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RADIOCONTAMINATION MAPS OF MACROFUNGI
IN NORTH-EASTERN ITALY (FRIULI-VENEZIA GIULIA)
FOLLOWING THE CHERNOBYL ACCIDENT*

CARTE DELLA RADIOCONTAMINAZIONE DEI MACROMICETI
NELL’ITALIA NORD-ORIENTALE (FRIULI-VENEZIA GIULIA)
IN CONSEGUENZA DELL’INCIDENTE DI CHERNOBYL

Abstract — Two maps showing the distribution of contamination by radiocesium in wild
macrofungi within the Friuli-Venezia Giulia Region (North-eastern Italy) are presented. Both
maps have been obtained by programs of authomatic cartography; one is based on radiocon-
tamination data (37 sampling stations), the other has been obtained applying to the precipita-
tion data relative to the first 10 days after the Chernobyl accident (135 meteorological sta-
tions) a mathematical function relating precipitation and contamination. A third map is
presented, showing the reliability of the two contamination maps; this, based on the deviation
point by point of the contamination values attributed to each point in the two contamination
maps, shows a good correspondence between real data and the model. The maps can be used
to detect ‘‘high risk areas’” where the probability of collecting contaminated material is higher.
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Riassunto breve — Questo lavoro presenta due mappe della radiocontaminazione dei ma-
cromiceti saprobi nel Friuli-Venezia Giulia: la prima é basata sui dati di contaminazione rela-
tivi a 37 stazioni di campionamento nel 1986. La seconda é stata ottenuta applicando ai dati
relativi alle precipitazioni cadute nei primi 10 giorni dopo lincidente di Chernobyl (135 sta-
zioni meteorologiche) una funzione matematica tra precipitazioni e contaminazione dei fun-
ghi. L’affidabilita delle due mappe viene discussa sulla base di una terza mappa, che mostra
la deviazione, punto per punto, dei valori di contaminazione attribuiti ad un dato punto nelle
due carte di contaminazione; la mappa di affidabilitd mostra una buona corrispondenza tra
la mappa di contaminazione basata sui dati reali e quella di contaminazione basata sul model-
lo. Le mappe della contaminazione possono venir utilizzate per individuare delle *zone a ri-
schio’’ dove & piu probabile la raccolta di materiale fortemente contaminato.

Parole chiave: Chernobyl, Friuli-Venezia Giulia, ITtalia, Macromiceti, Radioattivita.

* Lavoro finanziato dalla Direzione Regionale dell’Igiene e Sanita del Friuli-Venezia Giulia e dal Centro
Regionale di Sperimentazione Agraria di Pozzuolo del Friuli (UD).
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Introduction

A first survey on the contamination of macrofungi by radiocesium in Friuli-
Venezia Giulia (North-eastern Italy) following the Chernobyl accident was carried
out in the late summer of 1986. The results revealed a high variation of the radiocon-
tamination values both among different species collected in the same station, and
among specimens of the same species collected in different stations (NIMIS et al.,
1986). The efficient use of macrofungi as biomonitors of radiocontamination ob-
viously depends on the possibility of explaining the main factors affecting the high
variation of contamination data. According to NIMIS et al. (1986; 1988), these are:
a) depth of the mycelium: saprophytic fungi with superficial mycelium have the

highest contamination values, followed by mycorrhizal symbionts with shallow-
rooted Coniferae and with deep-rooted broadleved trees, respectively; this is related
to the fact that after the Chernobyl accident radiocesium was concentrated in the
upper horizon of the forest soils; different mycelium depths explain the high varia-
tion of contamination values among different species of the same station;

b) precipitation fallen in the first 10 days after the Chernobyl accident. NIMIS et al.
(1986; 1988) could demonstrate a good correlation between average contamina-
tion values of different stations and the amount of precipitation. This factor ex-
plains a great deal of the variation in radiocontamination among individuals of
the same species collected in different stations.

These results were confirmed by an analogous study carried out in Belgium,
by GUILLITTE et al. (1987). The results of another survey carried out in 1987 by Nimis
et al. (1988), showed that the additional precipitation fallen within one year caused
a migration of radiocesium into deeper layers of the soil profiles; as a result, the
contamination of mycorrhizal species tends to increase, that of saprophytic species
to decrease with time.

The main problem concerning the use macromycetes as biomonitors of radioac-
tive deposition lies in the very high variability of the contamination data. Once the
main factors affecting radiocontamination of macrofungi in the survey area have
been understood, their use as biomonitors becomes possible. This paper presents two
contamination maps of the Region, obtained by programs of authomatic mapping:
the first map is based on the average contamination values of saprophytic species
in the 37 sampling stations; the second map has been obtained from the precipita-
tion map (135 stations), applying to precipitation data a mathematical function relating
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precipitation values and contamination of saprophytic fungi. The reliability of these
maps is discussed on the basis of a third map showing the deviation, point by point,
of the data attributed to each point in the two contamination maps.

Data and methods

Several species of macrofungi have been collected in the late summer of 1986
within 37 sampling stations (see fig. 2). All the stations were located within natural
woody stands. A total of 298 samples has been collected, belonging to 120 different
species (NIMIS et al., 1986). The material has been dried and dehydrated before tl‘le
measure of the activity of radiocesium. The activity has been measured by a solid
state detector, wich is an Intrinsic Germanium (Tennellec) with inserted pre-amplifier,
cooled with liquid nitrogen and protected from natural radiation by a cm 10 thick
lead layer. Its main characteristics are: FWHM at 1.33 MeV, 1.88 KeV, relative effi-
ciency: 18%, active volume: 83 cm’, useful surface: 19 cm?; it is connected with an
Ortec amplifier mod. 578. The measurement times ranged between 600 and 32.000
seconds, depending on the activity of the samples.

The precipitation data were obtained by a metereological monitoring net of 135
stations (data in NIMIS et al., 1986, location of the stations in the survey area in fig. 2).

The maps have been obtained with program SURFER (Golden Software Inc.).
The first contamination map is based on the average radioactivity values of saprophytic
species in each station. The analysis has been limited to saprophytic species sir.lce
their contamination in 1986 reflected better the deposition of radiocesium following
the Chernobyl accident. The second map has been obtained applying to the precipita-

tion data the following function:
C=2599 ¢ 0051 P

where C is the estimated contamination of saprophytic species, and P is the precipita-
tion value. This function has been obtained by computing an exponential least squares
regression of the correlation data between precipitation and contamination publish-
ed by Nimis et al. (1988). The relation is not linear: at low precipitation values the
contamination data tend more rapidly to zero; according to NIMIS et al. (1986; 1988)
this is due to the fact that in the stations with low precipitation most of the
radioisotopes have been retained in the crowns of the trees.
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Fig. 2 - Map showing the deviation between the values attributed to each point in the conta-
mination maps based on observed data (fig. 1 b, c¢), and on theoretical data (fig.
1 e, f) (see text). The dots indicate the location of the metereological stations, the
asterisks the location of the stations in which macrofungi were sampled.
- Carta della deviazione, punto per punto, tra valori di contaminazione attribuiti ad
ogni punto sulla base dei dati reali (fig. 1 b, c) e di quelli teorici (fig. 1 e, f) (v. te-
sto). I punti rappresentano le stazioni metereologiche, gli asterischi le stazioni di
raccolta dei macromiceli.
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Fig. 1 - a, b) Maps of the precipitations fallen in the Friuli-Venezia Giulia Region in the first
10 days following the Chernobyl accident, based on the data of 135 metereolo-
gical stations (see fig. 2).
¢, d) Maps of the contamination by radiocesium of saprophytic fungi in the Friuli-
Venezia Giulia Region, based on the average contamination data from 37 sam-
pling stations, relative to the late summer of 1986 (see fig. 2).
2 e, f) Maps of the theoretical contamination of saprophytic macrofungi in the Friuli-
A Venezia Giulia Region, obtained applying a function between precipitation and
contamination to the precipitation data used to construct the maps of fig. 1
a,b (see text).
a, b) Carte delle precipitazioni nei primi dieci giorni seguenti ['incidente di Cherno-
byl nel Friuli-Venezia Giulia, basate sui dati di 135 stazioni metereologiche,
la cui localizzazione & mostrata in fig. 2.
¢, d) Carte della contaminazione da radiocesio dei macromiceti saprofiti nel Friuli-
Venezia Giulia, basate sui valori medi di contaminazione in 37 stazioni di cam-
pionamento; i dati si riferiscono a misure effertuate nella tarda estate del 1986.
Per la localizzazione delle stazioni di campionamento v. fig. 2.
e, f) Carte della contaminazione teorica da radiocesio dei macromiceti saprofiti nel
Friuli-Venezia Giulia, ottenuta applicando ai dati di precipitazione una fun-
zione matematica tra precipitazione e contaminazione (v. testo).
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The two maps have been compared using the option ‘‘Math” of program
SURFER, which allows two existing, identically sized grids to be combined to form
a third output grid on the basis of a mathematical function. In our case, the two
input grids have been compared on the basis of the function:

Cij=100 1 Aij“Bij |

where Aij represents the hypothetical contamination in the ij grid point, and Bij the
measured contamination, both transformed to unit lenght. The final output is a third
map, showing the degree of congruence between theoretical and real distribution of
contamination. This allows to test the reliability of the contamination maps for each
point of the survey area. -

Results and discussion

The precipitation map is shown in fig. 1 a,b: in the first 10 days following the
Chernobyl accident the highest precipitations were on the first ridges of the outer
Pre-alpine chains, with values above mm 64, and peaks up to mm 100. The inner
Carnic and Julian Alps, the Friulian Plain and the Karst District were affected by
much lower precipitations.

The maps obtained from the real contamination data of macrofungi by radio-
cesium are shown in fig. 1 ¢,d: the areas with highest contamination values (above
67.000 Bg/kg dry weight) are located in the Tramonti Valley (Carnic Pre-alps) and
in the Raccolana Valley, in the outer Julian Alps. The inner Carnic Alps have conta-
mination values between 2000 and 7000 Bq/kg dry weight, the Friulian Plain and
the Karst District have an average contamination below 2000 Bq/kg dry weight. The
map of the theoretical contamination is shown in fig. 1 e,f.

Considering that the consumption of wild mushrooms is a tradition of the local
population, the maps of fig. 1 ¢-f could be used to delimit “‘high risk areas’” where
the probability of collecting contaminated material is higher.

The maps of fig. 1 have been drawn by program SURFER, which operates an
extrapolation from the data relative to the single stations. It is obvious that the at-
tribution of a given portion of the survey area to a given class of values has not the
same degree of reliability for each point of the map. The precipitation map is pro-
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bably much more reliable, since the density of metereological stations is much higher
than the density of sampling stations utilized in the survey of 1986. Considering that
the maps of fig. 1 could have a direct relevance for the local population as far as
mushroom consumption and collecting are concerned, it is important to indicate clear-
ly the parts of the map with lower reliability, i.e. those where the extrapolation of
observed contamination data is less supported by the theoretical data. Fig. 2 shows
a “‘reliability map’’ reporting the distribution of the deviation, point by point, bet-
ween observed and theoretical contamination in the respective maps; there is a very
good correspondence between the two maps; the areas with lowest reliability are
limited to restricted portions of the region. Low reliability values might be due to
two main reasons: a) insufficient density of sampling stations; b) deviation between
observed contamination data and expected theoretical values: this might depend on
local factors such as the differences between estimated and actual precipitation in
the sampling points, or the influence of local microgeomorphological pattern on the
contamination of saprophytic macrofungi.

NIMIS et al. (1988) have shown that in the survey area radiocesium tends to
migrate into the soil profile, and that the migration rate depends primarily on
precipitation. The data presented in this paper refer to the situation at the end of
1986, i.e. to the deposition pattern. Considering the long half-life of Cs 137 and the
fact that most edible species are in mycorrhizal symbiosis with deep-rooting trees,
the contamination risk deriving from the consumption of edible mushrooms is sub-
ject to variation depending on the species and on the quantity of rain fallen in the
collecting stations since the Chernobyl accident. Another survey of the radiocon-
tamination by mushrooms within the Region is foreseen for the next future, to ob-
tain further informations on the evolution of contamination processes of direct
relevance for public health.

Manoscritto pervenuto il 27.111.1990.
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RIASSUNTO — La contaminazione da radiocesio dei macromiceti in conseguenza dell’inci-
dente alla centrale nucleare di Chernobyl varia fortemente tra diverse specie della stessa sta-
zione e tra individui della stessa specie raccolti in stazioni diverse. Cio dipende da due fattori
principali: a) profondita del micelio: le specie maggiormente contaminate sono quelle saprofi-
te a micelio superficiale, seguite dai simbionti micorrizogeni con alberi di conifere e di latifo-
glie; b) la quantita di precipitazioni cadute nei primi 10 giorni dopo I'incidente: esiste una
buona correlazione tra quantita di precipitazioni e contaminazione delle specie saprofite, e
questa pud venir espressa da una funzione matematica di tipo non lineare.

Vengono presentate due carte di contaminazione dei macromiceti saprofiti nel Friuli-
Venezia Giulia, ottenute attraverso un programma di cartografia computerizzata: la prima
& basata sui dati reali di contaminazione ottenuti da una campagna di monitoraggio effettuata
in 37 stazioni alla fine del 1986. La seconda é stata ottenuta applicando la funzione che colle-
ga i dati di precipitazione a quelli di contaminazione ai dati relativi alle precipitazioni nei pri-
mi 10 giorni dopo I’incidente di Chernobyl (135 stazioni metereologiche). L’affidabilita delle
due carte di contaminazione viene discussa sulla base di una terza carta, che riporta, punto
per punto, i valori di deviazione tra la contaminazione attribuita al punto sulla base dei dati
reali e dei dati teorici. Le due carte mostrano un ottimo grado di congruenza. Esse possono
venir usate per individuare delle zone a rischio, dove & pili alta la probabilita di raccogliere
campioni fortemente contaminati. ¢
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