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U.S. Fertilizer N and P2O5 Consumption 
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Fertilizer production and farmer use provide 40 to 60% 

of the global crop and food production necessary to 

sustain the human family 

3.4% increase in N since 1980, or 0.11% per year 



Yield Trends of Major U.S. Cereal Grains 
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Nitrogen and Phosphorus 

Plant Recovery Efficiency 
• Nitrogen use efficiency … “rarely  exceeds 

70% ……. often ranges from  30-60%” 

• “conversion of N inputs to products for 

arable crops can be 60-70% or even more”  

(Kitchen and Goulding, 2001) 

• Phosphorus use efficiency …… often below 

20-25% in year of fertilizer application 

• But “efficiency of fertilizer P use is often 

high (up to 90 percent) when evaluated over 

an adequate time scale using the balance 

method.” (Syers, Johnston, and Curtin, 

2008) 



U.S. Corn -  Estimated PFPN 

Courtesy, T. Bruulsema, IPNI 2011. Based on USDA NASS and ERS data 

Improvement 

27% since 1990 

53% since 1980 

71% since 1970 



Fertilizer N & P Use Efficiency - Affected by: 
• N & P supply from: 

– Soil 

– Fertilizer 

– Other inputs  

• Balanced supply of other 

essential nutrients 

• Plant uptake 

• N losses  

– volatilization, leaching, runoff,                                         

denitrification (and nitrification) 

• P losses 

– runoff and some leaching 

• All are affected by cropping                                   

system management and                               

environmental conditions 



Agricultural Nutrient Loss Concerns  
• Air quality (N) 

– Ammonia emissions  (and NOx) 

• PM2.5  

– smog, human health impacts 

• atmospheric deposition & acid rain 

– biodiversity loss of natural systems 

– eutrophication in sensitive aquatic systems 

– Nitrous oxide (increased from 270 to 319 ppb) 

• climate change/global warming 

• stratospheric ozone depletion (UV risks) 

• Water quality (N and P) 
– groundwater nitrate-N contamination 

– surface water N and P contamination  

• eutrophication: lakes, streams/rivers, 

estuaries, and coastal waters 

A. Townsend 
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Is severe the new normal  ? 

Arkansas Times, July 20, 2011 
Adapted from: USGS, Dr. John Czarnecki 



The N Cascade  
Galloway et al., 2007 Human Alteration of the Nitrogen Cycle: Threats, 

Benefits and Opportunities. April 2007 – No. 4. UNESCO-SCOPE 

“The central 

challenge is how 

to optimize the 

use of nitrogen to 

sustain human 

life while 

minimizing the 

negative impacts 

on the 

environment 

and human 

health.” 



Alteration of Natural Systems 

Source: Russ Gibson, NPS Program Manager, Ohio EPA 

Source: U.S. Forest Service 



EPA-SAB-11-013 Reactive N report.  Aug. 2011 www.epa.gov/sab 

8.5 

12.1 million short tons 

4.6 

7.1 

3.4 

2.1 

Sources of Reactive N (Nr) Introduced 

into U.S. in 2002 (Tg N/yr) 

32% of N 

inputs 

EPA SAB  report: suggests crop N-uptake efficiencies be increased by up to 

25% over current practices through a combination of knowledge-based 

practices and advances in fertilizer technology (such as controlled release and 

inhibition of nitrification). 

20.6 of 37.8  million  



•N loss from farm and 

livestock operations can 

be reduced 30-50% using 

current practices and 

technologies, and up to 

70-90% with innovative 

applications of existing 

methods.  

•Current U.S. agricultural 

policies and support 

systems, as well as 

declining investments in 

agricultural extension, 

impede the adoption of 

these practices. 



“This isn’t academic, folks,” says Reed Rubinstein, senior 

counsel for the Chamber of Commerce. “When the federal 

government exercises its authority, it can send you to jail. 

We are all one regulation away from being out of business.” 

February 2012 



PM2.5 and Ammonia Emission Implications? 

 

• PM is the term for a 

mixture of solid 

particles and liquid 

droplets found in the 

air. 

• Includes "inhalable 

coarse particles”,“ & 

"fine particles” (< 2.5 

micrometers) 

• Precursors: NOx, 

SOx, VOC, or 

ammonia 
http://www.airnow.gov/  , and    www.epa.gov/.../policies_for_pm25_precursors-rich_damberg.ppt 

http://www.airnow.gov/


Role of Ammonia in Formation of PM2.5 

• Europe, 2008 NATO paper*:  

– EUROS model: ammonia can be provider of condensation nuclei 

to form ammonium nitrate and ammonium sulfate meteorological 

conditions, leading to rapid increase in PM2.5 

• Mikkelson, Better Crops 2009, reported:  

– “While livestock operations are the largest contributor to NH3 

emissions in North America, losses from N fertilizer also 

contribute significantly to total emissions.” 

• NRCS, 2007 White Paper:  

– “Though ammonia is not designated as a pre-cursor pollutant 

under the CAA, several air districts in California have chosen to 

include ammonia controls as part of their State Implementation 

Plans (SIPs) in PM non-attainment zones.” 

* Mensink and Deutsch. 2008. Air Pollution Modeling and Its Application XIX . NATO 

Science for Peace and Security Series C: Environmental Security. 5:548-556,  DOI: 

10.1007/978-1-4020-8453-9_60.  



EPA Requires Greater Accounting of 

Fertilizer N Related GHG Emissions 

• Beginning in 2010,  

– all U.S. ammonia production facilities are required to 

monitor, calculate and report their GHG emissions to EPA 

through its Greenhouse Gas Reporting Program.  

• EPA will obtain data in late 2011 for 2010 emissions 

–  from facilities based on use of higher tier methods and in 

particular assess how this data could be used to improve 

the overall method for calculating emissions from U.S. 

ammonia production. 

Draft EPA 2011 Inventory of U.S. GHG Emissions, 1990-2010  



Midwest Ammonia Monitoring Network 

Source: 2008 report prepared for Lake Michigan Air Directors Consortium 
http://www.ladco.org/reports/rpo/data_analysis/analysis_of_midwest_ammonia_data.pdf  

http://www.ladco.org/reports/rpo/data_analysis/analysis_of_midwest_ammonia_data.pdf


Net GHG Emissions and N2O Associated with 

Agricultural Soil Management (EPA, 2011) 

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

1990 2000 2005 2006 2007 2008 2009

C
O

2
e

q
u

iv
al

e
n

t G
H

G
 e

m
is

si
o

n
s,

 T
g

Year

all other GHGs N2O from ag soil mgmt

Agricultural soil management N2O as portion of 
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Agricultural soil management includes fertilizer application and cropping 
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Graph Source: Ephraim King, EPA OST, 2010 

“The Chesapeake Bay pollution diet calls for a 25% reduction in N, 24% 

reduction in P and 20% reduction in sediment by 2025 “(EPA, 2010) 



Chesapeake Bay Final TMDL- Section 4 

Info,  Dec. 2010 
• Model estimates of commercial 

fertilizer loads have been derived 

by back-calculation . 

• “As P-based nutrient 

management plans increase, 

reliance on N fertilizer is expected 

to increase because less manure 

will be legally permitted to be 

applied to agricultural lands. 

“Therefore chemical fertilizers 

are and will remain a significant 

potential source of N and P to 

the Bay. “ 

1985 and 2009 modeled total N, P, and sediment 

loads from agricultural lands across the 

Chesapeake Bay watershed 



EPA & Expectations for Nutrient Load 

Reductions in Chesapeake Bay Watershed 

• EPA expects states to have “enforceable and 

accountable” measures for all agriculture, 

including row crop farmers, implemented by 

2025 

• Chesapeake Bay Program model used to 

derive TMDLs 

– TFI challenged CBP model, and worked with 

LimnoTech to evaluate discrepancies between CBP 

model & USDA CEAP results 

• Differences: in  land use and total acreage in the 

Bay watershed, and conservation practices.  

• CBP model: may overestimate nutrients and 

sediments from farmland  reaching the Bay. 

 

http://www.tfi.org/voice/limnotech-report-revisions-continue-highlight-importance-model-accuracy  

http://www.nutrientpolicy.org/press_release_-_LTI_report_update_-_nov_8_2011_-_mk.pdf  

States submit draft 

strategy Jan. 2012 
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Virginia Law – Signed by the Governor 

Aug. 11, 2011 

• HB1830 (E. Scott) – Resource management plans; effect 

of implementation, exclusions 

• “Allows farmers who develop and maintain 

agriculture resource management plans to be 

deemed as being in full compliance with any load 

allocation contained in a TMDL and any state water 

quality requirements for nutrient and sediment.” 

www.virginia.gov/news   

http://www.virginia.gov/news


EPA Hypoxia SAB report suggested  

45% less total N  

AND  

45% less total P  

discharge to the Gulf ….compared to average 

of 1980-1996,  to reduce hypoxia 
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USGS Estimates of N and P Loss 

and Delivery to the Gulf of Mexico 

SPARROW - Modeled Estimate of  N  and P 

Discharge in Watersheds of the Mississippi R. Basin 
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Alexander et al. Environ. Sci. Technol. 2008, 42, 822–830 



 

• “voluntary compliance, if you will, is not working.  The 

self-regulated approach isn’t working;”  

• “one option is to look at applications and how much 

we allow people to apply and when we allow them to 

apply it.”  

•  “I am in agreement with this newspaper in terms of 

what we’ve done in the past isn’t working;”  

• “We all have to acknowledge the fact that the 

problem is getting worse not better.”  

http://www.desmoinesregister.com/apps/pbcs.dll/article?AID=201010120363  

Iowa Governor 

http://www.desmoinesregister.com/apps/pbcs.dll/article?AID=201010120363


October 4, 2010 

The DNR has been ordered by the 

U.S. EPA to come up with standards 

for nitrogen and phosphorus in 

waterways. (Wayne Gieselman,  

Environmental Services Division Chief, Iowa 

DNR). “…. commercial-fertilizer 

management plans would be a good 

idea.” 



OH State Ag Agencies Recommend P 

Regulations – Oct. 17, 2011 



EPA National Nutrient Strategy 

• Nutrient pollution is occurring at a 

national scale and has not been 

completely addressed.  

• Forty-nine states and four 

territories have 303(d) listings due 

to nutrients,  

– about 50% of the states have >100 

water quality impairments due to 

nutrients. 

• Over 10,000 impairments are a 

result of nutrient pollution. 

 

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

1998 - Ecoregional criteria 



Florida Numeric Nutrient Criteria 

• FL submitted 1st draft NNC to EPA 2002 

–2002-2009: FDEP used Nutrient TAC and 

allocated ~$20 million in research and monitoring 

to develop criteria 

–2010 (Jan): EPA proposes a NNC rule 

• 2011 (Jun): EPA’s initial response: 

– If FDEP establishes protective nutrient criteria, then EPA 

will retract their rule: EPA not made up mind yet 

• 2012 (Mar 6) EPA criteria take effect ?? 

 

Adapted from T. Obreza 

Costs ??? – TBD by  National Academy of Sciences 



What action can an ag producer take? 

• The 1999 Florida Watershed Restoration 

Act provides a course of action: The FDACS 

BMP program. 

• Producers who file a notice of intent and 

then implement appropriate BMPs are 

presumed to comply with water quality 

standards. 

• In areas with Basin Management Action 

Plans (BMAPs), the BMP program is 

pseudo-regulatory. FL has bevy of BMP 

manuals 
Adapted from: T. Obreza 



Florida Watershed Restoration Act 

• “Implementation, in accordance with applicable rules, of 

practices that have been verified by the department to be 

effective at representative sites shall provide a 

presumption of compliance with state water quality 

standards and release from the provisions of s. 

376.307(5) for those pollutants addressed by the 

practices, and the department (i.e. Florida Department 

of Agriculture and Consumer Services) is not 

authorized to institute proceedings against the owner of 

the source of pollution to recover costs or damages 

associated with the contamination of surface or ground 

water caused by those pollutants.” 

http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_Strin

g=&URL=Ch0403/SEC067.HTM&Title=-%3E2006-%3ECh0403-

%3ESection%20067#0403.067  

http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=Ch0376/Sec307.htm
http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=Ch0403/SEC067.HTM&Title=-%3E2006-%3ECh0403-%3ESection%20067
http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=Ch0403/SEC067.HTM&Title=-%3E2006-%3ECh0403-%3ESection%20067
http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=Ch0403/SEC067.HTM&Title=-%3E2006-%3ECh0403-%3ESection%20067
http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=Ch0403/SEC067.HTM&Title=-%3E2006-%3ECh0403-%3ESection%20067
http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=Ch0403/SEC067.HTM&Title=-%3E2006-%3ECh0403-%3ESection%20067
http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=Ch0403/SEC067.HTM&Title=-%3E2006-%3ECh0403-%3ESection%20067
http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=Ch0403/SEC067.HTM&Title=-%3E2006-%3ECh0403-%3ESection%20067
http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=Ch0403/SEC067.HTM&Title=-%3E2006-%3ECh0403-%3ESection%20067


Water Legislation in Florida - FFAA 2/13/2012 

• FERTILIZER BILL DIES IN SENATE ENVIRONMENTAL 

PROTECTION 

– a bill to recognize certified lawn care professionals with an 

exemption from any black out period for application that is in any 

local government ordinance 

– Committee voted down a compromise solution (4-3 vote), 

effectively killing the bill for this year.  

• NUMERIC NUTRIENT CRITERIA LEGISLATION 

PASSES 

– FL adopted its own numeric nutrient criteria in opposition to that 

mandated by the EPA (H of R, 118-0 vote). The House 

companion substituted for Senate bill and passed by a 38-0 vote.  

Governor signed Feb. 16, EPA delaying federal standard 

implementation 



Environmental Groups Actively Pushing 

Stronger Regulations 

Feb. 14, 2012 



MN Turf and Lawn P Law – Since 1999 

• Use of P Fertilizer on Lawns and Turf is Restricted 

(Minnesota Statutes 18C.60) 

• Fertilizers containing P cannot be used on lawns and 

turf in Minnesota unless one of the following situations 

exists: 

– A soil test or plant tissue test shows a need for phosphorus.  

– A new lawn is being established by seeding or laying sod.  

– P fertilizer is being applied on a golf course by trained staff.  

– P fertilizer is being applied on farms growing sod for sale. 

• When these situations do not exist, state law requires P-

free lawn fertilizer is to be used. 

http://www.mda.state.mn.us/phoslaw  

https://www.revisor.leg.state.mn.us/bin/getpub.php?pubtype=STAT_CHAP_SEC&year=2006&section=18C.60
http://www.mda.state.mn.us/phoslaw


MN Turf and Lawn P Law – 2007 Results 

• P-free lawn fertilizer is readily available 

• Law has reduced P lawn fertilizer use 

– Use of lawn fertilizers containing P decrease 

38% between 2003 and 2006.  

– In 2006, 82% of lawn fertilizer used was P-

free  

– The amount of P in lawn fertilizer used 

decreased from 292 tons in 2003 to 151 tons 

in 2006 

• Law has not increased consumer cost 

• No enforcement of the law has been 

reported 

• Consumers supportive of the law 



http://www.thenewstribune.com/2012/01/16/v-printerfriendly/1985709/a-novel-strategy-to-reduce-farm.html 



Minnesota, EPA, USDA Agreement 

Encouraging Farmers to Protect Rivers, 

Streams and Lakes (MOU signed Jan. 17, 2012) 

• assurances and incentives to participating farmers that their 

good deeds – their strong commitment to conservation – will be 

recognized, 

• " Vilsack said. "Farmers will know the rules of the game while the 

state, EPA and the public will know that this program will lead to 

cleaner water.” 

• USDA and EPA will offer support to Minnesota in developing its 

certainty process for water quality improvements on private 

agricultural lands and eligible tribal lands in high priority 

watersheds. 

• “..producers who undertake a substantial level of conservation 

activities to reduce nutrient run-off and erosion will receive 

assurance from the state that their farms will meet Minnesota’s 

water quality standards and goals during the life of the 

agreement (USDA NRCS).” 





National Groundwater Nitrate  

USGS Circ. 1350. 2010 



Probability of Nitrate Contamination of 

Recently Recharged Shallow Ground 

Waters in the Conterminous U.S. 

Nolan et al. Environ. Sci. & Technol. 2002. 36(10):2138-2145  (USGS) 

Probability that nitrate-N 

exceeds 4 mg/L 



Nitrates in Groundwater: Is 

Regulating Agriculture the Answer? 



State Commissioned - Preliminary Report 

on Nitrate Issues in California by UC-Davis  
• Charge: help improve understanding of the causes of groundwater 

contamination due to nitrate, identify potential source reduction measures, 

remediation and treatment solutions, and funding sources to recover costs 

expended by the state to clean up or treat groundwater, and ensure the 

provision of safe drinking water to all communities. 

• Recommended practices can increase crop N recovery to ~60-

80% of N inputs. 

• Most promising revenue source: fee on nitrogen fertilizer use 

• Significantly raise the cost of commercial fertilizer and for 

organic fertilizer sources (manure, green waste, wastewater 

effluent, biosolids, etc.). 

• In areas declared at risk for nitrate contamination: 

–  cap and trade system for nitrogen management 

–  farm-level nutrient management plans, standards, and penalties 

–  nitrogen fertilizer fees 
Source: R. Mikkelsen 

http://www.waterboards.ca.gov/water_issues/programs/nitrate_project/index.shtml  

http://www.waterboards.ca.gov/water_issues/programs/nitrate_project/index.shtml


UC-Davis Report on Regulatory Options 



UC-Davis Report – Funding Options 



UC-Davis Report 



UC-Davis Report 



Nitrogen Fertilizer Input vs. N Removal 

Source: R. Ferguson, U. of Nebraska 

y = 1.8242x - 3517.2
R² = 0.4484

y = 0.3668x - 591.26
R2 = 0.0464

y = -0.2369x + 495.89
R² = 0.8657
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Many Factors Are 

Contributing to Changes 

in Nutrient Management 

and Educational Needs 

Manure composition changes 

due to distillers grains 

Climate change induced shifts 

in cropping patterns, yields, 

soil processes 

Changes in crop species due 

to bioenergy  

Application of bioash 

Changes in plant parts 

harvested due to bioenergy 

Major changes in fertilizer 

costs or crop prices 

Genetic changes that alter crop 

yields and NUE 

Government policy 

Fertilizer and equipment 

technology & tools 

Raun, Oklahoma State U. 

Scharf, U.  of Missouri Scharf, U.  of Missouri 

High

Low

Yield

Combine Yield Map

Why are the yields variable ?

When did yield losses
occur ?

Where to apply more N ?

Where to apply less N ?

Where another problem ?
Schepers –USDA ARS 



The four fertilizer rights: placement 
Scott Murrell (IPNI),Tony Vyn (Purdue), Guy Lafond (AAFC),  

Dave Finlayson (CFI),  

1500 quizzes 

2009 



New 4R Nutrient 

Stewardship Education 

• Intensified education: 6 IPNI 

regional directors in N. America, and 

other directors globally 

• CCA and ag professional training 

• Working with state fertilizer 

associations in key watersheds 

• Scientific participants in USDA GHG 

CIG N2O mitigation efforts in IA & IL 

• Involved in  U.S. Research Coord. 

Network for Reactive N in  Environ.,  

mitigation science advisory and 

protocol committees  



•6 priority watersheds for nutrient reductions: 
•Lake Bloomington, Lake Vermilion, Lake Decatur, Vermilion River (Illinois 

Basin), Salt Fork Vermilion River (Wabash Basin) and Lake Mauvaisse Terra.  

•Illinois EPA Bureau of Water Chief, said: 

• “Lakes and rivers in these watersheds have water quality problems 

due to too much N or P, or both”  

•“Illinois EPA strongly endorses efforts to promote voluntary action by 

producers to adopt nutrient stewardship practices in their watersheds. 

If everyone does their part, we can assure clean water for future 

generations.” 

•4R Nutrient Stewardship (Right Source, Right Rate, Right Time, Right 

Place) will be interwoven throughout these efforts to achieve economic, 

social and environmental benefits. 

Illinois Enhanced Nutrient 

Stewardship Strategy 

http://www.kic2025.org/media/KIC%202025%20Program.pdf  

Illinois Corn Growers Association, 

the Illinois Soybean Association, 

the Illinois Farm Bureau, the 

Illinois Fertilizer & Chemical 

Association, the Illinois Pork 

Producers and Syngenta Crop 

Protection. 

http://www.kic2025.org/media/KIC 2025 Program.pdf


• N source, rate, timing, and place of 
application …. which may include 

– Urease inhibitors 

– Nitrification inhibitors 

– Slow-release materials 

– Controlled-release materials 

• In combination with appropriate, site-specific cropping 
system and conservation practices  

– (e.g. conservation tillage, cover crops, vegetative buffers, managed 
drainage, wetlands, bioreactors, etc.) 

• What could  we accomplish if in-field, edge 
of field, and above stream BMPs are 
coupled? 

• Fertilizer N BMPs can help minimize 

the potential for residual NO3-N 

accumulation & losses 



Example Fertilizer N BMP Guides 





Adequate P fertilization of corn reduces 

soil profile nitrate and the potential for 

nitrate leaching (Schlegel et al. 1996) 
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Adequate K fertilization increases apparent 

nitrogen recovery by corn (Johnson et al. 1997) 
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Summary and Conclusions 

Appropriate fertilizer N  and P use  and 

balanced fertilization  

enhance N and P use efficiency  and effectiveness 

increases crop biomass, helps 

restore/maintain/increase soil  carbon 

Environmental N  and P losses can vary 

among 4R factors ..depending on site-specific 

conditions, weather, cropping and tillage 

systems 

Industry is working more pro-actively with state 

and local partners to advance 4R Nutrient 

Stewardship and site-specific BMP training 

and implementation, which should help improve 

crop N and P recovery 



We Can Improve N & P Use 

Efficiency & Effectiveness 

by implementing 

 nutrient BMPs ….. 
 

Right source @ Right rate, Right time 

 & Right place 

 

4R Nutrient Stewardship 



www.ipni.net 

Better Crops, Better Environment … through Science 

Thank You 



Clean Water Act,1972 – Recent Confusion 

• Provides for protection of our health and environment by 

reducing the pollution in waterways.  

• April 2011, EPA and USACOE released draft guidance to 

clarify protection and guidelines  

• ~ 230,000 public comments were received, many  

recommended an EPA rule to clarify CWA 

• The agencies anticipate proposing a rule for public 

comment in 2012, with focus:   

– protection of smaller waters that feed larger ones, to 

keep downstream water safe from upstream pollutants   

– reaffirming protection for wetlands 

http://water.epa.gov/lawsregs/guidance/wetlands/CWAwaters.cfm  

http://water.epa.gov/lawsregs/guidance/wetlands/CWAwaters.cfm


• Environmentalists and EPA have reached 

an agreement in principle on two key 

Clean Water Act lawsuits, and are calling 

for a stay of further proceedings until 

May 21, 2012: 

• Amid GOP Concern, EPA Seeks More 

Time For Controversial Water Pact 

– EPA and the Conservation Law Foundation 

(CLF) agree to settle a controversial set of 

lawsuits -- a settlement that critics fear could 

set a precedent expanding the Clean Water 

Act's (CWA) jurisdiction over groundwater 

and nonpoint sources of pollution -- though 

the litigants are asking a federal court to give 

them more time to complete the deal.” 

 

Clean Water Act and EPA Authority? 

http://environmentalnewsstand.com/  

USGS Circ. 1350 

http://environmentalnewsstand.com/


Joe Piotrowski, Senior Advisor, US EPA, Office of Wetlands, Oceans 

and Watersheds – Watershed Academy Webcast Jan. 26, 2011 



Greater Monitoring and Public Reporting 

of State Water Quality Across U.S. 

http://iaspub.epa.gov/waters10/attains_nation_cy.control  

http://iaspub.epa.gov/waters10/attains_nation_cy.control


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



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



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



Water Quality Attainment in Assessed 

U.S. Rivers and Streams 

http://iaspub.epa.gov/waters10/attains_nation_cy.control#STREAM/CREEK/RIVER  

http://iaspub.epa.gov/waters10/attains_nation_cy.control


River & Stream Probable Impairment Source 



River & Stream Cause of Impairment 


