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Conversion Factors

Multiply By To obiain

inch (in.) 254 millimeter

foot (ft) 3048 meter

square mile (mi?) 2.590 square kilometer

cubic foot per second (ft/s) 02832 cubic meter per second
quart (qt) 9464 liter

ounce, fluid (fl. oz) 2957 liter

pound, avoirdupois (Ib) 4.536 kilogram

Temperatures given in this report in degrees Fahrenheit (°F). Celsius (°C) can be converted to degrees Fahrenheit as
follows:

°C =( °F - 32)/1.8
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Table 3.--Relative area of herbicide and insecticide applications for Minnesota counties in the Red River of
the North Basin, 1989. (Note: the data are tabulations of survey statistics, and are not extrapolated to
estimate the total chemical usage in the region. These data are presented only to show relative usage

rates. (From J.W. Hines, written commun., 1992))
[All values in thousands of acres applied]

Herbicides
MCPA, MCPA amine, and MCPA ester 84  Imazethapyr 10
Bromoxynil 68  Acifluorfen 10
Trifluralin 48  Atrazine 8.9
2.4-D, 2,4-D amine, and 2,4-D ester 43  Chlorsulfuron 7.1
Diclofop-methyl 32  Difenzoquat 6.7
Trifensulfuran (thiameturon-methyl) 32  Fenoxaprop 59
Bentazon 29  Clopyralid 52
Dicamba 27  Fluazifop-P-butyl 44
Desmedipham 25  Metribuzin 3.5
Phenmedipham 22  Metolachlor 2.6
Triallate 21 Pendimethalin 24
Sethoxydim 18  Cycloate 24
Imazamethabenz 18  Glyphosate 2.1
Ethafluralin 14  Propanil 14
EPTC 13 Lactofen 14
Cyanazine 13 Barban 4
Alachlor 12

Insecticides
Terbufos 81
Chlorpyrifos 36
Phorate 23
Parathion 18
Fonofos 14
Carbofuran 8.1
Esfenvalerate 73
Carbaryl 73
Malathion 5.9
Tefluthrin 42
Permethrin 33
Dimethoate N
Acephate N
Diazinon 4

landson which herbicides, insecticides, and fungicides are
used have increased substantially from 1978 to 1989
(McMullen and others, 1990).

Agricultural practices affect soil erosion and sediment
transport. Erosion can be influenced by many factors,
including frequency and timing of tillage, tillage of steep
lands and gullies, the direction of plowing with respect to
the land slope, and over grazing, which can damage plant
cover. Many practices have been developed to minimize
soil erosion. These include reduced-tillage farming,
contourfarming, maintaininguntilledbufferstripsonsteep
lands and near streams, and planting cover crops.

Agricultural effects on water quality are often
interdependent. Reduced-tillage farming methods, for
example, may result in greater competition for water and
nutrients by weeds. This could result in greater use of
herbicides to control weeds.

Other influences also can affect nutrient, suspended-
sediment, and pesticide concentrations in natural waters.

Sewage effluent can substantially increase nutrient
concentrations. Runoff and natural erosion mobilize
nutrients and sediment, and land disturbance, such as
construction, exacerbates these processes. Fertilizersand
herbicidesapplied to golf courses andlawns alsocanaffect
nutrient and pesticide concentrations in nearby waters.

Purpose and Scope

This report summarizes selected data on nutrients,
suspendedsediment, and pesticidesinthe RedRiverBasin;
identifiessourcesoftheseconstituents; andidentifiesareas
wheredatacurrentlyarenotsufficienttocharacterize water
quality. The constituents described in this report are
nitrogen and phosphorus nutrient species, suspended
sediment in streams, and synthetic organic pesticides that
were sampled during 1970-90. Supplementary pesticide
data collected during the 1960s and 1991-92 are included
in this report.



This basin-wide analysis of water-quality data will
provideabasis for future water-quality studiesin the basin,
such as those by the NAWQA program and by water-
resource managers and investigators from the Red River
Basin. Information from this report will be synthesized
with data from similar NAWQA studies across the country
to assess water quality at a national scale.

The data evaluated here are generally from within the
Red River Basin although ground-water data collected
near (but outside) the basin boundary are included. Even
though quality-assurance methods forearlier data may not
meet current standards, or may not be adequately
documented, the earlier data were included for
comparative purposes.

Method of Data Review

Inclusion of data for this report generally depended on
several factors. Accessibility of data in a computerized
data base was an important consideration. Because
pesticide data for the Red River Basin were sparse,
additional effort was made to review data from selected
written reports. Data collected to characterize chemical
spills or point sources are notincluded in this report. Data
from different sources generally are treated separately in
thisreport. Some nutrientdatafrom the USEPA’sSTORET
(STOrage and RETrieval) data base were not separated
according to sampling program or differences in methods,
because this information was not readily available.

Reported concentrations of chemicals in natural waters
are dependent on sampling methods and vary among
agencies and over time. For example, stream hydraulics
affect the distribution of chemicals and suspended
sediment at a stream cross-section. Water samples
collected near the surface at the stream center may not
containthe samechemical concentrationsas water samples
collected using depth- and width-integrated sampling
methods (Martin and others, 1992).

Differences in analytical methods also confound direct
comparison of water-quality data among and within
agencies as methods change over time. Because of the
many factors that affect analytical results, there has been
anincreasing awarenessof theimportance of using quality-
assurance methods to substantiate environmental
analytical data (Keith and others, 1983). Data thatare not
quality assured are of limited value because they have not
been demonstrated to fall within a defined margin of error
of true analyte concentrations. The environmental
chemistry literature contains much data that were later
shown to be biased, sometimes by several orders of
magnitude (Patterson and Settle, 1976). Such bias might
have been detected if rigorous quality-assurance methods
had been in place.
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Another consideration is the method used for
determining the reporting limit for each analyte; different
methods may be used by different agencies or by the same
agency over time. In the 1960s and 1970s, laboratories
commonly reported the concentration of an analyte as zero
if the analyte was not detected. As detection limits were
rigorously defined and brought into common use
(American Chemical Society Committee on
Environmental Improvement, 1980; Long and
Winefordner, 1983), the concentration of an analyte was
reported as less than a specified detection limit (for
example, <0.1 mg/L) if the analyte was not detected.
Because analytical data that are equal to or slightly higher
than detection limits are imprecise, many laboratories use
a limit of quantitation, which is a concentration that is
several times higher than the detection limit (American
Chemical Society Committee on Environmental
Improvement, 1980). Thus, when an analyte is either not
detected, or is detected at or above the detection limit (but
below the limit of quantitation), its concentration is
reported as less than a specified limit of quantitation. In
some data bases it is common to see reporting limits for
analytical methods increase over time due to the
introduction of these procedures.

Improvements in sampling and analytical methods can
result in lower detection limits, and therefore lower
reporting limits. Improved methods can yield data that,
when combined with earlier data, show spurious
downward temporal trends in chemical concentrations
(Flegal and Coale, 1989).

Because of temporal changes in reporting limits,
pesticide data used in this report were examined and
screened before use. Whendata for agiven chemical show
increases inreportinglimitsover time, alldataare censored
at the highest reporting limit. This was done not only
because the earlier reporting limit may not have been
rigorously defined, but also to allow for the application of
more valid statistical tests (Helsel and Hirsch, 1992, p.
369). When reporting limits decrease over time, and the
decreases can be ascribed to improved sampling methods
such as elimination of sample contamination, pesticide
data are not censored at the highest reporting limit.

Reporting limits also complicate the interpretation of
nutrient concentrations. Because of the difficulty in
determining the appropriate reporting limit for each
nutrient analyzed for each laboratory that may have
analyzedasampleand whichmethodthey mighthaveused,
nutrient data used in this report were not censored. Data
shown in illustrations and in tables are presented as they
are stored in the source database. Asaguidetothereaders
of this report, the reporting limit for the most common
nutrient analyses performed by the USGS National Water-



Quality Laboratoryin Arvada, Coloradoare provided with
the data where appropriate. The reader needs to be aware
thatthis reporting limit may not be applicable to all the data
shown, and that any data less than the displayed reporting
limit could be, but are not necessarily, inaccurate.

Most of the data in this report were analyzed using the
Statistical Analysis System (SAS; Release 6.07) onaData
General Unix workstation'. SAS was used to store and
manipulate data, produce statistical summaries, and
produce preliminary copies of most of the dataplots shown
in this report.

Much of the data in this report are summarized
graphically as truncated box plots (Helsel and Hirsch,
1992). Box plots concisely show skewness, central
tendency, and range. Where more than 15 data values are
available, the box plots are truncated at the 10th and 90th
percentiles sothatextreme valuesare notdisplayed. Where
10to 15 data values were available, box plots are generally
truncated at the 25th and 75th percentiles. Where fewer
than 10 data values were available individual data points
are displayed. Sample sizes (numberof values) are shown
with each box plot.

Data Sources

Several State and local agencies monitor water quality
of streams and lakes for regulatory purposes and ambient
monitoring. Federal agencies, including the USGS,
commonly collect water-quality data for monitoring or for
addressingspecific water-qualityissues. TheUSEPA often
collects water-quality samples through contracts with
State orlocal agencies. Table4 shows the sources of water-
quality dataknown tobe available for the Red River Basin.
Data fromall these sources were notincluded in thisreport,
but will be evaluated more completely as study continues
in the Red River Basin.

Several datasources were used forthisreport. Mostdata
were obtained from computerized data bases. These
include the USEPA STORET system, which is used as a
repository for water-quality data by the Minnesota
Pollution Control Agency (MPCA), the North Dakota
Health Department, and other agencies; and the USGS
National Water Information System (NWIS). Additional
data were acquired from Environment Canada and the
North Dakota State Water Commission (NDSWC) data
bases, and, for selected pesticide data, from written reports
and journal articles.

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

11

The STORET and NWIS data bases were searched for
about 350 different constituents that encompass most
organic pesticides used presently and historically in the
Red River Basin. Because of the various media (water,
bottom sediment, and biological tissue) sampled and the
various degradation products and isomers that are
measured, more than one value may exist for a given
pesticide.
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Nutrients

Nutrients in ground and surface waters, although
present from natural sources including phosphatic
minerals and nitrogen fixed from the atmosphere, can
increase because of human activities. Agricultural
practices including livestock production and application
of fertilizers can cause increased nutrient concentrations
in natural waters when they leach into the ground water or
run off into nearby streams or lakes. Urban areas are also
sources of nutrients including sewage effluent, lawn
fertilization, and storm runoff. Nitrate nitrogen can be a
substantial part of the acid precipitation that results from
the burning of fossil fuels. Ammonia nitrogen alsocan be
transported through the atmosphere.

When nutrients are enriched in natural waters, the
density of plants often will increase because plant growth
isenhanced. This can lead to eutrophication of lakes and
streams and cause high variability in dissolved-oxygen
concentrations and pH as the plants alternately
photosynthesize and respire. Increased plant density can
decrease light penetration, reduce stream velocities, and
ultimately alter the stream ecosystem.



Table 4.--Sources of water-quality data for the Red River of the North Basin

Agency

General purpose and availability of data for water-quality assessment

Federal agencies

U.S. Army Corps of Engineers Samples are collected for comprehensive studies to evaluate impacts of water-regulations projects.

U.S. Bureau of Indian Affairs

U.S. Bureau of Reclamation

U.S. Department of Energy -

National Uranium Resource
Evaluation Program

U.S. Environmental
Protection Agency (USEPA)
STOrage and RETrieval
system (STORET)

U.S. Fish and Wildlife
Service

U.S. Geological Survey
(USGS) National Water
Information System (NWIS)

Canadian Agencies

Department of Agriculture

Department of Health

The data, which may be accessible from computer files, include field measurements of reservoir
profiles and at stream sites downstream from reservoirs. Some data are available through the
Reservoir Operating Plan Evaluation (ROPE) program.

Samples have been collected in cooperation with individual Indian tribes and reservations to describe
the quality of water resources. Data may be available for the Reservations of Fort Totten, Red Lake,
Lake Traverse, Turtle Mountain, and White Earth.

Data are collected to assess impacts of irrigation and water delivery systems on water quality. Most
data collected after the 1980’s are available on computer files.

Water samples from wells and bottom material samples from streams were collected to assess national
uranium resources. Data are computerized and accessible, but include only concentrations of
inorganic constituents.

Data are collected by the Minnesota Pollution Control Agency, North Dakota Department of Health,
and South Dakota Department of Water and Natural Resources for general water research and for
regulatory programs. The data are computerized and accessible. Information is available about the
quality of surface water, ground water, sediment, fish tissue, and some effluents. Other water-quality
data are available from BIOS (biological data system), PCS (permit compliance system), and Reach
(hydrographic mapping and graphing program); some bioassessment data also may be available from
paper files.

Samples are collected for special projects and to measure trends. Data include contaminant residues
(metals, pesticides, and polynuclear aromatic hydrocarbons) in tissues of fish, migratory birds, and
aquatic organisms. Some pesticide data from wetlands outside of the Red River Basin to evaluate
toxicity effects are available in paper files for some sites in North Dakota. Specific data for Kelly’s
Slough and Tewaukon Wildlife Refuges are available.

Data are collected for water-quality studies, networks, and general research and are readily accessible
from computerized data bases. Information about stream, aquifer, and well conditions commonly are
available. Much of these data were collected in cooperation with other Federal, State and local
agencies.

Data are collected to monitor and help regulate the health of natural resources. Data on hydrology,
land use and land cover, water use, and water quality collected by federal and provincial governments
and private contractors are available. Many years of data, some resulting from intense sample
collection, are available for the Red River at Emerson, Manitoba. Data also are available for the
Pembina and Roseau River subbasins. Agencies include the Water Survey of Canada, Environment
Canada, and several agencies from Manitoba. Much of the Environment Canada data is available in
computerized data bases.

State and local agencies - Minnesota

Concentrations of pesticides and nutrients are measured statewide to monitor trends and to determine
the effects of agricultural practices on water quality. Data include samples from wells, surface water,
and precipitation; and six years of quarterly samples for 20 wells outside the Red River Basin. Data
are available and computerized in several formats.

Pathogens, nitrate, and some toxic compounds are measured to define the health of public and some
private drinking-water supplies. Most data are for concentrations of common ions, especially before
1974. Data for special studies include volatile organic compounds for all community and some
nontransient noncommunity wells; heavy metals and radiochemicals for many ground-water systems;
and pesticides (Safe Drinking Water Act parameters at all community systems using surface water,
plus pesticides and selected breakdown products for many wells and some aquifers). Data from
special studies and samples from new wells are accessible from computer files, other data are in paper
files,
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Table 4.--Sources of water-quality data for the Red River of the North Basin (Continued)

Agency

General purpose and availability of data for water-quality assessment

Department of Natural
Resources, Fish and Wildlife
Division

Pollution Control Agency

Municipalities

Red Lake Indian Reservation

Universities and Colleges

White Earth Indian
Reservation

Department of Health

Game and Fish Department

Fort Totten Indian Reservation
Municipalities

State Water Commission

Universities

Department of Water and
Natural Resources

Lake Traverse Indian
Reservation

Universities

Data are collected to aid in the management of State game and wildlife, including data on physical and
chemical parameters to assess fisheries in lakes and streams. Data are available in STORET and D-
base I'V computer files.

Data are collected for regulatory programs, to describe ambient water-quality conditions, and for
general water research. This agency cooperates with USEPA in populating the STORET and PCS data
bases and administers the Clean Water Partnership programs that produce water-quality data for
watersheds in the state, such as the Clearwater River study of agricultural-chemical runoff.

Data are collected for regulatory and water-treatment process control functions. Includes the cities of
Moorhead, Fergus Falls, Thief River Falls, and Crookston.

Data have been collected to monitor the status and trends of water quality in lakes. Ground-water
quality near selected landfills has been monitored in cooperation with USEPA. Data is available from
STORET, although some data are in Lotus files.

The data collected have been for specific water research. Most of this data is available only from paper
files. Likely sources of data include the Crookston and Morris campuses and the Water Resources
Research Institute of the University of Minnesota, as well as Bemidji State University, Concordia
College, and Moorhead State University.

Pathogens, inorganic constituents, and nitrates have been sampled to determine the quality of drinking
water supplies. Much of these data was collected in cooperation with the Indian Public Health Service
and the U.S. Bureau of Indian Affairs. Some aquatic biological data has been collected for 31 lakes,
and includes fish tissue analyses. Water quality measurements have been made on most streams, and
some chemistry data is available for ground water near landfills. Most data are available from
STORET.

State and local agencies - North Dakota

Data are collected to support regulatory and monitoring functions. Measurements of pathogens and
general water chemistry are available from paper files. Ambient stream quality data are stored in
STORET. Ground-water data have been collected since the 1940’s.

This agency collects data necessary to manage State game and fish resources. Water chemistry,
measurements of fish populations, and tissue analyses are available. The data are kept in paper files.

Data that have been collected to describe water resources are available from USGS computer files.

Data are collected for regulatory and water treatment and for process control functions. The cities of
Fargo, Grand Forks (which has its own laboratory), Wahpeton, and Valley City are involved in this
monitoring.

This agency has an extensive monitoring network operated to determine status and trends in the State’s
ambient water quality. Data also are collected to support research and special projects. Measurements
mostly include common ions for surface and ground waters. Their data are available in a computerized
form.

Data are collected for specific water research and generally is disseminated in theses and through
dissertations. Probable sources include North Dakota State University and the University of North
Dakota and the Water Resources Research Institute of the University of North Dakota,

State and local agencies - South Dakota

Data are collected to describe and regulate water resources; some of these data are available from
STORET.

Data have been collected to characterize Reservation water resources; these data are available from
USGS computer files.

Data are collected for specific water research and generally is disseminated in theses and through
dissertations. Probable sources include the Water Resources Research Institute of the University of
South Dakota.
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Nitrite and nitrate nitrogen have been shown to cause
health problems and even death to human infants and
hvestock when concentrations are excessive (Wall and
Montgomery, 1991). Wall and Montgomery (1991) also
describe in more detail some of the health effects and the
implications of elevated nitrogen concentrations.

Surface Water

Although numerous stream sites throughout the Red
River Basin have been sampled, the number of samples
collected and analyzed often are inadequate to fully
characterize stream quality at a particular site. Full
characterization of constituent concentrations is difficult
because concentrations of a stream can change
substantially over time. Samples collected during base
streamflow conditions usually indicate much different
stream quality than samples collected during a flood.
Because the streamflow regimes that were sampled
generally are unknown, much of the data provided here
should be considered as only a general characterization of
the quality of the streams.

Another consideration in reviewing the data provided
inthisreportisthatstreamsthroughouttheRedRiverBasin
have not been sampled during concurrent time periods.
Changes in land use, climate, and hydrologic variability
within stream basins could confound comparisons of
stream-water quality across the basin.

Several criteria were used tooptimize the comparability
between streams and along streams. These criteriaare that
(1) the site has at least two years of data, (2) at least eight
samples were analyzed for the constituent evaluated, (3)
the samples were collected quarterly or more frequently,
(4) the sampling was done during 1970-90, and (5) the site
was not sampled to monitor a point-source input. Figure
5 shows the location of stream-sampling sites included in
thisreport. The streamssitesincludedinthisreportarelisted
in table 5.

Comparison of the physiographic areas shown in figure
1 with the distribution of sampling sites shown in figure
5 shows that the majority of sampling sites are primarily
alongtheRed Riverandinthe RedRiver Valley Lake Plain.
Very few sampling sites were situated in or near the other
physiographic areas. Sampling sites that were in other
areas usually were only on one stream, and that stream may
not represent the water quality of the entire area. This
limited distribution of sampling sites prevents making
generalizations about the water quality within and
comparisons of the water quality among the various
physiographic areas in the Red River Basin.

Figure 6 shows the distribution of sample dates for
USGS stream water-quality monitoring sites summarized
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in this report. Data collected from several sites sampled
for long time periods (decades) and with sufficient
frequency can be used toidentify water-quality trends and
long-term averages. Sites 9 (on the Red River) and 30 (on
the Sheyenne River) have been sampled for relatively
short, but concurrent time periods, and could be used to
compare the quality between the two basins. It could be
misleading, however, to compare the water quality
between these two sites with the water quality of the
Sheyenne River at site 27 which was sampled many years
later. Althoughitis most prudent notto compare data from
different time periods, few sample sites would remain if
strict selection criteria were applied. It would be difficult
to describe the water quality of an area the size of the Red
River Basin with data from only a few sites.

Nitrogen

Total nitrogen concentrations in streams ranged from
belowdetection (0.1 mg/L)tomore than20mg/L. measured
at the Red River at Halstad, Minn. Dissolved nitrogen
concentrations ranged from below detection to 3.4 mg/L
and averaged about 78 percent of the total nitrogen. Fewer
data were available to compute dissolved nitrogen
concentrations, but those that were computed had a
distribution similar to but slightly less than that for total
nitrogen. Only ten sites had sufficient data for inclusion
in figure 7, which shows the distribution of nitrogen
concentrations for USGS stream sampling sites in the
basin. Median nitrogen concentrations were high at two
sites on the Red River; Halstad, Minn. and Emerson,
Manitoba. Siteson the Sheyenne Riveralsotendedtohave
higher mediannitrogen concentrations than other tributary
streams. The largest range in nitrogen concentrations was
found on the Pembina River.

Considerably more data were available to describe
nitrate concentrations than for total nitrogen
concentrations throughout the basin, partly because of its
health-related effects and because some assumptions were
made to maximize the amount of data available. Nitrite-
nitrogen concentrations were almost always negligible
(often below detection) and comprised a minor portion of
the nitrite plus nitrate frequently determined in analyses.
Because of its high solubility, total nitrate was about the
same asdissolved nitrate. Also, for USGS data, ithas been
determined that there essentially is no difference between
pairedanalyses fortotal versus dissolved analysesof nitrite
plus nitrate (David Rickert, USGS, written commun.,
1992).

Figure 8A shows the distribution of nitrate
concentrations in streams in the Red River Basin. The
highest median concentrations of nitrate were found in the
Sheyenne River, especially near the mouth, and the
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Table 5.-- Stream sites sampled for analysis of nutrients, suspended sediment, and pesticides (listed in

downstream order)
[DD, degrees; MM, Minutes; SS, seconds]

Map

site
identifier USGS site Site name Latitude Longitude
(figure 5)  identifier DD MM SS DD MM SS
1 Rabbit River at US-75 near Campbell, Mirm. 46 06 43 09 30 00
2 Bois de Sioux River at Wahpeton, N. Dak. 46 15 50 096 35 55
3 Bois de Sioux River at Breckenridge, Minn. 46 15 50 09 35 56
4 Otter Tail River near Fergus Falls, Minn. 46 16 32 096 08 21
5 Otter Tail River at Breckenridge, Minn. 46 16 02 09 35 23
6 Red River of the North at Wahpeton, N. Dak. 46 17 23 09 35 44
7 Red River of the North at Brushvale, Minn. 46 22 06 096 39 21
8 Red River of the North 6 mi N of Wahpeton, Minn. 46 22 11 096 39 23
9 05051510 Red River of the North below Wahpeton, N. Dak. 46 22 30 096 39 25
10 Whiskey Creek at US-75 at Kent, Minn. 46 26 22 096 40 46
1 05051522 Red River of the North at Hickson, N. Dak. 46 39 35 096 47 44
12 05053000 Wild Rice River near Abercrombie, N. Dak. 46 28 05 09% 47 00
13 Wild Rice River, near Abercrombie, N. Dak. 46 28 05 096 47 00
14 05054000 Red River of the North at Fargo, N. Dak. 46 51 40 096 47 00
15 Red River of the North at Moorhead, Minn. 46 52 26 09 46 35
16 05054020 Red River of the North below Fargo, N. Dak. 46 55 50 096 47 05
17 Red River of the North at Fargo, N. Dak. 46 56 02 096 47 28
18 Red River of the North near Fargo, N. Dak. 46 56 02 096 47 28
19 05054500 Sheyenne River above Harvey, N. Dak. 47 42 10 099 56 55
20 05056000 Sheyenne River near Warwick, N. Dak. 47 48 20 098 42 57
21 05057000 Sheyenne River near Cooperstown, N. Dak. 47 25 58 098 01 38
22 05057200  Baldhill Creek near Dazey, N. Dak. 47 13 45 098 07 28
23 Bald Hill Creek near Dazey, N. Dak. 47 10 56 098 03 52
24 05058000 Sheyenne River below Baldhill Dam, N. Dak. 47 01 50 098 05 50
25 Sheyenne River at Valley City, N. Dak. 46 53 02 097 59 48
26 05058700 Sheyenne River at Lisbon, N. Dak. 46 26 49 097 40 44
27 05059000 Sheyenne River near Kindred, N. Dak. 46 37 54 097 00 01
28 05059400 Sheyenne River near Horace, N. Dak. 46 48 13 096 54 13
29 Maple River near Fargo, N. Dak. 46 55 44 096 56 44
30 05060600 Sheyenne River near Harwood, N. Dak. 47 00 05 096 53 40
31 Sheyenne River at Harwood, N. Dak. 47 00 05 096 53 40
32 Rush River near Harwood, N. Dak. 46 59 50 096 55 18
33 05062000 Buffalo River near Dilworth, Minn. 46 57 40 09 39 40
34 Buffalo River at Georgetown, Minn. 47 04 32 096 47 03
35 Red River of the North near Perley, Minn. 47 10 47 096 49 27
36 Elm River near Grandin, N. Dak. 47 16 01 096 58 33
37 05062500 Wild Rice River at Twin Valley, Minn. 47 16 00 09 14 40
38 Wild Rice River at Twin Valley, Minn. 47 15 56 096 14 51
39 05064000 Wild Rice River at Hendrum, Minn. 47 16 05 096 47 50
40 Wild Rice River near Hendrum, Minn. 47 17 21 096 48 42
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Table 5.-- Stream sites sampled for analysis of nutrients, suspended sediment, and pesticides
(listed in downstream order)--Continued

Map
site

identifier USGS site Site name Latitude Longitude

(figure 5)  identifier DD MM SS DD MM SS
41 05064500 Red River of the North at Halstad, Minn. 47 21 10 096 50 50
42 05064900 Beaver Creek near Finley, N. Dak. 47 35 40 097 42 18
43 Goose River near Hillsboro, N. Dak. 47 25 12 097 01 02
44 Red River of the North south of Grand Forks, N, Dak. 47 45 37 096 56 15
45 Red River of the North at Grand Forks, N. Dak. 47 54 28 097 01 32
46 05079000 Red Lake River at Crookston, Minn. 47 46 32 096 36 33
47 Red Lake River at Fisher, Minn. 47 48 04 096 48 13
48 05082200 Red Lake River at East Grand Forks, Minn. 47 55 24 097 00 59
49 Red Lake River at East Grand Forks, Minn. 47 55 24 097 01 00
50 05082500 Red River of the North at Grand Forks, N. Dak. 47 56 34 097 03 10
51 05083000 Turtle River at Manvel, N, Dak. 48 (4 43 097 11 03
52 Turtle River near Manvel, N. Dak. 48 05 13 097 11 02
53 05083500 Red River of the North at Oslo, Minn. 48 11 35 097 08 25
54 Red River of the North at Oslo, Minn. 48 11 39 097 08 26
55 Forest River near Fordville, N. Dak. 48 13 00 097 48 23
56 05085000 Forest River at Minto, N. Dak. 48 16 10 097 22 10
57 Forest River near Minto N. Dak. 48 17 09 097 21 47
58 Forest River E of Minto, N. Dak. 48 18 26 097 11 23
59 Snake River N of Big Woods, Minn. 48 24 50 097 06 26
60 South Br. Park River E of Park River, N. Dak. 48 24 51 097 37 23
61 North Br. Park River E. of Hoople, N. Dak. 48 32 07 097 37 25
62 Middle Br. Park River S of Hoople, N. Dak. 48 29 06 097 37 33
63 Park River N of Oakwood, N. Dak. 48 25 58 097 17 54
64 Park River at U.S. I-29 near Oakwood, N. Dak. 48 27 30 097 11 24
65 So. Branch Two Rivers 6.5mi SE of Hallock, Minn. 48 43 41 096 50 33
66 Middle Br. Two Rivers 1 mi N of Hallock, Minn. 48 47 24 096 57 24
67 Pembina River near Windygates, Manitoba 49 01 53 098 16 40
68 05099380 Pembina River near Vang, N. Dak. 48 55 00 098 03 23
69 05099400 Little South Pembina River near Walhalla, N. Dak. 48 51 55 098 00 20
70 5099600 Pembina River at Walhalla, N. Dak. 48 54 50 097 55 00
71 Pembina River near Leroy, N. Dak. 48 56 25 097 44 30
72 Tongue River SW of Pembina, N. Dak. 48 56 06 097 18 08
73 Pembina River near Pembina, N. Dak. 48 57 30 097 15 33
74 Red River of the North at Pembina, N. Dak. 48 57 54 097 14 13
75 Red River of the North at Emerson, Manitoba 49 00 30 097 12 40
76 05102500 Red River of the North at Emerson, Manitoba 49 00 30 097 12 40
77 Roseau River at Malung, Minn. 48 46 34 095 43 29
78 05105300 Roseau River below Roseau, Minn. 48 53 28 095 43 50
79 05112000 Roseau River below S.D. 51 near Caribou, Minn. 48 58 54 096 27 46
80 Roseau River at Gardenton, Manitoba 49 05 20 096 41 00
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SITE NUMBER, NAME

9, Red River of the North
below Wahpeton, NDak

11, Red River of the North
at Hickson, NDak

12, Wild Rice River near
Abercrombie, NDak

14, Red River of the North
at Fargo, NDak

16, Red River of the North
below Fargo, NDak

19, Sheyenne River above Harvey, NDak

20, Sheyenne River near Warwick, NDak

21, Sheyenne River near
Cooperstown, NDak

22, Baldhill Creek near Dazey, NDak

24, Sheyenne River below
Balghill Dam, NDak

26, Sheyenne River at Lisbon, NDak

27, Sheyenne River near Kindred, NDak

28, Sheyenne River near Horace, NDak

30, Sheyenne River near Harwood, NDak
33, Buffalo River near Dilworth, Minn

37, Wild Rice River at Twin Valley, Minn

39, Wild Rice River at Hendrum, Minn

41, Red River of the North
at Halstad, Minn

42, Beaver Creek near Finley, NDak

46, Red Lake River at Crookston, Minn

48, Red Lake River at East
Grand Forks, Minn

50, Red River of the North
at Grand Forks, NDak

51, Turtle River at Manvel, NDak
53, Red River of the North at Oslo, Minn
56, Forest River at Minto, NDak

68, Pembina River near Vang, NDak

69, Little South Pembina River
near Walhalla, NDak

70, Pembina River at Walhalla, NDak

76, Red River of the North
at Emerson, Manitoba

78, Roseau River below Roseau, Minn

79, Roseau River below State Ditch 51
near Caribou, Minn
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Pembina River (as high as 0.81 mg/L). Nitrate
concentrations also were high in the Red River at Halstad,
Minn. and Emerson, Manitoba.

The largest ranges in nitrate concentration were found
atthe three Pembina Riversites (fig. 8A). This river drains
some of the steepest agricultural land in the basin. This
probably contributes tomorerapid runoff of nutrients. This
would cause frequent, high, and short-term runoff that
results in a large range in nitrate concentrations.

Medianammoniaconcentrationsshownonthebox plots
in figure 8B were above 0.2 mg/L at two sites on the
Sheyenne River and two sites on the Red River. The Red
River below Fargo, N. Dak. had the highest median
ammonia concentration of more than 0.4 mg/L, and also
had the largest range in values. This could be attributed
to wastewater discharges from the Moorhead sewage
treatment plant and other discharges from the Fargo-
Moorhead area. The Fargo sewage treatment plant on the
Sheyenne River probably contributed tothe relatively high
concentrations of ammonia detected downstream at the
Harwood, N. Dak. site.

The high ammonia concentrations at the Red River at
Halstad, Minn. and the Sheyenne River below Baldhill
Damaremoredifficulttointerpret. AtHalstad, itispossible
that increased ammonia from the Fargo-Moorhead area is
still present in the Red River, particularly during the winter
months when re-aeration would be minimal. Also during
the winter, elevated ammonia below Baldhill Dam on the
Sheyenne River probably is caused by anoxic conditions
in Lake Ashtabula. High ammonia concentrations near
lake sediments may be present throughout the year, but the
entire lake may build up high ammonia concentrations
under ice cover (Wetzel, 1975). To verify this seasonality,
ammonia concentrations from sites having high median
concentrations (site 24 on the Sheyenne River and sites 16
and41onthe Red River)were compared by month. Median
ammoniaconcentrations during NovemberthroughMarch
were about or well above 0.5 mg/L, but during April
through October ammonia concentrations were about 0.2
mg/L or less.

Analyses were available for ammonia plus organic
nitrogen as total (TKN), dissolved (DKN), or both (TKN
and DKN). More data were available for total ammonia
plus organic nitrogen than for dissolved. Because the
distribution of TKN and DKN concentrations are about the
same, only TKN will be discussed in this report. Likewise,
theorganicnitrogen componentof TKNcan be determined
onlywhenammoniaconcentrationsareavailable. Because
both values often are not available, TKN will be discussed.

About two thirds of the nitrogen in the rivers of the Red
River Basinis TKN. Figure 8C shows that the distribution
of TKN at each site and between sites is similar to the
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Figure 8.--Distributions of (A) nitrite plus nitrate nitrogen, (B) ammonia nitrogen,
U.S.Geological Survey stream sites in the Red River of the North Basin.
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distribution of total nitrogen in figure 7. This is because
most of the total nitrogen is TKN. About90 percent of the
TKN inthe Red River Basin is organic nitrogen. Data were
available at many more sites for TKN concentrations than
were available to compute total nitrogen.

TKNconcentrations tend tobe highestin the Red River,
Beaver Creck, and the Sheyenne River. A notabledecrease
in TKN concentration is evident at the Sheyenne River at
Kindred, N. Dak. This can be attributed to dilution by
ground water discharging intothe SheyenneRiverfromthe
Sheyenne Deltaaquiferupstream of Kindred. Downeyand
Paulson (1974) showed that discharge to the Sheyenne
River from this aquifer can be as high as 29 cuabic feet per
second (f3/s), which can be a large percentage of the
streamflow measured at Kindred. Data were insufficient
to determine the effect of the Sheyenne Delta aquifer on
other forms of nitrogen.

The large range in concentrations evident for nitrate in
the PembinaRiveralsois evidentfor TKN concentrations.
This probably results also from runoff of nitrogen from
agricultural areas.

The criteria used to increase comparability between
samplesitesfor the USGS dataalso wereapplied tothe data
retrieved from the STORET data base. USGS samples
often were collected from the same rivers, but at different
sites. Substantial amounts of STORET data, however, are

" for smaller streams. This probably reflects an interest in
more focused sampling to study problem areas. Therefore,
the STORET data might show more of the high and low
concentrations that are present in the Red River Basin.

Enough data to compute and discuss total nitrogen
concentrations were available only at 16 sampling sites in
the basin. Thebox plotsinfigure 9A show thatmedian total
nitrogen concentrations were below 2 mg/L at most sites
and were lowest in the Wild Rice Riverin Minnesota. The
highest median concentrations were found on the Rabbit
River, the Red River downstream of the Fargo-Moorhead
area, and the SnakeRiver in northwestern Minnesota. The
much higher concentrations and range in values on the
Rabbit River suggest that this stream is substantially
affected by agricultural ranoff. Cornand soybeans are the
predominant crops in this area.. Corn requires substantial
nitrogen fertilizer and soybeans produce excess nitrogen;
some of this nitrogen probably is getting into the Rabbit
River.

Sufficient data to discuss nitrate (nitrite plus nitrate)
concentrations wereavailable for27 sitesin the Red River
Basin(fig. 9B). Itisapparent thatthe highestmediannitrate
concentrations typically are found on the Red River and
average about 0.4 mg/L.. The largest ranges in
concentration were found at sites on the Red River, andon
some tributary streams. Nitrate concentrations in the
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Rabbit River, Whiskey Creek, Snake River, and Two
Rivers (allinMinnesota, fig. 5)exceeded 1.2 mg/L inmore
than ten percent of the samples analyzed. Insufficientdata
were available from the STORET or North Dakota State
Water Commission (NDSWC) data bases to supplement
the USGS data showing the high nitrate concentrations for
the Pembina River.

Sixteen sites from the STORET data base had sufficient
TKN concentration data to consider in thisreport (fig. 9C).
Most of the sites had median concentrations of about 1
mg/Lorslightty higher. The Wild Rice River in Minnesota
had the lowest median TKN concentration with only 0.7
mg/L. Notably high median TKN concentrations were
found on the Red River downstream of the Fargo-
Moorhead area and on thie Snake River near the mouth,
having 1.5and 1.6 mg/L respectively. The highestmedian,
2.2 mg/L, and largest range, 3.7 mg/L, of TKN
concentrations were measured in the Rabbit River, and
probably are caused by intense agriculture in that area.

Median ammonia nitrogen concentrations were below
0.2 mg/L at most sites in the basin, and 90 percent of the
values measured at most of these sites were below about
0.5 mg/L (fig. 9D). Larger ammonia concentrations were
found at sites on the Red, Snake, and the Middle Branch
TwoRivers. AttheRed River below the Fargo-Moorhead
area,theMiddle Branch TwoRivers,and onthe Park River,
more than ten percentof theammoniaconcentrations were
greater than 1.0 mg/L and at some sites were greater than
1.5mg/L. Urban effects may have contributed to the high
concentrations at the Fargo-Moorhead area on the Red
River and below Grafton on the Park River; however, at
sites less affected by urban areas it is suspected that
livestock operations may have affected water quality.

Another potential source of nitrogen to the watershed
is from atmospheric sources. Although the atmosphere is
78 percent nitrogen, it is in a free gaseous form and not
readily available for biological reactions until it has been
converted to some other form of nitrogen by nitrogen-
fixing bacteria. Other forms of nitrogen such as ammonia
and nitrate, however, are available for biological reactions
and are found in the atmosphere.

Atmospheric loading of two forms of nitrogen
(ammonia and nitrate) to the Red River Basin were
determined from measurements of wet deposition taken at
National Atmospheric Deposition Program (NADP) sites
operated in or near the basin. The location of these sites
is shownin figure 5. All these sites have been operated at
least since 1984, but only data collected during 1984-90
were used.

Because of the varying distances of each of these sites
from the study unitbasin, the nitrogen deposition measured
at these sites was weighted based on the distance from the
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geographic center of the study unit. This was determined

to be a point about 22 miles south of Grand Forks, N, Dak.

The relation between wet and dry deposition reported
by D.L. Sisterson (1990) was applied to the wet deposition
values to determine the amount of dry atmospheric
deposition occurring in the basin. The different regional
ratios of wet to dry deposition for each state were applied
to data based on the state the site was located in. Urban
differences, however, were not applied because only 3
percent of the basin is urban and Sisterson’s (1990) data
indicate no urban effect for atmospheric deposition in
North Dakota.

Table 6 shows the average annual atmospheric
deposition of ammonia nitrogen and nitrate nitrogen tothe
RedRiver Basin. Data were not available to compute the
loads of other forms of nitrogen or loads of phosphorus.
It is apparent that of the nitrogen shown in table 6, most
arrives with the rainfall and most of that is ammonia
nitrogen. An average of about 1.4 x 107 kilograms of
ammonia and nitrate nitrogen are deposited annually over
the entire 36,400 square mile catchment of the study unit
basin.

Table 6.-- Average annual distance-weighted load
of ammonia and nitrate nitrogen to the geographic
center of the Red River of the North Basin study

unit, 1984-90
[units in kilograms per square mile]
Deposition
Wet Dry Total
Ammonia nitrogen 137 78 215
Nitrate nitrogen 112 67 179
Total 249 145 394

Phosphorus

Total phosphorus concentrations at USGS sampling
sites are shown in figure 10A. The lowest median
concentrations, less than 0.1 mg/L, were measured in the
Wild Rice, the Red Lake, and the Roseau Rivers in
Minnesota, with high variability in the Roseau River.
Median concentrations of 0.3 mg/L or higher were found
below Fargo, N. Dak. and at Halstad, Minn. on the Red
Riverandthe mostdownstreamsiteonthe SheyenneRiver.
The Red River sites are downstream from treated-sewage
effluentofthecitiesof Fargo,N.Dak.and Moorhead, Minn.
The Sheyenne River site is downstream from treated-
sewage effluent of Fargo, N. Dak. only (fig. 5).

Data were available at more sites and streams for
dissolved phosphorus concentrations. The plots in figure
10B show that the highest median concentrations of

dissolved phosphorus and the widest range in values were
measuredin the WildRice Riverin North Dakota. Because
no large communities are located above this site near
Abercrombie, N. Dak., it is suspected that agricultural
practices, including livestock operations or runoff from
some other agricultural areas, are affecting the water
quality in the Wild Rice River. Livestock operations also
could explain the high concentrations on the Sheyenne
River near Harvey, N. Dak. The lowest median
concentrations were found in Baldhill Creek, N. Dak., and
in the Wild Rice, Red Lake, and Roseau Rivers in
Minnesota.

The streams that carried the highest concentrations of
total phosphorus did not have notably high concentrations
of dissolved phosphorus. Most of the phosphorus at those
sites probably wasparticulate, beingattached to suspended
particles or within algal cells.

Data from the STORET database are available for more
sites, and generally show the same distribution of
phosphorus concentrations as the USGS data. Total
phosphorus concentrations were determined more often
than dissolved. The distributions of total phosphorus
concentrations for this data set are shown in figure 11.

The highest median total phosphorus concentration,
0.5 mg/L, was found in the Rabbit River where more than
ten percent of the concentrations were higher than
1.0 mg/L. Apparently some characteristic of the soils or
agricultural practices in the watershed of this stream are
causing much more phosphorus to enter this stream than
in other watersheds in the basin.

The Red River near Perley, Minn. also had phosphorus
concentrations that were high and variable. This site is
several miles downstream from the Fargo-Moorhead area
and probably shows the effect of effluent from these
communities.

The lowest phosphorus concentrations and the lowest
ranges were foundinthe WildRiceRiver, the SouthBranch
Two Rivers, and the Roseau River in Minnesota. On the
Middle Branch TwoRivers, below the confluence with the
South Branch Two Rivers, phosphorus concentrations are
much higher than on the South Branch and the range in
values (10th to 90th percentiles) is the highest for any of
the sampling sites shown. Althoughboth these sites,above
and below the confluence, were sampled during non-
overlapping time periods, this difference is probably real.
Itispossiblethatlivestockoperationsonthe Middle Branch
are affecting the quality of the stream at this site. Also,
Hallock is only about one mile upstream from the site on
the TwoRivers having the increased phosphorus and these
datapossibly show the effects of sewage effluent, fertilizer
storage, or some other source in the town.
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Seasonality of nutrient concentrations

With seasonality of fertilizer application, some degree
of seasonality might be expected for nutrients measured
in streams draining farmed croplands. Data at most sites
are not sufficient to analyze the monthly variability.
However, Environment Canada has collected data from
some sites near the U.S. border with Canada at arelatively
high frequency.

Monthly concentrations of total nitrogen for the Red
RiveratEmerson,Manitobaaresummarizedinfigure 12A.
The most noticeable seasonality occurs during April and
June through July. The high peak in April probably
corresponds to snowmelt runoff; whereas the rise during
summer probably is caused by runoff of cropland
fertilizers. Figure 12B shows that nearly all the April
increase is caused by a large increase in the concentration
of nitrate (nitrite plus nitrate) nitrogen. The source of this
nitrate is uncertain, but could result in part from oxidation
of ammonia nitrogen. Figure 12C shows that ammonia
concentrations tend to be very high in January. This
probably results from microbial degradation of nitrogen-
containing organic matter, and is enhanced by low oxygen
concentrations as oxygen lost to biochemical oxygen
demand is not adequately replaced during periods of ice
cover. As sunlight penetrates the ice during February and
March, more oxygen may be produced by phytoplankton,
and the ammonia could become oxidized to nitrate.
Bacterial processes mediate oxidation and reduction
reactionsof nitrogen species, and the population dynamics
of various microbial species may play an important role
in the detected peaks in ammonia and nitrate
concentrations.

Thebuildup of ammoniain streams during winter under
ice appears 1o be a fairly common occurrence and has
interesting implications for sampling design. TheRoseau
Riverissampled quarterly by the USGS near the Canadian
border at Caribou, Minn. as part of the National Stream
Quality Accounting Network (NASQAN) program.
During part of this time, Environment Canada collected
samples monthly from the same river about 22 miles
downstream at Gardenton, Manitoba. Ammonia nitrogen
concentrationsresulting from these concurrent samplings
are showninfigure 13. Based on USGS quarterly data, the
Roseau River had negligible ammonia concentrations
except during one apparently anomalous year when the
ammonia concentration reached 1.3 mg/L. The more
frequentdata collected by Environment Canada, however,
show that increased ammonia in the winter is an annual
occurrence that is apparent when the sampling frequency
is sufficient.

Figure 14A shows monthly concentrations of total
phosphorus at the Red River at Emerson, Manitoba,

27

measured by Environment Canada, This site is also
sampled by the USGS, but Environment Canada has
sampled it more frequently, so these data allow for more
complete analysis. Phosphorus concentrations are high
and variable during December and January, showing the
effect of sewage effluent because of low streamflow or
releases from sediments that may have become anoxic
under ice. Concentration decreases during February and
March may result from reduced waste-water inputs or
dilution from snowmelt. The high concentrationsin April
probably occurred as the last of the snowmelt and spring
rains mobilized phosphorus from bare soils and likely
coincides with high concentrations of suspended sediment
and spring flooding, or releases from sewage treatment
plants. Sewage treatment plants oftenare permitted to store
much of their effluent during winter and release it during
spring snowmelt runoff when streams have a greater
capacity to dilute the effluent. High phosphorus
concentrations during the early summer probably are
caused by storm runoff of fertilizers applied to cropland.

Total phosphorus concentrations (fig. 14B) werelowest
during October through December and increased during
January through April. The increase in phosphorus
concentrations could result from releases from anoxic
sediments or transport during snowmelt runoff in the
spring. Snowmelt runoff typically occurs during March
through April. The increased phosphorus concentrations
during June, July, and August probably are caused by
runoff from fertilized cropland.

Data for other sites in the Red River Basin both from
theUSGS and STORET databases also were analyzed, but
are not shown. Similar seasonal patterns were apparent,
but were inconclusive becanse the monthly distribution of
data was inadequate.

Nutrient loading

Theload of material carried by a stream providescritical
information for characterizing stream quality. Loads
provideanindicationof the total amountof material carried
out of awatershed. Streamflow is needed to determine the
load of constituents pasta stream site. One way to estimate
the loading from water-quality samples collected without
astreamflow measurement is to use streamflow data from
anearby USGS stream-gaging station. It often is difficult
tofind a stream gaging station near enough to the sampling
site to adequately represent the streamflow at that site,
Estimates of streamflow can be determined at sampling
sites distant from gaging stations, but that is beyond the
scope of this report.

Because loads are calculated as the product of
concentration and streamflow, large rivers will carry a
larger load while having the same concentration asa much
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Figure 12.--Distributions of (A) totai nitrogen, (B) nitrite plus nitrate nitrogen,
and (C) totai ammonia nitrogen concentrations for the Red River of the North
at Emerson, Manitoba (Environment Canada data).

28
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Figure 14.--Monthly distribution of total phosphorus concentrations for Environment
Canada stream sites for (A) Red River of the North at Emerson and (B) Roseau

River at Gardenton, Manitoba.

smaller stream. Conversely, small polluted streams can
have a substantial effect on receiving waters. Another
complication is that many streams, particularly on the
westernside of the basin, donotflow duringpartofthe year.
During periods of no streamflow, there is no record of zero
load in the data base, which tends to skew high the load
values for this type of stream. Analysis of loading data
should take these factors into account.

Daily concentration data for constituents of interest
generallyare notavailable formostsitesbecause collection
of that data is prohibitively expensive. As an alternative,
loads may be estimated based on the relation between
constituentconcentration (orload)andsome othervariable
that may be measured daily, such as streamflow, water
temperature, or specific conductance. Streamflow often
relates closely to nutrient concentrations and can provide
a reasonably accurate concentration or load estimate for
many nutrients.
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To develop estimates of nutrient concentrations from
streamflow it is necessary to have nutrient concentration
measurements from throughout the flow regimes of that
stream. Unfortunately, samples from most stream gaging
sites in the Red River Basin that were sampled for nutrient
concentrations were collected only duringlow tomoderate
flows, and the higher flow regimes are inadequately
represented. Estimation of loads during high flows where
concentrations were not measured could be misleading
because the largest load of many constituents is carried
during high flows.

Theonly stationinthe Red River Basinthathad adequate
data to estimate nutrient loading was at the Red River at
Emerson, Manitoba. Although sampled by several
agencies, a large amount of dissolved nitrogen and total
phosphorusconcentrationdatahasbeen collected fromthis
site by Environment Canada. During limited time periods
daily samples were collected.



Multiple linear regression models were developed for
dissolved nitrogen and total phosphorus using the data
from Emerson to relate concentration to streamflow.
Trigonomeiric sine and cosine functions were used to
compensate for seasonal cycles in concentration and
constituent load. Regression models were chosen on the
basis of residual plots and correlation coefficients, and
were formulated using version 92.07 of a computer
program called Estimator (Baier, Cohn, and Gilroy, U.S.
Geological Survey, written commun., 1992). Estimator
uses a minimum variance unbiased estimator (MVUE) to
compensate for retransformation of logarithmic predicted
values back to their original, untransformed units (Gilroy,
Hirsch, and Cohn, 1990). The estimated loads shown in
table 7 werecalculated using aregressionequationderived

from the relation between constituent load and the
streamflow. These regression equations are shown at the
bottom ofeachpartofthe table. Theequationswereapplied
only tothose years of sreamflow data where concentration
data for dissolved nitrogen and total phosphorus were
available.

During 1980, 1981, and part of 1982 Environment
Canada sampled dissolved nitrogen and total phosphorus
daily, or almost daily. Results of this sampling, shown as
measured load in table 7, indicate that load estimates are
quiteaccurate, exceptduringthelower flowsof 1981 when
load valuesappeared to be underestimated. Residual plots
showed that the regression models were unable to account
for occasional high nutrient concentrations during periods
of low streamflow.

Table 7.-- Estimated total dissolved nitrogen and total phosphorus loads at Red River of the North at

Emerson, Manitoba, (Environment Canada data).
[N, dissolved nitrogen load in kilograms per day; P, total phosphorus load; Q, stream flow in cubic feet per second; In, natural logarithm;
T, julian sampling date; T = 3.1416 (estimated values were multiplied by 365 to obtain load in kilograms per year)]

Annual Nitrogen yield,
Streamflow, 95 percent in kilograms per
millions of acre- prediction Number of days square mile per
Year feet Estimated value interval Measured load sampled year
Nitrogen load in miltions of kilograms per year
1979 6.22 24.7 20.8 -28.6 679
1980 132 2.02 1.64-2.20 211 365 555
1981 1.11 1.18 1.14-123 1.37 346 325
1982 3.37 6.10 5.57- 6.64 6.36 191 168
1983 3.10 4.69 4.39-5.00 129
1984 3.10 5.74 5.23-6.25 157
1985 3.83 533 5.05-5.62 147
1986 5.13 10.9 104 -114 300
1987 3.00 6.16 5.85- 6.48 169
1988 .865 1.27 122-132 34.8
Regression model:
In(N) = a + b*In(Q) + c"‘[ln(Q)]2 +d*sine (2*T*T) + e*cosine (2*1T*T)
where: a=8.41;b=1.06; c=0.110; d = 0.171; and e = 0.0940; coefficient of determination (rz) =093
Phosphorus load in millions of kilograms per year
1975 5.67 2.67 225-3.10 734
1976 2.07 .851 722 -979 234
1977 617 174 .161-.186 4.77
1978 3.78 1.30 1.08 -1.53 358
1979 6.22 1.55 1.29-1.82 42.7
1980 1.32 489 408-.570 451 365 134
1981 1.11 294 270-318 390 347 8.08
1982 3.37 1.45 1.27 -1.63 1.65 191 399
1983 3.10 1.35 1.20-1.50 37.1
1984 3.10 1.41 1.21-1.61 38.6
1985 3.83 1.91 1.71 -2.10 523
1986 5.13 243 2.10-2.75 66.6
1987 3.00 1.4 1.06 -1.41 340
1988 .865 337 .285-370 9.27
Regression model:

In(P) = a + b*n(Q) + c*[In(Q)]? + A*[In(Q)]°* + e*sine(2*1*T) + f¥cosine (2*1*T)
where: a=10.8; b=3.42; ¢ =0.766; d = -0.0857; e = -0.0704; and f = -0.223; coefficient of determination (r2) =0.89
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During the period shown in table 7 the estimated load
ofunitrogenand phosphorus varied considerably, morethan
two orders of magnitude for total phosphorus. The most
nitrogen was carried out of the basin during 1979, almost
25 million kilograms. The most phosphorus was carried
outof the basinduring 1975, almost 2.7 millionkilograms.
The mean annual loading during these time periods was
6.81 millionkilograms per year fordissolvednitrogen,and
1.25 million kilograms per year for total phosphorus.

The annual yields displayed in table 7 show that the
potential loss of nutrients from the basin can be high. The
yieldofdissolvednitrogenfromtheRedRiver Basinduring
1979 wasnearly 680kilograms per square mile. The yield
of phosphorus from the basin during 1975 was more than
70kilograms per square mile. The meanannualloads were
187 and 34 kilograms per square mile, respectively.

Ground Water

Samples for analysis of nutrients in ground water have
been collected by several agencies throughout the Red
RiverBasin. Mostof the samples from North Dakota have
been collected and analyzed by the NDSWC. Some
samples were collected and analyzed by the USGS. Both
agencies work cooperatively on ground-water data
collection efforts and often share data. Although this
resulted in duplicate analyses between the two data bases,
duplicates were removed from the USGS data set before
summarizing the data for this report. No ground-water
quality data for North Dakota were found in the STORET
data base, other than data collected by the USGS. Figure
15 shows the location of water wells having nutrient data
included in this report.

The STORET data base had nutrient data for wells for
mostcountiesonthe MinnesotasideoftheRed River Basin,
but usually only one to two wells per county had data and
no county had more than eight water wells with nutrient
data. The NWIS data base, on the other hand, generally
had nutrient data from several wells for most counties
providing what should be a more diverse sampling
distribution. Although nutrientdatainthe NWIS database
were available for many wells in several counties, some
counties had no data. The heterogeneity of the spatial
distribution of ground-water nutrient data (fig. 15) makes
statistical analysis and summary difficult.

The only nutrient data for ground-water analyses
reported by the NDSWC are values for phosphate and
nitrate, but phosphate was analyzed in ground-water
samplesinfrequently. Although the NDSWC analyzed for
nitrite plusnitrate, they determined through occasional test
samples that the nitrite concentrations were negligible.
The NDSWC therefore reports nitrite plus nitrate
concentrations as nitrate.
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Reported nitrate concentrations (as nitrogen) in ground
water on the North Dakota side of the Red River Basin
ranged fromzero (below detection) tomorethan271 mg/L.
Many samplesin the NDSWC data base for wells scattered
throughout the study area have high nitrate concentrations
and probably represent samples of highly contaminated
water (Dave Ripley, NDSWC, oral commun., 1992).

Figure 16 shows the statistical distribution of nitrate
concentrations reported by the NDSWC summarized
alphabetically by county. To produce this box plot, the
mean nitrate concentration was determined for each well
sampled before the statistical summaries were prepared.
Summarizing the data in this way prevents skewing of the
data by only a few wells that were sampled several times.,

Median nitrate nitrogen concentrations in ground water
for most counties in the North Dakota part of the Red River
Basin were about 0.23 mg/L. (NDSWC data). This
corresponds to about 1 mg/L nitrate when reported as
nitrate. One mg/L (as nitrate) was a common reporting
value for many of the samples analyzed for nitrate because
aquick, low cost analysis could be performed followed by
amore precise analysis only when unusual concentrations
were detected (Dave Ripley, NDSWC, oral commun.,
1992). Many of the more preciseresultsare reported below
this limit of 1 mg/L (as nitrate) while many others are
reported as zero; this explains much of the distribution of
the data below the 0.23 mg/L. (as nitrogen) median.

Median nitrate concentrations in ground water were
greater than 0.23 mg/L in the North Dakota counties of
Bamnes, Cavalier,Eddy, Griggs,and Walsh. Inmostofthese
samecounties,aswellas GrandForks,Pembina, and Steele
Counties, more than ten percent of the wells sampled had
average nitrate concentrations greater than 5 mg/L. Many
of these counties have surficial aquifers, and some of these
counties have small alluvial aquifers that could be
susceptible to contamination. There appears to be no
correlation between the nitrogen application rates shown
in table 1 and figure 3 and nitrate concentrations found in
ground water in North Dakota counties.

Nitrateconcentrationsinground wateralsoareavailable
from the NWIS data base (North Dakota part of Red River
Basin). The NDSWCanalyzed many of the samples stored
in the NWIS data base resuiting in similar median values
between the two data bases. The median nitrate
concentrations in most of the counties were about 0.23
mg/L (using the 1 mg/L asnitrate reporting limit). Median
concentrations above this 0.23 mg/L value occurred in
Eddy, Foster, Grand Forks, Nelson, Richland, Rolette,
Stutsman, and Traill Counties. Nitrate concentrations for
Stutsman County were particularly high, but only a
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Figure 15.--Water wells sampied for nutrient concentrations in
or near the Red River of the North Basin.

phosphorus in ground water available from the NDSWC
are phosphate concentrations. Phosphate is an important
component of many minerals, but not necessarily
indicative of total phosphorus concentration in ground
water. Ineach county water from a few wells was analyzed

small part of this county is encompassed by the Red River
Basin.

Examinationofthe datafrom the NWIS databaseshows
8 counties in North Dakota where more than 25 percent of
the sampled wells had average nitrate concentrations
exceeding 1.0 mg/L.. Nearly 25 percent of the sampled
wells in Cass and Traill Counties also had more than 1.0
mg/L nitrate.

for phosphate concentration, so any summary of that data
would be skewed by the counties that have more
data.Phosphate concentrations in ground water may be

Data forphosphorus concentrations in ground water for
North Dakota are limited. The only data related to

more a function of the mineral composition of the aquifers
than of anthropogenic sources.
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Red River of the North Basin (North Dakota State Water Commission data).

Data for Minnesota ground water from STORET (fig.
17A) show that nitrate concentrations were higher in Otter
Tail County than in ground water in other Minnesota
counties. The median nitrate concentration for samples
was 5 mg/L and two of these wells had nitrate
concentrations higher than the 10 mg/L. maximum
contaminant level (MCL) for drinking water (U.S.
Environmental Protection Agency, 1986).

Ground water nitrate concentrations for Minnesota
from the NWIS data base were highest in both Otter Tail
and Becker Counties in Minnesota (fig. 17B). The highest
median nitrate concentration (3.7 mg/L) occurred in Otter
Tail County, and more than 3.0 mg/L nitrate was measured
in almost 25 percent of the wells in Becker County. Table
1 shows that nitrogen application rates for these counties
were relatively low compared to other counties, so
application rates probably would not explain the high
nitrate concentrations found in the ground water.

Otter Tail and Becker Counties have a relative
abundance of ground water, much of it unconfined and
shallow making it susceptible to contamination (fig. 2).
Many of the crops in Otter Tail and Becker Counties are
irrigated, suggesting that nitrogen-laden irrigation water
is seeping into the ground water. The sampling program
that provided the data summarized in figure 17, however,
could have focused on contaminated aquifers resulting in
average nitrate concentrations that are higher than if they
were based on a random sampling.
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Many of the northern counties on the Minnesota side of
the basin have aquifers that are highly susceptible to
contamination (MPCA, 1989). Data were inadequate
during 1970-90 to determine whether ground-water
quality has been affected. Near the southern part of the
basin, counties that have high median nitrate
concentrations in ground water also tend to have crops that
require substantial nitrogen fertilization, such as corn, or
crops that produce excess nitrogen, such as soybeans.

Based on data stored in the NWIS data base, relatively
few ground water wells in the part of the Red River Basin
in South Dakota were sampled for nutrients. Twelve wells
were sampled for nitrate nitrogen and ten wells were
sampled for dissolved phosphorus. Nitrate concentrations
ranged from less than 0.01 to 2.0 mg/L with a median of
0.49 mg/L. Dissolved phosphorus concentrations ranged
from less than 0.01 to 0.20 mg/L with a median of 0.04
mg/L. No nutrient data for ground water were found in the
STORET data base for the South Dakota part of the Red
River Basin.

Nitrate is the form of nitrogen most frequently analyzed
from ground-water samples because the analysis is
reasonably easy and a definite standard (the 10mg/L MCL)
exists against which to compare concentrations that are
detected. Under anoxic conditions bacterially-mediated
reactions can reduce nitrate to other forms that were not
analyzed in samples. Nitrogen contamination of ground
water may affect a much wider area than indicated, but it
was not apparent because usually only nitrate (or nitrite
plus nitrate) concentrations were determined
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High nitrate concentrations in ground water may be
related to susceptibility of the ground water to
contamination (Wall and Montgomery, 1991). One way
to determine whether this relation exists would be to
compare nitrate concentrations in surficial aquifers with
concentrations in deep or buried aquifers. Specific
information about the aquifers sampled was not adequate
to make comprehensive comparisons.

Another method to assess the effect of land-surface
activities on shallow ground-water quality is to compare
nitrate concentrations by well depth. Figure 18 shows the
distribution of nitrate concentrations in shallow (less than
or equal to 50 feet deep) water wells compared to the
distribution of nitrate concentrations in deeper wells
sampled in the Red River Basinby the USGS. The median
nitrate concentration in the shallower wells was about 0.3
mg/L and nearly 10 percent had concentrations that
exceeded the 10 mg/L. MCL. The ground water in at least
75 percent of the deeper wells had nitrate concentrations
that were at or below the commonly used 0.1 mg/L
reporting limit. Only a low percentage of the deeper wells
had detectable nitrate concentrations, and itis possible that
some of the higher values indicated in figure 15 are
anomalous or do not truly represent deep ground water.

Suspended Sediment

Sediment in surface waters may occur naturally from
bank and upland soil erosion, particularly during major
hydrologic events including floods. Soil disturbance,
including construction and some agricultural practices,
cancauseincreasesinsedimenttransportfromthelandinto
nearby streams, lakes, and reservoirs. Stream-channel
modifications also can increase the sediment-carrying
capacity of a stream and lead to increased stream-bank
erosion.

Increasing the amount of sediment in streams can have
several adverse effects. Sedimentaccumulatesinlakesand
reservoirs, filling them over time. Sediment also cancarry
some nutrients and toxins sorbed to its surfaces, thereby
creating a transport mechanism that might otherwise not
exist.

Sediment transported by streams also can adversely
affect aquatic ecosystems. Turbidity resulting from
increased suspended-sediment concentrations can reduce
light penetration, affecting the viability of aquatic plants.
High concentrations of suspended sediment can clog fish
gills,causingthe fishtosuffocate. Depositionof sediments
can bury benthic organisms and fish eggs and change the
benthic habitat. Nutrients, especially phosphorus,
transported on sediment deposited in lakes and reservoirs
can be released and augment plant growth.
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Figure 18.--Distribution of nitrate nitrogen
concentrations for shallow and deep
water wells (U.S. Geological Survey data).

Two commonmeasurements of the suspended-material
contentinstreams are suspendedsediment(Guy, 1969)and
suspended solids (Fishman and Friedman, 1989).
Historically, the USGS has collected much more
suspended-sediment data than suspended-solids data.
Suspended sediment is collected as a depth-integrated
sample from several verticals across the stream and the
entire sample, often several liters, is analyzed without
subsampling. Conversely, the suspended-solids method
used by the U.S. Geological Survey subsamples from a
composited depth- and width-integrated sample and the
most dense particles (such as sand) may not be evenly
dispersed in the composite sample, even with vigorous
agitation. Laboratory analysts pipette a second subsample
from the fieldsample, purposefully avoidinglarge particles
that might clog the pipettes. Each subsampling may
exclude the largest and most dense particles, biasing
suspended-solids data relative to suspended-sediment
data.

Figure 19 shows the relation between concentrations of
suspended sediment and suspended solids in samples
collected by the USGS in Minnesota and North Dakota.
Suspended-solids data underestimates suspended-
sediment content by more than a factor of two. There also
issubstantial scatter in the data. Because of the substantial
difference between suspended-sediment and suspended-
solidsdataandthe difficulty trying toreliably relate the two
values, this report focuses only on suspended-sediment
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data. The USGS and Environment Canada are the two
agencies that have collected the suspended-sediment data
included in this report.

Figure 20showsthedistribution of suspended-sediment
concentrations for those sites in the basin where values
meet the same criteria that were applied to nutrient data.
Datawereavailableforonly afew sites, withlimited spatial
coverageofthebasin. Medianconcentrationsofsuspended
sediment in the Red River ranged from 46 mg/L below
Fargo,N.Dak.t0108 mg/L atEmerson, Manitoba. Median
sediment concentrations were lowest in Beaver Creek, N.
Dak. and the Red Lake and Roseau Rivers, Minn. The
highest suspended-sediment concentrations generally
were found in the Pembina River, especially at Walhalla,
N. Dak. Suspended-sediment concentrations in the
Pembina River ranged from 3 mg/L to nearly 7,000 mg/L.
The steep topography in the watershed of the Pembina
River leaves the soils more susceptible to erosion. Also,
the stream-bed gradient increases the sediment-carrying
capacity of the stream. Other streams in the Red River
Basin have the capacity to carry large quantities of
suspended sediment, but data to quantify this were not
available.

Data have been collected at only a few sampling sites
to determine the amount of coarse material (sand and
gravel) in proportion to the amount of finer material (clay
and silt). The Red River at Emerson, Manitoba tended to
carry the finest suspended sediment; in more than half the
samples, 98 percentof the material was finerthansand. The
site on the Red River at Halstad, Minn. also carried a high
percentage of fine material. The Red River at sites below
Fargo, N. Dak. and at Oslo, Minn. had median percentages
finer than sand of 84 and 89, respectively, indicating that
coarser material is transported at these sites. The Pembina
River typically had about 85 percent of the suspended-
sediment load as material finer than sand.

Additional dataonsuspendedsediment, including daily
sediment samples forseveral years, have been collected by
the WaterSurvey of CanadaforEnvironment Canada. Sites
sampled on streams discussed in this report include the
Pembina River at Windygates, the Red River at Emerson,
and the Roseau River at Gardenton, all in Manitoba.
Suspended-sediment data from these sites and from many
other sites throughout Manitoba through 1985 are
summarized in a report by Penner and others (1987).
During the period of data analyzed by Penner and others
(1987) the mean daily suspended-sediment concentration
was 393 mg/L in the Pembina River, 223 mg/L in the Red
River, and 35 mg/Lin the Roseau River. The mean annual
load in tons for each of these streams was 104,000 for the
Pembina River, 952,000 for the Red River, and 10,700 for
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Figure 19.--Reiation between suspended-sediment and suspended-soiids
concentrations (U.S. Geological Survey data).

the Roseau River. The mean annual yield intons per square
mile for each of these streams was 35.5 for the Pembina
River,23.5fortheRedRiver,and6.12fortheRoseauRiver.
A report by Hydrocon Engineering (Continental), Ltd.
(1987) provides a detailed discussion of the sediment
transport characteristics of the Pembina River at
Windygates, Manitoba based on data collected by the
Water Survey of Canada during 1962-84. A report by
Glavic and others (1988) discusses sediment transport
characteristics for the Red River at Emerson, Manitoba
during 1978-86 and compares data collected by the USGS
with data collected by the Water Survey of Canada.

Pesticides

This report is limited to a description of the presence of
synthetic organic pesticides. Although inorganic

37

compounds, such as copper sulfate (an algicide) and
various arsenic compounds, have been used as pesticides,
these chemicals will not be considered in this report. The
term pesticides encompasses hundreds of commonly-used
chemicals (herbicides, insecticides, fungicides, and other
types) that have a large range in physical and chemical
properties. Key factors that affect the movement and fate
of pesticides in the environment are aqueous solubility,
vapor pressure, lipophilicity (the tendency of a chemical
to dissolve in lipids), and biological and chemical
degradationprocesses. Extensivereviewsof the properties
and environmental behavior of pesticides have been
published elsewhere (see, for example, Howard, 1991;
Worthing and Hance, 1991).

Loading of pesticides to aquatic systems is related to
usage or accidental release in contributing watersheds, and
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Figure 20.--Distribution of suspended-sediment concentrations for selected stream sites
in the Red River of the North Basin (U.S. Geological Survey data).

other inputs such as atmospheric deposition. Loading also
can be affected by aqueous solubility and adsorption to
soils; loss mechanisms such as biological or chemical
degradation and volatilization; and environmental factors
such as runoff events and topography that affect transport
of chemicals to aquatic systems. Occurrence of detectable
levels of pesticides in water, aquatic sediments, or aquatic
biological tissues thus depends on many factors, including
loading rates, time since application, chemical half-life
with respect to biological and chemical degradation, and
physical and chemical properties of a chemical that
influence its distribution among various media.

Because sampling programs vary greatly in analytes
determined, time periods in whichsamples were collected,
and sites or areas sampled, pesticide data are discussed
separately for each sampling program (where sufficient
data exist). Analytical capabilities can commonly allow
chemicals to be measured at extremely low
concentrations—levels that are well below established
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water-quality standards, guidelines, and criteria. The
purpose of this report is to summarize available data
whether or not criteria are exceeded. Measured
concentrations are compared to established water-quality
criteria, where appropriate. Analyses in which pesticides
were not detected (below reporting limits) also are
important in assessing contamination of water resources.

Relatively few sites inthe Red River Basinhave enough
pesticide data to warrant statistical analyses and tests for
trends in concentrations. Mostof the data described in this
section are from programs or surveysin which several sites
overalarge area are sampled infrequently, sometimes only
once or several times over several decades. These data are
insufficient to assess seasonal variations or long-term
trends in pesticide concentrations, but are useful in
providing an indication of which pesticides have been
detected in surface and ground waters. However, seasonal
and long-term patterns in concentrations are far more
important in assessing potential contamination of water



resources than a single measurement of a pesticide.
Additionally, there are a number of commonly used
pesticides, such as carbofuran and ethyl parathion (tables
2 and 3), which have been infrequently analyzed in water
of the Red River Basin.

Where sufficient data exist, Wilkoxon rank-sum tests
were performed to test for statistically significant
differences between data sets. All differences herein
described as “significant” are significant at the o = 0.01
level (99 percentconfidence level) using the rank-sum test.

Surface Water

The NWIS data base was searched for 350 constituents
thatinclude pesticides and pesticide-degradation products
inwater andbed sediments for surface-water sites sampled
during 1960-91 inthe RedRiver Basin. Pesticide datawere
found for 16 sites and 53 constituents (26 constituents in
water samples and 27 in bottom-sediment samples)
relating to 23 pesticides during 1968-82. DDE and DDD
(metabolites of DDT) and heptachlor epoxide (a
metabolite of heptachlor) wereanalyzed forsomesamples.
These data are summarized in table 8. Many individual
stations have data for only a few years and most data are
from the early 1970s or late 1970s. Valid reporting limits
were not used until later in the period of record,; early data
reported less-than-detectable concentrations as 0
micrograms per liter (ug/L). Data were censored at the
higher reporting limit for the discussion in this report.

All samples for 13 pesticides had concentrations below
their respective reporting limits. Nine of the remaining 10
pesticides had more than 90 percent of their data censored
at the highestreporting limit. The herbicide 2,4-Din water
was measured at concentrations at or above the reporting
limit for 43 percent of 174 samples. These concentrations
ranged from <0.01 (the highest reporting limit) to 0.40
ug/L. Figure 21A shows the distributions of 2,4-D
concentration for each site.

Theherbicide 2,4-D wasdetected over the entire period
of record (1968-82); however, periods of record for
individual stations are often less than 5 years. Two sites
(Roseau River near Caribou, Minn. and Red Riverat Oslo,
Minn.)hadno samples thatshowedreportablelevels of2,4-
D. Other sites on these rivers sampled by Environment
Canada (discussed below), and the Red River at Hickson,
sampled by the USGS, showed concentrations of 2,4-D
greater than 0.01 ug/L during similar seasons and periods
ofrecord. RedRiversitesand SheyenneRiversites tended
to have higher 2,4-D concentrations than the sites on other
tributaries in the Red River Basin (fig. 21B).

Datafromallsites werecombinedtoyieldalargeenough
statistical sample to examine seasonality in 2,4-D
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concentrations. MarchandJune tended to have the highest
concentrations; median concentrations exceeded the 0.01

ug/L reporting limit (fig. 21C):

The MPCA has pesticide data from 1967-79 (tab. 9) that
are maintained in STORET. Most of the samples were
analyzed for DDT only, or for DDT and its metabolites
(DDD and DDE), and other chlorinated hydrocarbons.
There are few analyses of other pesticides, with the
exception of a survey that included malathion, a
thiophosphate insecticide.

The MPCA has measured DDT (total, or individual
isomers) and, less frequently, its degradation products
DDD and DDE, in atotal of 171 surface-water samples in
the Red River Basin from April 1967 to September 1979,
Theanalyticalschedule wasnotconsistentover thisperiod.
Several sites have had DDT, and sometimes itsmetabolites
DDD and DDE, measured one or a few times during the
period of record; some sites have DDT data for as many
as thirteen dates. Thirteen Red River sites and twelve
tributary sites are included in this data set. Of these
samples, the p,p’-DDT isomer was detected at or above
0.10 pg/L (highest reporting limit) in 7 of 146 samples.
Total DDT was detected at or above 0.05 pg/L (highest
reporting limit) in only one of 43 samples. These data
indicate that DDT contamination is not widespread in the
region. In 1972, DDT was banned in the United States
because it has deleterious effects on organisms. The
highestconcentrationsof p,p’ -DDT in thisdatabase (>0.90
pg/L in three samples) were detected only before 1972,

The STORET database also contains data from several
MPCA surveys that focused on several more pesticides in
stream bottom material and water samples. These surveys
were conducted from 1977 to 1979, with most samples
coliected in October. A total of 12 stream-bottom material
samples from 9 sites, and 26 water samples from 22 sites
were collected from Red River Basin streams over this
period (fig. 22). Samples from this survey were analyzed
for DDT, DDD, DDE, chlordane, aldrin, HCH, lindane,
dieldrin, endrin, methoxychlor, hexachlorobenzene, and
malathion. Reporting limits for several of the analytes
increased over this period. Some of these pesticides were
in limited use at the time of the survey, and DDT had been
banned in the United States. The October timing of this
survey may not have detected the presence of pesticides
that are applied earlier in the growing season. Malathion
wasdetected in 21 of 26 surface-water samplesat or above
itslowerreporting limitof 0.1 pug/L. For the 1979 samples,
however, a reporting limit of 0.25 pug/I. was established.
Censoring all data at this higher limit, only 7 of 26 samples
showed reportable concentrations of malathion, with a
maximum concentration of 0.97 pug/L. These
concentrations are well below the USEPA lifetime health
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Table 8.--Summary of U.S. Geological Survey pesticide data from all
surface-water sites in the Red River of the North Basin, 1968-82
[ND, not detected (reported concentration=0; detection limit not specified); pg/L,

micrograms per liter; pg/kg, micrograms per kilogram dry solids; <, less than]

Number of

Minimum reported Median reported Maximum reported observations

concentration concentration concentration Number of greater than

Chemical (ng/l) (ugL) (ug) observations reporting limit
Water-column concentrations

2,4,5-T, total ND ND 0.13 175 9
2,4-D, total ND ND 40 174 5
Aldrin, total ND ND <01 196 0
Atrazine, total ND ND ND 23 0
Chlordane, total ND ND 10 174 4
DDD, total ND ND 04 196 4
DDE, total ND ND 02 195 4
DDT, total ND ND .08 196 9
Diazinon, total ND ND 26 149 6
Dieldrin, total ND ND .03 196 8
Endosulfan, total ND ND <01 65 0
Endrin, total ND ND <01 196 0
Ethion, total ND ND <01 128 0
Heptachlor epoxide, total ND ND 01 190 2
Heptachlor, total ND ND 24 196 2
Lindane, total ND ND .02 195 5
Malathion, total ND ND <01 145 0
Methoxychlar, total ND ND .01 62 1
Methy parathion, total ND ND <01 149 1]
Methyl trithion, total ND ND <01 127 0
Mirex, total ND ND <01 40 0
Parathion, total ND ND <01 149 0
Silvex, total ND ND 01 173 2
Simazine, total ND ND ND 17 0
Toxaphene, total ND ND <1.00 130 0
Trithion, total ND ND <01 127 0

Number of

Minimum reported Median reported Maximum reported observations

concentration concentration concentration Number of greater than

Chemical (ugkg) (ugks) (ughkg) observations reporting limit
Bottom material concentrations

2,45 T ND ND ND 26 0
24D ND ND 1.00 25 2
Aldrin ND ND <20 47 0
Atrazine ND ND ND 6 0
Chlordane ND ND 1.00 47 1
DDD ND ND .60 45 10
p.p-DDD 49 1.07 1.65 2 2
DDE ND ND 57 47 9
DDT ND ND 215 46 4
Diazinon ND ND ND 32 0
Dieldrin ND ND 20 47 3
Endosulfan ND <10 <10 8 0
Endrin ND ND <20 47 0
Ethion ND ND ND 30 0
Heptachlor ND ND 1.20 47 1
Heptachlor epoxide ND ND <20 47 0
Lindane ND ND 20 47 2
Malathion ND ND <20 33 0
Methoxychlor ND ND 20 28 2
Methy] parathion ND ND <20 33 0
Methyl trithion ND ND ND 30 0
Mirex, total ND <10 <10 8 0
Parathion ND ND <20 34 0
Silvex ND ND ND 27 0
Simazine ND ND ND 6 0
Toxaphene ND ND <10.00 42 0
Trithion ND ND ND 30 0
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Table 9.--Summary of Minnesota Pollution Control Agency pesticide data from all surface-water
sites in the Red River of the North Basin (from STORET data base), 1967-79.
[ND, not detected (reported concentration=0; detection limit not specified); ug/L, micrograms per liter;
ng/kg, micrograms per kilogram dry solids; NA, not applicable]

Number of
Minimum reported Median reported Maximum reported observations
concentration concentration concentration Number of greater than
Chemical (gL weL) (glL) observations _reponting limit
Water-colurnn concentrations
2,4-D, total - 0.01 - 1 1
Aldrin, total <0.01 <01 02 33 3
o-HCH, total <02 <.02 <02 26 0
Chlordane, total <1 <1 <l 26 0
cis-chlordane, total <02 <02 <02 26 0
trans-chlordane, total <03 <03 <03 26 0
Chlordane-nonachlor, frans, total <02 <02 <02 26 0
y-chlordane, total <02 <.02 <02 6 0
Chlorpyrifos, total - 21 - 1 1
DDE, total <01 <.01 .05 19 8
DDT, total <01 <01 1 4 1
o,p’ -DDD, total <05 <.05 <05 26 0
p.p’-DDD, total <05 <.05 <05 26 0
o,p’ -DDE, total <05 <.05 <05 26 0
p.p’' -DDE total <05 <.05 <05 26 0
o0,p’ -DDT, total <t <10 <l 30 0
p,p"- DDT, total <1 <l 9 146 7
Dieldrin, total <05 <.05 .19 35 5
Endrin, total <07 <07 <07 26 0
Heptachlor, total .08 .09 .09 2 2
Heptachlor epaxide, total - 03 - 1 1
Hexachlorobenzene, total <05 <05 <05 30 0
Lindane, total! <01 <01 <01 20 0
Lindane, total! <05 <05 <05 4 0
Malathion, total <1 19 97 21
Methaxychlor, total <8 <8 <8 30 0
Mirex, total - <5 - ] 0
Parathion, total <50 <50 <50 12 1]
Toxaphene, total - ND - 1 1
Number of
Minimum reparted Median reported Maximum reported observations
concentration concentration concentration Number of greater than
Chemical (ng/kg) (ngkg) (ughkg) observations reporting limit
Bottom material concentrations

Aldrin L<] L] <3 12 0
o-HCH L] 0] i< ] 9 0
Chlordane <5 <S <5 9 0
o,p’DDD <30 <30 <30 9 0
p.p-DDD <30 <30 30 9 1
o,p-DDB <30 <30 30 9 1
p.p-DDE <30 <30 <30 9 0
0,p-DDT <60 <60 <60 12 0
p.p-DDT <20 <20 60 12 1
Dieldrin < <5 < 12 0
Bndrin <9 <9 <9 9 0
Hexachlorobenzene [<} <3 <3 16 0
Lindane L<] <3 £<] 9 0
Methoxychlor <50 <50 <50 12 0
Mirex, total <1 <1 <t 7 0
! Data for total lindane in water were stored in the data base under two sep par codes, reflecting different methods of analysis.
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advisorylevel of 200 ug/L (U.S.Environmental Protection
Agency, 1993). However, the USEPA ambient stream-
water criterion for the protection of aquatic organisms of
0.1 pg/L (chronic exposure level; U.S. Environmental
Protection Agency, 1976) was exceeded frequently in
samples from this study. North Dakota agricultural
statistics show that reported malathion applications
increased by over 15-fold from 1978 to 1984. Usage in
1989 was about the same as in 1984. Therefore, it may be

of interest to assess malathion concentrations in the near
future, to see if increases in usage result in high
concentrations in streams of the Red River Basin. Bottom
material samples from this survey showed that virtually
none of the analytes were present. One sample (Red River
at Moorhead) had DDT, DDD, and DDE concentrations
that were lower than the highest reporting limit for the
period, and thus may not be confirmed.
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Figure 22.--Stream sampling sites for Minnesota Pollution Control Agency survey
of pesticides in water and bottom sediments, 1977-1979.
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Data from a drinking-water survey at four water
treatmentplants conducted in February 1975 are alsoin the
STORET database. Stream water was sampled beforeand
after treatment at drinking-water treatment plants on the
Otter Tail River, Red Lake River,and Red River. Analytes
included several organochlorine insecticides,
thiophosphates, and chlorophenoxy acids (tab. 10). The
analytes included pesticides that are widely used in the
region, and somethat werenolongerin use (suchas DDT).
Small amounts (0.01 pg/L) of the fungicide
hexachlorobenzene were detected at two sites on the Red
Lake River; otherwise all pesticide analytes were below

reporting limits. This February sampling was at least one-
half year after the peak period of pesticide application,

Data from the Red River at Emerson, Manitoba and the
Roseau River at Gardenton, Manitoba were retrieved from
Environment Canada’s ENVIRODAT data base, which
includes data from Environment Canada’s NAQUADAT
(National Water Quality Database). These are the most
complete single-station records examined for pesticide
data in this report. No significant tributaries contribute to
either of these sireams between the U.S.-Canada border
andthesamplingsites(fig. 5). Formostofthetime, monthly
samples analyzed for pesticides have been collected from
these sites since 1972 (Red River) and 1974 (Roseau

Table 10.--Summary of pesticide data for treated and untreated stream water from
four drinking-water treatment plants in the Red River of the North Basin; data from
U.S. Environmental Protection Agency Drinking Water Survey, February 1975
[ug/L, micrograms per liter; <, less than)

Number of

Minimum reported Maximum reported observations

concentration concentration Number of greater than

Chemical (ug/L) (ug/L) observations reporting limit

Aldrin, total <0.002 <0.002 8 0
Atrazine, total <1 <1 8 0
Chlordane, total <.002 <.002 8 0
Chlorobenzilate, total <01 <01 8 0
Cyanazine, total <1 <1 8 0
2,4-D, total <.02 <.02 8 0
Dacthal (DCPA), total <.003 <.003 8 0
o,p"-DDD, total <.003 <.003 8 0
o,p"-DDE, total <.003 <.003 8 0
o,p"-DDT, total <.003 <.003 8 0
p.p’-DDD, total <.003 <.003 8 0
p.p’-DDE, total <.003 <.003 8 0
p.p-DDT, total <.003 <.003 8 0
Dieldrin, total <.003 <.003 8 0
Dyfonate <1 <1 8 0
o-endosulfan, total <.005 <.005 8 0
B-endosulfan, total <.005 <.005 8 0
Endrin, total <.003 <.003 8 0
EPN, whole water, total <1 <1 8 0
B-HCH, 1otal <.002 <.002 8 0
Heptachlor epoxide, total <.002 <.002 8 0
Hexachlorobenzene, total <.002 .006 8 3
Isodrin, total <.003 <.003 8 0
Lindane, total <.002 <.002 8 0
Methoxychlor, total <.01 <.01 8 0
Methyl parathion, total <1 <1 8 0
Mirex, total <.005 <.005 8 0
2,4,5-T, total <.01 <.01 8 0
Terbufos <5 <5 8 0
Trifluralin, total recoverable <.002 <.002 8 0
Trithion, total <.02 <.02 8 0




River); this report reviews data collected through early
1990. Chacko and Ronmark (Environment Canada,
written commun., 1990) have summarized the data from
these sites in a draft report.

Several organochlorine insecticides and
chlorophenoxy acid herbicides were analyzed in over 150
samplesfromtheRedRiveratEmerson,Manitobaandover
120 samples from the Roseau River at Gardenton,
Manitoba. Nitrogen-containing herbicides, including
selectedcarbamates, thiocarbamates, triazines,and others,
were analyzed in over 60 samples from the Red River at
Emerson, Manitoba and in 18 samples from the Roseau
River. Very few samples had concentrations above
reporting limitsformost of these pesticides. Twenty mono-
and polychlorophenol compounds (several of which are
used as fungicides, insecticides, and bactericides;
pentachiorophenol is also a general herbicide and wood
preservative) were analyzed in five monthly samples in
1990 at the Red River at Emerson, Manitoba; none were
detectedatconcentrationsatorabove theirreportinglimits.
Thepesticidedataaresummarizedintables11and 12. Only
four pesticide compounds were detected in a substantial
fraction of samples. The herbicide 2,4-D was reported at
concentrations at or greater than its higher reporting limit
in 119 of 311 samples (38 percent). Alpha-hexachloro-
cyclohexane (a-HCH) was present in 241 of 298 samples
(80 percent). Gamma-hexachlorocyclohexane (y-HCH)
was present in 121 of 309 samples (39 percent), (c-HCH
and y-HCH are components of technical lindane).
Atrazine, an herbicide used for com crops, was present
above reporting limits in 35 of 83 samples (42 percent).

The analytical method for 2,4-D changed in 1985, with
aconcomitantincreaseinreporting limitfrom0.004 t00.03
ug/L. The fraction of samples with concentrations above
reporting limits decreased substantiaily at each site after
thischange wasimplemented. For thisreport,all data were
censored atthe 0.03 ug/L reporting limit. Figures23A and
23B show the presence of seasonal peaks in 2,4-D
concentrationsforthe RedRiveratEmerson, Manitobaand
the Roseau River at Gardenton, Manitoba. For the period
of record, median2,4-Dconcentrationexceeded 0.03 ug/L
only in the months of June-August for the Red River at
Emerson, Manitoba, and in March and July for the Roseau
River at Gardenton, Manitoba. Concentrations of 2,4-D
were significantly higher at the Red River at Emerson,
Manitobathan atthe RoseauRiveratGardenton, Manitoba
(fig.23C). Concentrations of 2,4-D at both sites were well
below water-quality criteria.

Chacko and Gummer (1980) reported 2,4-D
concentrations in the Red River at Emerson, Manitobaand
downstream sites for 1972-77. Data from routine water-
quality monitoring and from a special investigation of 2 4-
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D in water, suspended sediments, and bottom sediments
showed that 2.4-D was frequently detected in water
samples from the Red River. Occasionally, 2,4-D was
detected in suspended sediments, butat low levelsrelative
to water concentrations. None of the bottom sediment
samples from this study had detectable levels of 2,4-D.

Two HCHisomers (a-HCH and y-HCH) were analyzed
in over 160 samples from the Red River at Emerson,
Manitoba and over 130 samples from the Roseau River at
Gardenton, Manitoba. y-HCH was detected in nearly half
the samples from the Red River at Emerson, Manitoba and
in about 27 percent of the samples from the Roseau River
at Gardenton, Manitoba. Concentrations of v-HCH were
significantly higher atthe Red Riverat Emerson, Manitoba
thanattheRoseauRiveraiGardenton,Manitoba(fig.24A).
Thealphaisomer wasdetected in many more samplesfrom
both sites: nearly 80 percent at the Red River at Emerson,
Manitobaand 84 percent atthe RoseauRiver at Gardenton,
Manitoba. There was no significant difference in the
concentrations of o-HCH between these two sites (fig.
24B). During the period of record, the monthly patterns
of concentrations show an early-summer peak in y-HCH
concentration at the Red River at Emerson, Manitoba.
During other seasons, nearly all concentrations were at or
below the reporting limit. For the Roseau River at
Gardenton, Manitobamediany-HCH concentrations were
below the reporting limit for all months. Conversely,
median a-HCH concentrations were above the reporting
limitfornearly allmonths forbothsites(fig.24Cand 24D).
HCH concentrations (o and 7y isomers) have decreased
since 1985 (fig. 25). The period from the mid-1970s to the
mid-1980shassignificantly higher concentrations thanthe
mid-1980s to 1991. In the United States, nearly every
lindane-containing agricultural product was either banned
or subject to use restrictions in the mid-1980s. Therefore,
decreased concentrations would be expected.

Several water-quality criteria and health guidelines
exist for a-HCH and yHCH. An MCL has not been
established for a-HCH. However, a quantitative
carcinogenicity assessment has been made. The USEPA
hasclassified a-HCHasaprobablehumancarcinogen,and
calculated a risk-specific dose (RSD) of 0.006 pg/L
(10°® risk level) for this compound (U.S. Environmental
Protection Agency, 1993). This means that the excess
cancer risk due to lifetime consumption of drinking water
containing o-HCH at this concentration (0.006 pg/L) is
estimated to be 1 in 105. Fifty-six of 298 samples (from
both the Red River and Roseau River sites) had
concentrations equal to or exceeding this value. An
ambient stream water quality criterion for protection of
human health (based on ingestion of water and aquatic
organismsanda 10 %risklevel) wassetat0.0092pg/L(U.S.
Environmental Protection Agency, 1980). Fifteen of 298



Table 11.--Summary of Environment Canada pesticide data for the Red River of the North

at Emerson, Manitoba
[ng/L, micrograms per liter; <, less than]

Number of

Minimum reported Maximum reported observations

concentration concentration Number of greater than

Chemical (ug/L) (ug/L) observations reporting limit

Aldrin <0.001 <0.001 159 0
Atrazine <.05 .65 64 25
Barban <.01 <1 63 0
Benzoylprop-ethyl <.025 <.025 63 0
a-chlordane <.003 <.003 154 0
Y-chlordane <.002 <.002 154 0
2,4-D <.004 .82 179 87
2,4-DB <.05 2 178 1
p.p-DDT <.004 <.004 159 0
o,p"-DDT <.001 <.004 152 0
p.p-DDD <.002 .002 159 1
p.p-DDE <.001 <.001 159 0
Diallate <.01 104 63 1
Dicamba <.03 .04 75 1
Dichlorprop <.03 23 178 10
Dieldrin <.002 <.002 159 0
a-endosulfan <.001 <.001 159 0
B-endosulfan <.003 <.003 159 0
Endrin <.002 <.002 154 0
Fenoprop <03 <.03 154 0
v-HCH <.001 .02 171 83
o-HCH <.001 .094 163 128
Heptachlor <.001 <.002 159 0
Heptachlor epoxide <.001 <.002 159 0
Hexachlorobenzene <.001 <.001 151 0
Hoegrass <.05 <.05 63 0
MCPA <2 32 178 2
MCPB <.05 <.05 75 0
Methoxychlor <.01 <.012 159 0
Mirex <.001 .001 152 1
Picloram <2 20 158 4
245-T <.05 .06 179 1
2,3,6-TBA <.03 <.03 75 0
Triallate <.01 .08 63 5
Trifluralin <.005 .006 63 1

samples exceeded this criterion. A recalculated value for
this criterion, based on more recent health data, was
establishedat0.0039ug/L. (U.S.Environmental Protection
Agency, 1992c, 1993). This recalculated criterion was
exceededin 119 0of 298 samples (40 percent). Inthe period
from 1986-90,however, thiscriterion wasexceededinonly
7of 108 samples (6 percent). Ambient stream water quality
criteria for protection of aquatic life are generally
established for both acute toxicity and chronic toxicity.
There are no aquatic life criteria for o-HCH specifically.
For technical HCH (of which a-HCH is one component)
the USEPA reported a lowest-observed-adverse-effect

level (LOAEL) of 100 pg/L, in lieu of an aquatic-life
criterion (data were not sufficient to establish an aquatic-
life criterion) (U.S. Environmental Protection Agency,
1993). This LOAEL value is much higher than the
measured concentrations in this data set. No chronic-
toxicity criteria have been established for either o-HCH
or technical HCH.

Because a larger number of samples had o-HCH
concentrations above the RSD and the ambient water-
quality criteria for protection of human health, a brief
explanation of exposure assumptions used in calculating



Table 12.--Summary of Environment Canada pesticide data for the Roseau River at Gardenton, Manitoba
[ng/L, micrograms per liter; <, less than]

Number of

Minimum reported Median reported  Maximum reported observations

concentration concentration concentration Number of greater than

Chemical (ug/L) (ug/L) (ug/L) observations  reporting limit

24-D <0.03 <0.03 04 132 32
2,4-DB <.05 <.05 <.05 133 0
2,3,6-TBA <0.03 <0.03 <0.03 40 0
2,4,5-T <.05 <.05 .06 133 1
Aldrin <.001 <.001 <.001 127 0
Atrazine <.05 <l 13 19 10
Barban <1 <1 <1 18 0
o-HCH <.001 .003 .06 135 113
Y-HCH <.001 <.001 004 138 38
Benzoylprop-ethyl <.025 <.025 <.025 18 0
a-chlordane <.003 <.003 <.003 127 0
¥-chlordane <.002 <.002 <.002 127 0
0,p"-DDT <.001 <.001 <.003 125 0
p.p-DDT <.004 <.004 <.004 127 0
p.,p"-DDD <.002 <.002 <.002 126 0
p.p”-DDE <.001 <.001 <.001 127 0
Diallate <1 <1 <1 18 0
Dicamba <.03 <.03 27 41 3
Dichlorprop <.03 <.03 .05 168 2
Dieldrin <.002 <.002 <.002 127 0
o-endosulfan <.001 <.001 <.001 127 0
B-endosulfan <.005 <.005 <.005 127 0
Endrin <.002 <.002 .006 127 1
Fenoprop <.03 <.03 <.03 118 4
Heptachlor <.001 <.001 <.001 127 0
Heptachlor epoxide <.001 <.002 <.002 127 0
Hexachlorobenzene <.001 <.001 <.001 125 0
Hoegrass <.05 <.05 <.05 18 0
MCPA <.2 <2 <2 133 0
MCPB <.05 <.05 <.05 40 0
Methoxychlor <.01 <.01 <.01 126 0
Mirex <.001 <.001 <.001 125 0
Picloram <2 <2 2 99 2
Triallate <.01 <.01 <.01 18 0
Trifluralin <.005 <.005 <.005 18 0

these guidelines is warranted. In calculating the RSD for
water, it is assumed that human exposure occurs by
ingestion of water (2 L/day) by a 70 kg adult for 70 years.
For calculation of the EPA water quality criterion for the
protection of human health, it is assumed that human
exposure occurs by both ingestion of water and ingestion
of aquatic organisms (fish and (or) shellfish) thatlive in the
water and bioconcentrate the contaminant. Thus, in
addition to the exposure assumptions used for the RSD, it
isalso assumed that an average of 6.5 g of fish or shellfish
that live in the contaminated water are consumed daily. In
this report, the criteria are used for comparative purposes
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only. Both of these guidelines are based solely on
carcinogenicity, and do not consider other health effects
that may result from chronic, low-level exposure, other
routes of exposure, and additive or synergistic adverse
effects that may result from exposure to other
contaminants. Also, contaminants may be removed from
drinking water by various treatment processes. Thus,
ambient stream-water concentrations may not necessarily
reflectconcentrationsofthe contaminantin drinking water,

Themaximum observedy-HCHconcentration was 0.02
ug/L; this value is lower than most water quality standards
and guidelines for protection of human health for this
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Figure 23.--Distribution of 2,4-D concentrations for Environment Canada stream sites
(1975-90) (A) by month at the Red River of the North at Emerson, Manitoba,
(B) by month at the Roseau River at Gardenton, Manitoba, and (C) both sites.
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compound. The MCL for y-HCH is 0.2 pg/L. (U.S.
Environmental Protection Agency, 1991; U.S.
Environmental Protection Agency, 1993). The U.S. EPA
has classified this compound as a possible human
carcinogen, and calculated that lifetime exposure to a
concentration of 0.2 pg/L is not expected to result in
adverse human health effects. However, the assessment
for potential human carcinogenicity of y-HCH iscurrently
under review (U.S. Environmental Protection Agency,
1993). An ambient stream water quality criterion for the
protection of human health (based on ingestion of water
and aquatic organisms and a 106 risk level) was set at
0.0186 ug/L (U.S. Environmental Protection Agency,
1980). This value is based on carcinogenic potency and
it consists of the y-HCH concentration estimated to result
inanexcesscancerriskof 1in 10%overalifetime exposure.
Only one of 309 samples exceeded this criterion. Ambient
stream water quality criteria for the protection of aquatic
life were setat 2 ug/L for acute toxicity and 0.08 pg/L for
chronic toxicity (U.S. Environmental Protection Agency,
1980). None of the samples exceeded either of these
criteria.

Since 1985, atrazine has been analyzed in 64 samples
from the Red River at Emerson, Manitoba and 19 samples
from the Roseau River at Gardenton, Manitoba. The
reporting limit for atrazine was lowered from 0.10 to 0.05
pg/L in 1988. The Red River at Emerson, Manitoba has
significantly higher atrazine concentrations (fig. 26A).
Higher atrazine concentrations generally occur at the Red
River at Emerson, Manitoba during the growing season,
June through August (fig 26B). Data are not sufficient to
detectseasonal peaksinconcentrationfortheRoseauRiver
at Gardenton, Manitoba (fig. 26C). Atrazine, used almost
exclusively for corn, is used in modest amounts in the Red
River Basin, particularly in the southern part of the basin.
Atrazine is used only sparingly in counties of the Roseau
Riverdrainage basin (J.W. Hines, Minnesota Department
of Agriculture, written commun., 1992).

Where significant differences in concentrations of any
pesticide exist between the Red and Roseau River,
concentrations tend to be higher at the Red River at
Emerson, Manitoba. This could be expected, given the
larger proportion of agricultural 1and use in the Red River
Basin than in the Roseau River drainage basin.

Investigators of two recent county-level studies in
Minnesota, coordinated with the Minnesota Board of
Water and Soil Resources, have collected stream samples
forpesticide analyses. These studies were similarinscale,
used similar methods for sample collection, and used the
same commercial laboratory for pesticide analyses.

TheKittson County Water Plan Coordinator’sofficehas
conducted atwo-year (1991-93) studyof the JoeRiverand
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Two Rivers. Data from the first part of this study are
available in an interim report (Money, 1992). Three
samplings for base-neutral pesticides (June 24, July 3,and
October 21, 1991) showed evidence of a seasonal peak in
concentrations of some pesticides, probably related to the
timing of application. Linuron was detected at
concentrations ranging from 2 to 18 ug/L on the earliest
sampling date, but was below the reporting limit at
subsequent samplings. Simazine was detected at one site
at a concentration of 10 pug/L on June 24, 1991, which
exceeds the MCL of 4 pg/L (U.S. Environmental
Protection Agency, 1992),but wasbelowits reporting limit
at all other sites and sampling dates. Several other
herbicides were occasionally detected at sub-microgram
per liter concentrations. Cyanazine was detected at two
sites on the earliest sampling date. Chlorpyrifos and
pendimethalin were detected only laterin the season. Acid
pesticides were analyzed once (June 24, 1991}, and only
2,4-D and picloram were detected.

The Red Lake Watershed District sponsored a
cooperative project assessing water quality of the
Clearwater River watershed (Holder, 1991). This
watershed supportsabout 14,500 acres of man-made wild-
rice paddies, which may have substantial effects on water
quality and streamflow in the river basin. Stream and
agricultural-runoff sites were sampled with varying
frequency, depending on the site, throughout the 1990
growing season. Sites were sampled uptoeight timesfrom
early May to late October. Of the pesticides sampled, 2,4-
D was detected with greatest frequency and at the greatest
number of sites. The highest concentrations and
frequenciesof detectionfor2,4-Din stream water samples
were measured in early May and during a major runoff
event in early June 1990. Concentrations of 2,4-D, when
detected, ranged from about 0.5 to 17 pg/L. in early May,
and from about 2 to 4 pg/L in early June. None of the
pesticides were present in the stream at detectable levels
during the late October sampling. The higher 2,4-D
concentrations detected in this study are considerably
greater than concentrations other agencies have detected
on larger streams in the Red River Basin. Concentrations
of 2,4-D did not approach its MCL of 70 pg/L (U.S.
EnvironmentalProtectionAgency, 1991). The USEPA has
not established an ambient stream-water quality criterion
for 2,4-D. However, the National Academy of Sciences’
water-quality criterion of 3 ug/L. (National Academy of
Sciences, 1972) was exceeded frequently in the May and
June sampling. Bottom materials were sampled in early
May and late October. In early May, 2 ,4-D was present at
five of seven sites and was the only pesticide detected in
the sediments. The late October sediment sampling
indicated detectable concentrations of 2,4-D, dicamba,
MCPA, and bromoxynil. Cyanazine was detected in a
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runoff sample from a farm field at a concentration of 10
ug/L, which exceeds the USEPA lifetime health advisory
limit of 1 ug/L (no MCL has been established for
cyanazine).

The majority of pesticide analyses of stream samples in
the Red River Basin showed no detectable levels of
analytes. Where detected, nearly all of the reported
concentrations were below the USEPA MCL or lifetime
health advisory limitstandards. Theexceptions have been
noted. Itis noteworthy that the highest concentrations of
2.4-D, simazine, and cyanazine were reported at smaller,
upstream tributaries and farm-field runoff. The effects of
chemical degradation, dilution by other tributaries, and
sorptiontosediments thataredepositedin streambeds may
decrease pesticide concentrations at downstream sites on
larger streams. This may be an important consideration
when studying movement and fate of pesticides in
hydrologic systems. By relying solely on measurements
at sites that drain large areas, a study may fail to detect the
highest pesticide concentrations that may exist in a
hydrologic system.

Ground Water

Pesticide data for ground water in NWIS are sparse for
the RedRiverBasin (fig. 27). Three ground-watersamples
in the North Dakota part of the basin have been analyzed
for pesticides (two from the surficial Warwick aquifer and
one from the confined Spiritwood aquifer). The sites were
sampled in May 1986, and are within 10 km of each other.
A total of 14 samples from 9 sites within or very near the
Minnesota part of the basin have been analyzed for
pesticides during 1980-91. Two sites are from a surficial
sand aquifer near the Otter Tail River; the remaining sites
are from the Des Moines drift aquifer near the headwaters
of the Clearwater River. Of these analyses, only atrazine
wasdetected. Three samplesfrom one wellandonesample
from another well had detectable atrazine concentrations.
Thesewells are shallow (lessthan 10 feetdeepandlessthan
6 feet to water) and are in the surficial Des Moines drift
aquifer in Clearwater County, Minn. The analytes are
shown in table 13.

The MPCA (STORET data base) has analyzed water
samples from wells within and very near the Red River
Basin (fig. 27). A total of 30 samples from 16 wells in
surficial outwash aquifers (well depths 15.5-160 feet) and
a total of 30 samples from 26 wells in buried outwash
aquifers (well depths 43-364 feet) were sampled from
1978-88. Fifteenof the wells were clustered inasmall area
in Big Stone County, Minn., south of the basin boundary
near the headwaters of the Minnesota River. These wells
were sampled in 1987-88 for four triazine herbicides and
one thiophosphate insecticide. Four wells near the Otter
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Tail River headwaters were sampled in 1978 for
chlorinated hydrocarbon insecticides and chlorophenoxy
acidherbicides. Theremaining wellsweresampledmainly
for chlorinated propenes, chlorinated propanes,
tetrachloroethane, dibromoethane, and dichlorobenzene.
These compounds are variously used as soil fumigants,
herbicides, and solvents in pesticide formulations and
other products. None of the samples from the STORET
data base yielded reportable quantities of any of the
pesticides or fumigants analyzed. Analytes and their
reporting limits are shown in table 14.

The MDH (Minnesota Department of Health)
conducted a statewide survey of community well-water
systems from 1986-91 that focused on pesticide
contamination (T. Klaseus, Minnesota Department of
Health, written commun., 1992). Atrazine was the most
widely detected of those pesticides analyzed throughout
Minnesota. Very few of the samples from within the Red
River Basin yielded detectable quantities of atrazine.
Atrazine detections were generally limited to the extreme
southern and southeastern portions of the drainage basin,
in an area characterized by morainal topography with
sandy, permeable surficial aquifers where corn, a crop on
which atrazine commonly is applied, is grown. Where
detected in the basin, atrazine concentrations ranged from
0.01to 0.23 pg/L., and were lower than the range of
concentrations reported in other regions of the state (some
sites in other regions of the state yielded concentrations of
several ug/L). Table 15 shows the analytes and their
reporting limits for this survey.

Another MDH survey (Klaseus and Hines, 1989)
showed similar results. A total of 21 private wells within
or very near the basin boundary (in Polk, Norman, Clay,
and Otter Tail Counties) were analyzed for pesticides. The
authorsdidnotreport pesticide results forindividual wells;
however, pesticide detections were summarized for wells
in a five county area. Fifteen wells, four of which were
within or near the Red River Basin in eastern Otter Tail
County, had pesticide detections. All 15 of these wellshad
detections of atrazine (0.02-0.48 pug/L); one well had a
detection of alachlor (0.16 ug/L); and one well had a
detection of picloram (0.03 pg/L). Sites in the Red River
Valley Lake Plain showed no detectable levels of any of
the pesticides analyzed. Table 16 lists the pesticides
analyzed for this study.

The MDH and the MDA (Minnesota Department of
Agriculture) jointly prepared a report describing surveys
of selected pesticides in Minnesota wells, conducted from
July 1985 to June 1987 (Klaseus, Buzicky, and Schneider,
1988); the analytes, reporting limits, and number of
detections are shown in table 16. Data from the MDH
survey show reportable levels of pesticides at a very low
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Figure 27.--Distribution of water welis sampled for pesticide concentrations in or near

the Red River of

percentage of wells within the Red River Basin, especially
within the Red River Valley Lake Plain. In central and
eastern Otter Tail County, several wells yielded reportable
levels of pesticides. Similarly, the MDA data showed no
wells with pesticide detections in the Red River Valley
Lake Plain, and a few wells with pesticide detections near
the southeastern margin of the drainage basin.

Atrazine was the most frequently detected pesticide in
these statewide surveys. Statewide, atrazine was detected
in 85 of 200 private wells (Klaseus and Hines, 1989) and
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the North Basin.

in 154 of 500 selected wells (Klaseus, Buzicky and
Schneider, 1988). Alachlor wasthe secondmostfrequently
detected pesticide in Minnesota wells in both of these
studies. Fifteen of 200 wells (Klaseus and Hines, 1989)
and 16 of 500 wells (Klaseus, Buzicky, and Schneider,
1988) had detectable levels of alachlor. Other pesticides
were detected with much less frequency (table 16). These
surveys were generally targeted toward agricultural lands,
and toward areas where ground water was thought to be
susceptible to contamination because of permeable soils.
Pesticides were detected relatively infrequently in wells in



Table 13.--Summary of U.S. Geological Survey pesticide data for ground-water samples in the Red River
of the North Basin, 1979-90.
[ng/L, micrograms per liter; <, less than; ND, detection fimit not reported in data base, concentration reported as O pg/L]

Minimum Maximum Number of
reported reported observations
concentration  concentration Number of greater than
Chemical (ug/L) (ug/L) observations  reporting limit

Alachlor <0.1 <0.1 10

Aldrin

Ametryne

Atrazine

Chlordane

DDD

DDE

DDT

1,2-dibromoethane

1,2-dichloropropane
1,3-dichloropropene
cis-1,3-dichloropropene
trans-1,3-dichloropropene
Dieldrin

Endosulfan

Endrin

Heptachlor
Heptachlor epoxide
Lin]:lane o
Methoxychlor

Mirex

Prometone
Propazine

Simazine

Trifluralin
Toxaphene
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Table 15.--Pesticides and their reporting limits for
Minnesota Department of Health community well
water system survey, 1986-91 (T. Klaseus, Minn.

Table 14.--Minnesota Pollution Control Agency
pesticide concentration data for ground-water
samples collected in and near the Red River of the

North Basin Department of Health, written commun., 1992, and
[R@/L, micrograms per liter; <, less than] J. Walsh, Minnesota Department of Health, oral
Reported commun., 1993)
concentration  Number of [ng/L, micrograms per liter]
Chemical (ug/L) observations Reporting limit
Pesticide

Alachlor <0.16 26 (et)
24-D <1 4
BDT <01 4 Awezine %
1,2-dibromoethane <5 31 Butylate 02
1,2-dichlorobenzene <10 31 Chlorpyrifos 01
1,3-dichloropropane <3.0 24 Cyanazine 1
cis-1,3-dichloropropene <2 31 Diallate 05
trans-1,3-dichloropropene <2 31 EPTC :01
1,1-dichloropropene <2 31 Fonofos 01
EPN <24 26 Linuron 5
Metribuzin <17 26 Methyl parathion 01
Metolachlor <.56 26 Metolachlor 1
Silvex <.02 4 Metribuzin 05
Simazine <49 26 Phorate 05
24,5-T <1 4 Propachlor 01
1,1,1,2-tetrachloroethane <2 31 Simazine .05
1,1,2,2-tetrachloroethane <20 31 Trifluralin 05
1,2,3-trichloropropane <20 24
Toxaphene <.1 4
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Table 16.--Pesticides and reporting limits for ground water pesticide surveys in Minnesota by (A) Minnesota Department of
Health (Kiauseus and Hines, 1989), (B) Minnesota Department of Agriculture (Kiaseus, Buzicky, and Schneider, 1988), and

(C) Minnesota Department of Health
(Klaseus, Buzicky, and Schneider, 1988).

[ng/L, micrograms per liter; —, not analyzed; *, pesticide degradation product; numbers in parentheses denote number of wells having at least one sample

above the respective reporting limit for the analyte. Total number of wells for each study are (A) 200, (B) 100, (C) 400}

Reporting limit Reporting limit Reporting limit

Chemical (A) (ng/L) (B) (ng/L) (€) (nglL)
Alachlor 0.05 (15) 0.16 (8) 0.05 (8)
Aldicarb 5 S5(2) 5
Aldicarb sulfone * -- 5 -
Aldicarb sulfoxide * -- 5 -
Atrazine .02 (85) .05 47) 01 (107)
Butylate .01 79 01
Carbaryl 05 5 05
Carbofuran 05 5 05
3-hydroxy-carbofuran * - 5 --
Chloramben 05 1.6 05
Chlorpyrifos 05 24 .05
Cyanazine S(1) 12 (3) S(1)
24-D 04 (1) 21 04 (D
Diallate 12 - 12
Dicamba 04 (2) 18 (1) 04 (3)
Dimethoate 2 -- 2
Disulfoton 45 82 45
EPTC 01 24 01 (1)
Fonofos .03 .16 .03
Linuron 4 17 4
MCPA 05 27 05 (2)
Methyl parathion 02 10 02
Metolachlor 13 (@) 56 13(2)
Metribuzin 02 (1) 17 @) 022)
PCNB 02 - .02
Pentachlorophenol -- 28 (3) -
Phorate 1 49 1
Phosphamidon -- 70 --
Picloram 04 (3) 1.80 043
Propachlor 2 2) .08
Simazine 3 08 (1) 3
2,4,5-T .04 -- 04 (1)
2,4,5-TP .05 -- 05
Terbufos 2 -- 2
Trifluralin 03 21 .03

the Red River Basin, which is probably due to the lower
rate of atrazine use and the less permeable soils in the Red
River Valley Lake Plain.

An important factor in determining susceptibility of
aquifers to contamination by pesticides is the permeability
of the overlying soil. The low-permeability soils at the
surface of most of the Red River Valley ecoregion are not
conducive to downward movement of pesticides. It is
possible that these chemicals are flushed through surface
waters, or they degrade in the soil before reaching buried
aquifers in appreciable concentrations. While the Red
River Valley ecoregion is an area of extensive agricultural
chemical use, the available data, although limited, indicate
that aquifers in the region are not highly susceptible to
contamination,
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The sandy, glacial deposits in upland areas nearer the
drainage basin boundary contain aquifers that appear tobe
more susceptible to pesticide contamination, although the
pesticide concentrations are quite low compared to some
aquifers in other parts of Minnesota.

Fish Tissues

The U.S. Fish and Wildlife Service has operated the
National Pesticide Monitoring Program (NPMP; renamed
the National Contaminant Biomonitoring Program
(NCBP)) since 1967. Numerous freshwater fish species
from stream sites around the Nation, including the Red
RiveratNoyes, Minn., have been sampledperiodically and
analyzed for organochlorine chemicals. Analytesinclude
DDT and its metabolites DDE and DDD, dieldrin, endrin,
heptachlor, chlordane and oxychlordane, nonachlor,



toxaphene, a-HCH and B-HCH, hexachlorobenzene,
methoxychlor, mirex, DCPA, and pentachloroanisole. Not
all of these chemicals were analyzed throughout this
program. Also, fish species sampled varied among
collection periods within sites, and among sites. Results
of the NPMP/NCBP have been presented by Henderson
and others (1969), Henderson and others (1971), Schmitt
and others (1981), Schmitt and others (1983), Schmitt and
others (1985), and Schmitt and others (1990). Data from
this program’s 1986 samplings are not published, but were
made available by the U.S. Fish & Wildlife Service (S.L.
Smith, written commun., 1992).

Analytical methods for trace organochlorine chemicals
haveimproved remarkably overthe period of the program.
Inthis report, semi-quantitative descriptions of chemicals
that were detected are given. The original references
contain information on quality assurance procedures,
statistical tests used to analyze national and local trends,
as well as the raw analytical data for composited fish
samples.

Although analytical methods improved with time, it
appears that a clear trend in the DDT data exists. In the
early years of the NPMP, the parent compound DDT was
frequently detected at roughly the same concentrations to
those of the principal metabolites, DDE and DDD (DDE
was usually the predominant metabolite). After the 1972
ban on DDT, concentrations in fish decreased rapidly.
From the early 1970s to the mid 1980s, DDE and DDD
concentrationsin fish fromthe Red Riverslowly decreased
from the tenths of pg/g (micrograms per gram) range to the
hundredths of pg/g range, while the parent DDT quickly
decreased from tenths of pg/g to less than, or occasionally
equal to the 0.01 ug/g detection limit (fig. 28).

In 1986 (the last year for which data are available), low
levels of DDE and DDD were detected in fish from the Red
River even fourteen years after the ban on DDT use in the
United States. It is possible that these metabolites persist
insoils and stream sediments, and are eroded into streams,
or cycled into the food chain by benthic organisms. It is
also possible that the levels of DDT metabolites in the Red
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p,p’-DDD in sauger (Stizostedion canadense) from the Red River of the North at
Noyes, Minnesota (data from U.S. Fish and Wildlife Service
National Contaminant Biomonitoring Program).
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River Basin are supported by long-range atmospheric
transport from countries that continue to use DDT.
Supporting this hypothesis are recent measurements of
DDT and its metabolites in air, water, and (or) biota from
very remote locations such as the Canadian Arctic
(Bidleman and others, 1990) and the South Atlantic and
Antarctic Oceans (Weber and Montone, 1990).

Otherpesticidesdetectedby theNPMPinRed Riverfish
in the late 1960s and early 1970s include dieldrin, HCH,
and infrequent, low-level detections of endrin. In one
laboratory cross-check sample, heptachlor and chlordane
were also detected. Similarly, low concentrations
(hundredths of pg/g) were occasionally detected for these
compounds from the mid 1970sto mid 1980s. Toxaphene,
noticeably absent in the early 1970s, began to appear in
detectable quantities in the mid 1970s in the tenths of ug/g
range, and also appeared in the mid 1980s samples.
Nonachlor residues have been detected at the 0.01 pg/g
detection limitinsome samples from 1984 and 1986. Mirex
was analyzed since 1980, and DCPA was analyzed since
1976, but neither was detected in any tissue samples from
the Red River.

Agricultural statistics for North Dakota (McMullen and
others, 1990) indicate that mirex and DCPA were notused
in the State when surveys were made in 1978; 1984, and
1989. Minnesota statistics show very minor usage of
DCPA in a 1990 survey.

Summary

This report is part of a series planned as part of the
National Water Quality Assessment Program (NAWQA).
Focusing on the Red River Basin. This report is areview
of data collected during 1970-90. Plant nutrients
(phosphorus and nitrogen), suspended sediment, and
pesticides are the topics covered in this review of existing
information.

Water quality data have been collected by several
agencies for many different purposes throughout the Red
River Basin. Although the coverage of the data varies
considerably across the basin, especially across state lines,
it does provide some insight into the distribution of
agriculture-relatedchemicals,and analysisofexisting data
suggests where additional data collection is needed.
Subsequent sampling could be conducted in several areas
because available data are inadequate, or additional
sampling and analysis could document the cause of high
concentrations of specific constituents and compounds.

Agriculture is the primary land use in this basin.
Although nutrient concentrations may be high in
agricultural areas, they generally do not exceed water
quality standards. The 10 mg/L drinking water standard
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for nitrate rarely was exceeded at any of the surface water
sites or in water wells, except in localized areas. The
highest nitrogen concentrations usually were found in the
Red River. The composition of that nitrogen often was
difficult to determine from the data, but appeared to be
mostly organic nitrogen with some nitrate and rarely any
nitritenitrogen. Concentrationsofammonianitrogen were
negligible except during mid-winter (usually January),
when concentrations could exceed 1.0 mg/L. Stream
nutrient concentrations generally were highest at sites on
the Red River downstream from the urban areas of Fargo,
N. Dak. and Moorhead, Minn,

Certain tributary streams can carry high concentrations
of nitrogen that occasionally exceeded concentrations in
theRedRiver. Some streamsdraining thecornand soybean
areas in the southern part of the basin had high nitrogen
and nitrate concentrations. The Pembina River, which
drains the northwestern part of the basin, had alarge range
in nitrogen concentrations and often exceeded those in the
Red River.

Phosphorus concentrations were distributed
throughout the basin inapattern similar to that of nitrogen.
The highest concentrations tended to occur in the Red
River. Tributary streams, especially the Pembina River,
occasionally had peak concentrations of phosphorus that
exceeded those in the Red River. The phosphorus data
indicate effectsofpointsources,including discharges from
the Fargo-Moorhead area into the Red River and from
Hallock into Two Rivers.

Nutrient loading typically was more a function of
streamflow than of concentration. The largest nutrient
loads were carried by the Red River, with substantial
additions from the Red Lake and Sheyenne Rivers.
Increased nutrient loading downstream from the Fargo-
Moorheadareaappeared tocome from urbanandindustrial
sources.

Discussion of nutrient concentrations in ground water
generally wasrestricted tonitrate, because fewerother data
were available and coverage of the basin was inadequate
forphosphorusandother formsof nitrogen. Mediannitrate
(as nitrogen) concentrations were less than 1.0 mg/L for
all counties in the basin except Otter Tail County in
Minnesota. Nitrate concentrations also were elevated in
wells in Becker County. Of 31 wells sampled in Otter Tail
County by the U.S. Geological Survey, half had more than
3.0 mg/L nitrate in the water. This could result from
sampling in Otter Tail and Becker Counties that focused
on contaminated aquifers, but probably is caused by
irrigation water leaching nitrogen fertilizers from porous
soils into aquifers susceptible to contamination. Nitrate
concentrations insomecounticsoccasionallyexceeded the
MCL of 10 mg/L. Shallow ground water was much more



likely to have elevated nitrate concentrations than deeper
ground water. This indicates that shallow ground water is
more susceptible to contamination from surface sources.

Suspended-sedimentconcentrationswereevaluated for
this report, but the coverage throughout the basin was
sparse. Although suspended solids concentrations were
available for many more sites, the data were incompatible
with suspended-sedimentconcentrations. Thatis because
samples for suspended solids concentration often were
collected and analyzed using methods that would miss
larger particles, and often would underestimate material
suspended in the water. Suspended-sediment
concentrations generally were highest on the Red River.
Median concentrations at most sites were much less than
100mg/L. TheRedRiver at Emerson, Manitoba and three
sites on the Pembina River were the only sites that had
median sediment concentrations greater than 100 mg/L.
About 10 percent of the sediment concentrations at each
of three sites on the Pembina River were higher than 2,000
mg/L.

~ Pesticide data that are available within large national

data bases (STORET and NWIS) are mainly limited to the
period from the mid 1960s to the early 1980s. More recent
data were available from several sources such as small,
county-level studies and statewide surveys of drinking
water wells, and Environment Canada’s ENVIRODAT
data base.

Most of the pesticide analyses summarized show no
quantities of pesticides above reporting limits, When
detected, reported concentrations nearly always met water
quality standards.

Theonly pesticidesdetectedin arelatively large fraction
of surface water samples are 2,4-D (present in 43 percent
of USGS samples and 38 percent of Environment Canada
samples),
o~HCH (present in 80 percent of Environment Canada
samples), Y-HCH (present in 39 percent of Environment
Canada samples), and atrazine (present in 42 percent of
Environment Canada samples). These pesticides were
measured over fairly long time spans (approximately 15
years for some pesticides), and are from sites having large
drainage areas. Concentrations of these pesticides
generally were low, rarely approaching water-quality or
drinking-waterstandards. A fewcounty-levelstudieshave
measured pesticide concentrations at sites in smaller
watersheds, but during relatively short periods of time (a
few months to one or two years). The highest
concentrations (sometimes exceeding drinking water
standards), and the only detections for some pesticidesout
of all data sources, were sometimes observed in these
studies. One study showed higher concentrations of 2,4-
Datupstream sitesinariver basin,andno detectable levels
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of 2,4-Datthe outlet from thatbasin. This observationmay
indicate thatreliancesolely ondownstreamsites (those that
drain large areas) may fail to show impaired water-quality
conditions, if they should exist, and may fail toaccount for
the environmental fate of pesticides used within adrainage
basin.

Analysesof pesticides in ground water are quite limited
in number and geographic distribution, especially in the
North Dakota part of the basin. Available data show that
very few wells are contaminated with pesticides. Wellsin
which pesticides were detected are mainly limited to
aquifers in sandy glacial deposits thatunderlie agricultural
lands in the extreme southern and southeastern parts of the
basin. The low-permeability soils of the Red River Valley
are not conducive to downward movement of pesticides
into aquifers. Atrazine is the most commonly detected
pesticide in ground water in the Red River Basin and
throughout Minnesota. Atrazine use is greater in the
southern part of the Red River Basin, where com is grown
in significant amounts.

Selected organochlorine pesticides in fish tissue have
been periodicaily analyzed in samples from the Red River
at Noyes, Minn. since 1967. Following the 1972 ban on
DDT, concentrations of DDT in fish quickly decreased to
near ot below the reporting limits. Concentrations of the
principal metabolites of DDT (DDE and DDD) in fish
decreased more slowly. Low levels of these compounds
continued to be detected in fish fourteen years after DDT
was banned in the United States. While these compounds
may have persisted in the Red River Basin from past DDT
use, atmospheric transport from countries that continue to
use DDT is also a likely source of these compounds.
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