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parameter fact sheets 

The European Commission (EC) is required to review the current Bathing Water Directive (BWD) – 

Directive 2006/7/EC, no later than 2020, “with particular regard to the parameters for bathing water 

quality, including whether it would be appropriate to phase out the ‘sufficient’ classification or 

modify the applicable standards”. The EC is also required to “have particular regard to World Health 

Organisation recommendations” (Article 14). 

In addition to the parameters currently included in the BWD (intestinal enterococci – ENT and 

Escherichia coli – E. coli) an initial screening process and expert consultation suggested that viral and 

harmful algal bloom (HAB) parameters should also be investigated for possible inclusion in a revised 

Directive. The first three parameters aim to provide an indication of faecal contamination, while the 

organisms that cause HABs are indigenous to the water and present a more natural hazard.  

As noted by the World Health Organization1 (WHO), there are a number of ideal characteristics for a 

microorganism to be considered as a regulatory parameter of public health significance for 

recreational waters. Thus, ideally, it should: 

 “have a health basis; 

 have adequate information available to allow the derivation of guideline values (e.g. from 
epidemiological investigations); 

 be sufficiently stable in water samples to allow meaningful results to be obtained from water 
quality analyses; 

 have a standard method for analysis; 

 be low cost to test; 

 make low demands on staff training; and 

 require basic equipment that is readily available.” 

These factsheets are based on a rapid review of the scientific literature conducted during 2017 to 

update the relevant information in the WHO 2003 Guidelines for Safe Recreational Water 

Environments1 (chapters 7 and 8) and the 2009 Addendum to the Guidelines2 (chapter 4). The final 

version will represent the advice of the WHO and will incorporate aspects for consideration in an 

                                                           
1
 WHO (2003) Guidelines for safe recreational water environments. Volume 1: Coastal and fresh waters. World 

Health Organization, Geneva, Switzerland. 
2
 WHO (2009) Addendum to the WHO Guidelines for Safe Recreational Water Environments, Volume 1, Coastal 

and Fresh Waters. WHO/HSE/WSH/10.04. World Health Organization, Geneva, Switzerland. 



update to the BWD, based on the discussions of the WHO Water Quality and Health Technical 

Advisory Group (scheduled for January 2018).  
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A. Current parameter – intestinal enterococci 
Intestinal enterococci (ENT) are Gram-positive spherical or ovoid bacteria arranged in pairs or chains, 

and are members of the genus Enterococcus. They were previously classified in the genus 

Streptococcus and some of the earlier literature refers to them as faecal streptococci. For the 

purposes of environmental monitoring, faecal streptococci and ENT are considered to be largely 

synonymous (1). 

ENT are commensal bacteria and they are shed in high numbers in human and animal faeces (e.g. 

102 to 108 bacteria/ gram of dry faeces (2)). As a result, they are easily detected in contaminated 

water and their use as a faecal indicator organism (FIO), where their presence in water indicates 

possible faecal contamination, is long-standing. 

Their use, however, is not free from confounders and it is known that a number of environmental 

habitats can serve as both sources and sinks of ENT and studies have shown that populations of ENT 

may be endogenous in sediments and soils and not exclusively of faecal origin (1). 

A1. Current situation 
ENT is the only parameter suggested by the WHO guidelines (3) and is currently used as a regulatory 

parameter in both the European Union Bathing Water Directive (EU BWD) and a number of other 

recreational water regulations throughout the world (although many of these regulations are 

currently under review), outlined in Table A1. The EU BWD is the only set of major regulations that 

requires the measurement of both Escherichia coli (E. coli) and ENT at monitored sites. 

Table A1: WHO guidelines and selected regulatory levels for ENT in recreational water 

Water 
type 

Acceptable water quality/100ml 
(measure) 

Comments Status Organization 

Fresh and 
marine 

< 500 cfu with low to moderate 
susceptibility to faecal influence 
(95

th
 percentile) 

 

Based on the lower value for a 
rating of ‘fair’ (estimation of up 
to a 10% GI illness risk)  

G WHO 
(3)

 

Fresh and 
marine 

<35 cfu (GM) and <130 cfu (90
th

 
percentile) 
<70 cfu (75

th
 percentile) 

or using qPCR 
470 CCE (median) or 1280 CCE 
(single value) 
 

Based on a GI illness rate of 
36/1000 
Optional beach action value (BAV) 
Choice of ENT or E. coli for fresh 
water 

R USEPA 
(4)

 

Fresh <330 cfu (90-percentile) 
<400 cfu (95-percentile) 

Based on ‘sufficient’ classification 
Based on ‘good’ classification 
Measurements for E. coli also 
required 
 

R EU 
(5)

 

Marine <185 cfu (90-percentile) 
<200 cfu (95-percentile) 

Based on ‘sufficient’ classification 
Based on ‘good’ classification 
Measurements for E. coli also 
required 
 

R EU 
(5)

 

Marine <35 (GM) 
<70 (single sample max) 

Minimum of 5 samples R Health 
Canada 

(6)
 

G: guideline   R: regulation   GM: geometric mean   cfu: colony forming units   CCE: calibrator cell equivalents   GI: gastrointestinal 
USEPA: United States Environmental Protection Agency 
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A2. Epidemiological data 
Epidemiological studies are used to evaluate illness resulting from exposure to contaminants and/or 

activities and have been used to inform recreational water quality guidelines and regulations. The 

studies typically evaluate the levels of illness in swimmers (or other water recreators) and non-

swimmers and relate the illness rates to the exposure (usually characterised by levels of FIO). Results 

are typically expressed as odds ratios (OR) or other types of relative risks (RR) and there is a 

statistically significant increase in risk between the groups if the lower 95% confidence interval (95% 

CI) is greater than one (approximately corresponding to a p-value of <0.05). Studies usually examine 

a range of possible illnesses, such as gastrointestinal (GI) illness, respiratory problems, eye, ear and 

skin symptoms. The exact definitions of the illnesses and symptoms vary between studies. 

While epidemiology relating to swimming exposure dates back to the 1940s (USA) and 1950s 

(Europe), this review focuses on that which was used to inform the WHO Guidelines (3,7), large 

European studies and work published since 2009. 

The microbial water quality figures for the WHO Guidelines (3) were derived from a series of 

epidemiological studies conducted with adults in UK sewage-contaminated coastal waters (8-9). These 

studies were designed to avoid potential biases resulting from the design of earlier studies by using a 

randomized-trial design. Participants were recruited in advance of the trial and then randomly 

allocated, on the study day, to either a bathing or non-bathing group (to avoid self-selection bias), 

each bather was asked to spend at least ten minutes in the water and immerse their heads three 

times. Extensive water quality monitoring was conducted during the trial and water quality ascribed 

to individual bathers, thus giving an accurate assessment of exposure. Only ENT (measured as faecal 

streptococci) measured at chest depth showed a dose-response relationship for any illness. Dose-

response relationships were seen for GI illness (faecal streptococci levels above 32/100ml) and acute 

febrile respiratory illness (AFRI – faecal streptococci levels at 60/100ml or above). The variability in 

FIO was taken into account when calculating the burden of disease attributable to recreational 

water exposure by combining the dose-response relationship with a probability density function 

describing the distribution of FIO. This allowed for both the mean and variance of the bacterial 

distribution to be taken into account. 

In Europe, a randomised control trial was conducted at five freshwater sites in Germany (four lakes 

and one riverine site); sources of faecal contamination included treated and untreated municipal 

sewage, agricultural runoff and water fowl (10). Relationships were demonstrated for three different 

definitions of GI illness and ENT and E. coli. Relative risk values depended on the definition of GI and 

ranged from 1.8 (95% CI 1.2-2.6) to 4.6 (95% CI 2.1-10.1). 

Epibathe was a European-based study which was specifically designed to address the “relative 

paucity of EU data describing the health effects of bathing in EU freshwaters and Mediterranean 

marine waters” (11). Eight separate randomised control trials were completed, four at different 

freshwater sites in Hungary and four at two different marine beaches in Spain. The results from 

these trials were analysed both separately and in combination with the existing data acquired using 

the same methodology (8, 10). The risk of GI illness was higher in bathers (compared to non-bathers) in 

both the Spanish and Hungarian studies, although not significantly so. Analysis of the combined data 

set (using meta-analysis), specifically the GI symptoms, suggested that ENT was the best predictor of 

illness in bathers using marine waters (combined data OR 1.38; 1.03-1.87) and that E. coli may be a 
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better index of GI symptoms in bathers using freshwater (combined data OR 1.19; 0.88-1.62). 

Results from the freshwater studies, however, were not statistically significant and did not show a 

consistent incremental elevation in illness as the exposure increased. 

The evidence from the European studies and other international research outputs (both published 

and in progress) was considered at an international expert meeting in 2009. The resulting output 

was an addendum to the 2003 Guidelines for safe recreational water environments (7), which 

concluded that no change was required to the current water quality Guidelines (3). 

The studies published from temperate locations since the update to the WHO Guidelines (7) are 

summarised for GI illness (the most commonly reported outcome) in Table A2 (12-23). It can be seen 

from this Table that much of the recent epidemiological research has focussed on beaches affected 

by non-point source pollution and that, typically, the studies have only shown a dose-response 

relationship between health outcome and ENT levels when there was significant human input (14, 16).  

In addition to the studies outlined in the Table, a number of combined analyses have also been 

performed. Skin symptoms in swimmers versus non-swimmers at FIO level above and below the 

USEPA (4) recommended threshold levels were compared (24). Twenty studies were analysed (nine 

freshwater, eleven marine) and statistically significant results were reported for ENT and E. coli for 

marine sites.  

An analysis of 13 prospective cohort studies (conducted at both fresh and marine sites in the USA), 

with a combined number of participants of over 84,000, has recently been published (25). The 

incidence of diarrhoea was found to be higher in individuals with body or head immersion compared 

to non-swimmers. The incidence increased further in those people who reported swallowing water. 

Swimming exposure above the USEPA regulatory guideline (ENT >35 cfu/100ml) increased diarrhoea 

incidence only at beaches with a known point source of human faecal contamination.  

A pooled analysis of six prospective cohort studies (including four of the studies (12, 14-16) outlined in 

Table A2) set at marine beaches in the USA, examining the relationships between GI illness, ENT and 

coliphages was recently reported (26). The exposure days were classified according to whether human 

faecal contamination was likely to be present. Under all conditions (i.e. not accounting for presence 

of contamination) there was no association between GI illness and swimming in water containing 

detectable coliphages and ENT. When human faecal pollution was present, however, coliphage and 

ENT were associated with increased GI illness and there was some evidence that F-specific phage 

had a stronger association with illness than ENT under those circumstances. 

 



 

 

Table A2: Summary of epidemiological studies (2009-2017) conducted in temperate locations and relationships with ENT 

  Beaches (n)     

Country 
(Reference) 

Study 
type 

Pt 
source 

Non-pt 
source  

Summary water quality (ENT) Overall GI 
effect* 

Relationship between GI & ENT Comments 

Marine water 

USA 
(12)

 PC 3 - GM (max) cfu/100ml 
Edgewater 7 (920)  Fairhope 21 (3,000) 
Goddard 4 (960) 

√ √ 
Daily ave ENT ( by PCR) & GI: 
AOR: 2.6 (1.3-5.1) 

 

USA 
(13)

  
 

Ran - 1 Mean (max) cfu/100ml 
71 (3,320) 

x x  

USA 
(14)

 PC 1 (Int.)  Median cfu/100ml (close to creek input): 
Berm open 316 
Berm closed 10 

√/x √/x 
Daily ave ENT (culture & PCR) & GI: 
AOR 2.5 (1.5-4.1) cultured ENT 
(berm open) 

Effects seen when the berm was 
open (point source discharge) 

USA 
(15)

 PC - 1 GM (max) cfu/100ml: 3 (1,740) √ x  

USA 
(16)

 PC 1 (Int.)  GM (max) cfu/100ml: 30 (>10,000) √/x √/x 
ENT (culture) & GI: AOR 1.85 (1.1-
3.2) swallowed water, SGD 
operating  

Relationship seen when the SGD 
operating 

USA 
(17)

 LC  2 No summary measures given, ENT was 
significantly higher at 5 of the 6 sample 
points post rainfall 

x x Beaches affected by urban runoff, 
winter study in surfers 

Greece 
(18-19)

 PC  3 GM (max) cfu/100ml 
Beach A: 6 (1,380)  Beach B: 3 (74) 
Beach C: 3 (15) 

√ 
 

x Symptoms thought to be related to 
bather density 

Denmark 
(20)

 RC   FIO peak cfu/100ml based on modelled 
data 
2010: ENT 6,000 
2011: ENT <200 

√ 
 

x GI effect seen in 2010 vs 2011 
participants and in 2010 water 
swallowers vs non-swallowers 

Fresh water 

USA 
(21, 22)

 PC CAWS GUW Mean cfu/100ml 
CAWS: 200      GUW: 71 

√ x Limited-contact water recreation 

Netherlands 
(23)

 
PC 2  Utrecht (U) – no data 

Amsterdam (Am) max cfu/100ml 
ENT: 100 

U x 
Am √ 

Not determined 
GI & self-reported water swallowed 

Amsterdam site subject to sewer 
flooding 2 days before the event 

* Overall GI effect seen between bathers versus non-bathers   PC: prospective cohort   Ran: randomised control trial   LC: longitudinal cohort   RC: retrospective cohort   GM: geometric mean   Int.   intermittent   SGD: 
submarine groundwater discharge   Predom: predominantly   CAWS: Chicago area waterways system   GUW: general use waters 
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A3. Water quality analysis  
Methods for the analysis of bathing water quality have, traditionally, been based on culture 

techniques, where the target bacteria in the water sample are grown using selective media and 

suitable incubation temperatures. Distinctive features, such as growth at 44 °C and expression of 

specific enzymes, are used for positive identification and results are presented as the number of 

target bacteria per volume of water (usually 100ml). As bacterial growth is required, culture 

techniques typically require at least 18 hours before the results are available and so there has been a 

move to develop alternative methods which can provide more rapid results. 

The most commonly used molecular method is quantitative polymerase chain reaction (qPCR), which 

works through the in vitro amplification of specific segments of the genome (DNA or RNA) from the 

microorganism in question. To date, there is a single recreational water regulatory approved qPCR 

method (ENT: Method 1611 (27)) and the use of this method was supported by the results of 

epidemiological studies conducted in the USA (at sewage-impacted beaches) which showed a 

relationship between bather health and ENT measured using qPCR (12, 28).  

Key requirements for analytical methods are sensitivity (the ability to detect small numbers of the 

target organism) and specificity (the ability to detect only the target organism) and, in addition, 

methods need to be repeatable (within a laboratory) and reproducible (between laboratories). It is 

also useful to consider the complexity of the test (which will have implications for staff training), the 

need for specialised equipment, the cost-benefit analysis and the time required to get accurate 

results (29). 

The EU BWD stipulated a choice of two International Organization for Standardization (ISO) 

methods, based on culture techniques, for ENT (ISO 7899-1 (30) and 7899-2 (31)). Member States can, 

however, use alternative methods providing that the alternative method’s equivalence to the 

reference method is demonstrated.  

The methods (30, 31) aim to isolate and enumerate the major intestinal ENT; other ENT species may 

also occasionally be detected, although their presence is expected to be low. The Part 1 method (30) 

is considered to be applicable to all types of surface and waste waters, particularly those containing 

significant particulate material. It is not suitable for use where the expected ENT concentration is 

less than 15 per 100ml. The Part 2 method (31) is best suited to drinking-water, water from swimming 

pools or other disinfected/clean water sources, although it can be applied to all types of water 

(except where they contain high levels of suspended solid or high levels of interfering bacteria). 

The USEPA have developed two methods (27, 32) for the enumeration of ENT in recreational waters 

using qPCR (Method 1611 and Method 1609). In Method 1611 (the method stipulated in the 2012 

USEPA regulations (4)), ENT target-DNA sequences present in the sample (based on a specific region 

of the large subunit ribosomal RNA) are detected by qPCR using TaqMan® ‘universal master mix’ PCR 

reagent and probe system. This system signals the formation of PCR products by a process involving 

enzymatic hydrolysis of a fluorogenically-labelled oligonucleotide probe when it hybridizes to the 

target sequence (27). Results are expressed as calibrator cell equivalents (CCE) per 100ml. The 

method notes that during validation studies, highly variable recoveries were seen, which should be 

taken into account when considering the results. It is suggested that site-specific analysis of the 

method’s performance should be conducted before it is used for beach notification programmes (4). 
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Method 1609 uses an ‘environmental master mix’ and also includes an internal amplification control 

but is, otherwise, similar to Method 1611. In a comparison of methods (33) using river water samples, 

Method 1609 was found to be more resistant to inhibition than Method 1611, although the authors 

concluded that both methods should be suitable for comparison with the USEPA (4) values for qPCR 

measured ENT. 

A4. Bathing water profile 
Bathing waters designated under the EU BWD require a bathing water profile (Annex III). This 

includes identification and assessment of pollution (and its causes) that could impact on the water 

quality and bather health. The profile is, principally, intended to lead to an understanding of the 

faecal sources and pollution routes impacting a site. This can be used to plan appropriate 

management measures and can also be used as a source of information to communicate bathing 

water quality information. There are a number of tools which may assist in aspects of conducting a 

bathing water profile, including detailed water quality studies, faecal source attribution (including 

microbial source tracking - MST) and quantitative microbial risk assessment (QMRA). 

A4.1 MST 

The idea behind MST is that certain faecal microbes are strongly associated with specific hosts (e.g. 

humans) and that certain identified attributes of those microbes can be used as markers for faecal 

contamination from that host (34). Table A3 shows some of the MST targets and associated hosts that 

have been used for investigation of recreational water. 

Table A3: MST targets and associated hosts 

Human Cow/ruminant/pig Gull Dog 

Human viruses: CowM2 Gull2 DogBac 
Enterovirus - EV CowM3 LeeSeaGull BacCan 

Adenovirus - AdV BacCow Gull4  
Norovirus (GI) - NovGI BacR   

Norovirus (GII) - NoVGII Rum2Bac   
Human polyomavirus - HPyV Bovine AdV - BAdV   

HF183 Bovine PyV - BPyV   
BacHum Pig2Bac   
HumM2 Porcine AdV - PAdV   
Lachno2    
HB    

 

MST has been applied to a number of bathing waters and the techniques have been successfully 

used to guide beach management / remediation decisions, where targeted interventions have led to 

a reduction in beach FIO concentration (35-37). 

While the concept behind source tracking is conceptually clear, the application of techniques and 

interpretation of results is work in progress (38). Ideally, source apportionment would allow just that, 

the knowledge that (say) 75% of FIO are derived from human sources, 15% from gulls and up to 10% 

from dogs and other unspecified sources. Unfortunately, such quantification currently relies on a 

number of assumptions (38-40), which are either untrue and/or untested, including: 

 host-specific markers are host-specific and do not cross react with other species; 

 host-specific markers have similar environmental survival rates, fate and transport; 

 the species of interest shed a similar amount of its host-specific markers; 
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 the FIO:marker proportion is similar between species and markers; 

 each host-specific marker has a similar prevalence and proportional distribution among 
individuals within the species; 

 the host-specific markers are correlated with conventional FIO. 

A4.2 QMRA 

QMRA consists of four steps (hazard identification, exposure assessment, dose-response assessment 

and risk characterization), with data for each of the steps drawn from an appropriate mix of the 

published literature, site-specific measurements and clearly documented assumptions. The 

application of QMRA to recreational water can be used to investigate a range of different scenarios 

and management questions (in a hypothetical manner), and can be used to augment and 

complement epidemiological studies (41) and to improve routine bathing water monitoring and 

management (42). Some of the questions posed by recent recreational water QMRAs include (41, 43-51): 

 What sources of faecal contamination are likely to represent the greatest risk of infection? 

 What is the impact of mixed faecal contamination on illness risk and allowable levels of ENT? 

 What pathogens are likely to cause the illness rates seen an epidemiological study? 

 What is the health impact of incidental contact recreation from freshwater receiving 
secondary treated (but non-disinfected) effluent? 

 What is the risk of illness from specific pathogens (e.g. Cryptosporidium, Giardia and 
adenovirus)? 

 What is the impact of storm water/wet weather on the risk of recreational water related GI 
illness? 

 What concentrations of MST markers suggest a bather GI illness rate of 30/1000? 

The results of these studies highlight the importance of viruses as a key cause of recreational illness, 

provide support for the greater risk posed by human (and also bovine) faecal contamination, 

indicate the importance of rainfall in increasing incidence of illness and suggest possible reasons why 

epidemiological studies may not always find a relationship between FIO and swimmer health. 

The use of QMRA within a regulatory framework is currently being trailed in Canada where, in the 

absence of human or bovine MST markers, QMRA may be used to develop site-specific faecal 

indicator levels. 

A5. Prediction and discounting 
Where recreational water is subject to occasional and predictable deterioration (such as after 

rainfall) and where users can effectively be discouraged from entering the water during such periods 

(e.g. through signage/beach advisory notices), the WHO Guidelines (3) suggest that the classification 

may be upgraded to reflect the water quality that users are exposed to during periods not covered 

by ‘advisory’ signage, providing that there is accompanying explanatory material. Thus, results from 

water quality samples taken during this period can be discounted from the overall classification.  

Modelling has been put forward as a means of facilitating the prediction of periods of poor water 

quality, enabling timely (near-real-time) and appropriate information to protect public health (7). A 

number of model types have been investigated for use in recreational water quality prediction (e.g. 52-

59) including Multiple Linear Regression (MLR), Artificial Neural Networks (ANN), decision tree and 

hydrodynamic modelling, with MLR being the most commonly applied. To be useful management 

tools predictive models should achieve an explained variance (R2 value) of >60% with well 
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documented control of multicollinearity (60). Where this could not be achieved through simple black 

box modelling then further investigation of the contributing catchments and their human and animal 

microbial flux through budget studies, often termed quantitative microbial source apportionment - 

QMSA (61), was recommended (60); possibly with the parallel application of more complex and 

process-based hydrodynamic modelling better to determine the linkage from the multitude of input 

fluxes to the impacted bathing water sites (62, 63). 

Statistical models use observed 'associations' between impaired water quality and measurable 

environmental parameters in the antecedent period leading up to the prediction. Observed 

associations do not prove 'causation' between the environmental variable and the change in water 

quality. Causation and the implied physical connectivity can be investigated further through tracer 

studies using microbial (e.g. phages) and/or dye (e.g. Rhodamine WT) tracers. These are generally 

used in conjunction with QMSA investigations to define flux from a multitude of FIO sources 

potentially impacting upon a bathing water location (64, 65). Simple rainfall thresholds were 

investigated in the development of early UK prediction of bathing water quality (66). However, it is 

generally true that the drivers of FIO concentration in recreational waters are more complex than 

can be characterised by a single driver. It is for this reason that the most common statistical model 

applied to bathing water prediction is an MLR model. These are commonly available in commercial 

software systems which allow for parametricity testing of the raw data to ensure the data are 

appropriate for the statistical approach employed. 

Most of the black box statistical modelling systems in use today (e.g. the US Virtual Beach and 

Nowcast software, England, Wales and Portugal (66, 67)) predict the water quality on the bathing day 

through one, early morning, model run, on which any public advisories (warnings) are based.  

The principal strength of the MLR approach is that it can be built using regulatory (FIO) data and 

archive data describing candidate predictor variables. Thus, it can be applied without the 

requirement for new data acquisition in most cases. Its main weakness is the implicit assumption 

that water quality on the bathing day is characterised by a single sample and is constant. This 

assumption has been questioned (68, 69). Indeed, recent investigation at two UK sites subject to 

intensive sampling (half hourly samples throughout the bathing day for 60 days during the bathing 

season) observed ten to 1000 fold variations in FIO, with significant diurnality.  

Although modelling costs (especially where data acquisition is required) are perceived to be high, 

model implementation has the potential to enhance the chance of a beach complying with water 

quality standards (through discounting), reduce the impacts on availability/use of the beach (with 

the associated impacts on tourism and local beach-side economies) and potentially provide 

significant cost savings as managers are not forced to seek to reduce FIO loading during peak events. 

A6. Classification 
The current bathing water classification requires an assessment of both ENT and E. coli, as shown in 

Table A4, and is based on results from a four-year period (or three-year if agreed) and should consist 

of at least 16 samples. Samples are taken, immediately before and then, at least monthly, 

throughout the bathing season. 

 



A: Enterococci 

A:9 
 

Table A4: Bathing Water Directive standards for recreational water and classification results for 

2015 & 2016 (5, 70, 71) 

Parameter Excellent 
quality 

Good quality Sufficient 

Inland waters 
ENT (cfu/100ml) 200 (*) 400 (*) 330 (**) 
E. coli (cfu/100ml) 500 (*) 1000 (*) 900 (**) 
Coastal and transitional waters 
ENT (cfu/100ml) 100 (*) 200 (*) 185 (**) 
E. coli (cfu/100ml) 250 (*) 500 (*) 500 (**) 
Bathing water classification  
2016 classification (%) 85.5 8.4 2.4 
2015 classification (%) 84.4 9.1 2.6 
(*) based upon a 95-percentile evaluation (**) based upon a 90-percentile evaluation 

Samples taken during short-term microbiological pollution (affecting the bathing water for normally 

no more than 72 hours) can be discounted as long as a number of requirements are met, these 

include ensuring that bathers are deterred from entering the water during that period, taking a 

closure sample (not to be used for classification), the resampling (if required) of the affected bathing 

water and a stipulation that no more than one sample per year or no more than 15% of samples 

from the four-year water quality classification record (whichever is greater) fall into this category. 

It can be seen from Table A4 that the majority of bathing waters are classed as having excellent or 

good water quality, with less than 3% being ‘sufficient’ and less than 2% ‘poor’. The percentage of 

both fresh and marine bathing waters achieving excellent quality (or complying with the guide 

values from the earlier Directive) has steadily been increasing although, overall, inland sites lag 

behind marine sites. 

Preliminary results from a questionnaire survey of Member States suggests that, overall, the 

classification of marine waters is more likely to be driven by concentrations of ENT. Countries 

reported an almost equal split between ENT and E. coli levels for fresh water classification. 

Results from the 2016 bathing season monitor show that 516 bathing waters (336 coastal and 180 

inland) are classed as sufficient. A questionnaire survey of Member States suggested that if the 

sufficient classification was removed it was likely that a number of these beaches would de-

designated. This is likely to have not only immediate negative effects on the affected local 

communities, but also longer term negative consequences such as a further reduction in water 

quality following the removal of active beach management (72). 

A7. Aspects for consideration for BWD revision 
The stated purpose of the BWD is “to preserve, protect and improve the quality of the environment 

and to protect human health” (Article 1). The focus in this factsheet, however, is solely on health 

protection. 

ENT meets many of the requirements for a regulatory parameter of public health significance (3) and 

it is felt that it should be retained within the BWD, within the current classification system (i.e. the 

'sufficient' category should be retained). It is suggested, however, that there are a number of aspects 

that require consideration: 

 Higher ENT concentration allowable at inland sites (i.e. is it appropriate?) 
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 Sample numbers (a minimum of only 16 collected over a 4 year period – is that acceptable?) 

 Guidance on unacceptably high concentrations (e.g. similar to USEPA beach action values) – 
maybe not to define a legal classification point of view but to inform management decisions. 

 What is the best way to protect public health – a long term classification or appropriate 
information upon which to base day to day decisions (or is a combination of both required)? 
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B. Current parameter - Escherichia coli 
Escherichia coli (E. coli) is a Gram-negative, oxidase-negative, rod-shaped bacterium of the family 

Enterobacteriaceae.  It is part of the group of bacteria known as thermotolerant coliforms. E. coli is 

abundant in human and animal faeces (comprising approximately 1% of the total bacterial 

biomass (1)) and is present in greater numbers than enterococci (ENT). 

E. coli has been described as an innocuous resident of the gastrointestinal tract although, while for 

the most part that is true, there are also some strains that are pathogenic and which can cause 

significant diarrhoeal and extra-intestinal illness (2). 

Despite a long history of use as a faecal indicator organism (FIO), E. coli was first introduced as an 

indicator of faecal contamination in 1893 (1), it has been isolated from tropical water systems and 

effluents from pulp and paper mills with no known sources of faecal contamination (1) and research 

has shown that naturalised E. coli populations do exist (3). As these naturalised E. coli can be present 

in soil, sand and sediment of coastal watershed they may confound the relative risk estimate of 

these FIO as currently used in beach monitoring programmes. 

B1. Current situation 
E. coli is currently used as a regulatory parameter in both the European Union Bathing Water 

Directive (EU BWD) and a number of other recreational water regulations throughout the world 

(although many of these regulations are currently under review), as summarised in Table B1. The EU 

BWD is the only set of major regulations that requires the measurement of both E. coli and ENT at all 

monitored sites. 

Table B1: Selected regulatory levels for E. coli in recreational water 

Water 
type 

Acceptable water quality/100ml 
(measure) 

Comments Status Organization 

Fresh  <126 cfu (GM) and <410 cfu (90
th

 
percentile) 
<235 cfu (75

th
 percentile) 

 

Based on an illness rate of 36/1000 
Optional beach action value (BAV) 
Choice of ENT or E. coli for fresh 
water 
 

R USEPA 
(4)

 

Fresh <200 cfu (GM) 
<400 cfu (single sample max) 

Minimum of 5 samples R Health 
Canada 

(5)
 

     

Fresh <900 cfu (90-percentile) 
<1000 cfu (95-percentile) 

Based on ‘sufficient’ classification 
Based on ‘good’ classification 
Measurements for ENT also 
required 

R EU 
(6)

 

     

Marine <500 cfu (90-percentile) 
<500 cfu (95-percentile) 

Based on ‘sufficient’ classification 
Based on ‘good’ classification 
Measurements for ENT also 
required 

R EU 
(6)

 

R: regulation   GM: geometric mean   USEPA: United States Environmental Protection Agency cfu: colony forming units   ENT: enterococc 
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B2. Epidemiological data 
Epidemiological studies are used to evaluate illness resulting from exposure to contaminants and/or 

activities and have been used to inform recreational water quality guidelines and regulations. The 

studies typically evaluate the levels of illness in swimmers (or other water recreators) and non-

swimmers and relate the illness rates to the exposure (usually characterised by levels of FIO). Results 

are typically expressed as odds ratios (OR) or other types of relative risks (RR) and there is a 

statistically significant increase in risk between the groups if the lower 95% confidence interval (95% 

CI) is greater than one (approximately corresponding to a p-value of <0.05). Studies usually examine 

a range of possible illnesses, such as gastrointestinal (GI) illness, respiratory problems, eye, ear and 

skin symptoms. The exact definitions of the illnesses and symptoms vary between studies. 

While epidemiology relating to swimming exposure dates back to the 1940s (USA) and 1950s 

(Europe), this literature review focuses on that which was used to inform the WHO Guidelines (7, 8), 

large European studies and work published since 2009. 

The microbial water quality figures for the WHO Guidelines (7) were derived from a series of 

epidemiological studies conducted with adults in UK sewage-contaminated coastal waters (9, 10). 

These studies were designed to avoid potential biases resulting from the design of earlier studies by 

using a randomized-trial design. Participants were recruited in advance of the trial and then 

randomly allocated, on the study day, to either a bathing or non-bathing group (to avoid self-

selection bias), each bather was asked to spend at least ten minutes in the water and immerse their 

heads three times. Extensive water quality monitoring was conducted during the trial and water 

quality ascribed to individual bathers, thus giving an accurate assessment of exposure. Only ENT 

(measured as faecal streptococci) measured at chest depth showed a dose-response relationship for 

any illness. Dose-response relationships were seen for GI illness (faecal streptococci levels above 

32/100ml) and acute febrile respiratory illness (AFRI – faecal streptococci levels at 60/100ml or 

above). The variability in FIO was taken into account when calculating the burden of disease 

attributable to recreational water exposure by combining the dose-response relationship with a 

probability density function describing the distribution of FIO. This allowed for both the mean and 

variance of the bacterial distribution to be taken into account. 

In Europe, a randomised control trial was conducted at five freshwater sites in Germany (four lakes 

and one riverine site); sources of faecal contamination included treated and untreated municipal 

sewage, agricultural runoff and water fowl (11). Relationships were demonstrated for three different 

definitions of GI illness and ENT and E. coli. Relative risk values depended on the definition of GI and 

ranged from 1.8 (95% CI 1.2-2.6) to 4.6 (95% CI 2.1-10.1). 

Epibathe was a European-based study which was specifically designed to address the “relative 

paucity of EU data describing the health effects of bathing in EU freshwaters and Mediterranean 

marine waters” (12). Eight separate randomised control trials were completed, four at different 

freshwater sites in Hungary and four at two different marine beaches in Spain. The results from 

these trials were analysed both separately and in combination with the existing data acquired, using 

the same methodology (9, 11). The risk of GI illness was higher in bathers (compared to non-bathers) in 

both the Spanish and Hungarian studies, although not significantly so. Analysis of the combined data 

set (using meta-analysis), specifically the GI symptoms, suggested that ENT was the best predictor of 

illness in bathers using marine waters (combined data OR 1.38; 1.03-1.87) and that E. coli may be a 
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better index of GI symptoms in bathers using freshwater (combined data OR 1.19; 0.88-1.62). 

Results from the freshwater studies, however, were not statistically significant and did not show a 

consistent incremental elevation in illness as the exposure increased. 

The evidence from the European studies and other international research outputs (both published 

and in progress) was considered at an international expert meeting in 2009. The resulting output 

was an addendum to the 2003 Guidelines for safe recreational water environments (8), which 

concluded that no change was required to the current water quality Guidelines (7). 

The studies published from temperate locations since the update to the WHO Guidelines (7, 8) are 

summarised for GI illness (the most commonly reported outcome) in Table B2 (13-23). It can be seen 

from this Table that much of the recent epidemiological research has shown no relationship 

between bather health and levels of E. coli. Where a relationship has been suggested (19, 20), there is 

inadequate information to derive a dose-response.  

In addition to the studies outlined in the Table, a combined analysis of a number of studies has been 

performed. Skin symptoms in swimmers versus non-swimmers at FIO level above and below the 

USEPA (4) recommended threshold levels were compared (24). Twenty studies were analysed (nine 

freshwater, eleven marine) and statistically significant results were reported for ENT and E. coli for 

marine sites.   

 



 

 

Table B2: Summary of epidemiological studies (2009-2017) conducted in temperate locations and relationships with E. coli 

  Beaches (n)     

Country 
(Reference) 

Study 
type 

Pt 
source 

Non-pt 
source  

Summary water quality (EC) Overall GI 
effect* 

Relationship between GI & E. coli Comments 

Marine 

USA 
(13)

 PC 1 (Int.)  Faecal coliforms measured but not 
reported 

√/x x GI effects seen when the berm was 
open (point source discharge) 

USA 
(14)

 PC - 1 GM (max) cfu/100ml: 13 (1,000) √ x  

USA 
(15)

 PC 1 (Int.)  GM faecal coliforms (max) cfu/100ml: 44 
(>2,000) 

√/x x  Relationship seen when the SGD 
operating 

USA 
(16)

 LC  2 Faecal coliforms measured but no 
summary measures given 

x x Beaches affected by urban runoff, 
winter study in surfers 

Greece 
(17, 18)

 PC  3 GM (95%ile) cfu/100ml 
Beach A: 2.2 (4.9)  Beach B: 1.9 (10.8) 
Beach C: 1.6 (4.7) 

√ 
 

x Symptoms thought to be related to 
bather density 

Denmark 
(19)

 RC   FIO peak cfu/100ml based on modelled 
data 
2010: E. coli 26,000 
2011: E. coli <500 

√ 
 

E. coli & GI 
OR not given (data shown 
graphically) 

GI effect seen in 2010 vs 2011 
participants and in 2010 water 
swallowers vs non-swallowers 

Fresh water 

USA 
(20)

 PC  1 
(Predom) 

Mean (max) cfu/100ml 
95 (1,538) 
 

√ 
 

E. coli & GI: AOR 7 (1.5-32) based 
on exposure to highest quartile of 
E. coli 

 

USA 
(21, 22)

 PC CAWS GUW Mean cfu/100ml 
E. coli CAWS: 582   GUW: 45 

√ x Limited-contact water recreation 

Netherlands 
(23)

 
PC 2  Utrecht (U) – no data 

Amsterdam (Am) max cfu/100ml 
E. coli: 10,0000   

U x 
Am √ 

Not determined 
GI & self-reported water swallowed 

Amsterdam site subject to sewer 
flooding 2 days before the event 

* Overall GI effect seen between bathers versus non-bathers   PC: prospective cohort   LC: longitudinal cohort   RC: retrospective cohort   GM: geometric mean   95%ile: 95th percentile 
Int.   intermittent   SGD: submarine groundwater discharge   Predom: predominantly   CAWS: Chicago area waterways system   GUW: general use waters 
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B3. Water quality analysis  
Methods for the analysis of bathing water quality have, traditionally, been based on culture 

techniques, where the target bacteria in the water sample are grown using selective media and 

suitable incubation temperatures. Distinctive features, such as growth at 44 °C and expression of 

specific enzymes, are used for positive identification and results are presented as the number of 

target bacteria per volume of water (usually 100ml). As bacterial growth is required, culture 

techniques typically require at least 18 hours before the results are available and so there has been a 

move to develop alternative methods which can provide more rapid results. 

The most commonly used molecular method is quantitative polymerase chain reaction (qPCR), which 

works through the in vitro amplification of specific segments of the genome (DNA or RNA) from the 

microorganism in question. To date, there is a single recreational water regulatory approved qPCR 

method (ENT: Method 1611 (25)). 

Key requirements for analytical methods are sensitivity (the ability to detect small numbers of the 

target organism) and specificity (the ability to detect only the target organism) and, in addition, 

methods need to be repeatable (within a laboratory) and reproducible (between laboratories). It is 

also useful to consider the complexity of the test (which will have implications for staff training), the 

need for specialised equipment, the cost-benefit analysis and the time required to get accurate 

results (1). 

The EU BWD stipulated a choice of two (International Organization for Standardization (ISO) 

methods, based on culture techniques, although Member States can use alternative methods 

providing that the alternative method’s equivalence to the reference method is demonstrated. 

The ISO methods specified in the EU BWD for E. coli are ISO 9308-1 (26) and 9308-3 (27); these 

reference methods are undated, and so it is mandatory to use the current edition of the method for 

compliance monitoring. 9308-1, however, was updated in 2014 (and the previous method 

withdrawn) and is only suitable for waters with low bacterial numbers, as background growth can 

interfere with the enumeration of E. coli. The current version of ISO 9308-1 is, thus, not applicable to 

all bathing waters (28). ISO 9308-2: 2012 (29) was not available when the BWD was published. It is 

based on Colilert®-18 method (IDEXX) and has been validated for bathing water monitoring for E. coli 

in European marine and freshwater bathing sites and is currently in use (28). 

B4. Bathing water profile 
Bathing waters designated under the EU BWD require a bathing water profile (Annex III). This 

includes identification and assessment of pollution (and its causes) that could impact on the water 

quality and bather health. The profile is, principally, intended to lead to an understanding of the 

faecal sources and pollution routes impacting a site. This can be used to plan appropriate 

management measures and can also be used as a source of information to communicate bathing 

water quality information. There are a number of tools which may assist in aspects of conducting a 

bathing water profile, including detailed water quality studies, faecal source attribution (including 

microbial source tracking - MST) and quantitative microbial risk assessment (QMRA). 

B4.1 MST 

The idea behind MST is that certain faecal microbes are strongly associated with specific hosts (e.g. 

humans) and that certain identified attributes of those microbes can be used as markers for faecal 
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contamination from that host (30). Table B3 shows some of the MST targets and associated hosts that 

have been used for investigation of recreational water. 

Table B3: MST targets and associated hosts 

Human Cow/ruminant/pig Gull Dog 

Human viruses: CowM2 Gull2 DogBac 
Enterovirus - EV CowM3 LeeSeaGull BacCan 

Adenovirus - AdV BacCow Gull4  
Norovirus (GI) - NovGI BacR   

Norovirus (GII) - NoVGII Rum2Bac   
Human polyomavirus - HPyV Bovine AdV - BAdV   

HF183 Bovine PyV - BPyV   
BacHum Pig2Bac   
HumM2 Porcine AdV - PAdV   
Lachno2    
HB    

 

MST has been applied to a number of bathing waters and the techniques have been successfully 

used to guide beach management / remediation decisions, where targeted interventions have led to 

a reduction in beach FIO concentration (31-33). 

While the concept behind source tracking is conceptually clear, the application of techniques and 

interpretation of results is work in progress (34). Ideally, source apportionment would allow just that, 

the knowledge that (say) 75% of FIO are derived from human sources, 15% from gulls and up to 10% 

from dogs and other unspecified sources. Unfortunately, such quantification currently relies on a 

number of assumptions (34-36), which are either untrue and/or untested, including: 

 host-specific markers are host-specific and do not cross react with other species; 

 host-specific markers have similar environmental survival rates, fate and transport; 

 the species of interest shed a similar amount of its host-specific markers; 

 the FIO:marker proportion is similar between species and markers; 

 each host-specific marker has a similar prevalence and proportional distribution among 
individuals within the species; 

 the host-specific markers are correlated with conventional FIO. 

B4.2 QMRA 

QMRA consists of four steps (hazard identification, exposure assessment, dose-response assessment 

and risk characterization), with data for each of the steps drawn from an appropriate mix of the 

published literature, site-specific measurements and clearly documented assumptions. The 

application of QMRA to recreational water can be used to investigate a range of different scenarios 

and management questions (in a hypothetical manner), and can be used to augment and 

complement epidemiological studies (37) and to improve routine bathing water monitoring and 

management (38). Some of the questions posed by recent recreational water QMRAs include (37. 39-47): 

 What sources of faecal contamination are likely to represent the greatest risk of infection? 

 What is the impact of mixed faecal contamination on illness risk and allowable levels of ENT? 

 What pathogens are likely to cause the illness rates seen in an epidemiological study? 

 What is the health impact of incidental contact recreation from freshwater receiving 
secondary treated (but non-disinfected) effluent? 
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 What is the risk of illness from specific pathogens (e.g. Cryptosporidium, Giardia and 
adenovirus)? 

 What is the impact of storm water/wet weather on the risk of recreational water related GI 
illness? 

 What concentrations of MST markers suggest a bather GI illness rate of 30/1000? 

The results of these studies highlight the importance of viruses as a key cause of recreational illness, 

provide support for the greater risk posed by human (and also bovine) faecal contamination, 

indicate the importance of rainfall in increasing incidence of illness and suggest possible reasons why 

epidemiological studies may not always find a relationship between FIO and swimmer health. 

The use of QMRA within a regulatory framework is currently being trailed in Canada where, in the 

absence of human or bovine MST markers, QMRA can be used to develop site-specific faecal 

indicator levels. 

B5. Prediction and discounting 
Where recreational water is subject to occasional and predictable deterioration (such as after 

rainfall) and where users can effectively be discouraged from entering the water during such periods 

(e.g. through signage/beach advisory notices), the WHO Guidelines (7) suggest that the classification 

may be upgraded to reflect the water quality that users are exposed to during periods not covered 

by ‘advisory’ signage, providing that there is accompanying explanatory material. Thus, results from 

water quality samples taken during this period can be discounted from the overall classification.  

Modelling has been put forward as a means of facilitating the prediction of periods of poor water 

quality, enabling timely (near-real-time) and appropriate information to protect public health (8). A 

number of model types have been investigated for use in recreational water quality prediction (e.g. 48-

55) including Multiple Linear Regression (MLR), Artificial Neural Networks (ANN), decision tree and 

hydrodynamic modelling, with MLR being the most commonly applied. To be useful management 

tools, predictive models should achieve a high explained variance (R2 value) possibly >60% with well 

documented control of multicollinearity (56). Where this could not be achieved through simple black 

box modelling then further investigation of the contributing catchments and their human and animal 

microbial flux through budget studies, often termed quantitative microbial source apportionment - 

QMSA (57), was recommended (56); possibly with the parallel application of more complex and 

process-based hydrodynamic modelling better to determine the linkage from the multitude of input 

fluxes to the impacted bathing water sites (58, 59). 

Statistical models use observed 'associations' between impaired water quality and measurable 

environmental parameters in the antecedent period leading up to the prediction. Observed 

associations do not prove 'causation' between the environmental variable and the change in water 

quality. Causation and the implied physical connectivity can be investigated further through tracer 

studies using microbial (e.g. phages) and/or dye (e.g. Rhodamine WT) tracers. These are generally 

used in conjunction with QMSA investigations to define flux from a multitude of FIO sources 

potentially impacting upon a bathing water location (60, 61). Simple rainfall thresholds were 

investigated in the development of early UK prediction of bathing water quality (62). However, it is 

generally true that the drivers of FIO concentration in recreational waters are more complex than 

can be characterised by a single driver. It is for this reason that the most common statistical model 

applied to bathing water prediction is an MLR model. These are commonly available in commercial 
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software systems which allow for parametricity testing of the raw data to ensure the data are 

appropriate for the statistical approach employed. 

Most of the black box statistical modelling systems in use today (e.g. the US Virtual Beach and 

Nowcast software, England, Wales and Portugal (62, 63)) predict the water quality on the bathing day 

through one, early morning, model run, on which any public advisories (warnings) are based.  

The principal strength of the MLR approach is that it can be built using regulatory (FIO) data and 

archive data describing candidate predictor variables. Thus, it can be applied without the 

requirement for new data acquisition in most cases. Its main weakness is the implicit assumption 

that water quality on the bathing day is characterised by a single sample and is constant. This 

assumption has been questioned (64, 65). Indeed, recent investigation at two UK sites subject to 

intensive sampling (half hourly samples throughout the bathing day for 60 days during the bathing 

season) observed ten to 1000 fold variations in FIO, with significant diurnality. 

Although modelling costs (especially where data acquisition is required) are perceived to be high, 

model implementation has the potential to enhance the health of bathers and the chance of a beach 

complying with water quality standards (through discounting). It can also reduce the impacts on 

availability/use of the beach (with the associated impacts on tourism and local beach-side 

economies) and potentially provide significant cost savings as managers are not forced to seek to 

reduce FIO loading during peak events. 

B6. Classification 
The current bathing water classification requires an assessment of both ENT and E. coli, as shown in 

Table B4, and is based on results from a four-year period (or three-year if agreed) and should consist 

of at least 16 samples. Samples are taken, immediately before and then, at least monthly, 

throughout the bathing season. 

Table B4: Bathing Water Directive standards for recreational water and classification results for 

2015 & 2016 (6, 66, 67) 

Parameter Excellent 
quality 

Good quality Sufficient 

Inland waters 
ENT (cfu/100ml) 200 (*) 400 (*) 330 (**) 
E. coli (cfu/100ml) 500 (*) 1000 (*) 900 (**) 
Coastal and transitional waters 
ENT (cfu/100ml) 100 (*) 200 (*) 185 (**) 
E. coli (cfu/100ml) 250 (*) 500 (*) 500 (**) 
Bathing water classification  
2016 classification (%) 85.5 8.4 2.4 
2015 classification (%) 84.4 9.1 2.6 
(*) based upon a 95-percentile evaluation (**) based upon a 90-percentile evaluation 

Samples taken during short-term microbiological pollution (affecting the bathing water for normally 

no more than 72 hours) can be discounted as long as a number of requirements are met, these 

include ensuring that bathers are deterred from entering the water during that period, taking a 

closure sample (not to be used for classification), the resampling (if required) of the affected bathing 

water and a stipulation that no more than one sample per year or no more than 15% of samples 

from the four-year water quality classification record (whichever is greater) fall into this category. 
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It can be seen from Table B4 that the majority of bathing waters are classed as having excellent or 

good water quality, with less than 3% being ‘sufficient’ and less than 2% ‘poor’. The percentage of 

both fresh and marine bathing waters achieving excellent quality (or complying with the guide 

values from the earlier Directive) has steadily been increasing although, overall, inland sites lag 

behind marine sites. 

Preliminary results from a questionnaire survey of Member States suggests that, overall, the 

classification of marine waters is more likely to be driven by concentrations of ENT. Countries 

reported an almost equal split between ENT and E. coli levels for fresh water classification. 

Results from the 2016 bathing season monitor show that 516 bathing waters (336 coastal and 180 

inland) are classed as sufficient. A questionnaire survey of Member States suggested that if the 

sufficient classification was removed it was likely that a number of these beaches would de-

designated. This is likely to have not only immediate negative effects on the affected local 

communities, but also longer term negative consequences such as a further reduction in water 

quality following the removal of active beach management (68). 

B7. Aspects for consideration for BWD revision 
The stated purpose of the BWD is “to preserve, protect and improve the quality of the environment 

and to protect human health” (Article 1). The focus in this factsheet, however, is solely on health 

protection. 

E. coli meets a number of the requirements for a regulatory parameter of public health 

significance (7), although there is a lack of convincing epidemiological data to drive guideline or 

regulatory values especially in marine waters. This, evidence deficit is the key area which requires 

consideration. 
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C. Possible parameter - viral indicator 
Neither Escherichia coli (E. coli) nor intestinal enterococci (ENT), i.e. the existing parameters 

specified by the European Union Bathing Water Directive (EU BWD), is considered ideal, especially as 

the principal cause of bathing-water-acquired illness resulting from faecal contamination is thought 

to be viral, rather than bacterial (1-3). Recent advances in methodology for viral measurement in 

environmental samples (principally the use of molecular methods, and quantitative polymerase 

chain reaction [qPCR] in particular) have led to the suggestion that enteric viruses (such as 

adenovirus, enterovirus or norovirus) could be used in water quality assessment.  Bacteriophages 

(viruses that infect bacteria) have also been suggested as possible viral indicators. A number of 

different bacteriophages have been suggested as possible candidate indicator organisms, but the 

majority of research has been conducted on coliphages (viruses that infect E. coli) and so the focus in 

this factsheet is on these organisms. 

Adenovirus (AdV): AdV are double-stranded DNA viruses and are members of the Adenoviridae 

family. They are associated with a range of diseases. In comparison to RNA viruses, they are resistant 

to environmental inactivation and have been shown to be prevalent worldwide and are shed, 

asymptomatically, by most people. Although AdV have been found to be responsible for a number of 

recreational outbreaks of waterborne illness the majority of these (11/13) were in swimming 

pools (4).  

Enterovirus (EV): EV are single-stranded RNA viruses, which are members of the Picornaviridae 

family. Human waterborne EV are divided into four species EV-A, -B, -C and –D (including different 

types of polioviruses, coxsackieviruses A and B, echoviruses and enteroviruses). They are shed from 

the gastrointestinal tract and the upper respiratory tract. In a review of 55 viral recreational water-

related outbreaks, coxsackievirus and echovirus were found to be responsible for three and ten 

outbreaks, respectively. All three coxsackievirus outbreaks were from natural water bodies (two 

from lakes and one from seawater), four of the ten echovirus outbreaks were from natural water, 

with the remainder from swimming pools (4). 

Norovirus (NoV): NoVs are single-stranded, non-enveloped RNA viruses belonging to the 

Caliciviridae family; they are the most common cause of viral gastroenteritis in humans. NoVs are 

genetically and antigenically diverse, with most of the strains relevant to human disease classed as 

being within genotypes I and II (5) (NoV GI and GII). In a review of viral recreational water 

outbreaks (4), 25 NoV outbreaks were identified (from 55 outbreaks) of which 16 were associated 

with lakes (14) or rivers (two), with the other nine outbreaks being attributed to pools (seven), a hot 

spring and a fountain. More recently, in Scotland, an outbreak of NoV was reported in participants of 

an open water swimming event at Strathclyde Loch. An 85% attack rate was reported in 

swimmers (2). An outbreak of NoV in Oregon in 2014 was attributed to a recreational lake, with 

people who swam in the lake being twice as likely to become ill compared with those who did not 

swim (3). A number of suspected bathing water outbreaks in Finland were investigated (1) and it was 

found that NoV was the main causative agent in the eight confirmed outbreaks (with NoV GI and GII 

isolated from the bathing water in two of the outbreaks). NoV infection has been shown to have a 

marked seasonal pattern and, in the northern hemisphere at least, has been described as a 
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wintertime phenomenon (6). This pattern has an impact on the occurrence of NoV in sewage and 

environmental water samples. 

Coliphages: Coliphages are split into two groups: 

 somatic coliphages, which infect host coliform bacteria via their cell wall (somatic) receptors; 

and 

 F-specific (also referred to as F+ or male-specific) coliphages, which infect bacteria through 

the sex- or F-pili. There are DNA and RNA F-specific coliphages. 

F-specific RNA coliphages are morphologically similar to EV and NoV, while somatic coliphages are 

more diverse, but generally larger and similar to AdV (7). Coliphages are present in sewage and have 

been isolated from both fresh and marine recreational waters, although sometimes in low numbers. 

C1. Current situation 
There are currently no viral indicators as parameters in any of the major recreational water 

regulations, although the United States Environmental Protection Agency (USEPA) has completed a 

recent review of coliphages (7) and is in the process of developing a Recreational Water Quality 

Criteria, which is anticipated to be available in 2018. 

C2. Occurrence of enteric viruses and coliphages in European recreational 

water 
The literature on the occurrence of selected viruses and coliphages in European recreational water (8-

15) is summarised in Table C1. The largest European studies are also outlined in greater detail. 

The EU project Virobathe examined the methodological feasibility of including viral parameters 

(specifically AdV and NoV) in a future update to the BWD. The work compared methods for the 

detection (presence/absence) of AdV and NoV and derived a combined concentration and detection 

technique to provide a reproducible system of testing recreational waters for these viruses. Fifteen 

laboratories in nine countries were involved in the surveillance phase of the project. Over 1400 

samples (marine n=482; freshwater n=928) were taken from recreational water sites; 43% of the 

freshwater samples and 31% of the marine samples were positive for viruses. AdV were detected 

more frequently than NoV. Subsets of viral positive samples were also subjected to AdV infectivity 

determination and AdV quantification using qPCR. From the 51 marine samples tested, 47% were 

found to contain infectious AdV (8). Lower infectivity rates were seen in the freshwater samples 

(n=226, infectivity - 20%). AdV from 132 fresh and marine water samples (which had tested positive 

for AdV by nested PCR) were quantified (16). Overall, the mean value was 32,000 genome or gene 

copies (GC)/litre, higher mean concentrations were reported from the marine samples (91,000 

GC/litre) compared to the freshwater samples (560 GC/litre). Comparison of the viral results with 

FIO levels set by the EU BWD suggested that over 50% of samples that were relatively clean and 

which exhibited ‘good’ water quality (as defined by the EU BWD) could, nevertheless, be positive for 

AdV and NoV (8). The results for AdV (n=290) and the corresponding sample FIO concentrations were 

examined (17). Statistically significant trends in the proportion of AdV positive results with increasing 

FIO concentrations in fresh (but not marine) water samples were seen. The proportion of AdV 

positive results increased consistently from below 50% in the first quartile FIO categories to over 
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79% in the final FIO quartile groups. Significant trends were also seen when categorizing FIO 

concentrations into 0.5 log10 interval groups. 

The succeeding Viroclime project built on the work of Virobathe and measured virological water 

quality over an 18-month period using qPCR (AdV and NoV) at four European sites in Spain, Greece, 

Sweden and Hungary (10). The highest AdV values were 3 x 106 GC/litre in river water samples and 

5 x 104 GC/litre in marine samples. Some statistically significant correlations between the key virus 

parameters and FIO were seen, but the highest level of explained variance (R2) was only 0.228, which 

indicates that (in this instance) the log10 E. coli concentration only explained 22.8% of the variance in 

AdV in the waters tested. It is expected that in order to be acceptable from a regulatory perspective, 

explained variance levels would need to exceed at least 50%. 

Table C1: Virus occurrence and concentration data in European recreational water 

Virus Country N Occurrence
a
 Viral concentration  

Fresh water 

AdV Various European
b
 928 41% Presence/absence 

Hungary 37 51% Max: 1,020 GC/l 

Hungary 129 98% GM: 5,653 GC/l 

Sweden 137 11% GM: 60 GC/l 

Greece 70 26% GM: 199 GC/l 

Spain 73 79% GM: 474 GC/l 

Finland 38 11% Max: 3.4 x 10
7
GC/l 

EV Hungary 42 12% Presence/absence 

NoV GII Hungary 129 40% GM: 402 GC/l 

Sweden 136 6% GM: 122 GC/l 

Greece 70 13% GM: 187 GC/l 

Spain 73 71% GM: 145 GC/l 

NoV GI/GII Various European 928 6.3% Presence/absence 

Hungary 42 14% Presence/absence 

Somatic coliphage Germany   Max: 37,800 pfu/l 

Marine and brackish water 

AdV Various European 482 27% Presence/absence 

Sweden 68 13% GM: 59 GC/l 

Greece 70 31% GM: 232 GC/l 

Spain 32 66% GM: 474 GC/l 

Finland 12 17% Max: 1.3 x 10
7
 GC/l 

NoV GI Portugal 22 27% Presence/absence 

NoV GII Sweden 68 9% GM: 125 GC/l 

Greece 70 24% GM: 243 GC/l 

Spain 32 19% GM: 145 GC/l 

NoV GI/GII Various European 482 16% Presence/absence 

Somatic coliphage Spain 20 95% Max: 122,400 pfu/l 

Spain 806 73% 95
th

 percentile*: 44,400 pfu/l 

F-specific coliphages Spain 20 20% Max: 840 pfu/l 

Spain 429 26% 95
th

 percentile*: 910 pfu/l 
a % of samples positive for the virus   Max: maximum concentration   GM: geometric mean   GC/l: genome copies/litre    

pfu/l: plaque forming units/litre    
b Cyprus, France, Germany, Italy, Netherlands, Poland, Portugal, Spain, UK 

* 95th percentile value of the location with the highest concentration 

While the European data for coliphages in recreational water is quite limited, Table C1 suggests that 

in the surface waters examined, somatic coliphages typically predominate and are present in greater 

number than F-specific coliphages. This is supported by a recent global review (18), where it was 
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shown that the mean level of somatic coliphages in fresh and marine samples was 15,130 pfu/l and 

460 pfu/l, respectively; compared to F-specific coliphages where the calculated mean levels were 

1,000 pfu/l and 80 pfu/l in fresh and marine samples. 

C3. Epidemiological data 
Epidemiological studies are used to evaluate illness resulting from exposure to contaminants and/or 

activities and have been used to inform recreational water quality guidelines and regulations. The 

studies typically evaluate the levels of illness in swimmers (or other water recreators) and non-

swimmers and relate the illness rates to the exposure (usually characterised by levels of FIO). Results 

are typically expressed as odds ratios (OR) or other types of relative risks (RR) and there is a 

statistically significant increase in risk between the groups if the lower 95% confidence interval (95% 

CI) is greater than one (approximately corresponding to a p-value of <0.05). Studies usually examine 

a range of possible illnesses, such as gastrointestinal (GI) illness, respiratory problems, eye, ear and 

skin symptoms. The exact definitions of the illnesses and symptoms vary between studies. 

C3.1 Enteric viruses 

Few epidemiological studies have looked for, or found, a relationship between health outcomes and 

enteric viruses. Results of an analysis of freshwater samples (19) archived from a 2010 

epidemiological study conducted in the USA (20) in relation to the swimmer-reported gastrointestinal 

illness have been reported. Twenty-three samples were analysed by qPCR, for four human viruses 

(AdV, EV, NoV GI, NoV GII) and four bacterial markers and were paired with the results from human 

exposure data (600 swimmers). AdV was the most frequently identified virus and was reported in 

35% of the samples. None of the qPCR measurements showed a significant association with illness in 

single microorganism models using univariate or multivariate logistic regression. They did, however, 

report a significant positive association between exposure to AdV and diarrhoea and also GI illness 

(AOR 1.6; 95% CI 1.1-2.3 and AOR 1.5; 95% CI 1.0-2.2 respectively) when culturable E. coli 

concentrations were included in multivariable models. The authors suggest that the study 

“demonstrates the predictive potential of an integrative, multi-microbial approach for estimating 

recreational waterborne disease risk from viral and bacterial indicators.” 

C3.2 Coliphages 

Epidemiological studies which have examined coliphages are summarised in Table C2 (which is based 

on a review conducted by the USEPA (7)). 
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Table C2: Summary of epidemiological studies using coliphages as FIOs 

Water type Coliphages evaluated Results 

Marine Somatic coliphages 
F-specific phages 

Very low levels of coliphages detected, no relationship seen with 
health outcomes 

(21)
. 

Somatic coliphages 
F-specific phages 

Despite low concentrations of F-specific phages a significant 
association was seen for some measures of GI illness and the 
indicator 

(22)
; thus the AOR for one of the HCGI definitions was 1.25 

(95% CI: 1.13-1.82). 

F-specific phages The AOR was significantly higher in swimmers, compared to non-
swimmers on days when F-specific phages were detected. An 
increase in GI illness in swimmers was seen for a log10 increase in 
coliphages, but this was not statistically significant 

(23)
.  

Somatic coliphages 
F-specific phages 

F-specific phages were not detected. There was no statistically 
significant correlation with health outcomes and somatic coliphages 
(24)

. 

F-specific phages F-specific phages measured using EPA method 1602 had a stronger 
association with GI illness than ENT, although the association was 
not statistically significant 

(25)
. 

Somatic coliphages 
F-specific phages 

Pooled analysis of a number of studies (including 
(22, 23)

). Under 
human impacted conditions, the presence of coliphage was 
associated with an increase in GI illness (although this was not 
statistically significant). Under human impacted conditions there 
was a statistically significant relation between GI illness and 
coliphage when ENT was greater than 35 cfu/100ml 

(26)
. 

Fresh F-specific RNA phages Significant association between GI illness and measured phages 
(27)

. 
In comparison to a reference level of 10-30 pfu/100ml, the RR for GI 
illness at 260 to 320 pfu/100ml was 2.6 (95% CI: 1.3-5.2) and at 690 
to 3080 pfu/100ml the RR was 2.8 (95% CI: 1.3-6.0). 

F-specific RNA phages No relationship between coliphages and health outcome was 
observed 

(28)
. 

Somatic coliphages Significant increased risk of GI illness in bathers compared to non-
bathers when somatic coliphages were above 10 pfu/100ml 

(13)
. 

GI: gastrointestinal    HCGI: highly credible gastrointestinal illness    AOR: adjusted odds ratio   RR: relative risk   CI: confidence interval    

cfu: colony forming units   pfu: plaque forming units 

C4. Analysis  
Key requirements for analytical methods are sensitivity (the ability to detect small numbers of the 

target organism) and specificity (the ability to detect only the target organism) and, in addition, 

methods need to be repeatable (within a laboratory) and reproducible (between laboratories). It is 

also useful to consider the complexity of the test (which will have implications for staff training), the 

need for specialised equipment, the cost-benefit analysis and the time required to get accurate 

results (29). 

C4.1 Enteric viruses 

Although numerous research methods for the concentration and detection of enteric viruses in 

water have been utilised there are, currently, few standardized methods for the analysis of enteric 

viruses from water samples. As viruses are typically at relatively low levels in environmental water 

samples effective methods for concentration and sensitive detection methods are required. 

Concentration methods are often based on a two-step adsorption-elution process using membranes, 

filters or matrixes, such as glass wool, although it is noted that these can be cumbersome and make 

the simultaneous processing of a large number of samples difficult. Although some viruses can be 
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detected in water samples by cell culture (plaque assay), detection is now mainly done using 

molecular methods (e.g. USEPA Method 1615 (30)) and all of the studies reporting on occurrence in 

Table C1 used PCR techniques. 

In Europe, the Virobathe study aimed to produce robust, rapid and cost-efficient methods for 

routine compliance monitoring of enteric viruses in recreational waters. In order for virological 

water quality to be assessed on a comparable basis two methods (one for concentration of viruses 

from freshwater samples and one for marine samples) were employed by all the participating 

groups. Mean (range) AdV recovery, across all the laboratories, from spiked samples was 57% (34-

78%) from freshwater using glass wool followed by elution with beef extract and 35% (22-44%) from 

artificial seawater using membrane filtration and skimmed milk elution. Sensitivity (based on the 

percentage of correctly identified positive samples) was 77% for freshwater and 89% for seawater, 

while the specificity (based on the percentage of correctly identified negative samples) was between 

96 – 99% (8). 

C4.2 Coliphages 

Bacteriophages can be detected using a number of methods, with infectious bacteriophages typically 

being detected by the effects (especially lysis) they have on the host bacteria they infect. 

Bacteriophages are enumerated by direct quantitative plaque assays (with their concentration 

typically expressed as plaque forming units, or as most probable number). The most important 

factor in defining a method for the detection of a given bacteriophage (or group of bacteriophages) 

is the bacterial host strain. Standardised methods (e.g. ISO methods) are available for both somatic 

and F-specific coliphages. 

C5. Classification 
It is not currently recommended that a viral parameter be included in recreational water guidelines 

or regulations. 

C6. Discussion  
Although a number of enteric viruses (NoV in particular) clearly have a health basis, in terms of their 

use as a regulatory parameter they do not, currently, meet many of the other requirements.  

 Viral pathogen presence often reflects the infection rate and associated viral shedding in the 
contributing population. Thus, the absence of a pathogenic virus (e.g. NoV) cannot be taken 
to infer a lack of faecal connectivity to the bathing site and, for this reason, they may not 
represent as good a measure of risk of future pathogen presence as the existing bacterial 
FIOs which (in temperate climates) prove faecal connectivity to the bathing water. 

 Concentrations in recreational waters are often very low, meaning that detection is not 
straightforward. 

 Many of the viral detection methods rely on qPCR methods, which are currently costly and 
enumerate dead and non-viable material making it unclear what the results mean in terms 
of health risks. This may present a particular problem where terminal disinfection is applied 
to secondary treated effluents and the qPCR signal from target viral pathogen genetic 
markers is not attenuated through the disinfection used at the plant. 

 There is insufficient epidemiological evidence for enteric viruses to allow the derivation of 
regulatory values. While there is more epidemiology available for coliphages and the 
evidence has been described as “suggestive of a potential relationship between coliphages 
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and human health” (7) overall they lack consistency and do not provide a clear exposure-
response relationship. 
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To follow 


