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Water safety plans: bridges and barriers to implementation
in North Carolina
Urooj Quezon Amjad, Jeanne Luh, Rachel Baum and Jamie Bartram

ABSTRACT
First developed by the World Health Organization, and now used in several countries, water safety
plans (WSPs) are a multi-step, preventive process for managing drinking water hazards. While the
beneﬁcial impacts of WSPs have been documented in diverse countries, how to successfully
implement WSPs in the United States remains a challenge. We examine the willingness and ability of
water utility leaders to implement WSPs in the US state of North Carolina. Our ﬁndings show that
water utilities have more of a reactive than preventive organizational culture, that implementation
requires prioritization of time and resources, perceived comparative advantage to other hazard
management plans, leadership in implementation, and identiﬁcation of how WSPs can be embedded
in existing work practices. Future research could focus on whether WSP implementation provides
beneﬁts such as decreases in operational costs, and improved organization of records and
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INTRODUCTION
Water safety plans (WSPs) are a comprehensive drinking

prevention of re-contamination during storage and distri-

water quality risk management process, emphasizing preven-

bution of drinking water (Davison et al. ).

tion, instead of reaction, to hazardous events (WHO ,

A dynamic methodology, a WSP is embedded in the

; Davison et al. ; Bartram et al. ; Howard & Bar-

daily operations and culture of a water system. Implement-

tram ). WSPs require the proactive identiﬁcation and

ing a WSP requires a team that drives the plan,

management of risks in a drinking water system through six

understands the water catchment area, treatment and distri-

primary steps: (1) assembling a team; (2) system analysis;

bution systems, has the capacity to maintain the water

(3) operational monitoring; (4) management and communi-

system, continues internal training and consumer aware-

cation; (5) review, approval and audit; and (6) assessing

ness, and pursues continuous review and reﬁnement of the

experience and future needs (Bartram et al. ; see Figure 1)

WSP. While a WSP is a large undertaking for a water

(for a detailed step-by-step guide to implementing WSPs, see

system team, the World Health Organization (WHO)

Bartram et al. ()). Beneﬁts of using WSPs include

points out that, ‘The time it will take to establish a WSP

increased

microbial

will depend upon a number of factors: staff experience;

growth in the water system, and lower incidence of clinical

amount of data available on the water supply; size and com-

diarrhea (Gunnarsdottir et al. ). The goal of WSPs is to

plexity of the supply; and other systems that have already

provide safe drinking water through effective water supply

been adopted’ (Davison et al. , p. 126).

regulatory

compliance,

decreased

practices, prevention of source water contamination, ade-

Organizational culture that is shared assumptions about

quate water treatment to meet water quality targets, and

work practices inﬂuences the adoption and implementation
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Water safety plan (Davison et al. 2005, p. 20).

of WSPs (Summerill et al. a). Examples of enabling

compliance with water safety standards, WSP implemen-

characteristics of organizational culture are proactive,

tation arose from a desire to improve public health,

involved leaders, attention to staff and stakeholder needs,

especially following a contamination event. For example,

accountability, and commitment to continual improvement.

in Australia in 1998, the treated water supply for Sydney

Disabling cultural characteristics include poor communi-

had high levels of Cryptosporidium that led to discussions

cation, inﬂexibility, and complacency. Challenges in the

about how to prevent such contamination from happening

implementation of WSPs are partly due to the difﬁculty in

(Hamilton et al. ). This event led to the introduction

evaluating the beneﬁts of WSPs, although frameworks for

of national regulations requiring water systems to carry out

evaluation have been suggested, as shown in Iceland, Ban-

hazard analysis and critical control points, which are similar

gladesh and Latin America (Gunnarsdottir et al. ;

to WSPs, in identifying potential hazards (Hamilton et al.

Mudaliar ; Gelting et al. ).

). Other countries, such as New Zealand and Germany,

WSPs have been used in water systems in diverse

also had a desire to improve public health. In New Zealand,

countries such as Iceland, Bangladesh, New Zealand, and

the Ministry of Health developed national regulations

England (Mahmud et al. ; Gunnarsdottir et al. ;

requiring WSPs, and in Germany, the Federal Ministry of

Parker & Summerill ; Nijhawan et al. ), thus demon-

Health and the Federal Environment Agency led the dialo-

strating their use in both developed and developing

gue promoting adoption of WSPs (Health Amendment Act

countries. For countries that have consistently high

; Schmoll et al. ). For the successful implementation
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The purpose of this study was to examine attitudes
toward deciding to use WSPs (adopting), and bridges and

The focus on improving public health and the involve-

barriers of practicing risk management with WSPs

ment of the Ministry of Health in countries such as

(implementation) by water suppliers in the US state of

Australia, New Zealand, and Germany differs in attitude

North Carolina. To the knowledge of the authors, WSPs

from the USA. While the USA develops water quality stan-

are not being used by US water utilities. Since WSPs are

dards based upon protecting public health, regulations

not legally required in the USA, they would be a voluntary

reﬂect an environment of meeting regulatory standards for

risk management approach. Water utilities in North Caro-

contaminant levels rather than preventing contamination at

lina provide an insightful case study due to diverse

each water system. Additionally, the US Environmental Pro-

characteristics, such as urban and rural settings, varied

tection Agency (USEPA) regulates 114 contaminants across

hydrological and geographical contexts, and rapid popu-

the country and does not specify different contaminants for

lation growth. The overarching research question which

different contexts. While these regulations have substantially

guided the study was: ‘What are the institutional conditions

reduced the risk of waterborne disease, system-speciﬁc risks

for implementing WSPs in North Carolina water utilities?’

exist and can cause contamination events that pose a risk to

We examined this question in two parts: (1) What is the will-

public health. Since these risks are different depending on

ingness of water utilities to implement WSPs? and (2) What

the water system, it becomes important to identify speciﬁc

is the ability of water utilities to implement WSPs? Willing-

hazards and risks for each water system in addition to meeting

ness refers to the explicit verbal expression of interest, by

national guidelines and regulations.

water utility personnel, in deciding to use a WSP approach.

In the USA, many water utility operators, while unfamiliar

Ability refers to the explicit description of the capability of a

with the term ‘water safety plan’, are already practicing many

utility to integrate WSPs into their risk management practice

parts of a WSP that are required by US drinking water regu-

by utility personnel.

lations, such as the National Primary Drinking Water
Regulations and National Secondary Drinking Water Regulations (Code of Federal Regulations Title 40 – Protection

METHODS

of the Environment, Parts 141–143). Some of these similarities between WSPs and US drinking water regulations

We employed qualitative methods because the study exam-

include carrying out a source water quality assessment,

ined perceptions of water operators and managers, and in

meeting water treatment requirements, and identifying

some cases town administrators, regarding how and why

hazards through sanitary surveys. However, there are also

they would use WSPs. The unit of analysis is a water utility

gaps between WSPs and US drinking water regulations,

that distributes water to households. Since interviewing all

stemming from the differences in the preventive nature of

personnel within a utility and aggregating their perspectives

WSPs compared to the national standards and best treat-

was not realistic due to time and resource constraints, we

ment processes required by US national regulations. These

instead interviewed individuals who work closely with

differences can be seen in the areas of internal risk assess-

water quality management, such as water operators and

ments and prioritization, management procedures and

managers.

plans, and team procedures and training (Baum et al.
). WSPs offer an improved sense of ownership and

Water utility selection

greater understanding of a speciﬁc water utility’s risks compared to the rules-based approach for national water

We selected utilities in ﬁve of the seven administrative regions

regulations. WSPs could potentially beneﬁt US regulations

deﬁned by the North Carolina Department of Natural

through enhanced management of procedures and plans,

Resources, based on our ability to connect with water utility

internal risk assessment and prioritization, and team pro-

managers and operators during the period of the study.

cedures and training.

These utilities varied in size, as deﬁned by USEPA based on
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Data analysis

based on their willingness to participate in this study, determined by an initial email or telephone call to the utility.

Ethnography and grounded theory perspectives (Miles et al.
) were appropriate for analyzing interview transcripts
because staff perceptions were gathered in their natural

Data collection

work environment of their water utility. Using Nvivo qualiData were collected through semi-structured interviews
(after Wengraf ) because of the open and ﬂexible
nature of the research questions. This method was
advantageous because operators provided insightful infor-

tative analysis software to assist with organizing the eleven
interview transcripts and notes, we analyzed the interviews
in two phases: Phase 1: Identiﬁcation of themes to group
words, phrases, or sentences (e.g. ‘background information

mation that the researchers may not have been aware to

on water utility’ or ‘information sharing’); and Phase 2:

ask. Utility personnel, and some town managers if they

Categorization of themes into sub-themes to explain and

were speaking on behalf of the utility, were asked about

describe results of the interviews in relation to the research

their willingness and ability to implement parts of or all
of a WSP. All water utility names, locations, and identities

questions (e.g. ‘tariffs’ and ‘non-revenue water’ as subthemes of ‘infrastructure maintenance’).

of personnel who were interviewed were kept conﬁdential
to protect the interview participants from repercussions for
voicing their views, and to encourage candidness. The
average duration of each interview was 1 hour, which provided ample time for the interview participant to narrate
their views. Interviews were audio recorded and transcribed verbatim to maintain accuracy of responses by
interview participants in the analysis. The study is
exempt from further review from the Institutional Review
Board of the University of North Carolina at Chapel Hill
(record number 12-2522).
After explaining the basic principles of WSPs to the
interview participant(s), three main questions were asked
of participants: (1) What are your current practices of risk
management of drinking water quality? (2) Based on our
description of WSPs, how do your existing practices match
WSP processes? (3) Would your utility be willing to
implement the WSP approach? Why or why not?

Table 1

|

Characteristics of North Carolina water utilities interviewed

Utility size deﬁned by USEPA (population

Number of utilities

served) (SDWIS 2014)

interviewed

Very small (25–500)

0

Small (501–3,300)

2

Medium (3,301–10,000)

5

Large (10,001–100,000)

3

Very large ( > 100,001)

1
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RESULTS
The results are divided into four sections according to the size
of the water utilities – small, medium, large, and very large –
following USEPA guidelines of water utility sizes for populations served. We ﬁnd it useful to categorize the results as
such because management characteristics tend to be similar
among water providers that serve similarly sized populations,
as they have somewhat similar numbers of employees, ﬁnancial resources, and infrastructure size. Findings for each of the
categories of utility size are summarized according to four
themes: willingness to implement WSPs; ability to implement
WSPs; current risk management practices for distributing safe
water; and perceived beneﬁts of WSPs to water quality risk
management. Maintaining conﬁdentiality of each utility and
their personnel, we refer to the utilities as Small 1 (S1),
Small 2 (S2), Medium 1 (M1), Medium 2 (M2), etc.
Small water utilities
Staff from two small water utilities (501–3,300 population
served) that purchase their water from external sources
and have approximately four staff members were interviewed (Table 2). S1 was not willing to implement WSPs,
as its staff perceived that WSPs were not applicable to
their system because they purchase water from another
water system, and therefore stated that they have no control
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Summary of small water utilities’ views on implementing WSPs

Current risk
management practices

Small utilities pop.

Willingness to implement

served: 501–3,300

WSP

Ability to implement WSP

(water quality)

Perceived beneﬁts of WSPs

Small 1 (S1)
Purchases
water from
other source

No

No direct comment on ability. Utility
did not perceive that WSPs are
applicable to their system because
they purchase water from another
system

Flushing the polluted
water out of the
system

Communication with
county level
administration

Small 2 (S2)
Purchases
water from
other source

Yes
If ﬁnancial beneﬁts and
relevance to the North
Carolina case were
clear

No, not enough staff time

Operation and
maintenance in
emergency
protocol

Prevention scenarios

over the initial quality of the water or how a WSP would

data in the ﬁeld. S1 also has an emergency management pro-

inﬂuence its risk management. In contrast, S2 staff reported

tocol that works through scenarios, steps, and stakeholders.

that they would be willing to implement WSPs if ﬁnancial

In contrast, S2 does not have an emergency management

beneﬁts for the North Carolina case were clearer.

protocol: ‘… we don’t have a playbook [that states], if this

Willingness to implement WSPs may have roots in utili-

happens this is what you need to do’ (S2, Town Manager).

ties’ perceived ability to do so. As mentioned above, S1 does

On preventive action, S2 is concerned about the tradeoff

not treat its own water, but instead purchases water from

of immediate needs and long-term planning, ‘If you give

another supplier and then distributes the purchased water

me the choice of implementing it [WSPs] and not implement-

to households. Even though S1 is transporting water from

ing it, I’m going to look at the fact that I’ve got two people

a supplier from which S1 claims they have no control over

and I’m going to say we need to worry more about the

the quality, S1 still monitors water quality by analyzing

bypass we had at the sewer plant that hit the creek than

samples once a week for chlorine levels. According to S1,

going out and back ﬂushing some lines or something like

a primary way for them to correct poor water quality is to

that’ (S2, Town Manager).

ﬂush the water in the distribution system. Therefore, S1

S1 stated that a potential beneﬁt of WSPs for them may be

commented that WSPs may be more applicable to a larger

communication to various stakeholders, such as county ofﬁ-

system that treats its own water, and has more ‘control’

cials and municipal customers to discuss how to maintain

over the options for managing water quality.

water quality. S2 did not see the clear beneﬁts of implement-

Willingness to implement WSPs may also be linked to

ing WSPs in North Carolina and stated the need for a balance

current risk management practices in a utility. Four employ-

of cost and prevention, and relevance to the North Carolina

ees work in S1, which contributes to more efﬁcient

context, ‘Well, we need to do this, it happened in Milwaukee

information sharing and problem solving, ‘…there’s just

but we need to be doing this [too] in North Carolina when

four of us, so it’s easy to pass information back and forth,

maybe the problem was entirely different and there is not

and everybody’s got input’ (S1, Water Operator). S1’s

that problem here’ (S2, Town Manager).

review of risk management practices involves their four
employees evaluating options and learning from infrastruc-

Medium water utilities

ture malfunctions shortly after an event, and determining
how to make repairs. S1 is developing a database that

Five of the eleven utilities interviewed were of medium size,

records leaks and breaks through basic Geographic Infor-

each serving a population between 3,301 and 10,000

mation Systems mapping software and use of Google

(Table 3). While three utilities were willing to implement

Nexus tablets for taking photos, and entering and checking

WSPs (with two utilities not willing), all medium sized
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Summary of medium water utilities views on implementing WSPs

Medium utility
Pop. served:

Willingness to implement

3301–10,000

WSPs

Ability to implement WSPs

practices (water quality)

Perceived beneﬁts of WSPs

Medium 1
(M1)

No

No
Low on staff time, but has
open attitude to
exploration of new ideas

Using VSAT/local university
resources

Improved communication and
understanding between utility
and town management

Medium 2
(M2)

Yes
If WSPs reduce costs

No
Insufﬁcient staff time

SCADA system

Enhanced protection of source
water
Prevention-oriented utility

Medium 3
(M3)

Yes

No
Busy with other obligations,
though initially attempted
to participate in
implementation of WSP

Emergency management
plan/risk management
plan/SCADA
Records incidents on a
complaint log

Decrease risk of untreated water
reaching the distribution
system

Medium 4
(M4)

Yes
If WSPs support time
and cost savings

No
Insufﬁcient staff time

Source protection,
improvising on chemical
feed, compliance with Safe
Drinking Water Act

Enhanced protection of source
water

Medium 5
(M5)

No
Added value of WSPs
not clear to basic
water treatment
practices. Costs and
beneﬁts important

No
Insufﬁcient staff time

Well-head protection
program started but
dropped – paper trail
incomplete. Working with
their external contacts to
re-start it

May help with lack of continuity
of staff, lack of records on
water quality programs, ability
or willingness of attitudes to
prevention by city ofﬁcials

Current risk management

utilities responded that they were not able to implement

In terms of perceived beneﬁts of WSPs, utility managers

WSPs because of insufﬁcient staff time, ﬁnancial resources,

see WSPs as a way to deal with challenges they face. Climate

or senior level support. The responses of the utilities were

conditions such as freezing is one example of reoccurring

similar, indicating that utilities would consider using WSPs

challenges, ‘We had a lot of lines frozen, tanks froze, meters

if there were documented case studies of cost savings and

froze that came really unexpected. We hadn’t seen that temp-

if utilities did not have other priorities or understafﬁng:

eratures in years here’ (M2, System Operator). Monitoring and
recording pollution incidents is another challenge for utilities.

‘… especially if it could save time, if there was a cost sav-

M3 does not record incidents but uses a guide, somewhat of a

ings involved, monetary or something like that. I’d love to,

template complaint log. With regard to water quality risks that

but a lot of times I just don’t have the time to really think

could be addressed by using a WSP, a common theme that

about it and say, ‘Well, which way’s going to work best

emerged was source water protection and the need for

here?’ I’ve got to get the water up on the hill’ (M4,

improved communication and understanding between the uti-

Water Operator).

lity and mayor’s ofﬁce. For example, M2 was concerned about
prevention and unknown pollutants:

Each of the ﬁve medium sized utilities have risk management practices such as technological monitoring systems,

‘… we test for contaminants but we don’t test for, ‘What if

for example VSAT (vulnerability self-assessment) (M1) or

I get a big gasoline spill?,’ I don’t have a process that tests

SCADA (supervisory control and data acquisition) (M2),

for that … We look for bacteria. We look for pesticides.

and emergency plans (M3), or planning processes such as

We look for all the things that we know [are] out

source protection (M4), well-head protection (M5).

there …’ (M2, Water System Operator).
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has a, ‘… very large and robust online database report cata-

Large water utilities

logue system for any water supply in North Carolina with a
Personnel from three large utilities were interviewed

public water supply ID number … That’s actually done by

(10,001–100,000 people served) (Table 4). L1 and L2 were

the state and managed by the state, but we certainly can

not willing to implement WSPs, and L3 brieﬂy explored

access that information and use it’ (L2). L2’s water system

how to embed WSPs into their practices before other

management plan focuses more on management, ﬁnancial,

urgent infrastructure maintenance and stafﬁng changes

and administrative challenges rather than just water quality,

halted the exploration.

‘… that’s probably at a higher altitude look at the manage-

The three large water utilities stated that they were not

ment of the water system. It would not probably get as

able to implement WSPs in their utilities because of per-

detailed as this [WSP] type of program would …’ L3 has a

ceived

maintenance.

written disaster preparedness plan, but it is difﬁcult to use

According to L2, their lack of willingness to implement

preventively instead of reactively due to high costs and too

WSPs was because, ‘… we’ve already got in a lot of different

few staff:

duplication

and

infrastructure

formats and in different contexts; we’ve got a lot if not all of
this [WSPs]. It’s just not succinctly tied into the umbrella of
a water safety plan or what not’ (L2). In addition to WSPs’
perceived duplication, L2 is concerned about workload,
aging infrastructure, and budgets, ‘We’re just more worried
about managing the work load … managing aging infrastructure is probably the single biggest work load driver for
us in our organization … that’s where our greatest priorities
go.’ L2 suggested that smaller utilities might beneﬁt from
WSPs if they have the staff and resources, ‘It may give

‘Well, you can’t react to something until it happens … I
wish we could check more often? Yeah, but can we
afford it? No. I think I spent $37,000 last year on outside
labs … [the] EPA says what method you will use to check
for what parameter … I have one lab person. It takes four
of us to run the company. It runs 24/7, 365, and working
twelve-hour shifts it takes a minimum of four people to
run it.’

them a vehicle and the motivation to develop a plan that
L1 noted that their management is reactive instead of pre-

they normally would not have.’
In the three large utilities, current risk management

ventive, ‘… our [preventive] maintenance is pretty much

practices ranged from ‘established’ to ‘in need of assistance,’

nonexistent. We are strictly with the one supervisor and the

meaning revision or development of plans. For example, L2

four-line crews, we are strictly reactive maintenance …’ L1

Table 4

|

Summary of large water utilities views on implementing WSPs

Current risk

Large utilities
Pop. served:

Willingness to

management practices

Perceived beneﬁts of

10,001–100,000

implement WSP

Ability to implement WSP

(water quality)

WSPs

Large 1 (L1)

No

No
Too busy with urgent maintenance projects

Boil orders due to
turbidity
SCADA system that
needs upgrading

Preventive instead of
reactive
Comprehensive
mapping of
distribution lines

Large 2 (L2)

No
Perceived
duplication of
existing practices

Not clear, but did comment that in general, a
utility may be more able to implement WSPs
if they could identify how it naturally ﬁt with
existing practices

Uses online database
of pollutants
Has Water System
Management Plan

Enhanced organization
of information

Large 3 (L3)

Yes

No
Initially participated in implementation but did
not complete due to other obligations

Disaster
Preparedness Plan

Improve water quality
and costs savings
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gave examples of their reactive activities during the summer

not verbalize willingness to implement it in their work pro-

and winter months:

cesses

because

they

perceived

their

current

risk

management practices to be the same as or to surpass
‘There’s no time to do valve exercising, hydrant ﬂush,

WSPs. However, VL1 did have suggestions on what makes

ﬂushing the system. We do ﬂush on a regular schedule

for a successful water provider in the context of preventive

during the summer … During the winter, it’s just by call

risk management, ‘… you’ve got to be collaborative, you

basis when somebody has an issue, and most of the

really do, and you’ve got some that that’s internal, but

time, that’s after we have a breakage and there are sedi-

you’ve got collaboration … I think we need to go across

ment and stuff in the lines’ (L1).

boundaries.’ As for what VL1 would change in their risk
management, and possibly where WSPs could assist, they

Formal documentation of processes that could be shared
among teams within a utility does not exist for L1. They
instead rely on memory of personnel, ‘If we have a break

would like to have more exercises, ‘We’ve got a very, very
good plan in writing, but we don’t have enough exercises
to actually practice that plan … We don’t practice enough.’

over here, can we send water around it over here? We’re

It is useful to note VL1’s approach to legally required rules

having to rely on the guy’s memory, so that’s not a very

and voluntary rules. For example, regarding the disinfection

good place to be’ (L1). The perceived beneﬁt of WSPs was

byproduct rule, ‘… driving most of what you see as far as

stated by L1 and L2 to be the potential for developing a

optimization of the plant, [water source] management, build-

library with the help of WSP structure. For example, L2

ing raw chemical storage towers, piloting new chemicals or

explained:

different chemicals to help optimize the plants.’ VL1 has

‘I think it [WSPs] could certainly be something that could
be of value and beneﬁt to an organization. It could possibly be used more as a library for organizing all of this
data in a centralized way so that everyone has access to
it and understands how to, maybe has a little bit better
way of extracting information from all of these documents
and procedures’ (L2).

chosen to voluntarily test for unregulated disinfection byproducts because, ‘We’re actually more proactive here, progressive. I think it’s more of the people we hire, the way we
hire them, the type of credentials that we want in the
hiring process. We’ve got some very, very good operators
now.’ VL1 did not explicitly state that their staff are able
to implement WSPs, however they have a larger number
of staff that could potentially do so.
Of the current risk management practices, VL1 focuses
on water source safety in the sense of human security, refer-

Very large water utility

ring

to

threats

to

human

safety

from

deliberate

One ‘very large water utility’ (VL1) was interviewed, which

contamination of a water supply, ‘I don’t think there’s

has 60 staff members and serves over 250,000 people

many systems out there that have adequate ways of knowing

(Table 5). VL1 appreciated the process of WSPs but did

what’s coming into their plant. If they decide to poison the

Table 5

|

Summary of very large utility’s views on implementing WSPs

Very large utility,
pop. served:

Current risk management practices

Perceived
beneﬁts of

100,001 þ

Willingness to implement WSPs

Ability to implement WSPs

(water quality)

WSPs

Very Large 1
(VL1)

No
Current utility activities are
perceived to be similar to
WSPs

Not stated
Potentially has sufﬁcient staff, and
has training programs for
various operations

Focus on source water safety and
security in relation to human
security
Comprehensive in-house training
for new operators
Emergency Response Plan,
Operations Response Plan

None stated
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water or do whatever, how do we know until it’s too late? So

record keeping and communication between utility and

we’ve stepped up monitoring …’ Several of VL1’s existing

city administration.

processes are somewhat similar to the WSP process such

Many utility managers feared that WSPs would

as an emergency response plan, chemical spill response

encroach on staff time and duplicate existing risk manage-

plan, and operations response plan, all coordinated with

ment practices. This ﬁnding is consistent with Mayr et al.

the county. For example, if one water plant of VL1 could

() who found a similar view with small utilities (up to

not pump or could not treat water, another plant would

2,000 households for each supplier) in Austria in that lack

take over. With regard to control of operations, everything

of time and potential duplication of WSPs with existing

would move to another location and the entire water

practices were issues. To address this, a WSP implemen-

system would be run from another plant. VL1 also has in

tation tool, a spreadsheet that translates utility information

place various emergency response and operation response

to WSP goals for small water utilities was developed

plans, ‘… We also have the operations response plan part-

(Mayr et al. ). Furthermore, WHO published a step-by-

nered with [a nearby county], more resources to us with all

step WSP implementation guide for small water suppliers

emergency services, so we’re all tied in together.’ VL1 has a

(WHO ). A barrier to WSP uptake in New Zealand

training program, an emergency response plan, and an oper-

was cited as lack of staff time due to other more urgent pri-

ations response plan. These activities are consistent with

orities (Kot et al. ). Kot et al. () note that a broader

WSP processes and could be an entry point for further

stakeholder view may help with WSP implementation, that

enhancement by WSPs. Duplication of existing practices

is, community readiness in which knowledge of the issue,

was a concern of VL1. VL1 expressed that training of oper-

attitudes toward change, and resources could assist with pre-

ators is a key activity in their utility, and training is

paring a community to use a WSP.

encouraged across disciplines to create understanding of
what is needed across teams:

Unclear ﬁnancial beneﬁts of WSPs discouraged its use by
North Carolina water utilities. The preference for ﬁnancial
beneﬁts is contrary to recommendations that public health

‘We’ve got an extensive training program for operators….

priorities be emphasized in order to motivate implemen-

The goal is for us to take someone that knows nothing

tation, over ﬁnancial, political, or other administrative gains

about water and we can train [them] within eighteen

(Summerill et al. b). The primary purpose of a WSP is

months or less, we can have them fully functional. Cross-

to protect public health (Bartram et al. ). Potential

training takes place so that a lab staff member can go to a

impacts include ﬁnancial beneﬁts (Gelting et al. ), but

particular level of operator’s school that creates better

are not central. For the North Carolina case, this focus on

understanding for what each team needs’ [VL1].

cost savings implies that utilities’ current priority is ﬁnancial.
The water utilities believe that efforts toward implementing

DISCUSSION

WSPs in North Carolina would require additional funds and
human resources. However, the source of funds such as fed-

The results show that four of the eleven utilities were willing

eral government tax revenues or the utility’s own funds, or

to adopt and implement WSPs, although they stated a lack

other sources, were not made speciﬁc.

of ability to do so. Seven of eleven utilities expressed they

Several of the utilities perceived communication and

were not willing to implement WSPs. Such ﬁndings are

coordination between utility and town management, organiz-

useful for determining if and how WSPs would be used in

ing utility records and documents, and promoting risk

North Carolina, and how to integrate new risk management

prevention as potential beneﬁts of implementing WSPs. Simi-

related programs in water utilities in general. Primary

lar to these ﬁndings, small water utilities in Alberta, Canada

reasons that utilities were not willing to use WSPs are lack

also expected improved organization and communication

of staff time for integrating WSPs and lack of signiﬁcant evi-

(Perrier et al. ). Consistent with another study, potential

dence that WSPs decrease operating costs. Perceived

outcomes of implementing WSPs include increased com-

beneﬁts of WSPs included improved organization of

munication and collaboration, improved knowledge and
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attitudes, increased training, improved operations and pro-

of managing risks without evidence of beneﬁts for North

cedures, cost recovery and investment (Gelting et al. ).

Carolina utilities, such as decreases in operational costs.

Lack of staff time and of evidence for decreased operating costs are not surprising barriers to implementation of

Examples of beneﬁts resulting from studies in other countries
were not convincing to the utilities.

WSPs. In an industry where environmental and health regu-

Future research on bridges and barriers for WSP uptake

lations, and to some extent reputation among the

and implementation in North Carolina should focus on

community, and basic public health goals are important, it

assessing the potential beneﬁts of WSPs, such as evaluating

is difﬁcult to expect utility personnel to add a voluntary

possible cost saving outcomes, and organizing records and

measure that is untested in the US context. The utilities

communication within utilities and between utilities and

viewed WSPs as a way to organize their records and clarify

town management. Examining policy and institutional

communication within the utility, across municipal depart-

relationships of various stakeholders in water service deliv-

ments, and with their customers. This ﬁnding was

ery such as the state environmental regulator, customer

unexpected because organization and communication are

protection organizations, and public health organizations

not primary goals of WSPs. A WSP’s primary goals are pre-

would also reveal motivations and limitations of implement-

ventive controls to protect water safety for public health,

ing WSPs. A community’s inﬂuence on the drinking water

which may include enhancing organization and communi-

system is a future area of analysis for implementing WSPs

cation. Small and medium utilities commented on their

in North Carolina and the USA. We also recommend further

more immediate need for improved organization of internal

examining one of the study’s ﬁndings regarding reaction vs.

records and communication with the communities they

prevention: To what extent do North Carolina water utilities

serve regarding water safety emergencies and preventive

have a reactive instead of a preventive organizational cul-

actions, so that they are able to better safeguard the quality

ture to public health, and how are environmental and

of drinking water. These small and medium utilities voiced

public health regulations inﬂuencing such culture?

that they are not prepared to add yet another plan such as
a WSP to their existing activities that need enhanced organization. Available staff time is focused on priorities such as

CONCLUSIONS

infrastructure maintenance, so less urgent, but necessary,
processes of organizing their records and existing risk man-

Bridges to adopting and implementing WSPs in North Caro-

agement plans may be neglected.

lina water utilities include the perceived beneﬁt of increased

Findings also show that the majority of the utility leaders

organization of information and communication, improved

believe that their organizational culture is reactive instead of

risk management, and decreased operations and mainten-

preventive, with few opportunities for exploration and exper-

ance costs. A few utilities showed interest in developing a

imentation with new risk management methods. The utility

library of documents and protection of source water. Another

leaders are aware of their reactive instead of preventive organ-

potential bridge toward implementing WSPs, though not

izational culture, as explicitly stated in interviews, with the

explicit in the interviews, is a perceived need for improvement

exception of VL1. Stricter regulations and fewer ﬁnancial

of existing water quality delivery. Barriers to adopting and

resources facilitate the conditions for reaction instead of pre-

implementing WSPs in North Carolina water utilities are

vention. While an incentive for prevention is public health, it

clear: insufﬁcient staff time and perceived duplication of exist-

is difﬁcult to identify the factors that contribute to a lack of

ing practices. Findings show that lack of time and sufﬁcient

public health incidents, and therefore investment in risk pre-

resources discouraged using WSP principles alongside utili-

vention is overlooked. Furthermore, water infrastructure

ties’

faces under-invest challenges (ASCE ) that facilitates a

duplication of existing practices, that WSPs are not legally

reactive culture in which money goes toward temporary main-

required in the USA, and that there are no examples from

tenance ﬁxes. The lesson from the North Carolina case is that

North Carolina or the USA were also reasons given for the

utilities would not voluntarily adopt a new or adjusted way

lack of willingness and ability to implement WSPs.

Downloaded from https://iwaponline.com/jwh/article-pdf/14/5/816/393840/jwh0140816.pdf
by guest
on 18 October 2018

existing

risk

management

practices.

Perceived

826

U. Q. Amjad et al.

|

Water safety plans and North Carolina water utilities

ACKNOWLEDGEMENTS
We are grateful to all the North Carolina water utilities we
interviewed and to the assistance provided by the North
Carolina Rural Water Association in contacting utilities.
This study was funded by the Centers for Disease Control
and Prevention (CDC) and the National Environmental
Health Association (NEHA). The contents of the paper do
not necessarily represent the ofﬁcial views of CDC,
NEHA, or the University of North Carolina at Chapel Hill.

REFERENCES
ASCE (American Society of Civil Engineers)  2013 Report
Card for America’s Infrastructure: Drinking Water. Available
from: www.infrastructurereportcard.org/drinking-water/
(accessed 22 July 2015).
Bartram, J., Corrales, L., Davison, A., Deere, D., Drury, D.,
Gordon, B., Howard, G., Rinehold, A. & Stevens, M. 
Water Safety Plan Manual: Step-by-Step Risk Management
for Drinking-Water Suppliers. World Health Organization,
Geneva.
Baum, R., Amjad, U., Luh, J. & Bartram, J.  An examination of
the potential added value of water safety plans to the United
States drinking water legislation. Int. J. Hyg. Environ. Health
218 (8), 677–685.
Davison, A., Howard, G., Stevens, M., Callan, P., Fewtrell, L.,
Deere, D. & Bartram, J.  Water Safety Plans: Managing
Drinking-Water Quality from Catchment to Consumer.
World Health Organization, Geneva. Available from: www.
who.int/water_sanitation_health/dwq/wsp0506/en/index.
html (accessed 31 July 2015).
Gelting, R. J., Delea, K. & Medlin, E.  A conceptual framework
to evaluate the outcomes and impacts of water safety plans.
J. Water Sanit. Hyg. Dev. 2 (2), 103–111.
Gunnarsdottir, M. J., Gardarsson, S. M., Elliott, M., Sigmundsdottir, G.
& Bartram, J.  Beneﬁts of water safety plans: microbiology,
compliance, and public health. Environ. Sci. Technol. 46 (14),
7782–7789.
Hamilton, D., Gale, P. & Pollard, S.  A commentary on recent
water safety initiatives in the context of water utility risk
management. Environ. Int. 32, 958–966.
Health Amendment Act  Part 2A Drinking Water. New
Zealand Parliamentary Council Ofﬁce, New Zealand.
Howard, G. & Bartram, J.  The new WHO Guidelines:
establishing comprehensive water-safety frameworks.
Waterlines 23 (4), 4–7.

Journal of Water and Health

14.5

|

2016

Kot, M., Castleden, H. & Gagnon, G. A.  The human
dimension of water safety plans: a critical review of literature
and information gaps. Environ. Rev. 23 (999), 1–6.
Mahmud, S., Shamsuddin, S., Ahmed, M., Davison, A., Deere, D.
& Howard, G.  Development and implementation of
water safety plans for small water supplies in Bangladesh:
beneﬁts and lessons learned. J. Water Health 5 (4), 585–597.
Mayr, E., Lukas, A., Aichlseder, W. & Perﬂer, R.  Experiences
and lessons learned from practical implementation of a
software-supported water safety plan (WSP) approach. Water
Sci. Technol. 12 (1), 101–108.
Miles, M. B., Huberman, A. M. & Saldaña, J.  Qualitative
Data Analysis: A Methods Sourcebook. 3rd edn. Sage, CA.
Mudaliar, M.  Success or failure: demonstrating the effectiveness
of a water safety plan. Water Sci. Technol. 12 (1), 109–116.
Nijhawan, A., Jain, P., Sargaonkar, A. & Labhasetwar, P. K. 
Implementation of water safety plan for a large-piped water
supply system. Environ. Monit. Assess. 186 (9), 5547–5560.
Parker, A. & Summerill, C.  Water safety plan implementation
in East Africa: motivations and barriers. Waterlines 32 (2),
113–124.
Perrier, E., Kot, M., Castleden, H. & Gagnon, G. A.  Drinkingwater safety plans: barriers and bridges for small systems in
Alberta, Canada. Water Policy 16 (6), 1140–1154.
Schmoll, O., Castell-Exner, C. & Chorus, I.  From
international developments to local practice: Germany’s
evaluation and dialogue process towards water safety plan
implementation. Water Sci. Technol. 11 (4), 379–387.
SDWIS (Safe Drinking Water Information System)  United
States Environmental Protection Agency. Available from:
http://iaspub.epa.gov/enviro/sdw_form_v2.create_page?
state_abbr=NC (accessed 31 July 2014).
Summerill, C., Pollard, S. J. T. & Smith, J. A. a The role of
organizational culture and leadership in water safety plan
implementation for improved risk management. Sci. Total
Environ. 408 (20), 4319–4327.
Summerill, C., Smith, J., Webster, J. & Pollard, S. b An
international review of the challenges associated with
securing buy-in for water safety plans within providers of
drinking water supplies. J. Water Health 8 (2), 387–398.
Wengraf, T.  Qualitative Research Interviewing: Biographic
Narrative and Semi-Structured Methods. Sage, Thousand
Oaks, CA.
World Health Organization (WHO)  Water Safety Plans.
Available from: www.wsportal.org/templates/ld_templates/
layout_33212.aspx?ObjectId=20686&lang=eng (accessed 24
May 2015).
World Health Organization (WHO)  Water Safety Planning for
Small Community Water Supplies: Guidance for Drinking
Water Supplies in Small Communities. Available from: http://
whqlibdoc.who.int/publications/2012/9789241548427_eng.
pdf (accessed 24 May 2015).

First received 16 December 2015; accepted in revised form 29 April 2016. Available online 15 June 2016

Downloaded from https://iwaponline.com/jwh/article-pdf/14/5/816/393840/jwh0140816.pdf
by guest
on 18 October 2018

|

