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Abstract Quantitative microbial risk assessment (QMRA)
is a valuable tool for estimating the burden of disease due
to exposure of a particular microbial pathogen. In this study,
we used the quantitative risk assessment method to calcu-
late the burden of disease with special reference to gastroen-
teritis from three reference pathogens—Escherichia coli,
Campylobacter, and Rotavirus in the drinking water treat-
ment systems of Mysore Urban city, Karnataka, India. A
total of 140 samples were analyzed over a period of 24
months in different seasons using standard methods. The
risk burden was estimated by guidelines for drinking water
quality (WHO in Campylobacter, factsheet no. 255, 2011a;
Guidelines for drinking water quality, 2011b) method. The
results show that the Mysore Urban population connected
to the current drinking water treatment plant seems to be
vulnerable to waterborne gastroenteritis diseases since the
results indicate less effectiveness on pathogen removal in
treatment system. The result reveals that the pathogenic
E. coli disease burden from Melapura plant shows a slower
level (6.74E−07) than the WHO reference (10E−06) level.
The risk estimates forCampylobacter show that they slightly
exceed by (2.54E−06) over the WHO guidelines. The final
disease burdens (db) of Rotavirus were lower for the both
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the treatment plants (Melapura—4.75E−07 and Hongally—
2.54E−06) compared with the WHO reference. Overall, the
estimates for the annual risks of infection of E. coli and
Campylobacterwere in excess of theWHO guideline values.
The present QMRA study is believed to be the first attempt
and to be useful for the local authorities and stakeholders to
evaluate the likely risk of infection and to ensure the better
management of water supplies in India.
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Introduction

The transport of microbial pathogens to a large number of
people through drinking water causing subsequent illness
is well documented. The outbreak that has been reported
throughout the world demonstrates that transmission of
pathogens by drinking water remains a significant cause of
illness. It has been proved that drinking water treatment util-
ities play a major role in protecting public health through the
reduction of waterborne diseases. The presence of pathogens
and its relative risk in a water source may remain undetected
due to limitations of the commonly used monitoring tech-
niques (Brookes et al. 2005). To ensure sufficient drinking
water treatment in terms of pathogen removal at the drink-
ing water treatment, a microbial risk assessment needs to be
performed.

In developing countries, the risk assessment of microbial
pathogens in drinking water has not been conclusively estab-
lished. With due concern for protection of public health and
to develop an alternative treatment system, and for issuing
rules and regulations to ensure the quality of water that is
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suitable for the intended use, an effective risk assessment
should be performed. The WHO advocates the use of health
based water safety plans for provision of water that is safe to
drink. In particular,WHOhighlighted that the use of quantita-
tive microbial risk assessment (QMRA) is a valuable tool for
validation of water safety plans (Howard et al. 2006; WHO
2011a, b, 2004).

QMRA is a technique used to estimate the burden of
diseases caused by individual causative agents rather than
undifferentiated health effects (Haas et al. 1999; Howard
et al. 2006). Exposure assessment, dose–response analysis,
and risk characterization are the major tasks of QMRA as
defined by Haas and Eisenberg (2001). To understand and
compare the outcomes fromdifferent types stress, themethod
of disability-adjusted life years (DALYs) has been recom-
mended for risk assessment (Havelaar andMelse 2003;WHO
2004).

In a developing country like India, little information is
available regarding the quantitative health risk assessment
in drinking water systems. Many studies have reported on
microbiological quality of drinking water system in India,
but the hazard identification, exposure, and health risk-
associated assessments have not yet been reported. In view of
this, an attempt wasmade to carryout microbiological hazard
identification and exposure assessment in an urban drinking
water system.

In this study, we tried a simplified QMRA to assess the
microbial risk with reference to gastroenteritis in Mysore
urban drinking water treatment system. Mysore is a city con-
tinuously facing the problem with gastroenteritis every year.
The waterborne outbreak related to contaminated drinking
water supply is poorly documented in this region. Hence,
the present study aims to use the simplified risk assess-
ment to estimate the disease burden with special reference
to gastroenteritis from the three reference pathogens viz.,
E. coli, Campylobacter and Rotavirus. The risk burden was
estimated by guidelines for drinking water quality—GDWQ
(WHO 2004). The E. coli results were also extrapolated
for other pathogenic organisms such as Campylobacter and
Rotavirus due to the lack of available pathogen concentration
data and barriers in laboratory analysis. Hence many authors
have been implemented initial QMRA work based on the
indicator organisms (Howard et al. 2006).

By means of this simplified risk assessment method,
we estimated the disease burden (db)/health outcome tar-
get (HT) for Pathogenic E. coli from distribution system
and also the above-mentioned reference organism in the
water leaving from the plant. Our study is believed to be
the first attempt to assess the health risk in Mysore urban
water system, and it will be helpful for the local author-
ities and other stakeholders to evaluate the likely risk of
infection and to ensure the better management of water sup-
plies.

Materials and Methods

Description of the Study Area

The study was carried out in Mysore, located at 12◦ 18′N
76◦ 39′E 12.30◦ N 76.65◦ E, and the city has an average
altitude of 770 meters (2,526 ft) in the state of Karnataka,
India. Mysore Municipal City Corporation covers an area of
128.42 Square Kilometers. The current population is about
8, 87,446 people (Census 2011) and expected to be cross one
million by 2015. The work was focused on the three water
treatment plants and the drinking water distribution system
in Mysore city.

Description of the Water Supplies and Treatments

Drinking water in Mysore has to meet the quality require-
ments of the regulating authorities by State and Central
Governments. To ensure that this quality is achieved, the
Mysore Municipal Corporation has three water treatment
plants which are located in Belagola, Hongally, and Mela-
pura. The Rawwater source for the treatment plans is mainly
from the River Cauvery. The raw water is treated in all water
treatment plants (WTPS) by conventional water treatment
method which comprises coagulation/flocculation, sedimen-
tation, filtration, and finally followed by disinfection. These
plants have the distribution mains the total length of which
about 1,281 Kms, which supply 125.98 MLD from the cen-
tralized Vani Vilas Water Works. The coverage of water sup-
ply for domestic connection is about 67 % in urban limit.

Sampling and Analysis

A total of 140 (Raw water & distribution system) samples
were collected and analyzed during the three seasons in the
period of 2011–2013 (winter, summer, and monsoon) for
microbiological parameters. A total of 72 raw water samples
were collected from the water intake point nearby respective
treatment plants, and 68 samples randomly were collected
from the distribution system. The samples were collected in
pre-sterilized bottles and subjected to investigations to ana-
lyze the microbiological parameters such as total coliform
count (TCC), fecal coliform count (FCC), and E. coli, which
were determined using standard methods APHA (1998).

Risk Assessment Procedure

Data used in the QMRA were taken from different sources:
Vani Vilas Water Works (VVWW), Mysore, and specific
water-quality assessments undertaken in 2011 and 2013 by
the authors (Table 1). In this study, QMRA was performed
as described by Haas et al. (1999). The disease burden was
calculated following the method described in the 4th Edition

123



Quantitative Microbial Risk Assessment 333

Ta
bl
e
1

Su
m
m
er
y
of

w
at
er

qu
al
ity

as
se
ss
m
en
tu

se
d
in

th
is
st
ud

y

A
ss
es
sm

en
tm

et
ho
d
&

pa
ra
m
et
er
s

N
um

be
r

of
sa
m
pl
es

M
ea
n
to
ta
lc
ol
if
or
m
s
(M

PN
/1
00

m
l)

M
ea
n
fe
ca
lc
ol
if
or
m

(M
PN

/1
00
m
l)

E
.c
ol
i

A
vg

b
M
in

c
M
ax

c
A
vg

b
M
in

c
M
ax

c

R
aw

w
at
er

Q
ua

li
ty
a

(2
01
1
D
ec
–A

ug
20
13

by
au
th
or
)

72

B
el
ag
ol
a

1,
53
3

2,
40
0

4,
80
0

18
9

36
+

M
el
ap
ur
a

1,
53
3

2,
40
0

4,
80
0

12
9

20
+

H
on
ga
lly

2,
40
0

2,
40
0

4,
80
0

24
13

36
+

Tr
ea
te
d
w
at
er

qu
al
it
y

0
0

N
D
d

(2
01
1
D
ec
–A

ug
20
13

by
au
th
or
)

36

D
is
tr
ib
ut
io
n
sy
st
em

(2
01
2
D
ec
–A

ug
20
13

by
au
th
or
)

M
el
ap
ur
a

40
78
.8

0
47
0

6.
8

9
13

+
H
on
ga
lly

28
29

0
44
0

1
9

9
+

a
R
aw

w
at
er

sa
m
pl
es

w
er
e
co
lle

ct
ed

fr
om

th
e
w
at
er

in
ta
ke

po
in
tn

ea
rb
y
re
sp
ec
tiv

e
w
at
er

tr
ea
tm

en
tp

la
nt

b
A
vg

(A
ve
ra
ge
;M

in
,M

in
im

um
;M

ax
,M

ax
im

um
c
M
PN

va
lu
es

pe
r
10
0
m
lo

f
sa
m
pl
e
an
d
95

%
co
nfi

de
nc
e
lim

its
fo
r
va
ri
ou
s
co
m
bi
na
tio

ns
of

po
si
tiv

e
an
d
ne
ga
tiv

e
re
su
lts

(w
he
n
th
re
e
10
-m

l,
th
re
e
1-
m
l,
an
d
th
re
e
0.
1-
m
lt
es
tp

or
tio

ns
ar
e
us
ed
)

d
N
ot

de
te
ct
ed

of GDWQ (WHO 2011a, b) and Howard et al. (2006). The
procedure for estimation is summarized in Table 2.

Selection of Reference Pathogens

The three reference pathogens were chosen for this assess-
ment: Pathogenic E. coli, Campylobacter andRotavirus. The
selection of reference pathogenwasmainly based on the pres-
ence of an identified waterborne pathogen that occurred in
India (Sharma et al. 2003; Karmakar et al. 2008; Chitambar
et al. 2011; Naik and Desai 2012; Mukherjee et al. 2013).
However, due to lack of specific pathogen data from thewater
supplies,weused indicator organisms as surrogates. Theused
surrogate organismwas fecal coliform (E. coliwas confirmed
by biochemical characterization). Based on the assumption
by several reports that 95 % of fecal coliforms were E. coli
and 8% ofE. coliwere pathogenic (Haas et al. 1999; Howard
et al. 2006). In this study, the ratio used forE. coli: Pathogenic
E. coli was 1: 08 (Haas et al. 1999; Howard et al. 2006); for
E. coli: Campylobacter was 1: 066 (Smeets 2008; Machdar
et al. 2013); and for E. coli: Rotavirus it was 1: 10−5(Mara
et al. 2007;Machdar et al. 2013).The dose–response parame-
ter used in this studywas Beta Poissonmodel as described by
Haas et al. (1999). The risk assessments were performed for
all three reference pathogens collected from thewater leaving
the treatment plant based on the surrogate pathogen ratio. In
the distribution system, the risk assessment was carried out
only for pathogenic E. coli.

Pathogenic Escherichia coli

The outcomes of gastroenteritis due to pathogenic E. coli
were based on the strain E. coli O157: H7. In this study,
we used the data for E. coli O157: H7 due to lack of dose–
response data. The outcome of disease, severity, and duration
of illness due to E. coli O157: H7 were taken from Havelaar
and Melse (2003) and v. According to Haas et al. (1999),
the disease burden for E.coli O157:H7 can be estimated by
using the dose–response data for Shigella infections. Hence,
the fatality ratio forE. coliO157:H7was considered as 0.7%
as reported by Kotloff et al. (1999) and Howard et al. (2006).

Campylobacter

Campylobacter are the most common bacteria considered as
major cause of foodborne diarrheal illness in humans, which
causes gastroenteritis worldwide. In developing countries, in
children under the age of two years, the illness of Campy-
lobacter was frequently reported, which also resulted in the
death of children (WHO 2011a, b). For Campylobacter , the
severity and duration of illness were taken from Kemmeren
et al. (2006), and the fatality rate was 0.1 % with an average
death at the age of 1. (Haas et al. 1999; Havelaar and Melse
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2003). The outcome of gastroenteritis, severity, and duration
of illness due to campylobacter were based on Kemmeren
et al. (2006).

Rotavirus

Gastroenteritis due to Rotaviruses is the leading cause of
life-threatening disease in developing countries. According
to the study by Havelaar and Melse (2003), the case fatality
rate was 0.6 % in developing countries. For this study, the
fatality rate of 0.7 % has been used based on the assumption
by Howard et al. (2006). The dose–response was estimated
fromWHO (2004), and the risk of illness from Havelaar and
Melse (2003).

Calculation of DALYs

The disease burden related to gastroenteritis was calculated
for each pathogen from the previous studies (Havelaar and
Melse 2003; Howard et al. 2006; Machdar et al. 2013). The
average life expectancy for India is 65 years (WHO 2013)
which was used in the calculations. However, for lack of
disease incidents and infection data for developing countries,
we adopted the literature data from developed countries like
Havelaar and Melse (2003). For each pathogen, the outcome
of disease, severity, and duration of illness are summarized
in Table 3.

Calculation of Susceptible Fraction (Exposed Population)

In this study, a comprehensive field survey was carried out
to determine the water-usage pattern and the exposed popu-
lation in Mysore city. The susceptible populations were cal-
culated based on the access of domestic water supply con-
nections in Mysore city. The city has been divided into 65
administrative wards. The existing distribution of water to
the city is not uniform in all areas. The city has been divided
into east zone and west zone for water supply. In east zone,
40 wards are getting daily water supply, and in west zone 25
wards are getting alternate day water supply. Based on this
proportion, 56.6 % of people are getting daily water supply,
and 43.4 % (City Sanitation Plan 2011) of people are getting
alternate day supply of water. The daily supply of water in
Melapura scheme is about 23.2 % and alternate day supply
of water about 76.8 %.The daily supply of water from Hon-
gally Scheme is about 68.2 % and alternate day supply is
about 31.8 %.

In this study, the access of water supply is considered from
two sources i.e., Melapura and Hongally supply scheme.
The water supply from Belagola was not considered as a
sustainable source of water to Mysore city. Based on the
estimation, 28.3 % of connections were located in Mela-
pura water supply scheme, and the rest 71.7 % are located
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Table 3 Severity, duration and disease burden for gastroenteritis causing pathogens included in this study

Pathogen Outcome Severitya Durationa,b Disease burden per case in (DALYs)c,d

E. coli O157: H7 Watery diarrhea (53 %) 0.067 3.4 days (0.009 years) 1,000 × 53 % × 0.067 × 0.009 = 0.3

Bloody diarrhea (47 %) 0.39 5.6 days (0.015 years) 1,000 × 47 % × 0.39 × 0.015 = 2.8

Death from diarrhea 1 64 years 1,000 × 0.7 % (death) × 64 = 448.0

Total diarrhea 0.45

Campylobacter Gastroenteritis population (94 % of all cases) 0.067 3.48 days (0.09 years) 0.94 × 0.067 × 0.009 = 6.0 × 10−4

Gastroenteritis-general practitioners (6 %) 0.39 9.72 days (0.026 years) 0.06 × 0.39 × 0.026 = 6.2 × 10−4

Death from gastroenteritis (0.1 %) 1 64 years 0.001×1 × 64 = 6.4 × 10−2

Total 6.52 × 10−2

Rotavirus Mild diarrhea (85 % of all cases) 0.10 7 days (0.02 years) 1 × 85.6 % × 0.10 × 0.02 = 0.002

Severe diarrhea (14.4 % of all cases) 0.23 7 days (0.02 years) 1× 14.4 %× 0.23 × 0.02 = 7.0×104

Death 1 64 years 1× 0.7 % (death) × 64 = 0.448

Total 0.44

a The severity and duration of illness of E. coli O157: H7 & Rotavirus were based on Havelaar and Melse (2003). The severity and duration of
illness campylobacter were from Kemmeren et al. (2006)
b The years of life lost following death from each pathogen was taken to be the life expectancy at birth of India-death at the age of 1 year
(65−1=64 years)
c Case fatality ratio for E. coli O157: H7 & Rotavirus were based on Howard et al. (2006), campylobacter from Haas et al. (1999)
d DALYs = Number (of symptomatic case) × severity × duration in years.

Table 4 Risk assessment for pathogenic E. coli, Rota virus and Campylobacter leaving from the treatment plants

Parameters Pathogenic E. coli Rotavirus Campylobacter

Melapura Hongally Melapura Hongally Melapura Hongally

Raw water quality (CR) 9.12 18.24 1.14E−03 2.28E−03 75.24 150.48

Drinking water quality (CD) 9.12E−05 1.82E−04 1.14E−08 2.28E−08 0.0007524 0.0015048

Exposure by drinking water (E) 9.35E−05 1.87E−04 1.17E−08 2.34E−08 0.000771 0.001542

Dose-response (r) 1.00E−03 1.00E−03 2.70E−01 2.70E−01 1.80E−02 1.80E−02

Risk of infection (Pinf,d) 9.35E−08 1.87E−07 3.15E−09 6.31E−09 1.39E−05 2.78E−05

Risk of infection (Pinf,y) 3.41E−05 6.82E−05 1.15E−06 2.30E−06 5.07E−03 1.01E−02

Risk of diarrheal illness given infection (Pill/inf ) 0.25 0.25 0.5 0.5 0.3 0.3

Risk of diarrheal disease (Pill) 8.53E−06 1.71E−05 5.76E−07 1.15E−06 4.16E−06 8.33E−06

Disease burden (db) 4.5E−01 4.5E−01 4.4E−01 4.4E−01 6.50E−01 6.50E−01

Susceptible fraction (fs) 0.18 0.48 0.18 0.48 0.18 0.48

Disease burden (db)/health outcome target (HT) 6.91E−07 3.60E−06 4.56E−08 2.43E−07 4.87E−07 2.60E−06

in Hongally and Belagola. For the ease of calculation, we
assumed that the Melapura water supply scheme provides
water to 28 % and the Hongally scheme provides to 72 %
of the total population. Out of 1, 42,804 connections, the
domestic connection form 1,32,556 connections (Vani Vilas
Water Works, Mysore). Based on the domestic connections,
five persons per household were considered for the estima-
tion of water supply coverage. The susceptible population
fraction is calculated by dividing the population exposed to
treated water by the total population. In the present study,
67 % of the population were considered as susceptible
population.

Results and Discussion

Findings of Risk Assessment

The consistent log reduction value of 105 was considered
based on the reports of the published data from the con-
ventional treatment systems (WHO 2004). Risk assessments
for Pathogenic E. coli leaving from the treatment plants are
shown in Table 4. WHO (2004) suggests that the reference
level for tolerable risk for pathogenic E. coli is 10E−06. For
the present study, data were obtained from the experimenta-
tion and from the review of the existing data. In the WHO
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Fig. 1 Disease burden
(db)/health outcome target (HT)
for E. coli, Rotavirus and
Campylobacter leaving from the
treatment plants
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Table 5 Risk assessment for
pathogenic E. coli in distribution
system

Parameters Melapura Hongally

Drinking water quality (CD) 5.17 0.76

Exposure by drinking water (E) 5.29 0.77

Dose-response (r) 1.00E−03 1.00E−03

Risk of infection (Pinf,d) 5.30E−03 7.79E−04

Risk of infection (Pinf,y) 1.93E+00 2.84E−01

Risk of diarrhoeal disease (Pill) 4.83E−01 7.11E−02

Disease burden (db) 4.50E−01 4.50E−01

Susceptible fraction (fs) 0.18 0.48

Disease burden (db)/health outcome target (HT) 3.92E−02 1.54E−02

Guidelines (WHO 2004), the unheated drinking water was
set at 1 L per capita per day. In the present study, the esti-
mated value of unheated drinking water consumption (V)
was 1.025 L/day. The calculated treatment effect (PT) was
0.99999. The result of the QMRA assessment reveals that
the disease burden from Melapura plant shows a lower level
(6.91E−07) than the WHO reference (10E−06) level. The
Hongally plant data show that the levels of risk slightly are
higher (3.60E−06).

The risk estimates for Campylobacter are shown in
Table 4. The QMRA results show that in Hongally Plants,
they slightly exceed (2.60E−06) the WHO guidelines for
health-based targets and that the Melapura is below the
level of risk (4.87E−07) suggested as tolerable by WHO
standards. Table 4 also shows the risk assessment of Rota
Virus. The final disease burden (db) levels were low for the
both treatment plants (Melapura-4.87E−07 and Hongally-
2.43E−06). In case of Rotavirus, the levels of risk are lower
compared with the WHO reference. The results of this study
are in line with Machdar (2010) who calculated that the
risk of Rotavirus infection was lower compared to those
of E. coli and Campylobacter for drinking water in Nima,
Ghana.

Overall, the Hongally plant slightly exceeds the reference
level of risk for Pathogenic E. coli and Campylobacter (Fig.
1). It may be due to the variation in raw water quality of

two plants as well as unprotected water source or inappropri-
ate transportation to treatment plant leads increased micro-
bial counts. In general, the pathogen concentration in treated
water was well below the routine microbiological detection.
By means of QMRA, it is revealed that one plant slightly
exceeded the reference level of WHO. Hence, the focused
importance of QMRA method is to calculate the health risk
from pathogenic microorganisms with the input value of raw
water pathogen concentration and treatment removal effi-
ciency of water treatment plant.

The QMRA risk assessments for pathogenic E. coli in
the distribution system are summarized in Table 5. The cal-
culated value for risk of diarrhoeal illness given infection
(Pill/inf )was 0.25.The estimated value for consumption of
unheated drinking water (V) was considered as 1.025 l/day.
The annualized risk assessments for Pathogenic E. coli from
both distribution systems show higher value (Fig. 2) than the
WHO reference level. The possible reasons of post-treatment
contamination might be the old pipelines, poorly maintained
distribution system (Lee and Schwab 2005), inequitable sup-
ply of water (Raju et al. 2011). The result reveals that the
water supplies in distribution system are significantly more
contaminated than the water leaving from the treatment
plants.

The results of the present findings are in line with those of
Clark et al. (1993),Geldreich (1996) andHoward et al. (2006)
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WHO
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Fig. 2 Disease burden/health outcome target for pathogenic E. coli in
distribution system

who state that the water quality problems are mostly asso-
ciated with poor distribution systems rather than the treat-
ment system failures. Hence, the post treatment requires the
following measures like, optimization of main leak detec-
tion and repair, intensification of efforts for replacement of
pipes, and periodic inspection in the distribution systems to
be implemented for effectivemanagement ofmicrobial water
quality in distribution systems.

From this study, it is observed that the consumers of cur-
rent drinking water treatment plants of Mysore city are vul-
nerable towaterborne diseases due to the annual risk of infec-
tion. Due to the increase of pathogens in the water source,
the post treatment will have the possibility of greater risk.
Hence, it is necessary to upgrade the current treatment plant
with better pathogen removal treatment technique. Detailed
and continuous risk assessments on microbial pathogen are
recommended in the water treatment systems ofMysore city.

Conclusions

The present study is believed to be the first attempt to esti-
mate the disease burden from the microbial pathogens in
urban water system of Mysore city. The treated water in
Mysore city was found to be moderately safe in terms of
microbial risk. However, post-treatment contamination was
found, which indicated the problems with distribution sys-
tem, thereby increasing the microbial risk of gastroenteritis
even after treatment. The present model of simplified micro-
bial risk assessment can be applied as a systemic approach
by the regulatory authorities in order to control the risk posed
by the examined pathogens. The present QMRA model will
be improved as more data become available. For effective
management of waterborne pathogens, a systematic contin-
uous sanitation, re-creation of drinking water system, and
the establishment of continuous database on drinking water
quality and associated risks ares recommended.
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