
Disinfection of water by various techniques – comparison based on
experimental investigations

Pankaj Kumar Roy*, D. Kumar, M. Ghosh, A. Majumder

School of Water Resources Engineering, Jadavpur University, 188, Raja S.C. Mullick Road, Kolkata 700 032, India,
Tel. +91 9433106266; Fax: +91 33 24146886; emails: pk1roy@yahoo.co.in (P.K. Roy), deveshkr29@gmail.com (D. Kumar),
minakshighosh123@yahoo.com (M. Ghosh), arunabhamajumder@hotmail.com (A. Majumder)

Received 9 November 2015; Accepted 21 April 2016

ABSTRACT

In the present study, laboratory experiments were conducted for determining effectiveness
of various disinfectants against inactivation of Total Coliform and Fecal Coliform of water
samples collected from different sites of Jadavpur University. Chlorine (sodium hypochlo-
rite and bleaching powder), silver, copper, solar radiation, ultraviolet rays and boiling was
facilitated; samples were intermittently tested with respect to contact time (CT) following
most probable number technique (MPN/100 ml) and bacteriological H2S strip tests. After
chlorination, chlorine demand and residual-free chlorine was obtained using modified Hor-
rocks method. Effective CT sufficient to lower down the viable counts, by various mode of
treatment are as follows: boiling-1 min < chlorination-30 min < UV treatment-1 h < SODIS-
6 h < silver wire-8 h < copper wire-8–10 h. Samples were passed through ultraviolet rays at
different flow rates; it was very effective against lower contamination. However, it did not
show good disinfection against higher contamination, suggesting a need for providing
proper contact. Silver and copper disinfection requires low operational cost nonetheless
takes longer time for disinfection. SODIS may be encouraged in rural areas though a
weather-dependent process. Boiling is efficient and faster compared to other methods, chlo-
rine disinfection is a standard process to treat large volume of contaminated water; though
should be avoided as its byproducts are very harmful for human health.

Keywords: Chlorination; Sodium hypochlorite; Calcium hypochlorite; Silver wire; Copper
wire; Disinfection; Ultra violet radiation; Solar disinfection (SODIS); Most proba-
ble number/100 ml (MPN/100 ml) and bacteriological H2S strip test

1. Introduction

Over 30% of the population in developing coun-
tries is in need of safe drinking water. There are
reports of 875 million populations suffering from diar-
rhea and 4.6 million death cases that result every year
due to a lack of a safe water supply in India. There-

fore, it is necessary to disinfect water before its con-
sumption [1,2]. Disinfection of water refers to the
destruction of disease causing organisms. Disinfection
does not necessarily result in the complete sterilization
of a water supply, rather it reduces the number of
pathogens like bacteria, viruses, and amoebic cysts;
responsible for water borne diseases [3]. Disinfection
by chlorination forms residual-free chlorine (RFC) in
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water that may inactivate Cladosporium tenuissimum,
Cladosporium cladosporioides, Phoma glomerata, Aspergil-
lus terreus, Aspergillus fumigatus, Penicillium griseoful-
vum, and Penicillium citrinum from different water
sources [4]. The disinfection efficiency of chlorine in
terms of Degree of Microbial Inactivation is calculated
based on the percentage available free chlorine con-
centration and contact time (CT) values. Mixture of
sodium chloride (NaCl) and sodium hypochlorite
(NaOCl) is known as a good disinfectant of water,
30 min CT may reduce 82% bacterial population.
Whereas, 90% bacterial population may be reduced
using sodium hypochlorite (NaOCl) alone for 30 min
CT. NaOCl at 10% concentration may result in maxi-
mum percentage reduction in bacterial population
[5,6]. Yet another interesting mode of disinfection is
silver-impregnated ceramic pot filter for low-cost
household drinking water treatment [7]. Ozonation,
copper–silver ionization, and increased temperature
are yet few more interesting modes of water disinfec-
tion that may control the water borne pathogens. One
of the most effective and low cost disinfection is sun-
light, a potent sterilizing media for the destruction of
total heterotrophic bacterial count, it is possible to
achieve decontamination of water samples without
any danger of bacterial re-growth [8]. The effective-
ness of UV technology has gained much apprehension
as a disinfectant. The factor that may be disadvanta-
geous is the UV intensity, exposure time, the area,
clarity of the water, etc. The selection of UV wave-
length is very important factor for the process to
achieve efficient disinfection. The optimum microbial
killing efficiency ranges from 254 to 260 nm wave-
length probably varies with the type of organism [9].
Boiling improves the microbiological quality of drink-
ing water and it is an easy, low cost method that may
be an alternative for treating water at home.

The present research study highlights on applica-
tion of various disinfectants on pond water, ground
water, and supply water from treatment plant, used
for drinking and other domestic purposes. The water
quality assessment was done based on the frequency
and adequacy of microbiological contaminants in
water, before and after disinfection. The tests per-
formed followed culture-dependent methods using (a)
most probable number technique (MPN/100 ml),
method for identification of Total and Fecal Coliform/
100 ml of sample and (b) bacteriological H2S tests,
method for determination of bacteria belonging mostly
to Enterobactericeae family that are responsible for con-
tamination of water, H2S method also determines the
presence of Clostridial bacilli in contaminated water
based on the color change of the medium [10]. The
overall objective of the present study is to assess the

microbiological quality of water to identify the most
reliable and cost-effective method for water disinfec-
tion and finally to provide a user-friendly guideline
that will be more relevant for disinfection of water
[11–14].

2. Materials and methods

2.1. Sample collection and preservation

Samples were collected in sterile screw cap con-
tainers aseptically and brought to the laboratory for
testing. The tests were performed instantly and culture
plating was completed after giving sufficient CT:

(1) Drinking water samples were collected from
various sites of Jadavpur University Campus
specifically from the outlet of the treatment
plants of Garden reach water supply, Auro-
bindo Bhawan, Ashirbad Food Court (sample-
1, 2, and 3, respectively), etc.

(2) Ground water was collected from two different
sources of water outlets supplied to SWRE,
(sample-4 and 5, respectively) of School of
Water Resource Engineering Building (SWRE).

(3) The pond waters (10, 30, and 50 ml) were col-
lected from pond located near, SWRE building,
Jadavpur University campus, (sample-6, 7, and
8, respectively).

All the three different water sources namely
ground, pond, and treated drinking water were chem-
ically different from the other [15]. The pond water
differs chemically from ground water (raw water) and
supply water (drinking water). At the time of chlori-
nation, source water from different locations was
found chemically satisfactory in terms of following
parameters tabulated in Table 1.

2.2. Sampling and water testing

The samples were collected aseptically by flaming
the tap after application of absolute ethanol, then the
tap was opened and the water was run for 5 min.
Samples were collected in PTFE containers and kept
inside the ice-box. The samples were carried to the
laboratory immediately for bacteriological testing. The
samples were collected from the following locations
and sources:

(1) Sample-1: Garden Reach Supply Water-
Treatment Plant Outlet water.

(2) Sample-2: Aurobindo Bhawan Supply Water-
Treatment Plant Outlet water.
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(3) Sample-3: Asirwaad Food Court Supply water-
Treatment Plant Outlet water.

(4) Sample-4: SWRE Building Overhead tank-
Ground water stored directly.

(5) Sample-5: SWRE Bathroom Tap water-Ground
water supplied to Bathroom from Over head
storage tank.

(6) Sample-6: Pond water-10 ml Pond water
diluted with Drinking water to 1 L.

(7) Sample-7: Pond water-30 ml Pond water
diluted with Drinking water to 1 L.

(8) Sample-8: Pond water-50 ml pond water
diluted with drinking water to 1 L.

Sample-1, sample-2, and sample-3 is drinking
water supplied from treatment plant. Sample volume
used for test is 1 L. Sample-4 and 5 is ground water
used for domestic purpose. Sample volume used for
test is 1 L. Sample-6, 7, and 8 is pond water. Sample
volume is specified above.

2.2.1. Chlorine disinfection

Chlorine is used to destroy disease-causing organ-
isms in water, an essential step in delivering safe
drinking water [16]. Disinfection of water may be
done by various types of chlorine compounds. In this
study, following types of chlorine compounds were
used: (I) sodium hypochlorite and (II) bleaching pow-
der [17,18]. Disinfection of water by these chlorine
compounds involves various processes; firstly chlorine
demand check calculated by modified Horrocks
method, secondly RFC test using Ortho-toluidine solu-
tion (OT) [19] finally examination of bactericidal activ-
ity of RFC likely by Total Coliform (TC), Fecal
Coliform (FC) test using most probable number
(MPN) method and hydrogen sulfide (H2S) method
[20,21].

2.2.1.1. Chlorine demand test using sodium hypochlorite
(NaOCl) and bleaching powder Ca(OCl)2 for supply water
(or treated water). Sodium hypochlorite (NaOCl) with
4% w/v available chlorine was used for chlorination
of drinking water from various sources, collected from
the iron elimination plant outlets of the treatment
plants located in Garden reach area (sample-1), Auro-
bindo Bhawan (sample-2), Ashirwad Food Court
(Sample-3) for 30 min. Five dilutions of the samples
were made and dosing was done in a range of 2, 4, 6,
8, 10 mg/l of available RFC, respectively. Bleaching
powder (25% w/w available chlorine) solution was
obtained by mixing 1 g of bleaching powder (Ca
(OCl)2) in 1 L of drinking water. Dilutions were made
in a range of 4, 6, 8, 10, and 12 mg/L of calcium
hypochlorite, respectively. After mixing of bleaching
(Ca(OCl)2), chlorination was done to disinfect the
ground water (sample-4 and sample-5). The CT given
was 30 min. Sampling was done from the water stor-
age tank and from the tap of the bathroom. Sample 4
and 5 were disinfected with Bleaching powder as it
was suspected to have higher turbidity. Result is
shown in Fig. 2.

2.2.1.2. Chlorine demand test using sodium hypochlorite
(NaOCl) for pond water. Sodium hypochlorite (NaOCl),
4% w/v available chlorine was used for chlorination
of sample-6 and sample-8, i.e. pond water, for 30 min,
five dilutions of both the samples were made and dos-
ing was done in a range of 2, 4, 6, 8, 10 mg/L, respec-
tively. Results obtained are given in Fig. 3.

2.2.1.3. Chlorine demand test using bleaching powder Ca
(OCl)2 for ground water. Bleaching powder (25% w/w
available chlorine) solution is obtained by mixing 1 g
of bleaching powder (Ca(OCl)2) in 1 L of drinking
water. Dilutions were made in a range of 4, 6, 8, 10,
and 12 mg/L of calcium hypochlorite, respectively.

Table 1
Difference in chemical composition of various source waters

Sl. no. Parameters
Requirement
(acceptable limit)

Permissible limit
in the absence of alternate source

Source

G.W P.W S.W

1 pH value 6.5–8.5 6.5–8.5 7.32 7.95 7.42
2 Total dissolved solids, mg/L 500 2,000 1,050 290 556
3 Turbidity (NTU) 1 5 2.5 22 1.44
4 Iron (as Fe), mg/L 0.3 1.0 0.85 0.22 1.03
5 Chloride, mg/L 250 1,000 483 54 218
6 Nitrate, mg/L 45 45 0.62 0.47 0.35
7 Total hardness (CaCO3), mg/L 200 600 502 220 333

Notes: G.W—ground water, P.W—pond water, S.W—supply water or treated water.
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After mixing of bleaching (Ca(OCl)2), chlorination was
done to disinfect the pond water (Sample-6 and sam-
ple-8). The CT given was 30 min. Sampling was done
from the water storage tank and from the tap of the
SWRE bathroom.

2.2.2. Disinfection by silver

Disinfection of water by incorporating metal is an
old disinfection method. A silver wire, measuring
3.2 mm radii, length 40 cm, and weight 9 g; was used
in this process to evaluate its disinfection efficacy [22].
A bottle was filled with contaminated water contain-
ing 10 ml pond water (sample-6). And similarly, two
more contaminated water samples are obtained con-
taining 30 and 50 ml pond water per liter of drinking
water (sample-7 and sample-8), respectively. The wire
was molded in spiral shape and then fitted into the
bottle. It was also ensured that the silver wire remains
in contact with the contaminated water. The samples
of the contaminated water were taken to check the TC
and FC prior to its disinfection and after disinfection
[7,23]. The TC and FC of the treated water were
checked after 2, 4, 6, and 8 h, respectively, by MPN
method and H2S strip test, Table 2.

2.2.3. Disinfection by copper

Copper disinfection follows the same method. The
dimension of the copper wire was 15 mm in radius,
length-45 cm and weight-30 g. Three bottles were
filled with contaminated water containing 10, 30, and
50 ml pond water (sample-6, 7, and 8), respectively.
The wire was molded in spiral shape and then fitted
into the bottle. It was also ensured that the copper
wire remains in contact with the contaminated water.
The TC and FC of the water was checked before disin-
fection and after disinfection by sampling and testing
within intervals of 2, 4, 6, and 8 h, respectively, fol-
lowing MPN method and H2S strip test, Table 2.

2.2.4. Solar disinfection

Solar disinfection (SODIS) is one of the simplest
and least expensive methods for providing acceptable
quality drinking water [8,24]. Only disadvantage is the
climatic and weather condition. Three 1 L capacity
transparent PET water bottles were taken and half
body of the bottles was painted black so that it can
absorb more heat [25]. The bottles were then filled
with contaminated pond water 10, 30, and 50 ml (sam-
ple-6, 7, and 8), respectively. Contaminated water
samples were filled into a half blackened transparent

PET bottle and exposed to the full sunlight for 8 h. All
the PET bottles were firmly shaken and kept horizon-
tally directly to sunlight during disinfection process.
TC, FC, and bacteriological H2S strip test of the con-
taminated water was checked after 2, 4, 6, and 8 h of
time duration (as shown in Table 2). The TC and FC
of the all the samples were checked before and after
disinfection.

2.2.5. Disinfection by ultra violet rays

A low-pressure UV lamp G15T8 (Fig. 1), fabricated
by School of Water Resources Engineering, Jadavpur
University, was used to check the efficiency of UV as
a sterilizing agent. The lamp was held inside quartz
sleeves easing the installation. A stable high-voltage
source of electricity was placed in it which resulted in
a low intensity UV irradiation. The chamber was
made of stainless steel with polyvinyl chloride (PVC)
caps at both sides of the end. Quartz sleeves with suf-
ficiently high transmission rates were fitted to deliver
the UV energy produced by UV lamps. An indicator
LED light was put to alert the operation and failure of
the system with electronic ballast. Two copper elbow
pipes were fitted as inlet and outlet hold up with two
controlling valves.

A 10-L capacity Jar with tap was kept just above
the height of UV setup, so that water can continuously
flow through the tap of the water reservoir into the
inlet pipe of the setup. Flow rate were controlled
gradually by pressure manometer enabled in the sys-
tem. 10 L of drinking water was filled in the reservoir.
Sample-6 was mixed into it. Contaminated water was
made to flow through the tap into the inflow of the
set up with four different flow rates at 4.6, 11.1, 17.4,
and 51.2 L/h. Water flowing into the chamber was
exposed to the UV rays. The UV disinfected water at
different flow rates was collected in sterilized sam-
pling bottle to check the TC and FC of the disinfected
water. Also, the TC and FC were done prior to the
disinfection. Similarly, other two samples-7 and 8
were flown through UV setup and after disinfection;
samples were collected for different flow rates. TC
and FC of the disinfected water for different sample
with different flow rates are shown in the tabulated
results in Table 3. Contaminated water is less effective
for treatment. Hence, water samples were filtered
before UV disinfection [26,27].

2.2.6. Disinfection by boiling

A liter of drinking water was taken in a borosil
glass beaker. Sample-6 was mixed to contaminate the
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Table 2
TC, FC, and H2S test experimental results of various modes of disinfection methods with respect to the CT

Mode of disinfection
Sample volume
(pond water)

Timing
(min)

Total
Coliform
10–1–0.1

TC
(MPN/
100 ml)

Fecal
Coliform
10–1–0.1

FC
(MPN/
100 ml)

Bacteriological
test by H2S
strip

Chlorination using sodium
hypochlorite (NaOCl)

10 ml/L
(sample-6)

0 4–2–0 22 2–1–1 9.2 Positive
10 2–2–0 9.3 2–0–0 4.5 Positive
20 1–0–0 2 0–0–0 <1.8 Negative
30 0–0–0 <1.8 0–0–0 <1.8 Negative

50 ml/L
(sample-8)

0 5–3–2 140 5–1–1 46 Positive
10 5–3–0 79 2–3–1 14 Positive
20 4–2–0 22 2–0–0 4.5 Positive
30 0–0–0 <1.8 0–0–0 <1.8 Negative

Silver wire disinfection 10 ml/L
(sample-6)

4 h 1–1–0 4 1–0–0 2 Positive
6 h 0–1–0 1.8 0–0–0 <1.8 Negative
8 h 0–0–0 <1.8 0–0–0 <1.8 Negative
10 h 0–0–0 <1.8 0–0–0 <1.8 Negative

30 ml/L
(sample-7)

4 h 3–1–0 11 2–1–0 6.8 Positive
6 h 2–1–0 6.8 2–0–0 4.5 Positive
8 h 0–0–0 <1.8 0–0–0 <1.8 Negative
10 h 0–0–0 <1.8 0–0–0 <1.8 Negative

50 ml/L
(sample-8)

4 h 4–2–0 22 3–1-0 11 Positive
6 h 3–0–0 7.8 2–0–0 4.5 Positive
8 h 0–0–0 <1.8 0–0–0 <1.8 Negative
10 h 0–0–0 <1.8 0–0–0 <1.8 Negative

Copper wire disinfection 10 ml/L
(sample-6)

4 h 2–0–0 4.5 1–1–0 4 Positive
6 h 1–1–0 4 0–1–0 1.8 Positive
8 h 0–0–0 <1.8 0–0–0 <1.8 Negative
10 h 0–0–0 <1.8 0–0–0 <1.8 Negative

30 ml/L
(sample-7)

4 h 3–2–0 14 2–1–0 6.8 Positive
6 h 2–0–0 4.5 1–1–0 4 Positive
8 h 0–0–0 <1.8 0–0–0 <1.8 Negative
10 h 0–0–0 <1.8 0–0–0 <1.8 Negative

50 ml/L
(sample-8)

4 h 4–2–0 22 2–1–0 6.8 Positive
6 h 3–0–0 7.8 2–0–0 4.5 Positive
8 h 1–0–0 2 0–0–0 <1.8 Negative
10 h 0–0–0 <1.8 0–0–0 <1.8 Negative

Solar disinfection (SODIS) 10 ml/L
(sample-6)

2 h 3–1–1 14 2–0–0 4.5 Positive
4 h 0–0–0 <1.8 0–0–0 <1.8 Negative
6 h 0–0–0 <1.8 0–0–0 <1.8 Negative
8 h 0–0–0 <1.8 0–0–0 <1.8 Negative

30 ml/L
(sample-7)

2 h 4–2–0 22 2–1–0 6.8 Positive
4 h 2–0–0 4.5 1–0–0 2 Positive
6 h 0–0–0 <1.8 0–0–0 <1.8 Negative
8 h 0–0–0 <1.8 0–0–0 <1.8 Negative

50 ml/L
(sample-8)

2 h 5–1–2 63 2–2–1 12 Positive
4 h 2–0–0 4.5 1–0–0 2 Positive
6 h 0–0–0 <1.8 0–0–0 <1.8 Negative
8 h 0–0–0 <1.8 0–0–0 <1.8 Negative
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water taken to check the TC and FC. Then, the con-
taminated water was boiled at 100˚C for different time
durations 10, 5, 2, and 1 min, respectively. Sampling
was done at each time interval to check for Total and
Fecal Coliforms [3].

3. Results and discussion

3.1. Disinfection of water by chlorination

Sample-6 when chlorinated with 2 mg/L of chlo-
rine showed 0.4 ppm RFC after CT of 30 min which is
within prescribed limit. Sample-2 and sample-3 after
chlorination with 2 mg/L chlorine showed 0.2 ppm of
RFC which is also within prescribed limit. Sample-4
and 5 showed 0.1 ppm RFC after chlorination with
2 mg/L chlorine, which is below prescribed limit.
Hence, chlorine demand for sample-1, sample-2 and
sample-3 is 2 mg/L. Dosing with 4, 6, 8, and 10 mg/L
chlorine for sample-1, sample-2, and sample-3 showed
RFC more than the prescribed limit. Therefore, to suf-
ficiently chlorinate sample-1, sample-2, and sample-3,

2 mg/L of chlorine solution may be considered ade-
quate. Sample-4 and sample-5 were sufficiently chlori-
nated when 4 mg/L of chlorine was added, after CT
of 30 min RFC was 0.2 ppm. On further increasing the
concentration of chlorine to 6 mg/L, sample-4 was
found to have RFC 0.3 ppm and sample-5 to have
0.4 ppm, which is within prescribed limit. Hence, chlo-
rine demand for sample-4 and sample-5 is 6 mg/L.
Chlorine demand for different source water is graphi-
cally represented in Fig. 2. The results inferred that
the treated water or sample-1, 2, and 3 are bacteriolog-
ically better in quality than the untreated ground
water, i.e. sample 4 and 5. Since, the chlorine demand
of the sample 4 and 5 are greater.

In Fig. 3, for sample-6, residual chlorine (ppm) was
found to be 0.2 ppm when 2 mg/L chlorine solution
was applied for chlorination. Hence, chlorine demand
is 2 mg/L for sample-6. Sample-8, residual chlorine
obtained was 0.3 ppm, when treated with 8 mg/L of

Fig. 1. Typical UV experimental setup fabricated by SWRE,
JU.

Table 3
TC, FC experimental results of UV disinfection method with respect to varying flow rates

Mode of
disinfection

Sample volume
(pond water)

Flow rate
(L/h)

Total Coliform
10–1–0.1

TC
(MPN/100 ml)

Fecal Coliform
10–1–0.1

FC
(MPN/100 ml)

UV Disinfection 10 ml/L
(sample-6)

4.6 0–0–0 <1.8 0–0–0 <1.8
11.1 0–0–0 <1.8 0–0–0 <1.8
17.4 0–0–0 <1.8 0–0–0 <1.8
51.2 0–0–0 <1.8 0–0–0 <1.8

30 ml/L
(sample-7)

4.8 0–0–0 <1.8 0–0–0 <1.8
12.0 0–0–0 <1.8 0–0–0 <1.8
16.6 0–0–0 <1.8 0–0–0 <1.8
50.8 0–0–0 <1.8 0–0–0 <1.8

50 ml/L
(sample-8)

4.5 3–1–0 11 1–0–0 2
11.7 3–1–1 14 1–1–0 4
17.1 3–1–1 14 2–0–0 4.5
50.2 4–2–1 26 3–0–0 14

Fig. 2. Chlorine demand test using sodium hypochlorite
(NaOCl) and bleaching powder Ca(OCl)2 for supply water
(or treated water).
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chlorine. The chlorine demand for sample-8 was higher
than sample-6. For, chlorinating sample-8 sufficiently,
8 mg/L chlorine was found adequate as the RFC after
CT was 0.3 ppm, which is within prescribed limit.

Chlorination of contaminated sample-6 and sam-
ple-8 by sodium hypochlorite (NaOCl) was done for
time duration of 30 min. TC and FC of the contami-
nated raw water was checked after 10, 20, and 30 min
time duration of chlorination. Bacteriological test of
the contaminated water was also checked by H2S
strips (Figs. 4 and 5).

3.2. Disinfection of contaminated water by sodium
hypochlorite NaOCl

The results presented in Fig. 4 illustrate that
20 min of CT was sufficient to destroy the FC totally
from sample 6 using NaOCl. For complete destruction
of TCs using NaOCl, 30 min CT was found sufficient;
chlorine demand found for sample-6 was 2 mg/L. For

sample-8, chlorine demand found was 8 mg/L. From
Figs. 4 and 5, it is well understood that NaOCl can
efficiently destroy the Fecal and TCs from contami-
nated pond water (i.e. sample 6 and 8) within a CT of
30 min.

3.3. Disinfection of contaminated water by bleaching
powder (Ca(OCl)2)

Chlorination of sample-6 and sample-8 was also
done by bleaching powder (Ca(OCl)2) for time dura-
tion of 30 min. Chlorine demand obtained for the sam-
ples were found to be 4 and 8 mg/L, respectively. TC
and FC of both samples were checked after 10, 20, and
30 min of chlorination. Bacteriological test of the con-
taminated water was also checked by H2S strip test.
Results in Figs. 6 and 7 indicates that for both sample-
6 and 8 CT of 30 min were needed for complete eradi-
cation of TC and FC using as (Ca(OCl)2) disinfectant.
Hence, bleaching powder is considered an efficient

Fig. 3. Chlorine dosing using bleaching powder Ca(OCl)2,
(mg/L).

Fig. 4. Efficiency of sodium hypochlorite as chlorine disin-
fectant of sample-6.

Fig. 5. Efficiency of sodium hypochlorite as chlorine disin-
fectant of sample-8.

Fig. 6. Efficiency of bleaching powder as chlorine disinfec-
tant of sample-6.
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disinfectant that could reduce the TC and FC from
contaminated pond water.

From the above results, it can be concluded that
sodium hypochlorite and bleaching powder both are
effective against TC and FC (FC). Maximum time taken
for removal of TC and FC is 30 min in both cases.

3.3.1. Disinfection by chlorination

In this disinfection process, 30 min of CT was
found to be sufficient for complete removal of Total
and Fecal Coliform from contaminated pond water.

3.3.1.1. Disinfection by silver. In this disinfection pro-
cess, Table 2, implicit that FC of sample-6 was
reduced to <1.8 MPN/100 ml after 6 h of contact with
silver wire H2S strip presence–absence test also
showed negative result for bacteriological contamina-
tion consequently. Sample-7 showed reduction in TC
from 9.3 MPN/100 ml to <1.8 MPN/100 ml after 8 h
of contact with silver wire. H2S strip presence–absence
test, showed negative result for bacteriological con-
tamination consequently. Sample-8 showed same
results as sample-7. TC and FC was reduced to
<1.8 MPN/100 ml after 8 h, H2S strip presence–
absence test, was also negative within a CT of 8 h. The
results of bacteriological tests implicates that 6 h CT
was sufficient to treat sample 6. However, sample 7

and 8 showed reduction in TC and FC after 8 h. The
tests inferred that on an average 8 h of contact with
silver wire can totally remove the pathogenic bacteria
from contaminated water.

3.3.1.2. Disinfection by copper. After 8 h of contact with
copper wire, sample-6 and sample-7 showed reduction
in TC and FC to <1.8 MPN/100 ml. H2S strip pres-
ence–absence test, also showed negative result after
duration of 8 h. Nonetheless, sample-8 needed longer
time to remove contaminants. TC and FC was reduced
to <1.8 MPN/100 ml after CT of 10 h. H2S strip pres-
ence–absence test also showed negative result for bac-
teriological contamination after 10 h. The overall
pathogen removal efficiency of copper wire was found
to be 8–10 h. Table 2, implicit that, removal of TC and
FC of water sample-6 and sample-7 requires CT of 8 h
on an average.

3.3.1.3. Solar disinfection (SODIS). Table 2, implicit that
sample-6, require 4 h for reduction of TC and FC. H2S
strip presence–absence test also showed negative
result for bacteriological contamination after 4 h. Sam-
ple-7 and sample-8 required 6 h for complete disinfec-
tion of TC and FC. H2S strip presence–absence test
was negative for bacteriological contamination after
6 h. Hence, SODIS may be considered an efficient, low
cost and effective method of disinfection.

3.3.1.4. Disinfection by ultra violet light. From Table 3, it
implicit that sample-6 requires minimum flow rate of
4.6 L/h to remove TC and FC by UV treatment. Sam-
ple-7 requires 4.8 L/h of minimum flow rate for effec-
tive removal of TC and FC. Sample-8 was not
successfully treated with UV as it was highly contami-
nated. Therefore, the observation infers that, highly
contaminated sample requires filtration before UV
treatment. The test results interpret that reduced flow
rate enables more efficient treatment by UV radiation
and also longer the exposure time, greater is the
chance for destruction of pathogen. Hence, UV ray
disinfection system may be very effective for low
contaminated water but it is less effective for highly
contaminated water.

Fig. 7. Efficiency of bleaching powder as chlorine disinfec-
tant of sample-8.

Table 4
TC, FC, and H2S test experimental results of disinfection by boiling with respect to the CT

Mode of
disinfection

Sample volume
(pond water)

Timing
(min)

Total Coliform
10–1–0.1

TC (MPN/
100 ml)

Fecal Coliform
10–1–0.1

FC (MPN/
100 ml)

H2S
strip test

Disinfection
by boiling

10 ml/L (sample-7) 10 0–0–0 <1.8 0–0–0 <1.8 Negative
5 0–0–0 <1.8 0–0–0 <1.8 Negative
2 0–0–0 <1.8 0–0–0 <1.8 Negative
1 0–0–0 <1.8 0–0–0 <1.8 Negative
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3.3.1.5. Disinfection by boiling. TC and FC for different
time duration is shown in Table 4. It is observed that
contaminated water sample-6 was fully disinfected
after 1 min of full boiling at 100˚C. The results showed
total absence of TC and FC from the contaminated
water sample.

4. Conclusion

Effective CT sufficient to lower down the viable
counts, by various modes of treatment are as follows:
boiling-1 min < chlorination-30 min < UV treatment-
1 h < SODIS-6 h < silver wire-8 h < copper wire-8–
10 h. Disinfection of water using chlorine, completely
killed or inactivated the pathogens within 30 min.
Chlorine is very easily available in the market and it
takes very less time to disinfect the water. Disinfec-
tion of water using chlorine is routinely followed in
municipality areas and water supply systems but the
main problem with this disinfection method is that
the byproducts formed during chlorination that are
very harmful for health [28,29]. So it has to be used
with precautions. Disinfection of water by silver and
copper shows remarkable destruction of pathogens
within 8 h. These methods are quite simple, opera-
tional cost is minimal and can be easily performed.
The disadvantage of this process is the longer dura-
tion of time needed for efficient disinfection and the
high cost of silver and copper. Disinfection of water
by solar radiation (SODIS), destroy the pathogens
within 6 h. This method is completely free and effec-
tive but it is completely weather-dependent. Disinfec-
tion of water using UV rays ensures pathogen
removal completely though this method has certain
disadvantages. Firstly, it is very much complicated
and costly. Secondly, exposure time must be sufficient
and the flow rate must be slow enough to provide
proper contact with the bacterial cells. However, the
advantage is that it is 100% efficient in pathogen
removal from less contaminated and less turbid
water. It is most commonly used in the households.
Disinfection of water by boiling may inactivate the
pathogens completely within a minute after the tem-
perature reaches 100˚C. It is also a very easy process
but is not recommended for large scale water treat-
ment. It also consumes much more fuels. Hence, the
operational cost is much higher. Nonetheless, boiling
is efficient and faster compared to other methods. It
is an alternative to all the costly water treatment pro-
cesses for household water disinfection. Nowadays, it
is practiced in almost many rural places where
people are out of reach of safe drinking water.

5. Recommendation for future use

With the advancement of technologies, the disin-
fection by UV radiation evolved out as one of the effi-
cient method. It has become very popular and is also
commonly used in many households. Nevertheless,
the silver and copper disinfection method should be
encouraged because it is of low operational cost and is
affordable for many families. Disinfection method by
SODIS should also be encouraged in the rural areas as
it is completely free. Disinfection using chlorine
should be avoided as its byproducts are very harmful
for health.
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