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Abstract

Dhaka is one of the most densely-populated megacities in the world. Water
supply problem is acute in this city, but the quality of drinking water has tre-
mendous importance as potability. This study was aimed at comparing vari-
ous physicochemical and microbiological parameters which are very much
relevant for the drinking water quality of Dhaka city of Bangladesh. A total of
80 samples from 11 collection point of different places were collected over ten
months. After that, the samples were examined by a different measuring de-
vice for physicochemical parameter testing. Considering physicochemical
parameters, all water samples were within the limit for pH. However, 53.75%
water had unsatisfactory for chlorine level. Total Dissolve Solid (TDS), hard-
ness, iron, and alkalinity based unsatisfactory were 28.75%, 15.0%, 8.75%, and
3.75% respectively. Five parameters had taken into consideration to measure
the microbiological quality. The cultural and biochemical methods showed
that 80 water samples have a different range of contamination. The total
aerobic count was unsatisfactory for 53.75% samples. Sixty-one samples were
found coliform contaminated that is 76.25% of the total samples and 58.75%
sample was carried fecal substances. E. coli and Vibrio was unsatisfactory as
61.25% and13.75% respectively. This study revealed that how much safe is
supplied water of a municipal water supplier.
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1. Introduction

Water scarcity is one of the most acute concerns in the current situation, and
almost one-fifth of the world population has affected moreover 500 million
people are approaching this situation [1]. Two main phenomena that cause wa-
ter scarcity are increased freshwater use and depletion of a convenient source for
freshwater [2]. Agriculture and urban are the two primary water users of total
water consumption. Physical water would mainly satisfy the use of urban and
environment [3]. Urban water management systems depend on their own lands
their water source, so watersheds affect raw water quality and also the costs of
water treatment [4]. To replenish the water scarcity, water reuse is the most ef-
fective persuade where environmental safety and quality is an issue [5]. More or
less 1.8 billion people around the world are using fecally contaminated water
thus contributes 2 million deaths annually associated with diarrheal diseases [6].
Perhaps water is the most common potential source of infectious disease as well
as chemically induced intoxication and this is why a single source often serves a
large number of people thus why water quality is, therefore, the most important
only factor to ensure public health [7]. Some waterborne diseases may cause
cognitive impairment and growth stunting among children and infant under the
age of five [8]. Waterborne diseases are transmitted via pathogen-containing
contaminated non-potable water. Different types of diarrheal diseases account
for almost 3.6% of all global burdened disease, which reveals the importance of
water potability [9] [10]. Though emerging contaminants are ubiquitous in the
aquatic environment, mainly these contaminants are derived from the discharge
of municipal wastewater effluents. The existence of these contaminants is of
great concern due to the possible ecological impact (e.g., endocrine disruption)
to biota within the environment [11].

Water obtained from different sources is associated with a large number of
impurities [12]. To make water usable and potable it is necessary to treat water
to remove both chemical and biological contaminant. The World Health Organ-
ization (WHO) recognizes some issue on water purification that is normally
called a point of use for water treatment (PoUWT). These technologies are bene-
ficial for improving water quality in general [13].

Almost a dozen of Vibrio species is responsible for human illness commonly
known as vibriosis—three most predominant species include Vibrio parahae-
molyticus, Vibrio vulnificus, and Vibrio alginolyticus. A statistics from the Cen-
ters for Disease Control and Prevention (CDC) explains that vibriosis is respon-
sible for 80,000 illnesses each year only in the USA. About 52,000 from 80,000 of
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these illnesses are caused by by consuming contaminated food and water [14].
The most common waterborne disease-causing Vibrio is Vibrio cholera. It caus-
es cholera, is an acute diarrheal illness of the intestine. Cholera is prevalent in
Indian sub-continent which is transmitted through fecally contaminated water.
Water becomes contaminated by releasing untreated sewage water into the river
and supply water [15].

Coliform bacteria are a set of merely harmless microbes that mainly found in
intestines of warm-blooded animals as normal flora. Fecal coliform is a sub-
group of total coliform that is distinct by their capability of growing at elevated
temperature. This subgroup is only associated with the fecal substance of
warm-blooded animals. Fecal coliform itself is not a pathogenic organism, but it
indicates the presence of a pathogenic microorganism [16].

Total coliform bacteria are a collection of comparatively innocuous microor-
ganisms that live in sufficient numbers in the intestines of man, warm and
cold-blooded animals. They have a great role in the digestion of food. A specific
subgroup of these genera is the fecal coliform bacteria; the most common and
foremost member of this group is E. coli. Every species of this genre is not
harmful. Some strains of E. coli are responsible for intestinal illness, E. coli
0157:H7 is one of them, which cause intestinal disease. Fecal coliform bacteria
have a great significance in indicating sewage contamination of a waterway that
indicates the possible presence of other pathogenic microbes [17].

Chlorination is a widely used disinfectant for water purification. But long-term
and acute exposure of hypochlorous acid or calcium hypochlorite has an adverse
effect in a mammal and the human body. Long-term exposure may cause de-
pression in liver, brain, heart. Decreasing in salivary gland and kidney has also
noticed in the in-vitro experiment [18] [19]. Reproductive effects, emb-
ryo-toxicity, teratogenicity, mutagenicity, and carcinogenicity have also been
noticed in several types of research [20] [21] [22]. Chlorine disinfectant like liq-
uid chlorine, hypochlorous acid, and hypochlorite has adverse effect commonly
in children. Irritation of the esophagus, a burning sensation in the mouth and
throat, spontaneous vomiting and tissue injury has noticed by sodium hypoch-
lorite and bleach [23].

Assuring the microbiological safety of drinking-water supplies depends on
multiple barriers and its use, from catchment to consumer, to prevent the con-
tamination of supplies water or to reduce contamination in a level that is safe for
health. The followed strategy is an emphasis on preventing, reducing or blocking
the entry of pathogens into water sources and decreasing reliance on water
treatment processes for the absence of pathogens [24].

The health concerns associated with chemical contaminants and constituents
of drinking-water is slightly different from those related to microbial contami-
nation. Chemical pollutants arise primarily from the ability of chemical compo-
nents to cause adverse health effects for the consumer after prolonged periods of
exposure. Many chemicals may occur in drinking-water; however, only a few are

of immediate health concern in any given circumstance. Outbreaks of water-
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borne disease may affect a large number of persons, community or even a par-
ticular geographic region. The priority in developing and applying controls on
drinking-water quality or water potability should be the control of such out-
breaks which cause damage. Some well-known pathogens that are transmitted
through the contaminated drinking-water lead to severe and sometimes the

life-threatening disease is now limpid to the scientists [25].

2. Materials and Methods
2.1. Sample Collection and Preservation
Samples were collected from 11 points of different place around Dhaka city,

which is shown in Figure 1 and the locations were chosen randomly. Sample

water was collected from pipe water which was made by steel. It was an aseptic
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Figure 1. Sample collection sites marked by red colour.
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process where two specimens had collected, one for microbiological test and
another one for chemical test. Before the microbial test, samples were preserved
at 0°C. Chemical test performed before microbiological test. Quantification for
each experiment had done as per specific validated testing SOP. ISO 19458:2006
is a complete guideline for microbiological analysis on planning water sampling
regimes, on sampling procedures and transport, handling, and storage of sam-
ples until analysis begins. ISO 19458:2006 focuses on sampling for microbiolog-
ical investigations. Samples were transported on ice to the laboratory for analysis
within three h of collection. Then the samples were delivered to the laboratory
by ISO 5667-1, ISO 5667-2, and ISO 5667-3.

2.2. Physico-Chemical Properties Determination

1) Determination of pH

pH was measured using a digital meter (Fisher Scientific—AP71; Accura-
cy—+0.01; mV Accuracy—=0.2) according to SOP (APHA standard method for
examination of water and waste water—20% edition).

2) Determination of Chlorine

Residual and total chlorine was measured by a calibrated HACH DR-900 co-
lorimeter and instrument test kits are based on the DR900 Multi-Parameter
Handheld Colorimeter. The range of the meter was 0 - 4 mg/L, equivalent to 0 -
4 ppm. The standard operating procedure was based on the APHA Method
4500-CL: Standard Methods for the Examination of Water and Wastewater.

3) Determination of Iron

Total iron of the water was measured by a calibrated LaMotte Iron Octa-slide
2 comparator and kits under the instruction guide. Sensitivity of the device was
0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 8.0, 10.0 ppm Fe.

4) Determination of Hardness

Total Hardness (TD) was measured using the Direct Reading Titrator Method
by a calibrated LaMotte Total Hardness Direct Reading Titrator-4824 DR-LT-01.
The range was 0 - 10 ppm, and sensitivity was 0.2 ppm CaCO,;.

5) Determination of *TDS’

A calibrated OMEGA conductivity measured TDS, and TDS meter, mod-
el-YK-43CD had two distinct ranges of 1.999 mS and 19.99 mS where the accu-
racy was £(3% F.S + 1 d).

6) Determination of total alkalinity

A phenolphthalein indicator was added to the sample. Then, the sample was
titrated with a sulfuric acid solution. The phenolphthalein indicator changes
color at the endpoint pH of 8.3. This value indicates the phenolphthalein (P) al-
kalinity and is a measure of the total hydroxide and one-half of the carbonate in
the sample. A bromcresol green-methyl red indicator was added, and the titra-
tion continues to the second endpoint at a pH between 4.3 and 4.9. This value
indicates the total alkalinity and is a measure of all carbonate, bicarbonate, and
hydroxide in the sample. The endpoint pH is determined with color indicators
and with a pH meter. (Ref: HACH-DOC316.53.01151)

DOI: 10.4236/jwarp.2019.113016

284 Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2019.113016

M. Shamimuzzaman et al.

2.3. Microbiological Properties Determination

1) Media preparation

Nutrient agar (NA) was used for the total aerobic count. Violet Red Bile Agar
(VRBA) was used for coliform and E. coli. Fecal coliform was isolated by fecal
membrane coliform (m-FC) agar with 1% rosolic acid. Thiosulfate-citrate-bile
salts-sucrose agar (TCBS) was used for Vibrio spp. (Figure 2). All media were
prepared under ISO 11133:2014 guidelines.

2) Total aerobic count

Serial dilution was performed up to 107 dilution. Then, 1 ml of each diluent
was filtered within 0.45-um membrane filtration by MF-Millipore Membrane
Filter, mixed cellulose esters. Then filter paper was transferred and put on a soli-
dified nutrient agar plate. All APC plate was then incubated in an incubator at
32°C for 48 hours. This procedure was persuaded through ISO 6222:1999 (Wa-
ter quality—Enumeration of culturable micro-organisms—Colony count by in-
oculation in a nutrient agar culture medium).

3) Total coliform and E. coli

100 ml of the sample was filtered through membranes which retain the bacte-
ria. One membrane (Standard Test) is placed on a selective lactose agar medium
(VRBA) which was incubated at 36°C for 21 h and one membrane (Rapid Test)
on a case in (tryptic digest)-containing agar medium was incubated at 36°C for 4
h to 5 h, followed by incubation at 44.0°C for 19 h to 20 h on an agar medium
containing casein (tryptic digest) and bile salts. (ISO Standard 9308-1:2000E)

Figure 2. Coliform and fecal coliform confirmation test: (a) presumptive coliform colony
streaked on VRBA; (b) Lactose-fermenting test of positive coliform by BGB; (c) presump-
tive fecal coliforms colony streaked on BGA; (d) Positive fecal coliform test in MB.
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The individual colonies on the membrane were counted as lactose-positive
bacteria. For coliform bacteria and E. coli, subculture was carried out of ran-
domly selected characteristic colonies for confirmatory tests: oxidase and indole
production. The numbers of lactose-positive coliform bacteria and E. coli likely
to be present in 100 ml of the sample were counted (Standard Test). The colo-
nies on the membrane which were able to form indole from the tryptophan sup-
plied in the agar medium were counted as E. coli. The numbers of E. coli likely
to be present in 100 ml of the sample were counted (Rapid Test). Colonies giving
a negative oxidase reaction was counted as coliform bacteria and colonies giving
a negative oxidase, and a positive indole reaction was counted as E. coli. Positive
and negative controls were also inoculated where reference organism was used
as positive control (Figure 3).

4) Fecal coliform

Geldreich et al formulated a medium to enumerate fecal coliforms (m-FC
with 1% Rosolic Acid) using the membrane filter (MF) technique without prior
enrichment [26]. Fecal coliforms, which are found in the gastrointestinal tracts
and feces of warm-blooded animals, are differentiated from coliforms from en-
vironmental sources by their ability to grow at elevated temperatures 44.5°C *
0.5°C. Specimens were filtered through separate membrane filters. The mem-
brane was transferred onto the solidified m-FC agar medium. Plates were placed

into separate waterproof plastic bags and seal bags to prevent leakage. Plates

LY @ ()

Figure 3. Different Biochemical confirmation test: (a) positive and negative oxidase test;
(b) bubble formation indicate positive catalase reaction; (c) coagulase test; (d) red colora-
tion, positive result for urease; (e) red ring formation, positive indole test; (f) distinct red
color, positive MR test; (g) pink red color formation is VP positive result; (h) color
change to blue is citrate positive; (i) in motility test, clear test tube indicate non motile
and turbid one is motile; (j) which media turn into black is H,S positive.
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were incubated, by immersion, in two different water baths: one was set at 35°C,
and another was at 44.5°C. Positive and negative controls were also inoculated
where reference organism was used as positive control. Typical blue colonies
were counted as presumptive fecal coliform (Figure 4).

5) Vibrio spp.

Vibrio count was done using the membrane filtration method. Briefly, 100 ml
of sample was filtered through a 0.45 pm size membrane filters under vacuum.
The membrane filter was then transferred onto thiosulphate citrate bile salts su-
crose (TCBS) agar plates and incubated at 37°C for up to 48 h. At the end of the
incubation period, typical yellow and green colonies were counted as presump-
tive Vibrio species and expressed as colony forming units per 100 mL (CFU/100
mL). Five to ten isolated colonies per plate were then randomly picked and sub-
sequently sub-cultured on sterile TCBS agar plates for purity. Pure isolates were
then plated on nutrient agar plates, incubated overnight as ISO/TS 21872-1:2007
[27]. Positive and negative controls were also inoculated. Biochemical identifica-

tion was done for confirmation according to SOP (Table 1).

3. Result and Discussion

The organoleptic observations of water sample give some external idea like col-
or, taste, and odor. All water samples were colorless, tasteless and odorless. Most
of the water sample was neutral in pH’ but some were slightly acidic or alkaline.
According to the Bangladesh water pollution control board [28] [29]; the rec-
ommended standard value of pH range is 6.5 to 9.2 for potable water. All water
samples were within the standard limit, and 100% sample is satisfactory accord-
ing to pH standard (Table 2).

Figure 4. Presumptive colony of different microorganisms: (a) & (b)-Total Aerobic count
on NA; (c) Colifom on VRBA; (d) Fecal coliform on m-FC agar; (e) E. coli on BRBA; (f)
Vibrio spp. on TCBS.
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Table 1. Biochemical characterization.
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(+ve) means positive result, (—ve) means negative result.

Table 2. Mean microbial count express as the log,, value of different water samples.

Sample water Number of Total aerobic Total coliform E. coli Fecal coliform Vibrio spp.
tested sample count (CFU/ml) (CFU/100 ml) (CFU/100 ml) (CFU/100 ml) (CFU/100 ml)

Collection point-1 7 5.27 £ 2.64 2.35+0.78 2.16 + 0.64 1.32 £ 0.58 0.68 + 0.28
Collection point-2 9 4.26 +2.76 1.97 + 0.68 1.56 + 0.83 0.71 £ 0.26 Nil
Collection point-3 7 5.54 +3.01 2.67 +1.38 2.24 + 0.96 1.46 + 0.84 0.77 £ 0.34
Collection point-4 8 5.03 +2.62 2.16 £ 1.31 2.03 +£1.24 1.52 £ 0.91 0.52 £ 0.32
Collection point-5 6 4.70 £2.70 1.92 £0.73 1.61 £ 0.64 1.28 £ 0.52 0.46 £ 0.24
Collection point-6 7 4.32 +2.89 2.03 +1.26 1.63 +0.78 1.36 + 0.48 0.32+0.14
Collection point-7 7 6.62 £ 3.10 3.04+2.13 2.72£1.31 2.12 £ 0.95 0.94 £+ 0.37
Collection point-8 8 5.62 +3.23 2.74 £ 1.57 2.38 £1.07 1.98 £ 0.86 0.76 £ 0.36
Collection point-9 6 3.47 £ 1.64 0.82 +0.08 0.53 +0.08 0.48 +0.13 Nil
Collection point-10 7 6.41 + 3.85 2.96 + 1.89 249 +1.14 1.54 + 0.43 1.02 + 0.46
Collection point-11 8 428 +2.21 1.82+1.24 1.58 + 0.68 0.58 +0.16 Nil

Results are prepared as reproducibility and shown with standard deviation.

In Table 2, TDS of the collected samples were not within the limit for every
sample, where the standard TDS is set up 500 ppm by USEPA. 28.75% sample

was above the standard limit where lowest count was 169.2 ppm, and the highest
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count was 593.6 ppm.

General guidelines for classification of waters by USEPA, according to USEPA
hardness are: 0 to 60 mg/L (milligrams per liter) as calcium carbonate is classi-
fied as soft; 61 to 120 mg/L as moderately hard; 121 to 180 mg/L as hard; and
more than 180 mg/L as very hard. According to the standard guideline, the most
water sample is moderately soft. Unsatisfactory for hardness guideline is only
15% according to the standard guideline (Table 2). Alkalinity standard is 500
ppm of carbonate along with TDS according to USEPA. A tested water sample is
within the standard limit because dissolved cation is moderately low in amount.
The unsatisfactory percentage is very narrow which is only 3.75% has been
shown in the same table.

Chlorine standard set up by the WHO [25] as a residual concentration of free
chlorine of greater than or equal to 0.5 ppm after at least 30 minutes of contact
time at pH less than 8.0. This is the most concerning physicochemical parame-
ter. According to criterion, only 46.25% sample is within the limit. 53.75% sam-
ple was unsatisfactory for chlorine presence (Figure 5). Total chlorine was
present in a range of 0.83 to 12.56. Whole 43 samples out of 80 samples were
above the standard limit (Table 2).

According to the USEPA standard level of iron in potable drinking water is
<0.3 mg/L. Customarily ground water contains more iron then surface water
[12]. The iron level of the collected sample is 91.25%, which is within the stan-
dard and tolerate limit (Table 2).

The microbiological standard of water depends on various extrinsic and in-
trinsic factors. Usually, raw wastewater contains more micro-flora because the
presence of different organic and inorganic nutrients and Higher BOD [30] but
groundwater is initially free of these contaminants, and so, groundwater has
lower microorganisms. In general, the greatest microbial risks are associated

with ingestion of water that is contaminated with human or animal (including

60% -

50% -

40% V

30% -
20%
p— r
TDS

0%
pH Total Total Iron Total Total
Chlorine Hardness alkalinity
Figure 5. Unsatisfactory rate according to microbiological parameters.
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bird) faces. Faces can be a source of pathogenic bacteria, viruses, protozoa, and
helminths [31].

Total five microbiological parameters have been tested for all collected water
samples. The total aerobic count is high for tested water. The standard total
aerobic count is less than 1.0 x 10°/ml for drinking water (ISO BDS 1240:2001)
(ESEPA < 500). According to standard, 43 samples were out of limit that is
53.75% of the total samples and the range was 0.60 x 10° to 7.34 x 10° CFU. To-
tal coliform is an indication of water pathogenic contamination. According to
WHO, the limit of coliform is zero for 100 ml of water for the membrane filtra-
tion technique. But 76.25% water sample had coliform contamination. From 80
samples, 61 samples were coliform contaminated. The lowest value of coliform
was 0, and the highest value was 4.82 x 10* CFU in 100 ml of water. E. coli is
another indicator organism which standard limit is zero per 100 ml of water set
up by USEPA (2014) and no/250 ml by EU. 61.25% water sample contains E. coli
that mean 49 collected samples is unsatisfactory according to the criterion. E.
coli was present at a range of 0 to 2.37 x 10> CFU/100ml (Table 3).

Fecal coliform is an indicator for fecal contamination of the sample. Sample
water has more fecal coliform than standard limit. According to WHO, there
should not be any fecal coliform in potable drinking water. Despite this, our col-
lected samples have a range of 0 to 4.18 x 10°> CFU fecal coliform, which is not
acceptable. Forty-seven samples are unsatisfactory for this parameter that is
58.75% of the total sample (Figure 6). One of the halophilic microorganism is
Vibrio spp. The Vibrio genus has been one of the major pathogens known to
cause outbreaks worldwide, but mostly known for creating cholera [27] [32].
According to FDA, the presence of Vibrio spp. is vulnerable. On this aspect,
13.75% sample is not satisfactory because of this water contains Vibrio. 11 sam-

ples out of 80 were Vibrio contaminated (Table 3).

80.00%

70.00%

60.00%

50.00%

40.00% -

30.00%

20.00% -

0.00%

TAC ‘ Total ’ E. coli ‘ Fecal Vibrio spp.

coliform

coliform

Unsatisfactory percentage according to microbial parameter

Figure 6. Unsatisfactory rate according to physic-chemical parameters.
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Table 3. Physico-chemical parameters of different water samples.

Sample water Number of P Total Chlorine Total Iron Total Hardness TDS Total alkalinity

tested sample (PPM) (mg/L) (mg/L) (PPM) (PPM as CaCO;)
Collection point-1 7 6.89 + 0.13a 4.28 + 0.36a 0.12 + 0.016a 107.2 £ 8.2a 356.7 £ 23.6a 782+ 8.3a
Collection point-2 9 7.16 £ 0.21b 5.89 +0.94b 0.093 £ 0.011b 142.7 £13.5b 453.6 + 33.8b 96.4 £13.2b
Collection point-3 7 7.21 £ 0.16bc 6.73 + 1.06¢ 0.18 + 0.021c¢ 96.4 + 7.4c 237.1 +21.3¢ 68.4+7.1c
Collection point-4 8 7.06 + 0.09d 3.62 + 0.42d 0.17 £ 0.014cd 98.7 + 7.9cd 517.2 +76.4d 67.6 +4.9cd
Collection point-5 6 7.14 +£0.17bce  2.84+0.73e  0.087 £ 0.009 e 126.1 £ 18.2¢ 342.1 +42.2¢ 852 +7.2e
Collection point-6 7 6.96 + 0.18af 3.82+0.76df  0.16 + 0.013cdf 852+ 6.7f 305.3 +31.7f 81.3 £5.2f
Collection point-7 7 7.08 + 0.16dg 5.62+091g 0.15+0.012acdg  88.1+7.27g 267.2 +24.4¢ 78.1 £ 6.8ag
Collection point-8 8 7.31 £ 0.20h 6.12 £ 0.83bh  0.092 +0.008bh  106.3 +14.9ah  196.8 + 27.6h 61.2 + 6.5h
Collection point-9 6 6.93 £ 0.07afi 8.16 £3.37i  0.18 + 0.017cdfgi 90.7 + 6.81i 356.1 * 34.7ai 94.1 £11.3i
Collection point-10 7 743+0.15]  473+065] 0.16 +0.020cdfgj 97.8 +7.42cdj  416.2+£23.8)  69.8 + 7.8cd]
Collection point-11 8 7.26 £ 0.21ck 7.38 + 1.17k 0.19 + 0.018ik 106.4 + 11.3ak  338.2 + 42.6ek 74.8 + 8.6k

Results are prepared as repeatability and shown with standard deviation. Means sharing a common letter do not differ significantly, others differ

significantly (p < 0.05).

Both microbial and physicochemical properties depend on sampling time.
Different properties of water change season to the season [27]. In rainy season
surface water become dilute and become dense in winter, so different anion, ca-
tion, organic substance may vary in a different season. The microbial count is
also related to this seasoning because different nutrient and growth factors also
get changed from time to time [33].

The contact (retention) time in chlorination is that period between the intro-
duction of the disinfectant and when the water is used. A long interaction be-
tween chlorine and the microorganisms results in an effective disinfection
process (USEPA). Chlorine level is essential for microbial lessening but over the
amount of chlorine is harmful to the consumer. So, an optimum level of chlorine
dosing is essential for both points of view. Nearly every day a new chemical,
toxin, pharmaceutical drug, radioactive residue or parasite is contaminating our
water supply, and especially our drinking water [34]. According to a working
group study, 85% U.S. population’s water is laced with over 300 contaminants
but purifying chlorine substances causing most harm of all. Some ways chlorine
in our drinking is harming our health [35].

The first way of damaging our health is killing good gut bacteria. Chlorine
worked as a disinfectant and wiped out beneficial bacteria like lactobacilli. Im-
proper chlorine dosing causes the resistance of pathogenic bacteria and para-
sites. The second harmful effect of chlorine is chlorine acts as an estrogen mimic.
When chlorine absorbed by the body, chlorine becomes x enoestrogens which
can result in cancer and many other health concerns like hair loss, fatigue, lack
of libido, hypothyroidism, hypoglycemia, insomnia. Chlorine also hurts weight
gaining. As a toxic chemical, chlorine displaces the iodine in thyroid leading to
hypothyroidism and unwanted side effects like weight gain and hot flashes [36].
Chlorine also creates a problem by producing trihalomethanes (THMs) and ha-
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loacetic acids when it reacts with water’s natural organic compounds.

Waterborne diseases are caused by pathogenic microorganisms found in wa-
ter. Pathogen contaminated water may cause illness while bathing, washing or
drinking. Diarrheal diseases are a most prominent example because it causes
842,000 deaths every year [37]. The disease-causing microorganism is mainly
protozoa and bacteria. When a water sample contains coliform or fecal coliform,
it indicates the presence of other pathogenic organisms. Drinking water conta-
minated with Vibrio cholera cause cholera. In severe forms, cholera is known to
be one of the most rapidly fatal illnesses. Every E. coli bacterium is not patho-
genic but some strain like O157:H7 is responsible for severe bloody diarrhea and
abdominal cramps. The hemolytic uremic syndrome is also found in children
(Source: Centers for Disease Control and Prevention, Preventing Foodborne Ill-
ness: Escherichia coli O157:H7, 1993). Presence of fecal coliform in water is a
presage of dysentery-causing pathogens like Salmonella or Shigella. Salmonella is
also responsible for salmonellosis and typhoid fever [38].

We had some technical lacking in our laboratory. Some common chemical
parameters like NH}, NO;, NO;, and PO} cannot be determined. More
sampling site would give more authenticity. Nowadays molecular identification
is very common, but we had to rely on a cultural and biochemical test for detec-
tion of E. coliand Vibrio spp.

In the future there are different scopes for research on water treatment, which
can be accomplished. Concentrations of an antimicrobial agent, heavy metal,
toxic and carcinogenic substances are also some vulnerable parameters. Which
chemical compound is a microbial indicator of contamination can be worked
out. Root cause and their remedies is also a great task for future research. Proper
monitoring of the treatment process to ensure compliance to set guidelines is
highly recommended. Advanced technology should evolve for recycling and
reuse of water. High-pressure membrane filtration, ultra violate irradiation, re-
verse osmosis, ion exchange technology may involve for water treatment. Con-
sumer education and consciousness are necessary, and unwanted human activity

should stop.

4. Conclusion

Both chemical and microbial parameter should be the norm of potable water. In
this study, the presence of total coliform and other microbial contaminants sug-
gest that supplied water is highly contaminated with pathogens and great reser-
voirs for them. Even a high dose of chlorination fails to kill bacteria within a safe
level, although chlorine is a highly toxic substance and main concern in the
chemical parameter. The unsatisfactory percentage of these pathogens also sug-
gests the inefficiency of the water treatment plants to adequately remove micro-
bial pathotypes, which is a threat to public health. Regular and routine monitor-
ing of the treating process to ensure compliance for setting guidelines is the

recommendation from here.
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