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1. Introduction
One of the main known OCs is the insecticide p,p’-DDT (1,1,1-trichloro-2,2-bis-(chlorophenyl)ethane) that is one of the 12 POPs that were under negotiation at the Stockholm Convention to restrict or ban their production and use. Like most organochlorine pesticides, DDTs are not very acutely toxic, but the International Agency for Research on Cancer (IARC) classified the p,p’-DDT as possibly carcinogenic to humans (Group 2B; IARC, 1991). Severe wildlife health effects were described both for the parent compound and its homologues and a huge documentation exists on endocrine-disrupting effects of these chemicals. Although p,p’-DDT has been banned from agricultural uses in most countries since the 1970s, it continues to be used for public health purposes and in many malaria-affected countries. The World Health Organization (WHO) is now recommending the use of indoor residual spraying (IRS) of p,p’-DDT and other insecticides in areas with constant and high malaria transmission, since the total ban of p,p’-DDT was sharply criticized.
1.1 Background of the project

While considerable progress has been made over the last decades in defining the significance of exposure to genotoxins for human health risk assessment, there has been only limited development with respect to knowing the impact of these agents on natural populations. Although contradictory results have been obtained on the genotoxicity of DDTs, these compounds have been shown to induce DNA damage at the chromosome level in vitro and in vivo studies in human and animal cell systems.

1.2 Aim of the study
The aim of this study is the in vivo evaluation of potential genotoxicity of p,p’-DDT and its two metabolites (p,p’-DDD and p,p’-DDE) using the freshwater bivalve Zebra mussel (Dreissena polymorpha) as biological model. Genotoxicity was evaluated by the single cell gel electrophoresis (SCGE) assay (comet assay) and micronucleus test (MN test) using the mussel haemocytes. At the same time, pollutant levels were measured in mussel soft tissues to check the concentration/effect relationship and the possible bio-transformation made by the selected biological model. To the best of our knowledge, this study is the first research carried out to evaluate the potential genotoxicity of DDTs in this biological model. Since D.  polymorpha represents a key-species in aquatic ecosystems due to its position between benthic and pelagic compartments, the results obtained in this study could be used for a correct environmental and to protect the entire aquatic biocoenosis.
2. Scientific tools used
Mussels were exposed to three different concentrations (0.1 µg/L, 2 µg/L, 10 µg/L) of p,p’-DDT and relative metabolites, respectively. Three pools of mussels were collected each day for SCGE assay, MN test and for chemical determinations, respectively.

The SCGE assay, also known as comet test, is considered to be one of the most sensitive methodologies available for DNA strand break detection. The ratio between the migration length and the diameter of the comet head (LDR) was chosen to represent DNA damage. The MN test is a well known cytogenetic technique used to assess irreversible DNA damage induced by environmental contaminants through the frequency of micronuclei detected in living cells. Micronuclei are chromosomal fragments or whole chromosomes that are not incorporated into daughter nuclei during mitosis because of chromosomal breakage or dysfunction of the mitotic apparatus. Micronuclei were identified calculating the MN frequency (MN‰).
3. Results and Discussion

LDRs were observed to increase in a dose-dependent manner at each time interval mainly for p,p’-DDE (Fig. 1 c), while this increase is much less marked for p,p’-DDT (Fig. 1 a) and p,p’-DDD (Fig. 1 b). The presence of the dose-related response and the constant increase of DNA injuries show that genetic damage is due to the loss of equilibrium between the effect of genotoxins and the efficacy of DNA repair processes instead of the presence of a threshold level over that DNA repair system can be activated.
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Figure 1:Comparison of the LDRs (mean±s.d) of various treatment groups subjected to different concentrations of p,p’-DDT (a), p,p’-DDD (b) and p,p’-DDE (c) from control and solvent treatments. Significant differences (ANOVA, Tukey post-hoc test) in comparison with the respective control are indicated by *=p<0.05 and **=p<0.01.
Since significant differences (p<0.05) from the baseline levels were observed starting from t=48 h (excepted the exposure at 0.1 µg/L of p,p’-DDT), the genotoxicity of these OCs appears very quickly and the defence mechanisms of D. polymorpha seem not able to eliminate all DNA injuries at low DDTs’ concentrations. The two homologues p,p’-DDT and p,p’-DDD show the same toxicity pattern probably due to their similar chemical structure, while the final metabolite p,p’-DDE exhibited the highest genotoxicity potential.

The greatest genotoxic potential of p,p’-DDE is confirmed also by the MN frequency that doubled those noticed with the same p,p’-DDT and p,p’-DDD exposures. The threshold over which the defence systems are not able to repair all genetic damages caused by the p,p’-DDE can be pinpointed about 200 ng/g lipids over. The evaluation of the capability of the selected biological model to bio-transform the administered chemical is one of the main aspects for the assessment of the activity/effect relationship. This is crucial particularly for the assays carried out with chemicals that can be easily metabolized, such as the p,p’-DDT. Although no in-depth data on the possible bio-transformation pathways are available for molluscs, results obtained through our exposures exhibited a clear bio-transformation from the parent compound to p,p’-DDD and p,p’-DDE and also from p,p’-DDD to p,p’-DDE. Thus, the bioaccumulation data seem to point out that the genotoxicity observed with p,p’-DDT and p,p’-DDD could be partially or totally due solely to the final metabolite, that is ever found in all exposure tests and whose genotoxic potential seems the highest among the homologues. The multiple regression analyses carried out between the MN‰ and the concentrations of the different homologues measured in the mussel soft tissues showed a significant relationship (p<0.05) between the compound really administered and the observed genotoxicity only for the lowest two p,p’-DDT exposures and the highest p,p’-DDD assay, confirming the greatest genotoxic potential of p,p’-DDE. The ranking of genotoxic potential, considering the two different biological endpoints micronuclei frequency and DNA strand breaks, can be in decreasing order: p,p’-DDD≤p,p’-DDT«p,p’-DDE.
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