that RHRW used for drinking was highest in the Adelaide Hills, with moderate
consumption in the Adelaide foothills. Two factors could explain the results. These are: the
observed limited municipal water supply in many small towns and the presence of higher
proportion of households having private RHRW harvesting systems in the area and observed
resistance to municipal water fluoridation and chlorination. In the Adelaide plains however,
the investigation noted that the small number of households having private RHRW harvesting
systems used the water primarily for gardening.

In the model, results of chi-square test indicated a relationship between having a private
RHRW harvesting system and using RHRW as primary source of drinking water, particularly
in the Adelaide Hills and foothills. P-values (< 0.0001) for tested parameters were lower than
the accepted significance level of 0.05 to confirm the rejection of the null hypothesis. Across
locations, the study found that RHRW used for gardening was main contributor to chi-square
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Figure 5: Have tanks and drink rainwater.
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3.5 Drinking water choice and socio-economic indexes

In order to understand underlying factors and trends in RHRW consumption within the
community, the investigation used suburban postcodes provided by respondents and related
socio-economic indexes for areas (SEIFA) to determine households part to the study relative
socio-economic indexes. In reference to South Australia SEIFA, respondents were grouped
in three categories with the least disadvantaged having a SEIFA greater than 150; with the
middle disadvantaged having a SEIFA comprised between 75 and 150 and the most
disadvantaged having a SEIFA lower than 75. In the SEIFA indexes scale, the larger the
SEIFA, the greater likelihood the area is wealthier.

The study observed a higher proportion of households using both municipal water and
RHRW as their primary source of drinking water in the least disadvantaged group. In that
category, the majority of respondents indicated that they used private water filtration systems
with municipal water to improve water quality. The removal of chlorine and fluoride was
main issue of concern. The study found that people in the least disadvantaged group lived in
most affluent suburbs of the Adelaide foothills and the Adelaide Hills. Using the same
identifiers, the investigation observed a significant proportion of households using bottled
water as their primary source of drinking water in the middle and most disadvantaged
categories, and majority of respondents were from the Adelaide plains and a few from the
Adelaide foothills. In that category, a large fraction of respondents used filtered municipal
water for drinking. The proportion of households who used both RHRW and municipal water
as their source of drinking water was constant across all sub-groups.

The investigation observed higher opposition to drinking water chlorination and
fluoridation in the community. Fig. 6 presents the parameters tested in the model.
Chi-square values associated with P-values (P <0.0001) were lower than the critical value
of 0.05 confirming the rejection of the null hypothesis. In the model, the middle
disadvantaged group was the major contributor to the chi-square formation.

The investigation was unable to efficiently untangle the RHRW drinking water factors
observed in most affluent Adelaide suburbs. It should be noted that in the least disadvantaged
group, people have a range of choices available and given the wealth of people living in the
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Figure 6: Relative socio-economic indexes and drinking water choice.

WIT Transactions on Ecology and The Environment, Vol 216, © 2017 WIT Press
www.witpress.com, ISSN 1746-448X (on-line)



308 water and Society IV

area, households have greater choice in drinking water. Based on respondents SEIFA
indexes, people in that group are more likely to be able to afford the equipment required for
water filtration, whether it is RHRW or municipal water. This was supported by the study
findings that observed a higher proportion of households having private RHRW harvesting
systems, and using private water filtration systems to improve the quality of their drinking
water in the least disadvantaged group.

4 CONCLUSION

The investigation found that in Adelaide, households’ drinking water preference was based
on the community’s perception of municipal water, and the choices of many households were
driven by water taste rather than water quality. Opposition to drinking water that has been
chlorinated and had fluoride added was high across the community. Municipal water
consumption was popular across the metropolitan area, but more popular in the Adelaide
plains than in the Adelaide foothills and Adelaide Hills. In contrast, RHRW used as source
of drinking water prevailed in the more affluent suburbs of the Adelaide Hills and foothills.
Similarly, the consumption of filtered municipal water and bottled water was predominant in
the middle and most disadvantaged sub-groups. The investigation observed a higher reliance
on RHRW as primary source of drinking water in small towns of the Adelaide Hills. This
was a result of both limited supply of municipal water, and observed opposition to drinking
fluoridated and chlorinated municipal water in areas where the product was available. With
the exception of taste discomfort expressed by most respondents; the investigation recorded
no claim of illness as a result of drinking chlorinated and fluoridated municipal water.
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