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UPTAKE OF ELE1\/I‘ENTS BY PLANTS cnowmc IN 
a 

a 

i ABANDONED MINE SITES
1 

by Jose M. Azcue and Alena Mudroch 

In Canada there_are approximately 12,500 hectares of acid 
- \ drainage generating tailings with the possibility for mobilization 

of toxic elements and theirisubsequent transport into aquatic 
ecosystems. Natural' revegetation of abandoned mine areasa 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 colonizing tailings at 
two diiferent abandoned mine sites. The first site was a gold mine 
in -British" Columbia,v Canada, lthe 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, 

('1' 
_0i_ have shown to be resistant elevated concentrations of trace 

elements. Some plants, such asiEngelman 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 leaves of Douglas maple 
act as_a plant organ for the preferential accumulation of trace 
elements and can act as a detoxification mechanism for the plant. 
The results of the study indicated the need for development of a 
list of _plant species “occupying abandoned mine tailings, and 
assessment of the uptake of ttxic trace elements by individual 
plant species. However, the bioavailability 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_12,500 hectares of acid generating 
tailings in_Ganada. Acid mine drainage and dust emission can cause 
mobilization and subsequent etransport of_ trace elements, into 
aquatic ecosystems. The "main objective of this study was' to 
determine 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, such as Enqelman 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 detoxification 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 minimize erosion of the tailinqs by water and wind 
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with‘ subsequent transport of toxic trace‘ elements into the 
surrounding environment. 
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_ Metal mining has been onl 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 economy (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 
hectares and 750 million tonnes of 'acid drainage ggenerating 
tailings 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 ecosystems. 

.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 aestethical appearande, such as the establishment of a 
permanently stable landscape at the abandoned mine sites. However, 
limited infOrmation.exiSts ongthe capacity of plants colonizing 
wastes at the abandoned mine sites to accumulate trace elements. 
The accumulation of the tracelelements 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). 
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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 ia gold‘ mine in British 
Columbia, the other a base metal mine with a cobalt ore smelter in 
Ontario; ‘ 
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MATERIALS AND METHODS 

Study Areas 

Plants collected at two different mining areas, Wells, Cariboo 
Region, British Columbia, and Cobalt, Ontario, were analyzed in 
this study. In the Cariboo region, gold had been extensively mined 
from the 1800's to 1960 (Andrews, 1989). The region, in the 
Barkerville Terrane, is underlain mostly by clastic sedimentary 
rocks, principally Precambrian and:Palaeozoic sandstone, greywacke, 
and black and green pelite, with minor proportions of limestone and 
mafic volcanic rocks (Struik, 1988). iIn 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, 
approximately 25 ha of land adjacent to the lake are covered with 
the gold mine tailings to a maximum thickness 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 in the world; 
Mining activities continued until the 1950's, and there' are 
currently no operating mines in the vicinity, The oldest rocks in 
the Cobalt area are Archean volcanics and interflow sediments 
containing pyrite, pyrrhetite, chalcopyrite, sphalerite and galena. 
The silver deposits occur in fractures, faults and joints which 
vary in width from a few millimetres to as much as 1.2 m jDumaresq, 
1993).
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Plant collection, preparation ?ndanalYsis '

. 

Ten species of lower vegetationi and leaves, needles and 
branches of ten species of treeg (Tables 2 and 3) were collected at 
the tailings and along creeks and lakes at different distances from" 
the tailings in Wells, B.C-, in August, 1992 (Azcue and Mudroch, 
1993). At the Cobalt area, dominant.species growing on the tailings 
were collected in August 199$. The selection of all vegetation 
samples followed a random sampling pattern with the objective to 
collect representative samples of the plant species and their 
organs - 

_ 
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Concentrations of trace elements in tailings and soils were 
generally several orders of magnitude greater than in the plants. 
Therefore, the risk of potential contamination is very high when 
determining concentrations ofmtrace~elements in plants and the 
cleaning stage become critical (Azcue, 1995; Azcue and Mudroch, 
1994). Consequently, immediately following collection, all plants 
were washed with lake water, placed in plastic bags and transported 
to the laboratory. Once in the laboratory, plant roots were . 

separated from the above-ground-biomass (i.e., stems and leaves). 
To obtain maximum homogenization, plant materials were cut into 
small pieces which.were thoroughly mixed and dried to a constant 
weight at 70%: in an oven. Dried samples were homogenized and 
pulverized to approximately 177 um in a Wiley mill equipped with 
stainless steel blades. The digestion of the samples was carried 
out by acid digestion with concentrated HCl:HNO3 (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 heating. The Teflon beakers were covered 
with Teflon lids to protect the sample from contamination while 
allowing gas to escape. The samples were digested in"a microwave 
oven (Floyd, Inc. Model RMS 150). The microwave digestions followed

4



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 
remaining contamination or leaching of soluble elements during 
washing. The presence of titanium was used as a control of the 
cleaning procedure. Titanium, although present 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 less 
than the levels-in the tailing samples (average 1,440 ug.g4)Q Q 

soil and tailinqs analysis 

Soil and tailing samples (at approximately 15 cm depth) were 
collected within the plants sampling sites; Five to ten samples 
were collected sat each. plant vsampling site.‘ The samples were 
thoroughly mixed, placed in plastic containers, transported 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 elements (Al, Ba, Ca, Cr, Cu, Fe, 
, 

- 
' 1 

K, Mn, Pb, 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

N o\° mg.IF of the trace elements in a solution of HNO3 (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 2704] were used in the quality control; 
Subsamples of the certified reference material were digested with 
the same acid mixtures used for the samples. _ 

RESULTS D DISCUSSION AN 

The chemical compositionlof 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 summarizes the total 
concentration of the trace elements in the tailings and soils from 
the Cariboo region and Cobaltgarea. The concentrations of most 
trace elements in the tailingsflin both study areas were elevated 

, 

_ . and similar to those from other mine—impacted areas (Salomons and 
Forstner, 1988). The tailingsifrom the Cariboo region are the 
product of gold milling and ektraction. Therefore, they contain 
elevated concentrations of As and Hg (Table 1). On the other hand, 
the tailings of the Cobalt afea are-the product of mining and 
production of different metalsi-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 
~ 

- 

; 

, \ colonize one part of the exposed surface area of the tailings in 
Wells, B.C. The other part of the tailings surface was covered with 

1 
1

Y approximately 30 cm of fill maaerial, including sand, gravel, and 
glacial till to prevent generation of dust and transport of 

'

\ contaminated tailing particles. The untreated zones have been 
colonized mainly by metal—tolerant 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 
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area. Ten different plant species of lower vegetation collected 
from the surface of the mine tailings and alonq 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 veqfitation 
(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 responsible 
for the maintenance of definitive osmotic relations within the cell 
metabolism (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, Cd, and Pb, were present in considerably greater 
concentrations than natural levels. Arsenic was present at 
relatively high concentrations in all plant species‘ of lower 
vegetation, reaching 36.8‘ pg.g“ in beaked sedge plants, which 
represents 360 times greater concentrations than the typical 
natural levels. The concentrations of trace 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 preferential accumulation of certain trace elements. in 
beaked sedge, the concentrations of As, Fe and Pb were consider-ab-ly'

G 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 they same plant 
species did not show any relationship with-those in the tailings in 
which they were growing. 
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0 Table I3 summarizes the oncentrations of major and trace 

elements in higher vegetation growing on the tailings andgadjacent 
areas of the abandoned gold mine in Wells, B.C. and the Cobalt 
mining area. The concentrations of Hg (not shown in the table) were 
below the detection limit in ali collected plant material. The only 
exception was 0.5 pg Hg.g“ in the bark of Engelman spruce growing 
on the tailings at Wells, B.C.‘The same spruce specimen contained 
the greatest concentration qf§Au, with maximum concentrations of 

g\ 

103 ng.g* in ~the bark. Mean concentrations in twig samples 
collected in areas where the concentrations of Au were elevated in 
surface waters, was 1.5 ng.g*. The greatest concentrations of As 
was found in the Engelman spruce tree growing on the tailings. Bark 
and twig samples from the spruce contained over 40 ug.g4 As, and 
those in the twigs or the same species growing on the shores of 
Jack of Clubs Lake and Willow River ranged from 0.1 to 0.Q pg.g4. 
Further, the twigs of"a nearby fir tree contained up to 10 ug.g“ As 
(Table 3). The relatively large ranges in the concentrations of As 

‘
. 

in the trees growing in the tailings most likely reflected the 
heterogeneous/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 Engelman spruce twigs collected at all 

. \ , locations (ranges from 0.1 to 1,5 ug.g“ Cr, <0;3 to 2.8 pg.g4 Cu, 
<2 to.5 pg.g* Ni, and 58 to 10¢ ug.g* Zn). Generally, the samples 
of the willow trees showed very low uptake of the trace elements. 
Cadmium and Co levels were considerably elevated in all plants 
species collected in the Cobalt‘mining area, reaching 20.6 pg.g4 of 
Cd in the-twigs of European white and 26 ug.g* in the leaves of 
Douglas maple (Table 3). The results indicated the uptake of trace 
elements by Douglas maple trees. 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 theitree.

. 
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n In addition to the aesthetical 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, for instance, that to produce 1 kg of dry matter, an 
alfalfa (Medigo sativa) plant transpires more than 800 kg of water 
(Northen, 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 Gr, Cu, and Ni than the higher plants (Table 4). 
Accumulation factors of As >O.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 general, deep rooted plants (beaked sedge) accumulated 
greater concentrations_of trace elements. Decomposition of plant 
residues enhances the development of an oxygen—consuming barrier 
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 
HIGHS . 
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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 iof 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 organv of preferential accumulation of trace 
elements and may act as a detoxification mechanism for the plant. 
Elevated concentrations of ;some noneessential elements in 
vegetation growing on the tailings in Wells, B.C. and the Cobalt 
mining area in Ontario, indicated that terrestrial vegetation can 
play an important role in the mobilization and transport of trace 
elements into the surrounding ecosystems. ' 

In summary, the main advantages of revegetation of abandoned 
mine areas are: ' ii 

_

' 

— aesthetical, establishment of a permanently stable landscape; 
— minimization of erosion and dust emission from tailings;

v 

- minimization of yacid drainage, and’ seepage by intercepting 
precipitation and water absorption by the roots;- e » 

- formation of an oxygen-consuming barrier by decomposing plant 
residues which prevents oxidation land solubilization of trace 
elements present in the tailings. . 

, 

,

- 

r
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The disadvantage of growiJg plants on the tailings may be the 
accumulation of toxic trace elements in different plant organs, as 
shown in this study, and their potentialf effects on wildlife 
consuming the plants. Consequently, the bioavailability of trace 
elements in the plants needs to be assessed. on the other hand, the 
selection of plants which do not accumulate trace elements and can 
be planted on the tailings should be considered. The results of the 
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study indicated~the need for the development of a list of plant 
species occupying abandoned mine tailings, and assessment of the 
uptake of trace elements by individual'p1ant species., . 
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