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DISTRIBUTION AND VARIABILITY OF NITROGEN
AND PHOSPHORUS IN THE ALLUVIAL, HIGH
PLAINS, RUSH SPRINGS, AND BLAINE
AQUIFERS IN WESTERN OKLAHOMA

By Carol Johnson Becker
Abstract

Aquifers are the primary source of water
for drinking and agricultural purposes in west-
ern Oklahoma. Health concerns about consum-
ing nitrogen and an increased reliance on
ground water for drinking necessitate a better
understanding of the cause and effect of con-
tamination from nutrients. The purpose of this
project was to compile nutrient data from the
National Water Information System data base
for the alluvial aquifers west of longitude 98°
W. and from three bedrock aquifers, High
Plains, Rush Springs and Blaine, and provide
this information in a report for future projects
and for the facilitation of nutrient source man-
agement.

The scope of the work consisted of (1)
compiling ground-water quality data concern-
ing nitrogen and phosphorus ions, (2) con-
structing boxplots illustrating data variability,
(3) constructing maps for each aquifer show-
ing locations of wells where nitrogen and
phosphorus ions were measured in ground
water and where concentrations of nitrate and
nitrite, reported as nitrogen, exceed the maxi-
mum contaminant level, and (4) calculating
summary statistics.

Nutrient data were obtained from the U.S.
Geological Survey data base called the
National Water Information System. Data were
restricted to ground-water samples, but no
restrictions were placed on well and water use
or date and time of sampling.

Compiled nutrient data consist of dis-
solved and total concentrations of the common
nitrogen and phosphorus ions measured in
ground water. For nitrogen these ions include
nitrate (NOg), nitrite (NO5), ammonium
(NHy), and nitrite plus nitrate (NO,+NO3). All
concentrations are reported in milligrams per
liter as nitrogen. Phosphorus in ground water
is measured as the ortho-phosphate (ortho-
PQy) ion, and is reported in milligrams per
liter as phosphorus.

Nutrient variability is illustrated by a stan-
dard boxplot. The data are presented by aqui-
fer or hydrologic subregion for alluvial
aquifers, with one boxplot constructed for each
nutrient compound if more than four analyses
are present. Maps for each aquifer show where
nitrogen and phosphorus have been measured
in ground water and where the concentrations
of nitrate and nitrite exceed the maximum con-
taminant level. A statistical summary for each
aquifer and subregion show if censored data
were present, number of samples in each data
set, largest minimum reporting level for each
nutrient compound, percentiles used to con-
struct boxplots, and minimum and maximum
values. Also given are the number of wells
sampled in each aquifer and the number of
wells exceeding the maximum contaminant
level.

Abstract 1



INTRODUCTION

Aquifers are the primary source of water for
drinking and agricultural purposes in westemn
Oklahoma. Health concerns about consuming
nitrogen and an increased reliance on ground water
for drinking necessitate a better understanding of
the cause and effect of contamination from nutri-
ents. The purpose of this project was to compile
nutrient data from the National Water Information
System data base for the alluvial, High Plains,
Rush Springs, and Blaine aquifers and to provide
this information in a report for future projects and
for the facilitation of nutrient source management.

PURPOSE AND SCOPE

This report provides graphic, tabular, and areal
information on the distribution and variability of
nitrogen and phosphorus ion concentrations in
ground water from alluvial aquifers in the surficial
terrace and alluvium located along rivers and their
tributaries west of longitude 98°W. in Oklahoma
and from three bedrock aquifers, High Plains, Rush
Springs, and Blaine (fig.1).

The scope of the work consisted of: (1) com-
piling ground-water-quality data concemning nitro-
gen and phosphorus ions, (2) constructing boxplots
illustrating data variability, (3) constructing maps
for each aquifer showing locations of wells where
nitrogen and phosphorus ions were measured in
ground water and where concentrations of nitrate
(NO3) and nitrite (NO,), reported in milligrams per
liter (mg/L) as nitrogen (N), exceed the maximum
contaminant levels (MCL’s) for drinking water
established by the U.S. Environmental Protection
Agency (EPA) and State of Oklahoma, and, (4) cal-
culating summary statistics.

All site and nutrient data used for this report
were retrieved from the U.S. Geological
Survey’s data base, National Water Information
System. Data compiled were restricted to ground-
water samples within specified aquifer boundaries;
samples from springs and surface water were not
used. As no restriction was placed on date or time
of sampling, multiple analyses were available for
some sites and in these cases the most recent analy-
sis was used. No restriction was placed on type of
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well or use of water, which vary for each aquifer
depending upon water quality, well yield, and need.
A total of 1,133 analyses were used for this report.

NITROGEN AND PHOSPHORUS

The nutrients nitrogen and phosphorus are
essential chemical compounds necessary for life
and critical for plant nutrition; however, excessive
concentrations of these nutrients in water can have
undesirable effects.

Ground water and surface water are vulnerable
to contamination when nutrients are leached from
sources in the soil and percolate downward into the
underlying aquifer or flow overland into rivers,
lakes, and ponds. Problems occur when nutrients
accumulate in surface waters, causing eutrophica-
tion, or in ground water used for drinking, where
nitrogen can pose a health risk.

Nitrogen, an essential element for biological
processes, is commonly found in waste products
from septic tanks, cesspools, animal feed lots,
barnyards, and bats (from accumulations of guano)
(Hem, 1985). Other sources include municipal and
industrial wastewater, nitrogen-based fertilizers,
and atmospheric fallout (from combustion of fossil
fuel). Nitrogen also occurs naturally in soils from
the decomposition of organic material, in some
instances at concentrations high enough to cause
significant ground-water contamination (Kreitler,
1975).

Nitrogen in ground water exists primarily as
the ions ammonium (NHy), nitrite (NO,), and
nitrate (NO3). Nitrate, the most chemically stable
form of nitrogen in the nitrogen cycle and the most
mobile in water, is more likely to be the ion found
in waters used for drinking, whereas NH, and NO,
are most often found in oxygen-depleted waters
close to the source of contamination.

Phosphorus is found in naturally occurring
sources such as phosphorus-containing rocks,
waste products from large concentrations of ducks
and cattle, fallout from the atmosphere, and tree
leaves (U.S. Environmental Protection Agency,
1986). However, in most populated regions,
including Oklahoma, the most important sources of
phosphorus are man-made, such as domestic and
industrial sewage and fertilizers.
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Phosphorus is most commonly a problem in
surface waters. In ground water the concentration
generally does not exceed more than a few tenths
of a milligram per liter because of adsorption by
constituents in soils (Hem, 1985).

In water used for drinking, nitrogen as NO3
poses the greatest risk to bottle-fed infants, causing
methemoglobinemia (blue baby syndrome)
(National Academy of Science, 1977). As a result
the EPA (1992) and the State of Oklahoma (Okla-
homa State Department of Health, written com-
mun.,1992) have set drinking-water standards
regulating the maximum level of nitrogen allowed
in drinking water. Table 1 lists the State and Fed-
eral MCL'’s for nitrogen. Unlike nitrogen, phospho-
rus does not have a MCL.

sources for drinking water where water quality
allows.

Alluvium is composed of several types of surf-
icial sediments including river alluvium, high and
low terrace deposits, and dune sand. River allu-
vium is the material constantly being eroded, trans-
ported, and deposited by a river along its course.
The high and low terrace deposits are older river
alluvium that has been deposited topographically
higher than the present-day river and locally may
be overlain by wind-blown accumulations of dune
sand. All of these deposits are unconsolidated and,
except for dune sand, consist of alternating lenses
of clay, silt, sand, and gravel.

Water usage from alluvial aquifers is depen-
dent upon well yield and water quality. Well yields

Table 1. Maximum concentration levels for nitrogen in drinking water. All values reported in mg/L as
nitrogen (U.S. Environmental Protection Agency, 1992, Oklahoma State Department of Health, written
commun.,1992).

NH4 N°2 N°3 N°2+N°3
EPA Not defined 1.0 mg/L 10.0 mg/L 10.0 mg/L
Oklahoma Not defined 1.0 mg/L 10.0 mg/L 10.0 mg/L
AQUIFER DESCRIPTIONS normally range from 20 to 600 gallons per minute

Each of the four aquifers studied in this report
are an important source of water for various uses.
Water quality is variable for each of the aquifers
and is an important factor in determining usage
type. As a result, nutrient contamination is a
greater concern where ground water is utilized for
drinking, in contrast to areas where it is utilized for
agricultural purposes. The following is a brief
description of each aquifer and water use.

Alluvial Aquifers

Alluvial aquifers are found within the allu-
vium deposited by major rivers and their tributaries
in western Oklahoma (fig.1). They are an important
source of water for many uses and because of their
high porosities and permeabilities, make ideal

4  Distribution and Varlability of Nitrogen and Phosphorus

(gal/min) but may exceed 1,200 gal/min (Petty-
john, 1991) where conditions permit. The alluvial
aquifer may exhibit water-quality characteristics
similar to the underlying bedrock aquifer or to the
adjacent river, depending upon direction of
ground-water flow and degree of hydraulic inter-
connection among the three. Surface runoff also
can have an effect on water quality depending upon
agricultural, domestic, or industrial activity in the
surface drainage area. As a result, in some areas
ground water from alluvial aquifers mixes with
highly saline water or nutrient-rich water, and is
not suitable for drinking. In water-related studies it
is helpful to look at the river with its corresponding
drainage basin when ascertaining the effect of con-
tamination on alluvial aquifers. In Oklahoma the
U.S. Geological Survey divides river systems and
their drainage basins into hydrologic subregions to
facilitate the storage and reporting of data. Shown
on figure 2 are the 7 hydrologic subregions in the
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study area and the major river basins they delin-
eate.

High Plains Aquifer

The High Plains aquifer is the principal source
of ground water for irrigation in the midwestern
United States. In Oklahoma, the High Plains aqui-
fer underlies approximately 7,350 square miles
(Havens, 1992) of the Panhandle counties of Cima-
rron, Texas, and Beaver, and sections of Harper,
Ellis, Roger Mills, Woodward, Dewey, and Beck-
ham Counties.

The High Plains region includes parts of Wyo-
ming, South Dakota, Nebraska, Colorado, Kansas,
New Mexico, Oklahoma, and Texas. This region
was once an alluvial plain that extended eastward
from the ancestral Rocky Mountains. Streams
flowing eastward dissected the plain and deposited
alluvial materials forming the High Plains aquifer
(Dugan and Schild, 1992). In Oklahoma the Late
Tertiary-aged alluvial deposits that comprise the
High Plains aquifer are called the Ogallala Forma-
tion and consist predominately of semiconsolidated
deposits of interfingering lenses of clay, silt, sand,
and gravel. The saturated thickness of these sedi-
ments in Oklahoma range from 0 to 656 feet (ft)
with more than 50 percent between 0 and 108 ft
(Weeks and Gutentag, 1981).

Approximately 363 million gallons per day
(Mgal/d) of ground water were pumped from the
High Plains aquifer in 1990. About 92 percent was
used for irrigation with the remaining water used
for stock and public supply (Solley, 1993) (fig. 3).

Rush Springs Aquifer

The Rush Springs Sandstone and underlying
Marlow Formation constitute the Rush Springs
aquifer, an important source of ground water for
irrigation and public supply in western Oklahoma.

The Rush Springs Sandstone and Marlow For-
mation extend throughout western Oklahoma into
adjacent sections of Kansas and Texas, but because
of variations in permeability and water quality,
these formations are considered a major aquifer
only in a five-county area in western Oklahoma.

6 Distribution and Varlability of Nitrogen and Phosphorus

These Oklahoma counties are Custer, Washita,
Caddo, and parts of Dewey and Grady.

The Permian-aged Rush Springs Sandstone is
described as a poorly cemented, reddish-brown,
fine-grained sandstone that locally is silty or
argillaceous, and contains several thin but persis-
tent beds of gypsum or anhydrite and dolomite.
Total thickness ranges from O to 394 ft in the study
area (Johnson and others, 1990).

The underlying Marlow Formation consists of
reddish-brown, fine-grained silty sandstone, sandy
shale, and siltstone with several persistent dolomite
and gypsum or anhydrite beds. The total thickness
of the Marlow Formation in the study area ranges
from O to 131 ft (Johnson and others, 1990).

During 1990, approximately 55.0 Mgal/d of
ground water were withdrawn from the Rush
Springs aquifer. Seventy-eight percent (42.8 Mgal/
d) of the ground water withdrawn was used for irri-
gation, with the remainder used for public supply,
stock, domestic, and commercial purposes (fig. 2).

Biaine Aquifer

The Blaine aquifer is located in the southwest-
ern corner of Oklahoma and has been used exten-
sively for irrigation since 1942. The Permian-age
Blaine Formation supplies large quantities of
highly mineralized water from gypsum and dolo-
mite beds within the formation.

The Blaine aquifer, situated in the Hollis
Basin, underlies the southwestern Oklahoma coun-
ties of Greer, Harmon, and Jackson and adjacent
counties in north-central Texas. The Hollis Basin is
a structural basin developed in Early Pennsylva-
nian time during the uplift and emergence of the
Wichita and Red River blocks (Johnson, 1990). It
contains approximately 3,300 to 13,100 ft of Late
Cambrian through Permian strata. The Blaine aqui-
fer is described as the uppermost 164 to 213 ft of
flat-lying Permian rocks in the basin.

The Blaine aquifer is divided into two mem-
bers, each containing alternating beds of gypsum
or anhydrite, dolomite, and shale. The two mem-
bers are the upper Van Vactor Member and the
lower Elm Fork Member (Havens, 1977). The Van
Vactor Member is about 98 ft thick and is com-
posed of six evaporite-clastic sequences. The Elm
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Figure 3. Ground-water withdrawals by category of use, 1990. A, Bedrock aquifers; B, alluvial aquifers by

subregion—Continued
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Fork Member is about 115 ft thick and consists of
three evaporite-clastic sequences. The Blaine aqui-
fer is underlain by the Flowerpot Shale and over-
lain in the western part by the Dog Creek Shale,
which is considered a confining unit where greater
than 98 ft thick. (Runkle and Johnson, 1988).

The Blaine aquifer is highly sensitive to con-
tamination from surface sources because of its
karstic nature. Where gypsum beds have under-
gone dissolution, an extensive network of karstic
features have been created, such as sinkholes,
caves, disappearing streams, and springs (Runkle
and Johnson, 1988). These features act as conduits
and facilitate the recharge of large quantities of
water from storm runoff or irrigation, which may
contain nutrients and other chemicals.

In 1990 approximately 20 Mgal/d of ground
water were withdrawn from the Blaine aquifer,
with over 94 percent used for irrigation (fig. 3).
The high concentration of sulfate and high total
dissolved solids (averaging 3,100 mg/L)(Runkle
and Johnson, 1988), makes ground water from the
Blaine aquifer unsuitable for drinking.

AQUIFER BOUNDARIES FOR DATA
RETRIEVAL

In general, aquifer boundaries are determined
by erosional termination of the aquifer formation,
insufficient yield for intended use, or the point at
which water quality prohibits usage. These three
conditions in addition to man-made geographic
boundaries determined the aquifer boundaries for
data retrieval.

Wells in the alluvial aquifers were restricted to
terrace and alluvium deposits along rivers and
major tributaries west of longitude 98° W. in Okla-
homa. Generally, alluvial aquifers are considered a
part of the underlying bedrock aquifer when
hydraulically interconnected. For this study, nutri-
ent data from alluvial aquifers were compiled sepa-
rately and were presented by hydrologic subregion.
A subregion is a subdivision of a hydrologic unit,
developed by the U.S. Geological Survey to pro-
vide a standardized base to manage data and infor-
mation for a river system and its drainage basin. A
hydrologic subregion as described by Seaber and
others (1987) is “the area drained by a river sys-

tem, a reach of a river and its tributaries in that
reach [or] a closed basin.” The study area is
divided into six subregions for data retrieval each
representing a major river basin: subregions 04 and
05, the Cimarron River Basins; subregion 06, the
Arkansas-Keystone River Basin; subregion 09, the
Lower Canadian River Basin; subregion 10, the
North Canadian River Basin; subregion 12, the
Red River Basin; and subregion 13, the Red-Wash-
ita River Basin (fig.2).

All wells located in the High Plains and Blaine
aquifers are within geographic boundaries deter-
mined by the state line or by erosional limits. The
basin boundaries for the Rush Springs aquifer are
the county lines and the Canadian River. These
geographic boundaries are used for convenience,
but coincide with a decrease in permeability and
water potability, which restricts water use north
and west of these boundaries. Only analyses of
samples known to be from selected formations
within the aquifer and to be associated with a
known geographic location were used.

DATA PRESENTATION

Nutrient data compiled from the four aquifers
are listed as dissolved and total concentrations of
the common nitrogen and phosphorus ions found in
ground water. To illustrate the variance in data, a
set of boxplots and a statistical summary were con-
structed for each aquifer and subregion. Maps of
each aquifer show wells where nitrogen and phos-
phorus were measured and where the MCL's for
nitrogen were exceeded.

Nutrient Data

Nitrogen in ground water is reported as the
amount of nitrogen in NO3, NO,, NHy, and in the
combination of NO, +NOs3, which in some cases is
used as an estimate for NO3. Phosphorus in
ground water is reported as the amount of phospho-
rus in the ion ortho-PQO4. When analyzing for these
ions, laboratories report concentrations as total and
dissolved. A total concentration is representative of
unfiltered water, indicating the quantity of dis-
solved and particulate compounds present in the
water sample. A concentration reported as dis-

Aquifer Boundaries 9



solved indicates that the water sample was filtered
through a 0.45-micron pore-size filter before ana-
lyzing.

Nitrate is the most common nitrogen ion mea-
sured and, when comparing older data to more
recent data, the reader must be aware that older
analyses reported nitrate as mg/L. as NOj instead of
mg/L as N, which is standard today. The MCL for
nitrate reported as NOg is 40 mg/L, while the MCL
for nitrate reported as N is 10 mg/L. This discrep-
ancy in reporting can lead the reader to believe that
NOj concentrations have decreased over time
when in fact only the reporting units have changed.
Other factors that must be considered when com-
paring nutrient data are changes in sampling, pres-
ervation, and analytical techniques over the past 50
years. These changes may give the data an inde-
terminate variability that must be taken into con-
sideration when interpreting the data.

Advances in technique give greater precision
and more accurate determination of nutrient con-
centration, usually resulting in a smaller minimum
reporting level (MRL). Data used in this report
were not restricted by date and, as a result, the
MRL for a nutrient compound may have changed
several times. All data that are reported as less
than the MRL, which includes non-detectable con-
centrations, are referred to as censored data.

Boxplots

For this report a standard boxplot is used to
show data variability and to aid in comparison
between data sets.

10  Distribution and Variability of Nitrogen and Phosphorus

Boxplots for nitrogen and phosphorus data
sets are separate and are presented by aquifer or
hydrologic subregion for alluvial aquifers. One
boxplot was constructed for each nutrient species if
more than four analyses were present. The lower
and upper limits of the box are defined as the 25th
and 75th percentiles of that data set. The 25th per-
centile or lower box end is a value that exceeds no
more than 25 percent of the data and is exceeded
by no more than 75 percent of the data. The 75th
percentile or upper box end is a value that exceeds
no more than 75 percent of the data and is
exceeded by no more than 25 percent of the data.
The center line or 50th percentile represents the
median value. The box length represents the varia-
tion in data, also called the interquartile range
(IQR). The whiskers extend to the largest and
smallest data values within 1.5 times the length of
the box (called a step, which is 1.5 times the inter-
quartile range). Data values between one and two
steps from the box in either direction are repre-
sented by an asterisk. Data values farther than two
steps from the box are represented by a circle (D.
Helsel, written commun., 1989). The lower bound-
ary of each boxplot is determined by the largest
(least sensitive) MRL for that nutrient compound.
All concentration values below the largest MRL,
referred to as censored data, are represented by a
value equal to the largest MRL.

Boxplots illustrating nutrient variability are
shown on figures 4, 5, 6, and 7. Because there are
no phosphorus data available for the High Plains
aquifer and fewer than the four required analyses
for alluvial aquifers in subregions 06, 09, and 10,
boxplots were not constructed for these aquifers.
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Maps

Maps showing the areal distribution of wells
where nutrient data are available were constructed
for each aquifer (fig. 8-14). The bedrock aquifers
are shown separately whereas the alluvial aquifers
are shown together by hydrologic subregion on one
map. Maps showing nitrogen and phosphorus data
distribution are separate.

An open circle on the nitrogen map represents
a well where NH, was measured; NO3, or NO,

+NO3; was measured at concentrations of less than
10 mg/L as N; NO, was measured at concentra-
tions of less than 1.0 mg/L as N; or where censored
data were present. Sites are differentiated by a solid
circle where the concentration of NO,, NO3, or
NO, +NO; exceed the MCL. Wells where phos-
phorus was measured are represented on the map
by an open circle. No distinction is made between
total and dissolved concentrations on the maps.
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Summary Statistics

Statistical summaries of the available nutrient
data for each aquifer and subregion are shown on
tables 2 through 5. Shown are whether censored
data were present, numbers of samples in each data
set, largest MRL for each nutrient compound, per-
centiles used to construct boxplots, and minimum

and maximum values. Also given are the number
of wells sampled in each aquifer and the number of
wells exceeding the MCL'’s. There are no percen-
tiles shown for a nutrient compound if fewer than
four analyses are present.
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Table 2. Nitrogen summary statistics for alluvial aquifers: A, Subregions 04 and 05; B, Subregion 06; C,

Subregion 09; D, Subregion 10; E, Subregion 12, F, Subregion 13

[Calculated using most recent analyses for each nitrogen compound. All concentrations reported in mg/L as nitrogen. MRL, largest minimum
reporting level. Method: 1, no censored data; 2, censored data present; 3, no calculation, less than four analyses available. --, no data)

A Summary statistics for nitrogen from the alluvial aquifers in subregions 04 and 05

Nitrogen
ions

Method

Data

Largest

set size MRL

Min
value

Percentiles

75

NH,, dissolved
NH,, total
NO;, dissolved
NQO,, total
NO,, dissolved
NO,, total

N02+N03, dissolved
N02+N03, total

0.1
0.02

0.1
0.5

0.16
0.02

Total number of sites 161

Total number of sites exceeding MCL. 50

B Summary statistics for nitrogen from the alluvial aquifers in subregion 06

Nitrogen
lons

Method

Data
set size

Largest

MRL

value

Percentiles

25

50

NH,, dissolved
NH,, total
NO;,, dissolved
NQO;, total
NO,, dissolved
NO,, total

NO,+NO;,, dissolved

NO,+NO;, total

16

Total number of sites 16
Total number of sites exceeding MCL 2

C Summary staiistics for nitrogen from the alluvial aquifers in

subregion 09

Nitrogen
ions

Method

Data
set size

Largest

MRL

value

Percentiles

NH,, dissolved
NH,, total
NOg, dissolved
NO;, total
NO,, dissolved
NO,, total

NO,+NO;, dissolved

NO,+NO;, total

Total number of sites 12
Total number of sites exceeding MCL 1
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Table 2. Nitrogen summary statistics for alluvial aquifers—Continued

D Summary statistics for nitrogen from the alluvial aquifers in subregion 10

Nitrogen Method Deta Largest Min Percentiles Max
lons setsize MRL  vslue 5 10 25 50 75 90 95 value
NH,, dissolved - - - - - - - - - - - -
NH,, total 3 1 0.1 0.19 - - - - - - - 0.19
NO,, dissolved 2 69 0.02 0.02 002 009 033 220 620 11.00 1850 55.00
NO;, total -- -- - - - - -- -- - - - -
NO,, dissolved -- -- - - - -- -- - - - -- --
NO,, total -- -- - - - - - - -- -- - -
NO,+NO,, dissolved 2 49 0.1 0.1 010 012 275 650 1200 28.00 3450 46.00
NO,+NO;, total 3 1 0.1 7.40 - - - - - - - 7.40
Total number of sites 119
Total number of sites exceeding MCL 25
E Summary statistics for nitrogen from the alluvial aquifers subregion 12
Nitrogen Method Data Largest Min F_’ercemllei_ Max
lons setsize MRL value 5 10 25 50 75 90 95 value
NH,, dissolved -- -- - - -- - - - -- - -- --
NH,, total 2 9 0.1 0.1 010 010 0O 0.1 017 033 033 033
NO,, dissolved 1 60 0.02 0.02 005 011 078 405 695 1590 2850 68.00
NO,, total -- -- -- -- - -- - - - -- - --
NO,, dissolved -- -- -- - -- -- - - - - - -
NO,, total - - - - - -- - - - -- - --
NO,+NO,, dissolved -- -- -- - - -- - - - - - -
NO,+NOj, total 2 9 0.50 050 050 050 0S50 050 545 870 870 8.70
Total number of sites 69
Total number of sites exceeding MCL 9
F Summary statistics for nitrogen from the alluvial aquifers in subregion 13
Nitrogen Method Data Largest Min Percentiles Max
lons setsize MCL value 5 10 25 50 75 90 95 value
NH,, dissolved -- -- -- -- - - -- -- - -- - -
NH,, total 2 6 0.1 0.1 010 010 010 011 038 08 08 085
NO3, dissolved 2 34 0.02 0.02 002 004 013 042 347 990 1275 18.00
NO;, total -- -- -- - - - - - - - - --
NO,, dissolved - - - - - - -- - - -- -- --
NO,, total -- - - - - - - - -- - -- --
NO,+NO,, dissolved - -- -- -- - - -- - - - -- -
NO,+NO,, total 2 6 05 05 050 050 050 08 357 950 950 950

Total number of sites 40
Total number of sites exceeding MCL 2
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Table 3. Nitrogen summary statistics for bedrock aquifers: A, High Plains; B, Rush Springs; C, Blaine

[Calculated using most recent analyses for each nitrogen compound. All concentrations reported in mg/L as nitrogen. MRL, largest reporting
level. Method: 1, no censored data; 2, censored data present; 3, no calculation, less than four analyses available. --, no data]

A Summary statistics for nitrogen in the High Plains aquifer

Nitrogen Mothog Data Largest  Min Percentiles — Max
ions set size MRL value 5 10 25 50 75 90 95 value
NH,, dissolved -- -- - - - - - -- -- - - --
NH,, total 3 1 002 023 - - o~ - = - 0.23
NO,, dissolved 2 167 0.02 0.02 005 018 095 160 250 434 578 11.00
NO,, total - -- - - - - - - - - -- -
NO,, dissolved - - - - - - - - - -- - -
NO,, total -- -- - - - - - - - - - -
NO,+NO;, dissolved -- -- -- -- - - - -- - - - -
NO,+NO,, total 3 1 05 1.20 - - - - -- - - 1.20
Total number of sites 168
Total number of sites exceeding MCL 1
B Summary statistics for nitrogen in the Rush Springs aquifer
Nitrogen Method Data Largest Min Percentiles Max
ions set size MRL value 5 10 25 50 75 90 95 value
NH,, dissolved 2 42 0.1 0.10 010 010 010 011 022 023 035 134
NH,, total 2 8 0.1 0.10 010 010 010 010 010 010 010 0.10
NO,, dissolved 2 255 0.02 0.02 022 045 180 540 1300 2940 5320 150.00
NO,, total -- -- - - - - -- - - - -- -
NO,, dissolved 2 18 0.01 0.01 001 001 001 001 001 004 031 031
NO,, total - - - - - - - - - - - -
NO,+NO,, dissolved 2 46 0.5 0.50 050 070 187 465 1000 1265 1747 28.00
NO,+NOQ;, total 1 8 0.1 1.30 130 130 237 305 592 840 840 840
Total number of sites 313
Total number of sites exceeding MCL 91
C Summary statistics for nitrogen in the Blaine aquifer
Nitrogen Method Data Largest Min Percentiles Max
ions setsize MRL value 5 10 25 50 75 90 95 value
NH,, dissolved -- -- - - - - - - - - - -
NH,, total 2 21 0.1 0.10 010 010 0O 011 022 034 082 085
NO,, dissolved 1 15 0.02 0.09 009 052 110 270 450 526 610 6.10
NO;, total 3 1 0.02 9.39 -- -- -- -- -- -- -- 9.39
NO,, dissolved -- -- - - - - - -- - -- - --
NO,, total 3 3 001 001 - - -~ - - - - 0.01
NO,+NO,, dissolved -- - - - - - - - - - - -
NO,+NO;, total 2 21 0.5 0.50 050 050 485 700 945 1044 1510 15.60

Total number of sites 35

Total number of sites exceeding MCL 4

Data Presentation
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Table 4. Phosphorus summary statistics for alluvial aquifers: A, Subregions 04 and 05; B, Subregion 12;
C, Subregion 13

[Calculated using most recent analyses. All concentrations reported in mg/L as phosphorus. MRL, largest minimum reporting level.
Method: 1, no censored data; 2, censored data present; 3, no calculation, less than four analyses available. --, no data]

A Summary statistics for phosphorus in the alluvial aquifers in subregions 04 and 05

Phosphorus Method Sample Largest Min Percentiles Max

ions size MRL  value 5 10 25 50 75 90 95 value
ortho-POy,, dissolved - - -- - - - - - - - - -
ortho-PO,, total 2 13 0.005 0.005 0.005 0.007 0.02 0.02 0.05 0.074 009 0.09

Total number of sites 13

B Summary statistics for phosphorus in the alluvial aquifers in subregion 12

Phosphorus Meth odi Sample Largest Min Percentiles Max

ions size MRL  value 5 10 25 50 75 90 95 value
ortho-PO,, dissolved - -- -- -- -- - - - - - - --
ortho-PO,, total 2 9 0.005 0.005 0.005 0.005 0.026 0.065 0.123 0.189 0.189 0.189

Total number of sites 9

C Summary statistics for phosphorus in the alluvial aquifers in subregion 13

Phosphorus Method S@Mple Largest  Min Percentiles Max

ions size MRL value — 5 10 25 50 75 90 95  value
ortho-PO,, dissolved - - - - - - - - - - - -
ortho-POy, total 2 6 0.005 0.005 0.005 0.005 0.019 0.039 0.060 0.101 0.101 0.101

Total number of sites 6

Table 5. Phosphorus summary statistics for bedrock aquifers: A, Rush Springs; B, Blaine

[Calculated using most recent analyses. All concentrations reported in mg/L as phosphorus. MRL, largest minimum reporting level.
Method: 1, no censored data; 2, censored data present; 3, no calculation, less than four analyses available. --, no data]

A Summary statistics for phosphorus in the Rush Springs aquifer

Phosphorus Method Sample Largest Min Percentiles Max
ions size MRL  value 5 10 25 50 75 90 95 value
ortho-PO,, dissolved 2 42 0.005 0.010 0.010 0010 0.010 0.012 0.030 0.107 0.153 0.168
ortho-PO,, total 2 9 0005 0005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005

Total number of sites 51

B Summary statistics for phosphorus in the Blaine aquifer

Phosphorus Method Sample Largest  Min Percentiles Max

ions size MRL  value 5 10 25 50 75 90 95  value
ortho-PO,, dissolved - - - - - -- - . . - . -
ortho-PO,, total 2 21 0.01 0.01 001 0.01 001 0.01 009 045 048 0.48

Total number of sites 21
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