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NUTRIENT WATER QUALITY ISSUES



 Worldwide 415 Eutrophic and Hypoxic Coastal Systems
- 169 Hypoxic Areas
- 233 Areas of Concern 
- 13 Systems in Recovery

United Nations Environment Programme --
Global Partnership on Nutrient Management

World Hypoxic and Eutrophic Coastal Areas



US National Scope of N & P Pollution: Ephraim 
King, USEPA Office of Science & Technology 

 14,000 Nutrient-related Impairment 
Listings in 

 49 States
- 2.5 Million Acres of Lakes and Reservoirs
- 80,000 Miles of Rivers and Streams
- And This is an Underestimate. .

 Over 47% of Streams Have Medium to 
High Levels of Phosphorus and Over 
53% Have Medium to High Levels of 
Nitrogen

 78% of Assessed Continental U.S. 
Coastal Waters Exhibit Eutrophication

 Current Efforts to Address Hard 
Fought but Collectively Inadequate at 
State and National Level

5

Ephraim King, USEPA Office of Science & 

Technology  WESTCAS Winter Conference  

Fort Worth, Texas - February 24, 2011

The Problem……



US NUTRIENT REGULATIONS



EPA’s National Strategy for the Development 
of Regional Nutrient Criteria, June 1998

State and EPA Roles
 States to Adopt Nutrient Criteria 

as Water Quality Standards

 EPA Development of Waterbody-
type Guidance 
- Ecoregion Nutrient Criteria

Key Elements
 Use regional and waterbody-type 

approach for nutrient criteria.

 Development of waterbody-type 
technical guidance documents 

 Establishment of an EPA National 
Nutrient Team with Regional Nutrient 
Coordinators 

 Development by EPA of nutrient water 
quality criteria guidance in the form of 
numerical regional target ranges
- EPA expects States to use in 

development of water quality 
criteria, standards, NPDES permit 
limits, and total maximum daily loads 
(TMDLs).

 Monitoring and evaluation of 
effectiveness 



EPA’s National Nutrient Strategy

Ben Grumbles’ May 
25, 2007, Memorandum to States

Nancy Stoner’s March 16, 2011 Memorandum 
to EPA Regional Administrators

“…Numeric standards reduce 

States’ time and effort to 

establish TMDLs and permits 

to control nutrient levels…”

“…“It has long been EPA's position 

that numeric nutrient criteria….are 

ultimately necessary for effective 

state programs.”



State Development of Numeric Criteria for 
Nitrogen and Phosphorus Pollution

http://water.epa.gov/scitech/swguidance/standards/criteria/nutrients/progress.cfm



Challenges in Establishing Nutrient Criteria

F 150 mg/m2 Chla D 1,250 mg/m2 Chla

Scientific and Technical Basis for 

Montana’s Numeric Nutrient Criteria

 Identifying Threshold of Harm to 
Beneficial Uses

- Numeric Nutrient Criteria

- Reference Stream Statistics

- Stressor Response

- Response Variables

- D.O., pH

- Chla, Benthic Algae

- Macroinvertebrates

- Fisheries

- Recreation/Public Perception

 Translation of In-stream Criteria to 
Effluent Discharge Permit Limits

“Typical Concentrations That 

Protect Uses Are Low” – Mike 

Suplee,  MDEQ

Total Phosphorus 0.05 mg/l  

Total Nitrogen 0.30 mg/l



Challenges in Low Effluent Nutrient Discharge 
Permitting

 In-stream Nutrient Criteria are Low 
Concentrations
- Potential for Application at End-of-Pipe
- Results in Effluent Limits Lower Than 

Treatment Technology Capabilities

 Traditional Permitting Approaches
- Water Quality Based Effluent Limits 

(WQBELs)
- Linked to Guidance Based on Toxics

- Mixing Zone Focus

- Back Calculation from Edge of Mixing 
Zone

- Multiple Conservative Assumptions



Interpretation of NPDES Permitting Regulations

 40 CFR 122.45(d) requires that all permit limits be expressed 
as average monthly limits and average weekly limits for 
publicly owned treatment works (POTWs) and as both 
average monthly limits and maximum daily limits for all 
others, unless “impracticable.”

Individual permit writers in every nutrient limited watershed must interpret 

these NPDES regulations and the definition of “impracticable” with limited 

guidance

Maximum monthly, weekly, and daily limits likely to be exceeded by even the 

best designed and operated low nutrient treatment facilities

Effluent N and P concentration is highly variable for even the best designed 

and operated low nutrient treatment facilities



In-Stream Standards Discharge Requirements

Image F 150 mg/m2 Chla

Image D 1,250 mg/m2 Chla

Translation of in-stream standards to effluent discharge permit limits is key to understanding facility requirements and costs



303(d) Nutrient Impairment

Numeric Nutrient Standard 

TP 0.050 mg/l

TN 0.300 mg/l

In-Stream Standards Discharge Requirements

Effluent Limits? 

BNR TP 1 mg/l TN 10 mg/l

ENR TP 0.250 mg/l TN 7 mg/l

LOT TP 0.100 mg/l TN 3 mg/l

Basis for Permit Compliance?

Total Maximum Daily Load 

(TMDL)

PS Wasteload Allocation

NPS Load Allocation

Water Quality Based Effluent 

Limit?

Translate to MPDES Permit 

Limits

Season?

Critical Flow?

Ambient > Standard?

2005 Permit Season Effluent Total Phosphorus 

0.068  

50.0%

0.111

80.0%

0.178

95.0%

1% 10% 25% 75% 90% 99% 99.9%0.1% 50%

0.01

0.10

1.00

Percent of values less than of equal to indicated value

m
g

/L

Normal Values TP



Summary of Nutrient Discharge Permit 
Limits for Chesapeake Baya

State 
Current Effluent Discharge 

Limits 
2025 Effluent Discharge Limits 

Under New EPA TMDLb 
TP, mg/L TN, mg/L TP, mg/L TN, mg/L 

Delaware 1.43 to 2 5.6 to 8 0.3 to 1 3 to 4 

District of Columbia 1 to 3 4.7 to 8.7 0.18 3.9 

New York 2 to 4 12 to 18 0.5 8 

Maryland 0.5 to 3 6 to 18 0.3 4 

Pennsylvania 1 to 3 8 to 12 0.8 6 

Virginia 0.3 to 2.5 3 to 18.7 0.1 to 0.3 3 to 4 

West Virginia 1 to 2 6 to 12 0.5 5 

 a Source: EPA Final Phase 1 Watershed Implementation Plans (WIPs)
b The TMDL targets 60 percent of nutrient reductions to be accomplished by 2017



Water Quality Based Effluent Limits Back-calculated 
From Numeric Nutrient Criteria in Mixing Zone

 Mixing Zone Scale v. Watershed 
Nutrient Loadings
- Regulatory Mixing Zones 25% Toatal

River Flow

 Critical Flow Assumptions
- 14Q10 Low Flows

- 9 Years in 10, Flows >14Q10

 Ambient Water Quality
- Conditions > Numeric Nutrient Criteria
- Coefficient of Variation 

- Extremes in Data Set Skew

 Effluent Water Quality
- High Variability in Low Nutrient Plants
- Assumed Coefficient of Variation

- Data Not Yet Available for Low Nutrient 
Plants in Montana

 Effluent Limits
- Monthly Average and Weekly Average?
- Mass and Concentration?

 Mass Balance Calculations at 
Edge of Mixing Zone

 Most Waterbodies Will Exceed 
Numeric Nutrient Criteria

 No Assimilative Capacity 
Available for Point Source 
Discharges

 Results in Numeric Nutrient 
Criteria Applied End-of-Pipe



INTERNATIONAL NUTRIENT 
REGULATIONS



Canada

 Primary Regulations
- Canadian Environmental Protection Act 
- Fisheries Act

 Wastewater Discharges are Largest Surface Water Pollution 
Source by Volume

 2009 Canada-wide Strategy for the Management of Municipal 
Wastewater Effluent
- Culmination of a Decade of Consultation
- National Secondary Standards for Volume > 10 m3/day

- Full compliance within 30 years, ~1,000 facilities

- Concerns from aboriginal communities and organizations that small facilities may 
experience difficulty meeting requirements

- Standards being developed for arctic regions

http://www.ccme.ca/assets/pdf/cda_wide_strategy_mwwe_final_e.pdf



Canada – Proposed Effluent Standards
“Authorization to Deposit”

Source: http://www.ec.gc.ca/eu-ww/default.asp?lang=En&n=0FB32EFD-1

Source: http://www.gazette.gc.ca/rp-pr/p1/2010/2010-03-20/html/reg1-eng.html

Parameter Concentration1

Planned Final Wastewater System Effluent Regulations in 2012

Average CBOD 25 mg/L

Average TSS 25 mg/L

Average Total Residual Chlorine 0.02 mg/L

Maximum Un-ionized Ammonia 1.25 mg/L N

1976 Guidelines for Effluent Quality and Wastewater Treatment at 

Federal Establishments

Total Phosphorus2 1.0 mg/L

1 Monthly limits if Q > than 17 500 m3/day
2 Applicable where phosphorus removal is required

http://www.ec.gc.ca/eu-ww/default.asp?lang=En&n=0FB32EFD-1
http://www.ec.gc.ca/eu-ww/default.asp?lang=En&n=0FB32EFD-1
http://www.ec.gc.ca/eu-ww/default.asp?lang=En&n=0FB32EFD-1
http://www.ec.gc.ca/eu-ww/default.asp?lang=En&n=0FB32EFD-1
http://www.ec.gc.ca/eu-ww/default.asp?lang=En&n=0FB32EFD-1
http://www.gazette.gc.ca/rp-pr/p1/2010/2010-03-20/html/reg1-eng.html
http://www.gazette.gc.ca/rp-pr/p1/2010/2010-03-20/html/reg1-eng.html
http://www.gazette.gc.ca/rp-pr/p1/2010/2010-03-20/html/reg1-eng.html
http://www.gazette.gc.ca/rp-pr/p1/2010/2010-03-20/html/reg1-eng.html
http://www.gazette.gc.ca/rp-pr/p1/2010/2010-03-20/html/reg1-eng.html
http://www.gazette.gc.ca/rp-pr/p1/2010/2010-03-20/html/reg1-eng.html
http://www.gazette.gc.ca/rp-pr/p1/2010/2010-03-20/html/reg1-eng.html
http://www.gazette.gc.ca/rp-pr/p1/2010/2010-03-20/html/reg1-eng.html
http://www.gazette.gc.ca/rp-pr/p1/2010/2010-03-20/html/reg1-eng.html


European Union Urban Waste Water 
Directive (1991)

 Minimum Requirements for Treatment 
- Secondary treatment is basic treatment level provided

 Requirements for Sensitive Areas:
- Currently or expected to become eutrophic
- Waters that are drinking water supplies
- Necessary to met the directive for the protection of the 

environment from the adverse effects

 Both TP and TN 
- Depending on local conditions

 EU Members Responsible for Implementation
- e.g. The Department of Environment Food and Rural Affairs 

in England



European Union Urban Waste Water 
Directive (1991)

 Discharges to Sensitive Areas Subject to 
Eutrophication

Parameter

Minimum 

Percentage

of Reduction 

(Influent)

Effluent Concentration

(by Population Equivalents)

Total Nitrogen 70 to 80
15 mg/l N (10,000 – 100,000 PE)

10 mg/l N (> 100,000 PE)

Total Phosphorus 80
2 mg/l P (10,000 – 100,00 PE)

1 mg/l P (> 100,000 PE)

Source: http://ec.europa.eu/environment/water/water-urbanwaste/directiv.html

Source: http://www.defra.gov.uk/environment/quality/water/sewage/sewage-treatment/

http://ec.europa.eu/environment/water/water-urbanwaste/directiv.html
http://ec.europa.eu/environment/water/water-urbanwaste/directiv.html
http://ec.europa.eu/environment/water/water-urbanwaste/directiv.html
http://www.defra.gov.uk/environment/quality/water/sewage/sewage-treatment/
http://www.defra.gov.uk/environment/quality/water/sewage/sewage-treatment/
http://www.defra.gov.uk/environment/quality/water/sewage/sewage-treatment/


European Union Urban Waste Water 
Directive 

 Sensitive Areas 
- 15 Member States Designated Entire Territory as 

Sensitive

- Austria, Belgium, Czech 
Republic, Denmark, Estonia, Latvia, Lithuania, Luxembourg, M
alta, the 
Netherlands, Poland, Slovakia, Sweden, Finland, Bulgaria, an
d Romania

 Estimated €35 Billion to Implement the Directive!



Poland

 European Union Urban Waste Water Directive 
(1991)
- Adopted in Poland in Ministry Regulations of 2002, 2004 

and 2006
- All of Poland Designated a Sensitive Area Where 

Nutrient Removal is Required 

Jacek Makinia, Gdansk University of Technology



Italy

 European Union Urban Waste Water Directive 
Nationwide
- Sensitive Receiving Waters ~99% of Cases
- More Restrictive Regional (basin-wide) Limits Possible

 Yearly Average Basis
- Limits Based on 24-hr Composite Samples
- Cannot be Exceeded >15% of Daily Composite Samples

Lorenzo Benedetti, Ph.D., WATERWAYS srl



France 

 “Brussels criticizes the wastewater treatment 
practiced in France” -- Le Monde Oct 10, 2007

- European Commission preparing to send a warning to 
France for non-compliance with EU Urban Waste Water 
Directive
- Minister of Ecology Jean-Louis Borloo announced a 

"battle plan" for wastewater treatment
- In terms of polluted water, "we are one of the worst 

performers of the European class" said the Minister

Marie-Laure Pellegrin, HDR 



2007 Action Plan in France to Meet EU 
Urban Waste Water Directive 

 3,400 Treatment Plants Serving Populations >2,000

 Targeted Compliance by 2011
- 74 WWTPs Scheduled for Dec 31, 2013
- 123 WWTPs Scheduled for Dec 31, 2015

http://assainissement.developpement-durable.gouv.fr/



Japan -- Gesuidou-hou-shikou-rei
(Sewer Regulations Implementation Order)

Parameter BOD5 TN TP

Treatment 

Processes
AS

AS + 

high rate 

filtration

AS
AS + ext 

carbon 

addition

AS
AS + 

coag

AS + 

coag + 

filtration

Activated 

sludge

15 10

AS with 

Anox-Ox

15 10 3 1 0.5

Nit-denit 15 10 20 10 3 1

Bio-P 15 10 20 10 3 1 0.5

Roy Tsuchihashi, AECOM 



Japanese Water Environment Policies 
(Japanese Society of Water Environment, 2009)

 Initiated in 1979
- 6 Phases of Treatment Goals in 5 Year Increments
- Nitrogen and Phosphorus Included in 5-yr Goals Since 

5th Phase 

- Goals to be Achieved by 2004

- 6th Phase Loading Goals, following loading reduction 
goals 

- Goals to be Achieved by 2009

Roy Tsuchihashi, AECOM 

Waterbody

COD, ton/d T-N, ton/d T-P, ton/d

Goals As of 

2004

Goals As of 

2004

Goals As of 

2004

Tokyo Bay 196 211 199 208 13.9 15.3

Ise Bay 167 186 123 129 9.6 10.8

Setonai-kai 537 561 465 476 29.5 30.6



China – Effluent Limits

TP

NH3N
TN



China – Effluent Limits

No. Parameters Level 1 Water 
Bodies 

Level 2 
Water 
Bodies 

Level 3 
Water 
Bodies Level A Level B 

1 COD 50 60 100 1201 

2 BOD5 10 20 30 601 

3 SS 10 20 30 50 

4 Oil/grease (non petroleum) 1 3 5 20 

5 Oil/grease (petroleum) 1 3 5 15 

6 Anionic surfactant 0.5 1 2 5 

7 TN 15 12 - - 

8 Ammonia-N 5(8)2 8(15)2 25(30)2 - 

9 
TP 

Built before 12/31/2005 1 1.5 3 5 

Built after 1/1/2006 0.5 1 3 5 

10 Color (dilution times) 30 30 40 50 

11 pH 6-9 

12 Fecal Coliform (cfu/L) 103 104 104 - 
 

Maximum Discharge Concentration (daily average), mg/L

Wei Lin, NDSU 



China – Waterbody Designations 

 Level 1A 
- Effluent suitable for reuse and discharge to recreational water bodies with limited 

dilution

- Advanced treatment is required 

 Level 1B 
- Discharges to Type III water bodies (defined by China National Standards 

GB3838), Type II coastal areas (GB3097), and lakes and reservoirs where 
eutrophication is a major concern

- Improved secondary treatment to reduce N and P is required

 Level 2 
- Discharges to GB3838 Types IV and V surface water bodies and GB3090 Types III 

and IV costal ocean areas

- Secondary treatment is required

 Level 3 
- Standards for water bodies not used for water supply and recreation purposes. 

- Enhanced primary treatment can be applied



US REGULATORY SOLUTIONS



 Permit Requirements Below the 
Capabilities of Wastewater 
Treatment Technology

 Reconciliation with Water Quality 
Standards

 Attainable Effluent Limits

State Remedies:  Interim Treatment Technology Standards, 
Water Quality Variances, Affordability Tests, Response 
Criteria

 Wisconsin Dual Legislation 

- Numeric Nutrient Criteria

- Treatment Technology Standard

 Colorado Regulation #31 and #85

- Numeric Nutrient Criteria

- Treatment Technology Standard

 Montana Senate Bill 95 and Senate Bill 

367 

- Affordability Test 

- Limit of Technology

- Treatment Technology Std

 Maine Decision Matrix

- NNC and Response Criteria

Case Study ExamplesKey Issues



Wisconsin

 Midwest Environmental 
Advocates Notice of Intent to 
Sue EPA Nov 23, 2009
- Failure to Perform its Non-

discretionary Duty to 
Promulgate Numeric Nutrient 
Criteria

 2010 Rulemaking 
- Phosphorus Criteria for Streams 
- Streams 0.075 mg/L 
- Large Rivers 0.100 mg/L

- Chapter NR217 Effluent 
Standards and Limitations for 
Phosphorus
- Implementation by Adaptive 

Management
- Watershed Adaptive 

Management Option
- NPS + Stormwater

 Numerical Effluent Limitations
- 1st Permit
- TP 1 mg/L

- Rolling 12 Mo. Ave
- 2nd Permit
- TP <0.6 mg/L

- 6-Mo. Ave
- 3rd Permit
- TP <0.5 mg/L

- 6-Mo. Ave

- Adaptive Watershed Plan
- Water Quality Based Effluent 

Limitations (WQBELs)



Colorado

 Initial Nutrient Criteria for 
Rivers and Streams –
February 9, 2010
- Selecting Numeric Nutrient 

Criteria That Allow 5% Decrease 
in Biological Condition
- Multi Metric Macroinvertebrate

Index

 Regulation #31 Basic 
Standards and Methodologies 
for Surface Water
- New Section 31.17 Nutrient 

Interim Values
- After May 31, 2017 and Prior to 

May 31, 2022 

 Regulation #85 – Nutrients 
Management Control 
Regulation
- Establishes Numerical 

Effluent Limitations
- Existing Plants

- First Level BNR (3-stage)

- TP 1 mg/L

- TIN 15 mg/L

- New Plants

- Enhanced BNR (4 & 5-stage)

- TP 0.7 mg/L

- TIN 7 mg/L
- Running Annual Median

Rivers and Streams Cold Water Warm Water

Chl a mg/m2 150 150

TP, ug/L 110 160

TIN, ug/L 400 2,000



Montana

 Benthic Algae 150 mg Chla/m2

Considered Nuisance Threshold by 
Public
- Rarely Occurs in Western Montana 

Reference Streams
- Harm-to-Use Threshold for Salmonid

Streams

- Salmonid Growth Enhanced by 
Productivity Up to 150 mg Chla/m2

- DO Problems Begin at Higher Levels

 2009 Senate Bill 95 Variance
- Temporary Nutrient Standards
- Economic Hardship

- Substantial and Widespread

- Targeted 1% Median Household Income

- Limits of Technology

 2011 Senate Bill 367
- Nutrient Standards Variances

- Individual, General, Alternative

- Numerical Effluent Limitations

- TP 1 mg/L TN 10 mg/L (Q>1 mgd)

- TP 2 mg/L TN 15 mg/L (Q<1 mgd)

- Lagoons (Maintain Performance)

- Monthly Average Limits

150 mg/m2 Chla 1,250 mg/m2 Chla



Maine DEP Nutrient Criteria for Surface 
Waters (Draft, 2011)

Maine Decision 

Framework

Mean TP < Table 2 Criterion

(or site-specific criterion)

Mean TP > Table 2 Criterion

(or site-specific criterion)

All measured response 

indicators meet criteria 

in Table 3

Box A. Not Impaired

Nutrient criteria attained.

Box B. Indeterminate

Department conducts a study to 

determine attainment status and 

requirement of site-specific 

criteria.

One or more of the 

response indicators do 

not meet criteria in Table 

3

Box C. Impaired

Indeterminate cause requires 

weight-of-evidence analysis to 

determine cause of impairment.

Box D. Impaired

Nutrient criteria not attained.

Table 2: Total phosphorus criteria

Table 3: Criteria for response indicators

 December 22, 2011 EPA Region 1 Letter to Maine DEP
- “EPA understands that the total phosphorus and response indicator 

values, together, comprise the nutrient criteria”
- “…is consistent with the Clean Water Act and its implementing regulations.”



Maine – Phosphorus Criteria

Table 2: Total phosphorus criteria either measured as an average of water 

samples or computed by the Diatom Total Phosphorus Index (DTPI) (Maine 

DEP Nutrient Criteria for Surface Waters, Draft, 2011)

Statutory Class Total Phosphorus Criterion (ppb)

AA and A ≤18.0

B ≤30.0

C ≤33.0

GPA ≤15.0



Maine – Criteria for Response Indicators
Table 3: Criteria for response indicators (Maine DEP 

Nutrient Criteria for Surface Waters, Draft, 2011)
Statutory 
Class 

AA/A B C Impounded 

A 

Impounded 

B 

Impounded 

C 

GPA not 
colored 

GPA 
colored 

Secchi 
Disk 
Depth 
(meters)

a,

b 

≥2.0 ≥2.0 ≥2.0 ≥2.0 ≥2.0 ≥2.0 ≥2.0 ≥2.0 

AND 

≤8.0
a,e 

Water 
Column 
Chl a 

(g/L, 
ppb) 

≤3.5
a
 

(≤5.0
a

,c
) 

≤8.0
a
 ≤8.0

a
 ≤5.0

a,d
 Spatial 

mean ≤8.0
d
 

and no 
value >10.0

d
 

Spatial 
mean ≤8.0

d
 

and no 
value 
>10.0

d
 

≤8.0
a,e

 

Percent of 
substrate 
covered 
by algal 
growth

a
 

≤20.0 ≤25.0 ≤35.0 -- -- -- -- -- 

Patches 
of 
bacteria 
and fungi

a
 

None 
obs. 

None 
obs. 

None 
obs. 

None obs. None obs. None obs. -- -- 

Dissloved 
Oxygen 
(mg/L, 
ppm)

a
 

See 38 M.R.S.A. §465 -- -- 

pH
a
 6.0-8.5 

Aquatic 
life

a
 

See 38 M.R.S.A. §465 and where applicable Classification 

Attainment Evaluation Using Biological Criteria for Rivers and 
Streams 

38 M.R.S.A. §465 

 



NRDC Petition on Secondary Treatment 
Standards

 November 27, 2007, NRDC petition for 
rulemaking 
- EPA has unreasonably delayed publishing 

information on secondary treatment to 
remove excess nutrients

- Nutrient control is properly included within 
“secondary treatment”

 NRDC states:
- TP 0.3 mg/l and TN 3 mg/l currently attainable
- TP 1 mg/l and TN 8.0 mg/l attainable only 

using biological processes
- EPA must assess whether this constitutes 

“secondary treatment”



 March 13, 2012 Complaint for 
Declaratory and Injunctive Relief
- “EPA has not responded to the Petition 

since it was filed in November 2007.”
- “… “Secondary treatment” technology in 1973 

have improved over the years to the point 
where it is capable of a high degree of nutrient 
removal.”

- “…EPA last published information concerning 
secondary treatment capabilities in 1985.”

Update on NRDC Petition on Secondary Treatment 
Standards


