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How to determine 
instantaneous criteria 
impairment with high-

frequency datasets?

How many exceedances are allowed? 
What are minimum data sizes?



Outline

• How to generally determine allowable 
exceedances

• Review the 2003 CB DO Criteria Document
• Are exceedances of instantaneous minimum 

allowed? 
• Recommended assessment method

• Considerations for alternative methods for 
assessment:

 -> Appropriate exceedance frequency? 
-> Designated Use specific insights into 
potential allowable exceedances

• Part II ?



How to 
determine 
allowable 
frequency of 
exceedance in 
assessment?

Guidance for Implementing the January 20

01 Methyme

rcury Water Quality Criterion

Integrated Reporting Memoranda

WQS Components: Magnitude, 
Frequency, and Duration

Frequency often not defined in WQS

If frequency is not expressed in EPA WQS, 
where would EPA discuss it? 
• EPA criteria specific implementation guidance 

documents
• i.e., Guidance for Implementing the January 2001 

Methymercury Water Quality Criterion
• EPA Integrated Reporting Memoranda (IRG) 

discusses considerations and recommendations for 
assessment

https://www.epa.gov/sites/default/files/2019-02/documents/guidance-implement-methylmercury-2001.pdf
https://www.epa.gov/sites/default/files/2019-02/documents/guidance-implement-methylmercury-2001.pdf
https://www.epa.gov/sites/default/files/2019-02/documents/guidance-implement-methylmercury-2001.pdf
https://www.epa.gov/tmdl/Integrated%20Reporting%20Guidance%20under%20CWA%20Sections%20303%28d%29%2C%20305%28b%29%20and%20314




Criteria and Implementation Documents

Technical Addendum Ambient Water 

Quality Criteria for Dissolved Oxygen, 

Water Clarity, and Chlorophyll a for 

the Chesapeake Bay and Its Tidal 

Tributaries

Nov 2017
Provides previously undocumented features of the 

present procedures for assessing attainment of the 

Chesapeake Bay water quality criteria as well as 

refinements and clarifications to the previously 

published Chesapeake Bay water quality criteria 

assessment procedures



Determining an exceedance 
frequency
• EPA Criteria document takes priority over EPA IR guidance



Assessment Methodology Considerations

IR Guidance States:
• Assessment methodology must be consistent with WQS
• State should clarify exceedance frequency in assessment 

method (if not specified in standards)
• Exceedance frequency should be based in scientific 

rationales



Consistency with standards example:
EPA 2016 NY D.O. 303d overlist: 
• NY WQS: “shall not be less than 4.0 mg/L at any time.” 

• NY proposed delisting two streams with continuous monitoring data: 
• (1) 98% compliance between 2015-2017 with the 4.0 mg/L D.O. standard in Spring 

Creek, and 
• (2) 99% compliance between 2014-2017 with the 4.0 mg/L D.O. standard in Paerdegat 

Basin. 

• “Because New York’s applicable water quality criterion for dissolved oxygen is expressed as 
“shall not be less than 4.0 mg/L at any time” (emphasis added), the criterion must be met 
100% of the time. Any other interpretation would not be consistent with the expression 
of this criterion.” 

• “In other words, percent attainment rules are not appropriately applied if their application is 
not consistent with the manner in which the applicable water quality criteria are expressed.” 



2003 CB Criteria: 
Yes, Some DO Exceedances Allowed

2003 Bay Criteria: Executive Summary
• “Even if the Chesapeake Bay ecosystem is fully restored, it is unlikely 

that a circumstance of ‘zero violation’ of these criteria will ever be 
observed, given natural Bay processes and extreme weather events.” 

Chapter vi (Implementation Procedures):
• “A description of successful criteria attainment recognizing that 100 

percent attainment is not necessary to protect designated and existing 
uses;”



But does this include instantaneous criteria?

Yes (Hard to decipher from 2003 Criteria Document)

• “It is recommended that separate attainment curves be developed for each 
criteria component, for subsequent application in every spatial assessment 
unit (CB segment/designated use) and for at least one full assessment period of 
three years.”

2003 Implementation Procedures ch vii:

Deep Channel assessment currently uses reference curve



Reference 
curves define 
allowable 
exceedances

• “The CFD methodology for defining 
criteria attainment addresses the 
circumstances under which the criteria 
may be exceeded in a small percentage of 
instances.”

• “It is assumed that the designated uses 
can be attained even with some limited 
level of criteria exceedances and thus, the 
reference curves define those criteria 
exceedances deemed to be allowable.”



Space is an important component of 
Bay criteria evaluation (2003)
• Different Designated Uses based on space
• “Criteria attainment should be presented in terms of spatial extent, i.e., 

the percentage of the volume (dissolved oxygen) or surface area (water 
clarity, chlorophyll a) of the particular designated use habitat in each 
Chesapeake Bay Program segment that meets or exceeds the applicable 
criteria.”

• “those criteria exceedances deemed to be allowable—chronic in time 
but over small areas, or infrequent occurrences over large areas.”

• “The 10-percent rule is not directly applicable in the context of CFD.. It 
was designed for samples collected at one location.. Only reflect time.”





First (Basic) Conclusions

• Yes, allowable exceedances of instantaneous min is 
consistent with criteria implementation documentation

• Space is an important component of Bay assessment
• Recommended assessment method: reference curve 

and CFD evaluation (space  - time assessment)



Considerations 
for alternative 
methodologies

2017 Technical Addendum includes 
non-CFD methods for Open Water 



Considerations for non-CFD approach  

➢ Let’s dive into each use: Review Criteria Derivation

• What exceedance frequency is allowed?
• What rationale can we provide for exceedances?
• What is consistent with WQS?



Why establish different 
durations of criteria?



Different durations protect different endpoints 

Longer duration criteria: growth, 
recruitment, etc

Instantaneous criteria: mortality



2003 Chapter iii: “Instantaneous Min vs Daily Mean”

• “Asphyxia, as stated above, has been reported at dissolved oxygen concentrations 
well below the reported LC50 concentrations. To ensure full protection of each of 
the five designated uses, an instantaneous minimum criterion has been 
recommended.” 

• “Oxygen concentrations below those that result in the standardly calculated 50% 
mortality in 24 to 96 h exposure test can lead to mortality in minutes to a few hours.”

• “The effects of exposure duration … are thus very important to consider in setting 
water quality standards for dissolved oxygen concentration, highlighting the need to 
set absolute minima, instead of time-averaged minima...”



What science drives 
the instantaneous 
criteria magnitudes?

• Look at each designated use





Deep Channel: 
Instantaneous Min

• “In the case of bottom-dwelling 
organisms, it is not the average 
condition that is most detrimental to the 
organisms but the absolute minimum 
dissolved oxygen. When dissolved 
oxygen drops significantly below 1 mg/l 
for even short periods of time (on the 
order of hours) mortality increases, 
even for tolerant species.”

• No longer duration criterion: growth 
other times of year compensates for any 
lack of summer growth



Deep Channel 
Instantaneous Min

Criteria: Little 
justification for 
allowing exceedances 
when hours of 
exceedance increase 
mortality
Assessment:  CFD 
approach used for 
assessment of 
instantaneous min





Migratory Fish Spawning and 
Nursery Use: 
5.0 mg/l instant min

• 2003: “consistent with the 
instantaneous minimum duration for 
the 5 mg/l concentration criterion 
value from the EPA freshwater 
dissolved oxygen criteria (Table III-
4; U.S. EPA 1986).”



1986 EPA Dissolved Oxygen Criteria Daily minimum DO: no 
acute mortality of sensitive 
species occurs as a result 
of lack of oxygen.



What does EPA 1986 
document say about 
frequency of 
exceedance?



1986 DO criteria on Minimum Exceedance

• During periodic cycles of DO, minima lower than acceptable constant exposure levels are 
tolerable so long as:
• The average concentration attained meets or exceeds the criterion
• Average DO is calculated as recommend
• The minima are not unduly stressful and clearly are not lethal

• “Because repeated exposure to DO mg/L at or near the acute lethal threshold will be 
stressful and because stress can indirectly produce mortality or other adverse effects (eg 
disease), the criteria are designed to prevent significant episodes of continuous or regularly 
recurring exposures” at those thresholds.

• “This protection is achieved by setting daily minimum for early life at the subacute lethality 
threshold, by the use of a 7-day averaging period of minimums for early life stages, by 
stipulation of a 7-day mean minimum value for other life stages…”



1986 EPA DO Criteria Document on Minimum 
Exceedance
• Significance of exceedance event depends largely upon five factors:

• Duration of the event
• Magnitude of DO depression (most important)
• Frequency of recurrence
• Proportional area of site failing to meet criteria
• Biological significance of the site where the event occurs

• Evaluating the extent, duration, and magnitude of an event must be a function of the spatio-
temporal frequency of the data
• “A single deviation below the criterion takes on considerably less significance where 

continuous monitoring occurs than where sampling is comprised of once-a-week grab 
samples”

• “This is so because based on continuous monitoring, the event is probably small, but 
with the much less frequent sampling, the event is not probably small and can be 
considerably worse than indicated by the sample”



MFSN Instantaneous Basis: 
EPA 1986 DO criteria

EPA 1986 DO criteria: 
Exceedance of 
instantaneous 
criterion allowed in 
some circumstances 
(ie 7-day mean attains, 
5 factors)

How many 
exceedances are 
allowed?



How many exceedances are 
allowed?

EPA Integrated 
Reporting Guidance



EPA Integrated Reporting Assessment 
Guidance



2004 IRG: When 
is use of the 
“10% rule” an 
appropriate 
assessment 
methodology?

• “On the other hand, it is questionable to apply 
the decision rule that a water is not impaired if 
“criteria (are) exceeded in < 10 percent of 
measurements” to WQC expressed as “the 
instantaneous concentration of the pollutant 
shall not be greater than ___ :g/L, at any time.”

• If a State intends to use the “10%” rule in 
conjunction with WQC expressed as “the 
instantaneous concentration of the pollutant shall 
not be greater than ___ :g/L, at any time,” the State 
will need to provide a rationale for why such an 
application of the rule is a reasonable approach 
to evaluation of data against water quality 
standards.”



2004 IRG: When 
is use of the 
“10% rule” an 
appropriate 
assessment 
methodology?

• “Past EPA guidance (1997 305(b) and 2000 CALM) 
recommends making non-attainment decisions 
for conventional pollutants where more than 10% 
of samples exceed applicable WQS. This guidance 
was intended to provide a simple “rule of thumb” 
in evaluating data sets of limited size for 
assessment purposes and is intended to 
account for measurement error and the 
potential that small data sets may not be fully 
representative of receiving water conditions. 
States should be cautious in applying the 10% 
rule.”

Extending the concept:

-> High frequency datasets may be more 
representative, may have less error and thus warrant 
a lower exceedance frequency





Open Water 
Instantaneous 3.2 mg/l protects:

• “Endangered Species (Sturgeon): 3.2 
mg/l protects against lethal effects from 
short-term exposures to low DO for both 
Bay species of sturgeon”



Open Water Basis: Sturgeon 
Protection

2-hour duration of 
associated lab test- > 
Inform Exceedances? 

What about volume of 
area exceeding?





Deep Water: 
Instantaneous Min
Protect anchovy early life stages: recruitment

• Virginian Province Criteria (EPA 2000); combined egg/larval 
recruitment effects curve intercepted the y-axis (Figure III-7). Given 
that the y-axis intercept reflects ‘time zero,’ an instantaneous min 
duration was applied to the 1.7 mg/l criterion value.



Deep Water: Anchovy Larval 
Recruitment model

Instantaneous 
criterion is derived 
using the same 
method as 30 day-
mean.
If 30-day mean is met, 
is there a chronic 
problem of 
instantaneous min not 
being attained?



Take aways – Alternate Assessment Method

• Can sound rationale be developed for allowable exceedances?
• Different DO exceedance frequencies may be justified for different Bay 

designated uses
• Different DO exceedance frequencies may be justified for different 

monitoring types (10% was intended for small datasets)
• Could describe circumstances where instantaneous minimum exceedance 

is acceptable (ie 30-day mean achieved, not high magnitude or long duration 
event?)

• Would more recent literature have additional insights?



Reactions and 
Thoughts

Part II?
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