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ABSTRACT: Marine mussels Mytdus galloprovincialis were examined from stations in the Venice 
Lagoon and La Spezia Roads (Italy) characterized by different degrees of pollution. Frequencies of 
micronuclei detected in gill tissue are suggested as a technique for rapid, easy and sensitive monitoring 
of environmental genotoxicity. 

INTRODUCTION 

Micronuclei, initially found in red blood cells by 
Howell (1891) and described by Jolly (1905), are small 
DNA-containing bodies which can be present near the 
cell nucleus during interphase as a consequence of 
both chromosome breakage and spindle disfunction. 
'Micronucleus tests' to evaluate chromoson~al damage 
were performed in the early 1970's by Bo!!er & Schmid 
(1970), Matter & Schmid (1971) and Heddle (1973) in 
mammalian cells. Since then several studies performed 
in plants and in different animals both in vivo and in 
vitro, as well as in human bone marrow cells and blood 
lymphocytes, have shown the test to be a very sensitive 
indicator of chromosomal damage (see review by Jens- 
sen 1982). However little attention has been paid to 
aquatic species (Hooftman & de  Raat 1982, Manna et  

In this article we  examine this possibility by means of 
the study of natural populations of the marine mussel 
from the Venetian Lagoon and the La Spezia Roads, 
Italy. 

MATERIALS AND METHODS 

Examined area and sampling stations. The Venetian 
Lagooii is subdivided by natural watersheds into 3 
almost independent basins. Our sampling stations were 
located in the Chioggia basin, the southernmost of 
these (Fig. 1) which has a surface of 11 075 ha, a 
volume of about 70 X 106 m3 and a tidal excursion rang- 
ing from 25 cm (neaps) to 100 cm (springs). Stns 2 and 3 
are relatively unpolluted. Stn 6 shows a high degree of 
eutrophication (Brunetti et al. 1983) due to urban dis- 

al. 1985, Das & Nanda 1986), and none to marine 
invertebrates. 

We have recently studied the induction of 
chromosomal damage, SCE (sister chromatid exchange) 
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.. .. . ., .. ; and micronuclei, in the early embryos (Brunetti et  al. .... .. ,+l +. :. ,.. , 
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1986) and in the gill tissue (Gola et  al. 1986) of the 

: ,. ., ... ' ' . . ... . . .. 

marine mussel Mytdus galloprovincialis. We have .... :: 
..::>.:. 

..;? .... . , 
shown that the frequency of micronuclei induced by ..' . .... .;.. .. .. c\ _.. ... .. . ... . . , , , .., . . 
genotoxic agents declines after treatment, reaching a 
plateau level significantly higher than the control value 
which persists for a very long time (Majone et  al. 1987). 

l km The persistence of an increased frequency of micro- - 
nuclei suggests the possibility of using micronuclei 
frequencies detected in natural populations as indi- Fig. Chioggia Basin of the Venetian Lagoon, northern 
caters of the genotoxicit~ of marine water pollutants Adriatic Sea, showing sampling stations. Stns 2 and 3 were 
which have acted a long time before sampling. relatively unpolluted 
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charge and hydrocarbon pollution (Fossato & 
Craboledda 1979). Stn 5 receives an input of fresh 
water from the nver Brenta polluted by urban, agricul- 
tural and industrial discharges (Braioni et al. 1981, 
Donazzolo et  al. 1984. Campesan et  al. 1987). Stn 4 is 
influenced by agricultural drainage waters. Stn 1, 
although the closest to the open sea, is subject to the 
influence of waters partly deriving from the more 
polluted areas (Stns 4 ,  5, 6) during ebb tide. Conse- 
quently the characteristics of Stn 1 are intermediate 
between those found in the polluted (Stns 4, 5, 6) and 
unpolluted (Stns 2, 3) stations. 

In a comparative study such as this, the unpolluted 
stations (Stns 2 and 3) ,  being more similar to the open 
sea, may be considered as  internal controls. 

La Spezia Roads (Fig. 2) are highly polluted by sew- 
age and industrial plant discharges. Samples were 
taken from 4 stations (Stns A to D). The presence of a 

Fig. 2. La Spezia Roads, Ligunan Sea, showing sampling 
statlons 

breakwater of large boulders, and the absence of a 
strong tidal current, hamper a rapid exchange, favonng 
the accumulation of pollutants (Brunetti & Migliorini 
1977). In accordance with the general pattern of 
Mediterranean surface currents, waters from the open 
sea enter the roads through the eastern channel and a 
gradient in the pollution ratio is produced. 

Test animals and techniques. For each station 
2 samples of mussels were taken at an interval of 15 d. 
Only adult specimens of Mytilus galloprovincialis Lmk. 
(major axis about 5 cm) collected from natural sub- 

strates were used. The gills were removed, lacerated 
and filtered by means of a plankton net to obtain a 
cellular suspension, then the cells were fixed in 
ethanol: acetic acid (3: 1) and centrifuged at 1000 rpm 
for about 5 min. The pellet was resuspended in a little 
fixative and a few drops were spread on slides, air- 
dried and stained with 5 % Giemsa. As we will show 
elsewhere this straining procedure is the most approp- 
riate for this type of biological material as the fre- 
quently employed Feulgen method proved to be too 
drastic. For each mussel, 1000 cells were scored and 
the frequencies of micronuclei detected were com- 
pared statistically by means of the non-parametric 
Kruskal-Wallis and Wilcoxon tests or G-test (Sokal & 
Rohlf 1981). 

RESULTS AND DISCUSSION 

Venetian Lagoon 

Results of sampling are shown in Table la .  As no 
statistically significant difference was found between 
the 1st and 2nd samples from each station the 2 sets of 
data were pooled for comparison between stations 
(Table lb) .  

Table 1. Mytilus galloprovincialis. (a) Micronuclei frequen- 
cies per 1000 cells (mean + SE) detected in gill tissue of 
mussels from natural populations of the Chioggia basin of the 
Venetian Lagoon. Sample size = 10 (pooled samples = 20). 

' p < 0.05; ' ' p < 0.01; ' ' ' p < 0.001; ns: not significant 

Station 1st 2nd Pooled 
sample sample sample 

Kruskal-Wallis test H = 23.03 H = 22.69 H = 52 77 
. . m  . . . ... 

- 

(b) Comparison between stations (pooled data; sample size 
= 20) (Wilcoxon test) 

Station Station 

1 2 3 4 5 
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The mean frequencies of micronuclei scored in Stns 
1, 2,  3 and 6 are in accordance with our knowlege of the 
quality of the basin waters. However the low frequen- 
cies of micronuclei scored at Stns 4 and 5 are clearly in 
contrast with the high degree of pollution present at 
these stations. 

Direct observation of the mussel population, gener- 
ally present in thick settlements within the first meter 
below the surface, showed that at Stns 4 and 5  the 
studied species is present at a low density (< 1 mussel 
m-2). These stations are thus located on the border of 
the species distribution in the basin, and probably 
suffer a high mortality rate. The low frequencies of 
micronuclei detected might be due to a selective 
phenomenon - the specimens collected being the most 
resistant to the polluting agents. 

By means of 3~- thymid ine  incorporation we showed 
that in the population exposed to high levels of conta- 
minants 2 groups of mussels were present. The larger 
group consisted of mussels with a lower DNA-specific 
activity value than mussels from less polluted areas 
(Beltrame et  al. 1987). This may indicate a slowing 
down of the cellular progression and in particular that 
the polluting agents could be causing premitotic cell 
death, so that the genetic damage cannot be mani- 
fested. This hypothesis is supported by results obtained 
from the La Spezia stations. 

La Spezia Roads 

Results of sampling in this area are shown in Table 2. 
No significant differences between 1st and 2nd sam- 
pling were seen at Stns A and B while a significant 

Table 2. Mytjlus galloprovjncialis. Micronuclei frequencies 
detected in gill tissue of mussels from natural populations of 
the La Spezia Roads. Sample size = 10. ' p < 0.05; ' ' p < 0.01; 

" ' p < 0.001; ns: not significant 

Station 1st sample 2nd sample 3rd sample 

A 4.1 ns 4.60 
B 4.6 ns 5.40 - 

C 6.1 
D 9.3 ' 5.60 " ' 1.50 

. . . ns 

decrease in the micronucleus frequencies was evident 
at Stn D (Fig. 2) (no 2nd sample was taken at Stn C).  
Between the 2 sets of samples mass mortality of fish 
was noticed in the inner area of the gulf including Stn 
D, probably due to spillage of some contaminant. 
Therefore a 3rd sample was taken at this station 15 d 
later, at which time (Table 2) the mussel population 

was very scarce and the mean micronucleus frequency 
very low. 

This situation recalls that described above for the 
highly polluted stations of the Venetian Lagoon (Stns 4 
and 5) .  Thus at the present state of our knowledge the 
use of micronuclei frequencies in the evaluation of 
environmental pollution is limited to situations in 
which sample statlons lie within a range of environ- 
mental conditions which do not induce mortality. In 
these cases the test indeed seemed to be  a very sensi- 
tive indicator of the present of genotoxic contaminants. 
Moreover highly polluted areas may in any case be 
recognized quite easily by the extreme poverty and 
monotony of the animal comn~unity. 

In conclusion, although many technical and 
methodological problems are still open to discussion, 
the present data suggest the possibility of using the 
frequencies of micronuclei measured in natural popu- 
l a t ion~  of marine organisms as a rapid and easy test 
with which to monitor the marine environment for the 
presence of sublethal concentrations of genotoxic 
pollutants. 
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