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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

« Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

« Describe how water quality is changing over
time.

+ Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 59 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 59 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

ﬂa&zf M. Werac

Robert M. Hirsch
Chief Hydrologist
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Shallow Ground-Water Quality of Selected
Land-Use/Aquifer Settings in the South Platte River
Basin, Colorado and Nebraska, 1993—95

By Breton W. Bruce and Peter B. McMahon

ABSTRACT

The occurrence and distribution of a broad
range of water-quality constituents in the primary
shallow ground-water aquifers in the South Platte
River Basin were determined for three study areas
that have specific combinations of land-use and
aquifer settings: (1) Urban-crystalline bedrock,
(2) urban-alluvium, and (3) agricultural-alluvium.
Twenty-seven wells in the urban-crystalline
bedrock study area and 30 wells in the urban-
alluvium and agricultural-alluvium study areas
each were sampled once for about 170 constitu-
ents, including major ions, nutrients, volatile
organic compounds, pesticides, trace elements,
and radon. Wells in the urban-crystalline and agri-
cultural-alluvium study areas also were sampled
for tritium. Results of water analyses indicate that
natural rock/water interactions and anthropogenic
land-use activities affected the quality of shallow
ground water. Major-ion data indicated an
increase from small concentrations of dissolved
solids in the upstream urban-crystalline study area
to large concentrations of dissolved solids in the
downstream agricultural-alluvium study area.
This downstream increase in dissolved-solids
concentrations generally was correlated with a
change from bicarbonate to sulfate as the domi-
nant anion and by increasing concentrations of
calcium, sodium, and sulfate. Ground water in the
agricultural-alluvium study area had higher nitrate
concentrations (median = 9.35 milligrams per
liter as nitrogen) than the other study areas
(14 of 30 samples exceeded the U.S. Environ-

mental Protection Agency drinking-water
standard of 10 milligrams per liter as nitrogen).
Volatile organic compounds were detected only
in water samples from the urban-crystalline and
urban-alluvium study areas. Thirty-one of

59 analyzed volatile organic compounds were
detected at least once in the urban-alluvium
study area, and concentrations occasionally
exceeded maximum contaminant levels. Pesti-
cides were detected only in the urban-alluvium
(27 of 30 wells) and agriculture-alluvium (29 of
30 wells) study areas. No measured pesticide
concentration exceeded maximum contaminant
levels or health advisory levels for that
compound. The concentrations of the trace
elements, manganese, selenium, and uranium,
exceeded established or proposed drinking-water
standards in one or more study areas. Background
concentrations of radon in the shallow aquifers
of much of the South Platte River Basin were
substantially larger than the national average.
The presence of recently manufactured synthetic
compounds and tritium concentrations having
post-1952 values indicates that the ground water
being sampled in each study area recently was
recharged, with the possible exception of

six wells in the urban-crystalline study area that
had concentrations of tritium small enough to
indicate some water of pre-1952 origin.

In general, large uranium and radon
concentrations occur naturally in ground water
throughout the South Platte River Basin. In the
urban-crystalline study area, the presence of
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synthetic volatile organic compounds in ground
water indicates that the crystalline bedrock
aquifer is vulnerable to effects from land use. In
the urban-alluvium study area, pesticides and
volatile organic compounds were widespread in
ground water indicating the effect of high density
urban land use on water quality. In the agricul-
tural-alluvium study area, large concentrations of
dissolved solids and nitrate were measured, and
pesticides frequently were detected.

INTRODUCTION

Shallow ground-water resources are an impor-
tant source of fresh water in much of the semiarid
Western United States where surface-water supplies
are limited. In the South Platte River Basin of
Colorado, Nebraska, and Wyoming (fig. 1), extensive
agricultural activities and high rates of rural and
metropolitan population growth result in increased
demand for development of ground-water resources.
Shallow ground water (generally less than 100 ft deep)
is particularly valuable because it is relatively easy to
withdraw. Shallow ground water also generally is of
better quality (fewer dissolved constituents) than
deeper water supplies in buried aquifers.

The primary shallow aquifers in the South Platte
River Basin are the fractured crystalline bedrock of
Precambrian age exposed in the mountainous western
part of the basin and the alluvial deposits on the
eastern plains, which fill the present and historic
riverbed channels. These two aquifers supply more
than 95 percent of the ground water used in the South
Platte River Basin (Litke, 1990). Water withdrawn
from the crystalline bedrock aquifer primarily is used
for domestic drinking water. Most of the water with-
drawn from the alluvial aquifer is used for agricultural
irrigation, and drinking water is a minor use. However,
water levels are declining in parts of the deeper
drinking-water aquifers under the plains (Robson,
1987), and the alluvial aquifer may become a future
drinking-water supply in this part of the basin.

The shallow aquifers in the South Platte River
Basin are particularly vulnerable to water-quality
degradation from surface activities because of large
hydraulic conductivities and the lack of a protective
geohydrologic barrier between land surface and the
water table. High population density and the many

different intensive uses of the land in the recharge
areas of these aquifers have a direct effect on ground-
water quality.

Three related studies, which describe the range
of ground-water-quality conditions in relatively
vulnerable, unconfined aquifers beneath the major
land-use settings of the South Platte River Basin, were
done between 1993-95 as part of the U.S. Geological
Survey’s (USGS) National Water-Quality Assessment
(NAWQA) program, South Platte River Basin study
unit. The component of the NAWQA program that
addresses the occurrence and distribution of water-
quality conditions within a study unit is described in
Gilliom and others (1995). The quality of shallow
ground water and the effect of land use on this
resource are the primary focus of the ground-water
studies of the NAWQA program. These studies are
designed to determine the ground-water-quality
conditions underlying major land uses in the NAWQA
study unit and to identify the natural and human
factors affecting water quality. The studies focus on
water-table aquifers because these are the most vulner-
able to the effects of land-use activities.

Studies of this type provide information on
the current status of water quality in these important
aquifers and indicate geographical areas that have
degraded water quality or are at risk of water-quality
degradation. The data collected in the NAWQA
program also help establish a baseline of current
water-quality conditions for future comparisons.
Finally, because these studies were done in areas that
have well-defined land-use settings, the data can be
used to better define the effects of these settings on
ground-water quality and help determine changes in
ground-water quality as a result of changes in land use.

Purpose and Scope

This report presents a summary and comparison
of ground-water quality in three study areas in the
South Platte River Basin that have distinctive land-use
settings and aquifers. The three study areas are:

(1) The urban setting in the mountainous part of the
basin, which had a high population density or built-up
land use and a fractured crystalline bedrock aquifer
(urban-crystalline study); (2) the urban setting in the
Denver, Colo., metropolitan area overlying the alluvial
aquifer (urban-alluvium study); and (3) the primary
agricultural setting downstream from Denver to the

2 Shallow Ground-Water Quality of Selected Land-Use/Aqulfer Settings In the South Platte River Baslin, Colorado and Nebraska,
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In the urban-crystalline study area, the extent of
exposed crystalline bedrock aquifer was first cross-
referenced with a digital coverage of urban land use as
defined by Fegeas and others (1983). The choice to
focus on urban areas that overlie the crystalline
bedrock aquifer was because (1) the urban or built-up
areas were where the aquifer was being used as a
drinking-water supply, (2) existing wells were to be
sampled and the urban areas were the location of most
existing wells; to install wells in the crystalline
bedrock aquifer was cost prohibitive, and (3) the
effect of urban land use on ground-water quality in the
crystalline bedrock aquifer was poorly understood.

The 27 wells sampled in the urban-crystalline
study area were all in continuous service as a public or
domestic water supply. These wells were identified
using the records of the Colorado Department of
Natural Resources, State Engineers Office. When
possible, the well that was sampled was the shallowest
well on record that was located within the same
1-mi? section as the site chosen randomly by the
computer. Difficulties in contacting part-time
residents forced the sampling of the second or third
shallowest wells in some areas. Static water levels for
the wells sampled in the urban-crystalline study were
not available because the wells were in continuous
operation, and the well bore was not readily acces-
sible. Most wells in the urban-crystalline study area
were constructed with short near-surface steel casings
and then had open-hole or perforated plastic casings
through the productive interval to the bottom of the
hole. Water generally was delivered to the user from
submersible electric pumps placed at the bottom of the
wells. The distribution of wells sampled in the urban-
crystalline study area is shown in figure 2.

In the urban-alluvium study, existing wells were
located and sampled. Of the 30 wells sampled, 23
were constructed using polyvinyl chloride (PVC)
casings, and 7 were constructed using metal casings.
Existing urban wells had been installed to measure
ground-water levels (3 wells), determine random
ground-water quality (14 wells), provide a residential
water supply (7 wells), or determine ground-water
quality upgradient from a site known to have chemical
contamination (6 wells). If a well had been installed at
a known contaminated site, it was selected for
sampling only if sufficient water-table data were avail-
able to demonstrate that it was upgradient from the
known point source. None of the wells sampled in the
urban-alluvium study area were currently being used
for drinking water. The distribution of wells sampled
in the urban-alluvium study area is shown in figure 3.

All 30 wells sampled in the agricultural-
alluvium study area were installed for the purpose of
water-quality monitoring. Twenty-five of these wells
were installed specifically for this study. Installations
were as close as possible to the locations chosen by the
site-selection computer program and generally less
than 1/2 mi from the preselected location. The
remaining five wells existed prior to the study and
were within 1 mi of the randomly chosen sites. All
wells in the agricultural-alluvium study area were
constructed using PVC casings and sanitary installa-
tion techniques (Lapham and others, 1995). The distri-
bution of wells sampled in the agricultural-alluvium
study area is shown in figure 4. A summary of well
construction information for all the wells sampled
in each of the three water-quality studies is listed in
table 7.

METHODS OF INVESTIGATION 15



Table 7. Well information for all wells sampled in three study areas in the South Platte River Basin, 199395

[depths, lengths, and intervals in feet; --, no data; PVC, polyvinyl chloride]

nx!l)ler Site ID dv;’;::n Water level slﬁrt:\r;:ld Casing material Water use Sa:‘napzzng
Urban-Crystalline Study Area
1 392646105193701 300 - 220280 Steel/PVC Domestic 08/22/95
2 392947105212601 400 -- 160—370 Steel/Plastic Public 08/22/95
3 393245105155000 125 -- 65—125 Steel/Plastic Domestic 09/11/95
4 393256105215901 225 -- 125-225 Steel/Plastic Domestic 08/23/95
5 393257105140301 305 -- 10305 Steel/Plastic Domestic 08/24/95
6 393422105240101 202 -- 82182 Steel/PVC Domestic 08/23/95
7 393604105172701 180 -- 140—-180 Steel/Plastic Domestic 08/23/95
8 393644105182101 100 -- 27—100 Steel/Open Domestic 08/16/95
9 393703105171501 202 - 82-202 Steel/Plastic Domestic 08/24/95
10 393717105151701 330 - 20330 Steel/Open Domestic 08/16/95
11 393827105244701 152 - 90—-110 Steel/PVC Domestic 08/16/95
130152
12 393941105201701 185 - 80—185 Steel/Plastic Domestic 08/15/95
13 394112105214201 65 - 2065 Steel/Open Domestic 08/15/95
14 394210105292901 280 - 95-105 Steel/Plastic Domestic 08/24/95
130—-140
235275
15 394437105411301 200 - 60200 Steel/Plastic Domestic 07/24/95
16 394548105475801 200 - 49-53 Steel/Plastic Public 07/24/95
160—200
17 394820105313801 250 - 130-230 Plastic Domestic 07/25/95
18 395314105281001 180 - 120—-180 Steel/Plastic Domestic 07/25/95
19 395411105205601 250 - 15250 Steel/Open Domestic 07/26/95
20 395445105205801 350 -- 90—-110 Steel Domestic 07/26/95
190-210
328350
21 395516105302201 400 -- 200400 Steel/PVC Domestic 07/26/95
22 400324105201201 300 - 140200 Steel/PVC Domestic 08/17/95
220280
23 401104105304301 163 - 20163 Steel/Open Domestic 07/27/95
24 402015105334601 200 -- 20200 Steel/Open Domestic 08/14/95
25 402131105330601 300 - 240--300 Steel/PVC Domestic 07/27/95
26 402231105324201 400 - 280300 Steel/PVC Domestic 07/27/95
360400
27 402530105273901 265 - 15265 Steel/Plastic Domestic 08/14/95
Urban-Alluvium Study Area
1 393357105020201 26.5 18.01 15-25 PVC Unused 07/15/93
2 393632105013201 4] 9.74 2141 PVC Unused 08/04/93
3 393736105004001 20 15.45 1020 PVC Unused 07/29/93
4 393843105005201 19 8.44 4-19 PVC Unused 08/04/93
S 393922105031201 24 14.92 924 PVC Unused 08/11/93
6 393938105071401 14 8.83 914 PVC Unused 07/15/93
7 393944105000201 23 15.11 8-23 PVC Unused 07/29/93
8 394044104533901 37 11.41 10.5-37 PVC Unused 080/3/93
9 394056104594801 45 8.97 2545 Steel Domestic 08/19/93
10 394056104550701 70 12.56 11-66 PVC Unused 08/03/93
11 394234104595301 30 15.13 1030 PVC Unused 08/05/93
12 394314104575001 30 - 20-30 Steel Domestic 08/19/93
13 394326105003901 28 13.05 12.5-27.5 PVC Unused 08/05/93

16 Shallow Ground-Water Quality of Selected Land-Use/Aquifer Settings in the South Platte River Basin, Colorado and Nebraska,
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Table 7. Well information for all wells sampled in three study areas in the South Platte River Basin, 1993—-95—Continued

[depths, lengths, and intervals in feet; --, no data; PVC, polyvinyl chloride]

nxf&r Site ID dV:::'Ih Water level s:";:c:f Casing material Water use Sa:::ng
Urban-Alluvium Study Area—Continued
14 394418105011501 3] 16.78 10-30.25 PVC Unused 07/22/93
15 394507105004601 15 10.44 3.3-12.6 PVC Unused 07/22/93
16 394508104593801 23 13.98 1222 PVC Unused 07/21/93
17 394545104582301 46 37.05 2646 PVC Unused 07/21/93
18 394612105071001 40 - 20740 Steel Domestic 08/18/93
19 394648105072301 215 4.51 4.5-19.5 PVC Unused 07/14/93
20 394631105053601 25 6.15 12-25 Steel Domestic 08/12/93
21 394654104584301 35 14.49 9.5-34.5 PVC Unused 07/20/93
22 394655105030901 14.8 5.15 3-12 PVC Unused 07/20/93
23 394728105045801 25 6.62 4-19 PVC Unused 07/14/93
24 394811105023201 15 9.2 5-15 PVC Unused 07/13/93
25 394824105065001 51 19.39 1051 Steel Unused 08/12/93
26 394830104564001 24 22.08 1424 PVC Unused 08/13/93
27 394833104572201 20 14.97 15-20 PVC Unused 07/23/93
28 394834105055001 30 19.51 18-30 Steel Unused 09/09/93
29 394835105053301 80 19.32 2065 Steel Unused 09/09/93
30 394858104591701 32 9.21 6.5-31.5 PVC Unused 07/30/93
Agricultural-Alluvium Study Area

1 400237104500301 12.5 9.97 7.5~12.5 PVC Unused 06/08/94
2 400711104481801 3] 22.60 21-31 PVC Unused 06/08/94
3 401440103373201 23 11.95 13-23 PVC Unused 07/20/94
4 401449104064801 93 84.92 83-93 PVC Unused 07/26/94
5 401544103443101 47 35.00 3747 PVC Unused 07/21/94
6 401702103483901 31 26.12 2131 PVC Unused 07/21/94
7 401726104442201 26 19.60 1626 PVC Unused 06/09/94
8 401750104143101 38 29.15 28-38 PVC Unused 07/26/94
9 40201810357180t 13 4.26 7-12 PVC Unused 07/25/94
10 402034103301001 23 13.19 13-23 PVC Unused 07/19/94
I 402104104404501 19 12.62 5.5~19 PVC Unused 06/09/94
12 402150103322801 27 21.88 1727 PVC Unused 07/20/94
13 402213104015501 12 5.23 5—~12 PVC Unused 07/25/94
14 402538103242001 20 10.77 1020 PVC Unused 07/19/94
15 402658104400001 33 26.89 18-33 PVC Unused 06/10/94
16 402955103163501 36 22.30 2636 PVC Unused 07/18/94
17 403426103200401 31 25.85 21-31 PVC Unused 07/18/94
18 404106103082201 18 6.13 818 PVC Unused 08/04/94
19 404320103053801 17 8.58 717 PVC Unused 08/03/94
20 404450103013501 47 41.11 3747 PVC Unused 08/03/94
21 405039102485601 15 7.33 515 PVC Unused 08/02/94
22 405159102444201 15 11.38 5~15 PVC Unused 0802/94
23 405658102231201 16 8.71 6—16 PVC Unused 08/01/94
24 405801102284501 30 20.34 2030 PVC Unused 08/01/94
25 410251102024201 22 13.85 1222 PVC Unused 06/16/94
26 410344101560901 33 19.27 23-33 PVC Unused 06/16/94
27 410657101394501 17 11.59 7-17 PVC Unused 06/15/94
28 410722101162901 22 13.56 12-22 PVC Unused 06/15/94
29 410819101102801 17 8.19 7-17 PVC Unused 06/14/94
30 410959100582401 23 9.48 13-23 PVC Unused 06/14/94
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Sample Collection

Each well was sampled for a broad range
of dissolved constituents including 11 major ions,

5 nutrients, 59 VOC'’s, 76 pesticides, 17 trace
elements, radon, dissolved organic carbon and, in the
urban-crystalline and agricultural-alluvium studies,
tritium. The constituents analyzed in each of these
classes are listed in table 8. In wells with pumps that
were in continuous use, the existing pumps were

used to collect the water-quality samples. Existing
pumps were used in 3 urban-alluvium wells and

in all 27 wells sampled in the urban-crystalline study
area. In the remaining wells, a portable positive-
displacement submersible pump was used for sample
collection. This pump was constructed so that all parts
that came in contact with well water were stainless
steel or Teflon. The pump was decontaminated prior to
placement in each well by circulating a nonphosphate
detergent through the pump system, followed by a
tap-water rinse, deionized water rinse, methanol rinse,
and final deionized water rinse.

Prior to sample collection, each well was purged
by pumping at the highest rate possible (usually
greater than 5 gal/min) for at least 20 minutes. After
initial well purging, the pumping rate was decreased,
and temperature, pH, specific conductance, and
dissolved oxygen (DO) were monitored and recorded
every 5 minutes. In wells where the existing pump was
used to collect the sample, the flow from the existing
pump was split into two streams so that flow rate
could be adjusted in one stream while the pumping
pressure could be accommodated in the other. Once a
minimum of five well-casing volumes had been

removed and the indicated field parameters had stabi-
lized for three 5-minute increments, the water was
collected for iaboratory analysis.

A detailed description of NAWQA ground-
water sampling protocols is in Koterba and others
(1995). Dissolved major-ion and trace-element
samples included filtered (0.45-um cellulose-nitrate
filters) and unfiltered samples, and the cation species
were stabilized by lowering the pH to less than
2 standard units using nitric acid. Samples for
dissolved nutrient analyses were filtered through
0.45-um cellulose-nitrate filters and were preserved,
using mercuric chloride, in amber polyethylene
bottles. The nutrient samples then were stored at 4°C
until analyzed. Unfiltered VOC samples were
preserved using 1:1 hydrochloric acid in 40-mL
septum vials leaving no headspace. The pesticide
samples were filtered through a cleaned and baked
0.7-um glass-fiber filter in a methanol-rinsed
aluminum filter holder and collected in precleaned
1-L amber glass bottles. For radon analysis, two
10-mL aliquots of water were collected by syringe
from a flow-through glass gas-sampling bulb. This
water was injected into glass scintillation vials below
mineral oil; the vials were capped and shaken vigor-
ously for 15 seconds. Tritium samples were composed
of an unfiltered 1-L sample collected in a high density
polyethylene bottle and sealed with a polyseal cap
with no headspace. Alkalinity was determined in the
field by titration. All other laboratory analyses were
done at the USGS National Water-Quality Laboratory
in Arvada, Colo.
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Table 8. Water-quality constituents and parameters analyzed by compound class for three study areas
in the South Platte River Basin, 1993-95

[mng/L, micrograms per liter; pCi/L, picocuries per liter; mg/L, milligrams per liter]

Analytical
Constituent method
reporting limit

Analytical
Constituent method
reporting limit

Major ions, in milligrams per liter (unless noted)

Calcium 0.02 Silica 0.01
Magnesium .01 Iron 3.0 ug/L
Sodium 2 Manganese 1.0 ug/L
Potassium N Bromide .01
Chloride 1 Sum of dissolved solids calculated
Sulfate i Hardness calculated
Fluoride 1
Nutrients, in milligrams per liter

Ammonium 0.01 Phosphorus 0.01
Nitrite .01 Orthophosphate .01
Nitrite plus nitrate .05

Volatile Organic Compounds, in micrograms per liter
Benzene 0.2 Dichloroethene, Trans- 0
Bromobenzene 2 Dichloroethylene
Bromoform Dichlorofluoromethane

Butylbenzene, N-
Butylbenzene, Sec-
Butylbenzene, Tert-
Carbontetrachloride
Chlorobenzene
Chlorobenzene, O-
Chlorodibromomethane
Chloroethane
Chloroform
Chlorotoluene, O-
Chlorotoluene, P-
Dibromochloropropane
Dichloropropene, Cis-1,3-
Dibromoethane, 1,2-
Dibromomethane
Dichloropropene, Trans-1,3-
Ethylbenzene
Dichlorobenzene, 1,3-
Dichlorobenzene, 1,4-
Dichlorobromomethane
Dichloroethane, 1,1-
Dicholoroethane, 1,2-
Dichloroethene, Cis-1,2-

LI N N N S N I S R N R N S R N S I S I S I O SO O

Dichloropropane
Dichloropropane, 1,3-
Dichloropropane, 2,2-
Dichloropropene, 1,1-
Freon 113
Hexachlorobutadiene
Isopropylbenzene
Isopropyltoluene, P-
Mesitylene
Methylbromide
Methylchloride
Methylenechloride
Methyltertbutylether
Naphthalene
Propylbenzene, N-
Pseudocumene

Styrene
Tetrachloroethane, 1,1,1,2-
Tetrachloroethane, 1,1,2,2-
Tetrachloroethylene
Toluene
Trichlorobenzene, 1,2,3-
Trichlorobenzene, 1,2,4-

S N N N N N N T N O T I N N N N N T N O S ST SO O
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Table 8. Water-quality constituents and parameters analyzed by compound class for three study areas
in the South Platte River Basin, 1993-95—Continued

[ng/L, micrograms per liter; pCi/L, picocuries per liter; mg/L, milligrams per liter]

Analytical Analytical

Constituent method Constituent method
reporting limit reporting limit
Volatile Organic Compounds, in micrograms per liter—Continued
Trichloroethane, 1,1,1- 0.2 Trichloropropane, 1,2,3- 0.2
Trichloroethane, 1,1,2- 2 Vinylchloride 2
Trichloroethylene 2 Xylene 2
Trichlorofluoromethane 2

Pesticides, in micrograms per liter

2,4-D 0.035 Ethalfluralin 0.013
2,4-DB .035 Ethoprop .012
2,4 5-T .035 Fenuron 013
2,4.5-TP .05 Fluometuron .035
3-OH-Carbofuran 014 Fonofos .008
Acifluorfen 035 Lindane 011
Alachlor .009 Linuron .018
Aldicarb Sulfoxide .021 Malathion .01

Alpha BHC .007 MCPA .05

Atrazine 017 Methomyl 017
Benfluraiin 013 Methylazinphos .038
Bentazon 014 Methylparathion .035
Bromacil .035 Metolachlor .009
Bromoxynil .035 Metribuzin 012
Butylate .008 Molinate .007
Carbaryl .046 Napropamide .01

Carbofuran .028 Neburon 015
Chloramben 0 Norflurazon .024
Chlorpyrifos .005 Oryzalin .019
Clopyralid .05 Parathion .022
Cyanazine 013 Pebulate .009
Deethylatrazine .02 Pendimethalin .018
DCPA .004 Permethrin .016
DDE,P,P’ .01 Phorate .02

Diazinon .008 Picloram .05

Dicamba 035 Prometon .008
Dichlobenil .02 Pronamide .009
Dichlorprop .032 Propachior .015
Dieldrin .02 Propanil 016
Diethylanalin .006 Propargite .01

Dinoseb .035 Propham .035
Disulfoton .02 Propoxur .035
Diuron .02 Simazine .01

DNOC .035 Terbufos 012
EPTC .005 Tebuthiuron 015
Esfenvalerate .019 Terbacil .03
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Table 8. Water-quality constituents and parameters analyzed by compound class for three study areas

in the South Platte River Basin, 1993—-95—Continued

[ug/L, micrograms per liter; pCi/L, picocuries per liter; mg/L, milligrams per liter]

Analytical Analytical
Constituent method Constituent method
reporting limit reporting limit
Pesticides, in micrograms per liter—Continued

Thiobencarb .008 Triclopyr 0.05
Triallate .008 Trifluralin .012

Trace elements, in micrograms per liter
Aluminum 1.0 Lead 1.0
Antimony 1.0 Manganese 1.0
Arsenic 1.0 Molybdenum 1.0
Barium 1.0 Nickel 1.0
Beryllium 1.0 Selenium 1.0
Cadmium 1.0 Silver 1.0
Chromium 1.0 Uranium 1.0
Cobalt 1.0 Zinc 1.0
Copper 1.0

Other constituents

Radon 24.0 pCi/L Tritium 2.5 pCi/lL
Dissolved organic carbon 2 mg/L
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QUALITY-CONTROL SAMPLES

Quality-control samples for each of the three
ground-water studies included equipment/field blank
samples, replicate samples, and matrix spike recovery
and spike replicate sample experiments. About
30 percent of the samples analyzed during the three
ground-water studies were quality-control samples:
10 percent were blanks, 10 percent were ground-water
replicates, and 10 percent were matrix spikes.

Blank samples provided verification that decon-
tamination of sampling equipment was adequate and
that field procedures did not contaminate samples.
Blank samples were collected for major ions, nutri-
ents, VOC'’s, two separate pesticide analytical
methods—gas chromatography/mass spectrometry
(GC/MS) (Zaugg and others, 1995) and high-perfor-
mance liquid chromatography (HPLC) (Werner and
others, 1995)—and trace elements. Blank samples

consisted of quality-assured organic-free or inorganic-
free water, which was passed through all sampling
equipment (including filters) and collected in a
manner similar to that used to collect the environ-
mental water-quality samples. Those constituents
detected in blank samples are listed in table 9. No
pesticide compounds were detected in blank samples.

Replicate samples were collected to assess the
combined effects of field and laboratory procedures on
measurement variability. Replicate samples were
collected directly following, and in the same manner
as, the samples for analyses of major ions, nutrients,
both pesticide methods, trace elements, radon, and
tritium. The relative percent difference (RPD)
between replicate analyses was calculated using the
formula:

RPD = absolute value {(Sample 1 - Sample 2)/

[(Sample 1 + Sample 2)/2]} * 100.

Table 9. Constituents detected in quality-assurance blank samples

[mg/L, milligrams per liter; ng/L, micrograms per liter]

Constituent Number of detections/ Median concentration in Maximum concentration in
number of samples blank sampies blank samples
Major ions (in mg/L)
Alkalinity (as CaCO3) 10/10 1.6 1.7
Calcium 7/10 0.08 0.29
Chloride 2/10 <0.1 0.2
Magnesium 1710 <0.01 0.01
Potassium 1/10 <0.1 1.4
Silica 7/10 0.02 0.05
Sodium 1710 <0.2 0.3
Sulfate 2/10 <0.1 0.2
Nutrients (in mg/L)
Ammonium 4/9 0.02 0.04
Volatile organic compounds (in pg/L)
Chloroform 3/9 <0.2 0.2
Methylene chloride 3/9 <0.2 0.4
Trace elements (in pg/L)

Aluminum 10/10 4 7
Copper 1/10 <1 1
Manganese 2/10 <1 8
Molybdenum 1/10 <l 1
Nickel 1/10 <l 2
Silver 1/10 <1 1
Zinc 710 2 13
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The RPD can be calculated only for compounds
that were detected above the method reporting limit
(MRL) in replicate samples. An RPD of 200 percent
will occur when one sample has a very low concentra-
tion and the other a nondetection (for example, Sample
1=0.01 pg/L, Sample 2 = 0.00 pg/L).

Replicate samples also were collected for the
pesticide field matrix spike samples. The purpose of
field matrix spike samples was to assess the recovery
bias and variability in recovery of the spiked constitu-
ents in relation to different ground-water matrices.
Field matrix spikes (mixtures of multiple known
compounds dissolved in methanol) were added at

known concentrations to randomly selected well water
samples for VOC’s and the two pesticide analytical
methods. Replicate spikes were produced for each of
the pesticide samples; however, no replication of VOC
spikes was performed. Statistical results for environ-
mental sample replication, field matrix spike recov-
eries, and field matrix spike replication are listed in
table 10. High RPD’s listed in table 10 generally are
for constituents with concentrations close to the
analytical MRL. Information on the median percent
recoveries for each of the compounds in the VOC and
pesticide spike mixtures are listed in table 11.

Table 10. Percentage of recoveries for field matrix spike analytes and relative percent differences (RPD’s) for replicate

samples

[Count, for spike recoveries indicates total number of compounds injected for all spike samples; for replicate samples indicates number of compounds

with replicate pairs]

Percentile .
Compound class Count Minimum Maximum
10 25 50 75 90
Field matrix spike recoveries (in percent)
Volatile organic compounds 538 60.9 70.0 81.8 95.7 130 454 354.5
Pesticide SH-2001 52.7 67.3 86.7 100.7 1153 648 10.5 455.0
Pesticide SH-2050 25.6 509 74.0 93.5 117.9 284 0.0 248.6
Field matrix spike replication (relative percent difference in percent)
Volatile organic compounds (') (') (') (') (') (') (') (')
Pesticide SH-2001 0.6 21 44 7.8 134 279 0.0 200
Pesticide SH-2050 1.1 36 11.2 30.5 523 122 0.1 200
Environmental sample replication (relative percent difference in percent)
Major ions 0.0 0.0 0.0 22 5.7 153 0.0 200
Nutrients 0.0 0.0 0.0 00 286 54 0.0 200
Trace elements 0.0 0.0 0.0 9. 66.7 153 0.0 200
Radon 0.0 32 42 72 89 8 0.0 8.7
Tritium 0.0 0.0 6.0 12.1 174 6 0.0 17.4
Dissolved organic carbon 0.0 00 35. 100 121 8 0.0 200
Volatile organic compounds (2) (2) (2) (2) (2) (2) A (2)
Pesticide SH-2001 A O &) ) Q) &) @ )
Pesticide SH-2050 * * * * * * * *

No replication of spike samples.

2No replication of environmental samples.

3Seven replicated detections; relative percent differences = 5.7, 6.1, 6.4, 13.9, 15.4, 18.2, 42.8.
“No detections in environmental samples.
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Table 11. Median percent recoveries for individual compounds in volatile organic and pesticide field spike mixtures

Compound

Percent recovery

Compound

Percent recovery

Methy| tert-butyl ether
1,4 Dichlorobenzene
Chlorodibromomethane
Dichlorobromomethane
Tetracholoroehtylene
Dichloroehtylene
Carbontetrachloride

Carbaryl
DCPA
Metolachlor
Terbufos
Atrazine
Chlorpyrifos
Simazine
Butylate
Dieldrin
Propachlor
EPTC
Malathion
Ethoprop
Triallate
Diazinon
Cyanazine
Trifluralin
Ethalfluralin
Pronamide
Benfluralin
Phorate
Terbacil
Permethrin

Propham
Linuron
2,4,5-TP
Carbofuran
Clopyralid
Bromacil
Dachthal (mono-acid)
2,4-D
Dinoseb
Methomyl
Dichlobenil
Picloram
4,6-DNOC
2,4-DB
Esfenvalerate
Dicamba

Volatile organic compounds

80
75
73
71
68
65
55

1,2 Dichloroethane
Bromoform
Trichloroethane
Trichloroehtylene
Ethylbenxene
Vinylchloride

Pesticide compounds (by GC/MS)

119
103
100
95
95
93
91
91

91
90
90
89
88
87
85
83
81
77
75
73
70

58
52

Pesticides (by HPLC)

113
99
94
89
87
86
84
82
77
72
70
64
58
52
45
30

Carbofuran
Napropamide
Linuron
Alachlor
Parathion
Thiobencarb
Molinate
Tebuthiuron
Propargite

2,6 Diethylanailin
Prometon

Alpha BCH
Pebulate
Propanil
Fonofox

Lindane
Pendimethalin
Methyl-azinphos
Disulfoton
Methyl-parathion
P,P’ DDE
Metribuzin
Deethylatrazine

Aldicarb sulfoxide
Fenuron
Norflurazon
Bentazon
Oryzalin

2,4,5-T
Dichlorprop
3-OH-Carbofuran
Fluometuron
Propoxur
Neburon

MCPA
Bromoxynil
Diuron

Triclopyr

80
75
71
70
68
63

108
102
99
95
93
93
91
91
91

89
88
88
86
83
82
81
75
74
72
63
57
33

99
98
90
87
87
86
84
82
74
70
65
63
53
49
43
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RESULTS OF WATER-QUALITY
ANALYSES

Major lons

The major ions analyzed in ground-water
samples (table 8) are constituents common to almost
all water samples. Major ions make up the bulk of
dissolved constituents in natural water and generally
are considered to be naturally occurring. However, the
concentration of some major ions in ground water also
may be affected by human activities. Naturally occur-
ring contributions of major ions to ground water
generally are the result of interactions between the
water and the soil and aquifer material through which
the water has passed. Examples of human activities
that can affect major-ion concentrations are the appli-
cation of road salt leading to larger salt concentrations
in nearby ground water or evaporative concentration
of major ions due to irrigation of lawns or crops. The
minimum, median, and maximum concentrations for
all major ions analyzed for the three South Platte River
Basin water-quality studies are listed in table 12.

The relative percentages of major-ion concen-
trations (in terms of total milliequivalents per liter) in
each whole water sample are shown in a trilinear
diagram (Hem, 1989, p. 176) in figure 5. Trilinear
diagrams are a convenient way to depict and compare
water types for multiple samples. The water samples
from the urban-crystalline study area generally plot in
the Ca Mg HCO; part of the diagram, whereas the
water samples from the agricultural-alluvium study
area generally plot in the Ca Mg SO, Cl part. The
water samples from the urban-alluvium study area
tend to cluster somewhere in between. These indi-
vidual clusters for the three study areas indicate
different water types in each study area.

The total concentration of the combined major
ions in a water sample can be indicated by the value of
two general water-quality parameters—sum of
dissolved solids (dissolved solids) and specific
conductance. Dissolved solids is reported as a concen-
tration value (in milligrams per liter) calculated by
summing the measured concentrations for all major-
ion species. Specific conductance is an indirect
measurement of total dissolved ions in solution deter-
mined from the electrical conductivity of the water
sample. The units for the measure of specific conduc-
tance are microsiemens per centimeter at 25 degrees

Celsius (uS/cm). Dissolved-solids and specific-
conductance measurements also are presented in
table 12.

The distribution of dissolved-solids concentra-
tions for the three study areas is shown in figure 6.
Also shown for comparison in figure 6 is the EPA's
secondary maximum contaminant level (SMCL) of
500 mg/L for dissolved solids in drinking water
(U.S. Environmental Protection Agency, 1996b).

Dissolved-solids concentrations in the urban-
crystalline study area generally were small
(median = 203 mg/L), and median concentrations of
sulfate (SO,), chloride (Cl), and fluoride (F) also were
less than their respective SMCL's (table 12). Only 1 of
27 ground-water samples from the urban-crystalline
study area (637 mg/L) exceeded the 500-mg/L. SMCL
for dissolved solids. A median alkalinity of 116 mg/L
[as calcium carbonate (CaCQO;)] for samples from
the urban-crystalline study area indicates that the
water in this aquifer is moderately hard (61-120 mg/L)
(Hem, 1989, p. 159).

Median dissolved-solids concentrations in the
urban-alluvium (833 mg/L) and the agricultural-
alluvium (1,510 mg/L) study areas were greater than
the 500 mg/L SMCL. Of the individual ions listed in
the SMCL, the only median major-ion concentration
to exceed the EPA limit was sulfate in the agricultural-
alluvium study area (median = 695 mg/L, SMCL =
250 mg/L). Ion concentrations that exceeded the
SMCL were measured in all three study areas as
indicated by the maximum concentrations listed in
table 12. Alkalinity levels in water samples from the
urban-alluvium (median = 285.5 mg/L as CaCO,) and
the agricultural-alluvium (median = 302.5 mg/L as
CaCQ,) study areas indicated that the water in this
aquifer was very-hard (CaCO, >180 mg/L)

(Hem, 1989, p. 159).

Nutrients

Nutrients are compounds of nitrogen and phos-
phorus used by a variety of biota during metabolism.
The chemical behavior of nutrient species in ground
water is affected by the following: (1) Use by biota
during metabolism; (2) the oxidation/reduction state of
the ground-water environment; and (3) relatively low
solubilities of inorganic compounds of phosphorus.
Nitrate (NO,) is the nutrient compound of main
concern from a human health perspective, relative to
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Figure 7. Box plots showing distribution of (A) dissolved-nitrite-plus-nitrate concentrations, and
(B) dissolved-ammonium concentrations for three study areas in the South Platte River Basin,
1993-95 [nondetections set to 0.0 mg/L].
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Volatile Organic Compounds

The constituent class, volatile organic com-
pounds (VOC?), includes organic solvents, chlori-
nated disinfectants, and many petroleum-based
products including components of gasoline, fuel oils,
and oil-based lubricants. Other VOC’s are degradation
or naturally derived byproducts of these compounds.
The 59 VOC’s analyzed in each water sample from the
three South Platte River Basin study areas are listed in
table 8. Because most VOC'’s listed in table 8 are
synthetic, the occurrence of these compounds in
ground water is direct evidence of human effects on
water quality.

VOC’s were detected in the urban-crystalline
and urban-alluvium study areas. There were no
VOC detections in the agricultural-alluvium study
area. All VOC’s detected in the two urban study areas,
the percentage of well samples containing each
compound, and the maximum concentrations
measured are shown in figure 8. In the urban-crystal-
line study area, 8 different VOC’s were detected in 8 of
27 wells sampled. Three of these eight wells had more
than one VOC detected. No water sample in the urban-
crystalline study area had VOC concentrations that
exceeded an MCL. In the urban-alluvium study area,
31 of 59 analyzed VOC’s were detected at least once,
and 25 of 29 sampled wells had at least one VOC
detected. The urban-alluvium study area had much
higher total VOC concentrations than those measured
in the urban-crystalline study area (fig. 9). Three
compounds in the ground water of the urban-alluvium
study area—benzene, tetrachloroethylene, and methyl-
tert-butyl-ether—exceeded, at least once, the MCL or
lifetime exposure health advisory (HA) for that
compound.

Methyl-tert-butyl-ether (MTBE), a gasoline
additive, and chloroform were the most frequently
detected VOC's in the urban-crystalline study area
(3 of 27 wells sampled) (fig 8). Trihalomethane
compounds, of which chloroform is one, was the most
frequently detected group of VOC's in this study area.
Trihalomethane compounds in ground water may be
the result of chlorine disinfection of drinking water.
The highest chloroform concentration (74.0 pg/L) for
all three study areas was measured in a well in the
urban-crystalline study area that had been installed
just prior to sampling. Chloroform and other trihalo-
methane compounds also were detected in the ground
water of the urban-alluvium study area, generally at

lower concentrations than measured in the urban-
crystalline study area. The EPA's 1994 proposed rule
for disinfectants and disinfection byproducts, such as
chloroform, in drinking water recommends that total
concentrations for all trihalomethanes combined not
exceed 80 ug/L (U.S. Environmental Protection
Agency, 1996b.)

MTBE was the most frequently detected VOC
in the urban-alluvium study area, being detected in 23
of 29 (79 percent) wells sampled. MTBE is apparently
widespread in the alluvial ground water of the Denver
metropolitan area. Other petroleum products and chlo-
rinated solvents, or their breakdown products,
comprised most of the remaining VOC's detected in
the urban-alluvium study area. Chlorinated solvents,
such as tetrachloroethylene and trichloroethane, were
detected in the urban-crystalline and urban-alluvium
study areas.

Pesticides

The pesticide compounds analyzed in ground-
water samples from the three study areas and the
analytical MRL's for each compound are listed in
table 8. The list includes 76 herbicides, insecticides,
and pesticide degradation products. Pesticide
compounds were present in the ground water of the
urban-alluvium and agricultural-alluvium study areas;
however, there were no detections of pesticides in
wells from the urban-crystalline study area. All pesti-
cide compounds that were detected in the two allu-
vium study areas are listed in table 14. Also listed are
the number of detections for each compound per
number of wells sampled and the maximum concen-
trations detected for each compound compared to the
MCL's or HA's.

Although concentrations were small, pesticides
were widely distributed in the ground water of the two
alluvium study areas. In the urban-alluvium study
area, 27 of 30 wells sampled (90 percent) had detect-
able concentrations of at least one pesticide or break-
down product. In the agricultural-alluvium study area,
29 of 30 wells sampled (about 97 percent) had detect-
able concentrations of at least one pesticide or break-
down product. Herbicides (14 compounds) were
detected more frequently in the two alluvium study
areas than insecticides (3 compounds).

The distribution of the sum of all pesticide
concentrations for each well by study area is shown in
figure 10. Although pesticide compounds were present
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Maximum
Concentration
(in micrograms per liter)

Chloroform [ T T I 74.0
Methyl-tert-butyl-ether | 0.48
Dichlorobromomethane s 0.61
Chlorodibromomethane 1.74
1,1 Dichloroethane 0.3
Dichlorodifluromethane 0.68
Tetrachloroethylene 12
1,1,1 Trichloroethane 0.7
] ] 1
0 20 40 60 80
Detections of volatile organic compounds in urban-crystalline study area,
in percent of wells (n = 27) Maximum

Concentration
(in micrograms per liter)

Methyl-tert-butyl-ether 23,000
Tetrachloroethylene 23
CIS 1,2 Dichloroethene 6.1
Benzene 290
Isopropy! Benzene 8.4
Xylene 33
SEC-Butylbenzene 11
Trichloroethylene 2
O-Chlorobenzene 0.3
1,1,1 Trichloroethane 0.8
1,1 Dichloroethane 2.1
Chloroform 0.4
N-Butylbenzene 6
N-Propylbenzene 35
Vinyl Chloride 1.9
Napthalene 9
1,4 Dichlorobenzene 1.7
Ethylbenzene 51
Chlorobenzene 0.9
Toluene 1.0
Tert-butylbenzene 1.1
Mesitylene 10
Psuedocumene 69
Methyichioride 0.6
Chloroethane 23
P-Isopropyltoluene 3.4
Dichlorodifluoromethane 0.6
TRANS--dichloroethane 2.8
Dichloropropane 0.2
Dichioroethylene 0.2
Methyienechioride ] 1 1 0.2

0 20 40 60 80
Detections of volatile organic compounds in urban-alluvium study area,
in percent of wells (n = 30)

Figure 8. Percentage of well samples containing detected volatile organic compounds and
maximum concentrations in urban-crystalline and urban-alluvium study areas of the South
Platte River Basin, 1993-95.
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Figure 9. Box plots showing distribution of summed volatile organic compound concentrations in three
study areas in the South Platte River Basin, 1993-95.

in a large number of sampled wells in the urban-
alluvium and agricultural-alluvium study areas, the
sum of pesticide concentrations in wells from the agri-
cultural-alluvium study area generally was larger than
the sum of pesticide concentrations measured in
ground water from the urban-alluvium study area.
There are no EPA guidelines for exposure to multiple
pesticide compounds in drinking water.

Seven pesticide compounds were common to
ground-water samples collected from the urban-
alluvium and agricultural-alluvium study areas. In
these study areas, the compounds atrazine, deethyla-
trazine, prometon, and simazine were four of the top
five most frequently detected pesticide compounds.
Maximum concentrations for the detected pesticide
compounds in both study areas were less than the
MCL’s and HA’s for drinking water.

Trace Elements and Radon
Trace elements generally are naturally occurring

metals and other inorganic constituents that have a low
abundance in the crustal rocks at the Earth’s surface.

The low abundance and poor solubility in water of
most of these elements generally result in trace
concentrations (<1.0 mg/L) in natural water samples.
Concentrations of some of these elements may reach
several milligrams per liter in ground water affected
by industrial wastes. The trace elements analyzed in
water samples collected from the three South Platte
River Basin study areas and the minimum, median,
and maximum concentrations measured are listed in
table 15. Although not considered a trace element,
radon is included in this discussion and in table 15
because radon-222 is a product of the radioactive
decay of uranium-238. Also listed in table 15 are the
drinking-water MCL’s and SMCL’s for these constitu-
ents.

Some constituents exceeded the proposed or
finalized drinking-water standards in each of the three
study areas. The concentrations of manganese and
uranium were relatively large compared to proposed
or finalized drinking-water standards. The box plots
that represent the distribution of concentrations for
these elements (and arsenic, cobalt, selenium, and
radon) in the three study areas are shown in
figure 114-11F. For information on the primary health
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Table 14. Pesticide compounds detected in the alluvium study areas in the South Platte River Basin, 199395

[ug/L, micrograms per liter; -, no standard)

) Numb_er of Maximum Maximum Health
Pesticide Pesticide detections/ concentration comami:nant advi.sorx, Primary use
compound type number of ievei iifetime
weils (ug'L) (uglL) (ugrL)
Urban-alluvium study: 27 of 30 wells had detectable pesticides
Prometon Herbicide 24/30 14 - 100 Nonselective soil sterilant.
Atrazine Herbicide 7/30 21 3.0 - Pre- and early post-emergent weed
control in corn.
Simazine Herbicide 7/30 .068 4.0 - Nonselective soil sterilant.
Tebuthiuron Herbicide 5/30 .079 - 500 Surface applied control of woody
plants and vines.
Deethylatrazine  Breakdown 2/30 .19 - - Breakdown product of atrazine
product
Dieldrin Insecticide 2/30 .045 - - Control of soil insects in selected
crops.
2,4-D Herbicide 1130 17 70.0 - Broadleaf control in cereal crops,
pastures, and lawns.
Bromacil Herbicide 1/30 1.2 - 90 General weed, brush control in
noncrop areas.
Metribuzin Herbicide 1/30 .043 -- 200 Pre- and post-emergent weed con-
trol in potatoes.
Agricultural-alluvium study: 29 of 30 wells had detectable pesticides
Deethylatrazine  Breakdown 29/30 0.84 - - Breakdown product of atrazine
product
Atrazine Herbicide 28/30 1.6 3.0 -- Pre- and early post-emergent weed
control in com.
Prometon Herbicide 23/30 40.0 - 100.0 Nonselective soil sterilant.
Metolachlor Herbicide 6/30 2.7 - 70.0 Pre-emergent weed control in
corn.
Simazine Herbicide 5/30 .05 4.0 - Nonselective soil sterilant.
Tebuthiuron Herbicide 3/30 045 - 500.0 Surface applied control of woody
plants and vines.
Carbofuran Insecticide 2/30 17 40.0 - Broad spectrum insect control in
corn, alfalfa, and potatoes.
EPTC Herbicide 2/30 45 - - Pre-plant incorporate for weed
control in several crops.
Alachlor Herbicide 1/30 12 2.0 -- Pre-emergent weed control in comn
and other agronomic crops.
Bentazon Herbicide 1/30 .07 - 20.0 Post-emergent broadleaf
control in comn, drybeans, and
soybeans.
Bromacil Herbicide 1/30 4.9 - 90.0 General weed, brush control in
noncrop areas.
DCPA Herbicide 1/30 10.0 - 4,000 Pre-emergent weed control in
onions.
Diazinon Insecticide 130 047 - .6 Control of many soil and house-
hold insects.
Dieldrin Herbicide 1730 .014 - - Control of soil insects in selected
crops.
Diuron Herbicide 1/30 .08 10.0 -- Soil sterilant or selective

control of broadleaf grasses
and weeds.

"U.S. Environmental Protection Agency, 1996b.
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Figure 10. Box plots showing distribution of summed pesticide concentrations in three study areas

in the South Platte River Basin, 199395,

effects related to these compounds, see Moore (1991),
van der Leeden and others (1991), U.S. Environmental
Protection Agency (1994).

Concentrations of manganese (fig. 114)
exceeded the 50-pg/L SMCL in some samples from
each of the three study areas and occasionally were
larger than could be quantified by the laboratory
analytical technique (table 15). The largest concentra-
tions were in the two alluvium study areas. Iron and
manganese oxide coatings are known to be common in
these sediments (see "Alluvial Aquifer” section). In
the urban-alluvium study area, 18 of 30 samples
exceeded the 50-pg/L SMCL for manganese; 11 of
these 18 samples had manganese concentrations that
were greater than 1,000 pg/L.

Cobalt (fig. 11B) is mentioned briefly here
because it was detected only in water samples from the
urban-alluvium study area. Hem (1989, p. 138)
discussed the close association of cobalt with oxides
of manganese and iron. A theoretical model coupling
cobalt oxidation to a two-step manganese oxidation
process is suggested to predict the concentration of
cobalt in aqueous systems in which manganese oxide
precipitates are present (Hem, 1978). In the urban-
alluvium study area, water samples from wells that
contained dissolved cobalt generally contained the
larger manganese concentrations.

Arsenic (fig. 11C) concentrations increased
from the urban-crystalline study area in the moun-
tainous western part of the basin to the agricultural-
alluvium study area in the eastern plains. Increasing
concentrations from west to east (dlownstream) in the
South Platte River Basin also were observed for sele-
nium (fig. 11D) and uranium (fig. 11E), suggesting
that the occurrence of these three trace elements may
be related. The 33-pg/L concentration for arsenic in
one sample from the urban-alluvium study area
(table 15) approaches the 50-pg/L MCL. The
33-ug/L concentration in this sample is greater than
any other arsenic concentration measured in the three
study areas and may have been derived from an indus-
trial source.

Selenium (fig. 11D), an element essential in the
nutrition of grazing animals, has been shown to have
toxic effects at high concentrations. The MCL of
50 pg/L was exceeded in only one sample collected
from a well in the urban-alluvium study area
(66 ng/L) (table 15). A recognized source of selenium
in the Western United States is the shale rock units of
Cretaceous age, including the Pierre Shale in the South
Platte River Basin (Severson and others, 1991).
Howard (1977) associates selenium geochemistry with
that of uranium and indicates that some uranium ore
deposits in sandstones of the Western United States
are sources of selenium. Selenium occurrence also has
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Table 15. Minimum, median, and maximum concentrations of trace elements and radionuclides in well water from three study

areas in the South Platte River Basin, 1993-95

[ng/L, micrograms per liter; pCi/L, picocuries per liter; <, less than; >, greater than; --, no standard; EPA, U.S. Environmental Protection Agency; MCL,

maximum contaminant level; SMCL, secondary maximum contaminant level]

Trace el

Agricultural-alluvium study

ore’“e"‘ Urban-crystalline study area  Urban-aliuvium study area area EPA,
radionuclide Minimum Median Maximum Minimum Median Maximum Minimum Median Maximum MCL or SMCL
Trace element, in micrograms per liter
Aluminum 3 4 56 <1.0 4 8 2 5 13 50200 (SMCL)
Antimony <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 6.0 (MCL)
Arsenic <1.0 <1.0 3 <1.0 <1.0 33 <1.0 1 8 50 (MCL)
Barium 3 49 322 18 109 577 17 35.5 112 2,000 (MCL)
Beryllium <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 4 (MCL)
Cadmium <1.0 <1.0 <1.0 <1.0 <l1.0 <1.0 <1.0 <1.0 <1.0 5 (MCL)
Chromium <1.0 2 6 <].0 <].0 3 <1.0 5 8 100 (MCL)
Cobalt <1.0 <1.0 <1.0 <1.0 <1.0 9 <1.0 <1.0 <1.0 --
Copper <1.0 11 156 <1.0 2 14 <1.0 3 15 1,300 (action level)
Lead <1.0 <1.0 3 <1.0 <1.0 3 <1.0 <1.0 <1.0 15 (action level)
Manganese <1.0 3 112 <1.0 160 >2,000 <1.0 <1.0 >1,000 50 (SMCL)
Molybdenum <1.0 2 34 <1.0 3 11 <1.0 3 38 Listed for regula-
tion
Nickel <1.0 2 7 1 3 20 <1.0 3 33 100 (MCL)
Selenium <1.0 <1.0 <1.0 2 66 1 4 24 50 (SMCL)
Silver <1.0 <1.0 1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 100 (SMCL)
Radionuclides
Radon 41 4,400 23,000 230 1,100 2,600 170 400 1,600 --
(in pCi/L)
Uranium <1.0 11 156 <1.0 17 80 9 46.5 146 20 (proposed
(in ug/L) MCL)

'U.S. Environmental Protection Agency, 1996b.

been correlated with the presence of oxides of iron and
manganese (Balistrieri and Chao, 1990). All of these
are potential sources in the South Platte River Basin.
Uranium appears to be ubiquitous in the shallow
ground water of the South Platte River Basin. Uranium
concentrations in 49 of 87 wells sampled exceeded the
proposed 20-pg/L drinking-water standard, indicating
that background concentrations of uranium are large in
the South Platte River Basin. The distribution of
uranium concentrations in each study area relative to
the proposed drinking-water standard is shown in
figure 11E. Concentrations of uranium equaled or
exceeded the proposed MCL in 10 of 27 wells (about
37 percent) in the urban-crystalline study area, 12 of
30 wells (40 percent) in the urban-alluvium study area,
and 27 of 30 wells (90 percent) in the agricultural-
alluvium study area. The single highest uranium
concentration (156 ug/L) (table 15) was measured in a
water sample collected from the urban-crystalline

study area; however, several samples from the agricul-
tural-alluvium study area had similar concentrations.
The median concentration from the agricultural-
alluvium study area (46.5 ug/L) was much higher than
median concentrations for the other two study areas
(table 15).

Radon gas (**?Rn) is a product of the radioactive
decay of uranium. Radon concentrations greater than
1,000,000 pCi/L have been measured in ground water
in several parts of the United States; the national
average is 350 pCi/L (Paulsen, 1991). The minimum,
median, and maximum concentrations measured in the
three South Platte River Basin study areas are listed in
table 15. Similar to uranium, the background concen-
trations of radon in the South Platte River Basin also
are large, with the median concentrations from each of
the three study areas exceeding the national average.
Although radon is produced during the radioactive
decay of uranium, the box plots of these two
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Figure 11. Box plots showing distribution of concentrations for selected trace elements and radon in three study areas in
the South Platte River Basin, 1993-95 [nondetections set to 0.0 pug/L].
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constituents for the three study areas (fig. 11E and
11F) show apparent opposite relations. This apparent
inverse relation is not statistically significant when
evaluated with linear regression on paired
uranium/radon concentrations (R? = 0.02; p = 0.19).

Should the proposed drinking-water standard
for uranium be finalized at the current 20-pg/L
concentration or the drinking-water standard for radon
be set at a low concentration, the future use of shallow
ground water in the South Platte River Basin as a
drinking-water resource might be affected.

Tritium

Tritium is a heavy isotope of hydrogen. Tritium
atoms are unstable and undergo radioactive decay with
a half life of about 12.3 years. Consequently, the pres-
ence of tritium in ground water has been used as an
age-dating tool to estimate the time that the water
entered the aquifer and became isolated from the
atmospheric source of tritium. During the 1950’s and
early 1960, a substantial amount of anthropogenic
tritium was released to the Earth’s atmosphere during
above-ground nuclear testing of hydrogen bombs. This
atmospheric spike of tritium can be observed in
ground water recharged during and after this time.
Tritium concentrations in precipitation have varied
considerably from place to place during different years
and seasons, making the use of tritium as a short-term
dating tool problematic. Tritium can, however, be used
as a semiquantitative dating tool in the following way:
(1) Ground water having little or no tritium [less than
1.5 pCi/L or 0.5 tritium units (T.U.)] generally is
considered to have been recharged to the aquifer prior
to 1952 (pre-bomb water); (2) ground water with large
tritium concentrations (greater than 30 pCi/L or
10 T.U.) is thought to have been recharged after 1952
(post-bomb water); and (3) ground water with tritium
concentrations between these levels is considered a
mixture of pre- and post-bomb water. However, it is
impossible to determine the percentage of water
contributed by each period on the basis of tritium data
alone (Mazor, 1991). Tritium age dating of ground
water in the South Platte River Basin study areas
indicates the significance of nondetections of synthetic
compounds. If a water sample does not contain
synthetic constituents, it is important to document that
these nondetections are not simply the result of
sampling water that is older than 1952.

Tritium samples were collected only in the
urban-crystalline and agricultural-alluvium study
areas. Tritium was not collected in the urban-alluvium
study area because prior knowledge of the hydro-
dynamics in the urban alluvium suggested short
ground-water flow-through times (Robson, 1989).
This assumption eventually was supported by the
widespread occurrence of synthetic compounds in the
urban-alluvium study area, particularly the VOC
MTBE (in 79 percent of wells) whose use in the
urban-alluvium study area did not begin until at least
the mid-1970%.

Tritium concentrations in water samples from
the agricultural-alluvium study area indicate that all
well waters were recharged after 1952. The minimum
(31.4 pCi/L), median (102.5 pCi/L), and maximum
(180 pCi/L) tritium concentrations in the 30 wells in
the agricultural-alluvium study area were all in the
range that indicates recent recharge or modern water.

Six samples in the urban-crystalline study area
had low concentrations of tritium (<30 pCi/L). These
six samples were clustered in three separate areas
(fig. 2)—southwest of Evergreen, Colo. (well 4 =224
and well 11 = 25.9 pCi/L); near Rollinsville, Colo.
(well 18 = 1.6 and well 21 = 3.5 pCi/L); and two of
three samples in the vicinity of Estes Park, Colo.
(well 26 = <2.5 and well 24 = 12.2 pCi/L). The tritium
concentrations in the Rollinsville and Estes Park areas
are low enough to suggest that ground water in these
wells might be of pre-bomb origin. Tritium concentra-
tions in the area southwest of Evergreen were in the
range indicating a possible mixture of pre- and post-
bomb water.

RELATION OF WATER QUALITY TO
STUDY AREA SETTINGS

The three study areas discussed in this report—
urban-crystalline, urban-alluvium, and agricultural-
alluvium—{focus on the land-use settings likely to
have the greatest effect on ground-water quality and
the primary water-table aquifers in the South Platte
River Basin. Results from the three study areas
provide information on the range of water-quality
conditions and possible land-use effects associated
with each setting. The nested design of these ground-
water-quality studies—having urban settings over two
different aquifers and two different land-use settings
over basically the same alluvial aquifer—allow
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comparisons between study areas that more clearly
identify water-quality characteristics associated with
land use compared to those related to water/aquifer
material interactions. The physical location of the
three study areas allows evaluation of ground-water
quality in a downstream order. The mountainous
western part of the basin (urban-crystalline study area)
is the primary recharge area for the basin, having
much greater annual precipitation. Water then flows
through the Front Range urban corridor at the transi-
tion from mountains to plains and downstream to the
mouth of the basin on the eastern plains where water
exits the South Platte River Basin. Water-quality
differences determined in study areas arranged in this
downstream order can be thought of as a continuum
and reveal the evolution of water quality as the water
flows through the basin. Although the three study
areas are not necessarily connected hydrologically,
most water in the basin eventually flows through each
area and carries the cumulative water-quality effects.
The downstream evolution of water quality helps
determine how different land-use settings and the
reuse of the limited resource affect ground-water
quality.

The urban-crystalline study area needs to be
qualified as an urban land-use setting under the
suggested nested design. The crystalline bedrock
aquifer is exposed over almost the entire mountainous
South Platte River Basin, and the predominant land
cover overlying the crystalline bedrock aquifer is
forest. The amount of urban land cover overlying the
crystalline bedrock aquifer is only about 3 percent of
the area outlined in figure 2. Mountain urban land use
in the urban-crystalline study area is different from the
urban setting in the urban-alluvium study area in
metropolitan Denver. Mountain urban settings occur
in localized pockets and mainly are residential devel-
opments with little commercial or industrial land.
Although all wells sampled in the urban-crystalline
study area were located near areas designated as urban
by Fegeas and others (1983), the complexity of
ground-water flow paths in the fractured crystalline
bedrock aquifer makes determining the location of
ground-water recharge for a given well problematic.
For the purposes of interpretation, water samples
collected from wells in the urban-crystalline study
area were assumed to be associated with the urban
land-use setting near each well.

Throughout this report, the concentration of
water-quality constituents are discussed relative to

national drinking-water standards. Only those wells
sampled in the urban-crystalline study area were being
used as a drinking-water supply at the time of
sampling. Although no wells sampled in the urban-
alluvium nor agricultural-alluvium study areas were
being used for drinking water, some wells in the
alluvial aquifer were being used as public or domestic
drinking-water supply wells at the time of sampling.
Future demands for drinking-water supplies may force
greater development of the highly productive alluvial
aquifer for this purpose. An evaluation of the alluvial
aquifer relative to drinking-water standards provides a
meaningful assessment of the quality of the resource.

Urban-Crystalline Study Area

The urban-crystalline study area in the moun-
tainous western part of the South Platte River Basin
was much less intensely developed than the urban-
alluvium or agricultural-alluvium study areas. The
urban-crystalline study area also is located in the
primary recharge area for most of the water flowing
through the basin. These factors equate to less inten-
sive use of the water resources and the probability of
fewer anthropogenic effects on water quality.

The location of the urban-crystalline study area
near the upstream end of the continuum of water flow
through the South Platte River Basin also helps indi-
cate the chemical evolution of water quality in the
basin. Each rock unit and human process that contacts
the water as it flows through the basin contributes
dissolved constituents to the system. The trilinear
diagram (fig. 5) shows a clustering of water types for
each of the three ground-water-quality study areas.
The water-quality analyses from the urban-crystalline
study area generally cluster at one end of the range of
water types determined for the three study areas. The
transition in water type from the urban-crystalline
study area in the west, where the predominant anion is
bicarbonate, to the agricultural-alluvium study area on
the eastern plains, where the predominant anions are
sulfate and chloride, indicates a downstream evolution
in water quality. The progressive downstream increase
in the concentration of dissolved solids for the three
study areas (fig. 6) also suggests that the chemical
evolution of ground-water quality in the South Platte
River Basin begins near the urban-crystalline study
area. The smaller concentrations of dissolved solids in
the urban-crystalline study area are the result of
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aquifer materials that are resistant to dissolution by
ground water and indicate the minimal overall effects
of the small urbanized pockets in this study area.

Ground-water quality in the urban-crystalline
study area is not completely invulnerable to anthropo-
genic effects. Most of the wells sampled were in areas
where individual household septic-disposal systems
were the only treatment choice for domestic waste-
water. Septic leach fields can be a source of a variety
of anthropogenic constituents to ground water, partic-
ularly nutrients. In the urban-crystalline study area,
nitrate concentrations exceeded the MCL of 10 mg/L
as nitrogen in only 1 of 27 wells sampled. However,
nitrate concentrations measured in ground water that
are larger than 2 mg/L as nitrogen generally are
considered to be affected by an anthropogenic source
of nitrogen (Mueller and Helsel, 1996, p. 15). Nitrate
concentrations in S of 27 wells in the urban-crystalline
study exceeded 2 mg/L. Nitrate does not appear to be a
major ground-water-quality concern in the urban-
crystalline study area at this time; however, some
mountain communities are imposing restrictive septic-
construction rules due to high nitrate concentrations in
the ground water (Mindy Ramig, Jefferson County
Health Department, oral commun., 1996). The degra-
dation of ground-water quality from septic leach fields
in the urban-crystalline study area appears to be site
specific.

Other evidence of anthropogenic effects to
ground-water quality in the urban-crystalline study
area was the presence of VOC’s in 8 of 27 wells
sampled. The fact that chloromethane compounds
were the most frequently detected group of VOC’s in
the urban-crystalline study area may be evidence of
disinfection of individual domestic wells in the
bedrock aquifer or the isolated application of chlori-
nated public-supply water for lawn irrigation. The
presence of MTBE in ground water in the urban-
crystalline study area indicates relatively recent urban
effects on water quality. MTBE has only been heavily
used in the South Platte River Basin since the mid-
1980’s. This presence of MTBE indicates that
increasing population in the mountainous part of the
South Platte River Basin might introduce other
synthetic compounds to the crystalline bedrock
aquifer.

The lack of pesticide detections in the urban-
crystalline study area may be related directly to
land-use practices in the mountains. There is minimal
cultivation and irrigation, neither crops nor lawn, in

the mountain communities, due mainly to the lack of
irrigation water from low-productivity wells. Moun-
tain home owners tend to choose natural landscaping
techniques and native vegetation. These land-use prac-
tices generally do not require pesticide application.

Another possible factor that may result in fewer
detections of synthetic compounds in the urban-
crystalline study area is that mountain communities
generally are much younger than the towns on the
plains. Tritium data also indicate that ground water in
some parts of the urban-crystalline study area may be
older than water in the other two study areas. Younger
communities and older ground water equate to less
likelihood that synthetic compounds will be detected.
However, occasional large nitrate concentrations and
presence of isolated VOC’s in ground water in the
urban-crystalline study area indicate that the water
resources in this area are vulnerable to water-quality
degradation and, with time and increasing population,
greater degradation might occur.

The primary water-quality concerns identified
in the urban-crystalline study area probably were the
result of natural interactions between ground water
and uranium-bearing minerals prevalent in the crystal-
line bedrock aquifer. Large uranium and radon
concentrations were measured in wells throughout the
study area. Uranium concentrations exceeded the
proposed 20-ug/L national drinking-water standard in
10 of 27 wells sampled; the highest concentration of
uranium measured for any well sampled in the three
South Platte River Basin study areas (156 pg/L) was
from the urban-crystalline study area. Radon concen-
trations in water samples from the urban-crystalline
study area (median = 4,400 pCi/L) were large
compared to the national average of 350 pCi/L
(Paulsen, 1991). Radon concentrations as high as
3,000,000 pCi/L have been measured in ground water
in the crystalline bedrock aquifer near Lyons, Colo.
(Schumann, 1993). A risk assessment for radon in
drinking water currently is underway by the National
Academy of Sciences (U.S. Environmental Protection
Agency, 1996a). The EPA would use this risk assess-
ment to establish an MCL for radon. If the MCL for
radon is low, or the proposed MCL for uranium is
finalized, the use of ground water from the crystalline
bedrock aquifer would almost certainly be affected.
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Urban-Alluvium Study Area

The urban-alluvium study area was inside the
boundary of the largest metropolitan area in Colorado,
located at the transition between the mountains and the
plains. Ground-water quality in this setting was
expected to be very vulnerable to degradation from
urban land-use activities due to the high population
density, relatively shallow water table, and large
hydraulic conductivities of the alluvial aquifer.

Ground-water quality in the urban-alluvium
study area was characterized by larger concentrations
of most water-quality constituents than measured in
the urban-crystalline study area. Dissolved-solids and
nutrient concentrations were larger in the urban-
alluvium study area, VOC’s and pesticides were more
widely distributed, and some trace-element concentra-
tions were larger with selected trace elements detected
only in the urban-alluvium study area.

The larger concentration of dissolved solids in
the urban-alluvium study area compared to the urban-
crystalline study area probably was a partial result of
rock/water interactions and anthropogenic effects. The
sedimentary rock units in the plains part of the South
Platte River Basin have minerals that are more easily
dissolved than those in the crystalline bedrock aquifer
of the mountains. In the continuum of water flow from
the mountains to the plains, several different sedimen-
tary rock units exist between the urban-crystalline and
the urban-alluvium study areas. These sedimentary
rock units contribute dissolved solids to the ground-
and surface-water systems.

Also important to the concentration of dissolved
solids in the urban-alluvium study area are the effects
of the urban land-use setting in metropolitan Denver.
High population density in the urban-alluvium study
area increases the potential sources of synthetic
constituents. Urban runoff from precipitation, lawn
irrigation, and many other sources recharge the allu-
vial aquifer, washing anthropogenic constituents into
the ground water. Water from the South Platte River,
which is partially derived from treated urban waste-
water, flows in and out of the alluvial aquifer. Evapo-
rative concentration of dissolved solids during water
reuse also increases the concentrations of dissolved
solids in the ground water of the urban-alluvium study
area.

Nitrate concentrations in the urban-alluvium
study area also are affected by the urban land-use
setting. Nitrate sources in the urban-alluvium study

area are numerous, including sewage disposal, fertil-
izers, and domestic animals. However, nitrate concen-
trations in this study area appear to be somewhat
attenuated in wells where VOC’s are present. The
urban-alluvium study area had a large number of water
samples from wells (about 86 percent) in which VOC’s
were detected (fig. 8). The presence of VOC’s in the
urban-alluvium study area has been correlated with
anaerobic conditions in the alluvial aquifer (Bruce and
McMahon, 1996). Anaerobic conditions increase the
likelihood of larger ammonium concentrations and
denitrification, a microbial process that reduces
nitrate concentrations. Several water samples that
contained VOC'’s had elevated ammonium concentra-
tions (fig. 7B). In the absence of VOC’s, larger nitrate
concentrations might have been measured. Ammo-
nium can later be converted to nitrate if oxygen
becomes available.

The occurrence of VOC'’s in shallow ground
water of the South Platte River Basin is apparently
associated with urban land-use settings and high popu-
lation density. VOC’s were detected in the urban-
crystalline and urban-alluvium study areas. There
were no detections of VOC's in the agricultural-
alluvium study area. The high frequency of detections
and occasional large concentrations of VOC'’s in the
urban areas of the South Platte River Basin indicate a
predominant anthropogenic effect on ground-water
quality by the urban land-use environment. This is
thought to be a result of the high volume of VOC’s
stored and used in urban areas. Bruce and McMahon
(1996) discuss the occurrence and distribution of
VOC’s in ground water of the urban-alluvium study
area in greater detail. VOC’s in ground water of the
urban-alluvium study area affected the concentrations
of other redox-sensitive ground-water constituents
including major ions, nutrients, and trace elements by
inducing changes in the oxidation/reduction condi-
tions in that environment during microbial metabolism
of the organic compounds.

The fact that MTBE was the most frequently
detected VOC in the urban-crystalline and urban-
alluvium study areas is noteworthy given that this
compound has only been part of the local gasoline
supply since the mid- to late-1970%. An atmospheric
source of MTBE to local ground water was suggested
by Bruce and McMahon (1996). Chlorinated solvents
also were detected in both urban study areas, indi-
cating the widespread occurrence of these constituents
in more densely populated areas.
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Pesticide detections in 90 percent of the wells
sampled in the urban-alluvium study area indicate
another water-quality effect associated with the urban
land-use setting. Although the concentrations of
detected pesticides were low, these compounds appear
to be widespread and persistent. The detection of the
pesticide dieldrin in ground water from the urban-
alluvium and agricultural-alluvium study areas indi-
cates the persistence of some pesticides in the environ-
ment. Dieldrin is an insecticide for which use was
suspended in the United States in 1975 (U.S. Environ-
mental Protection Agency, 1990). The presence of
dieldrin in these study areas (1993-94) indicates an
approximate life span of at least 20 years. The persis-
tence of pesticide compounds in the environment may
lead to increasing concentrations in these study areas
over time.

The specific pesticide compounds detected in
the urban-alluvium study area can be correlated with
the urban land-use setting. In the urban-alluvium study
area, the five most frequently detected pesticides
(table 14) are all used in urban settings. The herbicide
prometon was by far the most frequently detected
pesticide, occurring in 24 of 30 wells sampled.
Prometon is a nonselective soil sterilant recommended
for use in noncrop areas (Ciba-Geigy, 1991). Applica-
tion of prometon as advertised will guarantee that
no vegetation will grow in the area of application for
1 year or longer. Prometon is used to control vegeta-
tion along roadways and in industrial and commercial
areas. It occasionally is incorporated into asphalt pave-
ment to enhance the longevity of this surface cover
(Ciba-Geigy, 1991). Atrazine and simazine were the
second most frequently detected pesticides, each being
detected in 7 of 30 wells in the urban-alluvium study
area. Although the compound atrazine most
commonly is used in agricultural areas to control weed
growth in many varieties of corn, it also is applied by
licensed professionals in urban turf areas to control
broadleaf grasses and weeds. Simazine, another nonse-
lective herbicide, is used in high concentrations as a
soil sterilant in industrial and commercial areas or in
low concentrations to control broadleaf weeds and
grasses in turf grass, lawns, ornamental and tree
nursery stocks, and in ponds to control algae and
weeds. The compound deethylatrazine is a breakdown
product of atrazine. Tebuthiuron, another herbicide
detected in the urban-alluvium study area, is used to
control woody vegetation in noncropland areas, such
as along highways, pipelines, railroads, and ditch

banks, as well as in open areas, such as industrial sites,
pasture, and rangeland.

Although no pesticides were detected in the
urban-crystalline study area in the mountainous part
of the basin, the presence of VOC'’s in the urban-
crystalline study area indicates that the crystalline
bedrock aquifer also is vulnerable to the same effects
of urban land use as determined for the urban-
alluvium study area. It is, therefore, possible that with
increasing time and development of the mountain
urban areas, pesticides eventually may be detected in
the crystalline bedrock aquifer as they were in the
urban-alluvium study area in metropolitan Denver.

Uranium and radon concentrations were
relatively large in the urban-alluvium study area and,
as in the urban-crystalline study area, probably repre-
sent a naturally derived water-quality concern. The
median uranium concentration increased slightly
from the urban-crystalline study area to the urban-
alluvium study area (table 15). The median radon
concentration was smaller in the urban-alluvium study
area (1,100 pCi/L) compared to 4,400 pCi/L in the
urban-crystalline study area, but was still greater than
the national average of 350 pCi/L. Bruce and
McMabhon (1996) correlated the largest uranium and
radon concentrations in the urban-alluvium study area
to one specific stream drainage. This stream drains
directly from the mountains to the west of the urban-
alluvium study area and is, therefore, in close prox-
imity to the bedrock source of uranium-bearing
minerals. The predominant control on the presence of
uranium and radon in urban-crystalline and urban-
alluvium study areas probably is the mineral composi-
tion of the aquifers, not the urban land-use setting.

Agricultural-Alluvium Study Area

The setting in the agricultural-alluvium study
area was the most intensely cultivated and irrigated
agricultural area in the South Platte River Basin. Corn
was the predominant crop over much of this study
area. The alluvial aquifer in this study area basically is
the same aquifer sampled in the urban-alluvium study
area and has a shallow water table and sediments with
large hydraulic conductivities.

The agricultural-alluvium study area is located
at the downstream end of the water-flow continuum
described in this report. The resulting chemical evolu-
tion of water quality, as water flows through the South
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Platte River Basin, is represented by the cluster of
water types determined for the agricultural-alluvium
study area (fig. 5) and the larger concentrations of
dissolved solids also measured in this study area
compared to the other study areas (fig. 6).

Even within the length of the agricultural-
alluvium study area, a downstream trend of increasing
dissolved solids can be observed. The increase in
dissolved solids in the downstream direction likely
reflects the cumulative effect of water reuse and evap-
orative concentration of dissolved constituents. In the
agricultural-alluvium study area, surface water is
diverted for crop irrigation where it recharges the
alluvial aquifer and is subsequently recycled through
irrigation wells. Eventually, ground water discharges
to the South Platte River where it is again diverted for
crop irrigation. Reuse of water as it flows through the
agricultural-alluvium study area causes evaporative
concentration of salts in the near-surface soils, and
these salts, along with synthetic compounds applied to
crops, are available to be washed into the shallow
ground water.

The primary water-quality concerns identified
in the agricultural-alluvium study area were large
concentrations of dissolved solids, large nitrate
concentrations, widespread occurrence of pesticides,
and large uranium concentrations. Unlike the urban-

crystalline and urban-alluvium study areas, there were
no VOC’s detected in water samples from the agricul-
tural-alluvium study area.

The downstream increase in dissolved solids in
shallow ground water of the South Platte River Basin
can be correlated with an increase in sulfate concentra-
tions (fig. 12). The percentage of the dissolved solids
consisting of sulfate for the data sets from each of the
three ground-water study areas is shown in figure 134.
Sulfate in the agricultural-alluvium study area on the
eastern plains replaces bicarbonate (HCO,), which
was the dominant anion in ground water in the urban-
crystalline study area (fig. 13B). This shift to sulfate as
the dominant anion partly is due to human effects from
fertilizer applications and urban wastewater discharge
and partly to interactions with sulfur-bearing rock
units.

Large nitrate concentrations also were measured
in the agricultural-alluvium study area. Nitrate
concentrations exceeding the recommended drinking-
water standard of 10 mg/L as nitrogen have been well
documented in alluvial ground water of the agricul-
tural areas in the South Platte River Basin (Austin,
1993; McMahon and Bohlke 1996). Large nitrate
concentrations in the agricultural-alluvium study area
generally have been attributed to application of fertil-
izers and manure. Nitrate concentrations were largest
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Figure 12. Relation of concentration of dissolved solids to concentration of
sulfate in three study areas in the South Platte River Basin, 1993—95.
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in the western, upstream end of the agricultural-
alluvium study area and generally decreased in a
downstream direction. The western end of the
agricultural-alluvium study area has broader alluvial
deposits and more irrigated agricultural land than the
eastern end of the study area. Larger nitrate concentra-
tions in ground water correlated with the more
intensely cultivated area.

Litke (1996) reported that concentrations of
phosphorus in surface water of the South Platte River
Basin have median concentrations that generally are
much larger than those measured in ground water of
the agricultural-alluvium study area. The larger phos-
phorus concentrations in surface water of the South
Platte River Basin suggest that the phosphorus load
mainly moves through the basin in the surface water.
Contribution of phosphorus directly to surface water
primarily was attributed to overland runoff and waste-
water-treatment-plant discharges (Litke, 1996).

Pesticide compounds frequently were detected
in the urban-alluvium and agricultural-alluvium study
areas, generally with larger concentrations measured
in the agricultural-alluvium study area (fig. 10). The
large number of pesticide detections in the urban-
alluvium and agricultural-alluvium study areas prob-
ably are related to the intensity of land use rather than
the commonality of the alluvial aquifer.

A correlation also can be made between the
type of pesticide compounds detected and the land-use
setting in a given study area. As previously mentioned,
the pesticide compounds detected in the urban-
alluvium study area were consistent with those used in
the urban environment. In the agricultural-alluvium
study area, the five most frequently detected pesticide
compounds, listed in order, were deethylatrazine, atra-
zine, prometon, metolachlor, and simazine (table 14).
These compounds were each detected in five or more
wells in the agricultural-alluvium study area. Atrazine
and its breakdown product deethylatrazine were
detected in almost every well in the agricultural-
alluvium study area. Atrazine mainly is used to control
weeds in corn, which is the crop with greatest produc-
tion yield in the South Platte River Basin. The fact that
the atrazine breakdown product, deethylatrazine, was
so frequently detected indicates a history of atrazine
use in this study area. The large number of wells in the
agricultural-alluvium study area that contained the
pesticide prometon (23 of 30 wells) was not expected
because prometon generally is for noncrop use.
Prometon may be applied in agricultural areas along

rights-of-way, around barnyards, and occasionally in
ditches to keep them free of vegetation; however, the
amount of these applications was reported to be
minimal compared to the urban land-use setting.
Metolachlor and dilute simazine mixtures are popular
herbicides for agricultural weed control in corn and
other crops. Many of the pesticides detected in the
urban-alluvium and agricultural-alluvium study areas
are among the most heavily used in the South Platte
River Basin (Dennehy and others, 1995).

Although no detected pesticide exceeded an
established MCL or HA, very little is known about the
health effects of exposure to multiple pesticides at low
concentrations. The presence of dieldrin in both the
urban-alluvium and agricultural-alluvium study areas
is evidence of the potential for persistence of some of
these compounds in the environment. Atrazine was
expected to be present in the alluvial ground water of
the agricultural-alluvium study area because it is
applied primarily to corn. Atrazine also was detected
in 7 of 30 wells in the urban-alluvium study area
where use of this compound is carefully restricted.
Prometon, a nonagricultural pesticide was frequently
detected in the agricultural-alluvium study area. These
findings indicate the difficulty in keeping pesticide
compounds out of the ground water, even in areas with
minimal use and restrictive controls.

Downstream trends in the concentrations of
selected trace elements is evident in the ground water
of the South Platte River Basin. There is a correlated
increase in the median concentrations of arsenic, sele-
nium, and uranium from the urban-crystalline study
area in the western mountains to the agricultural-
alluvium study area on the eastern plains (fig. 11C-
11E). The downstream increase in ground-water
concentrations of these constituents may be attributed
to longer residence time of water in the basin and
greater evaporative concentration. However, larger
concentrations in the agricultural-alluvium study area
appear to be partially derived from local natural
sources (Boberg and Runnells, 1971). Although
granitic bedrock in the urban-crystalline study area,
granitic rock fragments in the alluvial sediments, and
phosphate fertilizers applied in the agricultural areas
are all potential sources for these constituents, data
collected in the agricultural-alluvium study area indi-
cate that a significant source may be the Cretaceous
Pierre Shale rock unit that underlies the alluvial
aquifer in the central part of the basin.
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Preliminary water-quality and aquifer-sediment
data collected at the shale/alluvium interface near Fort
Morgan, Colo., suggest that leaching of arsenic, sele-
nium, and uranium from the Pierre Shale may
comprise a substantial contribution of these constitu-
ents to the alluvial ground water. The data also suggest
that organic compounds, sulfur species, and nutrients
might be affected by chemical processes at this
shale/alluvium interface, resulting in a source or a sink
of these constituents to the alluvial ground water.

Although radon-222 is derived from the radio-
active decay of uranium-238, data indicate an inverse
relation between the concentrations of uranium and
radon from the three study areas (fig. 11£ and 11F).
However, there is no significant correlation between
uranium and radon concentrations when paired anal-
yses are plotted against each other. The lack of corre-
lation between uranium and radon concentrations
probably is due to the very different chemical and
reactive nature of the two elements. Also, the depth to
water in the alluvial aquifer generally is much less
than that reported for the wells sampled in the crystal-
line bedrock aquifer, allowing for the possibility of
degassing of radon to the atmosphere from the alluvial
sediments.

SUMMARY

During 1993-95, the occurrence, distribution,
and range of concentrations for about 170 water-
quality constituents was evaluated for three study
areas in the South Platte River Basin. The study
focused on combinations of specific land-use settings
and unconfined aquifer units; an urban setting over a
crystalline bedrock aquifer, an urban setting over an
unconsolidated alluvial aquifer, and an agricultural
setting over an unconsolidated alluvial aquifer.
Ground-water quality in the urban-crystalline, urban-
alluvium, and agricultural-alluvium study areas in the
South Platte River Basin is the result of several
factors, including the mineralogy of aquifer material
and other rock units in the basin, the differences in
land-use practices in each study area, and the reuse of
the limited water supply as it flows through the basin.
These factors can combine to yield varying results for
ground-water quality.

In the urban-crystalline study area in the moun-
tainous part of the basin, an estimated 60 to 70 percent
of the households (about 54,000 to 63,000 people) rely

on the crystalline bedrock aquifer as the primary
source of drinking water. The ground water in this
study area generally has small dissolved-solids
concentrations and few synthetic compounds. Small
nitrate concentrations in the urban-crystalline study
area indicate that nitrate contamination is not currently
a widespread water-quality concern, as might have
been anticipated by the large number of leach field
septic systems. Nitrate contamination in the urban-
crystalline study area appears to be site specific.

Evidence of human effects on shallow ground-
water quality in the urban-crystalline study area was
indicated by isolated detections of VOC's. The
concentrations of detected VOC's were small;
however, these limited detections indicate that the
ground water in this study area is vulnerable to land-
use effects. No pesticide compounds were detected in
the ground water of the urban-crystalline study area.
The primary water-quality concerns observed in the
urban-crystalline study area were large uranium and
radon concentrations, which are derived from natural
sources. Uranium has a proposed MCL, and radon is
being evaluated by the National Academy of Sciences
for the EPA in order to establish a drinking-water stan-
dard. Concentrations of uranium and radon were suffi-
ciently large that, should low-concentration drinking-
water standards be finalized, use of drinking water
from the crystalline bedrock aquifer likely would be
affected.

In the urban-alluvium study area in metropolitan
Denver, anthropogenic effects on ground-water
quality were represented by larger concentrations of
most water-quality constituents than measured in the
urban-crystalline study area. Dissolved-solids concen-
trations were greater than those measured in the urban-
crystalline study area. Nitrate concentrations also were
larger in the urban-alluvium study area, occasionally
exceeding EPA drinking-water MCL's. Pesticides
(detected in 90 percent of wells) and VOC's (detected
in 86 percent of wells) were frequently detected in the
shallow ground water of the urban-alluvium study
area, and these compounds are the primary water-
quality concerns of this study area. Large amounts of
pesticides and VOC's are stored and used in this urban
area making it likely that these types of compounds
would be present in the shallow ground water. VOC
concentrations occasionally exceeded EPA drinking-
water MCL's or HA's; pesticide concentrations never
exceeded the drinking-water MCL's or HA's. Some
pesticide compounds appear to be persistent in the
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ground water of this study area, as indicated by the
detection of dieldrin, a compound whose use was
suspended about 2 decades ago.

Large uranium and radon concentrations also
were measured in the urban-alluvium study area.
Uranium concentrations often exceeded the proposed
MCL. Although the water from this aquifer generally
is not used for drinking water, finalizing the MCL'’s at
the proposed levels may affect the future use and value
of water in this aquifer.

In the agricultural-alluvium study area, concen-
trations of dissolved solids were the largest measured
in the three study areas, indicating a downstream trend
of increasing dissolved solids. Water reuse and evapo-
rative concentration of salts lead to increasing
dissolved solids as water flows through the basin.

The increase in dissolved solids is correlated with

an increase in the sulfate anion. Sulfate replaces
bicarbonate as the predominant anion in ground water
as water flows from the mountains to the plains.

High nitrate concentrations and widespread
pesticides also were identified as primary ground-
water-quality concerns in the agricultural-alluvium
study area. Nitrate concentrations exceeded EPA
drinking-water MCL’s in 14 of 30 wells sampled in
this study area. Nitrate concentrations generally were
larger in the western part of the agricultural-alluvium
study area. Pesticides were detected in 29 of 30 wells
sampled in this study area. Pesticide concentrations
were small compared to MCL’s and HA's; however,
several water samples contained multiple pesticides.
The detection of the pesticide dieldrin in the agricul-
tural-alluvium study area indicates the persistence of
some pesticides in the environment. There were no
detections of VOC' in this study area.

Large concentrations of uranium and radon also
were measured in the agricultural-alluvium study area.
The occurrence of these compounds at large concen-
trations is common to all three ground-water study
areas in the South Platte River Basin. Background
concentrations of uranium and radon probably are
large in much of the shallow ground water throughout
the South Platte River Basin. Large uranium and radon
concentrations throughout the South Platte River
Basin might be the most significant finding of the
three land-use/aquifer studies. If the proposed regula-
tory limits are finalized, the future use of the ground
water in these aquifers as a drinking-water resource
might be affected.
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