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Introduction 
Porto Marghera is located 4 km north west of tae historic city of Venice and adjacent to tae city of 
Mestre (Figure 1). The Port of Venice located at Porto Marghera is the largest commercial 
shipping port in Italy and one of the largest ports in the Meditertanean Sea. The Venice Port 
Authority is responsible for maintaining the main navigation channel, Canale Malamocco 
Marghera, and other port navigation channels to 12 m depths. The channels are dredged 
periodically and the material managed according to a three-tier numerical sediment classification 
scheme prepared m 1993 by Minister of tae Environment'. 

Several recent sediment and biota monitoring stadies indicate that portions of tae Venice Lagoon 
ecosystem have been adversely affected by eufrophication and chemical pollution from several 
point and nonpoint sources, including tae rapidly expanding indusfrial disfrict at Porto Marghera 

''*. The results of an ecological risk assessment (ERA) by Wenning et al. * indicated that 
PCDD/F levels in Lagoon sediments were comparable to tae levels found in undeveloped coastal 
environments. The results also indicated a limited potential for adverse effects on aquatic wildlife; 
however, contamination in the Lagoon was not homogenous, and at least one "hot spot" was 
identified at Porto Marghera, where PCDD/F levels in sediment at a few locations approached the 
levels found in ports located in Europe and tae United States. 

The President ofthe Italian Council of Ministers has designated tae Venice Port Autaority and tae 
Venetian Water Autaority (Magistrato alle Acque di Venezia) as tae institations responsible for 
characterisation and remediation of tae sediment in navigation channels at Porto Marghera '^. In 
response to this requirement, the Venice Port Authority and Venetian Water Authority have 
initiated a series of sediment assessments, biological studies and engineering reviews to 
understand current environmental conditions and formulate an action plan to meet tae Council's 
goals*. As part of taese efforts, an ERA was performed to evaluate tae possible effects of different 
sediment management options on aquatic life in tae Lagoon. This paper describes the results of 
the ERA involving dioxins, PCBs, hexachlorobenzene, and organochlorine pesticides. Using 
environmental chemistry data collected from navigation channel sediment during tae past 5 years, 
food web modelling was performed to predict theoretical effects on indigenous avian and small 
mammal receptors exposed to organochlorines in surficial sediment and dredged material from the 
navigation channels at Porto Marghera. 

Environmental Data and ERA Methods 
The compilation of organochlorine chemistry and physical measurements of navigation channel 
sediments was completed by tae Venice Port Autaority and tae Venetian Water Authority in 1999. 
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A summaty of the data is presented in Table 1. The sediment database ciurently consists of 306 
records representmg 196 samplmg locations. Chemistty analyses were performed using analytical 
procedures specified by tae Ministero dell'Ambiente '. 

Table 1. Summary of PCDD, PCDF, PCB, DDT, hexachlorobenzene, and total 
organochlorine pesticide concentrations (ug/kg d.w.) in surficial sediment and dredged 

material collected from navigation channels at Porto Marghera, Venice, Italy. 

Chemical' 

No. No. 
Samples Samples > Mean 
Analyzed Detection Concentration 

Limit 

95% UCL 

Surface Sediment (0 - 50 cm) 
2,3,7,8-TCDD 30 23 1.23E-03 1.86E-03 
Total PCDDs 33 19 3.65E-01 5.79E-01 
Total PCDFs 33 19 1.76E-K)0 2.57E-H)0 

2,3,7,8-TCDD TEQs 33 19 2.I3E-K)0 3.I2E+00 
Total PCBs 132 132 5.37E-K)3 7.42E+03 
Total DDT 37 9 2.57E-H)0 2.84E-K)0 

Total OC Pesticides 32 28 6.6IE+02 8.96E-K)2 
Hexachlorobenzene 42 28 1.36E+02 2.09E+02 

Dredged Sediment Material (0 -
2,3,7,8-TCDD 
Total PCDDs 
Total PCDFs 

2,3,7,8-TCDD TEQs 
Total PCBs 
Total DDT 

Total OC Pesticides 
Hexachlorobenzene 

40 
43 
43 
43 
17 
56 
51 
48 

-3 m) 
28 
43 
43 
43 
17 
9 
37 
46 

1.38E-03 
4.69E-01 
2.30E-K)0 
2.77E+00 
8.I1E+01 
2.54E-K)0 
5.47E+02 
1.25E+02 

2.13E-03 
7.51 E-01 
3.56E-K)0 
4.30E-K)0 
1.44E-K)2 
2.72E-K)0 
7.16E-H)2 
1.90E-K)2 

a. Total PCBs, PCDDs, and PCDFs are reported 
using Van den Berg et a l . ' toxicity equivalent 

as 2,3,7,8-TCDD equivalents (TEQs) 
factors. 

The ERA was performed in accordance with guidelines developed by the U.S. Environmental 
Protection Agency (USEPA) *' ' '° . Aquatic bird and small mammal receptors of interest (ROIs) 
were selected to represent maximally exposed or sensitive species in two aquatic feeding guilds: 
fish-eaters (piscivores) and aquatic invertebrate-eaters (invertivores). Wildlife ROI exposures 
were estimated by calculating an average daily dose (ADD). Wildlife ADDs were calculated 
based on incidental ingestion of sediment and consumption of prey. Wildlife ADDs were 
calculated using the 95% upper confidence limit concenfrations in sediment and prey, and 
receptor-specific exposure parameters. The wildlife ADD for a given chemical represents tae 
amount taat an organism might ingest if that organism foraged exclusively in Porto Marghera. 
The effects assessment and risk characterization for wildlife were conducted using predicted prey 
concentrations expressed as dioxin TEQs, total PCBs, total DDT, and HCB. The results were 
compared to appropriate chronic no-observed-adverse-effect-level (NOAEL) and lowest-
observed-adverse-effect-level (LOAEL) wildlife toxicological reference values (TRVs) 11,12 For 
fish and aquatic invertebrates, predicted body burdens were compared to chronic and acute no 
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effect critical body residue values (CBRs) reported in the literatare. 

Results & Conclusions 
The profile of organochlorine contamination in navigation channel sediment is not homogenous 
and indicates the presence of contamination hot spots in areas of historical chemical storage and 
manufacturing activities within the Port. The majority of the contamination occurs at depth, 
suggesting that current source confrol measures have been effective in reducing or eliminating 
releases to the Lagoon. In general, the concentrations of hexachlorobenzene, total PCBs, total 
PCDDs, and total PCDFs are a high concem lo the benthic invertebrate community because the 
95% UCL concentration exceeded the U.S. sediment toxicity effect benchmarks (ERM, PEL, 
AET, or EqP) used in the ERA. Total DDT poses a low-to-moderate concem because tae 95% 
UCL concenfration exceeds the ERL, TEL, or EqP-1% benchmarks but is below the ERM, PEL, 
AET, or EqP-4% benchmarks. 

Predicted wildlife ADDs and hazard quotients (HQs) for aquatic biota and wildlife receptors are 
summarized in Table 2. Exposures to chemicals in sediment that resuh in HQs less than one are 
unlikely to cause adverse effects to wildlife; in contrast, HQs greater than one indicate that 
adverse effects are possible, if tae different exposure and toxicity assumptions used in tae ERA are 
met. With HQs less than 2, total DDT, organochlorine pesticides, and hexachlorobenzene in 
sediment are unlikely to pose a risk to wildlife. The higher HQs for total PCB, total PCDDs, and 
total PCDFs are of more concern. The theoretical exposure of ROIs to 2,3,7,8-TCDD TEQs in 
surficial sediment and dredged material at some locations may resull in an adverse effects to these 
receptors, given the highly bioaccumulative natare of these compounds and the conservatism of 
tae risk model. 

Table 2. Hazard quotients (HQs) * associated with exposure to organochlorines in surficial 
sediment and dredged material in Porto Marghera navigation channels. 

Chemical' 

Surface Sediment (0 -
2,3,7,8-TCDD TEQs 

Tolal PCBs 
Total DDT 

Total OC Pesticides 
Hexachlorobenzene 

Piscivorous Recentors 

Little 
Tern 

- 50 cm) 
3.6 
3.8 
5.5 
0.3 
0.2 

Dredged Sediment Material (0 -
2,3,7,8-TCDD TEQs 

Total PCBs 
Total DDT 

Total OC Pesticides 
Hexachlorobenzene 

91 
1.3 
1.6 
0.4 
0.2 

Polecat 

30 
206 
0.01 
0.02 

2 
-3 m) 

772 
70 

0.003 
0.05 
2.3 

Invertivorous 

Snowy Plover 

3.3 
1.1 
1.4 
0.2 
0.05 

84 
0.4 
0.4 
0.5 
0.1 

; Receptors 

Water Vole 

18 
38 

0.002 
0.03 
0.4 

453 
13 

0.001 
0.07 
0.4 

a. HQs represent the sum of sediment and prey ingestion, and assumes receptors forages 
exclusively in Porto Marghera navigation channels. 
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The results of the ERA suggest that contamination in surficial sediments at some locations may 
pose an adverse effect on certain aquatic wildlife taat forage on prey exposed to 2,3,7,8-TCDD 
TEQs and PCBs in tae top 50cm of sediment. Hexachlorobenzene, total DDT, and organochlorine 
pesticides do not pose a significant threat to wildlife in surface sediment or dredged material. 
With the exception of PCDD/Fs, wildlife HQs were generally higher from exposure to surficial 
sediment than buried sediment (0 - 3 m depth). With regard to the management of dredged 
material, the current Venetian sediment classification method could be modified for 
organochlorines to be more protective of aquatic wildlife. However, the results of Tier III 
sediment toxicity and bioaccumulation testing do not support tae need for significant changes to 
the curtent numeric criteria. As the environmental cleanup plan for the Porto Marghera area 
proceeds, fiitare work will focus on expanding scientific knowledge of tae Port's impacts on tae 
Venice Lagoon, and exploring engineering solutions for appropriate fiiture removal, freatment, and 
disposal of dredged material. 

References 
1. Ministero dell'Ambiente. (1993), Criteri di Sicurezza Ambientale per gli Interventi di 
Escazione, Trasporto e Reimpiego dei Fanghi Esfratti dai Canali di Venezia. Comune di Venezia. 
April. Signed by Venice Municipality, Chioggia Municipality, Veneto Region, Province of 
Venice, Venetian Water Autaority, Port of Venice. 
2. Marcomini A., Zanette M., D'Andrea F. and Della Sala S. (1997), Diossine Ambiente E Salute. 
Arsenale Editrice, Venice. 
3. Fattore E., Benfenati E., Mariani G., Fanelli R. and Evers EHG. (1997) Environ. Sci. Technol. 
31, 1777. 
4. DiDomenico A., Baldassarti L.T., Ziemacki G., De Felip E., Ferri F., lacovella N., La Rocca C , 
Rodriguez F., Volpi F., Ferrari G., Sansoni R.., Settimo G. (1997) Organohalogen Compds. 34, 54. 
5. Wenning, R. J., Dodge D., Peck B., Shearer K., Luksemburg W., Della Sala S. and Scazzola R. 
(2000) Chemosphere 40:1179. 
6. Autoritii Portaale di Venezia and Magisfrato alle Acque di Venezia. (1999), Rapporto sulio stato 
di compromissione delle sponde e dei fondali dei canali di Porto Marghera. Venezia, Italy. 
7. Van den Berg M., et al. (1998) Environ. Healta Perspec. 106, 775. 
8. USEPA (1993), Interim Report on Data and Methods for Assessment of 2,3,7,8-
Tefrachlorodibenzo-p-dioxin Risks to Aquatic Life and Associated Wildlife, Office of Research 
and Development, Washington, D.C. 
9. — (1998), Proposed Guidelines for Ecological Risk Assessment, EPA/630/R-95/002F. 
10. — (1997), Ecological Risk Assessment Guidance for Superfund: Process for Designing and 
Conducting Ecological Risk Assessment, Interim Final. 
11. Jones, D.S., Suter G.W., Hull R.N. (1997), Toxicological Benchmarks for Screening 
Contaminants of Potential Concem for Effects on Sediment-Associated Biota.: Revision. Oak 
Ridge National Laboratory, Oak Ridge, TN. ES/ER/TM-95/R4. 
12. Suter G.W. and Tsao CL. (1996), Toxicological Benchmarks for Screening Potential 
Contaminants of Concem for Effects on Aquatic Biota: Revision. Oak Ridge National Laboratoty, 
ES/ER/TM-96/R2. 
13. Regione Veneto (1999) Accordo di programma per la chimica di Porto Marghera. Converted 
to law by Presidente del Consiglio dei Minisfri on Febmary 12* 1999. 

ORGANOHALOGEN COMPOUNDS 

Vol. 48 (2000) 367 



ORGANOHALOGEN COMPOUNDS 
Vol. 48 (2000) 368 



I 

ORGANOHALOGEN COMPOUNDS 
Vol. 48 (2000) 369 

1 

I I 


