= USGS

science for a changing world

Prepared in cooperation with the
OKLAHOMA WATER RESOURCES BOARD

Percentile Distributions of Median Nitrite
Plus Nitrate as Nitrogen, Total Nitrogen,

and Total Phosphorus Concentrations in
Oklahoma Streams, 1973-2001

Water-Resources Investigations Report 03-4084

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
U.S. Geological Survey

Percentile Distributions of Median Nitrite
Plus Nitrate as Nitrogen, Total Nitrogen,

and Total Phosphorus Concentrations in
Oklahoma Streams, 1973-2001

By Brian E. Haggard?!, Jason R. Masoner?, and Carol J. Becker?

Water-Resources Investigations Report 03-4084

Prepared in cooperation with the
OKLAHOMA WATER RESOURCES BOARD

1u.S. Department of Agriculture, Agricultural Research Service
2U.S. Geological Survey



Haggard, B.E., and others—Percentile Distributions of Median Nitrite Plus Nitrate as Nitrogen, Total Nitrogen, and Total Phosphorus Concentra-
tions in Oklahoma Streams, 1973-2001—USGS/WRIR 03-4084

Printed on recycled paper

®



U.S. Department of the Interior
GALE A. NORTON, Secretary

U.S. Geological Survey
CHARLES G. GROAT, Director

The use of firm, trade, and brand names in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.

UNITED STATES GOVERNMENT PRINTING OFFICE: OKLAHOMA CITY 2003

For additional information write to: Copies of this report can be purchased from:
District Chief U.S. Geological Survey

U.S. Geological Survey Information Services

Water-Resources Division Box 25286

202 NW 66 St., Bldg. 7 Federal Center

Oklahoma City, OK 73116 Denver, CO 80225

Additional information about water resources in Oklahoma is available on the World Wide Web at
http://ok.water.usgs.gov



CONTENTS

F N 051 = o PP U USPRRTSTURURRN 1
100 0o 1o o RO OSSPSR 2
PUIPOSE @M SCOPE ...ttt sttt ettt b e bt bbb b o2 et e e e e e s e e R e e Rt e bt eh e e bt sbe e b e b e se e e em b et e e e neeneeneeneebenbees 2
o (a0 Y= Lo = (S 2
Methods Of determiniNg NULMTENE CIITEMA ......ccviiieieeecei ettt et e e e ae e te e e e saesaeesaeeneesteentesteentesseensenrennes 2
U.S. Environmental Protection Agency methods for determining nutrient criteria.........coccooveeeveece e 2
Modification of use support assessment protocols for OKIANOMAL ...........eceieiiiiiiiee e 4
Geographic regions and stream category deterMINGLION ...........ooeieiirere ettt e e e ese s saesne 4
Stream water-quality data COMPITALTON .........ooueiiieieeee et b bbbt e e e e s ae e 10
StatiStiCal ISITDULIONS .......couiieiitiie ittt e bttt et h e b s aeeb e e b e s bese e s b et e seese et et et eneeneeaeene 10
Percentile distributions of median nitrite plus nitrate, total nitrogen, and total phosphorus concentrations ..............ccceeeeeee. 10
RS 0110 Y SRS 15
SEIECIEA FEFEIEINCES ....oviieieiiteite ettt h bbbt bt se et be s e e e e st e st et e a e e R e e he e Rt eb e ehe ARt eE e b e sbe eeea b e b e reenbenb e e eneeneeneeneene 16
F N 01 00| OSSR 20
Nutrients and SEream TMPEITIMIENT ..........oiiiiiieer et e e se e e et eb e bt s bt b e sbesbeseebeseeseeneene e e eneenenaes 21
ILLUSTRATIONS
Figure 1. Dichotomous process of the Use Support Assessment Protocol used in Oklahomato identify
NUEFTENE TNFEELENEI SITEAMIS...... e ctiiteiee sttt ettt sttt st be s bese e e e st e e e e em e e st e aeeaeebesaeseeebesbeseeseenbeseseansenseneeneaneas 13
Figures 2-3. Maps showing:
2. Water-quality sites grouped according to stream order and Stream SIOPE.......c.coeereireierierrese e 5
3. Aggregate nutrient ecoregions and nested level [11 ecoregions for OKIahoma...........ccccceirrineiineineieneeeeee 7
TABLES

1. U.S. Environmental Protection Agency ambient water-quality criteria recommendations, 25th percentile

of nitrite plus nitrate as nitrogen, total nitrogen and total phosphorus concentrations for nutrient

Lol g='e o gl YAV A oo 8
2. U.S. Environmental Protection Agency ambient water-quality criteria recommendations, 25th percentile

for nitrite plus nitrate as nitrogen, total nitrogen, and total phosphorus concentrations for portions

of level 111 ecoregionsin OKIGNOMA ........ccciiiiiiiieiises ettt sa et e e sr et e e e e e eseesenseenenrenrenns 8
3. Geographic regions used to group WaLEr-QUEIITY SITES ......ccvieieiirir e seereeeee e et se e e e e e e neeseenennnnnens 9
4. Description of stream categories used to group Water-qUality SItES ........cccviieiererereereeeeere e ene 9

5. Percentile distributions of median concentrations of nitrite plus nitrate as nitrogen, total nitrogen, and total

phosphorus for water-quality sites in the Ozark Highland ecoregion in Oklahoma,

o1 o0 =0 0 11l o oo 10 S 11
6. Percentile distributions of median concentrations of nitrite plus nitrate as nitrogen, total nitrogen, and total

phosphorus from water-quality sites in the Ouachita Mountains ecoregion in Oklahoma,

o1 010 =0 0 110l ='o Ko o 12 S 12
7. Percentile distributions of median concentrations of nitrite plus nitrate as nitrogen, total nitrogen, and total

phosphorus from water-quality sites in Oklahoma and part of Arkansas, excluding sites within the

Ozark Highland and Ouachita Mountains ecoregions, geographiC region 3 .........ccccvevvenienieveneseseseeseeseeseeeesenns 13
8, Percentile distributions of median concentrations of nitrite plus nitrate as nitrogen, total nitrogen, and total
phosphorus of all water-quality sites in Oklahoma and part of Arkansas, geographicregion 4 .........ccccceeevvvveeenene 14

CONTENTS Il



CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
Length
inch (in) 254 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square foot (ft?) 0.09290 square meter
square inch (in?) 6.452 sguare centimeter
square mile (mi?) 2.590 square kilometer
Volume
galon (ga) 3.785 liter
cubic foot (ft3) 0.02832 cubic meter
Mass
ounce, avoirdupois (0z) 28.35 gram
pound, avoirdupois (Ib) 0.4536 kilogram

Hydraulic gradient

foot per mile (ft/mi)

0.1894

meter per kilometer

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F=1.8 °C+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) asfollows:

°C=("F-32)/1.8

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88)
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Elevation, as used in this report, refers to distance above or below NAVD 88.
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Percentile Distributions of Median Nitrite Plus
Nitrate as Nitrogen, Total Nitrogen, and Total Phos-
phorous Concentrations in Oklahoma Streams,

1973-2001

By Brain E. Haggard, Jason R. Masoner, and Carol J. Becker

Abstract

Nutrients are one of the primary causes of
water-quality impairmentsin streams, lakes,
reservoirs, and estuaries in the United States. The
U.S. Environmental Protection Agency has devel-
oped regional-based nutrient criteria using ecore-
gionsto protect streams in the United States from
impairment. However, nutrient criteriawere based
on nutrient concentrations measured in large
aggregated nutrient ecoregions with little rele-
vanceto local environmental conditionsin states.
The Oklahoma Water Resources Board isusing a
dichotomous process known as Use Support
Assessment Protocolsto define nutrient criteriain
Oklahoma streams. The Oklahoma Water
Resources Board is modifying the Use Support
Assessment Protocols to reflect nutrient informa-
tion and environmental characteristics relevant to
Oklahoma streams, while considering nutrient
information grouped by geographic regions based
on level 111 ecoregions and state boundaries.

Percentile distributions of median nitrite
plus nitrate as nitrogen, total nitrogen, and total
phosphorous concentrations were cal culated from
563 sites in Oklahoma and 4 sitesin Arkansas
near the Oklahoma and Arkansas border to facili-
tate development of nutrient criteriafor Okla-
homa streams. Sites were grouped into four
geographic regions and were categorized into
eight stream categories by stream slope and
stream order. The 50th percentiles of median
nitrite plus nitrate as nitrogen, total nitrogen, and
total phosphorus concentrations were greater in

the Ozark Highland ecoregion and were lessin
the Ouachita Mountains ecoregion when
compared to other geographic areas used to group
sites. The 50th percentiles of median concentra-
tions of nitrite plus nitrate as nitrogen, total
nitrogen, and total phosphorus were least in first,
second, and third order streams. The 50th percen-
tiles of median nitrite plus nitrate as nitrogen,
total nitrogen and total phosphorus concentrations
in the Ozark Highland and Ouachita Mountains
ecoregions were least in first, second, and third
order streams with streams slopes greater than 17
feet per mile.

Nitrite plus nitrate as nitrogen and total
nitrogen criteria determined by the U.S. Environ-
mental Protection Agency for the Ozark Highland
ecoregion were less than the 25th percentiles of
median nitrite plus nitrate as nitrogen, total
nitrogen, and total phosphorus concentrationsin
the Ozark Highland ecoregion calculated for this
report. Nitrite plus nitrate as nitrogen and total
nitrogen criteria devel oped by the U.S. Environ-
mental Protection Agency for the Ouachita Moun-
tains ecoregion were similar to the 25th
percentiles of median nitrite plus nitrate as
nitrogen and total nitrogen concentrationsin the
Ouachita M ountains ecoregion calculated for this
report. Nitrate as nitrogen and total phosphorus
concentrations currently (2002) used in the Use
Support Assessment Protocols for Oklahoma
were greater than the 75th percentiles of median
nitrite plus nitrate as nitrogen and total phos-
phorus concentrations calculated for this report.



INTRODUCTION

Nutrients are one of the primary causes of
water-quality impairmentsin our Nation's streams,
lakes, reservoirs, and estuaries (U.S. Environmental
Protection Agency, 1996). Forty percent of impaired
streams in the United States were impaired due to
nutrient enrichment; 51 percent of lakes and reservoirs
and 57 percent of estuaries also were impaired by
nutrients (U.S. Environmental Protection Agency,
1996).

The U.S. Environmental Protection Agency
(USEPA) has devel oped regional-based nutrient
criteriausing ecoregionsto protect streamsin the
United States from impairment (U.S. Environmental
Protection Agency, 2000a, 2000b, 2000c, 20014, and
2001b). However, nutrient criteria were based on
nutrient concentrations collected in large aggregated
nutrient ecoregions with little relevance to local envi-
ronmental conditionsin states. Robertson and others
(2001) presented an alternative regional approach for
USEPA Regions 5 and 7 by classifying streams based
on environmental nutrient zones and environmental
characteristics. Individual states and tribes are encour-
aged by the USEPA to modify or improve upon the
ecoregion approach by Robertson and others (2001).

The nutrient criteria approach used by the Okla-
homa Water Resources Board (OWRB) is a dichoto-
mous process that stratifies or groups streams using
environmental characteristics such as stream order,
stream slope, turbidity, and percent canopy shading to
identify streams in Oklahoma affected by nutrients
(Oklahoma Water Resources Board, 2001). This clas-
sification processis called the Use Support Assess-
ment Protocols (USAP), title 785, chapter 46,
subchapter 15. An example of part of the USAP
process currently (2002) used in Oklahomaiis
provided in figure 1. The USAP is based on nutrient
information and environmental characteristics devel-
oped by a study in the Netherlands (Peeters and
Gardeniers, 1998). The OWRB wished to modify the
USAP to reflect nutrient information and environ-
mental characteristics relevant to Oklahoma streams,
while considering nutrient information grouped into
four geographic regions based on level |11 ecoregions
and state boundaries.

The U.S. Geological Survey (USGS), in cooper-
ation with OWRB, calculated median percentile distri-
butions from available nutrient data collected at 563
sitesin Oklahoma and 4 sites in Arkansas near the

Oklahomaand Arkansas border (fig. 2). The percentile
distributions presented in this report can be used in the
USAPto facilitate the development of nutrient criteria
for Oklahoma streams.

Purpose and Scope

This report provides percentile distributions of
median concentrations of nitrite plus nitrate as
nitrogen (referred to as nitrate in this report), total
nitrogen, and total phosphorus in Oklahoma streams
based on samples collected from 1973 to 2001. Sites
were grouped into four geographic regions and were
categorized into eight stream categories by stream
slope and stream order. Percentile distributions of
median concentrations were cal culated for each stream
category for four geographic regions: (1) water-quality
sites in the Ozark Highland ecoregion; (2) water-
quality sitesin the Ouachita Mountains ecoregion; (3)
water-quality sites excluding those in the Ozark High-
land and Ouachita Mountains ecoregions; and (4) al
water-quality sites in Oklahoma and part of Arkansas.
Differences in nutrient concentrations between
geographic regions and stream categories are briefly
discussed, but the purpose of thisreport isto provide
tables of percentile distributions of median nutrient
concentrations to the OWRB. A detailed literature
review of previous studies on stream classification to
establish nutrient criteriais provided in appendix 1.
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METHODS OF DETERMING NUTRIENT
CRITERIA

U.S. Environmental Protection Agency
Methods for Determining Nutrient Criteria

The USEPA is exploring several methods to define
nutrient criteriato assess nutrient-threatened or
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Equivalent to stream

categories SS3
P>1.0mg/L or
NO2+NO3 > 4.65 mg/L
Yes
Stream slope No
> 17 feet per mile Not
threatened
N
A No
No P> 0.36 mg/L or
/ NO2+NO3 > 5.0 mg/L Yes
Equivalent to stream
categories S$4, SS6, and SS8
Use Support Assessment
Stream order Protocol continues as
1,2,0r3? defined in Oklahoma
Water Resources Board
. (2001)
Equivalent to stream
category SS1
N '
Yeq P>0.24 mg/L or
NO2+NO3 > 4.95 mg/L
Yes
Stream slope No Not
> 17 feet per mile threatened
N
No
P>0.15mg/L or
NO2+NO3 > 2.4 mg/L .
Equivalent to stream
EXPLANATION categories SS2
mg/L, milligrams per liter
>, greater than

SS1, stream orders 1, 2, and 3, and stream slope greater than 17 feet per mile

SS2, stream orders 1, 2, and 3, and stream slope |ess than or equal to 17 feet per mile

SS3, stream orders 4 and 5, and stream slope greater than 17 feet per mile

S$4, stream orders 4 and 5, and stream slope less than or equal to 17 feet per mile

SS6, stream orders 4 and above, and stream slope less than or equal to 17 feet per mile

SS8, stream orders greater than or equal to 6, and stream slope less than or equal to 17 feet per mile

Figure 1. Dichotomous process of the Use Support Assessment Protocol used in Oklahoma to identify nutrient threatened
streams.



impaired streams using nitrate, total nitrogen, and total
phosphorous concentrations. One method used by the
USEPA to define nutrient criteriafor streams assignsa
reference value based on nutrient concentrationsin a
specific geographic area (U.S. Environmental Protec-
tion Agency, 2000a). Nutrient data from the USEPA,
USGS, and various universities were used to create a
reference value based on the frequency distribution
using al available nutrient datain a geographic area.
The lower 25th percentile of all nutrient data repre-
sents the reference condition or the minimally
impaired stream value (U.S. Environmental Protection
Agency, 2000a).

A second method to define reference conditions
isto select the upper 75th percentile of nutrient data
collected from a subset of streams considered as being
the least impaired streamsin adefined area (U.S. Envi-
ronmental Protection Agency, 2000a). The USGS
Hydrologic Benchmark Network represents over 80
undevel oped basins throughout the United States. The
75th percentile was cal culated using nutrient data
collected from streams draining the undevel oped
basins. The 75th percentile concentration for nitrate
was 0.21 milligram per liter, total nitrogen was 0.50
milligram per liter, and total phosphorus was 0.04
milligram per liter (Clarke and others, 2000).

The USEPA is using these methods to develop
tables of the cumulative distribution of nutrient
concentrations for nutrient ecoregions and level 111
ecoregions throughout the United States (U.S. Envi-
ronmental Protection Agency, 20013, p. 4 and 5).
Nutrient ecoregions are aggregations of level 111 ecore-
gions as defined by Omernik (2000). Nutrient ecore-
gions 1V, V, IX and XI comprise various portions of
Oklahoma (fig 3). The USEPA ambient water-quality
criteriarecommendations for nutrient ecoregions |V,
V, IX, and XI are presented intable 1. The USEPA
ambient water-quality criteriarecommendations for
portions of the level 111 ecoregionsin Oklahoma are
presented in table 2. Water-quality criteriafrom the
two USEPA methods will be compared to median
nitrate, total nitrogen, and total phosphorus concentra-
tions calculated for a modified USAP approach
presented in this report.

Modification of Use Support Assessment
Protocols for Oklahoma

A modified USAP approach utilizing stream
characteristics and geographic regionswas used in this

report to reflect nutrient and hydrological conditionsin
Oklahoma streams based on procedures defined by the
U.S. Environmental Protection Agency (2000a) and
Raobertson and others (2001).

Geographic Regions and Stream Cate-
gory Determination

A Geographica Information System (GIS) was
used to group 563 water-quality sitesin Oklahomaand
4 water-quality sitesin Arkansas near the Oklahoma
and Arkansas border into four geographic regions
(table 3). Water-quality sites for each geographic
region were grouped into eight stream categories
(table 4) by stream order and stream slope. Individual
stream characteristics for water-quality sites used in
thisreport are available in Masoner and others (2002).

A digital stream network for Oklahomawas
created using a flow accumulation model created from
the National Elevation Dataset (U.S. Geological
Survey, 2001) that represented streams at a consistent
stream density. Stream order was determined from the
digital stream network using methods described by
Strahler (1952, 1957); this technique was automated
using GI S techniques (Masoner and others, 2002).
Headwater streams were designated asfirst order; a
second-order stream was formed at the intersection of
two first-order streams; athird-order stream was
formed at the intersection of two second-order
streams, and so forth. The technique worked well in
areas with well-defined topography. Stream order esti-
mations for streams draining lands with less
pronounced topography generally under predicted
stream order by a value of one.

Stream slope is defined as the change in eleva
tion between stream confluences upstream and down-
stream from awater-quality site divided by the
distance between stream confluences. A digital stream
dataset was created using a hydrologically conditioned
Digital Elevation Model with 60-meter cell size. The
Digital Elevation Model was created from elevation
data (hypsography) and streams (hydrography) from
digital versions of U.S. Geological Survey 1:100,000-
scale topographic maps (Cederstrand and Rea, 1995).
The average length of a stream segment used to calcu-
late stream slope was 1.7 miles. The minimum and
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Table 1. Environmental Protection Agency ambient water-quality criteria recommendations, 25th percentile of
nitrite plus nitrate as nitrogen, total nitrogen and total phosphorus concentrations for nutrient ecoregions 1V, V, IX,
and XI

[mg/L, milligrams per liter]

Nitrite plus

. . Total Total
Nutrient nitrate .
: . nitrogen phosphorus References
ecoregions as nitrogen (mglL) (mg/L):
(mg/L) 9
v 0.050 0.560 0.023 U.S. Environmental Protection
Agency (2001a)
\% 0.260 0.880 0.068 U.S. Environmental Protection
Agency (2001b)
IX 0.125 0.692 0.037 U.S. Environmental Protection
Agency (2000c)
Xl 0.093 0.305 0.010 U.S. Environmental Protection
Agency (2000b)

1Total phosphorus values were originally reported in microgram per liter and have been converted to milligram per liter

Table 2. U.S. Environmental Protection Agency ambient water-quality criteria recommendations, 25th percentile for nitrite plus
nitrate as nitrogen, total nitrogen, and total phosphorus concentrations for portions of level Il ecoregions in Oklahoma

[mg/L, milligrams per liter]

Nutrient Nitr_ite plus Total Total
Level Il nitrate .
ecore- . . nitrogen phosphorus References
ions ecoregions as nltrogen (mg/L) (mg/L)l
g (mg/L)
v 26 0.04 0.45 0.0250 U.S. Environmental Protection
28 0.12 0.36 0.060 Agency (2001a)
\Y 25 0.72 1.07 0.060 U.S. Environmental Protection
27 0.19 0.84 0.090 Agency (2001b)
IX 29 0.078 0.68 0.03750 U.S. Environmental Protection
35 0.067 0.385 0.0500 Agency (2000c)
37 0.075 0.683 0.04250
40 0.23 0.712 0.09250
Xl 36 (Ouachita Mountains) 0.01 0.30 0.01047 U.S. Environmental Protection
38 0.03 1.383 0.00563 Agency (2000b)
39 (Ozark Highlands) 0.239 0.379 0.00663

1Total phosphorus values were originally reported in microgram per liter and have been converted to milligram per liter

8 Percentile Distributions of Median Nitrite Plus Nitrate as Nitrogen, Total Nitrogen, and Total Phosphorus Concentrations in
Oklahoma Streams, 1973-2001



Table 3. Geographic regions used to group water-quality sites

Geogr'aphic Description of geographic region Tables in this report containing
region results
1 Water-quality sitesin the Ozark Highland ecoregion Table5.
(referred to as ecoregion 39)
2 Water-quality sitesin the Ouachita Mountains ecoregion Table 6.
(referred to as ecoregion 36)
3 All water-quality sitesin Oklahomaand part of Arkansas Table 7.
excluding those in the Ozark Highland and Ouachita
Mountains ecoregion
4 All water-quality sitesin Oklahomaand part of Arkansas Table 8.
Table 4. Description of stream categories used to group water-quality sites
Stream o .
. Criteria for stream categones
categories
SS1 Stream orders 1, 2, and 3, and stream slope greater than 17 feet per mile
SS2 Stream orders 1, 2, and 3, and stream slope less than or equal to 17 feet per mile
SS3 Stream orders 4 and 5, and stream slope greater than 17 feet per mile
SA Stream orders 4 and 5, and stream slope less than or equal to 17 feet per mile
SS5 Stream orders 4 and 5, without slope criteria
SS6 Stream orders 4 and above, and stream slope less than or equal to 17 feet per mile
SS7 Stream orders 4 and above, without slope criteria

SS8 Stream orders greater than or equal to 6, and stream slope less than or equal to 17 feet per mile




maximum length used were 0.31 mile to 3.1 miles
(Masoner and others, 2002).

Stream Water-Quality Data Compilation

Water-quality data compiled included nitrate,
total nitrogen, and total phosphorus concentrations
measured in water samples at 563 sites in Oklahoma
and 4 sites in Arkansas near the Oklahoma and
Arkansas border. There were 12,124 measurements of
nitrate, 8,697 measurements of total nitrogen, and
14,259 measurements of total phosphorus. Water-
guality data and site locations were retrieved from the
OWRB, Oklahoma Conservation Commission (OCC),
and the USEPA Storage and Retrieval (STORET)
system database (U.S. Environmental Protection
Agency, 2001). The data from OWRB were collected
from 1998 through 2001. Data from OCC were
collected from 1990 through 1999. The STORET data
were collected from 1973 through 1995 and include
data collected by state and federal agencies and the
USGS.

Most water-quality sites had more than one
sampling event during which one, two, or all three
nutrient concentrations were measured; many sites had
several hundred sampling events over a period of
years. A median concentration was calcul ated for sites
having more than one measurement for anutrient. The
large number of analyses used in this report, over
35,000, did not allow for an assessment of sampling
techniques, preservation methods, analytical tech-
niques, or method reporting levels. Datawere screened
for quality-assurance samples. Sampling events having
guality-assurance samples were identified and a
median concentration was cal culated for that sampling
event. Concentration values |ess than the detection
limit were changed to O milligram per liter. Concentra-
tions of nitrate and total nitrogen were measured
directly or computed from the sum of individual
nitrogen measurements.

There were 231 water-quality sites where water-
quality data were collected at the same geographic
location, but were maintained separately by multiple
state and federal agencies. For these cases, one site
was designated to represent multiple sites. The water-
guality data at these locations were grouped and a
median concentration was cal cul ated.

Statistical Distributions

The 10th, 25th, 33rd, 50th, 67th, 75th, and 90th
percentiles, minimum, and maximum values were
calculated for median concentrations of nitrate, total
nitrogen, and total phosphorus for each stream cate-
gory (table 4) for four geographical regions (table 3).
For sites with fewer than seven water-quality sites,
only the median, mean, minimum, and maximum
statistics were calculated. Stream categories SS3 and
SS8 in the Ozark Highland ecoregion (table 5) and
Ouachita Mountains ecoregion (table 6) had insuffi-
cient numbers of sitesto calculate 10th, 25th, 33rd,
50th, 67th, 75th, and 90th percentiles. Stream category
SS3in geographicregion 3, al sitesexcluding thosein
the Ozark Highland and Ouachita Mountains ecore-
gions (table 7), also had an insufficient number of sites
to calculate percentiles.

PERCENTILE DISTRIBUTIONS OF
MEDIAN NITRITE PLUS NITRATE AS
NITROGEN, TOTAL NITROGEN, AND
TOTAL PHOSPHORUS CONCENTRA-
TIONS

Percentile distributions of median nutrient
concentrations were cal culated for four geographic
regions categorized by eight stream categories (tables
5, 6, 7, and 8). Out of the four geographic regionsin
which statistics were cal culated, the 50th percentiles
of median nitrate and total nitrogen concentrations
were greatest in the Ozark Highland ecoregion (table
5) and least in the Ouachita Mountains ecoregion
(table 6); the 50th percentiles of total phosphorus
concentrations were least in the Ouachita Mountains
ecoregion (table 6). The 50th percentiles of median
concentrationsfor total phosphoruswere similar in the
Ozark Highland ecoregion (table 5) and geographic
regions 3 and 4 (tables 7 and 8). The 50th percentiles
of median concentrations of nitrate, total nitrogen, and
total phosphorus concentrations generally were |least
in first, second, and third order streams (SS1 and SS2)
in all geographic regions.

The 50th percentiles of median total nitrogen,
and total phosphorus concentrations sampled in the
Ozark Highland and Ouachita M ountains ecoregions
on first, second, and third order streams with stream
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Table 5. Percentile distributions of median concentrations of nitrite plus nitrate as nitrogen, total nitrogen, and total phos-
phorus for water-quality sites in the Ozark Highland ecoregion in Oklahoma, geographic region 1

[concentrations are in milligrams per liter; mean, arithmetic average of median values; min, minimum median value; max, maximum median value; -,

insufficient number of sites to calculate statistic]

Stream

Number

Percentilies of Median Concentrations

Category!  ofsites2 V" T 25 33 50 67 75 90 Min - Max
Nitrite plus Nitrate as Nitrogen
SS1 57 1.59 0.16 0.59 0.97 1.40 1.85 2.00 3.00 0.00 5.95
SS2 13 2.27 0.70 1.00 137 2.00 2.77 3.13 5.04 0.50 6.00
SS3 4 154 - - - 1.58 - - - 1.00 2.00
SHA 10 1.92 1.20 1.75 1.96 2.00 2.04 211 247 1.19 2.50
SS5 14 181 1.07 1.28 187 2.00 2.00 2.03 2.33 1.00 250
SS6 12 1.65 0.24 122 148 2.00 2.00 2.08 2.40 0.13 2.50
SS7 16 1.62 0.40 1.16 1.26 2.00 2.00 2.00 2.26 0.13 250
SS8 2 0.32 - - - - - - - 0.13 0.51
Total Nitrogen
SS1 36 1.66 0.27 0.84 1.00 1.63 2.07 2.23 3.13 0.15 413
SS2 10 2.38 0.60 1.23 153 213 2.60 3.07 591 0.56 6.18
SS3 3 2.03 - - - 2.34 - - - 1.30 245
SA 10 233 1.55 215 2.28 2.33 254 261 2.92 152 2.95
SS5 13 2.26 1.38 2.05 2.28 2.33 247 2.56 2.82 1.30 2.95
SS6 12 2.08 0.77 1.60 1.96 231 2.46 2.58 2.85 0.64 2.95
SS7 15 2.07 0.90 1.52 1.95 2.32 242 251 2.76 0.64 2.95
SS8 2 0.86 - - - - - - - 0.64 1.07
Total Phosphorus
SS1 59 0063 0003 0003 0010 0020 0030 0040 0100  0.000 0.770
SS2 17 0119 0018 0035 0049 0070 0101 0118 043  0.010 0670
SS3 4 0074 - - - 0073 - - - 0.003 010
SHA 10 0129 004 0103 0110 0118 0170 017 0189  0.040 0190
SS5 14 0113 0022 0070 0104 0110 0151 0168 0185  0.003 0190
SS6 14 0122 0040 0088 0110 0118 0158 0175 0187 0.040 0190
SS7 16 0110 0029 000 00% 0110 0144 0161 0183  0.003 0190
SS8 2 000 - - - - - - - 0.040 0140

1531, stream orders 1, 2, and 3, and stream slope greater than 17 feet per mile

SS2, stream orders 1, 2, and 3, and stream slope less than or equal to 17 feet per mile

SS3, stream orders 4 and 5, and stream slope greater than 17 feet per mile

S$4, stream orders 4 and 5, and stream slope less than or equal to 17 feet per mile

SS5, stream orders 4 and 5, without slope criteria

SS6, stream orders 4 and above, and stream slope less than or equal to 17 feet per mile

SS7, stream orders 4 and above, without slope criteria
SS8, stream orders greater than or equal to 6, and stream slope less than or equal to 17 feet per mile
2Number of water-quality sites with median concentration
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Table 6. Percentile distributions of median concentrations of nitrite plus nitrate as nitrogen, total nitrogen, and total phos-
phorus from water-quality sites in the Ouachita Mountains ecoregion in Oklahoma, geographic region 2

[concentrations are in milligrams per liter; mean, arithmetic average of median values; min, minimum median value; max, maximum median value; -,
insufficient number of sitesto calculate statistic]

Stream Number Percentiles of Median Concentrations .
Category!  of sites? V" T 15 25 33 50 67 75 90 Min - Max
Nitrite plus Nitrate as Nitrogen
SS1 46 0.08 0.00 0.00 0.00 0.01 0.01 0.01 0.07 0.00 3.00
SS2 16 0.05 0.00 0.00 0.01 0.03 0.05 0.09 0.16 0.00 0.19
SS3 3 0.29 - - - 0.13 - - - 0.11 0.62
S 14 0.18 0.00 0.00 0.02 0.09 0.13 0.20 0.74 0.00 1.05
SS5 17 0.20 0.00 0.01 0.03 0.11 0.13 0.26 0.71 0.00 1.05
SS6 15 0.19 0.00 0.00 0.02 0.09 0.14 0.36 0.68 0.00 1.05
SS7 18 0.21 0.00 0.01 0.05 0.12 0.14 0.38 0.66 0.00 1.05
SS8 0 - - - - - - - - - -
Total Nitrogen
SS1 24 0.26 0.00 0.00 0.00 0.08 0.19 0.28 0.53 0.00 3.30
SS2 7 0.37 0.02 0.15 0.20 0.40 0.55 0.60 0.70 0.02 0.70
SS3 2 0.52 - - - - - - - 041 0.63
SA 13 0.52 0.15 0.20 0.28 0.39 0.59 0.70 127 0.12 145
SS5 15 0.52 0.16 0.20 0.34 041 0.61 0.64 118 0.12 1.45
SS6 14 0.54 0.15 0.20 0.33 0.46 0.65 0.78 122 0.12 145
SS7 16 0.54 0.17 0.23 0.35 0.47 0.63 0.72 113 0.12 1.45
SS8 0 - - - - - - - - - -
Total Phosphorus

SS1 46 0023 0008 0010 0013 0020 0023 0030 0040 0003 0110
SS2 16 0042 0019 0020 0.20 0030 0040 0048 0097 0016 0160
SS3 4 0047 - - - 0045 - - - 0020 0080
SHA 17 009 0018 0021 0024 0030 0040 0072 0l77 0010 0255
SS5 21 0057 0020 0021 0025 0030 0058 0072 0156 0010 0255
SS6 18 0061 0019 0021 0026 0030 008 0078 0167 0010 0255
SS7 22 0058 0020 0021 0025 0030 0065 0078 0155 0010 0255
SS8 0 - - - - - - - - - -

1351, stream orders 1, 2, and 3, and stream slope greater than 17 feet per mile

SS2, stream orders 1, 2, and 3, and stream slope less than or equal to 17 feet per mile

SS3, stream orders 4 and 5, and stream slope greater than 17 feet per mile

SS4, stream orders 4 and 5, and stream slope less than or equal to 17 feet per mile

SS5 stream orders 4 and 5, without slope criteria

SS6, stream orders 4 and above, and stream slope less than or equal to 17 feet per mile

SS7, stream orders 4 and above, without slope criteria

SS8, stream orders greater than or equal to 6, and stream slope less than or equal to 17 feet per mile
2Number of water-quality sites with median concentration
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Table 7. Percentile distributions of median concentrations of nitrite plus nitrate as nitrogen, total nitrogen, and total phos-
phorus from water-quality sites in Oklahoma and part of Arkansas, excluding sites with the Ozark Highland and Ouachita

Mountains ecoregions, geographic region 3

[concentrations are in milligrams per liter; mean, arithmetic average of median values; min, minimum median value; max, maximum median value; -,
insufficient number of sites to cal culate statistic]

Stream Number Percentiles of Median Concentrations )
Category!  of sites? %" 25 33 50 67 75 90 Min - Max
Nitrite plus Nitrate as Nitrogen
SS1 76 0.45 0.00 0.00 0.03 011 0.27 0.45 1.22 0.00 5.00
SS2 127 0.35 0.00 0.00 0.00 0.07 0.14 0.25 1.00 0.00 7.00
SS3 4 0.32 - - - 0.31 - - - 0.13 0.55
SHA 84 0.63 0.11 0.13 0.13 0.32 0.50 0.80 173 0.00 6.30
SS5 88 0.61 011 0.13 0.13 0.32 0.49 0.78 171 0.00 6.30
SS6 149 0.53 0.09 0.13 0.13 0.32 0.50 0.64 1.38 0.00 6.30
SS7 153 0.52 0.09 0.13 0.13 0.32 0.50 0.60 1.28 0.00 6.30
SS8 65 0.41 0.07 0.13 0.15 0.34 0.50 0.60 0.86 0.00 1.64
Total Nitrogen
SS1 44 1.07 0.17 0.40 0.49 0.72 131 157 252 0.00 3.66
SS2 74 1.06 0.22 0.35 0.45 0.60 0.95 1.37 2.76 0.00 7.49
SS3 4 0.88 - - - 0.85 - - - 0.64 1.20
SHA 72 1.20 0.51 0.64 0.70 1.00 1.30 150 214 0.31 3.96
SS5 76 1.18 0.53 0.62 0.70 0.93 1.26 1.49 212 0.31 3.96
SS6 135 1.18 0.55 0.69 0.78 0.99 1.28 1.48 2.08 0.31 3.96
SS7 139 117 0.56 0.69 0.78 0.97 127 145 2.07 0.31 3.96
SS8 63 1.16 0.59 0.73 0.80 0.99 1.27 141 193 0.34 311
Total Phosphorus
SS1 87 0077 0006 0020 0028 0040 0065 0080 0168 0003 1315
SS2 133 0083 0025 0040 0041 0060 0085 0100 0168 0006 0476
SS3 5 0107 - - - 0060 - - - 0030 0290
SA 68 0140 0030 0055 0065 00838 0138 0158 0331 0003 0850
SS5 91 0138 0030 0055 0062 0086 013%6 018 0320 0003 0830
SS6 151 0156 0030 0060 0075 0110 015 0190 0333 0003 0850
SS7 156 014 0030 0060 0075 0110 0155 0190 0329 0003 0830
SS8 65 0176 0045 0071 0029 0133 0186 0223 0352 0021 0.790

1531, stream orders 1, 2, and 3, and stream slope greater than 17 feet per mile

SS2, stream orders 1, 2, and 3, and stream slope less than or equal to 17 feet per mile

SS3, stream orders 4 and 5, and stream slope greater than 17 feet per mile

S$4, stream orders 4 and 5, and stream slope less than or equal to 17 feet per mile
SS5 stream orders 4 and 5, without slope criteria

SS6, stream orders 4 and above, and stream slope less than or equal to 17 feet per mile
SS7, stream orders 4 and above, without slope criteria
SS8, stream orders greater than or equal to 6, and stream slope less than or equal to 17 feet per mile
2Number of water-quality sites with median concentration
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Table 8. Percentile distributions of median concentrations of nitrite plus nitrate as nitrogen, total nitrogen, and total phosphorus
of all water-quality sites in Oklahoma and part of Arkansas, geographic region 4

[concentrations are in milligrams per liter; mean, arithmetic average of median values; min, minimum median value; max, maximum median value; -, insuffi-
cient number of sitesto calculate statistic]

Stream Number Percentiles of median concentrations
cate- of Mean Min Max
gory?! sites? 10 25 33 50 67 75 90

Nitrite plus Nitrate as Nitrogen

SS1 179 0.72 0.00 0.01 0.01 0.13 0.73 1.00 2.00 0.00 5.95
SS2 156 0.48 0.00 0.00 0.00 0.08 0.16 0.49 1.82 0.00 7.00
SS3 11 0.75 0.11 0.13 0.13 0.55 101 115 2.00 0.11 2.00
S 108 0.69 0.06 0.13 0.13 0.33 0.70 0.91 2.00 0.00 6.30
SS5 119 0.69 0.08 0.13 0.13 0.36 0.70 0.95 2.00 0.00 6.30
SS6 176 0.58 0.07 0.13 0.13 0.34 0.50 0.70 1.69 0.00 6.30
SS7 187 0.59 0.08 0.13 0.13 0.35 0.51 0.71 171 0.00 6.30
SS8 68 0.40 0.08 0.13 0.15 0.35 0.50 0.59 0.80 0.00 1.64
Total Nitrogen
SS1 104 1.09 0.00 0.22 0.38 0.69 142 176 2.74 0.00 4.13
SS2 91 1.15 021 0.40 0.45 0.61 119 155 3.00 0.00 7.49
SS3 9 1.18 041 0.63 0.68 0.91 1.27 1.82 2.45 041 2.45
SA 95 122 0.39 0.60 0.68 1.00 145 153 2.38 0.12 3.96
SS5 104 122 0.40 0.61 0.68 0.97 1.43 153 240 0.12 3.96
SS6 161 119 0.48 0.65 0.75 0.99 1.32 151 231 0.12 3.96
SS7 170 119 0.47 0.64 0.75 0.98 131 151 2.32 0.12 3.96
SS8 66 1.15 0.59 0.73 0.75 0.98 122 1.40 1.88 0.34 311
Total Phosphorus
SS1 192 0.061 0.003 0.010 0.018 0.026 0.040 0.050 0.121 0.000 1.315
SS2 166 0.083 0.020 0.030 0.040 0.055 0.080 0.100 0.162 0.006 0.670
SS3 13 0.079 0.010 0.027 0.036 0.060 0.090 0.110 0.234 0.003 0.290
SHA 113 0.127 0.024 0.047 0.060 0.084 0.129 0.156 0.228 0.003 0.850
SS5 126 0.122 0.023 0.040 0.055 0.080 0.118 0.151 0.227 0.003 0.850
SS6 68 0.172 0.043 0.069 0.095 0.132 0.179 0.214 0.339 0.021 0.790
SS7 181 0.144 0.030 0.055 0.066 0.106 0.150 0.178 0.292 0.003 0.850
SS8 68 0.172 0.043 0.069 0.095 0.132 0.179 0.214 0.339 0.021 0.790

1351, stream orders 1, 2, and 3, and stream slope greater than 17 feet per mile

SS2, stream orders 1, 2, and 3, and stream slope less than or equal to 17 feet per mile

SS3, stream orders 4 and 5, and stream slope greater than 17 feet per mile

SS4, stream orders 4 and 5, and stream slope less than or equal to 17 feet per mile

SS5 stream orders 4 and 5, without slope criteria

SS6, stream orders 4 and above, and stream slope less than or equal to 17 feet per mile

SS7, stream orders 4 and above, without slope criteria

SS8, stream orders greater than or equal to 6, and stream slope less than or equal to 17 feet per mile
2Number of water-quality sites with median concentration
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slopes greater than 17 feet per mile (SS1) were less
than those with stream slopes |ess than or equal to 17
feet per mile (SS2). There was little difference for
nitrate and total nitrogen concentrations on fourth
order streams or higher (SS3 through SS8).

The U.S. Environmental Protection Agency
(2000a) reports the lower 25th percentile nutrient
concentrations analyzed from all nutrient data avail-
able for a geographic area as being representative of
theminimally impaired reference condition. Nutrient
criteriafor median nitrate, total nitrogen, and total
phosphorus concentrations provided by the USEPA for
the Ozark Highland ecoregion (table 2) were less than
the 25th percentiles of median concentrations cal cu-
lated for this report (table 5). The USEPA criteriafor
the Ouachita Mountains ecoregion (table 2) for nitrate
and total nitrogen were similar to the 25th percentiles
of median concentrations calculated for this report
(table 6). The 25th percentiles of median total phos-
phorus concentrations cal culated for this report were
similar to those reported by the USEPA for the
Ouachita M ountains ecoregion.

The 75th percentiles of median nitrate and total
phosphorus concentrations in geographic region 4
(table 8) calculated for this report were less than the
nutrient criteriacurrently (2002) used in the Oklahoma
USAP (fig. 1). The 90th percentiles of median total
phosphorus concentrations in geographic region 4
(table 8) were less than the nutrient criteria currently
(2002) used in the Oklahoma USAP except for stream
category SS2.

The percentile distributions of median concen-
trations of nitrate, total nitrogen, and total phosphorus
presented in tables 5, 6,7, and 8 will facilitate the
development of nutrient criteriafor usein the USAP
for Oklahoma. Using nutrient information collected
from streamsin Oklahoma and grouping these data by
geographic regions and stream characteristics will
alow nutrient criteriato be established that represent
local water-quality conditions relevant to Oklahoma.

SUMMARY

The U.S. Environmental Protection Agency has
devel oped regional-based nutrient criteria using ecore-
gions to protect streamsin the United States from
impairment. However, nutrient criteriawere based on
nutrient concentrations collected in large aggregated
nutrient ecoregions with little relevance to local envi-

ronmental conditionsin states. The Oklahoma Water
Resources Board is using a dichotomous process
known as Use Support Assessment Protocols to define
nutrient criteriain Oklahoma streams. The Oklahoma
Water Resources Board is modifying the Use Support
Assessment Protocols to reflect nutrient information
and environmental characteristics relevant to Okla-
homa streams, while considering nutrient information
grouped by geographic regions based on level 11
ecoregions and state boundaries.

This report provides percentile distributions of
median nitrite plus nitrate as nitrogen (referred to as
nitrate), total nitrogen, and total phosphorus concen-
trations measured in water samples collected from
1973-2001 at 563 sitesin Oklahomaand 4 sitesin
Arkansas near the Oklahoma and Arkansas border.
Sites were grouped into eight stream categories by
stream slope and stream order. Percentile distributions
were calculated for four geographic regionsin Okla-
homa and part of Arkansas: (1) water-quality sitesin
the Ozark Highland ecoregion; (2) water-quality sites
in the Ouachita M ountains ecoregion; (3) water-
quality sites excluding those in the Ozark Highland
and Ouachita Mountains ecoregions; and (4) all water-
guality sitesin Oklahoma and part of Arkansas.

The 50th percentiles of median nitrate, total
nitrogen, and total phosphorus concentrations were
greatest in the Ozark Highland ecoregion and least in
the Ouachita Mountains ecoregion compared to the
other geographic regions. The 50th percentiles of
median concentrations of nitrate, total nitrogen, and
total phosphorus generally were lessin first, second,
and third order streams (SS1 and SS2). The 50th
percentiles of median total nitrogen, and total phos-
phorus concentrations in the Ozark Highland and
Ouachita Mountains ecoregionsin first, second, and
third order streams with stream slopes greater than 17
feet per mile (SS1) were less than streams with stream
slopes less than or equal to 17 feet per mile (SS2).

Nutrient criteria reported by the U.S. Environ-
mental Protection Agency for the Ozark Highland
ecoregion were lower than the 25th percentiles of
median nitrate, total nitrogen, and total phosphorus
concentrations calculated for this report. Nitrate and
total nitrogen criteria developed by the U.S. Environ-
mental Protection Agency for the Ouachita Mountains
ecoregion were similar to the 25th percentiles of
median values for the Ouachita M ountains ecoregion
calculated for this report. The 75th percentiles of
median nitrate and total phosphorus concentrationsin
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geographic region 4 were less than the nutrient criteria
currently (2002) used in the Oklahoma Use Support
Assessment Protocols. The 90th percentiles of median
total phosphorus concentrations in geographic region
4 were |less than the nutrient criteria currently (2002)
used in the Oklahoma Use Support Assessment Proto-
cols except for stream category SS2.

The percentile distributions of median nitrate,
total nitrogen, and total phosphorus concentrations
calculated in thisreport will facilitate the development
of nutrient criteriathat can be used to modify the Use
Support Assessment Protocols for Oklahoma. By
using nutrient information collected in Oklahoma
streams and grouping nutrient data by local
geographic regions and stream characteristics will
facilitate nutrient criteria that represents water-quality
conditions in Oklahoma.

SELECTED REFERENCES

Biggs, B.J.F., 1985, Algae, a blooming nuisancein rivers:
Soil and Water, v. 21, p. 27-31.

1995, The contributions of disturbance, catchment

geology, and land use to the habitat template of periph-

yton in stream ecosystems: Freshwater Biology, v. 33,

p. 419-438.

1996, Patterns in benthic algae of streams, in

Stevenson, R.J., Bothwell, M.L., and Lowe, R.L., ed.,

Algal Ecology: p. 31-56.

2000, Eutrophication of streams and rivers:
dissolved nutrient-chlorophyll relations for benthic
algae: Journal of the North American Benthological
Society, v. 19, p. 17-31.

Bothwell, M.L., 1985, Phosphorus limitation of lotic
periphyton growth rates-an intersite comparison using
continuous flow troughs (Thompson River System,
British Columbia): Limnology and Oceanography, v.
30, p. 527-542.

1989, Phosphorus limited growth dynamics of lotic
periphyton diatom communities-areal biomass and
cellular growth rate responses: Canadian Journal of
Fisheries and Aquatic Sciences, v. 46, no. 6, p. 1293-
1301.

Caffrey, Joseph, 2002, Algal control in waterways using
barley straw: The Irish Scientist, accessed August 8,
2002, at URL http://www.irishscientist.ie/?67.htm.

Canfield, D.E., Jr. and Bachman, R.W., 1981, Prediction of
total phosphorus concentrations, chlorophyll a, and
Secchi depthsin natural and artificial lakes: Canadian

Journal of Fisheriesand Aquatic Sciences, v. 38, no. 3,
p. 414-423.

Carlson, R.E., 1977, A trophic state index for lakes:
Limnology and Oceanography, v. 22, no. 2, p. 361-369.

Carpenter, K.D., and Waite, |.R., 2000, Relations of habitat-
specific algal assemblages to land use and water chem-
istry in the Willamette Basin, Oregon: Environmental
Monitoring and Assessment, v. 64, p. 247-257.

Cederstrand, J.T., and Rea, Al., 1995, Watershed boundaries
and digital elevation model of Oklahoma derived from
1:100,000-scale digital topographic maps. U.S.
Geological Survey Water-Resources Investigations
Report 95-727, CD-ROM.

Chessman, B.C., Hutton, PE., and Burch, JM., 1992,
Limiting nutrients for periphytic growth in sub-alpine,
agricultural and urban streams: Freshwater Biology, v.
28, p. 349-361.

Clarke, G.M., Mueller, D.K., and Mast, M.A., 2000,
Nutrient concentrations and yields in undeveloped
stream basins of the United States: Journal of the
American Water Resources Association, v. 36, no. 4, p.
849- 860.

Delong, M.D., and Brusven, M.A., 1992, Patterns of periph-
yton chlorophyll ain an agricultural nonpoint source
impacted stream: Water Resources Bulletin, v. 28, no.
4, p. 731-741.

Dillon, PJ., and Rigler, F.H., 1974, The phosphorus chloro-
phyll relationship in lakes: Limnology and Oceanog-
raphy, v. 19, no. 5, p. 767-773.

Dodds, W.K., 1991, Factors associated with dominance of
the filamentous green a ga Cladophora glomerata:
Water Research, v. 25, no. 11, p. 1325-1332.

Dodds, W.K., Jones, J.R., and Welch, E.B., 1998, Suggested
classification of stream trophic state-distributions of
temperate stream types by chlorophyll, total nitrogen
and phosphorus: Water Research, v. 32, no. 5, p. 455-
1462.

Dodds, W.K., Smith, V.H., and Zander, Bruce, 1997, Devel-
oping nutrient targets to Control benthic chlorophyll
levelsin streams- A case study of the Clark Fork River:
Water Research, v. 31, no. 7, p. 1738-1750.

Horner, R.R., Welch, E.B., and Veenstra, R.B., 1983, Devel-
opment of nuisance periphytic algae in laboratory
streamsin relation to enrichment and velocity, in
Wetzel, R.G., ed., Periphyton of Freshwater Ecosys-
tems, p. 121-134.

Jones, JR., Smart, M.M., and Burroughs, J.M., 1984,
Factors related to algal biomassin Missouri Ozark
streams: Verhandlungen der Internationale Vereini-
gung fur theoretische und angewandte Limnologie, v.
22, p. 1867-1875.

Kiedling, R.L., McFarland, A.M.S., and Hauck, L.M., 2001,
Nutrient targets for Lake Waco and North Bosgue
River, Developing Ecosystem Restoration Criteria:

16 Percentile Distributions of Median Nitrite Plus Nitrate as Nitrogen, Total Nitrogen, and Total Phosphorus Concentrations in

Oklahoma Streams, 1973-2001



Stephenville, Texas, Texas Institute for Applied Envi-
ronmental Research, Tarleton State University,
TR0107, 52 p.

Kratzner, C.R., and Brezonik, PL., 1981, A Carlson type
trophic state index for nitrogen in Florida lakes. Water
Resources Bulletin, v. 17, no. 4, p. 713-715.

Lohman, Kirk, and Jones, J.R., 1999, Nutrient - sestonic
chlorophyll relationshipsin northern Ozark streams:
Canadian Journal of Fisheries and Aquatic Sciences, v.
56, no. 1, p. 124-130.

Lohman, Kirk, Jones, J.R., and Perkins, B.D., 1992, Effects
of nutrient enrichment and flood frequency on periph-
yton biomass in northern Ozark streams: Canadian
Journal of Fisheriesand Aquatic Sciences, v. 49, no. 5,
p. 1198-1205.

Lohman, K., Jones, J.R., and Baysinger-Danidl, C., 1991,
Experimental evidence for nitrogen limitation in a
northern Ozark stream: Journal of the North American
Benthological Society, v. 10, no. 1, p. 14-23.

Masoner, JR., Haggard, B.E., and Rea, Al, 2002, Environ-
mental characteristics for the development of nutrient
threshold in Oklahoma streams: U.S. Geological
Survey Water-Resources Investigations Report 02-
4191, 43 p.

Matlock, M.D., Storm, D.E., Smolen, M.D., and Matlock,
M.E.,1999a, Determining the lotic ecosystem nutrient
and trophic status of three streamsin eastern Okla-
homa over two seasons; Aquatic Ecosystem Health and
Management, v. 2, p. 115-127.

Matlock, M.D., Storm, D.E., Smolen, M.D., Matlock, M.E.,
McFarland, A.M.S,, and Hauck, L.M., 1999b, Devel-
opment and application of alotic ecosystem trophic
status index: Transactions of the American Society of
Agricultural Engineers, v. 42, no. 3, p. 651-656.

Nebert. D., and Negri M.S., U.S Census Bureau, 1990,
Tiger Line Precensus Files, U.S. Department of
Commerce.

Newton, B.J., and Jarrell, W.M., 1999, A procedure to esti-
mate the response of aguatic systemsto changesin
nitrogen and phosphorus inputs: U.S. Department of
Agriculture - Natural Resource Conservation Service,
National Water and Climate Center, 43 p.

Oklahoma Water Resources Board, 2001, Oklahoma's
Water Quality Standards Subchapter 15, Use Support
Assessment Protocols: Title 785, chapter 46,
subchapter 15.

Omernik, J.M., 1977, Nonpoint source-stream nutrient level
relationships: a nationwide study: Special Studies
Branch Corvallis Environmental Research Laboratory,
Office of Research and Development, U.S. Environ-
mental Protection Agency, EPA-600/3-77-105, p. 151

2000, Draft aggregations of level 111 ecoregions for

the national nutrient strategy. Accessed February 12,

2002, at URL.: http://www.epa.gov/ost/stan-
dards/ecomap.html.

Peeters, E.-T.M., and Gardeniers, J.J.P, 1998, Ecologically
based standards for nutrientsin streams and ditchesin
the Netherlands: Water Science Technology, v. 37, no.
3, p. 227-234.

Raobertson, D.M., Saad, D.A., and Wieben, A.M., 2001, An
alternative regionalization scheme for defining nutrient
criteriafor rivers and streams: U.S. Geological Survey
Water-Resources | nvestigations Report 01-4073, 57 p.

Smith, R.A., Schwarz, G.E., and Alexander, R.B., 1997,
Regional interpretation of water-quality monitoring
data: Water Research, v. 33, no. 12, p. 2781-2798.

Strahler, A.N., 1952, Hypsometric (areal-atitude) analysis
of erosional topography: Bulletin of the Geological
Society of America, v. 63, p. 1117-1142.

1957, Quantitative analysis of watershed geomor-
phology: Transactions of the American Geophysical
Union, v. 8, p. 913-920.

Stream Solute Workshop, 1990, Concepts and methods for
assessing solute dynamics in stream ecosystems:
Journal of the North American Benthological Society,
v. 9, p. 95-119.

Swanson, C.D., and Bachman R.W., 1976, A model of algal
exports in some lowa streams: Ecology, v. 57, p. 1076-
1080. U.S. Department of Commerce, Bureau of
Census, 1990, TIGER/line Precensus Files, 1990

U.S. Environmental Protection Agency, 1996, National
Water Quality Inventory-1996 Report to Congress:
Office of Water, accessed July 2002, at URL:
http://www.epa.gov/305b/96report.

1998, Nationa Water Quality Inventory-1998

Report to Congress:. Office of Water, accessed July

2002, at URL: http://www.epa.gov/305b/98report.

2000a, Nutrient criteria technical guidance manual:

rivers and streams. EPA- 822-B-00-002, p. 141.

2000b, Ambient water quality criteria recommenda-

tions: rivers and streams in nutrient ecoregion XI:

EPA- 822-B-00-020, p. 99.

2000c, Ambient water quality criteria recommenda:

tions: rivers and streams in nutrient ecoregion | X:

EPA- 822-B-00-019, p. 108.

2001a, Ambient water quality criteria recommenda:

tions: rivers and streamsin nutrient ecoregion 1V: EPA-

822-B-01-013, p. 159.

2001b, Ambient water quality criteria recommenda-

tions: rivers and streams in nutrient ecoregion V: EPA-

822-B-01-4, p. 152.

2001, U.S. Environmental Protection Agency

Storage and Retrieval system database, accessed on

July, 2001 at URL http://www.epa.gov/water-

science/criteria/nutrient/database/index.html

17



U.S. Geological Survey, 2001, National Elevation Dataset
Homepage: accessed November 14, 2001, at URL
http://gisdata.usgs.gov/ned

Van Nieuwenhuyse, E.E., and Jones, J.R., 1996, Phos-
phorus-chlorophyll relationship in temperate streams
and its variation with stream catchment area: Canadian
Journal of Fisheries and Aquatic Sciences, v. 53, p. 99-
105.

WEelch, E.B., Jacob, JM., Horner, R.R., and Seely, M.R,,
1988, Nuisance biomass levels of periphytic algaein
streams. Hydrobiologia, v. 157, p. 161-168.

, Quinn, J.M., and Hickey, C.W., 1992, Periphyton

biomass related to point-source nutrient enrichment in

seven New Zealand streams: Water Research, v. 26, no.

5, p. 669-675.

, Horner, R.R., and Patmont, C.R., 1989, Prediction
of nuisance periphytic biomass: a management
approach: Water Research, v. 23, no. 4, p. 401-405.

Winter, J.G., and Duthie, H.C., 2000, Epilithic diatoms as
indicators of stream total N and total P concentrations:
Journal of the North American Benthological Society,
v. 19, no. 1, p. 32-49.

Winterbourn, M.J,, Hildrew, A.G., and Orton, Stuart, 1992,
Nutrients, algae and grazers in some British streams of
contrasting pH: Freshwater Biology, v. 28, p. 173-182.

18 Percentile Distributions of Median Nitrite Plus Nitrate as Nitrogen, Total Nitrogen, and Total Phosphorus Concentrations in
Oklahoma Streams, 1973-2001



APPENDIX




20 Percentile Distributions of Median Nitrite Plus Nitrate as Nitrogen, Total Nitrogen, and Total Phosphorus Concentrations in
Oklahoma Streams, 1973-2001



Nutrients and Stream Impairment

Establishing nutrient concentrations for potentially
impaired streams has been a slower process compared to
lakes (Welch and others, 1989; Dodds and others, 1997;
Dodds and others 1998; Robertson and others, 2001).
Eutrophic nutrient concentrationsin lakes have been defined
by relations between algal biomass or indirect biomass
assessment by chlorophyll-a concentrations and the limiting
nutrient (nitrogen or phosphorus) of the aquatic system
(Carlson, 1977; Kratzner and Brezonik, 1981). Similar to
lakes or lentic systems, the aesthetic, ecological, and
economic value of streamsor lotic systemsis oftenimpaired
by excessive nutrient concentrations and algal growth.
Excessive algal growth impedes boat traffic, obstructs
fishing, and creates unsightly and malodorous masses
(Caffrey, 2002). Welch and others (1989) report that
nuisance (peak) algal biomass can be present in streams
when benthic chlorophyll-a concentrations exceed 100 to
150 milligrams of chlorophyll-a per meter squared (10-15
micrograms per centimeter squared). Few studies have
established water column nutrient concentrations character-
izing excessive algal growth and eutrophic or potentially
impaired stream ecosystems.

Nutrient and algal concentrations generally are the
basis of trophic state classification in lakes and reservoirs
(Carlson, 1977; Kratzner and Brezonik, 1981). Correlation
between nutrient concentrations and algal productivity
(chlorophyll) is expected and significant in lakes and reser-
voirs (Dillon and Rigler, 1974; Canfield and Bachman,
1981). However, the correlation between nutrient concentra-
tions and chlorophyll is more variable in streams, because
of the effects of floods, water velocity, turbidity, grazing,
shading, and catchment area among other factors (Biggs,
1996; 2000; Delong and Brusven, 1992; Dodds, 1991;
Lohman and Jones, 1999; Lohman and others, 1992; Jones
and others, 1984; Van Nieuwenhuyse and Jones, 1996; and
Winterbourn and others, 1992). Physical factors not only
affect chlorophyll concentrations, but also shift the
taxonomy of algal speciesin streams (Carpenter and Waite,
2000). Thus, deriving chlorophyll concentrations, based on
stream nutrient concentrations has a higher degree of uncer-
tainty compared to the predictions made for lakes and reser-
VOIrs.

Increasing nutrient concentrations in streams gener-
ally produce increased chlorophyll concentrations and algal
production in the water column and in the stream-bottom
environment. Stream algae respond to the addition of nutri-
ents as commonly observed in nutrient limitation experi-
ments using in situ artificial substrata and nutrient
enrichment (Chessman and others, 1992; Lohman and
others, 1992; Matlock and others, 1999a). The uptake
kinetics of algae also indicates that algal production is stim-
ulated by enrichment of nutrients; however, the concentra-
tions at which algal cellular growth is saturated are quite
low. For example, Bothwell (1985) reported that diatom

saturation occurred at dissolved phosphorus concentration
less than 5 micrograms per liter. Horner and others (1983)
reported that an average dissolved phosphorus concentra-
tion of 15-25 micrograms per liter provided apparent satura-
tion for chlorophyll accrual. However, a dissolved
phosphorus concentration of 50 micrograms per liter was
needed to achieve maximum biomass accrual (Bothwell,
1989). These concentrations are typical of many streams,
especialy in Oklahoma, yet nuisance biomass accrual is
limited by disturbance factors such as flooding and grazing.

Where disturbances inhibit the production of
nuisance algal growth, conditions can favor the devel op-
ment of excessive algal biomass; the summer season may be
the most likely period of sustained algal growth because
fewer episodic flood events occur. Management of stream
nutrient concentrations and algae require the ability to
predict the occurrence of nuisance algae. Biggs (1995)
reported the following range in chlorophyll values for
streams: 1) 0.5-3 milligrams of chlorophyll-a per meter
squared (0.05-0.3 micrograms per centimeter squared) for
unenriched, forested streams, 2) 3-60 milligrams of chloro-
phyll-a per meter squared (0.3-6 microgram per centimeter
squared) for moderately enriched stream draining catch-
ments with moderate agricultural land use, and 3) 25-260
milligrams of chlorophyll-a per meter squared (2.5-26
micrograms per centimeter squared) for highly enriched
streams draining catchments with highly developed agricul-
tural land use, and underlain by nutrient-rich bedrock.
Welch and others (1988) reported that nuisance algal
biomass might be present in streams when benthic chloro-
phyll-a concentrations exceed 100-150 milligrams of chlo-
rophyll-a per meter squared (10-15 micrograms per
centimeter squared). Below these measurements, the
proportion of filamentous periphytic coverage was less than
20 percent. Nuisance levels of algal biomass affect the bene-
ficial use of stream systems. Biggs (1985) summarized
water-quality problems associated with nuisance biomass
accrual. For example, high biomass accrual may impair
water withdrawals for irrigation and municipal water
supply. The large amount of autochthonous algal production
also may contribute to oxygen demand and produce
substantial diurnal variationsin dissolved oxygen concen-
trations resulting in fish kills; similar diurnal variationsin
pH also are observed. Increased coverage of filamentous
species further alters ecosystems by changing the habitat
and macro invertebrate community structure.

Nuisance production of algal biomass represents a
management issue for streams, an unacceptable degree of
eutrophication. Simple statistical models have predicted
algal biomass as a function of dissolved nutrient concentra-
tions, total nutrient concentrations, flooding frequency (days
of biomass accrual), water velocity, and temperature (Welch
and others, 1989, 1992; Dodds and others, 1997; Winter and
Duthie, 2000). Statistical models were improved after
seasonal variation was removed using mean water chemistry
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and chlorophyll concentrations (Winter and Duthie, 2000);
statistical models also more closely predicted maximum
chlorophyl!l concentrations (Biggs, 2000). Statistical models
using total nutrient concentrations can perform better than
those using dissolved nutrients (Dodds and others, 1997)
because dissolved nutrient concentrations are determined by
the bal ance between uptake and regeneration, similar to
lakes. Dodds and others (1997) reported that using
dissolved nutrient concentrations as predictors of chloro-
phyll concentrations is unwarranted without site-specific
models for uptake and regeneration. However, Biggs (2000)
and Welch and others (1992) have shown significant corre-
lation between dissolved nutrient concentrations and chloro-
phyll concentrations.

Other statistical modelsrelate total nutrient concen-
trations, catchment area, and land use to sestonic chloro-
phyll concentrations (Lohman and Jones, 1999; Jones and
others, 1984; Van Nieuwenhuyse and Jones, 1996); the
sestonic algae were assumed to result from sloughing of
periphytic algae. These reports indicate that sestonic chloro-
phyll isrelated to total nutrient concentrations, but also may
vary with some physical factors, similar to benthic chloro-
phyll concentrations. Sestonic chlorophyll concentrationsin
lowa streams averaged 55 milligrams of chlorophyll-a per
meters cubed (55 micrograms per liter) whereas benthic
chlorophyll concentrations averaged 160 milligrams of
chlorophyll-a per meter squared (16 micrograms per centi-
meter squared) (Swanson and Bachman, 1976). These aver-
ages were 2 to 10 times greater than those observed in
Missouri Ozark streams (Jones and others, 1984). Because
of the complexity and variability involved in measuring
benthic chlorophyll concentrations, measurements of
sestonic chlorophyll may be an easier method to monitor the
occurrence of nuisance biomass accrual provided somerela
tion between sestonic and benthic chlorophyll concentra-
tions exist.

Statistical models devel oped between total nutrient
concentrations and chlorophyll concentrations have been
used to estimate total nutrient concentrations relating to
nuisance biomass accrual (Dodds and others, 1997), where
streams with total nutrient concentrations greater than those
required to limit nuisance biomass accrual may represent
eutrophic conditions. Dodds and others (1997) used a
second complementary approach identifying reference
portions or stream reaches where mean and maximum chlo-
rophyll does not exceed desirable levels. The two tech-
niques used produced similar results for the Clark Fork
River in Montana. Maintaining mean total nitrogen and total
phosphorus below 350 micrograms per liter and 30 micro-
grams per liter will result in mean chlorophyll concentra-
tions less than 100 milligrams of chlorophyll-a per meter
squared (10 micrograms per centimeter squared) (Dodds
and others, 1997).

Statistical models have been developed relating total
nutrient concentrations and sestonic chlorophyll concentra-

tions. Van Nieuwenhuyse and Jones (1996) confirmed a
positive relation between sestonic chlorophyll concentra-
tions and total phosphorus concentrations; the standard
error of regression for this stream model was within the
range reported in large-scale lake models. The U.S. Envi-
ronmental Protection Agency (2000a) reported a sestonic
chlorophyl!l concentration of 8 micrograms of chlorophyll-a
per liter as the mesoeutrophic-eutrophic boundary based on
thisinvestigation. This sestonic chlorophyll concentration
corresponded to atotal phosphorus concentration of 42
micrograms per liter; the Redfield ratio (Smith and others,
1997) was used to estimate the total nitrogen concentration
of 300 micrograms per liter. The source of sestonic chloro-
phyll concentrations is from the proliferation of stream
phytoplankton or pseudo-phytoplankton; the source of
pseudo-phytoplankton could be sloughing of benthic algae.

An aternative approach to identifying eutrophic
streamsiis to use cumulative distributions of total nutrient
and chlorophyll concentrations (Dodds and others, 1998;
U.S. Environmental Protection Agency, 2000a); it was
suggested that the upper third of the distribution be consid-
ered eutrophic. The cumulative distribution of trophic state-
related variables collected in temperate streams of North
Americaand New Zealand (Dodds and others, 1997; Van
Nieuwenhuyse and Jones, 1996; Omernik, 1977) were used
to compute the oligotrophic, mesotrophic and eutrophic
boundaries (U.S. Environmental Protection Agency, 2000a).
The oligotrophic-mesotrophic boundary for mean benthic
chlorophyll, maximum benthic chlorophyll, sestonic chloro-
phyll, total nitrogen, and total phosphorus are 20 milligrams
of chlorophyll-a per meter squared (2 micrograms per centi-
meter squared), 60 milligrams of chlorophyll-a per meter
squared (6 micrograms per centimeter squared), 10 micro-
grams of chlorophyll-a per liter, 700 micrograms of total
nitrogen per liter, and 25 micrograms of total phosphorus
per liter. The mesotrophic-eutrophic boundary for mean
benthic chlorophyll, maximum benthic chlorophy!ll,
sestonic chlorophyll, total nitrogen, and total phosphorus
was 70 milligrams of chlorophyll-a per meter squared (7
micrograms per centimeter squared), 200 milligrams of
chlorophyll-a per meter squared (20 micrograms per centi-
meter squared), 30 micrograms of chlorophyll-a per liter,
1,500 micrograms per liter, and 75 micrograms per liter.
Streams with trophic state-related variables with concentra-
tions greater than the mesotrophi c-eutrophic boundary may
represent eutrophic systems. These data were compiled
from different sources; the data source used for the cumula-
tive distribution of total nitrogen and total phosphorus
concentrations was different than the data source used for
the benthic and sestonic chlorophyll concentrations. These
boundaries were used to provide a source of comparison
when developing nutrient criteria.

Another approach uses theratio of periphytic growth
on artificial substrate with and without nutrient enrichment
(Matlock and others, 1999a; 1999Db); this method isreferred
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to asthe Lotic Ecosystem Trophic Status Index (LETSI).
LETSI issimply theratio of periphytic growth (chlorophyll-
a concentration) on the control artificial substrate to periph-
ytic growth (chlorophyll-a concentration) on a nutrient
enriched artificial substrate; thus, LETSI theoretically
rangesfrom0to 1. A LETSI of 1 indicatesthat a stream
exceeds the nutrient assimilative capacity of the stream
biota or afactor other than nutrientsis limiting periphytic
growth. Therefore, the stream has reduced nutrient retention
efficiency, and nutrients are transported downstream
without substantial biotic uptake. Thus, along nutrient
uptake length (Stream Solute Workshop, 1990) would be
expected in streamswith aLETSI approaching 1. LETS
has been used to define eutrophic conditionsin tributaries of
the lllinois River in northeastern Oklahoma (Matlock and
others, 1999a) and for the Bosque River in central Texas
(Matlock and others, 1999b), LETSI was used in the
Bosqgue River to determine a potential criterion for phos-
phorusin the streams draining the Lake Waco watershed
(Kiedling and others, 2001); this study assumed a LETSI of
0.5 represented the boundary between mesotrophic and
eutrophic conditions. A dissolved phosphorus concentration
of about 40 micrograms per liter was the phosphorus target
using an asymptotic relation between LETS| and dissolved
phosphorus concentration in the water column of these
streams (Kiesling and others, 2001). As with any measure
of periphytic growth (especially on artificial substrate),
there are many sources of variability to be recognized and
addressed when using the LETSI method (Matlock and
others, 1999a)
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