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Depth to Water and Water Quality in Groundwater 
Wells in the Ogallala Aquifer Within the North Plains 
Groundwater Conservation District, Texas Panhandle, 
2019–20, and Comparison to 2012–13 Conditions

By Craig A. Mobley and Patricia B. Ging

Abstract
The Ogallala aquifer is the primary source of water for 

agricultural and municipal purposes in the Texas Panhandle. 
Because most of the groundwater in the Texas Panhandle is 
withdrawn from the Ogallala aquifer, information on the qual-
ity of groundwater in the Ogallala aquifer in this part of Texas 
is useful for resource characterization. During 2012–13, the 
U.S. Geological Survey in cooperation with the North Plains 
Groundwater Conservation District (NPGCD), collected and 
analyzed water-quality samples from 30 groundwater moni-
toring wells in the Texas Panhandle. The results of the initial 
2012–13 synoptic sampling were published in 2014 to help 
provide an initial characterization of the spatial and temporal 
variability of water quality in the NPGCD management area. 
This report documents the results of a followup synoptic 
sampling completed between March 2019 and July 2020 by 
the U.S. Geological Survey, in cooperation with the NPGCD, 
to further characterize the spatial and temporal characteristics 
of groundwater in the NPGCD management area; measure-
ments of the depth to water, in feet below land surface, and 
water-quality samples were obtained from the same 30 moni-
toring wells that were sampled during 2012–13. The water-
quality samples were analyzed for major ions, nutrients, trace 
elements, and selected organic compounds. Results from 
the 2019–20 synoptic sampling were compared to drinking-
water standards and to the results from the 2012–13 synoptic 
sampling.

Between the 2012–13 and 2019–20 sampling periods, the 
depth to water increased in 28 of the 30 wells, with a median 
difference of 18.17 feet. Results from major ion analyses 
indicate that most of the groundwater samples collected during 
2019–20 were classified as magnesium-bicarbonate type, the 
same water type indicated for most samples during 2012–13. 
Dissolved-solids concentrations for the wells sampled during 
2019–20 ranged from 260 to 774 milligrams per liter (mg/L) 
with a median dissolved-solids concentration of 316 mg/L, 
which was slightly higher than the median dissolved-solids 
concentration of 311 mg/L for the 2012–13 sampling period. 

Of the four nutrients analyzed, nitrate was the dominant 
nitrogen species, with a median nitrate concentration of 2.25 
mg/L for the 2019–20 sampling period, which was a slight 
increase relative to the median nitrate concentration of 2.05 
mg/L for the 2012–13 sampling period. Accounting for vari-
ability in analyses, median major ion concentrations and 
median concentrations for nutrient species were similar during 
the 2012–13 and 2019–20 sampling periods. None of the trace 
element concentrations exceeded any maximum contaminant 
level or secondary drinking-water standards. Median concen-
trations of trace elements from the 2012–13 sampling period 
were compared to those from the 2019–20 sampling period for 
constituents in cases where at least 50 percent of concentra-
tions measured in the samples were detected at concentrations 
greater than the highest applicable laboratory reporting level, 
and variability in analyses was accounted for. Comparison 
results indicated that that median concentrations of two trace 
elements (lithium and uranium) increased, whereas median 
concentrations for two of the other trace elements measured 
(barium and molybdenum) decreased. Atrazine and deethyla-
trazine were the only organic compounds detected; both were 
detected in four of the six samples collected from different 
wells and analyzed for organic compounds. Concentrations 
of atrazine and deethylatrazine detections were all less than 
0.05 micrograms per liter.

Introduction
The Ogallala aquifer is part of the High Plains aquifer 

system, which is an extensively used groundwater system 
underlying parts of Colorado, Kansas, Nebraska, New Mexico, 
Oklahoma, South Dakota, Wyoming, and Texas (fig. 1; 
McGuire, 2017). The High Plains aquifer system is commonly 
divided into three parts (northern, central, and southern). 
The northern High Plains aquifer system underlies most of 
Nebraska and parts of Colorado, Kansas, South Dakota, and 
Wyoming. The central High Plains aquifer system underlies 
a large part of Kansas and parts of Colorado, New Mexico, 
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Oklahoma, and the Texas Panhandle. The southern High Plains 
aquifer system underlies northern Texas, mainly south of the 
Canadian River, and extends into eastern New Mexico (Becker 
and others, 2002).

The study area for this report coincides with the North 
Plains Conservation District (NPGCD) management area 
in the northern part of the Texas Panhandle (fig. 1). In the 
study area, groundwater withdrawn from the central High 
Plains aquifer system is extracted from the Ogallala aquifer. 
Communities in the study area rely on the Ogallala aquifer as 
their primary source of water for agricultural and municipal 
purposes. Because most of the groundwater in the study area 
is withdrawn from the Ogallala aquifer, information on the 
quality of groundwater in the Ogallala aquifer is useful for 
resource characterization. Information on the concentrations of 
inorganic and organic compounds in water samples obtained 
from the Ogallala aquifer can provide insights on the suitabil-
ity of the groundwater for various uses and for making other 
water-management decisions. General groundwater-quality 
characteristics, such as the concentrations of dissolved solids, 
nutrients, and trace elements, help in understanding how the 
quality of groundwater in the Ogallala aquifer varies spatially 
and temporally. Knowledge of the concentrations of organic 
compounds, such as pesticides and herbicides and their degra-
dates, in the Ogallala aquifer also is important for groundwater 
characterization and management purposes.

The NPGCD, created by petition to the State Board of 
Water Engineers in 1954 (NPGCD, 2020), has regulatory 
authority for the central High Plains aquifer in parts the Texas 
Panhandle north of the Canadian River (fig. 1). The NPGCD 
management area covers 7,390 square miles and is charged by 
the Texas Water Development Board with managing ground-
water in the Ogallala aquifer for the conservation, protec-
tion, and preservation of this valuable resource as stated in 
their mission statement, “maintaining our way of life through 
conservation, protection, and preservation of our groundwater 
resources” (NPGCD, 2020, p. 5).

During 2012–13, the U.S. Geological Survey (USGS) in 
cooperation with the NPGCD, collected and analyzed water-
quality samples from 30 groundwater monitoring wells in the 
NPGCD in the Texas Panhandle. The results of this initial 
synoptic sampling study were previously published (Baldys 
and others, 2014) to help characterize the spatial and temporal 
variability of water quality in the NPGCD management area. 
A need for additional data was recognized by the NPGCD; the 
limited available data on the quality of water in the Ogallala 
aquifer make monitoring temporal variability and determin-
ing the availability and suitability of this vital resource for 
various uses difficult (NPGCD, 2020). Therefore, the USGS, 
in cooperation with the NPGCD, completed another synop-
tic sampling to better characterize groundwater quality in 
the Ogallala aquifer in northern part of the Texas Panhandle. 
The second synoptic sampling was completed between 
March 2019 and July 2020 to provide insights into the spatial 
and temporal characteristics of groundwater in the NPGCD 
management area. Depth to water-level measurements were 

made and water-quality samples were collected and analyzed 
for major ions, nutrients, trace elements, and selected organic 
compounds from the same set of 30 monitoring wells that 
were sampled during 2012–13 (Baldys and others, 2014). All 
of the wells used in the study were designated monitoring 
wells within the NPGCD management area and are part of a 
groundwater monitoring network maintained by the NPGCD. 
The term “designated monitoring well” refers to a well that is 
used exclusively for monitoring groundwater levels and col-
lecting groundwater-quality samples to characterize ground-
water resources.

Purpose and Scope

The purpose of this report is to document the results of 
a synoptic sampling done by the USGS in cooperation with 
the NPGCD during 2019–20 and compare the results to those 
of a previous synoptic sampling conducted during 2012–13 
(Baldys and others, 2014). Depth to water-level measurements 
and groundwater-quality samples were collected from 30 mon-
itoring wells completed in the Ogallala aquifer in the NPGCD 
management area as part of this synoptic sampling (fig. 1; 
table 1). Groundwater-quality samples were collected for the 
analysis of dissolved solids, major ions, nutrients, and trace 
elements; selected organic compounds also were analyzed in 6 
of the 30 wells. Results from the 2019–20 sampling period for 
selected constituents were compared to U.S. Environmental 
Protection Agency (EPA) drinking-water standards and to 
the 2012–13 sampling results. The groundwater-quality data 
from the samples collected were also assessed in the context 
of results obtained from quality-control samples collected in 
conjunction with the environmental samples.

Description of Study Area

The study area for this report coincides with the area 
managed by the NPGCD, which consists of the five north-
ernmost counties that form the border between Texas and 
Oklahoma (Dallam, Sherman, Hansford, Ochiltree, and 
Lipscomb Counties) and parts of Hartley, Moore, and 
Hutchinson Counties north of the Canadian River where the 
rocks that contain the Ogallala aquifer are present at land 
surface. (fig. 1).

During 1981–2010, the average annual precipitation for 
the 7,390-square-mile study area ranged from 15.7 inches 
(in.) at Dalhart, Texas (Dallam County), in the western part of 
the study area to 23.2 in. in Follett, Tex. (Lipscomb County), 
in the eastern part of the study area (National Oceanic and 
Atmospheric Administration, 2021). In the study area, the 
NPGCD estimates that average annual recharge rates are less 
than one-third of an inch per year (NPGCD, 2020). Most 
of this negligible amount of recharge is from precipitation 
infiltrating through streambeds and playas and eventually 
reaching the groundwater table (Scanlon and others, 2002; 
McGuire, 2017).
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Geologic and Hydrogeologic Setting

In the study area, the Ogallala aquifer is contained in the 
Ogallala Formation, a sand and gravel deposit capped with 
caliche. The Ogallala Formation was deposited during the 
Miocene Epoch of the Tertiary Period (Gutentag and others, 
1984; Ryder, 1996). The Ogallala Formation is the principal 
water-bearing geologic unit of the central High Plains aqui-
fer (Gutentag and others, 1984; Ryder, 1996); historically, 
the High Plains aquifer system was often referred to as the 
“Ogallala aquifer” throughout its extent in reference to the 

predominant water-bearing unit of the aquifer system, the 
Ogallala Formation (Dugan and others, 1994). In places, the 
Ogallala aquifer is in hydraulic connection with permeable 
parts of the underlying bedrock, which ranges in age from 
Permian to Cretaceous (Ryder, 1996). Regional uplift and ero-
sion have stripped away the Great Plains (Ogallala Formation) 
in many places, but a large central area was little affected by 
eroding streams and is preserved. This preserved remnant 
of the uplifted area that contains the Ogallala Formation is 
known as the High Plains. Although the land surface of the 
High Plains has been modified little by streams, it has been 

Table 1. Wells completed in the Ogallala aquifer in the Texas Panhandle that were sampled during 
2019–20.

[USGS, U.S. Geological Survey; NPGCD, North Plains Groundwater Conservation District]

USGS station number
NPGCD county  
well identifier

County
Depth to water level 

(feet below land 
surface)

354810101351501 Hu-4871 Hutchinson 200.74
354832102124701 Ha-2480 Hartley 451.80
354833102182901 Ha-2470 Hartley 501.10
354919101285301 Hu-4855 Hutchinson 266.03
355357101431901 Mo-2351 Moore 295.97
355725102145501 Ha-2583 Hartley 504.53
355810101574501 Mo-2319 Moore 471.04
355827102443501 Ha-5066 Hartley 220.43
360128101500001 Mo-2389 Moore 364.98
360241102443401 Ha-5065 Hartley 367.44
360307102071801 Mo-2350 Moore 453.40
360332100101401 Li-0582 Lipscomb 201.18
360416100445001 Oc-4465 Ochiltree 344.73
360546101393301 Sh-2366 Sherman 304.46
360640101434901 Sh-2369 Sherman 337.48
360727102303101 Da-3688 Dallam 414.98
360743100161001 Li-0613 Lipscomb 79.33
361242101341001 Hn-1917 Hansford 211.25
361631100444801 Oc-1291 Ochiltree 325.68
361813100054301 Li-3687 Lipscomb 205.17
362019102035301 Sh-4136 Sherman 324.73
362035101592801 Sh-3719 Sherman 349.11
362137102533001 Da-3588 Dallam 227.88
362146100542801 Oc-4196 Ochiltree 290.18
362234100075201 Li-0567 Lipscomb 122.14
362308102132801 Da-3209 Dallam 347.98
362341102375101 Da-3231 Dallam 172.37
362648102442201 Da-3589 Dallam 190.69
362700101083801 Hn-3686 Hansford 215.04
362959100065801 Li-0656 Lipscomb 196.01
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pitted by carbonate dissolution and deflation, thus forming 
many playas (shallow depressions) that collect and store water 
during periods of precipitation and runoff. (Ryder, 1996). 
The Canadian River has cut through much of the Ogallala 
Formation in the Texas Panhandle. The Ogallala Formation 
consists primarily of heterogeneous sequences of coarse-
grained sand and gravel, which originated from alluvial fan 
deposits and fluvial, lacustrine, and eolian deposits (NPGCD, 
2020; Ryder, 1996). The NPGCD reports that the average 
thickness of the Ogallala Formation in the study area ranges 
from 115 ft in Moore County to 225 ft in Lipscomb County, 
with an estimated study-area-wide average aquifer thickness 
of 148 ft (NPGCD, 2020).

Data Collection and Analysis Methods
After measuring the depth to water at each of the 30 

monitoring wells, selected physicochemical properties were 
measured at the same time groundwater-quality samples were 
collected and processed as part of the synoptic study. The 
physicochemical properties measured onsite were dissolved 
oxygen, pH, specific conductance, groundwater temperature, 
turbidity, and alkalinity. Water-quality samples were analyzed 
for dissolved solids, nutrients, trace elements, and organic 
compounds. All water-quality results including physicochemi-
cal properties were reviewed for completeness and accuracy 
and are stored in the National Water Information System 
(USGS, 2021) and are also published in a companion data 
release (Ging and Mobley, 2021).

Depth to Water Level Methods

The same methods used in the previous synoptic study 
(Baldys and others, 2014) by USGS personnel to make depth 
to water-level measurements and collect water-quality samples 
were used in this study. At each of the monitoring wells shown 
in figure 1, the depth to water was measured before collecting 
water-quality samples to help ensure the sampling hose intake 
was at the proper depth to provide a representative sample 
and to determine any changes in groundwater levels (fig. 1; 
Ging and Mobley, 2021). The depth to water was measured at 
most wells by using USGS-owned electric groundwater-level 
measurement tapes (electric tapes or e-tapes) in accordance 
with methods described in Cunningham and Schalk (2011). 
The electric tapes used by USGS personnel were calibrated 
before use with a steel reference tape. An electric tape com-
monly is accurate to plus or minus 0.01 ft and is most accurate 
for groundwater levels less than 200 ft below land surface 
(Cunningham and Schalk, 2011). Depths to water in two of 
the wells where the groundwater depth exceeded 500 ft were 
measured by USGS personnel with a NPGCD-owned electric 
tape that could measure groundwater depths as great as 750 ft 

below land surface; the electric tape belonging to NPGCD was 
not subjected to the same reference calibration checks as the 
USGS-owned electric tape that was used.

NPGCD county well identifiers assigned to each well 
were used to identify the wells in this report and typically con-
sist of the first two letters of the county name followed by a 
sequence of four numbers (Baldys and others, 2014; NPGCD, 
2020; Ging and Mobley, 2021). The county well identifiers 
assigned by the NPGCD supplement the 15-digit USGS sta-
tion numbers used to identify each well in the National Water 
Information System database (table 1; USGS, 2021).

Water-Quality Sample Collection and 
Processing

Water-quality samples were collected from each of the 30 
wells and processed onsite. Quality-control samples consisting 
of blank samples, replicate samples, and spike samples were 
collected to assess bias and precision in sampling and process-
ing procedures. Groundwater-quality samples were processed 
in a mobile water-quality laboratory by following proce-
dures outlined in the USGS “National Field Manual for the 
Collection of Water-Quality Data” (USGS, variously dated). 
A submersible pump was lowered into each well and was 
attached to stainless steel pipe sections to pump the ground-
water directly from the wells to a manifold, which was used to 
direct the water to polytetrafluoroethylene (PTFE) tubing line 
that was routed into the mobile water-quality laboratory for 
sample processing.

Each well was purged to ensure that samples collected for 
analyses were representative of the groundwater in the aquifer. 
During the purging process, selected physicochemical proper-
ties (dissolved oxygen, pH, specific conductance, groundwater 
temperature, and turbidity) were measured and recorded as the 
unfiltered groundwater was pumped from the well. Standard 
USGS procedures require monitoring these physicochemi-
cal properties by using a multisensor meter installed in an 
airtight flow chamber until readings for the physical properties 
stabilize (USGS, variously dated). Each well was purged of at 
least three well casing volumes of groundwater prior to sample 
collection.

Once the physicochemical properties had stabilized, 
the well discharge was redirected to an enclosed processing 
chamber in the mobile water-quality laboratory where ground-
water samples were processed for analysis. Sample collection 
and preservation were completed in the processing chamber 
to prevent the introduction of airborne contaminants. The 
tubing and fittings used for sample collection and processing 
were made of stainless steel or PTFE. The bottles used for 
sample collection were made of baked glass or polypropylene. 
The bottles were rinsed with deionized water prior to sample 
collection. Sampling equipment was thoroughly cleaned after 
each well was sampled following standard USGS procedures 
(USGS, variously dated). The stainless-steel pipe sections 
used to lower the submersible pump into the well were washed 
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between sites with a pressurized water spray and then rinsed 
with deionized water (a high-volume rinse). Pipe sections 
were capped at each end during transport to prevent the 
introduction of dust and other airborne contaminants. Samples 
analyzed for major ions, trace elements, and nutrients were fil-
tered through a 0.45-micrometer (μm) capsule filter. Pesticide 
samples analyzed for pesticide and herbicide compounds 
were collected from 5 of the 30 wells during 2019 and from 
1 well in 2020; pesticide and herbicide compounds frequently 
detected in previous nationwide studies were targeted for 
sampling (Barbash and Resek, 1996; Kolpin and others, 1998; 
Scribner and others, 2007). All of the pesticide samples were 
filtered through a 47-millimeter (mm) diameter glass fiber 
filter with a pore size of 0.70 μm. Samples that required refrig-
eration (nutrients and organic compounds) were kept chilled at 
4 degrees Celsius (°C) and shipped chilled to the appropriate 
laboratories for analyses.

Laboratory Analysis

Groundwater-quality samples were analyzed for major 
ions, nutrients, and trace elements at the National Water 
Quality Laboratory (NWQL), in Lakewood, Colorado, and for 
selected organic compounds at the NWQL or at the Organic 
Geochemistry Research Laboratory (OGRL), in Lawrence, 
Kansas. Organic compound samples were submitted to the 
NWQL for analyses of 81 common pesticides and to the 
OGRL for analyses of 35 common pesticides. Descriptions of 
laboratory analytical methods are published in Fishman and 
Friedman (1989) and Fishman (1993) for major ions analy-
ses; Patton and Kryskalla (2003) for nutrients analyses; and 
Fishman and Friedman (1989), Struzeski and others (1996), 
Garbarino (1999), and Garbarino and others (2006) for trace-
element analyses. Pesticide analysis was done by solid-phase 
extraction and gas chromatography/mass spectrometry fol-
lowing the methods published in Zaugg and others (1995), 
Lindley and others (1996), Sandstrom and others (2001), and 
Madsen and others (2002).

Concentrations of major ions, nutrients, and trace ele-
ments were reported by the NWQL and reviewed for com-
pleteness and accuracy. The analytical quantification proce-
dure used by the NWQL for reporting results is based on the 
long-term method detection level (LT-MDL) and laboratory 
reporting level (LRL). The LT-MDL acts as a censoring limit 
for most analytical methods at the NWQL, and its purpose is 
to limit the false positive rate to less than or equal to 1 percent 
(Foreman and others, 2021). The LRL is twice the LT-MDL 
and was established to limit the false negative rate to less than 
or equal to 1 percent (Foreman and others, 2021). A constitu-
ent concentration is considered estimated by the laboratory 
when results are greater than the LT-MDL and less than the 
LRL; that is, detection is considered likely, but quantitation 
is considered estimated. Therefore, a remark code of “E” 
(estimated) is assigned by the laboratory for these results. 
Additionally, when measured values were greater than the 

calibration range of the instrument or when the field measure-
ment stabilization criteria were not met, the data are reported 
with an “E” remark code (Foreman and others, 2021). In rare 
instances, a value lower than the LT-MDL might be reported 
at the discretion of the analyst. In contrast to the LT-MDL and 
LRL reporting convention used by the NWQL, the OGRL uses 
one reporting limit for each constituent that is set equal to or 
greater than the limit of quantitation (Meyer and others, 2009).

Quality-Assurance and Quality-Control 
Procedures

Quality-control data were collected to assess the vari-
ability and bias that may exist within the sample-collection 
procedures and laboratory analyses (USGS, variously dated). 
To test for this variability and bias, two field-blank samples, 
three sequential-replicate samples, and one matrix-spiked 
sample for organic compounds were collected in conjunction 
with environmental samples. Both field-blank samples were 
analyzed for inorganic constituents and organic compounds.

Field-Blank Analyses
Field-blank samples were collected and processed prior 

to the collection of environmental samples at two well loca-
tions to help ensure that equipment cleaning conducted in the 
field between the collection of samples from different wells 
was adequate and that the collection, processing, or transport-
ing procedures in the field did not potentially contaminate the 
environmental samples. In field-blank samples, low concentra-
tions were detected (0.04–0.235 milligrams per liter [mg/L]) 
for each of the following major ions: calcium, chloride, mag-
nesium, silica, and sulfate. In one field-blank sample, ammo-
nia was detected at 0.02 mg/L. Concentrations in field-blank 
samples were low (0.079–3.49 micrograms per liter [μg/L]) 
compared to concentrations in environmental samples for 
the following trace elements: barium, lithium, molybdenum, 
strontium, and vanadium. Concentrations of cobalt, copper, 
manganese, and zinc in field-blank samples (0.123–3.7 μg/L) 
were similar to the concentrations of these constituents in 
environmental samples. The cause for the detection of low-
level concentrations of some inorganic constituents in the 
field-blank samples is unknown. To avoid possible bias, values 
for two constituents (copper and zinc) measured in environ-
mental samples at concentrations similar to those measured in 
field-blank samples (relative percent differences [RPDs] less 
than 35 percent) were not included for interpretive purposes. 
No organic compounds were detected in either of the field-
blank samples.

Sequential-Replicate Analyses
Sequential-replicate samples were collected from three 

different wells to measure the variability in results originat-
ing from sampling procedures and analytical methods. An 
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inorganic constituent replicate sample and an organic com-
pound replicate samples were collected together at one well. 
In addition, another inorganic constituent replicate sample 
was collected at a second well and another organic compound 
replicate sample was collected at a third well. To evaluate 
the potential variability introduced during sample collec-
tion, processing, or laboratory analysis, the analytical results 
measured in an environmental sample were compared with 
those measured in the associated replicate sample by comput-
ing the RPD for each constituent. The RPD between each pair 
of duplicate samples was calculated by using the following 
equation:

 RPD
C C
C C

1 2

1 2

2

100 , (1)

where
 C1 is the constituent concentration measured in 

the environmental sample, in milligrams 
per liter or micrograms per liter; and

 C2 is the constituent concentration measured in 
the replicate sample, in milligrams per liter 
or micrograms per liter.

RPDs of 10 percent or less indicate good agreement 
between the paired results if the concentrations were suf-
ficiently large compared to their associated LRLs (Foreman 
and others, 2021; Oden and others, 2011; Mueller and oth-
ers, 2015). An RPD was not computed if either of the paired 
results was reported as an estimated concentration or was 
below the LRL. Most RPDs did not exceed 10 percent for 
constituents analyzed in the three sequential-replicate samples 
collected during this study, indicating generally good agree-
ment between the environmental and replicate sample con-
centrations. RPDs exceeded 10 percent (but were less than 21 
percent) for three constituents (orthophosphate, copper, and 
lead) in samples collected from one of the two wells where 
inorganic samples were collected. Differences between the 
concentrations in paired samples where sample concentrations 
are less than 0.06 mg/L (such as orthophosphate, copper, and 
lead) can result in large RPD values.

Matrix-Spike Analysis
A spiked environmental sample is an environmental repli-

cate sample to which a known volume containing known con-
centrations of target constituents is added in the field (Wilde 
and others, 2002; Martin and others, 2009). Groundwater was 
collected from the well and processed following standard 
procedures to produce two samples (USGS, variously dated; 
Shelton, 1994; Koterba and others, 1995). Spike solution was 
added to only one of the two groundwater samples, result-
ing in spiked and unspiked samples (the matrix spike and the 
“background” sample, respectively). Matrix spikes are usually 
collected to help determine any matrix interference and the 

analyzing laboratory’s ability to recover constituent concentra-
tions (Zaugg and others, 1995; Menheer and Brigham, 1997; 
Mueller and others, 1997). Unspiked and spiked environmen-
tal samples were used to assess bias and variability from pos-
sible degradation of pesticide constituents resulting in lower 
concentrations during sample processing, storage, and analysis 
(Mueller and others, 2015). Analytical recoveries of the spiked 
target constituents are expressed as percentages of expected 
(theoretical) concentrations. The percent recoveries of con-
stituents in the spiked environmental sample were compared 
to those of the laboratory recovery spiked samples to evaluate 
matrix interferences or degradation of organic compounds. 
Percent recovery is computed as follows:

                  Percent recovery = 
 [(Cspiked – Cunspiked) × 100] / Cexpected 

(2)

where
 Cspiked is the measured concentration of the 

constituent of interest in the spiked 
environmental sample, in micrograms 
per liter;

 Cunspiked is the measured concentration of the 
constituent of interest in the unspiked 
environmental sample, in micrograms per 
liter; and

 Cexpected is the theoretical concentration of the 
constituent of interest in the spiked 
environmental sample, in micrograms per 
liter, and is computed as follows:

 Cexpected = (Csolution × Vspike) / Vsample (3)

where
 Csolution is the concentration of the constituent 

of interest in the spike solution, in 
micrograms per liter;

 Vspike is the volume of spike added to the 
environmental sample, in milliliters; and

 Vsample is the volume of the environmental sample, 
in liters.

Constituent concentrations less than the LRL in the 
unspiked sample were set to zero for the purposes of cal-
culating percent recovery. A mixture of target constituents 
was added to one of the environmental replicate samples for 
spike analysis. Percent recoveries were computed for each of 
the constituents, with the optimum value being 100 percent 
(Mueller and others, 2015; Shoda and others, 2017). Atrazine, 
deethylatrazine, and tebuthiuron were the only organic 
compounds detected in environmental samples. Percent 
recoveries for atrazine and tebuthiuron ranged from 104.8 to 
129.6 percent for spiked environmental samples, but percent 
recovery for deethylatrazine ranged from 69.8 to 82.2 per-
cent. If the percentage recovery for a given constituent in a 
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spiked sample is either high or low, the percentage recovery 
of the constituent in the corresponding environmental sample 
results warrant close scrutiny and possible action (Zaugg and 
others, 1995; Menheer and Brigham, 1997; Mueller and oth-
ers, 1997; Mueller and others, 2015). Because recoveries for 
deethylatrazine were consistently low in laboratory recovery 
spiked samples (less than 82 percent), all concentration results 
for deethylatrazine detections are reported as estimated. 
Concentrations of selected organic compounds measured in 
the unspiked environmental samples that were less than their 
respective LRLs were considered irrelevant, and their recover-
ies were not evaluated in the matrix spike results.

Depth to Water and Groundwater Level 
Changes Since 2012–13

The depth to water was measured prior to lowering the 
submersible pump into each well for collecting groundwater-
quality samples. Depths to water measured during the 
2019–20 sampling period ranged from 79.33 ft below land 
surface at well Li-0613 in Lipscomb County to 504.53 ft 
below land surface at well Ha-2583 in Hartley County (Ging 
and Mobley, 2021). Depths to water made in 2019–20 were 
compared to the measurements collected in 2012–13. All 
depth to water-level measurements during 2012–13 and 2019 
were made in either February or March when irrigation usage 
is low, whereas the 2020 depth to water-level measurements 
were made in July when irrigation usage is high.

Depth to water, which was measured from land surface, 
increased in 28 of the 30 wells with a median difference of 
18.17 ft between the 2012–13 and 2019–20 sampling peri-
ods (fig. 2; Ging and Mobley, 2021). McGuire (2017) has 
indicated that groundwater-level declines have occurred 
throughout the Ogallala aquifer, including its extent in Texas, 
ever since irrigation became substantial (about 1950). These 
groundwater-level declines have decreased the amount of 
groundwater available for use.

Unexpected decreases in the depth to water of 16.36 ft 
and 29.62 ft were measured in wells Li-0582 and Da-3588, 
respectively (fig. 2; Ging and Mobley, 2021), relative to the 
depth to water measured at these wells during 2012–13. The 
decreased depth to water in wells Li-0582 and Da-3588 might 
be related to localized field conditions at the time of sampling. 
On March 11, 2019, the day when groundwater-level and 
water-quality data were collected at Li-0582, the lead author 
of this report heard running water coming from within the 
well bore, which might indicate water was flowing into the 
well from a perched groundwater zone. The initial static depth 
to water from land surface was 201.18 ft, but after the purg-
ing process, the depth to water increased to 226.56 ft from 
land surface. A similar pattern was observed at well Da-3588 
where the initial static depth to water was 227.88 ft from 
land surface, but after the purging process, the depth to water 
increased to 295.73 ft from land surface. Because the wells 
have not been pumped for several years prior to the 2019–20 
sampling period, the rapid increases in the depth to water at 
the two wells after purging indicate groundwater levels near 
these wells can change quickly in response to groundwater 
withdrawals.
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Figure 2. Groundwater-level changes between the 2012–13 and 2019–20 sampling periods at wells completed in the Ogallala aquifer in the Texas Panhandle.
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Water-Quality Results and Comparison 
to 2012–13 Results

Results from the groundwater-quality analyses were 
compared to the available National Primary Drinking Water 
Regulations established by the EPA (EPA, 2009) for finished 
drinking water (hereinafter referred to as the “maximum 
contaminant levels” or “MCLs”). Results from groundwater-
quality analyses were also compared to National Secondary 
Drinking Water Regulations established by the EPA (second-
ary drinking-water standards), which are non-enforceable 
guidelines for finished drinking water, where available (EPA, 
2009). In addition to comparing the 2019–20 results from 
water-quality analyses to selected drinking water standards, 
the results of water-quality analyses from samples collected in 
2019–20 were compared to results from water-quality samples 
collected during 2012–13.

Hydrochemical Facies and Dissolved-Solids 
Concentrations

The composition of groundwater and its hydrochemi-
cal facies principally are controlled by the composition of 
recharge water, rock-water interaction, and the mixing of 
groundwater from different sources (Jones and others, 1997; 
Elango and Kannan, 2007). The term “hydrochemical facies” 
refers to a classification scheme used to describe water in 
terms of the major cation and anion milliequivalents com-
position. The trilinear diagram (Piper, 1944) is a useful tool 
for evaluating the relative abundance of major cations and 
anions and classifying hydrochemical facies or groundwa-
ter types, and it was used to evaluate groundwater samples 
collected from wells completed in the Ogallala aquifer in the 
Texas Panhandle during 2019–20 (fig. 3). Most of the ground-
water samples collected during 2019–20 were classified as 
magnesium-bicarbonate type groundwater, which is similar to 
the classification of groundwater in samples collected during 
the 2012–13 (Baldys and others, 2014). Exceptions to the pre-
dominant magnesium-bicarbonate type classifications included 
two samples classified as sodium-bicarbonate type obtained 
from wells Da-3588 and Da-3589, the sample classified as 
sodium-chloride type obtained from well Oc-4465, and the 
sample classified as a mixed groundwater type obtained from 
well Hu-4855. Water samples obtained from wells Da-3588, 
Ds-3589, and Oc-4465 during 2019–20 were assigned the 
same groundwater types previously assigned when the wells 
were sampled during 2012–13 (Baldys and others, 2014). 
Water from well Hu-4855 seemed to have shifted from a 
calcium-chloride type groundwater during the 2012–13 
sampling event to a more mixed water type, which included 
larger contributions of magnesium and bicarbonate, during the 
2019–20 sampling event.

Dissolved-solids concentration is a measure of the quan-
tity of dissolved constituents in a sample. Sodium and chloride 
are often the primary constituents that contribute to elevated 
dissolved-solids concentrations (Hem, 1985). As groundwater 
levels decline in an aquifer, deeper saline groundwater can 
move into areas being affected by groundwater withdrawals 
(Alley and others, 1999). Therefore, increasing sodium and 
chloride concentrations levels in groundwater can be a cause 
for concern among well owners. Dissolved-solids concentra-
tions in samples for the wells sampled during the 2019–20 
sampling period ranged from 260 to 774 mg/L with a median 
dissolved-solids concentration of 316 mg/L, which is slightly 
higher than the median dissolved-solids concentration for 
the 2012–13 sampling period of 311 mg/L (fig. 4; Ging and 
Mobley, 2021). Dissolved-solids concentrations in samples 
at five wells (Hu-4855, Oc-4465, Li-3687, Oc-4196, and 
Da-3589) were higher than the secondary drinking water stan-
dard of 500 mg/L (EPA, 2009) during the 2019–20 sampling 
period (fig. 4). Dissolved-solids concentrations in samples 
at four of those five wells were higher than the secondary 
drinking water standard of 500 mg/L in the 2012–13 sampling 
period as well (Ging and Mobley, 2021). Sodium concentra-
tions in samples from the wells collected during the 2019–20 
sampling period ranged from 7.5 to 200 mg/L with a median 
sodium concentration of 23.6 mg/L, which is slightly higher 
than the median sodium concentration of 21.2 mg/L for the 
2012–13 sampling period (fig. 5; Ging and Mobley, 2021). 
Chloride concentrations measured in samples collected during 
the 2019–20 sampling period ranged from 4.0 to 253 mg/L 
with the median chloride concentration of 12.8 mg/L, which 
is slightly higher than the median chloride concentration of 
11.6 mg/L for the 2012–13 sampling period (fig. 5; Ging and 
Mobley, 2021). Accounting for variability with analyses, 
median major ion concentrations were similar during the 
2012–13 and 2019–20 sampling periods.

Nutrients

Nitrogen and phosphorus are usually the most commonly 
detected nutrients when elevated nutrient concentrations are 
found in groundwater (Ator and Denis, 1997). Ator and Denis 
(1997, p. 2) explain “although natural sources of nitrogen and 
phosphorus exist, elevated concentrations of these nutrients in 
groundwater are typically anthropogenic (human-derived).” 
Elevated nitrogen and phosphorus concentrations in ground-
water frequently result from surface-water infiltration in 
agricultural or municipal areas where nutrient sources typi-
cally include livestock manure, septic systems, wastewater 
treatment systems, fertilizers, and atmospheric deposition 
of nitrogen from fossil fuel combustion (Ator and Denis, 
1997; Dubrovsky and others, 2010). National background 
concentrations of nitrate, the most common form of nitro-
gen in groundwater, are estimated to be 1 mg/L (Dubrovsky 
and others, 2010). Water with nitrate concentrations higher 
than 10 mg/L can cause methemoglobinemia (also known as 
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blue-baby syndrome) in infants less than 6 months of age and 
is considered a major contaminant and threat to groundwater 
quality in Texas (Chaudhuri and others, 2012). Samples were 
collected for the determination of four species of nitrogen and 
one species of phosphorus (orthophosphate). The four spe-
cies of nitrogen that were analyzed were ammonia, nitrite plus 
nitrate, nitrite, and total nitrogen. Although organic nitrogen 
concentrations were not computed for this report, the concen-
tration of organic nitrogen can be estimated by subtracting the 
sum of ammonia and nitrite plus nitrate from total nitrogen 
(Patton and Truitt, 2000; Ging and Mobley, 2021). Ammonia 
concentrations were less than the LRL of 0.010 mg/L for 27 of 
the 30 wells that were sampled during 2019–20. Nitrite con-
centrations were less than the LRL of 0.001 mg/L for all wells 
sampled during 2019–20 (Ging and Mobley, 2021). Nitrate is 
the dominant nitrogen species in the nitrate plus nitrite analy-
sis because all nitrite concentrations were below the LRL. The 
median nitrate concentration for the 2019–20 sampling period 
was 2.25 mg/L, which is similar to the national median nitrate 
concentration of 2 mg/L determined by Mueller and Helsel 
(1996). However, nitrate concentrations in samples from two 
wells (Da-3688 and Sh-4136) exceeded the MCL of 10 mg/L 
(EPA, 2009) for drinking-water supplies during the 2019–20 

sampling period (fig. 6). Wells Da-3688 and Sh-4136 were 
the same two wells where the nitrate concentrations exceeded 
10 mg/L during the 2012–13 sampling period (Baldys and 
others, 2014). Nitrate concentrations were less than the LRL 
of 0.08 mg/L for two wells (Da-3588 and Da-3589), which 
are the only two wells where dissolved oxygen concentra-
tions were less than 1 mg/L (Ging and Mobley, 2021). Total 
nitrogen concentrations were similar to the nitrate concentra-
tions, indicating that nitrate concentrations account for most 
of the nitrogen concentrations (Ging and Mobley, 2021). Total 
nitrogen is defined as the sum of ammonia, nitrite, nitrate, and 
organic nitrogen (Patton and Truitt, 2000). When comparing 
median concentrations of nitrate and total nitrogen from the 
2012–13 sampling period to the 2019–20 sampling period, 
median concentrations for both nitrate and total nitrogen 
increased slightly from the 2012–13 sampling period (2.05 and 
2.14 mg/L, respectively) to the 2019–20 sampling period (2.25 
and 2.31 mg/L, respectively) (fig. 7). Nitrate concentrations in 
samples collected from 19 of the 30 wells increased between 
the two sampling periods, the magnitudes of the increases 
ranged from 0.01 to 7.9 mg/L. Total nitrogen concentrations in 
samples collected from 17 of the 30 wells increased between 
the two sampling periods, and the magnitudes of the increases 
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aquifer in the Texas Panhandle for the 2012–13 and the 2019–20 sampling periods.
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ranged from 0.01 to 9.4 mg/L (fig. 7; Ging and Mobley, 2021). 
Accounting for variability with analyses, median concentra-
tions for nutrients species (both nitrogen and phosphorus) 
were similar for the 2012–13 and 2019–20 sampling periods.

Phosphorus is important in agricultural systems for the 
development of high-yielding crops, especially corn, soy-
beans, and wheat (Domagalski and Johnson, 2012). Long-
term over-application of manure and chemical fertilizers that 
contain phosphorus can lead to phosphorus migration into 
the groundwater system, resulting in potential contamination 
of the groundwater resource. In water, phosphorous may be 
present as orthophosphate (Domagalski and Johnson, 2012). 
Because the median orthophosphate concentration was less 
than 0.019 mg/L in samples collected from the 30 wells sam-
pled during 2019–20, it is unlikely that phosphorus contami-
nation of groundwater from agricultural practices is common 
in the study area. The median orthophosphate concentration 
in samples collected increased slightly from 0.014 mg/L for 
the 2012–13 sampling period to 0.019 mg/L for the 2019–20 
sampling period (fig. 7).

Trace Elements

Environmental samples from each well were analyzed 
to determine the concentrations of 23 trace elements, which 
are substances that typically are present in natural waters at 
concentrations less than 1.0 mg/L (Hem, 1985). Trace ele-
ments are present in small amounts in the environment and 
can originate from natural and manmade sources (Ayotte and 
others, 2011). Concentrations of trace elements are more likely 
to be higher in groundwater than in surface water as a result 
of rock-water interaction during the movement of groundwa-
ter through the rocks that compose the aquifers. Much of the 
groundwater in the Ogallala aquifer was recharged thousands 
of years ago (McMahon and others, 2007). Groundwater that 
has been in an aquifer for a long time can foster extensive 
rock-water interaction, which can cause trace element con-
centrations to increase (Elango and Kannan, 2007). Human 
activities such as fertilizer use, mining activities, and waste 
disposal also can affect concentrations of trace elements 
in groundwater (Ayotte and others, 2011). In water-quality 
samples collected from the 30 wells, concentrations of 16 
trace elements were higher than the LRL in at least 50 percent 
of the samples. MCLs or secondary drinking-water standards 
are available for only 14 of the 23 trace elements analyzed 
(table 2). None of the trace element concentrations exceeded 
their respective MCLs or secondary drinking-water standards 
(Ging and Mobley, 2021). Median concentrations of trace 
elements for the 2012–13 sampling period were compared to 
those for the 2019–20 sampling period for constituents having 
at least 50 percent of detections in samples above the highest 

applicable LRL, and variability in analyses was accounted 
for. Comparison results indicated that median concentrations 
of two trace elements (lithium and uranium) increased and 
the median concentrations for two trace elements (barium 
and molybdenum) decreased (fig. 8). Arsenic concentra-
tions, which can be a concern in the Ogallala aquifer because 
of agricultural use in the area, were all below the MCL of 
10 μg/L in the 30 samples collected from all 30 wells sampled 
in 2019–20 (fig. 9; Ging and Mobley, 2021). Arsenic can 
naturally occur in rocks and soils but also was used in certain 
pesticide applications in the study area (Welch and others 
2000; Thelin and Stone, 2010).

Organic Compounds

Detections of organic compounds such as pesticides in 
groundwater samples are potential indicators of anthropo-
genic effects on groundwater quality. Organic compounds 
detected in groundwater samples likely originate from surface 
water, which contains pesticides, seeping into the groundwa-
ter in the study area. Groundwater samples were submitted 
to the NWQL for analyses of 81 common pesticides and to 
the OGRL for analyses of 35 common pesticides. Samples 
were collected for organic compound analyses at 6 of the 
30 wells sampled in the 2019–20 study (Ging and Mobley, 
2021). Organic compounds were detected in samples collected 
from four of the six wells (Sh-2369, Hn-1917, Ha-2480, and 
Li-0656) (fig. 10). Atrazine and deethylatrazine were the only 
organic compounds detected at the four wells. Atrazine was 
detected in samples from two of the four wells (Hn-1917 and 
Li-0656) and deethylatrazine was detected in samples from 
all four wells. Concentrations of atrazine and deethylatrazine 
detections were all less than 0.05 μg/L (Ging and Mobley, 
2021). Atrazine is a triazine herbicide commonly used to con-
trol broadleaf and grassy weeds in a variety of crops such as 
corn and sorghum (EPA, 2021) and has a drinking-water stan-
dard of 3.0 µg/L (EPA, 2009). Deethylatrazine is a pesticide 
degradate of atrazine (EPA, 2006).

During the 2012–13 sampling period, samples from the 
same six wells were analyzed for the same organic compounds 
at NWQL and OGRL. Three of the four wells where organic 
compounds were detected in the samples collected during the 
2019–20 sampling period were the same wells where organic 
compounds were detected in the sample collected during 
the 2012–13 sampling period. Atrazine, deethylatrazine, 
and tebuthiuron were detected during the 2012–13 sampling 
period, and concentrations were all less than 0.03 μg/L, which 
is slightly less than the detected concentrations during the 
2019–20 sampling period. Tebuthiuron was not detected dur-
ing the 2019–20 sampling period (Ging and Mobley, 2021).
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Figure 7. Distribution of nitrate, total nitrogen, and orthophosphate concentrations measured in samples collected from wells 
completed in the Ogallala aquifer in the Texas Panhandle during the 2012–13 and 2019–20 sampling events.
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Table 2. National primary (maximum contaminant level) and secondary drinking water standards for 
the selected trace elements that were analyzed in samples collected during 2019–20.

[na, not applicable; EPA, U.S. Environmental Protection Agency]

Constituent
Maximum contaminant level  

(micrograms per liter1)
Secondary drinking-water standard 

(micrograms per liter2)

Aluminum na 50–200
Antimony 6 na
Arsenic 10 na
Barium 2,000 na
Beryllium 4 na
Cadmium 5 na
Chromium 100 na
Copper 1,300 na
Iron 300 na
Lead 15 na
Selenium 50 na
Thallium 2 na
Uranium 30 na
Zinc na 5,000

1Maximum contaminant concertation for finished drinking water (EPA, 2009).
2Non-enforceable guidelines regulating contaminants that may cause cosmetic effects (such as skin or tooth discolor-

ation) or aesthetic effects (such as taste, odor, or color) in finished drinking water (EPA, 2009).
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Figure 10. Pesticide detections in samples collected from wells completed in the Ogallala aquifer in the Texas Panhandle during the 2019–20 synoptic sampling.
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Summary
The Ogallala aquifer is part of the High Plains aquifer 

system, an extensively used groundwater system underly-
ing parts of Colorado, Kansas, Nebraska, New Mexico, 
Oklahoma, South Dakota, Wyoming, and Texas. The High 
Plains aquifer system is commonly divided in three parts 
(northern, central, and southern). The central High Plains 
aquifer system underlies the North Plains Groundwater 
Conservation District (NPGCD) in the Texas Panhandle. The 
study area for this report consists of the five northernmost 
counties that form the border between Texas and Oklahoma 
(Dallam, Sherman, Hansford, Ochiltree, and Lipscomb 
Counties) and parts of Hartley, Moore, and Hutchinson 
Counties, all of which are contained in the NPGCD manage-
ment area.

The Ogallala aquifer is the primary source of water for 
agricultural and municipal purposes in the study area. Because 
most of the groundwater in the study area is withdrawn from 
the Ogallala aquifer, information on the quality of groundwa-
ter in the Ogallala aquifer is useful for resource characteriza-
tion. During a previous 2012–13 study, the U.S. Geological 
Survey in cooperation with the NPGCD, collected and 
analyzed water-quality samples from 30 groundwater monitor-
ing wells in the Texas Panhandle. The results of this previous 
study were published in 2014 to help provide an initial charac-
terization of the spatial and temporal variability of water qual-
ity in the NPGCD management area. This report documents 
the results of a followup synoptic sampling study completed 
between March 2019 and July 2020 by the U.S. Geological 
Survey, in cooperation with the NPGCD, to further character-
ize the spatial and temporal characteristics of groundwater in 
the NPGCD management area. Depth to water measurements 
and groundwater-quality samples were collected from 30 
monitoring wells in the NPGCD management area as part of a 
second synoptic sampling effort divided between March 2019 
and July 2020. Results from the 2019–20 synoptic sampling 
were compared to drinking-water standards and results from 
the 2012–13 synoptic sampling for selected constituents. The 
groundwater-quality data that were collected were assessed in 
the context of results obtained from quality-control samples 
collected in conjunction with the environmental samples.

Selected physicochemical properties were measured in 
the field, and groundwater-quality samples were collected and 
processed at each of the 30 wells. Physicochemical proper-
ties measured onsite were dissolved oxygen, pH, specific 
conductance, groundwater temperature, turbidity, and alkalin-
ity. Depth to water-level measurements were made prior to 
collecting groundwater-quality samples, which were analyzed 
for major ions, nutrients, trace elements, and selected organic 
compounds. Quality-control samples were collected to assess 
the variability and bias that may exist within the sample-
collection procedures and laboratory analyses.

The depth to water, which was measured from land sur-
face, increased in 28 of the 30 wells with a median difference 
of 18.17 feet between the 2012–13 and 2019–20 sampling 

periods. Major ion analyses indicate that most of the ground-
water sampled during the 2019–20 sampling period was 
classified as magnesium-bicarbonate type groundwater, which 
was similar to the groundwater sampled during the 2012–13 
sampling period. Dissolved-solids concentrations for the wells 
sampled during the 2019–20 sampling period ranged from 260 
to 774 milligrams per liter (mg/L) with a median dissolved-
solids concentration of 316 mg/L, which is slightly higher 
than the median dissolved-solids concentration of 311 mg/L 
for the 2012–13 sampling period. Median sodium and chloride 
concentrations for wells sampled during the 2019–20 sampling 
period (23.6 and 12.8 mg/L, respectively) were slightly higher 
than the median sodium and chloride concentrations for the 
2012–13 sampling period (21.2 and 11.6 mg/L, respectively). 
Accounting for variability with analyses, median major ion 
concentrations were similar for the 2012–13 and 2019–20 
sampling periods.

Of the four nitrogen species analyzed, nitrate is the domi-
nant nitrogen species. The median nitrate concentration for 
the 2019–20 sampling period was 2.25 mg/L, which is similar 
to the national median nitrate concentration of 2 mg/L. Total 
nitrogen concentrations (the sum of ammonia, nitrite, nitrate, 
and organic nitrogen) were similar to the nitrate concentra-
tions, indicating that nitrate concentrations accounted for most 
of the total nitrogen concentrations. Both median concentra-
tions for nitrate and total nitrogen increased slightly from 
the 2012–13 sampling period (2.05 and 2.14 mg/L, respec-
tively) to the 2019–20 sampling period (2.25 and 2.31 mg/L, 
respectively). Accounting for variability in analyses, median 
concentrations for nutrients species (both nitrogen and 
phosphorus) were similar during the 2012–13 and 2019–20 
sampling periods.

Of the 23 trace elements analyzed in groundwater from 
the 30 wells, 16 were detected above the laboratory reporting 
level in at least 50 percent of the samples. Only 14 of the 23 
trace elements have associated maximum contaminant level or 
secondary drinking-water standards. None of the trace element 
concentrations exceeded any maximum contaminant level or 
secondary drinking-water standards. When comparing median 
concentrations of trace elements from the 2012–13 sampling 
period to those from the 2019–20 sampling period for con-
stituents with at least 50 percent of samples detected above the 
higher laboratory reporting level and accounting for variability 
in analyses, median concentrations of two trace elements (lith-
ium and uranium) increased and the median concentrations for 
two trace elements (barium and molybdenum) decreased.

Groundwater samples were submitted to the National 
Water Quality Laboratory for analyses of 81 common pesti-
cides and to the Organic Geochemistry Research Laboratory 
for analyses of 35 common pesticides. Samples were collected 
for organic compound analyses at 6 of the 30 wells sampled 
in the 2019–20 study. Organic compounds were detected in 
samples collected from four of the six wells. Atrazine and 
deethylatrazine were the only organic compounds detected. 
Concentrations of atrazine and deethylatrazine detections 
were all less than 0.05 micrograms per liter. During the 
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2012–13 sampling period, the same six wells were analyzed 
for the same organic compounds at National Water Quality 
Laboratory and Organic Geochemistry Research Laboratory. 
Three of the four wells where organic compounds were 
detected in the samples collected during the 2019–20 sampling 
period were the same wells where organic compounds were 
detected in the samples collected during the 2012–13 sam-
pling period. Atrazine, deethylatrazine, and tebuthiuron were 
detected during the 2012–13 sampling period.
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