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UPTAKE OF TRACE ELEMENTS BY PLANTS GROWING IN
ABANDONFD MINE SITES

by Jose M. Azcue and Alena Mudroch

In Canada there _are approx1mate1y 12,500 hectares of acid
dralnage generatlng tailings w1th the possibility for mobilization
of toxic elements and their subsequent transport into aquatic
ecosystems. Natural revegetation of abandoned mine areas is
considered one of the ideal remediation alternatives from the

" aesthethical point of view. However, little information exists on

the capacity of plants colonizing wastes at abandoned mine sites to
accumulate trace elements. This study was designed to determine the
uptake of different trace elements by plants cdlonizihg tailings at
two different abandoned mine sites. The first site was a gold mine

in British Columbia, Canada, the other a base metal mine

accompanied by a cobalt ore smelter in Ontario, Canada.

Some plants, representing higher and lower vegetation, growing
on the tailings in Wells, B. C. and Cobalt mining area, Ontario,
have shown to be re51stant to elevated concentratlons of trace
elements. Some»plants, such as}Engelman spruce and beaked sedge,
have shown preferential accumulation of trace elements,

~particularly As. The results of the study'indicated’that willow has

been able to grow on gold mine talllngs without considerable uptake
of trace elements. The results showed that leaves of Douglas maple
act as a plant organ for the preferentlal accumulation of trace
elements and cah act as a detoxification mechanism for the plant.
The results of the study indicéted the need for development of a
list of plant species occupying abandoned miﬁe tailings, and
assessment of the uptake of ttx1c trace elements by 1nd1v1dual
plarnt spe01es. However, the bloavallablllty of the trace elements
in the plants also needs to be |assessed to evaluate the impact on

wildlife consuming the plants occupying the tailings.
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ABSTRACT

There are_approximately_lz,soo hectares of acid generating
tailings in canada. Acid mine drainage'and dust emission can cause
mobilization‘ and subsequent transport of trace elements into
‘aguatic ecosystems. The iain objective of this study was to
deﬁermihe' the uptake of different trace elements by _plants
. colonizing tailings at two different abandoned gold'and base metal

mine sites. Several plants, higher and lower vegetation, can grow
on abandoned mine tailing substrates with elevated concentrations

of trace.elements, Some plants, euch as Engelman spruce and beaked
sedge, have shown preferential accumulation of trace elements,
particularly As and Pb. The results of this study indicated that
‘willow trees can grow on gold mine tailings without considerable
uptake of trace elements The results showed that leaves of Douglas

maple act as a detox1f1catlon mechanism for the plant. In the two.

study areas, capping with clean material and/or revegetation of the
abandoned mine tailings, though not a final solution, can be
recommended to mlnlmlze erosion of the tailings by water and wind
with subsequent transport of toxic trace elements into the
surrounding env1ronment.
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INTRODUCTION

Metal mining has been one of the major industries in Canada

‘for more than a century. Mining activities are spread over 115

communities, representing approximately 36 billion dollars of the
national eéonomy (Feasby and Tremblay,‘1995). Acid mine drainage
and dust emission are the main problems in on-land disposal of mine
tailings and waste rock. In Canada, there are approximately 12,500
hectareé and 750 million tonnes of acid drainage generating
failings and waste rock, respectively (Feasby and Tremblay, 1995).
Improper treatment, disposal, and storage of the mine wastes can
bring about mobilization of toxic metals and trace elements and
their subsequent transport into aquatic ecosystens.

. At present, a safe disposal of wastes from active mines is a
high priority to the mining companies in Canada. However, there are
many abandoned mine sites in Canada with existing mobilization of
different metals and trace elements. Remediation of these sites has
been considered costly and difficult. Natural revegetation of
acidic metal contaminated soils and new techniques for establishing
vegetation covers to remediate the above problems at-abandoned mine
areas have been extensively studied (Winterhalder, 1983, 1995;
Helm, '1991; Peters, 1995). The main objective of these studies has
been the aestethicaliappearanée, such as the establishment of a
permanently stable landscape aé the abandoned mine sites. However,
limited information exists on!the capaéity of plants colonizing
wastes at the abandoned mine éites to accumulate trace elements.
The accumulation of the trace elements by the plants depends on
several factors, such  as plant species; plant parts and soil
conditions_ (Kabata-Pendias and Pendias, 1986). Plant analysis
provides a direct means of integrating some of the complicated
soil-plant mechanisms which govern the uptake of trace elements

from soils (Richards, 1993).



This'study was designed to determine the uptake of different

trace elements by plants colonizing tailings at two abandoned mine

~sites in canada. The first site was a goldl mine in British
COIumbia, the other a base metal mine with a cobalt ore smelter in
Ontario.

.MATERIALS AND METHODS

Study Areas

Plants collected at two different mining éreas, Wells, Cariboo

Region, British cdlumbia, and Cobalt, Ontario, were analyzed in

this study. In the Cariboo region, gold had been extensivély mined
from the 1800‘s to 1960 (Andrews, 1989). The region, in the
Barkerville Terrane, is underlain mostly by clastic sedimentary
rocks, principally Précambrian and Palaeozoic sandstone, greywacke,

and black and green peélite, with minor proportions of limestone and
mafic volcanic rocks (Struik, 1988). In Wells the abandoned

tailings from the milling and gold extraction process were
discharged into the northeast end of Jack of Clubs Lake, changing
its original morphometry (Galbraith, ‘1991). At present,
approximatély 25 ha of land adjacent to the lake are covered with

the gold mine tailings to a maximim thickneéess of about 4.5 m. The

mines in the Cobalt region were spread over a large area. By 1911
the Cobalt area was the biggest producer of silver ih the world.
Mining activities continued until the 1950‘5,' and there'.are
currently no opergting mines in the vicinity. The oldest rocks in
the Cobalt area are Archean volcanics and interflow sediments
- containing pyrite, pyrrhgtite, chalcopyrité, sphalerite and galena.
The silver deposits occur in ffactUres, faults and joints which
vary in width from a few millimetres to as much as 1.2 m (Dumaresq,
1993).
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Plant collection, preparation and analysis

Ten species of lower vegetation and leaves, needles and

branches of ten species of tree% (Tables 2 and 3) were collected at

the tailings and along creeks ahd lakes at different distances from'

the tailings in Wells, B.C., in Aﬁgust, 1992 (Azcue and Mudroch,
1993). At the Cobalt area, domihant.épecies growing on the tailings
were collected in August-1994. The selection of all vegetation
samples followed a random sampling pattern with the objective to

collect ;epresentative’sampleT of the plant species and their
|

organs.

Concentrations'of trace ﬁlements in tailings and soils were
generally several orders of magnitude greater than in the plants.
Therefore, the risk of potentﬂal contamination is very high when
determining concentrations of | trace elements in plants and the
cleaning stage become critica% (Azcue, 1995; Azcue and Mudrqch,
1994) . Consequently, immediately following collection, all plants
were washed with lake water, placed in plastic bags and trahsported
to the 1laboratory. Once in ihe laboratory, plant roots were .
separated from the above-grouné'biomass (i.e., stems and leaves).
To obtain maximum homogenizat;on, plant materials were cut into
small pieces which were thoroughly mixed and dried to a constant
weight at 70°C in an oven. D#ied samples were homogenized and
pulverized to appfoximately 177 pm in a Wiley mill equipped with
stainless steel blades. The digestion of the samples was carried
out by acid digestion with concentrated HCliHNO3 (1:3)-(Azcue and
Mudroch, 1994). The acids were added to Teflon beakers containing.

‘0.2 to 0.5 g samples with subsequent mixing. All samples were

allowed to degas at room temperature overnight to prevent a
vigorous‘reaction during heatiﬁg. The Teflon beakers. were dovered
with Teflon lids to protect the sample frombcontamihation while
allowing gas to escape. The samples were digested in a microwave
oven (Floyd,ilnc{ Model RMS 150) . The microwave digestions fo;lowed



a four-stage scheme: a) 3 min. at 25 psi, b) 3 min. at 50 psi, c)
3 min. at 75 psi, d) 5 min. at 100 psi, and d) 5 min. at 130 psi.

Blanks were collected from the final rinse of the plants, and
analyzed simultaneously with the samples to detect any possible
rémaining contamination or leaching of soluble elements during
Washing,’The presence of titanium was used as a control of the
cleaning,pfocedure. Titanium, although preséht'in the soils, is
known not to be assimilated by plants to any great extent. Levels
of Ti in the plant samples were used as a control of the cleaning
procedures. The Ti concentration in all the subsamples was lgss
than the levels in the tailing samples (average 1,440 ug.gl).

S80il and tailings analysis
Soil and tailing samples (at approximately 15 cm depth) were

collected within the plants sampling sites. Five to ten samples
were collected at each plant sampling site. The samples were

‘thoroughly mixed, placed in plaStic containers, trahsported to the

laboratory, and freeze=dried. The total concentration of trace
elements in the sediments was determined by acid digestion (agua
regia + HF) in a microwave oven.

Determination of the trace élements (Al, Ba, Ca, Cr, Cu, Fe,
K, Mn,in, si, sr, Ti; and Zn) in both plants and soils, was
carried out by inductively coupled plasma atomic emission
spectroscopy (ICP-AES) using a Jobin Yvon Model 74. The standard
solutions consisted of high purity concentrations of 0.5 and 5
mg.L! of the trace elements in a solution of 2% HNO, (Delta
Scientific Laboratory Products, Canada). To avoid clogging'problems
with the ICP=AES, all samples were centrifuged at 5,000 rpm for 20

min, prior to analysis. Certified reference materials. of the

National Institute of Standards and Technology [apple leaves - SRM
, ,

. .
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1515; citrus leaves - SRM 1572; and orchard leaves SRM 1571] and

Buffalo River sediment [SRM 270&] were used in the quality control.
Subsamples of the certified reference material were digested with
the same acid mixtures used for the samples.

RESULTS AND DISCUSSION

The chemical composition of the tailings and other growing
substrates is fundamental to evaluate the uptake of trace elements
by the local vegetation. Leachates from both tailings (i.e., Wells,
B.C. and Cobalt, Ontario) were slightly acidic. The pH of the

_leachate from the tailings from Wells, B.C. was 5.5, and that from

the tailings from the Cobalt area 6.8. Table 1 sunimarizes the total
concentration of the trace élements in the tailings and soils from
the Cariboo region and‘CobaltEarea. The concentrations of most
trace elements in the tailingsiin'both study areas were elevated
and similar to those from other mine-impacted areas (Salomons and
Férstner, 1988). The tailings, from the Cariboo region are the

'product of gold milling and extractlon Therefore, they contain

elevated concentrations of As and Hg (Table 1). On the other hand,
the tailings of the Cobalt area are the product of mining and
p:oduction of different metals,-such Co, Ag, Ni, etc. Therefore,

the tailings in ‘the Cobalt area have typically elevated

\
concentrations of cd, Co, Cr, Cu, Mg, Pb and Zn (Table 1).

During the past decade natural vegetation has started to

i

colonize one part of the exposed surface area of the tailings‘in

Wells, B.C. The other part of tﬁe tailings surface was covered with
approximately 30 cm of fill materlal including sand, gravel, and
glacial till to prevent generatlon of dust and transport of
contamlnated tailing partlcles. The untreated zones have been.

,,,,, !

colonized mainly by metal-toler?nt—plantS'such as tufted hairgrass

and beaked sedge. However, there is a noticeable colonization by
many other grasses and higher vegetation species on the treated

6




area. Ten different plant species of lower vegetation collected
from the surface of the mine tailings and along surrounding creeks
and lakes were analyzed for major and trace elements (Table 2). The
concentrations of Cu, Cr, and Zn in the sampled vegetation were
~similar to _reported‘ typical values for terrestrial vegetation
(Adriano, 1986; Thompson and .Walsh, 1988; Market, 1992). These
elements are called "enzymatic elements" because they contribute in
" building up specific physiological potentials, and are fesponsible
for the maintenance of definitive osmotic relations within the cell
metabolisn (Market,'1992). The concentrations of Co were above the
typical natural concentrations in some of the analyzed plant
species,'such as horsetails, beaked sedge and tufted hairgrass.

The elements considered non-essential or toxic to the plants,
particularly As, cd4, and Pb, were présent in considerably greater
concentrations than natural levels. Arsenlc was present at
relatively high concentrations in all plant species of 1lower
vegetation, reaching 36.8 pg.g! in beaked sedge plants, which
represernts 360 times dgreater concentrations than the typical
natural levels. The COnCent%ations of.traée elements in some of the
‘plant species.Showed,a relationship with those in the tailings and
soils. For example, concentrations of trace elements in red clover
. were one order of magnitude greater in plants growing on the
tailings, than those in plants found on the shore of Jack of Clubs
Lake. The concentrations of metals in some of the plant species

suggested preferentlal accumulation of certain trace elements. In
beaked sedge, the concentrations of As, Fe and Pb were con51derably'

greater in the plants growing on the tailings than in those growing
on the shore of the lake and on the banks of the surrounding creeks
at the study area in Wells, B.C. (Table 2). However, the
concentrations of the other trace elements in the same piant
species did not show any relationship with-those in the tailings in
which they were growing.

N N N ..
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Table 3 summarizes the concentratlons of major and trace

elements in higher vegetation érow1ng on the tailings andfadjacent

areas of the abandoned gold ﬂine in Wells, B.C. and the Cobalt
mining area. The concentratlons of Hg (not shown in the table) were
below the detection limit in all collected plant material. The only
exception was 0.5 ug Hg.g! in the bark of Engelman spruce growing
on the tailings at Wells, B.C,iThe same spruce specimen:contained-
the greatest concentration of Au, with maximum concentrations of
103 ng.g! in the bark. Meaﬁ\ concentrations in twig samples
collected in areas where the concentrations of Au were elevated in
surface waters, was 1.5 ng.gJQ The greatest concentrations of As
was found in the Engelman spruce tree growing on the tailings. Bark
and twig samples from the spche contained over 40 ug.g! As, and
those in the twigs of the same species growing on the shores of
Jack of Clubs Lake and Willow River ranged from 0.1 to 0.9 ug.gl.
Further, the twigs of a nearby fir tree contained up to 10 pg.g"-l As
(Table 3).. The relatively larg% ranges in the concentrations of As
in the trees growing in the tailings most 1likely reflected the
heterogenedus/distributions of As in the tailings and the physical
properties of the tree roots. The concentrations of Cr, Cu, Ni, and
Zn were similar in the Engelﬁan spruce twigs collected at all
locatlons (ranges from 0.1 to i 5 K g! Cr, <0.3 to 2.8 ug.g! Cu,
<2 to.5 ug g! Ni, and 58 to 100 k9. g’l Zn) . Genefally, the samples
of the willow trees showed very low uptake of the trace elements.
Cadmlum and Co levels were cons1derab1y elevated in all plants .
species collected in the Cobalt|mining area, reaching 20.6 ug.g! of
cd in the twigs of European white and 26 p£g.g' in the leaves of
Douglas maple (Table 3). The reéults indicated the uptake of trace
elements by Douglas maple treeé. Further, the leaves of the tree
appeared to be an excretory pathway of toxic elements, with trace
element concentrations being up to 17 times greater in the leaves

than in the other parts of the tree.




In addition to the aesthetlcal advantages and minimization of
erosion and dust transport the vegetation cover on the surface of
the tailings has proved to minimize acid drainage and seepage. The
. vegetation removes water from the tailings by intercepting
precipitation and adsorption by the root system. It has been

calculated,'forvinstance, that to produce 1 kg of dry matter, an

alfalfa (Medigo sativa) plant transpires more than 800 kg of water

(Nofthen, 1958). The accumulation factors, expressed as the average -

-ratios of trace elements in plants and growing substrates are
summarized in Table 4. Calculated accumulation factors >1 were
found for Cd and Cr in some of the plant species, including both

higher and lower vegetation. Lower plants accumulated greater

' concentrations of Cr, Cu, and Ni than the higher plants (Table 4) .

Accumulation factors of As >0.1 were found for fuzzy-spiked and

" tufted hairgrass. As indicated above, the results suggested that
the leaves of Douglas maple acted as a detoxification organ of the
plant. In dgeneral, deep rooted plants (beaked sedge) accumulated
greater concentrations of trace elements. Decomposition of plant
fesidﬁes enhances_the development of an oxygen-consuming barrief
and formation of new soil. Labine (1971) showed that approximately
10 years after revegetation, a 2- to 3-cm organic horizon was
formed and a podzolic profile started to develop in treated tailing
areas.

.



CONCLUSIONS

Several plants of the higher and lower Vegetation, have shown

to be resistant to elevated:concentrations of trace elements.
Therefore, they can successfully grow on abandoned mine tailing
substrates. Some plants, such as Engelman spruce and beaked sedge,
have ~shown preferential accumulation of trace elements,

: particularly As. The results of the study indicated that willow has

been able to grow on gold mine tailings without considerable uptake
of trace elements. The results showed that the leaves of Douglas
maple act as an organ' of preferential accumulation of trace
elements and may act as a detoxification mechanism for the plant.
Elevated concentrations of . some non=essential elements in
vegetation growing on the tailﬁngs<in Wells, B.C. and the Cobalt

mining area in Ontario, indicated that terrestrial vegetation can
play an important role in the moblllzatlon and transport of trace

" elements 1nto the surrounding ecosystems.

In suimmary, the main advantages of revegetation of abandoned

mine areas are:

- - aesthetical, establishment of a permanently stable landscape;

- minimization of erosion and dust emission from‘tailings,
- mlnlmlzatlon of acid dralnage and seepage by intercepting
precipitation and water absorption by the roots;
- formation of an oxygen-cons&mlng barrier by decomnposing plant
residues which prevents oxidation and solubilization of trace
elements present in the taiiinqs.

The disadvantage of growi&g'plantsvon the tailings may be the
accunulation of toxic trace ele@ents in different plant organs, as

‘shown in this study, ‘and their potential’ effects ‘o'n wildlife

consuming the plants. COnSequently,ythe biocavailability of trace
elements in the plants needs to be assessed. On the cher hand, the
selection of plants which do not accumulate trace elements and can
be planted én the tailings should be considered. The results‘of the

10



study‘indicated~the need for the development of a 1list of'plant
species occupying abandoned mine tailings, and assessment of the
uptake of trace elements by individual plant species.
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Table 1. Concentrations of major-and.trace elements in tailings and soils from Cobalt area and Cariboo region

Cu

As  Ca Cd Co Cr Fe Hg K Mg Mn Na' N Po  Zn
(hglg) (%) (ugle) (/o) (wolg) (uofg) (%) (ugla) (%) (%) (%) (%) (uofo) (ngfe) (wgfg)
Cobalt area: ~
‘Nipissing Tailings na. 21 105 982 133 64 43 na 016 19 007 006 754 U3 300
Buffalo Tailings-1 na. 14 104 367 110 513 40 na 008 16 007 004 177 34 390
Buffalo Tailings-2 na. 11 115 351 133 444 45 na 010 17 007 002 178 32 372
Buffalo Tailings-3 na 07 52 142 82 28 28 na 0N 11004 003 73 178 198
Cart Lake Taillings-1 na. 14 112 233 128 105 41 na 023 17 007 005 99 33 37
CartLake Tailings-2 na. 13 104 213 117 78 38 na 049 17 . 007 003 120 206 125
Cariboo region: ’
Tailings-1 1184 07 45 24 - 16 15 >10 003 025 02 004 007 2 w138
Tallings-2 >2000 02 12 2 LE] 28 >0 007 012 01 008 006 29 985 165
Tailings-3 93 10 - 39 36 27 26 >0 0i5 015 02 147 008 43 47 303
Tailings-4 1009 01 . 26 19 1" 11 87 007 029 03 008 006 18 44 208
Lowhee Creek -1 3 03 098 2 23 4 40 002 028 03 009 008 52 2 109
Lowhee Craek -2 % 05 02 9 26 3 >10 002 036 03 008 008 48 D 102
Lowtiee Creek -3 96 05 24 19 29 48 >0 032 013 02 007 007 48 24 216
Willow River 598 06 22 20 20 24 83 004 022 03 008 006 B 1B
Jack of Clubs Lake a1 08 22 k7] %3] 62 75 010 023 07 033 006 85 164 351
Barkerville - 3 ot 21 45 52 109 76 026 033 08 016 007 104 102 23
Bowron Lake 20 04 14 34 54.. 4 89 012 025 10 064 007 66 ¥ oW
Shepard Creek 28 19 11 35 n 92 59 0145 017 14 013 007 @2 49 258
Elght Mile Lake <5 51 06 18 a7 37 34 004 015 12 007 008 50 2% 12
Nine Mile Lake 5 07 05 mno4 26 23 008 042 05 003 007 27 84

{




Table 2. Major and trace element concentrations (uo/g dry weight) in lower vegetation
at the tailings and adjacent areas in Wells, B.C.

Species Common name  Sampling As Cd Co’ Cr Cu Fe Mn Ni Pb Zn
. Location
Trifolium pratense Red clover Tailings 109 12 <04 28 12 1846 87 128 <01 41
Trifolium pratense Red clover J.C. Lake 19 02 <01 0.2 6 135 20 0.7 <01 12
Equisetum variegatum Horsetails Tailing mh.m 1.7 1.7 15 6 506 274 7.4 85 80
Equisetum variegatum Horsetails WillowR. 18.7 26 13 1.0 8 1478 87 4.6 16.3 58
Equisetum variegatum Horsetails Eight:Mile L 8.4 1.7 1.0 1.1 7 414 479 6.3 6.9 31
Anaphalis margaritaceae  Pearly everlasting Talling 10:9 23 09 - 18 11 843 3& 48 8.9 51
P Anaphalis margaritaceae . Pearly everlasting J.C. Lake 45 1.6 0.1 0.7 8 356 61 3.0 <0.1 38
Elymus innovatus Fuzzy-spiked Talling . 6:0 1:1 0.1 16 8 1371 ‘ 376 3.7 33 39
Elymus:innovatus Fuzzy-spiked Willow R. 71 15 0:5 10 5 1027 - 65 21 54 51
Elymus innovatus ~ Fuzzy-spiked Lowhee C, 6:5 <0.1 <0.1 05 3 531 81 0.8 <0.1 33
Elymus:innovatus Fuzzy-spiked Eight Mile L. 22 0.5 <0.1 24 4 638 287 8.4 <01 13
Elymusiinnovatus Fuzzy-spiked Nine Mile L. 55 1.1 0:6 05 5 477 154 23 41 20
Carex rostrata .mmnxma sedge 36:8 20 09 0.8 7 3249 107 45 15.3: 20
Carex rostrata Beaked sedge 175 14 0.7 1.2 5 1224 229 5.2 14.8: 27
Carex rostrata Beaked sedge 272 1.7 0.8 1.0 6 2236 168 48 150 . 24
Carex rostrata Beaked sedge 27 1.2 03 15 m, 237 118 4.1 26 . 22
Deschampsia caespitosa  Tufted hairgrass Lowhee C. 3.7 0.8 0.2 5.0 € 416 32 16.0 14 25
Deschampsia caespitosa  Tufted hairgrass Tailings 3.2 1.0 06 . 49 k-] 568 57 17.9 3.8 23
Deschampsia caespitosa  Tufted hairgrass  Barkerville 6.0 1.5 0:9 25 18 656 250 105 . 60 35
Castilleja miniata Red paintbrush  Taifings 53 15 0:3 0.5 8 128 169 4.2 3.0 79
Aster modestus : Northernaster  Tailings 76 13 0.6 1.1 10 310 . 112 438 v A..A 36
Mertensia paniculata " Tellbluebell  Tailings 22 03 <01 06 7 222 80 48 <01 35 -
Crysanthemum:leucanthem. Sunflower Tailings - 103 . 1.4 0.6 1.5 . 8 456 26. 4.3 47 . 17

Typical natural concentration (Market, 1992). 01 005 02 15 10 150 200 15 1 50




Table 3. Concentrations of trace elements: (uglg dry im_m_é in higher vegetation- mn the tailings -
and adjecert erens of Wefls, B.C,, and Cobakt Region, On.

Speties Common name Parts of plant Sampiing Ay As Cd no Cr Cu Fe NI Pb Zn
. location
Wels, BC
Ables laslocarpa  Skbalpine fir twigs Tailings 0.003 1.0 na. 03 08 na 220 2 na. a7
Ables lasiocarpa  Subalpine fir twigs Talings 0.008 22 na. 03 08 na. 320 <2.  na. 34
Ables laslocarpa  Subalpine fir twigs Tallings 0024 100 na. - 05 1.0 na 1120 2 na. 32
Ables laslocarpa  Subalpine fir . twigs Lowhee Ck  0.001 01 na. 02 04 ‘na. . 80 <2 na. 30
Ables laslocarpa  Subalpine fir twigs Taifings 0.002 06 . na 05 13 na. 500 4 na. 50
Ables lasiocarpa  Subaipine fir twigs JCL shore 0.002 0.1 na. 0.2 03 ne. 80 <2 na 26
Ables lasiocarpa  Subalpine fir twigs JCL shore 0.001 0.0 na. 03 08 na. 80 <2.  na. 33
Picea engelmanil Engelman spruce bark Tailings 0030 430 na 15 16 na 4950 <2 na. 54
Picea engetmannil Engeiman spruce bark Tallings 0:103 92 n.a. 05 16 na. 1430 <2, na 80
Picea engeimannii ‘Engeiman spruce tbark Tallings 0.042 23 na. 1.0 129 na. 1270 <2 na. 54"
. Picea engelmannii Engelman spruce bark JCL shore 0.018 03 na. 02 03 na, 100 <2 na. 56
Picea engetimannii Engelman spruce bark JCL shore 0.008 03 na. 02 05 na. - 180 <« na. 44
Picea engelmannii Engelman spruce ‘bark : JCL shore 0.012 1.8 na. 1.7 31 na. 1650 8 na. 97
Picea engelmannil ‘Engelman spruce = twigs JCL shore 0.004 09 na, 15 28 na, 1380 ° 8 na. 93
Picea engeimannii Engelman spruce twigs JCL shore 0.001 0.4 na 02 086 na. 130 <2 na 64
Picea engelmannii Engeiman spruce twigs JCL shore 0.002 02 na. 02 07 -na. 240 <2. na. 78
Picea engelmannil - Engelman spruce twigs Telings 0.003 06 na. 07 1.9 na. 640 5 na. 100
Picea engelmannil Engeiman spruce igs Tallings - 0.008 27 na. 04 09 na. 40 - 3 na. 88
Picea engetmiannl] Engeiman spruce twigs Talings 0.002 1.4 na. 1.0 22 na. 860 3 na. 87
Picea engelmannil Engelman spruce twigs Tallings 0.002 05 na. 04 3 na. 420 2. na [l
Picea engeimannil Engetman spruce ™ twigs Talings 0030 410 na. 17 24 na. 4460 4 na. 64
Picea engelmannii ‘Engeiman spruce twigs Talings 0.008 59 na. 04 06 na. 680 <2 na. 61
Picea engelmannil Engéiman spnice wigs Witow R. 0004 . 02 na 04 <03  na 60 2 na 58
Pinus contorta Lodgepole pine bark Talings 0.007 18 ne.: 08 31 na. 1510 <2 na. 32
Pinus contorta  ‘Lodgepole pine wigs Taiings 0.001 06 na. 04 16  na. 430 2 ne. 36
Pirus contorta  -Lodgepole pine. twigs . Talings 0.002 03 na. 0.2 038 na. 8 . 4 na. 30
. Pinus contorta Lodgepole pine twigs Talings 0001 02 na. 03 04 na. 80 3 na. 30
Pinus contorta  -Lodgepole pine twigs Talfings 0.004 03 na. 056 13 na 420 3 na. 30
Pirus contorta  Lodgepole pine twigs Wilow R. 0:004 02 na. 03 08 na. 170 3 na. 25
. Pinusconforta  :Lodgepole pine twigs Willow R. 0.000 0.0 na. . 02 03 ne: <50 <2 na. = 17
Safix drummondian Witow twigs Teilings 0.003 02 na. 08 07  na 90 3  na___ _120 _ . — —_—
— -——————-SaixdrumnmondianWitow —— ~~ ' Wgs ~— ~ Talings 0002 " 08 na. 02 <03 na. 80 <2 na. 33
Salix drummondian Wilow twigs Tallings 0,002 08 na. 03 05 na: 130 4 nea. 67
Salix drummondian Witlow igs Talings 0.001 0.4 na. 03 <03 na <60 <« na. 100
Safix dummondian Witow twigs Tallngs 0.001 02 na. 02 <03 na. 50 <2 .na. - 160
Salix drummondian Wilow twigs Tallings 0.001 0.1 na. 03 <03 na. <50 <2 na. 48
Sailix drummondian Wilow - twigs Taiings 0.001 0.1 na. 03 <03 na. 100 <2 na. 75
Salix drummondian Wilow wigs Talings 0.001 03 na, 02 <0.3 na. 80 2 na. 88
Selix drummondan Wilow twigs Taifings 0,001 0.1 na. <01 <03 na. 70 <2 na. - 95
Salix drummondian Wilow twigs -JCL shore 0.002 00 na. 06 1.6 na. 60 <2 na. 106
Sallx drummondian Willow twigs JCL shore 0.001 0.0 na. 03 04 na. <60 <2 na. 38
Salix drummondian Wilow twigs JCL shore 0.001 0.0 na. 02 <03 na. 50 <2 na 130
Safix dummondian Wilow twigs Lowhee Ck.  0.002 00 na. 03 <03 ne. <50 <2 na. 120,
Salix dummondian Wilow twigs Willow R. 0.001 00 na. 02 <03 na. <60 <2 na. 86
Salix drummondian Wilow . twigs Witiams or 0.001 0.1 na. <01 <03 na. <50 <2  na - 67
Safix dummondian Wilow wigs Willams Ck.  0.001 00 na. 02 <03 na. <50 <2 na. 46
Safix drummondian Wilow twigs Willams Ck.  0.004 0.1 na. 03 <03 ne. <50 2 na. 100
- Cobalt Reglon, On.:
Silver. popiar Ewopeanwhite leaves Talings na. na. 96 44 45 84 2 81 14 33
Siiver. poplar Europeanwhite twigs Talings na. na. 2086 6.1 48 9.7 7 36 18 ‘36
Larixlarchies Tamarak needes Tallings na. na. 24 68 14 17 130 15 04 12
Larix larchies: Tamarak twigs Tailngs na. na, 23 1.4 o7 3.1 125 22 09 10
Prunus pensyvand Pin, n:m.! leaves Tailings na. n.a. 22 08 06 17 32. 11 04 6
_Prunus pensyivani Pin. Cherty twigs Tallings na. na. 58 27 21 24 43 0.9 34 8
Vibumum edue  cramberty leaves Talings na. na. 18 04 09 43 176 24 10 8
Vibsmumedde  crambemry twigs Tallings na. na. 23 0.4 1.0 57 60 08 0.4 14
Vibumumedue  cramberry bermies Tailings na. na. 18 05 06 42 . 28 11 0.2 5
Acef glabrum Duglas mapple leaves : Tafings na. na. 167 280 118 328 2652 16. 27 65
Acer gabrum Duglas mapple twigs Taiings na. na, 65 29 21 0.7 152 33 52 21
Festuca saximonta Festuca Talings na. na. 106 160 74 130 1954 74 80 43




-

Table 4. Accumulation of trace elements expressed as ratios (plant/soil)

Species” - Common name  Paris of plan As Cd Co Cr Cu- Ni Pb Zn .
Abies-lasiocarpa Subalpine fir Twigs: 0.066- na. 0014 0.03 na. 0.03 na. 0.21

Picea engelmanni Engelman spruce Twigs 0.011 na. 0030 006 na. 0.02 n.a. 024
Picea.engelmannil Engelman spruce bk 0.005 na. 0025 0.07 na 007 na 035

Pinus contorta Lodgepole pine:  Twigs 0.000 na. 0014 005 na 008 n.a. 0.16

Pinus contorta ) Lodgepole pine. Bk 0.002 ' na 0032 0.19 na. 0.00 na.. 016

Salix QE,B_..._o:&m:m Willow Twigs 0.001 na. 0011 0.01 na. 0.02 n.a. 041
Silver-poplar European white  twigs na. 228 0.021 004 002 003 0006 011

m=<mn, poplar European white leaves na. 1.06 0.015 0.04 . 0.02 0.06 0.004 0.10.

Larix larchies Tamarak twigs n.a. 0:26 0.005 0.01 001 0.02 0003 0.03 ’
Larix larchies Tamarak needles - na 0.26 0.020 0.01 .0.00 0.01 0.001 0.04

Prunus pensyivanica Pin. Cherry ” twigs . na. 0:64 0.010 . opom. 0.01 0.0t 0.011 0.03

Prunus pensyivanica Pin. Cherry leaves na. 024 0003 0.01 0.00 0.01 0.001 0,02
Viburnumiedule crambery twigs - n.a. 0:26 0001 001 0.01 0:.01 0.001 0.04 )
Viburnum edule cramberry leaves na. 0:20 0.001 0.01 0.01 0.02 . 0.003 0.02
Viburnum edule. ) cramberry berries  na. 020 0002 001 0.01 0.01 0.001 002

Acer glabrum Duglas'mapple  twigs na. 0.72 0010 0.02 0.00 0.02 0.017 0.06

Acer glabrum Duglas:mapple  leaves na . 185 0.091 0.11 008 011 0087 020

Festuca saximontana Festuca " whole na. 116 0056 007 003 005 0026 . 013
Trifolium pratense Red:clover whole: 0.014 .o.aw -0.011 0.94 038 026 -0.016 0.23'
Equisetum variegatum Horsetails whole 0.033 - 081 0059 0.73 028 019 0.060 035
Castilleja miniata . Red:paintbrush ; whole 0.007 057 0.018 0.36 0.47 0.16 0.020 0.49

Aster modestus Northern-aster  ‘whole 0013 060 0028 054 040 015 0030 028
Mertensia paniculata Tall biue bell whole . 0.004 0:114 -0.044 0.32 0.30 0.14 -0.020 0.28
Crysanthemum leticanthem Sunflower whole 0.017 0.64 -0.032 0.74 0.32 0:13 0.030 0.13
Anaphalis margaritaceae.  Pearly everlasting whole: 0.021 047 0.028 082 038 , 012  0.021 0.27

Elymus innovatus mcs.mv__ﬁm ~ whole 0.120 041 0.006 0.44 0,22 008 0.010 0.21
Carex'rostrata Beaked sedge  whole: 0028 0:32. 0023 057 017 011 0030 011

Deschampsia caespitosa  Tufted hairgrass whole. d.;oo 049 0017 14 017 028 0.040 0.16
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