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National WQ Studies: Eutrophication, Hypoxia, SAV
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EPA-Mandated Numeric Nutrient Criteria

“To be effective, nutrient criteria should address causal (both 
nitrogen and phosphorus) and response (chlorophyll-a and 
transparency) variables for all waters that contribute nutrient 
loadings to our waterways.”

“As always, States, Territories and authorized Tribes have the 
flexibility to address nutrient pollution using a subset of or 
alternatives to these parameters if they are shown to be 
scientifically defensible and protective of designated uses.”



Eutrophication in Coastal Georgia

Modified from Verity et al. 2006
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Generally too turbid for SAV
Light levels could affect the 
balance between nutrient uptake 
by autotrophs and heterotrophs.

DOP (blackwater,

Mallin et al. 2004)

PO4 (salt marsh soils, 

Sundareshwar et al. 2003)



What should we measure?

Modified from Verity et al. 2006
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Recommended Indicators for Georgia

“Early warning” indicators of potentially poor water quality

1. Nitrogen

2. Phosphorus

3. Chlorophyll a

4. Transparency

5. Biochemical oxygen demand (BOD)

“Immediate” indicators of poor water quality

6. Dissolved oxygen

7. pH

Ancillary data

Water temperature

Salinity

Specific conductance

Criteria

Good

Fair

Poor



TDN, TDP

Encompass fractions used by phytoplankton and microbes

Recommended by 2 panels of experts as best if financial resources 
are limited (Bricker et al. 1999, 2007; DiDonato, in press)

Follow NEEA (Bricker et al. 1999) until local models developed

Nitrogen and Phosphorus 1,2

Criteria

TDN, mg L-1

Good TDN  0.1

Fair 0.1 < TDN  1.0

Poor TDN > 1.0

Metrics

Annual median

Criteria

TDP, mg L-1

Good TDP  0.01

Fair 0.01 < TDP  0.1

Poor TDP > 0.1

Metrics

Annual median



Chlorophyll a 3

Criteria

Chlorophyll a, µg L-1

Good Chl  5

Fair 5 < Chl  20

Poor Chl > 20

Metrics

Annual maximum

Annual median

General indicator of algal biomass

In Georgia

Seagrass shading not an issue…

But what levels may lead to hypoxia 
via bloom degradation?

Need local data/models

In the meantime, national studies 
(NEEA, NCCR) are in good agreement 
based on expert judgment



Transparency 4

NCCR II

NCCR III

High light transmission requirements 
of seagrass are not applicable to 
(and probably not achievable in) 
Georgia waters.

Criteria

% transmission at 1m
(or Secchi equivalents)

Good Trans  10

Fair 5  Trans < 10

Poor Trans < 5

Metrics

Annual median



Biochemical Oxygen Demand (BOD) 5

Measure the potential for microbially mediated hypoxia

5-day BOD is traditional, for more labile substances

20-day BOD may also be informative (Mallin et al. 2006), 
especially for slowly flushed systems

Criteria have been developed for 
exogenous loads, 
not in-estuary concentrations

Recommendations for GA:

Measure BOD5, BOD20

Relate to subsequent DO minima

Develop criteria for avoiding hypoxia

Modified from Verity et al. 2006
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Dissolved Oxygen (DO) 6

Vaquer-Sunyer and Duarte (2008)

Criteria

Surface water, daytime, mg L-1

Good DO  5.5

Fair 3  DO < 5.5

Poor DO < 3

Metrics

Annual minimum

Annual median



pH 7

Estuaries experience potentially stress-inducing pH changes
in spite of the buffer capacity of seawater and the fact that 
“normal” pH varies from one location to another.

ΔpH  0.5 units tolerated well by many organisms

(but  ventilation in sharks)

ΔpH  1 (pH decreases usually of concern)

metabolic stress due to internal pH compensation

inability of some larvae to compensate

 calcification /  shell dissolution

growth, reproductive potential, survival

(Knutzen 1981; Fabry et al. 2008) 



pH 7

Criteria

ΔpH = pHsample – (pH(estuary type,salinity))

Good ΔpH  0.5

Fair 0.5 < ΔpH  1

Poor ΔpH > 1

Metrics

Annual minimum pH / 
maximum change

Annual median



Summarizes Status for N, P, DO, pH

http://www.gcrc.uga.edu/Research/sheldon_indicators.html
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