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Major- and Trace-Element Concentrations in Soils from
Two Geochemical Surveys (1972 and 2005) of the Denver,

Colorado, Metropolitan Area

By James E. Kilburn," David B. Smith,' L. Graham Closs,? and Steven M. Smith'

Introduction

This report contains major- and trace-element concentra-
tion data for soil samples collected in 1972 and 2005 from
the Denver, Colorado, metropolitan area. A total of 405 sites
were sampled in the 1972 study from an area approximately
bounded by the suburbs of Golden, Thornton, Aurora, and
Littleton to the west, north, east, and south, respectively.
This data set included 34 duplicate samples collected in the
immediate vicinity of the primary sample. In 2005, a total of
464 sites together with 34 duplicates were sampled from the
same approximate localities sampled in 1972 as well as addi-
tional sites in east Aurora and the area surrounding the Rocky
Mountain Arsenal. Sample density for both surveys was on the
order of 1 site per square mile. At each site, sample material
was collected from a depth of 0-5 inches. Each sample col-
lected was analyzed for near-total major- and trace-element
composition by the following methods: (1) inductively
coupled plasma—mass spectrometry (ICP-MS) and inductively
coupled plasma—atomic emission spectrometry (ICP—AES)
for aluminum, antimony, arsenic, barium, beryllium, bismuth,
cadmium, calcium, cerium, cesium, chromium, cobalt, copper,
gallium, indium, iron, lanthanum, lead, lithium, magnesium,
manganese, molybdenum, nickel, niobium, phosphorus, potas-
sium, rubidium, scandium, silver, sodium, strontium, sulfur,
tellurium, thallium, thorium, tin, titanium, tungsten, uranium,
vanadium, yttrium, and zinc; and (2) hydride generation—
atomic absorption spectrometry for selenium. The samples
collected in 2005 were also analyzed by a cold vapor—atomic
absorption method for mercury. This report makes available
the analytical results of these studies.

Methods of Study

In 1972, Skyline Laboratories (Skyline) of Arvada,
Colorado, conducted a soil geochemical survey over much of

'U.S. Geological Survey, Denver, Colorado.

2Colorado School of Mines, Golden, Colorado.

the Denver metropolitan area. Sample localities were chosen
near the corners of a 1 mile by 1 mile grid that defines sections
in the public land survey system (http://www.nationalatlas.
gov/articles/boundaries/a_plss.html). This survey system
resulted in a sample density of about 1 site per square mile
(fig. 1). A total of 405 sites (including 34 duplicates) were
sampled. Prior to chemical analyses, the samples were air-
dried, sieved to less than 250 microns (—60 mesh), and ground
to minus-100 mesh (<150 microns). The samples were then
analyzed for copper, lead, zinc, cadmium, and mercury,

but the results of this study were never published. In 2005,

the archived Skyline samples were obtained by the U.S.
Geological Survey (USGS) and Colorado School of Mines
(CSM) and reanalyzed by the USGS for 43 elements using
contemporary techniques as detailed in the following section.
Table 1 shows the elements analyzed and the reporting range
for each element. The analytical results are given in table 2.
Link to table2.pdf or table2.xls.

In 2005, USGS and CSM revisited and sampled, as near
as could be established, the original Skyline sites and additional
localities on the eastern periphery of the Denver metropolitan
area (fig. 2). Samples were collected at 464 sites including
34 duplicates. Sampling protocols were identical to the 1972
survey in that the top 5 inches of soil was collected for analy-
sis. The soils were air-dried and split into two fractions using a
riffle splitter. One of the splits was sieved to <250 microns (—60
mesh) (fine fraction) to enable a direct comparison with the
1972 Skyline samples. The other split was sieved to <2 milli-
meters (—10 mesh) (coarse fraction), which is standard for most
current soil studies in both the agricultural and environmental
arenas. Both the fine fraction and the coarse fraction were then
ground to minus-100 mesh (<150 microns) prior to analysis.
The analytical results for the 2005 fine and coarse fractions
are given in tables 3 and 4, respectively. Link to table3.pdf or
table3.xls and table4.pdf or table4.xls.

Analytical Protocols

All soil samples from both the 1972 and 2005 surveys
were analyzed by the USGS laboratories for 42 major and
trace elements by a combination of inductively coupled


http://www.nationalatlas.gov/articles/boundaries/a_plss.html
http://www.nationalatlas.gov/articles/boundaries/a_plss.html
http://pubs.usgs.gov/ds/299/downloads/pdf/table2.pdf
http://pubs.usgs.gov/ds/299/downloads/pdf/table3.pdf
http://pubs.usgs.gov/ds/299/downloads/pdf/table4.pdf
http://pubs.usgs.gov/ds/299/downloads/table2.xls
http://pubs.usgs.gov/ds/299/downloads/table3.xls
http://pubs.usgs.gov/ds/299/downloads/table4.xls
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Table 1. Elements determined by ICP-MS and
ICP—AES with their upper and lower reporting limits

[ppm, parts per million; %, percent]

Lower Upper

Element reporting reporting
limit limit

Aluminum, Al 0.01% 15%
Calcium, Ca 0.01% 15%
Iron, Fe 0.01% 15%
Potassium, K 0.01% 15%
Magnesium, Mg 0.01% 15%
Sodium, Na 0.01% 15%
Phosphorus, P 50 ppm 1%
Titanium, Ti 0.01% 15%
Silver, Ag 1 ppm 10 ppm
Arsenic, As 1 ppm 1%
Barium, Ba 5 ppm 1%
Beryllium, Be 0.1 ppm 100 ppm
Bismuth, Bi 0.04 ppm 1%
Cadmium, Cd 0.1 ppm 1%
Cerium, Ce 0.05 ppm 0.10%
Cobalt, Co 0.1 ppm 1%
Chromium, Cr 1 ppm 1%
Cesium, Cs 0.05 ppm 0.10%
Copper, Cu 0.5 ppm 1%
Gallium, Ga 0.05 ppm 500 ppm
Indium, In 0.02 ppm 0.05%
Lanthanum, La 0.5 ppm 0.10%
Lithium, Li 1 ppm 5%
Manganese, Mn 5 ppm 1%
Molybdenum, Mo  0.05 ppm 1%
Niobium, Nb 0.1 ppm 0.10%
Nickel, Ni 0.5 ppm 1%
Lead, Pb 0.5 ppm 1%
Rubidium, Rb 0.2 ppm 1%
Sulfur, S 0.01% 5%
Antimony, Sb 0.05 ppm 1%
Scandium, Sc 0.1 ppm 0.10%
Tin, Sn 0.1 ppm 0.10%
Strontium, Sr 0.5 ppm 1%
Tellurium, Te 0.1 ppm 0.05%
Thallium, TI 0.1 ppm 1%
Thorium, Th 0.2 ppm 1%
Uranium, U 0.1 ppm 1%
Vanadium, V 1 ppm 1%
Tungsten, W 0.1 ppm 1%
Yttrium, Y 0.1 ppm 1%
Zinc, Zn 1 ppm 1%

Analytical Protocols 3

plasma—atomic emission spectrometry (ICP—AES) (modifica-
tion of Briggs, 2002) and inductively coupled plasma—mass
spectrometry (ICP—MS) (modification of Briggs and Meier,
2002). The samples were decomposed using a mixture of
hydrochloric, nitric, perchloric, and hydrofluoric acids at low
temperature. An aliquot of each sample then was aspirated into
ICP-MS and ICP—-AES instruments.

Selenium was analyzed in soils from both surveys
by hydride generation—atomic absorption spectrometry after
digestion in a mixture of nitric, hydrofluoric, and perchlo-
ric acids (modification of Hageman and Brown, 2002). The
reporting range for selenium was 0.2—4 parts per million. Mer-
cury was analyzed in the 2005 samples by cold vapor—atomic
absorption spectrometry following digestion in nitric and
hydrochloric acids (modification of U.S. Environmental Pro-
tection Agency, 1994) with a lower reporting limit of 0.02 part
per million. The 1972 samples were not analyzed for mercury
because they had not been stored in a manner that would pre-
serve the original mercury content of the samples.

Quality Control

The quality assurance program for the study ensured
that analytical results were within acceptable limits of preci-
sion (the reproducibility of results) and accuracy (the degree
of conformity of results for a reference material [RM] having
known concentrations). Each laboratory job of 50 samples
included blind duplicates of two samples and two blind RMs
of known concentration. In addition, between each analytical
job, a separate job was analyzed consisting of multiple RMs.
Data were considered acceptable if recovery of all elements
for the ICP method was £15 percent at five times the lower
limit of determination and if the calculated relative standard
deviation (RSD) of duplicate samples is no greater than 15
percent. Criteria for mercury and selenium were +20 percent
recovery and <20 percent RSD for duplicates.

Description of Data Tables

Tables 2—4 present the analytical results of the soil
surveys. Column 1 of the data tables contains the assigned
laboratory numbers and column 2 specifies assigned field
numbers. Columns in which element headings show the letters
“CVAA” are cold vapor—atomic absorption analysis; “Hyd”
indicates hydride generation—atomic absorption analyses; and
“ICPAES_MS” signifies inductively coupled plasma—atomic
emission spectrometry or mass spectrometry.

The exact location of the 1972 sampling sites was only
recorded as latitude and longitude of the section corners and
not as the precise coordinates of the actual sampling sites. For
many sites, the section corner is located in the middle of the
intersection of two major roads. In these instances, the loca-
tion coordinates of the 1972 sites listed in table 2 are only an



39°45'0"N

Figure 2.

105°15'0"W 105°0'0"W 104°45'0"W
1 1
Wadsworth Federal
394 386 387 195 178 177 149 147 162 161 010 011 007004 003 002 001 470 469 468 467 465
° 398 ) ® o e o o 6 o o © o o o o )
396 397 362 332 403194194 179 176 148 146 160 009 008 006 005 023 024 466 464
‘400 e ® o o ®use g0 o o e o é‘/ o @
390402 o3 363 331 330 193 180 175 150 145 164 159 021 022022 gp5 < 463
) ) .3610 e o o o o o o ®3070021 @ e026e )
&% &% 389 364 360 333 329 095181 1744151 144 165158 020 028 027 03 462
® oy [ ] e o o @ .013.306 e o [
392 354 3559356 334 39 182 173 152 143 166 157 ®014 019 029 033 032 461
([ ] .353 ® oo o ) 191 @ ® & o o 0(,9® [
351 352391 359 358 395327 1904183 472 153 142 133 156 9015 15 030 o235 034 4036 037 038 454 o155 4158 459
® e O [ ] [ ] e O [ [ (] L4 o ® 0150406 @ ® [ ] o
o 041
350 409 410 383 357 326 189 184 171 141 134|155 016 017 043 042, 040 039 453 456 457 460
o o 35 © e o o5 e e o ® ° °
381
365 3800 382325 (188 185 170167167 140 135 137 049 048 047 044 045 046 o1 (414 41154416 @ a7 418
.349 o O ® o 6 © o © o o o 0% o ° ®
347 348 343 342 379 336 324 187 186 169 139 136 138 050 051 052 053 054 413 421 420 449
o o © o .122 e © o560 o o o eiir® o ® o Lageas0'N
346 544 341 340 337 310 229 228 227 12 211 196 | 055 (56 057058058 059 060 061 062 063 064 065 422 423
L] i o ® . 055 @56 @057 ) )
hd ®i2 ¢ 56 Colfax Ave.
345 323 339338 311 230 232 226,213 210197078076 075 074 073 072 Q71 070 069 068 067 066 424 425
® e © o ¢ o ® e Oi3e o 0750074 @ © e © o 6ﬂ?A ®
378 371 368 367 312 231 233 225 214 209 198 077 078 079 _080 081 082 083 084 085 428426
70 ° e o o o ©.® o © o o © o o o
370 369 366 313 235 234 224 215 208 199 095 094 093 092 091 090 089 088 087 086 429 430 431
o o o @is® © e © © o o 0 © o O o o o
099 102
373 377 314 236 237 o2 216 207 2000963493 097 098 100 101 103 104 105 432 433
o " ¢ ) i e o 09@3813 ® o e ® o e e e gt
Hwy 74 374 238 111
32 240 222217217 206 201 13 112 110 109 108 106 107 436 437
o e .37§376’ o e e e 0 S e @ o o o o o %@
321 320 319 315 239 241221218218 R 202 116117117 118 119 120 121 122 123 124 43 439 440
e © o o o o o © L Q1150 ® @100 o ©® o O o $eo e
318 317 316 242 243 220 219 204203 | 132 131 430 129 128 127 46 125 441 442 443
2005 Denver e o o o o 219260020Q e o o o o o 4 e o o o
o 244 251 [ 259 263 | 268 269 279 280 281 284 202 203 204  ,,,445 446 447
Soil Surve v Paniy e 0 o & o 0 o ® e o L e e
rv y ° 245 250 252 257258258 264 271 270 278 404 282 405 291 295 448 449 450
e o e o o o e o o o © o ° .298. e o
0 2 4 8 246 249 953 256 262 265| 272 275 276 287 286 290 299 296 297 451 452
Miles e © g e o o e o o o .2850 e o o @,% o o
o 25 5 o 247 248 254 255 267 266 | 273 274 277 288 289 Arapahoe Rd. g
Kilometers ® [ ] ) e o o e © o o 0
(g
‘ Y
) ) )
105°15'0"W 105°0'0"W 104°45'0"W

Location of soil-sampling sites for the 2005 geochemical survey of the Denver, Colorado, metropolitan area in Denver, Colorado, 2005

G00Z pue Z/61 ‘shaning [eo1way20an 0M] WOIy S[I0S Ul SUOIJRIIUAIU0Y Jusa|F-adel] pue -lolepy



approximation of where the sample was collected and could
differ by as much as 750—1,000 ft from the true sampling site.
For the 2005 survey (tables 3 and 4), modern GPS technology
was used to accurately locate each site where a sample was
collected.
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