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Conversion Factors

Multiply by To obtain
acre 0.4047 hectares (ha.)
centimeter (cm) 0.3937 inch

foot (ft) 0.3048 meter

gallon (gal) 3.785 liter

gram (g) 0.035 ounce

inch 2.54 centimeter
liter (L) 0.2642 gallon (gal)
micrometer (um) 0.00003937 inch

mile (mi) 1.609 kilometer
milliliter (mL) 0.0610 cubic inch
millimeter (mm) 0.03937 inch

square mile (mi?) 2.590 square kilometer

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) using the formula
°F =(1.8 x°C) + 32.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) using the formula
°C=(°F-32)/1.8

Vertical coordinate information is referenced to National Geodetic Vertical Datum of 1929 (NGVD 29);
horizontal coordinate information is referenced to North American Datum of 1927 (NAD 27) except as
noted.

ADDITIONAL ABBREVIATIONS

gal/min gallon per minute

mg milligrams
mg/g milligrams per gram
pa/L micrograms per liter

uS/cm microsiemens per centimeter at 25 degrees Celsius

mg/kg milligrams per kilogram
mg/L milligrams per liter
pCi/L picocuries per liter
pCi/g picocuries per gram

ROE residue on evaporation
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Abstract

In January 1999, the U.S. Geological Survey began an
expanded monitoring program near Deer Trail, Colorado, in
cooperation with the Metro Wastewater Reclamation Dis-
trict and the North Kiowa Bijou Groundwater Management
District. Monitoring components were biosolids, soils, crops,
ground water, and streambed sediments. The monitoring
program addresses concerns from the public about chemical
effects from applications of biosolids to agricultural land in the
Deer Trail area. Constituents of primary concern to the public
are arsenic, cadmium, copper, lead, mercury, molybdenum,
nickel, selenium, zinc, plutonium, and gross alpha and beta
activity, and they are included for all monitoring components.
This report presents chemical data from the second year of the
monitoring program, January—December 2000, for biosol-
ids, crops, alluvial and bedrock ground water, and streambed
sediments. The ground-water section also includes climate
data, water levels, and results of statistical testing of selected
data for trends and for exceedance of Colorado regulatory
standards. The chemical data included are for the constituents
of highest concern to the public as well as for many other
constituents.

Introduction

Since 1993, the Metro Wastewater Reclamation District
(MWRD) has been applying biosolids resulting from munici-
pal sewage treatment in Denver, Colo., to their property near
Deer Trail, Colo. The biosolids are transported about 75 mi
east from Denver to the MWRD property and are applied to
nonirrigated farmland. From 1993 to 1999, the U.S. Geologi-
cal Survey (USGS), in cooperation with the MWRD, moni-
tored the quality of shallow ground water on the MWRD
central property (fig. 1 in the Data Section at the back of the
report), which encompassed about 15 mi®and was the first
property the MWRD purchased near Deer Trail. In 1995, the

MWRD traded some of the property and acquired additional
property in the same area. The new property consisted of about
14.5 mi® known as the north property and about 50 mi* known
as the south property. In 1999, the three MWRD properties
together, known as the METROGRO Farm, encompassed
almost 70 mi? of farmland, including land in Arapahoe and
Elbert Counties. The three MWRD properties and surrounding
private property are hereinafter referred to as the study area
(fig. 1).

The study area is on the eastern plains of Colorado about
10 mi east of Deer Trail. The study area is on the eastern
margin of the Denver Basin, a bowl-shaped sequence of sedi-
mentary rocks that was formed in an ocean or near-ocean envi-
ronment. The geology of the study area consists of interbedded
shale, siltstone, and sandstone, which may be overlain by clay,
windblown silt and sand, or alluvial sand and gravel (Sharps,
1980; Major and others, 1983; Robson and Banta, 1995). The
primary water-supply aquifer is the Laramie-Fox Hills aquifer,
which is a bedrock aquifer that ranges from 0O to about 200 ft
thick in the study area and is the bottom aquifer in the Denver
Basin aquifer sequence (Robson and others, 1981; Robson
and Banta, 1995). Multiple alluvial aquifers are present in the
study area. These aquifers are associated with the surficial
drainage network but contain water of variable quality, are
of limited extent, and generally yield little water (Stevens
and others, 2003; Yager and Arnold, 2003). The study area is
within the South Platte River drainage basin; all streams in this
area drain northward to the South Platte River (U.S. Geologi-
cal Survey, 1974; Seaber and others, 1987; Yager and Arnold,
2003). Short segments of some of the streams are intermittent,
but in general, the streams are ephemeral and flow only after
storms. No surface water flows off the MWRD properties
except after storms. Most ponds in the area have been created
by detention structures. Soils in the area generally are sandy
or loamy on flood plains and stream terraces, clayey to loamy
on gently sloping to rolling uplands, and sandy and shaley on
steeper uplands (Larsen and others, 1966; Larsen and Brown,
1971).
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Land use in the study area was historically rangeland or
cropland and pasture (U.S. Geological Survey, 1980). Some
petroleum exploration was done in the area (Drew and oth-
ers, 1979), but no oil or gas production took place within the
study area during 2000. Land use during 2000 was rangeland
or cropland. Cattle and sheep are the primary domesticated
animals grazing the area, and wheat is the primary crop.
Farmland is not irrigated. Land use on the MWRD properties
during 2000 was primarily cropland (with biosolids applied as
a fertilizer) and some rangeland.

Public concern about applications of biosolids to farm-
land increased after the MWRD agreed to accept treated
ground water from the Lowry Landfill Superfund site in
Denver. The concern was that water from the Lowry Super-

fund site might contain radionuclides that would then contami-

nate the MWRD biosolids. In January 1999, the USGS began
a new monitoring program in cooperation with the MWRD
and the North Kiowa Bijou Groundwater Management
District. The USGS refers to the new monitoring program
(1999-2005) as the “expanded monitoring program.”

The expanded monitoring program near Deer Trail is
distinct from, but builds on, the previous monitoring program
in which the USGS monitored the quality of shallow ground
water on the MWRD central property (1993-99). Relative to
the previous program, the expanded program includes a larger
study area (fig. 1) (all three MWRD properties and private-
property locations), more monitoring components (biosolids,
soils, crops, and streambed sediments in addition to ground
water), a more comprehensive list of chemical constituents,
expanded statistical analyses of data, and an extended moni-
toring period (1999-2005). Both programs use USGS and
MWRD funds. Both programs are designed, accomplished,
and interpreted independently by the USGS, and quality-
assured USGS data and reports are released to the public and
the MWRD at the same time.

Biosolids are applied by the MWRD to their properties
near Deer Trail according to agronomic loading rates. Land-
applied biosolids must meet Colorado biosolids regulations
for metals and radioactivity; otherwise, soils could become
overloaded. Soil quality either can be improved by biosolids
applications through increased nutrients and organic matter
or degraded through accumulation of excessive nutrients or
metals. Pesticides, herbicides, and other fertilizers also may
have been applied to the MWRD properties in the past, but
less information is available about these applications.

Animal waste related to grazing domestic livestock and
applications of pesticides, herbicides, and fertilizers (includ-
ing biosolids) can affect soil quality, crops, water quality
in alluvial and bedrock aquifers, and streambed-sediment
chemistry. Water quality can be affected directly by contami-
nated recharge water or by infiltration of water through con-
taminated soils or sediments (remobilization). Water quality
can be affected indirectly by tillling that mobilizes or mixes

subsurface chemical constituents or by contributions to natural

processes such as nitrification. Contaminated ground water
or surface water could contaminate other aquifers (such as

bedrock water-supply aquifers or alluvial aquifers), other sur-
face-water bodies (ponds or streams), or streambed sediment.

The expanded monitoring program near Deer Trail
addresses these concerns about biosolids applications and
other farming-related effects on the environment and should
increase scientific insight about Denver Basin hydrology. The
objectives of this USGS program are to: (1) evaluate the com-
bined effects of biosolids applications, land use, and natural
processes on soils, crops, the bedrock aquifer, alluvial aqui-
fers, and streambed sediments by comparing chemical data to
(a) regulatory standards, (b) data from a site where biosolids
are not applied (a control site), or (c) earlier data from the
same site (trends); (2) monitor biosolids for trace elements and
radioactivity and compare trace-element concentrations and
radioactivity with regulatory standards; and (3) characterize
the hydrology of the study area. The monitoring of each com-
ponent (such as soil or ground water) is a stand-alone study
that includes radioactivity analyses because of public concerns
about effects from the Lowry Landfill Superfund site. More
detailed information about the monitoring of each component
is included later in this report.

Purpose and Scope

The purpose of this report is to present information
from the expanded monitoring program near Deer Trail for
2000 (January through December). This report presents data
for all monitoring components of the program except soils.
The report includes information about biosolids, soils, crops,
ground water (alluvial and bedrock), and streambed sediment.
The ground-water sections include climate data, lithologic
descriptions and well-completion diagrams, hydrologic
data (depth to ground water), water-quality data (chemistry
and field measurements), and results of statistical testing
of selected data for exceedance of regulatory standards and
trends. This report does not include the hydrogeologic struc-
ture maps that were done as part of the bedrock ground-water
monitoring component of the program. The structure maps
were used to select bedrock-aquifer monitoring locations for
the expanded monitoring program. The structure maps, along
with a more detailed discussion of the hydrogeology of the
region, are included in an interpretive USGS report by Yager
and Arnold (2003).

This report is organized by monitoring component
because each component (such as soil or ground water) is
monitored as a separate study. For each monitoring com-
ponent, the specific objectives, scope, approach, analytical
results, quality-assurance information, and a discussion are
included. Data in this report for January—June 2000 were
collected by the USGS before any water transfer from the
Lowry Landfill Superfund site to the MWRD treatment plant.
The water transfer from the Lowry Landfill Superfund site
to the MWRD began in July 2000. Therefore, some of the
data in this report, along with all the data in the 1999 report
(Stevens and others, 2003), provide a geochemical baseline for



each monitoring component prior to the Lowry water transfer.

These baselines will enable the USGS to recognize and quan-

tify potential chemical changes in each monitoring component
from the Lowry water transfer.
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Biosolids

Biosolids are solid organic matter recovered from a sew-
age-treatment process that meet State and Federal regulatory
criteria for beneficial use, such as for fertilizer. Land-applied
biosolids must meet or exceed Grade II, Class B criteria
(Colorado Department of Public Health and Environment,
1998). Grade I exceeds Grade II. The MWRD applies Grade
I, Class B biosolids to its properties near Deer Trail. The bio-
solids-application areas, dates of application, and application
rates provided by the MWRD for its properties near Deer Trail
are listed in table 1 (located in the Data Section at the back of
the report); application areas (called “Destination Codes”) are
marked DC and shown in figure 2 (in the Data Section at the
back of the report).

Objectives of Monitoring Biosolids

The biosolids must meet regulatory standards for trace
elements and radioactivity. Exceeding these standards could
adversely affect the quality of soil on which the biosolids are
applied and could alter MWRD plans for the application of
biosolids in Arapahoe and Elbert Counties. The composition
of the biosolids was monitored to provide an independently
determined data set against which the MWRD chemical analy-
ses and the regulatory standards for biosolids can be com-
pared. The data also will constitute a chemical baseline against
which any future change in the concentration of constituents
analyzed for in this study may be recognized, measured, and
compared.

Approach for Monitoring Biosolids

In 2000, the USGS continued the protocol established in
1999 for monitoring MWRD biosolids for concentrations of
arsenic, cadmium, copper, lead, mercury, molybdenum, nickel,
selenium, zinc, plutonium, and gross alpha and beta activity.

Introduction 3

Radioactivity analyses were included in response to public
concerns that biosolids radioactivity could increase from the
transfer of water from the Lowry Landfill Superfund site.

Biosolids samples were collected directly from the
MWRD facility in Denver rather than from individual trucks
or fields near Deer Trail to enable the USGS to obtain a more
representative sample. Normal annual sampling protocol calls
for one biosolids sample to be collected each quarter. In late
July 2000, however, MWRD began receiving treated water
from the Lowry Landfill Superfund site. Therefore, in August
2000, the USGS initiated monthly sampling for the remainder
of the year. In 2000, samples were collected for March, June,
August, September, October, November, and December. The
samples were prepared and analyzed at the chemical laborato-
ries of the USGS Mineral Resources Program in Denver. The
concentrations in the samples were compared to applicable
Colorado standards for biosolids (Colorado Department of
Public Health and Environment, 1998).

Sampling Methods for Biosolids

Each biosolids sample is a 24-hour composite of 12 sub-
samples collected about every 2 hours by MWRD personnel
at the MWRD facility. The subsamples were collected from
the conveyor belt that transfers the biosolids into the transport
trucks. Each sample was delivered to the USGS in two acid-
washed, rinsed, 1-gallon plastic bottles.

Analytical Methods for Biosolids

The biosolids material was air dried and then ground
to less than 150 um before chemical analysis. The biosolids
samples were processed and analyzed for trace elements at
the laboratories of the USGS Mineral Resources Program in
Denver and analyzed for radioactivity at a commercial labora-
tory, Acculabs in Colorado. The methods used to analyze the
biosolids for each constituent are listed in table 2 (located in
the Data Section at the back of the report).

Quality Assurance for Biosolids

The purpose of the quality-assurance program developed
for the biosolids monitoring component was to ensure the
analytical results were within acceptable limits of both preci-
sion (the reproducibility of results) and accuracy (the degree
of conformity of results for a sample having known concentra-
tions). The precision was determined by analyzing the same
biosolids sample multiple times, and accuracy was determined
by analyzing National Institute of Standards and Technology
(NIST) standard reference material SRM 2781, a domestic
sludge. This standard reference material (SRM) was prepared
by the NIST from material collected at the MWRD treatment
plant in Denver. SRM 2781 has been analyzed extensively by
many laboratories throughout the world, and the NIST has
certified an acceptable range of values for various constituents
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in the SRM. The constituents include those of interest in this
study. Each biosolids sample was submitted to the laborato-
ries with a sample of the SRM. If the analytical results for the
constituent of interest in the SRM were within the acceptable
range, the results for the biosolids samples were accepted.

In 2002, the USGS became concerned about the gross
alpha data for the biosolids samples. For the March 1999
through June 2000 samples, the gross alpha data from Accu-
labs for the NIST standard reference material 2781 (domes-
tic sludge) ranged from 27-37 pCi/g. For the August 2000
through August 2001 samples, the gross alpha data ranged
from 37- 60 pCi/g. This shift to higher values for the same
standard-reference material indicates possible increasing
analytical bias that could be present in the gross alpha data for
the biosolids samples collected from the MWRD. Additional
information about these analyses is not available because
Acculabs went out of business in early 2002. Therefore, the
USGS submitted split samples from a subset of the biosolids
samples and NIST standard reference material to a differ-
ent laboratory in an attempt to reconcile this issue. A split of
the June 2000 biosolids sample and three splits of the NIST
standard reference material 2781 were analyzed for radioactiv-
ity in 2002 by Severn Trent Laboratory (formerly Quanterra
Analytical Services) in Richland, Wash., under a contract with
the USGS National Water Quality Laboratory (NWQL).

Biosolids Data

Summaries of all the chemical analyses for trace-element
concentrations and radioactivity data (gross alpha activ-
ity, gross beta activity, and plutonium concentration) for the
biosolids samples collected in 2000 are listed in table 3 (in
the Data Section at the back of the report). The tables also list
the maximum allowable concentrations for Grade I biosolids.
Radioactivity data for the same samples from two different
laboratories are listed in table 4 (at the back of the report).

Discussion of Biosolids Data

All trace-element concentrations were less than the maxi-
mum allowable concentrations established for Grade I biosol-
ids. The data from Severn Trent Laboratory (STL) compare
with the Acculabs data from 2000. No significant analytical
bias or variability likely is present in the 2000 biosolids data
from Acculabs.

Soils

Biosolids can contain elevated concentrations of certain
trace constituents. Therefore, the application of biosolids to
farmland has caused public concern regarding the potential
short-term and long-term effects on soil quality.

Objectives of Monitoring Soils

Soils were monitored for trace elements and plutonium
and gross alpha and gross beta activity to establish indepen-
dent geochemical data sets for the composition of soil before
and after the application of biosolids. The data will enable the
USGS to recognize and quantify significant changes in soil
composition caused by the application of biosolids to agricul-
tural soils or by other natural or human-induced processes.

Approach for Monitoring Soils

In August 1999, the USGS began monitoring soils on
two sites, one site on MWRD property in Arapahoe County
and one site on MWRD property in Elbert County. The sites
were monitored for arsenic, cadmium, copper, lead, mercury,
molybdenum, nickel, selenium, zinc, plutonium, and gross
alpha and beta activity. Radioactivity analyses were included
in response to public concerns that biosolids radioactivity
could increase from the transfer of water from the Lowry
Landfill Superfund site. Soil samples were collected once
during 1999, before the application of biosolids to monitor-
ing sites, and the data were reported in quarterly reports and
in the annual data report for 1999 (Stevens and others, 2003).
Soil monitoring will continue through two cycles of biosolids
application and crop harvest, and soil sampling will be done
shortly after each harvest.

Site Selection for Monitoring Soils

Sites were selected on MWRD properties where bio-
solids have never been applied. One site was selected on the
MWRD north property in Arapahoe County, and one site was
selected on the MWRD south property in Elbert County. The
Araphoe County site is located in T. 4 S., R. 58 W, sec. 22 and
lies about 0.25 mi west of Badger Creek (fig. 3). The Elbert
County site is located in T. 6 S., R. 57 W, sec. 8 and lies
immediately west of Beaver Creek (fig. 4).

Sampling Methods for Soils

The sampling protocol was designed to answer the fol-
lowing question: What is the average composition of the top
12 inches of soil in each of the six 20-acre fields? To address
this question, a standard soil auger was used to collect samples
to a depth of 12 inches according to a systematic grid pattern.
For each of the two fields to which biosolids will be applied,
36 subsamples are collected on approximately 133-ft centers.
A similar grid is used to collect 36 subsamples from the
southern “control” field on the Arapahoe County site. For the
remaining three “control” fields, 30 subsamples are collected
at approximately 155-ft centers.



Analytical Methods for Soils

All soil subsamples are air dried at ambient temperature
in the laboratories of the USGS Mineral Resources Program
in Denver. Each of the dried subsamples is disaggregated and
sieved to less than 2 mm. This minus-2-mm material then
is ground to less than 150 pum. Splits of each subsample are
taken for archival storage, and the subsamples for each field
are composited into one sample for chemical analysis. The
composite soil samples, each representing one 20-acre field,
are analyzed by the methods listed in table 2.

Quality Assurance for Soils

The accuracy of the soil analysis was ensured by the
analysis of NIST SRM 2709, an agricultural soil. Separate
splits of this SRM were randomly placed among the soil
samples and submitted to the laboratories. If the analytical
results for the constituent of interest in the SRM are within
an acceptable range, analytical results for the soil samples are
accepted. Separate splits of each composited soil sample are
analyzed independently and the results averaged to determine
the concentration reported for a given constituent.

Soil Data

In 2000, the Elbert County monitoring site was sampled
in late November after the wheat harvest. The Arapahoe
County site was not sampled until June 2001. The samples
from both sites were submitted to the laboratories for analysis
in September 2001. Data for both these sites will be presented
in progress reports as the data become available and in the
annual project data report for 2001.

Crops

As previously mentioned, biosolids can contain elevated
concentrations of certain trace elements. The application of
biosolids to farmland on which grain crops are grown that
will eventually be consumed by animals or humans has led to
public concern about the composition of the crops grown on
the fields receiving biosolids. Both the Arapahoe and Elbert
County sites were originally planted in wheat during the
winter of 1999-2000. The wheat on the Elbert County site
reached maturity and was harvested in July 2000. The wheat
crop on the Arapahoe County site failed and the field was
plowed under in May 2000. Approximately the western one-
half of the site was replanted with millet during spring 2000;
the millet reached maturity and was harvested in September
2000.

Soils 5

Objectives of Monitoring Crops

Crops were monitored for trace elements (and selected
samples were monitored for plutonium and gross alpha and
gross beta activity) in order to establish independent chemi-
cal data sets for the composition of the crops before and after
the application of biosolids. The data will enable the USGS to
recognize and quantify significant changes in crop composi-
tion caused by the application of biosolids to agricultural soils
or by other natural or human-induced processes.

Approach for Monitoring Crops

In the summer of 2000, the USGS began monitoring
crops grown on the same two sites where soils were moni-
tored. One of these sites is on MWRD property in Arapahoe
County, and one site is on MWRD property in Elbert County.
The crops were monitored for arsenic, cadmium, copper, lead,
mercury, molybdenum, nickel, selenium, and zinc. One sample
from the Elbert County site was analyzed for plutonium and
gross alpha and beta activity in response to public concerns
that biosolids radioactivity could increase because of the trans-
fer of water from the Lowry Landfill Superfund site.

Crops grown on fields that receive biosolids applications
were monitored along with crops grown on fields that do not
receive biosolids applications. The crops from fields that do
not receive biosolids applications were used as a reference for
comparison. Each of the two crop- and soil-monitoring sites
consisted of three 20-acre (933-ft by 933-ft) fields separated
by 100-ft buffer zones (figs. 3 and 4, in the Data Section at the
back of the report). In 1999, the center 20-acre field at each
site received a single biosolids application after the initial soil
sampling. The other two 20-acre fields at each site will not
receive biosolids and will be used as “control” fields to deter-
mine the natural variability of soil and crop composition for
the duration of the study. All three 20-acre fields at each site
are farmed the same way as the rest of the MWRD property
and have crops planted and harvested. Crop samples from each
of the six fields were collected in the summer of 2000. Data
will be compared after each sampling and at the conclusion of
the study to determine how the concentrations of the constitu-
ents of interest vary with time.

Site Selection for Monitoring Crops

The soil-monitoring fields (figs. 3 and 4) also will be
used for monitoring crops. Crops are planted on each of the six
20-acre soil-monitoring fields. Sites were selected on MWRD
properties where biosolids have never been applied. One
site was selected on the MWRD north property in Arapahoe
County, and one site was selected on the MWRD south prop-
erty in Elbert County. The Arapahoe County site is located
inT.48S., R. 58 W, sec. 22 and lies about 0.25 mi west of
Badger Creek (fig. 3). The Elbert County site is located in
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T.6S.,R. 57 W, sec. 8 and lies immediately west of Beaver
Creek (fig. 4).

Sampling Methods for Crops

The sampling protocol for crops was designed to deter-
mine the average composition of the crop in each of the six
20-acre fields. For the Elbert County site, whole wheat plants
were collected about one month prior to harvest. For this
collection, stainless-steel pruning shears were used to cut the
plants about 3 inches above the ground. Approximately
30 subsamples of wheat plants were collected randomly in
each of the three 20-acre fields. One month later, immediately
before harvest, samples of the mature wheat grain were col-
lected. Stainless steel pruning shears were used to cut the plant
about 2 inches below the seed head. Again, about 30 sub-
samples were collected at random in each 20-acre field.

The wheat crop at the Arapahoe County site failed and
was plowed under. The only wheat that remained was in a few
scattered parts of each 20-acre field; the north control field
was almost devoid of wheat plants. Most of the few plants that
were still growing in the north control field were removed as
whole-plant samples. Few wheat plants remained to produce
seed heads. Samples of whole plants and seed heads were col-
lected, if possible, from these limited areas of the fields. About
30 wheat subsamples were collected from the areas where
wheat remained in each field. Approximately the western
one-half of the Arapahoe County site was replanted with mil-
let. At maturity (September 2000), seed heads were collected
from millet in each of the three 20-acre fields. Stainless-steel
pruning shears were used to cut the millet plant about 2 inches
below the seed head. About 30 millet subsamples were ran-
domly collected throughout each of the three 20-acre fields.

Analytical Methods for Crops

Whole wheat-plant samples (hereinafter referred to as
“wheat-plant samples”) were dried under forced air at room
temperature and were then ground to less than 2 mm using
a standard Wiley mill. A split of the dried and ground wheat
sample was ashed in a forced-air muffle furnace at 450°C.
The ashed aliquot was analyzed for cadmium, copper, molyb-
denum, nickel, lead, and zinc by using a standard four-acid
digestion followed by detection with an inductively-coupled-
plasma mass spectrometer (Briggs and Meier, 1999). The ash
values were then converted to a dry weight basis by using the
ash conversion factor. The dried, unashed material was ana-
lyzed for arsenic and selenium by using a standard wet oxida-
tion digestion followed by hydride-generation atomic absorp-
tion spectrometry (Hageman and Welsch, 1996). Mercury
concentration of the dried, unashed material was determined
by cold-vapor generation atomic absorption spectrometry
after digestion in nitric acid — dichromate solution (O’Leary
and others, 1996). Gross alpha activity, gross beta activity,

and plutonium concentration were determined by standard
radiological counting methods (Greenberg, 1992; Whittaker
and Grothaus, 1979; Lyon, 1980).

The grain samples were dried under forced air at
room temperature. For wheat samples, the grain was sepa-
rated from the head by using a test plot thrashing machine at
Colorado State University. The grain was cleaned using forced
air and sieving. For millet samples, the grain was separated
from the head by placing the entire sample in a heavy plastic
bag and manipulating the heads by hand to free the grain.

The grain was cleaned using forced air and sieving. The clean
samples of wheat and millet grain were then ground to a flour
using a commercial table-top mill. A split of each ground
sample was ashed in a forced-air muffle furnace at 450°C.

The ashed grain samples and the dried, unashed grain samples
were subjected to the same analytical protocol discussed previ-
ously for ashed and unashed whole-wheat samples.

Quality Assurance for Crops

The accuracy of the crop analysis was ensured by the
analysis of NIST SRM 2709, an agricultural soil. Separate
splits of this SRM were randomly placed among the crop and
soil samples and submitted to the laboratories. If the analytical
results for the constituent of interest in the SRM are within an
acceptable range, analytical results for the crop samples are
accepted. Separate splits of each composited crop sample are
analyzed independently and the results averaged to determine
the concentration reported for a given constituent.

Crop Data

Wheat-plant samples were collected from the Arapahoe
and Elbert County sites on June 7, 2000. Mature wheat-grain
samples (seed heads) were collected from each site on July 6,
2000. Millet-grain samples were collected from the Arapahoe
County site on September 27, 2000. The trace-element and
radioactivity data for the crops are listed in tables 5-7 (in the
Data Section at the back of the report).

Discussion of Crop Data

Because most of the Arapahoe County site was plowed
under, it was impossible to collect a sample that was represen-
tative of the entire field. Therefore, the wheat-plant and wheat-
grain data for the Arapahoe County site will have questionable
value for monitoring purposes. Again, because of the limited
area of the Arapahoe County site that was planted in
millet, the millet-grain samples may not be representative
of the entire site, and their value for monitoring purposes is
questionable. The sample data, however, will help establish
baseline and background values for wheat and millet for the
Arapahoe County site.



Ground Water

Applications of pesticides, herbicides, or fertilizers
(including biosolids) to the land surface can affect the quality
of shallow ground water directly by contaminated recharge or
by infiltration through contaminated soils or sediments (remo-
bilization). These applications also can affect the quality of
shallow ground water indirectly by tilling (which could mobi-
lize subsurface constituents) or by contributions to natural
processes such as nitrification. Further, discharge from con-
taminated alluvial ground water could contaminate surface
water (ponds or streams) or bedrock water-supply aquifers.
For this report, alluvial ground water is defined as the water
contained in subsurface, unconsolidated (uncemented), wind-
or water-transported sediments in current or historical stream
channels or flood plains. Bedrock ground water is defined as
the water contained in the fractures or pore spaces of the rock
(consolidated sediments) that underlies soil or other unce-
mented materials; the primary bedrock aquifer in the study
area is the Laramie-Fox Hills aquifer (Robson and Banta,
1995). Alluvial and bedrock ground water are separate com-
ponents in the monitoring program but are combined in this
report because the data were collected in the same way and the
types of data included are the same.

Objectives of Monitoring Ground Water

Ground water was monitored to characterize the hydrol-
ogy and water quality of the aquifers; to determine if concen-
trations of nitrate, arsenic, cadmium, copper, chromium, lead,
mercury, molybdenum, nickel, selenium, zinc, and plutonium
and gross alpha and gross beta activity in the ground water are
significantly greater than regulatory standards; and to deter-
mine if concentrations of these constituents are increasing with
time in ground water at or near the MWRD properties.

Approach for Monitoring Ground Water

Structure maps of the top and base of the Laramie-Fox
Hills aquifer were compiled for the study area by using avail-
able information such as geophysical logs from oil and gas
exploration and other data. The structure maps are included
in an interpretive USGS report by Yager and Arnold (2003).
The structure maps were used to determine locations for well
pairs: two bedrock-aquifer wells and two alluvial-aquifer wells
that constitute the recharge-evaluation sites. Multiple wells in
the same location enable different zones of ground water to be
monitored without having to consider spatial variability and
can enable inferences about vertical directions of ground-water
flow between zones. Each of the two bedrock-aquifer wells are
nested, which means each borehole has two separate piezom-
eters screened at two separate zones. Therefore, three different
aquifer zones are monitored at each of the two recharge-evalu-
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ation sites in Muddy Creek downgradient from the MWRD
properties (fig. 1). Lithologic and well-completion information
for these wells is included in the 1999 data report (Stevens
and others, 2003). An additional well, DTX11, was drilled in
January 2000 to provide additional information about a deeper
coarse-grained part of the Muddy Creek alluvial aquifer than
is monitored by well DTX9. Completion information for well
DTX11 is provided in figure 5 (in the Data Section at the back
of the report). In 2000, electronic data-logger (EDL) equip-
ment was installed to continuously monitor precipitation and
water levels in wells DTX9, DTX10, and DTX11, and to pro-
vide more detailed information about ground-water recharge
at that location. These EDL data are included in this report but
are not available on the Internet.

Monitoring wells for the expanded monitoring program
include selected wells installed as part of the previous moni-
toring program and new wells. Of the 33 USGS ground-water
monitoring wells from the previous study on the MWRD
central property, 7 are included in this study (all 7 wells
were monitored for water levels, and water-quality samples
were collected from 6 of these wells). “D”-numbered wells
were drilled before 1999 as part of the previous monitoring
program, and “DTX”-numbered wells were drilled in 1999
(fig. 1). Lithologic and well-completion information for these
well locations is provided by Stevens and others (2003).

Water levels in the monitoring wells were measured
monthly. Data-collection platforms (DCP’s) with various
sensors were installed during summer and fall of 1999 at
three alluvial-aquifer wells (D25, DTX2, and DTX5) to
continuously monitor ground-water levels, water temperature,
precipitation, and air temperature. The data were transmitted
to Denver by satellite and were available on the Internet. The
data provided information about the hydrology in the study
area and the response of ground water to climate variables.

Water samples were collected from alluvial-aquifer wells
on the MWRD properties (fig. 1), and water samples were
collected from the shallowest zones of the bedrock aquifer at
three locations that are important to alluvial/bedrock ground-
water interactions. The remaining USGS monitoring wells
were used to provide hydrologic information only. Water sam-
ples were collected and analyzed quarterly for physical proper-
ties, dissolved major ions and trace elements, and dissolved
and total nutrients. Analyses were done by the USGS National
Water-Quality Laboratory (NWQL) and included nitrate, arse-
nic, cadmium, copper, chromium, lead, mercury, molybdenum,
nickel, selenium, and zinc. Samples also were collected and
analyzed annually for total plutonium. Gross alpha and gross
beta activity analyses were included in the 1999 monitoring
but were discontinued because of matrix-interference prob-
lems caused by the high concentrations of dissolved solids in
the ground-water samples. The plutonium and gross alpha and
gross beta activity analyses were included in response to pub-
lic concerns that radioactivity in biosolids could increase from
the transfer of water from the Lowry Landfill Superfund site.
Water levels and field measurements such as pH and specific
conductance were recorded with the collection of each ground-



8 Data for a Biosolids-Application Area near Deer Trail, Colorado, 2000

water sample. Blank and replicate samples were

analyzed to evaluate bias and variability of the ground-

water data. All water-quality data are maintained in a USGS
database, and selected data were published in the “USGS
Expanded Monitoring Program Near Deer Trail” quarterly
reports. Selected water-quality data will be statistically
analyzed each year of the program and after about 5 years to
determine (1) if concentrations in the ground water are signifi-
cantly greater than regulatory standards and (2) if the concen-
trations are increasing significantly with time.

Site Selection for Monitoring Ground Water

Shallow aquifers can be recharged by runoff and
streamflow or can contribute water to streamflow and ponds.
Therefore, the sites for alluvial-aquifer wells were selected
by the USGS according to the following criteria: (1) loca-
tions in proximity to a stream channel that could carry runoff
from MWRD biosolids-applied fields, (2) locations at the
most downstream point of the drainage basin, (3) locations
at MWRD property boundaries to represent the condition of
ground water leaving the properties and to consider only those
effects from activities on MWRD properties and not from
other landowners, (4) locations where most of the upstream
basin is on MWRD property, (5) locations that represent the
larger drainage basins, (6) locations where USGS monitor-
ing wells already existed and where data already had been
collected, and (7) locations accessible year round for drilling
and sampling wells. Alluvial-aquifer wells were not installed
upgradient from MWRD property boundaries because the
constituents of concern generally are not conservative along
the ground-water flow path; that is, subtracting upgradient
concentrations from downgradient concentrations may not
represent the effects of biosolids on the ground water for these
constituents. Monitoring alluvial ground water near Rattle-
snake Creek was a low priority because most of the basin is
upstream from the MWRD properties, and that part of the
basin that receives biosolids is relatively small. Therefore,
the USGS installed two alluvial-aquifer wells on the MWRD
north property and four on the MWRD south property (fig. 1);
all wells on the MWRD central property used for this study
(fig. 1) were installed before 1999 as part of the previous
monitoring program.

Bedrock aquifers can be recharged by alluvial ground
water or can be a source of water to alluvial aquifers. There-
fore, the sites for bedrock-aquifer wells were selected by the
USGS according to the following criteria: (1) locations where
a particular sandstone sequence within the Laramie-Fox Hills
aquifer is present at substantial areal extent and thickness,

(2) locations on MWRD property where the bedrock aquifer
is present without an alluvial aquifer, (3) locations where the
bedrock aquifer is present beneath an alluvial aquifer that
could be affected by the application of biosolids, (4) locations
where USGS monitoring wells already existed and where data
already had been collected, and (5) locations accessible year

round for drilling and sampling wells. Locations where the
particular sandstone sequence within the bedrock aquifer is
present in this area were determined by the USGS on the basis
of the USGS structure map (completed in 1999) of the base of
the Laramie-Fox Hills aquifer in this area. For the expanded
monitoring program, the USGS installed two new bedrock-
aquifer wells (DTX8 and DTX10) in 1999, along with cor-
responding alluvial-aquifer wells (DTX7 and DTX9) (fig. 1),
at locations where the bedrock aquifer is present beneath
the Muddy Creek alluvial aquifer; the Muddy Creek alluvial
aquifer could be affected by the application of biosolids. One
previously installed USGS ground-water monitoring well,
D29 (fig. 1), was included in this monitoring program because
the well is on MWRD property where the bedrock aquifer is
present without an alluvial aquifer, and prior sampling data are
available.

DCEP sites provided information about the variability in
space and time of climate and hydrology in the study area
as well as about the hydrologic responses to climate. This
monitoring program includes three DCP sites, one on each of
the MWRD north, south, and central properties (wells DTX2,
DTXS5, and D25, respectively). The locations of these DCP
sites were selected according to the following criteria: (1)
locations where alluvial-aquifer wells are sampled, (2) loca-
tions near possible streambed-sediment sampling drainages
(to indicate likely runoff conditions), (3) locations near other
wells so the information may apply to more than one well, (4)
locations far enough apart from each other to indicate spa-
tial variability in hydrology, (5) locations needing additional
hydrologic information to explain chemical variability (well
D25), and (6) locations accessible year round.

Sampling Methods for Ground Water

All data-collection methods used in 2000 were the
same as the 1999 methods, which are detailed in the 1999
data report (Stevens and others, 2003). Monthly water-level
measurements were made using a vinyl-coated electric tape.
DCP and EDL data were automatically recorded hourly.
Water-quality samples were collected quarterly using standard
USGS methods (Horowitz and others, 1994; Wilde and oth-
ers, 1998-99). All sampling equipment was used exclusively
by the USGS and was used only in the study area to prevent
cross contamination from other sites in other study areas. All
samples and sampling equipment were kept at all times in the
custody of the USGS in locked, guarded facilities.

Analytical Methods for Ground Water

Ground-water samples were submitted to the USGS
NWQL in Denver. Most analyses were done by the NWQL.
Plutonium analyses were done by Severn Trent Laboratory in
Richland, Wash., under a contract with the USGS NWQL; all
other analyses were done at the NWQL. The methods used to



analyze the ground-water samples are listed in table 8 along
with laboratory minimum reporting levels (MRL) for the
elements of interest and minimum detectable concentrations
(MDC) for the radiochemical samples.

Quality Assurance for Ground Water

Quality-assurance procedures were implemented during
the course of the monitoring program to ensure the quality of
the data. Procedures were implemented for water-level mea-
surements, DCP-data and core-data collection, ground-water-
sampling preparation, field-parameter measurements, ground-
water sampling, and laboratory analysis. Quality-assurance
procedures are detailed in the 1999 data report (Stevens and
others, 2003).

Ground-Water Data

Monitoring at ground-water sites during 2000 produced
meteorologic, hydrologic, and water-quality data. Meteoro-
logic data include precipitation and air temperature at three
sites. Hydrogeologic data include the lithologic description
of the cores and a well-completion diagram for the new well
drilled in 2000, DTX11. Hydrologic data include monthly
water levels at all wells and hourly water levels and water
temperature at three DCP sites. Water-quality data include
analytical results from quarterly sampling.

Meteorologic Data

Precipitation and air temperature were recorded hourly
during 2000 at wells D25, DTX2, and DTXS (figs. 6 through
8 in the Data Section at the back of the report). Precipitation
was recorded hourly during April-December 2000 near well
DTX11 (fig. 9 in the Data Section at the back of the report).
Rain occurred during thunderstorms and frontal storms, usu-
ally during April-October. The precipitation data recorded
during October through December could represent melted
snow. The data indicate air temperatures can fluctuate more
than 20°C during the day but were similar for all monitored
sites.

Hydrogeologic Data

Well DTX11 was cored by the USGS during drilling in
2000 to provide information about ground water and geology
at the new well location. The lithologic description for the
well is listed in table 9 (at the back of the report). The details
of DTX11 well construction are given in the well-completion
diagram shown in figure 5. Lithologic descriptions and well-
completion information for the other monitoring wells are
provided in the 1999 data report (Stevens and others, 2003).
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Well information also is summarized in table 10 (at the back
of the report). These details, which include the depth of well,
screened interval, materials used, and stickup (fig. 5), provide
a physical context for the other ground-water data, such as
water levels, and should be considered when comparing data
for different wells.

Hydrologic Data

Monthly water-level data and continuous water-level
and water-temperature data can be useful for describing the
hydrology of the aquifers in the area near Deer Trail. The
monthly water-level data for the USGS monitoring wells used
in this study are listed in table 11 (at the back of the report),
and the continuous water-level and water-temperature data for
the three DCP sites (D25, DTX2, and DTXS; fig. 1) are shown
in figures 6-8 (at the back of the report). Continuous water-
level data for the EDL site (wells DTX9, DTX10, and DTX11;
fig. 1) and precipitation data are shown in figure 9 (at the back
of the report). Monthly water-level data are listed as depth to
water below measuring point at a specific time. Continuous
water-level data are shown as daily maximum depth to water
below land surface. Water-level data can indicate seasonal
effects and can aid in the interpretation of chemical data.

Water-level data also can indicate ground-water recharge
information. Robson and others (1981) showed that recharge
of the Laramie-Fox Hills aquifer along the margin of the
Denver Basin (such as in the Deer Trail area) can be from
deeper parts of the Denver Basin, from alluvial aquifers and
surficial features, or from infiltration of precipitation on or
near outcrop areas. Recharge of the alluvial aquifers in the
Deer Trail area can be from the Laramie-Fox Hills aquifer,
from surface-water features, or from infiltration of precipi-
tation (Robson and others, 1981). Hydrologic interactions
between alluvial and bedrock aquifers can be inferred using
water-level data for the same point in time for wells drilled
into the aquifers at the same site. The direction of the verti-
cal movement of ground water, or the recharge direction, may
be indicated by noting that water moves from areas of high
hydraulic head (high water-level elevation) to areas of low
hydraulic head (low water-level elevation). For the expanded
monitoring program, such interactions were monitored at two
recharge-evaluation sites, each of which included one allu-
vial-aquifer well and one bedrock-aquifer well. The interac-
tions in the bedrock aquifer were monitored in two different
zones (designated by “A” [shallow] or “B” [deep] after the
well name). Therefore, three aquifer zones (one alluvial, one
shallow bedrock, and one deep bedrock) were monitored at the
north recharge-evaluation site (wells DTX7 and DTXS), and
four aquifer zones (two alluvial, one shallow bedrock, and one
deep bedrock) were monitored at the south recharge-evaluation
site (wells DTX9, DTX10, and DTX11). Water levels for the
paired alluvial-aquifer and bedrock-aquifer wells at the two
recharge-evaluation sites are shown in figure 10 (at the back
of the report) for the north recharge-evaluation site at discrete
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time periods, and in figure 11 (at the back of the report) for the
south recharge-evaluation site continuously for the year. The
July water levels shown in figure 10 represent hot, dry summer
conditions; the August and September water levels shown in
figure 10 represent summer-recharge (rainy) conditions.

Water-Quality Data

Water-quality data for samples collected quarterly from
11 alluvial-aquifer and 3 bedrock-aquifer wells (fig. 1) in 2000
are listed in tables 12 and 13 (at the back of the report). Data
are given for field parameters, physical properties, major ions,
nutrients, and trace elements. In addition, radioactivity data are
given for January and October 2000. Quality-control water-
quality data for the blank samples are listed in table 14 (at the
back of the report), and comparison data for replicate samples
are listed in table 15 (at the back of the report).

Discussion of Ground-Water Data

Concentrations for the blank samples (table 14) generally
indicate little or no contamination bias. January data indicate
a possible slight contamination bias in aluminum, and April
data indicate a possible slight contamination bias in nitrogen
and zinc from field processing or laboratory analyses. Blank
samples were collected April 21, 2000, using the submersible
pump, and these data indicate a possible slight contamination
bias in concentrations of calcium, magnesium, copper, iron,
strontium, and zinc (table 14). This pump is used only at wells
DTXS8, DTX10, and D29, so only samples from these wells
may be affected. Most concentrations for the blank samples
were much less than those for the ground-water samples. Data
for rerun samples (not included in this report) indicate slight
contamination bias in laboratory analyses of aluminum, arse-
nic, copper, nickel, and zinc. Therefore, the sample data that
indicate small concentrations of aluminum, arsenic, copper,
nickel, and zinc could be affected by a slight high bias.

The relative percent differences (RPD) between the
ground-water samples and the replicate samples were com-
puted to summarize sample variability (table 15). Many of the
larger RPD’s are due to values or concentrations near the MRL
where precision is expected to be poor. In these cases, concen-
trations may vary little but result in large RPD’s. For example,
a ground-water sample concentration of 0.01 mg/L and a
replicate-sample concentration of 0.02 mg/L would result in
an RPD of 67 percent, but the difference might be considered
to be within the precision of the method at that concentra-
tion. Data values for individual replicate pairs also are listed
in table 15 to help determine if large RPD’s are the result of
substantial differences between replicate-sample concentra-
tions or just small differences between small concentrations.
Some RPD’s for potassium and nickel, however, likely are
large because a few of these concentrations are affected by

analytical bias (table 13). The replicate-sample data indicate
generally reproducible analytical results.

The radioactivity data in table 13 are reported in the
uncensored form, as received from the laboratory, rather than
censored by either the contract or calculated minimum detect-
able concentration (MDC). Relative to the censored form (data
reported as less than the MDC), the uncensored form provides
more information about the uncertainty and the very small
plutonium concentrations. The negative activity reported for
some of the radiochemical samples means the sample counts
were less than the laboratory background counts for that day.
Radioactivity data are produced from instruments that detect
radioactive decay (disintegrations) in a sample as counts per
minute. The background counts were subtracted from the
sample counts, and the resulting value was converted to activ-
ity-concentration units of picocuries per liter. Gross alpha and
gross beta activity could not be analyzed in the ground-water
samples because of interference effects related to the ionic
strength of these samples.

In general, the expanded monitoring program is too
new for sufficient data to have been collected for meaning-
ful interpretation of the ground-water data. However, the data
included in this report indicate alluvial- and bedrock-aquifer
hydrology and chemistry are variable in space (from site to
site) and in time (from one data-collection time to the next
at the same site) in the study area. Water-quality data in this
report for samples before July 2000 provide baseline informa-
tion for concerns about possible contamination of the study
area from the Lowry Landfill Superfund site water transfer;
no water from the Lowry site was transferred to MWRD until
July 2000.

The USGS was asked to evaluate the water-quality data
for biosolids effects each year of the monitoring program.
Therefore, the results for selected constituents were tested
to determine if statistical evidence indicated exceedance of
regulatory standards and a monotonic trend in concentration
with time.

Regulatory Standards

Regulatory standards that might be used as guidelines
to evaluate the ground-water quality in the study area are the
human health standards and agricultural standards enforced by
the State of Colorado (Colorado Department of Public Health
and Environment, 1997). For this report, a one-tailed Sign Test
(Helsel and Hirsch, 1995) was used to indicate the level of
statistical evidence that selected median constituent concentra-
tions were significantly greater than regulatory standards. The
hypotheses tested were as follows:

H,= median concentration is less than or equal to
the regulatory standard, and
H, = median concentration is greater than the

regulatory standard.



A small p-value result from the Sign Test indicates H ,
the null hypothesis, should be rejected. The confidence level
in rejecting H_ and, therefore, accepting H, can be determined
by subtracting the p-value from 1 and multiplying by 100. The
confidence level also can be thought of as the probability (in
percent) that the regulatory standard has been exceeded by the
median concentration (table 16 at the back of the report). For
example, if the Sign Test for a constituent results in a p-value
of 0.100, there is a 90-percent confidence level or probability
that the median concentration for that constituent is greater
than the regulatory standard. The results of the statistical test-
ing of the data for the 11 alluvial-aquifer wells and 3 bedrock-
aquifer wells for exceedance of regulatory standards for 11
constituents identified as important by the public are listed in
table 16. Nitrate concentrations at well D6 were the only data
that had a statistically significant probability that the median
concentration exceeded the regulatory standard.

Because quarterly samples have been collected for only
2 years to date, the power of the statistical test (level of sta-
tistical evidence) is low. As sampling continues, the power of
the test will increase. Radioactivity data were not statistically
tested because few radiochemical samples, an insufficient
number of samples for statistical testing, were collected at
each well since 1999. The distribution of concentrations at
each well for selected constituents during 2000 and the regula-
tory standards used to test the ground-water data are shown
in figure 12 (at the back of the report). Time-series graphs
(concentration plotted with time) of selected constituents for
selected wells are included as figure 13 (at the back of the
report).

Trends

Upward monotonic trends in concentration mean that
concentration for a parameter increases over time, although
not necessarily in a straight line. These upward trends could
indicate biosolids, other farm practices, grazing, or even
natural processes such as geochemical dissolution are affect-
ing ground water. For this report, the Kendall’s tau statistic
(Helsel and Hirsch, 1995) was used as an indicator of mono-
tonic correlation between concentration and time. Kendall’s
tau is a number between negative one and positive one where
values approaching negative or positive one indicate increas-
ing strength of the correlation and a number approaching zero
indicates decreasing strength of correlation. Positive values
of Kendall’s tau indicate upward trends, and negative values
indicate downward trends. The results of the statistical testing
of the data for monotonic trends in 11 constituents identified
as important by the public are listed in table 17 (at the back of
the report). A p-value is listed to indicate the level of signifi-
cance of the coefficient, the tau value. The p-value must be
less than or equal to 0.05 for tau to be significant with at least
95-percent confidence. Values in table 17 indicating statisti-
cally significant trends are shown in bold. Radioactivity data
were not statistically tested because only three radiochemi-
cal samples, which is an insufficient number of samples for
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statistical testing, have been collected at each well since the
program began in 1999.

If all data for a constituent were less than the MRL, no
trend could be identified (such as for lead at any of the wells).
If at least one concentration value for a constituent at a well
was greater than the MRL, the data were analyzed for trend.
Many of the reported concentrations included in the trend
analysis were less than the MRL, and the MRL varied for
most of the constituents. Therefore, the trends evaluated by the
statistical analyses may be artificial--that is, the difference in
MRL, not differences in concentration, may result in an appar-
ent trend. However, none of the statistically significant trends
(table 17, values in bold type) were caused by changes in the
MRL. The results of trend analysis on the 1999 plus 2000
combined data set (table 17) commonly were different than
the results of trend analysis on only the 1999 data set (Stevens
and others, 2003). Some of the trend directions changed from
upward to downward trends or from downward to upward
trends when the 1999 data were retested with the 2000 data,
and significance of the trend result increased. Some of these
changes may be caused by the low power of the test when few
data are used in the test (as in 1999), by changes in the MRL
as mentioned previously, or because seasonal effects have not
been considered (too few data). Because quarterly samples
have been collected for only 2 years to date, the power of the
trend test is still low, and too few data are available to consider
seasonal effects. As sampling continues, the power of the test
will increase and the amount of data available will enable sea-
sonal effects to be removed. Time-series graphs (concentration
plotted with time) of selected constituents for selected wells
are included as figure 13 (at the back of the report).

Streambed Sediment

Animal waste related to grazing livestock and applica-
tions of pesticides, herbicides, or fertilizers (including bio-
solids) to the land surface could affect surface-water quality
directly by contaminated inflow or by runoff over contami-
nated soil or sediment (remobilization). These applications
also can affect surface-water quality indirectly by tilling that
mobilizes or changes surface constituents or surface character-
istics; by inflow, base flow, or recharge to surface water from
contaminated ground water; or by contributions to natural pro-
cesses such as nitrification. Contaminated surface water could
contaminate downstream, previously uncontaminated ponds,
streams, streambed sediments, alluvial aquifers, or bedrock
water-supply aquifers in aquifer-recharge zones.

Surface-water contamination from biosolids applica-
tions is a public concern. However, because streams flow
off the MWRD properties only after intense thunderstorms,
surface-water sampling is impractical, and monitoring extreme
surface-water events is difficult. Monitoring streambed-sedi-
ment chemistry is more practical and cost effective and offers
greater opportunity to establish comparison or baseline sites
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than monitoring surface-water chemistry. For the expanded
monitoring program, streambed sediment is defined as the
fine-grained alluvium freshly deposited in the drainage bot-
toms by surface-water flow after rainstorms.

Sediment affected by the application of biosolids could
be transported off MWRD property into streambeds when pre-
cipitation is intense enough to cause overland flow. Therefore,
streambed-sediment chemistry is used as an indirect indicator
of surface-water quality because of the close contact between
surface flows and sediment during transport. Contaminants in
the streambed sediment could cause contamination in ground
water or surface water if the contaminants are resuspended in
water or leached from the bed sediment. Furthermore, concen-
trations of trace elements and plutonium and gross alpha and
gross beta activity may be higher in the bed sediment than in
the surface water.

Objectives of Monitoring Streambed Sediment

Streambed sediments were monitored to determine
if concentrations of nitrate, arsenic, cadmium, chromium,
copper, lead, mercury, molybdenum, nickel, selenium, zinc,
organic carbon, gross alpha and beta radioactivity, and plu-
tonium in sediments derived from (or transported through)
biosolids-application areas are significantly higher than in bed
sediments derived from nearby farmland that did not receive
biosolids applications.

Approach for Monitoring Streambed Sediment

Two small drainage basins were selected for comparison
of streambed-sediment chemistry (fig. 1). The basins have
similar physical characteristics, but one basin (known as the
biosolids-applied basin) receives biosolids applications and
is part of the MWRD farming program, and the other basin
(known as the control basin) receives no biosolids applications
and is farmed privately.

A DCP site (with a rain gage) is near the biosolids basin.
The DCP data were transmitted remotely to enable the USGS
to determine when rainfall of sufficient intensity and duration
had occurred near the basins. For sampling to take place, suf-
ficient rainfall was needed to cause the fine-grained materi-
als and dissolved constituents to wash off the hillsides of the
basins into downgradient streambeds.

Paired streambed-sediment samples were collected when
freshly deposited streambed sediment was available from
both the biosolids basin and the control basin at the same time
(after the same storm). The USGS was able to collect only
one paired sample during 2000 despite several attempts. The
USGS determined that at least 0.5 inch of rain in a single hour
had to be received by the tipping-bucket rain gage at DTX2
to cause sufficient runoff in the biosolids-applied basin that a
streambed-sediment sample could be collected. This rainfall
scenario occurred only once in 2000.

Streambed-sediment samples were analyzed for nitrate,
phosphorus, aluminum, arsenic, cadmium, chromium, copper,
lead, mercury, molybdenum, nickel, selenium, zinc, carbon,
gross alpha and beta radioactivity, and plutonium. The radio-
activity analyses were included in response to public concerns
that biosolids radioactivity concentrations could increase from
the transfer of water from the Lowry Landfill Superfund site.
When sufficient storms occur, three to four paired samples per
year are planned. When enough paired samples are collected,
data will be statistically tested to determine if streambed-
sediment chemistry is significantly different between the two
basins.

Site Selection for Monitoring Streambed
Sediment

Several pairs of similar small basins (one on MWRD
property and one on nearby private property) were considered
by the USGS for monitoring. Only small (less than 5-mi?)
basins were considered because (1) the large biosolids basins
did not have a nearby corresponding control basin that had
similar characteristics, (2) the thunderstorms likely to cause
runoff were usually localized and were not likely to affect two
large basins with the same duration and intensity, (3) sampling
is more efficient in small basins because each streambed-sedi-
ment sample is a composite of sediment collected throughout
the basin, and (4) the large basins in the study area are more
variable with respect to geology, soil type, and land use.
Sediment collected from the large basins is more likely to be
affected by this variability and, therefore, may not indicate
effects from biosolids. The criteria used to pair basins included
distance between basins; proximity to a USGS ground-water-
monitoring well that included DCP instrumentation; land use
(farmed); likely accessibility even after severe thunderstorms;
and similar bedrock geology, soil type, aspect, stream order,
channel length, channel slope, relief, and ponding. From
the three basin pairs identified as candidates for streambed-
sediment monitoring (Stevens and others, 2003), the pair on
Badger Creek tributaries (on and near the MWRD’s north
property) was selected. The selected basins are shown as
streambed-sediment sampling areas in figure 1.

Sampling Methods for Streambed Sediment

Before sampling, equipment was field washed with
phosphate-free detergent, rinsed three times with deionized
(DI) water and wrapped in clean plastic bags for transport to
the next site. Trace-element sampling equipment received an
additional rinse with 5-percent trace-element-grade nitric-acid
solution and three more rinses with DI water. Clean sieve
cloth was used for each site. The trace-element equipment
was allowed to air dry and was stored in plastic bags until
use. Stainless-steel equipment (which was not used to pre-
pare trace-element samples) was allowed to air dry and was



wrapped in aluminum foil and stored in sealed plastic
containers.

DCP data transmitted by satellite to the USGS were
monitored daily throughout the year to determine the occur-
rence, intensity, and duration of rainfall in the study area. If
sufficient rainfall in the area of the paired basins was indicated
by the data, the sampling crew visited the sites to determine if
the rainfall had produced sediment transport from the hillsides
to the alluvial channel in both basins. If transport occurred in
both basins, a streambed-sediment sample was collected from
the newly transported sediment in the main-stream channel of
the basin.

Freshly deposited bed sediment from the basins (fig. 1)
was sampled after rainfall runoff by using dedicated equip-
ment for each basin in accordance with the procedures of
Radtke (1997). Bed sediment was collected from the alluvial
channel in each of the selected basins by using Teflon spoons.
The upper 2 cm of fine-grained, wet sediment that collects in
depositional areas was removed, placed in a clean sealable
plastic bag, and transported in a cooler containing ice to the
USGS District laboratory in Denver for processing. Processing
consisted of homogenizing, sieving, and bottling the sample.
For the trace-element sample, the sediment was washed into
an acid-rinsed polypropylene sample jar through a nylon,

0.63 um sieve using DI water. The sediment in the jar was
allowed to settle, and then the clear water was removed from
the top of the sample with a plastic syringe. This procedure
was repeated until sufficient sediment (about 35 g total) was
sieved for the sample. The procedure was repeated using a
2-mm stainless-steel sieve to fill sample containers for
analyses of inorganic and organic carbon (500 g in a 1-L,
baked glass jar), nutrients (20 g in a polypropylene jar), gross
alpha (1 g in a polypropylene jar), and plutonium (150 g in a
polypropylene jar). The samples were labeled and transported
to the USGS NWQL for analyses. Laboratory analyses con-
sisted of nutrients (total nitrogen and total phosphorus), trace
elements (aluminum, arsenic, cadmium, chromium, copper,
lead, mercury, molybdenum, nickel, selenium, and zinc), and
plutonium and gross alpha and gross beta activity.

Analytical Methods for Streambed Sediment

Trace-element samples were analyzed at the USGS
NWQL. Gross alpha, gross beta, and plutonium analyses were
done by Severn Trent Laboratory in Richland, Wash., under a
contract with the USGS NWQL. The analytical methods used
to analyze the streambed-sediment samples and the labora-
tory MRL’s or MDC’s are listed in table 18 (at the back of the
report).

Quality Assurance for Streambed Sediment

Quality-assurance procedures were implemented during
the course of the monitoring program to ensure the quality of
the data. The DI water used in cleaning and sample process-
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ing was monitored for purity according to procedures given

in Horowitz and others (1994). Laboratory and field cleaning
procedures were rigorous and designed to prevent contamina-
tion of samples. Before sample collection, all sampling equip-
ment and materials were cleaned according to standard proce-
dures given in Horowitz and others (1994), Radtke (1997), and
Wilde and others (1998-99).

If results for a particular constituent were questionable,
the sample was reanalyzed by the laboratory. If results from
the second analysis were more consistent with known char-
acteristics of the site or the particular sample, the new results
were used instead of the previous results; otherwise, the initial
result was retained. The analytical quality-assurance practices
and procedures of the NWQL are described in Friedman and
Erdmann (1982).

Sufficient streambed sediment was available for a
replicate sample, so a replicate July 17 sample of the control
site also was analyzed. These data (table 19 at the back of the
report) provide information about variability in the sediment
itself or contributed by field conditions, sampling equipment,
or the laboratory. Other quality-control samples for 2000
included a laboratory replicate, a laboratory method blank,
and a laboratory spike analyzed only for plutonium and gross
alpha and gross beta activity. The laboratory replicate was
used to assess analytical precision. Laboratory blanks were
used to assess contamination bias. The laboratory spike was
prepared by the laboratory by using known concentrations of
a constituent to assess recovery and analytical precision. The
quality-control samples provided information about the bias
and variability contributed by the laboratory but not the bias
and variability contributed by field conditions or sampling
equipment or about the variability of the sediment.

Streambed-Sediment Data

The USGS collected a single paired sample July 17,
2000. Data for these two samples and the replicate are
included in table 19 at the back of the report.

Discussion of Streambed-Sediment
Data

A comparison of the limited sample data with the
replicate data indicates that variability within the sample is
about the same as variability between the basins for this single
paired sample. However, a statistical evaluation is not useful
for the limited data collected.

The radioactivity data are reported in the uncensored
form as received from the laboratory rather than censored by
either the contract or calculated MDC. Relative to the cen-
sored form (data reported as less than the MDC), the uncen-
sored form provides more information about the uncertainty,
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the very small concentrations of plutonium, and the gross
alpha and gross beta activity. The negative activity concentra-
tion reported for one of the radiochemical samples means the
sample count was less than the laboratory background count
for that day. Radioactivity data are produced from instruments
that detect radioactive decay (disintegrations) in a sample as
counts per minute. The background count was subtracted from
the sample count, and the resulting value was converted to
activity-concentration units of picocuries per gram.

The streambed-sediment data in this report should pro-
vide baseline information for concerns about contamination of
the study area from the Lowry Landfill Superfund site water
transfer. No water from the Lowry site was transferred to
MWRD until July 25, 2000, after the July 17 streambed-sedi-
ment sample was collected (table 1 and fig. 2).
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Figure 2 Metro Wastewater Reclamation District biosolids-application areas (METROGRO Farm) near Deer Trail, Colorado, 2000
(from Metro Wastewater Reclamation District).
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933 feet T4S., R.58W., SEC. 22

Control
site

933 feet

\old road T

933 feet

933 feet

Biosolids
application

it 1
site — | — 100-foot

buffer strip

Badger

Control Creek

site

933 feet

933 feet

0 1,000 2,000 FEET
| | |

| | |

0 250 500 METERS

Figure 3. Arapahoe County, Colorado, soil-monitoring site: T. 4 S., R. 58 W., sec. 22
(from Metro Wastewater Reclamation District).
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T6S., R.57W., SEC. 8
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Figure 4. Elbert County, Colorado, soil-monitoring site: T. 6 S., R. 57 W., sec. 8

(from Metro Wastewater Reclamation District)..




Data Section

. o
Locking Cap and Padlock ) _I— Protective Casing................ 6" x 6" x 5' steel cover
InnerWell Cap — | SHOKUP oo 2.24
Vent hole []
Well Development............... completed 1/24/00
Drain
|| ~"Hole / Traffic Pad .coeeeceeeeieeeceeeene 2'x 2' x 4" (concrete)
~ag o O 4 ~ N Shsmg  Borehole Diameter .............. 85/8"
/ Casing Diameter........ccccu... 2"
/] % Material PVC, SCH.40
Well Number: DTXT1 (YT 111 2.2' ALS to 26' BLS; 28'

Project DeerTrail DTX GW
US.G.S 393902103554003 Grout: Material/Mixture ............ Bentonite high-solids Voclay
Project 39°39'02" Setting .oovevvieeirinns 0-23' BLS
Longitude 103°55'40" 2
Local Weisensee Ranch = Plug: Material............ Bentonite Tablets (1/4")

1 _ Setting ...oooveeveenne. 23-24'; 31-34' BLS

== Sandpack: Material .......... Silica sand

cl= o=t Gradation ............ 10/20

== Setting ............ 24-31' BLS

.:;: = = Screen: Material ............ PVC, SCH. 40

== Length............ 1.85'

= = TYPE cerverrens Slotted screen

= = Opening Size............. 0.020"

= =h Setting............ 26-28' BLS

== Coupling............ Threaded

h Sump Length.......... 28-30' BLS; 2.35'

s [ Total Depth of Well......... 30' BLS well; 34' BLS borehole

Figure 5. Well-completion information for U.S. Geological Survey monitoring well DTX11 near Deer Trail, Colorado, 2000
(PVC, polyvinyl chloride; SCH., schedule; ALS, above land surface; BLS, below land surface).
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28 Data for a Biosolids-Application Area near Deer Trail, Colorado, 2000

ALLUVIALWELL Land surface, elevation BEDROCK WELL
DTX7 about 5,074 feet DTX8
1 \ L
11— Ground-water-level
IGround-\évg%eg-g%\ffl — Ground-water-level _— elevation,
elevation, 5,066.95 Teet elevation, 5,066.65 feet 5,071.17 feet
EXPLANATION
Profile of monitoring well
Ground-water level
in well, July 6, 2000
— Screened interval of well
- .
- .
I
DTX8A
- .
- .
- .
DTX8B a.

Figure 10. Water levels for the recharge-evaluation site containing well DTX7 and nested well
DTX8 (includes DTX8A and DTX8B) near Deer Trail, Colorado, for (a) July, (b) August, and
(c) September 2000. (Elevation is in feet above NAVD 88.)



Profile of monitoring well

Ground-water level
in well, August 3, 2000

—— Screened interval of well

_——

-

-

- -

DTX8A
-
-
- -
DTX8B

ALLUVIAL WELL Land surface, elevation BEDROCK WELL

DTX7 about 5,074 feet DTX8

[ ]

—Ground-water-level
Ground-water-level—— Ground-water-level— || ' ue|ev\;vﬁonr v
elevation, elevation, 5,066.85 feet 5071.19 fe'et
5,067.07 feet '
EXPLANATION

Figure 10. Water levels for the recharge-evaluation site containing well DTX7 and nested
well DTX8 (includes DTX8A and DTX8B) near Deer Trail, Colorado, for (a) July, (b) August, and
(c) September 2000. (Elevation is in feet above NAVD 88.)—Continued.
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30 Data for a Biosolids-Application Area near Deer Trail, Colorado, 2000

ALLUVIALWELL Land surface, elevation BEDROCK WELL
DTX7 about 5,074 feet DTX8
1 \ 1
Ground-water-level — Ground-water-level ———Ground-water-level

— elevation,

elevation, 5,066.81 feet elevation, 5,066.42 feet 5.071.16 feet

EXPLANATION

Profile of monitoring well

____Ground-water level

in well, September 3, 2000
— Screened interval of well

DTX8A

DTX8B

Figure 10. Water levels for the recharge-evaluation site containing well DTX7 and nested
well DTX8 (includes DTX8A and DTX8B) near Deer Trail, Colorado, for (a) July, (b) August, and
(c) September 2000. (Elevation is in feet above NAVD 88.)—Continued.
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Figure 11. Water levels for the recharge-evaluation site containing wells DTX9, DTX10, and DTX11 near Deer
Trail, Colorado, 2000.
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Figure 12. Distribution of ground-water constituent data collected near Deer Trail, Colorado, compared to regulatory standards for
selected constituents, 2000—Continued.
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Figure 13. Ground-water concentrations near Deer Trail, Colorado, for selected constituents and selected
wells, 1999-2000—Continued.
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TERMS AND ABBREVIATIONS

The following terms and abbrevialions are used in tables 1-19

bls belony land surface

bmp below the measuring point of the well casing
mi mile

[t [t

hhmm 24-hour time

mmfddyy numerical date Tormal Tor two-digil monthftwo-digil days and the last two
digils of the year

C Celsius

CITl centimeter
degree

in. or " inch

LA/ microsicmens per cenlimeter al 25 Clsius

pH units are the negalive base-10 log of the hydrogen-ion acivity in moles per liter

mg/l. milligrams per liter

nefl micrograms per liter

pCifLL pleocuries per liter

dissolved refers Lo thal fraction of material in a waler sample that passes through a
045-um membrane filter

= greater Lhan

< less than

bk grams per kilogram

mg'kg milligrams per kilogram

pCirg picocuries per gram

nofp MICTOZIAMmS per gram

MAT RS Morth American Dalum 1983
NAYIDD B8 MNorth American Vertical Dalum 1958
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Table 2. Methods used to analyze biosolids and soil samples collected near Deer Trail, Colorado, 2000

Data Section

Element or

Analytical

property Medium method Reference
Arsenic Soils and biosolids HG-AAS! Hageman and Welsch (1996)
Cadmium Biosolids ICP-MS? Briggs and Meier (1999)
Cadmium Soils ICP-AES? Motooka (1996)
Copper Biosolids ICP-MS? Briggs and Meier (1999)
Copper Soils ICP-AES? Briggs (1996)
Lead Biosolids ICP-MS? Briggs and Meier (1999)
Lead Soils ICP-AES® Briggs (1996)
Mercury Soils and biosolids CV-AAS* O’Leary and others (1996)
Molybdenum Biosolids ICP-MS? Briggs and Meier (1999)
Molybdenum Soils ICP-AES? Motooka (1996)
Nickel Biosolids ICP-MS? Briggs and Meier (1999)
Nickel Soils ICP-AES? Briggs (1996)
Selenium Soils and biosolids HG-AAS! Hageman and Welsch (1996)
Zinc Biosolids ICP-MS? Briggs and Meier (1999)
Zinc Soils ICP-AES? Briggs (1996)

Gross Alpha, Total
Gross Beta, Total

Plutonium-238, Total

Plutonium-239+240, Total

Soils and biosolids

Soils and biosolids

Soils and biosolids

Soils and biosolids

Radiological method
Radiological method
Radiological method

Radiological method

Greenberg (1992)

Greenberg (1992)

Whittaker and Grothaus (1979); Lyon (1980)

Whittaker and Grothaus (1979); Lyon (1980)

1I-[ydride Generation-Atomic Absorption Spectrometry.

2Inductively Coupled Plasma-Mass Spectrometry.

3Inductively Coupled Plasma-Atomic Emission Spectrometry.
“4Continuous Flow-Cold Vapor-Atomic Absorption Spectrometry.

0
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Data Section

Table 4. Comparison of radioactivity data from two laboratories for biosolids samples

[Samples were run at two different laboratories for quality-assurance purposes; concentrations in picocuries per gram]

Constituent or
property

Gross alpha

Gross beta
Plutonium-238
Plutonium-239+240

Gross alpha

Gross beta

Plutonium-238

Plutonium-239+240

Data from Acculabs received in 2001 Data from Severn Trent Laboratory
(reported in table 3) received in 2002"
June 2000 biosolids sample
44 + 11 40.2 + 10
23+6 30.1+£5.2
0.00 £ 0.01 0.00 £ 0.02
0.00 £ 0.01 0.00 £ 0.00

NIST Standard Reference Material 2781

34+13,40+11,51x13,37+x 11,60+ 13,44+ 34+9,39x10,45x11
12,42 £ 12

28 +7,27+6,35+6,31+5,28+5,30+5,29 21 +4,23+4,23+4
+5

0.00+0.01, 0.00 + 0.00, 0.00 £0.01, 0.00 £ 0.01,  -0.001 + 0.002, 0.00 + 0.025, 0.00 + 0.024
0.01 +0.02, 0.00 = 0.01, 0.01 = 0.02

0.01 £0.02,0.00 +0.01,0.00 +£0.01,0.00 £ 0.01,  0.001 £ 0.002, 0.00 + 0.027, 0.01 = 0.02
0.00 = 0.01, 0.00 + 0.01, 0.00 + 0.00

Tus. Geological Survey contract laboratory used for all U.S. Geological Survey water resources radiochemical analyses in 1999

through 2002.

Table 5. Trace-element data for wheat whole-plant samples collected from the soil-monitoring sites near Deer Trail,
Colorado, September 2000

[All data in milligrams per kilogram; <, less than]

Arapahoe County site Elbert County site
Element (c'::tr::I) (bl\i,:;::'lizs (csc;l:::n (cﬁﬁﬁﬂn ‘b“i,:;::'l;s (i?ul:;)
field app;:ce?\;.on) field field app:'ice‘;‘;w") field

Arsenic 0.12 0.15 0.8 <0.05 <0.05 <0.05
Cadmium 05 13 14 03 03 02
Copper 54 5.8 54 5.5 4.0 4.0
Lead 17 30 37 06 04 07
Mercury 006 005 008 006 007 006
Molybdenum 86 86 79 171 1.06 1.08
Nickel 94 1.20 125 51 45 44
Selenium 62 44 36 1.70 40 16
Zinc 17 15 15 21 15 16

43
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Table 6. Trace-element and radioactivity data for wheat-grain samples collected from the soil-monitoring sites
near Deer Trail, Colorado, September 2000

[mg/kg, milligram per kilogram; pCi/g, picocuries per gram; <, less than; #, plus or minus the analytical uncertainty]

Arapahoe County site

Elbert County site

Element or South Middle North Middle South
property (control) (bl({soll_ds (control) (bl({soll_ds (control)
field application) field application) field
field field

Arsenic, mg/kg <0.05 <0.05 <0.05 <0.05 <0.05
Cadmium, mg/kg .03 .04 .02 .02 .02
Copper, mg/kg 5.1 6.6 4.9 4.8 4.5
Lead, mg/kg .01 .02 <.01 .01 <.01
Mercury, mg/kg <.004 <.004 <.004 <.004 <.004
Molybdenum, mg/kg 43 .80 .70 51 .61
Nickel, mg/kg 74 1.35 43 .50 .50
Selenium, mg/kg 41 1.4 2.1 .64 .38
Zinc, mg/kg 20 20 26 25 22
Gross Alpha, pCi/g -- -- 11 1+-1 1+-1
Gross Beta, pCi/g -- -- 6+-2 6+-2 S5+-2
Plutonium-238, pCi/g - -- 0.00 =-0.03 0.00 =-0.01 0.00 +-0.01
Plutonium-239+240, pCi/g - -- 0.00 =-0.00 0.00 =-0.00 0.00 +-0.01

Table 7. Trace-element data for millet-grain samples collected from the Arapahoe County soil-monitoring site
near Deer Trail, Colorado, September 2000

[in milligrams per kilogram; <, less than]

Arapahoe County site

Middle

Flemen (comtrol) blosolds. (contrl
field field field
Arsenic 0.07 0.04 0.06
Cadmium .05 .05 .06
Copper 7.0 7.1 7.4
Lead 21 .02 .06
Mercury <.004 <.004 <.004
Molybdenum 73 78 .65
Nickel 6.4 6.5 53
Selenium .26 24 27

Zinc 22 19 21
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Table 8. Methods used to analyze ground-water samples collected near Deer Trail, Colorado, 2000

[MRL, minimum reporting level, and dilutions for samples having high specific conductance may result in higher MRL'’s for some samples; MDC, minimum
detectable concentration (radiochemical samples); ICP, inductively coupled plasma; AA, atomic absorption spectrometry; MS, mass spectroscopy; ASF,
automated segmented-flow spectrophotometry; IC, ion chromatography; iS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per
liter; ug/L, micrograms per liter; GF, graphite furnace; pCi/L, picocuries per liter]

Property or constituent Units Analytical method M“;n";g r Rl\élf:tr::ﬁge
Major ions and mineral characteristics
Specific conductance, lab uS/cm Wheatstone bridge 2.6 Fishman and Friedman (1989)
pH, lab units Electrometric electrode 0.1 Fishman and Friedman (1989)
Calcium, dissolved mg/L ICP 0.02 Fishman (1993)
Magnesium, dissolved mg/L ICP 0.014 Fishman (1993)
Sodium, dissolved mg/L ICP 0.09 Fishman (1993)
Potassium, dissolved mg/lL. AA 0.24 Fishman and Friedman (1989)
Acid-neutralizing capacity, lab as CaCOj3 mg/L  Electrometric titration 1 Fishman and Friedman (1989)
Sulfate, dissolved mg/L IC 0.31 Fishman and Friedman (1989)
Chloride, dissolved mg/L IC 0.29 Fishman and Friedman (1989)
Fluoride, dissolved mg/L. Colorimetry, ASF, ion-selective 0.1 Fishman and Friedman (1989)
electrode
Bromide, dissolved mg/L Colorimetry, ASF, fluorescein 0.01 Fishman and Friedman (1989)
Silica, dissolved mg/L  Colorimetry, ASF, molybdate blue 0.09 Fishman (1993)
Dissolved solids, residue at 180°C mg/L. Gravimetric 10 Fishman and Friedman (1989)
Nutrients
Nitrite plus nitrate, dissolved as N mg/L  Colorimetry, ASF, cadmium reduc- 0.037 Fishman (1993)
tion, diazotization
Nitrogen, ammonia, dissolved as N mg/L  Colorimetry, ASF, salicylate- 0.029 Fishman (1993)
hypochlorite
Nitrogen, ammonia plus organic, total as N mg/L  Colorimetry, ASF, microkjeldahl 0.1 Unpublished
digestion
Nitrogen, ammonia plus organic, dissolved mg/L Colorimetry, ASF, microkjeldahl 0.1 Patton and Truitt (1992)
asN digestion
Phosphorus, total as P mg/L  Colorimetry, ASF, microkjeldahl 0.05 Patton and Truitt (1992)
digestion
Phosphorus, dissolved as P mg/L  Colorimetry, ASF, microkjeldahl 0.05 Patton and Truitt (1992)
digestion
Trace elements
Aluminum, dissolved as Al ug/L  ICP-MS 1 Faires (1993)
Antimony, dissolved as Sb ng/L  ICP-MS 1 Faires (1993)
Arsenic, dissolved as As ug/L Hydride generation 2 Jones and Garbarino (1999)
Barium, dissolved as Ba ug/L  ICP-MS 1 Faires (1993)
Beryllium, dissolved as Be ug/L  ICP-MS 1 Faires (1993)
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Table 8. Methods used to analyze ground-water samples collected near Deer Trail, Colorado, 2000—Continued

[MRL, minimum reporting level, and dilutions for samples having high specific conductance may result in higher MRL’s for some samples; MDC, minimum
detectable concentration (radiochemical samples); ICP, inductively coupled plasma; AA, atomic absorption spectrometry; MS, mass spectroscopy; ASF,
automated segmented-flow spectrophotometry; IC, ion chromatography; puS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per
liter; ug/L, micrograms per liter; GF, graphite furnace; pCi/L, picocuries per liter]

Property or constituent Units Analytical method M“I;[I;g r R“:f::[;zge
Boron, dissolved as B ug/L  ICP-MS 16 Struzeski, DeGiacomo, and
Zayhowski (1996)
Cadmium, dissolved as Cd ug/L  ICP-MS 1 Faires (1993)
Chromium, dissolved as Cr ug/L  GF AA 0.8 McLain (1993)
Cobalt, dissolved as Co ug/L  ICP-MS 1 Faires (1993)
Copper, dissolved as Cu ug/L  ICP-MS 1 Faires (1993)
Iron, dissolved as Fe ug/L ICP 3 Fishman (1993)
Lead, dissolved as Pb ug/L  ICP-MS 1 Faires (1993)
Manganese, dissolved as Mn ug/L  ICP-MS 1 Faires (1993)
Mercury, dissolved as Hg ug/L Hydride generation 0.2 Fishman and Friedman (1989)
Molybdenum, dissolved as Mo ug/L  ICP-MS 1 Faires (1993)
Nickel, dissolved as Ni ug/L  ICP-MS 1 Faires (1993)
Selenium, dissolved as Se g/l Hydride generation 24 Jones and Garbarino (1999)
Silver, dissolved as Ag ug/L  ICP-MS 1 Faires (1993)
Strontium, dissolved as Sr ug/L  ICP-MS 1 Fishman (1993)
Zinc, dissolved as Zn ug/L  ICP-MS 1 Faires (1993)
Radioactivity
Uranium, natural dissolved ug/L  ICP-MS 1 Faires (1993)
Plutonium-238, total pCi/L Alpha spectrometry 0.1* Not Available
Plutonium-239+240, total pCi/L Alpha spectrometry 0.1* Not Available

*Contract required MDC; reported value may be lower depending upon the sample.
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Table 9. Lithologic description for well DTX11 in 2000 near Deer Trail, Colorado

[Description from geologist’s notes; cm, centimeter; bottom 6 feet of borehole sloughed with wet, sandy
silt before well could be completed]

Depth Source Description
of
below . of
informa- -
land surface X material
tion

0-20 feet Core Medium-brown and dark-brown, dry, silty clay grading
into damp, medium-brown, sandy silt.

20-23 feet Core Wet, brown silt and very fine-grained sand.

23-24.3 feet Core Dry, hard, orange clay grading into very dark gray clay;
some small shale pebbles and sandstone fragments.

24.3-28 feet Core Very wet, granitic, interbedded coarse sand with pebbles
and wet, gray, fine-grained sand and silt.

28-38 feet Core Wet, mostly gray, fine-grained sand and silt with a few
thin (less than 1 inch) beds of coarse granitic sand and
pebbles.

38-40 feet Core Dry, crumbly, gray and black striped bedrock (very fine-

grained sandy silt interbedded with shale) grading into

dry, crumbly, black shale.
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Table 12. Field-parameter data associated with ground-water sampling near Deer Trail, Colorado, 2000

[UuS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter, --, no data because equipment malfunctioned]

Water level
Sample Specific pH, field Water befo_re Oxygen,
Well Sample date time condu_c- (stan- temperature sampling, dissolved
(mm/dd/yy) (hhmm) tance, field da_rd (degrees depth be_low (mg/L)
(uS/cm) units) Celsius) measuring
point (feet)
DTX1 01/10/00 1345 4,200 7.0 11.1 7.84 0.50
DTX1 04/14/00 1220 4,210 7.0 11.3 7.46 0.52
DTX1 07/07/00 940 4,310 6.7 11.1 8.92 0.62
DTX1 10/17/00 1200 4,060 7.1 12.3 9.80 0.41
DTX2 01/10/00 1520 4,300 6.9 10.1 7.24 0.90
DTX2 04/14/00 1345 4,320 6.9 11.0 7.16 0.76
DTX2 07/07/00 1050 4,510 6.6 12.1 9.16 0.88
DTX2 10/17/00 1005 4,210 6.9 12.5 8.86 0.90
DTX3 01/10/00 1035 1,450 7.0 10.8 8.85 2.7
DTX3 04/11/00 1015 1,840 6.9 9.8 9.17 3.24
DTX3 07/10/00 1030 2,130 6.6 12.4 9.70 3.56
DTX3 10/11/00 1030 2,050 7.0 14.6 10.24 324
DTX4 01/06/00 955 3,000 6.6 10.1 7.93 0.90
DTX4 04/11/00 1145 3,070 6.7 8.7 7.25 1.07
DTX4 07/11/00 1010 3,210 6.4 11.6 10.12 1.33
DTX4 10/11/00 1215 3,180 6.7 14.5 12.51 0.96
DTXS 01/06/00 1310 2,950 6.8 10.8 9.78 0.90
DTXS 04/11/00 1345 2,820 6.9 10.3 9.65 0.90
DTXS 07/11/00 1150 3,100 6.6 12.5 10.80 1.23
DTXS 10/16/00 1015 2,950 6.8 12.6 11.97 1.07
DTX6 01/06/00 1530 4,150 6.9 11.7 21.66 0.80
DTX6 04/14/00 1000 4,380 7.0 12.7 21.11 1.01
DTX6 07/13/00 1300 4,500 6.7 13.5 21.90 1.35
DTX6 10/11/00 1400 4,290 7.0 13.4 22.49 1.00
DTX8A 01/13/00 1315 1,850 7.4 114 7.97 0.40
DTX8A 04/13/00 1415 1,850 7.3 15.4 7.54 --
DTX8A 07/10/00 1505 1,950 7.2 18.8 9.47 0.62

DTX8A 10/16/00 1435 1,830 73 15.1 9.58 0.95
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Table 12. Field-parameter data associated with ground-water sampling near Deer Trail, Colorado, 2000—Continued

[LS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter, --, no data because equipment malfunctioned]

Water level
Sample Specific pH, field Water befo_re Oxygen,
Well Sample date time condu_c- (stan- temperature sampling, dissolved

(mm/dd/yy) (hhmm) tance, field da_rd (degl:ees depth be_low (mg/L)

(uS/cm) units) Celsius) measuring

point (feet)
DTXI10A 01/11/00 1130 3,150 7.0 13.2 12.95 0.20
DTX10A 04/17/00 1415 3,120 6.9 17.0 13.03 0.42
DTXI10A 07/13/00 1020 3,220 6.8 20.2 13.42 0.26
DTX10A 10/18/00 1040 3,070 7.1 16.2 13.12 3.04
D6 01/11/00 1355 16,000 7.0 12.0 9.35 0.30
D6 04/13/00 945 16,600 6.9 11.7 9.31 0.77
D6 07/11/00 1345 17,500 6.7 13.4 9.44 0.98
D6 10/12/00 1300 16,100 6.9 12.7 9.54 0.70
D13 01/12/00 1005 1,460 7.0 8.5 7.46 0.50
D13 04/17/00 1115 1,390 7.0 9.0 6.59 0.44
D13 07/07/00 1230 1,500 6.8 13.2 8.13 0.76
D13 10/16/00 1215 1,670 7.1 13.8 8.47 1.52
D17 01/07/00 1500 470 7.5 12.1 10.99 1.50
D17 04/10/00 1415 480 7.4 12.3 10.84 2.46
D17 07/06/00 1320 540 7.3 14.1 11.11 1.74
D17 10/10/00 1245 480 7.6 14.4 12.65 0.49
D25 01/12/00 1245 4,300 7.0 11.8 10.32 0.40
D25 04/10/00 1615 4,260 6.9 11.3 10.23 0.66
D25 07/06/00 1500 4,620 6.8 13.2 10.69 0.71
D25 10/10/00 1455 4,910 7.1 13.8 8.81 0.39

D29 01/07/00 1130 4,020 6.7 17.6 154.41 3.0

D29 04/10/00 1215 3,940 6.5 20.0 154.35 3.51
D29 07/06/00 1105 4,090 6.5 23.1 154.35 1.74
D29 10/12/00 1110 3,960 6.6 20.8 154.19 1.08
D30 01/11/00 1600 4,870 6.9 10.7 5.10 0.30
D30 04/13/00 1200 5,060 6.8 10.2 4.75 0.49
D30 07/10/00 1245 5,110 6.7 12.1 6.07 0.59

D30 10/12/00 1450 4,960 7.0 14.4 5.38 0.40
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Data Section
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Data for a Biosolids-Application Area near Deer Trail, Colorado, 2000

Table 16. Etatistical cormparizon of median concertrations for selected chemical constitusnts in ground-water
samples collected near Deer Tral, Colorado, 1998-2000,

and lowwest applicable water-quality standard

|-- not eampuied o nel gpplicable ; sandard iz fram Calsmade Depaiment of Public Health ood Environment 19575 HL healeh-bassd standard:
A agricukural standand ; E valee estimobad by lnbaratory: * walue estinaied hacoss viriance was zero]

Probability that

IHlini murn Maximum edian :
Samplf.- 5-i:IE ground-water  ground-water  ground-water Colorado Type of .:.:.:: :;:i::n
Wil for statistical  walue ussd for  walus used for  walue used for r=qulatory
comparison statistical statistical statistical nE M At standard ﬂcﬂ'lj t:j tew
comparison!  companison companison’ r;‘i:;ﬂn;}l
Nitrule® imgll. ns X
& 5 11 4.5 12 10 I 0.541]
113 T EATH] RIELY 025 10 H 0TS
oy 5 LT 5.08 260 10 I 3a
25 T 23 T4 id 1 H 0TS
24 5 RITH] 03 023 10 I 3a
[REK 8 RITH] Rilc O1R 10 H 3a
DTX1 T 1.1 2E 129 10 I 0TS
DX 10A 8 EATH] A5 018 1 H .03a
nTX2 5 18 05 o2z 10 I 3a
TX3 8 EATH] 4.3 i3 10 H 3a
DX 5 L8 .52 24 10 I 03a
DTXS 8 EATH] .1 018 1 H 3a
DTX6 5 22 i 25 10 I 3a
DTXEA 8 EATH] 06 018 10 H .3a
Arsenic? gl ms Ax)
D5 8 1 3.2 23 5 H 3a
I3 5 15 1 1 5 I 3
o7 5 1 2 1.35 5 H 03a
L25 5 2 fi 27 5 I D352
29 8 [i5 2 1 5 H 3a
D30 k. 15 27 1 5 I 3
DTX1 8 1 5 .05 5 I 3a
DTX10A 5 K15 l 1 5 I 03a
oTX2 8 L35 2 .15 5 H 3a
DTX3 5 L5 1 1 5 I 3
x4 5 [i5 2 1 5 H 03a
DTXS 5 L5 1 1 5 I .3
DTX6 8 L5 22 1 5 H 3a
DTXEA k. 15 1 1 5 I 3
Cuclminm® ipgLL ns Cili

[k 5 A 35 2 5 I 03a
I3 5 0022 0.5 0.5 5 H 3a
17 k. L5 A 5 5 I 03a



Tahle 16.

Data Section

Statistical comparison of median concentraticns for selectad chamical constituerts in ground-water
samples collected near Deer Trail, Colorado, 19892000, and lovwest applicable water-qudity standard—Continued

[ -- not compuisd of polapplicablz : sandord is from Calorade Depanment of Public Health and Emvirooment (19975 H. health-based standand:
A, agriculwrml sandord: E valee estimated by lnbamiory; #, value estimated because virianee was zero|

Frobability that

Minimum Ilaximum MMedian :
Sample size  ground-water  ground -water  ground-eeater Type of the medla!n
Well for statistical  walue used for walue used for  value used for Faimeeda requlatory ki
comparison 51:.5|:i51.ica| : 5I:ati:-|:.i|:a| : 5t.5ti5|:.ica| : il standard eﬁ;ﬁ:ti:ht
comipanson COmiparison o miparisan :-t.andard!-
l'nl]lﬂillm:‘ll.l.&r[. ns Cdj--Cantinued
D25 B 3 1.5 1 3 I Ea
29 B ENEYH] 1 1 5 H NI
(BRI kS a7 1 3 5 I Ea
TXl B 5 1 1 5 H aEa
DTX10A B 05 1 JI5 5 I 03a
rrx2 B 5 1 1 5 H aEa
rX3 S L5 5 S 5 I Ea
rxa B . 1 1 5 H Ea
LrIXs B A5 1 1 3 I K039
X6 B . 1 1 5 H Ea
DTXEA kS L5 5 3 5 I 0Ea
Chraminm (pg'l oz Cri

s kS 4 15 5 1063 H, A a3a
(K] B 4 11 A5 1063 H, & Ea
(K10 S 4 | 4 1040 H, A 39
125 B A 27 .55 1063 H, A Ea
29 b 4 15 5 1063 H, A .34
(RELI] B 4 0.5 45 1060 H, A aEa
Xl B 4 14 5 1063 H, A 039
DTXI0A B 4 5T 15 LT H, A &g
rrxz B | 11 T 1063 H, A a3a
DX B 4 13 5 1063 H, & Ea
I B A4 11 .75 1040 H, A 39
DTXS B A 82 M5 1063 H, A Ea
I B A4 11 1.1 1063 H, A 3a
DTXEA B 4 B A5 1060 H, A Ea
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84 Data for a Biosolids-Application Area near Deer Trail, Colorado, 2000

Table 16. Statistical cornparison of median concertrations for selected chamical constitusnts in ground-water
samples collected near Desr Tral, Colorado, 1988-2000, and lowwest applicable watsr-quality standard—Continued

|-= not compuied or nol ppplicable ; sandard is from Colorado Depanment of Public Health ood Envimonmen €1957; HL healih-based saandard;
A aericukural standand; E value estimobad by laboraiory: *. value estimaied becnse viriance was zero|

Probability that

I&lini mum Maximum e ian -
Sampls size  ground-water  ground-water  ground-water Type= of the medl.:!n
Wil for statistical  walue used for  wvalue used for walue used for i regulatory HIRSolEn
omparison statistical statistical statistical skl standard Ex:ﬂlli tti il
comparison’'  compafson'  companson’ r;gﬂ:;ﬂr;}'
Capper (pg/l. oz Cin
DG 5 5 ] il 20 A .03a
(K] ] 8 2 4 25 200 A .3a
o7 E 05 1 215 200 A .03a
125 5 T 11 o 200 A .3a
29 E G 10 T35 200 A .03a
RN 5 5 15 S 200 A .3a
Xl kS G 14 B35 20 A .03a
(ENRALIEY 5 i i 55 200 A .3a
rxz B 5 11 T 20 A .03a
X 8 2 5 i 200 A .3a
IrX4 E 4 k. G 200 A .03a
DTXS 5 4 8 6.5 200 A .3a
TXG E G 14 B35 200 A .03a
DTXEA 5 3 4 2 200 A .3a
Lend® i pg/L ns Phi

16 5 5 A5 2 A 5 .3a
(K] ] kS 5 .5 5 A H L0344
7 5 5 5 5 S 5 3ae
125 kS 5 1.5 1 S H .34
29 5 5 1 1 A0 I .3a
REK kS 5 1 5 S H .34
Xl 5 5 1 1 S 5 .3a
(ERRAEY kS 5 1 .75 S H .34
rrx2 5 5 1 1 A 5 .3a
rrxa b 5 5 5 1] H 3ad
XA 5 5 1 1 S 5 .3a
TXS kS 5 1 1 S H .34
X6 5 5 1 1 A0 I .3a
ITXEA kS 5 5 5 S H .03ad



Table 16. Statistical comparison of median concantrations for s=lected chamical constitusnts in ground-water
samples collected near Deer Trail, Colorado, 1999-2000, and lowwest applicable water-quaity standard—Continued

[-- not compuksl or polapplicable @ standod is from Coloradoe Depaiment of Public Health and Emvircoment £ 1997 H. healily based standand:
A ngriculuml sandord: E value esiimated by Inbaratory: #, value esiimaisd hecause virianee was zero |

Data Section

Minirmium Klaximiurm Median F'n:-habilit-,: Haat
Sample size ground-water  ground -weater  ground-weater Type of e medla!n
Well for statistical  walue us=d for  walue used for walu= used for i requlatory kit
oM parison :-tal:i:-1.in:al : :-I:atisl:_i.:al 1 :-tal:i:-l:.ical : el anid standard ﬁ;;ﬁ:ﬁi:he
Compaison camparison O mparison mndard!
Merenry (pgfL. ns Hg)
5 5 [ 32 N 2 H RLTER
D13 5 0s N N 2 I 39
T 5 ) N N 2 H RLTER
25 5 o5 N N 2 I 3G9
1224 5 ) N N 2 H RLTER
230 5 o5 N N 2 I 39
X1 5 ) A N 2 H R
DTX10A B .05 N N 2 I K39
rX2 5 [ N N 2 H RLTER
RN B 0os 0.1 0.1 2 I 39
TXa 5 ) N N 2 H RLTER
DTXS 5 o5 N N 2 I 3G9
TXG 5 ) N N 2 H RLTER
DTXEA kL o5 N N 2 I 39
Maolylsle mum’ (gL ns Mo
[ & 5 4 335 -6 - =
13 3 5 | 1 --f - -
17 B 0 T i -6 - -
1125 B B 14 105 -8 - -
[329 B 5 | 1 -6 - -
13301 B | 4 25 -8 - -
[TX1 & 5 7 55 -6 - -
DTX10A 5 5 i 1 -8 -- --
X2 5 | 2 1 -6 - -
LT3 3 5 | 1 --f - -
[TXd B | | 1 -6 - -
OTXS S | | 1 -8 - -
[TX6 B 5 | 1 -6 - -
DTXEA (3 5 2 5 -8 - -
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86 Data for a Biosolids-Application Area near Deer Trail, Colorado, 2000
Table 16. Statistical cormparison of median concertrations for selected chemical constitusnts in ground-water
samples collected near Desr Tral, Colorado, 1989-2000, and lowwest applicable watsr-gquality standard—Continued

|--. not campuied or net gpplicable ; sandard i= from Colomde Depanment of Public Health od Environment € 19579 HL healthbassd standard;
A agricukoral sandand ; E value estimobal by lnbaraiory: . valoe estimaled hecose yorianoe was soro|

Frobability that

[Alini mum Maximum Median :
Samplf_- 5.i:li:' ground-water  ground-water  ground-water Colorado Type of :n:-hn: :;:i:zn
Wil for statistical  walue ussdfor  walus used for  walue used for requlatory
comparison statistical statistical statis tical ity standard e:-:.:ee.lj ttdn X
comparison’  companison!  companison’ :3:;“;}
Nidkiel tpgfle s il
(RIE 5 [ 23 12 LK) 5 3a
(K] ] ] ] 10 4 103 H 34
(K1) | 5 2 1 LK) I 3a
125 E> 4 -] 6.5 103 H 34
29 5 5 24 15 [T} I 3a
RN ] 2 15 12 1063 H 34
Xl 8 1 il i} ([T I 034
(ERRATIEY ] 1 21 6.5 10 H i34
Irrxz 5 ] 25 14 LK) 5 3a
IFrxa ] ] g 3.5 103 H 34
XA | 5 il 12 LK) I 3a
IFTXs E> 5 45 11.5 103 H 34
X6 5 5 4 f [T} I 3a
IFTXEA ] 0.5 L&) 3 1063 H 34
Seleniom (pg'l. ns &)

I35 5 5 17 8.4 20 A 34
(K] ] | 5 1.7 1.1 20 A 3
(E10) S 75 g 83 20 A i34
125 B 1 f 27 20 A .3
29 5 5 33 1.35 20 A 34
(R | 5 4.9 12 20 A 34
Xl 8 1 509 255 20 A 34
(RN LIEY 8 5 2 1.2 20 A 3
rxz ] 5 43 1.55 20 A 3a
IFrx3 5 1 16,5 14.05 20 A 034
I¥TX4 S 1 1.4 2 20 A i34
XS 8 5 i3 1.2 20 A .3
X6 5 5 .1 i35 20 A 34
IFTXEA 8 5 1.2 1.1 20 A 34



Data Section

Table 16. Statistical companscn of median concentrations for sslected chemical constitusnts in ground-svater
samples collected near Deer Trail, Coloredo, 15999-2000, and lowwest applicable water-quaity standard—Continued

[ -~ not compuisl or potapplicable @ standord is from Calorade Depaiment of Public Healih and Emvircoment £1997%; H. healt-based standand:
A, ngriculinml standord: E volue estimaied by labamiory; #, value esimaisd hecause viriance was xero |

Minirmum [aximurm Median PMhﬂblht"': Rkt
: the median
Sample size ground-water  ground -weater  ground-eeater Type of :
e Colorad o conosntration
Well for statistical  walue used for  walue used for walus used for requlatory
2 313 TE 2EP standard emceeed the
com parison atatiztical statistical atatistical standard R
oompanson Comiparison OO TP arison 'tEndard!-
Fincipgfl. s En)

I35 B 5 53 k1] 2,000 A 039
(K] ] 8 A i 1.75 2.000 A 3
7 8 5 5 5 2,000 A ELIERE
125 B 5 25 T 2.000 A 39
n2a 8 B 19 11 2000 A RLTER
&0 B 4 ] 6.5 2,000 A 39
Xl B 1 B i 2000 A R TER
(RN A LIEY 8 2 1a 4.5 2,000 A [x3a
X2 B 1 o i3 2,000 A 039
DTG B 1 25 2 2.000 A 39
X4 B L &} 1 2,000 A ETER
IrTXs B LY T 1 2.000 A 39
TG B 5 T (& 2000 A L TER
ITXEA 8 15 2 2 2,000 A Eg

"u mw of the values nssd in the sintisticnl comparison were derived From concentrtions that ane less than the minimum reporting limil
and therefare were sl equal to one-half the minimum reporting imit.,

“Value is | mirus the povalue resulting from o one-iniled SignTest iHzlsd and Hirsch, 15957, advich is used o indicaiz the level of sialis-
tical evidenos that seledel constiuent concenimtions oe significanily greater thoo regu bitoey siandocds, A& valoe closs o 10 indicobes more
evidance that the medion concenimtion excesdal the stnxdard, wherens a value chase o Dindicotes linle evidence thit the median concentration
exceaded the sinndarl. The pereent confidence of the test con be determined by subiractiog the p-value fom 1 and muliiplying by 100, Far
|.':|:||n'|'\-L'- il the povalue is 0100, |-pis 08900, @oibe mecdion concenirotion is -J,r-.'-JI...'th.'m il regulatory sinnclard with 8- pereent confickenoe,

IZI.|I.'| comparsl b s ares for nilnie [||II5 nitrake, Kesulls inedicake milrike i o minor componenl.

|]ur||'h|_ 2000, standard was a proposed maximum conbiminmi ksl

“A dota were e thon labornkary minimam repating limil, @ccepd for one valos (063, Minioom reporting limils were somelimes
greater thoo the wober-gqualivy stocdard,

f:.\ll il were Jess thon liborsiory minimum reporting limiil. Laboratory minimum reperting limit is less than the saier-gualiiy siandard.

Mo regulibory standand for this constiluent.
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Data for a Biosolids-Application Area near Deer Trail, Colorado, 2000

Tabl= 17.

selected corstituents in groundbwater samples collected near Ceer Trail, Colorado, 199E-2000

Slatisticd evaluation of monotonic time-series trend using the Kendall's tau comelation cosfficient for

[Cinly valnes in bald indicobe satistically significant wends. For this rzport. the Kendall's o stavistic (Helsel aed Hiesch, 19955 i used as an indi-
cator af monatanic cormelation between concentration and lime. By this method, posiche values of Kendall's @ indicoie upraond tiends and nega-
tive values indicate doanword rends. Kencdall's 1o is 0 mmber between -1 and 1 tha indicates increasing siremgih of the correlition A povalie is
listed 1o indicalz the level of sgniliconee of the comelition; -- not computed |

itrat= Brz=niic Cadrmiurn C hrormiurn Copper Le=ad
W=l Tau psalue Tau p-value Tau p-walu= Tau p-value Tau p-value Tau wﬁ;t
D THE T 107 EGT -428 174 - 643 ] = 535 -l -t
13 238 548 438 1M ! gt -.571 A6 0% Lom b
17 214 S36 -428 am ! 21 6T A8 J14 s ' !
1125 438 2[00 071 any - _ - 250 AE 250 45 - ]
[ = ok a7 anz - = - WA 3B 0% Lom b
133 LG0T 4R S - 2 - S s 071 amr =t
LTX A48 1000 a7l any - = -571 AR3 428 am =t
TR I08 - = 35T oG - = ~0% 1000 -1m s ! ]
LTX2 BT S [ 42 T - = - 60T A8 @ 25 - !
[TX3 214 &I -] 5 2k i} -214 535 k- IS s G e,
T4 S0 108 0 Lom o - = - 286 ams ool Lom -
DTXS -AGE 138 428 1M ! 1 - 750 013 071 [ st
[T S350 SR Aab 3w - =4y ATl a2 214 s[5 -1 D
DTXEA 607 maE - It - e} = < Jor B !

lsl=roury lelalybd=num Michel SeEn um £inao
Well ~ Tau pewalue ~ Tau p-walus= = Tau pevalus= Tau p-walus ~ Tau pewalus
D - -t = X" -107 B4 A6l L1358 A71 a0
13 = = A3 T Tl apz - ot -071 a0z
17 --' ) 107 AL <00l 100 - A |- - 3
1125 ik e -251 488 -.1TH A2l 036 1.0 ek I £
(e AST 6 -1T& .62 -A6d 138 Aad NES A07 om0
1130 2 2 «00l 100 380 ASE A2E AT4 ST VBN 1
LT 1 - o ATR 026 214 536 214 536 2BG 3B
TR I0s - 4 428 T - 464 134 250 AmH -3A5T 266
DTX 2 = e, 2BG  .3BG 143 710 Aad 138 071 a0
[TX3 2] 2 -321 333 214 536 250 AE AT a2l
DTX4 - = 2001 1000 -303 216 643 J3E 143 LTI
DTXS e} 4 «00l Lo - 143 T10 A28 AT 0% 100
[T 22 e, - 2B RE -321 e 250 AR -325 AR
DTXEA - = -28 AR -1TH For] R ot 10T A

! Mo concentrations were gremer than the hiborstory minimum reporting limil,



Data Section

Tabls 18. Nethods used to analyze streambed-sediment samples collected near Desr Tral, Coloradao, 2000

[Samiphe were aralyed al the Mationasl Water Quality Labaratony in Damer, sxeept for corstilnents fasinoled; MEL minimum repoting level:
WM, minimum detedable conceptration Cmdiochamical snmplesi; P, inductnely conpled plosma; GEAS, grophile lurmace alomic absorplion;
A alomic nlsorpion; ASF, miomnks] sepmenied-llea speciropholometry; #, nol opplicable: mekg, milligrams per kilogram: pgfe. micro-
prams per gram: gikg grams par kiksgram: pOéVe, picocuries per gram|

Property or Constitusnt Units Analytical method r"':'?lli;r
MNutrients
Milrogen, mmmonia plus onzan it mp'kg Calotimetry, ASE, salicvlate- hyvpochlanie :
Phisphorus, woal as P meky Colrnimeiry, ASE phosphomolybdaie 401
Trace elements
Adurminmom M P 25
Arsenic Hada GEAA 1
Crlmium Hada A .1
Chromium Mg A 4
Ciopper Mgz L 2
Lend Mg W .
Mercury M A manoal okl vapor il
Maobybcdenum Hada A .1
Mickel Hgfa A .
Selenium Mg A, Hydrick genemtion, ASE 1
Finc Mg Al il
Curhoms
Inorganic carbon ofkg Conlimetric 2
Organic carbon kg Wet eecication 2
Tl carbon kg Incuction fumace iLeco) .1
Kadiouctivity

Ciress :|I|1I|.1! Midg Thotium-230 :
Ciross bein” Mg Cesinm- 137 !
Plutoni um- 235 rifa Alphn specirometry !
Pluionium-2394 2408 plifg Alpha specirometry .

D hmalyses done by Somem Trerd Lahoratory in Arvada Culorack, MREL calorbaied for each sample.
© fnalyess done by Sovern Trent Labaratory in Richlind, Washington. MDC colou lied for sach sample,

89



Data for a Biosolids-Application Area near Deer Trail, Colorado, 2000
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