
RESEARCH ARTICLE

Study on adsorption and remediation of heavy metals
by poplar and larch in contaminated soil

Xin Wang & Youngfeng Jia

Received: 3 September 2009 /Accepted: 13 February 2010 /Published online: 26 March 2010
# Springer-Verlag 2010

Abstract
Introduction Field experiments at the Shenyang Experi-
mental Station of Ecology were conducted to study the
adsorption, accumulation, and remediation of heavy metals
by poplar and larch grown in artificially contaminated soil.
Materials and methods The soil was spiked with a
combination of Cd, Cu, and Zn at concentrations of 1.5,
100, and 200 mg·kg−1, respectively.
Results The results showed that the biomass of poplar
(Populus canadensis Moench) was lower by 26.0% in the
soil spiked with a mixture of Cd, Cu, and Zn, compared
with the control. Concentrations of Cd in poplar leaf and
Cu in poplar roots in the treated soil were 4.11 and
14.55 mg kg−1, respectively, which are much greater than in
corresponding controls. The migration of heavy metals in
woody plant body was in the order Cd > Zn > Cu. Poplar
had higher metal concentrations in aboveground tissues and
a higher biomass compared with larch of the same age and
therefore is potentially more suitable for remediation. In the
heavy metal-polluted soil of this study, phytoremediation
by poplar may take 56 and 245 years for Cd and Cu,
respectively, for meeting the soil standards of heavy metals,
and the corresponding phytoremediation times by larch
would take 211 and 438 years.
Conclusion The research findings could be used as a basis
to develop ecological engineering technologies for environ-
mental control and remediation of pollution caused by
heavy metals in soils.
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1 Background, aim, and scope

With an increase in metal mining, smelting, and sewage
sludge application to land, more and more toxic metal
ions are polluting the soil (Jamali et al. 2007a, b). The
heavy metals causing most concern include Cd, Pb, Zn, Cr,
Cu, and Ni. When present in high concentrations in soil,
these metals cause toxic effects on plants, reducing their
growth (Shah and Dubey 1998; Agrawal and Sharma
2006). Bioaccumulation of such toxic metals in the plants
may also pose a health risk to humans and animals (Wang
et al. 2003).

The remediation of soil polluted by heavy metals may
take a very long time, often hundreds of years (Alloway
1995). Generally, removal of excess heavy metals from
contaminated sites is brought about by chemical, physico-
chemical, or biological approaches. The remediation by
chemical and physical methods is not only expensive but
also may cause the destruction of soil structure and reduce
bioactivity and fertility in the soil (Dermont et al. 2008).
The biological approach (phytoremediation) is environmental
friendly, is cost effective and energetically inexpensive, and is
highly acceptable to the public. Therefore, it has received
significant worldwide attention during the last decade
(Cunningham et al. 1995; Terry and Banuelos 1999;
Vangronsveld and Cunningham 1998; Guerinot and Salt
2001; Pilon-Smits 2005).

Many plant species in the genera of Thlaspi, Alyxia,
Astragalus, Phyllanthus, Ipomoea, Haumaniastrum, and
Alyssum are the heavy metal hyperaccumulators that can be
used for phytoremediation (Lasat 2002). Among them, Zn/Cd
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hyperaccumulator Thlaspi caerulescens has been widely
studied as model plant (Milner and Kochian 2008; Liang
et al. 2009). Alyssum hyperaccumulator species for Ni
phytoextraction have been developed into a commercial
phytomining technology (Chaney et al. 2007).

For the phytoremediation of heavy metals, more popular
trees are Populus, Salix, and Birch worldwide (Zalesny and
Bauer 2007a, b; Unterbrunner et al. 2007; Mertens et al.
2006). Salix dasyclados has similar accumulation capabil-
ities and remediation effectiveness with hyperaccumulators
of Arabidopsis halleri and T. caerulescens (Fischerova
et al. 2006).

The woody plants have advantages for remediation of
heavy metal-contaminated soil because they can produce a
large biomass if fast-growing species were selected. They
also have a deep root system for remediating deep soil/
water depths.

Distribution depth of heavy metals in soil profile is
varied meanly due to the soil characteristics. Normally, the
exogenous heavy metals predominantly accumulated at
depths of 0–40 or 0–60 cm at arable land in some European
countries (Fernandez et al. 2008), if deep plowing can
accelerate migration, Cd displacing on average to about
0.7 m (Ingwersen and Streck 2006). In China, the famous
Cd pollution area occupies 1,825 ha in Shenyang; the
anthropogenic Cd is predominantly in 0–40-cm layer (Li
et al. 2009).

The deep roots of a plant are direct in contact with soil,
facilitating heavy metal uptake and accumulation. Woody
plants can therefore remediate polluted soil and prevent
heavy metals being transferred into the food chain.
Phytoremediation by trees can therefore reduce the pollu-
tion risks and protect soil-environmental quality. According
some reports, conventional remediation procedures cost US
$ 100,000–1,000,000 per hectare (Russel et al. 1991);
however, the cost of phytoremediation is estimated to be
considerably less at only US$ 60,000–300,000 per hectare
(Wolfe and Biornstad 2002).

Experimental studies on the responses of trees to metal
contamination in soil have been carried out (Vamerali et al.
2009; Komarek et al. 2007; Wisniewski and Dickinson
2003; Giachetti and Sebastiani 2006; Gonzalez-Oreja et al.
2008). Besides heavy metals, the fast-growing species like
genera Salix (willows and osiers) and Populus have also
emerged as the most efficient species for phytoremediation
of boron, PCBs, and naphthalene in contaminated soils
(Robinson et al. 2007; Liu and Schnoor 2008; Andersen
et al. 2008).

Little work, however, has been done on the use of
conifers such as larch for phytoremediation. Therefore in
this study, larch was selected as the subject of a
reconnaissance investigation. The objectives of this field
study were therefore to investigate the potential abilities of

poplar (Populus canadensis Moench) and larch (Larix
olgensis Henry) for remediation of soil contaminated by
mixtures of heavy metals (Cd, Cu, and Zn). The research is
intended to provide a scientific basis for comparisons of
these species for phytoremediation of heavy metal-polluted
soil in environmental protection and agricultural practice.

2 Materials and methods

2.1 Experimental site

A field experiment was conducted at Shenyang Exper-
imental Station of Ecology (41°31′ N, 123°41′ E, elevation
32 m above sea level), Chinese Academy of Sciences,
35 km south of Shenyang in northeastern China. The
annual mean temperature is 7–8°C, annual precipitation is
700 mm, and the frost-free period is 147–164 days. It is
located in a temperate zone with a subhumid continental
climate. The experimental field is about 500 m2, there are
12 tree experimental plots, and each plot is 24 m2 (4×6 m).

2.2 Tree test species

The two tree species grown in the field experiment were
poplar and larch, both common native tree species in the
north of China. They are inexpensive and hardy, and they
are not a food source for livestock so there is no risk of
livestock poisoning. Two-year-old poplar and larch seed-
lings were selected; in order to keep experimental variables
consistent within each species, poplar seedlings were
selected to be between 3.0 and 3.2 m, and larch were
selected between 0.6 and 0.8 m.

2.3 Soil properties

The soil type in the Shenyang Experimental Station of
Ecology, Chinese Academy of Sciences, is a meadow
brown soil (IFSS 1980). The physical and chemical
properties are shown in Table 1.

2.4 Pollutant selection

The pollutants selected in the study were a mixture of
Cd, Cu, and Zn contamination (hereafter referred to as
Cd+Cu+Zn treatment). The experimental concentrations
of these elements were based on the National Soil-
Environmental Quality Standard of China (NSEQSC; Xia
1996). The concentrations of Cd, Cu, and Zn were five,
two, and one times, respectively, of the maximum values
within grade B soil of the NSEQSC (grade B applies to
soil suitable for farm land, vegetable land, tea land, fruit
land, and grazing land). The heavy metal compounds
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added to the soil were CdCl2·2.5H2O for Cd,
CuSO4·5H2O for Cu, and ZnSO4·7H2O for Zn, all as
analytical reagents. The pollutant concentrations for the
metals are presented in Table 2. The chemical fractions of
Cd, Cu, and Zn in soils are presented in Table 3.

2.5 Experimental design

The field plot trial was carried out with two tree species
(poplar and larch). There were 12 plots (4×6 m), and each
plot had four trees (spacing 2×3 m). In the early spring of
2006, mixtures of Cd, Cu, and Zn were spiked into the
surface soil (0–15 cm) of six plots at the levels of 1.5, 100,
and 200 mg kg−1, respectively. The pollutants were
uniformly mixed with the soil and equilibrated for 2 weeks.
The design therefore provided three replicates of each
treatment. Two-year-old poplar and larch were transplanted
in May of 2006.

2.6 Sample collection and sample analysis

Surface soil samples were collected from each plot by
randomly taking five 15-cm deep soil cores (5-cm diameter)
in each plot. These soil samples were dried at 105°C,
ground to powder (to pass 100-mesh/in. screens), and
stored in brown paper envelopes until analysis. At the end
of the trial in autumn of 2006, the trees were harvested,
washed with tap water, and rinsed twice with deionized
water to remove any attached particles. Each tree was
separated into root, trunk, leaves, and branches; 1-kg
samples were taken for every fraction. Each tree tissue
sample was placed in a brown paper envelope and dried to

constant weight in ovens at 80°C before being subjected to
size reduction by plant grinder. The ground samples were
then air dried in preparation for analysis.

Basic physicochemical soil analyses (particle size, CEC,
etc.) were conducted according to the routine analytical
methods of standard methods of China (GB/T17140-1997).
Chemical fractions of heavy metals were analyzed by
Tessier’s method (Tessier et al. 1979). The plant and soil
samples were digested with a solution containing 87%
HNO3 and 13% HClO4 (v/v) and diluted with 5% HNO3 for
element analysis.

The concentrations of Cd, Cu, and Zn were determined
by flame atomic absorption spectrometry using a Hitachi
model 180-80 AAS spectrometer. Analytical quality control
was verified using an environment standard substance for
heavy metals from Environmental Monitoring Station of
China (GBW08501). The experimental data were analyzed
using the analysis of variance routine provided in SPSS
version 11.5, and the P value was used to assess the
statistical significance and quantitative differences.

3 Results and discussion

3.1 Effect of heavy metals in polluted soil on tree growth

Cu and Zn are essential elements for growth and develop-
ment of plants, but Cd is not essential. In the concentrations
treated, simultaneous pollution of these elements signifi-
cantly influenced the development of the trees. The biomass
of poplar root, trunk, branch, and leaf in trees subjected to
the heavy metal soil contamination treatment was lower

Table 1 Basic physical and chemical properties of control soil

Organic matter (%) pH (water) 1:10 CECa mol/cmolkg−1 Particle size (%)b

Sand Silt Clay

1.55 6.5 23.7 21.4 46.5 32.1

Note: Surface soil (0–15 cm) soil texture is medium loam
aMethod:1 M NH4 acetate-extractable cations with prewash
b Hydrometer methods, sand (0.02–2.0 mm); silt (0.002–0.02 mm); clay (<0.002 mm)

CEC cation exchange capacity

Table 2 Pollutant concentrations of heavy metals in the field study (milligram per kilogram)

Element Chemical source
for treatment

Control soil
(background value)

Cd+Cu+Zn mixture
added to soil

National standard
(level 2)

Measured values in
test soil

Cd CdCl2·2.5H2O 0.13 1.5 0.3 1.695

Cu CuSO4·5H2O 19.1 100 50 120.1

Zn ZnSO4·7H2O 49.8 200 200 263.4

Environ Sci Pollut Res (2010) 17:1331–1338 1333



than the control (Table 4). As the heavy metal concentration
in the soil was close to or exceeded the National Soil-
Environmental Quality Standard, the poplar growth was
inhibited by heavy metals in the soil. Poplar biomass with
the Cd+Cu+Zn treatment was reduced by 26% compared
with the control (significant difference P<0.05). This is in
accord with results of Huang et al. who had described that
poplar biomass evidently declined in heavy metal-polluted
soil (Huang et al. 1989).

The root and trunk biomass of larch in the Cd+Cu+Zn
treatment was significantly increased compared with the
control. However, the branch and leaf biomass of larch in
the treatment was significantly lower than the control.

The weight of trunk, root, branch, and leaf of poplar
occupied 64.5%, 15.8%, 15.5%, and 4.2%, respectively of
the total weight in the Cd+Cu+Zn treatment trees, and the
trunk, root, branch, and leaf weights of larch occupied,
respectively, 39.3%, 23.0%, 27.1%, and 10.6% of the total
weight in the Cd+Cu+Zn treatment trees. The aboveground
tissue biomass (i.e., the sum of biomass for trunk, branch,
and leaf) of poplar was therefore 84.2%, and the above-
ground tissue biomass of larch was 77.0%. The aboveground
biomass for plant plays an important role in remediation for
contaminated soil of heavy metal. Since the aboveground
biomass of poplar was more than the aboveground biomass
of larch (84.2%>77.0%) in the treatment soil, it would be

more suitable for remediation of heavy metal-polluted soil
since it is the aboveground biomass which will “harvest”
more of the heavy metals.

3.2 Heavy metal adsorption and accumulation of woody
plant

In general, the background contents of Cd, Cu, and Zn in
plant tissues of larch are 0.019, 8.4, and 27.76 mg kg−1 in
leaf and 0.067, 5.4, and 27.31 mg·kg−1 in branch,
respectively (Liao 1989). However, the values depend on
the plant species, the soil heavy metal concentrations, and
the parts of the plant analyzed. In our study, the heavy
metals were absorbed by the plant root from the soil and
then redistributed in different tissues of the plant.

Metal concentrations in plant tissues of both poplar and
larch grown in Cd-, Cu-, and Zn-treated soil were higher
than controls, and concentrations in poplar were higher than
in larch (Figs. 1, 2, and 3). Therefore the poplar is thus
more suitable for phytoremediation in heavy metal-polluted
soil.

The degree of migration of heavy metals in poplar
and larch grown in heavy metal-polluted soils is differ-
ent. The migration coefficients (calculated as the ratio
of element concentration in relevant plant tissue and in
soil) directly reflect translation of heavy metals from

Element Soil concentration Fractionations of Cd, Cu, and Zn

Exchangeable Carbonatic Fe–Mn Organic Residual

Cd 1.695 0.396 0.256 0.345 0.15 0.543

Cu 120.1 0.501 18.11 30.08 22.76 48.64

Zn 263.4 8.38 71.6 127.5 19.05 36.87

Table 3 Chemical fractions of
Cd, Cu, and Zn after mixture
(Cd, Cu, and Zn) spiked in
(milligram per kilogram)

Table 4 Effects of heavy metal pollution in soil on the growth and biomass of poplar and larch (LSD test used)

Parameter Poplar Larch

Control Cd+Cu+Zna treatment Control Cd+Cu+Zna treatment

Tree height (m) 12±0.44 11±0.27 4.4±0.53 5.0±0.17

B diameter (cm)d 13.1±0.3 11.5±0.56 3.6±0.35 5.2±0.41

Root (kg plant−1) 6.93±0.07 4.03 c±0.24 1.9±0.36 2.39 b±0.11

Trunk (kg plant−1) 20.09±1.22 16.45 c±0.71 3.64±0.36 4.09 c±0.43

Branch (kg plant−1) 5.62±0.19 3.96 c±0.28 3.98±0.22 2.82 c±0.30

Leaf (kg plant−1) 1.86±0.09 1.08 c±0.20 1.39±0.16 1.1 c±0.18

Total weight (kg plant−1) 34.5±1.31 25.52 c±0.52 10.91±0.87 10.4±1.05

a Soil contaminated with Cd+Cu+Zn at the rates of 1.5, 100, and 200 mg·kg−1 , respectively
b Indicates significant difference between Cd+Cu+Zn treatment and control (p<0.05)
c Indicates extremely significant difference Cd+Cu+Zn treatment and control (p<0.01)
d B diameter means breast diameter

LSD Least Significance Difference
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soil to plant tissues. For example, the leaf migration
coefficients were calculated as the ratio of element
concentration in leaf and corresponding element con-
centration in soil. The Cd concentration in poplar leaf
was 4.11 mg kg−1, and the concentration in treated soil
was 1.695 mg kg−1, so the migration coefficient is 4.11/
1.695=2.45. The element migration coefficients in poplar
and larch in the Cd+Cu+Zn treatment are in the order Cd
> Zn > Cu (Fig. 4). The migration coefficients for all three
elements are greater in poplar than those in larch, that is,
the migration ability of heavy metals is more in poplar
than in larch.

3.3 The potential for heavy metal-polluted soil remediation
by poplar and larch

The degree of absorption and accumulation of heavy metal
depends on the tree species and which metal is the soil
pollutant. Thus, suitable trees can play an important role in
the biological purification of corresponding heavy metals in
polluted soil.

Based on (1) soil Cd, Cu, and Zn concentrations 1.695,
120.1, and 263.4 mg kg−1, (2) the aboveground tissue
biomass of poplar and larch, (3) the Cd, Cu, and Zn

concentrations of different poplar and larch tissues, (4) the
growth rates of poplar and larch, and (5) a target of
Environmental Quality Standard Grade B Soil, the reme-
diation times of Cd- and Cu-contaminated soils were
calculated (Table 5).

Poplar could remove about 56.2 g ha−1 Cd (calculated as
the sum of aboveground tissue biomasses multiplied by
their respective Cd concentrations, multiplied by the
number of trees per hectare), 196 g ha−1 Cu, and
1,170 g ha−1 Zn from soil containing 1.695 mg kg−1 Cd,
120.1 mg kg−1 Cu, and 263.4 mg kg−1 Zn.

According to these uptake rates, it would take 56 years
(calculated as 1:695 mgkg�1 � 0:3 mgkg�1ð Þ � 1 ha soil
weight 2; 250; 000 kgð Þ � 56; 200 mgha�1 ¼ 56 years) t o
reduce the soil Cd burden down to 0.3 mg·kg−1; similarly, it
would take 245 years to reduce the soil Cu burden down to
50 mg·kg−1. Because the Zn concentration in the treated soil is
the same as the Environmental Quality Standard of Grade B
soil (200 mg·kg−1), this remediation time need not be
calculated. The larch could remove 14.9 g ha−1 Cd,
109.5 g ha−1 Cu, and 464.7 g ha−1 Zn from the same treated
soil; according to these migration rates, it would take 211 years
to reduce the soil Cd burden down to 0.3 mg·kg−1and 438 years
to reduce the soil Cu burden down to 50 mg·kg−1. However,
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the estimates of remediation times in this study are somewhat
speculative and should only be used as preliminary data for
planning of future studies. It would be necessary for much
longer period experiments in further studies to assess how the
migration of the metals varies with the age of the trees and the
concentration of the metals in the woody tissues. It would also
be necessary to assess the long-term effects of the heavy metals
on the growth rate of the trees.

However, our data does imply that the effect of
remediation of Cd-polluted soil by poplar is better than
larch. The times estimated here are comparable to those of
Alloway (1995), who suggested that the disappearance
(remediation) time of heavy metals in polluted soil is often
hundreds of years when plants are used for the remediation.

Therefore, the remediation of polluted soil to environ-
mental quality standards needs a long time in relation to
human land management practices. The calculations of
remediation time presented here are based on the assump-
tion that the migration rate remains constant. It would be
necessary to reassess the ability of the trees to remediate
soils which were more highly contaminated.

There are some techniques which could be essential for
improving the remediation time. Multiple species plantings
must be considered in the remediation practice because a
heavy metal usually co-occur with others in pollution lands,
and a hyperaccumulator plant is only effective for one or
two metals.

Cloning all genes needed and expressing them in high-
biomass plants are a promising strategy (Kramer and
Chardonnens 2001; Rylott and Bruce 2009). A number of
transgenic Populus and Salix have been generated and
tested for the improvement of dendroremediation of heavy
metal in soil (Zalesny and Bauer 2007a, b; Eapen and
D'Souza 2005). As an example, transgenic phytoextraction
plants have been achieved for Hg (Chaney et al. 2007).

Agronomic management should be improved in practice.
The metal concentrations in willow biomass compartments
decreased with stand age. Therefore, the most efficient
removal of Cd would require the combined harvest of stems
and leaves, and willow is grown as a short rotation coppice
crop for phytoremediation (Mertens et al. 2006).

Increase the bioavailable fraction of heavy metal in soil.
Chelant-enhanced phytoextraction with trees can improve

the remediation, in which ethylenediaminetetraacetic acid
or ethylenediaminedisuccinic acid and others have been
recommended (Komarek et al. 2007). The developing
combined methods may eventually prove to be effective
phytoremediation strategies on a practical scale.

The greatest advantage of using trees for cleaning the heavy
metal-polluted soil is the utilization the inherent traits of trees,
including high biomass, extensive root systems, and ability to
withstand environmental stress. However, the fate of trees after
phytoremediation is also of concern because the trees
eventually contain higher contents of heavy metals than normal
ones. Considering the economic benefit, the tree phytoreme-
diation technology should combine with wood production of
forest industry. The harvested trees could be used for different
commercial purposes such as for timber or energy production.
Another concern is that leaf falling onto the ground may make
contaminants partially re-enter the roots and/or soil; therefore,
the annual environmental management is important to avoid or
minimize the leaf-bound heavy metals recycling into soil in
autumn. Thus, phytoremediation by trees seems to be a
promising technology because of low cost and high efficiency;
hence, it has a large applicable market prospect in the future.

4 Conclusions

Metal concentrations in plant tissues of poplar and larch
grown in Cd-, Cu-, and Zn-treated soil were higher than
controls, and the heavy metal transferring capacities by
both of poplar and larch is in the order Cd>Zn>Cu. The
migration coefficients for these metals in poplar are greater
than in larch; the concentrations and amount of Cd, Cu, and
Zn in the aboveground tissue of poplar are greater than in
larch. Therefore, the poplar is thus more suitable for
phytoremediation in heavy metal-polluted soil. However,
even poplar for phytoremediation needs long periods; in the
heavy metal-polluted soil of this study, it may take 56 and
245 years for Cd and Cu, respectively. If phytoremediation
by larch was used, it could even take 211 and 438 years for
Cd and Cu, respectively. Therefore, the remediation of
heavy metal-contaminated soil by this method requires
that the land is excluded from food production for a long
period. This field experiment provides a valuable basis for

Calculation Cd Cu Zna

Heavy metal element content in treated soil (mg kg−1) 1.695 120.1 263.4

Environmental quality standard of grade B soil (mg kg−1) (Xia 1996) 0.3 50 200

Annual adsorption capacity of poplar (g ha−1a−1) 56.2 196

Annual adsorption capacity of larch (g·ha−1a−1) 14.9 109.5

Remediation time in Cd+Cu+Zn-polluted soil by poplar (year) 56 803

Remediation time in Cd+Cu+Zn-polluted soil by larch (year) 211 1,440.7

Table 5 Predicted time of phy-
toremediation by poplar and larch
in Cd+Cu+Zn-polluted soil

a Zn concentration in treated soil
meets Zn content of environmental
quality

Standard of grade B soil
(200 mg kg−1 ); therefore, remedia-
tion times were not calculated

1336 Environ Sci Pollut Res (2010) 17:1331–1338



further studies on the real (rather than controlled exper-
imental) polluted areas and then subsequent development
of ecological engineering technologies for environmental
control and remediation of pollution caused by heavy
metals in soils.
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