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Levels of Cu, Fe, Mn, Zn, Ni and Pb at Qujiang, both in the inner
and the outer bark, were statistically higher than those at
Dinghushan. Higher concentrations of Pb, Fe, Zn and Cu may
come from the stem-flow of elements leached from the canopy,
soil splash on the 1.5 m height and sorption of metals in the mosses
and lichens growing on the bark, which were direct or indirect
results from the atmospheric deposition. Levels of heavy metals
in the outer barks were associated well with the metal concentra-
tions in the soil, reflecting the close relationships between the
metal atmospheric deposition and their accumulation in the outer
bark of Masson pine. The significant (p<0.01) correlations of Fe-
Cu, Fe-Cr, Fe-Pb, Fe-Ni, Pb-Ni, and Pb-Zn in the outer barks at
Qujiang again suggested a common source for the metals. The
correlation only occurred between Pb and Ni, Cd and Co in the
outer barks at Dinghushan, which suggested that those metals
must possibly have other uncommon sources.

Conclusions. Atmospheric deposition of the selected metals was
great at Qujiang, based on the levels in the bark of Pinus masso-
niana and on the concentrations in the soils beneath the trees
compared with that at Dinghushan. Bark of Pinus massoniana,
especially the outer bark, was an indicator of metal loading at
least at the time of sampling.

Recommendations and Perspectives. The results from this study
and the techniques employed constituted a new contribution to
the development of biogeochemical methods for environmental
monitoring particularly in areas with high frequency of pollu-
tion in China. The method would be of value for follow up
studies aimed at the assessment of industrial pollution in other
areas similar with the Pearl River Delta.
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Abstract

Goal, Scope and Background. Rapid urbanization and the ex-
pansion of industrial activities in the past several decades have
led to large increases in emissions of pollutants in the Pearl River
Delta of south China. Recent reports have suggested that indus-
trial emission is a major factor contributing to the damages in
current natural ecosystem in the Delta area. Tree barks have been
used successfully to monitor the levels of atmospheric metal depo-
sition in many areas, but rarely in China. This study aimed at de-
termining whether atmospheric heavy metal deposition from a Pb-
Zn smeltery at Qujiang, Guangdong province, could be accurately
reflected both in the inner bark and the outer bark of Masson pine
(Pinus massoniana L.). The impact of the emission from smeltery
on the soils beneath the trees and the relationships of the concen-
trations between the soils and the barks were also analyzed.

Methods. Barks around the bole of Pinus massoniana from a
pine forest near a Pb-Zn smeltery at Qujiang and a reference
forest at Dinghushan natural reserve were sampled with a stain-
less knife at an average height of 1.5 m above the ground. Mosses
and lichens on the surface barks were cleaned prior to sam-
pling. The samples were carefully divided into the inner bark
(living part) and the outer bark (dead part) in the laboratory,
and dried and ground, respectively. After being dry-ashed, the
powder of the barks was dissolved in HNO3. The solutions were
analyzed for iron (Fe), manganese (Mn), copper (Cu), zinc (Zn),
chromium (Cr), nickel (Ni) and cobalt (Co) by inductively
coupled plasmas emission spectrometry (ICP, PS-1000AT, USA)
and Cadmium (Cd) and lead (Pb) by graphite furnace atomic
absorption spectrometry (GFAAS, ZEENIT 60, Germany). Sur-
face soils (0–10 cm) beneath the sample trees were also col-
lected and analyzed for the selected metals.

Results and Discussion. Concentrations of the selected metals in
soils at Qujiang were far above their environmental background
values in the area, except for Fe and Mn, whilst at Dinghushan,
they were far below their background values, except for Cd and
Co. Levels of the metals, in particular Pb and Zn, in the soils
beneath the sample trees at Qujiang were higher than those at
Dinghushan with statistical significance. The result suggested that
the pine forest soils at Qujiang had a great input of heavy metals
from wet and dry atmospheric deposition, with the Pb-Zn smelt-
ery most probably being the source.

Introduction

The rapid population growth, urban sprawl, and industrial
activities expansion have affected the chemical substances
in our environment more and more. Many heavy metals
emitted mostly from anthropogenic sources have now ex-
ceeded or equaled their natural emissions (Biney et al. 1994)
and have been posing a serious threat to the ecosystems.
Monitoring of the heavy metals has been of importance and
new methods of observing the deposition have been con-
stantly sought (Böhm et al. 1998, Kakulu 2003, Pacheco et
al. 2003). Biological monitoring of airborne contaminants
has made a great progress since the early observations of
environmentally induced stress on plants and its applica-
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tions have grown to an extent hardly envisaged just a few
decades ago (Pacheco et al. 2002). Higher plants have emerged
in recent years as a valuable tool enabling identification of
environmental pollution (Markert et al. 1996, Carreras and
Pignata 2002, Klumpp et al. 2002, Outola et al. 2003,
Schröder et al. 2003, Adamoa et al. 2004, Jackson et al.
2004, Trimbacher and Weiss 2004). Increased metal con-
centrations and decreased pH values have been reported in
the tree barks from the high industrial activity, increased
urbanization, increased acidic precipitation and high traffic
loads (Kuik and Wolterbeek 1994, Tüerkan et al. 1995,
Santamaría and Martía 1997, Böhm et al. 1998, Pacheco et
al. 2001, El-Hasan et al. 2002, Pacheco et al. 2002, Pacheco
et al. 2003, Bellis et al. 2001, Harju et al. 2002). A problem
exists with the interpretation of chemical data from the tree
barks. Within the barks there are two parts outside the woody
body according to Satake et al. (1996). One is the living
part, the inner bark, and the other is the dead part, the outer
bark. Although the tree bark is known to absorb and accu-
mulate airborne contaminants due to their hard, rough and
thick structure (Santamaría and Martía 1997), the relative
importance of an accumulation of pollutant directly from
the atmosphere compared with uptake from the soil in the
different parts may be neglected. Due to the small part of
the inner bark, most previous studies, except that from Satake
et al. (1996), have sampled the whole bark for analysis, and
thereby ignored the difference of the elements between the
two parts. In the present study, inductively coupled plasma
was used to analyze some heavy metals from the inner and
outer bark of Masson pine (Pinus massoniana L.) growing
in the vicinity of iron refinery, as compared with trees from
a natural reserve largely unaffected by refinery emission.
Masson pine is a ubiquitously distributed species of tree
across subtropical China, which makes it a good candidate
for comprehensive surveys of airborne contaminants. The
purpose was to determine whether atmospheric emission
from the refinery could be accurately reflected in the inner
and outer bark. The potential impact of the soil on the metal
levels in the bark was also detected. Due to the lack of simi-
lar investigations in both areas, we hope that the results from
this study would provide preliminary information on the
impact of these heavy elements on the ecosystem and may
form baseline data for future impact assessments concern-
ing heavy metal pollution.

1 Material and Methods

1.1 Site descriptions and sampling

Two woodlands situated in Qujiang and Dinghushan, south-
ern China, respectively, were chosen for the study. The first
is located about 5 km from a Pb-Zn smelting plant opera-
tional since 1960s in Qujiang (27°37'N, 113°30'E). The
smelting plant is one of the main smelters in the Pearl River
Delta of south China. Its industrial product capability has
reached 240,000 tons Pb and Zn per year nowadays. The
reference site is situated in Dinghushan (23°10'N, 112°32'E),
a national reserve in China and a member of the Chinese Eco-
system Research Network. Trees from Qujiang, with a stem

mean diameter at breast height (DBH) of 24.96 ± 3.0 cm,
were 40–45-years-old and 10.3–11.8 m in height. The den-
sity of the Masson pine is about 1,500 per 10,000 m2 with
some shrub species (e.g. Cinnamomum camphora, Callicarpa
macrophylla, Gardenia jasminoides, Camellia oleifera) and
herbaceous species (e.g. Dicranopteris dichotoma and
Imperata cylindrical). Trees from Dinghushan, with a mean
DBH of 27.95 ± 2.01 cm, were 48–50-years-old and 11.0–
12.8 m in height. The density of Masson pine here is smaller
(1,200 per 10,000 m2) than that of Qujiang, with shrub spe-
cies (e.g. Schima superba, Evodia lepta, Rhodomyrtus tomen-
tosa, Clerodendron fortunatum, Melastoma candidum) and
the dominant herbaceous species Dicranopteris pedata.

Sampling was conducted in November 2002, during the dry
season of the year, since rainfall could bring about a consid-
erable reduction in the level of metal in the plants (Ho and
Tal 1979). Ten Masson pine trees were selected for bark
sampling from a pine forest. Sample trees were at least 100 m
away from each other and 200 m away from the roads. The
bark was carefully removed from the boles of the trees with
a stainless steel knife at an average height of 1.5 m above
the ground. To reduce the influence of the relative source
position, a whole bark ring was completely sampled around
the bole. The rings were 10 cm in height. The bark was cleaned
with a synthetic hard brush to remove mosses and lichens
prior to being collected. Bark samples were kept in a paper
envelope and then placed in a polythene bag before trans-
porting to the laboratory. Surface soil samples (0–10 cm)
were collected around the selected trees using a stainless-
steel trowel and transferred to the laboratory in paper bags.

1.2 Sample preparation

In the laboratory, the barks were divided into inner and outer
barks, with a stainless steel knife used according to Satake
et al. (1996) (Fig. 1). All samples were not washed and were
dried in the oven at a temperature of 105°C for about 5 h to
a constant weight. The dried samples were then ground. To
avoid contamination, the mill was thoroughly cleaned and
dried after each grinding.

Fig. 1: Diagram of the tree bark
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1.3 Chemical analyses

About 5 g of the powder of the barks was accurately weighed
and transferred into a properly cleaned crucible, and pre-
ashed on a hot plate until all the fumes disappeared. Then it
was transferred into the muffle furnace and dry-ashed at
450–500°C for 8 h. After cooling, the ash was dissolved in
HNO3 solution and filtered through acid-washed (10%
HNO3) filter paper and diluted to 50 mL with distilled-deion-
ized water (dd-H2O). Solutions were analyzed for iron (Fe),
manganese (Mn), copper (Cu), zinc (Zn), chromium (Cr),
nickel (Ni) and cobalt (Co) by Inductively Coupled Plasma
emission spectrometry (ICP, PS-1000AT, U.S.A) and Cad-
mium (Cd) and lead (Pb) by graphite furnace atomic ab-
sorption spectrometry (GFAAS, ZEENIT 60, Germany).

Soils were air-dried, ground and then were analyzed for to-
tal (5 mL HNO3 and 5 mL HF) heavy metal concentrations
using standard analytical procedures (Dong 1996) by ICP.

Precision and accuracy were determined through repeated
analysis of National Standard Reference material of poplar
leaves (GBW 07604) and agricultural soil (GBW E 070045).
Recoveries from plant standards ranged between 90–96%,
while heavy metal recoveries from soil standards were be-
tween 80–95%.

2 Results and Discussion

2.1 Soil metal concentrations

The difference in total concentrations of deposited metals
between sites was indicative of a difference in total concen-
tration in the soils, and could reflect the different sources

within the surface soil horizon (Alloway 1990). Concentra-
tions of the selected metals were presented in Table 1. The
metal concentrations, except for Fe and Mn at Qujiang, were
far above their background values, which was 35 200 µg·g–1

and 218.03 µg·g–1, respectively (Li and Zheng 1989). Surface
soil (0–10 cm) beneath the trees at Qujiang had significantly
higher concentrations of the selected heavy metals, in particu-
lar Pb, compared with surface soil at Dinghushan. Lead con-
tents from Qujiang ranged from 145.55 to 428.16 µg·g–1. The
average values were above 20 and 6 times those recorded at
Dinghushan for Pb and Zn, respectively. Significantly higher
total Cu, Zn, Cd, Pb, Ni and Co in the soil at Qujiang than
those at Dinghushan indicated that the input of those met-
als from dry and wet atmospheric deposition may be great.
The forest at Qujiang had received substantial atmospheric
metal deposition, most probably originating from the Pb-
Zn smelting plant.

The total concentrations of the heavy metals except for Cd
and Co in the soils beneath the trees at Dinghushan were far
below their environmental background values in the area
(Li and Zheng 1989), indicating that this area received mini-
mal atmospheric heavy metals inputs. However, high con-
centrations of Cd (10 times the background value) and Co
(double the background value) in the surface soil horizon
beneath the trees at Dinghushan may result from some un-
known sources and should be concerned.

2.2 Metal concentrations in barks

Copper, Fe, Mn, Zn, Ni and Pb in the outer barks at Qujiang
were statistically (P<0.001, n=10) higher than those at

Tree Cu Zn Fe Mn Cd Cr Pb Ni Co 

Dinghushan  
1 9.20 42.44 15,856.44 33.56 1.39 4.49 11.84 8.57 5.52 

2 6.67 41.84 18,961.46 35.38 1.44 5.03 12.04 9.59 9.72 

3 12.74 30.43 17,084.16 50.9 0.59 4.39 19.66 11.41 11.96 

4 5.55 24.75 16,463.27 16.13 0.48 5.21 13.79 5.92 10.27 

5 15.27 56.88 19,402.71 33.90 0.86 4.53 20.46 13.59 13.27 

6 12.31 61.04 19,107.30 53.25 0.15 2.55 19.41 13.42 4.23 

7 6.97 33.75 20,241.90 39.79 0.25 4.17 6.89 7.65 8.88 

8 7.23 43.73 17,845.02 26.10 0.46 3.94 9.35 9.01 13.29 

9 12.29 37.88 14,054.23 10.07 0.74 3.75 5.19 5.46 5.73 

10 16.23 22.24 15,447.18 18.23 0.88 2.92 5.85 11.71 9.43 

Average 10.44(3.68) 39.50(13.43) 17,446.37(1671.4) 31.73(12.40) 0.72(0.52) 4.10(0.87) 12.45(5.11) 9.63(2.91) 9.23(3.26) 

Qujiang  
1 38.90 355.15 35,470.25 194.82 8.4 6.45 428.16 35.68 34.63 

2 41.46 341.96 27,340.57 188.96 9.45 3.28 208.55 44.70 28.68 

3 37.33 190.15 33,375.09 194.50 5.20 6.65 236.24 35.95 34.37 

4 36.74 186.09 33,161.49 190.58 4.94 5.50 339.02 25.57 27.62 

5 38.48 357.94 27,991.94 201.31 8.96 6.36 275.68 36.15 29.74 

6 38.42 321.26 31,149.67 198.11 9.14 4.59 276.44 36.12 33.19 

7 41.61 178.86 29,365.22 123.22 1.62 6.74 267.24 25.48 22.66 

8 37.75 152.85 26,298.22 119.96 3.70 9.01 166.42 32.66 20.00 

9 35.07 193.31 29,370.67 185.98 1.56 6.39 242.62 32.22 24.27 

10 44.66 138.62 37,348.06 89.51 2.08 7.92 145.55 40.51 31.99 

Average 39.04(2.80) 241.62(90.26) 31,087.12(3,657.8) 168.70(41.07) 5.51(3.25) 6.29(1.60) 258.59(81.95) 34.50(5.95) 28.72(5.08) 

 

Table 1: Total heavy metal concentrations (µg·g–1) in surface soil (0–10 cm) beneath the sampled trees at Qujiang and Dinghushan. Numbers in the
bracket after the averages are the standard deviations of the concentrations
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Dinghushan detected by Student's t-test (Fig. 2), which is
similar to the patterns of the elements in the soil concentra-
tions. Lead level in the outer barks at Qujiang was about 40
times that at Dinghushan, followed by Cu (10 times), Zn (8
times), Fe (6 times), Mn and Ni (2 times each). The concen-
trations of Cd, Co and Cr in the outer barks at Qujiang
were not significantly different from those at Dinghushan.
Iron and zinc were the highest heavy metals in the outer
barks at Qujiang, and lead, the highest trace element.

The mean concentrations of Cu (4.29 ± 0.71), Fe (66.86 ±
10.93), Mn (59.94 ±7.15), Zn (52.96 ± 7.27), Pb (1.87 ±
0.24) and Ni (1.05 ± 0.19) in the inner barks at Qujiang

were significantly (p<0.05, n=10) higher than those of Cu
(0.95 ± 0.19), Fe (26.75 ± 1.53), Mn (29.26 ± 7.63), Zn
(21.88 ± 7.07), Pb (0.25 ± 0.11) and Ni (0.66 ± 0.26) at
Dinghushan (Fig. 3). Patterns of those metals in the inner
barks were similar to those in the outer barks. Zinc and Fe
in addition to Mn in the inner barks, both at Qujiang and
Dinghushan, were statistically higher than Cu, whilst Pb and
Pb-Ni were the highest trace metals in the inner barks.

Element concentrations in the barks reflect concentrations
both within the phloem and absorbed to bark predominately
via wet and dry atmospheric deposition (Lepp 1975). Much
higher metal concentrations, even in the inner barks than

Fig. 2: Concentrations of the metals in the outer bark of Qujiang (�) and
Dinghushan (�)

Fig. 3: Concentrations of the metals in the inner bark of Qujiang (�) and
Dinghushan (�)
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their background values in the same species (Li and Zheng
1989), and much higher levels in the outer barks at Qujiang
than those at Dinghushan might come from stem-flow of
elements leached from the canopy, soil splash and sorption
of metals in the mosses and lichens growing on the bark,
which were originated directly or indirectly from the atmo-
spheric deposition. Research has confirmed that industrial
activity tends to increase the concentration of metallic con-
taminants of barks (Odukoya et al. 2000). Our results sug-
gested that the emission from the Pb-Zn smelting plant was
a most probable major source of Cu, Zn, Cd, Cr, Pb and Ni
in the atmosphere at Qujiang. This confirmed that the pres-
ence of high levels of these metals in the outer bark and soils
were indicative of atmospheric deposition at Qujiang.

The comparisons of the metal levels in the inner barks at the
two sites also suggested that the availability of metals may
be substantially greater at Qujiang, though plant-available
metal concentrations was difficult to define (Lobersli and
Steinnes 1987) because metals in the inner barks may origi-
nate from xylem or soluble metal ions transported from the
bark surface or possibly from leaves. If the atmospheric depo-
sition was similar at the two sites, levels of the metal in the
inner barks at Qujiang and Dinghushan should not appear
significantly different, since the topography and micro-cli-
matology of both sites are similar. This evidence demon-
strated that strong atmospheric deposition of metals at
Qujiang impact the levels of the metal in the inner bark di-
rectly or indirectly.

In order to identify the possible source of the metal con-
taminations further, we detected the relationships among the
metals. Significant correlations (p<0.01) between Fe-Cu, Fe-
Cr, Fe-Pb, Fe-Ni, Pb-Ni, Pb-Zn in the outer barks at Qujiang
were found, which suggested a common source for the met-
als. Significant correlations among those metals in the outer
barks at Dinghushan only occurred between Pb and Ni, Cd
and Co, which suggested that those metals must possibly
have other uncommon sources.

2.3 Relationship between the total metals in soils and barks

Heavy metal concentrations of the barks were generally
found to correlate very well with the heavy metal deposi-
tion (Huhn et al. 1995, Schulz et al. 1999). We found high
total metal concentrations in the soil beneath the tree sample
were generally followed by high metal levels in the outer
bark at both sites (see Table 1 and Fig. 2). This again re-
flected the close relationships between the metal atmospheric
deposition and their accumulation in the outer bark of
Masson pine. The levels in sequence were almost similar in
the outer bark as those in the soil for Fe, Zn, Pb, Mn, Cu
and Ni at Qujiang, and for Fe, Mn, Zn, Pb and Cu at
Dinghushan. Statistically significant (P<0.01) correlations
between the soil concentrations and the outer bark levels
for Fe, Mn, Zn, Pb and Cu (r2≥0.80) were found, which
suggests that levels of heavy metals in the outer bark were
associated with the total concentrations in the soil beneath
the trees. However, relationships between the metal levels
in the inner bark and the total metals in the soil were not
similar at the two sites (see Table 1 and Fig. 3).

3 Conclusions

The concentrations of metals in both the outer and inner
barks of Masson pine from Qujiang were statistically higher
than those from Dinghushan, suggesting bark concentrations
can be expected to be an indicator of metal loading at the
time of sampling. The study demonstrated the suitability of
the Masson pine barks, especially the outer barks, as an in-
dicator of local atmospheric deposition. The comparison of
the metal levels in the inner and outer barks from Qujiang
with that from Dinghushan also suggested that the Masson
pine barks can be used to evaluate atmospheric deposition
of certain metals. The potential of the barks of Masson pine
for indicating typical elements from industrial sources seems
promising as well.
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Abstract

Intention, Goal and Background. The widespread and unconcerned
use of chemicals in the past has led to an accumulation of pollutants
in our environment. Numerous sites are polluted with a mixture of
organic chemicals and heavy metals. The future use of these sites and
the safe consumption of groundwater from these areas depends on our
ability to assess risk by determining the bioavailability of trace levels of
pollutants in the respective soil solutions. Soil eluates containing heavy
metals in mixture as well as pure heavy metals in aqueous solution
were added to a spruce cell culture to set up such a test system.
Objective. The present study aims at evaluating the response of cul-
tured spruce cells to heavy metals in aqueous solution, and at charac-
terizing these basic cellular responses as potential biomarkers.
Methods. In order to characterize cell reactions toward heavy metals,
spruce cell cultures were incubated with CdSO4 (50 to 500 µM),
Na2HAsO4 (1.5 to 80 µM) or PbCl2 (10 to 150 µM). Alternatively,
the cells were incubated with a standard heavy metal mixture con-
taining 80µM Na2HAsO4, 150 µM CdSO4 and 150 µM PbCl2 in me-
dium and with aqueous original soil eluates. Measurement of oxidative
stress, antioxidants and basic detoxification enzymes involved in plant
defence reactions were performed with the treated cells.

Results and Discussion. After 5 hrs of incubation, the onset of a strong
oxidative burst was observed. H2O2 concentrations exceeded 40 µM
in the culture media after 20 hrs. Concomitantly, glutathione levels
showed drastic changes indicating the influence of the metals and/or
the H2O2 on antioxidative systems. Following cadmium treatment,
GSH and GSSG were elevated by 50 and 200% above controls.

Whereas arsenic doubled GSSG levels, treatment with lead did not
cause significant changes. However, a mixture of the metals decreased
both metabolites by 50%. The effect of the metals was concentration-
dependent and disappeared at high concentrations. Furthermore, strong
induction of glutathione S-transferase (GST) subunits was observed and,
although no novel subunit was expressed, the rise of a new GST isoform
occurred. The most potent inducer of plant defence reactions is cad-
mium, followed by arsenate and lead in descending order of effective-
ness. Counter ions seem to play an important role, e.g. lead chloride
influenced the investigated parameters much more than lead acetate.

Conclusions. The investigated metals activate gene expression through
signal transduction pathways previously not associated with these met-
als, which points to new end points for resistance and toxicity testing.
Especially a monitoring of GST subunit behaviour together with quan-
tifying the oxidative burst seem to be promising for a biomonitoring
concept. The close regulation of plant answers observed may facili-
tate the setup of an integrated biotest for heavy metal pollution that
could be based on enzymological as well as proteome data.

Recommendations and Outlook. Heavy metals cause stress to plant
cells and elicit a whole range of answers, although specific for indi-
vidual metal species. The differences observed in plant answers are
suitable to distinguish between metals bioavailable in soil eluates and
water samples, however only at concentrations in the µM range. It
will be necessary to evaluate the effects on the RNA and transcript
level. We recommend that similar plant metabolic end points and en-
zyme reactions be screened for their suitability as biotest systems.
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