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What is the source of Nitrogen in our 

water ways? 

Donald A. Goolsby, William A. Battaglin, U.S. Geological Survey, 

Lakewood, CO and Richard P. Hooper, U.S. Geological Survey, Atlanta, 

GA, 1997 

Estimates for percent contributions of annual nitrogen for the Ohio River Basin 

Total = 2,180,300 metric tons 

Oxidized soil 

Nitrogen? 

Total = 2,180,300 metric tons 



Nitrogen and Water  

 Nutrients are essential for 

plant growth 

 Rapid growth, leaf size 

and quality, hasten 

crop maturity, 

promotes fruit and seed 

development  

 Nitrogen is a constituent 

in amino acids and 

thereby plays a role in 

photosynthesis 

 M. Ray Tucker, NCDA, 1999 



Gulf of Mexico Hypoxia 

 

www.EPA.gov, 2014 

N.N. Rabalais, Louisiana Universities Marine Consortium, 

R.E. Turner, Louisiana State University, 2013 

• Hypoxia means low 

oxygen 

• Causes: excess 

nutrients, water body 

stratification 

 

• Extent of Hypoxic 

Zone in the Gulf of 

Mexico varies yearly 

http://www.epa.gov/


Problems with excess levels of 

nutrients in the environment 

Algae bloom fouls tap water in Indianapolis, Muncie 

(May 4, 2010 Indianapolis Recorder Newspaper) 

• Eutrophication – excessive 

aquatic plant growth, 

especially algae 

• Clog water intakes, use up 

DO when decomposing 

• Can lead to fish kills, 

decreased animal and plant 

diversity 

• Negative effects for 

recreation (boating, fishing, 

and swimming) 

• Health problems 

• Blue baby syndrome 

• Taste and odor 

 

 

 



Nitrogen contributions to the Gulf of 

Mexico vary by state 

 

Sparrow Model, USGS 
http://water.usgs.gov/nawqa/sparrow/ 

Richard B. Alexander, Richard A. 

Smith, Gregory E. Schwarz, 

Elizabeth W. Boyer, Jacqueline 

V. Nolan, and John W. Brakebill, 

2008 



Sources of nitrogen delivered to the 

Gulf of Mexico 

 66% of 

nitrogen 

originates 

from 

cultivated 

crops 

 Atmospheric 

deposition is 

an important 

source 

Richard B. Alexander, Richard 

A. Smith, Gregory E. Schwarz, 

Elizabeth W. Boyer, 

Jacqueline V. Nolan, and John 

W. Brakebill, 2008 



USGS Sample Collection 

 

National field manual for the collection 

of water-quality data: U.S. Geological 

Survey Techniques of Water-Resources 

Investigations, book 9, chaps. A1-A9, 

available online at 

http://pubs.water.usgs.gov/twri9A. 

 



Nitrate is a dissolved constituent 

• Filter water sample 

with a 0.45 micron 

filter. 

• USGS samples are 

typically analyzed at 

the National Water 

Quality Laboratory, 

Denver 

• Replicate and Field 

Blank samples are 

collected annually to 

check for bias 



Why continuous and real-time? 

1. USGS water-quality data is available in near realtime on the internet 

2. Time-density improves our knowledge and understanding of the 

relation between water quality and changes in hydrology, geology, 

and land use 

3. Increased data-collection frequency provides an improved 

understanding of cause/effect relations 

4. Richer data sets for developing tools and models 

5. Notification of water resource managers in real time 

6. Decreases time and costs associated with manual sampling 

7. Better measures of water quality compared to monthly samples 

8. Continue to run when you go home and capture hard to anticipate 

storm events 

 

www.waterwatch.usgs.gov 



Questions for O&M of continuous sensors? 

Pellerin, B.A. Bergamaschi, B.A., Downing, B.D., Saraceno, 

J.F., Garrett, J.A., and Olsen, L.D., 2013, Optical techniques 

for the determination of nitrate in environmental waters: 

Guidelines for instrument selection, operation, deployment, 

maintenance, quality assurance, and data reporting: U.S. 

Geological Survey Techniques and Methods 1-D5, 37p. 

 

 

Wagner, R.J., Boulger, R.W., Jr., Oblinger, C.J., and Smith, 

B.A., 2006, Guidelines and standard procedures for 

continuous water-quality monitors – Station operation, 

record computation, and data reporting: U.S. Geological 

Survey Techniques and Methods 1-D3, 51 p. + 8 attachments 

 

 Both can be found at http: pubs.water.usgs.gov 

pdf/tm1d5.pdf


Nitrate is used as a surrogate of Total 

Nitrogen 

 Many forms of nitrogen in typical USGS Total 

Nitrogen collection 

 Nitrate 

 Organic N 

 Nitrite 

 Ammonia 

Data are provisional 

White River at Hazleton, IN 



USGS IN field tested - YSI 9600 

Range 0-10mg/L, 

Accuracy +-5% 

 

Cadmium 

reduction 

principle 

 

YSI discontinued 

production in 

2011 



USGS IN field tested - HACH Nitratax 

 

Range 0.1-100 mg/L, 

Accuracy +-0.5 to 

1.0mg/L 

Hach.com 



USGS IN field tested - Satlantic SUNA 

 

Range 0.007–56 mg/L, 

Accuracy 10% of the reading 

www.satlantic.com 



Manufacturer specifications 

 

Pellerin and others, 2013 

Depiction of equipment in this presentation is not an 

endorsement of any vendor or model by the USGS 



Principle of Operation 

 

Pellerin and others, 2013 

Satlantic.com 



Instrument Performance Qualification 

 Check the monitor prior to initial deployment 

1. Visual inspection 

 Serial numbers 

 Scratches, dents, nicks 

 Optical window 

 Electrical connector  

 Wipers 

2. Operational inspection 

 Up to date software 

 Apply power, insure unit is functioning 

 Calibration checks 



Instrument Performance (cont.) 

 Calibration checks 

1. Inorganic-grade blank water check 

2. Series of reagent-grade standard nitrate 

solutions covering the expected range of 

environment 

 Accuracy – absolute percent difference between 

measured concentrations and known concentrations 

 Linearity – least squares linear regression 

 Precision – Perform repeated measurements, calculate 

the standard deviation of the differences between the 

measured and known concentrations 

 Turbidity checks 

Solonschools.org 



Instrument Performance (cont.) 

 Calibration checks 

 



Site selection 



Nitrate monitors are deployed at 

USGS Sentry Gages 
 A USGS streamflow gage that employs 

several monitoring techniques to understand 

hydrologic conditions, including: 

 Discharge 

 Continuous water-quality monitoring 

 5-parameter sondes 

 Nutrient analyzers 

 Representative sampling 

 Surrogate modelling 



Location of Sentry Gages 

05515500 

Kankakee R at 

Davis, IN 

03353200 Eagle Cr 

at Zionsville, IN 

03374100 White R 

at Hazleton, IN 



USGS Real-time Nitrate Monitoring 

 

 

 

 

 

http://waterwatch.

usgs.gov 



Nitrate sensor deployment 

 

USGS, NJ USGS, CA 



Field maintenance 

1. Deploy a field meter. Collect before cleaning readings. 

2. Remove the monitor from the stream and clean it.  

Clean the inside of the monitor housing if necessary. 



Field maintenance (cont.) 

3. Return the monitor to the stream.  Let the monitor 

equilibrate 

4. Collect post cleaning readings 



Field maintenance (cont.) 

5. Remove the monitor from the stream and begin 

calibration checks 

6. Check the monitor with Inorganic Blank Water and then a 

standard(s) which brackets the expected range 

 

Monitor form 11-2006 



Field maintenance (cont.) 

7. Recalibrate the monitor if necessary 

8. Return the monitor to the stream and collect final 

readings prior to departure 

SUNA Com 

Pellerin and others, 2013 



Bias Corrections 

Problem: The presence of dissolved organic matter, 

bromide or suspended particles in the matrix water can 

result in systematic errors or bias.  To correct:  

1. Data corrections based on continuous in situ 

measurements of interfering substances 

2. Corrections based on the correlation of continuous 

measurements with nitrate concentrations from 

discrete water-quality samples analyzed in a 

laboratory 

Pg 26-29 Pellerin and others, 2013 



Bias Corrections 

(cont.) 

 Pellerin and others, 2013 

Eagle Creek at Zionsville, IN 

Data are provisional 



Eagle Creek at Zionsville, IN 

Nitrate – 

Discrete 

Continuous 

Data are 

provisional 

12 samples over 3 months 

Nitrate levels are 

diluted by storm 

events or snow 

melt 

Nitrate levels rise 

with storm 

events 

Seasonality 



Zionsville – Continuous vs. Discrete 

Data are 

provisional 

n=22,  

Sept 2012-May 2014 



Kankakee River at Davis, IN 

Nitrate – 

Discrete 

Continuous 

Data are 

provisional 

Rise in discharge = rise in nitrate 



White River at Hazleton, IN 

Nitrate – 

Discrete 

Continuous 

Data are 

provisional 



Hazleton – Continuous vs. Discrete 

Data are 

provisional 

n=20,  

Sept 2012-May 2014 



 Table 10 (Pellerin and others, 2013) 

Rating the data  

Eagle Creek at 

Zionsville, IN 

Data are 

provisional 



USGS Midwestern Stream Quality 
Assessment 2013 

Mean nitrate plus nitrite as N by site 



MSQA 

Nitrate 

Discharge 

Continuous nitrate comparison data - 

Iowa 

Data are provisional 



Continuous nitrate comparison data - 
Indiana 

MSQA 

Discharge 
Nitrate 

Data are provisional 




