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Element concentrations in rehabilitatlion
gpecies from thirteen coal-stripmines

in five western states and Alaska

by

L. P. Gough and R. C. Severson

INTRODUCTION

The effects of the burning of coal on the mobilization and conceuntration
in the environment of many of the potentially toxic trace elements has been
extensively studied over the past 5 vyears. A question that hag not been
adequately investigated, however, is the effect that the surface mining of
coal may have on the mobilization of elements in spolls and replaced topsoil
and thelr absorption by rehabilitation species. In areas where overburden
containsg higher than normal levels of potentially toxic elements, 1t can be
asgumed that rehabilitation species will, in general, c¢oncentrate many
clements in their tissues (Wallace and Berry, 1979). Whether or not such
levels will prove to be toxle (either through frank intoxication or the
production of subtle, chronic chemical imbalances, Erdman, 1978) needs to be
examined.

This study was prompted by the preliminary results of earlier work by
Erdman and Ebeuns (1975) who sampled sweetclover and assoclated spoils at eilght
coal~stripmines In the northern CGreat Plains. They found that the element
content of sweetclover differed among mines and, In a strong way, represented
the local (or mine-area) environment. Except for their report, there has not

been any work that has examined the variability in the element content of



rehabilitation species among mines over a broad geographic region. This kind
of background information is critical to the formulation of regulations that
set maximum allowable element conceutrations in rehabilitatfon materials.

Our maln objective was to obtain element-concentration data of commonly
ugsed specles from a number of western coal-mine rehabllitated areas and to
asgess whether or not altered substrate chemistry was reflected in these
species. Secondary objectives were: (1) to assess the variability in the
concentration of elements in similar rehabilitation species among mines; and
(2) to assess the variabllity in the element concentration of rehabilitation
specles within a mine. Because of the possible mobilization of
environmentally 1laportant aad potentially toxic elements by surface-mining
methods, a knowledge of the chemistry of rehabllitation species is a ugeful
estimate of goll or spoll element availability.

The mines studied were: Dave Johnston, Seminoe No. 2, and Jim Bridger
(Wyoming); Seneca No. 2 and Energy Fuels (Colorado); South Beulah, Husky, and
Velva (North Dakota); and Big Sky, Decker, and Absaloka (Sarpy Creek)
(Montana) (fig. 1). All samples at these 1)l wmines were collected within a
relatively short time by one individual, they received the sawe preparation,
they were analyzed by one laboratory using consistent methods, and they were
prepared and analyzed in a randomized sequence so that any gystematic error ia
preparation and analysis would be converted to random error. Therefore, these
data are useful for evaluating differences in the chemical composition of
rehabilitation species among states (which are the basic regulatory unltsg) and
among mines, and should also indicate the amount of variability to be expected
when small rehabilitated areas are sampled within a single mine. Similar
information exists for the varigbility in the element content of native plants

(Gough, Severson, and McNeal, 1979) and of cultivated wheat (Erdman and Gough,



162°

141°

66° o

600 b~

(not to scale) i --—

104°

—-—l——-—-—' -

|NORTH DAKROTA

[ ¢

Northern Great

Pla*ns Region
@2

MONTANA

K

459

1620

Coal Mine Nawmes

1-Velva

2-South Beulah

3-Husky
4-Big Sky
5-Absaloka
6~Decker

7-Dave Johnston
8-Seminoe No.
9-Jim Bridger

10-Seneca No.

12-San Juan
13-Usibelli

Figure 1.

2
11-Energy Fuels

2 o 37°

37

ARTZONA

| |

1110 104°

Ceneral locations of the coal strip mines sampled in this study.



1979) in the northern Great Plains.

In addition to the mines listed above, rehabilitation sgpecles were
collected at the San Juan mine, New Mexico and at the Ugibelli mine, Alaska
(fig. 1). Even though these samples were collected by the same Individual and
prepared and analyzed by the same laboratory using the same methods aa for the
other 11 mines, continuity among all samples 1s lacking because they were
collected with different objectives and at different seasons of the year.
Therefore, comparisons of the chemlstry of the plant materials at the San Juan
mine, the Usibelli{ mine, and the 11 western mines should be made only with
these qualifications in mind.

The selection and utilization of appropriate rehabilitation plant species

at the varlous mine sites has not been standavrdized. Seed mixtures and their
rates of application varied greatly from year to year and from mine to mine.
This was true partly because inter-mine communication of ideas, successes, and
.failures usually was lacking (except among mines owned by the same company)
and also because the laws governing rehabilitation are changing continually.
This state of flux was of direct concern to us because we wanted to sample
gpecies that would most likely be used for some years in the future.

Increasing legislative preasure 1s causing the mines to utllize more and
more of the so-called native species in their seed mixtures. Native 1is
usually arbitrarily defined as anything that was not introduced from foreign
sources with the ekpansion of the railroads and the cattle industry. Commonly
used native species of semfarid regions 1include: bluebunch wheatgrass

(Agropyron spicatum (Pursh) Scribn. & Smith), slender wheatgrass (A.

trachycaulum (Link) Malte), thickspike wheatgrass (A. dagystachyum (Hook.)

Scribn.), green needlegrass (Stipa viridula Trin.) blue grama (Bouteloua

gracilis (H.B.K.) Lag.), prairie sandreed (Calamovilfa longifolia (Hook.)




Seribn-), and skunkbush {(Rhus trilobata Nutt.). Many introduced species have

qualities that lend cthemselves well to use in reclamation, however, and a
total elimination of them 1s probably not practical. Examples of some of the

introduced species still In use include: alfalfa (Medicago sativa L.),

sweetclover (Melilotus alba Desr. and M. officinalis (L.) Lam.), smooth brome

(Bromus inermis Leys.), sandfain (Onobrychis viciaefolia Scop.), pubescent

wheatgrass (Agropyron trichophorum (Link) Richt.), crested wheatgrass (A.

cristatum (L.) Gaertn. or A. desertorum Fisch.) Schult), and intermediate
wheatgrass (A. Intermedium (Host) Beauv.).

The composition of the seeding mixture and the ability to pick and choose
from many different rehabilitation species are luxuries enjoyed by mine
managers only in the less arid areag. Thus, 1In general, the wines io North
Dakota, Montana, and Colorado have rehabilitated sites that are relatively
diverse {n the species found. Mines in the arid areas of Wyoming and New
Mexico, however, usually rely on the establishment of only a few species.

Both fall and spring planting schedules are being used by the various
mines visited, and the diffevent reseeding methods include broadcasting,
hydroseeding, and drilling. The use of fertilizers and mulches also varies;
however, mulch 1s rather unlversally used in the drier areas. Mines in the
less arid areas commonly fnclude an annual cereal grain in the seed mlxture to
serve as inltlal cover—--in the more arid areas the tapid natural invaslon of

halogeton (Halogeton glomeratus Meyer) performs the same function. Halogeton,

however, is highly undesireable because it is toxic to grazing sheep and once
established {t 18 hard to eradicate.

Comparisons of the element composition of plant species found on
rehabilitation sites to those same species on native sites have revealed

differences (Erdman and Ebens, 1975 and 1979; Munshower and others, 1979;




Erdman and Gough, 1979; and Gough and Severson, 1980). Where ever possible,
therefore, we also collected 'control' samples from adjacent mon-mine areas.

Table ! listg those mines and species for which control collections were made.
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METHODS
Field

Major Mine Cowparison Study. —-- This study was designed to evaluate

differences in: (l) the variability in the element composition of speciles
among 11 mines; (2) the element composition gf specles within mines; and (3)
the relations between plant element concentrations and extractable element
concentrationa in minesoils. Results of the last objective will be discussed
separately. Of interest (but not part of the design) was a comparison of the
composition of 1ike species on both mine and non-mine {control) sites.

Based om the tadular information provided by Evans, Uhleman, and Eby
(1978) for surface-mined lands, we selected a2 set of mines in Colorado, North
Dakota, Montana, and Wyoming, that they judged 4as having successful
rehabilitation according to current regulations. From these mines we selected
three per state according to the following additional criteria: (1) the area
had been rehabilitated in the past 3 to 5 years, (2) topsail had been used in
the rehabilitation process, and (3) a wheatgrass and a legume had been
included 1in the s8eeding wmixture. By limiting our sawopling using these
criteria we provided a basis for making comparilesons among rehabllitated areas.

In practice, It was not possible to locate rehabilitated areas within the
targeted mines that met all three criterlia mentioned above, Mine-site
differences required that we use some flexibility in the selection of suitable
plant materials to be sampled- For example, we were unable to sample a legume
at the Dave Johnston mine so we gampled instead two grasses; and, at the Jim
Bridger wmine, neither a grass mor a legume was available so we sampled the
woody shrub fourwing saltbrush. At most mines, however, a non-rhyzomatous
wheatgrass and either alfalfa or sandfain were collected (the latter are both
legumes).

At each mine, the rehabilitation speclalist was most cooperative i1n



helping select a suitable site of about 5 to 10 hectares. Once a site had
been selected, plants and soils were collected as follows: A random traverse
acrogss the site was made and at ten localities topsoll, spoil, and plant
samples were collected. The actual sampling localities were dictated by the
presence of acceptable plant material.

Table 1 lists the plant parts included in each sample and Figures 2 and 3
diagram the collection method. The grass samples were composed of the culms,
leaves, and inflorescences clipped at about 10 cm above the ground. The
collections consisted of one or two clonal clumps (for the bunchgrasses);
however, the smooth brome collections were of numerous individuals (which may
or may not have been clonal)., The alfalfa colliections consisted of the stems,
leaves, and fruits from ome or two individual plants. At the Husky and Big
Sky mines, the occurrence of frost had hastened leaf-drop and the alfalfa
samples consisted mostly of stems and fruits. Frost had also caused leaf-drop
for sandfain collected at the Absaloka mine, and these collections consaisted
of dormant stem and frult tissue from two plants (with bunch habits) per
site. Fourwing saltbush samples consisted of all the leaf and woody stem
material clipped at about 10 c¢m above the ground from one or two shrubs per
site.

In addition, three samples of hard red winter wheat grain were obtained
at the Big Sky and Pave Johnston mines. This material was not collected as
part of the formal study, and therefore only concentrations of selected
elements were obtained (Appendix table). The Big Sky waterial was from a
rehabilitation area with 25-60 cm of replaced topsoil that was seeded in the
fall of 1977. The Dave Johnston materlal was also planted in 1977 as a cover
for an area whose topsoll (to a depth of about 15 cm) had been removed for

placement over spoil elsewhere. The area with wheat, therefore, had not been
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Table L.--Specific collection notes for plant rebabilitstion species collected at 1l western cos) surface mines (major study) gnd two additicnal winea

{Stsges of maturity are
s=atems, sod [=fruite;
abaence (~) Of savpled

those defined in Hatlonal Research Council, U.B,, eud Departwent of Agriculture, Cenads (1971); cvculwas, l+leaves, i=inflorescences,
Toot penetratlon (nto spoll was subjectively claseified sr good, fulr, or poer] control-site columo refers to presence (#) or
mpterial; n.a, in columm mesus oot spplicable, (--) indicstes no date]

NHucher of

wites/nusber Control
of clumps or Range begree of site
pate Plant name individuale Etege of Plaot in depth of root pepetration cowmparisca
Mine State collecied  Sciemtific T ajte LY euy it opeail inte spoil material
_ Major ® Comparis tudy
Dave Johnston  Wyoming $/8-9/78 Prosus inermis smaocth brome 10433 mature e 1,1 0-310 good -
BATOpYTOR crll;.um ereated vheatgrasall 15/1 do. da. da. do. +
Semince No. 2 /11718 4o, so. 10/2 overripe do. noue good -
Jim Bridger 5/12-13/78 Avriplex cemescena fourwing saltbush sl n.a, 1,1 16-25 do. -
Seneca Ko, 2 golarade 5/14/78 Azropyron Intevmed {um intermediste wheatgrass 1041 catuTe o, 1,1 nooa da. -
Hedicago satlva alfalfe 10/1 dough o, 1,f do. do, -
Energy Fuels 9/15-16/78 Agropyron intermed fum intermed Late whestgrass do. mture- o, b1 20-40 poor -
Hedicago sative wilfalfa do. ::;:EPB 9,1,f do, falr -
ot b e

South Beulsh North Dakota 9/25/78 Agropyron intermedium intermediste whestgrass 1072 overripe c,1,1 i0-20 good -
Med lcago sativa alfalfa do. mature a,1,f do. do, +
¥Yelva 9/26518 Agropyrom interwed lws intermed iate whestgxase  do. overripe c,l,1 5+2% good -
Medicage aatlva alfalfs do. mature 8,11 do. do. +
Husky 9/21/18 Airopyron intermadium intermediste vheatgrsss do. matuce- c,1,1 15-3%0 falr -
Hedicewo gaciva elfalfn do. ;:::::::- 2, do. good +

dormant
Big Sky Hontana o9/ Aevopycon trachycsulym  slender wheatgrass 10/1 mature- c, 1,0 10-30 good -

overtT lpe
Hedicago Eativa altalfs 1o0/2 everripe  &.f do. govd *
DPacker Weat 10/16/18  Agropyron Ifschycavlus  slender vheatgrass 1071 maturce- e, b, 4 »90 - -
ALTEDplex caneLicens fourving saltbush 10/2 D:T:Ti” 1 do. -~ -
Absaloka 10/i2/18 Agropyron trachycsulum  slender whoalgrsss 10/1 mature e, 1,1 25 -4 good -
Oaobrychis victsefolla sapdfalm 10/2 dormant s, £ do. good -

Adaitlonsl Mines

Sap Jusm New Max ica 8/11/17 Sporpbolus airoides nlksll sscatom [.14 mature e, 1,1 ~20 Eood -
’ Atriplex canescens foorwing 1altbush (Y41 n-a. 1 da. sood +
Vaibellt Alasks €11/19 Alous crispm Americam green alder 35 o.a. do. none good +
Salix pulehrs dismmdleaf wiliow 33 nea. do. .ona good +

1/ 4 clump s defined au & Light clone of oooerous ipdividumles (charscteristic of bunchgrasszs}, wheress individuals sre ifsolated grossas (ar ln smooth bross




FIGURE 2. The method used in the sampling of soils, wheatgrasses and smooth

brome at various coal-surface mine rehabilitation sites. The grass samples
were composed of the culms (stems), leaves, and inflorescences clipped from
one or two clonal clumps at about 10 cm above the ground. Topsoil samples
were composed of the materlal (topsoil where present, present, spoll, or a
combination of both) that adhered to the root mat. Spoil samples consisted
of the material collected between 20 and 30 ¢m directly below where the

plant c¢lump and topsoil had been removed.

FIGURE 3. The method used in the sampling of solls and shrubs or shrubby forbs

at various coal-surface mine rehabilitation sites. Samples of alfalfa,
sandfaln, and fourwing saltbush consisted of all the material, from one or
two individual plants, clipped at 10 cm above the ground. Topsoll samples
were composed of the material (topsoil where present, spoll, or a
combustion of both), to a depth of 10 ¢m, that was located within 20 cm of
the plant sampled. Spoil samples consisted of the material collected

between 20 and 30 cm directly below where the topsoll sample was taken.

FIGUIRE 4. The method used in the sampling of soil, willow, and alder at the

Usibelli Mine, Alaska. The terminal 10-20 cw of willow and alder branches
with leaves and Inflorescences were c¢ollected at both native and
rehabilitated sites. Topsoil samples were collected at a depth of 15-20 ¢m
on the native sites (below a mat of organic material), and, because the
rehabilitated sites were without replaced topsoll, consisted of surficial

material to a depth of 15-20 cm.
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wined of coal.

Additional Mines. —-- Table 1 1lists the collection details for plant

material from the San Juan and Usibelli mines (New Mexico and Alaska,
respectively). These two mines were sampled at different times and were not
part of the major mine comparison study. Results of the element content of
plants collected at the San Juan mine are given in Gough and Severson (1980a
and 1980b).

Alkall sacaton and fourwing saltbush were sampled in the same manner as
was described for the wheatgrasses and fourwing saltbush In the major mine
comparison study. For alder and willow at the Usibelli mine, the terminal 15-
20 c¢m of stems, with leaves and inflorescences were clipped as shown in Figure
4. Representative material from all specles collected is housed, as voucher
specimens, in the U.S. Geological Survey Herbarium in Denver, Colorado.

Laboratory

The sample preparation of the plant material from all 13 mines was the
same. The samples were dried in a forced-air oven at 35°C, ground in a Wlley
nill ! co pass a l.3-mm screen, and the homogenized ground material was
elther ashed by dry ignition at 500°C for 24 hours or by wet digestion (Harms,
1976). Because of excessive soil and dust contamination, samples of alfalfa,
alkall sacaton, the wheatgrasses, and smooth brome, were washed prior to belng
dried and ground. (Samples of alder, fourwing saltbush, sandfain, and willow
were not excessively contaminated and were not washed.) This process
conslsted of numerous tap-water rinses (until the rinse water was free of
visible suspended and settled material) followed by a single distilled-water

ringse. Ten percent of the samples from the major mine comparison study were

lUse of trade nmames in this report is for the convenience of the reader and
does not constlitute endorsement by the U.S. Geological Survey.
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gselected at random for splitting of the ground material and the analytical
gsequence of the entire suite of samples (plus splits), was randomized. Table
2 details the analytical method used for the determination of the
concentration of each element In plant material. Samples from the San Juan
and Usibelll mines were analyzed at a time different from the material from
the 1l mines but the analytical methods were the same for all sampléé from all
mines.
Statistical

For those elements analyzed 1in ash, the dry-weight-equivalent
concentrations were calculated. This conversion was done because of the
interast 1in dry~weight data by agronomists and others involved with
reclamation studiles.

Plant-element concentrations tend to exhibit positively skewed frequency
distributions- Therefore, a logarithmic transformation of the data prior to
statistical analysis lmproves the estimates of central tendency because the
frequency distributlion of the log-transformed data 1s more nearly normal.
Some elements were approximately normally distributed; however, statistical
tests for these elements, using both the transformed and original data, were
similar. In order to simplify the discussion, therefore, all statistical
results are based on log—transformed data.

The analysis of element concentrations usually found Iin trace amounts may
result in values at or less than the lower limit of determination (LLD) of the
method used. Elements with more than one~third of their values below the LLD
were not included in the statistical tests. Elements with fewer than one-
third LLD values were handled differently, depending on the statistical test
as follows: (1) Because completely numeric data sets are rvequired for the

multiple-mean comparison test (Natrella, 1966), and for the calculation of
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Table 2.--Analyti{cal methods and their approximate lower limits of

determinatlon for the plant materials sampled

[Al11 values are reported on an ash-weight basis, except where noted; LLD,
lower limit of determination; ES, plate-reader emission spectrography; AA,
flame atomic-absorption spectroscopy; SIE, selective ion electrode; FL-AA,
flameless atomic-absorption spectroscopy; COLR, colorimetric; FLUR,

fluorometric; TURB, turbidimetric]

Analytical Approximate Analytlcal Approximate

Element nethod LLD (ppm) Element me thod LLD (ppm)
Aluminum--- ES 200 Molybdenum~-~=-- ES 2
Arsenict--- AA .05 Nickel-=----==~- ES 2
Barium====~ ES 4.4 Niobium---~- ks ES 9.2
Beryllium-- ES 2 Phosphorus---~--~ COLR 100
Boron-=~-~-~ ES 10 Potassium-~«-~=-~- AA 100
Cadmium--~=~ AA 4 Selenium® ~e--=-- FLUR 01
Calcium=~~- AA 100 Silver=---- o——— ES .92
Cexrium--=--- ES 93 Sod{um~~-~~-==~- AA 25
Chromf{um--- AA 1 Stromtium~=--~--~ ES 1
Cobalt==-== AA 1 Strontium-=------ ES %4,000
Copper-=--- AA 1 Sulfur (total)'-  TURB 100
Fluorine® -- SIE 1 Titanium=~--~~-~ ES 90
Germanium-- ES 2 Uran {um=------~ - IFLUR .4
Iron--=--- - ES 200 Vanad {um--~~-=-~ ES 2
Lanthanum-- ES 9.2 Yterium~--=---=~= ES 2
Leag ~~==-~--- ES 4.4 Zing+--=-~--~--=--~ AA 1
Lithfium=-~~- AA 4 Zirconium----==-~ ES 4.4
Magnesium-- AA 20

Mgnganese ~- ES 2

Mercury® --- FL-AA N %

lAnalyses determined on dry material not ash.

2Upper limit of determination.
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confidence intervals about the mean, a substitution of 0.7 timeg the LLD (ash-
welght basig) was made for all censored values. The sequence of calculations
wag: (a) substitution of censored values; (b) dry-weight conversion of those
element  concentrations reported onm an ash-weight basis; (e) log
transformation; and (d) statistical tests. (2) The estimation of the
geometric mean (GM) and geometric deviation (GD), for those elements with
censored values, was performed using the technigue of Cohen (1959) as detailed
by Miesch (1967). This technique, however, requlres a single LLD per element
and the dry-weight counversion calculation often results in variable LLD values
(due to differences in the ash yield of iIndividual samples). Following dry-
weight conversion, therefore, if variable LLD values were generated, a
gubstitution was made that replaced the variable LLD values with a single LLD
value equal to an average of the variable LLD values. The sequence of
calculations was: (a) dry-weight conversion of those elements reported on an
ash-weight basis; (b) calcuvlation of an average LLD for those elements with
cengoring; (c) substitution of the variable LLD values (per element) with the
average LLD value; (d4) log-transformation; (e) calculation of the GM and GD.
The analysis of the data was performed on a computer using the U.S. Geologlcal

Survey's STATPAC library (VanTrump and Miesch, 1977).
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RESULTS AND DISCUSSION

Flgure 1 shows the location of the thirteen coal-stripmines studied.
Table 1 detalls the characteristics of the wine sites visited with emphasis on
the rehabilitation species sampled. Additional mine-site details (time since
rehabilication was initiated, rehabillitation scheme, topsoil and
spoll characteristics, unique features of the area studied, aund type of mining
operations) are reported in Severson and Gough (1981) and will not be repeated
here.

The data that follow are discussed and summarized in four basic ways:
(1) A 1listing, with no statistical interpretation, of the element-
concentration data for each gample of rehabilitation plant material is given
by mine and by state in the Appendix. (2) Several different species of
wheatgrass were collected; figure 5 diagrams the geometric mean and confidence
interval about the mean for the concentratlion of eighteen elements and plant-
ash yield at the ten mines where they were sampled. (3) Tables 3-7 compare
the geometric meang of element concentrations 1Iin similar plant material
collected at different mines. (4) Tables 9-28 give the summary statistics, by
individual wines, for the concentration of elements in particular
rehabilitation species.

Mine~ and Control-Site Comparisons-—Appendix

The element concentration data for each sample at the individual mines
are pgiven in the Appendix table. No sgummarization or statistical
interpretation 1s presented. Concentrations of arsenic, fluorine, mercury,
selenium, and total sulfur were reported by the analyst on a dry-welght basis
and are listed as received. Concentrations of all other elements were
reported by the analyst on an ash-weight basis; however, In the Appendix table

we list the dry-welght converted values. As discussed under the Statistical
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Table 3.--Multiple-mean comparison test for concentratlons

of 34 elements (and ash) in dry material of crested
wheatgrass collected at two gurface-c¢oal mines in Wyoming.

[Mean values followed by the same small letter are not
significantly different at the 0.05 probability level; ppm,
parts per million; %, percent; leaders {---) mean no date]

Element Dave Seminoe

or ash Johnston Number 2

Ash, %~~—-- 4.9 a 5.1 a

Al, ppm—--- 410 a 500 a

As, ppu——- .46 a .37 a

B, ppm—---- 14 a 6.8 b
Ba, ppm——-- 5.1 a 5.8 a

Be, ppm---- .11 a .10 a

Ca, Am=m—-— .19 b 27 a

Cd, ppm—-—— 052 a .027 b
Co, ppm~--- 062 a ,066 a

Cr, ppm--—~ A1 a W45 a

Cu, ppm—-—=~ 1.3 3.4 a

F, ppm—~—-= 6.5 8.0 a

Fe, ppmr—~ 120 180 a

Ge, ppm~--- .10 a 11 a

Hg, ppm~—-~ .019 & 017 a

K, Z———-—= b4 1.1 a

La, ppm-—= - 1.8

L1, ppo——- W71 a .47 a

Mg, 4-=~—=— .073 a .088 a

Mn, ppm-———- 19 a 22 a

Mo, ppo~==—- 222 a .23 a

Na, ppm—-——= 26 34 a

Nb, ppor-——= 42 =T

Ni, ppmn--—~ .19 24 a

P, {—~-———- 063 a 064 &

Pb, ppo———- .86 a 72 a

S, ppm————— 1,000 1,200 a

Se, ppm———- .21 a .054 b
Sr, ppm——-- 7.2 a 6.6 a

Ti, ppo—--- 9.7 a 9.0 a

U, ppm——-—- 056 a .057 a

vV, ppm————— .55 a 60 a

Y, ppu~——--- .28 a 26 a

Zn, ppm———-— 15 a 9.5 b
Zr, ppEr———- .78 a .70 a
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Table 4.~-Mulicple-wean comparison testc for concentrations of 34 elements (and ash) in the dry wmaterial of

intermedigte wheatpgrasg collected at five surface—coal mines in Colorado and North Dakota.

[Mean values followed by the some small letter are not significantly differenc at the 0.05 probadility
tevel; ppm, parte per million; X, percent; leaders (~——) mean no data]

Calnaradn

North Dakota

Element Energy Seneca South

or ash Fuels Number 2 Rusky Beulah Velva
Ash, z—_ 5-6 C 6.8 b 406 < 5&6 c 7»5

Al, ppm——= 360 be 270 ¢ 660 a 480 b 130 d
As, ppm-—= -16 c .33 b .38 b 66 a .21 3
3, ppo-——— 6.4 (S 5.1 c 13 a 7.7 be 9.2 b
Ba, ppm—— 9.0 [S 6.7 38 a 15 b 11 be
Be, ppm-—— 13 d a5 b .18 b A3 b .25

Ca, Lo 119 a 018 a 020 a 018 8 .13

¢cd, ppe— 060 = 036 b »039 b 030 b .039 b
Co, ppm—=— .048 b .051 ab .059 ad 076 =& —

Cr, ppo—- «55 b W47 b 70 a 49 b .30 c
Cu, ppa~-— 1,0 b 1.1 b 1.1 b 1.0 b 1.5

¥, ppo— 6.2 b 7.5 a 5.7 b 6.3 b 4.8 c
Fe, ppm-— 150 ¢ 100 280 a 200 b 54 e
Ge, ppm—- .14 b .13 b 11 b .12 b .18

Hg, ppm~~— 013 b 010 b »019 = 013 b .016

K, I~———— .56 b 1.2 a +33 c -21 d .22 d
ta, ppa-— —_ —-— .66 b 1.4 a 1.1

L, ppm— .30 a «27 adb +21 b — _—

Mg, % 0723 b 210 a .072 b .053 c <044 d
Mn, ppomr— 19 b 16 b 39 a 30 a 44

Mo, ppa— .28 a <36 a .31 =& .27 a +36

Na, ppmwr—- 23 ¢ 40 b 59 a 3¢ c 24 c
Nb, ppm—— 52 a _ 65 a -— .63

NS, ppec— 24  ab .14 b .36 a .25 a .13 b
P, }—m—— 064 a .051 b .023 039 IS .045 be
Pb, ppm—- .76 c +84 be 1.2 ab 1.0 b 1.5

S, ppn——— 810 a 890 a 620 b 440 c 440 c
Se, ppo— 17 . a .19 a «054 ¢ .088 b .098 b
Sr, ppon~~— 6.9 d 5.0 19 a 15 b 10 c
Ti, ppm—- 7.4 b 6.4 b 16 a 9.2 b -—

U, ppo—- 022 d .030 ¢ .038 be -047 ab +0358

vV, ppp— .37 be + 25 c .76 a K] b $2] c
Y, ppa— 24 c »21 ¢ .46 a -30 b 22 ¢
In, ppm—- 10 c i1 be 9.6 c 12 b 15

2tr, ppe——~ .70 b .63 b 1.2 8 .76 b .64 b
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Table 5.-—Multiple-mean comparison test for concentrations of 34 elements (and
ash) in the dry material of slender wheatgrass collected at three surface-coal
mines in Montana-

[Mean values followed by the same small letter are not significantly different at
the 0.05 probabilicty level; ppm, parts per million; 7%, percent; leaders (-——) mean
no data]

Element

or ash Absaloka Big Sky Decker
Ash, %—~—- 3.7 b 3.5 b 5.5 a
Al, ppm—- 260 b 510 a 440 a
As, ppm—~- .26 a 29  a 23 a
B, ppmr—--- 5.5 b 14 a 3.6 ¢
Ba, ppm--- 8.4 b 8.7 b 18 a
Be, ppm-~- 075 I 11 b W17 a
Ca, %-—==~- 17 a 19 a .18 a
Cd, ppw—- 017 b 027 a .019 ab
Co, ppm—--— 040 b 057 a 052 a
Cr, ppm~-—- .32 b A48 a 41 ab
Cu, ppm--- .78 b 1.1 a .87 b
F, ppm———- 5.1 b 6.6 a 5.6 b
Fe, ppm~-- 95 b 180 a 170 a
Ge, ppm-~— .075 c .10 b .22 a
Hg, ppm~—- +022 a .021 a .0l4 b
X, %—~——- 26 b 36 a .22 b
La, ppm—-- .50 a .56 a 40 a
Li, ppa~~~ - .21 b .34 a
Mg, Z-———— 055 b 070 a .079 a
Mn, ppm——- 22 b 26 b 61 a
Mo, ppm—-- .20 c .60 a .33 b
Na, ppw--- 23 c 32 b 72 a
Nb, ppm~--- —~- 37  a .43 a
¥i, ppwr—- .14 b .27 a .32 a
j A — .021 b .021 b 027 a
Pb, ppm-~- .72 b 1.1 b T4 a
S, ppm~~—- 490 a 470 ab 440 b
Se, ppo-—- - ,025 c A3 a .057 b
Sr, ppm--—- 6.1 ¢ 8.2 b 24 a
T{, ppm——- 5.0 h 9.9 a 7.9 ab
U, ppm~~--— 024 ¢ 050 b 061 a
Vv, ppm~——- .15 b 43 a .45 a
Y, ppm—-—- .16 b .29 a 27 a -
Zn, ppm—-—- 12 b 14 a 8.7 c
Zr, ppu~~-— .52 b .8l a 80 a
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Table b.—Hultlple-mean compariscn test for concentrations of 32 elements

(and ash) in the dry material of alfalfa collected at slx surface-coal

wines in three weatera states

{#ean values followed by the pame small letter are not significantly different at the 0.05 probability level; pm,

parts per mllllon; X, percent; leaders (~——) mean no dats)}

Colorado Hontana Notth Dakota
Element Energy Seneca South
or ash Fuels Number 2 Big Sky Husky Beulah Velva
Ash, T-—- 9.0 a 6.8 b 5.2 [ 5.8 c 6.4 b 6.7 b
Al, ppm—-= 560 & 440 b 660 a 460 b 540 a 150 ¢
s, ppm——— .31 < .56 b 31 c .22 c « 95 a «33 b
B, ppm—-—- 54 b 52 ab 48 b 27 c 4B b 66 &
&1, ppm—-— 15 c B.2 d 10 d k1 a 22 b 10
Ca, A-—m=~ 2.6 a 1.7 b 1.2 c .94 d 1.6 b 1.6 b
Cd, ppm==- .12 b 10 b . 040 d .064 ¢ .20 a 075 ¢
Co, ppm——- 084 be -061 c .11 b .081 be .28 a ———
Cr, ppom—- .56 a 45 & .55 a 48 a +56 a .27 b
€u, ppm~-- 5.6 b L b 7.6 ab 5.3 b 6.3 b 8.7 a
F, ppo—=—— 6.6 a 6.6 a 7.2 3 6.3 a 6.3 a 5.0 b
Fe, ppa——- 176 b 120 c 230 4 200 ab 240 a 15
Hg, ppm— 015 b .01l b 022 & 011 b .018 a 014 b
¥, ppm~—- .82 b .70 b .50 c .80 b .78 b 1.0 a
La, ppa~—~ 1.8 a 1.2 ab 1.0 b .75 b .71 b 1.0 b
Li, ppm-—~ .76 c .54 cd .52 4 1.2 b 1.2 b 5.8 a
Mg, A--—--— .38 b 42 a AT a .26 c .30 be «25 c
Mn, ppo-—- 24 ab 17 b 28 ab 13 b k] a 26 ab
Ho, ppm-— 2.0 b 1.2 ¢ 4.3 a 1.5 be 1.6 be 4.2 a
Na, ppm—-- 4o [ 96 b 50 b 250 & 240 a 93 b
Nb, ppm——- 74  a 49 b .50 b —_— .58 b .48 b
ML, ppm——- .69 ab .50 b .82 ab .52 b 1.0 a .63 b
P, Xr————— +089 a 067 b .052 ¢ 060 be -060 be 088 a
Pb, ppn——~ .97 a .82 ab .78 be .73 ¢ 1.0 a 1.0 a
S, ppa-——- 2,600 a 1,700 b 1,300 c 1,200 be 1,700 b 1,700 b
Se, ppm—— .39 a .32 a .10 b W17 be $12 ¢ .37 a
Sr, ppm——— 78 ¢ 37 d 42 d 62 [ 170 a 100 be
T’.. PR 908 b 7.8 C 12 a 9.2 b 8-9 bc —
Y, ppo-——- 029 b 048 b 048 b .098 a 041 B 085 a
Y, ppm--—- 64  a L34 ab .49 ab 4] ab .51 ab .18 b
1, ppm———- 3% a «35 b 48 eb .32 b .37 b .17 c
Zn, ppm——- 18 be 21 b 27 a 15 c 29 b 22 ab
Zr, ppm——- 1.5 a .97 b 1.4 2 .98 b t.1 ah +39 e




Table 7.--Multiple-mean cnmparison tesct for concentrations of 33 elements
(and ash) in the dry material of fourwing saltbush collected at three surface=-
coal mines in three western states

[Mean values followed by the same small letter ave not significantly different
at the 0.05 probability level, ppm, parts per million; %, percent; n, number of
samples collected; leaders (---) mean no data]

New Mexico Montana Wyoming
Jim

Element San Juan Decker Bridger
or ash (n=6) (n=10) (n=10)
Ash, Z—-~ 13 a 9.9 b 10 b
Al, ppm—-- 1,200 a 440 b 460 b
As, ppm——-—~ .24 a .26 a .24 a
B, ppn——-- 57 30 c 220 a
Ba, ppm--~ 26 a 8.1 b 4.4 '
Ca, Z-=——-~ 1.0 a «96 a .94 a
Cd, ppm--~ .17 a .081 b .099 b
Ce, ppm—-—- -— —— 9.1
Co, ppm—-- W47 a .27 b .18 b
Cr, ppm—-—~ 2,1 a 47 b W49 b
Cu, ppm--- 9.7 a 4.5 b 4.9 b
F, ppm——-~- 20 a 7.6 b 8.2 b
Fe, ppm-— 780 a 140 b 140 b
Hg, ppm——- .13 a .009 b .010 b
K', K= 2.6 3.1 a 2.8 ab
la, ppm~-- 1.1 a 1.5 a 1.5 a
Li, ppm-—- 1.7 a 1.8 a .97 b
Mg, %————- 272 a .48 b .82 a
Mn, ppm—-- 160 a 110 ab 68 b
Mo, ppm—-- .73 a 46 a 72 a
Na, ppm--- 7,400 a 420 2,600 b
Nb, ppm~—-- 1.3 -—= ~——
Ni, ppa~—- 1.9 a 2.5 a .79 b
P, %=r—=——- .084 .074 b .11 a
Pb, ppm—-- 1.2 a .90 b 1.0 ab
S, ppm—--- 4,500 a 3,600 b 3,500 b
Se, ppm=-=-— 22 .32 b .70 a
Sr, ppm—-- 48 88 a 21
Ti, ppm—~- 43 a 9.3 b 10 b
U, ppm~-—- <11 a - .038 b
vV, ppm=--~- 1.9 a .30 b +35 b
Y, ppa=-~- .31 a 29 c 43 b
Zn, ppa-=-— 56 a 34 b 66 a
Zr, ppm~~- 5.1 a 95 c le2 b
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Table 8.--Silver concentrations (ash-weight

basis) in alder and willow,

Usibelli mine, Alasks

"ppm, parts per million; <, less than the
apnalytical limit of determination; GM,

geometric mean; =, approxi{mately egual to}

Sample Silver, ppm

American green alder, mine

US1lAS <0.92

US2AS 2.5

US3AS 1.0 GM= 1.2
American rreen alder, control

USIAN 3.6

US2AN .20

US3AN 3.2 GM = 2.9
Diamondleaf willow, mine

US1ws < .92

Us2ws 1.5

Us3us 1.4 GM =~ 1.1
Didmondleaf willow, control

USIWN .94

US2WN 1.3

US3WN 1.4 GM = 1.2
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‘Table 9.--Summary statistics for the clement content of drv material of

smooth brome from Che Dave Johnston mine, wWyoming

[pps, parts per million; <, less thaen; leadere (--), mean no data; ratio is:

the proportion of the number of analyses having valuea sbove the lower limirt

of deteraminaction to ché total number of unalysea; varf{able lower limits of

deterni{nat{on are obtained when converting concentrations on an ash-weight

basis to a dry-weight basis, however only the largest value {s reported]

Element or Geometric Geometr le Observed
agh Ratio mean deviation range
Ash (percent)=--e==v-==o=- 10310 5.8 1,06 5.3-6.4
Aluminua (ppm)~---====--- 10:t0 290 1.86 160-960
Arsenic (ppm)-=r==e-vee-~ 10;10 .46 1.82 .20-1,0
Barium (ppm)=-=-=-=-v=-<-u~ 9:10 3. *1.90 <2.3-13
Beryll{um (ppm)---~--=-- -~ 5:10 a8 12.01 <.12-.36
Boron (ppm)=-=--os---= === 10:10 24 1.47 14-36
Cadmiua (ppm)=--=--~ wemen- 8:10 t.038 11.68 <,022-,064
Calcium (percent)=-------~ 10:10 .23 1.21 17-.34
Cerfum (ppm)=<---==-e~---~ 0:10 -- - <6.0- =~
Chromfum (ppm)-=-=-==-=sv= 9:10 1.30 $1.96 <.12-,96
Cobalt (ppm)=-=w===v=ssea- 6310 1,054 11.36 <.060-,11
Copper (ppm)=-<--=-we-=-== 10:10 1.1 1,47 .53-2.4
Fluorine (ppm)=-e-=-v-==-=-=- 10:10 6.5 1.29 4-9
Germanium (ppm)---~===== - 6:10 a2 Y1.42 <.13-.23
tron (ppm)---=-===c==== -- 10310 80 1.80 40-280
Lanthenum (ppm)=-<~--=e=-= 1:10 -- .- <, 5%6-4.1
Lead (ppm)==-======m==== - 10:10 .74 1.52 .50-1.9
Lithium (ppm)-==~===e-s=~ 10:10 1.8 2.25 54-5,3
Magnesium (percent)-===-- 10:10 .082 1.32 042-.11
Manganese (ppm)=--=w=<=--== 10510 S9 1.68 29-170
Mercury (ppm)-----=-=----= 10510 .016 1.69 .01-.04
Molybdenum (ppm) ~=-=ev==-=- 10:10 24 1.75 13-.72
Nickel (ppm)-=~====c=u=ae 3:20 -- - <.12-,77
Nioblum (ppm)~-=======--- 2:10 -- -- <.56-2.1
Phosphorus (percent)--~=- 1010 .0513 1.64 .030-.11
Potassium (percent)-=-==-+- 10:10 .89 1.22 .60-1.2
Selenfum (ppm)===-e==v=-s= 10;10 .14 1.82 .06-.50
Sodiuvm (ppm)=~=-<m=cmn-aa 10:10 30 1.83 18-110
Strontium (ppm)-=-=e=a=== 10:10 9.6 1.85 3.8-24
Sulfur (total) (ppm)=-=---- 10:;10 830 1.36 .650-1,200
Titanium (ppm) ====~====-== 4:10 4.2 12.61 <5.6-21
Uronium (ppm) ~===~=a~===a 10:10 .047 1.62 .022-.094-
Vanad lum (ppm)--===-==~== 8110 VA 13,24 <.11-1,8
Yetrium (ppm)-==-~=-ec=ca=- 10;10 W24 1.71 A13-.77
2ine (ppm) s===~---=meansn 10:10 8.6 1.45 4.8-17
Zirconfum (ppmu)--~-v--—== 10:10 .67 1.81 3492.7

AThe technlque of Cohen (1959) was used to calculate the mesn and

deviation because thare were one or more concentration
of the limite of determipation of the annlycical method used.
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Table 1Q ~-Summary staristics for the element content of dry material of

cregted vheatgrass from the Dave Johmston mine, Wyoming

(ppm, perts per willion; <, less than; leaders (--), mean no data; ratio is
the proportion of the number of analyses having values above the lower limit
of determination to the total number of analyses; variable lower limits of
determinaction are obtsined when converting concentrstions on an ash-weight

basis to a dry-weight basis, however only the larzest value is reported)

Element or Geometric Geometric Obaserved
ash . Ratio mean deviation renge
ABh (percent)~---c~-~ro-= 10:10 4.9 1.16 4,1«6.6
Aluminum (ppm)-=-—=we=-=== 10:10 410 2.26 110-1,200
Arsenle (ppm) =~=-eme-sa-=-- 10;10 A 1.41 .20-.65
Barfum {ppm)==-=====-ac--c 10;10 5.1 1.42 3.3-8.1
Beryllium (ppm)=-======-= 8:10 o '1.37 <.13-.21
Borou (ppm)-=e<+-====v---e 10:10 14 1.48 . 8.1-24
Cadmium (ppm) =======-==== 10;10 .052 1.74 .025-.13
Calcium (perceat)----=---- 10:10 .19 1.30 .10-,29
Cerlum (ppm)--~~<==av-<=-= 0:10 -- .- <b,1- -~
Chromium (ppm)--===~-~=-= 10:10 .41 1.74 .16-.86
Cobalt (ppm)=---=--==w-==u 7:10 062 '1.76 <.049-,13
Copper (ppm)eev=-==v==coo 10:10 1.3 ‘ 1.35 .88-2.2
Fluorine (ppm)-=-=---==-- 10:10 6.5 1.28 5-9
Germanfum (ppm)=--===~=a= 7110 110 11.46 <.11-.20
Iron (ppm)=-=am--a-=c-eaa- 10;10 120 2.03 34-350
lanthanum (ppm)~--==-====-= 2:10 -- -- <.61-.60
Lead (ppm)=----v=--=--==-= 10:10 .86 1.49 . 454-1.5
Lithiua (ppm)--=-- vesm=m= 10:10 N 1.84 .29-2.2
Magnesium (percent)==----- 10:10 .066 1.37 .0454,13
Manganese (ppm)==-e====== 10:10 19 2.16 7.0-79
Mercury (ppm)-==<<==---=--~ 10:10 .019 1.664 .01-.04
_ Molybdenum (ppm)~-==-=--<-~ 10:10 .22 1.79 ,13-,88
Nickel (ppm)--=-===-- «-=-  8:10 BRI U 32,38 <.10-,72
Niobium (ppm)-=--<e-==n=--- 4210 LY *1.47 <.61-.92
Phosphorus (percent)-=---~ 10310 .063 1.40 .034-,086
Potasslum (percent)------ 10:10 .64 1.31 L44-1,0
Selentum (ppm) =-=-==w==--- 10:10 .21 1.78 »10-,45
Sodium (ppm)«--~~==~ oomvme= 10:10 26 1.29 16-35
Sctrontium (ppm) ~e-e-mv=-- 10:10 7.2 1.66 4.1-18
Sulfur (total)(ppm)=-----= 10:l0 1,000 1.16 850-1,400
Titanium (ppm) ==~====-==-v 8:10 19,7 11.88 <4,6-23
Uranium (ppm)-==s==as-a-- 10:10 .056 1.88 .017-,16
Vanad {fum (ppm)~=~~==e==== 10:10 .55 . 2.52 .090-1,6
Yetrium (ppm) *=---==-e=-= 10:10 .28 1.70 .11-,60
Zinc (ppm)----==m-mammosna 10:10 15 1.50 §.2-26
Zivconium (ppm)=--ae==xv~ 10:10 .78 1.65 .39-1.6

3The technique of Cohen (1959) was used to calculate the mean and
. deviation becsuse there were one or more concentration wvalues outglda
of the limits of determination of the anelytical method used.
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Teble Il.--Summary statistics for the element content of dry material of

crested wheatgrass from the Seminoe Number 2 wmine, Wyoming

[ppm, parts per million; <, less Chan; leaders (--), mean no data; tatio is
the proportion of the mumber of analyses having values above the lower ltmit
of determination to the total number of analyseg; variable lower limits of
deterwination are obtafned when couverting concentrations on an ash-weight

basis to a dry-weight basis, however only the largest value £s reported}

Element or Geometric Geometric Observed
ash Ratio mean deviation Tange
Ash (percent) ~=ev=~==-- -~ 10:10 S.1 1.08 4.6-6.3
Aluminum (ppm)=--=---~ ===~ 10:10 500 1.41 280-740
Arsenic (ppm) -~-veo~v=--=~ 10:10 .7 1.67 .15-.70
Barium (ppm)=w-=vv=~ee-a~ 10:10 5.8 1.59 2.9-12
Beryll{um (ppm)====~=a-= - 6:l0 ‘.10 11.46 <.11-.23
Boron (ppm)~e=-e-=ceca=e-s - 10:10 6.8 1.44 3.1-10
Cadmium (ppm)===-===~w==== 6310 1,027 12.01 <.021-.083
Calctum (percent)=-=~---- ~ 10:10 W27 1.13 .22-.33
Cerfum (ppm) ====<==~c=ae ~  1:10 -— -- <5.9-5.0
Chromium (ppm)----- B el 9:10 145 11.90 <.10-.88
Cobalt (ppm)-==<r===== ---  9:10 Loee  t1.52 <.046-.11
Copper (ppm)=--==--- ————— 10:10 3.4 1.35 1,5-3.8
Fluorine (ppm)--=-=-ce--=- 10:10 8.0 1.36 =14
Germani{um (ppm)---====e== 8:10 LR} 11.37 <.11-.21
Iron (ppm)=--=c-c-weam-=a 10:10 180 1.26 140-260
lanthanum (ppm)==<=-=~==-= 5310 1.8 Yi.67 <.49-1.5
Lead (ppm)e===-s+a-==--—==< 10:10 71 1.24 .58-1.2
Lithium (ppm)~==-==-=w==a 10:10 47 2.16 o .21-1.5
Magnesium (percepgt)~=---=-- 10:10 .Q8s8 1.20 .068-.11
Mangampege (ppm)=-=-==-=--=== 10:10 22 1.60 12-63
Mercury (ppm)-e-~--- —m——— 10:10 .017 1.66 01-.04
Molybdenum (ppm)-====e=== 10:10 .23 1.3% 15-.40
Nickel (ppm)~==~=w==w=-=n 10:10 .24 1.43 .15-.50
Niobium (ppm)==-~=-==wu--< 3:10 -- - <.49-.82
Phosphorua (percent) ==~~~ 10510 064 1.16 .048-,080
Potasafun (percent)--=--- 10:10 1.1 1.14 95~1.4
Selenjum (ppm)-s-ee=o==m= 10;10 .054 1.45 .04-.10
Sodium (ppm)~-=v~=~c==-~e= 10:10 34 1.22 25=45
Strontium (ppm) =======u~=- 10:10 6.6 1.60 4.0-22
Sulfur (total) (ppm)e----~~ 10:10 1,200 1.18 900-1, 500
Titanjum (ppm) ~===v=ca--x 10:10 9.0 1.40 5.4-15
Uranium (ppm)-====-v==ue-x 10110 057 1.21 .039~,076
Vanadium (ppm)~=<=--e==-== 10:10 60 1.47 .34-1.2
Yttrium (ppm) --=v=~a=-e==a 10:10 .26 1.47 .15-.48
2ine (ppm) =v=m-ommmemuano 10:10 9.5 1.14 7.8~11

2ivconium (ppm)==-~e-=-r-- 10:10 .60 1.38 +36-.95

Ythe technique of Cohen (1959) was used to calculate the mean and
deviat{on becauvse there were one or more concentration values outalde
of the llmits of determi{nation of the analyt{cal method used.
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Table L2 --Summary statisticyg for the element countent of dry material of

interimed {acte wheatyrass from the Enerqy Fuels mine, Coloredo

fppm, parcs per million; <, less thaun; leaders (-+), mean no data, ratio is
the proportion of the number of analyses having values above the lowar limit
of determination to the total number of analyses; vaxiable lower lihic; of
determinstion are obtafned when converting concentrations on an aa£_weigh:

basis to a dry-weight basis, however only the largest value is reported]

Element or Geometr {c Geometr{c Observed
ash ' Ratio mean devistion range
Ash (percent)+-~-v=e-e-== 10;]10 5.6 1.13 4.7-7.1
Aluminum (ppm)----—-===-= 10;10 160 1.66 160-640
Areenic (ppm)-=--w-<----- 10:10 16 1.72 .10-.40
Barium (ppm)-==r—-====a== 10:10 9.0 1.56 4.3-18
Beryllium (ppm)----- “e-wa 6310 113 11.70 <,14-.35
Boron (ppm)-=----- ==--=== 10:10 6.4 1.92 1.6-18
Cadmium (ppm) ~-=v===a====  9:10 1,060 12.56 <.019-.39
Calcium (percent)----=--- 10:10 .19 1.17 15-.26
Cerium (ppm)-~-~--~-=<=m-= 0:10 -- - <b.6- -~
Chromfum (ppm)----- ~=ae-~ 10:10 .55 1.42 .33-1.0
Cobalt (ppm)------ meveeme 4210 1,048 11,43 <.071-.11
Copper (ppu)------=-~~- === 10:10 1.0 : 1.16 .76-1.3
Fluoerine (ppm)--=-~=ee=--- 10:10 6.2 1.13 6-8
Germanium (ppm)--~==-=-=--  7:10 s 11.70 <.13-.32
Iron (ppm)=-=--====c==-==-= 10310 150 1,51 91-~260
Lanthanum (ppx)--+--e=-==  2:10 -- .- <,66-1.6
Lead (ppm)~~--=--- wmm-e--= 10;10 .76 1,48 © .43-1,6
Lithium (ppo)~----- N - .30 *1.73 " <.26-.68
Magnesium (percent)~----- 10:;10 .073 1.28 .047-.11
Manganesc (ppm)--<+-~---=- 10:10 19 2.14 7.0-55
Mercuty (ppm)~---~====-- - 9:10 1.013 11.59 - <.01-.03
Molybdenum (ppa)~~===-=~-= 10;10 .25 2.10 JA2-1.7
Nickel (ppm)-------===-- - 9:10 124 Y1.97 <.10~.64
Niobium (ppm)----=====-=- 5:10 1,52 11.55 <.66-1.1
Phosphorue (percent)----= 10:10 064 1.38 .029~.087
Potassinm (percent)-----= 10:10 .56 1.38 .26-.80
Selenfum (ppm)---=-==-=--=--=- 10;10 .17 1.45 ,10-.25
Sodiuvm (ppm)---~=m=-c--- - 10:10 23 1.34 16-37
Strontium (ppm) --~~==~- --=- 10:10 6.9 2.05 3.3-24
Sulfur (total)(ppm)-==-~~- 10:10 810 1.32 $50-1,300
Titanium (ppm) --=+~--- ---- 7110 1.4 '1.74 <6.0-14
Urenium (ppm)=--=--==-=--- e--  6:10 022 }1.54 <.028-,068
vanad lum (ppm)---~=--==--- 9:10 Y 172.08 <.10-1.1
Yeerfum (ppn)----~=--- -=- 9:10 L2 1,66 <.10-.49
24ine {ppm) ------~~ ~-ewss-  10:;10 10 1.43 5.2-16
Zirconium (ppm) ~-===m=-=== 10: 10 .70 1.65 .39-1.8

}The technfque of Cohen (1959) was used to calculote the mean and
deviation becavuse there were one bor more concentratlon values outalde
of the limits of determination of the analytical method used.
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Table }1 -~Summaxy statist{cs for the element content of dry material of

intermed fate wheatgrass from the Seneca Number 2 mine, Colorado

(ppm, parts per million; <, less than; leaders (--), mean no data; ratio {=
the proportion of the number of analyses having values above the lower limit
. of determination to the total number of analyses; variable lower limits of
determi{nation asre obtained whem converting concentrations on en ash-we{ght

baais to a dry.weight basis, howaver only the largest value is reported]

Element or Geometric Geometric Obgerved
ash . Ratto mean deviation range
Ash (percegt)=--=-~-==--= 10:10 6.8 1.16 5.8-9.9
Aluminum (ppm)-~--==-==-=- ~ 10:10 270 1.64 130-480
Areenic (ppm)-=-=~==<=vo=~ 10310 .33 2.00 .15-1.0
Barfum (ppm)=~=-~==~-=-=-- - 10:10 6.7 1.64 3.0-20
Beryll{um (ppm)=--<~-~=====~ 7:10 s b YA <.20-.26
Boron (ppm)----====-e==- ~ 10310 5.1 1.26 . 3.5-7.3
Cadmivm (ppum)-------=--=~ 8:10 1,03 t1.86 <.040-.11
Calcium (percent)-=~--==== 10:10 .18 1.22 14-,24
Cerfum (ppm)==~-<=-=~=====~  0;10 .- -- <9.2~ --
Chromium (ppm)=---<=w=ov-w 10:10 47 1.39 .30-.27
Cobalt (ppm)=~~---- ~ememme 4:10 .051 11.61 <.099-.13
Copper (ppmw)=~=-==~~==-~ae= 10:10 1.1 ‘ 1.62 .69-3.5
Fluorine (ppm)=---=-=-=---- 10:10 7.5 1.22 6-10
Germanium (ppm)=-=-~==-==== 5:10 113 11.61 <.20-.25
Ivon (ppm)e---~=--e======= 10:10 100 1.52 57-190
Lanthanum (ppm)=~-=-w~=-< 3:10 - - <.,92-2.0
Lead (ppm) -=vs-c=rmecammn-a 10:10 .84 1.23 . .69-1.3
Lithium (ppm)~-===-=e==== 6:10 t.27 t1.23 <.40-.38
Magnesium (percent)-<=--=- 10:10 .10 1.27 .075-.16
Manganese (ppm)=-=-===--=== 10310 16 1.51 8.0-37
Mercury (ppm)---=~=em==a= 8310 1,010 1.33 <.01-.02
Molybdenum (ppm)-====e~~= 10:10 .36 1.76 .19-1,2
" Nickel (ppr)-========m=a= 6:10 Tl 1).61 <.20-30
Niobium (ppm)-=--=-=ve=---~ 2:10 -- -~ <.92-.77
Phosphorus (percent)-=--~= 10:10 051 1.20 .041~.069
Potassium (percent) ~===~= 10:10 1.2 1.36 .64-2,0
Selenfum (ppm) =+==-e====o= 10:10 .19 1.77 206-.45
Sadium (ppm)==-=-~--====m==v= 10:10 40 1.22 29-359
Strontium (ppm)=--c=w===== 10:10 5.0 1.47 3.1-9.0
Sulfur (total)(ppm)-==--- 10:10 890 1.42 . 500-2,000
Titanium (ppm)-==~==mc~=e 6:10 lo.4 11.50 <9.2-11
Uranium (ppm)-—-=~-cevaoe=- 9:10 1,030 11.52 <,023-.086
Vanadium (ppm)-====-~=-== 9:10 25 . 11,60 <.20-.50
Yeerium (ppm) ~=--~-=v-~e- 10:10 21 1.44 .12-.36
Zine (ppm)e===-=mcamm=-en 10:10 11 ‘ 1.3 7.9-18
Zirconium (ppm)--===~-—== 10;10 .63 1.37 »38-.90

3The technique of Cohen (1959) was used to calculate the mean and
deviation becpusc there wete one or more concentration values outside
of the l{mits of determination of the analytical mechod used.
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‘Table 14 --Summary statisrics for the clement content of dry materiasl of
{ntermediste whearerags from the Husky mine, North Dakota

[ppm.'partu per million; <, less then; leaders (-~), mean no data; xvatio is-
the proportion of the number of snslyses having valuea above the lower limfit
of determinacion to thé totsl number of analyses; varisble lower limits of
determination are obtatned when converting conceantrations on an ash-wefght

basis to a dry-weieght basis, however only che largest value i reported]

Elament or Geometric Geometr ic Observed
ash Ratio me an deviarion range
Ash (percent) a==-=-=-=e--- 10:10 4.6 1.10- 4.0+5.3
Aluminum (ppm) ~====--e---- 10:10 660 - 1.60 320-1,200
Arsenic (ppm)-=r-e==~-==- 10:10 .18 1.38 +25~.65
Barium (ppm)=-==-—======--- 10:10 38 1.68 16-87
Beryliium (ppm)-==-==a=nv . 9:10 1,18 1.6 - <,094-,.31
Boron (ppm)e=======em=-aa- 10:10 13 1.26 9.0-18
Cadnfum (ppm)-=-ve=-==--=-- 10:10 .039 1.68 .018-.10
Calcfum (percent)-------- 10:10 .20 1.15 .15-.23
Cexium (ppm)===-======a-= 5:10 4.0 '1.35 <4.9-6,2
Chromfium (ppm)-~=~-=-=-=-=- 10710 W70 1.42 48-1.3
Cobalt (ppm)-==--=====ne= 9:10 1,059 11,50 <.051-.11
Copper (ppm)=--===-======- 10:10 1.1 1.44 .51-1.7
Fluorine (ppm)~========-- 10:10 5.7 1.18 5-8
German{um (ppm)==-======-= 6:10 L. ‘1.58 <.10-,21
Iron (ppm)e--=--=-=====-=- 10:10 280 1.61 120-510
Lapthsnum (ppm)=~-======- 6110 .66 12.14 <.48-2.3
Lend (ppm) -~====c-vwam=ma-- L0:10 1.2 1.47 ©.61-2.4
Lithium (ppam)=--e-~===a-==~ 8:10 . 11.38 ¢ <.21-.38
Magnesium (percent)-e---~ 10:10 .072 1.14 .057-,091
Mangsnese (ppm)-=--------- 10:10 39 1.77 12-695
Mercury (ppm)-==-<v=<=seo-=-= 10r10 .019 1.30 .01~,03
Molybdenum (ppm)-==--=-=o~ 10:10 .31 1.48 14-.58
Nickel (ppm)=--<-=-===ce=-v 10:10 .36 2.02 .050-,83
Nioblum (ppm)===--====c=-= 8:10 t.65 11.65 <.47-1.4
Phosphorus (percent)-=-=- 10:10, .023 1.12 .020-.027
Potassium (percent) -=--~- 10:10 » 33 1.37 .22-,58
Selen{um (ppm)=----=-----~- 10:10 .054 1.51 04-.15
Sodium (ppm)-=-<=-====e-=a= 10:10 59 1.91 36-310
Stront{um (ppm)-==-==~===-- 10:10 19 1.52 9.9-32
Sulfur (cotal) (ppm)===-==- 10:10 620 1.24 . 450-800
Titan{vm (ppm)=-~=~=-===e-~- 10:10 16 2.07 5.2-44
Uraniun (ppm)-=-=====-w~- 10:10 .038 1.34 .018-,053
Vanadium (ppm)-========~- 10210 .76 2.06 .24-1.8
Yterium (ppm) e~===r==n=~- 10:10 .46 1.54 .23-.78
Zine (ppm)=em=m====m=aun- 10: 10 9.6 1.18 7.3-12
2ireconfum (ppm) ~-=~==cw=s~ 10: 10 1.2 - 1.69 -56-2.6

YThe technique of Cohen (1959) was used to calculate the mesn and
deviatlon because there were one or more concencrstion values ocutsida
of the limits of determinetion of the sralytical method used.
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TablelS.--Summary statf{stice for the element content of dry material of

intermedlate wireatgrasp from the South Beulah mine, North Dakora

fppm, parts per million; <, less than; leadere (--), mean no data; ratio is

the proportion of the number of snalyses having values above the lower limit

of determinztion to the total number of analyses; variasble lower limits of

determinat{on are obtained whem converting concentrations on aa ash-weight

basts to a dry-weight basis, however only the largest value {8 reported]

Element or

Geometric Geometric Observed
ash Ratio mean deviation range
Ash (percent) ~e---=-w--=o 10:10 5.4 1.13 4.6-6,8
Aluninum (ppm) -~---- a==-- 10:10 480 - 1.42 280=-840
Arsenic (ppm)-=~va=-sce--- 10:10 .66 2.25 .25-2.,5
Barium (ppm)~=-~======--- 10:10 15 1.43 11-35
Berylltum (ppm)=~===-=-==-~ 7:10 .13 11,75 <.11-.40
Boron (ppm)-==-=~=======-= 10:10 7.7 1.50 4.0-16
Cadmium (ppm)=~-<======-== 9:10 1.030 11.55 <.021-,060
Calcium (percent)-----=-- 10110 18 1.08 .16-.21
Cerfum (ppm)=-=--=-=-a=-==x 1:10 -- -- <6.3-6,6
Chromi{um (ppm)-w==-==-e==-= 10:10 .49 1.0 .38-.84
€obalt (ppm) =====-====e== 10:10 .076 1.41 «046-.12
Copper (ppm)-==-==-======= 10:10 1.0 1.26 .69-1.5
¥luorine (ppm)--=-=---=-~- 10:10 6.3 1.12 5-8
Germanium (ppm)=-=---==-=«==~= 8:10 a2 11.38 <.12=.20
Iron (ppm)~r-s=-==v==--=e~- 10710 200 1.40 130-480
Lanthapum (ppm)=--=+-=- -- 6210 1.4 11.68 <.63-1.5
Lead (ppm)-~------- mammana 10;10 1.0 1.37 T .75-2,2
Lithium (ppm)--e-====e-<= 3:10 ~e - <.24-.34
Magnesivm (percent)-=~-<- 10:10 .055 1.09 .049-,067
Maugenese (ppm)=----~--- ~= 10:10 30 1.58 18-90
Mercury (ppm)-~=-===~-=~-- 10:10 .013 1.43 01-.02
Molybdenum (ppm)-=--~-==~-= 10:10 .27 1.46 .18-.66
" Nickel (ppm)-~--====s=—==a 10:10 .25 1.1 .14-.78
Riodbium (ppm)==~=---- mme-- 3:10 ~ -- <.52-1.5
Phosphorus (percent)--==~ 10:10 .039 1.26 .023-,050
Potassium (percent)=-~=---- 10:10 21 1.20 17-,31
Selen{um (ppm)=~~~===<=--- 10:10 .088 1.31 06~-.15
sodfum (ppm)=--~=~~=~=v-== 10: 10 10 1.17 25-40
Strontium (ppm) ==~===~==- 10:10 15 1.36 9.5-32 -
Sulfur (total) (ppm)=----=- 10:10 440 1.10 400~500
Titanium (ppm)~-—---v===- 10: 10 9.2 1.35 5.4-20
Uranlup (ppm) -==-~===-===x 10:10 047 1,19 .0370.060
Vanadium (ppm)=-~-=~v~-=-== 10410 A3 1.86 .18-1.6
Yeerium (ppm)----==v-c=-= 10;10 .30 1.52 17~.66
2inc (ppm) ==--=e--—wa--aa 10:10 12 1.12 9.7-15
Zirconium (ppm) --+"a===== 10:10 .76 1.46 .52-1.7

3The tectin{que of Cohen (1959) was used to calculate rhe mean and
deviatlon becsuse chere were une or more concentration values outside

of the llmits of determf{anntfon of the gnalytical method used.
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Table 16 ~~Summary statistics for the clement content of dry materlis) of

intermed {ate wheatgrass from the Velva mine, North Dakota

[ppm, parts per million; <, less than; leaders (--), mesn mo data; ratio ia

the proportion of the number of analyses having values agbove the lowar limit

of determinarion to the total number of analyses; varisble lower limits of

datarafnat{ion are obtained when converr{ng concentrations on an ash-weight

basis to B dry-weight bazis, however only the largest value 1is reported’

Elsment or Geowmetric Geometric Observed
ash ) Ratio mean deviation TARZE
Aeh (percent)------- -s-=- 10:10 7.5 1.10 6.6-8.9
Aluminum (ppm)-~----- -=-==- 10:10 130 1.54 86-220
Arsenfc (ppm)~==-=e=---=-=- 10:10 .21 2.35 .050-~.80
Bar{um (ppm)==a==v=wsa-c~ 10:10 11 1.67 4.1-22
Beryllium (ppm)--=-=----- 9:10 L.25 1,59 <.18-.46
Boron (ppm)=~====<~e-=---- 10:10 9.2 1.58 4,4-20
Cedmivm (ppm)-==v-=mw=v-a- 6:10 1.039 11.80 <,036-.030
Calcium (percent)------=-- 10:10 .18 1.11 .16-.21
Cerfum (ppm)==-==~-~w-===- 2:10 -- -~ <8.3-8.7
Chromfum (ppm)<-==-m-==-~ 10:10 .30 1.56 .18~.53
Cobalt (ppm)--==-====- == 3:10 -- -~ <.081~-.20
Copper (ppm) -<-<-=-==-== ~- 10110 1.5 1.24 1.2-2.2
Fluorine (ppm)=-~==e===-=~- 10:10 4.8 1.30 4-8
Germanium (ppm)=---=-=== .- 1:10 1.8 .79 <.17-.41
Iron (ppm)=------<~~====- 10710 54 1.50 31-98
Lanthanum (ppm)---=---=--  5;10 ‘1.1 12.42 <.83-3.8
Lead (ppr)~~==-=-- Amem——a - 10:10 1.5 1.38 ' .98-2.4
Lichium (ppm)~=<c-=-emm=== 1:10 -- - <.36-.32
Magnesjum (parcenf)~=-=-=-- 10:10 044 1.13 .036-.053
Manganese (ppm)---=------- 10:10 IAA 2.06 13-100
Nercury (ppm)~--=--- e===== 10:10 .016 1.60 01-.04
Molybdenum (ppm)-=-=~- --== 10:10 .36 2.25 -19-2.4
Nickel (ppm)=-~=====c=-==- 4310 113 12.74 <.18-.48
Niobium (ppm)=-=-====-----= 5:10 1,63 12.30 <.83-1.7
Phosphorus (percent)---=-- 10:10 045 1.21 .038-.058
Potassium (percent) ~~=--- 10:10 .22 1.11 .19-.27
Selenium (ppm)~-<~===o-=-== 10:10 .098 1.50 .06-.20
Sodium (ppm)--=-=-==-=---= 10:10 24 1.25 18-39
Strontiuw (ppm)--===--==- 10; 10 10 1.53 5.6-26
Bulfur (:otal)(ppm)=-=-=~-=~~ 10:10 440 1.14 400-680
Titen{um (ppm)========~-= 2:10 -- - <§,3-8.3
Uranium (ppm)-==<~-==-- -== 10:10 .058 1.32 .028-.080
Venad lum (ppm)=-~-~<===== 7110 121 Y1.77 <.18-.83
Yterium (ppm)--«=-=-=~- a=-= 2:10 b22 '1.74 <,18-.48
Zinc (ppm)--===m===-v=nnc 10:10 15 1.11 12-28
Z{ivconium (ppm)--==-~~= <=  10:10 .64 1.32 +36-.95

IThe techalique of Cohen (1959) was used to calculate the mesn and

deviation because there were onc or more concentration
of the limlts of dererminacion of the analytical method used.
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Table 17. --Summary stacistices for the element content of dry materisl of

slender wheatgrass from the Absaloka mine, Mongana

{ppm, perts per m{llion; <, less than; leaders (--), mean wo datz; ratio is

the proporcion of the number of analyses having valuee above the lower limic

of determination to the total number of enalyses; variasble lower limits of

determination are obtained when converting concenkrations on sn ash-weight

basis to a dry-welzht basia, however only the largest value is reported]

Element or Geometric Geometric Observed
ash Ratio meau deviation range
Ash (percent)-----ve-==-=e 10:10 3.7 1.26 2.7-5.1
Aluminum (ppm) =====m===a- 10:10 260 1.33 160-920
Arsenlc (ppm)----ave-ev-- 10:10 .26 1.91 .15-1.2
Barfum (ppm) -=~-==-- me-=-  10:10 8.4 1.49 5.2-22
Beryllfium (ppm)--=-----=-  5:10 1.075 ‘1.86 <.10-.32
Borom (ppm)==-==-r=e=e-~- 10:10 5.5 1.73 2.3-16
Cadmium (ppm) =====-===cex 7:10 1017 12.04 <.016-,096
Calc{um (percent)------ -- 10:10 17 1.12 .13-.20
Cerium (ppa) -=~-<-=wewuec~- 110 -~ -- <4.7-5.6
Chromfum (ppm)~<===-~~==~a= 10:10 .32 1.30 .22-.56
Cobalt (ppm)--=-==er=an ~- 610 1040 11.55 <.051-,080
Copper (Ppm) ------- - 10:10 .78 1.22 «58=1,0
Fluorine (ppm)~=-~=-- ~-==- 10:10 S.1 1.22 4-7
Cerpanium (ppm)e--~=----v-  7:10 1 o7s 11.30 <.10-.11
Iron (ppm) ===~~~ “~esemmea 10:10 95 1.73 38-260
Lanthanuam (ppm) =-vew==u~- 6:10 .50 '1.85 <.45-1.2
lead (ppm) ==--v-=secac<es 10:10 72 1.44 .55-1.8
Lithivua (ppa) -~=-v-====v- 3:10 -- ~s «<,20-.16
Magnesium (percent)------ 10: 10 035 1.25 .049-,082
Manganese (ppm)-=-==-=-=<= 10:; 10 22 1.73 13-87
Marcury (ppm)---v-==e-a-= 10:10 .022 1.46 .01-,04
Molybdenum (ppm)=---== aev=  10:10 .20 1.65 .10-.61
Hickel (ppm)=--===-v-osmwu- 9:10 L t1.75 <.10-,51
Kiobium (ppm)~==v-v-=a=-v-- 1:10 ~- -- . <.46-1.4
Phosphorus (percent)---<- 10:10 .021 1.40 .010-,030
Potassium (percent) -=---- 10:10 .26 1.37 W17=.42
Selenfum (ppm) ==<se===-=o 10:10 .025 1.40 02-.04
Sod{um (ppm)--~~-==cace-a 10: 10 23 1.22 19-32
Sctrontfum (ppm) -====-=n-- 10210 6.1 1.47 3.5-11
Sulfur (totel) (ppm)==---- 10:10 490 1.17 400-650
Titanivm (ppm) =====-=== an= &10 t5.0 11.65 <4,7-24
Uran{um (ppm)-=--=--- et 10:10 024 1.464 .014-.046
Vanadium {(ppm)=-==~===~===-= 910 115 Y1.54 <.10-1.0
Yetrium (ppm)-=-v=c==x ~=-  12:10 .16 1.63 .07-.43
Zine (ppm)--=~=-m==eosve- 10:10 12 1.38 7.0-21
2irconivm (ppm)=--==s--a-= 10: 10 .52 1.68 225-1.5

The technique of Cohen (1959) was used o calculate the mean snd

deviation because chere were one or more concentratlon
of the liwmits of determination of the snalytical merhod used.
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Table 18 --Suumary statistics for the element content of dry materisl of

slender wheatyrsrg from che B{g Sky mine, Montans

{ppm, parts per million; <, less thsn; leaders (--), mean oo data; ratio is -
the proﬁottion of the number of analyses having values above che lower limit
of determinacion_to cge total sumber of analyses; variable lower liwmits of
determination are obtaine; vhen converting concentrations on an ash-welaht

besie Co a dry-weight basis, however only the larzest value i8 reporzed]

Element or Geometric Geomectr ic Observed
ash Ratio mean deviat{on range
A'h (Pement)"""""" 10:10 3.7 1017 3!2'510
Aluninua (ppm)-=-==-w-==-= 10:10 510 1.37 280-740
Arsenic (ppm)-='-~=--- ~==~ 10:10 .29 1.55 .15-.70
Barium {ppm)------ ==ee--- 10:10 8.7 1.42 5.8-17
Berylliuvm (ppm)--====-= -=-  9:10 . 1,51 <.072-,20
Boron {ppm)-==-==~==v—==- 10:10 14 1.73 6.0-36
Csdmium (ppm) ===--=====- 9:10 1,027 11.53 <.020-.044
Calcium (percent)=---==-=- 10:10 .19 1.09 17,22
Cexrium (ppm)=--=---~ camm==- 3:10 -- -- <b.7-5,2
Chromium (ppm) =~==-====== 10:10 .48 1.55 »20~.78
Cobalt (ppm)-=~=-- caeeee== 10:10 .057 1.43 .033-,096
Copper (ppm)=-=-========a== 10;10 1.1 1.36 .70-2,0
Fluorine (ppm)=~=-=~===<-- 10:10 6.6 1.21 5-9
Germanivm (ppm)-~-======-  7:10 110 11.62 <.096-.20
Iron (ppm)--+==~=-==--- see=- 10:10 180 1.31 110-270
Lantheoum (ppm)~<---==---  §:10 1.6 12.21 <.33-1.9
Lead (ppm)---+<-=-===e--=-  10:;10 A 1.31 CoW46-1.1
Lithium (ppm)------ ——e-- 9110 *21 '1.51 | <.20-.43
Magpes fum (perceat)----=-- 10:10 .079 1.27 .056-.11
Mangapese (ppm)==-e=--==-- 10:10 26 1.77 16-110
Mexcury (ppm)~==--~ cmvm-- 10:10 .021 1.38 .01-.03
Molybdeaum (ppm)=~-=------ 10:10 .60 2.25 .19-1.5
Nickel (ppm)--===-- cmmmee 10:10 .27 1.46 .14-.38
Niobfum (ppm)=-===m=m=ma- 5:10 .37 11.80 <.45-.88
Phosphorus (percent) -=--- 10:10 .021 1.19 .017~.031
Potsassivm (percent)------ 10:10 .36 1.34 . .22-.58
Selenium (ppm) =-~=-==--< -- 10:10 .13 1.71 04-.25
Sodium (ppm)=-====mem-ce-ux 10: 10 32 1.27 21-48
Strontium {(ppm)---==~=<-- 10:10 8.2 1.48 4.9-15
Sulfur (total) (ppm)-=----- 10:10 470 1.22 . 400-200
Titanium (ppm)-======c=== 10:10 9.9 1.49 5.0-15
Uranfum (ppm)========~-=- 10:10 .050 1.33 .026-.079
Vanadfum (ppm)-=========- 10:10 .43 1.76 .18-,85
Yter{um (ppm)=--=<-==es=<- 10:10 .29 1.53 .15-.45
Zinc (ppm)----~- cemmmomman 10:10 14 l.41 8.1-26
Zirconium (ppm)=---==--=--- 10110 .81 1.70 +39-1.7

1The technique of Cohen (1959) was used to calculate the mean and
deviation becauge there wcre one or more concentration vealues outside
of the limits of determination of the snalyticrl method used,
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Table19. -—Jummsry statigtice for the elemepnt content of dry msceriel of

flender wheatgrass from the Decker mine, Montgna

[ppm, parts per oillfon; <, legs than; leaders (--), mean no data; ratio is
the proportion of the nuwmber of anslyses heving values above the lower limit
_of determination to the rotal number of analyses; varieble lower limits of
determinat{on are obtained whem converting comcentrationg on an ash-waight

basis to » dry-weight basis, hawever only the largest value is reported)}

Element or Geometric Geometric Obaerved

ash . Ratio mRan deviation range
Ash (percent)-==--+-ese=a 10:10 5.5 1.22 4.0-8.2
Aluminum (ppm)----—=a-=--- 10:10 440 1.36 290-810
Arsenic (ppm)-~=-=——==m==s 10:10 .23 1.52 .15-.45
Barium (ppa)~-===--=e---- 10:10 18 1.53 7.2=33
Beryllium (ppm)--=--=----~ 9:10 LI ) 11.55 <.11-.30
Boron (ppm)~—-=--w=--v-a=- 10:10 3.6 1.60 . 1.4-5.8
cadmiunm (ppm)-==vv-=w-==- 5:10 1.019 19.13 <,024-,054
Calcium (percent)--~-<=-~ 10310 .18 1.18 «13-.22
Cerium (pp@)-——===-r——=====x 3:10 - ~- <7.6-7.5
Chrom{um (ppm)---==-=--==== 9110 LA | t1.77 <.12-,87
Cobalt (ppm)-----—==-n==a= 6:10 1,052 11.53 <,060-.18
Copper (ppm)-—=<=-=-we-=axs 10510 .87 . 1.35 .40-1.2
Fluor(ne (ppm)--=--s-==a~ 10;10 5.6 1.34 3-8
Germanium (ppm)=---~-- a=== 10310 22 1.45 212 -,.41
Iron (ppm)-+----=--=s===s 10:10 170 1.45 110~-150
Lanthanum {pp@)=-=--=~--== 5:10 .50 13.86 <.76-2.2
Lead (ppm)~-=-—===-—cw==e- 10:10 1.1 1.47 T .64-1.9
Lithium (ppm)-====-~==-e=x 8¢10 Y34 2.1 | <.23-1.3
Magnegjum (percent)e=---=- 10310 .070 1.32 .048-.12
Manganese (ppm)=--=-==---=- 10:10 61 1.73 31-160
Mercury (ppm)--e---e=--== 10510 .014 1.44 .01-,02
 Molybdenum (ppm)--~=-=- «-=- 10110 .33 2.32 \12-2.2
Nickel (ppm)--==ve-cea=o= 10:10 B 1.72 .18-,70
Riobium (ppm)-=-=-mmww==-=~ 5:10 %) 12.10 <.76-1.1
Phosphorus (parcent)=---=~ 10:10 027 1.27 .019-,045
Potagslum (percent)--=--- 10:10 .22 1.36 -16-.36
selenfum (ppm)=-<--=e-=u=- 10:10 . 057 1.41 .04-.10
Sodium (ppr)--=--=~====--== 10:10 72 , 2.01 i7-240
Strontivm (ppm) ~-=~e==a=- 10:10 24 1.58 13-44
Sulfur (total)(ppm)=----~ 10:10 440 1.12 . 400-500
Titaniuo (ppm) ===--==a~=v 9:10 7.9 11.48 <7.6-17
Uran{um {(ppm)-~=~--=====~ 10:10 .061 1.30 .033=-,080
Venadlum (ppm)~==--==v=== 13510 245 . 1.81 .20-1.2
Yterium (ppm)~-=-—--ou=e- 10:10 .27 1.50 .13-.51
Zine (ppm) ~--====r-==a==- 10310 8.7 : 1.28 6.6-14
Ziveonium (ppm)-=~-====== - 10:10 .80 1.41 »68~1.3

Ihe technique of Coben (1959) was used to calculate the mean and
deviation becsuse there were one or more concentrstion valueg oucside
of the limits of determination of the analytical mathod used.
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Table20.--Summary statistics for the elemenc content of dry mater{aml of

alfalfa from the Energy Fuels mime, Coloradeo

fPPﬂ, parts per million; <, less than; leaders (=--), mean no data; ratf{o is

thé proportion of the number of snalyses having values above the lower limit

of determination to the total number of analyses; variable lower limits of

determination are obtained when converting concentrations on an ash-weight

basis to a dry-weight basis, however only the largest value is reported]

Element or Geometric Geometric Observed
ash i Ratio mean deviation range
Ash (percent) e-==--=-- e-== 10:10 5.0 1.20 6,7-13
Aluminum (ppm) -=-~--- ~-=-== 10:10 560 1.29 400-350
Arsenic (ppm)==w====+=--=-- 10:10 .31 1.3¢9 .15-.45
Bar{um (ppm)=-=-=-=--===-=- 10:10 15 1.30 10-28
Beryllium (ppm)=-=------- 0:10 -- ~- <.26= =~
Boron (ppm)-=----- mee—a— 10:10 54 1.49 29-92
Cadmium (ppm) --=-=-=-=---- 10:10 .12 1.71 .060-.26
Calcium (percent)=<~~==- - 10:10 2.6 1.21 2.,0-4.0
Cerjum (ppm)=~=-===-~==-~ == 2:10 - - < 10- 13
Chromium (ppm)=--e===-<-= - 10:10 .56 1.26 J46-1.0
Cobalt (ppm)=-==----- ~w-e=  6:10 l.084 11.78 <.093-.19
Copper (ppm)=====----- ~=- 10:10 5.6 1.22 3.9-7,2
Fluorine (ppm)=~~----- we== 10:10 6.6 1.25 5=9
Germanium (ppm)=-~=--=-== 1:10 - -- <,26-.21
Iron (ppm)~~=-====~==-==va- 10:10 170 1.24 120-220
Lanthanum (ppm)e----==--- 10310 1.8 1.86 J87<4.2
lead (ppm)~-==-w===c---== 10:10 W97 1.21 .74-1.3
Lithf{um (ppm)~-#-~-=-v==-== 10710 .76 2.01 46-3.8
Magnesium (percent)-=-=-=--- 10:10 .38 1.81 +16-.86
Mapganese (ppm)--=-=--=-- 10:10 24 1.48 15-56
Merteury (ppm)=--=-=~====-= 10:10 015 1.53 .01-.03
Molybdenum (ppm)-------=- 10:10 2.0 1.81 54<4.3
* Nickel (ppm)-==v===s==--= 10110 .69 2.00 .36-3.1
Niobium (ppm)=-<==~--==za-s 6:10 i 7 '1.66 <1.0-1.4
Phosphorus (percent)----- 10:10 .089 1.38 .054-,14
Potussium (percent)------ 10:10 .82 1.25 .59-1,0
Selepium (ppm) -=<-======= 10:10 .39 1.81 .20~1.4
Sod{um (Ppm)==-==~===== ~-- 10:10 40 1.56 22-70
Scrontfum (ppm) ~=====~ -==~ 10:10 78 1.52 48-190
Sulfur (total) (ppm)------ 10:10 2,600 1.46 1,600-4,700
Titanfum (ppm) -=~=-====-- 9:10 19,8 11.30 <10-14
Uranium (ppm)=====~===a-=  §:10 1,029 1.32 <.052~,069
vanedlum (ppm)-==---===== 10:10 .64 1.3 .49-1.0
Ytrrium (ppam) =====-u-==-= 10:10 .59 1.54 .34-1.6
Zine (ppm)~========~~ e-=-~= 10:10 18 1.46 11-40
2irconfom (ppm) ~=--=-<-~ =-= 10:10 1.5 1.28 1.0-2,0

IThe technique of Cohen (1959) was used to calculate the mean and

deviat{on because there were onec or more concentrgtion
of the limicec of determination of the analytical method used.
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“Table Z1.--Summary statistics for the element content of dry material of

alfalfa from the Seweca Number 2 mine, Coloraco

[ppw, parts per million; <, lees than; leaders (=+), mean no data; ratio is -
tha proportion of the number of analyses heving values above the lower limic
of determination to :h;a total number of mlyus; variable lower limits of
deteramination are obtained‘ when converting concentrations on an ash weight

basis to a dry welght basis, however only the largest value is reported]

Element or . Geometric Geometric Obgerved
ash Ratio mesn deviation range
Ash (parcent)=<----=-=-- ~- 10:10 6.8 1.26 4,4-10
Aluninum (ppm) -—--=~=-= -e=~ 10:10 440 1.71 170-1,100
Arsenle (ppm)-=r--<---=~- 10:10 .56 2.26 .25-3.0
Bar{um (ppm)=----—-<e=~--- 10:10 8.2 2.13 3.3-47
Beryllium (ppm)--—=====ar- 0:10 - .- - <.20- --
Boron (ppm)--~v-~-s=-ec~=ea 10:10 52 1.46 29-84
Cadmium (ppm) -~—-=e=-==--- 9;10 110 12.22 <.040-.43
Calcfum (percent)---=----=- 10:10 1.7 1.44 .88-2.9
Cerium (ppm)-==~—~====a=- 2:10 -~ -- <9.3-2.2
Chromium (ppm) =-~~==~~=wu- 10:10 450 1.46 »25=.72
Cobalt (ppm)---n~r=== <-e--  5:10 1,061 11.46 <.10-,11
Copper (ppm)-==-—-~eev==ax 10:10 5.3 1.78 1.1-8.0
Fluorine (ppm)=~--~====-=--- 10:10 6.6 1,25 L~8
German fum (ppm)—-~~=~-~==-- 1:10 -~ -- <.20-.19
Iron (ppm)~-=-=~——<~=-s==-- 10;10 120 1.42 79-250
Lanthanum (ppm)--~=-=a==-  9:10 1.2 1,91 <.59-3.4
Lead (ppm)~------ Neemm-- 10;10 .82 1.38 ©.54=).4
Lithium (ppm) -~===-e -—-—— 9110 t.sa 1.72 T <,18-1,1
Meguesium (percent)-w~---- 10110 42 1.51 J21-,64
Manganese (ppm)-—~-===-=---=- 10;10 17 1,65 9.0-33
Mareory (ppm)-w--v==rae-= 9410 011 11.37 <.01-.02
Molybdenum (ppm)-==~ec===v= 10;10 1.2 1,48 +50-1.9
Nickel (ppm)-=---~-==-==-- 10510 .50 1.56 .22-1,1
Niobium (ppm)=-=----===-=-= 4:10 A *1.87 <.83-1.3
Phosphorusg (percent)~=--~ 10110, -067 1.25 .063-,088
Potagalum (percent) ----~- 10:10 .70 1.30 .46~.97
Selenfua (ppm)~--====--~-- 10:10 .32 2.06 .10~-.90
Sodium (ppm) ~=-~=-a==-cs-- 10:10 26 2.77 35-630
Strontium (ppm) ---===ew-- 10110 37 1,46 20-72
Sulfur (total) (ppm)==---- 10:10 1,700 1.38 .950-2, 800
Titanium (ppm) ---======-- 7:10 17.8 11.66 <7.1-20
Uranium (ppm)---=====ee-- 10:10 048 1.68 .023~.12
Vanad{um (ppm)---~-====--- 10110 34 ' 1.95 «13-1.3
Yeerium (ppm) - -~==emaw—-= 10:10 .35 o 1.52 .19~.66
Zinc (ppm)--==-v==e-=a_a- 10:10 21 1.43 12-35
Zirconium (ppm)=-~======-- 10:10 .97 1.74 P47-2.8

Ithe technique of Cohen (1959) was used to calculate the mean and
deviation because there were one or more concentration veplues ocutside
of the limics of determination of the anslytical method used.
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Table22.~--Summary statist{ces for the element content of dry material of

alfalfa from the fHusky mine, North Dakocta

[ppm, parts per million; <, less than; leaders (-<), mean no data; ratio is

the proportion of the number of analyses having values above the lower limit

of determination to the total number of enalyses; variable lower 1limits of

determination are obtained when converting concentrations on an ash-weight

bas{s to a dry-veight basis, however only the largest value is reported)

Element or Ceometric Geometric Obgexrved
ash Ratio tregn deviation range
Ash (percent) ~ee<-v-—-=--- 10:10 4.8 1.10 4,3-5.6
Alumdnum (ppm) =====~=--~~ 10:10 460 1.53 230-990
Areenic (ppm)=-e==m=-==--= 10:10 .22 1.28 .15-.30
Barium (ppm)=======-~---= 10:10 38 1.49 20-85
Beryllium (ppm) ===e=~=---- 1:10 -- -~ <,11-,13
Boron (ppm)~~==-mec=—--—-~ 10:10 27 1.36 19-47
Cadmfum (ppm) =-==e--=-=-= 10:10 .064 1,26 .044-,10
Calctum (percent)s~------- 10:10 94 1.14 .83-1.2
Cerfum (ppm)-~==-=-==me----- 1:10 -- -- <5.1-5.1
Chroaium (ppm) ~-==-- -—-=-- 10:10 A8 1.35 «33-.85
Cobalt (ppm)-~=====v2--~= 10:10 .081 1.43 .046-.13
Copper {ppm)-=======--=~=~ 10:10 5.3 1.18 4.2-7.2
Fluorine (ppm)-~=====----- 10:10 6.3 1.19 5-8
Germanfum (ppm)-==w-—---— 0:10 - - <.11= --
Iron (ppm)------e-cer-=-- 10:10 200 1.47 120-450
Lanthepum (ppm)=--==-==-- 9:10 1,75 11.87 <.49-2.4
Lead (ppm)==-=-sammcem-a- 10:10 .73 1.45 ©bb-1.6
Lithium (ppm)===-==e—s--= 10:10 1.2 1.66 .58-2.4
Magnesium (perceant)------ 10:10 .26 1.19 .21-.35
Mangancse (ppm)---=~=-~-~==~ 10:10 13 1.76 7.0-44
Mercury (ppm)~==<-==----- 10:10 .011 1.3% .01-,02
Molybdenum (ppm)==~=-~--~ 10:10 1.5 1.93 .88-5.5
Nickel (ppm)---===-=s--~- 10:10 52 1.58 .35-1.2
Kiobium (ppm)=-=====----- 3:10 .- -- <.51-.71
Phosphorus (percent)----- 10:10 .060 1.24 .047-.088
Potessium (percent)------ 10:10 .80 1.15 .66-1.0
Selenium (ppm)-===e=-~--- 10:10 17 1.70 .10-.45
Sodium (ppm)-<-=-~-=vmam=~na- 10:10 250 1.82 120-700
Strontium (ppm)=====--=--- 10:10 62 1.63 38-160
Sulfur (total) (ppm)=------ 10:10 1,200 1,20 850-1,400
Titanium (pp@)~~e=~==-~~- 10:10 9,2 1.64 5.3-26
Uranium (ppm)====c-e=—c-- 10:10 .098 l.44 .062-.20
Vansdium (ppm)--==-<e---- 10:10 W4l 2.08 .12-1.8
Yttrium (ppm) w~-==a=c-=~= 10:10 .32 1.54 .15-.70
Zinc (ppm) =e~====sceaca—- 10:10 15 1.17 12-18
2irconium (ppm)=---===-=--~ 10;10 .98 1.63 A44-2.8

1The technique of Gohen (1959) was vsed to calculate the mean and
deviation because there were one or more councentration values outside

of the limits of determination of the analytical method used.
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Table 23.-~Summary gtatistics for the element content of dry material of

alfalfa from the Sonth Beulah mi{ne, North Dakota

(ppm, paxte per million; <, lass thanr; >, greater rthan; leaders (--), mean

90 dale; ratio {s the proportion of the number of analyses having values gbove

the lower limit of derermination to the total number of analyses; variable

limits of determination are obtained wheu converting concentrati{cns on an ash-

wveight bagis to a dry-weight basie, however only the largest lower limit and

the amallest upper limit values sre reported)

Element or Geometric Geometric Obszerved
ash ) Ratio mean deviation range
Ash (percent) ~=~--m<amesan 10:10 6.4 1.16 4.8-7.7
Alumf{num (ppm)=w===-ea-==- 10:10 540 1.63 260-1,400
Aregenic (ppm)=-==meo~-ma=- 10:10 .95 1,78 .40-2.5
Barlum (ppm)--=---=====sea 10:10 22 1.41 12435
Beryllium (ppm)-=~e~=ee-- 2:10 -~ .- <,15=,21
Boron (ppm)e-=-<-w<=we==-a= 10:10 48 1.60 31-120
Cadnium (ppm) ==w=-==~ ~--=-=- 10:10 .20. 1.98 .087-.88
Calcfum (percent)-<--==-= 10:10 1.6 .24 1.1-2.2
Cerfum (ppm)---=-~-- m—meua 3:10 -~ -- <6.9~12
chromium (ppm)=--==--ec==- 10:10 .56 1.44 »38-1.2
Cobalt (ppm)=---~====== --  9:10 .28 13,82 <.060-2.0
Copper (ppm)-~---=--=o---a 10:10 6.3 1.2} 4.9-9.0
Fluorine (ppm)===r=cev-<- 10:10 6.3 1.12 5-7
Cermanivm (ppm)=-~====w-== 0:10 -- - <,152 =-
Iron (ppm)<-=-=w=-w=s-w=-== 10110 240 1.55 140-560
Lanthanum (ppm)e==--==-=w==n 6110 71 1i.94 <.69~4.3
Lead (ppm)=====w===m=c<== 10:10 1.0 1.47 " .60~2.2
Lithium (ppm)=--=-e<~=re== 10:10 1.2 2.32 4B8+4.5
Magnesium (percent)~=--=- 10:10 .30 1.19 .22+~.38
Mangenese (ppm)==-=~---== 10:10 3l 2.34 11~160
Mercury (ppm)-~---=e=---= 10:10 .018 1.53 .01-,03
Molybdenum (ppr)---=-==-=- 10:10 1.6 2.02 +43-5,8
Hickel (ppm)=-<-====<a=a- 10:10 1.0 3.04 .30-6.6
Niobilum (ppm)=-=====a=cs= 5:10 1,58 12.24 <.69-2.3
Phosphorus (percemt)~--~- 10:10 .060 1.11 ,053-,074
Potassium (percent)-~---- 10:10 .78 1.13 ,60-.,92
Selenfum (ppm)-====>~==== 10:10 W12 1.37 .08-,20
Sodium (ppm)=-=-=-===~ e==r- 10:10 240 1.62 110-3%0
Strontium (ppm) == ====~==s= 2 7:10 170 1.76 77> 220
Sulfur (total)(ppm)----~- 10:10 1,700 1.32 1,300-2, BOD
Titan{um (ppm) ===-~=v==== 9:10 18,9 11,66 6.7-25
Uraniun (ppm) -===~=====o=<~ 10:10 .04} 1.70 .022-.11
Vanad {um (ppm)=-===v=-==~~= 10:10 .51 1.97 «23-2.3
Yetrivm (ppm) ~=~==~===e= -~ 10:10 .37 1.80 d4-1.4
2inc (ppu) ~--==~-=mmocs—n 10;:10 20 1.52 12-57
2irconium (ppm)-~-<===-==~ 10;10 1.1 1.60 .66-3.6

1The technique of Cohen (1959) was used to calculate the #ean and

devistion because there were one or moreé concentratilon
of the limlcs of determination of tha snalytical method used.

values outside

3patios for the number of values below the upper limit of deter-
minagion to the number of samples analyzed.
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Tablez, . --Summary statistics for the element comtent of dry mstex{al of

alfalfa from tle Velvs mine, North pDskota

[ppm, parts per million; <, leas than; leaders (-<), mean no data; ratio is

the proportion of the number of analyses having values above the lower limir

of determinacion to the total number of analyses; variable lower limits of

determination are obtained when converting concentrations on an ash-weight

basis to a dry-weight basis, however only the largest value 45 reported)

Element or

Geonmetric Geometric Observed
ash . Ratio nean deviation range
Ash (percent) =~ee=<-===-~- 10:10 6.7 1.10 5.9-7.8
Aluminum (ppm)==~e=-==e== 10:10 150 1.85 72-380
Areenic (ppm)~-<=-----=--=-= 10:10 .53 1.74 .30-1.1
Barfum (ppm)-=-----~- =-== 10:;10 10 1.81 3.9-20
Beryll{um (ppm)==-=-==-=---~  4:10 12 l1.67 <,l4=,27
Boron (ppm)=ee--rece--=== 10:10 66 1.65 28-130
Cadmium (ppm)-==<==- -=-== 10:10 .075 1.57 .046-,18
Calcium (percent)--=--===-- 10:10 1.6 1.20 1,2-2.3
Cerium (ppm)---vce=c=c==== 3:10 .- -- <7,3-11
Chromfum (ppm)e--=-=--~=-- 10:10 27 1.71 .12-,58
Cobalt (ppm)-=ee-cese--a=  2:10 -~ .- <.077-.16
Copper (ppm)==-e====x ~=== 10:10 8.7 1.29 6.1=-12
Fluorine (ppm)=-=-==--v-- 10:10 5.0 1.19 4-6
Germanium (ppam)-=--=~--+===  2:10 -- -~ <.16~,21
Iron (ppm)=~=-=-~=<e--v=-=- 10:10 75 1.72 33-170
Lanthanum (ppm)=-=--==-= === T:10 1.0 13,564 <.,58 -4.6
Lead (ppm) ~====-= Nmame - 10:10 1.0 1.64 T .48-2.6
Lithium (ppm)--e==a=-ea=-~-= 10:10 5.8 1.33 3.9-9.4
Magnesium (percent)-=----- 10:10 .25 1.26 .19-,37
Mangsnese (ppm)=----=---=- 10:10 26 1.82 13-77
Mercury (ppm)-=---- meecmam 10:10 .014 1.62 .01-,03
Molybdenum (ppm)~==--- a==~ 10:10 4.2 1.75 1.9-9.0
* Nickel (ppm)-=---- SRR - 10:10 .63 1.70 23-1.3
Niobium (ppm)=--es-====== 4110 Y48 12.92 <.66-2.2
Phosphorus (percent)=----~ 10:10 .088 1.26 .059-,12
Potassium (percent)--=--=- 1010 1.0 1.16 .78-1.3
Selenfum (ppm) ~~=-=~- s~---=- 10;10 .27 1.34 425-.55
Sodium (ppm)-==~===v-c-== 10:10 93 1.93 38-270
Strontium (ppm)-~==-=-=--- 10:10 100 1.67 54-210
Sulfur (total) (ppm)=-====-= 10:10 1,700 1.28 1,200-2,700
Titanlom (ppm)--<===uc-=- 2:10 .- -~ <7.3=7.7
Uranium (ppm)-=~-=--==c=-~ 10: 10 .085 2,00 .050-.23
Vanadfum (ppm)-==--=--- ---=  6:10 118 13.70 <.16-1.2
Yttriam (ppm)----=--=- c--- 810 N ¥ 1.7k <, 13-.45
2inc (ppm) ~===~-anu-c-a- -~ 10:10 22 1.32 15-33
Zirconfun (ppm)--~-+=-=~=-- 10:10 .59 1.60 +42-1.6

Lrhe technique of Cohen (1959) was used to calculate the mean and

deviation becnusg there were one or more concentration
of the limlecs of determination of the analycical method used.
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Table 25. --Summaxy stetfet{cs for the clement content of dry material of

alfalfa from the Big Sky mine, Montana

[ppm, parts per million; <, less than; leaders (--), mean no data; ratio is -
the proportion of the numbaer of snalyses having values above the lower limit
of determination to :hé total pumber of snalyses; variable lowar limits of
determination are obtnined. when converting concentrations on an ash-weight

basis to s dry-weight basis, however omly the lsrgest value 18 reported])

Element or . Geometrice Geomatric Obsarved
ash Ratlo mean deviatfon range
Ash (percent)---+----=-== 10:10 5.2 1,12 4.6-6,1
Aluminum (ppm)-~=~--=e==~ 10:10 660 1.61 290-1,400
Areenic (ppm)-=r~=—-—c--= 10:10 .31 1.66 .20-,85
Barium (ppm)-~-~=~v=-==e-= 10:10 10 1.74 3.5-20 -
Beryllium (ppm)~--~---==o ~ 1l:10 -~ -- - €.13-.)2
Boron (ppm)--=---=-----==~ 10:10 48 1.58 26-90
Cadmium (ppm) =~=v==-===== 9310 1,040 11.53 <,025-.62
calcium (percent)~--~-=--= 10:10 1.2 1.14 .99-1.4
Cerium (ppm)-=--=~-=n-=e~ 4:10 4.2 11,36 <5.9-~8.4
Chrom{um (ppm)---~- wmmm——— 10:10 .55 ' 1.42 »35-.95
Cobalt (ppm)---==~——~-= -« 10:10 11 1.48 .056-.18
Copper (ppm)=~-==-==~=a=x- 10:10 7.6 1.25 4.7-10
Fluorine (pom)--~---- e=-=- 10:10 7.2 1.16 5-8
Germanium (ppm)----- ~==== 1:10 -- -- <,13-,13
Iron (ppm)=-+e-—=-=--~=2e- 10:10 230 1.41 160-430
Lanthanum (ppa)===-==-=a=v 10:10 1.0 f.72 .50-3.0
Lead (ppm)=—=--=--~m==acn 10:10 .78 1.41 .46-1.3
Lithivm (ppm)--=---- ~---- 10:10 .52 1.34 T .30-.73
Magmesium (percent)-=-=---- 10:10 Yy 1.32 -28-.69
Manganese (ppm)--=--===== 10:10 28 2.69 8.0-97
Mercury (ppm)---=--=-=s-> 10:10 .022 2.06 .01-.09
Molybdenum (ppm)~----<e=-- 10:10 4.3 1.66 2.3-12
Nickel (ppm)=-v~=-=--—-v===a 10:10 .82 1.91 .37-2.0
Niobium (ppm)==-=~=--=====- 5:10 .50 11.61 <,59-1.2
Phasphorus (percent)==-=- 10:10. .052 1.45 .023-.093
Potaasium (percent) --e-=- 10:10 .50 1.32 34-.73
Selenium (ppm)--=--==n=-o- 10:10 .20 1.61 .10-.45
sodium (ppm)---am-w-mvaan 10:10 80 1.66 38-150
Strontfum (ppm) ~=~——==e=- 10:10 42 1.52 25-100
Sulfur (rotal) (ppm)-=~=-=- 10:10 1,300 1,18 . 950-1,500
Titanfum (ppm)-=-==—-===- 10:10 12 1.61 5.1-22
Ucan {um {ppm)-=-=--=+=va== 10:10 .048 1.42 .021-.067
Vanadium (ppm)~==v-=-=nm=- 10:10 49 2.03 .14-1.4
Yterium (ppm)=~-~=-—~===-- 10:10 44 1.56 .18-,75
Zine (ppm) ==~re=va~-mane- 10:10 27 1.38 14-40
Zireonlum (ppm)~=v=-====- 10:10 1.4 1.58 +60-3.1 -

‘The technlque of Cohen (1959) was used to calculate the mesan and
devintion becausae there were one or wmore concentration values outgide
of the limits of determination of the anslytical method uscd.
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Table 6. -~-Summary statistics for the clement content of dry materlal of

sandfain from che Absaloka mine, Montana

[ppm, parts per million; <, less than; leaders (-+), mean no data; ratio is
the proportion of the mumber of analyses having values above the lower limit
af determination to the total number of analyses; varisble lower lihit; of
determination are obtained when converting concentratfons om an ash-weight

basis to a dry-weight basis, however only the largest value ia reported)

Element or Geometric Geometric Obgerved
ash Ratio mean deviation range
Ash (percent)-=<=-<--es--- 10;10 3.4 1.18 2.6-3.8
Aluminym (ppm)=~===-e=-=-= 10:10 230 1.98 65-580
Arsenic (ppm)-=-=-==--==-=-= 10;10 .59 2.24 .10-1.2
Barfum (ppm)~~=-======-==~ 10:10 24 1.59 15-56
Baryllium (ppm)~=veev-=== 3:10 -- -~ <,084-.11
Boren (ppa)------ ~em---=- 10:10 20 1.59 11-43
Cadmium (ppm)===--=~-===== 10:10 .081 1.71 .031-.17
Calcium (percent)~=-=-==--= 10110 .78 1.18 .59-.94
Cer{um (ppm)=------- m---=~ev  3:10 -~ -~ <3.9-5.8
Chromfum (ppm)=-===-=-==-- 10110 .25 1.51 11-.43
Cobelt (ppm)=--<-~-~==<-=== 10:10 .064 1,30 .039-.099%
Copper (ppm)-=+==~=ee===x 10:10 2.0 : 1.22 1.5-2.9
Fluorine (ppm)=---======== 10:10 5.2 1.13 4-6
Cerwanium (ppm)=-==-c====- 2:10 -- -- <,084-.086
Iron (ppm)---=~===m=v==-= 10:10 76 1.72 24-140
Lanthanum (ppm)~=-=e-====  B8:10 161 12.53 <.35-2.3
lead (ppm)-~--- cmmmean-e= 10:10 .64 1,56 " .29-1.3
Lithjum (ppm)=-=-=--==~-~ 5:10 1az 11,33 | <.16-.20
Magnes{um (percent)--~---- 10:10 .26 1.28 .15-.37
Menganase (ppm)=-=--=-=-== 10:10 47 1.79 18-100
Mercury (ppm)-=~=~-=c-== - 10:10 .016 1.51 - .01-.03
Molybdenuw (ppm)=-<-=-==-~- 10:10 1.6 2.35 .36-5.5
Nickel (ppm)=-=---=-=-==~ ---  9:10 119 12.02 <,060-,43
Niobjum (ppm)=-=-=--====-~ - 6:10 L35 ‘1.6 <.36-.86
Phogphorus (percent)----- 10:10 017 1.16 .015~.023
Potassium (percent)-----= 10110 .39 1.60 .18-.865
Selenfum (ppm)-=---w==aaa 10:10 .029 1.53 .02-,06
Sod{um (ppm)~--==~===a-=ax 10:10 41 1.53 22-79
Stront{um (ppm) --===-===~ 10:10 40 1.67 19-86
Sulfur (total) (ppm)=-=~=-~ 10:10 1,000 1.87 400-3,600
Titanium (ppm)-=s====a---  7:10 4.1 31.70 <3.6-8.4
Uraniun (ppm) ~—==-=a=~=-= 10:10 .030 1.58 .010-,050
Venadlum (ppm)====-====== 9:10 120 $2.44 <.060-.68
Yttrivcm (ppm) =~-==~==v-= ~- 10:10 .19 1.78 .070-,40
Zinc (ppm) -=-=-~=~~ ceame---= 10:10 8.9 1.68 4.5-23
Zirconfum (ppm)=-=-=-===~=== 10:10 .70 1.89 +30-2.0

 The technique of Cohen (1959) was used to calculate the mean and
devintion because there were one or more concentration values outglde
of the linics of decermination of the analytical method used.
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Table27.--Summary stat{stics for the clement comntent of drv material of

fourving selcbush from the Jim Bridver mine, Wyoming

[pew, parts per mfllion; <, legs than; leaders (-v), mesn no data; ratio is

the proportion of the numbér of analyses having values above the lower limit

of determination Lo the total pumber of analysea; variable lower limits of

determination are obtained when converting concentrations on an ssh-weight

basia to a dry-weight basis, however only the largest value is reported]

Element or Geometric Geometric Obsexved
ash ' Ratfo mean daviation range
Ash (percent)=-----===--o 10:10 10 1.12 8.1-12
Alvminum (ppm)--=--=o==--~ 10:10 460 1.46 240-910
Arseaic (ppm)---=-=~==-=-= -~ 10:10 24 1.61 .10-.40
Berium (ppa)----=-====~== 10:10 4.4 1.57 2.3-12
Beryllium (ppm)-==~===-—« 0:10 -- -- <,24- -~
Boron {ppm)-e---=-=-e---= 10:10 220 1.72 110-610
Cadmium (ppm) —~~---===--~~ 10:10 .099 2.21 .032+.30
Calcium (percent)-~==a-=a 10:10 94 1.28 S7-1.4
Carfum (ppm)=---========-= 4710 9.1 11.23 <11-12
Chromium (ppm) w-—=~~==-=- «~ 10:10 -49 1.45 .22-.86
Cobalt (ppm)=---~>—==e=-== 10:10 .18 1.77 .081-.44
Copper (ppa)=-=-==-~===--= 10:10 4.9 1.22 4.4-7.0
Fluorine (ppm)----------- 10:10 8.2 1.21 6-10
German{um (ppm)=-=---=~~--=  1:10 -= -- <.,24-.30
Iron (ppm)===v--=—===e-=a 10:10 140 1.48 63-290
Lanthanum (ppm)~=--===-=~< 6:10 *1.5 15,00 <Q2.274%.1
Lead (ppm)=--=-==-=-==s-= 10¢10 1.0 1.48 .51-1.8
Lith{um (ppm)=--=~=-====- - 10:10 .97 1.59 .32-1.5
Magnesium (percent)-=---=-= 10:10 .82 1.25 .63-1.0
Mangsaneee (ppm)-~-<===~--~ 10:10 68 2,82 10-330
Mercury (ppm)--~=-====-=-= 7:10 >.010 11.36 <.01-.02
Molybdenum (ppm)~-<-====--~ 10:10 W72 2.46 .23-5.1
Nickel (ppm)----=---=-<---= 9:10 1.79 17,12 <.16-1.8
Nioblua (ppm)-~-=-—==---= 3:10 -~ ~- <1.l-1.4
Phosphorus (percent)-=---- 10:10 .11 1,20 .081-.14
Potasglum {percent) --=--= 10:10 2.8 1.19 1.9-3.6
Selenjum (ppm)-—=r===a--< 10:10 .70 1.63 .25-1.2
sodium (ppm)~----<--===s-== 10:10 2,600 3.80 230-7,700
Strontium (ppm) -~-—=e---~ 10:10 21 1.47 9.0-41
Sulfur (cotal) (ppm)-===-- 10310 3,500 1.17 2,600-4,400
Titenlum (ppm)~------=--= 7:10 110 11.50 <10-20
Uranium (ppm) ---=====a=a= 7510 1,038 1.25 <,04B3-,048
Vanad{um (ppm)----~===-== 8:10 L35 Y3.14 <.22-1.3
Yterium (ppm) —--=-~eec-—-- 10:10 43 1.48 .24-.84
2{nc (ppm) == =~——wermeme--s 10:]10 66 1.33 52-110
Zfirconium (ppm)—~-<-~=-~--w 10:10 1.2 1.43 266-2.3

}The technique of Cohen (1959) was used to calculate the mesn and

deviation because there were one or more concentration
of the limits of determination of the analyt{cal method used.
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Table 8. --Summary statistics for the element content of dry matevial of

fourwing saltbush from the pecker mine, Mountana

fvem, parcs per million; <, less than; leadexrs (--), mean no data; ratio is

the proportion of the number of analyses having values above the lower limit

of determipation to the totsl number of analyses; variadle lower limits of

determination are obtained when converting concentrations om aun ashweight

basis to a dry-weight basis, however only the largest value is reported)

Element or Geometric Geometr ic Obererved
ash i Ratio meau deviation range
Ash (percent)===--~=-=o=-== 10:10 9.9 1.24 6.1-13
Aluminum (ppm)~=-===ace== 10;10 440 - 1.53 200-910
Arseunic (ppm)-==-e==--==- 10:10 .26 1,70 .10~-.50
Barium (ppm)=-===-===e=n=s 10: 10 8.1 1.51 1.7-14
Peryllfium (ppm)~=-<=-===-== 2:10 -- .- <.26-.25
Boron (ppm)--~--<-==v~=== 10:10 30 1.36 18-53
Cadmium (ppm)=-==<= m———eaa 9:10 t.o81 .78 <.048-.18
Calcium (percent)-==-=-==--~ 10:10 .96 1.43 .55-1.2
Cerium (ppm)~=-===~====-=~= 0:10 -- -- <l2- =
Chromium (ppm)==--=~-=-==-=-~= 10:10 47 1.33 «28-.61
Cobalt (ppm)====-=~=-===-= 10:10 27 1.58 J12-,52
Copper (ppm)=-=-=-~=-~==<e=-= 10:10 4.5 1.33 3.0-6.6
Fluorine (ppm)=-=--~====v=~ 10;10 7.6 1.18 6-9
Gexrmanium (ppm)=-~-=-=-<-- 1:10 -- - <.26-.19
Iron (ppm)=----~- cemmm———— ~ 10:10 140 1.30 98-220
Lapnthanum (ppa)=-==-=--=- -~ 9:10 1.5 13,77 <1.1-3.,8
Lead (ppm)<-=-+=--s=====-= 10:10 .90 1.20 © .80-1.3
Lithfum (ppm)----~=~e=ve= 10:10 1.8 1.53 .82-3.8
Magnesium (percept)-=-=-- 10:10 48 1.46 .30-.94
Manganese (ppm)--~~=====<= 10:10 110 1.47 65-210
Mercuty (ppm)=-e-=-===-e<= 6:10 1.009 '1.38 <,01-,02
Molybdenuw (ppm)~-=~---=-~- 10:10 J4b 1.47 .29-1.0
" Rickel (ppm)--=====a=c=== 10:10 2.5 1.48 1.4-6,7
Riobium (ppm)=--v====--~~ 3:10 -- -= <1.2-1.3
Phoephorus (percenmt)----- 10:10 Q74 1.38 .052-.16
Potassium (percent) -=-=-<- 10:10 3.1 1.20 2.2-3.8
Selenium (ppm)-==-===eo=an= 10:10 .32 1.75 .15-.90
Sodlum (ppm)~--=-w=-=-=-== 10:10 420 2.70 130-2,500
Strontium (ppm) ~=w=e-v==--= 10:10 88 1.49 51-210
Sulfur (total)(ppm)--=-=- 10:10 3,600 1.25 2,400-4,700
Titanlum (ppm)---=~=====-= 6:10 9.3 ‘1,38 <12-16
Uranfum (ppm) -=-===e~=a-=-- 2:10 -= -- <.052-,039
Vanadium (ppm)----- vmmmma 9:10 1,30 11.41 <,19-.47
Yttrium (ppm) ===-=-=====~ 9:10 129 y.27 <.19-.41
Zinc (ppm) ~cm=v=-mmmamm=- 10:10 3% 1.57 19-86
Z{rconlium (ppm)---~--~=--~ 10:10 .95 1.25 267-1.2

 YThe technique of Cohen (1959) was used to calculate the mean and

deviation because there wcre one or more cencentration
of the llulcs of determinatfon of the analycical method used.
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Methods section, the dry-weight conversfon results 1n sgome variable LLD
valuaes.

For many of the wines, control sampleg of alfalfa were collected in
nearby hay fields. Three samples of the control material are presented for
comparigon with the mine material. Where available, therefore, these data
follow one another in the Appendix. Observations concerning these sets of
data follow: (1) The alfalfa collected in a field 2 km east of the Big Sky
mine has lower concentrations of aluminum, calcium, c¢obalt, copper, manganese,
molybdenum, nickel, selenium, sulfur, titanium, vranium, zinc, and zirconium,
and higher concentrations of barium, than did mine samples. (2) Comtrol
samples of alfalfa collected 4 km west of the Husky mine were higher in
arsenlc, boron, and lead than were samples collected at the mine (none of the
elements were lower in concentration in the control samples when compared with
the mine samples). (3) Alfalfa control samples collected 2 ko southeast of
.the South Beulah mine had a lower concentration of sodlum than did wmine
gamples; however, the control samples were higher in barium (order of
magnitude), lanthanum, nioblum, phosphorus (order of wagnitude), and
selenlum. The higher ash yield of the coutrol samples, compared to the mine
samples, may be responsible for these differences; however, the reagon for
such a large diacrepancy in ash yield is not apparent. Also, the high mercury
value of 0.10 ppm in one of the control samples (s also difficult to explain——
it may be analytical error. (4) Samples of alfalfa collected in a field 5 km
north of the Velva wine showed no concentration of elements lower than what
was found in the mine samples. The control samples were higher, however, in
aluminum, lrown, lithium, sodium, phosphorus, and sulfur.

Crested wheatgrass was collected unot only on a rehabilitation gite at the

Dave Johnston mine, but also at an area whose topsoll had been removed to a
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depth of several 1nches for use elsewhere. Data on the crested wheatgrasa
gsamples from this altered topsoll 'borrow' area ias presented in the Appendix
table as 'control' samples. The control samples and mine samples were similar
in thelr concentrations of mwost elements; however, the control samples were
higher 1in barium and lower in cadmium, potagsium, and manganese. These
comparisons, between control- and mine-samples, differ somewhat from element
levels in similar materials collected in 1974 (Erdman and Ebens, 1979).
Concentrations of cadmium, cobalt, fluorine, manganese, uranium, vanadluym, and
zinc in wheatgrass from mine sites were found by these authors £o be from 3 to
20 times higher than those grown in the 'borrow' areas. Varlables such as
time since reclamation, degree of topsoil depth (reclamation methods), and
minesoll heterogeneity from site—-to-site probably contribute to these
differences between studles.

Samples of green alder and diamondleaf willow were sampled both on
and away from a rehabilitation area at the Uslbelli mine, Alaska. The
Appendix table 1lists the analytical results for the six samples of each of
these woody species. Bssentially no difference was observed i1in the
concentration of 34 elements and ash yield in alder between the control- and
mine-gamples. The willow sampleg were also similar, except for lanthanum
which appeared to be somewhat higher in concentration in mine samples than in
control samples. Of particular interest, however, were the concentrations of
gilver in the two species both on and off the rehabilitation site (table B8).
Although silver was analyzed for in all of the samples listed in the Appendix,
only the alder and willow gamples from the Usibelli mine had detectable
amounts (the LLD 1in agh, by the emission spectrographic method, was 0.92
ppm). Table 8 also shows that about twice as much silver was found in control

samples of alder as in mine-sampled alder. Diamondleaf willow samples did not
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show this same difference. These levels of silver, although anomalous for
this data set, are not unusually high when compared to samples of plants
growing ip soills that are slightly acidic (Connor and Shacklette, 1975).
Comparison of Mine-Sampled Wheatgrasses

Figure 5 diagrams the geometric wmean of ten samples of wheatgrass
collected at each of ten different mine rehabilitation sites in four western
states. Also shown are the confidence intervals about the mean. The width of
the confidence 1Interval defines the specific region within which the
population mean (p) occurs with a probability of 95 percent. Because both the
geometric mean (GM) and geometric deviation (GD) were used in the calculation,
instead of the mean and standard deviation, the following equation defines the

confildence limits:

10310 GM - 1.96 x log10 GD < p« loglo M+ 1.96 x log10 GD.
/n /n

Following the above calculation, the antilog of the confidence limits was
determined and then plotted. A resampling of the same material at the same
site would generate new GM and GD values and thus different confidence limits;
however, 95 percent of the time the theoretical y would fall within these
limits.

Data for three species of wheatgrasses are plotted together in Figure
5. Crested wheatgrass was sampled at the two Wyoming mines. The five mines
in Colorado and North Dakota represent collections of intermediate wheatgrass,
whereas slender wheatgrass was sampled at the three wines 1n Montana.
Although 1interspecific physiological differences in element uptake may occur,

Figure 5 shows that for most elements, the effects due to differences among
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FIGURE 5. Geometric means (solid circles) and their confidence intervals (0.05
probability level) for the elemeat countent and ash yield of wheatgrass
(dry-weight basis) at 10 western surface-mined coal rehabilitation sites.
Ten samples at each site were used in the calculation of the mean and
interval. The plants sampled were: Wyoming mines ~~ crested wheatgrass;

Colorado and North Dakota mines -- intermediate wheatgrass; and Montana

mines -- slender wheatgrass.
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mines apparently overwhelm any differences due to specles. Good examples are
the plots of boron, selenium, and sodium (fig. 5D, 50, and SP) that show
lictle interspecific overlap among mines, whereas intermine differences are
pronounced.

Assuming, than, that the local or mine-area environment is more important
in determining the element composition of the wheatgrasses than 1s rthe
inherent uptake characterilstics of the three species, an examination of figure
5 raveals mwajor compositional differences among mines. A qualitative
assessment of high or low levels (concentrations) of selected elements at each
mine (based on intermine comparisons) follows: Dave Johnston~-boron, cadmlum,
seleniuwn, sulfur, and uranium (high); Seaminoe No. 2--copper, sulfur, and
uranium (high); Energy Fuels~-cadmium and selenium (high), arsenic and uranium
(low); Seneca No. 2-—selenium (high), nickel (low); Husky~-boron, {irom, lead,
manganese, and sodium (high), nickel (low); South Beulah--arsenic and
aluminum (high), sulfur (low); Velva——ash yileld, lead, manganese, and uranium
(high), aluminum, fluorine, iron, and sulfur (low); Absalcka~-ash yield,
nickel, selenium, sulfur, and uranium (low); Big Sky--boron, molybdenum,
selenium, and vranium (high), ash yield and sulfur (low); Decker--lead,
manganese, sodium, and wuranium (high), borom and sulfur (low). High
molybdenum was also found at the Big Sky mine (1.2~1.8 ppm, dry material) in
the wheat grain samples (Appendix). This material was from an area that
had 25-60 cm of topsoil placed over spoil previously reported to be high in
available molybdenum (Erdman and others, 1978). The molybdenum levels in our
wheat samples were similar to samples collected in 1974 (Erdman and Gough,
1979) from an area at the same mine but with omly 10-15 cm of topsoil. It
would appear, therefore, that increasing topsoll depth has not ameliorated the

tendency of wheat to assimilate molybdenum.
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The following elements showed only small differences among most of the
nines: cadmium, chromium, fluorine, mercury, and zimc. There were no obvious
element groupings by state, by wheatgrass specles, or by mine; however, an
analysls of the vresults of a Q-mode factor analysis, to examine further
possible sample-site groupings, 1s pending.

Between—Mine Multiple-Meaun Comparisons

Tables 3-7 1list the geometric means for the concentration of 32, 33, or
34 elements (and ash yield) in plant materfals sampled at 11 coal-
stripmines., Each table shows the concentration meauns that are significantly
different from one another for the same rehabllitarion species among mines.
Differences among mines, using like species, 1s assumed to reflect differences
in the mine environment-~specifically, differences In spoll and topsoil
(minesoil) mineralogy, lithology, and bioavailability.

Crested Wheatgrass

Table 3 ia a comparison of the concentrations of 34 elements in crested
wheatgrass collected at two mines in Wyoming. Ullttle difference between mines
was noted for most (about 60 percent) of the elements. The wheatgrase at the
Dave Johnston mine was highest 1n the ¢oncentration of boron, c¢admium,
selenium, and zinc, whereas the Semince No. 2 mine wheatgrass was highest in
calcium, copper, fluorine, iron, nickel, potassium, sodium, and sulfur. The
reasan for the slight increase in the number of elements found to be at higher
concentrations 1n the wheatgrass from the Semiuoe No. 2 mine 1s unknown;
however, the latter mlne had no topsoil at the rehabilitation site visited.

Intermediate Wheatgrass

A comparison of the element content of Intermediste wheatgrass collected

at five mines in Colorado and North Dakota 1s given in Table 4. Although all

the elements, except calclum, molybdenum, and niobiam, showed significant
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differences 1In thei{r means between at least two of the mwmines, these
differences were usually only a factor of two or three. For example, although
four of the five zinc means were found to be sgignificantly different, the
difference between the lowest and highest mean was less than a factor of
two. A few elements did show substantial differences in their concentration
levels among mines as is demonstrated by rhe following extreme high and low
mine values (ppm dry material): aluminum—--660 (Husky), 130 (Velva); potassium—
-12,000 (Seneca No. 2), 2,100 (South Beulah); iron~—-280 (Husky), 54 (Velva);
magnesium--1,000 (Seneca No. 2), 440 (Velva); and selenfum~-0.19 (Seneca No.
2), 0.054 (Husky). The concentrations of such environmentally important
elements as arsenic, boron, c¢admium, cobalt, fluorine, lead, mercury,
molybdenum, nickel, and uranium did not vary greatly between wmines, and also
di1d not occur in concentrations usvally considered to be potentially toxic to
plaats or grazing animals (Gough, Shacklette, and Case, 1979).
Slender Wheatgrass

Table 5 gives the mean concentration of 34 elements In samples of slender
wheatgrass collected at three coal-stripmines in Montana. A comparison of
these means showes that over 90 percent of the elements show significant
differences between at least two of the mines. The elewents boron, beryllium,
germanium, molybdenum, sodium, selenium, strontium, and uranium show large
enough intermine differences to be segregated into three groups. Intermine
differences in the element concentration means were alwayg less than an order-
of-magnitude. In general, concentrations of most elements were highest in
samples from the Bilg Sky and Decker mines and lowest {in samples from the
Absaloka mine. The councentrations of potentfally harmful elements in slender
wheatgrass all appear to be well within acceptable (non-toxic) ranges.

Nutritional diseases in grazing cattle associated with a low wmacro-
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nutrient content of forage grown on rehabil{tated areas ls a potential problew
in stripmine management (Erdman and Ebens, 1979). These authors report from
the literature a minimum critical phosphorus level in dry forage material of
about 0.l3 percent. In another study Mayland and Grunes (1974) report from
the literature a minimum critical level for wmagnesium in grasses to be about
0.2 percent. The concentrations of both these elements 1Iin crested,
intermediate, and slender wheatgrass (tadbles 3, 4, and 5, respectively) are
below the critical levels by factors of two to six. These levels should be
re—evaluated earlier in the season by a resampling because the amount of
phosphorus and magnesium are known to decrease as the plant undergoes
senescence (Rittenhouse and Vavra, 1979). In any event, a nutritional
supplement for cattle, grazing predominantly over rehabilitated areas, should
be a management consideration at all the mines in this study.
Alfalfa

Alfalfa was collected at six mines in three states——Energy Fuels and
Seneca No. 2 (Colorado); Big Sky (Montana); and Husky, South Beulah, and Velva
(North Dakota)., Table 6 gives the results of the multiple-mean comparison
test for the concentration of 32 elements and ash yleld. The ash yield of
alfalfa ranged from a low of 4.8 percent for the Husky mine samples to a high
of 9.0 percent for the Energy Fuels mine material, This rather large
variabllity was due to the percentage of low ash-ylelding stem to high ash-
yielding leaf material in samples from individual mines. Table ! reflects the
fact that the samples from the Big Sky and Husky mines (low ash—-yleld mines)
were compogsed mostly of stems and frults (due to early frost—initlated leaf-
drop), whereas samples from the other mines 1ncluded leaf material. Because
the Table 6 data are reported on a dry-weight basis, some of the concentration

among between mines are due to ash yleld-differences which in turn is8 due to
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the plant-material composition of the alfalfa collected.

The multiple-mean test of the six wmines produced f£four or fewer
concentration groupings per element-—for most elements, the segregation was
accomplished with only two or three groups. About 90 percent of the elements
were segregated when the difference between means was less than a factor of
five. The chemistry of alfalfa 1Is fairly uniform among mines; however,
differences shown by alfalfa are generally larger than those observed for
wheatgrass. Large variabllity among wmines was observed for alfalfa in the
concentration of aluminum,; cadmiue, lithium, and sodium. The difference
between the largest and smallest means among wmines for each of these elements
ranged between a factor of about five to ten. For example, samples of alfalfa
from the Velve mine were an order-of-magnitude higher 4in cthelr lithium
concentrations than the lowest mean recorded at the Big Sky mine. Similar
high lithium values in alfalfa sampled at the Velva mine were also found by J.
A, Erdman (U.S. Geological Survey, Denver, unpub. data, 1974). Of interest is
the fact that lithiuwe was much higher in samples from all the North Dakota
mines when compared to the other mines. Other pronounced intrastate or
interstate trends, howevex, are not common.

The concentration of several of the environmentally important elements
were considerably higher in alfalfa when compared to their concentration in
wheatgrass. For example, boron and molybdenum were about five and ten times
higher, vespectively. A mean boron concentration of 66 ppm at the Velva mine
may be borderline phytotoxic (Gupta, 1979), especially when one considers that
individval values were as high as 130 ppm. Also, whereas mnolybdenum at
concentrations of 1-3 ppm 1s not particularly unusual for dicots 1in the
northern Great Plains, values of greater than 4 ppm, observed at the Big Sky

and Velve mines, are unusual (Appendix table). Similar high molybdepum
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concentrations in sweetclover and alfalfa at the Big Sky mine, and their
potential health effects on grazing cattle, have already been discussed by
Erdman and Ebens (1979) and J. A. Erdman (U.S. Geological Survey, Denver,
unpub. data, 1974), A reiteration of these considerations will not be
presented here except to emphasize that a similar condition for potential
molybdenum problems may exist at the Velva mine.

Fourwing Saltbush

Table ! shows that whereas samples of fourwing saltbush from the Jim
Bridger and Decker wines (Wyoming and Montana, respectively) were collected in
September and October 1978, the samples from the San Juan mine, New Mexlco,
were collected as part of a separate study in August 1977. Some intermine
differences, reported in Table 7, therefore, may be due to somewhat different
sample handling procedures. Also, the number of samples varied among mines—-
the multiple—mean test, however, allowed for this difference.

Table 7 gives the results of the multiple-mean test for 33 elements and
ash yield in fourwing saltbush. Except for «concentrations of boron,
phosphorus, selenium, and perbaps zinc (which were highest in samples from the
Jim Bridger mine), the majority of the high element means were found in
samples from the San Juan mine. For some elements the difference was
conslderable--for example, the means for barium, iron, mercury, vanadium, and
zirconlum were filve to ten times greater. Of special note were the sodium
concentratfons in saltbush at the San Juan mine that were nearly twenty times
greater than the Decker mine samples. The Jim Bridger samples were also high
in sodium. The saline-sodic minesoll conditions of the more arid mine-sites
(San Juan and Jim Bridger mines) were undoubtedly responsible for this
pronounced difference (Severson and Gough, 1981).

The concentration means for the elements in fourwing saltbush show that
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only one potentially phytotoxic condition exists al these mines. The
extremely high boron levels found at the Jim B8ridger mine are of concern.
Although the mean value was 220 ppm, the range of ten samples was from t110-610
ppn (Appeundix table). This mean is two times greater than the high boron mean
racorded for samples of alfalfa from the Velva mine. We reported (Severson
and Gough, 1981) that the hot-water—-extractable boron levels in both replaced
topsoil and spoll at the Jim Bridger mine were about five times greater than
levels at the other mines. Extractable boron in topsoll ranged from 2.5 ¢o
9.5 ppm and 1in spoil from 8.0 to 26 ppm. These water-soluble boron levels
must be considered detrimental to all but the wmost boron—-tolerant specles.
Further, the unusually high boron levels in fourwing saltbush 1s evidence that
the boron in the minesoils 15 in an form available for plant assimilation.
Rehabilitation Speciles Summary Data

Tables 9 through 28 list the summary statistics for the concentration of
elements in the rehabilitation species sampled, Ounly data for the 11 mines
that made up the major mine comparison study (table l) are given. These data
are presented to ald those most JInterested in assessing the individual
compogltion of a gilven species at a given wmine, and basically they sumnmarize
the 1nformation presented in the Appendix table. For those elements with
variable lower limits of analytical determination (see the Appendix table) we
took a most conservative approach, and, in Tables 9 through 28, list only the
largest legs-than values. For example, 1n Table 9, a 1lower limit of
determination value for cobalt of <0.060 ppm is given even though the Appendix
table lists four values that range from 0.054 to 0.060 ppm. In some instances
this results in the unusual circumstance (for example, see lanthanum in table
10) where the less—than value is larger than a non-less-thapn value. Only one

instance of variable upper limits of determination 18 given (stromtium in
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alfalfa at the South Beulah mine) and only the lowest greater-than value {is

listed (table 23).
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Sample

BSOYAE
B502AL
B503AE
GSO4AE
3S05AE
BSOLAE
BSO7AE
BSOBAE
8S80%AL
B85 10AE

BSO1MS
Bs02H8s
BS03INS
BSOLMS
BEO5HS
as046ns
CSL7Ms
650845
Bs09MS
BSIOMNS

851188
AS12MS
ES13MS

B501TA
G50G27TA
Bs0374A

BEQTAE
bEDSZAE
DEGIAE
DEDLAE
DEDSAE
BEOGAE
BEQTAZ
PEQBAE
0E0%ALE

{e pom

<L.1
<3.,7
<4L,S

<?.5
<3.7
3.7

Sut
<5.0

5.2
5.1
<5.06
<5.1

f{o ppm

L.033
.050
046
044
Gve
068
074
L0325
L 040
056

094
. 160
.100
=156
168
074
056
- 184
.122
L0463

L0464
<.040
<. .68

082
L1383
<.040
J0LS
. 103
A7
<.055
<, Ge0
<,055%

£r ppm

.63
o34
B8
54
.32
<61
.18
.20
.68
b2

A7
01
B85
.78
.95
W47
35
Isa
-57
61

.21
-3&
40

‘3?
%3
.38
63
<53
.7,
.38
<.12
.36

sites

Alfalfa

Lu ppa

1,146
1.00
1.98
76
1,44
85
1.48
.70
1.00
-y

Altalfa,

4,58
&.50
7.75
L.48
10.08
8.93
7.84
9.20
7.32
8.82

2.76
2.4D
«.08

Winter wheat, 8ig Sky Mine.,

Slender wheatgrass.,

.Be
92
.40
1.13
.Bi
.94
1.10
90
.83

f ppm

DIV LA CE N D

Fe ppm

Slender wheatgrass, Big Sky Mine, Montana

198
275
185
189
115
1560
233
119
188
211

Big Sky Mine, Montana

0 {0 WVt ~J 00~ DD ) Ao

?
5
8

[ SV < IV - s O ]

Decker Mine,

155
160
373
265
£31
235
174
193
220
221

control, 8ig Sky Mine, Hontana

69
104
115

Hontana

147
140
124
239
162
216
149
192
116

Montana

Ge ppm

109
I‘?g
. 106
l099
<.,072
197
. 185
098
<. 0BG
<.0%8

<. 094
<.100
<, 100
cc‘ﬂ‘
<.112
<, 094
<412
<, 092

.128
<, 126

<. 092
<, 04840
~.0%6

-

.41
214
176
w252
227
.249
-138
.324
121

g ppm

.03
.02
e
.01
02
03
.02
.03

.Gz

01
.03
.04
.01
.04
Q2
.09
1

B2

lo‘
- 02
001

.01
.02
.02
L0
» 01
-0t

.2
01

foncentrations of elements (dry-weight basis) ia samptes of vegetation trom thirteen surface coal-mine reclamation
in five westein states and Alaska

K X

.32
« 32
.28
-35
- 58
41

.22
52
.35

- 61
.55
« 32
.73
.73
L2
.38
2 42
.57
.43

.83
. B4
.72

.36
.20
.16
.14
219
.18
.24
.34
.33

<.30

1.89
<33

.10

<61

2.00
B3
.08
L0
1.13
1.0

&
el

1.0

.74
92
1,64

<.76
<.57
<. 37
45
1.73
2.1
.51
L6d
<.51



Sample

BSOVAE
Bsd2AE
BSO3AE
830LAEL
BSOSAE
BSDGAE
BSO7AE
BSOBAE
BSOYAE
85104AE

BSOIMS
BSDZMS
BSO3MS
RSO4LNS
BSOSHS
B306MS
BSOTHS
®as08ms
" Bsoous
BS10MS

BSTIMNS
8512M5
B513MS

BS01TA
B502TA
BS03TA

DEQT1AE
DEQZ2AE
BENIAE
DEQLAE
DEQSAE
CEDBAE
GEO?AE
DEDBAE
BEQFAE
CET0AE

whdIl LI b T TIPS

L1 pom

.26
<,28
.30
.13
.29

%
V4
.20
W43

56
.30

=13
- 36
A2
b2
.37
87
.59

.23
54
-%6

1.3
L 2h
<.14

+27
.52
-6
k8
h39
<.23

LY

- Lrr oL

Mg X

092
095
.092
058
072
848
104
056
068
.106

.282
370
2455
364
538
317
b72
.451
«512
693

423
+ 540
.5 ?6

123
061
0438
L054
-G59
Q646
054
G900
088
070

AME F T W

g

Moy ppm

L

Stender wheatgrass, Big Sky Mine, Montana

16 « 73
235 37
22 1.02
21 23
28 o0
15 <68
38 1.48
19 .19
108 2,56
24 .53

Alfalfa, Big

8 2.26
9 11,50
80 T.06
52 3.64
62 §,7¢
8 3.57
16 3.36
g7 2.44
it .42
38 4,56

Aifalfa control.,

4 Yy
12 3.32
9 1.73

e e gl e ae wn

Mo ppm

Na pgm

46
1]
28
32
31
27
31
21
34
48

Sky Mine, Montana

141
50
38
29

51
L7

123
5%
73

120

tites in five western states and Al

aska-

Big Sky Mine, Montana

21
74
18

Winter wheat, Big Sky Hine, Montana

- 1.
- 1.
1.

o MW

Siender wheatgrasse, Decker Mine,

31 2.21
3 16
34 »12
B4 63
5@ .24
S .38
66 «18
142 .33
61 -18

87 .50

—_a—

37
4“0
40
171
162
240
66
4¢
61
55

Montana

Nb ppo

.33
.85
¢, 31
.30
<,33
<.32
l81
<.33
.88
<. 45

<, 44
<. 46
1.15

W62

Ny
+ 13
<. 43
€.57
<,5%

<, 4%
-39
«53

-

€. 74
€,57
<.37
.59
.70
1.08
<. 51
.95
<, 51
73

.36
« 34
»33
.30
14
+18
-37
.15
-38
«32

1.96
.27
2.02
.87
46
«37

<.09
.10
.13

-

22
.18
22
«59
.33
.52
.19
-58
20
.70

018
.0D23
023
019
022
=017
0051
.019
'020
-ats

061
050
058
L0047
095
.O?S
056
023
043
LO57

060
040
087

L 249
192
- 204

Pb ppm

1.08

- 70
«85
1.253
1.09
1.34
-3
67
A6

«78

wGh
«B0
77



139
2071

S6°

L9°
§¢°

29°
8n"

-2

6171
gL
09"

4 T
3071
£i°e
PN 4
C1°%
g5~ ¢
it

01t
2L
68"
0g°1
8"
L7
Ls”
6271
sgtt
28"

wgd J7?

T OMMN W0 N

. s

AN WO-OOMION
-~ -

9°92
1T
D 62
$°2¢
2782
162
9°82
798¢
STl
737

n e 4
——

L3

o 4

MANA DKo ON O

MO NOWVWN OO MM
[
N vy = v -

wdd uy

UOLIBWE 33s JULW-1POI IITJUNS uIIIJLY] wWOs) UOL1IeIaBIA Jo sa3)1dwes vl (siseq IyBram—Lip) SIU3WIYI JO SUOCLIELIIUIIVO)

T
(S
8L°
6L ”
82-°
A
6t
92"
62°

s
61"
61°

07"
£2°
91"
9¢*
€L’
49°
48"
st
-39
68"

8¢
0%"
(1
A
12"
St-
92°
07"
gYv®
(S

wdd 3

02’
L
2"
§¢°
s

il

c 42t

VE®
2<”

0g*®
22°
91"

6g”
iy°
A%
¢
0¢°
07°1L
g’

95°

19"
89"
-
$8”
sz”
L2’
AN
6s°

¢S’

wdd A

90"
820°
990"
§5.0°
$90°
240"
080"
£L0°
110"

RURBINOR ~“3ulk J2%239d

200"
200"
{00~

O O OMAND ~— ¢
» - L] L]
[ S IR O e SRR S« V. IR

[

LA |
-

v

W

00s¢
00¢
007
007
0s >
007
00¢
007
909

sssEJBIRIYA J3pUIS

0091
0as“\
0097¢

eueluow <ULl ANS Big sleaym s33uULM

610"
9L0">
g10°>

" - «
»
4 TN

>

8ss
Qse
a9

euR YOy r3ulw AYg Blg 710J3u07 e 1e) )Y

0so*
67Q°
$S0°
190°
950°*
190"
120"
098"
Q90°
8%0°

rRUEIVOY

868"
2v0°
950"
298"
260"
950°
tsg*
920°
o»0°
610"

RPURIUON “aVln AxS bBig

wdd

a4 0
L ol o

s & u
N~ N

QNOQONDB~NO
L]
CONAEAANNANN

sauyN Axs Big

¢ 2w
-

-~

Ll
Mg NN

POV YONITrMITO
.
-

=]
-

wdd y)

reiYe4yY

009“1L
002’1
0354

Dost
Qas“t
00%771L
000!
007"t
00zZ-{
0g2’ i

04Qs
009
DG»
asy
GQy
0ss
0aYy
004
00Y
0ss

rssesbieayan Japuayg

wdd g

EYSR]Y PUR SJIJEIS WUIIISIM AL} uL $2QL\S

LI A 3
6%
0°é%
$"8%
279y
$*0¢
9°7¢2
9°%L
1421
9°st

L74Y
7°0%
0%t

0°g9
S 9y
t 6%
9°8%
982
0°1LS
7458
D" 001
Q°92
D°2x

L T T )
L

-—

COVQOOW—ONO
.
O @ WVIN A D

wdd Jg

uu

90~
vo*"
oc”
93"
90°
90°
LIt
%0"
»Q*

€e’
oL”
9u*°

Sy~
oz-
ge-

-

<
st
oL*
gz*
DL ”
[
gg”

52°
se”

oL~
si*
80~
sLe
02°
oL*
0z-

wad 3§

DYWL IV
Iveg3a
Iv8024
IVLIN3C
3¥903¢
3vgQ3a
2V L0390
Jvz03¢
3v2034
EARRELY

¥i¢Gsq
¥120s89
¥140s8

SrEise
sSkigies
sSWiise

swgcse
SW6(QsS8
SWSNSE
SNZDSQ
SKyG59
SWSDSE
SH2GS8
SKWENS0
swansy
SWL(SE

3v0LS8
Ivepse
J¥BCS8
ERFNUNY:
3IVeQsH
Jvggse
IV30S8
3ve0ss
Jvzose
aviose

219oes

82



920°
2eot
52C°
22G°>
250°
Lt2c”
seg”
223°>
Sv0"
PR

a1
B

&

.

Yy USSP N O R e S
> . ’

NN O HOoNA AN

N O
D= OO DAO D -
.

290"
BIC™>
28G°
|LC
sQL*
691"
oLy
RL0°
2607
sdL”

eod p3y

7g”
X
2"
$2”
y2 "
s2°
22°
61"
517
92"

22°
az-
22”

6L L
8G"t
g9
%9 "
95"t
05"y
19°1L
96"
ss*
FACRN S

o¢LL”
931"
9%92°
€01 ">
217>
Sil™>
agt”
ZLL™>
gZ1°>
853"

602"
76L"
021°>

2i®
avet
760"
801"
tcL"
0stL”
oiL-
61L"
2eL”>
g290°>

2s2°

092>
79L°>
QsL°>
092>
({2

02¢ ">
961>
221 °>
461>

wod ag

v

Q0D ONNNM AN @
.
NN AN MNN NN

—

[ArA
AN
7oL

SulL

* v 8w

M~ OMNI O ~N
L]
M 00O MO0 g M 0N

-

v oa e
- -

‘.
NOoOOSNr-NOQOOM

AW MOKNNNS~DN
.

udd eg

0°%2
2 gy
782
721!
L°9%
€7LE
671¢
STEL
7s2
g°6¢

Bulwosim

O 0 -

)
"Bl
Tt

WOAM ‘39Ul LOISUYOL 3APQ 77043L0D Sssesbireaynm

N0 - AW AN 0
»
MMOONMNOY K
N (N -

- N

0y*
02"
(3
s9°

n e
<

s¢*
Qe*
00°1t
09"
Sl

73Ul UOISUYQO[l aseq

SS”
o8-~
0s5°

09’
0s”
%A
sg”
$9°
59°
o
0s”
(2
gs*

Buiwokp “3uLy uvolsuyor 3aeq

209
2° 4%
L8
9°¢<2
9°¢e
0°8¢
2°2¢
7°82
£7elL
2792

eue3luoy

wdd g

73utw J3323g

g~
$9°
[ 9
og”
SLo.
aQL°
(119
[
0g -
1S9

wdd Sy

681
651
8914
L5t
082
99y
91
6le
798
094

500”1
929
82

sS09
16€
bie
80¢
ce9
1)
Qe
0v¢
98271
848

LI Y a
VD O WD NN O NN

NOVAROEIYOMNO
’

43u04q YIoows

0N N
.
00~

e o 4

(S 2 s BN A e Y-« JEN s LR A VIV
.
AR VAR A BRI SRS I A el

*s5s5246223ym pPIISIL]

8¢
999
206
$e9
oLy
QL2
881L
199
s0¢
84€

wdd 3y

s 4 a1 e Yoy o4
OO O MM™~ oA
- - -

N OoOODDOoONNOD
.

sysngiles Buiminoy

X usy

PA2NULIVOI~-PXSElY PpUR S$S3I8IS WJIISIM ALy UL S3IVLS
UO1Jewe Y9l IJule~)e0d 23€3aNns UIIJJILY]l WO, 4 UOLIRIIBAA ja s3)|duwes uL

(SLSPq JuB(am—Lsp) SIU3WaJd JC SUOLICIJUIOVOY

0935933)

gs
oS
(13
0r

-
2

3¢
0s
0s
as
Gs

VOO LLOODOOOO

0s
0%
gs

oo o

c<
]
GS
as

AR
oS

o<

cs
cs

o200 o00Q0
2
w

67
L\
67
67
6%
67
&%
49
67
[\

0 W D 0 O W W

(VR
sae
501

<0¢
SOl
SOy
SO¢
sDA
SCtL
S0
SO
<G.
SQt

901
o9CL
90!
90¢
901
901
Q01
901
921l
901

apnictbuo

Y
5
<y
]
2"
s
£7
i %
£y
oy

QOoOO0ODOODOOOO
MMM NN
At

(Y]
L7
L9

DO 0
Lalialgl

£
[
Y

1
£7

p]
€
<Y

£7

QOoCcOoOuLLOoAQOLO
Lalal i o ol o BN AT A I ol ]

0f
(31
0¢
D¢
0¢
0g
(031
o¢
9¢
€

%
SY
g9
S7
Sy
59
S7
1'%4
1%
Sy

NN AN N AN NN

apnmitie

[8GLre
184620¢C
16801 ¢
F229r3
I1850nd
[350°¢
1e8qsgre
IBE0IC
Tegarc
I9LGre

jvgyice
PAXARA!
J¥ULTG

I¥YCLCeR
J4600C
IVEOTC
A DA
PR ei
IVLTTE

J¥scre
AIVEITG
372074
IVIDTe

S4GL3C
546336
sigg3aa
$32330
$4993¢
§3sC3I¢
S3y236
$45C34a
$12032
$3.03¢

Ijdues

83




L9-
Z9°
65"

(5"
61"

:-
99"
AN

s
7

29°
95"
Lo~
L9”

§4°
2t”
PA N
L6
44"
gs*
oge
845"
aQy*
(0

wdd

VVVYVY YV Y

~ Vv

v Vv

v v

e

&y N —

-

e

21 10" 8LL” RS ] 9£°2
sg° [Ro i ¢t er 9 £5"

79" 20° nee” Q9 9 0S*"1
99" 0~ 80L "> 27 S sgE°t
[%:0e ¥a- §0L°> 6% 2 Q"L
26" (Ko 2L 9¢t 6 6%8°

gu-L {0~ gitL” i3 L 84°tL
£2°¢ 2a° 211> to4 [ 21° ¢
g’ ig° 291L" 95 & 06"

£€3° <0 217> 282 L EX4?

fULEGAM 73Ul UOISUYIP IAed ~9wQuq yYyo0ES

62" £0° £22° e 01 20"t 2Lt
2" <o” LgL- L9 L (A ] PN
6 £0" 021> 752 S 02y 2L
BuLwoAM fs3ulp VOISLLNOF FABQ “1042uLD S5RJDIBAYA PIASIL)
356°: 29 0Ly tgt 2 g2tz g
L9 2g* 202’ ¢yl S 92°1L (2
25" €0* 380" kA% § £0° L oL"
§%° v0- §¢0° L2 S 17" e
AN 20" 880°> caL 9 oLl 5°
2" [(Sej 1ge” L3 2 021 ¢58°
29" 20" Sii° 0s% 6 5.7 Y
68" 20" gL’ CE¢ S PO 1 6¢"
£ ° to* gL’ 591 6 867 ¢ v8°
99 to* 880> gt l 88" 29°
BULBOAY 73Ul UBISUYyop 2aeg vsselbieayn paisad)
78°%L 10" Q92> Qet L gcat¢ 7"
215 16> Ty27> 7714 L.} G9°¢ L9°
29°2 20" 681° L22 8 98°9 (9"
15°% tQ- 061 7> Q02 9 Q2°s se”
79"z - Q92> £91 6 $S8°Y 16°
03%°2 D> poeZ*> 0gt [+] 00°¢ 1s”
61L°% 1g” 022> 1) P $D*9 29"
LAY g 961°> L7t yA 6%°5§ 99°
gee 1Q°> 217> oLt [ S0°% 2%°
2L e L0™ 961> 291 9 S8°9 gz~
PURIUOKW “3IULW JaNIPY 24ysndl)es Buimunoy
¥ ¥ egd By wdd 39 wdd 94 wdo j wdd n) wdd 93
PINUIIUOI—~EYSe Y PUE S31€3S UJIISIM IALL UL $31tS

UOLJIewe)1J3J BULW-~)BOD 3IDC}INS UIIIIIYD WOy uoEl1elIBIA Jo 527dwes UL (SL1SeQ IYELIN—4LIp) SIUAWI NI §0O SUOLLLJIVAILD)

61°
61"
A%
e
b52°
89"
8s5°
le"
I
96"

550>
£5Q°
gsCc* >
95Q°>
8CL"
650°
665G~
9¢0*
090°>
2SC”

240"
150>
0s93°

$sQ°
2G>
LyQ*>
67C*>
§9C"
L7
goes
750
Ltr”
g80

021"
Cve”
"9t
see”
02s”
8ot *
a79-”
268"
§eL”
162"

ndd 03

$°$>
89>
Q5>
675>
0 ¢>
6>
[P
2°¢>
§ 8>
Q6>

Do
f
"o 0

1°§>
678>
g >
>
| Rl
ST
22>
g 5>
LTI
L 7>

2 Li>
271
92>
£°8>
L*2t>
£76>
2°04>
1°6>
L5
046>

waa 3)

180¢{r¢
166070
i€eGra
18z20r¢
18%0ra
(9gQro
189C0rc
[e¢Gra
1T<Cr3
iTLSra

B AR R A
wvzira
aviire

IvQLra
IV60ra
jvzgrd
I¥iCrg
2¥eirg
J4sCra
2¥207¢C
IvELCS
IyeQra
viQra

RERURERY
$260246
$3803¢
$1/.03¢
529029
315434
$3903¢
$15£03¢
SiaC3q
$34034

21dwes

84



s9°
- 69°
2t
8y°
0L”
59°
59°
0s*

98" 1L

£4°4
781
951

99°
£9°1
18"
%5
78° 1
2"
ST
18"

29"

2E° 4
68"
29°
08°

oL 1
¥
92"
£2°
&L"

wdd Q4

ooL”
8s0°
&£0°
0%0°
£90°
$:0°
280"
270"
060"
SiL”

0s0°
790"
270°

2:0°
9L0°
690"
Y£0”
250"
280°
0.0°
0¢0"
980"
620°

gea*
aso*
QéeQ*
990°
9.0°
020°
S9L°
£20°
2sn”*
g£90°

VOLlewRr 23y IULW-jEOI

21> €5 ">
LL*> 6%7°>
i 02°t
bt 0s”*>
11> DI
PA $S*>
21°> g8 ">
LL°> 25>
21> - 987>
L” Le"2
e’ 29"

6l” 28°

82" 99"

BulvwoAp 73Uy UOISUYOP dAeq 7 10s3U0) sseJbivaymn paysau)

L° 15°>
98" 26"
80°> 8¢ >
oL*> 9%°>
62° 15"
24" S7°>
09* 29°
Si* s
e % 19°>
oL ty°>
Buy
92°2 2¢°4
”9°¢ 2L°L>
t9°% 9L*>
2s°tL 88 °*>
89" 12°L>
00°¢ 66°
i7°¢ 20" 1>
§2°2 16°>
0y~ 18°>
SL°y 92°)
wda 1N edd qN

8t
22
91
6l
8¢
St
2L
29
L2
92

e %5
£1° 62
22° 8L
(39 7S
4% 07
12" 9y
Le" %S
S 2y
82" 891
(AN 60t

PuilwoApm 23uiy UDISUYOr 3ARQY “3W0JQ Ylaouws

it
42
1Y

52
61
91
2E
Y
52
0%
st
%
2Z

8071 8
£s” 1
7% ° ]

e 22
12° 9Y
£1° s2
88" I3

3% 2

9¢ " St
gL (4
L 21
Re" 6L
22 i

WOAN 73Uty UOISUYA( IAQQ “sseibiEayn PAIsSIY)

®URIUOY

9%
882
1394
992
112 944
022
0£s”2
$€2
LAY
13Y

23uiy J13x33q

wdo eN

y8° 59
6%° 96
2%° $21
62° L9
sg* g02
080G Ot1
9s° QoL
2% ° sy’
28° 62
62° 951

sysnq}|es burminoy

wdd o)

PINULIVOI-—ENSP)Yy PUG S3)JBIS UJIISIA A4 UL

wdd upy

53345

960°
290°
780"
£0¢°
80¢”
£80°
i80°
B20"
99¢°
601"

980°
2%0°
950°

£80°
(118
$90°
f£20°
8v0°
290
020"
$9Q0°
990"
290°

985"
956
£0g”
L59"
248"
00%*
024°
£55°
s
L0%°

2 6w

65°

A
85"
25

£L°S
g7 s
247
£2°1
[41:
LL°s

0s*
22"
92°>

SS”
9"
62"
02°2
By"
929
Q4"
26"
950" 1
"

29°1
0972
28

2%
09°2
00°2
9°¢
961
224
S8t

wdd 17

332)4NS UIIVJIY) wOusy uogl1elIBIA o sI)dues ur (seseq 1YB13IN—LupP) SIUIMAYI JO FUOLILIJIUIIUDD

1agira
184014
1480r0
1820r9
189074
18s0r4q
18707¢
ragora
rgzare
raiorq

Jvgicg
lvelra
Jviire

JvoLra
Iv40r4Q
Qv80ra:
Jvzora’
aveQra
IY$Or 4
IVIOFG
avgorae
Jv2ora
aviora

$3i0134
$36034
53803¢
$3203a
539034
§$46034
$32034
S1¢034
$32034¢
$41930

3)dweey



0s”°
£7°
es”
"
A
76"
g9
28"
0"
69°2

-

25"
vg*
13N

—

-— =

4%
cs8”
€S’
v”

8s*
80"

sy
65°

~ = .-

it
3"
ST
6L°
£2°
(U
12
0
L9°
167

-

©Go 13

« v e s » » &
-

4
C O~ -MO OO

—

DXWMANOSQDWn

s o s o
-

OV NONYC@~ MMUD
L[]
COMN W OON DO ™

N e -y

2°6%
9°¢¢
2°6%
%62
29¢
1°62
grse
£°7%
6"81
4749

wdd u?

ay *
‘

22°
2t "
P
P
9¢°
62°
(X
7¢°
2Lt

s "
iy°
o9

¢
A%
[
st
8y~
02°
09 °
1e’
gt
1e-

82"
[
a7 °
$2°*
A
92 °
ig”
y2*
8z
&L*>

wdd §

91 279" s$*S> 0sS6 68 0Z*
LLT> 290° 6° 7> Q5¢ Y gL”
25° gv0° 975> 0359 8 61 s1°
tL 220° 0" 5> 0s9 2% se-
L 223" 0°¢$> Qs2 9°8 Sy’
8{* 760° £ e iragt $°e [s19
52° Lh0° 6> 001714 L7 L
61" L90° L9 001“¢ £°S 90°
56" 270" gt 2t 0s? ¥°02 0¢”
&8L74 L20° $°D? Q0014 €72 o’
BULWOAM 73Ul UOISWYO[ dAR( 230G Yyr00ws
kAR 98G*" 2"61 006 L9 s’
wL* 201" 7°6 Q<9 2 [1i4
»11 260° g*si 059 'L se°
mcvaox1 43ViE VOISUYOT IAaeg 21041402 mmngmumacz paisay)
iy° LA 6% 6 006 $° 0\ s7*
08* a0t 1" 0L GOty 6°S Q2-
60" £L0° eI 0se L"s s¢°
gL* 550" 9% %> 0se 941 Sye
g1l 040° £°91 gQe- LS oL’
2L° gs0* St et 00t 1> St*
g9t oct” 0782 g00~“ 1 $°s (Vi Y
6s" 9848° 9°¢ 006 29 9%
(% At 861" BT12 003t $°S 55"
z° £S0° 2°9 0L ¢ s gLt
BULWOAN 3ViN UOISUYOP Ineg sssesbBieays paisad)
9¢° 890°> 21> Qe 8°838 St
0%*° 890> 6° 11 0GL’» 8°8% telo
£7° ££0°> 9°St 000’ ¢ v g6 e "
62° gc0"> 772t 000’ 6°9L §2°
6<” 250°> LTz QQL77 07802 06°
ge " 890°> a*tt 006 % g 0%, sL”
6%° $90°'> 20> 00%“Y "8 08"
22" 6190° 8" 01 000’¢ 9°89 ot
az°’ 920° 0" 9 Q0y“2 27 L5 02-°
61> 680°> 0% 6> 007/¢ D26 s2"
PUCIVUOY “3ully J3%I3Q “ysnqQires mcm)LJOm
®do A wdd f wdd 1) wdd § wan J§ wad 3§

PINULIUOI——BYSEIY PUE SITEIS YIIVSIN IAL} U} SIILS
VOL3EWE )33 JULW-1RO) IEHJNS UBIIJLYY WOJ§ LUOLIRIDBAA 30 sa)jdwes ul (si15eq IyBiLam—A4p) SIUIWIAI O SUCLIBSIVIDUO)

1a5i1rga
184070
iggorae
182Qr¢
18%3r¢
resova
IgyQra
1850r4q
1ezgra
1810rQ

dveyry
veLea
Jviira

PA OB ]
Iv40rda
Ivesra
ov.0rs
J¥edra
Jvsora
JvaGra
2Y§Crg
Iyzareg
I¥I0re

$401349
S26010Q
$4€3034
5321029
Sig03<
$35030¢
§4v03¢
541030
$32030
§$310306

a)dues

86



bR N
Lgg”
$90°
8%0°
2€0°
20
2$0°
$£60°
810"
610"

Lt
v60°
asa’”
990
95"
202"
§s0°
§92°
fez”
f01L°

[ X-3 %
1507
120°
2¢qQ*”
£23°
5890°
£30°
s2t-
Lso*
6L0*>

602°
goe”
6LL”

wad p)

BlL”
£2°
12*
22°
24"
ez*
SL”
0e*
0e*
6tL”*

6L”
I
92"
A
6L
2z"
L2
1°
gL"
3%

X ®)

22"
2’
LT
ggtL”
8st”
79L°
84t ”
992
72L°
760°>

gs1*>
9sL">
7TLT>
0z22*>
Q927>
23L°>
291°>
g8L ">
98L ">
2eLLl>

8L’
yaL*>
271>
A%
YiL*>
428"
[ %A%
yiL>
861t "
80L°

«dd ag

0722
1462
7" <48
0°2§
£°07
4708
B 1 ¢
v 8
§*22
G 9l

£70t
st
PR A
2 11
6°914
9%22
9 El
881
6°7tL
$ st

L]
-

»

[y
AN VW N\NO O W

»

=

. s
- -

-

aWA I B A VIR o VIV VIV N
.

wdd e

eloneq

OpEJD)O)

BujuoAN “0ulyl UOISUYOL 3aeg

q

PANUL IUDCI—~TASE)Y DUP SIILIS UJ2ISIA IAL4 UL SIJLS
(s(seq 146LIn—Ksp) S1UIWI)3 $O SUOLIRJIIUIILOY

9°81L
2911
0Lt
0°91<
6%
076
0721
8°21
gL
676

YIJON 73Uty Ansny <sseaBieayn Ileilpauwsdvy

6749
9°89
§°9%
7°26
6°14
879F
4172
2752
8782
£€7Ln

07°
LY 4
$2°
so”
o»*
s
0¢”
g *
0r”
s9*°

0L*
s1°
$7°
62
og*
sy
o¢*
0g*
ag-
sn°

D901
65Y
J611
992
70L“1
£8S
729
8%
g5t
02¢

B6?
yRY
95
£LY
059
68S
829
S6%
269
RAL

» L] 4 a
VI IAN ST A

O TNANMOO 0~
.

L] 1 L] [ ] L - 4 L]
OO MNr ONN~
— -

OM T mrNOO N
»

0peJ0]0) “43auly S1Iny ABs3Vv] <ej1eyY

» ® &
-

-

2 4 4
-

Ne GO WVWW g oMo
»
VIO N0 D W

73ULlnN S)any

wdd g

o) U
at¢”
0%*
oL*
sE”
ot"
ot*°
ste
02"
0e*

ABJyauy

wdd sy

BL9
9st
067
£27
29
S07?
%2
6L8
092
202

wéd "y

UOLle@R )23 SUlm-)ROd IICJUNS UIIIJLY) wos) uo1L3e33B3A 0 SIjdues uy

» a » »
NN O NN~ NN

MM~ - v
.

ssseasbjrayn JleypIwJiajurl

~NO o
L]
- N o

Z3IRAYMA JIJULM

X usy

Q LYy 201
0 1% 20t
0 1¥v 201
0 (7 20¢
0D 1% 20t
0 1% 201
c (v 201
0 t» 2014
0 ity 201\
g 1% 20¢
0L ¥ 201
eL ¢ 201
0L £ 40t
08 § L0t
DE ¥ <201
¢ ¢ 40t
08 £ 201
DE & 01
0 ¢ 40
0f ¢ 10t
0y ¢ <4401
0 ¢ 401
g¢ ¢ Z01L
Ce € 401
0T ¢ 201
gr £ 201
0g ¥ 01
0f ¢ .01
0t £ 404
0g § 204
0 0§ 50t
0 Q05 sO¢
0 0§ sOl
apniyyBuoy

g s 97
0 1S 9%
0 1S 9%
a {5 93
0 t3 99
0 (s 99
g s 99
Q 1$ 99
0 1S 9%
0 1S 9
SL 0Z Q9v
SL 0Z 0”
S1 02 DY
St g2 07
St 0z 09
st 02 0v
SL 02 0Oy
SL 02 0
S1 02 Ov
sL gz 0
SL 02 0O°
S1 02 0
st 0z 0
st 02 0
St 02 Q7
sL Qg2 a7
sl 02 O»
S1 02 oY
st 02 O
St 02 09
0 ¢ 9
a <
0 £ £9
apniilen

1¥0LNH
1V60NH
1L¥8QnH
Ivi0nd
1vyeQny
1950NH
fv2004
IVZ3ONnH
1v20NH
1¥1D0H

SWA{N1I
SWAQN3
SWR0K3I
SHL0KX3
SHION3
SWson3
SHYGMH3
SWECGH3
SWZON3I
SHIgN3

JYQLN3
IY60N3T
PRA (I RNE]
PR PLIE
J790N3
JYSON3
IV70N3
EA AR
JWZONMNT
IV 0ON3

YLEQrd
¥i2Qr%
Y1iQrae

ajdwes

87



09 22°

49> (S
o1t St ”
9" 1 SE”
ggt2 £’
421 gs*
> / e
gs" 22"
£77 >, og*
97> 62*
L3° 29*
68°2 [
L2°L 66"
6°% 88"
g0°2 10"t
16" 1g°
82°¢ Qo0°L
12" L 29"
20° 1 20°¢L
12" £0°1
6> gS*
8% > 2s "
99°> 92"
L7 1e°
587> 89 *
15> ny*®
ge"> 29"
£6°> £t9°
gt i 19"
9y o8*
sd¢ e b A

Voilewe133s auim-1L0I IIEJINS UIIIJIYL WO} UDLIEIIBIA yo SI)dwes Uy (stseq 1yb(am-Lip) siUawI|I

20
£0°
20°
20"
20°
20"
0"
20°
(1¢h
20°

20°
20°
to*
10°
20°
10°
Lo*
§0-
LQ-
AV

lo*
to*
£0°
tD*
20"
20°
10°>
20°
10°
Lo*

udg 6y

8Q2°
211
260>
2LL"
260°>
Bt
01>
08-°
oL -
¥40°>

BS1°>
951>
7gL°>
022>
092°>
781>
6Q2*

831 °>
99L°>
221>

20g”
601"
£
(¢} R
iet>
6L¢”
os1°>
ML
£S1°
£01"

Q

wdd 39

9ef
641
908§
08y
A%
672
L6
982
991
22t

AN O OWA D OWN

0z*
is*
9”1
B9° 1
g9°1
08"
y0°1L
aL°t
26"
?6°

88"
69"
6271
BY”
98"
8s*
£8°
y8*
15"
25"

e10%eq YIlJON “3Ull AxsSay ssseybleaym I1e¢pawsrauf

991
AN
51
75l
12e
L7L
Q02
691
22
Stz

Noowragad s O N

OpPeJ0}0) 73Ul 813N ABsaul seyjesy

922
96

sgt
661
002
792
X

801
10}
£0L

ON VAV 0VO0ODOD

pPeI0}0)

SUlBoAl 73Uy UQISUYOr Ineg

add 93 udd 4

42Vl s13ang ABlaavy

2¢°9
0s4"¢
98"
g9°9
1 a4
28°Ss
99°¢
tit9
$S9°
$v*9

A
20t
20°1L
L2t
217t
gL=t
86°
98°
92"
76"

s31e3yn JL33Juyp

wdd aj

99"
87"
oy
T9°
00"t
67"
£9°
9s*
1s°
L5°

oL
£L’
09°
9L
787
s0°t
ye”®
$9°
69"
2s”

ssseableayn Iieipawidzu]

wdd 1)

PINUCIUOI-—BYSP Y PUP $IILIS UJIIISIA @AY} UL S3IILS

0%0°
LsQ*>
260°
0§0°
860°
90¢ "
250°
y»0"
920°
290"

6407
8207 >
L90°>
ait"
ogt”
781"
160>
$sL”
£60°>
98G"

250>
250"
LL0*>
LSQ0°>
24t
$s0°>
$90°
2S0°>
LSQ°>
290"

wdd 03

LI I ) 4 a3
vVV Vv

SAANANMNMOANNAN N
.
NN DN M N

v

gL
LD
2°9>
2°01L>
472t
973>
STe>

978>
Q 8>

578>
2" 7>
29>
L7
£°8>
L€>
0" 9>
£7S>
LT
v 9>

wdd 3)

40 SUQLlIRJIUIATIUD)

1vOoLnH
Iv&83aH
Tvg0nNu
IV.QNH
[Y90NH
T¥SONH
1vy00NH
IVS0NH
1vZgny
ivions

SWOLN3J
SWOONT
S$H30N3
SWi0N32
SHPONT
SKSON3
SHAON3
SWION]I
SWean3
SWION3

IVQLNGI
IV60N3
PAA T
IV L0003
2V98N3
JVSON3
Ivy0N3
I¥EOMN3
JVZON3
IVIOND

ylgora
vizora
viigraq

J)durs

88




a1 t 0z0° 09* 2 9¢ 1 99 290" 91° 1vqgLau

28"° §20°" . 2% Ly 9% 22° 9% 120° gz° [Y4eQnH
s8°2 20" ce* t2 1 55 {s” 69 B£0" £2° I¥80NH
g7l g20° -98° Qs " 92 9t° 2s 08Q° L IvionH
7¢°1 y20° 19" r ¥ 21Lg 8y° 8t L60"° 8s" I1V90NH
547 220" . LZ* tg- "4 92° 2l 0go*" L2° TYSONH
<t 920" L5 £8° 69 ag” (s 490" 1¢°> 1¥01H
£9°1 0eD" gy° 717 or % 29 9%0" 8L 1v¢QNnH
10°1 §20°" 82° 9° P g2° LS y¥90° 817> IvzZ0nH
19° 120" 60° 9°> : 37 b A Y 12 6L0" £2° Ivionu

eloyeqg YlJON \ucpr Axsay ssseiBleaym #j®LIPAWII V]

€074 $60° 05" 4> £ B0t i1 9g¢g” (W SWOLN]
91° 840° 15” N £2 $0°2 6l g Sg°® SHWH60N1]
9L 750" 9g* 29> 22 L0t Si L PA 09" SWBON2
8Ot 251" 9¢* 261> 22 62" L2 2¢s $s* SWLORI
0s” ) bR 2% 21°¢ £y°L 65 L A4 9 908" 9671 SHOgN3
5L 290" 98" gt . 82 6%°2 ve 762" 5" SWSON3
ao* ¢ 601" 5" 00°L $s 61°% 61 281" 9y* SWIONZ
Sl 8 <80* Ly L8> Y 621 92 598" 9L SWEONI |
20°1 $90° 88" 2071 g2 I 5 $65” zZ0°1 wxmczuM_
£0°1\ 2LL” §s" 2L 9 974 92 §9t" 2¢° SWiIQON3

0peI010) *IUYN 319nj ABraul ‘wp1e))yY

9141 180° 99° 19 02 0e* 25 L80° 9s° lvoia3
£y £20° aL*» 82°> 91 211" L g90° 4% IVH0ON3I
L8° 120° £ 99> g2 L° £ 401L° £9° IVgON3
20°t 280° (% A 19 1 z° 9¢ 460" g2" IVLOND
i9° 620" . 02- £§5°> 5 VA 2t $40° g9 JYQON3
8513 5¢0" ss* R ot°L At lee 5% £90° 22 IVSONI
L” 2LG” 9L° 09’ 92 69°1 22 240" P2°> IVION3I
89" 150" " £6°> I £ 61 £90° 62" JVSON]
99° L80° gt~ 18 02 L X Qb 9¢0° 02> J¥Y2Z0ON3
19° 190" on*° . 29> Bz bR p) FRY N sL° IVLONI

OprJIOIO0) Uiy S1INg ABsaul essesByvaym d3vipawmiajuyl

-- 1eg° ~- -- -- $6° -- -- - vigora
-- a8y * - - -- - 0§° -— - .- vi20r4q
-- 262" ~- - -- y’ -- -- - vi(ara

Butwodm 73uLy UOISUYIM AARQ 73RIYM 2331UN

wdd qg4 % 4 ndo N wdd gy #dc ey vdd oy wdd up 1 by »dd 17 31dwes

PINUYL IUDI~-EXSP]Y PUR S3I1UWIB UJIISIA IJALJ UL 85231%S
UOLIRWPeYIdL JULIP-1C0) 2IPIJINS UIIIJLUYL ®0S) YOI eJA6aa o0 sajdmes Uy ¢grsed 3uBiam—AJD) $I1UIWSYII 4O SUDL1PEJIUdIUDY




P6°t 5"8 39° 32°1 890" 9° <2 002 9°62 90" 1valLNK
tee Lot ag”" 62" 1v0° 26 0s! B 9L 90° IY60NH
52°2 L6 8L° 9971 9°0° £ 9% 0sd 2°2¢ °Q° JYSO0NK
9%°2 gzt aL” g8~ L 250° [ A 009 0" %2 20° 192004
6l L0t AL 6L 2¢0° 182 (1297 9°02 90" JV90nH
et L] 8" 287 290" %2y Do8 8°¢y SL” IVSQNH
60°1 7! £€° 8" 290° [{n 009 2"t y0" 1vyana
101 '8 89" 78" £¢0° L X 8 0sY ¢t iy 90° IVS0NH
BL® ST} e’ ts* 281 e %9 0s9 0°21 90° 1¥200H
es” §°8 £2° 2" gs0” i°s osYy 6°6 90" Iv({QNH
€30)7Q Y1JON “3uly A3RSNY s/ssesBrrPaynm d3eLpawviaut
251 -~ sT02 9L ” Ls” 290" PR 0oz ¢ $7%L Qe ” ’ SWOLN2
$s2°1 8"yl : et 0s~” (g0° I o082 D21} 02" SHEONZ
gt [ad X1 oy* §7° 420° 0" 38 00772 £°9s v SWS0N3
g6°1) P A} 9" gs” 490" 2°0i> 001”9y 0°481 09" SWZON3
sé6°1 092 9s°1 .1’ 280°> £l 004y 974L9 ot SHTON3I
BeT L 0Lt 8BS 69° L80° t°0t 009”1 £7LL 52" SHSNR3
9el P A1 09" 9L° 9€£0° b NN 00472 2°87 Qg SHWYON3I
ST0TL $°6¢ 0L’ 99° g¢a” £°% 00872 9°69 <Y SHZON3
2Lt £722 g9* 0L° LE0°> L*Zh ag9-it g°ts 55 ° SHZOKW3
2Lt $°61 L§° §6° 690" 6°21 gL’ 2°%01 0z* SHLION3
OpeJOID) 43Uy 3}any ABJ3u3] ‘eyg)ely
08°1 SeaL 67° oL*1L £20° sy 006 9 72 52° 2v¥0iN3
777 L) oL gL > 120°> U 006 4°g 0z* J¥60N3
Ls” 7l se° 22° BZ0"> 66 Ds8 9°st s2” JVaoN3
22" . 9L b 12° 020° 21t Go6 8791 ST IvLONI
2s” L76 &L’ 2f° 890° £°01 Qs 6% §2°7 IvogN3
g¢°1 22 $9° S8°1 220°> £°9¢ 20g¢“t 9°9 s2- JVSONI
0s” L1 g2° og” 920°> 079> 006 £y Se* JvI0N3
£9° 1%6 8L° te° £20° £°S> Qss§ 7 0L Jygon3
6¢° 92 gL" )k 020° 9°S 0ss 0*s sL° av2Q0n3
68" 2's 22° 1% 610" 9 9 009 £°F (V] JviQn3
apeic)q) <auly s1ang ABJIul ssseaBieayn aleipawialvy
-- 2742 -- -- £00° - 0001 - - viigra
- 0°92 - - $00° - Qa9 - - viz20ce
- ST6lL -- - 100" -— oot} -- - vitgra
BUiWoAA 23Ul VUOISUNOT dAeq fIRagm JIJUYN
wdd 27 wdd v ) add ¢ wdd A wod O wdd 1) gy § vdd ug vdd as 31dwes

PINULIVOI-~E%SE)Y PUP SIITIS VIIIIIA BAL} UL S3ILS ¢
UG LIea@ |33 JUIW.]1£0) 2IP;zJNS UIIJJIY) ®OJ) LUOL1EI1aB63A 4O sa|dmes UL (stseq JYS1an-Lup) SI1UIWA|P S0 SUOLILLIIUIOVUCY

30



190°
220"
090"
690"
820"
0s%0°
820"
120°>
g20°
220°

8€£0°"
861 °
g%¢”
oLy-
LR N e

870"
go¢’
2£0°
s’

720°
050~
£

6407
Z9¢C*
5507
rEAt
t9Q°
7%0°"
0ot ”
270°
099"
§80°

wdd p3)

6L* L12”
12" BLI®
Lt 2G67°
81° 2L"
61° P9L°
02" 0oL ">
gtL- 860>
64" 22
91" 260"
gz* 014>
) 49" 061 °>
. 89" Q2z°>
§0°1L Q">
[B: 022°>
59" grz"™>
98 ° 002>
271 0727°>
0"t 002°>
lo* 291>
12° 022°>
vt 22L°>
814 221°>
667 LL*>
Q" 880 ">
66° 20L°>
£9° 2560°>
98" oLL*>
PARI 201°>
78° 980°>
56° ostL”
’8°* 2830°>
9e " 98Q°>
1% 90L">
X €) wdd ag

UOLJPWE]33J JULW-1BO0 HIPJJNS UIIIS1Y) Wod) uo1le}abaar jo sI)dmes Uy (siseq 14BLIA-AL4P) $1UIEII §0 3IUGLIBIIUIIUD)

221
921
AR
2720
€79l
L 24
8 Ll
4t
£°5L
oLt

RIOXRQ YIJON “I9ULKW 4e}n3g “0S ss5s5esB6lrpaym I1ELpawialvuy

LI )
L

L]

AMOS OO0 WVIOr~ o
’
M A OMN M I TN

§°2S
9767
0°¢8

g 6L
$T6¢
9°¢t
0°5¢
£°0Y
2747
0°s9
6%kt
2792
£°0¢

udg eg

€9 0§ "2 22y 89
0°7 00*2 9£% 9°s
2791 <y ave 09
0°0t 0s° 205 6°s
9-01 os 282 9°n
0-2 s9° <97 0°s
6" §2” 6£5 6"
$%6 oLTL * 5sg £
79 0L 905 g9
L°2 §z2° 192 $"s

]

[V ARE 5" 2%¢ $°8
0°542 ot* £L6 gt
D219 S1- 967 072
0°9Ly Q2° 627 0°t
0°§s2 0%° 92s 0"t
07092 (3% 0r% 070
0 261 . 8¢° 949 0°2
0°0%1 07° 07$ 070
FARR S St° g7 1°8
0748t 0¢” $8¢ 0"t

— = = v

-

Puitwodly <3uiy 136prig oty ¢sysnqgiles bBuimanoy

L1727 g6 “ 60 L9
STLS gzt L6% 2°9
B €9 (P 895 8°S

P10XEQ YIJON “uty LYSNH 7)1011U07 BB IY

6°81 (P 622 9 9
2°2% 0z* 89¢ s
841 (0 049 9"
4762 $2° Q46 $°s
9" LY sL° 947 t°s
$°62 SL*e y8% v
027 (g sl1P) Q°s
9°92 0g” 26¢% h"Y
L°82 s2° (VA 2 [ ]
§°22 L Y- 94K £°s
°10X0Q YIJON “9UtW AXSNy “ejiejpiy
wdd B wdd sy wdo 1y X 4s

P3NUIIVOD~-PYSE)Y PUP $IJBIS UJIIISIM AL} UL

v

s31%

97
97
57
5%
9
S
Y
9Y
9
9

SCODOUODODLDOOO

Sy
Sy
Sy
Sy
S9

S
s?

QOO0 0aq

57

Ly
b7
L

OO0

L
vy
]
| 4
Ly
Ly
14
12
1%
£9

[=ReoR=NwRaol=NoNoRe R

s

10t
QL
L0l
101
Lot
10t
10l
1Q1
101
Lot

BOL
201
801
g0}
Q1
80
BOL
801
BOL
$01L

201
20t
20L

2oL
201
201
201
Q¢
201
2014
20¢
201
20y

apny1bBuoy

0 %t &7
Qo 1L >
0 %L %
0 Yt ¢
0 9t ¢%
a 71 4
0 3t &n
¢ vt L9
0 71 2%
o "1 1
0 97 v
o 9% A\
0 9% 7
0 9% Yy
3 97 v
0 9% ¥
g 9% Y
Q 9% ¢9
0o 97 LY
g 9% (9
0 LS 99
0 L§ 9y
g LS 92
0 1S 99
0 15 9Y
0 LS 99
0 LS 9%
0 L5 9y
0 Is 99
0 ts ?9v
0 s 9%
0 1S 97
0 1S 99
Ipnitie

1vpL8s
1vs08es
Ivg08es
Ivz08S
179088
1vso8es
ly»09s
fvsgpas
Tv204s
{y(ges

sipi8cl
$31603r
$38087
Sjz08er
s3908f1
$3s087
s3508f7
Sse0%fr
$32090f
s3iigar

L
PRGN
sRZean
SHL(AH

SWOLNH
SWADNH
SWRONK
SWZ0NH
SWPONKH
SwsQnNit
SHY0NH
SH{Qny
SW2D0H
SWLoNH

I1dmes




6

Sample

AUB1MS
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HUT1AS
BU12Ms
HU13MS

JBOIFS
4B32FS
JBO3FS
JBOLFS
JBOSFS
JB06FS
JBOTFS
J808¢F%
JBO9F3S
JEIOFS

580141
$8G2Al
5803l
SRR4AL
5805a1
5B06A1
$807Al
s5eG8a:
SBOGAT
SB10AL

Ce ppm

<4.9
<4 .0
<40
<4 .7
<41
5.1
<5.1
4,3
<4 .8
L)

<5.4
<3.8
<5.7

<1D.2
<7.5
<93
<11.2
10.0
<i0.,2
12.1
11,8
11.0
<8.8

<5.1
¢4 .3
4.9
<L Lb
<hL7
46,3
£5.5
. 4.6
5,2
<&H.3

(o ppm

.053
086
132
=100
08B
051
<110
046
. 104
.088

.058
062
<.061%

=220
D81
L300
- 120
. 300
« 118
. 220
2440
440
095

110
046
853
D98
100
092
.318
»Q60
056
+0688

toncentrations of elements {(dry-weight basis)

sites in tive western states and Alaska--continued

Cr ppa

-85

34

Alfalfa control, RHusky Mines, Narth Dakota

.35
.30
.73

fu ppm

f ppm

Fe ppa

Alfalfa, Husky Mine, Morth Dakota

5.04
.51
S.72
6.50
s.72
5,10
7.15
4,60
4,16
4.84

5.22
7.75
6.7Y

(LR IENIEVIEN N YN

[
7
3

217
155
176
445
172
214
338
218
151
123

209
z23
232

Ge ppm

<, 106
<.086
<.088
<. 180
<,088
<.,102
<.110
<,092
<, 104
<, 088

<.116
<.124
€.122

fourwing saltbush: Jim Bridgec Hine, Wyocming

A
.22
=53
47
-
AT
=57
.64
.36
.38

Internediate wheatgrasss 5o,

«38
=51
40
Y
.41
.59
.50
-84
.38
h8

4,40
4,86
7.08
5.460
$.00
4,60
.00
3,60
L,.95%
.75

1.30
1,38
1.06
1.2¢2
1.00

4%

B9
1.50

B
1.02

-

—
oD w00 QMmN

00 = O =J = ol i O WL WA

Beul ah Hine.,

er
63
130
168
150
154
145
156
286
114

127
198
159
206
220
285
201

395
134
197

€.220
<.1482
<,200
<.260
<. 200
€. 220
<2240
=300
<,ell
<. 1%0

Rorth Dakota

121
L1086
.122
b12?
. 105
L179
-183
<.120
<. 112
=197

Hg ppa

01
.01
« O
.02
01
-a1
.01
-01
.02
.01

.02
O
.01

<. 01
.0‘
.02
.01
I01

<,0t
101
-0

<. 0t
.01

-02
.01
<03
002
.01
-0

-Ge
o2
i

in samples of wvegetation from thirteen surface coal-mine reclamation

.90
77
.75
.85
W75
.71
t.05
JF2
W73
1.4

1.04
1.05
85

2,88
2.59
3.00
2.52
2.89
2.97
1,87
3.460
2.97
3.04

.24
20
.25
.21
-8
.13
17
.22
31
.22

L.a ppm

.68
1.74
<.57

£1.02
< 75
<.93
2.50
1.80
1.85
€2.20
3.0
£.07
2.38

<.51%
1,10
[ )
K. 4b
1.1¢

69
1.48

.78
1.18
£.63
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{encentrations of elements (dry-weight basis) in samples of vegetation feom thirteen surface coal-mine reclamation
sites in five wesiern states and Alaska--continued

Sample Li ppm Hg 2 Mn ppm Ho ppa Ha ppm Nb ppis Ni ppm P X ) Pb ppa

Altalfa, Sa. Baylah Mines North fakota

$B8O1HS 2.07 L242 42 2.21 200 .90 Z.41 .062 .57
5802HS .62 .308 72 1.54 254 1,66 1.54 054 1,469
SEOIMS .54 L300 1 .90 390 <.56 .16 L0860 .60
SBOLMS Lh8 L221 12 1.54 154 <. 45 .30 .05% .91
SBOSHS 1.15 .338 18 3,10 194 .70 .66 L 085 1.01
SHDOMS .50 .234 19 L3 112 <.58 W45 .062 .81
5807MS L84 . 380 161 S.B4 387 2.26 65.64 L0462 2.19
SBOBMS 3.33 L355 41 1.85 370 <.69 1.18 .07¢ .89
SBO9MS 4,48 .297 46 1.85% 420 .78 - 2,15 056 1.05
5810M5 2.4 L2893 21 1,10 140 .57 1.28 .0%5 .73

alfatlfa control, So. Beulah Kine, North Dakota

L R AT EY 72 .552 116 4,80 ?2 1.80 7.5%% L1468 2. L0
$B1ZnS . .30 741 72 3.12 195 1.56 2.99 L1546 1,43
o SB13NMS .90 2560 346 2.40 I8 1.8G 3.5 .150 1.565
=
Slender wheatgrass, Absaloka Mins, Montana
S5CO1AE <, 049 15 .23 32 <.27 L4 .020 .70
SCB2AE <, 20 075 29 .26 20 <, 46 <,10 023 55
SCOIAE <, 19 L0598 24 $22 19 <, 45 .11 N2& .Y
SCQ4AE <.1 051 15 .19 19 <.25 .24 026 59
SLNSAE 16 050 23 .24 22 <.37 P14 026 .72
S{USAE <.14 037 17 14 19 <. 32 15 010 .32
SCQ7AE <20 -082 87 b1 23 1,43 51 015 1.84
SC08AL <, 14 -L049 313 .10 28 <. 33 .08 .030 .60
SC094AE 12 .51 23 A7 20 ¢.28 .14 L0519 .57
SCI0AE Y4 053 14 .13 L] <,33 13 030 .56

$andfain, Absaloka Mine, Montana

SCOYSF <. 18 260 t8 1.83 22 £,29 <, 06 LS .29
SLGZSF 17 319 &4 S5.46 74 .39 .25 »Q23 e 7H
5C0O3sF <.15 281 2s .56, 42 <,35 .12 .015% L33
S{D4SF .13 .C18 &1 .77 L4 35 22 017 .Y
SCOSSF <. 14 281 104 1.4D 79 .86 A3 014 1.26
SCO6SF .20 <382 8a 1.60 &7 .99 .36 018 1.01
SLO7SF .19 J148 36 2.29 23 <.24 .09 L0138 LA
SCOBSF W13 L2111 35 A7 32 .18 L7 021 .58
SCO9sF <. 16 .281 82 1.72 e .36 .21 L0148 wu7

SCY0sF <.t3 274 Fé W73 43 .59 40 .018 G 8
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Concentrations of elements {(dry—-weight basis) in samples of vegetation from thirteen surface coal-mine reclamation
sites in five vestern states and Alaska--continued

Sample Se ppr Sr ppm S pom Ti pom U ppm Vv pea Y ppm : in ppm ir ppm

Alfalfas Sa, Bevlah Mines North bBakota

5601mMS .20 151.8 1.700 2.0 .028 b «35 24.8 1.2
5po2ns .08 >308.0 1,300 ts.2 <03 1.08 59 15,4 t.62
5a803ms .08 126.0 1.500 <5.6 -048 23 . 14 12.0 56
§804Ms - L T&LB 1.300 6.7 G318 -4 4 .29 14.4 1.0
5805Ms .13 2z23.2 2,600 7.1 115 »48 h2 20,2 .15
SE0aMS =15 105.4 1,700 8.1 w074 .33 o34 24.% «73
5807Ks «10 »292.0 2,800 24.8 058 2.26 1.39 56.9 I.58
SBOEMS .15 155.4 2,000 8.1 030 +34 +38 . 20.0 76
SBOIMS .15 >224.6 1.300 16.1 022 .67 W3 20.¢2 .12
§810aMs .15 109.8 1,500 7.3 024 .31 .28 20,7 T

Alfatfa conterol, So. Beulah Mine, North Oakota

SBYIRS 40 168.0 2,500 15.6 048 1.5& 1.06 19,2 3.60
sBizAs .70 130.0 3,200 18.2 .0%2 .75 1.05 23.4 2.534
SBI3IMS . 80 1356.5 2+500 14,0 D60 .39 . BO 18.0 1.29
Slender wheatgrass, Absaloka Mines, Mantana
STOVAE .04 4.9 550 Lat 045 .12 .13 21.2 3B
SCD2AE <04 5.0 450 <5.7 024 <.1¢ L1 12.0 MU
SCO3AE .02 5.3 500 4.7 .38 22 L2t 6.3 .58
SCOLRE 02 7.0 L00 6.7 .022 .23 .21 ¥2.7 .52
SCO5a% 14 1d.8 540 4.8 L0146 .22 17 14.8 29
SLOGRE .02 10.2 £00 7.5 027 - 20 .22 10,9 92
${07ac W02 B.2 450 14.3 .02¢ 1.02 43 1.2 1.53
5¢0342 .02 3.5 5580 <3.3 o4 .09 .07 7.0 i
SEOPAE .02 6.6 450 3.9 L02¢4 - 16 14 8.7 L35
SCI10AE .02 1.9 £s50 L.b 028 «13 .13 9.1 .56
Sandfain, Absaloka Mine, Montana
SCOt1SF .62 24 .2 1,000 2.9 2% <.06 .07 7.4 .38
SCO25F . 04 $0.4 3,680 L.2 50 .16 PR ¥ .S 18.1% A
SCO35F 02 19,4 200 3.5 030 .35 =14 12.9 .38
SCO4&sF 04 5¢.2 400 B.4 035 .29 . %1 22,48 2.00
$Cassy . 04 8&.4 1,400 B.3 L0329 58 « 50 2.0 1,44
SCO&SF .04 78.0 1,200 7.8 047 51 .32 B.2 1.13
SCO75¢ .02 33.8 . G50 31 010 - 1% .13 6.2 47
SCQO3sf .04 231.7 550 3.8 L0268 14 .14 4.5 .24
5C095SF .02 35.8 1,800 <3.6 047 .09 .12 6.6 .36
SC10SF .02 49.5 300 4.3 026 .59 .33 5.6 99
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T01

Sample

SEQUAC
SEOQZACL
SED3AC
SEQLAL
SELSAC
SE06AC
SEQYAL
SEGBAC
SEQQAC
SEI0AC

SEQTMS
SEQ2MS
SEQ3MS
SEQ(HMS
SEQSHS
SECHHS
SEQ7MS
SEOBHS
SEQ9MS
SE10RS

SMO1AL
SMG2AC
SHO3AL
SMO4AC
SMOSAL
SHMOGAL
SHATHC
SMPBAC
SMO9AL
SMIGAL

VEQIAL
VEDZ2AL
VEOIRI
VEDIAT
VEGSAL
VEQSAIL
VEG7AIL
VEOBAL
VEGOAL
VEIDAL

Concentrations of elements (dry—-weight basis)

Li ppm

.28
.28
.38
.37
<.28
<, 40
.27
<.2%
<.,23
.29

1.27
WA
.30

1.38
.27
A0
.21
.30
.25

1.50

<.34

.32
<.28
<.28
£.27
.26
<,3in
<.32
<.3%
<.32

Mg %

.083
- 104
. 109
. 159
098
119
« 134
082
D73
086

.228
524
542
<482
440
623
332
2t
436
409

-108
-033
075
<1046
074
.08%
068
080
107
w110

049
047
036
2041
040
053
045
D49
039

. W047

in samples of vegetation from thirteen surface coal-mine reclamation

sites in five western states and Alaska-—(ontinued

Mn ppa

Ho ppm

Intermediate wheatgrasse

21

Altstfa.

¢
19
12
21
33
20
L3
i9

9
13

.32
.23
.30
W47
61
At
19
.33
.20
1.22

Seneca

1.3¢%
1.48

.50
1.68
V.90

.99
1.56
1.10
1,58
1.51

NHa ppm

Seneca No.

No.

2 Mine,

frested wheatgrass, Seminoe No,

22
14
20
27
14
28
21
12
43
23

.17
30
-
.19
.22
+ 23
20
.32
40
=15

Nb ppo

2 Hine, Lolgrada

59 <. 64
[ .64
29 <, 40
L0 <, 57
19 W77
49 <.92
37 <. b63
38 <.59
is .54
LT] w72
Colorado
43 <. 53
185 £.7¢
35 <.59
67 .74
630 t.30
99 <. 7%
&6 1,14
is .62
211 .61
58 <,83

2 Mines Wyoming

29
3G
45
&2
42
28
34
58
32
.25

Intermediate wheatgrass, Velva Mine,

38

W40
-19
16
.23
Wi
.38
ahh
33
2.42
L0

<. 46
.43
W46
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Concentrations of elements (dry—weig

ht basiszs) in zamples of wvegetatvion fros thirteen surface coal-mine reclamation

sites in five western states and Ataska--continued
Li ppm Mg % Hn ppm Mo ppm Na ppa Nb ppm Ni ppm 4
Aifalfa, Velva Mine, North Dakota
3.84 .221 47 B.97 i8 1.38 1.17 104
7.48 286 3G 8,156 272 1.63 68 189
5.93 L5370 77 4,08 46 2.16 1.00 077
5.49 -238 13 2.44 73 <.57 .23 083
Y. 9% 284 248 2,41 71 <.66 . 50 . 108
5.07 .250 LA ] 5.69 &2 1.01 1.3% =125
7.68 192 13 1.92 141 <.60 .38 L0670
5.89 .3198 27 2.48 105 <.,58 A2 093
.43 364 14 5.27 2L <, 64 .62 078
5.90 212 18 5.0¢2 a9 <,55 .53 059
atfalfa control, Velva HMine, North Dakota
18.17 411 27 B.&9 1,817 <. 73 .63 . 205
4.30 17 50 4,21 688 1.03 1.1 .215
18.92 L4699 40 3.90 1.014 .72 1.01 203
American green atder, Usibelli #ine, Alaska
<14 180 137 L1 14 <.33 3.98 .209
<.74 166 576 .11 5 <. 33 2.88 26
<. 14 L1403 z18 .08 10 <.32 4.08 224
American green alder taentrol, Usibetli Mine, Alaska
<.13 205 >650 A6 25 <, 3 2.53 A7
<.12 L1862 420 07 14 <.28 2.19 150
<. 11 151 584 14 19 <,25 2.164 173
djasondleaf wittew, Usibelid Miner, Alaska
<.18 . 180 28B4 .09 18 .42 3.87 .203
€.15 3189 333 L1 15 <. 34 L. 44 L1892
<.14 148 315 15 2t .33 3.85 +148

Pb ppm

1.59
.22
1.46
2,6
.85
1.17
.70
s

.??

1,11
.20
.24

36
.37

-40
.21
.30

L6
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Concentrations of elements {(dry-weight basis) in samples of vegetation from thirteen surfate coal-mine reclamation

Ce ppm

<Z.9
<3,.8
<3.2

<7

5.2 |

5.3
<3.8

4.5
<5.¢

<14.0
<13.0
<121
<11.2
<1z2.1
<131.0

Co ppa

.155
2.870
272

255
=148
. 342
- 164
« 276
224

- 400
560
» 550
. 340
5320
- 280

sites in five western states and Alaska--continued

{r ppm

plamondleat willow controls, Usibelli

19
24
-34

b7
e
.9
+49
.74
=90

fourwing saltbushs, San Juan Mine, New Mexico

2.40
1.96
2,47
1.92
.82
1.96

Cu ppm

2.80
1.96
2.56
2.65
2.30
2.80

12.00
?.80
.10

18,20
8,495
9.10

F ppm

[}
B
5

Wwo D@

19
21
18
19
34
15

Fe ppm

Bine, Alaska

B4
115
126

Alkali sacatons $an Juan Mine, New Mexico

326
213
511
217
yaz
Ig1

215
714
767
708
1,044
b14

Ge ppa

<.062
<.082
<.0468

.102
<.0%52
074
074
<.042
<.D5¢

<.138
<. 129
<,120
<, 110
« 189
<,129

Hg ppm

+01
03
.01

.20
» 25
20
.15
«15
2%

.10
.10
.20
08
« 20

A5

.Y
1.07
.78

.16
IZ'{I
26
.20
.25
-35

2.55
2.10
2.99
2.64
2.08
3.22

La ppm

-B7
<.82
.34

€ h7
2.35
1.63
<,32

.69
1.12

<1.39
<1,.3%0
<i,e1
1.56
1.82
<1.,.30
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