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Abstract Safe drinking water is scarce in southwest
coastal Bangladesh because of unavailability of fresh
water. Given the high salinity of both groundwater and
surface water in this area, harvested rainwater and rain-
fed pond water became the main sources of drinking
water. Both the government and non-government orga-
nizations have recently introduced pipe water supply in
the rural coastal areas to ensure safe drinking water. We
assessed the bacteriological quality of water at different
points along the piped water distribution system (i.e., the
source, treatment plant, household taps, street hydrants,
and household storage containers) of Mongla munici-
pality under Mongla Upazila in Bagerhat district. Water
samples were collected at 2-month interval from
May 2014 to March 2015. Median E. coli and total
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coliform counts at source, treatment plant, household
taps, street hydrants, and household storage containers
were respectively 225, 4, 7, 7, and 15 cfu/100 ml and
42,000, 545, 5000, 6150, and 18,800 cfu/100 ml. Con-
centrations of both of the indicator bacteria reduced after
treatment, although it did not satisfy the WHO drinking
water standards. However, re-contamination in distribu-
tion systems and household storage containers indicate
improper maintenance of distribution system and lack of
personal hygiene.

Keywords Drinking water - Piped water supply -
Indicator bacteria - Rural Bangladesh

Introduction

Water-borne diseases are among the major global health
problems (Wright et al. 2004). Unsafe drinking water
along with poor sanitation and hygiene is responsible for
about four billion cases of diarrheal diseases annually,
causing 1.8 million deaths, mostly children aged below
5 years (WHO 2005). The global burden of diarrheal
disease is highest in Southeast Asia and Africa (Walker
et al. 2013) where most of the developing countries are
located. Since infectious water-borne diseases mainly
transmit through contamination of drinking water
(Gadgil 1998), hence well-managed distribution system
of potable water is of critical importance for public
health improvements (Nelson 2001). However, intermit-
tent water supply has become the norm in case of
developing countries because of water scarcity and
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lower capacity of treatment plant than the requirement
(Kumar 1998; Ford 1999). Moreover, disinfection fail-
ure, intermittent service, and low pipeline water pres-
sure, excessive network leakages, corrosion of parts,
inadequate sewage disposal may lead to degradation of
water quality of distribution system (Lee and Schwab
2005). Therefore, presence of pipe water distribution
system in developing country may not ensure adequate
supply of drinking water, although it is an indicator for
improved water supply (Lee and Schwab 2005; Onda
et al. 2012; Kumpel and Nelson 2013).

Disinfection failure of water distribution systems is
common in developing countries and has greater conse-
quences on human health (Cardenas et al. 1993; Rab et al.
1997; Gadgil 1998; Ford 1999; Craun and Calderon
2001; Lee and Schwab 2005). About 20-40% of the
urban water supplies in developing countries face disin-
fection failure (WHO and UNICEF 2000). There are
numerous reasons for disinfection failure of water sup-
plies including intentional absences of disinfection for
consumers’ distaste for chlorinated water (Diergaardt
and Lemmer 1995; Besner et al. 2002) and for concern
regarding disinfectant by-product formation in the water
(van Dijk-Looijaard and van Genderen 2000). Maintain-
ing a detectable concentration of disinfectant (residual) in
the distribution system is also important to prevent re-
growth of pathogen during transit (Trussell 1999). It is
more important for developing countries because of poor
sanitary conditions and high risk of recontamination dur-
ing transit (Lee and Schwab 2005).

Intermittent water supplies are one of the major
causes of distribution system failure and decreased
health status in developing countries (Lee and Schwab
2005). It is common to reduce water pressure in pipeline
or interrupting water supply during scarcity of water (del
Carmen Gordo Mun~oz 1998). Inadequate pressure and
resulting reverse flow or back-siphoning of water is a
common cause of distribution system contamination
(Herrick 1997; Trussell 1999). Uneven pressure
resulting in intermittent supply may be a reason for
pipes and connections to be more prone to leaks (Al-
Ghamdi and Gutub 2002; Chowdhury et al. 2002).
Therefore, intermittent supply and insufficient pressure
of water is inextricably linked to outbreak of diarrhea,
cholera, typhoid, and other water-borne diseases
(Alberini et al. 1996; Semenza et al. 1998; Mermin
et al. 1999; Kelkar et al. 2002; Kelkar et al. 2001; Lee
and Schwab 2005). Intermittent supply may be associ-
ated with increased water use and wastage (Kumar

@ Springer

1998; Bradley et al. 2002). Households attempt to draw
maximum quantity of water and leave the taps open for
inconsistency and unpredictability of water supply,
which may result into wastage of water (Kumar 1998).
Unpredictability of water supply also motivates users to
construct their own pumps and water storage tanks
(Thompson et al. 2000). It can further reduce the pres-
sure and supply of water to other consumers (Kumar
1998) and complicate the hydraulics of the system
(Massato and Thornton 1999).

Bangladesh is a developing country with highest
density of population in the world. Both the urban and
rural areas in Bangladesh suffer from shortage of safe
drinking water (Chowdhury et al. 2002; Islam et al.
2011). About 97% of the population of the country uses
groundwater for drinking and domestic use (Hossain
2006). The coastal districts of Bangladesh face acute
scarcity of potable water because of high salinity in both
surface water and ground water (Islam et al. 2010; Islam
et al. 2015). Ground water in southern part of Bangla-
desh is also exposed to high levels of arsenic contami-
nation (Gadgil 1998; Hossain 2006). Consequently,
people living in the coastal area of the country mainly
depends on alternative sources of drinking water such as
rain-fed pond water and rainwater harvesting. However,
several studies (Alam et al. 2006; Kamruzzaman and
Ahmed 2006; Howard et al. 2006; Karim 2010; Islam
et al. 2011) conducted in coastal Bangladesh reported
that most of the rain-fed ponds heavily contaminated
with fecal coliforms, and harvested rainwater gets some
extent of microbial contamination. Both the government
and non-government organizations are now emphasiz-
ing on piped water supply in coastal areas of Bangladesh
to ensure safe drinking water.

The extent of pipe water distribution in Bangladesh is
very limited. About 12% of its area has piped water
supply, which includes 32% of the urban area and 1% of
the rural area (WHO and UNICEF 2015). These water
distribution systems often experience disinfection fail-
ure, leakage, interrupted supply system, and low pipe-
line water pressure (Chowdhury et al. 1999, 2002). The
Department of Public Health Engineering (DPHE) of
Bangladesh established a pipe water distribution system
at the Mongla Upazila (sub-district) of Bagerhat district
under Khulna Division in 2010. It is the largest water
distribution system in the southwest coastal Bangladesh
that use rain-fed pond water as source water. At present
it supplies water to about 1500 households in the
Mongla Port Municipality (Pourashava). The
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distribution system includes two intake stations from the
same rain-fed pond, one overhead tank (10S gal), about
1500 household taps, 30 street hydrants, and 25-km long
distribution pipelines. The rain-fed pond water is
pumped into a sedimentation tank, passed through sand
filtration chamber, then pumped to the overhead tank
where chlorine dosage is applied to the water, and
finally it is distributed through the pipelines. The dura-
tion of water supply is 1 hour in the morning (7.30 am—
8.30 am) and 1 hour in the afternoon (3.30 pm—4.30
pm). The water is mainly used for drinking purpose,
although the amount is not sufficient and the water
pressure is very low. It is necessary to assess the bacte-
riological quality of this newly established water supply
system to ensure potability of the water. We assessed
water quality at the source, treatment plant, household
taps, street hydrants, and household storage containers
to understand the effectiveness of the intermittent pipe
water distribution system to ensure safe drinking water.

The results may help understand the suitability of this
kind of low cost piped water distribution system in rural
areas of Bangladesh.

Materials and methods
Study area and sampling

Water distribution system of DPHE at Mongla Port Mu-
nicipality (Fig. 1) was studied in this research. It is about
45 km south from Khulna City Corporation (the third-
largest city of Bangladesh). The municipality extends over
an area of 17.66 km? comprising nine wards. The Pashur
River flows through the western fringe of the municipal-
ity. A branch of this river, named Mongla River, flows
through the municipality and separates the Mongla Port
and ward-4 from rest of the area of the municipality. The
port area and ward-4 is not covered by the water

Fig. 1 Map of the study area. a a
Bangladesh. b Mongla
municipality in Mongla upazila. ¢
Mongla municipality. The
Mongla municipality is
comprised of nine wards (the
numbers indicate ward number).
PWS piped water supply
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distribution system of DPHE. Consequently, our study
included rest of the area of the municipality (i.e., ward-1
to 9, except ward-4). The water treatment plant is located
in ward-1 (22° 29" 0.8” N and 89° 36’ 42.1" E).

The study area was divided into three segments (seg-
ment-I: ward-1, 2, and 3; segment—II: ward-5 and 6 and
segment—III: ward-7, 8, and 9) depending upon the
major distribution pipelines. These segments were de-
termined based on the suggestion of the concerned
personnel of the DPHE. One ward from each of these
segments was arbitrarily chosen for water sampling.
Thus, ward-2, 5, and 8 were selected. Water samples
were collected at 2-month interval from May 2014 to
March 2015. So that the sampling duration covered
three distinct seasons of Bangladesh, namely, pre-
monsoon (March—-May), monsoon (July—September),
and post monsoon (November—January). In each term
of sampling water samples were collected from house-
hold taps (household consumption point), street hy-
drants (community consumption point), and household
storage containers (household point of use) from each of
the selected wards, along with the source pond and
treatment plant. Two household taps and storage con-
tainers were selected from each of the three segments to
get better representation of microbial quality of water at
the household taps and household storage containers.
Thus, a total of 17 samples were collected (Table 1) in
each term of sampling. Therefore, a purposive random
sampling method was followed for water sampling.

Water quality analysis

Laboratory analysis of the water samples was conducted
to quantify indicator bacteria (Escherichia coli (E. coli)
and total coliform (TC) and physicochemical parameters

Table 1 Sampling sources and number of samples in each cycle
of sampling

Sampling sources Number of
samples
Source water (rain-fed pond) 1
Treatment plant 1
Household tap (two samples from each segment) 6
Street hydrant (one sample from each segment) 3
Household storage container (two samples from 6
each segment)
Total 17
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(pH, electrical conductivity (EC), turbidity, salinity, and
residual chlorine). Water samples were collected and
analyzed following the standard procedures (Americal
Public Health Association (APHA) 1998). For microbi-
ological analysis, 500-ml water samples were aseptical-
ly collected in sterile Nalgene plastic bottles. All sam-
ples were placed in an insulated box filled with ice packs
(Johnny Plastic Ice; Pelton Shepherd, Stockton, CA,
USA) and transported to the Environmental Microbiol-
ogy Laboratory of the Environmental Science Disci-
pline of Khulna University for bacteriological analysis
immediately after sample collection. We assessed the
concentration of E. coli and TC using the membrane
filtration technique. For enumeration of E. coli and TC,
100-ml water samples were filtered through 0.45-um
pore-size membrane filter (Millipore Corp., Bedford,
MA, USA). Then the filters of E. coli and TC were
placed on m-TEC and m-Endo agar plates, respectively
following standard procedures (APHA 1998). The m-
TEC agar plates were incubated at 35 + 0.5°c for 2 h
followed by further incubation at 44.5 + 0.2°c for 22—
24 h for enumeration of E. coli and m-Endo plates were
incubated at 35 + 0.2 °C for 24 h for enumeration of TC.
After incubation, characteristic pink colored colonies
were counted as TC and pale yellow, yellow brown,
and yellow green colored colonies were counted as
E. coli and expressed as colony forming units (cfu) per
100 ml. Physicochemical analyses were performed ac-
cording to standard procedures (APHA 1998).

Questionnaire survey

A questionnaire survey was conducted by trained enu-
merators to collect primary data on water quality (such
as, smell, dirt, turbidity) and the level of satisfaction of
the users regarding the amount, duration, and costs of
the supplied water. The survey was conducted in eight
wards out of the nine wards of the municipality since the
ward-4 is not included under the existing pipe water
distribution system. A systematic random sampling
was followed to select 10 households from each of the
eight wards. Every 10th household starting from any
side of the ward was chosen. In case of any household
refused to participate in the survey, the nearest one was
considered. Thus, a total of 80 households were selected
for the survey. Only the female head of a household
were interviewed as they are mainly responsible for
collecting water for their household. The questionnaire
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was revised following a pre-test in the study area before
the final survey was conducted.

Statistical analysis

Since the data was not normally distributed, hence para-
metric test was not used to compare the samples. There-
fore, Kruskal-Wallis test was used to observe the differ-
ences in indicator bacterial counts among the sampling
sources. Mann Whitney U test was used to analyze the
differences in bacterial concentrations between two dif-
ferent sampling sources. Friedman test was performed
to evaluate the seasonal variation of bacterial concentra-
tions of the same sources. Statistical analysis was per-
formed by statistical program R v3.2.0.

Results
Indicator bacterial contamination

Concentration of indicator bacteria in the water samples
are presented in Table 2 and Fig. 2. Median concentra-
tions of E. coli and TC in source water were 225 and
42,000 cfu/100 ml, respectively, which sharply de-
creased after treatment (4 and 545 cfu/100 ml, respec-
tively). Both of the indicator bacterial concentrations
increased when distributed through the distribution sys-
tem. Their concentrations measured at household taps

Table 2 Descriptive statistics of indicator bacterial of water samples

were respectively 7 and 5000 cfu/100 ml, and at street
hydrants were respectively 7 and 6150 cfu/100 ml. How-
ever, the concentrations of the indicator bacteria further
increased at the household storage container. We found
their median concentrations at the household storage
container were 15 and 18,800 cfu/100 ml, respectively.

The differences of concentrations of both of the indi-
cator bacteria among the sampling sources were statis-
tically significant (p < 0.05). E. coli concentration of the
source pond water samples differed significantly from
that of the other sampling sources (p < 0.01). However,
E. coli concentration of treatment plant water samples
had significant difference only with that of the source
pond and of the household storage containers (p < 0.01).
TC concentration of source pond was significantly dif-
ferent than that of treatment plant (p < 0.01). TC con-
centration of treatment plant water samples differed
significantly from that of the other sampling sources
(» < 0.01). In addition, TC concentrations of street
hydrants and household storage container differed sig-
nificantly (p < 0.05).

E. coli was found in all the water samples from
source pond. After treatment, about 17% of the samples
found to satisty WHO standard (E. coli count < 1 cfu/
100 ml). Water samples from household tap, street hy-
drant, and household storage containers that satisfied
WHO quality criteria for E. coli were respectively 11,
11, and 8%. None of the water samples satisfied WHO
quality criteria for TC.

Indicator bacteria ~ Sampling sources n (number  Quartiles WHO  Meeting
of samples) quality standard %
Min 25%ile Median 75%ile Max p value* criteria
E. coli (cfu/100 ml) Source pond 30 38 225 403 710 0.01 0 0
Treatment plant 0 1 4 13 14 16.67
Household tap 36 0 2 7 18 48 11.11
Street hydrant 18 0 5 7 18 59 11.11
Household storage 36 0 6 15 30 70 8.33
container
TC (cfu/100 ml) Source pond 1000 6250 42,000 148,500 228,000 0.002 0
Treatment plant 100 220 545 3257 3730
Household tap 36 0 2000 5000 25,000 350,000 2.78
Street hydrant 18 100 2125 6150 11,825 260,000
Household storage 36 100 7150 18,800 52,200 260,000
container

WHO guidelines for acceptable level of E. coli or TC is < 1 cfu/100 ml
*p = Kruskal-Wallis p values or sampling sources differed significantly at p < 0.01 by Kruskal-Wallis test
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Fig. 2 Box and whisker plots of indicator bacteria in different
sampling sources. a Concentration of E. coli. b Concentration of
TC. The line within each box represents the median, the top and
bottom of the box represent the 75th and 25th percentiles, and the

Risk category

Based on the E. coli concentrations, the water samples
from different sampling sources were categorized accord-
ing to the WHO risk category (WHO 1997). It classifies
water samples into five risk categories: (i) no risk (E. coli
concentration < 1 cfu/100 ml), (ii) low risk (E. coli con-
centration 1-10 cfu/100 ml), (iii) intermediate risk (E. coli
concentration 11-100 cfu/100 ml), (iv) high risk (E. coli
concentration 101-1000 cfu/100 ml), and (v) very high
risk (E. coli concentration > 10,000 cfu/100 ml). Water
samples from source pond belong to intermediate to high-
risk category having one third of them (33%) in
intermediate-risk category and two thirds of them (67%)
in high-risk category (Fig. 3). Rest of the sampling
sources belongs to no risk to intermediate risk category.
No-risk, low-risk, and intermediate-risk category samples
for treatment plant were respectively 17, 50, and 33%, for
household taps were respectively 11, 45, and 44%, for
street hydrants were respectively 12,47, and 41%, and for
storage container were respectively 9, 22, and 69%. Thus,
the number of water samples in no-risk category de-
creased when the water is distributed through the pipe
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top and bottom whisker extend to the 90th and 10th percentiles,
respectively. SP source pond, TP treatment plant, CP_HT house-
hold tap, CP_SH street hydrant, ST CONT household storage
container

line. It further decreased in household storage container
along with a sharp increase in moderate-risk category.

Seasonal variation of indicator bacterial concentration

Seasonal variations of the concentrations of both of the
indicator bacteria among different sampling sources are
shown in Fig. 4. Concentration of E. coli was lowest in
pre-monsoon among the source pond water samples. It
sharply increased in the monsoon and again decreased
in the post-monsoon. Conversely, the concentration of
TC was highest in the pre-monsoon, which sharply
declined in the monsoon, and again increased in the
post-monsoon. Like Fig. 2, Fig. 4 also shows that the
concentration of both of the indicator bacteria lowered
after treatment and that increased gradually when the
water is supplied through the distribution system and
stored in the household storage container. However,
their concentrations varied differently among the
seasons.

Concentrations of E. coli gradually increased from
pre-monsoon to post-monsoon among the treatment
plant water samples. Among the household tap water
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100
|

Fig. 3 Comparison of health risk
from E. coli contamination
among different sampling
sources. SP source pond, TP
treatment plant, CP_HT
household tap, CP_SH street
hydrant, ST CONT household
storage container. E. coli < 1 cfu/
100 ml = no risk, E.coli 1-10 cfu/
100 ml = low risk, E.coli > 11—
100 cfu/100 ml = intermediate
risk, E. coli > 101-1000 cfu/

100 ml = high risk, E. coli

> 1000 cfu/100 ml = very high
risk

60

Percentage of samples
40

20
|

samples, E. coli concentrations were same in pre-
monsoon and monsoon, but it lowered in the post-mon-
soon. Among the street hydrant water samples, E. coli
concentrations decreased in the monsoon than that of the
pre-monsoon, and again increased in the post-monsoon.
At the household storage container, E. coli concentra-
tion was same in pre-monsoon and monsoon, but it
increased slightly in the post-monsoon. The concentra-
tions of E. coli differed significantly among the different
sampling sources only during post-monsoon (p < 0.05).
None of sampling sources exhibit significant difference
for E. coli concentrations among the three seasons.

Concentrations of TC among the treatment plant
water samples were higher in the pre-monsoon than
the other two seasons. Among the water samples from
household taps, street hydrants, and storage containers,
the concentration of TC was highest in the pre-mon-
soon, which gradually declined in monsoon and post-
monsoon. Concentrations of TC among the sampling
sources were significantly different only during the pre-
monsoon (p < 0.05). However, it was significantly dif-
ferent among the three seasons only for water samples
from household storage container (p < 0.05).

Physicochemical analysis

Physicochemical quality of the water is presented in
Table 3. The median value of pH of the source pond
water samples was 7.79 which lies within the WHO
guideline value (pH 6.5-8.5). It remained almost same
through the rest of the sampling sources of the

<1 0O 1-10

E. coli cfu /100 ml

= 11-100 = 101-1000 = >1000

67 69

50
4544

00 0|: 00|: 00|: 00 00

CP_HT
n =36

CP_SH
n=18

ST_CONT
n =36

distribution system. There was only one street hydrant
water sample that exceeded pH 8.5.

Median value of turbidity of the source pond water
samples was 20 NTU and none of them meet WHO
standard (turbidity < 5 NTU). Although it lowered sig-
nificantly after treatment (p < 0.01), the median value
7 NTU remained higher than the WHO guideline value
and only 16.67% of the samples meet the standard. The
median value of turbidity for household taps and house-
hold storage container water samples were respectively
6 and 4 NTU, and they were significantly different
(» <0.01). About 36.11% of the household tap samples
and 55.55% of the household storage container samples
meet the WHO guideline value of turbidity. The median
value of turbidity of street hydrant water samples was
9 NTU which is higher than that of the household taps.

Salinity of the water samples ranged between 0.46—
0.87 ppt. Median value of salinity of the source pond
water samples was 0.73 ppt, and it only slightly varied
through rest of the sampling sources of the distribution
system. Median value of EC of the water samples from
source pond was 1310 uS/cm, which only slightly var-
ied for treatment plant, household tap, and street hydrant
water samples (respectively 1340, 1334, and 1355 uS/
cm). It lowered to 1269 uS/cm in household storage
container water samples.

The concentration of residual chlorine varied among
the sampling sources of the distribution system. The
median concentration of the residual chlorine was
0.06 mg/l among the source pond water samples, and
none of the samples meet the WHO standard (> 0.2 mg/
1). The median concentration increased to 0.25 mg/1 after
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Fig. 4 Seasonal variation of indicator bacteria at different sampling points. a E. coli. b TC

treatment and half of the samples satisfied WHO stan-
dard, which again lowered in water samples from house-
hold tap and street hydrant to respectively 0.10 and
0.03 mg/l. About 9.10% of the household tap water
samples and none of the street hydrant water samples
meet the WHO standard. The median concentration
slightly increased to 0.05 mg/l in household storage
container samples, but still none of the samples meet
the WHO standard.

Households’ response on water quality

Users’ response regarding the pipe water supply is pre-
sented in Table 4. We found that 88.75% of the respon-
dents used piped water for drinking purpose, while
73.75% used it as the only source of drinking water.
Rest of the respondents (26.25%) used harvested rain-
water as the main source of drinking water or as an
alternative source of water along with the piped water.
About 60% of the respondents reported that they do not
getunpleasant smell in the water in pre-monsoon season
when they face water shortage problem. Whereas, 85%
of the respondents mentioned the presence of dirt in
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water and the water to be turbid during pre-monsoon
season. About 68.75% of the respondents reported that
they are affected by water-borne diseases although they
used the piped water as drinking water. Duration,
amount, and water pressure of the piped water was not
satisfactory to more than half of the respondents (re-
spectively, 60, 52.5, 58.75%). About 65% of the respon-
dents reported that the concerned authority does not
repair the household tap or street hydrant when neces-
sary, while more than half of the respondents (52.5%)
think that the price of the piped water is higher than the
service provided.

Discussion

The findings of this study indicate that the piped water
distribution system of Mongla municipality faces both
disinfection and distribution failure. The water of the
source pond is highly contaminated. It gets improved
after the treatment although it does not satisfy the drink-
ing quality standard of WHO. The quality of the treated
water deteriorates as it is passed through the distribution



Environ Monit Assess (2017) 189: 597

Page 9 of 13 597

Table 3 Descriptive statistics of physicochemical parameters for
samples collected from source pond, treatment plant, household
consumption point, and household point of use including the

number of samples (), arithmetic mean, range, and percent of
samples meeting criteria

Physicochemical Sampling n (number Median Range WHO quality Meeting
parameters Sources of samples) criteria standard %
pH Source pond 6 7.79 7.04-8.4 6.5-8.5 100
Treatment plant 6 7.84 7.64-8.4 100
Household tap 36 7.86 7.09-8.15 100
Street hydrant 18 7.88 7.73-8.68 94.45
Household storage container 36 7.89 7.00-8.41 100
Turbidity (NTU) Source pond 6 20 14-75 <5 0
Treatment plant 6 7 4-9 16.67
Household tap 36 6 1-30 36.11
Street hydrant 18 9 3-29 16.67
Household storage container 36 4 0.5-12 55.55
Salinity (ppt) Source pond 6 0.73 0.5-0.79
Treatment plant 6 0.62 0.46-0.8
Household tap 36 0.67 0.48-0.87
Street hydrant 18 0.71 0.48-0.83
Household storage container 36 0.65 0.47-0.81
EC (uS/cm) Source pond 1310 1018-1931
Treatment plant 1340 1040-1927
Household tap 36 1334 10641660
Street hydrant 18 1355 1075-1690
Household storage container 36 1269 1074-1675
Residual Source pond 0.06 0.05-0.07 >02 0
chlorine (mg/l)  Treament plant 0.25 0.20-0.3 50
Household tap 12 0.10 0.00-0.8 9.10
Street hydrant 6 0.03 0.00-0.2 0
Household storage container 12 0.05 0.00-0.2 0

Residual chlorine was analyzed during the last 2 cycles of samples

NTU, nephelometric turbidity units; ppt, parts per thousand; ;.5/cm, microsiemens per centimeter

system. It further deteriorates at the point of use (house-
hold storage container).

Concentrations of both of the E. coli and TC were
very high in the source water (source pond). Studies
conducted in rural area of Bangladesh also indicate high
level of pathogenic bacterial contamination in pond
water (Islam et al. 1994, 1995; Alam et al. 2006; Islam
et al. 2011). A possible reason for this could be surface
runoff (including agricultural and domestic runoff).
During field work, we observed that the bank of the
source pond was made only slightly higher than the
ground, which gave enough possibility to get surface
runoff into the pond water. Results of this study also
indicate highest E. coli concentrations in the source

pond during monsoon season, which is arguably related
with increased surface runoff in monsoon. Concentra-
tion of TC in the source pond water increased in pre-
monsoon, which is the warmest season. Few relevant
studies state that temperature may be positively related
to bacterial concentration in water (LeChevallier et al.
1996; Francisque et al. 2009). Therefore, Higher TC in
pre-monsoon can be arguably related with extreme high
temperature in that season. Since pre-monsoon is the
warmest season in Bangladesh, hence the water scarcity
increases in this season resulting higher interruption and
lower water pressure in the water distribution system.
This can result into negative hydraulic pressure and
contamination through leakage in the network (Herrick

@ Springer
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Table 4 Users’ response about the piped water supply system (n = 80)

Questions Yes (%) No (%)

1. Do you use the supply water for drinking purpose? 88.75 11.25

2. Do you use the supply water as the only source of drinking water? 73.75 26.25

3. Do you get any unpleasant smell in the water? 40 (pre-monsoon only) 60

4. Do you get turbid and dirty water from the supply? 85 (pre-monsoon only) 15

5. Do you think that you are affected by water borne diseases for 68.75 31.25
consuming this water?

6. Is the duration of water supply sufficient? 40 60

7. Is the amount of water supplied sufficient? 47.5 52.5

8. Are you satisfied with the pipeline water pressure? 41.25 58.75

9. Are you satisfied with the price of water? 47.5 52.5

10. Does the water supply authority repair tap when necessary? 35 65

This table contains all the questions used in the questionnaire

1997; Trussell 1999; Lee and Schwab 2005). Growth of
pathogenic microorganisms may also be enhanced be-
cause of increased stagnancy of water in the distribution
system (Lee and Schwab 2005) because of higher inter-
ruption of water supply. The results from questionnaire
survey indicate the fact of higher distribution failure in
pre-monsoon. Most of the respondents get dirt and
turbid water in that season (Table 4). The users reported
that turbidity and dirt in water becomes higher when the
water pressure becomes low. Low residual chlorine
concentrations were detected in pond water. In general,
pond water should not contain any residual chlorine.
Officials of DPHE also informed that they do not use
chlorine dose in pond water. Therefore, future studies
may investigate the sources of residual chlorine in pond
water.

Water samples from the treatment plant had the low-
est median E. coli and TC concentrations, although both
of them were above the WHO drinking water guidelines
value (0 cfu/100 ml). This indicates the failure to disin-
fect the water and unsuitability of the treated water for
drinking purpose. Failure to disinfect water has clear
health consequences (Cardenas et al. 1993; Rab et al.
1997; Craun and Calderon 2001). This kind of distribu-
tion failure may increase bacterial contamination from
treatment plant to consumer’s tap (Gaytan et al. 1997,
Agard et al. 2002; Lee and Schwab 2005). This study
found further deterioration of the water quality while it
is transmitted through the distribution system. The bac-
terial contamination was found to be higher at the
household taps and street hydrants than that of the
treatment plant. It may also have association with the

@ Springer

leakages or cross-contamination, which can be caused
by back-siphonage and back-pressure effect resulting
from lower water pressure in the pipe (Geldreich 1996;
Herrick 1997; Mermin et al. 1999; Kelkar et al. 2001;
Lee and Schwab 2005). Chowdhury et al. (2001) found
in a study conducted in medium-sized town in Bangla-
desh that leakages in pipeline and poor water pressure
hampers water supply system and enhances the risk of
bacterial contamination of water. Moreover, during field
survey, we observed that the consumer’s taps are con-
nected with the pipe almost at the ground level to get
better water flow since the pipeline water pressure is
sometime very low. In some cases, along with the lower
height of the tap, stagnant water around the tap is also
observed. This further increases possibility of cross-
contamination of the supply water.

User satisfaction about the piped water supply was
also low. Less than half of the respondents were satisfied
with the amount, duration, and pressure of water, re-
spectively. Rest of the households replied that the dura-
tion of supply and pressure of water should be increased
so that they can get enough time to collect water.
Though most of users think that they may be affected
by water-borne diseases for consuming the supply wa-
ter, they are still using it since there is no alternative for
reliable drinking water source.

Concentrations of both E. coli and TC were higher
among the storage containers water samples compared
to that of household taps samples. This may be because
of post-source microbial contamination due to lack of
personal hygiene such as contamination through hand,
unwashed container and dipper, and using uncovered
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container (Blum et al. 1990; Tuttle et al. 1995;
Chidavaenzi et al. 1998; Gundry et al. 2004; Elala
et al. 2011; Islam et al. 2015; Kabir et al. 2016). This
kind of post-source microbial contamination of drinking
water in household storage container is a common prob-
lem in developing countries (VanDerslice and Briscoe
1993; Gundry et al. 2004; Trevett et al. 2004). We found
many of the households in the study area used earthen-
ware as storage container. A study conducted by
VanDerslice and Briscoe (1993) revealed that using
earthenware vessels may have significantly higher
levels of microbial contamination.

The piped water supply system of Mongla munici-
pality represents a typical water distribution system of a
developing country. Although it faces both disinfection
and distribution failure, it has importance for supplying
drinking water for the rural coastal community where
drinking water is acutely scarce. This low cost pipe
water distribution system could be effective to ensure
safe drinking water for the coastal community of Ban-
gladesh if properly managed. Appropriate treatment
method, prevention of contamination through leakage
and maintenance of proper level of residual chlorine is
important to reduce health risk of using the supplied
water for drinking purpose. In addition, personal hy-
giene in dealing with the drinking water is of greater
importance to prohibit post-source microbial confirma-
tion at the point of use. Therefore, awareness building
activity to develop personal hygiene practice and appro-
priate water safety plan (WSP) are necessary to ensure
safe drinking water for rural community of coastal Ban-
gladesh. The Department of Public Health Engineering
(DPHE) of Bangladesh is responsible for ensuring rural
water supply in the country, and to take necessary action
to implement WSP. The DPHE can involve both com-
munity and NGOs to implement the WSP. The DPHE
have already implemented WSP in selected areas of
Bangladesh and found to have positive outcome with
some limitations (Mahmud et al. 2005; Rahman and
Paul 2011; DPHE and WHO 2015). The findings of
these studies are expected to be helpful for effective
implementation of WSP in the study area.

Conclusions
This study examined prevalence of indicator bacteria in

piped water supply of rural area of southwest coastal
Bangladesh. All the sampling sources showed

bacteriological contamination. Indicator bacteria re-
duced significantly due to treatment, but it did not
comply with WHO drinking water standard. Water qual-
ity degraded along the supply chain due to distribution
failure and unhygienic conditions surrounding the final
outlets. Water quality further degraded at the point of
use (storage container), which is anecdotally related to
improper personal hygiene practices. We found seasonal
variation in bacteriological quality of the water. About
half of the users were satisfied with the amount of water
supply; however, most of them were unsatisfied about
the dirt and turbid in water during pre-monsoon. Since
the distributed water is contaminated and poses potential
health risk, hence there is a necessity to apply further in-
house filtration or disinfection techniques to make the
water safe for drinking. Good hygienic practices and
WSP should be implemented to ensure the supply of
safe drinking water in the long-term.
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