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Abstract
In this study we investigate howthe applicability of pesticide risk indicators (PRIs) can be applied to  help developfor the development of sound economic policies. Of the nNumerous PRIs have been proposed over the years, w. We modified one of these, the Environmental Impact Quotient (EIQ) originally developed for the fruit industry, to take into account of co-formulants and adjuvants. The new formula includes three components representing the externalities of farm worker risk, consumer risk, and ecological risk. It and also takes into account of the potential externalities that the use of the use of pesticides may have on people living near the farms where these products are used. We applied the EIQthe new indicator to the Val di Chiana and Valtiberina two areas of Tuscany, namely Val di Chiana and Valtiberina, by surveying a sample of farms to determine the quantity and type of pesticides used on five crops:  durum wheat, soft wheat, corn, tobacco, and olives. After calculating the impact quotient, we used data from a survey conducted in a different Italian region regarding the willingness to pay (WTP) for a pesticide-free environment, and determined the WTP for even minimal changes in that quotient. Using those results, we simulated the changes in welfare (calculated as changes in willingness to pay) that would result from modifying the amount of land used for each crop. We believe that the proposed indicator may have broad utility and that its application may lead to a bettermore profound  awareness of the consequences of pesticide use in farming. 	Comment by Author: Should this read effects?	Comment by Author: No, as we have specifically asked at the beginning of the agreement, the term ‘externality/externalities’ cannot be changed. We have written/added in yellow -below in this page- the definition of externality so that you can understand the meaning of this term. Should you think a better translation is required anyway, please let us know.	Comment by Author: Oppure maize	Comment by Author: Con corn intendiamo la coltura, il mais in campo	Comment by Author: What is meant by changes in that quotent?	Comment by Author: We refer to impact quotient calculated, see the beginning of the sentence (see light blue colour)
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Introduction 
The harmful effects of plant protection products[footnoteRef:1] (PPPs), like those of many pollutants, are not entirely known. Attempts to measure externalities caused by the use of PPPs[footnoteRef:2] generally meet with significant hurdles[footnoteRef:3][19]. 	Comment by Author: Sembra che la rivista richieda tutte le note e i riferimenti bibliografici alla fine, con un unico sistema di numerazione: “References:
References to the literature or to footnotes are typed as superscripts after punctuation. These are numbered consecutively and listed (but not as superscripts) at the end of the manuscript. Footnotes should not contain comprehensive experimental details (which should be included in the Supplementary Material instead) or long explanatory text.” 

Attendo quindi indicazioni per la formattazione. 	Comment by Author: Come indicato durante la valutazione del vostro preventivo, è importante che voi adeguiate il testo alle richieste della rivista da noi individuata. Quindi, per favore procedere con la formattazione e modiche necessarie alla pubblicazione sulla rivista indicata.  [1:  While in both routine and technical language, the Italian terms agrofarmaci, presidi sanitari, fitofarmaci, antiparassitari, and pesticidi are used interchangeably, under Italian law (Presidential Decree 290/01) only the term prodotti fitosanitari is correct. This is translated here as “plant protection products” (PPPs). PPPs are all active ingredients, and commercial preparations containing one or more active ingredients, used in farming [3] for the purpose of protecting plants or produce from harmful organisms or preventing the effects thereof; assisting or regulating plant metabolism (except for fertilizers); preserving produce (except for preservatives governed by specific regulations); clearing the crop of weeds or other undesired plants; and removing parts of plants or halting or preventing their undesired growth. ]  [2:  In economic analysis, the main challenge is how to determine the value of non-market goods, whose characteristics of non- (or partial) excludability and non- (or partial) competition mean that they have no market. ]  [3:   In many cases, this is compounded by the irreversibility of some of those effects. ] 

“Externality” refers to situations when the effect of production or consumption of goods and services imposes costs or benefits on others which are not reflected in the prices charged for the goods and services being provided (OECD, 1993).	Comment by Author: Definizione di externality/externalities
A real measurement of the environmental externalities caused by the use of PPPs would require the simultaneous assessment of all potential harms, as they pertain to human health and natural capital [18]. While there is abundant research into consumer health[footnoteRef:4] and the protection of farm workers,[footnoteRef:5] few studies have investigated the effects of pesticide use on residents living near the land[footnoteRef:6] where such products are employed.[footnoteRef:7] Yet the widespread urbanization of rural areas and the proximity of intensive farming to residential areas or other locations frequently visited by people render this question places people habitually frequent make this aspect increasingly important.  [4:   Consumer health is protected by determining the maximum permitted residue of active ingredient in foods meant for final consumption. In case of residue, the law defines the tolerance limit or Maximum Residue Limit (MRL) as the maximum amount of PPP active ingredients tolerated in food products, coinciding with the amount that is safe for consumers. The limit is set for each crop by Regulation (EC) 396/2005 on maximum residue levels of pesticides in or on food and feed of plant and animal origin [2]. It is worth specifying here that in accordance with EU legislation, plant protection products must be used in compliance with parameters and limitations that prevent, to the best of available knowledge, all risks to consumer health [2]. Specifically, Directive 91/414/EEC (since replaced by Regulation [EC] 1107/2009) restricted permitted substances to those whose potential risks to consumers have been assessed through a range of short- and long-term toxicological studies [2]. Those studies must lead to the determination of an Admissible Daily Intake (ADI) expressed in milligrams or mg/kg bw, that is, of a level of prolonged (in theory lifelong) intake that does not pose a risk to health [2]. Generally, the ADI is taken from the lowest no-observed-effect level (NOEL) determined from the range of toxicology tests; the NOEL is then divided by a safety factor to account for the difficulty of extrapolating to humans the results found in small, homogeneous groups of lab animals [2]. Finally, evaluation of the ADI and other studies and data on the transformation and persistence of the molecule in the target organisms and in the environment leads to the definition of the Maximum Residue Limit essential for the proper management of the risk [2]. Compliance with MRLs ensures that the overall dietary intake of residue does not exceed the ADI, even considering potential “peak” exposures due to over-consumption [2]. Importantly, the ADI adequately protects not only a hypothetical average individual, but population subgroups that may be more susceptible to the specific molecule (children, for example, are particularly susceptible to various molecules that affect the immune system, hormone levels, the nervous system, etc.) [2]. ]  [5:  While the pre-harvest interval protects consumers by affecting the amount of residue remaining on foodstuffs, the restricted entry interval is the amount of time that must elapse between pesticide treatment and workers' access to the treated area for pruning, thinning, picking, etc. without personal protective equipment (PPE). For most formulations, the restricted entry interval is not yet stated on the label, but new legislation does call for this and PPP labels will gradually be required to include it; as a precaution for the benefit of farm workers ,manufacturers usually recommend waiting at least 48 hours before re-entering the field [3. Where necessary, PPP labels must also indicate how long livestock should be kept away from treated pastures [3] and so forth. ]  [6:  This aspect is also not considered when the pesticide is registered. ]  [7:  In recent years, the formation of health committees by residents living near farmland has become another factor in the discussion of pesticide use. In many cases, farmers believe the concerns are excessive, given the extensive medical and scientific literature on the subject, as well as the very stringent EU legislation that governs today's farming industry. However, at the same time, they find it worthwhile to invest in increasingly safe and conservative methods of pesticide use. ] 

Because the most commonly used approach is to find the relationship between a pollutant's concentration in the environment and its effects, evaluating the risk entails an analysis of the "dose" (pollution level) and "response" (effect).[footnoteRef:8] In general, uncertainty as to the environmental damage caused by PPPs requires a consideration ofus to consider three elementsconcepts [4]: hazard,[footnoteRef:9] exposure,[footnoteRef:10] and risk.[footnoteRef:11]  [8:  This is how the risk measurement process transforms a context of uncertainty into a context of risk. Once the risk is assessed, the next phase is to manage it, through a two-step decision-making process: first determining the amount of acceptable risk; and then deciding by what means unacceptable risks can be reduced [19]. This tends to reduce uncertainty. ]  [9:  This refers to the potential harm a substance may cause. ]  [10:  This refers to the likelihood of coming into contact with the substance, based on the amount of time and the quantity of substance to which the living organism or the environment is exposed. Exposure may have different origins, such as direct human interaction while working with the substance (mixing, spraying, etc.); contaminated rain and volatilization; drift during spraying; or soil and groundwater contamination after spraying (runoff, leaching, drainage). ]  [11:  This refers to the likelihood that the hazardous effect will occur. In such as  case, risk depends on the interaction between hazard and exposure.” ] 

Also important for assessing the externalities caused by PPPs are their characteristics of selectivity,[footnoteRef:12] spectrum of action,[footnoteRef:13] and penetration capacity and systemicity [3].[footnoteRef:14] [12:  PPP selectivity can be physiological or ecological. It is physiological
 if it stems from the characteristics of the PPP itself. Pesticides based on Bacillus thuringiensis, for example, are microbiological products that release proteins highly toxic to certain insects. The conditions that allow the toxin to develop are present only in the gut of Lepidoptera larvae (leafroller moths, etc.), so PPPs containing Bacillus thuringiensis are nontoxic to all other insects [3]. The PPP selectively can be ecological 
 if it does not depend on the PPP's characteristics but on how it is used. For example, an insecticide sprayed when a beneficial insect is safe in its chrysalis within the folds of bark is selective not because of the formulation of the PPP, which might even be a broad-spectrum agent, but because at that moment, the beneficial insect is protected and the PPP cannot reach it. There is therefore a period of ecological selectivity that ends when the insect is no longer protected. A PPP can be selective at that moment and not at a future time [3]. 
In the case of insecticides, the mode of action (contact, ingestion, or asphyxia) also makes a PPP more or less selective. ]  [13: ]  [14: ] 





