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Abstract

This paper presents a brief survey of biomonitoring work carried out in the
author's laboratory during more than 20 years using nuclear and non-
nuclear techniques for the determination of over 50 elements. A major part
of this work concerns large-scale deposition surveys in Norway and
elsewhere using the moss Hylocomium splendens. However, considerable
efforts have also been spent on intercalibration of different species of
mosses and lichens and transformation of concentrations in moss to
absolute deposition rates. Experience from this intercalibration work as well
as from the calibration of moss reference samples may be of particular
importance to the present co-ordinated research project

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Mosses and lichens are particularly attractive as biomonitors for atmospheric
deposition of trace elements because they have no root system. Hence, as different
from vascular plants, they absorb nutrients on the surface exposed to the air rather than
from the substrate on which they are growing. Moreover they have a great sorption
capacity for many cations, especially for some of the heavy metals of prime interest in
air pollution studies. Even for anions the retention capacity is in some cases sufficiently
high to allow the monitoring of elements predominantly present in the atmosphere in
anionic form. They also possess surface properties favouring the fixation of aerosols.

In biomonitoring of air pollutants it is important to know the time period during
which the monitor concerned has been exposed to the polluted atmosphere. Some moss
species such as Hylocomium splendens and Pleurozium schreberi have been shown to be
particularly suitable in this connection because their annual incremental growth can be
readily identified. This is much more of a problem with lichens, a fact which makes them
generally less suitable than mosses in this respect. Nevertheless, in some cases lichens
represent the only alternative where no suitable moss species exsist. The feasibility of
mosses as biomonitors of atmospheric deposition of trace elements cas been critically
reviewed in recent papers (1,2).

The present author has been working with biomonitoring of air pollutants using
mosses for more than 20 years employing nuclear as well as non-nuclear methods. This
work has includes methodological investigations as well as local and regional surveys
using standard methodology. The purpose of the present paper is to briefly review this
work, and indicate how the experience from these investigations may be useful in the
current CRP.
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2. METHODS

2.1. Sampling strategies

The investigations in Norway have generally followed the recommendations of
the Expert Group of the Nordic Council of Ministers (3) with respect to the selection of
sampling sites and the handling of samples. The epigeic feather moss Hylocomium
splendens, which occurs almost everywhere in Norway, is generally used. The sampling
network employed depends on the total scale of the investigation. In the nationwide
surveys the mean density is one sample per 625 km2 (25x25 km), yielding about 500
sampling sites for the whole country.

2.2. Analytical techniques

The early work on moss biomonitoring in Norway was based on instrumental
neutron activation analysis (INAA) as the main technique. In fact this was the first time
neutron activation analysis was ever used for this purpose (4). In the case of elements
for which INAA proved not to be suitable (Ni, Cu, Cd, Pb) atomic absorption
spectrometry (AAS) following nitric acid decomposition of the moss samples was used.

Since 1990, inductively-coupled plasma mass spectrometry (ICP-MS) has
replaced the above combination of INAA and AAS in the routine monitoring on a national
scale. ICP-MS has shown to yield satisfactory results for 9 out of the 10 elements of
priority in the European moss surveys (5), notably V, Cr, Fe, Ni, Cu, Zn, As, Cd, and Pb.
For the remaining element, Hg, previous analyses made by INAA (6) or AAS using the
hydride method (7) have now been replaced by determinations using atomic
fluorescence (8). The most recent moss survey in Norway included 51 elements
determined by ICP-MS (8)

In recent years INAA with epithermal neutrons has shown to be particularly
advantageous for trace element determination in mosses. About 35 elements can be
determined routinely in this manner (9). The feasibility of this approach relative to ICP-
MS has been discussed elsewhere (10).

2.3. Analytical quality control

The accuracy of the analyses of mosses has been routinely checked using various
reference samples available from suppliers such as NIST and IAEA. Until recently,
however, no reference sample of moss was generally available. Prior to the 1995
European survey, therefore, three moss samples were produced and distributed to
prospective participating laboratories in about 20 countries. On the basis of the results
produced, the 3 samples were certified for 27 elements (11).

3. RESULTS

3.1 . Large-scale surveys

The moss method was used for the first time in Norway on a national scale in
1977 to monitor the deposition of 26 elements (12,13), following a «test» survey in
1976 to compare the feasibility of different species of mosses and lichens for this
purpose (6,14). The nation-wide surveys, co-ordinated with similar work in other
European countries, were repeated in 1985 (15), 1990 (5), and 1995 (8). Results from
the joint European surveys in 1990-91 (16) and 1995-96 (17) are published by the
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Nordic Council of Ministers in separate reports. In the latter case as much as 27
countries participated in the survey.

In connection with the 1995-96 survey our laboratory helped to organise a
survey in the Romanian Carpathians, the results of which will be reported in another
paper at this workshop.

3.2. Calibration excercises

What is normally obtained in a survey using mosses or other plant biomonitors, is
at best a relative measure of the geographic deposition pattern of the elements studied
within the area in question. By calibrating concentration values in moss agaisnt bulk
deposition values for the element concerned it is possible to transform isopleths of
concentrations in moss to deposition maps. Such calibrations have been done in
Norway, first based on data from 6 sampling stations (18) and later extended to 13
locations (19). In the latter case a careful intercalibration between Hylocomium
splendens and Pleurozium schreberi was also done for 48 elements, confirming previous
experience that the two mosses yield similar results for most elements of interest in air
pollution studies and hence can replace each other in deposition surveys.

Other intercalibration studies carried out include a comparison of heavy metals in
two mosses and two lichens (6,14), a comparison of mosses with conifer needles (20)
and a comparison of Pleurozium schreberi with the epiphytically growing lichen
Hypogymia physodes and pine bark (21). None of the two latter sample types yielded
results correlating very well with the moss.

3.3. Specific studies

Measurements carried out in Norway in 1986 (22) showed that the moss
Hylocomium splendens and the epigeically growing lichen Cladonia stellaris sorbed 137Cs
from the Chernobyl accident almost to the same extent. The correlation between
radiocesium in moss and surface soil was also quite good, whereas there was poor
correlation between the measured activities in the moss and the epiphytic lichen
Hypogymnia physodes. Repeated sampling of Hylocomium splendens at the same sites
every year after the Chernobyl accident demonstrated that there is a distinct
translocation of cesium along the moss plant (23). Thus the 1990 moss samples from
Norway still showed the characteristic geographical deposition pattern of 137Cs due to
the fallout from the Chernobyl accident (24), although only the last 3 years' growth
was taken for analysis.

Moss samples from 1977, 1985, and 1990 at 6 different sites in Norway have
been analysed with respect to their stable Pb isotope composition using thermal
ionization mass spectrometry (25). The result allow some interesting conclusions with
respect to contribution from different source regions and source categories to the Pb
deposited in different parts of Norway at different points of time.

4. PLANS FOR FUTURE WORK

During the next few years our laboratory will concentrate on the following tasks
with respect to biomonitoring of trace elements:

- Participate in the planning of the year 2000 deposition survey in Europe and the
associated analytical quality control.
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- Organise another national deposition survey in Norway in the year 2000.

- Participate in further surveys in specific areas (Romania, Ural, etc.,) where our
previous experience may be useful.

- In collaboration with other groups, carry out comparison studies of different species
of mosses, lichens, and possibly also other plants, to be used in biomonitoring.

- With a recently acquired instrument, test the feasibility of high-resolution ICP-MS
compared to the conventional quadropole ICP-MS for the analysis of biomonitors.

- It seems likely that several of these activities will be of interest to the present co-
ordinated research project and to several of the participating groups.
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