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Abstract
Chernobyl accident introduced many radionuclides into the environment and Sacca di Goro, in the Adriatic Sea (north of Italy) is one of the
areas affected by the contamination of Chernobyl products. Since the average lifetime of many radionuclides emitted by the fall-out is now over, a
further campaign was carry out to check the current situation of these radionuclides. Sediment samples were collected in the lagoon of Sacca di Goro
(Ferrara, Italy). The radionuclide concentration was analyzed by High Purity Germanium Radiation Detectors. The results allow to create a complete
mapping describing the spatial distribution of 137Cs, 40K, 238U, 232Th and 226Ra in the sediment of Sacca di Goro after Chernobyl radionuclide
contamination.
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Introduction
The radioisotopes characterization is important for the
estimation of health risk from exposure to a particular radioactive
element. This focus has become a primary importance after
Chernobyl accident (April 1986) in which it was calculated that
at least 60-80% of the core leaving from the protection screen
emitting radioactive material into the atmosphere as dust, gases
and aerosols, especially 137Cs equivalent to 14x1018Bq IAEA [1]
The Po delta region (Emilia-Romagna, Italy) is one of the areas
affected by the contamination of Chernobyl products [2]. For this
reason, different studies were carried out to evaluate the presence
of radioactive elements after Chernobyl event [2-5] and in the
specific site of the Sacca di Goro [6,7]. In this revision, analysis of
the radionuclides in the Sacca di Goro produced by the Chernobyl
accident and of other radioactive elements that can contribute
to genetic mutation has been repeated. Sacca di Goro is a typical
habitat of many fish, in particular clams and mussels [8,9]. Mussel
farming, including Manila clam, Tapes philippinarum, has made
Goro the Italian reference area for mollusk production [9-11]. It is
important to note that mollusks are bioaccumulator of radioactive
elements and therefore they may transfer the radioactivity into
higher organism [12,13].
Parisi et al. [6,7] verified that the radioactivity levels of 134Cs,
137Cs, 103Ru and 106Ru were particularly high in some algal in
the Goro lagoon: the concentration of radioisotopes was up to 10
times higher than those of the sediments in which they were found.
Recently, the annual reports of the Regional Agency for Prevention,
Copyright © All rights are reserved by Chiara Telloli.

Environment and Energy of Emilia-Romagna ARPAE EmiliaRomagna [8] proved that mollusks and sea fish show in some cases
the presence of 137Cs with values close to the limit of detection.
This revision aimed to characterize the actual concentration of
some radioisotope in the Sacca di Goro, radionuclide accumulation
environment probably tied to the erosion sediment transport.
Gamma-ray spectroscopy provides an inexpensive and efficient
method for measuring the contamination of the environments. In
general, radionuclide concentrations in environmental samples
may be determined by means of radiochemical separations,
followed by alpha- and beta-ray spectroscopy. But these techniques,
in comparison with high-resolution gamma-ray spectroscopy, are
laborious and time consuming, preventing an extensive sampling
procedure often demanded by environmental programs. In recent
years, the application of on-line minicomputers to the analysis of
complex gamma-ray spectra has further facilitated and tailored
the process of data reduction, error analysis, and search for
radionuclides decay series. Following this study, soil samples were
collected on Sacca di Goro and analyzed by High Purity Germanium
Radiation Detectors to characterize the concentration and the
spatial distribution of 137Cs, 40K, 238U, 232Th and 226Ra.

Materials and Methods
Field site

Sacca di Goro is one of the largest saltwater lagoon of the
Adriatic Sea with a surface area of about 26 hectares and located
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in the southern part of the Po river delta (44.78-44.83 N and 12.2512.33 S) in Ferrara province (Italy). A sandbar of about 1500m
between the Volano seashore and the estuary of the Po of Goro puts
the lagoon in communication with the open sea. The depth varies
from 60-70cm to 2m in relation to river (Po di Goro, Po di Volano
and Giralda Valley) and seawater inflows [14,15]. The mixture of
freshwater and saltwater determines a salinity level of about 23%.
The sea sediments are characterized by loam and silt and by sandy
bottoms where the Sacca empties into the sea [12]. The Sacca di
Goro is an important area for its ecological peculiarities of the
environment that permit the existence of animal and vegetable
communities. For this reason, from 1981 it is recognized among
wetlands of international importance for aquatic avifauna as
defined by the Ramsar Convention [16].

Sampling and analytical techniques

Samples were collected in the same point of which collected
by Parisi et al. [6,7] in order to compare 137Cs concentration after
Chernobyl event. The sediments were collected to a depth of 5cm.
After collection, samples have been placed in polyethilene bags to
be transported to the laboratory of the Italian National Agency for
New Technologies, Energy and Sustainable Economic Development
(ENEA) Research Center in Bologna (Italy).

For each sample, 100g of sediment was dried in an oven to
remove moisture. The isotopic analysis of 137Cs, 40K, 238U, 232Th and
226
Ra was carried out using two High Purity Germanium Radiation
Detectors, (HPGe, ORTEC, Ametek, Tennessee, USA) with a relative
efficiency of 20 and 10% respectively and powered by a voltage of
+4000V and -2500V. The gamma spectra were displayed by Gamma
Vision software (Ortec, Tennessee, USA). The analysis of the gamma
spectrum identifies the radionuclides in the sample and quantifies
the activity as the average number of radioactive decays per second
(Bq) and per unit of mass (Bq/Kg).

Result

Shows the grain size distribution of the sediments in the
sampling area, which identify three different pattern: silt and clay
near the coast and sands to the open sea. 137Cs, 40K and 238U spatial
distribution in the sediments of Sacca di Goro, which is similar to
each other. The major concentrations are located in the north of the
lagoon near the coastal line as shown in Table 1. In this area the
percentage of clay is higher due to the negligible effect of the wavy
wave. These distributions are different with respect those of 232Th
and 226Ra, which constant distributions. These figures display an
accumulation located in the south-east part of the lagoon, which is
composed by sand sediments.
Table 1: Concentration of each radionuclide in the different sampling site in the Sacca di Goro, expressed in Bq/
Kg.
Samples
G1
G3

G10

137

Cs

40

K

238

U

232

Th

13±1.3

521±63

60±27

29±3

1.8±0.5

470±40

22±9

29±2

21.6±2.3

652±82

52±37

33±6

226

Ra

25±2

30±10
25±4

G13

23±2.6

627±80

72±44

28±6

23±4

15±1.3

505±46

31±12

25±8

19±5

420±54

38±35

G15

1.4±0.5

G19

10±1.6

G17
G20
G21

03C3

Discussion

3±0.8
9±1

20±1.5

481±41
607±78
551±48
672±58

18±8

49±43
34±12
24±11

24±2
33±3
50±1
27±5
32±2

21±5
28±5
38±4
24±5
25±5

Parisi et al. [5,6] showed the spatial distribution of 106Ru, 134Cs,
Cs, 40K, 238U and 232Th analyzed in the sediments of the Sacca
di Goro after the Chernobyl accident. The results showed that
the Sacca di Goro is an accumulation environment of artificial
radionuclides from the fall-out. It is assumed, in fact, that the
accumulation is attributable to flocculation processes: mixture of
fresh and saltwater. In particular, this take place with low-density
sediments, that is with a high content of silt and clay. The spatial
distribution, especially for 137Cs, 40K and 238U, confirms the results
illustrate in Parisi et al. [6,7]. This accumulation may be due to the
adsorption by clay minerals and organic material, that characterize
the sediments of the lagoon.
137

The different spatial distribution of 232Th and 226Ra compared to
the other radionuclides is probably due to different environmental
conditions inside the Sacca di Goro. In the south-eastern part of the
lagoon the reductive oxide conditions may facilitate the deposition
of thorium ions into the sediments. Frignani et al. [17] analyzed
the activity of 137Cs in the sediments near the Po Delta areas, in
order to determine the processes that influence the distribution
of radionuclides in the marine environment. The highest values
have been found in the area characterize by the deposition of silts
and clays. On the contrary, the minimum levels characterize sands
located in the open sea.

The annual reports of ARPAE [18,19] showed that the
superficial sediments of the Sacca di Goro behave as described for
the sediments of the Upper Adriatic Frignani et al. [17], confirming
the decreasing trend of 137Cs concentrations moving away from the
Po Delta.
These results confirm that the distribution of 137Cs is influenced
by the deposition or not of fine-grained sediments on the seafloor.
Cs tends to concentrate in the clayey sediments. Dynamic areas are
correlate with poor sedimentation and consequently do not show
significant contamination of Cs from the Chernobyl accident [17].
Parisi et al. [6,7] showed a 137Cs average concentration of 40Bq/Kg,
with an increase from 3 to 9 times depending on the area. In addition
to this, the isotopic ratio of 137Cs/134Cs identifies the northern area
of the lagoon as the most polluted Parisi et al. [6,7]. ARPAE [18,19]
illustrated value of 137Cs concentration between 4.6 and 14.1Bq/Kg,
confirming the influence of the sediments coming from the Po river.

Conclusion

Although many years have passed since the Chernobyl accident,
Cs are still observed in the investigated area. The results of the

137
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analyzes show that the largest accumulations are located near
the coast, characterized by fine-grained sediments. Fortunately,
the studied area is not affected by mollusk cultures, so it would
be necessary to investigate possible bioaccumulation in the clams
and mussels’ habitat. In the next works, preliminary analyzes are
planned on the sediments and then subsequent analyzes on plants.
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