
 

 

 
 

 
 

 
 

 

 

  

Adopting Water Quality Criteria for Secondary Contact 
Recreation: A User Guide 

Office of Science and Technology 

Office of Water 

U. S. Environmental Protection Agency 

Washington DC 20460 

EPA 820-B-24-001 



 

 

Acknowledgments 

The development of this document was made possible through an effort led by Gary Russo, 
Ph.D., National Branch, Standards and Health Protection Division, Office of Science and 
Technology, Office of Water. 
The following EPA staff provided valuable contributions to the development and review of this 
document (in alphabetical order):  

• Shari Barash, Chief, National Branch, Standards and Health Protection Division, Office 
of Science and Technology, Office of Water (Director, New Chemicals Division, Office 
of Pollution Prevention and Toxics, Office of Chemical Safety and Pollution Prevention). 

• Lars Wilcut, National Branch, Standards and Health Protection Division, Office of 
Science and Technology, Office of Water. 

The EPA gratefully acknowledges the valuable contributions of the following EPA internal 
reviewers of this document (in alphabetical order): 

• Ed Dunne, Ph.D., Chief, National Branch, Standards and Health Protection Division, 
Office of Science and Technology, Office of Water. 

• Susan Euling, Ph.D., Chief, Human Health Risk Assessment Branch, Health and 
Ecological Division, Office of Science and Technology, Office of Water. 

• Colleen Flaherty, Director, Health and Ecological Division, Office of Science and 
Technology, Office of Water. 

• Thomas Glazer, Water Law Office, Office of General Counsel. 

• Sara Hisel-McCoy, Director, Standards and Health Protection Division, Office of Science 
and Technology, Office of Water. 

• John Ravenscroft, Human Health Risk Assessment Branch, Health and Ecological 
Division, Office of Science and Technology, Office of Water. 

• Manjali Vlcan, National Branch, Standards and Health Protection Division, Office of 
Science and Technology, Office of Water 

• All 10 EPA regional offices. 

Notices 

This document has been drafted and approved for publication by the Office of Science and 
Technology, Office of Water, United States Environmental Protection Agency. Mention of trade 
names or commercial products does not constitute endorsement or recommendation for use.  
This document does not impose legally binding requirements on the EPA, states, or the regulated 
community, nor does it confer legal rights or impose legal obligations upon any member of the 
public. The Clean Water Act provisions and EPA regulations described in this document contain 
legally binding requirements. This document does not constitute a regulation, nor does it change 
or substitute for any Clean Water Act provision or EPA regulations. In the case of any conflict 



 

 

between this document and the Clean Water Act or the EPA regulation, the statute and regulation 
control.



1 

 

Table of Contents 

1. Background and Introduction ..............................................................................................1 

 

 

 

2. Secondary Contact Recreational Designated Uses................................................................2
3. Calculating Criteria Values to Protect Secondary Contact Recreation ..................................3

3.1. Rationale .......................................................................................................................3
3.1. Equation for calculating protective criteria for SCR ......................................................5 

 

 

 

3.2. Equation inputs .............................................................................................................6
3.2.1. Considerations when selecting the value of Cprimary.................................................6
3.2.2. Data sources for Iprimary and Isecondary ........................................................................8
3.2.3. Considerations when selecting values for Iprimary .....................................................9 

 

 

 

3.2.4. Considerations when selecting values for Isecondary ..................................................9
3.2.5. Other considerations when selecting values for Iprimary and Isecondary ....................... 10
3.2.6. Consideration for protection of children ............................................................... 13
3.2.7. Site-specific criteria ............................................................................................. 14 

 

 

 

4. Example Calculations ........................................................................................................ 14
5. Conclusion ........................................................................................................................ 19
6. References ......................................................................................................................... 21
 



1 

 

1. Background and Introduction 

Under Section 303(c)(2)(A) of the Clean Water Act (CWA), states and authorized Tribes are 
responsible for adopting WQS that “…consist of the designated uses of the navigable waters 
involved and the water quality criteria for such waters based upon such uses” (also see the EPA’s 
implementing regulation at 40 CFR § 131.10 and 131.11). 40 CFR § 131.3(b) defines criteria as 
“…elements of State water quality standards, expressed as constituent concentrations, levels, or 
narrative statements, representing a quality of water that supports a particular use. Section 304(a) 
of the CWA authorizes the EPA to provide scientific guidance to states and authorized Tribes by 
publishing and from time to time revising recommended water quality criteria that accurately 
reflect the latest scientific knowledge (sometimes referred to as “304(a) recommended criteria”).  
These CWA section 304(a) recommended criteria generally provide for the protection and 
propagation of fish, shellfish, and wildlife as well as recreation in and on the water (i.e., the uses 
specified in CWA section 101(a)(2)). Among other things, the EPA's water quality standards 
regulations at 40 CFR §131.11(a) require states and authorized Tribes to adopt criteria that 
protect the designated use and that such criteria be based on sound scientific rationale and 
contain sufficient parameters or constituents to protect the designated use. See Chapter 3 of the 
EPA’s WQS Handbook for more information. 
States and authorized Tribes may adopt EPA-recommended 304(a) water quality criteria or other 
scientifically defensible criteria. The EPA’s most recent 304(a) recreational water quality criteria 
(RWQC) recommendations (USEPA, 2012) are intended to protect primary contact recreation 
(PCR). The EPA’s 304(a) RWQC recommendations document describes PCR as “activities 
where immersion and ingestion are likely and there is a high degree of bodily contact with the 
water, such as swimming, bathing, surfing, water skiing, tubing, skin diving, water play by 
children, or similar water-contact activities.” 
Some states and authorized Tribes adopt recreational designated uses to reflect activities other 
than PCR that may be protected with criteria that are less stringent than the EPA’s 304(a) RWQC 
recommendations for PCR. States and authorized Tribes have historically characterized these 
other types of recreational designated uses as secondary contact, limited water contact, limited 
body contact, partial body contact, incidental contact, or limited contact recreation (henceforth 
all referred to as secondary contact recreation or SCR). An SCR designated use consists of 
activities associated with less contact with ambient water or where immersion and ingestion of 
ambient water is less likely to occur compared to a PCR designated use. To protect SCR 
designated uses, some states and authorized Tribes have adopted criteria that are less stringent 
than the EPA’s 304(a) RWQC recommendations for PCR. These less stringent criteria are based 
on the concept that SCR activities involve less exposure to ambient water compared to PCR 
activities, and the reduced exposure associated with SCR activities would compensate for a 
higher concentration of pathogens in the water resulting in the same risk of illness as provided by 
the EPA’s 304(a) RWQC recommendations for PCR. 
The EPA’s 304(a) RWQC recommendations and two earlier EPA recommendations (USEPA, 
1976, 1986) did not address the development and adoption of criteria to protect SCR. In the 
absence of EPA guidance, some states and authorized Tribes developed criteria values for SCR 
by multiplying the EPA’s 304(a) RWQC recommendations by various values. A multiplier value 
that states and authorized Tribes commonly used to derive criteria for SCR is five. The multiplier 

https://www.epa.gov/sites/default/files/2014-10/documents/handbook-chapter3.pdf
https://www.epa.gov/sites/default/files/2014-10/documents/handbook-chapter3.pdf
https://www.epa.gov/sites/default/files/2015-10/documents/rwqc2012.pdf
https://www.epa.gov/sites/default/files/2015-10/documents/rwqc2012.pdf
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value of five was derived from an interpretation of a 1968 National Technical Advisory 
Committee report (Federal Water Pollution Control Administration, 1968) that recommended 
criterion to protect SCR as a concentration of fecal coliforms five times higher than the report’s 
recommended fecal coliforms criterion to protect PCR.  
There are several concerns with the practice of deriving criteria for SCR by multiplying EPA’s 
304(a) RWQC recommendations by five: 

1. The PCR fecal coliforms criterion value recommended in the 1968 National Technical 
Advisory Committee report was derived from now outdated epidemiological evidence.  

2. The SCR fecal coliforms criterion value from that same report was based only on the 
opinion of the authors rather than on epidemiological evidence (the 1968 National 
Technical Advisory Committee report states: “In the absence of local epidemiological 
experience, the Subcommittee recommends…”). 

3. The EPA has moved away from recommending fecal coliforms as fecal indicator bacteria 
(FIB) because more recent epidemiological studies suggest Escherichia coli (E. coli) for 
fresh recreational waters and Enterococci for fresh and marine recreational waters are 
better predictors of risk of gastrointestinal illness than fecal coliforms (USEPA, 1986; 
Wade, Pai, Eisenberg, & Colford, 2003). Thus, multiplying the fecal coliforms criterion 
may not provide the expected illness risk level when applied to E. coli or Enterococci. 

States and authorized Tribes need a method to develop and evaluate criteria to protect SCR in a 
scientifically defensible manner.  
In 2022 the EPA published a white paper describing a risk-based method states and authorized 
Tribes could use to derive criteria that protect SCR (USEPA, 2022). Neither the white paper nor 
the method it describes are CWA section 304(a) recommended criteria. Rather, together the 
white paper and the method it describes are one scientifically defensible approach states and 
authorized Tribes could use to adjust the EPA’s 304(a) RWQC recommendations for PCR that 
would provide a similar risk of gastrointestinal illness in exposure scenarios associated with SCR 
activities. The purpose of this user guide described herein is to help states and authorized Tribes 
implement the method described in the EPA’s 2022 white paper. The EPA may update this user 
guide in the future. States and authorized Tribes may use other scientifically defensible methods 
for developing criteria to protect SCR. 

2. Secondary Contact Recreational Designated Uses 

The EPA describes PCR as “activities where immersion and ingestion are likely and there is a 
high degree of bodily contact with the water, such as swimming, bathing, surfing, water skiing, 
tubing, skin diving, water play by children, or similar water-contact activities” (USEPA, 2012). 
However, the EPA has not described SCR. Nevertheless, some states and authorized Tribes have 
adopted recreational designated uses that differ from the EPA’s description of PCR where the 
state or authorized Tribe has determined through a use attainability analysis (UAA) that water 
quality cannot support all activities associated with PCR. Although states and authorized Tribes 
have used a variety of different names for such SCR designated uses, their common 
characteristic is that they are associated with recreational activities with a lower probability of 
bodily contact with ambient water, where immersion is less likely, or the probability or 

https://www.epa.gov/system/files/documents/2022-01/rec-criteria-white-paper-final.pdf
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magnitude of incidental ingestion of water is lower compared to PCR. For example, some states 
and authorized Tribes adopt a specific activity as the SCR designated use such as “boating” or 
“fishing,” whereas other states and authorized Tribes adopt a designated use explicitly called 
SCR that includes any SCR activity. For purposes of this document, the EPA refers to all such 
designated uses as SCR. 
The EPA recommends states and authorized Tribes clearly define SCR designated uses in the 
context of specific recreational activities and adopt those definitions into their WQS or other 
appropriate publicly available guidance. The method in the white paper the EPA published in 
2022 to derive SCR criteria depends on knowledge of the specific recreational activity or 
activities the state or authorized Tribe intends to protect. If the state or authorized Tribe defines 
an SCR designated use using more than one recreational activity, the SCR criteria must protect 
the activity associated with the greatest exposure and thus the greatest illness risk to meet the 
requirements at 40 CFR §131.11(a)(1). States and authorized Tribes may also adopt different 
SCR designated uses for different waters with different corresponding SCR criteria based on the 
recreational activities characterizing each SCR designated use. States and authorized Tribes can 
help ensure that SCR in such waters is protected by clearly articulating the specific recreational 
activities that define the SCR designated use. 

3. Calculating Criteria Values to Protect Secondary Contact Recreation 

3.1. Rationale 
Gastrointestinal (GI) illness associated with water recreation occurs when an individual 
incidentally ingests ambient water that contains pathogenic microorganisms. In terms of 
microbial risk assessment, the exposure is incidental ingestion, and the dose is the specific 
number of pathogenic microorganisms ingested during the exposure. The probability of illness is 
related to the dose of pathogenic microorganisms. Lower doses result in a lower probability of 
illness and higher doses result in a higher probability of illness. When the EPA was developing 
its 304(a) RWQC recommendations for PCR, the EPA determined that FIB concentration had the 
strongest association with GI illness and concluded that FIB criteria based on protecting the 
public from GI illness would prevent most types of recreational waterborne illnesses. 
The EPA’s 304(a) RWQC recommendations are based on the risk of illness from PCR activities. 
The EPA evaluated FIB concentrations and illness rates of beachgoers engaging in PCR 
activities and chose concentrations of FIB associated with two target illness rates (one at 32 
illnesses per 1,000 recreators and the other at 36 illnesses per 1,000 recreators). However, the 
probability of illness is determined by the dose of pathogenic microorganisms, and the dose of 
pathogenic microorganisms is determined by both the concentration of pathogenic 
microorganisms in the water and the amount of water incidentally ingested. Therefore, the same 
illness rate as the target illness rate for PCR can be achieved when ambient water has a higher 
concentration of pathogenic microorganisms if less water is incidentally ingested during 
recreation. 
Figure 1 shows three simplified hypothetical scenarios demonstrating the interaction between the 
amount of incidental ingestion of ambient water associated with different types of recreational 
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activities, the concentration of pathogenic microorganisms, and illness risk.1 The left side of 
Figure 1 shows one simplified hypothetical scenario where the concentration of FIB in a 
waterbody exactly meets the EPA’s 304(a) RWQC recommendations. In this simplified 
hypothetical scenario, there are 3 pathogenic microorganisms in every 3 milliliters (ml) of water 
equating to a concentration of 1 microorganism per milliliter. If PCR activities result in ingestion 
of 3 ml of water, then recreators will ingest a dose of 3 pathogenic microorganisms resulting in 
the target illness rate specified in the EPA’s 304(a) RWQC recommendations. The right side of 
Figure 1 shows two simplified hypothetical scenarios where the concentration of FIB in the 
waterbody is above the level specified in the EPA’s 304(a) RWQC recommendations. In the first 
hypothetical scenario on the right side of Figure 1, the concentration of pathogenic 
microorganisms is 3 microorganisms per milliliter – three times higher than the hypothetical 
scenario on the left of Figure 1. If PCR activity in the poorer water quality results in ingestion of 
3 ml of water, then primary contact recreators will ingest a dose of 9 pathogenic microorganisms 
resulting in an illness rate greater than the target illness rate specified in the EPA’s 304(a) 
RWQC recommendations. In the second hypothetical scenario on the far-right side of Figure 1, 
the concentration of pathogenic microorganisms is the same except SCR activity results in 
ingestion of 1 ml of water resulting in a dose of 3 pathogenic microorganisms resulting in a 
target illness rate that is the same as the first hypothetical scenario on left side of Figure 1 that 
exactly meets the EPA’s 304(a) RWQC recommendations. 
 

 
1 The purpose of this simplified hypothetical scenario is to demonstrate a single concept. It does not address all 
factors that may affect risk of illness. 
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Figure 1. Simplified hypothetical scenarios demonstrating the interaction between the amount of incidental 
ingestion of ambient water associated with different types of recreational activities, the concentration of 
pathogenic microorganisms, and illness risk.  

Equation 1 below provides a mechanism for states and authorized Tribes to calculate protective 
criteria for SCR that results in the same target illness rate as would occur during PCR in waters 
meeting the EPA’s 304(a) RWQC recommendations. Appropriate application of Equation 1 
should result in criteria that protect the designated use of SCR. 

3.1. Equation for calculating protective criteria for SCR 
States and authorized Tribes could calculate scientifically defensible SCR water quality criteria 
using the equation2: 

𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐶𝐶𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠 × 𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝
(Equation 1) 

where: 

2 Adapted from Equation 6 in USEPA (2022) 

Water meets criteria for 
primary Water meets criteria for contact recreation 
______________primary contact recreation

Water does not meet criteria for 
Water does primary not meet crcontact recreation iteria for 

_________________________primary contact recreation

3 microorganisms in 3 ml 
3 microorganisms in 3 ml water 
water 

= 1 microorganisms/ml
= 1 microorganisms/ml 

Dose of 3 microorganisms Dose of 3 microorganisms 
results in target illness rate.results in target illness rate. 

9 microorganisms in 3 ml 
water 9 microorganisms = 3 in 3 ml 

microorganisms/mlwater = 3 
microorganisms/ml 

Dose of 9 microorganisms 
Dose of 9 microorganisms results in illness rate greater 
results in illness rate greatethan target illness rate.than target illness rate. 

3 
3 microorganisms in 1 ml 
water = 3 microorganisms/mlmicroorganisms in 1 ml 

water = 3 microorganisms/ml 

Dose of 3 microorganisms 
results Dose in target illness rate.of 3 microorganisms 

results in target illness rate. 
r 
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Cprimary = an EPA 304(a) RWQC recommended magnitude value for PCR (or in 
appropriate cases an adopted and EPA-approved site-specific criterion value 
– see section 3.2.7). 

Csecondary = the analogous criteria magnitude value for SCR with a risk of illness 
comparable to the risk associated with Cprimary. 

Iprimary = the amount of ambient water incidentally ingested during PCR. 

Isecondary = the amount of ambient water incidentally ingested during SCR. 
 
This method essentially calculates a multiplier value as the ratio of incidental ingestion 
associated with PCR to incidental ingestion associated with SCR and applies that multiplier to 
the criteria values for PCR to derive criteria for SCR. 

3.2. Equation inputs 
Equation 1 requires the input values for variables Cprimary, Iprimary, and Isecondary. Appropriate input 
values ensure the calculation provides protective SCR criteria. Below are recommendations for 
how to choose appropriate values for Cprimary, Iprimary, and Isecondary. 

3.2.1. Considerations when selecting the value of Cprimary 

Recreational water quality criteria are usually expressed as a magnitude, duration, and frequency 
that should not be exceeded. The EPA developed its method for deriving criteria for SCR by 
adjusting the magnitude components of the EPA’s 304(a) RWQC recommendation for PCR. 
Thus, in most cases, the value Cprimary in Equation 1 should be the magnitude values for PCR 
from the EPA’s 304(a) RWQC recommendations (or in appropriate cases the adopted and EPA-
approved site-specific criterion values – see section 3.2.7) the state or authorized Tribe are 
adjusting to derive criteria magnitude values for SCR with the same target illness rate. 
The EPA’s 304(a) RWQC recommends Escherichia coli (E. coli) for fresh recreational waters 
and Enterococci for fresh and marine recreational waters as FIB. The EPA’s 304(a) RWQC 
recommends states and authorized Tribes adopt two related but distinct criteria magnitude values 
of FIB to protect PCR. One magnitude value is a geometric mean (GM), and the other magnitude 
value is a statistical threshold value (STV). The GM magnitude value is the calculated GM of the 
number of colony-forming units (CFU) of FIB in 100 ml water samples that the waterbody 
should not exceed in any 30-day interval, and the STV is the number of CFU of FIB that should 
not be exceeded in more than 10 percent of the same 100 ml water samples that were used to 
calculate the GM. Table 1 shows the EPA’s 304(a) RWQC recommendations for PCR. 
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Table 1. The EPA’s 304(a) RWQC recommendations for PCR. 

Indicator 

Estimated Illness 
Rate 36 per 1,000 

OR 

Estimated Illness 
Rate 32 per 1,000 

Magnitude Magnitude 
GM STV GM STV 

Enterococci – marine and 
fresh 35 130 30 110 

E. coli – fresh 126 410 100 320 
Duration and Frequency: The waterbody GM should not be greater than the selected GM 
magnitude in any 30-day interval. There should not be greater than a ten percent excursion 
frequency of the selected STV magnitude in the same 30-day interval. All values are CFU per 
100 ml of water. 
 
The EPA’s 304(a) RWQC recommends using both GM and STV magnitude values together 
(rather than a GM alone or STV alone) because both are needed to protect PCR designated uses. 
The level of protection associated with the EPA’s 304(a) RWQC recommendations are described 
by the distribution of water quality measurements taken over an averaging period. The STV 
corresponds to the 90th percentile of the same distribution of water quality measurements 
described by the GM value, and thus should not be exceeded more than 10 percent of the time. 
Exceedances of the STV identifies an unusually high number of spikes in FIB measurements 
while considering the expected variability in water quality measurements. Specification of a 
level of protection is incomplete with a GM alone because it does not limit exposure to waters 
with an unusually high number of such events. Used together, the GM and STV indicate whether 
water quality is protective of the PCR designated use. Because the EPA’s method for deriving 
SCR criteria assumes all the same factors the EPA used to derive its 304(a) RWQC 
recommendations for PCR, the EPA recommends using both GM and STV magnitude values 
together (rather than a GM alone or STV alone) to indicate water quality that is protective of an 
SCR designated use. 
The EPA’s 304(a) RWQC recommendation for PCR provides magnitude values for two levels of 
protection, one for 32 additional illnesses per 1,000 recreators, and the other for 36 additional 
illnesses per 1,000 recreators. In the EPA’s 304(a) RWQC recommendation for PCR, the EPA 
recommends states and authorized Tribes make a risk management decision regarding their 
target illness rate which will subsequently determine the set of criteria values that are most 
appropriate for their waters. The EPA’s 304(a) RWQC recommendations for PCR recommends 
states and authorized Tribes apply this risk management decision throughout the state or 
authorized Tribe to protect PCR. The EPA recommends not selecting a GM and STV associated 
with different target illness rates because the illness rate of the resulting criteria would be 
unknown. 
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The estimated illness rate of SCR criteria resulting from Equation 1 is the same illness rate 
associated with the values of Cprimary. States and authorized Tribes interested in adopting criteria 
to protect SCR should consider the risk levels described in the EPA’s 304(a) RWQC 
recommendations for PCR. For states and authorized Tribes that have already adopted the EPA’s 
304(a) RWQC recommendations for PCR, the EPA recommends applying those same adopted 
PCR criteria values as Cprimary. States and authorized Tribes should apply Equation 1 both for the 
GM and the STV, and adopt those paired values into their WQS to protect SCR. For example, if 
a state or authorized Tribe adopted a GM and STV for PCR based on an estimated illness rate of 
32 per 1,000 recreators, the state or authorized Tribe should use those same GM and STV values 
for Cprimary in Equation 1 to derive corresponding GM and STV values for SCR criteria with an 
estimated illness rate of 32 per 1,000 recreators. 

3.2.2. Data sources for Iprimary and Isecondary 

Several studies provide quantitative estimates of incidental ingestion of ambient water associated 
with water-related activities (DeFlorio-Barker et al., 2018; Dorevitch et al., 2011; Dufour, Evans, 
Behymer, & Cantu, 2006; Schets, Schijven, & de Roda Husman, 2011; Schijven & de Roda 
Husman, 2006; Stone, Harding, Hope, & Slaughter-Mason, 2008; Suppes, Abrell, Dufour, & 
Reynolds, 2014; USEPA, 2019a). These studies provide quantitative estimates of incidental 
ingestion associated with the following activities: 

• Boating 
• Canoeing in calm water (i.e., no capsizing) 
• Canoeing in turbulent water (i.e., with capsizing) 
• Exercise swimming 
• Fishing 
• Kayaking in calm water (i.e., no capsizing) 
• Kayaking in turbulent water (i.e., with capsizing) 
• Rowing in calm water (i.e., no capsizing) 
• Rowing in turbulent water (i.e., with capsizing) 
• Leisure swimming 
• Occupational diving 
• Sports diving with full face mask 
• Sports diving with ordinary face mask 

Example: A state or authorized Tribe intends to establish an SCR designated use for an inland 
freshwater stream with a target illness rate of 36 per 1,000 recreators. The state or authorized 
Tribe should select the GM and STV for E. coli from EPA’s 304(a) RWQC recommendations 
for PCR with a target illness rate of 36 per 1,000 recreators and perform two separate 
calculations of Csecondary using Equation 1, one with Cprimary equal to the GM of 126 CFU and 
the other with Cprimary equal to the STV of 410 CFU. The state or authorized Tribe could then 
adopt the resulting Csecondary values as the GM and STV to protect the SCR designated use at 
the same illness rate of 36 per 1000 recreators. The designated use of SCR would be 
protected by criteria that includes both the GM and STV once they are adopted into state 
WQS and approved by EPA. 
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• Surfing 
• Swimming 
• Wading/splashing 
• Walking 

 
Chapter 3 of the EPA’s Exposure Factors Handbook (USEPA, 2019b) summarizes many of these 
studies and compiles quantitative estimates of ingestion volume provided by those studies in a 
collection of tables. States and authorized Tribes may use appropriate values from those sources 
for Iprimary and Isecondary, or they may use other appropriate values based on scientifically 
defensible data on incidental ingestion of ambient water associated with recreation. The EPA 
anticipates future research on incidental ingestion of ambient water associated with recreation to 
generate additional data states and authorized Tribes could potentially use to derive scientifically 
defensible SCR criteria. 

3.2.3. Considerations when selecting values for Iprimary 

The value Iprimary represents the amount of incidental ingestion of ambient water associated with 
the PCR activities used to derive Cprimary. The EPA developed Equation 1 by assuming all factors 
related to the development of the EPA’s 304(a) RWQC recommendations for PCR (hazard of 
concern, indicators of fecal contamination, enumeration methods, human health endpoints, scope 
of analysis, pathogens, and pathogen dose-response relationships) are also applicable to SCR 
activities except for level of exposure (USEPA, 2022). Because Equation 1 adjusts the EPA’s 
304(a) RWQC recommendations for PCR using an adjustment factor that is the ratio of 
incidental ingestion associated with the EPA’s 304(a) RWQC recommendations for PCR to the 
incidental ingestion associated with SCR activities, the variable Iprimary should represent the level 
of exposure in the epidemiological studies the EPA used to develop the 304(a) RWQC 
recommendations for PCR. 
Although the EPA’s 304(a) RWQC recommendations describes PCR as “swimming, bathing, 
surfing, or similar water contact activities,” the epidemiological studies the EPA used to develop 
its 304(a) RWQC recommendations evaluated illness rates of “swimmers” at public beaches in 
comparison to beachgoers with no water contact. However, the magnitude of exposure to 
ambient surface water associated with “swimming” in a recreational setting can be difficult to 
characterize. The EPA’s epidemiological studies generally characterized “swimming” as 
recreation in ambient water where recreators immerse their body up to the waist or higher 
(USEPA, 2009; Wade et al., 2008; Wade et al., 2006). Thus, the value of Iprimary should reflect at 
minimum the amount of incidental ingestion of ambient water associated with recreation when 
recreators immerse their body up to their waist or higher. 

3.2.4. Considerations when selecting values for Isecondary 

The value Isecondary represents the amount of incidental ingestion of ambient water associated with 
SCR activities. An SCR designated use can encompass a wide array of different recreational 
activities. The distinction between SCR and PCR is that SCR is associated with recreational 
activities with less incidental ingestion of ambient water compared to PCR. 

https://www.epa.gov/expobox/about-exposure-factors-handbook
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Because SCR can encompass a wide array of different recreational activities, deriving protective 
criteria using Equation 1 requires knowledge of the specific recreational activities the state or 
authorized Tribe intends to protect with the SCR designated use. As recommended above, states 
and authorized Tribes should clearly define SCR designated uses in the context of specific 
recreational activities and adopt those definitions into their WQS regulations or include them in 
other publicly available guidance. Defining SCR designated uses by describing the specific 
recreational activities to be protected will help the state or authorized Tribe select an appropriate 
value for Isecondary, provide clarity and transparency to the EPA and the public about how the state 
or authorized Tribe derived the criteria values, and will help the state or authorized Tribe 
articulate risks associated with recreating in SCR waters so that individuals can make their own 
risk management decisions. 
When an SCR designated use includes more than one recreational activity that may have 
different incidental ingestion rates, the state or authorized Tribe should select the largest value of 
Isecondary associated with the SCR activities that define the SCR designated use (i.e., the 
recreational activity associated with the greatest exposure). If an SCR designated use includes 
more than one recreational activity but quantitative data on incidental ingestion is not available 
for all of them, states and authorized Tribes should select the largest value from the available 
values for Isecondary if there is a reasonable expectation that the largest available value represents 
the activity with the largest incidental ingestion. Alternatively, states and authorized Tribes may 
perform or fund studies to derive a value for Isecondary representing the activity associated with the 
greatest exposure. 

3.2.5. Other considerations when selecting values for Iprimary and Isecondary 

To derive criteria protective of SCR, Equation 1 adjusts a RWQC for PCR using an adjustment 
factor calculated as the ratio of Iprimary to Isecondary. This method is based on the assumption that all 
factors the EPA used to develop its 304(a) RWQC recommendations for PCR (hazard of 
concern, indicators of fecal contamination, enumeration methods, human health endpoints, scope 
of analysis, pathogens, and pathogen dose-response relationships) are also applicable to SCR 
except for the level of exposure (USEPA, 2022). Thus, when using a value of Cprimary that is 
based on the EPA’s 304(a) RWQC recommendations, it is critically important to accurately 
characterize both the exposure associated with the EPA’s 304(a) RWQC recommendations and 
the exposure associated with the SCR activities the state or authorized Tribe wishes to protect. 
Chapter 3 of the EPA’s Exposure Factors Handbook lists estimates of incidental ingestion 
associated with a wide range of water-based activities. The EPA has also derived other estimates 
of incidental ingestion for water quality criteria recommendations (e.g., USEPA, 2019a). In 
many cases, several different estimates from the same or different studies are available for the 
same or similar recreational activities. For example, the EPA’s Exposure Factors Handbook 
(USEPA, 2019b) lists 27 different estimates of incidental ingestion associated with swimming 
that range between 3.5 ml/hour and 60.0 ml/hour. When a variety of estimates of incidental 
ingestion for a particular recreational activity are available, it is important to select the value that 
will result in scientifically defensible criteria protective of the designated use. 
There are a variety of factors that can lead to different measurements of incidental water 
ingestion associated with recreation. One factor is measurement error. Measurement error (the 
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difference between the measured value and its true value) can be divided into two categories: 
random error and systematic error.  
Random error in a measurement is caused by inherently unpredictable fluctuations in the 
readings of a measurement apparatus or in the experimenter's interpretation of the instrumental 
reading. Random error shows up as different results for repeated measurements of the same 
quantity. Random error typically has a normal distribution with a mean of zero. Thus, the overall 
effect of random error decreases as the number of individual measurements increases. When 
selecting values for Iprimary and Isecondary, states and authorized Tribes should scrutinize the source 
of those values for reliable measurement methods and sufficient sample sizes to ensure statistical 
confidence in the results. 
Systematic error, also called statistical bias, is error that is introduced by an inaccuracy involving 
either the observation or measurement process. Statistical bias is predictable and always affects 
the results of an experiment in a predictable direction. A variety of factors can result in statistical 
bias when measuring incidental ingestion associated with recreation. Some potential factors that 
could result in statistical bias include but are not limited to: 

• Sex (e.g., female versus male) 
• Age (e.g., children versus adults) 
• Salinity (e.g., fresh waters versus marine waters) 
• Study venue (e.g., natural surface waters versus pools) 
• Measurement method (e.g., cyanuric acid in urine versus categorical self-reported 

ingestion volume) 
• Activity characteristics (e.g., wading, bathing, splashing, playing, swimming) 
• Exposure characteristics (e.g., any contact with water versus requiring head-immersion) 
• Descriptive statistics reported (e.g., arithmetic mean, geometric mean, median, 95th 

percentile) 
• Unit of measurement (e.g., ml/hour, ml/day, or ml/event) 
• Other study-specific uncontrolled confounding variables (either known, forgotten, or 

unknown) 
 

 

When selecting values for Iprimary and Isecondary, states and authorized Tribes should carefully 
evaluate the studies from which those values were derived to ensure that statistical bias will not 
adversely affect the results of Equation 1. One way to reduce adverse effects of statistical bias is 
to select a matched pair of values for Iprimary and Isecondary that contain the same statistical bias so 
that they cancel through division. This approach can be described mathematically by extending 
Equation 1 to include all factors related to statistical bias such that: 

 𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐶𝐶𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠 × 𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 × ∑ 𝑏𝑏𝑝𝑝𝑠𝑠𝑠𝑠𝑝𝑝
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠

𝑝𝑝=1

𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝 × ∑ 𝑏𝑏𝑝𝑝𝑠𝑠𝑠𝑠𝑝𝑝
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠

𝑝𝑝=1
 (Equation 2) 

where: 

 ∑ 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑝𝑝
𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑝𝑝=1   =  the sum of n bias factors (signed percentage) inherent in the 
estimate of incidental ingestion associated with PCR. 
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∑ 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑝𝑝
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑝𝑝=1  = the sum of n bias factors (signed percentage) inherent in the 
estimate of incidental ingestion associated with SCR. 

n = the number of bias factors. 

 

 

 

and then rearrange Equation 2 such that: 

 𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐶𝐶𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠 × 𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  
𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝 

×
∑ 𝑏𝑏𝑝𝑝𝑠𝑠𝑠𝑠𝑝𝑝

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠
𝑝𝑝=1

∑ 𝑏𝑏𝑝𝑝𝑠𝑠𝑠𝑠𝑝𝑝
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠

𝑝𝑝=1
 (Equation 3) 

Equation 3 extends Equation 1 to include statistical bias in measurements of Iprimary and Isecondary. 
When ∑ 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑝𝑝

𝑝𝑝𝑠𝑠𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑝𝑝=1   equals  ∑ 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑝𝑝

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑝𝑝=1  (that is, the sum  of all statistical bias for 

Iprimary and Isecondary are the same), 
∑ 𝑏𝑏𝑝𝑝𝑠𝑠𝑠𝑠𝑝𝑝

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠
𝑝𝑝=1

∑ 𝑏𝑏𝑝𝑝𝑠𝑠𝑠𝑠𝑝𝑝
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠

𝑝𝑝=1
 equals 1 and Equation 3 becomes Equation 1 

and there are no adverse effects of statistical bias. Although quantifying statistical bias for the 
purpose of deriving SCR criteria may not be feasible, this examination demonstrates that 
selecting values of Iprimary and Isecondary with the same statistical bias results in unbiased output 
from Equation 1. 
To reduce the effect of statistical bias, states and authorized Tribes should select a matched pair 
of values for Iprimary and Isecondary. A matched pair of values are values of Iprimary and Isecondary with 
intrinsic statistical biases that are as close as possible to each other. In some cases, it may be 
more appropriate to select values for Iprimary or Isecondary that have less precision if using those 
values reduces the difference in statistical bias between the two. In other cases, careful 
evaluation of the methods used to derive the chosen values may be necessary. States and 
authorized Tribes should include the rationale for selecting values for Iprimary and Isecondary when 
submitting SCR criteria to the EPA for review under CWA section 303(c). Failure to account for 
differences in statistical bias when selecting values for Iprimary and Isecondary could result in SCR 
criteria values that are not scientifically defensible or adequately protective of the designated use. 
See text box below and Section 4 for examples that demonstrate how a state or authorized Tribe 
might consider potential statistical bias when selecting values for Iprimary and Isecondary. In addition, 
the values of Iprimary and Isecondary should be descriptive statistics that are appropriate and 
consistent with the distribution of the underlying data from which they were derived. 
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Example: A state developed criteria to protect a designated use of fishing, which is generally 
considered an SCR activity. The state used ingestion rates reported in a scientific journal that 
measured the amount of water incidentally ingested during different recreational activities 
(Dorevitch et al., 2011). The study measured incidental ingestion associated with fishing using 
two different methods - one study using self-reported ingestion (none, a drop, a teaspoon, or a 
mouthful) while subjects fished in ambient surface waters, and the other study by measuring 
cyanuric acid in urine as a tracer of ingested water while subjects engaged in simulated fishing 
at a swimming pool. Selecting the ingestion estimate associated with fishing in ambient surface 
water for Isecondary may at first appear a better choice because it would seem to more closely 
represent the recreational activity the state is trying to protect. However, the journal article did 
not report incidental ingestion during the PCR activity of swimming in ambient surface water 
that the state could use as Iprimary. Instead, the journal article only reported incidental ingestion 
during the PCR activity of swimming using the tracer method in a swimming pool. To avoid 
the potential for statistical bias by using different measurement methods (i.e., the measurement 
for fishing from self-reported ingestion in ambient surface waters versus the measurement for 
swimming in a swimming pool from cyanuric acid in urine as a tracer of ingested water), the 
state selected the ingestion value associated with fishing from the swimming pool study for 
Isecondary. By using ingestion estimates that were both measured using the same methodology, 
the state minimized statistical bias and calculated the most scientifically defensible criteria to 
protect a designated use of fishing. See Section 4 for complete examples including calculations. 

 
One potential source of statistical bias in estimates of incidental ingestion is age. Children 
immerse their head and body more than adults (USEPA, 2009; Wade et al., 2008; Wade et al., 
2006), display more hand-to-mouth contact (Xue et al., 2007), stay in the water longer (Dufour, 
Behymer, Cantu, Magnuson, & Wymer, 2017; Wade et al., 2008; Wade et al., 2006), and ingest 
more water (DeFlorio-Barker et al., 2018; Dufour et al., 2017; Suppes et al., 2014) when 
recreating.  
The EPA’s method for deriving criteria to protect SCR designated uses is based on the 
assumption that all factors the EPA used to develop its 304(a) RWQC recommendations for PCR 
are also applicable to SCR except for the level of exposure (USEPA, 2022). The age range of the 
population EPA studied to derive its 304(a) RWQC recommendations for PCR was the general 
population including children. Therefore, when using EPA’s 304(a) RWQC recommendations 
for PCR as values for Cprimary, states and authorized Tribes should select matched pairs of values 
for Iprimary and Isecondary that represent incidental ingestion during recreation by the general 
population including children. If available values for Iprimary and/or Isecondary are derived from 
populations with distributions of ages that substantially deviates from the general population, 
states and authorized Tribes should try to recalculate age matched values from the underlying 
data or derive and apply appropriate correction factors (however, see section 3.2.6 for 
information about how to consider potentially greater exposure of children during recreation). 

3.2.6. Consideration for protection of children 

As discussed in section 3.2.5, children may have greater exposure to ambient water during PCR 
activities compared to adults. If a state or authorized Tribe seeks to develop criteria that accounts 
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for potentially greater exposure to children, the state or authorized Tribe could select a value for 
Isecondary that represents the amount of ambient water incidentally ingested during a particular 
recreational activity only by children. If using EPA’s 304(a) RWQC recommendations for PCR 
as values for Cprimary, the value of Iprimary should continue to represent the amount of ambient 
water incidentally ingested during PCR by the general population including children because that 
was the population the EPA studied to develop its 304(a) RWQC recommendations for PCR. 
The incidental ingestion of ambient water by children would presumably be greater than the 
incidental ingestion of ambient water by the general population including children if children 
overall ingest more ambient water when they recreate. The resulting higher value of Isecondary 
would then account for the greater exposure by children when recreating. In this special case, the 
difference in age distributions underlying the values of Iprimary and Isecondary would not be 
statistical bias, but instead reflect an actual difference in exposure between these two groups of 
recreators. States and authorized Tribes should continue to minimize other potential sources of 
statistical bias when selecting values for Iprimary and Isecondary. 

3.2.7. Site-specific criteria 

States and authorized Tribes may also use the methodology described in the EPA’s 2022 white 
paper (USEPA, 2022) to calculate site-specific SCR criteria that reflect site-specific conditions 
of a particular waterbody. To do so, the state or authorized Tribe would enter into Equation 1 the 
EPA-approved site-specific PCR criteria applicable to that waterbody as the values of Cprimary, 
values for Iprimary that characterize exposure associated with the derivation of the site-specific 
PCR criteria, and values for Isecondary that characterizes exposure associated with the SCR 
designated use. 
Site-specific SCR criteria, like all criteria, must be scientifically defensible and protective of the 
designated use as required by the EPA's water quality standards regulations at 
40 CFR §131.11(a). As with SCR criteria based on EPA’s 304(a) RWQC recommendation, 
states and authorized Tribes should include the data, information, and rationale used to select the 
values used in Equation 1 (Cprimary, Iprimary, and Isecondary) and an explanation of how the state or 
authorized Tribe derived the site-specific SCR criteria values when submitting them to the EPA 
for review. This information enables the EPA to determine if the SCR criteria are scientifically 
defensible and protective of the SCR designated use. 

4. Example Calculations 

The selection of appropriate values to enter in Equation 1 and subsequent calculation of SCR 
criteria are demonstrated in the following hypothetical examples.  

Example 1 
A state decided to adopt a designated use of fishing (an SCR activity) in a stream that did not 
support PCR3. The state adopted into their WQS the designated use of fishing for that stream and 

 
3 If a state wishes to remove a PCR designated use for a particular water body, it must follow the WQS revision 
process set out in 40 CFR 131.10 including providing an appropriate justification (i.e., a use attainability analysis), 
 

https://www.epa.gov/system/files/documents/2022-01/rec-criteria-white-paper-final.pdf
https://www.epa.gov/system/files/documents/2022-01/rec-criteria-white-paper-final.pdf
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E. coli criteria specified as a GM of 378 CFU and an STV of 1,230 CFU. The state used the 
following rationale in its documentation when submitting the WQS to the EPA for review and 
action. 
Deriving SCR criteria for fishing using Equation 1 requires the appropriate selection of Cprimary 
(criteria magnitude values for PCR from the EPA’s 304(a) RWQC recommendations, or in 
appropriate cases, adopted and EPA-approved site-specific criterion values), Iprimary (amount of 
incidental ingestion associated with the activities used to derive Cprimary) and Isecondary (amount of 
incidental ingestion associated with the SCR activity of fishing). The state currently has WQS 
for PCR for other fresh surface waters based on the EPA’s 304(a) RWQC recommendations. The 
state’s current PCR criteria are associated with an illness rate of 36 per 1,000 recreators. Because 
the state is currently using E. coli as indicator bacteria for waters that support PCR and has 
policies and procedures to monitor water quality using E. coli as an indicator, the state chooses to 
continue using E. coli as the water quality indicator and use its EPA 304(a) RWQC 
recommendation for PCR (GM of 126 CFU and an STV of 410 CFU) as the values of Cprimary. 
To use Equation 1, the state needs to identify values for Iprimary and Isecondary. Chapter 3 of the 
EPA’s 2019 Exposure Factors Handbook lists incidental ingestion estimates for several different 
recreational activities. Table 3-96 in the EPA’s 2019 Exposure Factors Handbook lists ingestion 
estimates reported in a scientific paper (Dorevitch et al., 2011) for recreational activities that 
include fishing (shown in Figure 2). 

 
and must adopt the highest attainable use, consistent with 40 CFR 131.10(g). The State must also adopt criteria to 
protect the newly designated highest attainable use consistent with 40 CFR 131.11. See the Designated Uses chapter 
in the WQS Handbook for more information. 

 

https://www.federalregister.gov/select-citation/2019/05/01/40-CFR-131.11
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Figure 2. Table 3-96 from the EPA’s 2019 Exposure Factors Handbook highlighting areas of the table with 
potentially relevant data for deriving criteria to protect fishing as an SCR designated use. Arrows point to the 
values selected in the example (see text for selection justification). 

The table lists several estimates the state could potentially use for the values of Iprimary and 
Isecondary (dashed boxes in Figure 2). One set of potential values for Iprimary are labeled 
“immersion” and the other set of potential values for Iprimary are labeled “swimming.” To choose 
between the potential values for Iprimary, the state evaluated the original scientific article that was 
the source of these data (Dorevitch et al., 2011). The paper described “immersion” as controlled 
trials involving standing in the water and immersing one’s head three times over a 10-minute 
interval whereas the paper described “swimming” as lap swimming. Because the paper’s 
description of “swimming” more closely resembles the level of exposure in the epidemiological 
studies the EPA used to develop its 304(a) RWQC recommendations for PCR compared to the 
description of “immersion”, the state decided to select an estimate from the activity category 
“swimming” for the value Iprimary. 
The table lists two different ingestion estimates associated with fishing. One ingestion estimate is 
derived from measurements where study subjects self-reported the volume of water ingested 
while fishing in ambient surface water (“Surface Water Study”), and the other ingestion estimate 
is the ingestion rate derived from measurements of cyanuric acid (a chlorine stabilizer used in 
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swimming pools) in urine as an indicator of incidental ingestion of water while study subjects 
engaged in simulated fishing in a swimming pool (“Swimming Pool Study”). Selecting the 
ingestion rate from the surface water study rather than the swimming pool study may initially 
appear to be the logical choice because fishing in ambient surface water is closer to the exposure 
scenario associated with the recreational activity the state is seeking to protect. However, the 
study provides ingestion rates for swimming derived from the swimming pool study but does not 
provide ingestion rates for swimming in ambient surface water. Although the EPA’s 2019 
Exposure Factors Handbook provides many other ingestion estimates associated with swimming 
in ambient surface water from several other studies, the state selected the ingestion rate 
associated with swimming in a swimming pool as the value for Iprimary and the ingestion rate 
associated with simulated fishing in a pool as the value for Isecondary from Table 3-96 in the EPA’s 
2019 Exposure Factors Handbook because both estimates were from the same study and were 
derived using the same experimental methods, thus minimizing the chance that the two estimates 
are affected by unequal statistical bias. Furthermore, the original scientific article identified the 
distribution of the underlying data as most closely approximating a lognormal distribution. 
Therefore, the state selected the median values rather than the arithmetic mean values because 
the arithmetic mean assumes a normal distribution of the data whereas the median makes no 
assumptions about the underlying data distribution. Thus, the state selected the median value of 
2.0 ml/hour4 for the value of Isecondary and the median value of 6.0 ml/hour for the value of Iprimary 
identified by the arrows in Figure 2. 
Because the SCR criteria to protect fishing will include both a GM and STV, the state applies the 
equation twice - once for each value of Cprimary using the same values for Iprimary and Isecondary each 
time. Applying Equation 1 to each value of Cprimary yields: 
 

 E. coli GM (fishing) = 126 ×
6.0 ml

hour

2.0 ml
hour

= 378 CFU 

 E. coli STV (fishing) = 410 × 
6.0 ml

hour

2.0 ml
hour

= 1,230 CFU 

Example 2 
A state decided to adopt a designated use of kayaking (which the state considered an SCR 
activity) at a marine beach that does not support PCR. In its WQS, the state defined the 
designated use as rough water kayaking and adopted Enterococci criteria specified as a GM of 
44 CFU and an STV of 163 CFU to protect the kayaking designated use. The state used the 
following rationale in its documentation when submitting the WQS to the EPA for review and 
action. 
The state’s currently applicable recreational designated use at all their other marine beaches is 
PCR with criteria based on the EPA’s 304(a) RWQC recommendations for Enterococci criteria 
associated with an illness rate of 36 per 1,000 recreators (GM of 35 CFU and an STV of 130 

 
4 The median value for ingestion associated with fishing in ambient surface water and the median value for ingestion 
associated with simulated fishing in a swimming pool are coincidentally the same in this hypothetical example. 
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CFU). Thus, the state selected these values as Cprimary to develop SCR criteria to protect kayaking 
at this specific beach. 
To use Equation 1, the state needed to identify values for Iprimary and Isecondary. Chapter 3 of the 
EPA’s 2019 Exposure Factors Handbook lists incidental ingestion estimates for several different 
recreational activities. Table 3-96 in the EPA’s 2019 Exposure Factors Handbook lists ingestion 
estimates reported in a scientific paper (Dorevitch et al., 2011) for recreational activities that 
include kayaking (shown in. Figure 3). 

 
Figure 3. Table 3-96 from the EPA’s 2019 Exposure Factors Handbook highlighting areas of the table with 
potentially relevant data for deriving criteria to protect rough water kayaking as an SCR designated use. 
Arrows point to the values selected in the example (see text for selection justification). 
 
The table lists several estimates the state could potentially use for the values of Iprimary and 
Isecondary (dashed boxes in Figure 3). One set of potential values for Iprimary are labeled 
“immersion” and the other set of potential values for Iprimary are labeled “swimming.” Using the 
same rationale as described in Example 1, the state selected an estimate from the activity 
category “swimming” for Iprimary because the description of “swimming” in the original study 
more closely resembles the level of exposure in the epidemiological studies the EPA used to 
develop its 304(a) RWQC recommendations for PCR compared to the description of 
“immersion”. 



19 

 

Because environmental conditions at this marine beach are challenging, this beach attracts 
experienced kayakers who often capsize and recover. The table lists several different ingestion 
estimates associated with kayaking. Ingestion estimates provided are derived from subjects who 
were kayaking without capsizing, kayaking with capsizing, and kayaking both with and without 
capsizing. Because the state is seeking to derive criteria that will protect rough water kayaking 
where capsizing is a common occurrence, the state selected an ingestion estimate from the 
category “kayaking with capsize.” 
The table also provides estimates that were derived either from measurements where study 
subjects self-reported the volume of water ingested while kayaking in ambient surface water 
(“Surface Water Study”), or from measurements of cyanuric acid (a chlorine stabilizer used in 
swimming pools) in urine as an indicator of incidental ingestion of water while study subjects 
engaged in kayaking in a swimming pool (“Swimming Pool Study”). Using the same rationale 
discussed in Example 1, the state chose to use estimates for kayaking with capsize derived from 
the swimming pool study because the study provides ingestion rates for swimming derived only 
from the swimming pool study and does not provide ingestion rates for swimming in ambient 
surface water. Using ingestion estimates that were derived using the same experimental methods 
reduces the chance that the two estimates are affected by unequal statistical bias. Furthermore, 
the original scientific article identified the distribution of the underlying data as most closely 
approximating a lognormal distribution. Therefore, the state selected the median values rather 
than the arithmetic mean values because the arithmetic mean assumes a normal distribution 
whereas the median makes no assumptions about the underlying distribution. Thus, the state 
selected the median value of 4.8 ml/hour for the value of Isecondary and the median value of 6.0 
ml/hour for the value of Iprimary identified by the arrows in Figure 3. 
Because the criteria to protect kayaking will include both a GM and STV, the state applied the 
equation twice - once for each value of Cprimary using the same values for Iprimary and Isecondary each 
time. Applying Equation 1 to each value of Cprimary yields: 

 

 Enterococci GM (kayaking with capsize) = 35 ×
6.0 ml

hour

4.8 ml
hour

= 44 CFU 

 Enterococci STV (kayaking with capsize) = 130 × 
6.0 ml

hour

4.8 ml
hour

= 163 CFU 

5. Conclusion 

Some states and authorized Tribes adopt designated uses to protect recreational activities that are 
associated with less ambient water contact or where immersion and ingestion of ambient water is 
less likely compared to PCR. States and authorized Tribes have historically called these types of 
recreational activities SCR. States and authorized Tribes may use Equation 1 together with the 
conditions, limitations and assumptions described in USEPA (2022) and this document to derive 
scientifically defensible criteria to protect SCR designated uses. Any such criteria must be 
adopted pursuant to state or Tribal law and be approved by EPA as consistent with CWA section 
303(c) and the EPA’s implementing regulation at 40 CFR part 131before it is effective for CWA 
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purposes. EPA encourages states and authorized Tribes to work closely with their EPA 
counterparts when adopting designated uses intended to protect SCR and when deriving criteria 
to protect such uses. 
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