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Toxics
• Many are not normally 

detectable in natural waters

• Short-term (1 hr - 4 day) 
action

• Direct effects on survival, 
growth, and reproduction

• Threshold effects

• Numeric targets based on 
dose-response studies

Recap of Some Differences between Toxic and 
Nutrient Effects

Nutrients
• Present in natural waters 

xxxxxx

• Longer-term manifestation 
xxxxxx

• Effects are indirect and some 
are aesthetic/subjective

• Gradational effects

• Numeric targets can be highly 
generalized
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• Various streamflow statistics used; e.g.,
• Specific duration and frequency
• Streamflow exceedance percentiles
• Summer median flow

• Most have:
• Longer inherent duration than 7 days; e.g., (e.g., growing 

season)
• Most have more frequent exceedance rate than once in 10 

years; e.g., once in 2-5 years

• Common P targets in the 0.050 – 0.150 mg/L range

• Pair TP with response criteria (e.g., CHLa, DO, pH)

Based on These Differences, States and EPA 
Have Used Alternatives to 7Q10 for Nutrients
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• 30Q5

• Effects-based modeling 
approach (WE&RF 
demonstration)

• Endpoints: Periphyton, 
DO, & pH criteria

• TP target: 0.100 – 0.170 
mg/L

Example: Boulder Creek, CO
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• TP criteria expressed as 
long-term (multi-year 
averages)
• River criteria of 0.050 – 0.150 

mg/L depending on region

• TMDLs use time or flow-
weighted growing season 
average flows (Jun-Sep)
• Depends on whether lake or 

river criteria control

• Guidance for permitting 
cites use of 80% 
exceedance flow for 
impaired rivers

Example: Minnesota Eutrophication Standards
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• P criteria developed as 
median growing season 
(May-Sep) targets:
• 0.100 mg/L for rivers
• 0.075 mg/L for streams

• Guidance for 
permitting/RPA for rivers 
cites use of 30Q3 or 7Q2 
(mismatch with 
standards?)

Example: Wisconsin Phosphorus Water Quality 
Standards and Guidance
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• New Jersey Technical Manual for Phosphorus 
Evaluations (August 2008)
• Low-flow frequency which is exceeded 70% of the time
• TP target: 0.100 mg/L

• Nutrient Criteria for Vermont’s Inland Lakes and 
Wadeable Streams (2016)
• Lowest median monthly flow that occurs during the summer 

growing season
• P target: 0.010 mg/L in mountain streams (>2,500’ elev.)

• Draft Technical Support Document for Nutrient Water 
Quality Standards for Ohio Rivers and Streams
• 80% exceedance flow
• TP target: 0.130 – 0.300 mg/L 

Other examples
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TP target: 
0.100 mg/L

Malibu Creek, CA

TP target: 
0.020 –

0.030 mg/L

Mora River, NM

•TP target: 
0.060 mg/L

Jackson River, VA

Various USEPA-Approved TMDLs Use Summer 
Median Flows
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•TP target 
based on 
observed 
1999 loadings

•(equated to 
0.26 mg/L TP)

Black River, VT

Modeled 2012 
growing season

TP target: 0.070 
mg/L

Lower Boise River (ID)

Some USEPA-Approved TMDLs Use “Typical” or 
“Representative” Summer
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Florida uses annual geometric mean targets 
(less seasonality)
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• Most of these statistics describe similar streamflow 
conditions
• Not-uncommon summer flow condition
• Flow conditions suitable for algal growth

• Summer median flow characterizes the typical 
seasonal low flow condition

• Other statistics might be better suited if associated 
criteria have specific duration and frequency 
components

Thoughts on selection of a streamflow statistic
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• “Nutrients, unlike toxics, typically manifest their effects 
over an extended period of time, like a growing season 
or flow year. Therefore, when evaluating criteria 
attainment, it is important to ensure that the sampling 
period and frequency of sampling are adequate to 
reflect long term conditions, and to use an averaging 
period that represents that used for criteria 
development… (p. 18).

EPA Nov. 2001 Memo –
Development and Adoption of Nutrient Criteria 
into Water Quality Standards
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• Stream P criteria have been challenging to derive 
nationally
• P tends to be a unreliable predictor of response variables
• Correlation v. causation
• If other conditions suitable, even background P can support 

high algal/plant growth - periphyton issue
• Other streams can assimilate P without effects
• Response criteria important to get assessment and permitting 

right 

Observations on in-stream P targets
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• For criteria that meet EPA’s stated goal of “protecting 
against environmental degradation by nutrients,” the 
underlying causal models must be correct. Habitat 
condition is a crucial consideration in this regard (e.g., 
light [for example, canopy cover], hydrology, grazer 
abundance, velocity, sediment type) .. (p. 36-37)

• Numeric nutrient criteria developed and implemented 
without consideration of site specific conditions can 
lead to management actions that may have negative 
social and economic and unintended environmental 
consequences without additional environmental 
protection. (p. 37)

EPA 2010 SAB Conclusions on Nutrient Criteria 
Development
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• Paul and Zheng (2007):
• The highest algal biomass [in PA targeted 

watersheds] occurred at sites where TP 
concentrations were relatively low (0.014 – 0.035 
µg/L). [Upstream of POTWs]

• Dodds and others (2006):
• Attached algae might be able to attain impressive 

bio-mass in nutrient-poor water because periphyton 
can use the small amounts of nutrients that 
continuously flow by.

Trying to impose nutrient-limiting 
concentrations on periphyton is often 
impractical
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• Gold Book value (0.100 mg/L) has served as a default
• Within the range commonly used by states (0.050 – 0.150 

mg/L)
• “A desired goal for the prevention of plant nuisances in 

streams…”
• Has no explicit averaging period or frequency component

• Either higher or lower values may be appropriate for 
some rivers & streams
• e.g., based on bioconfirmation-type assessment
• e.g., based on modeling

Observations on In-Stream P Targets (cont.)
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• Combined use of nutrient 
concentrations and response 
variables for assessment
• DO, pH, CHLa
• Benthic macroinvertebrate 

indices

• Stream meeting response 
variables deemed in 
attainment

• Can be used as basis for water 
body-specific P targets.

Bioconfirmation
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• “The four primary criteria variables include two causal 
variables (TN and TP) and two response variables 
(CHLa and Secchi depth or a similar indicator of 
turbidity). Failure to meet either of the causal criteria 
should be sufficient to require remediation and 
typically the biological response, as measured by chl a 
and turbidity, will follow the nutrient trend. Should the 
causal criteria be met, but some combination of 
response criteria are not met, then a decision making 
protocol should be in place to resolve the issue of 
whether the stream in question meets the proposed 
nutrient criteria.” (p. 104).

Roots of Bioconfirmation: EPA July 2000 –
Nutrient Criteria Technical Guidance Manual –
Rivers and Streams
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Precedents for Bioconfirmation-Like 
Approaches
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• Mechanistically relate nutrient 
loads/ concentrations to in-
stream responses

• Guidance from EPA, WE&RF, 
others

• Ongoing WE&RF projects to:
• Define data needs
• Develop screening-level modeling 

approaches

Modeling Approaches
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Thank You




