TECHNICAL RELATION
Introduction

Freshwater toxic cyanobacteria are a widespread group of organisms which blooms occur worldwide from USA to Australia, causing human health risks and animal deaths as well. In Europe, they have been detected in Belgium, Germany, France, Finland, Norway, United Kingdom, Hungary, Portugal, Spain and Italy (Sivonen and Jones, 1999; Barco et al., 2004).

 Cell densities may reach many millions per litre (Chorus and Bartram, 1999).

Cyanobacteria are known to produce several metabolites significant from the public health perspective of acute exposure: lipopolysaccharides (Stewart et al., 2006), and cytotoxic, tumor-promoting and enzyme inhibiting metabolites like cyclic depsipeptides, cyclic peptides (anabaenopeptins and nostophycins), linear peptides (aeruginosins and microginins) (Bickel et al., 2001; Forchert et al., 2001; Welker and Von Dohren, 2006). Recently, a neurotoxic non-protein aminoacid (N-methylamino-L-alanine, BMAA), widely produced among cyanobacteria (Cox et al., 2005), has been associated with neurodegenerative diseases such as Alzheimer’s disease, amyotrophic lateral sclerosis/parkinsonism-dementia complex (Murch et al., 2004; Banack et al., 2010; Jonasson et al., 2010; Brand et al., 2010; Rush et al., 2012).

The input of cyanobacterial cells in aqueduct systems gives rise to the formation of  membrane fouling on which opportunistic bacteria and/or pathogens may be hosted and reproduce (NSF International-USEPA, 2000). Moreover, toxic  cyanobacterial species, which heterotrophic enzyme system is still quite completely intact, can survive in the dark, producing toxins and spreading along the distribution system. Their elimination will require the chlorination of the entire aqueduct system for several days. 
Microcystins

Most poisoning by cyanobacteria involves acute hepatotoxicosis caused by a structurally similar group of small molecular weight cyclic hepta-peptides, the microcystins. Over ninety MCs variants are now described (Welker and Von Dohren, 2006), produced by a number of species of not more than ten cyanobacterial genera. MCs are genotoxic (Bouaicha et al., 2005), protein phosphatase-inhibiting (Dawson, 1998) toxins responsible for liver failure and death in humans (Falconer et al., 1983; Texeira Da Gloria Lima Crux et al., 1993; Codd, 1995; Dawson, 1998; Harada and Teuji, 1998; Jochimsen et al., 1998 Azevedo et al., 2002), wild animals, livestock and aquatic life (Sivonen and Jones, 1999; Mwaura et al., 2004). MCs are tumour promoters (Falconer and Buckley, 1989; Nishiwaki-Matsushima et al., 1992, Ito et al., 1997; Ueno et al., 1996; Humpage et al., 2000; Fleming et al., 2002; Zhou et al., 2002), endocrine-disruptors (Leiers et al., 2000; Ford et al., 1996; Sayed et al., 1997; Rojas et al., 1990; Hernandez et al., 2000), immunotoxicants (Lankoff et al., 2004). Indirect evidence supporting tumour promotion of human cancer from MCs exposure comes from the studies of Yu (1989), Ueno et al. (1996) and Zhou et al. (2002) in China, Fleming et al. (2002) in Florida, and Svircev et al. (2009) in Serbia. Microcystins are scheduled in the IARC scale as possibly carcinogenic to humans ( IARC,  2006).
Their biochemical action is the specific inhibition of protein phosphatases 1 and 2A ( Dawson, 1997), 3 (Prinsep et al., 2001), 4 and 5 (Hastie et al., 2005), and 2B (McKintosh et al., 1990). They dephosphorylate serine and threonine residues in animals and plants. The inhibition of PP1 and PP2A results in an increase of the phosphorylation of proteins in the liver cells, affecting several processes like metabolism, cell contractility, membrane transport, secretion, cell division and gene transcription and translation. 
From a structural point of view, MCs are a class of monocyclic heptapeptides consisting of D-alanine at position 1, two variable L-amino acids at positions 2 and 4, g-linked D-glutamic acid at position 6, and 3 unusual amino acids; b-linked D-erythro-b-methylaspartic acid (MeAsp) at position 3; (2S, 3S, 8S, 9S)-3-amino-9- methoxy- 2, 6, 8 trimethyl-10-phenyldeca-4, 6-dienoic acid (Adda) at position 5 and N-methyl dehydroalanine (MDha) at position 7. 
Microcystins have therefore a synergistic effect, well documented in experimental studies on mice (Fitzgeorge et al., 1994). In these studies, daily subacute doses of MCs, intranasally administered to mice for 7-day periods, caused cumulative pathologic effects two times stronger than those produced by the sum of the MCs administered as a single dose. Bioaccumulation has been proposed to be responsible for this effect (Solter et al., 1998).

When microcystins are released into the water during bloom decay, a wide range of aquatic organisms are directly exposed to the toxins in solution [Zimba et al., 2001, 2006; Jewel et al., 2003 Ernst et al., 2006].

RISK ASSESSMENT.

Since the end of the 1970s, Italian water bodies have shown a noticeable increase in detected algal blooms. In fact, between 1993 and 1999 the number detected grew from 18 a year to 64 a year, one-third of which were toxic (Bruno, 2000).

The presence of cyanobacterial blooms in drinking and recreational waters requires surveys on their occurrence and presence of toxins, in order to avoid human health risks and to provide information for successful restoration programs.

Elevated microcystin concentrations may be found with low cell abundances [Wood et al., 2006]. Thus, in case of toxin persistence after cell lysis and death, cell counts alone may not give a valuable indication on microcystin concentrations in order to avoid toxicological consequences, as in course of risk assessment evaluation the toxin level has more value than cell number in water control (Conti et al., 2005; Messineo et al., 2006). 

ELISA measurements of total microcystins in water may be significantly higher if, instead of analyzing the whole water sample (e. g. after sonication), the intracellular and extracellular compartments are separately analyzed, and the resulting amounts summarized.

The actual Tolerable Daily Intake (TDI)  guideline for MC-LR, proposed  by WHO in 1998 for an adult of  60 kg b. w. was 0.04 g/kg  body weight/day, [Chorus and Bartram, 1999]. The WHO Commission, although being aware of the studies on the chronic and tumour promoting effects of microcystins, following the request of the Australian representatives decided not to discuss a guideline for chronic effects (Carmichael, 2011). This was also due to the lack of some subsequent, reliable toxicological studies like the 28-day study by Heinze (1999), based on administration of MC-LR in drinking water to rats. 

In 2006 USEPA stated the need for further studies on cancerogenicity in order to express valuable safety levels, but at the same time found  that a lot of  in vivo and in vitro studies  were available to better define the threshold limits for acute poisoning and chronic toxicity effects (i.e. cirrhotic state induction, etc.). 

Based on (Heinze, 1999) and other more recent studies which were fit with the USEPA statistical linear model softwares, USEPA proposed guidelines  developed for acute and chronic risk (0.006 and 0.003 microcystin g/kg b.w./day, respectively) (USEPA, 2006), although reputing the available studies not yet adequate to propose a guideline for cancerogenicity. Also in 2006 the International Agency for Research on Cancer (IARC) classified microcystin-LR as possibly carcinogenic to humans  (group 2B). 

International TDI levels and elaboration of models to establish human safety levels necessarily take into account toxicological data, but are simply recommendations, even if authoritative;  in effect several Countries have made their own guidelines for cyanotoxins (Burch, 2008). However, the USEPA proposed guidelines are at present the most up-to-date evaluations in the field for microcystins, and in a modern risk assessment their recent values should be considered instead of the older WHO proposed guideline, never more revised since 1999, in spite of the 2006 IARC classification.

Drinking waters

The cyanotoxin risk assessment in drinking water has to take into account the synergistic ability of some of the main toxins to enhance their damage when present together, or when assumed for a period (even a short period) of time (Fitzgeorge et al., 1994). 

In the Fitzgeorge study, administration of microcystin-LR in mice at a sublethal dose (31.3 g/Kg) at 30 min. prior to anatoxin-a in mice via intranasal route, lowered the LD50 for anatoxin-a by approximately 4-fold. In the same study, repeated daily doses for seven days of a sub-lethal dose producing no apparent increase in liver weight, were shown to produce an accumulative effect and resulted in a final liver weight increase of 75%.

Microcystin-LR LD50 via intratracheal administration  proved to be comparable to LD50 of i.p. administration,  with the same liver and pulmonary damages (Ito et al., 2001).

Groundwater can link lakes across the landscape (Dodds, 2002). MCs and cylindrospermopsin from contaminated lakes can percolate in the groundwater towards the pumping stations for drinking water supply, with presence in the water proportional to the duration of the toxic blooms (Eynard et al., 2000; Messineo et al., 2006). In the district of Haimen, China, MCs were detected in shallow well waters used for drinking purposes (Ueno et al., 1996). In this frame the few but existing data on human intoxications from drinking waters have to be considered in connection with the synergistic ability of microcystin-LR (and possibly of all microcystins) to enhance the toxic damage after repeated subacute assumption. 

Two of these cases occurred during toxic P. aghardii bloom episodes in Finland (1989, MCs detected between 0.1 and 0.5 g/L) and in Sweden (1994, MCs detected 0.82 g/L), responsible for severe outbreaks of acute illness (Annadotter et al., 2001). According to these levels, a mean daily assumption should have ranged from 0.2-1 g/day in the first case, reaching 1.6 g/day in the second case; both values well below the WHO TDI limit but above the USEPA acute one. Recent Chinese studies on human MCs daily intake and  related detected liver damage, refer values of 2.2-3.9 g/day per person ( Chen et al., 2009) and 0.36-2.03 g/day per child (MC-LR, Li et al., 2011), values below or around the WHO limit but well above the USEPA chronic TDI limit. These findings  lead to consider the USEPA limits for MCs more adequate and up-to-date for a modern risk assessment. 
A proposed modern calculation for the human hazard ratio divides the ADI (Average Daily Intake) value by the TDI, considering water unsafe for consumption in case of a ratio greater than 1. The ADI can be estimated multiplying the MC concentration in drinking water by the volume of daily water intake divided by the body weight (Zhang et al., 2009).

Water or food sources found contaminated by cyanotoxins should no longer be consumed, due to the high variability of the toxin levels reached during the blooms, and to the proved synergistic effects of some of them (MCs first)  as regards to the chronic effects. These properties make no TDI sufficiently safe and acceptable in the case of daily consumption of contaminated water; the only adoptable safety approach should be the Precautionary Principle. 
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