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Overview
• Introduction: illness and freshwater recreation

• What causes illness? Pathogens of concern in recreational environments

• How is water quality managed? Regulatory frameworks

• What is a risk based approach to managing recreational water safety?

• What is Quantitative Microbial Risk Assessment (QMRA)

• Application of QMRA Boden Park NSP, Edmonton, Canada
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Illness and freshwater recreation

4Craun*, G. F., Calderon, R. L., & Craun, M. F. (2005). Outbreaks associated with recreational water in the United States. International journal of environmental health research, 15(4), 243-262.
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What causes illness? 
Pathogens of concern in recreational 
environments
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How is water quality managed? Ensuring safety

8
Giampaoli, Saverio, Nathalie Garrec, Gérard Donzé, Federica Valeriani, Lothar Erdinger, and Vincenzo Romano Spica. "Regulations concerning natural 
swimming ponds in Europe: Considerations on public health issues." Journal of Water and Health 12, no. 3 (2014): 564-572.



Why are we interested in microbial risk?

• Ensuring that water management practises are safe 



What is a risk based approach to managing water safety?
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What is risk?
Likelihood of adverse affect, injury or loss

For a given scenario
1. Likelihood (probability of occurrence)
2. Consequence (measure of outcome)

Probability of infection/illness
Predicted number of cases of illness
Change in disease burden
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What is a risk based approach to managing water safety?

Controls

• Which pathogens are of concerns?
• What are the sources of pathogens to the water?

• What are the exposure pathways?
• What is the magnitude of exposure?

• What are the likely health outcomes?
• Is this acceptable?

• What opportunities are there for control?
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QMRA for Water Safety Management (WHO,2016)
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Fit-for-purpose

Problem formulation

Risk characterization

Exposure 
assessment

Health effects 
assessment

Define the purpose and the scope of the investigation

Undertake the most simple assessment necessary to achieve the desired outcome

Level of 
QMRA

Characteristics

Screening • Provides a broad overview
• Can highlight or eliminate concerns
• Provides a crude understanding of drivers 

of risk
• Usually relies on worst case point 

estimates

Advanced • Greater detail on possible health risks 
including drivers

• Incorporation of additional and site 
specific data

• May be point estimates or limited 
stochastic analysis

In-depth • Provides a comprehensive understanding 
of health risks

• Detailed investigation of datasets including 
incorporation of variability

• Usually stochastic estimates of risk.
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Application of QMRA Boden Park NSP, Edmonton, Canada
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• Assessing safety for normal bathing conditions

• Assessing safety during accidental faecal release events

• Spiking trials of treatment barriers
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Bather shedding

Child 0.01-10

Adult 0.1-0.0001

Mean* 0.14

Table 1 Amount of faecal material (grams) added to water during
contact (reproduced from (Gerba 2000))

*Average concentration of fecal coliforms shed, for all age groups,
during bathing reported by Rose et al. (Rose et al. 1991) was 2.27 ×
106 and the average fecal coliform concentration per gram of feces is
107.2 (Faechem et al. 1983).



Campylobacter Norovirus Cryptosporidium
Reported cases by week* 40 20 15

Under reporting factor 27.2  

(Thomas, Murray et al. 
2013)

288  

(Tam, Rodrigues et al. 
2012)

48.5  

(Thomas, Murray et al. 2013)

Mean duration of 
excretion (days)

21  

(Havelaar, van Pelt et al. 
2009)

28.5  

(Tu, Bull et al. 2008)

30  

(Stehr-Green, McCaig et al. 1987)

Asymptomatic infection 
rate

0.8  

(Black, Levine et al. 1988)

0.3  

(Teunis, Moe et al. 2008)

0.3 

(USEPA 2006)

Calculated Point 
Prevalence (%)

0.39 0.80 0.11
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QMRA estimates of reference pathogen concentration
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impacts

Estimated Reference Pathogen
concentration (pathogens.L-1)

to meet 32 illness/1,000 swims Percentile
MAIN POOL 50 75 95
Campylobacter

Nominal bathers 0.067 6.0 65
Peak bathers 1.1 15 93

Norovirus
Nominal bathers 230 1,300 8,000
Peak bathers 620 2,500 11,000

Giardia
Nominal bathers 0 0 4.11
Peak bathers 0 0.34 5.73

Cryptosporidium
Nominal bathers 0 0 0.43
Peak bathers 0 0.038 0.63

KIDDIE POOL
Campylobacter

Nominal bathers 0 0 0.27
Peak bathers 0 0 9.7

Norovirus
Nominal bathers 0 0 2,300
Peak bathers 0 0 6,100
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U.S. EPA Criteria for Recreational Waters
• Based on a suite of epidemiology studies that concluded*:

32 illnesses per 1,000 swimming events is the background risk level
equates to median of < 30 enterococci per 100 mL or by qPCR single sample
value of < 1,280 CCE/100 mL (or 110 CFU enterococci per 100 mL)
Also may equate to 4,200 copies of HF183 sewage marker by qPCR

• For different situation to sewage contamination of recreational waters EPA 
recommends undertaking a quantitative microbial risk assessment (QMRA)
• Using reference pathogens to address enteric viruses, bacteria & parasitic protozoa

27

*US-EPA. 2012. Recreational Water Quality Criteria. EPA 820-F-12-058. U.S. 
Environmental Protection Agency, Office of Water, Washington, DC.



Assumed ingestion & ref pathogen dose-response models
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Adult Child
Accidental ingestion 16 mL (Dufour) 37 mL (Dufour)
Faeces released 0.0001 – 0.1 g (Gerba 2000) 0.01 – 10 g (Gerba 2000)
Swimmers per day x y

Campylobacter Norovirus Cryptosporidium
Dose-response model: Exact Beta-
Poisson parameters for infection

α = 0.024; β = 0.011 
(Teunis, Van Den 

Brandhof et al. 2005)

α = 0.063; β = 0.032 
(Messner, Berger et al. 

2014)

α = 0.115; β = 0.176 (Teunis, 
Van Den Brandhof et al. 

2005)

Probability of illness given
infection

0.2 (Black, Levine et al. 
1988)

0.7 (Teunie et al. 2008) 0.7 (U.S. EPA 2006)

Critical dose (# organisms for <32 
illness/1,000): Adults (children)

18.4 (7.9) 4.9 (2.1) 8.4 (3.6)



QMRA estimates for Pathogens & LRV needed
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Estimated Reference Pathogen
concentration (pathogens.L-1)

Required Log10 reduction to achieve safe water quality*
Adults Children

to meet 32 illness/1,000 swims Percentile Percentile Percentile
MAIN POOL 50 75 95 50 75 95 50 75 95
Campylobacter

Nominal bathers 0.067 6.0 65 0 0 0.56 0 0 0.92
Peak bathers 1.1 15 93 0 0 0.70 0 0.26 1.1

Norovirus
Nominal bathers 230 1,300 8,000 1.7 2.4 3.2 2.0 2.8 3.6
Peak bathers 620 2,500 11,000 2.1 2.7 3.3 2.5 3.1 3.7

Giardia
Nominal bathers 0 0 4.11 0 0 0 0 0 0
Peak bathers 0 0.34 5.73 0 0 0 0 0 0

Cryptosporidium
Nominal bathers 0 0 0.43 0 0 0 0 0 0
Peak bathers 0 0.038 0.63 0 0 0 0 0 0

KIDDIE POOL
Campylobacter

Nominal bathers 0 0 0.27 0 0 0 0 0 0
Peak bathers 0 0 9.7 0 0 0 0 0 0.15

Norovirus
Nominal bathers 0 0 2,300 0 0 0 0 0 3.0
Peak bathers 0 0 6,100 0 0 0 0 0 3.4
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Estimated performance of removal barriers

Best estimate of elimination capacity (log10
reduction) (with plausible ranges applied in Monte Carlo 

simulation)
Bacteria Viruses Protozoa

Zooplankton filtering 0 0 0
Neptune Filter 2 (1, 3) 1 (0.5, 2.5) 1.5 (0.2 ,3)
Submerse substrate Filter 1 (0, 2) 0.5 (0, 2) 1 (0.2, 2.5)
Hydro-botanic plant 1 (0, 2) 0.5 (0, 2)) 1 (0.2, 2.5)
UV (25 MJ.cm-2) 5 2.6 3 
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Filtration rate
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Estimated performance of removal barriers

Best estimate of elimination capacity (log10 reduction) 
(with plausible ranges applied in Monte Carlo simulation)

Bacteria Viruses Protozoa
Zooplankton filtering 0 0 0
Neptune Filter 2 (1, 3) 1 (0.5, 2.5) 1.5 (0.2 ,3)
Submerse substrate Filter 1 (0, 2) 0.5 (0, 2) 1 (0.2, 2.5)
Hydro-botanic plant 1 (0, 2) 0.5 (0, 2) 1 (0.2, 2.5)
UV (25 MJ.cm-2) 5 2.6 3 
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Time to reach Benchmark Risk Level by flow rate
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Time needed to reach a Log10 Reduction Value 
for three flow rates:
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60 m3.h-1 140 m3.h-1

(pump max)
90 m3.h-1Source

Controls
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Health
impacts



Accidental faecal release (AFR)
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• Modelled at various locations, with and without UV disinfection

• UV disinfection limited the spread of the impact



Kiddie pool:
accident
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Controls: conclusions
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• Overall performance was driven by the flow rate through 
the external treatment system

• Addition of UV disinfection limited the spread of 
contamination

• Limited information is available regarding the 
performance of control measures?

• Understanding the performance of the natural 
disinfection is an important research gap
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Spiking trials
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• Neptune filter

• Hydro-botanic plant and submerse filters

• UV systems



Study reference pathogens & surrogates

• Enteric virus reference pathogen: human Norovirus
• Surrogate: MS2 coliphage (assayed as plaque-forming units & qPCR)

• Enteric bacteria reference pathogen: Campylobacter jejuni
• Surrogates: E. coli and Enterococcus faecalis (Colilert™ & Enterolert ™ 

& total enterococci by qPCR)
• Parasitic protozoan reference pathogens: Cryptosporidium & 

Giardia
• Surrogate: baker’s yeast (Saccharomyces cerevisiae) (as CFU)
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Log-reduction value estimates from spiking
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Enterococcus Enterococcus qPCR Total MS2 
qPCR

Viable Yeast

NF 1.48
(1.36, 1.60)

1.25
(1.13, 1.38)

1.35
(1.05, 1.82)

1.69
(1.54, 1.85)

HBF/SF 1.79
(1.75, 1.84)

1.86
(1.81, 1.91)

2.35
(2.21, 2.52)

1.84
(1.63, 2.01)

UV (Post NF) > 4.02 
( 3.66, 4.62)

0.24
(0.09, 0.41)

* >2.83
(2.49, 3.33)

UV (Post HBF/SF) > 4.04
(4.01, 4.07)

0.04
(0.02, 0.06)

* >2.77
(2.51, 3.17)

Mean and 95th confidence interval



Spiking trials
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• Assumed values from literature were broader but 
generally within the value estimated from spiking 
study

• Virus removal was relatively low

• Bakers yeast appeared to be removed as expected 
for parasitic protozoan oo/cysts



Conclusions
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• QMRA provided a useful framework for assessing 
pathogen risks associated with NSPs

• Overall treatment performance was limited by the flow 
rate through external treatment barriers

• Microbial surrogate challenge testing provided useful 
insights regarding full scale performance

• Understanding the performance of natural disinfection is 
an important research gap

• Risks can be minimised through alternative management 
approaches


