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What Is the source of Nitrogen In our
water ways?

B Commercial fertilizer, all
sSources

M Livestock manure
W Legumes (soybeans, alfalfa)

W Atmospheric wet
deposition of nitrate as N

B Human domestic waste

Oxidized soil
Nitrogen?

W Industrial point sources

Oxidized soil N
Total = 2,180,300 metric tons

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

éUSGs Donald A. Goolsby, William A. Battaglin, U.S. Geological Survey,
Lakewood, CO and Richard P. Hooper, U.S. Geological Survey, Atlanta,
GA, 1997



Nitrogen and Water

® Nutrients are essential for
plant growth

" Rapid growth, leaf size
and quality, hasten
crop maturity, S0 2
promotes fruit and seed _*isme
development LSS el

" Nitrogen is a constituent
In amino acids and
thereby plays arole in

photosynthesis
M. Ray Tucker, NCDA, 1999
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Gulf of I\/IeX|co Hypoxia
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 Extent of Hypoxic
Zone Iin the Gulf of
Mexico varies yearly

a2 USGS

Hypoxic Area (square kilometers)

N.N. Rabalais, Louisiana Universities Marine Consortium,
R.E. Turner, Louisiana State University, 2013


http://www.epa.gov/

Problems with excess levels of
nutrients in the envwonment

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

Algae bloom fouls tap water in Indianapolis, Muncie

(May 4, 2010 Indianapolis Recorder Newspaper)



Nitrogen contributions to the Gulf of
Mexico vary by state

Richard B. Alexander, Richard A.
Smith, Gregory E. Schwarz,
Elizabeth W. Boyer, Jacqueline
V. Nolan, and John W. Brakebill,
2008
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Sparrow Model, USGS

http://water.usgs.gov/nawqga/sparrow/
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Sources of nitrogen delivered to the
Gulf of Mexico

= 66% of NITROGEN
i Richard B. Alexander, Richard
N It_r(?g en A. Smith, Gregory E. Schwarz,
origin ates Elizabeth W. Boyer,
Jacqueline V. Nolan, and John
from W. Brakeill, 2008
cultivated
Crops

" Atmospheric
deposition is
an important Sources
source B Corn and soybean crops

] Other crops
Pasture and range
B Urban and population-related sources

~USGS M Atmospheric deposition
B Natural land




USGS Sample Collection
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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.

2 USGS



Nitrate i1s a dissolved constituent

Filter water sample
with a 0.45 micron
filter.

USGS samples are
typically analyzed at
the National Water
Quality Laboratory,
Denver 4
Replicate and Field e
Blank samples are :
collected annually to
check for bias

2 USGS
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Why continuous and real-time?

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

Time-density improves our knowledge and understanding of the
relation between water quality and changes in hydrology, geology,
and land use

Increased data-collection frequency provides an improved
understanding of cause/effect relations

Richer data sets for developing tools and models

Notification of water resource managers in real time

Decreases time and costs associated with manual sampling
Better measures of water quality compared to monthly samples

Continue to run when you go home and capture hard to anticipate
storm events

2 USGS www.waterwatch.usgs.gov
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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

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



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
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White River at Hazleton, IN

Data are provisional

1.5 2 2.5 3 35
Nitrate (mg/L)



USGS IN field tested - YSI 9600

Range 0-10mg/L,
Accuracy +-5%

Cadmium
reduction
principle

Y SI discontinued
production in
2011




USGS IN field tested - HACH Nitratax

63.6 mu  Tre

(¢ OMIPUT1 4.10mA

Hach.com

Range 0.1-100 mg/L,
. Accuracy +-0.5to
1.0mg/L



USGS IN field tested - Satlantic SUNA

www.Satlantic.com

Range 0.007-56 mg/L,
Accuracy 10% of the reading

2 USGS



Manufacturer specifications

Table 2. Uitraviolet (UV) nitrate sensor dasign and manufacturer-stated data specifications.

[Abbreviations in, mrhes; Ths, pounds; m. meters; mel as W, millisrams per liter as nireen: mm millimeters; nm nanometers; o0, seponds; “C, degress
Celsius; %, percent]

HACH Satlantic §-CAN TnDE
Nitratax SUNA spactrolyzar ProlPS
Pathlangths availsble {mm) 1,2, 5 {fixed) 5, 10 (fxed) 0.5=1000 {zami-fired) 150 {sermi-froed)
Wavelengths maasured (nm) T30, 350 100-3T0 200-T50 100360
Approximate dimencions {In) 130x30 XNox23 MNS5xl7 WM5x27
Weight in air (Ths) T3-7% 54 15 11
Honsing materials availabla stainless so=el acetal, orenimm staimless steel stainless steel dtanium
Lamp type EEnon denterinm XEnQn denterizm
Feference beam wES no VES Mo
Windowas quarte quarte sapphire firsed silica finsed =ilica + nano

Ccoating
Commmmnications Modbus (F5485, B5232), USE, B5232, 5DI-12,  Moedbus (F5485, RS232), B5232
anslogz anzlaz SDI-12, anzlog
Power consumption MVDC 8. 18WVDxC 11._15WDC 036V
Conmsctors integrated cablas wet plnzzable mtegrated cablas wet phnzzahle
Anti-fouling method wiper (silicoms) wiper (oylon brush) wiper or compressed air  compressed air + nando
coatng
Crperating Temperature {*C) I O—H0 045 0—4D
Mhaxinnmm operating depith {m) 5 100e 100 S0
Lower detection limit (meT as M)  0.1-10= 0,047 0.03 00050 3=
Upper detection limit {meL as M) 20-100¢ 1E-58 1070 835000
Acoaracy =3—5% of reading or =10%% of reading or =2% of reading plus =24 of reading or
= 5-1 0mgTL, =1 053006 mg'L, 1/optical path length =155 meL.,
whichever is greatar® whichever is greatar (o o e L) whichever is greater
Precizion {mg/L as M) 0.1-05" 0.028 0.02-0.1" 0.03
Maximnom sampling interval (sec) 60 1 G0 120
sActual specifications dependant on the moded used, pathlensih or both

ﬂp:innsmmi]ablefur-:‘es;-sendzph'fmmg{smmd],{lﬂlﬂmﬁ:-I'S-T.E';A,IE,{HIImﬁ:-:rTﬁEE].Pe”erin and others, 2013

Paramster

%USGS Depiction of equipment in this presentation is not an
endorsement of any vendor or model by the USGS




Principle of Operation

Satlantic.com
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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

a2 USGS
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Instrument Performance (cont.)

® Calibration check

1. Inorganic-grade b
2. Series of reagent f

environment

= Accuracy — absol
measured concen

" Linearity —least s

"  Precision - Perfo
the standard devid
measured and kng

"  Turbidity checks

ZUSGS AcCURACY =

y
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Instrument Performance (cont.)

® Calibration checks




Site selection

CROSS-SECTION SURVEY INFORMATION

Method used to determine measurement locations (82398): EWI (10) EDI (20) Single vertical (30) Point Sample (50) C
No. of Verticals Measurement Location: ft  upstream  downstream of monitor

Stream Mixing:  Excellent Good Fair Poor
Comments

Ft from
left bank | Depth to

Turbidity

3 (00010 (00095 (00300
I I R D
I I R R B
I N A N
IR N N B
I N A N
I N AN I
I N A N
I N A I
IR N N B
I N A N
IR I I N
I N
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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

a2 USGS



Sentry Gages

05515500
A Kankakee R at
Davis, IN

03353200 Eagle Cr
at Zionsville, IN

ﬁ(

03374100 White R
A at Hazleton, IN




USGS Real-time Nitrate Monitoring

Hay 21, 2014 12:34ET

http://waterwatch.

~AINENY usgs.gov VIVIVIYV VI VIV

120 | 399 1.209 3999 10299 30 |No Data
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Nitrate sensor deployment




Field maintenance

1. Deploy afield meter. Collect before cleaning readings.
2. Remove the monitor from the stream and clean it.




Field maintenance (cont.)

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

equilibrate -—
4. Collect post ning re&%s

2 USGS



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

Station Neo.

U.S. GEOLOGICAL SURVEY
CONTINUOUS WATER-QUALITY MONITOR FIELD FORM

Station Name
Time D

£}
\ Water, ACS Reagent

- \‘gmunns\z Typel

ireg i air =
uld be zera)

Monitor forrﬁ 11I-'2006




Field maintenance (cont.)

/. Recalibrate the monitor if necessary

8. Return the monitor to the stream and collect final
readings prior to departure

Table5 Calibration critaria for inorganic blank water chacks
of the ultraviolat {UV] nitrate sensors based on manufacturer f ~y
stated accuracy in a zaro milligram per liter {m@/L) a5 nitrogen | & Calibraton Waand 2]
M} solution for different sensor models {Hach) ar wavelengths ‘

[Satlantic, szcan, Tri0S). Steps Compare new reference spectrum to current. wizard (3 of 4)

] ] s 5 raters are 1. Fhthe samplngvolume wih -
D e e e | Percent Change in Reference Spectra
limeter; %, percent] v Acouining spactra data from m
) SUNA, 1 a
— — . Compare new reference
Stated _ Calibration criteria in spectrum to current,
Pathlengths inorganic-free blank water . Unkad calbeatien file with rew

acturacy (mg/Las N) reference specirum,

——

e |

Hach Mitratax
+3-5% of reading or —0.5 1o +).5 (plus, clear)

0.5-1.0mgTL,
: —1.0to +1.0
whichever is greater w (eca)

Satlantic SUNA

+10% of reading or —0.03 to +0.03 (10 mm) y >0 275 A0
0.03-0.06 me/L, -
whichever is sreater —0.06 to +0,08 (5 mm) wavelength (rnm)

difference (%a)

5:CAN spectrolyzer | B % difference hom C-’«-‘:-“m‘"\'u:f!ﬂ

=105 of reading plus —0.03 to +0.03 (35 mm)
Voptical path length 55 0 1559 (5 mm)
{in mm; mgL)

0.5 to +0.5 (2 mm) ’ y - l I
¢ . = Lance
TriS PraPS
|

+1% of reading or —0.155 o +0.155

=155 me/L, Reference Update Dialog: Compare new and previous spectrum.
whichever is zreater




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

&

USGS Pg 26-29 Pellerin and others, 2013
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Eagle Creek at Zionsville, IN

Seasonality Nitrate levels rise

with storm

: events
Nitrate levels are / / \

diluted by storm
events or snow // \
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Zionsville — Continuous vs. Discrete
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Kankakee River at Davis, IN

Nitrate —
Discrete

Rise in discharge =rise in nitrate

|

[EY
]
[
(@]

—
o
c
(=]
(9]
[«1]
v
S~
L
Q
&
2
L0
=1
[® ]
—
[+)]
oo
S
(1]
=
(&)
-]
(]

Nitrate (milligrams/liter)

200 I [ [ [ I
Dec-13 Jan-14 Feb-14 Mar-14 Apr-14 May-14

—Discharge (cfs/second) Nitrate - Continuous A Nitrate - discrete




White River at Hazleton, IN
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Nitrate' (mg/L)
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Hazleton — Continuous vs. Discrete
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Rating the data

Table 10. Accuracy ratings based on the absolute sums of the
combined fouling, drift, and bias corrections to discrete samples
for continuous ultraviolet nitrate measurements.

[The sensor accuracy used canben| 7 s P
calculated values ] K g
O( ’ s L 4
®) e’ Pie * -
Accuracy 6 ? ,a;\,, — P e
rating s e 7
- a0 e
Excellent Withi ] ) G’, ‘(\,‘\ .
Good 13| = ‘. AP\ 2 _
3 g P 2 -
Fait 34 & - ‘§ <L ke
— / = -
Poor 46| 84 7 - P 006,"
g K // P o,
c s // P /" ?la‘\(
s 7’ -~ -
" Table 10 (Pellelgs A r
g _/' ,‘ ,” - O‘
.‘E . 7/ ,’f ”r B _ - ?O
82 7,_/."/,’,’ _ - -
/‘ /, /, - -
/.IQ" -
2,8 -
(“’ .
s X Zionsville, IN
O T T T T T T 1
0 1 2 3 4 5 6 7

Discrete nitrate (mg/L)




USGS Midwestern Stream
Assessment 2013
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Continuous nitrate comparison data -
lowa

Page 1 of 1

& USGS

USGS 05482300 North Raccoon River near Sac City, IA

Page 1 of 1

\ N USGS 05482300 North Raccoon River near Sac City, IA
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Discharge 5

Hay 61 Jun 81 Jul 81 Aug 81 Sep 81
2013 2013 20813 2013 2013

Discharge, cubic feet per second

nilligrans per liter as nitrogen

Hedian daily statistic (55 years) === Period of approved data
— Discharge

Nitrate plus nitrite, water, in situ,

Nitrate \\{ - m

Hay 81 Jun 81 Jul 81 Aug 81 Sep 81 Oct 81
2013 2013 2013 2013 2013 2013

~ MHedian daily statistic (4 years) === Period of approved data
— Nitrate plus nitrite === Period of provisional data

http://137.227.241.66/nwisweb/data/img/USGS.05482300.01.00060..20130415...

http://137.227.241.66/nwisweb/data/img/USGS.05482300.16.99133..20130415... 11/19/2013




Continuous nitrate comparison data -
Indiana

Page 1 of 1

Page 1 of 1

26000,00
- 16600,00
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USGS 03353200 EAGLE CREEK AT ZIONSVILLE, IN

16606,68

160,00

18,88

Nitrate

D . I I
Hay 61 Jun 81 Jul 81 Aug B1 Sep 01 Oct 81
20813 2013 2013 2013 20813 2013

=-=-== Provisional Data Subject to Revision ==--

Discharge, cubic feet per secon

liter as nitrogen

i
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[ ¥ ]
Hedian daily statistic (55 years) — Peak Q of record Hay 81 Jun 61 Jul 01 fAug B1 Sep 81
— Discharge 2013 2013 2013 2013 2013

=-=== Provisional Data Subject to Revision ==-=-

Nitrate, water, in situ, nilligrans per

— HNitrate
® Value exceeds "very high" threshold.

http://137.227.241.66/nwisweb/data/img/USGS.03353200.01.00060..20130415...  10/24/20

http://137.227.241.66/nwisweb/data/img/USGS.03353200.18.99137..20130415...  10/24/2013
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