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ABSTRACT

During 1990, pesticides were detected in water from 29 of 92 wells and the 5 surface-water 
sites sampled in Bates, Cass, St. Clair, and Vernon Counties in west-central Missouri. Atrazine 
concentrations exceeded 3 micrograms per liter in samples from 5 wells and 2 surface-water sites. 
During 1991, pesticides were detected in water from 27 of 100 wells sampled in Bates, Cass, and 
Vernon Counties. During 1991, the mean tritium concentration was 28.3 picocuries per liter in wa­ 
ter samples from 20 wells. Water samples from three wells had tritium concentrations less than 
9.0 picocuries per liter.

During 1990, nitrate, as nitrogen, concentrations exceeded 10 milligrams per liter in water sam­ 
ples from 21 of 89 wells. During 1991, nitrate concentrations exceeded 10 milligrams per liter in 
water samples from 23 of 99 wells and 1 of 3 springs. During 1991, the 815N (ratio of 15nitrogen 
to 14nitrogen in nitrate, relative to atmospheric nitrogen, expressed in per mil) in water samples 
from 22 wells ranged from +4.2 to +29.2 per mil. All but two of the samples had 815N of nitrate 
values equal to or greater than +10 per mil.

During 1990, alpha radiation concentrations ranged from less than 1 to 33 picocuries per liter. 
Beta radiation concentrations ranged from less than 1 to 110 picocuries per liter.

During 1991, arsenic concentrations ranged from less than 5 to 10 micrograms per liter. Iron 
concentrations ranged from less than 50 to 8,600 micrograms per liter. Manganese concentrations 
ranged from less than 20 to 7,800 micrograms per liter.

INTRODUCTION

Agricultural production is the primary land use in west-central Missouri. The dominant row crops are 
soy beans, hay, corn, wheat, and grain sorghum. Beef and pork are the principal livestock products. Pesti­ 
cides and nitrogen fertilizers are used extensively on row crops and may enter ground and surface water. 
Because ground water is the primary drinking water source for many people in the area, the U.S. Geological 
Survey (USGS), in cooperation with the Missouri Department of Health (DOH), sampled wells, springs, and 
surface-water sites in west-central Missouri during 1990 and 1991 to determine concentrations of pesticides, 
nutrients, nitrogen isotopes, radionuclides, arsenic, iron, and manganese in ground and surface water from

1 Hydrologist, U.S. Geological Survey, Lawrence, Kansas.
2 Hydrologist, U.S. Geological Survey, Independence, Missouri.
3 Environmental Specialist, Missouri Department of Health, Jefferson City, Missouri.



west-central Missouri. This report contains the results of analyses for pesticides, nutrients, nitrogen iso­ 
topes, radionuclides, arsenic, iron, manganese, and selected land-use characteristics for ground- and sur­ 
face-water samples from Bates, Cass, St. Clair, and Vernon Counties in west-central Missouri (fig. 1).

The percentage of land in agricultural crop production ranged from 25 percent in St. Clair County to 38 
percent in Bates County (Missouri Department of Agriculture, 1991). Soybeans were the largest part of the 
crop acreage in Bates, Cass, and Vernon Counties. The percentage of land devoted to soybean production 
in these three counties ranged from 10 to 13 percent. Hay, wheat, and corn were the next most abundant 
crops. Hay was the most abundant crop in St. Clair County, accounting for 13 percent of the total acreage. 
Soybeans were the next most abundant crop in St. Clair County and were 5 percent of the total acreage. 
Cash values of cattle exceeded all other crops, except in Cass County, where soybeans were the largest cash 
crop.

More than 95 percent of all corn and soybean acreage in west-central Missouri was treated with pesti­ 
cides during 1989 (Missouri Department of Agriculture, 1990; 1991). Atrazine and alachlor were most 
commonly applied for control of grasses and broadleaf plants. Trifluralin, imazaquin, metribuzin, chlorimu- 
ron, and alachlor were used on most of the soybean crops for weed and grass control. Atrazine, alachlor, 
butylate, cyanazine, and metolachlor were used on most of the corn crops. These nine pesticides account 
for more than 70 percent of the pesticides used in the State (Smith and Fairchild, 1990). These pesticides 
began to be used on crops in the early 1950's.

During 1990, dry urea was the most common nitrogen fertilizer applied (Missouri Department of Agri­ 
culture, 1991). Nitrogen solutions, ammonium nitrate, and anhydrous ammonia were applied in lesser quan­ 
tities. Commercial nitrogen fertilizers are manufactured from atmospheric nitrogen and may be distin­ 
guished from nitrogen derived from animal wastes (either livestock or human) by the 815N relative to at­ 
mospheric nitrogen.

Pesticides in ground water may originate from a point source, such as mixing or spilling pesticides near 
a well, or from a non-point source, such as the application of pesticides to a field and subsequent infiltration 
to the ground water. Nitrate may be present in ground water because of field application of fertilizers, 
wastes leaching from feedlots or leaking household septic systems, or leachate from sewage treatment 
plants. Ground-water recharge that occurred prior to 1952 can be determined by the tritium concentration 
in the water.

Arsenic, iron, and manganese are trace elements that may have large concentrations in ground water and 
cause health or esthetic concerns (Missouri Department of Health, oral commun., 1988). Radionuclides, 
including alpha and beta radiation, radium-226, and radium-228 in ground water may be a health concern. 
However, trace element and radionuclide concentrations in ground water from west-central Missouri are un­ 
known.

Study Area

Bates, Cass, St. Clair, and Vernon Counties (fig. 1) have a total area of 3,092 mi2 (square miles) or 
1,979,021 acres. The western one-half of St. Clair and much of Bates, Cass, and Vernon Counties are rolling 
plains that were once covered by native prairie grasses. The area is well suited for agricultural practices, 
which are the primary land use. The eastern one-half of St. Clair County is a mixture of pasture and wooded 
uplands with few crops grown. Except for northern Cass County, surface water drains from west to east. 
Annual precipitation ranges from 36 in. (inches) in Cass County to 40.5 in. in Vernon County.
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Figure 1.-Location of wells, springs, and surface-water s*es.



Extensive alluvial deposits of Holocene age are associated with the four major streams: the Marais des 
Cygnes, the Marmaton, the Osage, and the South Grand Rivers (fig. 1) that drain the study area. These al­ 
luvial deposits can be a local source of ground water. The largest stream valleys have alluvial deposits of 
30 to 50 ft (feet) of clay, silt, and sand that are underlain by several feet of gravel and coarse sand (Gentile, 
1976). Alluvial wells can yield from 30 to 100 gpm (gallons per minute; Kleeschulte and others, 1985). 
Pleistocene terrace gravels are isolated sources of small quantities of ground water (Gentile, 1976).

Cyclic sediments of Pennsylvanian age, consisting of limestone, shale, sandstone, coal, and underclays, 
dominate the near-surface geology of the study area (fig. 2). The thickness of the Pennsylvanian rocks rang­ 
es from 0 to 750 ft; the overall thickness of the units increases to the northwest. These rocks have been 
described as a leaky confining unit for the underlying rocks of Mississippian age (Kleeschulte and others, 
1985) and as part of the Western Interior Plains confining system for the Ozark Plateaus aquifer system 
(Imes, 1990). Sandstones and fractured limestones are the principal sources of water. Depth to water in 
Pennsylvanian rocks ranges from 15 to 40 ft. Recharge primarily is through precipitation. Well yields range 
from 1 to 40 gpm, but some wells do not yield during extended dry weather conditions. Most of the wells 
sampled in this study were completed in Pennsylvanian rocks.

Rocks of Mississippian age in the study area primarily are cherty limestones of the Meramecian, Osag- 
ean, and Kinderhookian Series and crop out in St. Clair and eastern Vernon Counties near the Osage River 
or its tributaries. Wells completed in Mississippian rocks generally have a range of yields from 15 to 
20 gpm. Well yields often are increased by solution-widened joints in the rock. Ground water from Mis­ 
sissippian rocks have greater dissolved solids and salinity concentrations than ground water from Pennsyl­ 
vanian rocks (Gann and others, 1974). Ground water from Mississippian rocks primarily is used for irriga­ 
tion or livestock purposes in the study area.

Rocks of Ordovician age of the Jefferson City Dolomite are at the surface in southern and eastern St. 
Clair County. Wells completed in Ordovician rocks have the largest yields of any of the wells in the study 
area and are the primary source for municipal-, industrial-, and irrigation-water supplies (Kleeschulte and 
others, 1985). Only one well was sampled in the Jefferson City Dolomite because there are few domestic- 
supply wells completed in this formation.

Previous Investigations

The geology, hydrology, and water quality of west-central Missouri have been previously studied, but 
the occurrence of pesticides and other constituents analyzed in this study in ground or surface water is un­ 
known. The geology of Vernon County was described by Greene and Pond (1926) and includes some well 
data, mostly from deeper wells completed in rocks of Mississippian age. Gann and others (1974) described 
the quality and availability of ground and surface water and evaluated the aquifers in the area. Kleeschulte 
and others (1985) examined the ground-water resources of Barton, Bates, and Vernon Counties. This work 
included description and evaluation of the aquifers, potentiometric surface maps, water-quality data, and 
well locations. A geologic report on Bates County by Gentile (1976) included chemical analyses from six 
wells. A report by Gentile (1982) described the geology of the Belton Ring-Fault Complex in Cass County. 
Previous ground-water data for Cass and St. Clair Counties are limited to a few deep (greater than 100 ft) 
municipal wells. Most of the wells sampled during 1990 and 1991 were less than 70 ft deep.

Although the occurrence of pesticides in west-central Missouri is unknown, other studies have been 
completed that describe the occurrence of pesticides and nitrate in other aquifers in the State. During 1986 
and 1987, Mesko and Carlson (1988) sampled ground and surface water from the Mississippi River alluvi­ 
um in southeastern Missouri and analyzed samples for 34 pesticides. Pesticides were detected in water from
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27 percent of the 124 wells sampled. Alachlor, atrazine, cyanazine, metolachlor, metribuzin, propachlor, 
and trifluralin were among the most frequently detected pesticides in water. Nitrite plus nitrate concentra­ 
tions exceeded 10 mg/L (milligrams per liter) in water from 18 percent of the 137 wells sampled. Pesticides 
were detected in water from all five of the surface-water sites sampled.

Sievers and Fulhage (1990) sampled ground water from two counties in northwestern Missouri, two 
counties in central Missouri, parts of four counties in east-central Missouri, and in the Missouri River allu­ 
vium in central Missouri during 1987 and 1988. Pesticides were detected in water from 49 of 101 wells 
sampled. Ground water from east-central Missouri had the largest detection frequency for pesticides. Nine­ 
teen of the 25 wells sampled had detectable pesticide concentrations. Nitrate as nitrogen concentrations ex­ 
ceeded 10 mg/L in water from 33 of 101 wells sampled. The well distance from livestock feeding areas was 
a significant factor in determining which wells had water with nitrate concentrations exceeding 10 mg/L. 
Twenty-five of the 33 wells with nitrate concentrations exceeding 10 mg/L in water samples were within 
500 ft of a livestock feeding area. Water from 13 of 26 wells sampled in northwestern Missouri had nitrate 
concentrations greater than 10 mg/L.

During 1988 and 1989, Ziegler and others (1993) sampled two reaches of the Missouri River alluvium 
between the Iowa border and central Missouri for pesticides, nitrite plus nitrate, arsenic, and iron concen­ 
trations in ground and surface water. Pesticides were detected in water samples from 10 of 80 wells sampled 
during 1989 and in water samples from all 14 of the surface-water sites. Atrazine was the most frequently 
detected pesticide. Nitrite plus nitrate concentrations, as nitrogen, exceeded 10 mg/L in water samples from 
10 of 82 wells. All but one of the wells with pesticides detected or nitrite plus nitrate concentrations ex­ 
ceeding 10 mg/L in water samples were less than 45 ft deep.

The 8 15N of nitrate (ratio of 15nitrogen to 14nitrogen in nitrate, relative to atmospheric nitrogen, ex­ 
pressed in per mil) in ground water can be useful in determining the origin of the nitrogen source. Kreitler 
(1975) reported that 815N relative to the atmospheric nitrogen standard is largest for nitrate originating from 
animal wastes. The volatilization of ammonia in animal wastes is the principal factor that controls the 8 15N 
(Kreitler, 1975). Values of 8 15N of nitrate derived from animal waste are greater than +10 per mil. Values 
of 8 15N of nitrate derived from fertilizers or oxidation of soil nitrogen are less than for nitrate derived from 
feedlot or septic wastes (Spalding and others, 1982).

Selection and Description of Sampling Sites

During 1990, wells, springs, and surface-water sites were selected for sampling in Bates, Cass, St. Clair, 
and Vernon Counties. The University of Missouri Extension office in each county provided a list of well 
owners in the county. Land-use questionnaires were mailed to these owners. Well owners who responded 
to the questionnaire were selected for wide areal distribution by dividing the study area in 16 sections of 
about equal area. Within each section, eight wells were selected for sampling. Because a random sampling 
of domestic drinking water was desired, wells were not excluded from sampling if chemicals were mixed 
near the well. No wells were sampled in the southwestern one-fourth of Vernon County and the middle and 
eastern part of St. Clair County because public-water supplies were available. Water from three springs was 
sampled because local residents use these springs for drinking water. Surface water was sampled from the 
six largest streams in the area; one pond used for drinking water also was sampled.

During 1990 and 1991, selected well data were collected for the wells sampled (table 1, at the back of 
this report). Well depths were measured or were provided by the owners. Well depths were available for 
116 of the 120 wells sampled. Well depths ranged from 8.0 to 310.0 ft below ground surface with a mean



depth of 63 ft. Well diameter ranged from 2 to 192 in. with a mean of 41 in. Water levels in the wells ranged 
from 0.3 to 86.6 ft below land surface with a mean of 12.3 ft for the 46 wells where water levels were mea­ 
sured. Most of the sampled wells were hand dug and rock- or brick-lined.

During 1991, wells, springs, and surface-water sites were sampled in Bates, Cass, and Vernon Counties. 
No samples were collected in St. Clair County based on the results of sampling during 1990. Well depths 
ranged from 8.0 to 240.0 ft with a mean of 49 ft (table 1). Depth information was available for 96 of the 
100 wells sampled. Well diameter ranged from 4 to 192 in. with a mean of 45 in. Water levels ranged from 
1.6 to 29.4 ft below ground surface with a mean of 12.5 ft for the 47 wells where water levels were measured.

Land-use data were collected in 1990 and 1991, including distance of the well from the chemical-mix­ 
ing area, distance from feedlot, distance from the septic system, and the percentage of land area with row 
crops within 0.25 mi (mile) of the well. The distance from chemical-mixing area was available for 91 wells 
(table 1). Eighteen wells (19.8 percent) had chemicals mixed less than 100 ft from the well; 19 wells (20.9 
percent) had chemicals mixed between 100 ft and 0.25 mi of the well, and 54 wells (59.3 percent) had chem­ 
icals mixed greater than 0.25 mi from the well. The well distance to a feedlot was available for 104 wells 
(table 1). Thirty-nine wells (37.5 percent) were located within 100 ft of a feedlot; 35 wells (33.7 percent) 
were located between 100 ft and 0.25 mi of a feedlot, and 30 wells (28.8 percent) were located more than 
0.25 mi from a feedlot. The well distance from the septic system was available for 90 wells. Twenty-nine 
wells (32.2 percent) were less than 100 ft from the septic system; 55 wells (61.1 percent) were located be­ 
tween 100 ft and 0.25 mi of the septic system, and 6 wells (6.7 percent) were located more than 0.25 mi from 
the septic system. The percentage of land area with crops within 0.25 mi of the well ranged from 0 to 95 
percent, with a mean of 34.2 percent.

METHODS

Ground-water samples were collected after purging the well system for at least 10 minutes or until the 
water reached a constant temperature. The pond sample was collected in a similar manner because the pond 
also was instrumented with a well pump. The sample was collected directly from the spigot nearest the well 
without passing through any hoses. No samples were collected that passed through water treatment or soft­ 
ening systems. Surface-water samples, with the exception of the pond sample, were collected for pesticide 
analysis from a depth-integrated sample collected in the middle of the stream.

During 1990, all samples were unfiltered. Water samples were collected in 1-L (liter) glass bottles, 
chilled, and maintained at 4 °C (degrees Celsius) for pesticide analyses at the University of Iowa Hygienic 
Laboratory. The detection limit for pesticides analyzed by the University of Iowa Hygienic Laboratory was 
0.1 ng/L. Samples were collected in 125-mL (milliliter) amber glass bottles, chilled, and maintained at 4 °C 
for 20 duplicate pesticide analyses at a USGS laboratory. The detection limit for pesticides analyzed by the 
USGS was 0.05 Hg/L, except for cyanazine, which had a detection limit of 0.2 (ig/L. Subsamples from the 
125-mL amber glass bottle were used for screening by enzyme-linked immunosorbent assay (ELISA) for 
triazine and Cl-acetamide herbicides. The detection limit for ELISA was 0.2 ^ig/L. Samples analyzed by 
the DOH for nitrite plus nitrate were collected in 125-mL amber glass bottles and preserved with sulfuric 
acid to inhibit bacterial growth. Samples analyzed by the USGS for nitrite plus nitrate were collected in 
250-mL brown polyethylene bottles to which 1 mL of mercuric chloride was added to inhibit bacterial ac­ 
tivity, chilled, and maintained at 4 °C until analysis. Samples for alpha radiation, beta radiation, radium- 
226, and radium-228 were collected in 1-L polyethylene bottles.



During 1991, samples collected for pesticide analysis by the USGS were treated in the same manner as 
for the 1990 sampling. Samples analyzed for a different suite of pesticides by the DOH laboratory were 
collected in two 1-L glass bottles, chilled, and maintained at 4 °C until analysis. Samples analyzed for tri­ 
tium concentrations were collected in 1-L amber glass bottles fitted with polyconic Teflon lids with no air 
space in the bottle. Unfiltered nitrite plus nitrate samples analyzed by the DOH were collected and treated 
the same as during 1990. Selected samples were collected for dissolved nutrients, ammonia, nitrite, nitrite 
plus nitrate, and orthophosphate and the 815N of dissolved nitrate in water. Dissolved samples were filtered 
through a 0.1 (mi (micrometer) polycarbonate membrane using a peristaltic pump as a pressure source and 
a polyvinyl chloride filter holder. The samples were filtered into a 250-mL brown polyethylene bottle to 
which 1 mL of mercuric chloride was added to inhibit bacterial activity, chilled, and maintained at 4 °C until 
analysis at the laboratory. Samples analyzed for arsenic, iron, and manganese concentrations were collected 
in 125-mL glass bottles and acidified to a pH value of less than 2.0 with nitric acid.

All samples collected during 1990 and 1991 were screened for concentrations of triazine herbicides us­ 
ing ELISA methods. Triazine herbicides, including ametryn, atrazine, cyanazine, atrazine degradation 
products (desethylatrazine, deisopropylatrazine, and hydroxyatrazine), prometon, prometryn, propazine, 
and simazine react positively to this screening test. During 1990, selected samples also were screened for 
concentrations of Cl-acetamide herbicides that included alachlor, metolachlor, and metribuzin, using an 
ELISA sensitive to these herbicides. Samples collected during 1990 and 1991 were analyzed by ELISA for 
herbicides within 5 days after collection at a USGS laboratory. Results were quantified by comparison to 
standards using a differential photometer and the detection limit was 0.2 ^ig/L (microgram per liter; Thur- 
man and others, 1990). The ELISA results were used as quality control checks of data obtained from the 
other laboratories. During 1991, samples with detectable triazine herbicide concentrations by ELISA were 
used to determine which samples to send to the laboratory.

Tritium concentrations were determined at a USGS laboratory with an enriched liquid scintillation 
method having a detection limit of 1.0 pCi/L (picocurie per liter). Two blind-duplicate tritium samples were 
analyzed.

Unfiltered (hereafter referred to as total) nitrite plus nitrate concentrations were determined by the DOH 
and USGS for the 1990 samples. The 1991 samples for total nitrite plus nitrate concentrations were deter­ 
mined by the DOH and the filtered (hereafter referred to as dissolved) nutrient concentrations, including am­ 
monia, nitrite, nitrite plus nitrate, and orthophosphate, were determined by the USGS. Duplicate samples 
were analyzed by both laboratories. The 815N values of nitrate in water samples were determined by Global 
Geochemistry Corporation. Two blind-duplicate nitrogen-isotope samples were analyzed.

During 1991, arsenic, iron, and manganese concentrations in water samples were analyzed by the DOH. 
Concentrations of arsenic, iron, and manganese are total recoverable. During 1990, samples were analyzed 
by the DOH for alpha radiation, beta radiation, radium-226, and radium-228 concentrations. Alpha radia­ 
tion concentrations were analyzed with a low-level proportional counter and reported relative to americium- 
241 in picocuries per liter. Beta radiation concentrations were analyzed with a low-level proportional 
counter and reported relative to cesium-137 in picocuries per liter. Radium-226 and radium-228 concentra­ 
tions were analyzed by DOH and are considered to be total recoverable in picocuries per liter.

Values of specific conductance, pH, and water temperature were determined at the time of sampling. 
Specific conductance was measured using a portable conductivity meter with temperature compensation de­ 
signed to express readings in microsiemens per centimeter at 25 °C. The potentiometric method was used

1 Use of trade or firm names in this report is for identification purposes only and does not constitute endorsement by the U.S. 
Geological Survey.



to determine the pH value. The pH values were measured using a portable pH meter calibrated with stan­ 
dard buffers bracketing the expected sample pH value. Water temperature was measured using a mercury 
thermometer to the nearest 0.5 °C.

PESTICIDES IN GROUND WATER, SPRINGS, AND SURFACE WATER

During 1990, water samples from 120 wells, 3 springs, and 7 surface-water sites were analyzed for tri- 
azine herbicide concentrations by ELISA. Triazine herbicide concentrations were greater than the detection 
limit of 0.2 (ig/L in water samples from 33 wells and 7 surface-water sites (table 2, at the back of this report). 
Water samples from 37 wells, 1 spring, and 7 surface-water sites were analyzed for Cl-acetamide concen­ 
trations by ELISA. The Cl-acetamide herbicide concentrations were greater than the detection limit of 
0.2 (ig/L in water samples from 12 wells and 1 surface-water site.

During 1990, water samples from 92 wells, 2 springs, and 5 surface-water sites were sent to laboratories 
to be analyzed for pesticide concentrations. All samples that had detectable concentrations of triazine her­ 
bicide by ELISA were sent to the laboratory. Based on laboratory analyses, one or more of the following 
pesticides, alachlor, atrazine, cyanazine, desethylatrazine, deisopropylatrazine, metolachlor, metribuzin, 
prometon, propazine, or simazine, was detected in water samples from 29 wells and 5 surface-water sites. 
Atrazine was the most commonly detected pesticide and was detected in water samples from 25 wells. Atra­ 
zine was detected in water samples from all five of the surface-water sites analyzed. Atrazine concentra­ 
tions ranged from less than 0.05 to 8.4 |Hg/L and exceeded 3.0 (ig/L in water samples from 5 wells and 2 
surface-water sites. Wells 5,25, 38, and 48 (fig. 1) had pesticides detected in water samples and had water 
from surface impoundments added to the wells during dry weather. Atrazine concentrations in water sam­ 
ples from three of these wells were greater than 3.0 jig/L. No pesticides were detected in water samples 
from the 15 wells sampled in St. Clair County.

Well characteristics and land-use data are summarized in table 3 for wells sampled during 1990. The 
mean well depth with pesticides detected in water samples was 46 ft. The mean well depth without pesti­ 
cides detected in the water samples was 68 ft. The mean well diameter for wells with pesticides detected 
was 55 in. The mean well diameter was 37 in. for wells without pesticides detected in water samples. The 
average percentage of row crops within 0.25 mi of the wells with pesticides detected was 39.8 percent. The 
average percentage of row crops within 0.25 mi of the wells without pesticides detected was 25.7 percent.

During 1991, water samples from 100 wells, 3 springs, and 2 surface-water sites in Bates, Cass, and 
Vernon Counties were analyzed for triazine herbicide concentrations by ELISA. Triazine herbicide con­ 
centrations were greater than the detection limit of 0.2 (ig/L in water samples from 32 wells and 2 surface- 
water sites (table 2). No samples were collected from St. Clair County based on the lack of any pesticides 
detected in wells during 1990.

Water samples collected during 1991 from 49 wells were sent to a USGS laboratory to be analyzed for 
pesticide concentrations. All water samples with detectable concentrations of herbicides by ELISA were 
sent to the USGS laboratory. Alachlor, atrazine, cyanazine, desethylatrazine, deisopropylatrazine, meto­ 
lachlor, metribuzin, prometon, propazine, or simazine were detected in water samples from 27 wells. Atra­ 
zine was the most commonly detected pesticide and was detected in water samples from 26 wells. Atrazine 
was detected in samples from wells 5, 38, and 48 (fig. 1) that had surface water added to the well, but none 
of the concentrations exceeded 3.0 (ig/L. The atrazine concentration exceeded 3.0 (ig/L in the water sample 
from well 27.
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Well characteristics and land-use data are summarized in table 3 for wells sampled for pesticides during 
1991. The mean well depth was 44 ft for wells with pesticides detected in water samples. The mean well 
depth was 51 ft for wells without pesticides detected in water samples. The mean well diameter was 53 in. 
for wells with pesticides detected in water samples. The mean well diameter was 41 in. for wells without 
pesticides detected in water samples. Thirteen of the wells with pesticides detected in water samples were 
within 0.25 mi from the pesticide mixing area, and 41 of the wells without pesticides detected were more 
than 0.25 mi from the mixing area. The average percentage of row crops within 0.25 mi of the wells with 
pesticides detected was 39.4 percent. The average percentage of row crops within 0.25 mi of the wells with­ 
out pesticides detected was 27.1 percent.

Water samples from wells 6,19, 22,51, 57,63, 81, and 111 (fig. 1) were analyzed by the DOH labora­ 
tory for concentrations of 2,4-D, endrin, lindane, methoxychlor, pp 1 DDT, silvex, and toxaphene. Detection 
limits for 2,4-D, endrin, lindane, and silvex were 0.04 fig/L. Detection limits for methoxychlor and pp 1 DDT 
were 0.12 fig/L. The detection limit for toxaphene was 3.0 fig/L. Concentrations of these constituents in 
all samples were less than the detection limit.

Atrazine concentrations in wells with detections ranged from 0.10 to 8.2 fig/L during 1990 and from 
0.10 to 0.68 fig/L during 1991. Mean atrazine concentrations in wells with detections was 1.2 fig/L during 
1990 and 0.29 |Og/L during 1991.

During 1991, water samples from 20 wells were analyzed for tritium concentrations. The mean tritium 
concentration was 28.3 pCi/L. Wells 61,90, and 117 had tritium concentrations of less than or equal to 
9.0 pCi/L. The average age of ground water with tritium concentrations of less than 6.4 pCi/L is older than 
1953 (Hendry, 1988).

About two-thirds of the wells that had water samples with pesticide detections were in the Marmaton or 
Cherokee Groups of Pennsylvanian age (tables 1 and 2; and fig. 2). These groups contain more sandstones 
and siltstones than do other groups in the study area. Six of the 29 wells that had detectable pesticides in 
water samples withdrew ground water from the Kansas City or Pleasanton Groups. The secondary perme­ 
ability of many of the limestones in these groups can be large. The Pleasanton Group contains a number of 
small sandstone and siltstone units of limited areal extent. The sandstone and siltstone members have larger 
permeabilities than the shales that make up most of the Pleasanton Group.

NUTRIENTS AND NITROGEN-15 ENRICHMENT IN GROUND WATER

During 1990, the nutrient analyzed was nitrite plus nitrate, as nitrogen, in milligrams per liter. During 
1991, the nutrient analyses included total nitrite plus nitrate, dissolved ammonia, nitrite, nitrite plus nitrate, 
and orthophosphate. Nitrite plus nitrate concentrations are considered to be nitrate because nitrite concen­ 
trations were less than 5 percent of the nitrite plus nitrate concentrations. Nitrite plus nitrate concentrations 
as nitrogen will be referred to as nitrate in this report even though a small part of the concentration may be 
from nitrite.

During 1990, water samples from 89 wells were analyzed for nitrate concentrations. Nitrate concentra­ 
tions were equal to or exceeded the Missouri drinking-water-supply criteria of 10 mg/L (Missouri Depart­ 
ment of Natural Resources, 1992) in water samples from 21 wells (24 percent of wells sampled; table 4, at 
the back of this report). Nitrate concentrations were equal to or exceeded the detection limit in water sam­ 
ples from 66 wells (74 percent of wells sampled). The analytical detection limit was 0.05 mg/L for samples

11
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analyzed by the DOH and 0.10 mg/L for samples analyzed by USGS laboratories. No water samples from 
St. Clair County had nitrate concentrations exceeding 10 mg/L. A summary of nitrate concentrations and 
815N values from water samples and well and land-use data is in table 5.

The mean well depth was 41 ft for wells with water samples having nitrate concentrations greater than 
10 mg/L. The mean well depth was 109 ft for wells with nitrate concentrations less than 0.05 mg/L. Well 
diameters for wells with water samples having nitrate concentrations equal to or greater than 0.05 mg/L av­ 
eraged 51 in. Well diameters for wells with water samples having nitrate concentrations less than 0.05 mg/L 
averaged 20 in.

Twenty-four wells with water samples having nitrate concentrations equal to or greater than the detec­ 
tion limit were less than 0.25 mi from the chemical-mixing area and 32 wells were more than 0.25 mi from 
the mixing area. The average percentage of row crops within 0.25 mi of the wells with water samples having 
nitrate concentrations equal to or exceeding the analytical detection limit was 28.1 percent. The average 
percentage of row crops within 0.25 mi of the wells with water samples having nitrate concentrations less 
than the analytical detection limit was 32.8 percent. Fourteen of the wells with nitrate concentrations in wa­ 
ter samples greater than 10 mg/L were less than 100 ft from the nearest feedlot. Fifty-six wells with water 
samples having nitrate concentrations equal to or greater than the detection limit were less than 0.25 mi from 
the nearest septic field.

During 1991, water samples from 99 wells and 3 springs were analyzed for nitrate concentrations. Ni­ 
trate concentrations were equal to or exceeded 10 mg/L in water samples from 23 wells (23 percent of the 
wells samples) and 1 spring (table 4). Nitrate concentrations were equal to or exceeded the analytical de­ 
tection limit in water samples from 80 wells (80 percent of the wells sampled) and 2 springs. Nitrate con­ 
centrations were less than the analytical detection limit in water samples from 19 wells and 1 spring.

During 1991, water samples from 22 wells were analyzed for nutrients and 815N. Dissolved ammonia 
concentrations ranged from less than 0.01 to 0.86 mg/L. Dissolved nitrite concentrations ranged from less 
than 0.01 to 0.83 mg/L. Dissolved nitrate concentrations ranged from 0.92 to 68 mg/L. Dissolved ortho- 
phosphate concentrations ranged from less than 0.01 to 0.82 mg/L. The 815N values ranged from +4.2 to 
+29.2 per mil with a mean of +19.2 per mil (table 4).

The mean well depth was 37 ft for wells with water samples having nitrate concentrations greater than 
10 mg/L (table 5). The mean well depth was 94 ft for wells with nitrate concentrations less than the analyt­ 
ical detection limit. The mean well diameter was 50 in. for wells with water samples having nitrate concen­ 
trations equal to or greater than the analytical detection limit. The mean well diameter was 21 in. for wells 
with water samples having nitrate concentrations less than the analytical detection limit.

Thirty-two wells with water samples having nitrate concentrations equal to or greater than the analytical 
detection limit were less than 0.25 mi from the chemical-mixing area, and 40 wells were more than 0.25 mi 
from the mixing area. The average percentage of row crops within 0.25 mi of the wells with water samples 
having nitrate concentrations equal to or greater than the analytical detection limit was 29.6 percent. The 
average percentage of row crops within 0.25 mi of the wells with water samples having nitrate concentra­ 
tions less than the analytical detection limit was 26.3 percent. Twenty-five of the wells with nitrate concen­ 
trations in water samples equal to or greater than the analytical detection limit were less than 100 ft from 
the nearest feedlot. Seventy-one wells with water samples having nitrate concentrations equal to or greater 
than the analytical detection limit were less than 0.25 mi from the nearest septic field.
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Of the 22 samples analyzed for 815N, 19 had nitrate concentrations equal to or greater than 10 mg/L 
(table 4). Twenty samples had 815N values greater than +10 per mil. The 815N values were greater than 
+10 per mil for 13 of the wells less than 100 ft from a feedlot (table 5). Kreitler (1975) states that 615N 
values greater than +10 per mil indicate an animal-waste source of nitrate.

SELECTED TRACE-ELEMENT AND RADIONUCLIDE CONCENTRATIONS AND 
PHYSICAL PROPERTIES OF GROUND WATER AND SPRINGS

During 1990, water samples from 120 wells and 2 springs were analyzed for alpha and beta radiation 
concentrations. The detection limits for alpha and beta radiation were 1.0 pCi/L. Alpha radiation concen­ 
trations in water samples ranged from less than 1.0 to 38 pCi/L (table 6, at the back of this report). Alpha 
radiation concentrations were equal to or greater than 1.0 pCi/L in water samples from 72 wells and 2 
springs. Beta radiation concentrations in water samples ranged from less than 1.0 to 110 pCi/L. Beta radi­ 
ation concentrations were equal to or greater than 1.0 pCi/L in water samples from 117 wells and 2 springs.

During 1991, total recoverable for selected trace-elements concentrations were determined in water 
samples from 97 wells and 3 springs. Water samples from 5 wells and 1 spring had arsenic concentrations 
equal to or greater than 5 p,g/L (table 6). Arsenic concentrations in water samples ranged from less than 5 
to 10 pg/L. Iron concentrations of water samples from 85 wells and 3 springs were equal to or greater than 
100 ng/L (table 6). Iron concentrations in water samples ranged from less than 50 to 8,600 p,g/L. Manga­ 
nese concentrations in water samples from 68 wells and 2 springs were equal to or greater than 20 p,g/L and 
ranged from less than 20 to 7,800 p,g/L (table 6).

During 1990, the specific conductance of water samples from 120 wells and 3 springs ranged from 95 
to 4,050 pS/cm (microsiemens per centimeter at 25 °C, table 6). The pH values of water samples from 86 
wells and 1 spring ranged from 4.7 to 8.3. The temperature of water from 83 wells and 2 springs ranged 
from 14.0 to 29.0 °C.

During 1991, the specific conductance of water samples from 101 wells and 3 springs ranged from 88 
to 3,750 pS/cm (table 6). The pH values of water samples from 23 wells ranged from 5.4 to 7.7. The tem­ 
perature of water from 85 wells and 3 springs ranged from 7.5 to 29.0 °C.

SUMMARY

During 1990, water samples from wells, springs, and surface-water sites in Bates, Cass, St.Clair, and 
Vernon Counties in west-central Missouri were analyzed for pesticides, nitrite plus nitrate, alpha and beta 
radiation, specific conductance, pH, and temperature. During 1991, water samples from sites in Bates, Cass, 
and Vernon Counties were resampled and analyzed for pesticides, tritium, nutrients, 815N, arsenic, iron, 
manganese, specific conductance, pH, and temperature. Selected land-use data also were collected for the 
sites sampled during 1990 and 1991.

During 1990, one or more of the following pesticides, alachlor, atrazine, cyanazine, desethylatrazine, 
deisopropylatrazine, metolachlor, metribuzin, prometon, propazine, or simazine, was detected in water sam­ 
ples from 29 of the 92 wells and the 5 surface-water sites. Atrazine was the most commonly detected pes­ 
ticide. Atrazine concentrations from five wells and two surface-water sites exceeded 3.0 p,g/L. However, 
three of the wells with atrazine concentrations exceeding 3.0 p,g/L had water from a surface impoundment 
added to the well.
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During 1991, one or more of the following pesticides, alachlor, atrazine, cyanazine, desethylatrazine, 
deisopropylatrazine, metolachlor, metribuzin, prometon, propazine, or simazine, was detected in water sam­ 
ples from 27 wells. Atrazine was the most commonly detected pesticide. Atrazine concentrations from one 
well exceeded 3.0 p,g/L. Three of the wells with atrazine concentrations exceeding 0.05 p,g/L had water 
from a surface impoundment added to the well.

During 1991, water samples from 20 wells were analyzed for tritium concentrations. Tritium concen­ 
trations were less than or equal to 6.4 pCi/L in water samples from three wells. One of the wells with a 
tritium concentration of less than 6.4 pCi/L also had pesticides detected in the water sample.

During 1990, nitrate concentrations exceeded 10 mg/L in water from 21 of 89 wells sampled. Nitrate 
concentrations were equal to or greater than 0.05 mg/L in water samples from 66 wells. No water samples 
from St. Clair County had nitrate concentrations exceeding 10 mg/L.

During 1991, nitrate concentrations exceeded 10 mg/L in water from 23 of the 99 wells and 1 of the 3 
springs sampled. Nitrate concentrations were equal to or greater than the analytical detection limit in water 
samples from 80 wells and 1 spring. Values of 815N of nitrate in water was greater than +10 per mil in 20 
of the 22 wells sampled and ranged from +4.2 to +29.2 per mil. The 815N values were greater than +10 per 
mil for 13 of the wells less than 100 ft from a feedlot area. The mean 815N value was +19.2 per mil.

During 1990, water samples from 120 wells and 2 springs were analyzed for concentrations of alpha 
and beta radiation. Alpha radiation concentrations were equal to or greater than 1.0 pCi/L in water samples 
from 72 wells and 2 springs. Beta radiation concentrations were greater than 1.0 pCi/L in water samples 
from 117 wells and 2 springs.

During 1991, water samples from 97 wells and 3 springs were analyzed for total recoverable arsenic, 
iron, and manganese concentrations. Arsenic concentrations were equal to or greater than 5 H-g/L in water 
samples from 5 wells and 1 spring. Iron concentrations were equal to or greater than 100 H-g/L in water sam­ 
ples from 85 wells and 3 springs. Manganese concentrations were equal to or greater than 20 H-g/L in water 
samples from 68 wells and 2 springs.

During 1990, the specific conductance of water samples ranged from 95 to 4,050 jiS/cm. The pH value 
of water samples ranged from 4.7 to 8.3. The temperature of water samples ranged from 14.0 to 29.0 °C.

During 1991, the specific conductance of water samples ranged from 88 to 3,750 |iS/cm. The pH value 
of water samples ranged from 5.4 to 7.7. The temperature of water samples ranged from 14.0 to 29.0 °C.
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