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Abstract

Background: Different water choices affect access to drinking water with different quality. Previous studies
suggested social-economic status may affect the choice of domestic drinking water. The aim of this study is to
investigate whether recent social economic changes in China affect residents’ drinking water choices.

Methods: We conducted a cross-sectional survey to investigate residents’ water consumption behaviour in 2011.
Gender, age, education, personal income, housing condition, risk perception and personal preference of a certain
type of water were selected as potential influential factors. Univariate and backward stepwise logistic regression
analyses were performed to analyse the relation between these factors and different drinking water choices. Basic
information was compared with that of a historical survey in the same place in 2001. Self-reported drinking-water-
related diarrhoea was found correlated with different water choices and water hygiene treatment using chi-square
test.

Results: The percentage of tap water consumption remained relatively stable and a preferred choice, with 58.99%
in 2001 and 58.25% in 2011. The percentage of bottled/barrelled water consumption was 36.86% in 2001 and
decreased to 25.75% in 2011. That of household filtrated water was 4.15% in 2001 and increased to 16.00% in 2011.
Logistic regression model showed strong correlation between one’s health belief and drinking water choices
(P< 0.001). Age, personal income, education, housing condition, risk perception also played important roles
(P< 0.05) in the models. Drinking-water-related diarrhoea was found in all types of water and improper water
hygiene behaviours still existed among residents.

Conclusions: Personal health belief, housing condition, age, personal income, education, taste and if worm ever
founded in tap water affected domestic drinking water choices in Shanghai.
Background
The quality of drinking water is critical for public health,
with estimation of 80% of diseases in developing coun-
try, 4.0% global deaths and 5.7% the total disease burden
(in DALYs) worldwide caused by poor water [1,2]. Vari-
ous drinking water choices affect access to quality of
water and then induce different risk for health [3,4].
Studies have suggested drinking water choices may vary
by gender, age, education, economic status, risk percep-
tion and personal health belief [5-11]. As these factors
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are sociocultural, regional and temporal diversity could
affect drinking water choices [9,12]
Previous investigations regarding influential factors of

drinking water choices were widely conducted in devel-
oped countries [5-11]. However, there are few studies
carried out in China, where significant social and eco-
nomic achievements have taken place in the past three
decades [13]. Indeed, benefited from a comprehensive
development, lifestyle and health beliefs have extremely
changed in recent years. Access to safe drinking water
has become the first health claim and major goal for
public and government in China [14,15]. Since the late
1980’s, drinking water choices have become increasingly
diverse. Bottled water, barrelled water, household filtrated
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water successively entered into family and became the
popular alternate of tap water for residents. Understand-
ing the influential factors of domestic drinking water
choices is important for health care providers, drinking
water suppliers, and public health decision makers to en-
sure drinking water quality and guide the public to drink
in a proper way [16,17].
Based on these facts, a cross-sectional survey was con-

ducted in Yangpu district of Shanghai in summer 2011,
where centralized filtrated water was first supplied dir-
ectly to community residents in China and the historical
survey was done in 2001 [18]. The possible influential
factors including gender, age, education, annual income,
housing condition, risk perception and personal health
belief were investigated. In addition, self-reported drinking-
water-related diarrhoea and daily drinking water hygiene
were also investigated to provide a comprehensive analysis
regarding different drinking water choices.
Our study is intended (1) to investigate change in

Shanghai residents’ drinking water choices under the
background of market economy; (2) to explore influen-
tial factors on domestic drinking water choices in China
today; (3) to find out current misunderstandings in con-
sumption of different water.

Methods
A cross-sectional face-to-face survey of 416 respondents
in Yangpu district was conducted in 2011. Sample size
was calculated to achieve 90% power using an α of 0.05.
At least 380 samples should be taken in order to tell if a
difference of the interested parameter exists. Given po-
tential loss of samples, an extra 10% was added, making
the final sample size to be 416. Residents living in
Yangpu district for more than 1 year were randomly
selected by their age, gender and housing condition.
Children above 7 were also included as they were believed
to be able to express themselves clearly.
The study was approved by the ethical committee of

Fudan University. Written informed consent was obtained
from every respondent prior to participation. Question-
naires were performed by rigorously trained graduate stu-
dents and health clinicians in local Centre for Disease
Control & Prevention (CDC) and community health care.
The final sample size is 400 after excluding incomplete or
missing data

Questionnaire development and study factors selection
The questionnaire was first designed and evaluated by
four epidemiologists. A pilot study of 2% sample size
was then carried out to verify its feasibility and to con-
firm if the factors included were representative of influ-
ential factors reflected by the residents. Ambiguous
questions were then revised and sequence of the ques-
tionnaire was re-modified by the epidemiologists. The
influential factors were finally decided to be (1) social
demographic factors as gender, age, education, annual
income and housing condition; (2) risk perception (per-
sonal subjective sensory perception for tap water); (3)
personal belief in what type of water they considered
cleanest or safest. The questionnaire was translated into
English and provided as Additional file 1.
Specific age was asked but later divided into four

groups in analysis-juvenile group (<18 years), young
group (18–34 years), middle-aged group (35–59 years)
and elder group (≥60 years), referring to the age classifi-
cation in Shanghai Statistical Almanac [19].
Annual income was categorized based on three points:

the lowest wage standard in 2010 Shanghai, a Shang-
hainese’s average income and two-thirds more of that in
2010. Thus, four categories were set as: ≤2308, (2308–
4615], (4615–7692] and >7692. When annual income
was analysed, students were excluded from the popula-
tion in order to avoid possible bias.
Education was originally subdivided into 6 groups:

below junior middle school, high school, technical/voca-
tional school, junior college, college/university, and
above university. Since most urban residents in China
won’t go to work until he/she is above 18 years old and
children are sent to school when they reach 6 years old.
When they are 18 years old, they have received educa-
tion with the time length of 12 years. We then dichoto-
mized education by the length of the time they received
education, less than 12 years and more than 12 years.
Housing condition manifested a remarkable change

with economic development in China and indirectly
reflected social-economic status [20,21]. Buildings built
before 1980 are usually lower than three floors with old
water pipes and sanitary facility. Water pipes of build-
ings built between 1980 and 2000 are of zincified steel.
Pipes of buildings after 2000’s are of polyethylene.
Drinking water in apartments lower than three floors is
directly from water supply network, while that of higher
floors comes from tank water. Therefore, housing condi-
tion described by building time and floors was categor-
ized as follows: (1) before 1980’s (2) between 1980 and
2000 but live below 3rd floor (3) between 1980 and 2000
but live above 3rd floor (4) after 2000 but live below 3rd
floor (5) after 2000 but live above 3rd floor and below
half of the highest floor (6) after 2000 and above half of
the highest floor.
Risk was perceived by subjective sensory feelings such

as colour, smell, turbidity, taste and visible worm.
Respondents were asked to recall any abnormality of
aforementioned items in 2010.
Diarrhoea is the passage of 3 or more loose or liquid

stools per day [22]. Respondents were asked to recall
whether and how many times they suffered from
drinking-water-related diarrhoea in 2010. In addition,



Table 1 Socio-demographic characteristics of study
population

Characteristics Study
population

Excluded
population

Shanghai
population

N (%) Students (%) N (%) N (%) Students

Total 400 44 16 13,793,900 1,962,900

Gender

Male 199 (49.8) 23 (52.3) 8 (50) (49.9)

Female 201 (50.2) 21 (47.7) 8 (50) (50.1)

Age (years)

<18 39 (9.8) 37 (84.1) 5 (31.3) (10.4)

18~ 86 (21.5) 7 (15.9) 7 (43.7) (24.1)

35~ 181 (45.3) 0 3 (18.8) (43.0)

60~ 94 (23.5) 0 1 (6.3) (22.5)

Education

≤12 years 270 (67.5) 39 (88.6) 9 (56.3) (75.0)

> 12 years 130 (32.5) 5 (11.4) 7 (43.8) (25.0)

Annual Income
($)

≤2,308 51 (12.8) 44 (100) 6 (37.5) ——

2,308.1 ~ 4,615 239 (59.8) 0 3 (18.8) ——

4,615.1 ~ 7,692 68 (17) 0 5 (31.3) ——

7,692.1~ 42 (10.5) 0 2 (12.5) ——

Housing
Condition

1 41 (10.3) 3 (6.8) —— ——

2 106 (26.5) 10 (22.7) —— ——

3 142 (35.5) 16 (36.4) —— ——

4 24 (6) 5 (11.4) —— ——

5 39 (9.8) 6 (13. 6) —— ——

6 48 (12) 4 (9.1) —— ——

The data of Shanghai population was gained from Shanghai Statistical Almanac
2010. Unavailable data were illustrated as dashed lines.
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those drinking barrelled and filtrated water were further
inquired of their water hygiene habits, including fre-
quency of barrelled water machine disinfection and filter
replacement.

Analyses
Descriptive and inferential statistics were undertaken to
analyse the data. Chi-square test was performed to
evaluate association between each study factor, between
diarrhoea times and different water choices, as well as
between diarrhoea times and water hygiene habits.
When expected frequency was less than 5, Fisher’s exact
test was used instead. The relation between each factor
and different drinking water choices (tap water, bar-
relled/bottled water, filtrated water) was firstly assessed
by univariable logistic regression. Four groups were set
as follows: alternative water (barrelled/bottled water, fil-
trated water) vs tap water; barrelled/bottled water vs tap
water; filtrated water vs tap water; and barrelled/bottled
water vs filtrated water. Backward stepwise logistic re-
gression model was used in each group. For each model,
a receiver operating characteristic (ROC) curve was gen-
erated. The goodness of fit of the models was assessed
by calculating the area under the curve (AUC) of the re-
ceiver operating characteristic (ROC) with 95% confi-
dence intervals (95%CI) [23]. Agreement between domestic
drinking water type and what one believed to be the clean-
est was qualitatively assessed by the kappa statistic. Kappa
values of 0.81–1 were interpreted as excellent agreement,
0.61–0.80 as good, 0.41–0.60 as moderate, 0.21–0.40 as
slight, and 0–0.20 as poor [24]. Statistical analysis was per-
formed with Stata/SE 11.0 (College Station, TX).
Historical data (1) percentage of domestic drinking

water choices; (2) tap water satisfactory rate; (3) annual
income and living years were available in 2001 [18].
Graphic method and chi-square test were also applied to
reflect the change in drinking water choices.

Results
Socio-demographic characteristics of the sample
There were 199 (49.75%) male and 201 (50.25%) female,
aged between 8 and 90 years with an average of 41.23
years. Constituent ratio of age was 9.75% for juveniles,
21.50% for young, 45.25% for the middle-aged, and
23.50% for the elder, respectively. Average annual in-
come was $4879 and 32.50% of the respondents received
education above junior college level. Percentages of
those living in three different kinds of buildings were re-
spectively 10.50%, 61.75% and 27.75%, in chronological
order. Average living year in the present place was 18.36
years. Full-time students were especially listed given that
they were economically dependent and their housing
condition largely depended on their family. Details could
be seen from Table 1.
The average age of Shanghai residents was 36.64 years.
Constituent ratios of the study in age and gender were
similar to those of Shanghai. The annual income of
Shanghai residents was $4898, which was also compar-
able. 25% of all respondents in Shanghai received higher
education. The reason that ours were relatively high in
both average age and percentage of higher education
receivers was probably because we excluded populations
below 7 years. In total, our sample was representative of
that in Shanghai.

Risk perception, belief and domestic drinking water
choices of respondents
Respondents were aware of tap water quality from sen-
sory property items of turbidity, colour, taste, smell and
if worm was ever seen. According to their water con-
sumption experience in 2010, 239 (59.75%) were satisfied



Figure 1 Change in domestic drinking water choices during
past decade. The percentage of tap water use remained relatively
stable, with only a 0.74% increase compared with that in 2011. A
decrease in barrelled water by around 11.0% and an increase in
filtrated water use by 11.85% were found. Information of domestic
bottled water use wasn’t gathered in 2001, its percentage in 2011
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with domestic tap water quality. In terms of turbidity, 57
(14.25%) thought tap water was slightly turbid, and 1
(0.25%) complained about severe turbidity. 30 (7.50%)
reported abnormal colour, among which yellowish green
was mostly reported. 38 (9.50%) respondents experi-
enced abnormal smell, with 22 (5.50%) chlorine smell, 7
(1.75%) fish odour, 5 (1.25%) sulphur smell, and 4 (1%)
others. 38 (9.50%) reported ever found worm in tap
water. Taste was the more frequent given reason for the
dissatisfaction of tap water. 106 (26.50%) respondents
complained about the uncomfortable perception.
Respondents exhibited a different belief of what was

the cleanest or safest water. 210 (52.50%) of the respon-
dents thought tap water was the cleanest, sequentially
came 77 (19.25%) filtrated water, 53 (13.25%) bottled
water, 37 (9.25%) barrelled water and 23 (5.75%) respon-
dents were “indifferent” towards the type of drinking
water.
was 3.25%. Statistical significance were found in difference of
filtrated water (P< 0.001) and barrelled/bottled water (P< 0.05).
Comparisons between 2001 and 2011
Changes occurred in personal income, living years, tap
water satisfactory rate and domestic drinking water
choices during the decade. Average annual income was
$1218 in 2001, 1/4 of that in 2011. The average living
years in present place was 15 years in 2001, while that of
2011 was 18 years, indicating a change in living place
and housing condition among residents. Tap water satis-
factory rate used to be 41.94% in 2001, 10.31% lower
than that of 2011. The percentage of tap water use
remained relatively stable, with only a 0.74% increase
compared to that in 2011. Bottled water was not listed
in 2001-study, therefore, we combined barrelled and
bottled water together, and found a decrease by 11.11%.
Percentage of household filtrated water use had increased
by 11.85% (See Figure 1)
Influential factors of domestic drinking water choices
Domestic drinking water choices were influenced by age,
income, education, housing condition, taste, worm found
and belief differences, whereas gender, transparency,
smell, colour showed no relations in any regression
model. A slight agreement (60.46%) was also found be-
tween what people recognized cleanest and what they
actually drink at home, Kappa value = 0.36 (P< 0.001).
Backward stepwise logistic regression model was used

to see how the influential factors affected domestic
drinking water choices in each group. Respondents drink-
ing tap water were regarded as reference in the first three
groups, while filtrated water in the last. ROC curves of all
four models showed good ability to distinguish different
drinking water choices, with the AUC of 0.86 (0.83–0.90),
0.89 (0.85–0.92), 0.87 (0.84–0.91) and 0.77 (0.70–0.83), re-
spectively (See Figure 2).
Belief was brought into the regression model in all
groups. Education was included only in the group for al-
ternative drinking water, indicating that respondents with
higher education were inclined to choose alternative
drinking water rather than tap water, but there existed no
difference in the type of alternative drinking water. In-
come was included in groups for alternative water and
bottled/barrelled water, while age was included in the
model for bottled/barrelled water only. Housing condition
was included in the group for filtrated water. Taste was
included in the first three groups, indicating it a neglect-
able reason for abandonment tap water. Worm founded
in tap water was also an influential factor in groups for al-
ternate and filtrated water. Details could be seen from
Table 2.

Drinking water choices, diarrhoea frequency and water
hygiene habits
Percentage of domestic drinking water choices was as
follows: 58.25% using tap water, 22.50% barrelled water,
3.25% bottled water and 16.00% filtrated water. 171
(42.75%) respondents reported suffered from drinking-
water-related diarrhoea. 149 (87.13%) of them experienced
less than 5 times. No statistical significance was found be-
tween diarrhoea and drinking water choices. However,
those taking alternate drinking water showed a higher
diarrhoea rate.
For those drinking barrelled water (n= 90), 21 (23.33%)

disinfected their barrelled water machine every month, 20
(22.22%) every 3 months, 21 (23.33%) every half year and
28 (31.11%) more than one years. A total of 37 (41.11%)
reported suffering from drinking-water-related diarrhoea.



Figure 2 Receiver operating characteristic (ROC) curve for four backward stepwise logistic regression models. The areas under curve
(AUC) and their 95% CI for each model were 0.86 (0.83–0.90), 0.89 (0.85–0.92), 0.87 (0.84–0.91) and 0.77 (0.70–0.83), respectively.
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For those drinking filtrated water (n= 64), 10 (15.63%)
replaced their filters at least once every three months, 28
(43.75%) replaced in an annual base, 26 (40.63%) replaced
less frequent or never replaced since equipped. 30
(46.88%) of them reported suffering from diarrhoea.

Discussion
Drinking water choices reflect not only the history and
development of a society, an economy and a culture, but
also awareness and concept of public health and drink-
ing water hygiene. Past three decades witnessed a rapid
economic growth, introduction of new technologies and
increase international exchanges in China. Reform from
planned economy to the market one has greatly improved
life of Chinese people and influenced their lifestyle and
health concept [25]. However, few researches have ever
investigated change and the possible influential factors on
drinking water choices and water consumption in China.
We conducted a cross-sectional survey in Shanghai, a
metropolitan fully representing the economic and social
development of China, to investigate change in domestic
drinking water choices and water consumption and its po-
tential health issues in urban residents. Domestic drinking
water choices diversified in China, with tap water a main-
stream but alternative drinking water noticeably changed.
Domestic filtrated water increased and barrelled/bottled
water decreased, compared with that decade ago.
Domestic drinking water choices were correlated with age,
education, annual income, housing condition, risk percep-
tion and belief in what kind of drinking water the cleanest.
Strong correlation was found between one’s belief in what
type of water the cleanest and one’s domestic drinking
water choices (P< 0.001) by using backward stepwise lo-
gistic regression model. However, misunderstanding proved
existed from rates of self-report drinking-water-related diar-
rhoea, filter replacement and barrelled water machine disin-
fection. Therefore, adverse effects and potential health risks
induced by change in drinking water choices can’t be
ignored.
The development of economy provides diversified

drinking water choices. Our study showed that 58.25%
of the residents mainly drank boiled tap water. However,
the percentage of domestic filtrated and barrelled/
bottled water use had surpassed 40%, with an increase
by 11.85% in filtrated water (P< 0.001) and a decrease
by 11.11% in barrelled/bottled water (P< 0.05), com-
pared with that ten years ago. The reason that domestic
filtrated water rose in use was attributed to many fac-
tors, but the development of economy, the improvement
of residents’ living conditions and marketing effect were
among the very important. Although barrelled/bottled
water was much easier to access than tap water, recent
negative reports for barrelled/bottled water from home
and aboard led to its decrease in household use [26-31].



Table 2 Logistic regression models for different domestic drinking water choices

Alternate Bottled/Barreled Filtrated Bottled/Barreled Vs (Filtrated)

cOR(95% CI) aOR(95% CI) cOR(95% CI) aOR(95% CI) cOR(95% CI) aOR(95% CI) cOR(95% CI) aOR(95% CI)

Gender (Male) 1.11(0.91–1.35) —— 1.09(0.87–1.38) —— 1.14(0.87–1.51) —— 0.96(0.70–1.31) ——

Age (18–35years)

<18 1.11(0.52–2.38) —— 1.02(0.44–2.36) 0.97(0.24–2.04) 1.36(0.46–4.02) —— 0.75(0.24–2.31) ——

35–59 0.62(0.37–1.03) —— 0.49*(0.27–0.88) 0.45**(0.32–0.97) 0.95(0.45–2.04) —— 0.51(0.23–1.16) ——

≥60 0.47*(0.26–0.86) —— 0.33**(0.16–0.68) 0.36**(0.10–0.73) 0.83(0.35–1.96) —— 0.4(0.15–1.05) ——

Education(Lower level) 1.57*(1.03–2.40) 2.74**(1.38–5.44) 1.61(0.99–2.62) —— 1.52(0.85–2.71) —— 1.06(0.56–2.01) ——

Annual Income(2308.1–4615)

≤2,308 1.38(0.30–6.33) 2.38(0.86–6.67) 2.70(0.58–12.54) 1.35(0.83–23.51) —— —— —— ——

4,615.1–7,692 2.08**(1.20–3.58) 5.26**(1.61–16.67) 2.70**(1.44–5.07) 3.08**(1.26–6.39) 1.42(0.67–2.99) —— 1.91(0.84–4.31) ——

7,692.1- 1.25(0.64–2.45) 3.57(1.61–7.94) 1.87(0.88–3.97) 1.14(0.93–2.74) 0.60(0.20–1.84) —— 3.10(0.93–10.28) ——

Housing Condition(CAT 1)

CAT 2 2.00(0.86–4.62) —— 1.94(0.72–5.21) —— 2.10(0.56–7.89) 2.48(0.50–12.28) 0.92(0.20–4.31) ——

CAT 3 2.84**(1.27–6.38) —— 2.96*(1.15–7.61) —— 2.61(0.72–9.43) 3.02(0.43–21.16) 1.13(0.26–5.01) ——

CAT 4 3.10*(1.04–9.23) —— 2.96(0.84–10.50) —— 3.38(0.66–17.25) 3.14(0.67–14.85) 0.88(0.137–5.576) ——

CAT 5 5.27**(1.99–13.97) —— 2.75(0.82–9.27) —— 10.31**(2.61–40.82) 17.90**(3.39–94.42) 0.27(0.05–1.36) ——

CAT 6 3.99**(1.57–10.10) —— 3.59*(1.21–10.63) —— 4.78*(1.18–19.31) 4.82*(1.02–21.27) 0.75(0.15–3.72) ——

Transparency(Normal) 0.93(0.55–1.57) —— 0.72(0.49–1.06) —— 1.18(0.83–1.68) —— 0.61*(0.39–0.97) ——

Colour(Normal) 0.92(0.59–1.44) —— 0.58(0.31–1.08) —— 1.27(0.82–1.97) —— 0.46*(0.23–0.91) ——

Taste(Good) 3.50***(2.65–4.63) 5.48***(3.50–8.56) 4.04***(2.98–5.49) 6.44***(3.91–10.60) 2.78***(1.97–3.91) 5.04***(2.74–9.26) 1.46*(1.06–2.00) ——

Smell(Normal) 1.01(0.72–1.41) —— 0.84(0.54–1.30) —— 1.25(0.83–1.90) —— 0.67(0.40–1.12) ——

Worm founded(Never) 1.14(0.58–2.24) 2.95*(1.28–6.81) 0.59(0.21–1.61) —— 2.33*(1.08–5.04) 3.35*(1.22–9.15) 0.22**(0.07–0.66) ——

Belief (Tap water)

Barrelled water 19.49***(7.65–49.66) 8.62 ***(3.51–21.20) 27.67***(10.50–72.87) 9.68***(2.91–32.16) 5.19*(1.18–22.74) 5.14(0.92–28.86) 5.33*(1.40–20.36) 5.61*(1.47–21.38)

Bottled water 5.75***(3.02–10.94) 2.39**(1.32–4.23) 7.06***(3.49–14.28) 3.61**(1.51–8.60) 3.46*(1.28–9.38) 2.59(0.83–8.05) 2.04(0.72–5.77) 2.55(0.88–7.39)

Filtrated water 6.60***(3.73–11.69) 3.04***(1.81–5.10) 3.18**(1.51–6.68) 1.66(0.64–4.31) 12.60*** (6.15–25.79) 11.54***(5.05–26.39) 0.25**(0.11–0.60) 0.51**(0.11–0.56)

* P -value< 0.05; ** P -value< 0.01; *** P -value< 0.001.
Crude and adjusted odds ratios and their 95% CI were shown above.
Tap water choice was the control in the first three models, while filtrated water was the control in the last model.
Housing condition was divided into 6 categories, category 1 (CAT 1) was apartments built before 1980’s.
Transparency, colour, taste, smell and worm ever founded were five aspects considering respondents’ household tap water.
Variables excluded from the models were illustrated as dashed lines.
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Table 3 Self-report diarrhoea in 2010

Diarrhoea times and percentages

< 5 times < 10 times More Total

n (%) n (%) n (%) n (%)

Tap Water 86 (36.91) 4 (1.72) 5 (2.15) 95(40.77)

Bottled/Barrelled Water 37 (35.92) 4 (3.88) 5 (4.85) 46(44.66)

Filtrated Water 30 (46.88) 2 (3.13) 0 32(50)

Pearson X2 = 7.76,P >0.05.
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Our findings that differences in age, education, income
and personal perception affected drinking water choice
were similar with what found in western countries [5-
8,10]. However, these influential factors showed charac-
teristics rooted from Chinese tradition and economic
background. 49.23% of the higher educated respondents
chose alternative water, while only 38.15% lower edu-
cated did so. As shown in Additional file 2: Table S1, an-
nual income interacted with education (P< 0.001). 65.60%
of the higher educated respondents owned a higher an-
nual income (>$4615), while that for lower educated was
only 12.12%. No wonder the higher income selected more
alternative and barrelled/bottled water than the lower in-
come (48.18% vs 39.31% and 33.64% vs 22.76%).
We also found the middle-aged and the elder (≥35

years old) chose less barrelled/bottled water at home
than the juveniles and the young (24.78% vs 43.40%).
This was because of the influence by traditional thrifty
life philosophy and the long-term propaganda for using
boiled tap water. On the other hand, it may be attributed
to China’s family planning policy carried out 30 years
ago. More than 90% of the respondents under 35 years
old were the only child in the family, who received much
more care and resources than their parents [32,33].
We were the first to discover that housing condition

influenced residents’ drinking water choices and water
consumption behaviours. In China, housing conditions
was a comprehensive embodiment of one’s and his/her
family’s income level, social status, educational and cul-
tural background. Respondents living in buildings built
after 2000 were much more likely to choose filtrated water
than others (cOR=1.19 95%CI 1.07–1.32). The reasons
lay in two aspects: (1) Centralized filtrated water was usu-
ally supplied in communities built after year 2000 due to
improvement of residential environment. Even if without
centralized filtrated water, many residents would equipped
a filter at their water inlets. (2) Respondents living in
buildings built after 2000 enjoyed a higher annual income
and education, with 37.94% belonging to higher income
and 51.35% higher education, compared to 23.88% and
25.26% for those living elsewhere.
Knowledge-attitude-practice (KAP) model assumed

that knowledge, attitude and practice inter-related with
one another [34]. Personal health belief affected one’s
behaviour [35]. We found respondents’ drinking water
choices (practice) correlated with their belief in what
type of water the cleanest (attitude) by using backward
stepwise logistic regression model. However, looking fur-
ther, we found respondents’ belief was subjective, even
self-contradictory and vague in logic. For example, the
respondent could hardly tell why choose a certain type
of water. Moreover, 14.06% of the respondents expressed
bad smell and taste and even found bloodworm (midge
larvae) in their tap water, but still regarded tap water
was a prior choice. These were in line with what Ward
discovered in their research that there existed confusion
about what kind of drinking water the cleanest in the
general public [8].
Bacteria qualified rate reached 100% in finished water

of water plant and pipe net water at national monitoring
points for water quality [36]. Barrelled/bottled water was
also tested the quality before selling. However, self-
report drinking-water-related diarrhoea in 2010 existed
in all kinds of water. The diarrhoea rates for filtrated,
barrelled/bottled and tap water were 46.88%, 44.66%,
40.77%, respectively, though there was no statistical sig-
nificance (See Table 3). It was astonishing that respon-
dents drinking alternative water (barrelled/bottled &
filtrated water) suffered more. A tendency was found
that the higher the frequency for filter replacement and
barrelled machine disinfection, the lower the chance and
severity of diarrhoea, although without statistical signifi-
cance (See Figure 3). The frequency for replacement or
disinfection was usually judged by time instead of water
volume. Some respondents even didn’t know when and
how to replace filter or disinfect machine. They either
never did so or did in an irregular base. We thought it
may be the effectiveness of drinking water sanitary treat-
ment rather than drinking water type that influence the
difference of diarrhoea rate.
This was the first research to investigate change in do-

mestic drinking water choices and water consumption
behaviours among urban residents in China. Diversifica-
tion of drinking water choices was inevitable under the
background of market economy. The increase in house-
hold filtrated water and the decrease in barrelled water
reflected the outcome of drinking water market. Al-
though the influential factors of drinking water choices
were similar with those found in developed countries,
reasons lay behind were of Chinese characteristics rooted
in Chinese unique culture, society and economy. All types
of water could induce diarrhoea, indicating a necessity to
further strengthen propaganda and health education and
to instruct residents in effective disinfection and sanitary
methods according to different drinking water choices.
Government and centres for disease control should be
urged to enhance management and supervision of drink-
ing water quality so as to protect public health.



Figure 3 Diarrhoea times among different frequency of barrelled water machine disinfection and filter replacement. Self-report
diarrhoea in 2010 was compared among barrelled and filtrated water users. 41.11% of barrelled water users and 46.88% of filtrated water users
reported diarrhoea in 2010. The more often the frequency of disinfection and filter replacement, the less chance and severity of self-report
diarrhoea.
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Selection bias may have occurred in that respondents
with both time and willingness were recruited, but as
questionnaires were done in different days and different
locations in Yangpu district, we believe such bias were
decreased to a large extent. Given that respondents were
asked to recall some of their water consumption experi-
ence in 2010, the potential for recall bias was possible.
However, we believe it was attenuated as the influential
factors and water consumption habits that we focused
were relatively stable. Though misclassification of
drinking-water related diarrhoea may have occurred, it
was still possible to infer related diarrhoea could happen
to residents drinking any type of water. We think it
would be better if we had asked those respondents the
type of water they used to drink and the reason for
change.

Conclusions
We found consumption of tap water remained a major-
ity, while the use of alternative drinking water changed,
with an increase in filtrated water and decrease in
bottled/barrelled water. Many factors including personal
health belief, housing condition, risk perception affected
domestic drinking water choice in urban China. How-
ever, reasons for these influential factors were rooted in
Chinese traditional culture, special social structure and
stage of economic development. All types of water could
induce diarrhoea and misunderstanding of water hygiene
accounted for high proportion. Administrative depart-
ment should provide related health education, know-
ledge and effective measures to safeguard public health
in accordance with various drinking water choices.

Additional file

Additional file 1: Questionnaire for Water Consumption Habits.

Additional file 2: Table S1. Interaction among studied influential
factors.
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
WQ and HC conceived and designed the whole study. YZ, LM, FL and QS
were involved with the study design, respondents recruitment, and data
collection. HZ, XW, DT and GH were involved with the modification of the
questionnaire. HC performed statistical analysis and drafted the manuscript.
WQ and WZ provided critical input into the manuscript. All authors read and
approved the final version.

Acknowledgements
This project was supported by National Natural Science Foundation of China
(30771770 & 30972438), Key Project of National High-tech R&D Program of
China (863 Program) (2008AA062501), Shanghai Municipal Health Bureau
Leading Academic Discipline Project (No. 08GWD14), and Dawn Scholarship
Project (No. 07SG01).
The authors are grateful to Professor Biao Xu, Dr. Weibing Wang, and Dr.
Chaowei Fu (Department of Epidemiology of Fudan University) for their
evaluation in questionnaire design and crucial reviewer to this study.

Author details
1Key Laboratory of Public Health Safety, Ministry of Education, Department of
Environmental Health, School of Public Health, Fudan University, Shanghai
200032, China. 2Center for Disease Control and Prevention of Yangpu district,
Shanghai, China. 3Department Nutrition and Food Hygiene, School of Public
Health, Fudan University, Shanghai 200032, China.

Received: 20 February 2012 Accepted: 29 March 2012
Published: 18 June 2012

References
1. Prüss A, Kay D, Fewtrell L, Bartram J: Estimating the burden of disease

from water, sanitation, and hygiene at a global level. Environ Health
Perspect 2002, 110:537–542.

2. What is the Purpose of Drinking Water Quality Guidelines/Regulations?
[http://www.safewater.org/]

3. Farooqui A, Khan A, Kazmi SU: Investigation of a community outbreak of
typhoid fever associated with drinking water. BMC Public Health 2009,
9:476–481.

4. Gualberto FA, Heller L: Endemic Cryptosporidium infection and drinking
water source: a systematic review and meta-analyses. Water Sci Technol
2006, 54:231–238.

5. Castano-Vinyals G, Canto KP, Villanueva CM, Tardon A, Garcia-Closas R, Serra
C, Carrato A, Malats N, Rothman N, Silverman D, Kogevinas M:
Socioeconomic status and exposure to disinfection by-products in
drinking water in Spain. Environ Health 2011, 10:1–6.

6. Hu Z, Morton LW, Mahler RL: Bottled water: United States consumers and
their perceptions of water quality. Int J Environ Res Public Health 2011,
8:565–578.

http://www.biomedcentral.com/content/supplementary/1471-2458-12-450-S1.doc
http://www.biomedcentral.com/content/supplementary/1471-2458-12-450-S2.pdf
http://www.safewater.org/


Chen et al. BMC Public Health 2012, 12:450 Page 9 of 9
http://www.biomedcentral.com/1471-2458/12/450
7. Saylor A, Prokopy LS, Amberg S: What’s wrong with the tap? Examining
perceptions of tap water and bottled water at Purdue University. Environ
Manage 2011, 48:588–601.

8. Ward LA, Cain OL, Mullally RA, Holliday KS, Wernham A, Baillie PD,
Greenfield SM: Health beliefs about bottled water: a qualitative study.
BMC Public Health 2009, 9:196–204.

9. Doria MF: Bottled water versus tap water: understanding consumers’
preferences. J Water Health 2006, 4:271–276.

10. de Francisco A, Castelao MA, Eyzaguirre M, Salvado S: Bahia 2008 Study: a
hydration barometer of the Spanish population. Nefrologia 2010,
30:220–226.

11. de Franca DM, Pidgeon N, Hunter P: Perception of tap water risks and
quality: a structural equation model approach. Water Sci Technol 2005,
52:143–149.

12. Williams BL, Florez Y, Pettygrove S: Inter- and intra-ethnic variation in
water intake, contact, and source estimates among Tucson residents:
Implications for exposure analysis. J Expo Sci Environ Epidemiol 2001,
11:510–521.

13. Economy EC: China’s environmental challenge. [http://www.uscc.gov]
14. China National Environment and Health Action Plan. [http://www.who.int]
15. Guan D, Hubacek K: Lifestyle changes and its influences on energy and

water consumption in China. In Proceedings of the 6th Conference for
postgraduate students, young scientists and researchers on Environmental
Economics. Prague: Policy and International Environmental Relations;
2004:7–8.

16. Jones AQ, Dewey CE, Dore K, Majowicz SE, McEwen SA, Waltner-Toews D,
Henson SJ, Mathews E: Public perceptions of drinking water: a postal
survey of residents with private water supplies. BMC Public Health 2006,
6:94–105.

17. Wright JM, Murphy PA, Nieuwenhuijsen MJ, Savitz DA: The impact of water
consumption, point-of-use filtration and exposure categorization on
exposure misclassification of ingested drinking water contaminants. Sci
Total Environ 2006, 366:65–73.

18. Jiang S, Peng H, Yang H, Shi W, Zhu H: A study on drinking water in one
community of Yangpu district in Shanghai. J Environ Occup Med 2003,
20:43–44. in Chinese with English abstract.

19. Shanghai Statistics.
[http://www.stats-sh.gov.cn/]

20. Li Y: The impacts of China housing reform on residents’ living conditions.
Master thesis. University of Oregon, Department of Planning: Public Policy
and Management; 2011.

21. An Advisory Committee Statement (ACS): Housing conditions that serve as
risk factors for tuberculosis infection and disease. Can Commun Dis Rep
2007, 33:1–13.

22. [http://www.who.int/]
23. Hanley JA, McNeil BJ: The meaning and use of the area under a receiver

operating characteristic (ROC) curve. Radiology 1982, 143:29–36.
24. Gomez-Marcos MA, Grandes G, Iglesias-Valiente JA, Sanchez A, Montoya I,

Garcia-Ortiz L, PEPAF group: Agreement between the SCORE and
D’Agostino Scales for the classification of high cardiovascular risk in
sedentary spanish patients. Int J Environ Res Public Health 2009,
6:2800–2811.

25. A Country Study: China. [http://lcweb2.loc.gov/frd/cs/cntoc.html]
26. Cidu R, Frau F, Tore P: Drinking water quality: Comparing inorganic

components in bottled water and Italian tap water. J Food Compos Anal
2011, 24:184–193.

27. Palmera-Suarez R, García P, García A, Barrasa A, Herrera D: Salmonella
Kottbus outbreak in infants in Gran Canaria (Spain), caused by bottled
water, August – November 2006. Euro Surveill 2007, 12: E070712.2.

28. Ahmad M, Bajahlan AS: Leaching of styrene and other aromatic
compounds in drinking water from PS bottles. J Environ Sci (China) 2007,
19:421–426.

29. Schillinger J, Du Vall KS: Drinking-water quality and issues associated with
water vending machines in the city of Los Angeles. J Environ Health 2004,
66:25–31.

30. Pip E: Survey of bottled drinking water available in Manitoba, Canada.
Environ Health Perspect 2000, 108:863–866.

31. Guo C, Jiang J, Li J, Xu X, Mao J: Shang hai cheng shi tong zhuang yin
yong shui zhi liang ping shu. Shanghai Journal of Preventive Medicine 1997,
6:253–256. in Chinese.
32. Shao AT, Herbig P: Marketing Implications of China’s Little Emperors’.
Review of Business-Saint Johns University 1994, 16:16–16.

33. Vlassoff C, Shah I: The fertility revolution in China. IDRC Rep 1990,
18:16–17.

34. Blalock CL: A qualitative evaluation of a professional development program
on teacher health knowledge, health attitudes, and health behaviours. In
ProQuest; 2008.

35. Jones AQ, Dewey CE, Dore K, Majowicz SE, McEwen SA, Waltner-Toews D,
Henson SJ, Mathews E: Public perception of drinking water from private
water supplies: focus group analyses. BMC Public Health 2005, 5:129–140.

36. Chen Y, Chen G: Investigation and Analysis on Quality of Water from
Urban Supply Net in Shanghai. China Water & Waste 2002, 18:32–34.

doi:10.1186/1471-2458-12-450
Cite this article as: Chen et al.: Change of water consumption and its
potential influential factors in Shanghai: A cross-sectional study. BMC
Public Health 2012 12:450.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.uscc.gov
http://www.who.int
http://www.stats-sh.gov.cn/
http://www.who.int/
http://lcweb2.loc.gov/frd/cs/cntoc.html

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Questionnaire development and study factors selection
	Analyses

	Results
	Socio-demographic characteristics of the sample
	Risk perception, belief and domestic drinking water choices of respondents

	link_Tab1
	Comparisons between 2001 and 2011
	Influential factors of domestic drinking water choices
	Drinking water choices, diarrhoea frequency and water hygiene habits

	link_Fig1
	Discussion
	link_Fig2
	link_Tab2
	link_Tab3
	Conclusions
	Additional file
	show [n]
	Acknowledgements
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_Fig3
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


