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N Itr a t e ||] Ground water is a critical national resource that can be degraded by elevated levels of nitrate Nitrogen input is one influence on nitrate
More than 43 million people in the United States are served by Contamination of shallow ground water used as drinking water is a contamination of shallow groun d water ) o ) S
self-supplied domestic water systems, and almost all (98 percent) of public-health concern. Shallow ground water is more susceptible to nitrate The sources of nitrogen in watersheds are primarily Aquifer susceptibility to nitrate contamination is
G r 0 u n d W a t e r n this water comes from ground water. Ground water also is the source contamination than deep ground water, and domestic wells typically are inorganic fertilizer, animal manure, and airborne emissions related to many hydrogeolayic characteristics that
u of water for about 90 million people who are served by public water- shallower than public-supply wells; shallow domestic wells are not routinely from utilities, factories, and automobiles. In areas of intensive determine the behavior of nitrate in the landscape
supply systems. Unfortunately, shallow ground water (typically less monitored for water quality. Even if people do not drink shallow ground agriculture, fertilizer usually is the predominant source of Nitrate can be carried through soils to the water table by
- - than about 5 meters deep in this study) is susceptible to contamination water in a particular area, shallow ground water can discharge to streams or nitrogen. Animal manure and atmospheric deposition account lat i fall It. and irricati Soil drai
USI naam od el to simu I ate . , ‘ . . ] ) - _ o , percolating rainfall, snowmelt, and irrigation water. Soil drain-
by chemicals derived from the land surface. One such chemical often migrate to deeper aquifers typically used for drinking-water purposes. As a for smaller amounts of nitrogen contributions nationally than 2e characteristies influence how fast nitrats ravels through the
th e pro ba b i I it of n itr at e derived from the land surface is nitrate, which dissolves easily in water. result, nitrate in shallow ground water has the potential to affect the quality of commercial fertilizer, but are significant secondary sources soil and whether nitrate reaches the ground water, Well-drained
p y As water infiltrates downward, nitrate is readily transmitted through those resources as well. of nitrogen in certain regions. Septic systems can be impor- soils. such as coarse-textured sands. transmit Wat.er and nitrate
CO nta min atl on of sh a I I ow soil ar?d S 5567 into ground water. - Elevated concentrations of nitrate in drinking water have been associ- tant local source.s .Of nitrogen, especially in rural or re§1dent1al rapidly to the water table. Poorly drained soils, such as fine-
- Nitrate, from both natural sources and human activities, is pos- ated with adverse health effects, especially for newborns. Infants younger areas. Lawn fertilizers and pet wastes are sources of nitrogen ined cl : from infiltrati h bl
g rou nd Water In the . . . , Sl ) | £ ol h ) grained clays, restrict water from infiltrating to the water table.
sibly the most prevalent contaminant in ground water, and can persist than 6 months old who are fed formula made from water containing nitrate in urban areas. Natural sources of nitrogen include exchange . . .o
. 1 B 1 .. 3 .. ) . ] o bl .. i logic d s it fixati Poorly drained soils also lack oxygen, a condition that promotes
c 0 nt e rmin 0 u s U n It e d St at e S in shallow ground v&fater or years under we —oxygenate.d conditions. may develop blu.e.baby syndrome (methem.oglobl.nenna). In this ?OHdlthl’l, able a@monlum 1r'1 cer a1r.1 geo oglc epQSI S, n1 rogen .1xa 10N conversion of nitxats foinitrogen gas (denifrification)and limits
About 13 percent of shallow wells sampled beneath agricultural and blood loses its ability to transport oxygen to tissues in the body, which poten- (bacterial conversion of nitrogen in the air to organic nitrogen), - - . - T R
- - , . . . ; ) ] i ) conversion of dissolved ammonia to nitrate (nitrification). In
s u Ie me nta rv i nfo rm atl on urban land-use study areas as part of the National Water-Quality tially is fatal. For this reason, the U.S. Environmental Protection Agency and plant matter and other organic materials. 1 lidated sand and | aquif d
p p y Assessment (NAWQA) Program during 1992-99 exceeded the U.S established the drinking-water standard of 10 mg/L nitrate as nitrogen Water-quality studies indicate that high fertilizer applica- general, unconsofidated sand and gravel aquiiers are porous an
, , & g , L & £ gen. . L. , ) ) allow rapid movement of water, making them more susceptible
Environmental Protection Agency’s drinking-water standard for nitrate Additionally, nitrate concentrations of 2—4 mg/L have been associated with tion and irrigation offer a high potential for nitrate to move o . h latively i bl
By Kerie J. Hitt and Bernard T. Nolan o . . . . . 0 ) _ £ i I to contamination from nitrate, whereas relatively impermeable
. . (10 milligrams per liter). Shallow ground water in relatively undevel- adverse health effects. Long-term (many years) exposure to nitrate in commu- down to the water table. Increasing amounts of nitrate applied e off moelk, S r el b Anlrdor. Frmsimmed moks
National Water-Quality Assessment Program oped areas of the United States contains about 1 milligram per liter nity water supplies has possible links to bladder and ovarian cancer (Weyer to the land surface, however, do not necessarily result in and Karst also,provi T —
2005 (mg/L) of nitrate (Nolan and Hitt, 2003). and others, 2001) and non-Hodgkins lymphoma (Ward and others, 1996). uniform increases in nitrate concentrations in shallow ground
er. I th ble soils wh rato | to shallow ground water. The pathway between surface runoff
Wa;ﬁ' Itl some.gatrza: VEI pelt'metable so.lts :V lere In rate 1; and ground water in some areas with waterlogged soils is often
re.a 1 transmitie@ 1o the watet fa ‘e, o r.a © eYe > ma}y © short-circuited by ditches and drains. These ditches and drains
higher than expected even though nitrate input is relatively low. . . . .
. o , can intercept shallow ground water containing dissolved nitrate
In other areas, because conditions restrict nitrate from moving .
_ and divert the ground water to nearby streams.
to the water table, nitrate levels may be lower than expected
despite relatively high input.

Fundamentals of designing a model of nitrate contamination of shallow ground water

A model is a simplified representation of complex variables to the desired outcome, in this case,
real-world processes. Statistical models describe the whether nitrate is greater or less than 4 mg/L. Candidate explanatory variables evaluated for model Explanatory variables selected for model )
processes in terms of a set of _selected e_xplanatory m Thirteen candidate explanatory variables Variables representing nitrogen input Variables representing nitrogen input Suggested Readlng
variables, and attempt to predict what will happen : : : : _ - o
: _ representing nitrogen input and aquifer » (1) Nitrogen fertilizer applications (1) Nit fertil licati . . . : :
When Systema“ca”y Chang|ng the Values Of the - . .. i - ) . I rOQGn ertlizer app ications FocaZ10, M,J,, Rellly, T,E,, Rupert, M_G,, and Helsel, D'R‘, NOlal’l, B.T., and Hltt, KJ, 2003, Nutrlents m ShallOW
. . susceptibility were evaluated using logistic (2) Total nitrogen (fertilizer+ manure + atmospheric deposition) 2) P f agricultural land . P : : :
explanatory variables. The relation of the explanatory regression to determine their influence on nitrate licati 12) Percentage of agricultural land use 2002, Assessing ground-water vulnerability to contamina- ground waters beneath relatively undeveloped areas in
variables to the predicted outcome is expressed as . . applications ) (3) 1990 population density tion: Providing Scientiﬁcaﬂy defensible information for deci- the conterminous United States: U.S. GGOIOglC&l SllI'VCy
P P contamination of shallow ground water on a » (3) Percentage of agricultural land use : -
a mathematical equation. The predicted outcome is : 9e oragriet sion makers: U.S. Geological Survey Circular 1224, 33 p. Water-Resources Investigations Report 02-4289, 17 p.
a P national level. » (4) 1990 population densit - - : ;
calculated from the explanatory variables that go into The list d to six variables that had Pop ! hitp.//water.usgs.gov/pubs/circ/2002/circ1224/ hitp.//water.usgs.gov/nawqa/nutrients/pubs/wri02-4289/
: : m The list was narrowed to six variables that had a . . . - . i . .
the mathematical expression. significant influence on nitrate contamination of Varlable-s represen.tmg aq-ulfer susceptibility Variables representing aq.ulfer sqsceptlblllty Hallberg, G.R., and Keeney, D.R., 1993, Nitrate. In Alley, Squillace, P.J., Scott, J.C., Moran, M.J., and Kolpin, D.W.,
Logistic regression is a statistical method that uses shallow ground water. Variables that did not have (5) Certain well-drained soils (4) Percentage of We”-dr.amEd soils W.M,, ed., Regional Ground-Water Quality, 1993, Van Nos- 2002, VOCs, pesticides, nitrate, and their mixtures in
i in thi [ in soi Presence or absence of sand and gravel aquifers ; ;
explain a yes/no outcome. For example, in this model, : : (7) Percent organic matter in soils (6) _ gravel aq : . Environmental Science & Technology, v. 36, no. 9, p.
the outcome could be "yes’ nltrate Concentratlon nitrate IeaChlng |Oca||y > (8) Depth t0 Seasona”y hlgh water table (The variable for-sand and gravel aqu|fers Hamllton, PA, and SheleCk, RJ, 1992, Are f:ertlhzel‘s and 1923-1930.
is more than 4 mg/L" or “no, nitrate concentration m The final six variables found to have the most (9) Presence or absence of rock fracture replaced the variable for rock fracture) pc?stlcldes in the ground water?: U.S. Geological Survey http://sd.water.usgs.gov/nawqa/pubs/journal/EST.mixtures.
is 4 mg/L o less.” The modéled response is the influence on nitrate contamination of shallow (10) Artificially drained soils Circular 1080, 16 p. squillace.pdf
probability of an outcome rather than a specific gro_und water are fertilizer appIica_tions, _ (11) Woodland-to-cropland ratio The set of explanatory variables Mueller, D.K., Hamilton, P.A., Helsel, D.R., Hitt, K.J., and _
concentration. agricultural land use, and population density (12) Sampling depth evolved as the model of probability Ruddy, B.C., 1995, Nutrients in ground water and surface Ward, M.H., Mar~k, S.D., Cantor, K.P., Weisenburger, D.D.,
The followi st din buildi (nitrogen input), and soil drainage, water-table (13) Mean annual precipitation, 1961-90 of nitrate contamination of shallow water of the United States—An analysis of data through Correa—Yﬂlasenor, A", and Zahm, S.H., ,19,96’ Drinking
e fol ovlvmgnginera.”s eps u(sjeb in UI'f'mg a | depth, and sand and gravel aquifers (aquifer . . | ground water was refined. 1992: U.S. Geological Survey Water Resources Investiga- waFer n1.trate and the risk of non-Hodgkin’s lymphoma:
statistical model are | us_trate_z y specitic examples susceptibility). » Indicates candidate variable was tions Report 95-4031, 74 p. Epidemiology, v. 7, p. 465-471.
from the model of potential nitrate contamination of selected for further analysis.
shallow ground water: 3. Calibrate the model using measured data. Nolan, B.T., Hitt, K.J., and Ruddy, B.C., 2002, Probability of ~ Weyer, P.J., Cerhan, J.R., Kross, B.C., Hallberg, G.R., Kant-
1. Define the underlying assumptions concerning the m The model was calibrated using water-quality data I nitrate Cont%mlnaUOI{ of recently recharged ground.watel‘s m E(‘:H;le;:)’ OJ 1 ]E/Ieu.er? Gi’(f(?nl?’ MPt Zhe??g’t“lf" allld LgnCh’
real-world processes that the model is intended collected from 1,280 wells in 20 NAWQA study the conterminous United States: Environmental Science & -, 2UUL, Municipal drinking water ni ra’l ¢ level and can-
i _ : Technology. v. 36. no. 10. p. 2138-2145. cer risk in older women: the lowa women'’s health study:
to represent. Identify the possible explanatory areas sampled during 1992-95. gy, , P ISk
. .. : _ _ _ http://water.usgs.gov/nawqa/nutrients/pubs/est_v36_nol0/ Epidemiology, v. 11, p. 327-338.
variables and envision their effects on the result m The model correctly predicted the nitrate status in
of interest. Assemble data sets describing the 68 percent of the wells used for calibration.
explanatory variables so that the variables can be
quantified. In this case: 4. Validate the model by checking how well the model
m Nitrate contamination of shallow ground water predictions match actual measurements for wells not
input and aquifer susceptibility. m The model was validated using water-quality data
= The candidate explanatory variables were collected from 736 wells in 16 other NAWQA study National Water-Quality Assessment (NAWQA) Program
compiled as national data sets to the extent areas sampled during 1996-99.
possible. The availability of national data sets m The probabilities of nitrate contamination NAWOQA is a nationwide assessment of water . More detal.led af}d teCthﬁl lnfofmatlon supporting
had to be considered, because some variables predicted by the model are reasonably well quality. The NAWQA Program seeks to improve this document is available in the Environmental
could not be mapped at the national scale. correlated to the probabilities observed for the scientific and public understanding of water qual- Science & Technology article “Probability of nitrate
m Thirteen candidate explanatory variables validation data. The model correctly predicted the ity in the Nation’s major river basins and ground- contamination of recently recharged groundwaters
describing nitrogen input and aquifer nitrate status in 75 percent of the wells used for water systems. The goals of NAWQA are to assess in the conterminous United States,” by Nolan and
susceptibility were identified as possible validation. the status and trends of national water quality and others (2002), which is avai.lable online at: http://
influences on nitrate contamination of shallow 5. Use the model to attempt to predict results in areas to understand the factors that affect it. NAWQA W‘”e’”-”Sgs-3?‘f/”awq‘%/””f”’e”fS/P”.bS/e_St—‘f%—”Ol0/~
ground water. ' ot observed direct! _ assessments support the investigation of local issues The probabilities of nitrate contamination in shallow
_ _ v [ JNAWQA stuc_iy unit and trends, while providing a firm foundation for ground water shown in the national map (on reverse
2. Screen thg candidate explangtory variables tq [ The model was usz_ad to predict the probability of sampled during 1_992—_99 understanding water quality at regional and national side) are available in a geographic information
Zellect V\lflh|ch qngls beﬁt explain thg d?a. Mgdlfr\: or mtrate contamination of shallpw ground water o Well used for calibration scales. NAWQA assessments of major river basins system (GIS) format at: htip://water.usgs.gov/lookup/
© 3“7 tV\? .\;arla es tt_at atrf? ?Ot |3|nt ;Eant Iln tted n u[rjlszrln_pled areas of the Un_;[ed States. (See o Well used for validation and aquifers (called NAWQA “study units”) adhere getspatial?gwrisk.
model. Write an equation that relates the selecte probability map on reverse side.) to a national design and nationally consistent sam-

pling and analytical methods. Collectively, the 51
I study units cover about one-half of the land area of
the United States and include water resources that
are available to more than 60 percent of the Nation’s
population. Land-use studies examine the water
quality of shallow, recently recharged ground water
underlying a relatively uniform land-use setting, such
as cropland or residential. Each study collects data
from a network of about 30 wells. The information
provided by NAWQA supports national, regional,

State, and local decision-making and guides policy [ ] NAWQA studyunit [ NAWQA study unit High Plains Regional

formation for water-quality management. sampled during sampled during Ground Water Study,
1992-1999 1999-2003 1999-2004

For further information contact:
Chief, NAWQA Program

U.S. Geological Survey

413 National Center

Reston, VA 20192

Email: nawga_info@usgs.gov
NAWQA data and information
are available at:
http.//water.usgs.gov/nawqa
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