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Element concentrations in rehabilitation 

species 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 concentration 

in the environment of many of the potentially toxic trace elements has been 

extensively studied over the past 5 years. A question that has not been 

adequately investigated, however, is the effect that the surface mining of 

coal may have on the mobilization of elements in spoils and replaced topsoil 

.and their absorption by rehabilitation species. In areas where overburden 

contains higher than normal levels of potentially toxic elements, it can be 

assumed that rehabilitation species will, in general, concentrate many 

elements in their tissues (Wallace and Berry, 1979). Whether or not such 

levels will prove to be toxic (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 Ebens (1975) who sampled sweetclover and associated spoils at eight 

coal-stripmines in the northern Great 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 concentrations in rehabilitation materials. 

Our main objective was to obtain element-concentration data of commonly 

used species from a number of western coal-mine rehabilitated areas and to 

assess 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 variability in the element concentration of rehabilitation 

species within a mine. Because of the possible mobilization of 

environmentally important and potentially toxic elements by surface-mining 

methods, a knowledge of the chemistry of rehabilitation species is a useful 

estimate of soil or spoil 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 11 mines were collected within a 

relatively short time by one individual, they received the same preparation, 

they were analyzed by one laboratory using consistent methods, and they were 

prepared and analyzed in a randomized sequence so that any systematic error in 

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 units) 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 variability in the element content of native plants 

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



Coal Mine Names 

1-Velva 
2-South Beulah 
3-Husky 
&-Big Sky 
5-~bsaloka 
6-Decker 
7-Dave Johns ton 
8-Seminoe No. 2 
9-Jim Bridger 

10-Seneca No. 2 
11-Energy Fuels 
12-San Juan 
13-Usibel l i  

Figure 1. General locations of the caal strip mines sampled i n  this  study. 



1979) in the northern Great Plains. 

In addition to the mines listed above, rehabilitation species were 

collected at the San Juan mine, New Mexico and at the Usibelli 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 as for the 

other 11 mines, continuity among all samples is lacking because they were 

collected with different objectives and at different seasons of the year. 

Therefore, comparisons of the chemistry of the plant materials at the San Juan 

mine, the Usibelli mine, and the 11 western mines should he made only with 

these qualifications in mind. 

The selection and utilization of appropriate rehabilitation plant species 

at the various mine sites has not been standardized. 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 l aws  governing rehabilitation are changing continually. 

This state of flux was of direct concern to us because we wanted to sample 

species that would most likely be used for some years in the future. 

Increasing legislative pressure is causing the mines to utilize more and 

more of the so-called native species in their seed mixtures. Native is 

usually arbitrarily defined as anything that was not introduced from foreign 

sources with the expansion of the railroads and the cattle industry. Commonly 

used native species of semiarid regions include: bluebunch wheatgrass 

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

trachycaulum (Link) Malte), thickspike wheatgrass (& dasystachyum (Hook.) 

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

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



Scribn.), and skunkbush (Rhus trilobata ~utt.). Many introduced species have 

qualities that lend themselves well to use in reclamation, however, and a 

total elimination of them is probably not practical. Examples of some of the 

introduced species still in use include: alfalfa (~edicago sativa L * ) ,  

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

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

wheatgrass (Agropyron trichophorum  ink) Richt.), crested wheatgrass (& 

cristatum (L.) Gaertn. or A. desertorurn 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 areas. Thus, in general, the mines in North 

Dakota, Montana, and Colorado have rehabilitathd sites that are relatively 

diverse in the species found. Mines in the arid arcas 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 different reseeding methods include broadcasting, 

hydroseeding, and drilling. The use of fertilizers and mulches also varies; 

however, mulch is rather universally used in the drier areas. Mines in the 

less arid areas commonly include an annual cereal grain in the seed mixture to 

serve  as initial cover--in the more arid areas the rapid natural invasion of 

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

however, is highly undesireable because it is toxic to grazing sheep and once 

established it is 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 Ehens, 1975 and 1979; Munshower and others, 1979;  



Erdman and Gough, 1979;  and Gough and S e v c r s o n ,  1980) .  Where ever p o s s i b l e ,  

t he re fo re ,  we also collected ' con t ro l '  samples from adjacent  non-mine areas. 

Table 1 lists those mines and species f o r  which c o n t r o l  collections were made. 
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METHODS 

F i e l d  

Major Mine Comparison Study. -- This study was designed to evaluate 

differences in: (1) the variability in the element composition of species 

among 11 mines; (2) the element composition of species within mines; and (3) 

the relations between plant element concentrations and extractable element 

concentrations 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 like species on both mine and non-mine (control) sites. 

Based on the tabular information provided by Evans, Uhleman, and Eby 

(1978) for surface-mined lands, we selected a set of mines in Colorado, North 

Dakota, Montana, and Wyoming, that they judged as 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) topsoil had been used in 

,the rehabilitation process, and (3) a wheatgrass and a legume had been 

included in the seeding mixture. By limiting our sampling using these 

criteria we provided a basis for making comparisons among rehabilitated areas. 

In practice, it was not possible to locate rehabilitated areas within the 

targeted mines that met all three criteria 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 sampled instead two grasses; and, at the Jim 

Bridger mine, neither a grass nor 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 specialist was most cooperative in 



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 

across the site was made and at ten localities topsoil, 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 collections consisted of the stems, 

leaves, and fruits from one 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 consisted 

of dormant stem and fruit 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 cm 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 Dave 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 Rig Sky material was from a 

rehabilitation area with 25-60 cm of replaced topsoil that was seeded in the 

fall of 1977. The Dave Johnston material was also planted in 1977 as a cover 

for an area whose topsoil (to a depth of about 15 cm) had been removed for 

placement over spoil elsewhere. The area with wheat, therefore, had not been 



Table 1.--Specif i c  c o l l e c t f a  notes  f o r  p l an t  r e h a b i l i t a t i o n  apecLes co l l ec t ed  a t  11 western c o a l  surface mines ( m j o r  study) and two add i t  ionai  

[Stages oE m t u r i t y  a r e  thoaa defined in Rat ional  Beaearch Council, U.S., .od.Department of Agricul ture ,  C s n d a  (1971); c-culma. 1-leaves, 1 - i n f l o r e m c m ~ ~ s ,  
r-ate-, .ad f - f ru i t# ;  roo t  m e t r a t h  &to  apof l  was ~ub jecCi rc1p  c l a s s i f f e d  aa  good, f a i r .  ar poor; con t ro l - e i t e  c o l u m  refer.  t o  prcs tnce (+) or 
abnence (-) of armpled m t e r h l ;  n.&. in column +mm n o t  appl icable ,  (--) i nd ica te s  no da ta ]  

s i ter /number  Control  

of clump. o r  b n l e  Qeqree of s i t e  

Date P lan t  name M i v i d u a l r  Staqe of Plant  in depth of  roo t  p e n e t r a t h  coaparisoa 

nine S t a t e  co l l ec t ed  S c W l f  ic CO- per  I i t e  L1 m t u r i t v  pares  t o p s ~ i l  (cm) i n t o  s p o i l  m t e r i a l  

Halor nlne Conwarison Study 

Dave Johnston Wyumhs 9/8-9/78 Bronue lnermia #moth  b r o p  1 / 1 5  aa tu re  e l  0-30 S& - 
bnropvron c r i s t a tum created w h e a t q r a s d  lO/ l  do. do. do. do. -+ 

S e m h e  No. 2 9/11/78 do. do. 10/2 ove r r ipe  do. none s o d  

JLm Bridper 9112-13/78 At r ip l ex  canescena fourwinq sal tbush l o l l  n.s. a,L 10-25 do. 

Seneca Ho. 2 Colorado 9/14/78 Aaropgron intermed h m  intermediate uheatpraas  10/i mature c l  none do. 

H e d i c a ~ o  sativa a l f a l f r  10/1 d w e h  a , l , f  do. do. 

Eneruy m e l r  9115-16/78 Apropyrm i n t e r n d i u a  

Hed icaxo 

Sauth Beulah North Dakota 9/25/78 bqropyron intermedium 

H e d i c e ~ o  sativa 

Ye l v r  9/26/78 Apropyron intermedium 

Medica~o aa t iva  

Husky 9/27/78 b~ropyron  intermedium 

Hed icaco sativa 

Biq Sky Noatana 10/9/78 Aeropyron trachycaulua 

Hedicaqo rativp 

intermediate ubemtsrmrm 

a l f a l f a  

s lender  *eatgrass 

a l f a l f a  

Decker Ueat 10110178 Al~ropyron trachycaulum slender  h e a t g r a s s  

do. 

do. 

1012 

do* 

do. 

do. 

do. 

do. 

lo/  1 

1012 

mature- c , l , i  
overr ipe  
douqh- s * l , f  
mnture 
overr ipe  c.l.1 

overr ipe  c , l , i  

mature a.1.f 

mrucc-  c.l,i 
overr ipe  
overr ipe-  s , f  
dormant 
mature- c , l , i  
overr ipe  
ove r r ipe  s.f 

20-40 

do. 

10 -20 

do. 

5-25 

do. 

do. 

10-30 

do. 

poor 

f a i r  

sood 

do. 

*OM 

do. 

f a i r  

4 4  

s o d  

b t r i p l e x ,  canescena fourving sal tbush 1012 n.a. 8.1 do. -- 
Absaloka 10/12/?8 &ropyron t r ach~cau lum ~ I e d e r  u h e a t g r a ~ a  loll mature c ,  25-40 lo& 

[hobrychis v i c  i a e f o l i a  n m d f a h  1012 d o r ~ n t  a,£ do. good 

Add it ione l  n i n e s  

San Juan l e v  W L c o  8/11/77 Sporobolus a i ro ides  a l k s l l  sacaton b/ 4 m t u r e  1 ,  -20 cod 

Atriplex canesceno f o u n i a g  ma l thph  6/1 n.a. 0.1 do. + 
Ua i b e l l i  Alaska 6/7/79 Alnus c r i sp6  America? green a l d e r  315 11.1. do. none S o d  + 

Sa l ix  pulchre - d iawndleaf  u i l l w  313 n.4. do. none + 
Y A clump is defined a s  a t i ~ h t  clone of numrous Lndividuala (charactexiat tc  OE bunchgraeeea), h e r e 4 8  IndivLduala a r e  isolated graamer (a* i n  *sooth brope 



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 material (topsoil where present, present, spoil, or a 

combination of both) that adhered to the root mat. Spoil samples consisted 

of the material collected between 20 and 30 cm directly below where the 

plant clump and topsoil had been removed. 

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

at various coal-surface mine rehabilitation sites. Samples of alfalfa, 

sandfain, and fourwing saltbush consisted of all t h e  material, from one or 

two individual plants, clipped at 10 cm above the ground. Topsoil samples 

were composed of the  material (topsoil where present, spoil, or a 

, combustion of both), to a depth of 10 cm, 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 topsoil sample was taken. 

F I G U I R E  4. The method used i n  the sampling of soil, willow, and alder at the 

Usibelli Mine, Alaska. The terminal 10-20 cm of willow and alder branches 

with leaves and inflorescences were collected at both native and 

rehabilitated sites. Topsoil samples were collected at a depth of 15-20 cm 

on the native sites (below a mat of organic material), and, because the 

rehabilitated sites were without replaced topsoil, consisted of surficial 

material to a depth of 15-20 cm. 





mined of coal. 

Additional Mines. -- Table 1 lists 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 (19802 

and 1980b). - 

Alkali 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 cm of stems, with leaves and inflorescences were clipped as shown in Figure 

4. Representative material from all species 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 Wiley 

mill to pass a 1.3-mm screen, and the homogenized ground material was 

either 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, 

alkali sacaton, the wheatgrasses, and smooth brome, were washed prior to being 

dried and ground. (Samples of alder, fourwing saltbush, sandfain, and willow 

were not excessively contaminated and were not washed.) This process 

consisted of numerous tap-water rinses (until the rinse water was free a £  

visible suspended and settled material) followed by a single distilled-water 

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

'use of trade names in this report is for the convenience of the reader and 
does not constitute endorsement by the U.S. Geological Survey. 

13 



selected at random for splitting of the ground material and the analytical 

sequence 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 Usibelli mines were analyzed at a time different from the material from 

the 11 mines but the analytical methods were the same for all samples from all 

mines. 

Statistical 

For those elements analyzed in ash, the dry-weight-equivalent 

concentrations were calculated. This conversion was done because of the 

interest in dry-weight data by agronomists and others involved with 

reclamation studies. 

Plant-element concentrations tend to exhibit positively skewed frequency 

distributions. Therefore, a logarithmic transformation of the data prior to 

statistical analysis improves the estimates of central tendency because the 

frequency distribution of the log-transformed data is more nearly normal. 

Some elements were approximate1.y 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 in 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 rests. 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 required for the 

multiple-mean comparison test (Natrella, 1966), and for the calculation of 



Table 2.--Analytical methods and their approximate lower l i m i t s  of 

determination for the plant materials sanlpled 

l A l l  values are reported on an ash-weight basis, except where noted; LW), 

lower limit of determination; ES, plate-reader emission spectro3raphy; AA, 

flame atomic-absorption spectroscopy; SIE, selective ion electrode; FL-AA, 

flameless atomic-absorption spectroscopy; COLR, color imetr ic ;  FLUK, 

fluorometric; TURB, turbidimetric] 

Analytical Approximate Analytical Approximate 

Element method LLD (ppm) Element me t l ~ o d  L i d  ( P P ~ )  

Aluminum--* ES 2 00 blolybdenurn------ ES 2 
~ r s e n i c l - - -  AA ,05 N i c k e l - - - - - - - - - -  ES 2 
Barium----- ES 4 . 4  Niobium--- - - - - - -  ES 9.2 
Beryl1 ium-- ES 2 Phosphorus------  COLK 100 
Boron------ ES 10 Potassium------- A A 100 

Cadmium---- A A .4 ~eleni.um' ---+--- F U R  .01 
Calcium---- A A 100 Si lver- - - - - - - - - -  ES .92 
Cerium----- ES 9 3 sodium--+-  - ----- AA 25 
Chromium- -- AA 1 Strontium------- ES 1 
Cobalt----- AA 1 Strontium------- E S a 4,000 

Copper----- A A 1 Sulfur ( to ta l ) '  - TUIG 100 
~ l u o r i n e '  -- SIE 1 Titanium--------  k2,  90 
Germanium- - ES 2 cranium- - -- - - -- - VLUR - 4  
Iron------- ES 200 Vanadium-------- E S 2 
Lanthanum-- ES 9 ,2 Yttrium---------  5 S 2 

Lead-------  ES 4.4 Zinc------------ A A 1 
Lithium---- AA 4 Zirconium------- ES 4 . 4  
Magnesium- - AA 20 
Manqanese-- ES 2 
~ e r c u r ~ '  --- F L -AA .01 

'~nal~ses determined on dry material not ash. 

2 Upper l i m i t  of determination. 



confidence intervals about the mean, a substitution of 0.7 times the LLD (ash- 

weight basis) was made for all censored values. The sequence of calculations 

was:  ( a )  substitution of censored values; (b) dry-weight conversion of those 

element concentrations reported on an ash-weight basis; (c )  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 technique of Cohen (1959) as detailed 

by Miesch (1967). This technique, however, requires a single LLD per element 

and the dry-weight conversion calculation often results in variable LLD values 

(due to differences in the ash yield of individual samples). Following dry-  

weight conversion, therefore, if variable LLD values were generated, a 

substitution 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) calculation of an average LLD for those elements with 

censoring; (c)  substitution of the variable LLD values (per element) with the 

average LLD value; (d) log-transformation; (e)  calculation of the GM and GD. 

The analysis of the data was performed on a computer using the U.S. Geological 

Survey's STATPAC library (VanTrurnp and Miesch, 1977). 



RESULTS AND DISCUSSION 

Figure 1 shows the location of the thirteen coal-stripmines studied. 

Table 1 details the characteristics of the mine sites visited with emphasis on 

the rehabilitation species sampled. Additional mine-site details (time since 

rehabilitation was initiated, rehabilitation scheme, topsoil and 

spoil characteristics, unique features of the area studied, and 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 listing, with no statistical interpretation, of the element- 

concentration data for each sample 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 concentration of eighteen elements and plant- 

ash yield at the ten mines where they were sampled. (3) Tables 3-7 compare 

the geometric means of element concentrations in similar plant material 

collected at different mines. (4) Tables 9-28 give the summary statistics, by 

individual mines, for the concentration of elements in particular 

rehabilitation species. 

Mine- and Control-Si te Comparisons--Appendix 

The element concentration data for each sample at the individual mines 

are given in the Appendix table. No summarization or statistical 

interpretation is presented. Concentrations of arsenic, fluorine, mercury, 

selenium, and total sulfur were reported by the analyst on a dry-weight 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-weight converted values. As discussed under the Statistical 



T a b l e  3.--Multiple-mean cumparison t e s t  f o r  c o n c e n t r a t i o n s  
o f  34 e lements  (and a s h )  i n  d r y  material  of crested 

whea tg rass  collected a t  two s u r f a c e - c o a l  mines i n  Wyoming. 

[Mean values fo l lowed by t h e  same s m a l l  l e t t e r  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  the  0.05 p r o b a b i l i t y  l e v e l ;  ppm, 
p a r t s  p e r  m i l l i o n ;  %, p e r c e n t ;  leaders (---) mean no d a t e ]  

Element 
o r  ash 

Dave Seminoe 
Johns  t o n  Number 2 

Ash, %----- 
A l ,  ppm---- 
A s ,  ppm---- 
B ,  ppm----- 
Ba, ppm---- 

Be, ppm---- 
Ca, Z------ 
C d ,  ppm---- 
Co, ppm---- 
C r ,  ppm---- 

Cu, ppm---- 
F ,  ppm----- 
Fe,  ppm---- 
Ge, ppm---- 
Hg, ppm---- 

K, %."----a- 
La, ppm---- 
L i ,  ppm---- 
Mg, %------ 

Mn, ppm---- 

Mo,ppm----- 
Na, ppm---- 
Nb, ppm---- 
N i ,  ppm---- 
p,  % ------- 

Pb, ppm---- 
S,  ppm----- 
Se ,  ppm---- 
S r ,  ppm---- 
T i ,  ppm---- 

U,  ppm----- 
V ,  ppm----- 
Y,  ppm----- 
Zn, ppm---- 
Zr, ppm---- 



Table 4.--Plulitple-menn comparison test for concentrations o f  34 elements (and ash) in the dry material of 
intermediate wheatgrass collected at f i v e  surface-coal mines in Colorado and North Dakota. 

[Mean values followed by t h e  same small letter are not significantly d i f f e r e n t  a t  t h e  0.05 probability 
level; ppm, parts per mil l ion;  X ,  percent; leaders (---I mean no data] 

f i t  n r b  North Dakota 
Element Energy Seneca South 
or ash Fuels Number 2 Husky Beulah Ve lva 

Ash, X--- 5.6 c 6.8 b 4.6 c 5.4 c 
Al, ppm--- 360 bc 270 c 660 a 480 b 
As, ppn--- .16 c .33  b .38 b .66 a 
B ,  ppm---- 6.4 c 5.1 e 13 a 7.7 bc 
Ba, ppn--- 9.0 c 6.7 d 3 8 a 15 b 

Be, PPm- .13 b .15 b .18 b .13 b 
Ca, X---- .19 a .18 a .20 a .18 a 
Cd, ppm-- .060 a -036 b .039 b -030 b 
CO, PFm-- ,048 b .051 ab .059 ab ,076 a 
Cr, PPm-- .55 b .47 b .70 a .49 b 

Cu, PFm--- 1.0 b 1.1 b 1.1 b 1.0 b 
F, P W - -  6.2  b 7 .5  a 5.7 b 6.3 b 
Fe, pp--- 150 c 100 d 280 a 200 b 
Ce, PPP- .14 b .13 b .I1 b .12 b 
Hg, PPrm--- ,013 b ,010 b .019 a -013 b 

K, X--- -56  b 1.2 a .33 c .21 d 
La, Pm--- -- -- .66 b 1.4 a 
Li, Ppm-- .30 a .27 ab .21 b --- 
Mg, Z---- -073 b .10 a .072 b .055 c 
Mn, ppm--- 19 b 16 b 3 9 a 30 a 

Mo, ppn--- "25 a .36 a .31 a .27 a 
%, P P F -  23 c 4 0 b 5 9 a 30 c 
Nb, pp--- . 52  a - .b5 a -- 
Ni, PP-- .24 ab .14 b .36 a - 2 5  a 
P, %--- .O64 a .051 b .023 d .039 c 

Pb, PPm--- - 7 6  c -84 bc 1.2 ab 1.0 b 
S, pp---- 810 a 890 a 6 20 b 440 c 
Se, p W - -  .17 a .19 a .054 c ,088 b 
Sr, p a - - -  6.9 d 5.0 e 19 a 15 b 
Ti, PPP- 7.4 b 6 .4  b 16 a 9.2 b 

U, ppm---- .022 d .030 c -038 bc .047 ab 
v, PPm-- .37 bc 25 c .76 a .43  b 
Y, pp---- .24 c .21 c .46 a .30 b 
Zn, ppm-- 10 c 11 bc 9.6 c 12 b 
Zr, p p - - -  -70 b -63 b 1.2 a .76 b 



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 probability level; ppm, parts per million; %, percent; leaders (---) mean 
no data] 

Element 
or ash Absaloka Big Sky Decker 

Ash, %---- 3.7 b 
Al, ppm--- 260 b 
As, ppm--- .26 a 
B, ppm---- 5.5 b 
Ba, ppm--- 8.4 b 

Be, ppm--- ,075 c 
Ca, %----- .17 a 

Cd, ppm--- .017 b 
CO, ppm--- .040 b 
Cr, ppm--- , 3 2  b 

Cu, ppm--- .78 b 1.1 a .87 b 
F, ppm---- 5.1 b 6.6 a 5.6 b 
Fe,  ppm--- 9 5 b 180 a 170 a 
Ge, ppn--- .075 c .10 b .22 a 
Hg, PPm--- ,022  a .021 a .014 b 

K,  % ------ -26  b 
La, ppm--- .SO a 
Li, ppm--- --- 
Mg, %----- ,055 b 
Mn, ppm--- 22 b 

Mo, ppm--- .2 0 c 
Na, ppm--- 2 3 c 
Nh, ppm--- --- 
Ni, ppm--- .14 b 
p ,  % ------ .02 1 b 

Pb, ppm--- .72 b 1.1 b 
S, ppm---- 490 a 470 ab 
Se, ppm--- - -025 c .13 a 
Sr, ppm--- 6.1 c 8.2 b 
Ti, ppm--- 5.0 b 9.9 a 

U, ppm---- .024 c 
V, pprrt---- .15 b 
Y, ppm---- .16 b 
Zn, ppm--- 12 b 
Zr, ppm--- .52 b 



Table 6. --Multiplemean comparison t e s t  f o r  concentrat ions  o f  32 elements 
(and ash) i n  the d r y  material  of a l f a l f a  collected at six surface-coal 

mines i n  three western sta tes  

(Mean values  followed by the same small letter are not significantly d i f f e r e n t  at the 0.05 probabi l i ty  level; p p ,  
parts  per m ~ l l i o n ;  X ,  percent; leaders  (---) mean no d a t a ]  

Colorado Montana North Dakota 
Element Energy Seneca South 
or ash Fuel8 Nmber 2 Big Sky Husky Beulah Velva 

Ash, X---- 
Al, ppa--- 
tb , p pm--- 
B ,  ppn---- 
R-I, ppm--- 

Ca, X-----  
Cd, ppm--- 
Co, ppl--- 
Cr, ppn--- 
Cu, ppm--- 

N 

* F, ppm---- 
Fe, ppm--- 
Hg , rJ Pm--- 
K* ppll--- 
LJ, ppn--- 

Li, ppm--- 
Mg, X-----  
fln, pp- - -  
lfo, ppm--- 
Na, ppm--- 

Nb, pprn--- 
Ni, ppm--- 
p y x  ------ 
Pb, ppm--- 
5, ppm---- 

Se ,  pp- - -  
Sr, ppm--- 
T i ,  ppn--- 
U, ppm---- 
V, ppm---- 

Y, ppm---- 
Zn, ppn--- 
Zr, ppm--- 



Table 7.--!'lultiple-mean - cnmp:lrison t e s t  f o r  c o n c e n t r a t i o n s  of  33 e l e m e n t s  
-.----- 

(atld ash) in t h e  d r y  rn;lteriaL of fourwin); s : i l t b u s h  collected a t  three surface- 
coal m i n e s  in t h r e e  western s t s t e s  

[Mean va lue s  fol lowed by t h e  same s m a l l  l e t t e r  are not s i g n i f i c a n t l y  d i f f e r e n t  
a t  the 0.05 p r o b a b i l i t y  l e v e l ;  ppm, p a r t s  per  m i l l i o n ;  %, p e r c e n t ;  n ,  number of 
samples c o l l e c t e d ;  l e a d e r s  (---) mean no da ta ]  

Element 
o r  a s h  

New Mexico Montana Wyoming 
Jim 

San Juan Decker Bridge r 
(n=6) (n= 10) (n=10) 

Ash, X---- 
Al, ppm--- 
A s ,  ppn--- 
B, ppm---- 
Ba, ppm--- 

ca, %----- 

Cd, ppm--- 
Ce, ppm--- 
Co, pp- - -  
Cr, ppm--- 

Cu, p p - - -  
F, ppm---- 
Fe, ppn--- 
H$, PPm--- 
K, %------ 

La, ppm--- 
Li, ppm--- 
Mg, %----- 
Nn, p p - - -  
Mo, ppm--- 

N3, ppn--- 
Nb, ppm--- 
N i ,  ppm--- 
p, %------ 
Pb, pprn--- 

S ,  ppm---- 
Se, ppn--- 
S r ,  ppm--- 
T i ,  ppm--- 
U, ppm---- 

V, ppm---- 
Y , p pr,1---- 

Zn, p p - - -  
Zr, ppm--- 



Table 8 .  --Silver concentrat ions (ash-we ight  

basis) in alder  and willow, 

U s i b e l l i  mine. Alaska 

[pprn, parts per mil l i on ;  <, less than the 

ana ly t i ca l  limit of d e t e r m h a t  ion; GM, 

geometric mean; ;r, approximately equal to: 

Sample S i lver ,  ppm 

nmerican green alder,  mine 

American areen alder, control 

D iamondleaf willow, mine 

Diamondleaf willow, con t ro l  



'Table 9.--Sumsry stat ist ics  for the clement content o f  d t v  mater ia l  of 

smooth brome from the Dave Johnston mine. Wyorninq 

rppm, parts per  millic!n; <, less than; l eaders  (--), maan no da ta ;  r a t i o  is 

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

of determination to the t o t a l  number of enalyeea; variable lower limits o f  

determination are obtained when converting concentrations on an ash+weight 

basle to a d r y ~ w e i s h t  basis, however only t he  largest value i s  reported1 

Element o r  Geometric Geomerr ic Observed 

ash Rat io  mean deviation range 

Alh (percent) ------------ 10 : 10 5.8 1.06 5.3-6.4 
Aluminum (ppm) ----------- 10:10 290 1.86 160 -960 
Arsenic (ppm) --;--------- 1 O ; l O  .46 1.82 .20-1 .O 
Barium (ppm) -----------I- 9:lO l3.4 1.90 Q.3-13 1 

Bery l l ium (ppm) ---------0 5 : 10 .11 l2.01 <.I2 -.36 

Boron (ppm)-----l-------- 1 O : l o  2 4 1.47 14-36 
Cadmium (ppm) ------------ 8:lO .038 '1.68 <.022-,064 
Calcium (percent) -------0 10: 10 .23 1.21 .17-.34 
Cerium (ppm) ------------- Oil0 - - - - e6.0- -- 
Chromium (ppm) ----------- 9:lO l.30 ' '1.96 <.12--96 

Cobalt (ppm) ------------- 6 :  10 .054 '1.36 <.06O-.I1 
Copper (ppm) ------------- 10: 10 1.1 1.47 .53-2.4 
Fluorine (ppm) ----------- 10: 10 6 .S 1.29 6-9 
Germanium (ppm) ---------- 6:10 a .12 '1.42 x.13-.23 
~ + m  (ppm) --------------- 10 : 10 80 1.80 40 -2 80 

- - bnthanum (ppm) ------.---- 1:lO -- <.Sb -4.1 
b a d  (ppm) --------------I LO:10 .74 1.52 .50*1.9 
Lithium (ppm) ------------ 10: 10 1.8 2.25 ' .S4-5.3 
Haqnestum (percent) ------ lo: 10 .082 1.32 .042-.11 
Wnqaneee (ppm) ---------- 10:lO 5 9 1.68 29-170 

Mercury (ppm) ------------ m:10 ,016 1.69 .01-.04 
Molybdenum (ppm) --------- 10:lO .24 1.75 .13-.72 
Nickel (ppm) ------------- 3:10 -- - - C.120.77 
Niobium (ppm)------------ 2:lO - - - - 4.56-2.1 
Phosphorus (percent) ----- 10: 10 .053 1.64 ,030- . l l  

Potassium (percent )  ------ 10: 10 .89 1.22 .60-1.2 
Selenium (ppm) ----------- lo: 10 .14 1.82 .06--50 
Sodium (ppm)------------- 10: 10 30 1.83 18-110 

. Strontium (ppm) ---------- 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 '2.61 4 . 6  -21 
Uranium (ppm) -----------a 10 :LO .047 1.62 -022-.094- 
Vanadium (ppm)----------- 8:lO ' .24 '3.24 4.11-1.8 
Yttrium (ppm) ------------ 10:10 .24 1.71 .13-.77 
z inc  (ppm) --------------- 10 :LO 8.6 1.45 4.8-17 
Zirconium (ppm) ---------- 10:lO .67 1.81 . 34 -2 .7  

 he technique o f  Cohen (1959) was used t o  c a l c u l a t e  the mean and 
deviat ion because t h e r e  were one o r  more concentrat ion values outs ide  
of the l imi ts  ol: determination o f  the ana ly t i ca l  method used. 



Table  la--Summary s t a t i s t i c s  for the element content of dry material  of 

crested wheat~rass  from the Dave Johnston mine. Wvomina 

Lpprn, par t s  per mil l ion;  <, less than; leaders  (--), mean no data; r a t i o  i s  

the proportion of t h e  number of analyses having values above the lower lhit 

of determination t o  the t o t a l  number of analyses; variable lower l i m i t 8  of 

d e t e m h a t i o a  are obtained when converting concentrations on an ash-weight 

basis  t o  a dry-weight bas i s ,  however only the le rxes t  value is  reported1 

Element or Geol~etr i c  Ceometr i c  Observed 

arh . Ratio wan deviat ion range 

Ash (percent) ------------ 10: 10 4.9 1.16 4.1-6.6 
AlumFnum (pprn) ----------- 1O:lO 410 2.26 110-1,200 
Arsenic (ppm) ------------ 10:lO -46  1 .41 .20-.65 
Barium ippm) ------------- 10: 10 5.1 1.42 3.3-8.1 
Beryllium (ppm)---------- 8: 10 l.11 l1.37 g.13-.21 

Berm (Ppn)------------ 10:10 14 1.48 - 8.1-24 
Cadmium (ppm) ------------ 1O:lO .052 1.74 ,025-.13 
Calcium (percent)-------- 1O: lO  .19 1.30 .lo-.29 
Cerium (ppm) ---------dl-- O : 10 -- -- 46.1- -- 
Chromium (ppm) ----------- 10:lO ,41 1.74 .16--86 

Cobalt (ppm)--------l---- 7 : 10 ' ,062 l1.74 4.049-.13 
Copper I ~ ~ ~ ) - - - - - - - - - - - - -  1O: lO  1.3 1.35 .88-2.2 
Fluorine (ppm) ----------- 10 : 10 6.5 1.28 5 -9 
Germanium (ppm) ---------- 7:10 l.10 '1.46 e.I.1-.20 
Iron (ppm) ---- - -- -------- 10:lO 120 2.03 34-350 

Lanthanum (ppn) ---------- 2:lO -- -- c.61-.60 
b a d  (ppm) --------------.- 10:lO .86 1.49 , .54-1.5 
f ithiurn (ppm) ------------ 10 : 10 .71 1.84 .29-2.2 
Magnesium (percent)------ 10 : lO  .066 1.37 -045- .13 
Manganese (ppm)---------- 10: 10 19 2.16 7.0-79 

Mercury (ppm)------------ 10:lO -019 1.64 .01-.0& 
Molybdenum (ppm) --------- 10 : 10 .22 1.79 .13-.88 
N i c k e l  (ppm) ------------- 8:lo l.19 '2.38 <. 101.72 
Niobium (ppm)------------ 4:10 '-42 l1.47 4.61 -.92 
Phosphorus (percent) ----a 10 : 10 .063 1.40 .034-.086 

Potaasiutn (percent) - - - - -0  10 : 10 .64 1.31 .44-1.0 
Selenium (ppm) ----------- 10 : 10 .21 1.78 .lo-.45 
Sod ium (ppm)------------- 10:lO 26 1.29 16-35 

- Strontium (ppm) ---------- 10 : 10 7.2 1.66 4.1-18 
Sulfur  ( t o t a l )  (ppm) ------ 10:10 1,000 1.16 850-1,400 

Titanium (ppm) ----------- 8:lO l9.7 '1.88 4 . 6 - 2 3  
Uranium (ppm) ------------ 10 : 10 -056 1.88 .017-. 16 
Vanadium (ppm)----------- 10 : 10 - 5 5  2.52 .090-1.6 
Yttrium (ppm) ------------ 10 : 10 . 2 8  1.70 
Zfnc (ppm) ------- -------- .11-.60 

10 : 10 15 1.50 9.2-26 
Zirconium (ppm) ---------- 10 : 10 .78 1.65 .39-1.6 

 he technique of Cohen (1959) was used t o  ca l cu l a t e  the mean and 
deviat ion because there were one or  more concentration values ourside 
of the l i m i t t i  of determialation of the ana ly t i ca l  method used. 



Table Il.--Summary s t a t i s t i c s  for  the element cointent of dry material  of  

$rested  wheatgrass from the Seminoe Number 2 mine. Wyominq 

[pprn, par t s  per million; <, less than; leaders (--), mean no data; r a t i o  i e  

the proportion of the number of analyses havinq'valuee above the lower l i m i t  

of determistatLon t o  the t o t a l  number of analyses; var iab le  lower l i m l t s  of , 

determination are obtained when converting conc.entretions on an ash-weight 

baais to a dry-wei~ht  basis, however only the 1.arqest value Ls reported] 

Element or Geomerr ic Gaometr i c  Observed 

ash Ratio mean dev lation range 

Aah (percent) ------------ l0:l.o 5.1 1.08 4.6-6.3 
Aluminum (ppm) ----------- 1O: lO  500 1.41 280-740 
Arsenic (ppm) ------------ 10:lO .37 1.67 .15--70 
Barium (ppm) ----me-------  10 : 10 5.8 1.59 2.9-12 
Beryllium (ppm) ---------- 6 : 10 .10 '1 .46 e.11m.23 

Borw (ppm)-------------- 10 : 10 6.8 1.44 3.1-10 
Cadmium (ppm) ------------ 6:lO ' .027 l2.01 <.021-.083 
Calcium (percent)-------- 10 : 10 .27 1.13 .22-.33 
Cerium (ppm) ---me-------- 1 : l O  w-  - - 4 .9 -5 .0  
Chromium (ppm) ----------- 9:l.O .45 '1.90 4.10-.88 

Cobalt (ppm) ------------- 9 : 10 .066 ll.52 4.046-.11 . 
Capper (ppm) ------------- 10 : 10 3.4 1.35 1.5-3.8 
Fluorine (ppm) ----------- 1o:lO 8.0 1.36 5 -14 
CermanFum (ppm)---------- 8:lO .11 '1.37 <.11-.21 
Iran (ppm) --------------- 10:lO 180 1.26 140-260 ' 

bathanurn (ppm)---------- 5:lO l1.8 '1.67 <.49-1.5 
b a d  (ppm) --------------- 1O: lO  .71 1.24 .58-1.2 
Lithium (ppm) ------------ 10:lO .47 2.16 ' .21-1.5 
Magnesium (percent) - ----- 1O:IO .088 1 .20 .068-.ll 
Manganese (ppm) ---------- lo: 10 2 2 1.60 12 -63 

~ e r c u r y  (ppm) ------------ 10 : 10 .017 1.66 .01-.04 
Molybdenum (ppm)--------- 10:lO .23 1.35 .15 -.40 
~ickea (ppm) ------------- 10:lO .24 1.43 ,15-*50 
N I O ~ ~ U ~  (ppm)------------ 3:lo - - - - 4.49-.82 
Phosphorus (percent) ----- 10: 10 .064 1.16 ,048-,090 

Potassium (percent) ------ 10: 10 1.1 1.14 ,95-1.4 
Selenium (ppm) ----------- LO: 10 .054 1.45 .04-. 10 
Sodium (ppm) ------------- 10: 10 34 1.22 25-45 
Strontium (ppm) ---------- 10: 10 6.6 1.60 4.0-22 
S u l f u r  ( t o t a l )  (ppm) ------ 10:lO 1,200 1.18 900 -1,500 

Titanium (ppm) ----------- 10:10 9 .o 1.40 5.4-15 
Uranium (ppm) ------------ 10: 10 ,057 ' 1.21 .039-,076 
Vanadium (ppm) ----------- 10; 10 .60 1.47 .34-1.2 
Yttriu~n (ppm) -----------I 10: 10 .26 1.47 ,15- .48 
~ h c  (ppm) --------------- 10: 10 9.5 1.14 7.8-11 
Zirconium (ppm) ---------- 10: 10 .60 1.38 -36- .95 

 he technique of Cohen (1959) was used t o  ca l cu l a t e  the mean and 
devint ion because there  were one or  more concenrratlon values outside 
of t h e  l im i t s  ol: determination of the ana ly t i ca l  method used. 



Table lZ--Summsry s t n t f ~ t f c s  for the element content of dry mater fa l  of 

intermediate vheatxrass from t h e  Enerqy Fuels mine. Colorado 

[ppm, parts per mil l ion;  <, letls than; leaders-  (--), mean no data; r a t i o  is 

the  proportion of the number of analyses havinq values above the lower l i m i t  

of determination to  the t o t a l  number of analyses; va r i ab l e  lower l i i n i t r  of 

determination a r e  obtained when converting concentrations on an aahweight  

bar in  t o  a dry-weight b a s i s ,  however only the l a r g e s t  value i e  reported1 

Elcent  or  Geometric Geometric Observed 

ash Ratio mean devia t ion  range 

A6h (percent) ------------ 1O:J.O 5.6 1.13 4.7-7.1 
Aluminum (ppm) ---------3- 10 : 10 360 1.66 160 -640 
Arsenic (pprn) ------------ 10 : 10 .16 1.72 .lo-.40 
Barium (ppm) - ------- ---- - 1O:lo 9.0 1.56 4.5-18 
Beryllium (ppm) ---------- 6:10 a -13 '1.70 c.14--35 

Boron (ppm)-------------- 10:lO 6.4 1.92 1.6-18 
Cadmium (ppm) ------------ 9 : lo .060 '2.56 <.019-.39 
Calcium (percent) -------- 10 : 10 .19 1.17 .IS-.26 
Cerium (ppm) ------------- 0:lo - - -.. <6.6- -- 
Chromium (ppm) ----------- 10 : 10 .55 1.42 .33-1.0 

Cobalt (ppm) ----- -------- 
Coppet (ppm) ------------- 
Fluorine (pprn) ----------- 
Germanium (ppm)---------- 
Iron (ppm) --------------- 
kinthanurn (~pa)---------- 
Jpad (ppm) ----.----------- 
Lithium (ppm) ------------ 
Magnesium (percent)------ 
Manganese (pprn)---------- 

Mercury (pprn) ------------ 
Molybdenum (ppm) --------- 
Nickel (ppm) ------------- 
Niobium (pprn) ------------ 
Phosphorus (percent) ----- 
Potassium (percent) ------ 
Selenium (pprn) ----------- 
Sodium (ppm)------------- 
Strontium (ppm) ---------- 
Sulfur  ( t o t a l )  (pprn) ------ 
Titanium (ppm) ----------- 
Uranium (pprn) ------------ 
Vanadium (pprn)-----------  
Yttrium (ppn) ------------ 
Z h c  (ppm) --------------- 
Zirconium (ppm) ---------- 

2:10 
to: 10 
8: 10 

10: 10 
10: 10 

' ~ h e  technique of Cohen (1959) was used to calculate the mean and 
deviat ion because the re  were one or  more concentration values outside 
of t h e  limits of determination of t h e  ana ly t i ca l  method used. 



Table lZ--~t~mmary s t a t i s t i c s  for  the element content of dry material  of 

intermediate wheatgrass from the Seneca Number 2 mine. Colorado 

[pprn, par t s  p e r  million; <, l e s s  than; leaders (--), mean no da t a ;  ratio i s  

the propprtioa of the number of analyses having values above t h e  lower l i m i t  

, o f  determination t o  the t o t a l  number of analyses; variable lower l i m i t s  of 

determination are obtained when converting concentrations on an aah-weight 

baaitz t o  a dry-weight bas i s ,  however only the l a rges t  value i s  reported] 

Element o r  Geometric Geomtr ic Obeerved 

ash . Batio mean deviation range 

Ash (percent) -----------I 10:lO 6.8 1.16 5.8-9.9 
Alumhum (pprn) ----------- 10 :LO 2 70 1.64 130-480 
Arsenic (ppm) ------------ 10 : 10 . 3 3  2 .a0 .IS-1.0 
Barium (ppm) ------------I 10:10 6.7 1.64 3.0-20 
Beryllium (ppm) ---------- 7:lO l.15 l1.44 e.20-.26 

Boron (ppm) -------------- 1 O : l o  5.1 1-26 - 3.5-7.3 
Cadmium (ppm) ------------ 8:lo l.036 l1.86 <.040-.11 
Calcium (percent) -------- 1O: lO  -18 1.22 .14-.24 
Cerium (ppm) ------------- O:lO -- - - e . 2 -  -- 
Chromium (ppm) ----------- 10 : 10 .47 1.39 .30-.77 

Cobalt: (ppm) ------------- 4:lO ' ,051 '1.61 <.099-.13 
Copper (ppm) ------------- 10:lO 1.1 1.62 .69-3.5 
Fluorine (ppm) ----------- 10:lO 7.5 1.22 6 -10 
Germanium (ppm) ---------- 5:lO l.13 '1.61 c.20-.25 
xrm (ppm) --------------- 10: 10 100 1.52 57-190 

Lanthanum (ppm) ---------- 3:lO -- - - 
Lead (ppm) --------------- lO:10 .84 1.23 
Lithium (ppm) ------------ 6:lO l.27 '1.23 
Haqnesium (percent)------ 10 : 10 .lo 1.27 
Manganese (ppm) ---------- 10: 10 16 1 .5! 

Hcrcury (ppm)------------ s:io 1 ,010 l 1 . 3 3  <.01--02 
Molybdenum (ppm)--------- 10:lO .36 1.76 .19-1.2 
Nickel (ppn) ------------- 6: 10 . l .14  '1.61 4.20-30 
Niobium (ppm) ------------ 2:lO -- - - e.921.77 
Phosphorus (percent) ----- 10:10 ,051 1.20 .041-.069 

Potassium (percent) ------ 10: 10 1.2 1.36 .64-2 "0 
Selenium (ppm) - - - - - - - - - 0 -  10: 10 .19 1.77 -06-.45 
Sodium (ppm) ------------- 10:lO 40 1.22 29 -59 
Strontium (ppm) ---------- 10:lO 5 .O 1.47 3.1-9.0 
Sulfur ( t o t a l )  (ppm) ----a- 10:lO 890 1.42 500-2,000 

Titanium (ppm) ----------- G:10 ' 6 . 4  '1.50 ~9 .2 -11  
Uranium (pprn)------------ 9: 10 -030 '1.52 C.023-,086 
Vanadium (ppm)----------- 9:lO ' .25 '1.60 c.20-.SO 
Y t t r i u m  (ppm) ------------ 10: 10 2 1 1.44 .12-.36 

h c  (ppm) -- ------*-----I 10: 10 11 1.34 7.9-18 
Zirconium (ppm) ---------- 10: 10 .63 1.37 ..38-.90 

'The technique of Cahen (1959) was used t o  ca lcula te  the mean and 
devia t ion  becnusc there  were one or more concentration values outs ide  
of the l i m i t s  01 determination of t h e  ana ly t ica l  method used.  



Tablclb--$uamrtlry s t a t i s t i c s  fo r  the clement content of d r y  material of 

intzrrnediate wheateress frccl the tfusky mine, North Dakota 

fppm, pa r t s  per  mil l ion;  <, l e s s  than; l eaders  (--), mean no data ;  r a t i o  is . 

the proportion of the  number of analyses having valuea above the lower l i m i t  

of determination t o  the t o t a l  number of analyaes; va r i ab l e  lower l i m i t s  of 

determination are  obtained when converting concentrations on an ash-weight 

basis to  u dry-weiaht bas i s ,  however only the l a r q e s t  value is reported1 

Element o r  Gtorwtr ic  Geometric Obeerved 

aeh Ratio mean devia t ion  range 

Amh (percent) ------------ 10 : 10 4.6 1.10- 4.0-5.3 
Aluminum (ppm) ----------- 10 : 10 660 1.60 320-1,200 
Areenic (ppm) --:--------- 1O: lO  .38 1.38 .25-.65 
Barium (ppm) ------------- 10 : 10 3 8 1.68 16 -87 
Beryllium (ppm) ---------- . 9:10 ,18 ' 1 .46  . <.094--31 

Berm (ppm)-------------- 1O:lo 
Cadmium (pprn) ------------ 10: 10 
Calcium (percent)-------- 10: 10 
Cerium (ppm) ------------- 5:10 
Chromium (ppm) ----------- 10:lO 

Cobalt (pprn) ------------- 9:lO 
Copper (ppm) ------------- 10:lO 
Fluorine (ppm) ----------- 10: 10 
Germanium (pprn) --------a- 6:10 

(ppm) ----I---------- 10: 10 

bothanurn (ppm)---------- 6:10 
b a d  (ppm) --------------- 10:lO 
Lithium (ppm) ------------ 8: 10 
Maqnesium (percent)------ 10:lO 
Manganese (ppm)----------  10: 10 

Mercury (ppm) ------------ 10: 10 
Molybdenum (ppm) - - - - - - - 0 -  19: 10 
Nickel (ppm) ------------- 10: 10 
Niobium (ppm)- - - - - - - - - - - -  8: 10 
Phosphorus (percent) ---9- 10: 10 

Potassiun~ (percent) ------ 10: 10 
Selenium (ppm) ----------- 10: 10 
Sodium (ppm)------------- 10: 10 
Strontium (ppm) ---------- 10: 10 
S u l f u r  ( t o t a l )  (ppm) ------ 10: 10 

Titanium (ppm) ----------- lo: 10 
Uranium (ppm) ------------ 10: 10 
Vanadium (pprn) ----------- 10: 10 
Yttrbm (ppm)------------ 10: 10 
zinc (ppm) ----- - --------- 10: 10 
Zirconium (ppm) ---------- 10: 10 

 he technique of Cohen (1959) was used t o  ca l cu l a t e  the meen and 
devint lon because there were one o r  more concentration values ou ts ide  
of the l i m i t s  of determination o f  the analytical method used. 



Tablsl5.--Summary statistics for t h e  element content of dry material of 

intermed tate wlieatqrass from the South Beulah mine. North Dakota 

eppm, parts per mil l ion;  <, less than; l e a d e r e  (--), mean no data; ratio is 

the propo-rtion of the number of analyses having values  above the lower l i m i t  

of determination to the  total number of analyses; var iable  lower l i m i t s  of 

determination are obtained *en converting concentrations on an uah-weight  

barfs t o  a dry-vekht  barsis, however only the largest value i e  reported) 
- - - 

B l e m t  or Geometric 

ash . Ratio mean 

Ash (percent) ------------ 10:lO 5 . 4  
Aluminum (ppm) ----------- 10 : 10 480 ' 

Arsenic (ppm) ------------ 10 : 10 .66 
Barium (ppm) -----------we 1O:lo 15 
Beryllium (ppm) ---------- 7 : 10 '.13 

Bora (ppm)-------------- 10 :lo 7.7 
Cadmium (ppm) ------------ 9:10 .030 
Cale ium (percent) -------- 10: 10 .18 
Cerium (ppm) ------------- 1 : 10 ..- 
Chromium (ppm) ----------- 10 : 10 .49 

cobalt (ppm) ------ ------- 1O:lo .076 
Copper (ppm) ------------- 1O:lO 1 .O 
F l u o r i n e  (ppm) ----------- lo: 10 6 . 3  
Germanium (ppm) - --------- 8:lO .12 
Irm (ppm) ------- -------- 10: 10 200 

Lanthanum (ppm) ---------- 6:lO l1.4 
Lead (ppm) --------------- 10: 10 1.0 
Lithium (ppm) -----------a 3: 10 - * 
Magnesium (percent) ------ 10: 10 .055 
Mnqanese (ppm) ---------- 10: 10 30 

&rcury (ppm) ------------ 10: 10 .013 
Holybdenum (ppm) --------- 10:lO -27  
~ i ~ k e l  (ppm) ---- --------- 10: 10 .25 
Niobium (ppm)------------  3:lO - .. 
Phosphorus (percent) ----- 10: 10 .039 

Potassium (percent) ------ 10:lO .21 
Selenium (ppm) ----------- 10:10 .088 
$odium (ppm)------------- 11): 10 30 
Strontium (ppm) ---------- 10: 10 15 
Sulfur ( t o t a l )  (ppm) ------ 10: 10 440 

Titanium (ppm) ----------- 1O:lO 9 . 2  
Uranium (ppm) ------------ LO: 10 .047 
Vanadium (ppm)-----------  10:lO .43 
Yttrium (ppm) ------------ 10:lO . 3 0  
Zinc (ppm) --------------- 10: 10 12 
Zirconium (ppm) ---------- 10: 10 .76  

- 

Gaometr ic 

deviat ion  

-. - - 
Observed 

range 

'The tecl~nique of Cohen ( 1 9 5 9 )  was used to c a l c u l a t e  t h e  mean and 
dev ia t ion  because there  were one or more concc~l t rn t ion  values outside 
o f  the l i m i t s  of'derermlnation of the analytical method used. 



Table 16--Summary s t ~ t l s t i e s  for the clement content  of d r y  m a t e r i a l  of 

in termediate  wheatgrass from the  Velva mine. North Dakota 

[ppm, parts  p e r  mil l ion;  <, l e s s  than; Leaders (--), mean no data; r a t i o  is 

the  proportion of t h e  number of analyses having valuee above the  lover  l i m i t  

of determination t o  t h e  t o t a l  number of analyses;  var iab le  lower limits of 

determination are obtained when converting concentrat ions on en  ashc~eiqht  

b a ~ i s  to a dry-weight basis, however only the  l a rges t  value is  reported) 

Element or Geometric Geometric Obiserved 

arh  Ratio mean devia t ion  range 

Aah (percent) ------------ 10:lO 7.5 1.10 6.6-8.9 
Aluminum (ppm)-----------  10 : 10 130 1.54 86 -220 
Arsenic (ppm) ------------ 10:lO .21 2.35 .050-.80 
Barium (ppm) ------------- 10:I.o 11 1.67 4.1-22 
Beryllium (ppm) ---------- 9 : 10 .25 l1.59 e.18-.46 

Berm (ppm) -------------- 1 O : l O  9.2 1.58 4.4-20 
Cadmium (ppm) ------------ 6:10 .039 '1.80 c.036-.090 
Calcium (percent) -------- lo: 10 .18 1.11 .16-.21 
Cerium (ppm) ------------- 2 : 10 -- -- <8.3-8.7 
Chromium (ppm) *---------- 10:lO .30 1.56 .18-.53 

cobalt (ppm) ------------- 3: 10 - - - - <.081-.20 
Copper (ppm) ------------- 10: 10 1.5 1.24 1.2-2.2 
Fluorine (ppm) ----------+ 10:lO 4.8 1.30 4 -8 
Germanium (ppm)---------- 7:lO l .18  l1.79 C.17-.41 
gron (ppm) --------------- 10: 10 54 1.50 31-98 

Mthanum (ppm)----------  5:lO l1.1 '2.42 <. 83-3.8 
h @ d  (ppm) --- -----.------I 10: 10 1.5 1.38 ' .98-2.4 
Lithium (ppm) ------------ 1: 10 - - -- <.36-.32 
Magnesium (percent)------ 10: 10 .044 1.13 ,036-.053 
Manganese (ppm)----------  10: 10 44 2.06 13-100 

Mercury (ppm) ------------ 10: 10 .016 1.60 .01-.04 
Molybdenum (ppm) --------- 10: 10 .36 2.25 .19-2.4 
Nickel (ppm) ------------- 4: 10 l .13 '2.74 <.18-.48 
Niobium (ppm) ------------ 5: 10 .63 '2.30 c. 83-1.7 
Phosphorus (percent) ----- 10: 10 .045 1.21 .038-.058 

Potassium (percent) ------ 10: 10 - 22  1.11 .19-.27 
Selenium (ppm) ----------- 10: 10 .098 1.50 .06-.20 
Sodium (ppm)-- - - - - - - - - - - -  10: 10 2 4 1.25 18-39 

, Strontium (ppm) ---------- 10: 10 10 1.53 5.6-26 
Sulfur  (total) (ppm) ------ 10: 10 440 1.14 400 -6 80 

Titanium (ppm) ----------- 2: 10 - - -- (0.3-8.3 
Uranium (pprn)------------ 10: 10 .058 1.32 .028-.080 
Vanadium (ppm)-----------  7: 10 l .21 l1.77 K.18-.a3 
Yttrium (ppm) ------------ 7: 10 .22 '1.78 < . l a - . 4 8  
Zhc (ppn) -- ------------- 10: 10 15 1.11 12 -2 8 
Zirconium (ppm) ---------- 10: 10 .64 1.32 ..36-.95 

 ha technique o f  Cohen (1959) was used t o  calculate the mean and 
deviat ion because there were one o r  more concentrat ion values outs ide  
of the l i m i t s  of determination of the a n a l y t i c a l  method used. 



Table 17.--Summary s t a t i s t i c s  f o r  the element content of dry material o f  

slender wheatgrass from the Absaloka mine. Montana 

[ppm, parts per million; 4, l eas  than; leaders' (--), mean no data; ratio is 

the proportion of the number of analyses having 'values above the lower l i m i t  

of determination to the tota l  number of analyses; variable lower l i m i t s  of 

determination are obtained when converting concentrations on an ash-weipht 

baris to a dry-weight basis, however only the larqest value i s  reported] 

dab (percent) ------------ 
Aluminum (ppm) ----------- 
Areenic (ppm) ------------ 
Barium (ppm) ------------- 
Beryllium (ppm)--------0- 

]Boron (ppm)-------------- 
Cadmium (ppm) -------- ---- 
Calcium (percent)-------- 
Cerium (ppm) ------------- 
ehrormlum (ppm) ----------- 
Cobalt (ppm) ------me----- 
Copper (ppm) --------.----- 
Fluorine (pprn) ------a---- 
Germanium (ppm) ---------- 
km (ppm)--------------- 

bnthanum ( p p m )  ---------- 
k a d  (ppm) -------------.-- 
Lithium (pprn) ------------ 
)bqnesbrn (percent)------ 
klmtqanese (ppm)---------- 

# a r a e  (ppm) --- --------- 
Holybdenurn (ppm) --------- 
Nick1 (ppm) -----------a- 
niobium (ppm)------------ 
Phosphorus (percent) ----- 
Potas$ium (percent) ------ 
Selenium (pprn) ----------- 
Sodium (ppm)------------- 
Strontium (pprn) ---------- 
Sulfur ( t o t a l )  (ppm) ------ 
Titanium (pprn) ----------- 
Uranium ( p p m )  ------------ 
Vanadium (~em)----------- 
Yttrium (pprn) ------------ 
z b c  (ppm) ------------I-- 

Zirconium (pprn) ---------- 

Bat io 

Geometric 

mean 

Geometric 

deviation 

- - -. 

Observed 

range 

 he technique of Cohen (1959) was used to  ca lculate  the mean and 
d e v i s t i o n  because there were one or more concentration values outside 
of the l i m i t s  of aetermhation of the analyt ica l  method used. 



Table 18. --Summary s t a t i s t i c s  for  t h e  rlrnent concent of d r y  material  of 

a lmder  whshcatrtafis fram t h e  B i q  Sky mine, Montana 

[ppm, par t s  p e r  million; <, less than; leaders  (--), mean no da ta ;  r a t i o  is  ' 

the o f  t h e  number of analyses having values above the lower l i m i t  

bf deter r~ iha t ion  to the t o t a l  number of analyses; var iab le  lower l i m i t s  o f  

determination are obta ined  when converting concentrations on an ash-weiaht 

basis  t o  a dry-we ight  baeis,  however only the l a rges t  value i s  reported] 

Element o r  Ceometr Fc Geometric Observed 

aah Ratio mean devia t ion  range 

Ash (percent) -----------a 10:lO 3.7 1.17 3.2-5.0 
Aluminum (ppm) ------- ---- 10: 10 510 1.37 280-740 
Arsenic (ppm) --'---------- 10: 10 .29 1 .55 .15-.70 
B,arLum (ppm) ------------- 10: 10 8.7 1.42 5.8-17 
Beryllium (ppm) ---------- 9: 10 1 .ll '1.51 <.072-.20 

Boron (ppm)-------------- 10:lO 1.73 6.0-36 
Cadmium (ppm) ------------ 9: 10 1 1.5'3 <. 020 -. 044 
Calcium (percent) -------- 10: 10 .19 1.09 -17-.22 
Cerium (ppm) ------------- 3: 10 - - -- ~ 4 . 7 - 5 . 2  
Chromium (ppm) ----------- 10: 10 .48 1.55 .20-. 78 

Cobalt (ppm) ------------- 10: 10 .OS7 1.43 .033-.096 
Copper (ppm) ------------- 10: 10 1.1 1.36 -70-2 .O 
Fluorinc (ppm) ----------- 10: 10 6.6 1.21 5 -9 
Germanium (ppm)- - - - - - - - - -  7: 10 l.10 '1.62 c.096-.20 
Iron (ppm) --------------- 10: 10 180 1.31 110 -2 70 

Ianthanum (ppm) ---------- 8: 10 .56 l 2  -21 <.33-1.9 
b a d  (ppm) --------------- 10: 10 .74 1.31 .46-1.1 
Lithium (ppm) ------------ 9: 10 -21 l1.51 c.20-.43 
Magnesium (percent)------ 10: 10 ,079 1.27 .056-.11 
Haaqancse (pprn)---------- 10: 10 26 1.77 16 -110 

Mercury (ppm) ------------ 10: 10 -021 1.38 .01-.03 
Molybdenum (ppm) ------ --- 10: 10 -60 2.25 .19-1.5 
Nickel (ppm) ------------- 10:10 ,27 1.46 .14-. 38 
Niobium (ppm) ------------ 5: 10 l .37  '1.80 <.45-.88 
Phosphorus (percent) ----- 10: 10 .021 1.19 .017-.031 

Potassium (percent) ------ 10: 10 .36 1.34 .22-.58 
Selenium (pprn) ----------- 10: 10 .13 1.71 .04-.25 
Sodium (ppm)------------- 10: 10 32 1.27 21-48 
Strontium (ppm) ---------- 10: 10 8.2 1.48 4.9-15 
Sulfur ( t o t a l )  (ppm) ------ 10: 10 4 70 1.22 400 -700 

Titanium (ppm) ----------- 10: 10 9.9 1.49 5.0-15 , 

Uranium (ppm) ------------ 10: 10 .050 1.33 .026-.079 
Vanadium (ppm) ----------- lo: 10 .43 1.76 .la-. 85 
Yttrium (ppm) ------------ 10: 10 .29 1.53 .15-.45 
Z ~ C  (ppm) --------------- 1(?: 10 14 1.41 8.1-26 
Zirconium (ppm) ---------- 10:lQ .81 1.70 .39-1.7 

 he technique o f  Cohen (1959) was  used t o  ca l cu l a t e  the mean and 
dcviotion because there were one or more concentration values outs ide  
of the  l i m i t s  O C  determination o f  the o n a l y t i c n l  method uscd. 



Tablel9.--Summary s t s t i e t i c s  for the element content of d r y  material o f  

slender wheatgrass from the Dccker mine, Montana 

[ppm, par t s  per million; C, less than; leaderr  (--), mean no data; r a t i o  is  

the proppxtion of t h e  number of analyses havinq values above the lower l i m i t  

of determination t o  the t o t a l  number of analyses; variable lower l imi t8  of 

determination are obtained when convertinq concentrations on an ash-weight 

baeie  to a dry-weight basis ,  however only t h e  l a rges t  value is reported] 

Eleraen t or Geometric Geometric Obrenred 

ash Ratio mean dev ia t ion range 

Auh (percent) ---+-------- 10:10 5.5 1.22 4.0 -8.2 
Aluminum (ppm) ------- ---- 10 : 10 440 1.36 290-810 
Arscnfe (ppm) ------------ 10 : 10 .23 1.52 .l5-.45 
Barium Eppm) ------------- 10 : 10 18 1.53 7.2-33 
Beryllium (ppm) ---------- 9 : 10 l.17 l1.55 K.11-.30 

Bars (ppm)-------------- 1o:lo 3.6 1.60 - 1.4-5.8 
Cadmium (ppm) ------------ 5 :lo ' ,019 '2.13 <.024-.054 
Calcium (percent) -------- 1O: lO  .18 1.18 ,13-.22 
Cerium (ppm) ------------- 3:1O -- 3- e7.6-7.5 
Chromium (ppm) ----------- 9:lO .41 '1.77 <. 12 -. 87 

Cobalt (ppm) ------------- 6:lO ' .052 '1.53 q.060--18 
Copper (ppm) ------------- 10 : 10 .87 1.35 .SO-1.2 
Fluorine (ppm) ---------a- 10: 10 5-6 1.34 3-8 
Germanium (ppm) ---------- 10 : 10 .22 1.45 .12-.11 

(ppm)-------- ------ . 10 : 10 170 1.45 1101350 

lanthanum (ppm) ---------- 5 :10 ' .40 '2.86 <. 76-2.2 
h a d  (ppm) --------------- 10:10 1.1 1.47 .64*1.9 
Lithium (ppm) ------------ 8: 10 l.34 l2.11 c.23-b1.3 
Maqnesium (percent)------ 1O: lO  .070 1.32 .048-.I2 
Manganese (ppm)---------- 10:lO 6 1  1.73 31 -160 

b r c u r y  (ppm) ------------ 10:lO .014 1.44 .01-.02 
Molybdenum (ppm) --------- 1 O : l O  .33 2.32 .12-2.2 
Nickel (ppm) --I---------- 10:10 .32 1.72 .18-. 70 
Niobium (ppm)------------  5:10 .43 l2.10 <.76-1.1 
Phosphorus (percent) ----- 10 : 10 .027 1.27 .019-,045 

Potassium (percent) ------ 10: 10 .22 1.36 .16-.36 
Selenium (ppm) ----------- 10:lO . ,057 1.41 .04-.10 
Sodium (ppm)------------- 10:10 72 2.01 37 -240 
Strontium (ppm) ---------- 10:10 2 4 1.58 13-44 
Sulfur ( t o t a l )  (ppm) ------ 10:lO 440 1.12 400 -500 

Tftanlum (ppm) ----------- 9:10 l7.9 '1.48 <7.6-17 
Uranium (ppm) ------------ 1 O : l O  "061 1.30 ,033-,080 
Vanadium (ppm)- - - - - - - - - - -  10:lO .45 , 1.81 .20-1.2 
Yttrium (ppm) ------------ 10:lO .27 1.50 .13-.51 
zinc (ppm) --------------- 10: 10 8.7 1.28 6.6-14 
Zfrconiuum (pprn) ---------- 10: t O  .80 1.41 ,48-1.3 

 he CeehnLquc of Cohen (1959) was used t o  ca l cu l a t e  the mean and 
deviat ion because there were one o r  more concentration values outside 
of the l i m i t s  of determinetion of the  ana ly t i ca l  method used.  



Table20.--Sumry s t a t i s t i c s  for the element content o f  dry mnterial  of 

a l f a l f a  from the Energy Fuels mine. Colorado 

[ppm, par t s  per  million; 4, l e s s  than; leaders  (--), mean no data; r a t i o  is 

the proportion of the number of analyses having values above the  lower l i m i t  

of determination t o  the t o t a l  number of analyses; var lab le  lower l i m i t s  of 

determination a r e  obtained when converting concentrations on an ash-weight 

brrir t o  a dry-weight basis, however only the  la rpea t  value i s  reported]  

- -- -- .- .- 

Eeometr ic Geometric 

Ratio mean devia t ion  

-- - 

Observed 

range 

Anh (percent) ------------ 10 : 10 
Alumhum (ppm) ----------- 10 : l o  
Axrcnic (pprn) ------------ 10:10 
Barium (ppm) ------------- 10 : l o  
Beryllium (ppm) ---------- 0 : 10 

Boron (ppm)-------------- 10 : 10 
Cadmium (ppm) ------------ 10:lO 
Calcium (percent)-------- 1O:l.O 
Cerium (ppm) ------------- 2:1O 
Chromium (ppm) ----------- 10:10 

cobal t  (ppm) ------------- 6:lO 
Copper (ppm) ----- -------- 10 : 10 
Fluorine (ppm) ----------- 1O:lO' 
Germanium (ppm) ---------- 1 : l O  
Iron (ppm) --------------- 10:10 

hnthanum (ppm) ---------- 10 : 10 
b a d  (ppm) --------------- 10 : 10 
Lithium (pprn) - -0- - - - - - - - -  10:lO 
~ q n e s i u m  (percent)------ 10 : 10 
Unganeae (ppm)---------- 10:lO 

H a t ~ u r y  (ppm) ------------ 10 :LO .01S 1.53 .01-.03 
Molybdenum (ppm) --------- 10 : 10 2 .0 1.81 .54-4.3 
~ L c k e l  (ppm) ------------- 10:lO .69 2 .OO .36-3.1 
Niobium (ppm) ------------ 6:lO l.74 '1.66 -4.0-1.4 
Phosphorus (percent) ----- LO: 10 .089 1.38 .054-.14 

Potussium (percent) ------ 10: 10 .82 1.25 .59-1.0 
Selenium (ppm) ----------- 10 : 10 .39 1.81 .20-L .4 
sodium (ppm)------------- 10 : 10 LO 1.56 22 -70 
Strontium (ppm) ---------- 10 : 10 7 8 1.52 48-190 
Sulfur ( t o t a l )  (ppm) ------ 10:lO 2,600 1.46 1,600-4,700 

Titanium (ppm) ----------- 9:lO '9.8 '1.30 <lo -14 
Uranium (ppm) ------------ 8:lO .029 '1.32 c.052 q.069 
Vanadium (ppm) ----------- 10 : 10 .64 1.31 .49-1.0 
Yttrium (ppm) ------------ 10 : 10 .59 1.54. .34-1.6 
Z ~ C  (ppm) --------------- 10:lO 18 1.46 11 -40 
Zirconium (ppm) ---------- 10:lO 1.5 1.28 1.0-2.0 

 he t ~ c h n i q u c  of Cohen (1959) was used t o  calculate the mean and 
deviat ion bccnuse there were one or more concentrat ion values  outside 
of the  l i m i f c  of determination of the analytical method used. 



'Tablea.--Summary s t a t i s t i c s  f o r  t h e  element content of dry  material  of 

a l f a l f a  from the Seneca Number 2 mine. Colorado 

[ppm, parts per million; <, less than; leaders (-I), mean no data;  r a t i o  is 

the proportion of the number of analyses havinq values above the lower l i m i t  

of determination to the t o t a l  number of analyses; variable  lower l i m i t s  of 

detcrmFnation are obtained when converting concentrations on an ash weight 

baeie t o  a dry weight basis, however only the larqest value is reported] 

Element or Geometric Geometric Obeerved 

arh Ratio mean dev iat ion  range 

Arh (parcent) ----------a- l0:lO 6.8 1.26 4.4-10 
Aluminum (ppm) ----------- 10 : 10 440 1.71 170-1,100 
Arrenic (ppm) --;--------- 10 : 10 .56 2.26 .25-3.0 
Barium (ppm) ------------- 10:10 8.2 2.13 3.3-47 
Beryllium (ppm) ---------- 0 : 10 -- ., - <.20- -- 
Boron (ppm)-------------- 
Cadmium (pprn) ------------ 
Calcium (percent) -------- 
Cerium (ppm) ------------- 
Chromium (pprn) ----------- 
Cobalt (ppm) ------------- 
Copper (ppm) ------------- 
Fluorine (pprn) ----------- 
Germanium (ppm)---------- 
Iron (ppm) --------------- 
Lanthanum (ppm) ---------- 
Lead (ppm) -------.-I----- 
Lithium (ppm) ------------ 
Magnesium (percent)------ 
Manganese (ppm)---------- 

Mercury (ppm)------------  
Molybdenum (pprn) --------- 
Nickel (ppm) ------------- 
Niobium (ppm)-------am--- 
Phosphorus (percent) ----- 
Potassium (percent) ------ 
Selenium (ppm) ----------- 
Sodium (ppm) ------------- 
Strontium (pprn) ---------- 
Sulfur ( t o t a l )  (ppm) ------ 
Titanium (pprn) ----------- 
Uranium (pprn) ------------ 
Vanadium (ppm) ----------- 
Yttrium (pprn) ------I----- 

Zinc (ppm) --------------- 
Zirconium (ppm) ---------- 

' ~ h e  technique of Cohen (1959) was used to  calculate the mean and 
deviation because there were one or more concentration values  outs ide  
of the limits of determination of the analytical method used. 



fable22.--Summry s t a t i s t i c s  for  the clement content of d r y  material of 

a l f a l f a  f torn t h e  tIusky mine. North Dakota 

[ppm, parts per mil l ion;  <, l e a s  than; leaders-  ( - 7 ) -  mean no data; r a t i o  is 

the proportion of the  number of analyses having values above t he  lower l i m i t  

of determination t o  the t o t a l  number of analyses;  var iab le  lower limits of 

determination a r e  ob t ahed  when converting concentrations on an ash-weight 

basis t o  a dry-veight basis, however only t h e  l a rges t  value is reported]  

Element o r  Geo- tr ic  Geometric Observed 

ash Ratio mean deviat ion range 

Arh (percent) ------------ 10 : 10 4.8 1.10 4.3-5.6 
Aluminum (ppm) ----------- 10 : 10 460 1.53 230-990 
Arnenic (ppm) ------------ 10:lO .22 1.28 .15-.30 
Barium (ppm) ------------- 10: 10 3 8 1.49 20-85 
Beryllium (ppm) ---------- 1 : l O  - - -- c.11-.13 

 ma (ppm)-------------- 10 : 10 27 1.36 19-47 
Cadmium (ppm) ------------ 10 : 10 .064 1.26 .044-.10 
Calcium (percent) -------- 10:lO .94 1.14 -83-1.2 
Cerium (ppm) ------------- 1: 10 -- -- e .1-5 .1  
Chromium (ppm)-----0----- 10:lO .48 1.35 -33-.  85 

Cobalt (ppm) ------------- 1O:lo .081 1.43 ,046-.13 . 
copper (ppm) -- ---- - ------ 1 O : l O  5.3 1.18 4.2-7.2 
Fluorine (ppm) ------- ---- 10: 10 6.3 1.19 5 -8 
Ctrmsnium (pprn) ---------- 0: 10 - - -- <.11- -- 
1- (ppm) ----- -." -------- lo: 10 200 1.47 120 -450 

Lanthanum (ppm) ---- - ----- 9:lO l.75 l i .87 c.49-2.4 
Lead (ppm) --------------- 1O:IO .73 1.45 .44-1.6 
Lithium (ppm) ------------ 10: 10 1.2 1.66 .58-2.4 
Maqnesium (percent)------ 10: 10 .26 1.19 .21--35 
Hangancse (ppm)----------  10: 10 13 1.76 7.0-44 

mrcu ry  (ppm) ---..-------- 1 O : l O  .011 1.34 .01-.02 
Molybdenum (ppm) --------- 10: 10 1.5 1.93 .88-5.5 
Nickel (ppm) ---------- --- 10: 10 .52 1.58 .35-1.2 
Niobium (ppm) ------------ 3:lO - - - - c.51-. 71 
Phosphorus (percent) ----- 10: 10 .060 1.24 .047-,088 

Pot*ssfum (percent) ------ 10: 10 .80 1.15 .66-1.0 
Selenium (ppm) ----------- 10: 10 .17 1.70 .lo-.45 
sodium (ppm)------------- 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 (ppm) ----------- 10: 10 9.2 1.64 5.3-26 
Uranium (ppm) ---------- -- 10: 10 .098 1.44 .062 -. 20 
Vanadium (ppm) ----------- 10: 10 .41 2.08 .12-1.8 
Yttrium (ppm) ------------ 10: 10 .32 1.54 .15-.70 
2L.r~ (ppm) --------.------- LO: 10 15 1.17 12-18 
Zirconium (ppm) ---------- 10: 10 .98 1.63 ,44-2.8 

 he technique of Cohen (1959) was used to calculate the mean and 
deviat ion because there  were one o r  more concentrat ion values oureide 
of the l l rnl ts  of determination of the ann ly t i ca l  method used. 



Tables.--Summary statistics for t h e  element content of dry material of 

a l f a l f a  from the Sonth B e u l ~ h  mine. North Dakota 

[ppm, p a r t e  p e r  million; <, l e s s  than; >, greater than; leaders (I-), mean 

no d a b ;  ratio i s  the proportion of the number of analyses having values above 

the lower l imi t  o f  determination t o  t h e  to ta l  number of analyses; variable 

l i m i t s  of determination are obtained when converting concentrations on an ash- 

weight basis  t o  a dry-weight basie,  however only the l a rges t  lower l i m i t  and 

t h e  smallest uppe r  l imit values are reported] 

Element or Ceomtr ic  Geometric Obeerved 

arh Ratio mean deviation range 

Amh (percent) ------------ 10: 10 6.4 1.16 4.8-7.7 
Aluminum (ppm) ----------- 10:lO 540 ' 1.63 260-1,400 
Arsenic (ppm) ------------ 10: 10 .95 1.78 .40-2.5 
Barium (ppm) - -am---- - - - - -  10: 10 2 2 1.41 12 -35 
Beryllium (ppm) ---------- 2:lO - - -- C.15--21 

B~rm (ppm)-------------- 1O: lO  4 8 1.60 31-120 
Cadmium (ppm) ------------ 10: 10 .20. 1.98 .087 -. 88 
Calcium (percent) -------- 10: 10 1.6 1.24 1.1-2.2 
CerLum (ppm) ------------- 3: 10 - - -- <6 :6. 9 -12 
Chromium (ppm) ----------- 10: 10 .56 1.44 .38-1.2 

Cobalt (ppm) ------------- 9: 10 .28 '3.82 <.060-2.0 + 

Coppet (ppm) ----- -------- 10: 10 6.3 1.21 4.9-9.0 
Fluorine (ppm) ----------- 10:lO 6.3 1.12 5 -7 
Germanium (ppm) ---------- 0: 10 - - <. 15 - -- 
~ r o n  (ppm) -------------a* 10: 10 240 1.55 140-560 . 

Isnthanum (ppm) ---------- 6:lO l .71 '2 .94 c.69-4.3 
h a d  (ppm) --------------- 10: 10 1.0 1.47 .60-2.2 
Lithium (ppm) ------------ 10:lO 1 .2 2.32 ,4814.5 
Magnesium (percent) ------ 10: 10 .30 1.19 .22-.38 
Mmganese (pps) ---------- 10: 10 31 2.34 11 -160 

&tcuty (ppm) ------------ 10:lO .018 1.53 . .01-.03 
Molybdenum (ppm) --------- 10: 10 1.6 2.02 .43-5.8 
Nickel (ppm) ------------- 10:lO 1.0 3.04 .30-6.6 
Niobium (ppm) ------------ 5:lO .58 ' 2 . 2 4  <.6 9-2.3 
Phosphorus (percent) ----- 10: 10 ,060 1 .ll .053-.074 

Potassium (percent) ------ 10: 10 .78  1.13 -60-.92 
Selenium (ppm) ----------- 10:lO .12 1.37 .08-.20 
Sodium (ppm)--------om--- 10:10 240 1.62 110-390 
Strontium (ppm) ---------- " 7:10 170 1.76 77-> 220 
Sulfur (total) (ppm) ------ 1O: lO  1,700 1.32 1,300-2,800 

Titanium (ppm) ----------- 9: 10 ' 8 . 9  '1.66 6.7-25 
Uranium (ppm) ------------ 10:lO .041 1.70 .022-.ll 
Vanadium (ppm) ----------- 10: 10 -51 1.97 .23-2.3 
Y t t r i u m  (ppm) ------------ lo: 10 .37 1.80 ,1411.4 
Zinc (ppm) --------------- 10; 10 2 0 1.52 12-57 
Zirconium (ppm)----------  10:lO 1.1 1.60 ,66-3.6 

%he technique of Cohen (1959) was  used t o  ca l cu l a t e  the mean and 
deviation because there were one or more concen t rn t ion  values outside 
of the l i m i t s  oE determination of the a n a l y t i c a l  method u s e d .  

'Ratios f o r  the lumber of  value^ below the upper l i m i t  of deter -  
rnFnotian t o  the nuniber of samples analyzed. 
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Tablea.--Summnry s t a t i s t i c s  for t h e  clement content: of dry material  of 

a l f a l f a  from the  Velva mine, N n r t h  Dakota 

Cppm, p a r t s  per millLon; <, lees than; leaders  (--), mean no d a t a ;  r a t i o  is 

the propo.rtion of the number of analyses having values above the lover  l i m i t  

of determination to the  t o t a l  number of analyses; var iab le  lower l i m i t 8  of 

determination a r e  obtained when converting concentrat ions on an ash-weight 

ba r f s  to a dry-weiaht baa i s ,  however only the l a rqes r  value i s  reported] 

Element o r  Geomerr ic Geometric Observed 

aeh b t i o  mean devia t ion  range 

A r h  (percent) ------------ 1 O : l O  6.7 1.10 5.9-7.8 
Aluminum (ppm) ----------- 1 O : l O  150 1.85 72 -380 
Arsenic (ppm) ------------ 1 O : l O  .53 1.74 -30-1.1 
Barium (ppm) ------------- 1 O : l O  10 1.81 3.9-20 
Beryllium (ppm) ---------- 4: 10 l.12 '1.67 <.14--27 

Boron (ppm)------a-m----- 1o:lo 6 6 1.65 28-130 
Cadmium (ppm) ------------ 1 O ; l O  .075 1.57 ,046-.18 
Calcium (percent) -------- 10: 10 1.6 1.20 1.2-2.3 
Cerium (ppm) 3 :  10 - - - - X7.3-11 
Chromium (ppm) ----------- 10:lO .27 1.71 .12--58 

cobal t  (ppm) ------------- 2:10 - - -- c.077-.16 
Copper (ppm) ------------- 10: 10 8.7 1.29 6.1-12 
Fluorine (ppm) ----------- 10: 10 5.0 1.19 4-6 
Germanium (ppm)----------  Z:10 -- -- <.16-.21 
Iron (ppm) --------------- 1Q:lo 75 1-72 33-170 

Lanthanum (ppm) ---------- 7:lO '1 .0 L3.54 c.58 -4.6 
k a d  (ppm) --------------.- 10: 10 1 .O 1.64 - .48-2.6 
Lithium (ppm) ------------ 10: 10 5.8 1.33 3.9-9.4 
Magnesium (percent)------ 10: 10 .25 1.26 .19-.37 
Manganese (ppm)----------  10: 10 2 6 1.82 13-77 

Mercury (ppm) ------------ 10: 10 -014 1.62 .01-,03 
Molybdenum (ppm) ------ --- 10: 10 4.2 1.75 1.9-9.0 
~ i c h l  (ppm) ------------- 10: 10 -63 1.70 .23-1.3 
Niobium (pprn)------------ 4: 10 l . 4 8  '2.93 <.66-2.2 
Phosphorus (percent) ----- 10: 10 .088 1.26 .059-. 12 

Potassium (percent) ------ 10:lO 1 .O 1.16 -78-1.3 
Selenium (ppm) ----------- 10: 10 .37 1.34 .25-.55 
Sodium (ppm) ------------- 10: 10 9 3 1.93 38-270 
Strontium (ppm) ---------- 10: 10 100 1.67 54 -2 10 
Sulfur (total) (ppm) ------ 10:10 1,700 1.28 1,200-2,700 

Titanium (ppm) ----------- 2: 10 - - - - <7.3-7.7 
Uranium (ppm) ------------ 10: 10 .085 2 .OO .050-.23 
Vanadium (ppm) ----------- 6: 10 '-18 '3.70 c.16-1.2 
Yttrium (ppm) ------------ 8: 10 l . 1 7  l1.71. <.13-.45 
z inc  (ppm) ---I----------- 10: 10 22 1.32 15 -33 
Zirconium (ppm) ---------- 10: 10 .59 1.60 -42-1.6 

 he technique of Cohen (1959) Ha6 u s e d  t o  ca l cu l a t e  the mean end 
deviat ion because the re  were one or  more concentratLon values outs ide  
of the l L m L t 6  of dcterrnination of the ana ly t i ca l  method u s e d ,  



Table 25. --Summary s t a t  i s t ics  for t h e  clement content  of d r y  mater ia l  of 

a l f a l f a  from the Big Sky mine, Montana 

[ppm, parts p e r  mil l ion;  <, l e s s  than; l eaders  (--), mean no data; r a t i o  is 

the proportion of t he  number o f  analyses  havinq values above the  lower l i m i t  

of determinat ion t o  the  t o t a l  number of  analyses;  va r i ab l e  lower l i m i t s  of  

determination are obtained when converting coneentrationa on an ash-weiqht 

basis t o  a dry-weight bas i s ,  however only t he  l a r g e s t  value La reported1 

Element or Geometric Geometric Observed 

arh b r i o  mean dev La t ion range 

Aeh (percent) ------------ 
Aluminum (pprn) ----------- 
Arsenic (ppm)--7--------9 
Barium (ppm) ------------- 
Beryllium (pprn) ---------a 

Boron (ppm)-------------- 
Cadmium (pprn) ------------ 
Calcium (percent) - - - - - - -0  

Cerium (ppm) ------------- 
Chromium (ppm) ----------- 
Cobalt (ppm) ------------- 
Copper (ppm) ------------- 
Fluorine (ppm)----------- 
Germanium (ppm) ---------- 
I r a  (ppm)--------------- 

Lanthanum (ppn) ---------- 
u a d  (ppm) --------------- 
Lithium (ppm) ------------ 
HB~nesium (percent)------ 
Manganese (ppm)---------- 

Mercury (ppm)------------ 
Molybdenum (ppm) --------- 
Nickel (ppm) ------------- 
Niobium (ppm)------------  
Phosphorus ( p e r c e n t )  ----- 
Potassium (percent) ------ 
Selenium (ppm) ----------- 
Sodium (ppm)------------- 
Strontium (pprn) ---------- 
Sul fur  (total) (pprn) ------ 
Titanium (ppm) ----------- 
Uranium (pprn) ------------ 
Vanadium (ppm)-----------  
Yttrium (pprn) ------------ 
Zhc (ppm) --------------- 
Zirconium (pprn) ---------- 

 h he technique of Cohen (1959) was used t o  calculate the mean and 
devia t ion  becnusc t h e r e  were one or more concentration values outs ide  
of the limits of d e t e r m i n a t i o n  of the analytical method uscd. 



Table26.--~ummary s t a t i ~ t i c s  fa r  the element content of dry material  o f  

sand f a i n  from t!le Absaloica mine. Montana 

Ippm, par t s  per  mil l ion;  <, l e s s  than; leadere (-T), mean no da ta ;  ratio i s  

the proportion of t h e  number of analyses having baluee above t h e  lower l i m i t  

of determination t o  the t o t a l  number of analyses; var iab le  lower limits of 

determination a r e  obtained when converting concentratfons on an ash-weight 

basis t o  a dry-weight basis ,  however only the l a rges t  value is  reported'] 

Element or Geome tr i c  Geometric Oboerved 

ash Rat io  mean devia t ion  range 

Aah (percent) ------------ 1 O : l O  3.4 1.16 2.6-3.8 
Aluminum (ppm) ------- ---- 10 : 10 230 ' 1.98 65-580 
Aroenic (ppm) ------------ 10 : 10 .59 2 -24 .lo-1.2 
Barium (ppm) ------------- 10:10 2 4 1.59 15-56 
Beryllium (ppm) ---------- 3:lO - - - - <.084-.ll 

Boron (ppm) -------------- 1O:lo 2 0 1.59 11 -43 
Cadmi~in (ppm) --- --------- 10 : 10 .081 1.71 .031-.17 
Calcium (percent) -------- 1 O : l O  .78 1.18 .59-.94 
Cerium (ppm) ------------- 3:ro - - - - e3.9-5.8 
Chromium (pprn) ----------- 10:lO .25 1.51 .11-.43 

Cobalt (ppm) ------------- 1O:lo .064 1.30 .039-.099 
Copper (ppm) ------------- 10: 10 2 .O 1.22 1.5-2.9 
Fluorine (pprn)----------- lo: 10 5.2 1.13 4-6 
Germanium (ppm) ---------- 2:lO - - - ., d.084-.086 
~ r a  (ppm) --I-- - --------- 10:10 7 6 1.72 24-140 

Lanthanum (ppm) ---------- 8: 10 l .61  '2.53 c.35-2.3 
-ad (ppm) --------------- 10: 10 .64 1.56 ' .29-1.3 
Lithium (ppm) ------------ 5:lO l.12 l1.33 c.16-.20 
Haqnesium (percent) ------ 1 O : l O  .26 1.28 .15-.37 
Malenqancac (ppm)---------- 10: 10 4 7 1.79 18-100 

Uercury (ppm)--- - - - - - - - - -  
Molybdenum (pprn) --------- 
Nickel (ppm) ---------- -.-- 
Niobium (pprn) ------------ 
Phoephorus (percent) ----- 
Potassium (percent) ------ 
Selenium (ppm) ----------- 
Sodium (ppm)- - - - - - - - - - - - -  
Strontium (pprn) ---------- 
Sulfur ( t o t a l )  (pprn) ------ 
Titanium (ppm) ----------- 7:10 l 4 . l  '1.70 43.6-8.4 
Uranium (ppm) ------------ 10: 10 -030 1.58 .010-,050 
Vanadium (ppm)----------- 9: 10 .20 ' 2 . ~ 4  c.060-.68 
Yttrium (ppm)- - - - - - - - - - - -  10:lO .19 1 .78  ,070-.40 
zinc (ppm) ---- -----.------ 10: 10 8.9 1.68 4.5-23 
ZLrconium (ppm) ---------- 10: 10 .70 1.89 .30-2 .O 

 he technique o f  Cohen (1959) was used t o  calculate the mean and 
deviation because there were one o r  more concentrat ion values outs ide  
of the l imi t s  o f  determination of the ana ly t i ca l  method used. 



Tlble27.--Summary s t a t i s t i c s  f o r  the  element content o f  d r v  muter ial  of 

fourwing se l tbusn  from the J i n ~  iir Ldeer mine, Wyorninq 

[pprn, parts p e r  million; 4, l e s s  than; leeders '  (--), mean no data;  r a t i o  is 

the proportion of the  number of anelysee having Valuee above the lower l i m i t  

of determination to  the total  number of analyses; va r i ab l e  lower liinits of 

determination a r e  obtained when converting concentret iona on a a  ash-weight 

baais t o  a dry-weight bas is ,  however only the largest value is reported'] 

Geomc tr i c  Geometric Observed 

Ratio mean deviation range 

Arh (percent) ------------ 
Aluminum (pprn) ----------- 
Arsenic (ppm) ------------ 
Barium (ppm) ------------- 
Beryllium (pprn) ---------- 
Boron (ppm)-------------- 
Cadmium (pprn) ------------ 
Calcium (percent) -------- 
Cerium (ppm) --------am---- 
Chromium (pprn) ----------- 
Cobalt (ppm) ------------I 

Coppe+ (ppm) ------------- 
Fluorine (ppm) ----------- 
Cexmanium (pprn) ---------- 
I r a  (ppm)--------------~ 

Iauthanum (ppm) ---------a 
- b s d  (ppm) -----------I--- 

Ltthium (pprn) ---------* 
Yhgnesium (percent) -----a 
Maaqaneae (ppm) ---------- 
Nercury (ppm) ------------ 
Molybdenum (ppm) --------- 
Nickel (ppm) ------------- 
Niobium (ppm)------------ 
Phosphorus (percent) ----- 
Potassium (percent) ------ 
Selentum (pprn) ---+------- 

Sdiurn (ppm)---- - - - - - - - - -  
Strontium (ppm) ---------- 
Sulfur  ( t o t a l )  (ppm) -- ---- 
Titmium (ppm) ----------- 
Uranium (pprn) ------------ 
Vanad hrn (ppm) ----------- 
Yttrium (ppm) ------------ 
2 h c  (ppm) ------- -- ------ 
Zirconium (pprn) ---------- 

%he technique of Cohen (1959) was uscd ca ca l cu l a t e  the  mean and 
deviat ion because there were one or more concentrat ion vaiues  outs ide  
of the l i m i t s  of determination of the  analytical method used. 



Table28.--Sum11~ry s t ~ t i s t f c s  for t h e  e l e m e n t  content of d r y  material  of 

fourwing s a l  tbush  f roul ttlc Cecker mine. klontana 

fppm, parts per mil l ion;  <, l e a s  than; leaders  (--), mean no data; r a t i o  is 

t h e  propqrtion of t h e  number of analyses having values above t h e  lower l i m i t  

of determination t o  t h e  t o t a l  number of analyses; variable  lower l imi t e  of 

determination a r e  obtained when converting concentrat ions on an ashreiqht  

basin t o  a dry-weight basis, however only t h e  largest value i s  reported'] 

Eleleent or Geonutric Geometric Observed 

ash htio nean dev iat ion  range 

Ash (percent) ------------ 10: 10 9.9 1.24 6.1-13 
Aluminum (ppm)----------- 10:10 4 . 4 . .  1,53 200-910 
Arsenic (ppm) ------------ 10; 10 .26 1.70 .lo-.50 
Barium (ppm) ------------- 10: 10 8.1 1.51 3.7-14 
Beryllium (ppm) ---------- 2:lO - - -- <.26-.25 

 or- (ppm)-------------- 10:lO 30 1.36 18-53 
CadmLurn (ppm) ------------ 9:lO ' ,081 '1.76 <.048-.18 
Calcium (percent)  -------- 10: 10 "96 1.43 .55-1.2 
Cerium (ppm) ------..------ 0:10 - - -- 4 2 -  -- 
Chromium (ppm) ----------- 10:lO .47 1.33 .28-.61 

Cobalt (ppm) ------------- 1 O : l O  .27 1.58 .1Z-.S2 
Copper (ppm) ------------- 10:10 4.5 1.33 3.0-6.6 
Fluorine (ppm) ----------- 10: 10 7.6 1.18 6 -9 
Germanium (ppm) - --------- 1 : l O  -- - - <.26--19 
t o n  (ppm) --------------- 10: 10 140 1.30 98-220 

Lanthanum (ppm) ---------- 9:lO '1.5 l f . 7 7  <1.1-3.8 
Lead (ppm) -------- ------- 10: 10 .90 1.20 ' .80-1.3 
Lithium (ppm) ------------ 10: 10 1.8 1.53 .82-3.8 
Maqnesium (percent) ------ 10:lO .48 1.46 .30-.94 
Hanqaneee (ppm) ---------- 10: 10 110 1.47 65-210 

mrcury (ppm) ------------ 6:10 ' .009 '1.38 C.01-.02 
Molybdenum (ppm) --------- 10: 10 .46 1 .17  .29-1 .O 

, Nickel  (ppm) ---------..--- 1O:lo 2.5 1.08 1.4-4.7 
Niobium (ppm)------------ 3:lO - - - - c1.2-1.3 
Phosphorus (percent) ----- 10: 10 .074 1.38 .052-.16 

Potassium (percent) ------ 10:lO 3.1 1.20 2.2-3.8 
Selenium (pprn) ----------- 10:lO .32 1.75 .15--90 
sodium (PPm)----------..-- 10: 10 420 2.70 130 -2,500 
Strontium (ppm) ---------- 10:lO 88 1.09 51 -2 LO 
Sulfur ( to ta l )  (ppm) ------ 10:lO 3,600 1.25 2,400-4,700 

'Ifraniurn (pprn) ----------- 6: 10 l9.3 '1.38 4 2  -16 
Uranium (ppm) ------------ 2 : 10 - - - - <.052-.039 
Vanadium (ppm)----------- 9:lo l.30 '1 .41 <.19-.47 
Yttrium (ppm) ------------ 9:lO l . 29  '1.27, C.19-.41 
Z h f  (ppm) --- ----- --- ---- 10: 10 34 1.57 19 -86 
Zirconium (ppm) ---------- 10: 10 .95 1.25 ..67-1.2 

%he technique of Cohen (1959) was used t o  ca l cu l a t e  the mean and 
deviat ion because there rcre one o r  more concentration values outside 
of the liraics of'deterrnination of t h e  analyrical method used. 



Methods section, the dry-weight conversion results in some variable LLD 

values. 

For many of the mines, control samples of alfalfa were collected in 

nearby hay fields. Three samples of the control material are presented for 

comparison 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, cobalt, copper, manganese, 

molybdenum, nickel, selenium, sulfur, titanium, uranium, zinc, and zirconium, 

and higher concentrations of barium, than did mine samples. (2) Control 

samples of alfalfa collected 4 km west of the Husky mine were higher in 

arsenic, boron, and lead than were samples collected at the mine (none of the 

elements were lawer in concentration in the control samples when compared with 

the mine samples), (3) Alfalfa control samples collected 2 km southeast of 

,the South Beulah mine had a lower concentration of sodium than did mine 

samples; however, the control samples were higher in barium (order of 

magnitude), lanthanum, niobium, phosphorus (order of magnitude), and 

selenium. The higher ash yield of the control samples, compared to the mine 

samples, may be responsible for these differences; however, the reason for 

such a large discrepancy in ash yield is not apparent. Also, the high mercury 

value of 0.10 ppm in one of the control samples is also difficult to explain-- 

it may be analytical error. (4) Samples of alfalfa collected in a field 5 krn 

north of the Velva mine showed no concentration of elements lower than what 

was found in the mine samples. The control samples were higher, however, in 

aluminum, iron, lithium, sodium, phosphorus, and sulfur. 

Crested wheatgrass was collected not only on a rehabilitation site at the 

Dave Johnston mine, but also at an area whose topsoil had been removed to a 



depth of several inches for use elsewhere. Data on the crested wheatgrass 

samples from this altered topsoil 'borrow' area is presented in the Appendix 

table as 'control' samples. The control samples and mine samples were similar 

in their concentrations of most elements; however, the control samples were 

higher in barium and lower i n  cadmium, potassium, 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, vanadium, and 

zinc in wheatgrass from mine sites were found by these authors to be from 3 to 

20 times higher than those grown i n  the 'borrow' areas. Variables such as 

I time since reclamation, degree of topsoil depth (reclamation methods), and 

minesoil heterogeneity from site-to-site probably contribute to these 

differences between studies. 

Samples of green alder and diamondleaf willow were sampled both on 

.and away from a rehabilitation area at the Usibelli mine, Alaska. The 

Appendix table lists the analytical results for the s i x  samples of each of 

these woody species. Essentially no difference was observed in the 

concentration of 34 elements and ash yield in alder between the control- and 

mine-samples. The willow samples 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 

silver in the two species both on and off the rehabilitation site (table 8). 

Although silver was analyzed for in all of the samples listed in the Appendix, 

only the alder and willow samples from the Usibelli mine had detectable 

amounts (the LLD in ash, by the emission spectrographic method, was 0.92 

ppm). Table 8 also shows that about tw ice  as much silver was found in control 

samples of alder as in mine-sampled alder. Diamondleaf willow samples did not 



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 in soils that are slightly acidic (Connor and Shacklette, 1975). 

Comparison of Mine-Sampled Wheatgrasses 

Figure 5 diagrams the geometric mean 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 interval defines the specific region within which the 

population mean (E) accurs 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 

confidence limits: 

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 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 mines in Montana. 

Although interspecific physiological differences in element uptake may occur, 

Figure 5 shows that for most elements, the effects due to differences among 



FIGURE 5. Geometric means (solid circles) and their confidence intervals (0.05 

probability level) for the element content 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 a p p a r e n t l y  overwhelm any d i f f e r e n c e s  due t o  s p e c i e s .  Good examples a r e  

t h e  p l o t s  of boron,  se lenium,  and sodium ( f f g .  5D, - 50, and 5 P )  - t h a t  show 

little i n t e r s p e c i f i c  o v e r l a p  among mines,  whereas i n t e r m i n e  d i f f e r e n c e s  are 

pronounced. 

Assuming, then ,  t h a t  t h e  loca l  o r  mine-area environment i s  more impor tan t  

i n  de te rmin ing  t h e  element composi t ion of t h e  whea tgrasses  t h a n  i s  t h e  

i n h e r e n t  up take  c h a r a c t e r i s t i c s  of t h e  t h r e e  s p e c i e s ,  a n  examinat ion of f i g u r e  

5 r e v e a l s  major compos i t iona l  d i f f e r e n c e s  among mines. A q u a l i t a t i v e  

assessment  of h i g h  o r  low l e v e l s  ( c o n c e n t r a t i o n s )  of s e l e c t e d  e lements  a t  each  

mine (based on i n t e r m i n e  comparisons) fo l lows :  Dave Johnston--boron, cadmium, 

1 selenium,  s u l f u r ,  and uranium ( h i g h ) ;  Seminoe No. 2--copper, s u l f u r ,  and 

uranium (h igh) ;  Energy Fuels--cadmium and se len ium ( h i g h ) ,  a r s e n i c  and uranium 

( low);  Seneca No. 2--selenium ( h i g h ) ,  n i c k e l  ( low);  Husky--boron, i r o n ,  l e a d ,  

manganese, and sodium ( h i g h ) ,  n i c k e l  ( low);  South Beulah--arsenic and 

.aluminum ( h i g h ) ,  s u l f u r  ( low);  Velva--ash y i e l d ,  l e a d ,  manganese, and uranium 

( h i g h ) ,  aluminum, f l u o r i n e ,  i r o n ,  and s u l f u r  ( low);  Absaloka--ash y i e l d ,  

n i c k e l ,  se lenium,  s u l f u r ,  and uranium ( low) ;  Big  Sky--boron, molybdenum, 

se lenium,  and uranium ( h i g h ) ,  a s h  y i e l d  and s u l f u r  ( low) ;  Decker--lead, 

manganese, sodium, and uranium ( h i g h ) ,  boron and s u l f u r  ( low).  High 

molybdenum was a l s o  found a t  t h e  Big Sky mine ( 1 . 2 - 1 . 8  ppm, dry m a t e r i a l )  i n  

t h e  wheat g r a i n  samples (Appendix). Th i s  m a t e r i a l  was from a n  a r e a  t h a t  

had 25-60 c m  of t o p s o i l  placed over  s p o i l  p r e v i o u s l y  r e p o r t e d  t o  be h i g h  i n  

a v a i l a b l e  molybdenum (Erdman and o t h e r s ,  1978).  The molybdenum l e v e l s  i n  our  

wheat samples were s i m i l a r  t o  samples c o l l e c t e d  i n  1974 (Erdman and Gough, 

1979) from an  a r e a  a t  t h e  same mine but w i t h  on ly  10-15 cm of t o p s o i l .  It 

would a p p e a r ,  t h e r e f o r e ,  t h a t  i n c r e a s i n g  t o p s o i l  dep th  h a s  n o t  a m e l i o r a t e d  t h e  

tendency of wheat t o  a s s i m i l a t e  molybdenum. 



The following elements showed only small differences among most of the 

mines: cadmium, chromium, fluorine, mercury, and zinc. There were no obvious 

element groupings by state, by wheatgrass species, or by mine; however, an 

analysis of the results of a Qaode factor analysis, to examine further 

possible sample-site groupings, is pending. 

Between-Mine Multiple-Mean Comparisons 

Tables 3-7 list the geometric means for the concentration of 32, 33, or 

34 elements (and ash yield) in plant materials sampled at 11 coal- 

stripmines. Each table shows the concentration means that: are significantly 

different from one another for the same rehabilitation species among mines. 

Differences among mines, using like species, is assumed to reflect differences 

in the mine environment--specifically, differences in spoil and topsoil 

(minesoil) mineralogy, lithology, and bioavailability. 

Crested Wheatgrass 

Table 3 is a comparison of the concentrations of 34 elements in crested 

wheatgrass collected at two mines in Wyoming, Little difference between mines 

was noted for most (about 60 ~ercent) of the elements. The wheatgrass at the 

Dave Johnston mine was highest in the concentration of boron, cadmium, 

selenium, and zinc, whereas the Seminoe No. 2 mine wheatgrass was highest in 

calcium, copper, fluorine, iron, nickel, potassium, sodium, and sulfur. The 

reason for the slight increase in the number of elements found to be at higher 

concentrations in the wheatgrass from the Seminoe No. 2 mine is unknown; 

however, the latter mine had no topsoil at the rehabilitation site visited. 

Intermediate Wheatgrass 

A comparison of the element content of intermediate wheatgrass collected 

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

the elements, except calcium, molybdenum, and niobium, showed significant 



differences in their means between at least two of the mines, these 

differences were usually only a factor of two or three. For example, although 

four of the five zinc means were found to be significantly 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 the 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 selenium--0.19 (Seneca No. 

2), 0,054 (Husky). The concentrations of such environmentally important 

elements as arsenic, boron, cadmium, cobalt, fluorine, lead, mercury, 

molybdenum, nickel, and uranium did not vary greatly between mines, and also 

did not occur in concentrations usually considered to be potentially toxic to 

plants 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 shows that over 90 percent of the elements show significant 
I 
I differences between at least two of the mines. The elements boron, beryllium, 
I 

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 always less than an order- 

of-magnitude. In general, concentrations of most elements were highest in 

samples from the Rig Sky and Decker mines and lowest in samples from the 

Absaloka mine. The concentrations of potentially harmful elements in slender 

wheatgrass all appear to be well within acceptable (non-toxic) ranges. 

Nutritional diseases in grazing cattle associated with a low macro- 



nutrient content of forage grown on rehabilitated areas is a potential problem 

in stripmine management (Erdman and Ebens, 1979). These authors report from 

the literature a minimum critical phosphorus level in dry forage material of 

about 0.13 percent. In another study Mayland and Grunes (1974) report from 

the literature a minimum critical level for magnesium in grasses to be about 

0.2 percent. The concentrations of both these elements in crested, 

intermediate, and slender wheatgrass (tables 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 

I 

senescence (Rittenhouse and Vavra, 1979). In any event, a nutritional I 

supplement for cattle, grazing predominantly over rehabilitated areas, should 

be a management consideration at all the mines in this study. 

Alfalfa I 
I 

Alfalfa was collected at six mines in three states--Energy Fuels and 
I 

Seneca No. 2 (~olorado); Big Sky (Montana); and Husky, South Beulah, and Velva 

I (North Dakota). Table 6 gives the results of the multiple-mean comparison 
I 

1 test for the concentration of 32 elements and ash yield. 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 F u e l s  mine material. This rather large 

variability was due to the percentage of low ash-yielding stem to high ash- 

yielding leaf material in samples from individual mines. Table 1 reflects the 

fact that the samples from the Big Sky and Husky mines (low ash-yield mines) 

were composed mostly of stems and fruits (due to early frost-initiated leaf- 

drop), whereas samples from the other mines included 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 yield-differences which in turn is due to 



the plant-material composition of the alfalfa collected. 

The multiple-mean test of the six mines produced 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 is fairly uniform among mines; however, 

differences shown by alfalfa are generally larger than those observed for 

wheatgrass. Large variability among mines was observed for alfalfa in the ~ 
1 concentration of aluminum, cadmium, lithium, and sodium. The difference 

between the largest and smallest means among mines for each of these elements 

ranged between a factor of about five to ten. For example, samples of alfalfa 

from the Velva mine were an order-of-magnitude higher in their 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 lithium was much higher in samples from all the North Dakota 

mines when compared to the other mines. Other pronounced intrastate or 

I interstate trends, however, are not common. 

I 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, respectively. A mean boron concentration of 66 ppm at the Velva mine 

may be borderline phytotoxic (Gupta, 1979), especially when one considers that 

individual values were as high as 130 ppm. Also, whereas molybdenum at 

concentrations of 1-3 ppm is not particularly unusual for dicots in the 

northern Great Plains, values of greater than 4 ppm, observed at the Big Sky 

and Velva mines, are unusual (Appendix table). Similar high molybdenum 



concentrations in sweetclover and alfalfa at the Rig 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 1 shows that whereas samples of fourwing saltbush from the Jim 

Bridger and Decker mines (Wyoming and Montana, respectively) were collected in 

September and October 1978, the samples from the San Juan mine, New Mexico, I I 

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 perhaps 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 

considerable--for example, the means for barium, iron, mercury, vanadium, and 

zirconium were five to ten times greater. Of special note were the sodium 

concentrations 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 minesoil 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 



only one potentially phytotoxic condition exists at these mines. The 

extremely high boron levels found at the Jim Rridger mine are of concern. 

Although the mean value was 220 ppm, the range of ten samples was from 110-610 

ppm (Appendix table). This mean is two times greater than the high boron mean 

recorded 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 spoil at the Jim Bridger mine were about five times greater than 

levels at the other mines. Extractable boron in topsoil ranged from 2.5 to 
I 

9.5 ppm and in spoil from 8.0 to 26 ppm. These water-soluble boron levels 

must be considered detrimental to all but the most boron-tolerant species. 

Further, the unusually high boron levels in fourwing saltbush is evldence that 

the boron in the minesoils is in an form available f o r  plant assimilation. 

Rehabilitation Species Summary Data 

Tables 9 through 28 list the summary statistics for the concentration of 

elements in the rehabilitation species sampled. Only data for the 11 mines 

that made up the major mine comparison study (table 1) are given. These data 

I 

I are presented to aid those most interested in assessing the individual 

I composition of a given species at a given mine, and basically they summarize 

the information 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 less-than values. For example, in Table 9, a lower 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-than value. Only one 

instance of variable upper limits of determination is given (strontium in 



al fa l fa  at the South Beulah mine) and only the lowest greater-than value is 

listed ( t a b l e  2 3 ) .  
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C o n c e n t r a t i o n s  o f  e l e m e n t s  (dry-ueight b a s i s )  i n  s a m p l e s  o f  v e g e t a t i o n  from t h i r t e e n  s u r f a c e  c o a l - m i n e  r e c l a m a t i o n  
s i t e s  i n  f i v e  w e s t e r n  s t a t e s  and A i a s k a - - c o n t i n u e d  

I A t f a t f a r  V e l v a  M i n e r  N o r t h  D a k o t a  

I A t f a l f a  c o n t r o l ,  V e l v a  Wine, N o r t h  D a k o t a  
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A m e r i c a n  g r e e n  a t d e r -  c o n t r o l r  U s i b e t l i  M i n e r  A l a s k a  

D i a m o n d l e a f  m i l l o u ~  U s i b e l t i  R i n e r  A l a s k a  
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t o n c e n t r a t i o n s  o f  e lements  (dry-ueight b a s i s )  in samples o f  vegetation f r o m  thirteen s u r f a c e  coal -mine r e c t a m a t i o n  
s i t e s  i n  f i v e  w e s t e r n  s t a t e s  and A l a s k a - - c o n t i n u e d  

Sample C e  PPQ t o  P P ~  t r  P P ~  C u  P P ~  F PPU F t  P P ~  Ge PPQ Hg K Z  Fa ppla 

D i a m o n d t e a f  w i l l o w  controlr U s i b e l l i  Miner Alaska  1 

A l k a l i  sacaton, San Juan Hine, Heu M e x i c o  

f o u r u i n g  sa t tbush ,  San Juan l i n e r  Neu M e x i c o  





Q 
P moom 
a o r -  

- * 
m .* r u m *  2 
R -. Ft.7.- 
a ooq s 

v . .  U 

= . e v  'C C 

r r r r r r  al * * . . . .  C ..- 
Z 

m 
C 

0 0 0 a 0 0  -- 
O O Q O O O  1 
r - lgru03m.a  L 

* 5 * k * %  3 
r r r r r r  0 

L 

a 0 0  
o o a  
NlCN 

* C C  

7c.- 

e P Q. 9 . . .  Cs 
a o m -  ,-,-,- 
L 
M 

u oC3caao O O O Q O O  
-.I u < - . t - c e u  L b L L L b L Y .  
a t Z Z  r P u r r N r  r N r r N r  
e 3 3 3 c r N r c N  r r h l r r W  * r N m  r r r P d N N  r r - W C d N  
Vl V ) U ) V )  7 7 7 - 7 - 1  - 7 - 7 7 -  

5 3 3 VIv lm"3Y)Y)  u , L O ~ v I V ) V I  


