Ground-Water Monitoring Plan, Water Quality,
and Variability of Agricultural Chemicals in the
Missouri River Alluvial Aquifer near the City of
Independence, Missouri, Well Field, 1998-2000

By Brian P. Kelly

Abstract

A detailed ground-water sampling plan was
developed and executed for 64 monitoring wellsin
the city of Independence well field to characterize
ground-water quality in the 10-year zone of contri-
bution. Samples were collected from monitoring
wells, combined Independence well field pump-
age, and the Missouri River at St. Joseph, Mis-
souri, from 1998 through 2000.

In 328 ground-water samples from the 64
monitoring wells and combined well field pump-
age samples, specific conductance values ranged
from 511 to 1,690 microsiemens per centimeter at
25 degrees Celsius, pH values ranged from 6.4 to
7.7, water temperature ranged from 11.3 to 23.6
degrees Celsius, and dissolved oxygen concentra-
tions ranged from 0 to 3.3 milligrams per liter. In
12 samplesfrom the combined well field pumpage
samples, specific conductance valuesranged from
558 to 856 microsiemens per centimeter at 25
degrees Celsius, pH valuesranged from 6.9t0 7.7,
water temperature ranged from 5.8 t0 22.9 degrees
Celsius, and dissolved oxygen concentrations
ranged from O to 2.4 milligrams per liter. In 45
Missouri River samples, specific conductance val-
uesranged from 531 to 830 microsiemens per cen-
timeter at 25 degrees Celsius, pH ranged from 7.2
to 8.7, water temperature ranged from O to 30
degrees Celsius, and dissolved oxygen concentra-
tions ranged from 5.0 to 17.6 milligrams per liter.

The secondary maximum contaminant level
for sulfate in drinking water was exceeded oncein
samplesfrom two monitoring wells, the maximum
contaminant level (MCL) for antimony was

exceeded once in a sample from one monitoring
well, and the MCL for barium was exceeded once
in a sample from one monitoring well. The MCL
for iron was exceeded in samplesfrom all monitor-
ing wells except two. The MCL for manganese
was exceeded in all samples from monitoring
wells and combined well field pumpage.

Enzyme linked immunoassay methods indi-
cate total benzene, toluene, ethyl benzene, and
xylene (BTEX) was detected in samplesfrom five
wells. The highest total BTEX concentration was
less than the MCL of toluene, ethyl benzene, or
xylene but greater than the MCL for benzene.
Total BTEX was not detected in samplesfrom any
well more than once. Atrazine was detected in
samples from nine wells, and exceeded the MCL
once in asample from one well. Alachlor was
detected in samples from 22 wells but the MCL
was never exceeded in any sample.

Samplesfrom five wellsanalyzed for alarge
number of organic compounds indicate concentra-
tionsof volatile organic compoundsdid not exceed
the MCL for drinking water. No semi-volatile
organic compounds were detected; dieldrin was
detected in one well sample, and no other pesti-
cides, herbicides, polychlorinated biphenyls, or
polychlorinated napthal enes were detected.

Dissolved ammonia, dissolved nitrite plus
nitrate, dissolved orthophosphorus, aachlor, and
atrazine analyses were used to determine the spa-
tial and temporal variability of agricultural chemi-
calsin ground water. Detection frequencies for
dissolved ammoniaincreased with well depth,
decreased with depth for dissolved nitrite plus
nitrate, and remained relatively constant with
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depth for dissolved orthophosphorus. Maximum
concentrations of dissolved anmonia, dissolved
nitrite plus nitrate, and dissol ved orthophosphorus
were largest in the shallowest wells and decreased
with depth, which may indicate the land surface as
the source. However, median concentrations
increased with depth for dissolved ammonia, were
less than the detection limit for dissolved nitrite
plus nitrate, and decreased with depth for dis-
solved orthophosphorus. This pattern does not
indicate awell-defined single source for these con-
stituents. Dissolved orthophosphorus median con-
centrations were similar, but decreased dlightly
with depth, and may indicate the land surface as
the source. Seasonal variability of dissolved
ammonia, dissolved nitrite plus nitrate, and dis-
solved orthophosphorus concentrations is not
well-defined for samples grouped by month. Indi-
vidual sample results from the Missouri River and
the combined Independence well field pumpage
show a seasonal trend that may indicate the effect
of induced recharge from the Missouri River on
thewell field. Individual results and samplesfrom
seven wellsindicate relatively constant dissolved
ammonia concentrations, low dissolved nitrite
plus nitrate concentrationsin all but one well, and
amore well-defined seasonal variation of dis-
solved orthophosphorus than either dissolved
ammonia or dissolved nitrite plus nitrate.

Larger detection frequencies in the shallow
depth intervals and the large maximum concentra-
tions of alachlor and atrazine in the shallower
wellsindicate that the source of these chemicalsto
shallow ground water most likely is the land sur-
face rather than induced river recharge. Seasonal
variability of alachlor is not well-defined from
samples grouped by month. Individual results
from the combined Independence well field pump-
age and samples from seven wells indicate varia-
tioninboth alachlor and atrazinewith time, but the
degree and timing of the variationisnot consistent.
Thisinconsistency most likely is caused by vary-
ing rates of transport from the land surface to
wells, different rates of degradation of both
alachlor and atrazine in soil and ground water, the
timing and areaof application, and multiple source
areas in and around the Independence well field.

Alachlor and atrazine concentrations in the Mis-
souri River at Hermann, Missouri, increased in
spring, greater concentrations continued until late
summer or early fall, and lower concentrations
occurred in late fall and winter. Alachlor and atra-
zine concentrations most likely followed asimilar
trend in the Missouri River near the Independence
well field. The lack of a seasonal trend similar to
that of the Missouri River in the combined Inde-
pendence well field pumpage and the monitoring
wells may indicate that the source of alachlor and
atrazine to ground water is the land surface rather
than the Missouri River.

INTRODUCTION

The city of Independence, Missouri, operates a
well field within the city limits of Sugar Creek, Mis-
souri, in the Missouri River alluvia aquifer. About
250,000 people in severa communities are supplied
water from the well field which has an average produc-
tion of 27 million gallons per day. Planned develop-
ment in the vicinity of the well field has heightened
awareness of potential sources of ground-water con-
tamination and made monitoring ground-water quality
near the well field necessary. Devel opment includes
extension of an existing landfill 0.5 to 1.0 mile south of
the aluvia plain and within the Mill Creek Basin that
drainsinto the alluvial plain, commercial development
near the existing well field, highway construction adja
cent to thewell field, and expansion of the well field to
thewest and north of theriver. In addition, nearby high-
way and rail line traffic, the use of fly ash for mine sta-
bilization south of the well field, a closed ail refinery
south of the well field, land application of solid waste
across the river to the west, and nearby agricultura
activity have caused concerns about accidental and
human activity that may adversely affect ground-water
quality.

Seasonal changes in ground-water quality of the
aluvia aquifer can be caused by changesin land-use
activities, such as the seasonal use of agricultural
chemicals, changes in aquifer recharge caused by sea-
sonal changesin therate of rainfall and evapotranspira-
tion, river stage fluctuations that can cause river water
to enter the aquifer or cause water from the aquifer to
drain into the river, or the application of salt to roads
during winter months. Agricultural chemicals com-
monly are applied in the spring before planting; how-
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ever, recharge that can occur in latefall or winter when
evapotranspiration is negligible can move previously
applied agricultural chemicalsinto the aquifer. The
most widespread sources of potential ground-water
contamination to the Independence well field are non-
point source areas related to agricultural use of fertiliz-
ers and pesticides. Numerous potential point sources
also exist near the well field. Potential sources of
ground-water contamination within the contributing
recharge area of the Independence well field are agri-
cultural, commercial, industrial, and residential proper-
ties; and highways, landfills, railroads, solid waste land
application sites, mines, and water ways (Kelly, 1996).
The long-term presence of these potential sources of
ground-water contamination increases the probability
that contamination of the aquifer may occur. However,
the background quality of ground water in the zone of
contribution (ZOC), the part of the aguifer from which
thewell field obtainsits water, was largely unknown
prior to 1998.

In response to the ground-water quality con-
cerns, the U.S. Geological Survey (USGS) and the city
of Independence, Missouri, completed a study of
ground-water flow in the area of the well field (Kelly,
1996). Results of the study included types and loca-
tions of potential ground-water contamination source
areas, analysis of changes in ground-water flow,
changes in ground-water travel time and contributing
recharge areas from planned well-field expansion, and
the design of aground-water monitoring network inthe
area of the Independence well field consisting of 75
wellsin 35 clusters. Site conditions, land owner con-
cerns, and changes in planned devel opment near the
well field resulted in the installation of a monitoring
well network of 27 well clusters (fig. 1).

The scope of this study described in this report
was to develop a ground-water monitoring plan, char-
acterize overall ground-water quality of the Missouri
River aluvia aquifer within the 10-yr (year) ZOC to
the city of Independence well field, and determine the
spatial and temporal variability of selected agricultural
chemicals in ground water from 1998 through 2000.
The purpose of thisreport isto present the ground-
water monitoring plan and water-quality data obtained
during the study, and to describe the overall ground-
water quality and seasonal variation in agricultural
chemicalswithin the 10-yr ZOC of the city of Indepen-
dence well field. Characterization of ground-water
quality of the Missouri River alluvial aquifer will pro-
videinformation that can be used to infer ground-water

guality in other areas of the Missouri River alluvial
aguifer and in alluvial aquifers of other largerivers.
Agricultural chemicals can impact ground-water qual-
ity in many landscapes. Results of this study will pro-
vide information about agricultural impacts on ground-
water quality within the contributing recharge area of a
large water-supply well field.

GROUND-WATER MONITORING PLAN

The ground-water monitoring network design
was based on simulated ground-water travel timeinthe
area of the well field and the location of potential
sources of ground-water contamination (Kelly, 1996).
Because ground-water travel time between the
screened interval of each monitoring well and the near-
est supply well of thewell field has been cal culated, the
estimated time available to respond to ground-water
contamination, if detected with the monitoring net-
work, also is known based on the well in whichitis
detected. The ground-water monitoring plan is based
on ground-water travel times between each monitoring
well and the well field, the estimated time required for
adequate response to detected ground-water contami-
nation, the existing water quality of the aquifer, and the
type and source of potential contamination each moni-
toring well isintended to intercept.

Ground-Water Monitoring Well Network

The city of Independence installed a ground-
water monitoring well network in 1997 and 1998 con-
sisting of 64 wellsin 27 clusters as shown in figure 1.
Some monitoring well locationswere changed from the
original design in response to site conditions, land
owner concerns, and changesin planned devel opment.
Monitoring well nomenclature, asusedinthisreport, is
based on awell nest number and a designation of the
simulated ground-water travel time from the screened
interval of each monitoring well tothewell field (Kelly,
1996). For example, well 1-5 yr belongs to well nest 1
and hasa5-yr simulated ground-water travel timefrom
the monitoring well to the production well field. Well
24-3yr belongstowell nest 24 and hasa 3-yr simulated
ground-water travel timefromthewell tothewell field.
The city of Independence has assigned another nomen-
clature to the monitoring well network. For example,
well 1-5yrisdesignated well 1-A. Combined untreated
water from all wellsthat were in use in the well field
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Figure 1. Ground-water monitoring well network for the Independence, Missouri, well field.

was sampled during the study, and these samples were
designated INDEP. The Missouri River was sampled
monthly at St. Joseph, Missouri, (about 95 miles
upstream from the Independence well field) under the
USGS Ambient Water-Quality Program. Sample
results from this site are designated as MORI V. Each
monitoring well was located to intercept potential
source types of contamination that exist within the con-
tributing recharge area of the Independence well field.
WEell or sample site names, the type of potential source
each well isintended to intercept, location, and well
construction information are listed in table 1, at the
back of this report.

Well Sampling Schedule and Constituents
of Analysis

All wellsin the monitoring well network were
sampled initially and analyzed for constituents as deter-
mined by potential contamination source type to char-
acterizethealluvia water quality withinthe 10-yr ZOC.
Laboratory analysesfor each type of potential contami-
nation source are listed in table 2, at the back of this
report. Wells 2-2 yr, 4-1yr, 6-5yr, 11-1 yr, and 19-0.5
yr were selected from theinitial sampling to have sam-
ples analyzed for alarger number of constituents,
including those required by drinking water standards
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for the State of Missouri. These constituents for the
expanded analyses included physical properties, bacte-
ria, mgjor ions, trace elements, nutrients, volatile
organic compounds (VOCs), semi-volatile organic
compounds (SVOCs), pesticides, polychlorinated
biphenyls (PCBs), polychlorinated napthal enes
(PCNs), and herbicides. From these data, along-term
sampling schedul e for the monitoring well network was
developed, and consists of annua sampling on a 3-yr
rotation. A short-term sampling schedule also was
developed to characterize seasonal changes in selected
agricultural chemicals. The short-term sampling plan
included quarterly sampling and analysis for selected
constituentsof at least 1 well in each of the 27 well clus-
ters combined with more frequent sampling of a subset
of these wells for agricultural chemicals only. Wells
sampled from each type of sampling schedule arelisted
intable 3, at the back of thisreport. Occasionally, awell
scheduled for sampling was changed because the well
was dry or other site conditions prevented sampling. In
these cases, the well in the nest with a screened interval
closest to that well was sampled. Wells 2-5 yr, 4-3 yr,
and 4-5 yr (combined results), 11-1 yr and 11-3 yr
(combined results), 12-3 yr, 15-2 yr, 16-10 yr, 24-5 yr,
and INDEP were sampled for al quarterly and agricul-
tural chemical sampling events.

Methods of Sample Collection and
Analysis

Ground-water samples were collected using a
stainless steel pump with Teflon impeller and tubing.
Water was pumped from the well and continuously
monitored for specific conductance, pH, temperature,
and dissolved oxygen in aflow-through chamber. Sam-
pleswere collected after valuesfor these properties had
stabilized. Occasionally, shallow wells did not contain
enough water for stabilization of these values before
the well became dry. At these times, the well was
pumped dry and samples were collected when water
levels within the well recovered. When on-site condi-
tionsdid not permit vehicular accessto some well clus-
ters, samples were collected after a minimum of three
well volumes were removed from the well with adis-
posable bailer. Water samples were collected during
this study according to the methods described in the
USGS National Field Manual for the Collection of
Water-Quality Data (U.S. Geologica Survey, 1997—
1999).

Measurements of specific conductance, pH,
water temperature, and dissolved oxygen were
recorded at the time of sampling in aflow through
chamber after values for these properties stabilized.
Specific conductance was measured using a portable
conductivity meter with temperature compensation and
calibrated with standard buffers that bracketed the
expected val ues of specific conductancefor the sample.
Valuesfor pH were measured using atemperature com-
pensated portable pH meter calibrated with standard
buffers that bracketed the expected sample pH values.
Water temperature was measured using a thermistor
thermometer. Dissolved oxygen was measured using a
temperature compensated portable dissolved oxygen
meter calibrated to a zero dissolved oxygen solution.

Fecal coliform and fecal streptococci bacteria
densities were prepared for analysis within 1 hour of
sample collection at the USGS laboratory in Indepen-
dence, Missouri. Fecal coliform and fecal streptococci
samples were analyzed using methods listed in table 4,
at the back of this report.

Samples for analysis of most major ions and
trace element were filtered through 0.45 pum (micron)
filters, collected in 250-mL (milliliters) acid rinsed,
polyethylene bottles, and preserved with nitricacidto a
pH of 2. Samplesfor analysis of mercury were filtered
through 0.45 um filters, collected in 250-mL, acid-
rinsed glass bottles, and preserved with anitric acid-
potassium dichromate sol ution. Samplesfor analysis of
fluoride, sulfate, and chloride were filtered through
0.45 pum filtersand collected in a250 mL polyethylene
bottles. Samplesfor analysisof al mgjorionsand trace
elements were chilled to 4 °C (degrees Celsius) and
shipped to the laboratory the same day. Analytical
methods, minimum reporting levels (MRLS), maxi-
mum contaminant levels(MCLs), secondary maximum
contaminant levels (SMCLSs) for mgjor ions and trace
elements arelisted in table 4.

Samples for nutrient analysis were filtered
through a 0.45-um glass fiber filter and collected in
125-mL brown polyethylene bottles, chilled to 4 °C and
shipped to the laboratory the same day. Analytical
methods, MRLs, and MCLs for nutrient sampleswere
analyzed using methods listed in table 4. All shipped
samples described above were sent to the USGS
National Water Quality Laboratory in Arvada, Colo-
rado.

Samplesfor atrazine, alachl or, and total benzene,
toluene, ethyl benzene, and xylene (total BTEX) were
collected in 125-mL amber glass bottles and chilled to
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4 °C. Analysesfor BTEX, atrazine, and alachlor were
conducted using enzyme linked immunosorbent assay
(EL1SA) methods (Thurman and others, 1990) at the
USGS laboratory in Independence, Missouri. ELISA
methods are semi-quantitative and | ess precise than gas
chromatograph-mass spectrometer (GC-MS) methods
and were used in this study as a screening tool to indi-
cate variations of tested constituents with time. The
ELISA methods for BTEX, atrazine, and alachlor are
sensitive to similar compounds, and results may indi-
cate the presence of these additional compounds (Thur-
man and others, 1990). Minimum reporting levels,
MCLSs, reporting units and cross-reactive compounds
for total BTEX, atrazine, and alachlor, determined
using ELISA arelisted in table 5, at the back of this
report. Results of these analyses are presented as total
BTEX, atrazine, or aachlor, but also may indicate the
presence of other related compounds. Because of the
semi-quantitative nature of these analyses, compari-
sons between analysisresultsfor total BTEX, atrazine,
or alachlor and their respective MCLs for drinking
water are presented for descriptive purposes only.

Samples for volatile organic chemical anaysis
were collected in three-40-mL amber glass septum
vials completely filled to exclude air bubbles. Samples
were preserved with hydrochloric acid to a pH of 2,
chilled to 4 °C, and shipped to the laboratory the same
day. Volatile organic compounds were analyzed using
methods listed in table 6, at the back of this report.
Samplesfor SVOCs, pesticides, herbicides, PCNs, and
PCBswere collected in abaked 1-L (liter) amber glass
bottle, chilled to 4 °C, and shipped to the laboratory the
same day. Samplesfor diquat were collected in 1-L
high-density polyvinyl chloride bottles, preserved with
sodium thiosulfate, chilled to 4 °C, and shipped to the
|aboratory the same day. Semi-volatile organic com-
pounds were analyzed using methods listed in table 7,
at the back of thisreport. Pesticides, PCNs, PCBs, her-
bicides and diquat were analyzed using methods listed
in table 8, at the back of this report.

Quality assurance/quality control (QA/QC)
methodol ogy was used for all water sasmpling. This
included replicate samples, equipment blanks, field
spikes, and using ground-water sampling protocol as
defined in the QA/QC plan for the USGS Water
Resources Division, Missouri District (on file at the
U.S. Geological Survey office, Rolla, Missouri). Repli-
cate samples are used to assess the adequacy of the
sampling processin obtaining a representative sample.
Replicate samples are two complete samples collected

at the sametime. Both samplesare prepared, packed for
shipping, analyzed identically, and used to assess sam-
ple-collection technique and laboratory analysis.
Equipment blanks are prepared with certified inorganic
blank water, and used to assess the cleanliness of sam-
pling equipment. Field spikes can be used to determine
the extent of matrix bias or interferences on analyte
recovery and degradation during shipping. Concentra-
tions of major ions and trace elements in replicate and
blank samples abtained during the study are listed in
table 9, at the back of this report. Results indicate that
the sample collection and processing equipment was
not compromising sample quality. Concentrations of
nutrients in replicate and blank samples obtained dur-
ing the study are listed in table 10, at the back of this
report. Resultsfrom the nutrient replicate sample from
well 26-5 yr on September 24, 1998, were lessthan the
sampleand indicated aproblem with sample collection.
Results from the nutrient blank sample from well 23-5
yr on May 19, 1999, indicated insufficient equipment
cleaning methods. Subsequent to each of these events,
sample collection and preservation methods were
reviewed and closely followed, and equipment clean-
ing methods were enhanced. Concentrations and per-
cent recovery of pesticides in field spike samples
obtained during the study arelisted in table 11, at the
back of this report. Results indicate that the sample
matrix was not compromising analytical results.

WATER-QUALITY RESULTS

Physical Properties, Bacteria, Major lons,
Trace Elements, and Cyanide

The MCLsfor major ions, trace elements, and
cyanide are based on total recoverable concentrations,
but water samples analyzed werefiltered. Filtered sam-
ples typically have lower concentrations of a constitu-
ent than the same unfiltered sample. The differencein
sample concentration between filtered and unfiltered
samplestypically islarger for surface water than for
ground water because suspended particles usually are
filtered as water moves through the aquifer. The com-
parisons of MCL s based on total recoverable concen-
trations to the analytical results obtained from filtered
samples collected during this study are for illustrative
purposes only.
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Physical propertiesinclude, specific conduc-
tance, pH, water temperature, and dissolved oxygen
(table 12, at the back of this report). In 328 ground-
water samples, specific conductance values ranged
from 511 to 1,690 uS/cm (microsiemens per centimeter
at 25 degrees Celsius), pH values ranged from 6.4 to
7.7, water temperature ranged from 11.3 to 23.6 °C,
and dissolved oxygen concentrations ranged from 0 to
3.3 mg/L (milligrams per liter) (table 12). In 12 com-
bined well field pumpage samples, specific conduc-
tance values ranged from 558 to 856 uS/cm, pH values
ranged from 6.9to 7.7, water temperature ranged from
5.810 22.9 °C, and dissolved oxygen concentrations
ranged from O to 2.4 mg/L (table 12). In 45 samples
from the Missouri River, specific conductance values
ranged from 531 to 830 pS/cm, pH valuesranged from
7.2t0 8.7, water temperature ranged from 0 to 30 °C,
and dissolved oxygen concentrations ranged from 5 to
17.6 mg/L (table 12). Both highest and lowest ground-
water temperatureswere measuredinwell 15-2yr. This
well islocated between the Missouri River and awell
of the Independence well field, and is affected by
induced recharge from the Missouri River. The highest
temperature was recorded on February 25, 2000, and
the lowest temperature was recorded on August 23,
1999, indicating a seasonal offset caused by travel time
from the river to the well.

Fecal coliformand fecal streptococci densitiesin
ground water samples with detected colonies and sam-
ples from the Missouri River at St. Joseph arelisted in
table 13, at the back of this report. Fecal coliform bac-
teriawere present in four wells (5 of 194 samples) and
ranged from 1 to 500 col/100 mL (colonies per 100 mil-
liliters) (table 13), with amedian of 0.0 col/100 mL.
The 500 col/100 mL occurred in well 25-10 yr on May
26, 1999, and wasthe only detection for thiswell in six
samples. The high fecal coliform count and the single
detection may indicate contamination of the sample
during the analysis; however, sample blanksbefore and
after analysis did not have any fecal coliform bacteria
counts. Fecal coliform bacteria were present in the
Missouri River in all 33 samples, from 43 to 35,000
col/100 mL, with amedian of 440 col/100 mL. Fecal
streptococci bacteria were present in 10 wells (11 of
194 samples) and ranged from 1to 41 col/100 mL, with
amedian of 0.0 col/100 mL. Fecal streptococci bacteria
was detected in the Missouri River in al samples and
ranged from 7 to 20,000 col/100 mL, with amedian of

205 col/100 mL. The detection of fecal coliform and
fecal streptococci bacteriain water samples may indi-
cate the presence of raw sewage in the water.

Dissolved major ions include calcium, magne-
sium, sodium, potassium, bicarbonate, sulfate, chlo-
ride, fluoride, and silica. Median concentrations of
major ions and iron in ground water monitoring wells,
combined well field pumpage, and the Missouri River
arelisted in table 14, at the back of this report.
Although ironis considered atrace element, it is
included with the discussion of major ions because it
was found at high concentrationsin almost all ground-
water samples. Ground water was dominated by cal-
cium and bicarbonate ions. Results of all analysesfor
major ions are listed in table 15, at the back of this
report. The MCLs and SMCLs for drinking water for
sulfate, chloride, fluoride, andiron, arelisted intable 4.
The MCL for iron [300 pg/L (micrograms per liter)]
was exceeded in all monitoring wells except wells 3-10
yr and 24-5 yr. No samples analyzed for chloride or flu-
oride exceeded the MCL ; however, the SMCL for sul-
fate (250 mg/L) was equalled or exceeded in wells 1-5
yr (260 mg/L) and 4-1 yr (250 mg/L).

Results of analyses for dissolved trace elements
arelisted in table 16, at the back of this report. MCLs
for drinking water for total recoverable aluminum, anti-
mony, arsenic, barium, cadmium, chromium, copper,
cyanide, lead, manganese, mercury, selenium, silver,
thallium, and zinc are listed in table 4. The MCL for
antimony (6 pg/L) was exceeded in well 16-10 yr (6.7
pg/L). TheMCL for barium (2,000 pg/L) was exceeded
inwell 16-5yr (2,100 pg/L). The MCL for manganese
(50 pg/L) was exceeded in all samplesfrom monitoring
wells and INDEP.

Nutrients

Results of analyses for nutrients are listed in
table 17, at the back of this report. Dissolved ammonia
was detected in samples from all wells (230 of 246
samples), and concentrations ranged from 0.02 to 5.1
mg/L as nitrogen (N). Dissolved ammoniawas
detected in the Missouri River in 29 of 45 samples, and
concentrations ranged from 0.02 to 0.46 mg/L. Dis-
solved nitrite plus nitrate was detected in samplesfrom
21 wells (46 of 296 samples), and concentrations
ranged from 0.05 to 6.97 mg/L as N. All sample con-
centrations of dissolved nitrite plus nitrate were less
than the 10 mg/L MCL for drinking water. Dissolved
nitrite plus nitrate was detected in the Missouri River in

Water-Quality Results 7



43 of 45 samples, and detections ranged from 0.03 to
3.7 mg/L as N. Dissolved nitrite was detected in 31
wells (60 of 246 samples), and concentrations ranged
from 0.01 to 0.09 mg/L as N. Dissolved nitrite was
detected in the Missouri River in 28 of 45 samples, and
concentrations ranged from 0.01 to 0.07 mg/L as N.
Dissolved orthophosphoruswas detected in at |east one
sample from each well (185 of 246 samples) and con-
centrations ranged from 0.01 to 0.99 mg/L as phospho-
rus (P). Dissolved orthophosphorus was detected in the
Missouri River in 44 of 45 samples, and concentrations
ranged from 0.01 to 0.36 mg/L asP.

Enzyme Linked Immunosorbent Assay
(ELISA)

Total BTEX was detected in four wells and
INDEP (5 of 118 samples), and concentrations ranged
from 0.03 to 0.33 mg/L (table 18, at the back of this
report). No MCL for total BTEX exists (table 5). The
largest total BTEX detection of 0.33 mg/L in INDEP
on May 27, 1999, isless than the MCL of toluene
(1,000 pg/L), ethyl benzene (700 pg/L), or xylene
(20,000 pg/L), but greater than the MCL for benzene (5
Mg/L). The smallest BTEX detection of 0.03 mg/L is
greater than the M CL for benzene. Total BTEX wasnot
detected in any well more than once.

Atrazine was detected in eight wellsand INDEP
(30 of 344 samples), and concentrations ranged from
0.05to0 7.51 pg/L (table 19, at the back of this report).
The MCL for atrazine (3 pg/L) was exceeded in one
samplefromwell 16-10yr (7.51 pg/L) on May 5, 1999.
Atrazine was detected in 2 samplesfromwell 16-10 yr,
in 8 samplesfrom INDEP, and in 14 samplesfrom well
15-2yr.

Alachlor was detected in 22 wells (59 of 352
samples), and concentrations ranged from 0.05 to 0.43
Mg/L (table 19). Concentrations were less than the
MCL for aachlor (2 pg/L) inall samples. Alachlor was
detected in 2 samples from wells 10-2 yr, 11-3 yr, and
12-3 yr, in 3 samples from well 15-1 yr, in 4 samples
from wells 14-0.5 yr and 20-1 yr, in 7 samplesin well
24-5yr, in 8 samples from INDEP, and in 14 samples
from well 15-2 yr.

Initial Sampling

Initial sampleswere collected from all wells.
Wells2-2 yr, 4-1yr, 6-5yr, 11-1 yr, and 19-0.5 yr were
selected to have samples analyzed for the additional
constituentslisted in tables 6, 7, and 8. The VOCs
(table 6) ethyl benzene (0.21 pg/L), toluene (1.1 pg/L),
and xylene (0.45 pg/L) were detected inwell 11-1 yr on
July 22, 1998. All detected concentrations of VOCs
were substantially less than their respective MCL for
drinking water. No SVOCs (table 7) were detected dur-
ing theinitial sampling event. Dieldrin (0.001 pg/L)
wasthe only pesticide (table 8) detected inwell 11-1 yr
on July 22, 1998. No other pesticides, PCBs, PCNs, or
herbicides were detected during theinitial samplingin
wells 2-2 yr, 4-1 yr, 6-5yr, 11-1 yr, and 19-0.5 yr.

SPATIAL AND TEMPORAL VARIABILITY
OF SELECTED AGRICULTURAL
CHEMICALS IN GROUND WATER

Agricultural chemicals can affect ground-water
guality in areaswhere they are used, and the amount of
agricultural chemicalsin ground water may vary with
the timing of their application. The most widespread
sources of potential ground-water contamination to the
Independence well field are non-point sources related
to agricultural use of fertilizers and pesticides. The her-
bicides alachlor and atrazine are applied to cropland to
control weeds; alachlor primarily is used on soybeans,
atrazine on corn and milo. Leaching of pesticides and
fertilizer-derived nitrogen and phosphorus below the
crop root zone can cause these constituents to move
into ground water. Analyses of dissolved ammonia, dis-
solved nitrite plus nitrate, dissolved orthophosphorus,
alachlor, and atrazine were used to determine the spa-
tial and temporal variability of agricultural chemical
concentrations in ground water and characterize the
most likely source of these constituents in ground
water.

Dissolved ammonia had the greatest concentra-
tion, was most frequently detected, and was the most
dominant nitrogen species detected in ground water.
However, dissolved nitrite plus nitrate was predomi-
nant wherever dissolved oxygen was present. To deter-
mine the spatial variability of dissolved ammonia,
dissolved nitrite plus nitrate, and dissolved orthophos-
phoruswith depth, wellswere grouped into depth inter-
valsof 0to 12, 12to 18, 18to 24, and 24+ (greater than
24) m (meter). The detection frequencies and maxi-
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mum, minimum, and median concentrations for dis-
solved ammonia, dissolved nitrite plus nitrate, and
dissolved orthophosphorus for samples from each
depth interval were determined and are shown in figure
2. Detection frequencies for dissolved ammoniawere
largest (100 percent) for the 18 to 24 and 24+ m depth
intervals, smallest (90 percent) for the O to 12 m depth
interval, and increased with depth interval. The maxi-
mum dissolved ammoniaconcentration (5.1 mg/L) was
largest for asamplein the O to 12 m depth interval.
Minimum dissolved ammoniaconcentrationswereless
than the detection limit for the O to 12 m and 12 to 18
m depth intervals. Median dissolved ammonia concen-
trations were similar for all depth intervals, with the
largest (0.65 mg/L) for the 24+ m depth interval and
smallest (0.44 mg/L) for the 18 to 24 m depth interval.

Detection frequencies for dissolved nitrite plus
nitrate were largest (24 percent) for the 0to 12 m depth
interval and smallest (5 percent) for the 24+ m depth
interval, and decreased with depth interval. The maxi-
mum dissolved nitrite plus nitrate concentration (6.97
mg/L) wasfor asampleinthe 12 to 18 m depthinterval.
Minimum and median concentrations were less than
the detection limit for all depth intervals.

Detection frequencies for dissolved orthophos-
phorus were largest (75 percent) for the 18 to 24 m
depth interval and smallest (67 percent) for the 24+ m
depth interval. The maximum dissolved orthophospho-
rus concentration (0.99 mg/L) was for asamplein the
12 to 18 m depth interval. Minimum concentrations
werelessthan the detection limit for al depthintervals.
Median dissolved orthophosphorus concentrations
were similar for al depth intervals, with the largest
(0.021 mg/L) for the 0 to 12 m depth interval and small-
est (0.014 mg/L) for the 24+ m depth interval.

Detection frequencies for dissolved ammonia,
dissolved nitrite plus nitrate, and dissolved orthophos-
phorus were fairly constant for all depth intervals (fig.
2). Detection frequencies increased with depth for dis-
solved ammonia, decreased with depth for dissolved
nitrite plus nitrate, and remained relatively constant
with depth for dissolved orthophosphorus. The
increasein dissolved ammonia detections and decrease
in dissolved nitrite plus nitrate detections may be
caused by a decrease in dissolved oxygen in ground
water with depth, rather than indicating the location of
apotential source of nitrogen to ground water. Maxi-
mum concentrations of dissolved ammonia, dissolved
nitrite plus nitrate, and dissolved orthophosphorus
were largest in the shallowest depth intervals and

decreased with depth, which may indicate aland sur-
face source. However, median concentrations slightly
increased with depth for dissolved ammonia, were less
than detection for dissolved nitrite plus nitrate, and
dightly decreased with depth for dissolved orthophos-
phorus. This pattern does not indicate a well-defined
single source for these constituents. Increased median
dissolved ammonia concentrations at depth may have
been caused by a build up of nitrogen at depth asdis-
solved ammoniain ground water moved downward and
became unavailable for plant use or by another source
of nitrogen such as the Missouri River. Median dis-
solved nitrite plus nitrate concentrations less than the
detection limit indicate alack of dissolved oxygenin
ground water. Median dissolved orthophosphorus con-
centrations were similar, but decreased slightly with
depth, and may indicate aland surface source.

To determine the seasonal variability of dis-
solved ammonia, dissolved nitrite plus nitrate, and dis-
solved orthophosphorus, samples abtained during the
study in 1998, 1999, and 2000 were grouped by month.
Detection frequencies and maximum, minimum, and
median concentrations for dissolved ammonia, dis-
solved nitrite plus nitrate, and dissolved orthophospho-
rus by month are shown in figure 3. From these data,
seasonal variability of dissolved ammonia, dissolved
nitrite plus nitrate, and dissolved orthophosphorus con-
centrations is not well defined. However, combining
sampleresultsfrom all wellsmay mask seasonal trends
inwater quality because variationsin hydraulic proper-
ties cause different rates of water movement from the
source of these constituents to each well.

Samples from wells 2-5 yr, 4-3 yr, and 4-5 yr
(results combined), 11-1 yr and 11-3 yr (results com-
bined), 12-3yr, 15-2 yr, 16-10 yr, and 24-5 yr, the com-
bined Independence well field pumpage, and the
Missouri River at St. Joseph, Missouri, were analyzed
for dissolved ammonia, dissolved nitrite plus nitrate,
and dissolved orthophosphorus to help determine the
seasonal variability of agricultural chemicals. Results
from these analyses are shown in figure 4. Analyses of
samples from the Missouri River indicate relatively
constant dissolved ammonia concentrations and a sea-
sonal trend for dissolved nitrite plus nitrate and dis-
solved orthophosphorus with peak concentrations
occurring in spring and summer and lower concentra-
tions during the rest of the year. Results from the com-
bined Independence well field pumpage indicate
dissolved ammoniaconcentrationsincreased slightly in

Spatial and Temporal Variability of Selected Agricultural Chemicals in Ground Water 9
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Figure 2. Frequency of detection and concentration of dissolved ammonia, nitrite plus

nitrate, and orthophosphorus for samples grouped by well depth.
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thefall of 1999 and again in the spring and fall of 2000,
but remained fairly constant with little variability. A
likely seasonal trend for dissolved nitrite plus nitrate
may exist, with the peak concentrations occurring in
the spring or summer similar to the seasonal variation
in the Missouri River. The similarity between the dis-
solved nitrite plus nitrate peaks in the Missouri River
and the combined Independence well field pumpage
results may indicate that the Missouri River isasource
of agricultural chemicalsto the Independence well
field, andillustratesthe effect of induced rechargefrom
the river on well field pumpage.

The seasonal variability of dissolved ammonia
for samplesfromindividual wellsisnot aswell defined
asthat for either the Missouri River or the combined
Independence well field pumpage (fig. 4). Dissolved
ammonia concentrations in these well samples
remained relatively constant, with the exception of well
2-5 yr, where the dissolved ammonia concentration
decreased in September 2000.

Dissolved nitrite plusnitrate concentrationswere
small in all samplesfrom wells except 24-5 yr, where
dissolved nitrite plus nitrate concentrations were
greater than dissolved ammonia concentrations during
the study. The small dissolved nitrite plus nitrate con-
centrations in samples from well 24-5 yr in late 1998
and most of 1999 were followed by alarge increase
beginning in the fall of 1999, and peaked in February
and March 2000. Dissolved nitrite plus nitrate concen-
trations decreased in late spring and summer 2000, and
then increased in September 2000. Small dissolved
nitrite plus nitrate concentrationsin samplesfrom well
24-5yr during 1998, followed by thelarge variations of
dissolved nitrite plusnitrate concentrations greater than
river concentrations and the absence of dissolved
ammoniaduring 1999 and 2000, indicate surface appli-
cation of fertilizer asthe likely source. However, with-
out adetailed history of fertilizer application timesand
rates for nearby cropland, the cause of the variation of
dissolved nitrite plus nitrate in samples from this well
cannot be verified.

The seasonal variability of dissolved orthophos-
phorus in ground water is more evident than that of
either dissolved ammonia or dissolved nitrite plus
nitrate (fig. 4). Dissolved orthophosphorus results for
samples from individual wells generally show a small
increase during the summer and fall of 1999. Dissolved
orthophosphorus concentrations were lower in early
spring 2000, and then sharply increased in all well sam-
plesin late spring and summer 2000.

Spatial and Temporal Variability of Selected Agricultural Chemicals in Ground Water 13



To determine the spatial variability of alachlor
and atrazine with depth, wells were grouped into depth
intervals of 0to12, 12 to 18, 18 to 24, and 24+ m.
Detection frequencies and maximum, minimum, and
median concentrations for alachlor and atrazine sam-
ples from each depth interval are shown in figure 5.
Detection frequencies of alachlor (fig. 5) decrease with
depth and are largest (24 percent) for the0to 12 m
depth interval and smallest (7 percent) for the 24+ m
depth interval. Maximum alachlor concentrationswere
largest (0.43 pg/L) for the 0 to 12 m depth interval and
smallest (0.12 pg/L) for the 18 to 24 m depth interval.
Median alachlor concentrations were less than the
detection limit for al depth intervals.

Detection frequencies of atrazine were largest
(20 percent) for the 12 to 18 m depth interval and small-
est (0 percent) for the 18 to 24 m depth interval. Maxi-
mum atrazine concentrations were largest (7.51 ug/L)
at the 0 to 12 m depth interval and smallest (below
detection) for the 18 to 24 m depth interval. Median
atrazine concentrations were less than the detection
limit for al depth intervals. Larger detection frequen-
ciesin the shallow depth intervals and the large maxi-
mum concentrations of alachlor and atrazine in the
shallower wellsindicate that the source of these chem-
icals to shallow ground water most likely isthe land
surface rather than induced river recharge.

To determine the seasonal variability of alachlor
and atrazinein ground water, results of sampleanalyses
from 1998 through 2000 were grouped by month.
Alachlor detection frequencies (fig. 6) werelargest (28
percent) for November and smallest (10 percent) for
January. Peaks in maximum alachlor concentration
occurred for June (0.37 pg/L), September (0.37 pg/L),
and November (0.43 pg/L). Minimum and median
alachlor concentrations were less than the detection
limit (0.05 pg/L) for al months. Detection frequencies
of alachlor weredlightly larger in spring and early sum-
mer, lower inlate summer, increased slightly inthefall,
and peaked in November. Thisslight seasonal variation
of alachlor with peaks occurring in spring and fall
likely is due to movement of surface-applied alachlor
with aquifer recharge during spring (when rainfall is
greater) and fall (when evapotranspiration is reduced).
The maximum concentration of aachlor varies sub-
stantially, but a seasonal variability of alachlor in
ground water is not well defined from these data.

Atrazine detection frequencies were largest (18
percent) for June and smallest (O percent) for Decem-
ber and January. The maximum atrazine concentration

occurred in May (7.51 pg/L). Minimum and median
atrazine concentrations were |ess than the detection
limit (0.05 pg/L) for al months. The detection frequen-
cies and maximum atrazine concentrations indicate a
dlight seasonal variability of atrazine in ground water,
with higher detection frequenciesin spring and fall,
lower detection frequenciesin summer and winter, and
the largest maximum concentration in spring. Com-
bined sampl eresults may mask seasonal trendsinwater
quality because of different rates of water movement to
each well.

Samples from the Missouri River at St. Joseph
were not analyzed for alachlor or atrazine during the
study. However, alachlor and atrazine were analyzed in
samplescollected from the Missouri River at Hermann,
Missouri. The USGS operates a continuous streamflow
gaging station at this site (Hauck and Nagel, 1999,
2000, 2001). These data are presented in figure 7 to
illustrate how these constituents varied in the Missouri
River during the study period.

A consistent seasonal variability of alachlor and
atrazine concentrationsfor samplesfrom the combined
Independence well field pumpage and individual wells
is not apparent (fig. 7). Variability in both alachlor and
atrazine concentrations with time is indicated by the
data, but the degree and timing of the variation is not
consistent. Thisinconsistency is most likely caused by
varying rates of transport from the land surface or the
river to wells, different rates of degradation of both
alachlor and atrazine in soil and ground water, the tim-
ing and area of application, and multiple source areas
in and around the Independence well field. Alachlor
and atrazine concentrations in the Missouri River at
Hermann varied seasonally from 1998 through 2000
(Hauck and Nagel, 1999, 2000, 2001). Concentrations
of both alachlor and atrazine increased in spring, and
larger concentrations continued until late summer or
early fall. Smaller concentrations occurred in late fall
and winter. Alachlor and atrazine concentrations dur-
ing the study probably followed a similar trend in the
Missouri River near the Independence well field. The
lack of asimilar seasonal trend in the combined Inde-
pendence well field pumpage and the monitoring wells
may indicate that the source of alachlor and atrazineto
ground water is the land surface rather than the Mis-
souri River.
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Figure 5. Frequency of detection and concentration of alachlor and atrazine for samples

grouped by well depth.
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SUMMARY

A ground-water monitoring plan was developed for the
64 monitoring wellsin the city of Independence well
field. Ground water was sampled from wellsin the
monitoring well network from 1998 through 2000. All
wellsin the monitoring well network were sampled ini-
tially to characterize the alluvial water quality within
the 10-year zone of contribution. Five wells were
selected from the initial sampling event to have sam-
ples analyzed for alarge number of organic constitu-
ents. A long-term sampling schedul efor themonitoring
well network was developed and consists of annual
well sampling on a 3-year rotation. A short-term sam-
pling schedule was devel oped to characterize general
water quality and seasonal changes in selected agricul-
tural chemicalsinthe Missouri River aluvial aquiferin
the area surrounding the Independence well field. The
short-term sampling plan consisted of quarterly sam-
pling of at least one well per well nest, combined with
more frequent sampling of a subset of these wells for
agricultural chemicals.

Samples collected from five of the wells during
theinitial sampling event were analyzed for alarge
number of constituents including physical properties,
bacteria, mgjor ions, trace elements, nutrients, volatile
organic compounds, semi-volatile organic compounds,
pesticides, polychlorinated biphenyls, polychlorinated
napthalenes, and herbicides. Physical properties, bacte-
ria, major ions, trace elements, nutrients, atrazine, and
alachlor were analyzed in samples collected from ini-
tial, annual, and quarterly sampling events. Physical
properties, bacteria, nutrients, atrazine, and alachlor
were analyzed in samples collected from agricultural
sampling events.

In 328 ground-water samples from the 64 moni-
toring wells and combined well field pumpage sam-
ples, specific conductance values ranged from 511 to
1,690 microsiemens per centimeter at 25 degrees Cel-
sius, pH values ranged from 6.4 to 7.7, water tempera-
ture ranged from 11.3 to 23.6 degrees Celsius, and
dissolved oxygen concentrations ranged from 0 to 3.3
milligrams per liter. In 12 samples from the combined
well field pumpage samples, specific conductance val-
uesranged from 558 to 856 microsiemens per centime-
ter at 25 degrees Celsius, pH valuesranged from 6.9 to
7.7, water temperature ranged from 5.8 to 22.9 degrees
Celsius, and dissolved oxygen concentrations ranged
from O to 2.4 milligrams per liter. In 45 Missouri River
sampl es, specific conductance values ranged from 531
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to 830 microsiemens per centimeter at 25 degrees Cel-
sius, pH ranged from 7.2 to 8.7, water temperature
ranged from O to 30 degrees Celsius, and dissolved
oxygen concentrations ranged from 5.0 to 17.6 milli-
grams per liter.

The secondary maximum contaminant level for
drinking water for sulfate was exceeded oncein samples
from two monitoring wells, the maximum contaminant
level for antimony was exceeded oncein one well, and
the maximum contaminant level for barium was
exceeded once in one well. The maximum contaminant
leve for iron was exceeded in all monitoring wells
except two wells. The maximum contaminant level for
manganese was exceeded in all samples from monitor-
ing wells and combined Independence well field pump-
age.

Total benzene, toluene, ethyl benzene, and
xylene (BTEX) was detected in samples from five
wells, but was not detected more than oncein any well.
Alachlor was detected in 22 of 64 wells; the maximum
contaminant level for alachlor was not exceeded in any
sample results. Multiple detections of alachlor
occurred in samples from eight wells and in combined
well field pumpage (INDEP). Atrazine was detected in
9 of 64 wells; the maximum contaminant level for atra-
zine was exceeded once in one well. Atrazine was
detected twicein one well, 8 timesin INDEP, and 14
times in another well.

Three volatile organic compounds were detected
in samples from the initial sampling of the five wells,
but none exceeded the maximum contaminant level for
drinking water. No semi-volatile organic compounds
were detected during the initial sampling event. The
pesticide dieldrin was detected in one well. No other
pesticides, herbicides, polychlorinated biphenyls, or
polychlorinated napthalenes were detected during the
initial sampling event.

Analysesof dissolved ammonia, dissolved nitrite
plus nitrate, dissolved orthophosphorus, alachlor, and
atrazine were used to determine the spatial and tempo-
ral variability of agricultural chemicalsin ground water
for this study. Detection frequencies increased with
well depth for dissolved ammonia, decreased with
depth for dissolved nitrite plus nitrate, and remained
relatively constant with depth for dissolved orthophos-
phorus. Maximum concentrations of dissolved ammo-
nia, dissolved nitrite plus nitrate, and dissolved
orthophosphorus were largest in the shallowest wells
and decreased with depth, which may indicate the land
surface as the source. However, median concentrations

increased with depth for dissolved ammonia, were less
than detection for dissolved nitrite plus nitrate, and
decreased with depth for dissolved orthophosphorus.
This pattern does not indicate a well-defined single
source for these constituents. Dissolved orthophospho-
rus median concentrations were similar but decreased
dightly with depth and may indicate the land surface as
the source. Seasonal variability of dissolved ammonia,
dissolved nitrite plus nitrate, and dissolved orthophos-
phorus concentrations is not well defined for samples
grouped by month. Individual sample results from the
Missouri River and INDEP show a seasonal trend that
may indicate the effect of induced recharge from the
Missouri River on the well field. Individual results of
samples from seven wellsindicate relatively constant
dissolved ammonia concentrations, low dissolved
nitrite plus nitrate concentrationsin all but one well,
and amorewel|l-defined seasonal variation of dissolved
orthophosphorusthan that of either dissolved ammonia
or dissolved nitrite plus nitrate.

Larger detection frequenciesin the shallow depth
intervals and the large maximum concentrations of
alachlor and atrazine in the shallower wellsindicate that
the source of these chemicals to shallow ground water
most likely isthe land surface rather than induced river
recharge. Seasonal variability of alachlor is not well
defined from results grouped by month. Individual
results from the combined Independence well field
pumpage and seven wells indicate variation in alachlor
and atrazine with time, but the degree and timing of the
variation is not consistent. Thisinconsistency is most
likely caused by varying rates of transport from the land
surfacetowells, different rates of degradation of alachlor
and atrazinein soil and ground water, thetiming and area
of application, and multiple source areasin and around
the Independence well field. Alachlor and atrazine con-
centrationsin the Missouri River at Hermann varied sea-
sonally; concentrations of both increased in spring,
greater concentrations continued until late summer or
early fal, and lower concentrations occurred in late fall
and winter. Alachlor and atrazine concentrations most
likely followed asimilar trend in the Missouri River near
the Independence well field. The lack of asimilar sea-
sonal trend similar to that of the Missouri River in the
INDEP and the monitoring wells may indicate that the
source of alachlor and atrazine to ground water isthe
land surface rather than the Missouri River.
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