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Abstract

In this work the re-fixation of mobilized copper (Cu) that was released from a deactivated pilot Cu ore dressing plant in the tropical rain forest at
Southeastern Amazon (Carajas) was studied. Samples of top soils, decay leaf litter deposited on soils, roots and leaves of standing biomass were
taken for the determination of Cu concentration in order to evaluate the distribution of it between different environmental compartments. In the
sampling points near to the now extinct plant, total Cu concentrations in the soil reached an average value of 2140 wg g~! above the natural level
of about 40 g g~!, being that bioavailable Cu estimated by DTPA method varied from 1.9 to 20.7% of this total. From the data was possible to
calculate that the soil compartment is able to hold around 10 kg Cu/m? of ground. Roots of the standing biomass in that area hold around 17 g Cu/m?,
while the Cu content in leaves showed to be largely independent of the Cu level in the soil. Copper in the leaves was estimated as around 1 g/m>
of ground area. In turn, the decay leaf litter deposited on soil can hold about 1.6 g Cu/m?. The terrestrial system surrounding the abandoned pilot

plant demonstrated great buffer capacity to retain mobile Cu released by anthropogenic activities in the area.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Nowadays, mining activity is one of the most prominent
sources of metals releasing to the environment. During mining
operations such as exploitation, ore processing and concentrat-
ing, wastewaters and mine tailings are generated, while great
amounts of dust containing significant concentrations of metals
are emitted. These activities lead to a great contamination of the
surrounding environment resulting, in the most times, in consid-
erable damage for human beings and ecosystems located near
to the mining site [1].

Literature reports several cases of environmental pollution
due to mining operations for exploitation and processing of dif-
ferent ores [2—13]. Some of these cases involve the releasing
of copper (Cu) to the environment. Macklin et al. [2] reported
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the releasing of Pb, Zn, Cu and Cd to tributaries of Tisa river,
in Romania, due to the failure of two mine tailings between
January and March of 2000. Because of transportation by the
river system, high concentrations of metals achieved waters and
sediments of rivers in Hungary and Ukraine.

Samecka-Cymerman and Kempers [3] studied the pollu-
tion of water, sediments and aquatic macrophytes of Legnica-
Glogow district, in Poland, due to the operation of a Cu mining
industry for 30 years (1953-1983). The results reported by
authors showed that besides Cu, great amounts of other 11 metal-
lic elements were released to the aquatic system near the factory,
increasing the concentration of metals in aquatic plants even to
levels higher than those considered as toxic.

Ramirez et al. [4] investigated the contamination of a sandy
beach in Chile due to Cu mining activities. Several metals were
found as contaminants and their maximum concentrations were
verified in the area near the discharge point. Copper concentra-
tions ranged from 746 to 22,739 g g~! and levels lower than
background were only observed in the control site. Also in Chile,
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Fig. 1. Salobo 3A region with the sampling stations utilized in this work.

environmental pollution was observed because of exploitation
of a Cu—Au-Hg mine. Although in this location (Coquimbo,
Punitaqui and Andacollo) Hg seems to be most important con-
taminant, the levels of Cu in the stream sediments of the region of
Andacollo achieved concentrations as high as 2200 pgg~! [5].

Here in Brazil, the exploitation of Cu has already caused soil
pollution in the poor Northeastern region of the country. An
inhibition of growth of native plants of the region was reported
and attributed to high concentrations of Cu found in the soils [6].

The Carajas area in the Southeastern part of the Amazon
region holds big Cu ore deposits which shall be explored in the
near future. The area is now a natural reservation region. From
1986 to 1988, a pilot scale plant was operated there processing
around 80 tonnes/day of ore, including flotation, to study condi-
tions for Cu production and the environmental effects of large
scale mining in the area.

The goal of this work was to investigate the amounts of Cu
mobilized during operation of the pilot plant and its retention in
the terrestrial environment that surrounds the pilot plant, which
is a typical tropical rain forest. Samples of soils, roots, leaves
and decay leaf litter deposited upon soil were taken and ana-
lyzed in respect to their Cu content. The sampling stations were
chosen in order to show Cu distribution in the highly polluted
area around the former pilot plant activity, its periphery and in
areas sufficiently far away to be undisturbed.

2. Characteristics of the studied area

The Serra de Carajés is a chain of mountains located at the
Southeastern part of the Amazon region. In the region, the main

interest for Cu mining is focused on an area called Jazida do
Salobo, which holds an estimated amount of 1200 million metric
tonnes of Cu in an area of about 250 km?. The climate is trop-
ical with pronounced seasons: November to May bring about
90% of the total annual precipitation (average precipitation is
2116 mm/year), while June to October are dry months. Average
temperatures are between 19 and 35 °C.

The vegetation of the region is formed by a large variety
of trees, among which Lacre (of the family of Gutiferas) is
clearly predominant. The area is drained by a dense river sys-
tem (Cinzento and Salobo) which leads the waters finally to the
river Itacaiunas. The limits of the studied area are 5°46/42" and
5°48'12"S and 50°31'24” and 50°33/41”W, called the mining
area Salobo 3A (Fig. 1).

Copper ores found in the area show a close relationship
between their iron content and that of other metals present such
as Mo, Au and Ag. The principal ores are magnetite, bornite,
chalcosite and chalcopyrite. Lesser amounts of hematite, saf-
florite and cobaltite are also present [14].

The soils of Salobo 3A show, in general, the following struc-
ture: 10-30 cm organic detritus and humus, roots and sometimes
a fraction of quartz sand (O horizon). Below this organic surface
layer, down to 60 m, there is a clayish soil without structure of
lighter or darker brownish color (A horizon), which represents
an altered surface rock containing copper in high concentra-
tions (0.3—1.2%) bound to goethite, limonite, mica and clays that
overlays the main reservoir of copper sulfides. The soil mineral-
ogy is dominated by quartz, kaolinite, plagioclases, amphiboles,
biotite, montmorinollites, chlorites and K-feldspar [15]. Water
table is, except aside rivers, 2—4 m below surface.
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As mentioned before, a pilot plant for testing process param-
eters and the degree of leakage of Cu into the environment
was operated during 1986-1988 with a capacity of process-
ing of around 80 tonnes of ore per day. The process included
the following steps: ore extraction from nearby sites, grinding
the material to particle sizes of less than 37 wm, flotation with
additives such as methyl-isobutyl carbinol and/or polyglycolic
alcohols, sodium silicate, sodium thiophosphate diisobutyl or
sodium dithiophosphate diisoamyl. This work was only focused
on the terrestrial environment pollution by Cu.

3. Experimental
3.1. Sampling

Sampling points were chosen to demonstrate the variation of
the Cu concentration in the terrestrial environment with increas-
ing distance from pollution sources. Their locations and number
were elected due to the facilities, in terms of physical structure,
already present in each site as well as because their distances
from pollution sources. As potential pollution sources were con-
sidered the site of the pilot plant and the dumping pit of the
discharged material after flotation which, due to its fine particle
size, seems to offer best conditions for mobilization of any metal
content. The sampling was performed at the end of dry season,
on November of 1994.

Samples of soil, decay leaf litter deposited upon soil (which
was principally leaves in various stages of decomposition), roots
and leaves from standing biomass (Lacre, from the family of
Gutiferas) were collected at each point. The leaf index (m? of
leaf area per horizontal m? of soil) [16] at the sampling site was
estimated and the type of trees nearest to the sampling point was
determined from which the leaf samples were taken.

Sampling sites P1, P2, P3, P4, P5 and P6 were considered
close to the extinct pilot plant; P7, P8, P9, P10, and P11 are at
about 3 km distance from the site of the pilot plant. Samples at
P12 site were taken at the foot of the damping pit that holds
the material dumped from the flotation. The area of sampling
points P13 and P14 can be considered, due to their topography,
as unaffected by the pilot plant activity. They are separated from
the Salobo river valley by a chain of mountains.

3.2. Materials and methods

3.2.1. Materials and reagents

All glass and plastic flasks used along the experimental work
were decontaminated according to Patterson and Settle [17].
They were soaked sequentially in 5% neutral Detertec (detergent
containing EDTA, Vetec, Rio de Janeiro Brazil) for 24 h, 50%
(v/v) HNOj3 solution for 24 h and then 10% (v/v) HNO3 solution
also for 24 h. Between and after each step, the materials were
rinsed with purified water obtained in a Milli-Q Water System
(Millipore, Saint Quentin Yvelines, France). All reagents and
acids were of analytical grade and used without further purifi-
cation.

For Cu measurements, a Perkin-Elmer 3100 flame atomic
absorption spectrometer was employed. The spectrometer was

equipped with a hollow cathode lamp for Cu, operating with a
current of 30 mA. A slit width of 0.7 nm and a wavelength of
324.8 nm were adjusted and the atomization was carried out with
a lean blue air-acetylene flame. A detection limit, in solution, of
55ng ml~! was calculated for the FAAS method. This detection
limit showed to be enough to determine Cu concentrations in all
samples analyzed during work.

For pH measurements an Analyzer 300 (Sao Paulo, Brazil)
potentiometer was employed together with a combined glass
electrode from the same manufacturer.

3.2.2. Collection

Superficial soils (upper 20 cm) were collected by using a plas-
tic scoop. They were conditioned in plastic bags that were sealed
just after air removing. The material was carefully maintained
at 4 °C until analysis in the laboratory.

Leaves were taken as high as reachable. They were handled
by using sterilized plastic gloves. They were also conditioned in
sealed plastic bags without air and maintained at 4 °C until anal-
ysis in the laboratory. The same was performed for the collection
of decay leaf litter on soil.

Roots were also collected with a plastic scoop and suffered
the same conditioning procedure used for soils and leaves.

3.2.3. Pretreatment of samples [18]

After transportation from the field to the laboratory, the soils
were kept out of refrigerator until achieve room temperature.
Then the aggregated particles of the soil samples were carefully
broken with the aid of a wood roll in order to release individual
particles of the soil. Afterwards, the disaggregated soils were
dried in a stove at 50-55 °C. The dry soil was then sieved with a
plastic device with 1 mm pore diameter (nine mesh). The dried
and sieved soil samples were utilized in the analysis described
in Sections 3.2.4, 3.2.5, 3.2.8 and 3.2.9.

The samples of leaves and roots were dried in a stove at
105 °C. They were then triturated in an agate mortar before anal-
ysis. Triturated samples of roots and leaves were employed in
the analysis described in Section 3.2.10.Decay leaf litter samples
did not suffer any pretreatment. Only the solid particles present
on their surfaces were removed with a soft brush before their
analysis, which is described in Sections 3.2.6 and 3.2.7.

3.2.4. Determination of the pH of the soil samples

The determination of soil pH was performed according to the
procedure recommended by Sumner [19]. In this procedure, 10 g
of treated soil sample (according to Section 3.2.3) was mixed
with 25 ml of 0.010 mol 1~! CaCl, solution. After vigorous stir-
ring during 5 min, the suspension was left to stand during 30 min
to promote deposition of the particles. Then, the pH of the super-
natant was measured by immersing the previously standardized
electrode into the solution.

3.2.5. Determination of available copper in the soil

This procedure was carried out according to the recommenda-
tions of Lindsay and Norvell [20]. For the evaluation of available
Cu present in the soils, 5 g of the treated soil (according to Sec-
tion 3.2.3) sample were placed in a 125ml erlenmeyer flask
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and then 20ml of the extraction solution (1.9 g DTPA, 1.5¢g
CaCly-2H,0, 15 g triethanolamine; in 11 of pure water) were
added. After 2 h of shaking, the suspension was filtered and Cu
in the filtrate was determined by FAAS, after suitable dilution
when necessary.

3.2.6. Determination of copper fixed on the surface of
decay leaf litter

In order to determine the amount of copper deposited on the
surface of decay leaf litter, an adapted form of the extraction
method used for available Cu determination in soils (Section
3.2.5) was employed. In the procedure, 0.45 g of the dead organic
material (not dried and triturated) was mixed with 20 ml of the
extraction solution. The mixture was shaken for 2h and, after
filtration, the concentration of Cu in the extract was determined
by FAAS.

3.2.7. Determination of total copper in the decay leaf litter
[18]

The determination of total copper in the decay leaf litter
was done by total dissolution of the material that passed in the
treatment described in Section 3.2.6. For this purpose, around
0.25-0.30 g of the decay leaf litter were mixed with 15 ml of
concentrated HNO3 and left to stand during 48 h. After this,
the mixture was heated until the solution gets clear. Then,
2ml of concentrated HC1O4 were added and the solution was
heated again until near to dryness. The residue was then dis-
solved in 25ml of 1 mol1~! HNOj3. Before the determination
of Cu by FAAS, the solution was filtrated to remove eventu-
ally present silica. Total Cu in the decay leaf litter was derived
by the sum of the Cu concentration obtained in this experi-
ment with that obtained in the experiment described in Section
3.2.6.
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3.2.8. Determination of percentage of organic matter in the
soil [18]

For the determination of organic carbon in the soils around
of 0.5¢g of dry soil free of decay leaf litter were mixed with
10 ml of a 0.10 mol 1~ K,Cr,07 solution and 10 ml of concen-
trated HySOy4. The resultant suspension was heated mildly for
10 min and, after cooling down to room temperature, 80 ml of
pure water, 1 ml of 85% phosphoric acid and five drops of a0.5%
diphenylamine solution were added. The final mixture obtained
was titrated with a standardized 0.2 mol 1! Fe(II) solution until
color change from green to blue. The amount of organic matter
in the soil was calculated as:

Organic matter (%) = organic carbon (%) x 1.724

3.2.9. Determination of total copper in the soil [18]

Dry soil material was ground in an agate mortar. Then, around
0.2 g of the soil was weighted in a plastic beaker and 5 ml of con-
centrated HNO3 were added. After mixture standing overnight,
the acid was vaporized by a careful heating. Then, 2 ml of 70%
HClO4 and 8 ml of 48% HF were added, followed by heating
until white smoke of HC1O4 appeared. After this, 1 ml of 70%
HCIO4 and 7 ml of 48% HF were added again and heated again
near to dryness. The obtained residue was then dissolved in 50 ml
of 1 moll~! HNOj solution and, after filtration, Cu was deter-
mined in the obtained solution by FAAS.

3.2.10. Total copper in leaves and roots [18]

Sample masses employed in the determination of copper var-
ied between 0.75 and 1.40 g in the case of leaves and 0.10-3.2 g
for roots, according to the expected concentration of copper in
each sample. Samples were ignited at 450 °C in a muffle fur-
nace for one night. Then, 13 ml of concentrated HNO3 were
added to the solid residue and the suspension was transferred

Table 1

Results found after three independent analysis of soils, roots, leaves and decay leaf litter collected at Salobo 3A, Carajds, in the Amazon region of Brazil (nd =not

determined)

Sample Total Cu in Available Cu in pH Organic matter Total Cu in decay Cu on the surface Cu in roots Cu in
soils (ngg~1)? soil (ugg=")»P content of soil leaf litter of decay leaf litter (ngg™h? leaves

(%)* (ngg™ e (hgg™ " (nge™")

P1 1200 168 (14%) 5.79 0.43 nd nd 810 57

P2 1300 185 (14.2%) 5.55 2.84 166 63 1000 32

P3 2600 242 (9.3%) 5.59 nd 99 57 1590 41

P4 7600 1110 (14.6%) 5.31 3.81 nd nd nd nd

P5 960 31.7 (3.3%) 4.17 1.41 71.9 9.9 785 345

P6 1600 30.4 (1.9%) 4.84 1.26 87 48 830 31

P7 340 16.3 (4.8%) 4.38 2.12 79.5 19 180 24

P8 100 4.7 (4.7%) 391 1.24 43 5.1 48 24

P9 48 1.6 (3.3 %) 4.55 1.48 15.8 35 nd nd

P10 400 15.6 (3.9%) 5.05 4.07 18.7 49 nd 42

P11 36 1.0 (2.8%) 5.38 391 14.7 3.7 nd nd

P12 480 11.5 (2.4%) 4.99 3.86 68.9 9.3 nd 42

P13 31 4.5 (14.5%) 3.59 2.00 17.7 5.8 nd nd

P14 42 8.7 (20.7%) 4.46 2.52 20.5 53 110 20

2 Results expressed in a dry weight basis.

b Between parenthesis is the percentage of available Cu in relation to total Cu in the soil.

¢ Results expressed in a wet weight basis.
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to a beaker. After standing overnight, the following heat treat-
ment was applied to the mixture (with the beaker closed with
a glass lid): 15min at 100°C+15min at 150°C+ 15 min at
200 °C. After cooling down, 13 ml of 70% HCIO4 were added to
destroy completely the rests of organic material and the system
was heated again to 200 °C until solution gets clear. Then the
lid was removed and the solution was heated near to dryness.
The remained solid was dissolved with 50 ml of 1 mol1~! HNO3
solution and Cu was determined by FAAS in the final solution.

4. Results and discussion
4.1. Copper in the soils

The region of Carajas is known to have mineral soils with
low content of organic matter. This statement was confirmed by
the analytical results obtained for the soil samples (Table 1),
with the content of organic matter ranging from 0.43 to 4.07%
(excluding the amount of dead organic upon soil). These values
could indicate that the complexing capacity of the soils of the
Salobo region is low. Additionally, the measured pH for such
soils varied between 3.79 and 6.03 with an average value of
5.13 £0.67, characterizing them as strongly acid soils, which
favors the releasing of Cu in the ionic form to the soil solution,
increasing its mobility in this compartment. In face of these con-
ditions, it would be expected that the transport of Cu through
terrestrial environment could be enhanced, leading to high con-
centrations of total Cu in the river system that surrounds the
region under study. However, this is not really true as related
by Damous et al. [15] that found concentrations of only around
20 wg 17! of Cu(Il) in the river waters in the vicinity of the pilot
plant. These data suggest that there is a buffer mechanism for
Cu releasing in the terrestrial environment of the region.

In order to identify the pilot plant as the potential source of
copper pollution, the total content of this metal was determined
in the soil samples. The obtained results allowed to divide the
sampling sites into a heavily polluted area (stations P1, P2, P3,
P4, P5 and P6), which presented an average Cu concentration in
the soil of 2180 wg g~ !; a partly polluted area (stations P7, P8,
P9, P10, P11 and P12) with an average Cu concentration in the
soils of 234 g g~ ! and a region which was evidently unaffected
by the activity of the pilot plant (stations P13 and P14) with an
average Cu concentration of 36.5 wg g~!. Copper levels in these
areas differ from each other by roughly a factor of 10 and are
clearly related to the distance from pilot plant, indicating that
those levels above the natural background are man-made.

The extractable Cu from soils by DTPA (supposed as avail-
able copper for plants) varied between 1.9 and 20.7%, with an
average value of 9.2%. Although the determined percentage of
available Cu was low, it was possible to identify that the amount
of Cu released for plants is high, because of the high total con-
tent of Cu in the soils, especially in the vicinity of the pilot
plant. There was no observed correlation of these values with
the organic matter content of the soil, which was also low.

How Cu level in the soil nearest to the pilot plant presented an
average value of around 2140 ug g~ ! above the presumable nat-
ural level of around 40 wg g~', it was assumed that the amount
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Fig. 2. Relation between total Cu in the soils and Cu on the surface of decay
leaf litter. Correlation coefficient equal to 0.709.

of metal released for the environment during Cu ore processing
was huge. Taking this number into account and considering that
remarkable amounts of released metal did not reach the aquatic
system, the total capacity of this absorber compartment was esti-
mated to be around 10 kg Cu/m?, if it is taken an effective depth
of the order of 1-2m.

4.2. Copper in the decay leaf litter

The total Cu content in decay leaf litter reflected again the dif-
ferent levels of pollution and leads to the same classification of
the sampling areas exposed in Section 4.1. The average values
are 106 +42 ugg™" (heavily polluted areas), 40428 ugg™!
(partly polluted) and 19 4 2 g g~ ! (natural background). A sig-
nificant correlation of 0.709 was found between total Cu in the
soils and the total Cu in the decay leaf litter (Fig. 2). The same
could be observed between total Cu in the soils and Cu on the
surface of decay leaf litter (Fig. 3) with a correlation coefficient
of 0.871, indicating that some of Cu present (natural and/or dis-
pensed) in the soil is in fact proportionally transferred to the

a3

‘a_.; 60
$2.
. T = =

3000 £5. 70
A3 g = I

o 2500 R %0 o

= ] 3 & 10 i ® O
= 5.3 L50 Q €
£ 20004 I 17 2 0
'a 1 o 500 1000 1500 2000 2500 3000 _—
] Total Cu in the solls (1g g™') r40 o o=
2 1500 L83
S ] L30 5
= | &Fc
< 10004 S5
a r20 = &
s 500 [ &
i} b L [(+ 3 ~]
5 10 A

0 o —=Total Cuin the soils Lo
—0o—Cu on the surface of decay leaf litter

Fl’2 Fl'3 Plﬁ F:G F:T F;B F;Q PI1UPI11PIW2PI13PI14
Station

Fig. 3. Relation between total Cu in the soils and Cu on the surface of decay
leaf litter. Correlation coefficient equal to 0.871.
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Fig. 4. Relation between log total Cu in roots with log available Cu in soils (@)
and log total Cu in the soils (). Correlations coefficients are 0.931 and 0.971,
respectively.

decay leaf litter. It is possible that this occur during flooding,
with Cu(Il) ions being released from soil (acidic and with low
complexing capacity) to the solution and then complexed by
organic matter in different stages of decomposition present on
the surface of the decay leaf litter.

As the same way for soils, it was possible to estimate the total
Cu content stored in the decay leaf litter of the region from Cu
concentrations determined in this work. Taking into considera-
tion that there is around 2-2.5% of decay leaf litter on the soil,
a total amount of 12-15kg of decay leaf litter per m? can be
attained for the soil of the region. Employing the pollution level
in the heavily polluted area (106 pgg™!), an estimated mass
of 1.3-1.6 g Cu/m? is fixed in this compartment. This value is
really low when compared with that estimated for the soil, which
is able to store around 10 kg Cu/m?. However, due to the signif-
icant correlation between total Cu concentration in the soil and
total Cu in the decay leaf litter, we can assume that the decay
leaf litter can be considered as a suitable monitor for evaluation
of Cu level in the terrestrial environment of Salobo region.

4.3. Copper in the standing biomass

The concentrations of Cu in the roots of the standing biomass
corroborate the hypothesis raised before that the amount of
Cu released to the terrestrial environment of Salobo was high.
Analyzing the data obtained for samples collected in areas con-
sidered almost unaffected and totally unaffected by pilot plant
operations (P7, P8 and P14) it is possible to assume that the
natural level for the region is around or below to 100 ugg™'.
However, in samples collected in areas near to the plant (heavily
polluted areas), Cu levels raised substantially reaching concen-
trations always greater than 785 g g~ ! with an average value of
1003 pgg~!. As expected, remarkable correlation coefficients
were observed between log of the concentration of Cu in roots
versus log of the available Cu in the soil (0.931) and versus log
of the total Cu in the soil (0.971) (Fig. 4).

Mature biomass in tropical rain forest has about 9 kg of root
system per m? [16]. This gives, again calculated for the heavily

polluted area, 17 g Cu/m? in this compartment. In terms of leaves
of the standing biomass, the data obtained for Cu concentrations
showed that there is no noticeable correlation between leaf Cu
content and the Cu concentration in the soils. This indicates that
the level of Cu in the aerial parts of the plants is limited to a
maximum value and it is independent of Cu concentrations in
the soil. Such limits were 57 g g~ ! in the heavily polluted areas
(mean value of 39.1 wg g =) and 42 pg g~ in the partly polluted
areas (mean value of 30 wg g~ !). The natural level seems to be
around 20 pg g~

Leaf indexes for the area were estimated to range between 5
and 10 m?/m?. This value is in good agreement with literature
data which gives arange from 6 to 16 [16]. Taking such data into
account, it was possible to evaluate that this compartment retains
about 1 g Cu/m? of area, but its content is rather independent of
the copper level in the soil.

5. Conclusions

Data obtained in this study showed that there is no doubt
that the dressing of copper ores released mobilized metal to the
environment. The terrestrial environment seems to represent a
buffer system for mobile Cu, and the absorbing compartments
are soil, decay leaf litter and standing biomass (especially its
root system). The amount of Cu fixed in these compartments
increases with a rising level of mobile Cu in the soil. However,
it was not possible to measure what is the actual capacity of this
system to retain mobilized Cu if a large scale production starts
up and what will be the effect of the high Cu concentrations on
the standing biomass of the region.

As mentioned before, the environment in that tropical rain
forest represents an effective buffer system for man-made mobi-
lized copper. The soil presented greatest capacity to hold Cu,
which could be estimate as being the order of 10kgCu/m?
of area. The root system of the standing biomass fixes about
17 g Cu/m? under a pollution level, which existed in the imme-
diate environment of the pilot plant, while decay leaf litter and
the leaves of the standing biomass play a minor role. The results
obtained in this study support the hope that the high binding
capacity of the soil and the relatively small percentage of avail-
able Cu for plants can prevent that the pollution becomes toxic
for the standing biomass.
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