
Transport of heavy metals from soil to Pinus sylvestris L. and Betula pendula trees 29

Rapid urbanization, unregulated industrialization, growing transport in-
tensity and agricultural activities have created a problem of heavy me-
tal (HM) contamination worldwide. HMs are long-term contaminants
with the ability to accumulate in soil and plants and have no natural
way to be removed. Forests near local contamination sources have
been subjected to HMs concentration measurements. Trees are HMs
bioindicators capable to record HM concentrations in the environment
in the past. In this paper, concentrations of HMs determined in wood
trees were compared with phytotoxic, excessive, deficiency and naturally
found HM concentrations in plants. Results of our investigation showed
that HM concentrations in trees that grew in potentially contaminated
areas did not exceed phytotoxic and excessive values of HMs found in
plants. Concentrations of HMs in a wood of pines varied: Ni – 0.1–
3.50 mg·kg–1; Cr – 0.1–1.50 mg·kg–1; Cu – 0.25–3.00 mg·kg–1; Mn – 10–
160 mg·kg–1; Zn – 2–75 mg·kg–1, Pb – 0.05–2.80 mg·kg–1 and those for
birch ranged: Ni – 0.90–3.20 mg·kg–1; Cr – 0.90–2.50 mg·kg–1; Mn – 40–
130 mg·kg–1; Pb – 1.0–3.50 mg·kg–1. The higher transfer of HMs to wood
was associated with higher concentrations of HMs in tree environment
(soil and nearby water bodies) and the function of some HMs as
elements necessary for tree physiological processes. The values of HM
transfer factors for trees were: Ni – 0.001–0.55; Cu – 0.04–0.45; Zn –
0.03–0.6; Mn – 0.001–0.75; Pb – 0.002–0.085; Cr – 0.005–0.11.
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INTRODUCTION

Rapid urbanization, unregulated industrialization, growing
transport intensity and agricultural activities have cre-
ated a problem of heavy metal (HM) contamination world-
wide. According to the Korte index which expresses
hazard to environmental quality, HMs are among such
major problems as contamination with pesticides, acid
rain, oil spills, chemical fertilizers and noise (Stravinskie-
nė, 2005). HMs are long-term contaminants with the abi-
lity to accumulate in soil and plants and have no natural
way to be removed (White, LeTard, 2002). Most hazar-
dous are toxic HMs: lead (Pb), manganese (Mn), chro-
mium (Cr), copper (Cu), nickel (Ni), zinc (Zn), and their
soluble compounds (Mažvila, 2001; Navas, Lindhotfer,
2005).

Forests near local contamination sources have been
subjected to HM concentration measurements. Particu-
larly in coniferous stands with a higher filtering strength,
depositions can be much higher. Trees grown in middle
climate latitudes with seasonal alterations have a pro-

perty to form annual increment layers – annual rings –
which are extremely sharp in coniferous and leafy wo-
ods. Being a long-term plants, within their vegetation
period trees can record information about past natural
and anthropogenic conditions (Karpavičius, 2004; Pu-
kiene, Bitvinskas, 2001). Tree rings have proven to be a
reliable climate archive for short and long-term scales
(Битвинскас, 1974; Stravinskienė, 2002) as well as HM
bio-indicators capable of recording HM concentrations
in the environment. This allows determining the trends
of the environmental contamination with HMs and local
contamination sources (Ozolinčius, 2004; White, LeTard,
2002; DeWalle et al., 1995). High correlations between
the concentration of HMs in the soil and recently pro-
duced xylem rings have been reported (Larsson, Helmi-
saari, 1998). The increased Pb concentration in the an-
nual rings of trees is attributed to atmospheric Pb depo-
sition of automobile exhaust (Rolfe, 1974; Kardell, Lars-
son, 1978; Guyette et al., 1991; Latimer et al., 1996). The
natural levels of Mn in scots pine stem are high in old

mailto:butkus@ap.vtu.lt
mailto:edita@ap.vtu.lt


Donatas Butkus, Edita Baltrėnaitė30

annual rings and decrease towards the bark (Butkus et
al., 2002; Baltrenaite, Butkus, 2004). Ni is detectable in
the most polluted areas. Cu and Zn are among the ele-
ments that are emitted from smelters, and they are ob-
served to be antagonistic. Zn concentration increased
towards the bark in all trees studied (Larsson, Helmisa-
ari, 1998).

The aim of the present research was to determine
the uptake trends of Pb, Ni, Cu, Zn, Cr and Mn by
pine and birch, taking into account their habitats and
local sources of pollution.

MATERIALS AND METHODS

For investigation, five trees (four pine trees Pinus Syl-
vestris L. and one birch tree Betula pendula) from dif-
ferent growth places were chosen. Two pines (1P and
2P) grew in the Rukla–Gaižiūnai Military Ground (Jo-
nava District, Lithuania). The first pine (1P) grew at a
distance of 10 m from a water body used for military
training, especially in 1940–1990. The second pine (2P)
grew near the wetland at a distance of 6 m from a
military transport road. The third pine (3P) was cut in
the Kairiai Military Ground (Klaipėda District, Lithua-
nia) in the shooting-range at a distance of 1 m from the
shooting target. The fourth pine (4P) and the birch (B)
grew in South Lithuania, 10 km from the town of Aly-
tus with an intensive industry of machine, textile and
refrigerator production. Pines 1P, 2P and 3P were cut
down in autumn 2002, pine 4P and birch in winter
2001. Autumn and winter times were selected for a low
biological activity in trees. Soil samples were taken from
four soil layers (0–10 cm, 10–20 cm, 20–30 cm and
30–40 cm) at four main directions (North, South, East,
West) at the growth place of the trees. Selected charac-
teristics of the trees and soil are shown in Table 1.

The trees were cut down and wood rolls 5 cm long
were cut away straight from each tree stem at three
different heights: 1 m above ground, in the middle of
the tree stem and at 3/4 of the stem height. The bark
was scraped from the rolls and each roll was split into
slivers containing three annual rings each in the direc-
tion of the tangent around the tree rings (Baltrėnaitė,
2004). Slivers were formed into samples which were
dried out and burnt. The mass of one wood sample was
30 g. Samples were burnt for two hours in a SNOL–I5

muffle furnace at 480 oC. The slivers were weighed prior
to burning, and after burning the ash was weighed.
Samples of 0.5–1.0 g were formed from the wood ash.
The ash of each sample was put into a heat-resistant
glass vessel and kept for 24 h poured over with 100 ml
of 20% nitric acid. The solution was filtered and diluted
with 2% nitric acid. A parallel procedure was used to
prepare samples containing no ash, which were used as
a control.

Soil samples of 30 g were heated at 100 oC for 2 h
for the moisture to evaporate. The samples were cooled
to the room temperature and weighed (25 g of each
sample). Later, in the course of 3 h, the organic com-
pounds still remaining in the soil were completely burnt
at 450 oC. Then the soil samples were dissolved in 20%
nitric acid and boiled in a heat-resistant glass vessel in
a draught hood for 15 min. The hot solution was filtered
and diluted with 2% nitric acid. A parallel procedure was
used to prepare the control samples.

The total concentration of HMs in soil and wood
samples was determined by flame atomic absorption
spectrophotometry (FAAS). A graphite furnace was em-
ployed to determine metal concentrations when they were
too low to be detected accurately by FAAS. Detection
limits of both FAAS and GFAAS are given in Table 2.
The concentrations of HMs determined at a different
height of the same annual rings were averaged. Transfer
of HMs from a particular soil layer to the tree annual
rings was expressed in the non-dimensional factor (TFi)
and calculated using the following equation:

 ,
100⋅
⋅

=
i

i
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where W is the concentration of HM in the last annual
ring, mg·kg–1 dry mass; Si is the concentration of HM
at i-soil depth, mg·kg–1 dry mass (Table 3); Ci is the
proportion of tree roots at i-soil depth, % of total root
mass. Pines and birches 20 to 60 years old have the
largest density of roots at a soil depth of 0–30 cm. The
0–10 cm soil layer contains 15% and 40%, soil layer
10–20 cm – 50% and 40% and 20–30 cm soil depth –
30% and 15% of pine and birch roots respectively
(Данусявичюс, 1994; Beinaravičius, 2005).

Table 1. Selected characteristics of the study trees and soil

Tree Tree characteristics Soil characteristics

Height, m Age, years Thickness, m Mean pH value Organic matter Soil type
content, %

1P 16 44 0.40 4.6 1.08 Sand
2P 15 31 0.35 4.6 1.09 Sandy loam
3P 15 32 0.30 4.4 1.03 Sand
4P 30 55 0.40 4.0 1.20 Sandy loam
B 28 51 0.41 4.3 1.21 Sandy loam
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Table 2. Detection limits (ng·ml–1) of FAAS and GFAAS

Heavy metal FAAS GFAAS

Mn 2 0.01
Ni 90 0.1
Zn 0.5 0.001
Pb 10 0.05
Cu 1 0.02
Cr 3 0.01

Table 3. Concentration of heavy metals in soil under trees
(mg·kg–1) (relative error values varied within 4–18%)

HM Soil layer, cm Trees

1P 2P 3P 4P B

Ni 0–10 2.59 0.970 1.14 0.229 0.229
10–20 1.86 1.48 2.41 6.41 1.17
20–30 1.63 1.84 0.984 15.1 2.73
30–40 3.39 1.47 1.55 n. d. n. d.

Cu 0–10 1.68 1.45 1.37 0.144 0.215
10–20 2.01 2.90 3.08 0.153 0.282
20–30 1.63 n.d. n.d. 0.171 0.192
30–40 2.33 2.14 1.23 0.187 0.172

Zn 0–10 10.9 19.0 17.4 0.511 0.422
10–20 10.9 15.0 20.1 0.357 0.524
20–30 21.0 17.7 7.78 0.353 0.506
30–40 14.0 20.5 6.77 0.289 0.549

Mn 0–10 725 428 299 23.5 14.3
10–20 796 484 n. d. 30.0 16.7
20–30 694 504 514 44.9 21.6
30–40 781 521 157 61.8 26.5

Pb 0–10 5.72 10.2 12.1 3.90 4.71
10–20 4.09 8.65 12.9 2.85 4.58
20–30 4.43 12.8 3.98 1.92 12.3
30–40 3.15 7.81 3.05 1.34 17.5

Cr 0–10 4.16 6.04 8.97 1.67 2.13
10–20 4.18 5.97 10.4 1.64 2.93
20–30 24.6 8.68 5.56 1.82 2.45
30–40 7.84 5.92 6.34 1.91 2.54

n. d. – no data.

RESULTS

Figure 1 shows Cr, Cu, Ni, Mn, Zn and Pb concentra-
tions in annual rings of the four pines (1P, 2P, 3P, 4P)
and in the birch (B) tree during the period 1978–2001.
HM concentrations in all trees did not exceed either the
phytotoxic level or the excessive values of HMs deter-
mined in plants (Table 4). Cr, Ni, Mn and Zn concen-
trations were close to naturally found concentrations,
while the concentration of Pb (<3.5 mg·kg–1) was found
to be lower than the naturally detected level and that of
Cu (<3.0 mg·kg–1) was close to the deficiency value
(Table 4). Lower than natural and deficient values for
both Cu and Pb were found in pines which grew on
military training grounds. A little higher concentration
of Pb was found in both pine and birch trees near an
industrial town (Alytus), however, not exceeding the va-
lues of Pb determined in naturally growing trees (Table
4). Cu concentrations were very similar in all the study
areas in the period 1978–1998. Elevated Ni concentra-
tions were found in 1978–2001 wood rings of a pine
near a wetland (Rukla–Gaižiūnai military training area),
and from 1990 the concentration of Ni increased in a
pine near the shooting range (Kairiai military training
area). Two periods, 1981–1986 and 1996–2001, were
found to show elevated Cr, Ni, Mn and Pb levels. There
were no significant changes in Cu and Zn concentra-
tions in tree rings along 1978–2001. A distinct increase
of Cr, Pb concentrations in pines was observed in the
further period starting with 1981.

The levels of Cr, Mn and Pb were more elevated in
mature than in young trees. According to the age, the
order of the test trees was as follows: 4P > B > 1P > 3P > 2P.
A similar order was detected for the mean HMs concen-
trations: for Mn: 4P (84.22 mg·kg–1) > B (77.28 mg·kg–1) >
1P (38.19 mg·kg–1) > 2P (16.69 mg·kg–1) > 3P (16.61 mg·kg–1);
for Cr – B (1.433 mg·kg–1) > 4P (0.717 mg·kg–1) > 2P (0.359
mg·kg–1) > 1P (0.289 mg·kg–1) > 3P (0.707 mg·kg–1), and for
Pb – B (2.239 mg·kg–1) > 4P (1.138 mg·kg–1) > 3P
(0.319 mg·kg–1) > 1P (0.125 mg·kg–1) > 2P(0.070 mg·kg–1).
Higher concentrations of Cr (about fourfold), Ni (about
twofold), Mn (about twofold) and Pb (about fivefold)
were observed in the birch tree wood as compared to
the pine trees (Fig. 1). Furthermore, the highest mean
values of Cr, Ni, Zn and Mn concentrations in pines
from military grounds were found in annual rings repre-
senting the most intensive growth years and highest
increment, i.e. pine age of 15–30 years (Stravinskienė,
2002) (Table 5). However, no such trends in pine and
birch wood were detected in Alytus.

Figure 2 shows the transfer factors (TFs) representing
HMs transport from the habitat soil to the latest annual
ring and calculated by equation (1). TFs were estimated
for four different soil layers taking into account differen-
ces of root density at the soil layers. The HM transfer
factors ranged within 0.001–0.55 for Ni, 0.04–0.45 for Cu,
0.03–0.6 for Zn, 0.001–0.75 for Mn, 0.002–0.085 for Pb

Table 4. Normal, deficiency, excessive and phytotoxic values
(mg·kg–1) of heavy metals in vegetation (Kabata Pendias,
Pendias, 1992)

Heavy Normal Deficiency Excessive Phytotoxic
metals values values values  level

Cr 0.1–0.5 – 5–30 75–100
Cu 5.1–30 2–5 20–100 60–125
Ni 0.1–5 – 10–100 100
Mn 20–300 15–25 300–500 1500–3000
Zn 27–150 10–20 100–400 70–400
Pb 5–10 – 30–300 100–400
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Fig. 1. Concentrations of heavy metals in pine and birch trees in 1978–2001 (mean ± standard error of three replicates)

Table 5. Annual rings which contain the highest concentra-
tion of HMs. Shaded years represent the most intensive
period of tree growth

Heavy 1P 2P 3P 4P B
metals

Cr 81–83 84–86 90–92 96–98 84–86
Cu 99–01 99–01 99–01 – –
Ni 99–01 78–80 90–92 96–98 96–98
Mn 78–80 78–80 87–89 84–86 96–98
Zn 78–80 78–80 81–83 – –
Pb 93–95 81–83 81–83 96–98 96–98

Table 6. Sequence of trees according to magnitude of HM
transfer factors

Heavy metals Order of trees

Ni 1P, B > 2P > 4P > 3P
Cu 1P > 2P, 3P
Zn 3P > 2P, 1P
Mn B > 4P > 3P, 2P > 1P
Cr B > 4P > 2P > 1P > 3P
Pb B, 4P > 3P > 1P, 2P
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Fig. 2. Factors of heavy metal transfer (TFs)
from different soil layers to the latest annual ring
of pines (1P, 2P, 3P, 4P) and birch trees (B) for
year 2001
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and 0.005–0.11 for Cr, however, there were no TFs ex-
ceeding 1.0.

Table 6 shows the highest TF determined for Mn, Cr
and Pb in the pine and the birch from the Alytus site,
and higher TFs for Ni, Cu and Zn were found in pines
grown on military training grounds. The results demonst-
rated the highest transfer for Zn to pine 3P (about 7
times higher than to 1P and about 6 times higher com-
pared to 2P). Higher values of TF for Ni were determined
in pine 1P (1.5 times more than for pine 2P, about seven
times more than for pine 3P, about three times more than
to pine 4P and about 1.4 times more than to the birch).
A similar trend was detected for Cu in pine 1P: about
four times higher than in pines 2P and 3P. Compared
with HM uptake by the pines, the birch accumulated
higher amounts of Mn, Cr and Pb (Tables 6, 7).

Table 7 presents soil layers where the values of HM
transfer were the highest. The shaded results show that
HMs were more actively transported from the soil layer
of 20–30 cm. Higher TFs from the 20–30 cm soil layer
were found for Pb and Mn. The same soil layer show-
ed the highest TFs for pines in military training areas.

DISCUSSION

Concentrations of HMs in annual rings of the trees were
different and varied not only between the tree species
but also among the pines. These differences can be influ-
enced by complex natural processes in reciprocity with
biotic and abiotic stresses and trees. Results showing no
highly elevated HMs concentrations suggest that HM trans-
port to a tree in potentially contaminated territories is
not very active. Comparatively small Pb and Cu concen-
trations in wood reflect a slow transport from soil to
trees and might be explained by the facts that Pb has no
known function as a nutrient and Cu transport to above-
ground parts might be limited because of Cu storage in
roots (Khan, 2001; Marschner, 1995) (Fig. 1).

Our results indicated the trend that 1987–1996 annual
rings of pines grown in military grounds had about half
as low concentrations of Cr, Mn, Pb and Ni. Ni, Pb and
Cr are typical in internal-combustion engine emissions to
the environment (Kadūnas, 1998) and the observed dif-
ference might be due to a decline of military activities,
especially in 1990 when Lithuania gained independence
and the mass of Russian troops were pulled out. From the

year 1986 till 1995 the climate favoured stable pine stand
increment (Stravinskienė, 2002), thus the lower concentra-
tions of metals might be explained by the fact that the
congenial climate consolidated the defence functions of
trees against a higher retention of HMs (Stravinskienė,
2002). The concentrations of Cr, Mn and Pb in wood of
trees grown near Alytus were higher (around 4.4, 3.4 and
9.9 times respectively) as compared with wood of trees
grown in military grounds. This might be associated with
the distant transport of emissions from former industries
in Alytus, such as factories of textile, refrigerators, build-
ing materials and others (Fig. 1).

Mn, Cr and Pb concentrations were higher in mature
than in young trees and suggest the potential of mature
trees to accumulate higher levels of Mn, Pb and Cr
during the same time period. Increase of Mn concentra-
tion in foliage with age was determined by Ulrich (1968)
and Kavvadias (1999). Mn is probably the element that
is most readily leached from tree foliage by rain, thus
increasing its concentration in soil. Cr, Zn, Ni and Mn
are nutrients highly demanded by trees (Lassat, 2002;
Schutzendubel, Polle, 2002) and thus were identified to
accumulate in pine wood during the most intensive
growth period (Table 5).

Birches have been identified as more sensitive to air
pollution (Riepšas, 1981) and the wax layer coating the
leaves of leafy trees retain two times more Cu and Zn
and about 1.5 times more Ni (Kadūnas, 1998). Further-
more, the birch has 1.7–4 times more fine roots which
play a fundamental role in nutrient uptake, and 2.2 ti-
mes more large roots than pine (Данусявичюс, 1994).
These facts suggest more favourable conditions for HM
transport to birch than to pine.

TFs help to evaluate the ability of trees to take up
HMs from soil. Results of our investigation showed a
three-fold less TF for Zn comparing with values found
in naturally grown trees (1–2) (Korentejar, 1991). For Pb
and Cu, TF was slightly higher than the naturally obser-
ved factors (0.01–0.05). None of the trees had TF higher
than 1.0, showing no higher transfer of HMs to mature
trees. On the other side, Scots pine appeared to be
closer to accumulator than to excluder plants. The same
finding was reported by Baker (1987) and Nieminen
(2005). Higher TFs of Ni, Cu and Zn for trees grown on
military training grounds might be associated with their
higher concentrations in the environment. Pine 3P grew

Table 7. Depth of soil (cm) where the calculated values of transfer factors were the highest

Trees Heavy metals

Ni Cu Zn Mn Pb Cr

1P 20–30 20–30 10–20 20–30 n. d. 10–20
2P 20–30 0–10 20–30 20–30 20–30 20–30
3P 20–30 30–40 20–30 30–40 20–30 20–30
4P 0–10 n. d. n. d. 20–30 20–30 20–30
B 0–10 n. d. n. d. 20–30 20–30 30–40

n. d. not detected.
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at a distance of 1 m from the shooting range targets and
bullet falling point where Zn concentration in soil was 2.8
times higher than the average and reached 4.54 mg·kg–1

(Baltrėnas et al., 2005). Zn is known as the main cons-
tituent of bullets used in Lithuanian military activities
(Greičiūtė, Vasarevičius, 2003). The higher TF values of
Ni and Cu for pine 1P might be attributed to the elevated
concentrations of Ni and Cu in the nearby water body.
Earlier investigations showed Cu concentration to exce-
ed the background level (<5 µg l–1) 19 times, and the
concentration of Ni exceeded the maximum permissible
limit for drinking water 22 times (Baltrėnas et al., 2005).

The transfer of Mn and Cr was 14 and 10 times
respectively higher for birch than that for pine (4P)
grown in the same place, possibly because of a more
intensive metabolism conditioned by about twice larger
amount of roots in birch than in pine. The highest trans-
port of HMs in the soil layer of 20–30 cm is associated
with the higher density of pine horizontal roots at this
depth (Laitakarai, 1927; Данусявичюс, 1994). This soil
layer is notable for a high abundance of tree fine roots
playing an important role in nutrients transfer to a tree
(Table 7).

CONCLUSIONS

Results of our investigation showed that the concentra-
tions of HMs in trees that grew in potentially contami-
nated areas did not exceed the phytotoxic and excessive
values found in plants. HM concentrations in the wood
of pines grown in the study areas varied for Ni within
0.1–3.50 mg·kg–1, Cr 0.1–1.50 mg·kg–1, Cu 0.25–
3.00 mg·kg–1, Mn 10–160 mg·kg–1, Zn 2–75 mg·kg–1,
Pb 0.05–2.80 mg·kg–1; for birch: Ni 0.90–3.20 mg·kg–1,
Cr 0.90–2.50 mg·kg–1, Mn 40–130 mg·kg–1, Pb 1.0–
3.50 mg·kg–1. The higher transfer of HMs to wood was
associated with higher HM concentrations in the envi-
ronment (soil and nearby water bodies) and the function
of some of HMs as necessary elements for physiological
processes in trees. The values of HM transfer factors for
the study trees were: for Ni 0.001–0.55, Cu 0.04–0.45, Zn
0.03–0.6, Mn 0.001–0.75, Pb 0.002–0.085, Cr 0.005–0.11.
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SUNKIEJI METALAI PUŠIES IR BERŽO METINĖSE
RIEVĖSE

S a n t r a u k a
Spartus miestų augimas, pramonės plėtra, intensyvėjantis
transportas ir žemės ūkio veikla sukelia dirvožemio užtaršą
sunkiaisiais metalais (SM) visame pasaulyje. Sunkieji metalai
yra ilgalaikiai teršalai, besikaupiantys dirvožemyje ir augaluo-
se, ir natūraliai sunkiai pasišalina. Medžiai yra SM biologiniai
indikatoriai, gebantys registruoti metinėse rievėse aplinkos taršą
sunkiaisiais metalais praeityje. Šiame darbe SM koncentracijos
medienoje buvo vertinamos pagal natūraliai randamas, deficiti-
nes, perteklines ir fitotoksines SM koncentracijas augaluose.
Tyrimo rezultatai parodė, kad SM koncentracijos medžiuose,
augusiuose potencialiai užterštose teritorijose, neviršijo fitotok-
sinių ir perteklinių SM koncentracijų augalijoje. Tiriamose au-
gimvietėse SM koncentracijos pušies (Pinus sylvestris) medie-
noje kito: Ni – 0,1–3,50; Cr – 0,1–1,50; Cu – 0,25–3,00;
Mn – 10–160; Zn – 2–75, Pb – 0,05–2,80 mg·kg–1, o beržo
(Betula pendula) medienoje: Ni – 0,90–3,20; Cr – 0,90–2,50;
Mn – 40–130; Pb – 1,0–3,50 mg·kg–1. Didesnę pernašą į me-
dieną sąlygoja SM koncentracijos padidėjimas medžio augim-
vietės aplinkoje (dirvožemyje, šalia esančiuose vandens telki-
niuose) bei SM svarba augalo fiziologiniams procesams. Tyri-
mų metu nustatytos SM pernašos į medieną koeficientų reikš-
mės kito šitaip: Ni – 0,001–0,55; Cu – 0,04–0,45; Zn –
0,03–0,6; Mn – 0,001–0,75; Pb – 0,002–0,085; Cr – 0,005–
0,11.

Raktažodžiai: metinės rievės, beržas, sunkieji metalai, pu-
šis, karinės teritorijos


