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ABSTRACT

This paper is a brief review and discussion of some approaches to sampling using bioindicators

that have been employed in the assessment of radionuclide contamination in Ireland. Studies

by other researchers are also referred to and the fields of research in radioecology where the use

of bioindicators could be further developed are discussed.

The review includes a discussion of the important attributes of bioindicators and how they can
best be used in the development of effective but economical sampling strategies that yield the
maximum amount of information.

INTRODUCTION

The idea of using bioindicators to establish the nature of environmental conditions is not a new

one, but biologists have more recently embraced the concept as an effective and economical way

of monitoring both global and local environmental conditions (Ashmore etal., 1978). The United

Nations Economic Commission for Europe Convention on Long-Range Transboundary Air

Pollution for example, recognises the potential of bioindicators and has developed an

international programme to map critical ozone concentrations using Raphanus sativus (radish)

as an indicator plant (Jones et a/., 1991).

Many different types of biological substances have been used as indicators for different purposes.
These include higher plants and plant populations (Salanki, 1986), lichens (Hawksworth and
Rose, 1976), mosses (Nash and Wirth, 1988), algae (Trainor, 1984), chemical derivatives (Yu Shu-
wen etal., 1991) microorganisms (Bewley and Campbell, 1980), insects (Smock, 1983), animals,
animal populations (Bohac and Fuchs, 1991) and animal products (Mason and Macdonald, 1987).

Common approaches to such studies include observations of deviations from the norm in
biochemical, physiological, anatomical and behavioural functions. Changes in population
structures, in interactions between populations, in the ecosystem or in landscape characteristics
may also be used in bioindicator studies.

It may be argued that all types of environmental samples, including media that might be

considered inert, such as soil, water and air, are bioindicators because they help us make an
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assessment of the environmental status of the biosphere. Air, soil and water are the media on

which biota, including man, depend for survival. Alteration of the condition of these media will

cause biological changes to take place and it is sometimes easier and more effective to measure

these knock-on changes in biota rather than to directly measure changes in the chemical or

physical composition of the media.

A good example of the usefulness of bioindicators is provided in the field of freshwater ecology.

A sophisticated bioindicator system has been developed and is now widely applied. The

sensitivity of invertebrate species to many different forms and concentrations of pollutants has

been evaluated and freshwater biological index systems based on absence/presence/abundance

assessments of a combination of sensitive species have been designed (Atkin and Birch, 1991).

Simple observation of invertebrate populations can effectively be used in the assessment of water

quality and can considerably reduce the need for costly and time consuming chemical analyses,

although follow-up confirmation of findings are often carried out using alternative analytical

systems.

In this review paper, some general applications of bioindicators in pollution assessment are

discussed. Emphasis is on work carried out in Ireland on the assessment of radionuclide

contamination from Chernobyl fallout and other related studies are also referenced.

Plants as Bioindicators of Radionuclide Contamination

Mosses and lichens have been used extensively as monitors of radioactive fallout (Svoboda et

a/., 1986; Van Den Berg et al., 1992; Sloof and Wolterbeek, 1992; Steinnes and Njaastad, 1993;

Nifontova and Alexashenko, 1993). These non-vascular plants act as passive monitors of air

pollution and provide a standard biological substrate for comparative fallout assessments. The

existence of good baseline information allows changes over time to be measured.

Algae, and Fucus vesiculosus in particular, have been widely used as bioindicators of pollution

fora variety of radionuclides in the marine environment (Boelskifte, 1985; Mattsson etal., 1980).

With these species, it is necessary to consider periodicity in the uptake of radionuclides,

variations between different plant parts, or variations associated with the age of the plant in order

to minimise errors associated with their use as bioindicators (Carlson and Erlandsson, 1991). It

is important therefore to develop a good knowledge of the autecology of indicator organisms.

Biological indicators of 2!7Np in the marine environment are reviewed by Germain and Pinte

(1990).

Higher plants have also been used as bioindicators of environmental contamination from various

radionuclide species (Rickard and Kirby, 1987; Osores et al., 1991). For example, indicator

species have been used to estimate the radiocaesium concentration in other species growing in

the same phytosociological association (McGee et a/., 1991). Concentrations in different plant

species were found to be present in relatively constant ratios to one another allowing 'plant to

plant' ratios to be calculated. Calluna vulgaris has been used as an indicator species to predict

radionuclide concentrations in a variety of associated species (McGee et al., 1991; 1993(a)).
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Further study (McGee et a/., in press (a)) has shown that the variability of 137Cs soil-plant

concentration ratios and transfer factors was greater than the variability associated with plant to

plant ratios for the same study site {Figure 1).

Figure 1

Dot-plots of plant to soil concentration ratios, soil transfer factors

and plant to plant ratios. Associated coefficients of variation

are presented beneath each data set.

Ratio
5t

4 -•

3 • •

2 -•

Calluna:Soil Juncus:SoilCalluna:Soil Juncus:Soil Juncus:Calluna
Activity Activity Deposition Deposition

40% 58% 34% 61% 30%

The above, demonstrates the possibility of predicting the radionuclide concentration in many
plant species by analysing samples of plant indicator species. Suitable indicators for different
ecosystem types need to be identified and baseline concentrations of radionuclides in these
indicator species measured. In addition, there are many other types of indicator which could be
considered for use in the assessment of radionuclide contamination of vegetation. Invertebrate
fauna feeding directly on a certain plant species can, for example, provide indirect estimates of
radionuclide content in the plant (Brown, 1990). An appropriate indicator species should be
abundant and easy to sample, show minimal variability in radionuclide content relative to other
species of interest, and contain easily measurable concentrations.
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Variability in Radionuclide Content of Plants relative to Soils

Study has shown that between site differences in radiocaesium contamination can more easily

be identified by taking plant samples than by taking soil samples (McGee et a/., in press (a)).

Sixteen soil profiles and sixteen samples of two plant species were taken from within a 3600 m2

site in Ireland. The coefficients of variation for radiocaesium concentration in the two plant

species were 12% and 20%; corresponding concentrations in different soil horizons yielded

coefficients of variation of greater than 30%.

The relationship between the coefficient of variation of a data set, the percentage difference

between sites that the analyst wishes to detect, and the number of samples required in order to

achieve confidence in the detection are presented in Figure 2. This graph may be used in the

design of sampling strategies where any two sets of data are compared. If the coefficient of

variation of a certain data set is estimated through a pilot survey, it is possible to predict the

number of samples required to carry out a comparison between sites, with a given level of

confidence. It is clear from Figure 2 that the smaller coefficient of variation associated with the

radionuclide concentration in plants means that between site differences can be identified with

far fewer samples using plants than would be necessary if the sites were to be compared on the

basis of soil concentrations.

Figure 2

Number of samples needed to detect a given 'true' difference between means. Curves illustrate

how the required number of samples (y-axis) changes in relation to the coefficient of

variation (x-axis) and the desired detection difference. Curves are based on

an 80% certainty of detecting a difference between 2 means at

the 5% significant level.
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Plant species have the ability to physiologically regulate uptake of mineral elements (Marschner,

1986) and this may partly explain the lesser variability associated with plant U7Cs concentrations.

It is also likely that plants have an integrating effect, since they may source radionuclides through

their root systems over considerably larger areas than the soil sample with which they are

compared.

Fungi as bioindicators

Certain fungal species accumulate radiocaesium and some are consumed by herbivores and man.

They have also been used as bioindicators (Fraiture et a/., 1990) It is important to estimate the

contribution that fungi make to the total radiation dose due to ingestion. Radiocaesium

concentrations in fungi in excess of 50,000 Bq/kg (dry weight) are not uncommon, but additional

information such as the total standing biomass, the water content, the species productivity and

the relevant consumption data need to be known before the significance of such a high activity

concentration can be evaluated.

Hence, it is not always enough to simply sample and analyse a bioindicator. We also need to

consider what supporting information is required in order to make the clearest and most useful

interpretation of the data. These arguments are important in the case of fungi, which have very

variable productivity and consumption rates depending on the time of year. However, the same

arguments apply to most other sample types used in environmental assessment studies.

Plant Pollen

Studies on the use of honey bee products as a means of monitoring 137Cs concentration in the
environment have shown that honey itself is not a reliable indicator of radiocaesium
contamination (Bunzl and Kracke, 1981). This is because honey is comprised of varying
quantities and types of pollen, nectar and honeydew (figure 3), the source of which are not all
easily determined. Pollen itself, however, can be confidently identified under the microscope
and has been used very effectively as a bioindicator of radiocaesium concentrations in the plant
species from which it is derived (Flood, 1994).

Bees forage intensively over about 7 km2 visiting thousands of plants daily in their search for
pollen (Bromenshenk et a/., 1985). By simply fitting a pollen trap to a honeybee hive, and
measuring the radiocaesium content of the pollen species present, it is possible to produce
models to give accurate and precise estimations of concentrations in leaves and flowers of plants
within the forage area. The variability in radiocaesium concentration of pollen samples is small.
In addition, pollen samples represent primary production over a single season, but if the plant
itself is sampled, it is often difficult to avoid sampling vegetative parts produced over several
growth seasons.
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Figure 3

Flow diagram illustrating the routes of caesium transfer to bee products
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Faecal Pellets

Many animals graze semi-natural areas where plant communities are much more diverse than

in highly managed agricultural areas. In these areas it may be difficult to identify the plant species

consumed by animals and therefore, to determine the intake of radionuclides from contaminated

plants. If populations are only semi-domesticated and graze unfenced areas it may be also be

difficult to capture the animals for direct in-vivo measurement.

Because radiocaesium is mobile in biological systems, the rate of intake by animals quickly

reaches equilibrium with the excretion rate, this does not apply to all radioisotopes, some of

which may, for example, be retained as skeletal deposits.

Investigations carried out in Ireland on the feasibility of using faecal pellets collected from the

grazing ranges of sheep flocks to predict mean and maximum radiocaesium concentrations in the

flesh of sheep proved positive (McGee et a/., 1993(b), McGee et a/., 1994). A simple linear

relationship described by a regression equation can be used to predict flesh concentrations once

faecal concentrations are known:

V = 0.215e0.9M

where V is the mean radiocaesium concentration in the flock and F is the radiocaesium content

of the corresponding faecal sample (both V and F are in kilobequerels per kilogram). The

maximum radiocaesium concentration within a flock can also be determined by this method

using a different equation.
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Faecal pellets essentially comprise undigested plant remains together with endogenous secretions

of waste products, and can be used, with some limitations, as indicators of dietary composition

(Rafferty eta/., 1993).

The faecal analysis system has also been shown to be applicable to Red Deer (Cervus elaphus).

Faecal samples were removed from individual Red Deer, shot during the annual cull and related

to in-vitro measurement of radiocaesium in organs removed from the carcass (McGee et a/., in

press(b)). Radiocaesium concentrations in faecal samples were found to be related in a linear

fashion to radiocaesium concentrations in kidney samples from the same individual (Figure 4).

The linear regression equation for the relationship can be used to predict flesh concentrations by

measuring faecal concentrations.

Figure 4

Caesium-137 concentrations (Bq/kg) in faecal samples of slaughtered Red Deer plotted

against the respective concentration in the kidney (Bq/kg) of the same animal.

The least squares regression line (r squared = 0.729) is fitted to the data.
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Collection and analysis of faecal samples involves minimal input of resources relative to the effort and

expense of carrying out in-vivo studies. In the event of accidental fallout, faecal samples could easily be

collected by inexperienced personnel and sent to a central laboratory for analysis, in instances where

faecal analysis predicted flesh concentrations which gave cause for concern, follow-up work could be

carried out to confirm predictions using in-vivo techniques. A further advantage of such a system is that

faecal concentrations tend to rise and fall in advance of increasing and decreasing flesh concentrations due

to an equilibration lag-period.
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CONCLUSIONS

The many uses of bioindicators in environmental studies are now being acknowledged by the scientific

community. There have been many recent developments of indirect environmental assessment methods,

but the scope for further development remains considerable. This is particularly true in the field of

radioecology where the many uses of bioindicators have enormous potential.
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