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ABSTRACT 

Water Safety Plan (WSP) is a holistic and systematic risk management tool designed to deliver 

safe drinking water by ensuring that it will meet the prescribed standards at consumer end. WSP 

will be implemented through ten steps from identification of hazardous events to validation of 

control measures to mitigate or prevent the hazards in the water supply system. The pilot study 

was conducted in Halasuru (Ward No.90), Bengaluru, India  at the consumer level through a 

questioner interaction. The sample size of the consumer was estimated as 105 consumers, using 

the Epi Info software. Both the residential and commercial Cauvery water connection consumers 

were interacted to know the water hygiene practice, opinion concerning to water quality and 

health status pertaining to waterborne diseases etc., the pilot study exposes that about 93% of the 

supplied drinking water is not safe without household treatment due to the aesthetic quality and 

50% of the consumer storage tanks were not clean. Further unhygienic practices while collecting 

and storing drinking water, uncleaned tank, lead pipes and brass faucets in the old building has 

provided the place for the proliferation of contamination in water at the consumer end, which has 

led to several health hazards due to lack of awareness about water hygienic practices. Control 

measures were recommended to mitigate and prevent the hazardous events and hazards at 

consumer level through supportive and awareness programme on water hygiene and storage 

practices to mitigate the outbreak of waterborne diseases. Further, the treated drinking water 

supplier should also periodically monitor and maintain the water supply system, to provide safe 

drinking water to the Bengaluru consumers.  
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INTRODUCTION 

Water is essential for life to exist on earth and 

there is no substitute for it. In the present 

situation, availability of water has become one 

of the important issues. Bengaluru is one of the 

fastest growing cities in India and according to 

a recent World Bank report (2012), 21% of the 

communicable diseases in India are caused due 

to unsafe drinking water
1-6

 and UNICEF 

(2013) also states that 0.18 million habitations 

are dependent on contaminated water supply
7
, 

thereby exposing themselves to water induced 

diseases in India and this situation needs to be 

addressed soon. 

Although communities may have access to 

piped water at home, it may be contaminated 

by unsafe consumer storage and handling 

practices at the household level. This can 

happen when inadequate protection (open, 

uncovered or poorly covered) of water 

collection and storage containers, Use of 

unhygienic methods to dispense water from 

household storage containers, including 

faecally contaminated hands and dippers, Lack 

of protection against contamination introduced 

by vectors (flies, cockroaches, rodents, etc.), 

Inadequate cleaning of storage tanks to prevent 

biofilm formation and accumulation of 

sediments etc. In view of the above scenarios, 

it is imperative to ensure supply of safe potable 

water to the consumers. For this purpose, a 

safety plan needs to be developed which is 

generally termed as Water Safety Plan (WSP). *Author for correspondence 
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The global momentum towards WSP has taken 

place very recently. WSP is an integrated 

management approach to provide safe 

drinking water by ensuring that it will meet 

the prescribed standards at consumer end by 

eliminating all possible hazards and 

improving the entire water supply system. 

Formulation and implementation of WSP 

helps in achieving better quality water in 

sustainable manner by eliminating the 

possibilities of any risk of contamination. It 

leads to enormous health benefits as ensuring 

safe water supply provides morbidity 

reduction. WSP is a systematic approach 

which forms a complete database with 

identification of risks and hazards and 

provides control measures to take immediate 

action to the detected problems.   

AIMS AND OBJECTIVES 

The objective of the study is to assess the 

possible hazardous events, its risk and 

mitigate the hazards by ensuring safe and 

acceptable drinking water for the Halasuru 

(ward no. 90) consumers of Bengaluru city, 

India. Ensure safe drinking water at 

consumer level through implementation of 

WSP by analysing the hazards. The study 

also focuses on both the mitigative and 

adaptive level of control measures for 

providing safe drinking water at the user-

end.   

METHODOLOGY 

Water Safety Plan at consumer level was 

studied based upon WHO guidelines.
8
 WSP 

team was assembled with several water 

experts, social scientists, Halasuru Water 

User Groups and BWSSB (Bangalore Water 

Supply and Sewerage Board) officials. Water 

supply system at consumer level was 

descripted based on data collected from 

BWSSB and the hazardous events like 

outbreak of waterborne disease was 

identified through standard questionnaire 

survey conducted in primary health centres 

and through BWSSB consumers. Whereas 

the size of the survey was estimated through 

StatCalc tool in Epi Info ver. 7.1.0.6 

software
9 

and the hazardous event in the 

consumer premises were documented by 

visual inspection of consumers’ water 

storage areas. The consumers for survey 

were selected, by following the strategic 

random sampling method. The identified 

risks by emerged hazards were assessed 

through semi-quantitative risk matrix 

method
10 

by identifying the likelihood of 

occurrence and evaluating the severity of 

consequences, whereas the risk score was 

calculated by multiplying the frequency 

rating with the severity rating. The control 

measures to mitigate and prevent the 

contamination were developed through 

several interactions with consumer and water 

suppliers. The control measures were 

prioritise through SMUG (Seriousness, 

Manageability, Urgency and Growth of 

hazards) model. Whereas the developed 

control measures were implemented in few 

consumer premises and it was reassessed for 

operation and validation. Further the 

procedure for monitoring the control 

measures was also developed. 

RESULTS AND DISCUSSION 

About 11 primary health centres in and 

around Halasuru ward was surveyed and 

waterborne disease outbreak data was 

collected. The data showed that 

gastroenteritis and bacterial diarrhoea in 

both children and adults are one of the most 

frequent waterborne disease in Ulsoor ward 

(Fig. 1) , whereas cholera and leptospirosis 

are very rare. As per the statistical tool, 105 

consumers were selected i.e. Commercial 

and Residential water connections engaged 

from BWSSB. The commercial users are 

industries, schools, hospitals, and hotels and 

the residential user are classified based on 

their income, such as High Income Group 

(HIG), Medium Income Group (MIG) and 

Low income Group (LIG). Based on the 

health survey, the percentage of household 

survey was appraised within the commercial 

and domestic connections. (Fig. 2) 
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Fig. 1 : Outbreak of waterborne disease in Halasuru for the year 2013 

 

Fig. 2 : Fragmentation of consumers’survey in Halasuru ward 

Halasuru (422.704 km
2
) is located at Lat. 

12
0
58`22``N and Long. 77

0
36`35``E with the 

average altitude of 905 m in the East zone of 

BBMP, under the assembly constituency of 

Shivaji Nagar. Drinking water is supplied by 

BWSSB from High Grounds and Halasuru 

service stations, predominantly the  HIG and 

MIG (53.6 Km
2
)and LIG (27.514 Km

2
) areas 

(Fig. 3) receive water supply from High 

Grounds service station and other areas 

(192.82 km
2
) served through Halasuru service 

station. The distribution system in Halasuru 

ward was contamination prone due to the use 

of 60 years old pipelines. Consumers 

intentionally stored the supplied water in 

sumps (72%), drums/barrels (17%), and plastic 

pots (10%) and directly in overhead tanks 

(1%). Predominantly, the LIG consumers 

stored water in drums/barrels and plastic pots 

(Fig. 4) due to intermittent water supply. Most 

of the commercial consumers (20%) use 

packaged drinking water for potable purpose 

and 29% of consumers (mostly MIG) use 

water from bore wells/open wells for their 

secondary purposes. 

Almost 93% of consumers reported that the 

supplied water was not safe for potable 

purpose without any household treatment 

because of the appearance of water (82%) and 

odour (15%). Even though the consumers were 

aware of the aesthetic quality of supplied 

water, their water hygienic practice awareness 
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was poor. Un-cleaned storage tanks and 

unhygienic condition around storage areas 

showed the deprived water storage practises. 

As the consumers have no trust on the quality  

of supplied water and also their storage 

practices, the common treatment practices 

adopted by the 78% of consumers are, through 

commercially available filters for potable 

purposes. According to the income group, the 

point-of-use treatment methods are different. 

Mostly RO/ UV filters were used by the 

commercial and HIG groups, whereas MIG 

consumers use candle filters for the treatment 

of water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 : Heterogeneous consumers of Halasuru ward 

 

Fig. 4 : Water storage practice in Halasuru 
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10% of LIG households use candle filters and 

few households use white cloth tied to the 

mouth of the tap and plastic sieve taps as a 

point-of-use treatment during the water supply 

time. It was also observed that, the LIG 

consumers boil water before drinking. The 

methods of filtrations adopted in various cross 

section of the society attributes that the 

consumers, are aware of the health impacts 

pertaining to waterborne diseases. The 

hazardous events (Table 1) in the user-end 

reveals that users’ storage practices play a vital 

role in maintaining water quality by improving 

and adopting good hygienic practices while 

collecting and storing water, to avoid 

contamination.  

Control measures were identified at the point 

of hazardous events that can cause 

contamination of water, both directly and 

indirectly. The control measures were 

determined to maintain (only on unavoidable 

situation), remove and prevent hazards during 

the water storage practise. Most of the control 

measures are aimed at creating awareness and 

initiate consumers to form Water Usage 

Group, who can be trained by the Government 

or NGOs to increase awareness about hygienic 

water practices, like cleaning the sumps, OHT 

and filters regularly, i.e. once in a year by 

consumers to promote water treatment and safe 

storage at the point-of-use. Control measures 

for hazardous events at consumer level was 

tabulated in Table 2, the three important 

control measures are (1) water should be 

boiled and filtered before using for potable 

purposes (2) The Government should take an 

initiative to install water filters in every 

locality/lane, especially in the LIG areas and 

(3) Insist inspection by the stakeholders such 

as Department of Public Instruction, Public 

Health Institute, Food and Civil supplies and 

Consumer Affairs Department on commercial 

areas like schools and hotels about their 

service to consumers. This control measure 

ensures that the safe filtered water is supplied 

to the primary school children and the hotel 

consumers. Based upon the risk score, the risks 

were prioritised for implementation of control 

measures. 

The determined control measures to mitigate 

and prevent the hazardous events at the 

consumer end should be implemented rather 

than just documented. The existing water 

supply system provides flexibility with the 

selection of control measures and the control 

measures should be implemented by 

volunteered consumers. The implemented 

control measures were operated when the 

outbreak of waterborne disease and water 

quality complaints increased in nearby areas/ 

streets. The operated control measures were 

validated, based on the reference manuals such 

as BWSSB guidelines, WSP manual, standard 

operating procedure, etc. Validation process 

demonstrates that the selected control 

measures are actually capable, on a consistent 

basis, of achieving the intended level of hazard 

control. 

Validated operating control measures should 

be monitored and reviewed to ensure that the 

controls were working and no new hazards had 

emerged at consumer-end. In conjunction with 

this, procedures for regular monitoring of the 

implementation of hazard control measures 

and procedures for review of the controls must 

be put in place. The procedure should include 

(1) what are the hazardous event (Table  1) 

that should be monitored (2) where this 

hazardous event should be monitored i.e. 

service connection, sump, OHT (3) when 

should the hazardous event be monitored i.e. 

during water supply (4) How should it be 

monitored i.e. based on any awareness manual 

(5) who should monitor it i.e. Junior Engineer 

of BWSSB or head of the family/ owner of 

building and (6) what are all the corrective 

measures (Table 2) available commercially. If 

the systematic approach of water safety plan is 

implemented to maintain safe drinking water at 

the consumer level, then the waterborne 

disease can be prevented or reduced drastically 

in Bengaluru city. 



Table 1 : Hazardous events at the consumer end 

S/N Hazardous event 

T
y
p

e  

Hazards 
Associated hazard 

L
ik

el
i

h
o

o
d

 

S
ev

er
i

ty
 

S
co

re
  

Risk 

rating 

1 PVC pipes used for service line P 1. Fragile during maintenance  

     work of road/ storm water     

     drain 

2. Prone for accumulation of 

contamination 

Prone for water leaking in joints 

 

5 2 10 High 

2 Un-sized pipe used for joining P 1. Prone for pressurized leaking 

2. Temporary solution used as 

permanent  

Water leaking due to pipe burst 3 2 6 Medium 

3 Non licenced plumber for service 

line 

P Improper tapping and  using 

unapproved materials 

Prone for leaking and  

contamination 

3 2 6 Medium 

4 Use of unapproved materials for 

service line 

P 1. Prone for damage and  Water 

leakage 

2. Short life span 

1. Prone for ingress of 

contamination 

2. Loss of control 

3 2 6 Medium 

5 Pipe connection on surface sewerage C Prone to intrude of surface 

sewerage water 

1. Water contamination 

2. Unable to maintain BIS standard 

5 3 15 High 

B Prone Ingress of pathogen   Health impact on Consumer 5 5 25 V. High 

6 

 

No Reflux valve P Backflow of water during non-

supply 

Contaminate water system 5 1 5 Low 

C Backflow of un-cleaned sump 

water 

TDS may increase 5 3 15 High 

B Algal health impact 5 5 25 V. High 

 

7 

Leaking Joints before meter P Wastage of water   Loss of control 3 2 6 Medium 

B Prone for Contamination  Impact on health of consumer 3 5 15 High 

8 Lead pipes in old houses C Lead leached and  mixed with 

water 

Health impact on consumer 3 5 15 High 

9 Brass faucets 3 5 15 High 

10 Water meter is not protected from 

nature 

P Malfunction of meter Reduce life span 5 1 5 Medium 

11 Directly use for potable purpose  C May contaminate by sewerage 

water 

Impact on the health of consumer 5 5 25 V. High 

B Ingress of contamination 5 5 25 V. High 

  P Dust/ silt make as jam of cover Increase corrosive of steel cover 5 1 5 Low 
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Note : P – Physical,  C- Chemical,  B – Biological and V.High – Very High Risk

12 Sump Located in unhygienic place B Ingress of contamination Impact on the health of consumer 5 5 25 V. High 

13 Cockroach in sumps B Vector for disease 5 5 25 V. High 

14 Corroded cover of sump P Unable to open for cleaning   Silt Accumulate 3 1 3 Low 

15 Plants/ algae are grown in sump edge B Ingress of pathogens Impact on health of consumer 3 5 15 High 

16 Sump and  RCC OHT have no  

Epoxy coat  

C Leaches of wall cement   Weakening of sump side wall  5 3 15 High 

B Stick of living organisms Impact on health of consumer 5 5 25 V. High 

17 Seepage of surface sewerage water 

into nearby pit 

C Contamination of treated water 

during collection 

1. Change odour 

2. Unable to maintain BIS standard 

4 5 20 V. High 

B Ingress of pathogens Health impact on consumer 4 5 20 V. High 

18 Most of the MIG OHT is located on 

non-stabilised platform  

P 1. Prone to fall 

2. Accidental fallen 

1. Collapse water store tank 

2. Injury to community 

2 2 4 Low 

19 Uncovered OHT B 1. Sun light will induce the algal 

growth 

2. Bird drops 

Impact on health of consumer 2 5 20 V. High 

20 Improper cleaning of Sump and 

OHT  

B Stick of living organisms on 

walls 

Impact on health of consumer 3 5 15 High 

21 No scheduled maintenance of Sump 

and  OHT 

P Accumulate of silt Eutrophication  3 1 3 Low 

C Accumulate of suspended solids Not up to mark of BIS standard 3 3 9 Medium 

B Stick of living organisms on walls Impact on health of consumer 3 5 15 High 

22 No aware about water hygienic 

practice by LIG people 

P Wastage of water - 5 2 10 High 

B Contamination of stored water Impact on health of consumer 5 5 25 V. High 

23 Inefficient water filter are used to 

filter water 

C TDS is not controlled 1. Un-filtered water may impact on 

health  

2. Not up to mark of BIS standard 

2 3 6 Medium 

B Bacteria may not filtered 2 5 10 High 

24 Unfiltered water are supply to school 

children 

C May contaminate through 

sewerage 

TDS is not controlled 3 5 15 High 

B Bacteria may present Impact on health of Children 3 5 15 High 

25 Unfiltered water are used for 

cooking/ drinking in hotels 

C May contaminate through 

sewerage 

TDS, nitrate and  phosphate may 

increased 

3 5 15 High 

B Bacteria may present Impact on health of consumer 3 5 15 High 

26 Not willing to participate in WSP P Unable to implement WSP Safe drinking water is not available 

to consumer 

3 1 3 Low 
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Table 2 : Control measures for hazardous events at consumer level 

S/N Hazardous events To maintain To remove To prevent 

1 PVC pipes used for 

service line 

- 1. Engage licenced plumber 

2. Insist to use reflux valve 

 

1. Create awareness to use HDPE pipes  

2. Monitor and sanctioned by local JE 

2 Un-sized pipe used for 

joining 

Instruct licenced plumber to avoid 

un-sized pipe for joining 

Create awareness and train licenced 

plumbers 

3 Non licenced plumber for 

service line 

Instruct consumer to use licence 

plumber 

Advertise about the presence of 

licenced plumber 

1. Create awareness about availability of  

licenced plumber 

2. Train licenced plumbers 

3. Monitor and sanctioned by local JE 

4 Use of unapproved 

materials for service line 

1. Instruct consumer to use  

     licence plumber 

2. Identify the unapproved  

  materials used for service line 

1. Ban unapproved  

materials for connection 

2. Advertise the presence of 

licenced plumber 

1. Regulatory control 

2. Do’s and Don’ts to plumbers 

3. Create awareness about  

     availability of licenced plumber  

4. Monitor and sanctioned by local JE 

5 Pipe connection on 

surface sewerage 

Instruct consumer to use sleeve pipes Modify cross connection 

 

1. Avoid and create awareness 

    about cross connection 

2. Train licenced plumbers 

3. Develop cross connection control 

     policy and implement 

6 No Reflux valve - 1. Insist consumer to install 

reflux valve 

2. Implement as soon as for 

high elevated houses 

Create awareness about use of reflux valve 

 

7 Leaking Joints before 

meter 

1. Insist meter reader to  

     identify and document this  

     type of leakages 

2. Document as complaint in  

     service station 

Renew/ change joints and 

address leaking 

1. Create awareness about complaint cell 

2. Routine monitoring by meter reader 

     and documentation 

3. Create, maintain and update database 

     on leakage regularly 

8 Few Lead pipes in old 

houses 

Assessed through the meter reader Instruct consumer to change the 

lead pipes as it create health 

hazards 

1. Create awareness about change of 

     lead materials in water system 

2. Communication with PHI  

     to reduce usage of lead pipes 
9 Brass faucets 

10 Most of the water meter Instruct consumer to protect the 1. Create awareness with  

 

    IS
S

N
  0

9
7
3
 - 6

9
2
1
; E

-IS
S

N
 2

3
1
9
 –

 5
9
8
3
                                                                   J. E

n
viro

n
. R

es. D
evelo

p
. 

    J
o

u
rn

a
l o

f E
n

v
iro

n
m

en
ta

l R
esea

rch
 A

n
d

 D
ev

elo
p

m
en

t                   V
o
l. 1

1
 N

o
. 0

3
, J

a
n

u
a
ry

-M
a

rch
 2

0
1
7
 

 

5
0
7

 



ISSN  0973 – 6921 ; E – ISSN 2319 – 5983                                                     J. Environ. Res. Develop. 

Journal of Environmental Research And Development         Vol.11 No. 03, January-March 2017 

 

is not protected from 

nature 

water meter      Do’s and Don’ts 

2. Monitor and sanctioned by local JE 

3. Routine monitor by meter reader 

11 Directly use for potable 

purpose  

- Remove hazards from the 

distribution and service water 

supply system 

1. Create awareness to use filter water  

and water hygienic practise 

2. Prevent hazards in the  

     water supply system 

3. Govt. can install public  

     filters in slum areas/ LIG 

12 Sump located in 

unhygienic place 

Instruct consumer to close sump 

permanently 

1. Possible monitor by meter 

reader and give suggestion 

2. Licenced tank cleaner from 

board 

1. Create awareness on Do’s and Don’ts 

2. Instruct consumer to clean  

     sump at least once in a year 

3. Train the licenced tank cleaner 
13 Sump become residential 

place for cockroach 

14 Corroded/ Jammed cover 

of sump 

- Estimate the strength of cover 

and paint/ change it  

1. Scheduled maintenance of steel cover 

     and instruct consumer to clean sump at 

     least once in a year 

2. Create awareness about the  

     water hygienic practice 

15 Plants/ algae are grown in 

sump edge 

- 1. Uproot and clean 

2. Use algaecide  

1. Create awareness 

2. Instruct consumer to clean  

     sump at least once in a year 

16 Sump and OHT have no  

Epoxy coat 

- Instruct consumer to use inner 

coat in sump 

1. Create awareness about epoxy coat 

     and water hygienic practice 

2. Instruct consumer to clean  

     sump at least once in a year 

17 Seepage of surface 

sewerage water into 

nearby pit 

Identify and document by meter 

reader 

1. Instruct consumer to revamp 

pit and to boil water for 

drinking 

2. Revamp surface sewerage 

channel 

1. Regular monitor and scheduled 

     maintenance of open surface 

     sewerage system/ pit 

2. Create awareness about water hygienic 

      practice 

18 Most of the MIG OHT is 

located on non-stabilised 

platform  

1. Possible monitor by meter  

     reader and give suggestion  

2. Instruct consumer to keep  

     OHT on stabled platform 

- Create awareness about safety issues 

19 Uncovered OHT - Cover OHT 1. Regular monitor and scheduled 
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     maintenance of cover 

2. Create awareness about  

      water hygienic practice 

20 Improper cleaning of 

Sump and OHT  

Prepare cleaning procedure for OHT 

and sump and put in open domain 

Instruct consumer to follow the 

BWSSB methodology to clean 

sump and OHT 

1. Create awareness about  

     method of cleaning and  

     water hygienic practice 

2. Train licenced tank cleaners 21 No Scheduled 

maintenance of Sump and 

OHT 

- Instruct consumer to schedule 

the cleaning for sump and OHT 

22 No aware about water 

hygienic practice by LIG 

people 

- Create awareness about water 

hygienic practice 

 

1. Address communication gap  

     with health centre 

2. Conduct supportive programme 

23 Inefficient water filter are 

used to filter water 

- Create awareness about 

purchase of filters and to use 

boiled water for child 

1. Prepare basic criteria for domestic filter  

2. Encourage traditional filters 

3. Conduct supportive programme 

24 Unfiltered water are 

supply to school children 

Instruct school authorities to provide 

filtered water to their students  

Inspection by Department of 

Public Instruction and PHI to 

install filters 

1. Create awareness about filters 

2. Regulate law to install filters  

     in primary schools 

3. Conduct supportive programme  

25 Unfiltered water are used 

for cooking/ drinking in 

hotels 

Instruct hotels to provide filtered 

water to their consumer 

Inspection by Food, Civil 

supplies and consumer affairs 

department 

1. Create awareness to community 

2. Regulate law to install filters in hotels 

3. Address communication gap with PHI 

4. Conduct supportive programme 

26 Not willing to participate 

in WSP 

- Advertise about the WSP that 

initiated by BWSSB 

Create awareness programme and conduct 

supportive programme 
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CONCLUSION 

Most of the Halasuru consumers were not 

aware of the water hygiene practice from the 

point of collection to storage for the end use 

purpose, this has led to waterborne disease 

outbreaks. This should be mitigated through 

change in attitude and behavioural practices by 

sensitizing the civil society by educating them 

in maintaining the water quality and looking at 

other aspects i.e. hygienic practices while 

collecting and storing at the point of water use 

to prevent contamination of water at the user 

end through mass and printed media, and 

transparency of water quality results through 

the public domain., or else the efforts for 

providing safe drinking water may become 

ineffective. Lastly, moral communication 

between primary health care providers, public 

health personnel, communities along with the 

water authorities is important in order to detect 

outbreaks early so that appropriate measures 

can be taken. Good national surveillance of 

waterborne outbreaks is necessary in order to 

identify general areas where preventive 

measures or changes in legislation are needed. 
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