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Abstract: The aim of this study was to compare the water quality of piped-to-plot source water with
point-of-drinking water in the households of a low-income urban area in Bangladesh. A total of
430 low-income households and 78 communal sources connected to these households were selected
from the East Arichpur area of Dhaka. The water samples were collected from point-of-drinking
vessels (household members’ preferred drinking vessels i.e., a mug, glass, or bottle) in households
and from linked sources at six-week intervals between September 2014 and December 2015. Water
samples were processed using standard membrane filtration and culture methods to quantify E. coli.
Analysis of paired data from source and point-of-drinking water collected on the same day showed
that fecal contamination increased from source to point-of-drinking water in the households in 51%
(626/1236) of samples. Comparison between bottles vs. other wide-mouth vessels (i.e., glasses,
mugs, jugs) showed significantly lower odds (p = 0.000, OR = 0.58, (0.43-0.78)) of fecal contamination
compared to other drinking vessels. The findings suggest that recontamination and post-treatment
contamination at the point of drinking play a significant role in water contamination in households.
Hygiene education efforts in the future should target the promotion of narrow-mouth drinking

vessels to reduce contamination.

Keywords: E. coli; diarrhea; improved source; recontamination; post-treatment contamination

1. Introduction

Diarrheal diseases remained the fifth leading cause of disability-adjusted life-years
(DALYs) globally [1]. The Global Burden of Disease (GBD) study in 2019 placed unsafe
water as the thirteenth highest risk to health in all ages, fifth in 0-9 year olds, and fourth in
10-24 year olds [2]. Globally, 1.8 billion people lack microbiologically safe drinking water
supplies, with the majority (88%) living in low- and middle-income countries (LMICs) [3].
Among the water, sanitation, and hygiene (WASH)-related risks, unsafe water ranks first,
leaving unsafe sanitation and handwashing behind [2]. Unsafe drinking water was respon-
sible for 2.6% of DALYs in all age groups, including 7.7% of DALYs in 0-9 year olds [2].

Bangladesh is a low-income country where diarrheal diseases are endemic. The United
Nations International Children’s Emergency Fund (UNICEF) reported in 2017 that 71 mil-
lion people in Bangladesh lack access to safely managed water [4,5]. According to the World
Health Organization/UNICEF (WHO/UNICEEF) Joint Monitoring Programme, safely man-
aged drinking water is defined as the use of an improved drinking water source that is
located on the premises, available when needed, and free from fecal contamination [6].
Furthermore, improved drinking water comes from a source that has some basic infras-
tructure (piped-to-plot water supply, boreholes, protected dug wells, protected springs,
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and rainwater) [7]. The Multiple Indicator Cluster Survey conducted in 2019 reported that
the services of improved drinking water made the highest (98%) progress compared to
sanitation (64%) and handwashing (75%) in Bangladesh [8]. This survey also reported
that 48% of households in Bangladesh used safely managed drinking water services [8].
However, this report did not provide specific information on low-income urban communi-
ties. Thus, the information on fecal contamination in drinking water for low-income urban
communities (classified as slums) remained obscure, except for some sporadic research
studies on water quality in rural [9,10] and urban areas [11]. The systematic analysis for
GBD on the comparative risk assessment of 84 behavioral, environmental, and occupational
risks [12] found that unsafe drinking water, a risk factor for diarrheal diseases, was in-
versely related to the socio-demographic context. Populations living in low-income urban
communities receive much attention in the public health arena due to the rapid growth
of low-income urban communities and their vulnerability to diseases. The Sustainable
Development Goals (SDGs), also known as Global Goals, adopted by the United Nations
member states are a set of recommendations and action plans to end poverty, protect the
planet, and ensure that all people enjoy peace and prosperity by 2030 [13]. The SDGs have
17 goals and targets, Target 11.1 being: “by 2030, ensure access for all to adequate, safe and
affordable housing and basic services, and upgrade slums” [13]. In Bangladesh, 47% of the
urban population lives in slums [14]. In Dhaka City, Bangladesh, 76% of residents have
piped-to-plot water connections: 8% with in-house connections and 68% within the yard
or plot [15]. However, information on drinking water quality among low-income urban
residents who use piped-to-plot water connections remains limited.

In a recent review, Clasen et al. (2015) stated that controlling microbial contamination
of in-house drinking water might be an important interim strategy until a safe, reliable
piped-in water connection is provided to the household [16]. Researchers have repeatedly
observed that the microbiological quality of water can change over the course of collection,
transport, home storage, and consumption [17-19]. However, there have been very few
attempts globally to measure the effect of piped-to-plot water sources on in-house drinking
water immediately before consumption. Further research investigating the microbiological
quality of drinking water in low-income urban communities will be useful for the SDG
database and for this country’s policymakers for disease preventive intervention for the
low-income urban residents. Therefore, this study aimed to assess the water quality of a
piped-to-plot communal source and point-of-drinking water (i.e., in-house drinking water
immediately before consumption using preferred drinking vessels) in a low-income urban
community of Bangladesh.

2. Methods and Materials
2.1. Study Site and Population

We conducted this study in East Arichpur, located in the Tongi Township of Dhaka City,
in Bangladesh (Figure 1). The population density of Arichpur is high (>100,000 residents
per km?) [20], and 13,876 households with an approximate population of 55,504 live within
a half km? area [21]. East Arichpur has a history of outbreaks of waterborne diseases,
including cholera [20,22]. The Bangladesh Bureau of Statistics defined this community as a
low-income urban community [23,24]. Most of the population live in semi-pacca houses
(concrete walls and a roof made of tin or wood), sharing water sources and kitchen and
toilet facilities that are located in a compound (a cluster of households sharing the same
yard and other facilities) setting [21]. The community is surrounded by garment factories,
the Bangladesh Small and Cottage Industries Corporation (BSCIC), electronic goods and
fan manufacturing factories, and the heavily polluted Turag River (Figure 1).
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Figure 1. Map of the study area. The distribution of study households and communal source water pumps in the Arichpur area.

2.2. Types of Water Sources in Arichpur
Municipal government submersible pumps and private submersible pumps are the
primary (99%) piped-to-plot connected communal sources of water for the Arichpur com-
munity [21]. The municipal government pump is locally known as WASA, and the private
supply is locally known as the submersible pump. The government installed the WASA,
and the individual owner/s installed the private submersible pump. Most (90%) of the
compounds have piped-to-plot water connections in the yard [21]. The average water
collection trip is 1-2 min from the yard to the houses, and the average distance from the
tap to the houses is 5-20 m. WASA water is supplied to the households through under-
ground networks of pipes. Submersible pump water is distributed to the households using
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above-ground networks of pipes. All of the communal sources of our studied households
extract groundwater from a depth of >85 m. The areas around the pumps are not usually
protected with a wall, and the floor is made of concrete.

2.3. Data Collection

A research team collected water samples from communal sources and point-of-
drinking from September 2014 to December 2015 during routine visits at six-week intervals
as a part of a longitudinal study of diarrhea incidence and water use [25]. Data collection
from December 2014 to February 2015 was interrupted due to political unrest in the country.
After baseline data collection, the research team visited each study household to identify
its corresponding communal water source. A total of 430 households were enrolled, which
were connected to 78 communal sources (Figure 1). The term point-of-drinking was speci-
fied for in-house drinking water, instead of the commonly used term point-of-consumption,
which broadly refers to water used for various purposes, such as bathing, cooking, hand
washing, and drinking. Point-of-drinking water samples were taken from the household
members’ preferred drinking vessels (i.e., a mug, glass, bottle, jug, or pitcher), which they
filled with drinking water in their accustomed way. The water samples from communal
sources were taken directly from taps attached to the communal pumps. In the absence of a
direct tap, samples were collected from taps attached to the nearest above-ground reservoir
connected to the pump. The households usually collected water from the piped-to-plot
taps in temporary storage vessels. Those who used water treatment stored water after
treatment. From these temporary vessels, the point-of-drinking vessels were filled with
water immediately before consumption. Information on home-based water treatment (i.e.,
boiling, filtration, adding alum, etc.) was collected from the participants during water
sample collection from the point of drinking. The coordinates of sample collection sites
(households and communal sources) were obtained using a global positioning system
(GPS). Q-GIS software was used to locate the sites on a Google map (Figure 1).

2.4. Microbiological Procedures for Sample Collection and Sample Processing

Water samples (150-200 mL) were collected both at source and point-of-drinking lo-
cations. Water samples were collected using pre-sterilized wide-mouth sampling bottles
(SPL Life Sciences, Gyeonggi-do, Korea) and transported to the Environmental Microbiology
Laboratory, University of Dhaka, maintaining a low temperature in a sample box containing
gel ice packs. The water samples were collected in the early morning and transported to the
laboratory by a technician within 1-2 h (the laboratory was 15-20 km away from the field
site). Microbiological water quality was assessed using standard membrane filtration and
culture methods for the detection of Escherichia coli (E. coli). Laboratory technicians filtered
100 mL aliquots of the water samples through white gridded, 0.45 um pore sized, 47 mm
diameter membrane filters (S-Pak, Merck Millipore, Darmstadt, Germany). Membranes were
placed on plates of modified Thermotolerant E. coli agar (m-TEC agar, Oxoid, London, UK)
and incubated at 44.5 & 0.5 °C for 18-24 h. Typical reddish-purple or magenta colonies of E.
coli were enumerated and recorded as colony forming units (CFUs) per 100 mL of water [26].

2.5. Data Analysis

Water samples were considered uncontaminated if no E. coli were detected (E. coli
CFU/100 mL < 1) and contaminated if any E. coli were detected. Sample results were
divided into four risk categories using WHO guidelines: low risk/safe (<1 E. coli/100 mL),
intermediate risk (1-10 E. coli/100 mL), high risk (11-100 E. coli/100 mL), and very high
risk (>100 E. coli/100 mL) for human consumption [7]. Means and medians were calculated
for the E. coli concentration. Several univariate logistic regressions were performed to
estimate the odds ratios (ORs) and to measure the association of household characteristics
(treatment and drinking vessel types) with the presence of E. coli. ORs were also calculated
to compare the relative odds of falling into a particular WHO risk group given a particular
household characteristic (treatment, household drinking vessel types) [27], where the low
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risk category was used as the referent. The difference in E. coli concentration between
communal source water and point-of-drinking water was calculated to determine changes
in water quality on the same day. The difference was calculated by deducting the E. coli
concentration of communal sources from the point-of-drinking water E. coli concentration.
A positive value indicated in-house contamination, a zero value indicated no-change, and
a negative value indicated die-off.

3. Results

A total of 2514 point-of-drinking water samples and 1494 communal source water
samples were collected. E. coli was detected in 77% (1926 /2514) of the point-of-drinking
water samples and 58% (866/1494) of the source water samples (Table 1). Of the point-of-
drinking water samples, 13% (340/2514) were treated water samples collected throughout
the study period from 27% (115/430) of the study households. The study households used
mugs, glasses, bottles, jugs, pitchers, and bodnas (similar to pitcher) as point-of-drinking
water vessels. Of the point-of-drinking vessel samples, a mug was the most common vessel
(53% (1335/2514)) used to drink water (Table 1).

Table 1. The presence of E. coli in point-of-drinking water and communal source water of the study households, stratified

by various characteristics.

Characteristics No. of Samples Contaminated with E. coli, n (%)
Point-of-drinking water 2514 1926 (77)
Water treatment

Yes 340 265 (78)

No 2174 1661 (76)
Modes of water treatment *
Boiling 254 197 (78)
Filtration 83 65 (78)
Types of drinking vessels *

Mugs 1335 1035 (78)

Glasses 726 568 (78)

Bottles 344 232 (67)

Jugs 74 62 (84)

Communal source water 1494 866 (58)

Types of communal water sources

WASA pump 122 73 (60)

Submersible pump 1372 793 (58)
Collection points

Taps attached to the communal pumps 440 208 (47)

Taps attached to the reservoir connected to the pumps 1054 658 (62)

* For 1% of the samples of treated water, respondents reported using both boiling and filtration, and 1% of the samples of drinking vessels
consisted of both pitchers and bodnas, and thus were not included.

3.1. Water Quality Assessment by Same-Day Paired Data

In-house contamination was observed in 51% (626/1236) of the same-day paired
samples (Table 2). Twenty-six percent (314/1236) of in-house contaminated samples had no
detectable E. coli at the communal source; the increase of E. coli varied from intermediate to
very high risk (Table 2). In 33% of paired water samples, point-of-drinking had less E. coli
(CFU/100 mL) than communal source water (Table 2).
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Table 2. Difference in E. coli CFU/100 mL of water between the paired samples of communal source water and point-of-

drinking water collected on the same day.

Difference in E. coli CFU/100 mL between Communal Source Total No. of Samples (1 = 1236) Mean Changes
and Point-of-Drinking Water n (%)
No net change (point-of-drinking = communal source) 204 (16)
In-house contamination (point-of-drinking > communal source) 626 (51) 125
In-house contamination: Ranging low to very high 314 (26) 108
Low risk (0) — Intermediate risk (1-10) 66 (11) 5
Low risk (0) — High risk (11-100) 156 (25) 39
Low risk (0) — Very high risk (>100) 92 (15) 300
In-house contamination: Ranging intermediate to very high 170 (14) 188
Intermediate risk (1-10) — High risk (11-100) 34 (5) 33
Intermediate risk (1-10) — Very high risk (>100) 36 (6) 242
High risk (11-100) — Very high risk (>100) 100 (16) 221
In-house contamination: no change of risk group 142 (11) 85
Intermediate risk (1-10) — Intermediate risk (1-10) 6 (1) 4
High risk (11-100) — High risk (11-100) 75 (12) 33
Very high risk (>100) — Very high risk (>100) 61 (10) 157
Die-off (point-of-drinking < communal source) 406 (33) 96
Die-off: Ranging very high to low 177 (14) 83
Intermediate risk (1-10) — Low risk (0) 47 (12) 6
High risk (11-100) — Low risk (0) 81 (20) 37
Very high risk (>100) — Low risk (0) 49 (12) 231
Die-off: Ranging very high to intermediate 124 (10) 132
High risk (11-100) — Intermediate risk (1-10) 40 (10) 29
Very high risk (>100) — Intermediate risk (1-10) 15 (4) 276
Very high risk (>100) — High risk (11-100) 69 (17) 161
Die off: no change of risk group 105 (8) 76
Intermediate risk (1-10) — Intermediate risk (1-10) 2 (0.5) 4
High risk (11-100) — High risk (11-100) 65 (16) 22
Very high risk (>100) — Very high risk (>100) 38 (9) 172

3.2. Water Quality Assessment by WHO Risk Categories

Forty-two percent of the communal source samples had no detectable E. coli or were
of low risk, whereas 23% of the point-of-drinking water samples were of similar low risk
(Figure 2a). Point-of-drinking water samples made up a higher percentage of samples for
the remaining risk categories. The mean and median of the high and very high risk groups
for point-of-drinking water were comparatively greater than those of the communal source
water (Table 3). The percentage of treated water was higher in intermediate risk groups
than non-treated water (Figure 2b). There was no noticeable difference in the mean and

median range of E. coli in the treated and non-treated water (Table 3).
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Figure 2. Fecal contamination of drinking water according to WHO risk category.

Table 3. Median and mean concentration of E. coli of communal source and point-of-drinking water,
and treated and non-treated point-of-drinking water.

Intermediate Risk High Risk (11-100 Very High Risk
(1-10 CFU/100 mL) CFU/100 mL) (>100 CFU/100 mL)
Communal source and point-of-drinking water
Communal source n=161 n =428 n =278
Median (IQR) 4(4,8) 32 (20, 56) 196 (136, 313)
Mean (95%CI) 6(5,6) 40 (38, 43) 250 (231, 269)
Point-of-drinking n =428 n =844 n =655
Median (IQR) 4(3,8) 36 (20, 62) 272 (152, 428)
Mean (95%CI) 5(5,5) 42 (41, 44) 306 (293, 319)
Treated and non-treated point-of-drinking water
Treated n=_84 n =106 n=79
Median (IQR) 4(2,6) 37 (22, 60) 264 (175, 428)
Mean (95% CI) 4(4,5) 42 (37, 46) 299 (331, 267)
Non-treated n =348 n =741 n=>579
Median (IQR) 4(3,8) 36 (20, 64) 276 (152, 428)
Mean (95% CI) 5(5,5) 43 (41, 44) 307 (321, 293)

IQR: Interquartile range indicates the first and third quartiles in parentheses; 95% CI: The 95% confidence interval
indicates the lower and upper limits in parentheses.

Several univariate logistic regressions revealed that, overall, there was no significant
change in the odds of contamination between treated and non-treated samples (p = 0.597,
OR = 1.08, 95% CI = (0.80-1.46)). When controlling for drinking vessels, there were significantly
lower odds of contamination for bottles compared to other vessels (p = 0.000, OR = 0.58, 95%
CI = (0.43-0.78)). The odds of falling into risk groups were also significantly lower for bottles
compared to other vessels, using the low risk/safe group as the referent (Table 4).
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Table 4. Results of logistic regression analysis for the odds of belonging to one of the WHO drinking water risk categories

(using the low risk group as the referent).

Characteristics Low Risk/Safe Intermediate Risk High Risk Very High Risk
E. coli CFU/100 mL (<1) (1-10) (11-100) (>100)
Treatment
Treated, n (%) (n = 340) 75 (22) 82 (24) 105 (31) 78 (23)
OR (CI) Ref 1.62 (1.11-2.34) 0.96 (0.69-1.33) 0.92 (0.62-1.35)
p-value 0.011* 0.824 0.660
Boiling, 1 (%) (n = 254) 57 (24) 68 (27) 76 (30) 53 (21)
OR (CI) Ref 1.61 (0.57-4.55) 0.87 (0.41-1.84) 0.73 (0.26-2.08)
p-value 0.361 0.722 0.565
Filtration, 1 (%) (n = 83) 18 (22) 14 (17) 28 (34) 23 (28)
OR (CI) Ref 0.66 (0.22-1.95) 1.17 (0.54-2.53) 1.37 (0.46—4.06)
p-value 0.458 0.687 0.568
Drinking Vessels
Mugs, 1 (%) (n = 1335) 300 (22) 214 (16) 459 (34) 362 (27)
OR (CI) Ref 0.96 (0.72-1.26) 1.14 (0.90-1.44) 1.19 (0.91-1.54)
p-value 0.773 0.251 0.191
Glasses, 11 (%) (n = 726) 158 (22) 129 (18) 247 (34) 192 (26)
OR (CI) Ref 1.17 (0.81-1.68) 1.12 (0.85-1.48) 1.12 (0.82-1.54)
p-value 0.387 0.412 0.454
Bottles, 11 (%) (n = 344) 112 (33) 56 (16) 107 (31) 69 (20)
OR (CI) Ref 0.63 (0.44-0.92) 0.62 (0.43-0.87) 0.50 (0.34-0.73)
p-value 0.019 * 0.007 * 0.000 *
Jugs, n (%) (n =74) 12 (16) 18 (24) 21 (28) 23 (31)
OR (CI) Ref 2.10 (0.94-4.70) 1.22 (0.58-2.59) 1.75 (0.87-3.52)
p-value 0.069 0.591 0.114

* Indicates significance, p < 0.01 for OR in risk groups.

3.3. Temporal Variability of E. coli

Average E. coli count concentrations remained both consistent and elevated from
March to July (~100 CFU/100 mL), followed by a rise in concentrations in August through
December of 2015. (Figure 3). However, the percentage of positive samples did not increase

during this same time period.
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Figure 3. The proportion of E. coli positive samples and distribution of average E. coli counts in point-of-drinking water by
different months from September 2014 to December 2015. Data collection between December 2014 and February 2015 was

interrupted,

and laboratory testing of samples was delayed due to political unrest in the country.

4. Discussion

E. coli contamination was higher in the point-of-drinking water samples than com-
munal source water in the study households. The presence of E. coli in point-of-drinking
water after treatment suggests that post-treatment contamination has occurred. Bottles, the
narrow mouth point-of-drinking vessels, were most likely to protect drinking water from
E. coli contamination. The average concentration of E. coli in point-of-drinking remained in
the very high risk group for most of the year. While the scientific literature on residents
of low-income urban communities was underdeveloped compared to that of urban resi-
dents [28], this study may have educed useful knowledge on the drinking water quality of
residents of low-income urban communities.

Similar to this study, other studies [17,29,30] have reported higher contamination of
water in the household (i.e., point-of-drinking) compared to public sources (i.e., communal
source). The absence of E. coli in the communal source and the presence of E. coli within the
connected household in same-day water samples revealed that communal source water
might not have influenced household drinking water contamination. The higher increase of
E. coli count in the point-of-drinking water than in the communal source water in the same-
day samples implied that in-house contamination and/or recontamination was possibly
responsible for elevated water contamination in households. Poor hygiene practices might
have contributed to the contamination of drinking water in the households through several
pathways e.g., dirty hands [29,30], dirty drinking vessels [31,32], and flies [33-35].

The presence of E. coli in the majority (78%) of drinking water samples after treatment
at home, particularly after boiling, also signifies that post-treatment contamination within
households might be an important attributing factor of point-of-drinking water contami-
nation. The fecal contamination within kitchen environments might have contributed to
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drinking water through hands, kitchen utensils [36,37], cutting boards [38], dish washing
places [39], and floors [40]. Improving hygiene practices, including kitchen hygiene (e.g.,
hand hygiene, covering kitchen pans, washing dirty vessels), might help reducing post-
contamination [41]. Careful management of post-treated water is an important behavior
that the household should adopt to prevent contamination of point-of-drinking water.

In this study, more than half of the positive samples belonged to the high risk and very
high risk groups, according to the WHO categories. In terms of temporal trends, average E.
coli concentrations of household drinking water quality were elevated year-round, except
for a narrow window from December 2014 to March 2015, which was the cold and dry
season in Bangladesh. This trend coincides with a household-level study conducted in
the urban slums of Dhaka and an adjacent rural site, which reported that the seasonal
peaks of diarrhea are during March-May (pre-monsoon) and September-November (post-
monsoon) [42]. Seasonal peaks of cholera in Dhaka also coincide with this peak during
March-May (pre-monsoon) and September-November (post-monsoon) [43]. Cholera [20]
and other waterborne diseases [22] are known to be endemic in Arichpur, including our
study area. The elevated concentration of E. coli in household drinking water suggests
that remedial action for fecal contamination to improve the water quality throughout the
seasons is an urgent priority.

Our study found that the widely used vessels in the households were mugs, glasses,
and bottles. The lower odds of fecal contamination for bottles compared to other drinking
vessels imply that fecal contamination occurred less frequently in bottles. Thus, bottles
might be safer to use for drinking water than other mugs and glasses. Our study finding
was asserted by Jensen et al. (2002), who provided a five-week intervention using narrow-
necked water pitchers to avoid water recontamination (e.g., through utensils or hands from
retrieving water) within the households and found that in-house water quality improved
significantly [44]. The formative study findings of the mother study [21] found that, when
household members used a bottle, they usually collected water directly from the tap and
then drank from the bottle, and when they used a glass or mug for drinking, they usually
collected water from an intermediate storage vessel (Rebeca Sultana, unpublished data).
These practices might have led to less fecal contamination in bottled water.

This study’s findings on water quality and fecal contamination could be useful for the
other low-income communities (classified as slums) of Bangladesh, since these commu-
nities of this country have similar infrastructural arrangements [23,24]. The findings also
revealed a critical insight, namely that, despite the government and international organiza-
tions’ numerous improvement efforts in water, sanitation, and hygiene infrastructure, the
achievement of water quality improvement in low-income urban communities remains
sub-optimal. Hence, the findings of this study could be useful for defining strategies to
achieve (SDG) Target 11.1: “by 2030 ensure access for all to adequate, safe and affordable
housing and basic services, and upgrade slums”.

One of our study’s limitations is that we found the majority (>70%) of treated drinking
water to be contaminated. This might be the result of self-reporting bias, as our study did
not cross-check the provided information with observation. However, our study findings
were consistent with those from a study in Peru, which found that the effect of specific
types of treatment (boiling or filtration) did not sufficiently change the water quality in
drinking cups [34].

5. Conclusions

From our study, we can conclude that the provision of piped-to-plot water sources
did not ensure safe drinking water at the point of drinking in the household. Fecal
contamination remains a common source of water quality deterioration in households,
particularly at the point of drinking. Additionally, the treatment of drinking water proved
ineffective, possibly due to compromised kitchen hygiene practices. Future studies should
include formative research to explore the reasons and motivation behind different hygiene
practices, including kitchen hygiene. Thus, to reduce domestic transmission of fecal-oral



Water 2021, 13, 1139 11 0f 13

pathogens, hygiene education efforts should aim to encourage improved kitchen hygiene
practices, including repeated cleaning of drinking vessels, safe handling of drinking water
after treatment, and promotion of narrow-mouth drinking vessels.
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