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Ground-Water Quality and Effects of Poultry Confined
Animal Feeding Operations on Shallow Ground Water,
Upper Shoal Creek Basin, Southwest Missouri, 2000

By Douglas N. Mugel

Abstract

Forty-seven wells and 8 springs were sam-
pled in May, October, and November 2000 in the
upper Shoal Creek Basin, southwest Missouri, to
determine if nutrient concentrations and fecal bac-
teriadensitiesareincreasing in the shallow aquifer
asaresult of poultry confined animal feeding
operations (CAFOs). Most of the land use in the
basin is agricultural, with cattle and hay produc-
tion dominating; the number of poultry CAFOs
hasincreased in recent years. Poultry waste (litter)
isused as a source of nutrients on pasture land as
much as several miles away from poultry barns.

Most wellsin the sample network were clas-
sified as“P’ wells, which were open only or
mostly to the Springfield Plateau aquifer and
where poultry litter was applied to a substantial
acreage within 0.5 mile of the well both in spring
2000 and in several previous years; and “Ag”
wells, which were open only or mostly to the
Springfield Plateau aquifer and which had limited
or no association with poultry CAFOs. Water-
quality data from wells and springs were grouped
for statistical purposes as P1, Agl, and Spl (May
2000 samples) and P2, Ag2, and Sp2 (October or
November 2000 samples).

Theresults of this study do not indicate that
poultry CAFOs are affecting the shallow ground
water in the upper Shoal Creek Basin with respect
to nutrient concentrations and fecal bacteria densi-
ties. Statistical tests do not indicate that P wells
sampled in spring 2000 have statistically larger

concentrations of nitrite plus nitrate or fecal indi-
cator bacteria densities than Ag wells sampled
during the same time, at a 95-percent confidence
level. Instead, the Ag wells had statistically larger
concentrations of nitrite plus nitrate and fecal
coliform bacteria densities than the P wells.

Theresults of this study do not indicate sea
sonal variations from spring 2000 to fall 2000 in
the concentrations of nutrients or fecal indicator
bacteria densities from well samples. Statistical
tests do not indicate statistically significant differ-
ences at a 95-percent confidence level for nitrite
plus nitrate concentrations or fecal indicator bacte-
ria densities between either P wells sampled in
spring and fall 2000, or Agwellssampledin spring
and fall 2000. However, analysis of samplesfrom
springs shows that fecal streptococcus bacteria
densities were statistically smaller in fall 2000
than in spring 2000 at a 95-percent confidence
level.

Nitrite plus nitrate concentrations in spring
2000 samples ranged from less than the detection
level [0.02 mg/L (milligram per liter) as nitrogen]
to 18 mg/L as nitrogen. Seven samples from three
wells had nitrite plus nitrate concentrations at or
larger than the maximum contaminant level
(MCL) of 10 mg/L asnitrogen. The median nitrite
plus nitrate concentrations were 0.28 mg/L as
nitrogen for P1 samples, 4.6 mg/L as nitrogen for
Agl samples, and 3.9 mg/L as nitrogen for Spl
samples.

Fecal coliform bacteriaweredetectedin 1 of
25 P1 samples and 5 of 15 Agl samples. Escheri-
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chiacoli (E. coli) bacteriawere detected in 3 of 24
P1 samplesand 1 of 13 Agl samples. Fecal strep-
tococcus bacteriawere detected in 8 of 25 P1 sam-
plesand 6 of 15 Agl samples. Bacteriadensitiesin
samples from wells ranged from less than 1 to 81
col/100 mL (colonies per 100 milliliters) of fecal
coliform, lessthan 1 to 140 col/100 mL of E. cali,
and lessthan 1 to 130 col/100 mL of fecal strepto-
coccus. Fecal indicator bacteria densities in sam-
ples from springs were substantially larger than in
samples from wells. In Spl samples, bacteria den-
sitiesranged from 12 to 3,300 col/100 mL of fecal
coliform, 40to 2,700 col/100 mL of E. coli, and 42
to 3,100 col/100 mL of fecal streptococcus.

INTRODUCTION

The number of poultry confined animal feeding
operations (CAFOs) in the upper Shoal Creek Basin
(fig. 1) hasincreased sincethelate 1980’s. By 2000, an
estimated 377 active poultry barnswerein the basin, of
which about 75 percent were used for the production of
broilers (chickensraised from chicksto approximately
4 1/2 pounds; Schumacher, 2001). A poultry CAFO
normally consists of two to eight large poultry barns.
Approximately 21,000 broilers are produced in each
barn five to six times per year, for an estimated annual
production of 33 million chickens (Schumacher, 2001).
The remaining poultry barns are used for the produc-
tion of about 300,000 turkeysannually. The production
process consists of raising the chickens or turkeys for
several weeks until they are shipped to market, remov-
ing the poultry litter (poultry waste and sawdust base)
from the poultry barns, and repeating the process. The
litter is spread on pasture land as a source of nutrients,
or composted for later application. The field applica-
tion of poultry litter may occur near the poultry barns
and as much as several miles away.

The Springfield Plateau aquifer is the shallow
aquifer throughout most of the upper Shoal Creek
Basin and supplies most of the rural domestic water.
Alluvial deposits along Shoal Creek and itstributaries
form athin and narrow aquifer. There is concern that
nutrient concentrations and fecal bacteriadensitiesin
shallow ground water in the upper Shoal Creek Basin
may beincreasing because of poultry CAFOs. In 1999,
the Missouri Department of Natural Resources
(MDNR), Division of Environmental Quality, Water
Pollution Control Program and the U.S. Environmental

Protection Agency (USEPA) entered into acooperative
agreement with the U.S. Geological Survey (USGS) to
investigate the shallow ground-water quality in the
upper Shoal Creek Basin, and to determine if nutrient
concentrations and fecal bacteria densities are increas-
ing in the shallow aquifer in the upper Shoal Creek
Basin in areas of poultry CAFOs.

The wells sampled for this study were limited to
existing domestic and commercial wells. Therefore, the
wellsin the sample network were characterized by vari-
ations and uncertainties in well and casing depth, age,
and litter application, and the presence of other envi-
ronmental factors. Although the emphasis of the study
was on the water quality of wells open to the Spring-
field Plateau aquifer, onealuvial well, threewellsopen
to a substantial part of the deeper and confined Ozark
aguifer, and eight springs discharging from the Spring-
field Plateau aquifer also were sampled. Eighty-seven
samples were collected from 47 wellsand 8 springsin
May, October, and November 2000. Dataare presented
for physical properties, fecal indicator bacteria densi-
ties, concentrations of chemical constituents, and nitro-
gen isotopic composition. The data analysis included
an assessment of seasonal variations in nutrient con-
centrations and fecal indicator bacteria densities, from
spring 2000 to fall 2000. Thisreport presentstheresults
of the study.

Previous Studies

The relation between poultry CAFOs and
ground-water quality of the upper Shoal Creek Basin
has not been studied previously except for the sampling
of some springsin conjunction with surface-water stud-
ies. The quality of surface water of the upper Shoal
Creek Basin has been previously studied because of the
concern that large fecal coliform densities and nutrient
concentrations in Shoal Creek may be related to the
increasein the number of commercial poultry CAFOs.
Shoal Creek is an important source of drinking water
for the cities of Joplin and Neosho, both downstream
from the study area (fig. 1). The stream also is used for
recreation, industrial water supply, irrigation, and live-
stock watering. The MDNR began ambient water-qual-
ity monitoring at two surface-water sitesin the upper
Shoal Creek Basin in 1992; the monitoring included
measurements of nutrient concentrations and fecal
indicator bacteria densities. Between 1992 and 1998,
fecal coliform bacteria densities at a site on Shoal
Creek at State Highway 97 (fig. 1) had a median of 320
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col/100 mL (colonies per 100 milliliters; Schumacher,
2001). Concentrations of total nitrite plus nitrate as
nitrogen and total phosphorus averaged 3.15 and 0.17
mg/L (milligrams per liter). In 1995, a5-year study was
initiated by the MDNR and USEPA focusing on reduc-
ing nutrient concentrations in the upper Shoal Creek
Basin (Schumacher, 2001). Monthly water-quality
samples were collected at six surface-water sites and
four springs. As part of the study, the Natural
Resources Conservation Service (NRCS) provided
technical assistance to poultry operators to develop
nutrient management plans and implement Best Man-
agement Plans (BMPs). A 5-year Special ArealLand
Treatment (SALT) project began in 1998 in the upper
Shoal Creek Basin (Schumacher, 2001). This coopera-
tive project between the MDNR, NRCS, Missouri
Department of Conservation (MDOC), University of
Missouri Extension office, and local farmers and poul-
try producers includes water-quality sampling of six
surface-water sites and four springs, mostly in the
Capps Creek Basin (fig. 1).

From 1999 to 2000, the USGS conducted a study
of the water quality of Shoal Creek and its principal
tributaries in the upper Shoal Creek Basin (Schuma-
cher, 2001). More than 170 water samples were col-
lected during 13 months from a network of 17 sites,
including 5 springs. Analyses of stream samples from
that study indicated that base-flow concentrations of
total nitrite plus nitrate as nitrogen in Shoal Creek
(mean of 2.90 mg/L) were significantly larger than
base-flow concentrations of total nitrite plus nitrate as
nitrogen in other Missouri streams (mean of 1.02
mg/L). The report stated that, at base-flow conditions,
most of thetotal nitrite plusnitrate discharged by Shoal
Creek wasfrom nonpoint sourcesand that nearly all the
total phosphorusdischarged by Shoal Creek was from
effluent from a municipal wastewater treatment plant.
Median fecal coliform densities at two sites on Shoal
Creek were 277 and 400 col/100 mL. Historical data
were aso examined and the study concluded that an
apparent trend of increasing fecal coliform densities
with increasing time at one of the sites on Shoal Creek
was, in part, related to ageneral trend of increasing dis-
charge in Shoal Creek in response to an increasein
annual precipitation, and not necessarily land-use
changes or changesin the number of CAFOsin the
basin.
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DESCRIPTION OF THE STUDY AREA

The study areais the upper 233 mi? (square
miles; Schumacher, 2001) of the Shoal Creek Basinin
parts of Barry, Lawrence, and Newton Countiesin
southwest Missouri (fig. 1). The largest density of
poultry CAFOsinthe Shoal Creek Basinisinthisarea.
The upper Shoal Creek Basin isin the Springfield Pla-
teau of the Ozark Plateaus physiographic province.

Climate

The upper Shoal Creek Basin hasatemperatecli-
mate characterized by warm, humid summersand cool,
wet winters. Climatological stations are maintained by
the National Oceanic and Atmospheric Administration
(NOAA) at Cassville and Monett (fig. 1). The mean
annual (2000) temperature at Monett is 55.6 °F
(degrees Fahrenheit), and ranged from a minimum of
17 °F to a maximum of 105 °F during the sampling
period from May through November 2000 (National
Oceanic and Atmospheric Administration, 2000a,
2000b). The mean annual precipitation at Monett is
43.63 in. (inches). Precipitation during 2000 at the
Monett station, expressed as departure from average, is
shown in figure 2. Drought conditions existed at the
Monett station for approximately 10 months before the
first set of samples was collected in May 2000 (Schu-
macher, 2001). From May through July 2000, precipi-
tation at the Monett station was near or greater than
average. Precipitation was less than average from
August through October, when the second set of sam-
ples was collected, and was greater than average in
November, when the third set of sampleswas collected.
From May 2000 through November 2000, precipitation
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Figure 2. Departure from average monthly precipitation at Monett, Missouri, 2000 (data from the National Oceanic

and Atmospheric Administration, 2000a).

at the Monett station was 27.52 in., whichwas 1.43in.
less than the long-term average of 28.95 in. for that
period.

Topography

The topography in the upper Shoal Creek Basin
isone of gently rolling hills, except near streamswhere
the local relief can be steeper. A notable feature of the
upper Shoal Creek Basin isits asymmetry, with Shoal
Creek occupying a position west of the basin center
(fig. 3). Elevationsin the study area range from 1,060
ft (feet) at the most downstream point on Shoal Creek
to more than 1,570 ft in the southern part of the basin.

Geohydrologic Setting

Theupper Shoal Creek Basinisunderlain mostly
by uplifted Mississippian rocks that define the Spring-
field Plateau (fig. 1) of the Ozark Plateaus physio-

graphic province. Stream dissection of uplifted
sedimentary strata has produced a dendritic drainage
pattern. A hydrostratigraphic column for the upper
Shoal Creek Basin is shown in figure 4.

The oldest sedimentary stratain the upper Shoal
Creek Basin are Upper Cambrian and Ordovician for-
mations that are mostly dolostone or cherty dolostone
with lesser sandstone and shale. These strata have a
cumul ative thickness of as much as 1,700 ft (Imes,
1990b, 1990c, 1990d), and do not crop out in the upper
Shoal Creek Basin. Devonian, Mississippian, and
locally Pennsylvanian formations overlie the Ordovi-
cian formations (Thompson, 1986, 1993, 1995). The
Upper Devonian Chattanooga Shale is discontinuous
and does not crop out in the study area. It occurs mostly
in the southern part of Barry County, whereit probably
isonly afew feet thick. Overlying the Chattanooga
Shale are Mississippian formations of the Kinder-
hookian Series, which also do not crop out in the study
area. These are the Bachelor Formation, athin (1 ft or
less) sandstone that may be absent in part of the study

Description of the Study Area 5
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area, and the Chouteau Group. The Chouteau Group
consists of the Compton Limestone, a fine-grained
limestone as much as 12 ft thick, and the Northview
Formation, which is a shale or siltstone ranging from
lessthan 5 ft to about 10 ft thick in the study area.

Mississippian formations of the Osagean Series
(Thompson, 1986, 1995) form the bedrock throughout
most of the upper Shoal Creek Basin. Osagean Series
formations are the Pierson Limestone and the Reeds
Spring and the Elsey Formations, which are cherty
limestones, and the less cherty limestone of the Burl-
ington-Keokuk Limestone (usage follows nomencla
ture of the Missouri Geological Survey and Resource
Assessment Division, formerly know as the Missouri
Division of Geology and Land Survey). The Grand
Falls Chert is a discontinuous chert-rich facies of the
Reeds Spring Formation, El sey Formation, and Keokuk
Limestone. It is exposed along and in the streambed of
Shoal Creek in the southern part of the upper Shoal
Creek Basin where it forms shoals, riffles, and small
waterfalls. Small springs and seeps discharge abovethe
Grand Falls Chert (Schumacher, 2001). Thecumulative
thickness of the Osagean Seriesisas much as 300 ftin
the upper Shoal Creek Basin. Undifferentiated Missis-
sippian limestones of the Meramecian Series form the
bedrock in afew placesin the northern part of the upper
Shoal Creek Basin. A few outliers of Pennsylvanian
sandstone and shale also occur in the northern part of
the upper Shoal Creek Basin (Missouri Division of
Geology and Land Survey, 1979).

The geohydrologic units that occur in the upper
Shoal Creek Basin are, from the surface down, the
Western Interior Plains confining system, Springfield
Plateau aquifer, Ozark confining unit, Ozark aquifer,
St. Francois confining unit, St. Francois aquifer, and
Basement confining unit (fig. 4). The geohydrologic
unit of greatest interest to this study isthe Springfield
Plateau aquifer, which is the uppermost geohydrologic
unit in all but afew placesin the northern part of the
upper Shoal Creek Basin where Pennsylvanian rocks
crop out. It comprises the formations of the Mississip-
pian Osagean Series and Meramecian Series. Wells
producing from 5to 20 gal/min (gallons per minute) are
common, and well yields may locally be much larger
(Imesand Smith, 1990). Most wellsin the upper Shoal
Creek Basin are opento the Springfield Plateau aquifer.
Itslower surfaceis defined by the top of the Ozark con-
fining unit, which dips to the northwest generally at
less than 1° (degree; Imes, 1990€). Because the land
surface al'so generaly slopesto the northwest, the

thickness of the Springfield Plateau aquifer does not
vary appreciably from southeast to northwest in the
study area, but varies more locally because of topo-
graphic changes, from about 200 ft along parts of Shoal
Creek to almost 400 ft at some topographic highs. Most
of the precipitation that penetrates the soil layer and
reaches the water table flows through the Springfield
Plateau aquifer and discharges at springs and through
the streambed of Shoal Creek and itstributaries. The
depth to water measured in eight wells that probably
are open only to the Springfield Plateau aquifer ranged
from 28.3 to 153.3 ft below land surface (table 1).

The Ozark confining unit (fig. 4) is beneath the
Springfield Plateau aguifer and comprises formations
that are less permeable than the Springfield Plateau
aquifer. It ranges from less than 20 ft to as much as 40
ft thick in the southernmost part of the upper Shoal
Creek Basin. The confining unit is more than 60 per-
cent shale in the southernmost part of the basin, and is
lessthan 40 percent shal e throughout most of therest of
the basin (Imes, 1990€). The Ozark confining unit
impedes ground-water movement between the overly-
ing Springfield Plateau aquifer and the underlying
Ozark aquifer. In the Springfield area, approximately
40 mi (miles) northeast of the study area, a downward
potentiometric hydraulic head difference of asmuch as
130 ft exists between the Springfield Plateau aquifer
and the Ozark aquifer (Imes, 1989). Water-level mea-
surements from this study are not sufficient to quantify
the hydraulic head difference between these unitsin the
study area, but widely spaced regional dataindicate
that a downward vertical-flow component probably
existsin upland areas and that an upward vertical-flow
component may exist along Shoal Creek and its princi-
pa tributaries (Imes, 1990d, 1990f).

The Ozark aquifer is beneath the Ozark confin-
ing unit and is a more productive aquifer than the
Springfield Plateau aquifer. It comprises Ordovician
and some Upper Cambrian formations (fig. 4). Wells
opentotheOzark aguifer producefrom 15to 700 gal/min,
and possibly more than 1,000 gal/min (Imesand Smith,
1990). Municipal wellsin southern Missouri com-
monly produce from the Ozark aquifer, as do some
commercia and domestic wells. Some wellsin the
upper Shoal Creek Basin are open to the Ozark aguifer,
and some are open to both the Ozark aquifer and the
Springfield Plateau aguifer. The Ozark aquifer ranges
from about 1,100 to 1,400 ft thick in the upper Shoal
Creek Basin (Imes, 1990d). The depth to water was

8 Ground-Water Quality and Effects of Poultry Confined Animal Feeding Operations, Upper Shoal Creek Basin, Southwest Missouri



Table 1. Site type, well-construction data, and water-level data for wells in the sample network

[OZA, Ozark aquifer; mm/dd/yyyy, month, day, year; P, poultry well open only or mostly to Springfield Plateau aquifer, with poultry litter application in spring 2000
and in previous years, SPA, Springfield Plateau aquifer; --, no data; SPA/OZA, Springfield Plateau aquifer and Ozark aquifer; P(old), poultry well open only or
mostly to Springfield Plateau aquifer, with poultry litter application only in years prior to 2000; P(deep), poultry well too deep to be open only or mostly to the
Springfield Plateau aquifer; approx, approximate value provided by well owner; ?, questionable; >, greater than; Ag(deep), agriculture well too deep to be open only
or mostly to the Springfield Plateau aquifer; Ag, agriculture well open only or mostly to Springfield Plateau aquifer; ALLUV, aluvium; all depthsin feet below land

surface]
Aquifer Estimated interval of Date of water-level
Well Casing open well open to OZA Depth to measurement
number Site type Well depth depth to well (feet) water (mm/ddlyyyy)

1 P 200 105 SPA 0 66.2 05/02/2000
2 P 357 85 SPA 0 - -
3 P 370 - SPA/OZA 20 - -
4 P 110 - SPA 0 81.8 05/03/2000
5 P 330 84 SPA 0 153.3 05/09/2000
6 P(old) 323 126 SPA 0 - -
7 P 430 150 SPA/OZA 90 152.1 05/05/2000
8 P(deep) approx 550 - OzZA al ? >300 05/03/2000
9 P(old) 280 - SPA 0 - -

10 P(old) approx 70 - SPA 0 283 05/03/2000

11 P 270 - SPA 0 - -

12 P(old) 280 60 SPA 0 - -

13 P approx 350 -- SPA/OZA 20 -- --

14 P approx 375 - SPA/OZA 100 - -

15 P 232 80 SPA 0 - -

16 P 310 126 SPA/OZA 65 64.6 05/09/2000

17 P approx 330 - SPA 0 149.0 05/04/2000

18 P approx 350 - SPA/OZA 50 - -

19 Ag(deep) 330 260 OZA 70 50.3 05/17/2000

20 P 330 84 SPA/OZA 20 116.3 05/18/2000

21 Ag 382 169 SPA/OZA 30 - -

22 Ag 425 35 SPA/OZA 50 90.3 05/18/2000

23 P 200 80 SPA 0 109.2 05/10/2000

24 Ag approx 180 - SPA 0 - -

25 P 400 - SPA/OZA 100 - -

26 P approx 250 -- SPA 0 -- --

27 Ag 27 - ALLUV 0 - -

28 P 365 105 SPA 0 - -

29 Ag 90 - SPA 0 - -

30 Ag 156 - SPA 0 - -

31 P 180 - SPA 0 - -

32 Ag approx 250 -- SPA 0 -- --

33 Ag 360 approx 50 SPA/OZA 80 -- --

34 Ag - - SPA ? 0 - -

35 Ag - - SPA ? 0 57.0 05/11/2000

36 Ag - - SPA ? 0 - -

37 P(deep) 540 - SPA/OZA 220 - -

38 Ag 200 - SPA 0 - -

39 P 100 - SPA 0 - -

40 Ag approx 300 - SPA 0 - -

41 Ag 100 approx 20 SPA 0 - -

42 P 450 - SPA/OZA 100 - -

43 P approx 250 -- SPA 0 -- --

44 Ag 150 - SPA 0 - -

45 P 270 - SPA 0 64.0 05/18/2000

46 P 440 - SPA/OZA 120 - -

47 P 285 - SPA 0 - -

Description of the Study Area
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measured in two wells that probably are open only to
the Ozark aguifer. These depths were 50.3 and more
than 300 ft below land surface (table 1).

Land Use

Approximately 84 percent of the land in the
upper Shoal Creek Basin isused for agriculture (fig. 2;
Schumacher, 2001). Theremainder of thelandiseither
forested (13 percent) or urban (3 percent). Most of the
agricultural land is pasture used for cattle and hay pro-
duction, with amuch smaller amount under cultivation.
The number of cattle in the study areais estimated at
about 25,000 (Schumacher, 2001). Poultry CAFOs
have become an important business activity in the
upper Shoal Creek Basinin recent years. An average of
less than two poultry barns per square mile arein the
upper Shoal Creek Basin; the distribution of barnsis
uneven. Poultry barnsnormally arein clustersof twoto
eight barns per CAFO, and the number of barnsin the
southern part of the basinisgreater than in the northern
part of the basin (fig. 3). Also, each barn may affect a
large area with respect to nutrient loading, because
poultry litter commonly is spread on pasture land as
much as several miles away.

Poultry litter applied to pasture land is an impor-
tant source of nutrient loading in the upper Shoal Creek
Basin. An estimated 2.7 million pounds each of nitro-
gen and phosphate are produced by poultry CAFOsin
the basin each year (Schumacher, 2001). An estimated
3.8 million pounds of nitrogen loading and 1.9 million
pounds of phosphate loading per year can be attributed
to cattle in the upper Shoal Creek Basin (Schumacher,
2001). Commercial fertilizer, which is spread on pas-
tureland, also contributesto nutrient loading. Although
commercial fertilizer use has declined in recent years,
it represents about 27 percent of the total nitrogen load-
ing and 16 percent of thetotal phosphate loading in the
basin (Schumacher, 2001). About 28 percent of the
total nitrogen loading and 47 percent of the total phos-
phate loading can be attributed to poultry CAFOs.
About 39 percent of the total nitrogen loading and 33
percent of the total phosphate |oading can be attributed
to cattle. Another source of nutrient loading is human
wastesfromrural septic systems. Although thisissmall
compared to other sources, human wastes can be an
important source of contamination in rural water sup-
plies. Nutrients and pathogensrel eased from septic sys-

tems can migrate into the aquifer and contaminate a
nearby water supply, particularly down awell if the
casing is too shallow or is corroded.

SAMPLING AND ANALYSIS METHODS

The possible effects of poultry CAFOs on
ground-water quality in the upper Shoal Creek Basin
were evaluated by comparing water-quality datafrom
wellsin different land-use areas. Ground-water sam-
ples were collected in May, October, and November
2000. Water-quality data were analyzed using statisti-
cal teststo determineif significant differences between
data groups existed.

Sample Network

A well inventory consisting of door-to-door
interviews with well owners was conducted in April
2000 to establish anetwork of wells. Priority wasgiven
to permitted wells for which the Missouri Geological
Survey and Resource Assessment Division (GSRAD)
had ownership and well-construction records, and
wells belonging to owners suggested by the staff of the
Barry County NRCS office. Well owners were asked
for construction information (well and casing depth
and age of well) if not already available, information
regarding poultry CAFOs at or near the well, and
whether or not poultry litter was applied to fields near
the well. Forty-seven wells were selected for inclusion
in the sample network, two of which were short dis-
tances outside the boundary of the upper Shoal Creek
Basin (fig. 3). The wellsin the sample network were
domestic or commercial (serving as water suppliesfor
poultry CAFOs). Most wells were shallow enough to
be open to the Springfield Plateau aquifer, or mostly to
the Springfield Plateau aquifer in cases where the open
interval also included the Ozark aquifer (table 1). The
open intervals of threewells (wells 8, 19, and 37) were
completely, or at least one-half, in the Ozark aguifer.
Onewell (well 27), adug well that was opentothe alu-
vial aguifer along Shoal Creek, wasincluded in the
sample network because the alluvia aquifer isthe shal-
lowest aquifer present at that setting. Documented well
depth information was lacking for many wells, but
most well ownerswere able to provide an approximate
depth. However, most well owners could not providean
approximate depth of casing in their well.

10 Ground-Water Quality and Effects of Poultry Confined Animal Feeding Operations, Upper Shoal Creek Basin, Southwest Missouri



The wells that were selected for the sample net-
work are classified into two main land-use categories.
31 “poultry” wells where there is an association with
poultry CAFOs, and 16 “agriculture” wellswith alim-
ited or no association with poultry CAFOs. These two
land-use categories and well-construction data were
used to assign wellsto a“sitetype” (table 1). The poul-
try wellswere classified into 3 site types: 25“P” wells,
4"P(old)” wells, and 2 “P(deep)” wells. The Pwells
arethose open only or mostly to the Springfield Plateau
aquifer, where the application of poultry litter occurred
to asubstantial acreage (generally severa tens of acres
or more) within a0.5 mi radius of the well (the applica-
tion usually was much closer to thewell) both in spring
2000 and in several previous years. The P(old) wells
are similar to P wells except that the poultry litter was
applied only in years before 2000. The P(deep) wells
are similar to P wells except they are too deep to be
open mostly to the Springfield Plateau aquifer. Agricul-
ture wells were classified into two site types: 15 “Ag”
wells that are open only or mostly to the Springfield
Plateau aquifer, and 1 “Ag(deep)” well that istoo deep
to be open mostly to the Springfield Plateau aquifer.
Variationsin land use, such asthe amount of applied lit-
ter, the proximity of the applied litter to the wells, and
well construction, such as well and casing depths
(which were unknown for some wells), resulted in vari-
ationswithin sitetypes. Most of the poultry wellsarein
the southern part of the study area, and most of the agri-
culture wells are in the northern part of the study area
(fig. 3), reflecting the geographic distribution of poul-
try CAFOsin the upper Shoal Creek Basin.

Eight springs (site type Sp; table 2, at the back of
this report) also were selected for inclusion in the sam-
ple network to provide additional information about
shallow ground water in the upper Shoal Creek Basin.
The springs were not differentiated based on land use
because the catchment area of at least some of the
springsis probably large enough to include poultry and
non-poultry areas. Five of these springs were sampled
by the USGS in 1999 (Schumacher, 2001).

Sample Collection

The first set of samples was collected in May
2000 when all 47 wells and 8 springs were sampled
(table 2). All sampleswere analyzed for total nutrients
and the fecal indicator bacteriafecal coliform, Escher-
ichia coli (E. cali), and fecal streptococcus. Total nutri-
ents included nitrite plus nitrate, nitrite, ammonia,

phosphorus, and orthophosphorus. Twenty-two wells
and all springs also were sampled for dissolved magjor
(calcium, magnesium, potassium, sodium, chloride,
fluoride, and sulfate) and trace (boron and strontium)
ions. Of these 22 wells, 13 were P wells, 6 were Ag
wells, and 1 each was a P(old), P(deep), and Ag(deep)
well. Field alkalinity titrationswere performed for each
well and spring sample. A sample also was collected
from each well to analyze for the presence of optical
brighteners using a scanning spectrofluorophotometer
at the USGS office in Rolla, Missouri. This analysis
was performed because optical brighteners can be
present in septic systems, and their presence in awater
sample would indicate that septic effluent was present
inthewell water. No optical brighteners were detected
inany of the samples. The depth to water was measured
in 14 wells before the pump was turned on by lowering
an electric tape down the well until a probe at the end
of the tape made contact with the water surface. The
depth to water ranged from 28 to more than 300 ft
below land surface (table 1), and was estimated at
approximately 5 ft below land surface for well 27,
which is open to alluvium.

The second set of sampleswas collected in Octo-
ber 2000. Fifteen wells and all springs that were sam-
pled in May were sampled again in October (table 2).
Nine of the wellswere P wells, and six of the wells
were Ag wells. Emphasiswas placed on wellsthat had
detections of fecal indicator bacteria, particularly fecal
coliform or E. coli, or large concentrations of total
nitrite plus nitrate in May. Each of the eight wellswith
at least 1 col/100 mL of fecal coliform or E. coli bacte-
riain May was sampled again in October. Four wells
that had only fecal streptococcus bacteriain May were
sampled in October, and seven wellsthat had only fecal
streptococcus bacteriain May were not sampled in
October. All three wells with total nitrite plus nitrate
concentrations at or larger than the USEPA Maximum
Contaminant Level (MCL) of 10 mg/L as nitrogen in
May (two of which also had fecal coliform or E. cali
bacteria, or both) were sampled in October. Two wells
that had no fecal indicator bacteria and that had small
concentrations of nitrite plus nitratein May also were
sampled in October. Four targeted wells could not be
sampled in October for various reasons. All samples
collected in October were analyzed for total nutrients,
fecal indicator bacteria, and dissolved major and trace
ions. Field alkalinity titrations also were performed.
Samples also were collected to test for the presence of
the human pathogen E. coli O157:H7 by incubating an
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additional bacteria plate with mEndo-LES agar at 37
OC (degrees Celsius) for approximately 24 hours.
Shiny-metallic colonies that grew on the mEndo-LES
agar were transferred to a McConkey Sorbitol plus
MUG agar plate using a sterile toothpick, and incu-
bated at 37 °C for approximately 8 hours.

A third set of samples was collected in Novem-
ber 2000. Six wells and two springs were sampled to
determine the nitrogen isotopic composition (table 2),
which can be used to differentiate between nitrate
derived from commercial fertilizer and nitrate derived
from human or animal wastes. The wells that were
sampled were among those with moderate or large con-
centrations of nitrite plus nitratein previous samples,
and they also were selected to provide geographic
diversity. Samplesfor nitrogen isotopic composition
analysis were collected by filtering water through a
0.45-um (micrometer) filter intoa 1-L (liter) polyethyl-
ene bottle and were chilled to 4 °C. Except for one well
(well 23) for which a bacteria sample also was col-
lected, the only other sample collected was for total
nutrient concentrations,

The process of sampling awell began by turning
on the water for at least 10 minutes until physical prop-
erties (temperature, specific conductance, and pH)
were stable. Once stability was achieved, the values of
these properties and the concentration of dissolved
oxygen were recorded, and samples were collected.
Chlorinated water was avoided to prevent false nega
tive bacteria results. Discharge measurements or flow
estimates were made for springs, and sampleswere col-
lected as close to the spring orifice as possible. The
samplefor the determination of total nitrite plusnitrate,
total nitrite, total ammonia, and total orthophosphorus
was placed in an amber 125-mL (milliliter) polyethyl-
ene bottle and chilled to 4 °C. The sample for total
phosphoruswas placed in a125-mL clear polyethylene
bottle, preserved to pH less than 2 with sulfuric acid,
and chilled to 4 °C. Samples for dissolved major and
trace ions were collected in a 3-L Teflon bottle, from
which water was filtered through a 0.45 um pore-size
disposable capsule filter using a peristaltic pump. The
filtered water was placed in a 250-mL clear polyethyl-
ene bottle and a 250-mL clear polyethylene acid-
washed bottle. Nitric acid was added to the acid-
washed bottleto bring the pH to lessthan 2. Alkalinity,
bicarbonate, and carbonate were determined by titrat-
ing 0.16 N (normal) sulfuric acid into 25 mL of sample
water. Quality-assurance samples also were collected.
Three duplicate samples were collected in May, one

during each week of the sampling event, and one dupli-
cate sample was collected in each of the October and
November sample events. Three blanks were also col-
lected in May, and one each in October and November.
Blank samples were prepared by filling sample con-
tainers with inorganic-free water prepared by the
USGS National Water Quality Laboratory in Lake-
wood, Colorado, and preserving and shipping the sam-
ples in the same manner as regular samples. Bacteria
samples were collected in sterilized 500-mL polyethyl-
ene bottles from an outside faucet or hydrant in most
cases, but occasionally from an inside kitchen faucet
when a suitable outside sampling point was not avail-
able. The sampling point was flame-sterilized before
sample collection where possible, but in some cases,
such asakitchen faucet or where the outside faucet was
closeto vinyl siding that could be damaged by aflame,
achlorine solution was sprayed on the sampling point.
The sample was placed onice until processing, which
occurred within 4 hours of collection. Processing was
by the membrane filter technique according to methods
described in Myers and Wilde (1997). Sample aliquots
of 50 or 100 mL, or both, were used for the wells, and
aliquots of the same volume but also as small as 1 mL
were used for the springs. Daily blanks were prepared
using 100 mL of sterilebuffer solution and processedin
the same manner as asample. No fecal indicator bacte-
ria colonies grew from any of the daily blanks.

Statistical Analysis

A statistical analysis of the water-quality data
was performed to determine if the fecal indicator bac-
teriadensities and total nitrite plus nitrate concentra-
tions were larger in P wells than in Ag wells and to
determine if there were any seasonal differences
between samples collected in spring 2000 and fall
2000. Although the water-quality datafor all site types
are presented in table 2, only the datafor P and Ag
wellswere used for statistical hypothesistestsand sum-
mary statistics (table 3). Water-quality datafor two
wells a short distance outside the basin (fig. 3) aso
were used in the statistical tests and summary statistics
because of similar land use and geohydrology. Samples
were grouped using the suffix “1” for spring (May
2000) samples (P1, Agl, and Spl) and the suffix “2”
for fall (October or November 2000) samples (P2, Ag2,
and Sp2). Only the well samples collected in spring
2000 (P1 and Agl) were used to determine if the total
nitrite plus nitrate concentrations and fecal indicator
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DESCRIPTIONS OF ABBREVIATIONS AND REPORTING UNITS FOR PHYSICAL PROPERTIES, CHEMICAL
CONSTITUENTS, FECAL INDICATOR BACTERIA, AND NOTATIONS USED IN TABLE 3

Abbreviation

Description

T
SC

DO

pH
NO,+NOs,
NOy

NHz

P

PO

FC

E. coli

FS

Alkgy
HCOgr)
COgit)
Solids
Hard

Ag
Agl
Ag2

Spl
Sp2

Temperature, in degrees Celsius

Specific conductance, in microsiemens per centimeter at 25 degrees Celsius
Dissolved oxygen, in milligrams per liter

In standard units

Total nitrite plus nitrate as nitrogen, in milligrams per liter
Total nitrite as nitrogen, in milligrams per liter

Total ammonia as nitrogen, in milligrams per liter

Total phosphorus, in milligrams per liter

Total orthophosphorus as phosphorus, in milligrams per liter
Fecal coliform density, in colonies per 100 milliliters
Escherichia coli density, in colonies per 100 milliliters

Fecal streptococcus density, in colonies per 100 milliliters
Total acid neutralizing capacity, incremental titration, in milligrams per liter
Bicarbonate, total, incremental titration, in milligrams per liter
Carbonate, total, incremental titration, in milligrams per liter
Dissolved solids, in milligrams per liter

Hardness, total, in milligrams per liter as CaCO3

Calcium, dissolved, in milligrams per liter

Magnesium, dissolved, in milligrams per liter

Potassium, dissolved, in milligrams per liter

Sodium, dissolved, in milligrams per liter

Chloride, dissolved, in milligrams per liter

Fluoride, dissolved, milligrams per liter

Sulfate, dissolved, in milligrams per liter

Boron, dissolved, in micrograms per liter

Strontium, dissolved, in micrograms per liter

Poultry well open only or mostly to the Springfield Plateau aquifer, with poultry litter
application in spring 2000 and in previous years

Datafor Pwell sampled in May 2000 and used for statistical tests

Number

Lessthan

Standard deviation

Datafor P well sampled in October or November 2000 and used for statistical tests
Agriculture well open only or mostly to the Springfield Plateau aquifer

Datafor Ag well sampled in May 2000 and used for statistical tests

Datafor Ag well sampled in October or November 2000 and used for statistical tests
Spring

Datafor spring sampled in May 2000 and used for statistical tests

Data for spring sampled in October or November 2000 and used for statistical tests

Sampling and Analysis Methods
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bacteria densities were larger in Pwellsthanin Ag
wells. Samples collected in fall 2000 (P2 and Ag2)
were not used for this purpose because they were inten-
tionally collected from wells with some of the largest
total nitrite plus nitrate concentrations and fecal indica-
tor bacteria densities in the spring, and inclusion of
these data with the spring data might produce biased
results. Only data for wells sampled in both the spring
and the fall were used to test for seasonal changesin
wells; data from wells sasmpled in the spring without
corresponding fall data were not used. Generally, sam-
ples collected from wellsin October were used as fall
data, but samples collected in November were used in
the four cases where a sample for total nitrite plus
nitrate analysis was collected in November and not in
October. Seasonal changes also were evaluated for
springs using Spl and Sp2 data groups.

The computer software SY STAT (SPSSInc.,
1998) was used for the preparation of boxplots and
computation of summary statistics, and for statistical
hypothesis tests. Bacteria densities reported as “less
than” a specific number of colonies per 100 milliliters
were converted to 0 col/100 mL for statistical calcula-
tions. Three exceptionsto thiswere two caseswith less
than 100 col/100 mL and 1 case with less than 20
col/100 mL. These datawere discarded. For one spring
sample, the data reported as “ greater than” 1,000
col/100 mL was changed to 1,000 col/100 mL. Fecal
indicator bacteria data for some samples contained a
remark code indicating a non-ideal bacteria count;
these data were treated in the same way as other data.
For analytical data reported as less than the laboratory
detection level, the data were changed to the detection
level.

Datafor samplegroupsweretested for normality
using atwo-tailed Lilleforstest (SPSS Inc., 1998)
before conducting statistical hypothesis tests for total
nitrite plus nitrate concentrations and fecal indicator
bacteria densities. The data for most sample groups
were not normally distributed, and nonparametric sta-
tistical hypothesis tests were, therefore, used. Data
groups were considered significantly different if the
probability (p-value) for atest was less than 5 percent
(lessthan 0.05). A p-value lessthan 0.05 indicates that
thereis alessthan 5 percent chance (95 percent confi-
dence level) that the observed difference occurs by
chance. The nonparametric Mann-Whitney test (SPSS
Inc., 1998) was used to test for differences between P1
and Agl data. The Mann-Whitney test is the Kruskal-
Wallis test using only two sample groups (SPSS Inc.,
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1998). Severa statistical tests were used to test for sea
sonal differences between P1 and P2 data, Agl and
Ag2 data, and Spl and Sp2 data. The Mann-Whitney
test was used for grouped data. The nonparametric Wil-
coxan signed-rank test (SPSS Inc., 1998) and the non-
parametric sign test (SPSS Inc., 1998; Helsel and
Hirsch, 1992) were used with paired data. The results
of the Mann-Whitney test and the sign test werein
agreement with respect to rejecting or not rejecting the
null hypothesis that there were no differences and gen-
erally were more conservative in this respect than
results from the Wilcoxan signed-rank test. For these
reasons, results from the Mann-Whitney test and the
sign test were used to interpret seasonal differences.
Correlation tables of water-quality datawere
prepared using SY STAT to calculate the Spearman’s
rank-order correlation coefficient (Helsel and Hirsch,
1992; SPSSInc., 1998). The Spearman’s rank-order
correlation coefficient isthe Pearson correlation coeffi-
cient computed on ranked data. The Spearman’s rank-
order correlation coefficientsfor combined P1 and Agl
samples and for Spl samples are given in tables 4
and 5.

GROUND-WATER QUALITY

The ground-water quality of the upper Shoal
Creek Basin can be described in terms of general
geochemistry (physical propertiesand major inorganic
constituents) and constituentsthat areimportant froma
human health standpoint (nutrients and fecal indicator
bacteria). Water-quality datacollected for thisstudy are
listed in table 2. Comparisons between sample groups
(P1, Agl, and so forth) are facilitated by the summary
statistics for these data (minimum, maximum, median,
mean, and standard deviation; table 3).

Major Inorganic Constituents

The ground water represented by all the samples
collected in this study is of the calcium bicarbonate
type, asshownin atrilinear diagram of major inorganic
constituents (fig. 5). Calcium bicarbonate water is typ-
ical of ground water from alimestone aquifer such as
the Springfield Plateau aquifer. Water from adol ostone
aquifer, such asthe Ozark aquifer, also can be calcium
bicarbonate water, but the amount of magnesium, asthe
second most common cation, would be larger in most
cases. Samples from approximately one-third (16) of



DESCRIPTIONS OF ABBREVIATIONS AND REPORTING UNITS FOR PHYSICAL PROPERTIES, CHEMICAL
CONSTITUENTS, FECAL INDICATOR BACTERIA, AND NOTATIONS USED IN TABLES 4 AND 5

Abbreviation

Description

P

P1

Ag

Agl

Sp

Spl

SC

DO

pH
NO+NOg,

E. coli
FS
Alkgy
HCOgr)
Solids
Hard

Poultry well open only or mostly to the Springfield Plateau aquifer, with poultry litter

application in spring 2000 and in previous years
Datafor P well sampled in May 2000 and used for statistical tests
Agriculture well open only or mostly to the Springfield Plateau aquifer
Datafor Ag well sampled in May 2000 and used for statistical tests
Spring
Datafor spring sampled in May 2000 and used for statistical tests
Specific conductance, in microsiemens per centimeter at 25 degrees Celsius
Dissolved oxygen, in milligrams per liter
In standard units
Total nitrite plus nitrate as nitrogen, in milligrams per liter
Total ammonia as nitrogen, in milligrams per liter
Total phosphorus, in milligrams per liter
Total orthophosphorus as phosphorus, in milligrams per liter
Fecal coliform density, in colonies per 100 milliliters
Escherichia coli density, in colonies per 100 milliliters
Fecal streptococcus density, in colonies per 100 milliliters
Total acid neutralizing capacity, incremental titration, in milligrams per liter
Bicarbonate, total, incremental titration, in milligrams per liter
Dissolved solids, in milligrams per liter
Hardness, total, in milligrams per liter as CaCO;
Calcium, dissolved, in milligrams per liter
Magnesium, dissolved, in milligrams per liter
Potassium, dissolved, in milligrams per liter
Sodium, dissolved, in milligrams per liter
Chloride, dissolved, in milligrams per liter
Fluoride, dissolved, milligrams per liter
Sulfate, dissolved, in milligrams per liter
Boron, dissolved, in micrograms per liter
Strontium, dissolved, in micrograms per liter
No data
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thewells (wells1, 2,5, 6, 7, 8, 13, 16, 17, 19, 20, 26,
39, 45, 46, and 47) had a magnesium milliequivalent
concentration larger than 25 percent of the total major
cation (calcium, magnesium, sodium, and potassium)
milliequivalent concentration. The calcium to magne-
sium milliequivalent ratio for these samples ranged
from 1.4 to 2.6, which is characteristic of ground water
from a mixed limestone and dolostone sequence
(White, 1988). Although some dolostone may be
present in the Springfield Plateau aquifer, the magne-
sium content may indicate contact with or a contribu-
tion of ground water from the Ozark aguifer. Based on
well depth data (table 1), 2 of these 16 wells (wells 8
and 19) probably are open mostly or only to the Ozark
aquifer, and at least part of the open interval of 5 other

Well 11

Wells 1, 2,5, 6,7,
8,13,16, 17, 19,

and 47

>

Q
Q
'\

Calcium

8= Spring 48
Well 27

wells (wells 7, 13, 16, 20, and 46) isin the Ozark aqui-
fer. Based on well depth data, the other nine wells are
open only to the Springfield Plateau aquifer. It is possi-
ble that the well depth datafor these wells are inaccu-
rate, or that because the interpretation of the depth to
the top of the Ozark aguifer isbased on widely spaced
data(Imes, 1990d), thetop of the Ozark aquifer may be
higher than is thought, and the wells may be at |east
partially open to the Ozark aquifer. Also, upward
movement of ground water from the Ozark aquifer to
the Springfield Plateau aquifer is possible along Shoal
Creek and its principal tributaries.

Thetrilinear diagram (fig. 5) aso showsthat the
dominant anion is bicarbonate, but that samplesfrom 2
Pwells (4 and 11), 2 Ag wells (27 and 44), and spring

S\

8}
V Well4 ¥ S
Chloride

Well 44

PERCENT OF MILLEQUIVALENTS PER LITER

Figure 5. Trilinear diagram of major inorganic constituents in well and spring samples.
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48 had alarger concentration of chloride or sulfate than
other samples. Chloride and sulfate in wells may indi-
cate contamination from a septic system. Spring 48 is
less than 2 mi west of a site where liquid waste from a
poultry processing plant issprayed on pastureland, and
about 3 mi west of the town of Butterfield (fig. 3). The
catchment area of spring 48 is not known, but may
include these areas.

Nutrients

Thetotal nutrient dataand summary statistics by
sample group (P1, P2, Agl, Ag2, Spl, and Sp2) are
givenin tables 2 and 3. The concentrations of nitrite
plus nitrate are essentially that of nitrate, because the
nitrite concentration waslessthan the detection level in
most samples, and was small when it was detected
(maximum of 0.02 mg/L as nitrogen with a detection
level of 0.01 mg/L asnitrogen). Ammoniawas detected
more frequently than nitrite (12 of 25 P1 samplesand 7
of 8 Spl samples, but only 1 of 15 Agl samples). How-
ever, ammonia concentrations were small when it was
detected (al but onevaluewaslessthan 0.1 mg/L, with
adetection level of 0.01 mg/L). The ammonia concen-
tration in the May 2000 sample from well 13 was 0.22
mg/L, which was anomalously large relative to the
other data. Phosphorus also was infrequently detected
(2 of 25 P1 samples, 3 of 15 Agl samples, and 3 of 8
Spl samples), and concentrations were small when
detected (maximum of 0.14 mg/L, with a detection
level of 0.02 mg/L). Orthophosphorus was detected
somewhat morefrequently than phosphorus (3 of 25 P1
samples, 4 of 15 Agl samples, and 8 of 8 Sp1 samples),
but also was at small concentrations when detected (all
but one samplewaslessthan 0.1 mg/L, with adetection
level of 0.01 mg/L). The maximum detection of 0.19
mg/L was for the May 2000 sample from well 13, the
same sample with the largest ammonia concentration.

Total nitrite plus nitrate frequently was detected
(16 of 25 P1 samples, 14 of 15 Agl samples, and 8 of
8 Spl samples). Nitrite plus nitrate concentrations
ranged from less than the detection level (0.02 mg/L as
nitrogen) to 18 mg/L as nitrogen (well 23). Seven sam-
ples from three wells (2 Ag wellsand 1 P well) had
nitrite plus nitrate concentrations at or larger than the
MCL of 10 mg/L asnitrogen, and several other sample
concentrations were slightly less than the MCL. Box-
plots of nitrite plus nitrate as nitrogen concentrations
for sample groups P1, Agl, Spl, and Sp2 are shownin
figure 6. The boxplots show that the median nitrite plus

nitrate concentrations for Agl samples (4.6 mg/L as
nitrogen) and Spl samples (3.9 mg/L asnitrogen) were
larger than that for P1 samples (0.28 mg/L asnitrogen).
A Mann-Whitney test between Agl and P1 samples
indicatesthat asignificant difference (p = 0.011) exists
for nitrite plus nitrate concentrations at a 95-percent
confidencelevel, meaning that, statistically, nitrite plus
nitrate concentrations were significantly larger in Agl
samples than P1 samples.

Both the Mann-Whitney test (p = 0.837) and the
signtest (p = 0.125) did not indicate a significant dif-
ferencein nitrite plus nitrate concentration between P1
and P2 samples at a 95-percent confidence level. Also,
both the Mann-Whitney test (p = 0.848) and the sign
test (p = 1) did not indicate a significant difference in
nitrite plus nitrate concentrations between Agl and
Ag2 samples at a 95-percent confidence level. The
median concentration for springs increased only
dlightly from spring to fall 2000 (3.9 mg/L as nitrogen
for Spl samples, and 4.0 mg/L as nitrogen for Sp2 sam-
ples), and both the Mann-Whitney test (p = 0.875) and
the sign test (p = 0.725) did not indicate a significant
difference between Spl and Sp2 samples at a 95-per-
cent confidence level.

The Spearman’s rank-order correlation coeffi-
cients between nitrite plus nitrate concentrations and
other constituent concentrationsarelisted in table 4 for
samples collected from wellsin May 2000 (combined
P1 and Agl samples) and in table 5 for Spl samples.
Strong correlations exist between combined P1 and
Agl nitrite plus nitrate concentrations and chloride
concentration (0.894) and between combined P1 and
Ag1l nitrite plus nitrate concentrations and calcium
concentration (0.871). Nitrite plus nitrate and chloride
may be correlated because both can occur in large con-
centrations in animal and human wastes. A correlation
exists between Sp1 nitrite plus nitrate concentrations
and potassium concentration (0.9), both of which can
occur in large concentrations in animal and human
wastes, and in commercial fertilizer.

Fecal Indicator Bacteria

Nineof 25 P1 samples, 7 of 15 Agl samples, and
all 8 Sp1 samples had at least 1 col/100 mL of at least
onefecal indicator bacteria(tables 2, 3). Fecal coliform
bacteria were detected in 1 of 25 P1 samplesand 5 of
15 Agl samples. E. coli bacteriawere detected in 3 of
24 P1 samplesand 1 of 13 Agl samples. Fecal strepto-
coccus bacteriawere detected in 8 of 25 P1 samples
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and 6 of 15 Agl samples. For P1 samples, bacteria den-
sitiesranged from lessthan 1 to 72 col/100 mL of fecal
coliform, lessthan 1 to 140 col/100 mL of E. coli, and
lessthan 1 to 77 col/100 mL of fecal streptococcus. For
Agl samples, bacteria densities ranged from less than
1to 81 col/100 mL of fecal coliform, lessthan 1 to 45
col/100 mL of E. coli, and less than 1 to 130 col/100
mL of fecal streptococcus. Fecal indicator bacteriaden-
sitiesin samples from springswere substantially larger
than densitiesin samples from wells. For Spl samples,
bacteria densities ranged from 12 to 3,300 col/100 mL
of fecal coliform, 40to 2,700 col/100 mL of E. coli, and
42 to0 3,100 col/100 mL of fecal streptococcus. Box-
plotsfor al three fecal indicator bacteriafor sample
groups P1, Agl, Spl, and Sp2 are shown in figure 6.

A Mann-Whitney test for fecal coliform bacteria
indicatesthat asignificant difference exists (p = 0.016)
between Agl and P1 samples at a 95-percent confi-
dencelevel. Thisresult and the fact that more Agl sam-
ples had detections of fecal coliform bacteriathan P1
samples (table 3; fig. 7) indicate that statistically more
fecal coliform bacteriawerein Agl samples than P1
samples. Although it appears that there was dightly
more E. coli bacteriain P1 samples than Agl samples
and slightly more fecal streptococcus bacteriain Agl
samples than P1 samples (fig. 7), Mann-Whitney tests
do not indicate significant differences (p = 0.679 for
E. coli; p=0.431 for feca streptococcus) at a 95-per-
cent confidence level.

Bacteria densities for individual wells (fig. 7)
appear to indicate a decrease from spring to fall 2000
for all three fecal indicator bacteria. Mann-Whitney
tests and sign tests, however, do not show astatistically
significant difference at a 95-percent confidence level
between P1 and P2 samples or Agl and Ag2 samples
for any of the three fecal indicator bacteria. A few p-
values were small enough to indicate a significant dif-
ference at a 90-percent confidence level, but this differ-
enceis not considered a strong enough indication of
significance for the purpose of this study. These p-val-
uesare 0.066 for the Mann-Whitney test for E. coli bac-
teriafor P1 and P2 samples, 0.090 for the Mann-
Whitney test for fecal streptococcusbacteriafor P1 and
P2 samples, and 0.062 for the sign test for fecal
coliformbacteriafor Agl and Ag2 samples. A decrease
in all fecal indicator bacteria seemsto occur in springs
from the spring to the fall 2000 (figs. 6, 8). However,
only fecal streptococcus bacteria densities were signif-
icantly smaller inthefall thanthe spring at a 95-percent
confidence level (Mann-Whitney test, p = 0.02; sign
test, p = 0.031). Although a significant seasonal differ-
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ence at a 95-percent confidence level isindicated for
fecal coliform bacteria by the sign test (p = 0.016), a
significant difference does not appear to exist based on
the Mann-Whitney test (p = 0.105). Also, theresult for
thesigntest (p = 0.062), but not the Mann-Whitney test
(p=10.117), was small enough to indicate a significant
seasonal difference for E. coli bacteriain springsat a
90-percent confidence level, but this also was not con-
sidered a strong enough indication of significance.

Wellsand springs sampled in October 2000 were
analyzed for the presence of the human pathogen E.
coli O157:H7 bacteria. A total of 15wellsand 8 springs
were tested. No colonies of E. coli O157:H7 bacteria
grew in any of the samples.

Spearman’s rank-order correlation coefficients
for wells sampled in spring 2000 (combined P1 and
Agl samples; table 4) show a moderate positive corre-
lation (0.728) between fecal coliform and E. coli bacte-
ria, but not for other pairs of fecal indicator bacteria.
Also, no correlation is noted between any of the fecal
indicator bacteria and either nitrite plus nitrate or chlo-
ride concentrations for wells sampled in spring 2000.
Strong positive correlations (0.900 to 1) exist for all
pairs of fecal indicator bacteriafor springs sampled in
spring 2000 (table 5). Also, al three fecal indicator
bacteria were positively correlated (0.800 to 0.900)
with nitrite plus nitrate and potassium concentrations
for springs sampled in spring 2000, but no correlation
with chloride concentrations was indicated.

Nitrogen Isotopic Composition

Theisotopic composition of nitrogeninasampleis
expressed in terms of its §!°N value:

8N (in per mil) = (M - l) x 107,
standard

where Risthe atomic 1°N/2N ratio (Heaton, 1986). The
81N values for commercial fertilizer are closeto O per
mil, whereasthe §!°N values for human sewage or ani-
mal waste are typically in the +10 to +20 per mil range
(Heaton, 1986). Thus, rel ative nitrogen i sotope abundance
can be used to digtinguish between commercid fertilizer
and human or animal waste. The eight nitrogen isotope
samplesthat were collected for thisstudy represent only a
cursory look at nitrogen isotopic compasition in the
ground water in the upper Shoal Creek Basin. The§!°N
vauesfor thisstudy ranged from 7.2 t0 9.1 per mil for six
wellsand from 5.2 to 5.8 per mil for two springs (table 2).
These vaues may indicate a mixing of anima or human
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wastes and commercia fertilizer. The valuesfor the P
wells(7.2to 9.1per mil) do not appear to differ from the
Agwells (7.2 and 7.4 per mil).

EFFECTS OF CONFINED ANIMAL
FEEDING OPERATIONS

The results of this study do not indicate that
poultry CAFOs are causing an increase of nutrient con-
centrations and fecal bacteria densities in the shallow
ground water in the upper Shoal Creek Basin. This con-
clusionisbased on statistical teststhat do not show that
P wells sampled in spring 2000 have significantly
larger concentrations of nitrite plus nitrate or fecal indi-
cator bacteriadensitiesthan Agwellssampledin spring
2000 at a 95-percent confidence level. On the contrary,
the Ag wells had significantly (p <0.05) larger concen-
trations of nitrite plus nitrate and fecal coliform bacte-
riadensities than the P wells. Many samples contained
nitrite plus nitrate concentrations larger than the report-
ing level of 0.02 mg/L as nitrogen, and several were
near or larger than the MCL of 10 mg/L as nitrogen.
Few samples had concentrations of the nutrients
ammonia, phosphorus, or orthophosphorus substan-
tially larger than the detection level. The well with the
largest ammonia and orthophosphorus concentration
(well 13) isacommercial Pwell, suggesting that the
poultry CAFO near that well could be a source of these
nutrientsin the well water.

Theresults of this study do not indicate seasonal
variations from spring 2000 to fall 2000 in the concen-
trations of nutrients or fecal indicator bacteriadensities
for well samples. Thisconclusionisbased on statistical
tests that indicate no significant difference at a 95-per-
cent confidence level for nitrite plus nitrate concentra-
tions or fecal indicator bacteria densities between
either P wells sampled in the spring and fall 2000, or
Agwellssampled inthe spring and fall 2000. However,
analysisof samplesfrom springs showsthat fecal strep-
tococcus bacteria densities were significantly smaller
in fall 2000 than in spring 2000 at a 95-percent confi-
dence level. These conclusions regarding seasonal dif-
ferences are based on asmall set of sample results over
alimited period of time; analysisof alarger set of sam-
ple results over alonger period of time would provide
a better assessment of seasonal trends.

The larger nitrite plus nitrate concentrations and
fecal coliform bacteria densitiesin Agl samples com-
pared to P1 samples may be the result of variables not
considered in this study. For example, more cattle pos-
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sibly arein the northern part of the basin where most of
the Ag wells are located, more commercial fertilizer
may be applied to pasture in the northern part of the
basin, or the larger nitrite plus nitrate concentrations
may be arelic of the application of fertilizer to row
cropsin the past. The limited nitrogen isotope data do
not resol ve this because mixed animal or human wastes
and commercial fertilizer sources are indicated by the
data. The interpretation of sample resultsis compli-
cated by the fact that the well network consisted of
existing wells rather than monitoring wellswith known
and consistent construction, knowledge of past and
present poultry litter application, and limited effects
from other environmental factors, such as septic tanks,
which also may be sources of nitrite plus nitrate and
fecal indicator bacteria. Instead, the well network was
characterized by variations and uncertainties in well
and casing depth, age, and poultry litter application,
and some wellswere close to a septic tank. Asagroup,
the Ag wells may be more susceptible to septic tank
contamination than Pwellsbecauseall the Agwellsare
domestic wells and all but one (well 29) are close
(within about 100 ft) to a septic tank. Fifteen of the 25
P wells are domestic wells. The remaining 10 P wells
(wells1,2,5,7,13,15, 17, 23, 43, and 47) are commer-
cia wells supplying water to poultry CAFQOs, and only
oneis close to a septic tank. Also, the construction of
commercia wells may make them generally less sus-
ceptible to shallow sources of contamination than
domestic wells. Most commercial wells were con-
structed relatively recently and, therefore are more
likely to bein compliancewith MDNR regulations that
the casing be a minimum of 80 ft deep (Missouri Divi-
sion of Geology and Land Survey, 1996), the condition
of the casing is more likely to be good, and the wells
may be deeper than most domestic wells. Domestic
wellsvary in depth and condition of casing, and
because most are older than commercial wells, they are
morelikely to have shallow or corroded casing, or both,
which increases the possibility of contamination from
shallow sources, including septic tanks. The 16 wells
with a magnesium milliequivalent concentration
greater than 25 percent of the total cation milliequiva-
lent concentration (fig. 5) generally were less affected
by surficial contaminants than other wells. Except for
onennitrite plus nitrate concentration of 4 mg/L asnitro-
gen, the largest nitrite plus nitrate concentration of the
16 wellswas 1.6 mg/L as nitrogen, and 10 concentra-
tions were less than the detection level of 0.02 mg/L.
Although 4 of the 16 wellshad at least 1 col/100 mL of



fecal indicator bacteria, the only bacteria detected was
fecal streptococcus. Thirteen of these 16 wellsare P
wells, and 1 each isaP(old) well, P(deep) well, and an
Ag(deep) well. Water from these 16 wells would be
expected to be relatively uncontaminated if the large
magnesium concentrations means that the wells are
open at least partly to the deeper, dolomitic Ozark agui-
fer. However, the well-construction dataindicate that 9
of the 16 wellsare not open to the Ozark aguifer. Ashas
been noted, these construction datamay beincorrect, or
there may be dolostone in the predominantly limestone
Springfield Plateau aquifer.

Although an environmental biasin the well sam-
ple network may exist, consisting of alarger percentage
of Agwellshaving the potential to be affected by septic
tank effluent, ascompared to Pwells, itisunclear if this
biasis strong enough to affect the statistically based
conclusions of this study. Where all 15 Agwellsare
domestic wells, and all but one have a greater potential
than most commercial wellsto be affected by septic
effluent, asubstantial part of the Pwells (15 of 25) aso
are domestic wells. Also, samplesfrom four wellsthat
plot outsidethe cluster of other wells at the bicarbonate
vertex of thetrilinear diagram (fig. 5) because of larger
chloride or sulfate concentrations (which may indicate
septic contamination), two are Pwells (wells4 and 11)
and two are Ag wells (wells 27 and 44). Thefour wells
had detections of fecal indicator bacteriaor large nitrite
plus nitrate concentrations (ranging from 7.5 to 10
mg/L for 3 wells), or baoth.

SUMMARY

The upper Shoal Creek Basin, approximately
233 mi? (square miles) in size, isin parts of Barry,
Lawrence, and Newton Counties in southwest Mis-
souri. Agriculture, the predominant land use in the
upper Shoal Creek Basin, primarily ispasturefor cattle
and hay production. Poultry confined animal feeding
operations (CAFOs) have become an important land
useintheupper Shoal Creek Basinin recent years. The
litter removed from poultry barnsis spread on pasture
land to provide a source of nutrients. Thereis concern
that the large increase in the number of poultry CAFOs
in the basin since the late 1980's may have caused an
increase in nutrient concentrations and fecal bacteria
densitiesin ground water.

The surficial Springfield Plateau aquifer ranges
from about 200 ft (feet) thick along parts of Shoal
Creek to aimost 400 ft thick at sometopographic highs.

Most wellsin the upper Shoal Creek Basin are open to
the Springfield Plateau aquifer. The Ozark confining
unit, which isas much as40 ft thick, occurs beneath the
Springfield Plateau aquifer, and is composed of forma:
tions that are less permeable than the Springfield Pla-
teau aquifer. The Ozark aquifer occurs beneath the
Ozark confining unit, and ranges from about 1,100 to
1,400 ft thick in the upper Shoal Creek Basin.

A well inventory was conducted in April 2000 to
establish a network of wellsto sample. Forty-seven
wells were selected. Most of the wells were classified
as1 of 2 sitetypesthat are wells open only or mostly to
the Springfield Plateau aquifer: 25 “P” (for poultry)
wellswhere the application of poultry litter occurred to
asubstantial acreage (generally several tens of acresor
more) within a 0.5 mi (mile) radius of the well (the
application wasusually much closer tothewell) bothin
spring 2000 and in several previousyears, and 15“Ag”
(for agriculture) wells with alimited or no association
with poultry CAFOs. Eight springs (site type Sp) also
were selected for inclusion in the sample network.

All 47 wells and 8 springs were sampled in May
2000 for total nutrients and fecal indicator bacteria
[fecal coliform, Escherichia cali (E. coli), and fecal
streptococcus]. Twenty-two of thewellsand all springs
also were sampled for dissolved major and trace ions.
Fifteen wells and all eight springs were sampled again
in October 2000 for total nutrients, fecal indicator bac-
teria, and dissolved major and traceions. Emphasiswas
placed on wells that had previous detections of fecal
indicator bacteria, particularly fecal coliform or E. coli
bacteria, or large concentrations of nitrite plusnitrate as
nitrogen in May 2000. Samples also were collected to
test for the presence of the human pathogen E. coli
0157:H7. Five wells and one spring were sampled in
November 2000 to determine nutrient concentrations
and nitrogen isotopic composition. For a statistical
analysis of the water-quality data, samples were
grouped using the suffix “1” for spring (May 2000)
samples (P1, Agl, and Spl) and the suffix “2” for fall
(October or November 2000) samples (P2, Ag2, and
Sp2).

Nitrite plusnitrate frequently was detected (16 of
25 P1 samples, 14 of 15 Agl samples, and 8 of 8 Spl
samples). Concentrations ranged from less than the
detection level of 0.02 mg/L (milligram per liter) as
nitrogen to 18 mg/L as nitrogen. Seven samples from
three wells had nitrite plus nitrate concentrations at or
larger than the M aximum Contaminant Level (MCL ) of
10 mg/L as nitrogen, and several other sample concen-
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trations were slightly less than the MCL. The median
nitrite plus nitrate concentrationsfor Agl samples (4.6
mg/L as nitrogen) and Sp1 samples (3.9 mg/L as nitro-
gen) werelarger than that for P1 samples (0.28 mg/L as
nitrogen). A Mann-Whitney test indicated that nitrite
plus nitrate concentrations were significantly larger in
Agl samples than P1 samples, at a 95-percent confi-
dence level. Both the Mann-Whitney test and the sign
test for nitrite plus nitrate concentrations did not indi-
cate asignificant seasonal difference between P1 and
P2 samples, Agl and Ag2 samples, or Spl and Sp2
samples, at a 95-percent confidence level.

Fecal coliform bacteriawas detected in 1 of 25
P1 samples and 5 of 15 Agl samples. E. coli bacteria
was detected in 3 of 24 P1 samplesand 1 of 13 Agl
samples. Fecal streptococcus bacteriawere detected in
8 of 25 P1 samples and 6 of 15 Agl samples. Bacteria
densitiesranged from lessthan 1 to 81 col/100 mL (col-
onies per 100 milliliters) of fecal coliform, lessthan 1
to 140 col/100 mL of E. coli, and less than 1 to 130
col/100 mL of fecal streptococcus. Fecal indicator bac-
teria densities in samples from springs were substan-
tially larger than densitiesin samples from wells. For
Spl samples, bacteria densities ranged from 12 to
3,300 col/100 mL of fecal coliform, 40to 2,700 col/100
mL of E. coli, and 42 to 3,100 col/100 mL of fecal
streptococcus. A Mann-Whitney test indicated that sta-
tistically, at a 95-percent confidence level, more fecal
coliform bacteriawere in Agl samples than P1 sam-
ples. No statistical differences between P1 and Agl
sampleswere detected for E. coli or fecal streptococcus
bacteria. Statistical tests did not indicate a significant
seasonal difference at a 95-percent confidence level
between P1 and P2 samples, or Agl and Ag2 samples,
for any of the three fecal indicator bacteria. A signifi-
cant seasonal difference for springs at a 95-percent
confidence level isindicated only for fecal streptococ-
cus bacteria, with Spl densities larger than Sp2 densi-
ties. No colonies of E. coli O157:H7 bacteriagrew on
any of the plates from the October samples. The eight
81N values for this study ranged from 7.2 to 9.1 per
mil for six wells and from 5.2 to 5.8 per mil for two
springs, possibly indicating a mixing of animal or
human wastes and commercial fertilizer.

The results of this study do not indicate that
poultry CAFOs are causing an increase of nutrient con-
centrations and fecal bacteria densitiesin the shallow
ground water in the upper Shoal Creek Basin. Statisti-
cal tests do not indicate that P wells sampled in spring
2000 have significantly larger nitrite plus nitrate con-
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centrations or fecal indicator bacteriadensitiesthan Ag
wells sampled in spring 2000 at a 95-percent confi-
dence level. On the contrary, the Ag wells had signifi-
cantly larger nitrite plus nitrate concentrations and
fecal coliform bacteria densities than the P wells.

Theresults of this study also do not indicate sea-
sonal variations from spring 2000 to fall 2000 in the
concentrations of nutrients or fecal indicator bacteria
densities from well samples. Statistical tests do not
indicate significant differences at a 95-percent confi-
dence level for nitrite plus nitrate concentrations or
fecal indicator bacteriadensities between either Pwells
sampled in spring and fall 2000 or Ag wellssampledin
spring and fall 2000. However, analysis of samples
from springs shows that fecal streptococcus bacteria
densitieswere significantly smaller in fall 2000 thanin
spring 2000 at a 95-percent confidence level.

The statistically significant result that the Agl
samples had larger nitrite plus nitrate concentrations
and fecal coliform bacteria densities than the P1 sam-
ples may be the result of variables not considered in
this study. For example, more cattle possibly arein the
northern part of the basin where most of the Ag wells
are located, more commercial fertilizer may be applied
to pasturein the northern part of the basin, or the larger
nitrite plus nitrate concentrations may be arelic of the
application of fertilizer to row cropsin the past. Asa
group, the Ag wells may be more susceptible to septic
contamination than P wells, because all the Ag wells
are domestic wells and all but one are close (within
about 100 ft) to a septic tank. Although this may indi-
cate an environmental biasin the well sample network,
itisunclear if this biasis strong enough to affect the
statistically based conclusions of this study. Where all
15 Ag wells are domestic wells, a substantial part (15
of 25) of the P wells aso are domestic wells.
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