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Abstract - This study is a survey aiming at applying and evaluate different analysis 
methodologies in the Miramare Marine Reserve, rather than being the result of an 
analysis campaign. Marine bacteria, rotifers, marine and fresh water crustaceans 
and fresh water algae were used as ecotoxicological tests. Biomarkers in decapod 
crustaceans and the assessment of chemical analysis in mussel tissues were used, 
respectively, as biosensors and bioaccumulators. Acute toxicity signals and not 
negligible PAHs levels in mussels were detected in the small port of Grignano area, 
and freshwater inputs in this area provide signals of eutrophic conditions. The acute 
toxicity level is not high, but it certainly requires an enhancement of the monitoring 
activities.

1. Introduction

The Reserve of Miramare, located in the High Adriatic basin, is a safeguarded site whose 
basic objective is monitoring. In the present survey there are two parallel objectives: 
1.	 to have an eco-toxicological overview of the protected area, in order to plan future 

monitoring activities; 
2.	 to try to select a battery of indicators using toxicity bioassays, biomarkers and 

bioaccumulation analysis. 
Eco-toxicological research in the Marine Reserve of Miramare has not been carried out 

before. Physical water quality evaluations have been performed in continuum for several years 
by the Marine reserve management (Stravisi et al., 2000; Vinzi and Bussani, 2000). Several 
chemical studies were conducted over the last years in the Northern Adriatic Sea and Gulf of 
Trieste, giving evidence of the presence of heavy metals in the sediment (mainly mercury) 
and their bioconcentration in mussels of some areas, mainly in the lagoons (Faganelli et al., 
1991; Covelli et al., 1999; ICRAM, 2000). It is helpful to the Reserve management to start 
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with bioassays, since there are tourist activities all around the protected area and suburban 
settlements together with a small port, where sailing and fishing boats usually dock. The hydro-
dynamism of the area, with its promontory and shallow water, may favour the sedimentation of 
the particles in suspension. A pre-requisite for monitoring a protected area is to have detection 
techniques, which should be reliable, effective, repeatable and, if possible, cheap (Janssen and 
Persoone, 1992). Most of these requisites are guaranteed by the use of standard populations 
(stalled culture, spores, seeds or encysted larvae) (Persoone an Janssen, 1993) and the use of 
standard protocols (UNI EN ISO, ASTM, IRSA, EPA, etc.) (Gentile et al., 1984; U.S.EPA, 
1993). It is also necessary to have statistic significance and resolution and to maintain a certain 
consistency at bioethical level. Therefore, microbial and invertebrate organisms are used, 
cultured, if possible, or collected for commercial purposes (Persoone et al., 2000), choosing 
species representing those present in the surveyed ecosystem, in terms of trophic role or habitat 
(Vanhhaecke and Persone, 1984; Persoone et al., 1989).

2. Materials and methods

In the present survey, marine bacteria Vibrio fischeri, according to the Microtox® procedure 
(Johnson, 1998), rotifers (Francese e Traldi, 2001), marine and fresh water crustaceans (Van 
Steertegem and Persoone, 1993; Centeno et al., 1995) and fresh water algae (Persoone, 1998) 
were used as toxicity bioassays (Strosher, 1984), They were all applied according to standard 
protocols and with genetically controlled populations, using SDI (Strategic Diagnostics Inc., 
Newark, DE USA) reagents for Microtox® and Microbiotest® kits. More experimentally, 
the effects of the exposure to the samples were assessed on decapod crustaceans (Palaemon 
elegans) through biomarkers tests (Migliore and de Nicola Giudici, 1990; Ahsanullah and Ying, 
1995; Lorenzon et. al., 2001/a). The assessment of bioaccumulation was carried out through a 
chemical analysis of mussel tissues (Mytilus galloprovincialis), in two different seasons (winter 
and summer) in order to detect possible different seasonal toxicant concentrations (Lobel et al., 
1991; Regoli, 1994; Pellegrini et al., 2001).

These choices permitted us to carry out surveys on three matrices (U.S.EPA, 2002): 
fresh water, sediment, thus obtaining the elutriate, and biota, thus identifying the mussels 
as bioaccumulator species. Standard water parameters were controlled during the sampling 
moment; concentration of organic toxic compounds was investigated by ICP/MS (U.S.EPA 
1996, 1998). The bioavailability of heavy metals in sediments was tested by means of a leaching 
test using CO2 saturated water (IRSA-CNR, 1984). The exclusion of marine water monitoring 
at ecotoxicological level was decided because the bottom is the main acceptor and accumulator 
compartment for xenobiotic substances in any marine water basin (Volpi, Ghirardini and 
Pellegrini, 2001). 

Sediment sampling sites are those signed in the map (Fig. 1), clustered into two groups: one 
to compare sites with different anthropic impact (1.1.a, two samples: August and September 
2001; 1.1.b, two samples: August and September 2001) and the other, based on the previous 
one, focusing investigation along a transect within the small port area (1.1.c, two samples: 
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January 2002; 1.1.d, two samples: January and May 2002) where there is a direct anthropic 
impact. Previous surveys (data not reported) gave us the opportunity to identify sampling sites 
for negative (1.2.o, one sample: December 2001) and positive (1.2.p, one sample: December 
2001) reference sediments in the Gulf of Trieste. Fresh water samples were collected from two 
little creeks (1.4.k, two samples: January and July 2002; 1.4.x, two samples: January and July 
2002) and two small sewage pipes (1.4.y, two samples: December 2001; 1.4.z, two samples 
December 2001) within the protected area. Waste water samples were collected only in winter in 

Fig. 1 - Sampling points Map.
●	 Beacon buoy
●	 Sediment sampling points
●	 Freshwater sampling points
■	 Marine Reserve borderline
- - -	 Buffer zone borderline

1.1.a, 1.1.b) comparison different anthropic impact: sediment and mussels samples in the centre of Reserve and at the 
entrance of the port
1.1.c, 1.1.d) focusing along a small transect: sediment and mussels samples in central and internal part of the port
1.2.o, 1.2.p) reference sampling: sediment on the border of the Reserve and spiked sediment far from the shore 
sampling sites
1.4.x, 1.4.k) monitoring freshwater input: little creeks samples, Grignano Creek and Sticco creek
1.4.y, 1.4.z) monitoring freshwater input: small sewage pipes samples, near reserve basin and in port.

Riserva Marina di Miramare
Riserva integrale
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order to detect the direct anthropic impact of the local resident community.
Moreover, in order to have a picture of the most recent impact and not to incur in 

interferences belonging to the geologic history of that place, the analysis focused on the topsoil, 
reaching up to 5 cm in depth. Scuba diver sampling were performed for sediment, water and 
mussels. Two litre glass pots were used to collect both sediment and water; about 40 mussels 
of the same average size (i.e. 7.2 cm) were collected by hand. All samples were immediately 
shipped to the laboratory in ice-cooled boxes. Once in the laboratory, the samples were stored at 
4° C. Elutriate was obtained within 24 hours and bioassays performed within 48 hours (ASTM 
1994; U.S.EPA 2000). Elutriate was prepared using US EPA protocol (U.S.EPA- 1998/1; 
U.S.EPA 1998/2). Mixing was performed in 2 litre bottles for 30 minutes with an overhead 
mixer at 15° C. Elutriate samples were centrifuged (15 minutes at 2000 g) and the supernatant 
was used to perform bioassays. Before performing Microtox® bioassay samples were filtered 
with 0,45 micron pore size cellulose acetate filters. Mussels (Mytilus galloprovincialis) were 
sent immediately to an external laboratory for bioaccumulation analysis, by gas chromatography 
and atomic absorption spectroscopy, without lipid normalisation (APHA, 1992). 

Bioassays with Vibrio fischeri (Microtox®, 1992), Brachionus plicatilis (ASTM, 1991), 
Artemia franciscana (Artoxkit F™), were conducted with marine elutriate samples, and 
bioassays with Palaemon elegans were performed with no-modified sediment samples. Toxicity 
tests using Vibrio fischeri (Microtox®, 1992), Daphnia magna (Daphtoxkit F™, 1996; UNI EN 
ISO, 1999), Thamnocephalus platyurus (Thamnotoxkit F™) and Selenastrum capricornutum 
(renamed Pseudokirchneriella subcapitata) (ASTM, 1990) were performed on fresh water 
samples. All bioassays, except Palaemon elegans, were conducted by using commercial kits 
(Microtox® and Toxkits®) containing cists, ephippia or immobilized algae and bacteria. S. 
capricornutum bioassay was performed at 72 hours instead of 96, because kit’s batch was tested 
with reference after a 72-hour exposure. The use of commercial kits, instead of home cultured 
organisms, was preferred because they are easy to use, they have a low cost and give good 
quality results. These tests could be performed even in small laboratories, at low cost, without 
trained technicians. 

A. franciscana and B. plicatilis, which are not as sensitive as others (Ruck et al., 2000), were 
used for different reasons: these kinds of tests are very similar to the others used (D. magna, T. 
platyurus) and some sampling sites (inside the port) were supposed to be at least moderately 
polluted. Moreover, the Shoreline laboratory used B. plicatilis for testing other polluted 
matrices. No analyses on pore water were performed, because diver sampling could not avoid 
mixing sediment with overlaying water.

Palaemon elegans were supplied by a fisherman and maintained in large holding tanks with 
natural photoperiod and aerated circulating seawater. Each test was carried out by using 30 
animals in three replicates, after acclimatisation (29 ‰, 16° C), in 6 litres of standard seawater 
with about one kilo of sample sediment on the bottom. Hemolymph samples were taken from 
pericardic sinus at 0, 1, 2, 3, 5, 8, 24 hours and tested for glycemia (Lorenzon et al., 2000/b). 

Judgements, relevant to the results, are given on a generic scale for EC50 (Oddo, 1998; 
Persoone, 1999; Lapa et al., 2002). If EC50 cannot be calculated, the effect (% of mortality or 
inhibition) and the IC index (% of growth inhibition) was used to express the results of the 
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tests. 20% is the threshold, above which it is possible to consider the effect of that matrix toxic. 
We did not consider other values of ECxx, because moving away from the central value of the 
dose-effect curve, the statistical reliability deteriorates (Oddo, 1998). Phenomena like hormesis, 
i.e. a high increase in metabolic level in the examined animals, which is particularly true for 
the V. fischeri, could be considered an attempt of the animals to free themselves from the stress 
(Oddo, 2001); as regards the inhibition, 20% would be the threshold, after which we consider 
the hormesis effect probable.

3. Results and discussion

Tables 1 to 3 report results obtained from toxicity bioassays applied respectively to marine 
sediment samples (elutriates) and freshwater samples. 

As a comment to Table 1, first of all, we have to consider results of reference and spiked 
sediments; both of them are collected and sampled in the same gulf, but show us two good 
examples: a non-contaminated site and a polluted one. In the non-contaminated site, the whole 
set of tests shows a signal comparable with dilution standard water response; in the second 
case (polluted sediment, probably due to an oil spill or tank cleaning), we have a high toxicity 
signal with biomarker tests (bio-luminescence and glycemia) and medium toxicity considering 

	 Ecotoxicological	 V. fischeri	 B. plicatilis	 A. franciscana	 P. elegans 
	                        test ➞	 EC50 30 min	 LC50 48 h	 LC50 24 h	 ΔG 24 h 
	 Sampling site  	 Average of 5 replicates	 Average of 2 replicates	 Average of 2 replicates	 Average of 3 replicates
	 1.2.o - Reference	 Effect in TQ = 5%	 Effect in TQ < 10%	 Effect in TQ < 10%	  
	 sediment out of the	 LC50 = n.c.	 LC50 = n.c.	 LC50 = n.c. 
	 Marine Reserve	 Not toxic	 Not toxic	 Not toxic 
	 1 sample	
	 1.1.a In the centre of	 Effect in TQ = 16%	 Effect in TQ < 20%	 Effect in TQ < 20%	  
	 the Marine Reserve	 EC50 = n.c.	 LC50 = n.c.	 LC50 = n.c.	  
	 2 samples	 Not toxic	 Not toxic	 Not toxic		
	 1.1.b - Entrance part	 Effect in TQ = 18%	 Effect in TQ < 20%	 Effect in TQ < 20%		   
	 of the port	 EC50 = n.c.	 LC50 = n.c.	 LC50 = n.c.		   
	 2 samples	 Not toxic	 Not toxic	 Not toxic		
	 1.1.c - Central part	 Effect in TQ = -12%	 Effect in TQ = 20%		

ΔG = 0,5
	

 
	 of the port 	 EC50 = n.c.	 LC50 = n.c.			    
	 2 samples	 Bio-stimulation	 Toxic signal		

Not toxic

	 1.1.d - Internal part	 Effect in TQ = -12%	 Effect in TQ = 23%		
ΔG = 0,5

	
 
	 of the port 	 EC50 = n.c.	 LC50 = >> 100%			    
	 2 samples	 Bio-stimulation	 Toxic signal		

Not toxic

	 1.2.p - Spiked	 Effect in TQ = 100%	 Effect in TQ = 23%		
ΔG = 1

	 

Table 1 - Results of toxicity bioassay testing marine sediment samples.
EC50 = concentration expected to effect 50% of the test population; LC50.=.concentration expected to kill 50% of the 
test population; ΔG.=.Increase Glycemia; n.c..=.not calculable; TQ.=.sample not diluted; Endpoints: V. fischeri EC50 
after 30 min; B. plicatilis LC50 after 48 h; A. franciscana, LC50 after 24 h. P. elegans Increase Glycemia during 24 h. 
Effect is significant if ≥.20%; For V. fischeri negative value indicates biostimulation.

➞
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lethality as the endpoint. About survey samples, in Table 1, it is evident that acute toxicity 
signals (more than 20%) detected by B. plicatilis regard only the sampling sites inside the small 
port of Grignano (1.1.c and 1.1.d). V. fischeri shows inhibition signals (not yet affected) with 
sediment collected out of the port entrance and biostimulation with sediment inside the area. 
Increasing luminescence would be a possible hormesis due to the same contamination level, 
detected with rotifers. P. elegans, on the contrary, does not show signals of toxicity. Since 
sensitivity of the biomarker used towards heavy metals has been tested (Lorenzon, 2000), an 
explanation for the results obtained could be the scarce heavy metal bioavailability in undiluted 
sediment, supported also by results obtained by means of leaching test with CO2 saturated water 
(all heavy metal concentrations under 0.280 mg/l – data not reported). However, chemical 
analyses of bulk sediment (US-EPA, 1998) reveal increasing concentrations of heavy metals in 
the samples coming from the most internal part of the port, particularly as far as copper, lead, 
zinc, chromium and mercury (data not reported) are concerned. As regards bioaccumulation, 
size, weight (average of 28 g) and esteemed age of animals were comparable. Table 2 shows 
a tendency for concentration (dry weight) of PAHs (Polycyclic Aromatic Hydrocarbons) in 
mussel tissues. It was possible to detect increasing concentration (from the outside to the inside 
of the port) of Naphthalene, Phenanthrene, Phluoranthene, Benzo(b) phluoranthene and Pyrene. 
Mussels, which stay within the tide zone, can collect hydrocarbon film or pyrolysis products 
lying on the water surface. It is clear that toxicant availability outside the small port is similar, 
but its concentration increases vertically within this area. No significant concentration of PCBs 
(Polychlorinated biphenyls), TBT (Tributiltin) and Heavy Metals was found in mussel tissues 
(data not reported). 

Table 3 considers the fresh water bodies (waste waters and surface waters) flowing into the 
Reserve. The Microtox® test shows that waste waters, in periods of low density of residents 
(winter), might not be acceptable, having an evident hormetic effect. Although D. magna and 

Table 2 - Concentrations of PAH (Polycyclic Aromatic Hydrocarbons) in mussel tissues.
There was no lipid normalisation. Concentration expressed as μg/kg dry weight.

	 Chemical compound   ➞
	 Naphthalene	 Phluorene	 Phenanthrene	Phluoranthene

	 Benzo(b)	
Pyrene

	

	 Sampling site
	 	 	 	

	 phluoranthene	
	 1.1.a - In the centre 
	 of the Reserve	 00,12	 1,75	 02,42	 02,71	 00,16	 00,81 
	 1 sample	

					   

	 1.1.b  Entrance part of the port 
	 1 sample	 0

0,19	 1,83	
0
2,41	

0
6,01	 < 0,01	

0
2,48

	 1.1.c - Central part of the port 
	 1 sample	

11,05	 5,21	 13,56	 14,63	
0
7,99	 14,76

	 Chemical compound  ➞	 Benzo (a)	
Anthracene

	 Benzo	 Dibenzo	
Chrysene

	  
	 Sampling site	 pyrene		  anthracene	 anthracene		
	 1.1.a - In the centre 
	 of the Reserve	 00,06	 0,36	 00,59	 < 0,01	 01,82 
	 1 sample
	 1.1.b - Entrance part of the port 
	 1 sample	 0

0,33	 0,14	
0
1,33	

0
0,03	

0
3,18

	
	 1.1.c - Central part of the port 
	 1 sample	 0

4,04	 1,88	
0
2,14	

0
0,72	

0
6,84

	

➞
➞
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T. platyurus tests do not show any toxicity effect with surface water samples, S. capricornutum 
bioassay shows a high eutrophic effect (the results reported in Table 3 are calculated as growth 
inhibition; a negative value indicates that algae population grows more in the sample than in 
the controls vials). We have the same results both in summer and winter. Even Microtox® tests 
have similar results in both seasons: Grignano Creek water stimulates bio-luminescence and the 
Sticco Creek water effect is higher, but not enough to stimulate an hormetic effect.

4. Conclusion

A gradient of anthropic impact is well evidenced by some toxicity bioassays and by 
bioaccumulation investigation using mussels (PAHs): it increases in a directly proportional 
way from the outside to the most internal point of the port (external = more natural framework; 
internal = more contaminated framework). 

Surface freshwaters (Sticco and Grignano Creeks) are highly eutrophic for algae and this 
is probably due to the presence of nutrients, perhaps related to the presence upstream of many 
little agricultural lands. Besides the Sticco Creek collects wastewaters of dwelling houses and 
guesthouses (more than the Grignano Creek does), explaining the high bacteria biostimulation 
observed. On the other hand, waste water samples stimulate the possible hormetic effect, 
because they mainly come from a guesthouse (waste water near the Reserve basin) or restaurants 
(waste water in port). 

Significant acute toxicity signals were evidenced in samples coming from the internal part 

	 Ecotoxicological 	 V. fischeri	 D. magna	 T. platyurus
	 S. capricornutum	

 
	                  

test ➞	 EC50 30 min
	

EC50 24 h	 LC50 24 h	
(P. subcapitata)	

 
	

Sampling site	 Average of 2 replicates	 Average of 2 replicates	 Average of 2 replicates
	 IC50 72 h	

 
					     Average of 2 replicates
 	 1.4.y - Waste water 	 Effect in TQ = -38.44%				     
	 near Reserve basin 	 EC50 = n.c.				     
	 2 samples	 Light toxic, Hormesis
	 1.4.z – Waste water	 Effect in TQ = -26.27%				     
	 in port 	 EC50  = n.c.				     
	 2 samples	 Light toxic, Hormesis
	 1.4.x - Grignano	 Effect in TQ = -12.5%	 Effect in TQ < 20%	 Effect in TQ < 20%	 IC72h in TQ = - 49.44 %	
 
	 Creek 	 EC50 = n.c.	 EC50 = n.c.	 EC50 = n.c.	 EC50 = n.c.	

Table 3 - Results of toxicity bioassay testing freshwater samples.
EC50 = concentration expected to effect 50% of the test population; LC50 = concentration expected to kill 50% of the 
test population; IC = Index of growth inhibition; n.c. = not calculable; TQ = sample not diluted; Endpoints: V. fischeri 
EC50 after 30 min; D. magna EC50 after 48h; T. platyurus, LC50 after 24h. Effect is significant if ≥ 20%; For V. fisheri 
negative value indicates biostimulation. For S. capricornutum negative value indicates eutrophic effect.

➞
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of the port, suggesting possible chronic effects in need of more accurate future investigation. 
An analysis for the presence of metal-thioneine and for enzyme complexes will be carried out 
in the future, in order to move from acute toxicity research to chronic environmental sample 
assessment. 
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