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Abstract

Trees of temperate regions usually form visible annual growth rings, which can be dated accurately. It is
then possible to collect wood samples of different age and analyse its heavy metal content in order to get a
chronological record of trace element pollution in the tree environment. A basic assumption of dendroanalysis is
the stability of the mineral distribution patterns, i.e., no significant mobility of the elements should occur once
storaged. Additionally, neighbouring trees growing in the same environment should present a similar radial
pattern. While some studies showed a good correlation between radial distribution of heavy metals in tree rings
and temporal records of pollution from industry and traffic, others failed in using dendroanalysis as a
chronological record of pollution. Probably some elements can move at a certain rate in radial direction through
the ray parenchyma cells. Growth rates of tree rings can also influence the concentration of elements in wood.
During periods of declining growth higher concentrations of elements can be found. Radial distribution patterns
of heavy metals in wood rings should be carefully used as a tool for chronological record of environmental
pollution.

1. DENDROANALYSIS: BASIC ASSUMPTIONS

In temperate regions trees usually produce one growth ring every year. It is then possible to
accurately date the rings. When the annual ring ceases to function stores the information of the xylem
sap, which is connected with the environment of the tree. It is a tempting idea to collect growth rings
of different ages and analyse several trace elements in order to get a chronological record of the
element composition of the environment of the tree [1]. It is assumed that the elements absorbed from
the environment should be deposited only in currently growing parts of the tree, and that there is no
significant movement of elements between the growth rings.

Some authors were apparently successful in showing a correlation between environmental
pollution and the concentration of heavy metals in the growth rings [2-4]. The increasing
concentrations of Al in growth rings of Fagus sylvatica, in recent years, was explained due to the acid
depositions, which makes that element more available in the soil (Fig. 1). In Pinus sifoestris the
concentration of sulphur in the wood follows the increasing sulphur dioxide in the atmosphere
(Fig. 2).

2. WEAK ASPECTS OF DENDROANALYSIS

2.1. Seasonal variations

Are elements present in stem wood really immobile? Some authors found seasonal variations of
the elements (Fig. 3). Highest levels of trace elements were observed in the dormant season
(December) and before bud break (April). In spring and summer, metal concentrations were lower [5].
Fluctuations in trace element concentrations in wood can be linked to changes in quantity and
composition of the xylem sap during the year [5]. An increment of amino acids content in the xylem
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Fig. 1. Radial distribution ofAl in tree rings ofFagus sylvatica L. [2J.
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Fig. 2. Comparison between emission of sulphur dioxide in Europe (curve on top) and
concentration of sulphur in the wood ofPinus silvestris [3J.
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Fig. 3. Seasonal variations in concentrations and radial distribution patterns ofPb in stem
wood ofFagus sylvatica L. [5].
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Fig. 4. Radial distribution ofCd in stem wood of oak trees (Quercus robur L.) sampled in
January 1984 and in February 1994. The arrows indicate the transition between sapwood

and heartwood at the time of sampling [5J.
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Fig. 5. Radial distributions ofNi in stem wood of 6 Quercus ilex L. trees growing on
serpentine soil [12].

sap [6] and a consequent increase in the capacity to complex and translocate elements is usually
observed in spring. Additionally, the higher velocity of the transpiration stream in spring, increases
the depletion of mobile elements in stem wood that are not rapidly replaced by root uptake.

2.2. Heartwood/Sapwood

Many authors observed that the radial distribution patterns are influenced by the location of
sapwood and heartwood [7, 8]. Toxic elements like Cd and Pb showed low concentrations near the
cambium and higher towards the stem center. A translocation of toxic substances through the rays into
the heartwood was suggested as a possible mechanism of detoxification of the sapwood. The transport
of elements is restricted to the sapwood and ceases at the sapwood-heartwood boundary, where the
ray cells die in the conversion process of sapwood to heartwood [9]. The wood rays are the more
important storage tissue in trees. Their function is to connect phloem and xylem in the exchange of
several substances, but also an exchange of solutes between the rays and the xylem vessels, through
specialized cells named contact cells [10]. These cells have enlarged pits in contact with the xylem
vessels, and they also present an increase respiratory and phosphatase activity during spring.

In Ref. [5] it is described peaks of Cd at the sapwood-heartwood boundaries in stems of oak
trees that were apparently mobile (Fig. 4) [11]. The locations of these peaks are no reliable markers of
pollution events in the trees environment. The distribution of trace elements seems to be more
affected by endogenic processes.
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2.3. Quercus ilex in serpentine soils. A case study.

Most of the studied cases in dendroanalysis involved trees that at some point of their growth
suffered an increase of the trace elements present in the environment. In a situation where the tree is
always exposed to high levels of heavy metals, how is the radial distribution?

Serpentine soils are naturally rich in the trace elements Ni, Cr and Co. Quercus ilex L. is the
only tree that grows in the serpentine soils of north-east Portugal [12]. Assuming that the availability
of Ni does not change significantly with time, concentrations of Ni in growth rings should not vary
much with time, i.e. with radial position in the stem. However, the distribution of Ni in the stem wood
was shown to be variable, and different between trees (Fig. 5).

Growth rates can probably influence the concentrations of elements [13] and thus explain the
variability of Ni concentrations, i.e, if growth is uniform, the concentrations of Ni in growth rings are
equal, assuming that the availability of Ni does not change significantly with time. In some O. ilex
trees it was observed that during periods of declining growth there was an increasing concentration of
the trace elements. However, other trees did not showed that relation. The diluting effect of wood
production on the concentration of elements cannot per se explain the radial patterns of Ni found in
some Q. ilex trees.

3. CONCLUSIONS

Peaks of heavy metals are apparently mobile in the stem wood. Therefore the current locations
of these peaks are no reliable markers for the dating of pollution events in the tree environment.

Seasonal changes in element concentrations in stem wood are probably linked to the
physiological activity of trees.

The heartwood/sapwood boundary seems to play an important role in the redistribution of some
trace elements.

Radial distribution patterns of heavy metals in wood rings should be carefully used as a tool for
chronological record of environmental pollution.
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