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Abstract The use of molecular tools, principally qPCR,

versus traditional culture-based methods for quantifying

microbial parameters (e.g., Fecal Indicator Organisms) in

bathing waters generates considerable ongoing debate at the

science–policy interface. Advances in science have allowed

the development and application of molecular biological

methods for rapid (*2 h) quantification of microbial

pollution in bathing and recreational waters. In contrast,

culture-based methods can take between 18 and 96 h for

sample processing. Thus, molecular tools offer an

opportunity to provide a more meaningful statement of

microbial risk to water-users by providing near-real-time

information enabling potentially more informed decision-

making with regard to water-based activities. However,

complementary studies concerning the potential costs and

benefits of adopting rapid methods as a regulatory tool are in

short supply. We report on findings from an international

Working Group that examined the breadth of social impacts,

challenges, and research opportunities associated with the

application of molecular tools to bathing water regulations.
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INTRODUCTION

Regulation of bathing and recreational water quality is

undertaken around the world to protect the environment,

human health, and economic livelihoods (Nevers et al. 2014;

Reder et al. 2015). Methods used to quantify microbial water

quality vary but the most commonly employed approaches

use nutrient rich media to culture fecal indicator organisms

(FIOs, e.g., Escherichia coli and intestinal enterococci). The

culture-based approach provides a widely used basis for

informing on human health risks associated with sea-bathing

via an established epidemiological evidence-base (Kay et al.

2004). The professional and regulatory norms that drive use

of this technique are longstanding, and have developed in

conjunction with investments in technological capacity and

scientific infrastructures that make them cost effective and

politically uncontroversial. However, culture-based meth-

ods are often criticized in terms of speed of analysis, which

can take between 18 and 96 h for sample processing (Raith

et al. 2014). With their potential to reduce sample processing

time to between one and two hours, interest in molecular

biological tools, such as quantitative polymerase chain

reaction (qPCR), for beach management is growing. Briefly,

qPCR is a nucleic acid-based approach that amplifies and

simultaneously quantifies a DNA target. Thus, molecular

biological tools offer an opportunity to provide a more

meaningful statement of microbial risk to water-users by

providing near-real-time information, enabling potentially

more informed decision-making with regard to water-based

activities (Mendes Silva and Domingues 2015).

The USA has begun to utilize qPCR methods at some

recreational beaches on a voluntary basis. This was

prompted by a lawsuit against the US Environmental

Protection Agency (EPA) filed by the Natural Resources

Defence Council (NRDC) and others which argued that

USEPA had not delivered on its intention to explore new or

revised water-quality criteria linked to rapid test methods

(Gooch-Moore et al. 2011). In response, the USEPA pub-

lished the 2012 revised Recreational Water Quality Criteria
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(RWQC) for FIOs in marine and fresh waters (U.S. EPA

2012); within these criteria there are regulatory action

thresholds for enterococci as determined by qPCR. Indi-

vidual states can choose to use these recommendations to

make precautionary beach management decisions and/or to

develop recreational water-quality standards in line with

this approach (Haugland et al. 2014).

In general, the lawsuit is a good indication of institu-

tionalized environmental agendas gradually fragmenting

and changing in the light of new models of working

although, in practical terms, the pattern of qPCR uptake and

experimentation is uneven. While qPCR is now being used

by some beach managers in the USA, the case for wide-scale

adoption of this molecular approach is the focus of global

debate, with regulators and researchers drawing attention to

a number of technical and logistical issues associated with

this emerging technology (Oliver et al. 2014). For example,

the practical benefit of rapid analysis can be hampered,

particularly in the EU, by centralized laboratory infrastruc-

ture (i.e., sample transit time to the laboratory exceeds the

duration needed for qPCR analysis). There also remain

uncertainties regarding the robustness of the qPCR epi-

demiological evidence-base (Oliver et al. 2014). In general,

the prospect of international regulatory communities

adopting qPCR as a ‘‘rapid’’ method, with defensible cost

efficiencies, remains uncertain and long term.

The research community has invested significant effort in

exploring the potential of molecular methods applied to beach

management (Wade et al. 2006; Griffith et al. 2009; Whitman

et al. 2010). While the evidence-base to underpin qPCR

deployment for the regulation of microbial water pollution is

expanding, it remains immature when compared with culture-

based methods, and this limits the operational utility of qPCR

within regulatory monitoring regimes outside the USA. Over

time, these advances in research and development (R&D) will

help to determine the viability of qPCR becoming a more

commonly used tool for microbial water-quality management

and regulation. There exist few complementary studies

addressing the potential wider costs and benefits of adopting

qPCR as a regulatory tool (Pratap et al. 2011). The likelihood

of ‘‘win–win’’ scenarios versus ‘‘trade-off’’ scenarios con-

cerning social-, economic-, environmental-, and health-re-

lated impacts resulting from rapid microbial water-quality

reporting methods, relative to current approaches, remain

largely anecdotal and need to be exposed to systematic and

critical inquiry. Normative assumptions that flow from the

case for rapid assessment need to be tested; such methods may

also impact negatively on beach users as well as local com-

munities and businesses reliant on tourism. With limited

research documenting the importance of beach management

decisions to a wider society (Rabinovici et al. 2004), the case

for a coordinated research agenda, focusing on the wider

social and economic impacts, and behavioral dimensions of

‘‘rapid methods’’ is arguably long overdue, and increasingly

exposed as a policy research ‘gap’ given the pace at which

environmental applications of qPCR have been developing.

Others have also called for the emergence of research agendas

that extend much further than ensuring water-quality stan-

dards alone are met (Bridge et al. 2010).

Moreover, if qPCR is adopted widely in the USA, as a

preferred method for quantifying levels of fecal pollution,

it is likely that exploring qPCR as a regulatory tool for

enumerating microbial parameters under the EU Directives

will emerge as procedural policy development need in the

UK and the rest of Europe (Oliver et al. 2010). It was

precisely in this context that an international Working

Group (WG) was established in the UK under the auspices

of the ‘Delivering Healthy Water (DHW)’ project. Within

this a social and economic component of the WG was

developed with the aim of interrogating and debating the

existing evidence-base concerning wider social and eco-

nomic impacts and complexities across local-to-regional-

to-national scales, of a potential transition from culture- to

molecular-based approaches for quantifying microbial

compliance parameters in bathing waters. This commen-

tary draws on the collective expertise of our international

WG and spans policy, regulatory, non-governmental

organization (NGO), and academic perspectives. It

attempts to capture, for the first time, the breadth of

opportunities and challenges that exist within this emerging

social science research agenda concerning the scientific

practices that inform and deliver on bathing water

regulation.

EMERGING SOCIOECONOMIC RESEARCH

THEMES

Our WG capitalized on extensive specialist and policy

expertise associated with the participating members. The

WG comprised 12 core members associated with the wider

DHW project plus 16 experts spanning the disciplines of

economics and social sciences. We augmented our WG

further through an online-structured survey. This survey

combined closed and open questioning and was embedded

into the project website with a link which was distributed

widely over a period of 2 weeks. This enabled us to capture

global views on challenging, unresolved, or priority

research questions from a cross section of academic, pol-

icy, regulatory, local authority, and NGO communities who

accounted for 54, 6, 14, 3, and 23 % of responses,

respectively. This process resulted in the collation of over

60 priority socioeconomic research questions and chal-

lenges associated with culture-to-molecular methodologi-

cal transitions for evaluating bathing water quality. Using a

workshop format, the WG distilled this information into six
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thematic groupings, removing duplication and ambiguity in

the responses, and generating a record of priority research

questions related to wider socioeconomic impacts of

methodological transition (Table 1). Each thematic group-

ing of future research needs outlined in Table 1 is sum-

marized below. Taken together, they describe a roadmap of

social and economic research opportunities.

Direct cost implications: investment, infrastructure,

and logistics

From the perspective of economic cost, the potential to

introduce and expand the use of molecular biological tools

shares with any new technology and tool a burden of

potentially high upfront investment costs. They require

investment in training and associated infrastructures and

require the expertise of more specialist staff. At the most

basic economic level, moving from a cheaper (culture)

method to a more expensive (qPCR) method will necessi-

tate an initial phase of intensive training and infrastructure

support followed by a period of concurrent monitoring and

analysis via both culture and qPCR, i.e., to test equiva-

lence, which would involve significant resource obligations

at a time when finances available for environmental pro-

tection are limited (Griffith and Weisberg 2011).

Automation and economies of scale could possibly reduce

Table 1 Priority research questions

Direct cost

implications

Types of information How to measure &

communicate risk

How to measure

success of rapid

methods

How to value a day at

the beach & the cost of

illness

Visitor behavior

What infrastructure &

costs are needed to

maximize the

benefits of rapid

methods?

What quantity & type

of information would

beach users prefer to

receive? How quickly

would they like to

receive this

information & how

would they like to

access it?

What information

should be given to

the public to

allow more

informed & better

decisions about

bathing water

risk?

How would changes to

the beach take shape

(frequency/activities/

indirect & direct

economic impacts)

should water-quality

information be

improved?

We need system-wide

methods of

assessment in order to

understand the totality

of benefits/trade-offs

for valuations

What drives demand

for beach use, how

heterogeneous is it,

& what role does

water quality play

in it?

Uncertainties in the

scientific evidence-

base hindering

economic valuations

need to be addressed

Does the preference for

certain type of

information or the

way in which it is

accessed vary

between different user

groups & if so how?

How can

uncertainty

regarding health

risk be better

incorporated into

valuation

scenarios of

bathing water

quality?

What are the additional

(£/$) benefits in terms

of enhanced

ecosystem services

from actions to

reduce health risks in

bathing waters?

Do we know enough

about the

vulnerability/WTP of

different user groups

with regard to health

risks?

How do we

distinguish the

effects of changes

in water quality

compared to the

effects of signs on

beach-going

habits?

How should

investment be

distributed between

microbial risk

management (beach

monitoring) &

prevention

(catchment

management)?

Would recreational

water users react to

information on water

quality? What

information would

people respond to?

What is the best way

to present risk

information, i.e., risk

of GI infection

Is there a common

set of

demographic

factors that

explain variation

in responses to

risk information?

What are the measures

by which we can (&

want to) evaluate

beach management

success?

What are the economic

impacts of illness as a

result of exposure to

polluted waters and

how might rapid

methods alter the cost

of health-care?

Which groups of

recreationists

would be most

affected by 1)

advisory signs, 2)

water-quality

changes?

Would predictive

modeling have more

merit than using

other methods

requiring

infrastructural

reorganization?

Can we determine

impacts on behavioral

response of the same

information being

presented to

recreational water

users in different

ways?

Does prediction of
water quality

have more value

to beach users

than ‘‘real’’

water-quality

data?

How do we capture the

benefits to new

recreational water

users who do not

currently use a beach

due to poor water

quality?

Would the use of new

methods lead to more

beach failures? If so

how would this

change the value of a

day at the beach?

What would be the

economic costs?

What is the impact of

posting warning signs

at beaches to 1) users

& 2) local

economies?

What are the regional

differences in

attitudes &

preferences

regarding the

impact of near-

real-time water-

quality

information?
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costs in the future. Additionally in the EU, modifying

regional laboratory infrastructure would be a prerequisite

for the deployment of qPCR as a method to quantify

microbial compliance parameters in bathing waters. This is

because the use of a national, centralized laboratory would

only serve to undermine the benefits of rapid sample pro-

cessing offered by qPCR, due to transport time.

The integration of geospatial and socioeconomic data

via geographic information systems (GIS) could be utilized

to determine the optimal spatial organization of regional

laboratory infrastructure to enable a cost-effective and

timely qPCR operation across the EU. However, the sub-

sequent evaluation of potential infrastructure investments

across EU member states would challenge individual

governments. Infrastructure costs associated with the

development of regional laboratories could certainly be

estimated through tendering processes or market transac-

tions, but the wider social and cultural benefits of such an

investment are not normally directly valued in markets,

thus creating a challenging (non-market monetary valua-

tion) research opportunity for the determination of robust

cost–benefit assessments (Hatton MacDonald et al. 2015).

In addition, benefits arising from a shift to rapid assessment

methods for bathing water regulation are likely to be long

term and difficult to estimate, whereas the costs of bringing

about this change of method deployment and any associ-

ated infrastructural reorganization would be much more

immediate (Ostberg et al. 2012). Economic scenario

modeling could provide a useful tool for exploring the

potential value of benefits arising for future investment (see

Table 1). For example, this might consider whether funds

could be better spent on risk prevention (source water

protection, i.e., catchment management) as opposed to risk

management (i.e., beach monitoring and/or predictive

modeling as recommended by WHO (2003)).

Types of information: The what, when, and how

The use of scientific data to inform issues of water-quality

and risk management varies considerably depending on the

spatial and temporal scales at which problems and

responses are being defined. Water assessment tools as

instruments of policy delivery over the long term and at the

macro-scale are defined by needs quite different to that of

the micro-decisions of individual water user, situated and

acting in a profoundly localized time and space. This cre-

ates a clear conflict in stakeholder preference for bathing

water assessment tools. Regulatory compliance with the

EU Bathing Water Directive (BWD) does not necessitate

the use of rapid methods, and thus the speed of response is

not a regulatory priority. In contrast, beach users are likely

to welcome a more immediate ‘‘real-time’’ statement of the

risk posed by bathing water quality in order to make better

and more informed decisions concerning which beach to

visit and what activities to undertake. The general question

is whether our investments in science reflect these different

purposes, and whether is it sufficient to align our prefer-

ences to one particular scale alone.

However, the underpinning debate is more complex for

the alignment of science to micro-architectures of decision-

making requires in and of itself a more challenging regime

of scientific research. In the UK, for example, current

monitoring regimes involve the collection of *20 samples

at each designated bathing water site during the bathing

season. The adoption of a rapid method to inform on water

quality would require an increased sampling frequency

given that knowing quickly about microbial water quality

is of limited value if sampling is only undertaken once a

week. Indeed, evidence of significant within-day variability

in bacterial compliance parameters at bathing beaches is

growing suggesting that even daily sampling may not

adequately characterize risk to bathers where the samples

do not characterize the times of peak bather pressure

(Mudd et al. 2012; Wyer et al. 2013). Before considering

methodological transitions and the infrastructural reorga-

nization necessary for regional laboratory analysis, and

keeping in mind that regulatory compliance does not

necessitate rapid sample processing, it is useful to situate

innovation within a wider critical discussion of where

priorities for knowledge generation and exchange reside.

We might remark that the production of more information

is not equivalent to the production of meaning from the

perspective of beneficiaries and still less a guarantor of on-

site behavioral changes and choices consistent with the

minimization of risk. In the simplest terms, it is necessary

to understand better what forms and types of information

publics may need in order to act.

As highlighted in Table 1, little is known about how the

public perceives the risk of illness associated with different

microbial water-quality standards (e.g., risk of illness

associated with ‘excellent’ versus ‘good’ versus ‘sufficient’

regulatory classifications of the BWD) or how this relates

to a beach user’s acceptability threshold for FIO exposure

during sea bathing (Pratap et al. 2013). Furthermore, this is

likely to vary based on how the actual risk of sea-bathing is

communicated to the public and whether bathers are vis-

iting a beach environment singly or as part of a family

group e.g., with children or immunosuppressed persons

who may be more vulnerable to infection (Dufour et al.

2006; Wade et al. 2008; Pratap et al. 2013). And yet, in

addressing these concerns, the issue is only partially a

question of asking people what they want, which is gen-

erally an uncertain basis for understanding behavior, since

the supposition is normative, and presumes, in any case, a

priori requirements among ‘‘customers of information.’’

The issue is more about how the presentation and flow of
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information relates to conscious and unconscious patterns

of in situ behavior; about understanding the ‘cues’ that

automate, frame, and guide behaviors of different types of

user. The normative basis of more rapid assessments

directs science to questions of practical use and engage-

ment with water bodies, rather than general progress

against policy mandates operating over longer timescales,

but we cannot presume that the provision of more rapid

information would, in and of itself, be influential. This

remains an open question (Hynes et al. 2009).

Questions over the form, timing, and method of pro-

viding rapid bathing water results would, therefore, repre-

sent clear priorities for future research. To avoid conflicting

messages, on-beach presence would need consideration

with respect to the EU wide bathing water classification

symbols to be implemented at designated bathing waters at

the end of the 2015 bathing season. The effectiveness of

methods used to disseminate bathing water results are

likely to vary across different bather communities rein-

forcing the need for near-real-time messages to be com-

municated in multiple formats rather than assume a ‘‘one-

size fits all’’ approach to risk communication (Dearfield

et al. 2014). In short, there is a need to instigate studies that

understand better the way people act on relation to infor-

mation, by testing alternatives in the context of a larger,

and inevitably varied, user-behavioral narrative.

How to measure and communicate risk

Public awareness of the potential environmental pollution

and health impacts at beach environments is argued to be

improving (Given et al. 2006). However, methodological

transitions will bring a new set of public communication

challenges requiring social science research that includes,

but also is extended beyond, the matter of awareness

raising, with its implicit assumption that influencing

behavior rests largely, if not exclusively, on informing and

changing people’s minds. The idea of awareness raising

was certainly a common thread of debate among a group of

international experts convened to debate the transitioning

of new methods from R&D to an operational phase as part

of the USA’s 2012 RWQC (Boehm et al. 2009). Carefully

managed dissemination campaigns to inform beach users

of how and why methods to evaluate microbial water

quality have changed, and to highlight the strengths and

limitations of such a shift in approach, would be necessary.

New methods would also require the publication of health-

based standards built on new epidemiological evidence and

illness–response relationships, or as a minimum, proven

equivalence at a range of sites between culture-based col-

ony counts and qPCR gene copy numbers. The latter does

not prove ‘viability’ of the indicator or related pathogens

and this would need detailed attention particularly where

effluents are disinfected with UV irradiance which can

differentially attenuate culture-based and qPCR-based

fecal indicators (Stapleton et al. 2009). Clarity and con-

sistency in awareness-raising to inform people of the

rationale behind such a methodological change to groups

unfamiliar with the ‘‘culture versus qPCR’’ debate would

be paramount.

In 2015, the EU BWD (2006) will have fully imple-

mented a standardized classification system with associ-

ated pictorial symbols to reflect ‘‘excellent,’’ ‘‘good,’’

‘‘sufficient,’’ and ‘‘poor’’ bathing water quality, as deter-

mined by culture-based methods. However, few beach

users will be able to convert those classifications into a

meaningful statement of risk with regards to the per-

centage chances of them becoming ill from exposure to

bathing water. This is because little information is actu-

ally communicated to the public in terms of what a

bathing water classification means with respect to health

risk, and the inherent uncertainties associated with like-

lihood of illness (Pratap et al. 2013). Instead, the infor-

mation tends to convey a ‘‘water quality communication’’

(Pratap et al. 2011). Furthermore, the demographic make-

up of beach users receives little attention in terms of how

information is communicated. For example, what is the

best method to inform teenagers who might visit a beach

environment unaccompanied by an adult and take little

notice of traditional information displays of risks of sea-

bathing or water-quality standards? Risk communication

can be more effectively planned for and carried out if

tailored to the particular audience and their current state

of knowledge, behavior patterns, and attitudes about the

risk issue (Weinstein et al. 1998). Translating such

insights for bathing water management is an essential

component of future research investment.

While the pursuit of speedier risk communication will

continue to gather pace and necessitate a new epidemio-

logical and social science evidence-base, it is time to pause

and reflect on the quality and form of information currently

provided to the public, and understand much more about

how scientific data attains the status of information

unlocking people’s capacities and inclination to act. Could

improvements in risk communication offer a more effec-

tive approach to the management of microbial-related risks

of sea-bathing relative to the deployment of qPCR? For

example, it could be argued that publics might benefit more

from being explicitly informed of the ‘‘percent chance’’ of

illness from bathing at a particular beach rather than being

told more quickly that bathing water quality is ‘‘sufficient’’

on any given day. However, there is ambiguity in how

information would be interpreted—does a 5 % chance

mean: (i) out of every 100 bathers 5 will become ill, or (ii)

every 20 times a person bathes in water of this quality they

are likely to be ill once?
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A lack of attention has been given to how well the

public recognizes the link between beach classification,

measures of microbial pollution and recreational choices at

bathing beaches. Little research has explored these ques-

tions, yet the answers would help underpin future efforts of

effective beach management. Some may argue that com-

municating the percent likelihood of becoming ill is simply

not necessary, shrouded in uncertainty given the differen-

tial susceptibility to illness across the population, and that

ultimately any communication of measured water-quality

data to the public will always be out of date to some extent

given the potential for spatial and temporal variabilities in

microbial compliance parameters (Mudd et al. 2012).

Socioeconomic evidence also indicates that simple advi-

sory messages about whether swimming is safe, or not, are

given higher value than information on health risks (Eftec

2002).

This raises an interesting debate as to whether predictive

modeling capability, as an alternative to laboratory-based

‘‘rapid methods’’ would offer the most ‘‘value’’ to beach

users, irrespective of the form of information provision,

because of its real-time nature. This is certainly an option

and one that is being explored by the research and regu-

latory communities (Wyer et al. 2013). However, this too

needs careful consideration of alternative communication

challenges. Environmental modeling comes packaged with

inherent uncertainties which may not necessarily be

appreciated by members of the public. It is important to

note, however, that bacterial enumeration by culture and

molecular approaches is also subject to considerable enu-

meration imprecision (Environment Agency 2000).

How to measure the success of rapid methods

Determining novel measures by which we can evaluate

beach management success resulting from the use of more

rapid methods offers prospects for exciting research. The

most obvious measure in Europe is through the analysis of

classification records under EU regulation; but how would

the transition from culture to molecular-based approaches

impact this measure of success? A sustained program of

crossvalidation would be essential to prove statistical and

public health equivalence with historical records (Oliver

et al. 2010). However, a suite of social science methods

could provide alternative interpretations and measures of

the success of beach management against a backdrop of

microbial water-quality results. For example, will there be

changes in the frequency of visits and activities by the

beach-user community if water-quality information is

improved in terms of speed of provision? What would be

the consequence of the use of rapid methods in one location

for perceptions and uses of others? Given the competition

for tourists across different coastal resorts, it is apparent

that a rapid reporting of water quality (good or bad) could

lead to a transfer of visitor spending into or out of local

economies heavily reliant on holiday-maker visitation

(Pendleton 2008) and in turn lead to water-quality mea-

sures becoming a ‘‘competitive weapon.’’ Tourism demand

may then be further impacted by persistency and reputation

effects of the positive or negative reporting of microbial

water quality by rapid methods (Capacci et al. 2015). Little

is known about the potential for additional economic

benefits and wider social and cultural consequences arising

from enhanced ecosystem services, ones that might be

provided in response to the introduction of rapid mea-

surement methods for more timely provision of bathing

water-quality results and risk reduction. This seems to

relate to a more general point about whether we are capable

of collecting and combining evidence addressing the

exceptionally wide variety of benefits and costs at stake for

this issue. Intangible, long-term, and heterogeneous

impacts are a particular challenge. Furthermore, success

does not necessarily need to be measured against

improvements in bathing water quality alone (Quilliam

et al. 2015). Designated bathing waters and the surrounding

beach environment provide cultural and ecosystem services

linked to tourism and recreation that do not necessarily

involve direct contact with the water environment, e.g.,

bird-watching and wildlife observation. Subsequently,

numbers of beach users may locally increase in one loca-

tion over another due to a perceived ‘‘better’’ environ-

mental quality, irrespective of whether or not they are

recreational water-users.

How to value a day at the beach and the cost of

illness

Many market and non-market monetary valuations of

improvements in bathing water quality have been under-

taken (e.g., Georgiou and Bateman 2005; Hynes et al.

2013). Also, being able to quantify costs and benefits of

new sources of information allows decisions to be taken

over how quickly and how widely to adapt this new tech-

nology, using cost–benefit criteria (Hanley and Barbier

2009). Such approaches provide a useful template for the

exploration of the wider economic implications of a more

rapid reporting of bathing water quality arising from

methodological transitions. Other key questions relate to

how qPCR-related classifications might affect tourism at

coastal resorts, and the associated willingness of the public

to pay for receiving rapid water-quality information. If

rapid methods do inform the public better of an increased

risk of illness on a given bathing day, beach users may not

only be discouraged from going into the water, but also

from visiting that particular beach altogether thereby

reducing expenditure across that community. A relevant
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question is how this compares with the potential for

healthcare savings and a reduction in the number of lost

working days arising from more rapid water-quality

reporting.

At the same time, and in pursuing these social and

economic questions, we should not lose sight of gauging

the significance and vagaries of these developments

through qualitative study, rooted in the thoughts, and

interpretations of those who ultimately bear these costs and

benefits. There is a need to fully embed our science, and

these questions of innovation, in their social and cultural

worlds. Valuation analyses are just one part of the mix.

Multiple studies exist on the wider use and non-use values

from improved coastal water quality (e.g., Eggert and

Olsson 2009; Ahtiainen et al. 2014). Similar studies

designed to investigate the impact of ‘‘the need for speed’’

in bathing water-quality reporting are now warranted.

Perhaps one of the most important social science research

questions we need to ask is whether or not a more rapid

reporting of bathing water quality, and the level of

investment needed to deliver this effectively would actu-

ally deliver benefits over time that are large enough relative

to the costs of changing to such a monitoring system?

Visitor behavior

Understanding the spatial and temporal variabilities of

beach-user habits across the UK (and indeed Europe and the

rest of the world) will add additional layers of complexity for

the academic community to consider in taking forward

emerging research priorities in this field. Regional variations

in local economic structures and beach-user attitudes and

preferences are likely to impact on the perceived usefulness

of rapid methods and the reporting of microbial water

quality. Philosophically, it needs to be considered whether

(and by how much) local preferences for different acceptable

risk thresholds and cost–benefit trade-offs should play a role.

Developing an understanding of how beach users perceive

the provision of near-real-time water-quality information,

and its implications for them personally and their overall

community, is an important and novel area of research.

However, changes to beach-going habits will be dependent

on cognitive–affective processes (e.g., attitudes and moti-

vation) inherently linked to past experiences (Brannstrom

et al. 2015) as well as public perception of improved health

outcomes associated with rapidly communicated bathing

water classifications. Receptiveness of information will

undoubtedly vary with audience (Pratap et al. 2013).

Some work has explored beachgoer’s views of other

dimensions of beach management. For example, research

exploring perceptions of the Blue Flag award scheme

identified beach visitor age and type of stay as being

influential in shaping public perception of this scheme,

regardless of location (Lucrezi et al. 2015). This study also

identified local residents as having greater awareness and

knowledge of the Blue Flag scheme relative to visiting

tourists; it would be interesting to investigate the parallels

and contrasts in perceptions and understanding across dif-

ferent demographic groups with respect to any potential

shift in water-quality assessment tools and reporting

methods. Approaches to public participation, notably in the

form of citizens’ juries, may offer opportunities for

informing future decision-making in this area as well as the

level of public understanding of the risks and uncertainties

associated with the dissemination of water-quality infor-

mation to beach users through the use of deliberative forms

of environmental risk assessment (Fish et al. 2014).

A ‘CULTURE’ CHANGE IN BEACH

MANAGEMENT?

Despite the scientific evidence-base, which is rapidly

evolving in an effort to underpin the utility of qPCR for

bathing water-quality assessment, there remain uncertainties

over the desirability of wider deployment of this method for

regulatory monitoring (Oliver et al. 2014). Efforts focus on

the science and technology development with relatively little

resources going into wider societal and cultural contexts and

impacts (both positive and negative) concerning the use of

‘‘rapid methods’’ for informing the public about bathing and

recreational water quality. It is understandable that signifi-

cant effort has been invested in qPCR development with

respect to bathing water science given the increased attention

of method suitability in the US and a general interest in the

value of rapid methods from the rest of the world. However,

beach environments are also social environments, a source of

well-being for beach users and others, and a key source of

income revenue for some local economies (Quilliam et al.

2015). With that in mind, it is essential that the wider social

ramifications of method transition are suitably explored to

enable a coupling of science and technology developments

with end-user needs and their assumptions and perceptions

about risk and the cognitive and noncognitive behavioral

contexts in which they are willing, able, or inclined to act.

Currently, this coupling is weak because of a lack of

socioeconomic and cultural investigation surrounding the

potential impacts of qPCR deployment for quantifying

microbial compliance parameters. Little appreciation of the

breadth and extent to which methodological transitions

might impact on wider society exists. Redressing this

imbalance is now a priority, and one that offers considerable

opportunity for interdisciplinary research.
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