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Abstract
A ranking model methodology, referred to as the Chemical Scoring Model (CSM), was developed as part of the State of Florida’s program that calls for the protection of groundwater supplies in the State in compliance with state and federal laws. The CSM was then suggested as a tool that could be used in decision-making to support the protection of groundwater supplies from contamination in Latin American Communities. The model includes variables that represent contaminant fate and transport characteristics, released quantity, vulnerability of the subsurface environment, and population density. 
First, an identification of potential groundwater pollution sources by industry and crops in selected Latin American settings was made. Second, an application of the model was performed according to data availability. After proper information was collected and input, the model provided lists of contaminants of prime concern for each considered potential source of contamination. This paper generally describes the model and shows the type of resulting contaminant ranking. It also exemplifies an avenue by which transfer of information can timely happen between the academics of the State of Florida and the Latin American and Caribbean region. In sum, the model represents a cost-effective tool that could assist leaders, administrators and professionals to timely protect groundwater resources.
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1.0 Introduction and Objective
In support of the State’s of Florida’s Water Assessment and Protection Program (SWAPP), the Department of Civil and Environmental Engineering of Florida International University (Fuentes et al., 2004a; Fuentes et al., 2004b) created a scientifically based ranking methodology to first identify the potential groundwater pollution sources by industry, crops and land uses, and second to rank the main contaminants of concern by each potential source. Ranking was based on three prime variables: toxicity, mobility, and relative amount. This ranking methodology and the results of its application can be utilized by government officials and the community at large to establish preventive measures for the protection of groundwater supplies. 

Latin America lacks effective quantification and measurement systems to evaluate or prevent groundwater pollution risk, as has been highlighted by the Pan American Center for Sanitary Engineering and Environmental Sciences (CEPIS) (CEPIS 1987, p ii). In an effort to explore the application to the Latin American scenario of the recently developed ranking model to support the protection of groundwater supplies in the State of Florida (Fuentes et al., 2004a; Fuentes et al., 2004b), an application was developed, which additionally included the variables population density and aquifer vulnerability (Giraldo, 2004). The application was tested in three regions and three major cities of Colombia and Mexico, which were selected, among other criteria, by their dependence on groundwater as a source of drinking water.

2.0 Latin American Communities  
The identification of the Latin American communities used to demonstrate the capability of the proposed ranking model was based on the following criteria: (1) the region’s reliance on groundwater supplies for potable water; (2) the availability of information regarding industries and services operating in those regions; and (3) the differences in population and aquifer vulnerability characteristics.  
The reliance on groundwater as drinking water supply was based on a qualitative CEPIS categorization that shows the importance of groundwater for potable water supply in Latin American and Caribbean regions. For the selection, cities or regions with reliance of 25-50% or more than 50% were preferred. In seeking information regarding industries and services operating within each Latin American-Caribbean (LAC) country province, national statistics offices were consulted for accurate and most current information. According to selection criteria (1) and (2), México and Colombia were chosen.  Mexico relies more than 50% on groundwater as drinking water supply and Colombia between 25-50%. Both countries possess reliable and available statistical information about industrial sectors operating in their provinces. 

Population density and aquifer vulnerability are average variables within the large continental regions used in the CEPIS categorization. Therefore, criterion (3) above determined the selection of the different communities within the selected regions in the two countries. Santa Fé de Bogotá in Colombia and Distrito Federal and Ciudad Juárez in México, the latter located next to the US-Mexican Border, were selected to represent large urban centers that have high population densities. Baja California and Campeche in Mexico and Cauca Valley in Colombia were selected to represent coastal and semi coastal environments that are also predominantly rural, with lower average population densities than the urban centers. All the above communities show differences among their aquifer vulnerabilities.
3.0 Methodology  
The situation to be examined involves the opportunity of applying in a Latin American context a chemical ranking method for prioritization of potential groundwater contaminants. The method is based on the approach developed as part of the Florida Source Water Assessment and Protection Program (SWAPP), which focuses on the identification of such contaminants in the State of Florida (Fuentes et. al, 2004a).  The methodology utilized toxicity, mobility, and relative amount as the main variables in the determination of the top groundwater contaminants by potential source.  
For the model application in LAC communities, the relative amount variable, although very important, was reflected by means of an uncertainty score, due to lack of information regarding specific released chemical quantities by industry group, crops or land uses in the selected Latin American urban centers and regions.  Two additional variables, namely aquifer vulnerability and population density, were also accounted in the application in order to demonstrate their effect on chemical ranking (Giraldo, 2004). Table 1 summarizes the list of parameters that were used in the scoring of contaminants for both industry and crop categories.
Table 1. CSM Scoring Parameters

	PARAMETER
	Industry
	Crops

	Toxicity
	√
	√

	Mobility:
	
	

	Solubility 
	√
	√

	Volatility 
	√
	√

	Soil Sorption
	√
	√

	Bioaccumulation Potential
	
	√

	Groundwater Half-Life
	√
	

	Field Half-Life
	
	√

	Relative Amount
	√
	√

	Aquifer Vulnerability
	√
	√

	Population Density
	√
	√


The theoretical ground of the model (Fuentes 2004) was based on a selection of scoring methodologies developed in the United States to assess potential groundwater contaminants (Hathhorn et al. 1996; Shook et al. 1993; Snyder et al. 2000; US EPA 1992). Beginning with the selection of potential groundwater contaminants, the model provides a methodology to rank-order chemicals based on the parameters previously introduced, namely, toxicity, mobility, relative amount, aquifer vulnerability, and population density. Figure 1 depicts a flow diagram for the general approach and main computational tasks in the selection of such chemicals.  A simple scoring criterion was used, with quantitative ranges defined in a range from 1 (lowest) to 5 (highest) for each parameter.  Chemicals for which data were missing were given an uncertainty value that is reflected in the final score. These chemicals could become candidates for special attention based on inherent chemical characteristics, lack of information or combination of both. The model is mathematically defined by an algorithm that is programmed in the form of a Microsoft Excel spreadsheet to rank chemicals by industries or crops. 
4.0 Results 
Table 2 exemplifies the type of results of the model application for some industries and contaminants in the Cauca Valley, Colombia and Ciudad Juarez in Mexico. This application was limited by the quality and quantity of information regarding the amount of chemical releases by specific industries and land uses, and the amount of pesticide usage by crops in the selected LAC areas. This limitation points out the gap in and need of data collection and monitoring. 
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Figure 1. Model Approach to Prioritize Top Groundwater Contaminants 
(Adaptation from Fuentes et al, 2004).
5.0 Conclusions

Identification of Latin American communities to which the model was applied, was possible based on the regions’ reliance on groundwater supplies for potable water, the availability of information regarding economic sectors operating in those regions, and the strategic characteristics based on geographical location, population, and aquifer vulnerability. 

Potential groundwater contaminants for industries, crops, and other potential sources of groundwater pollution in Latin America were obtained from official available information that allowed the preparation of a comprehensive list of potential sources by 1) crops and 2) major industry groups.  Even though industrial sectors operating in the selected LAC regions were identified, chemical releases by each industry were not available. Therefore, the study had to assume that same industry groups have the same chemical releases in LAC and Florida. The main source for chemical releases by industries in Florida is the Toxic Release Inventory (TRI), which uses the Standard Industrial Classification (SIC) codes. However, industry sectors in the selected countries vary. In 1997, the SIC system was replaced by the North American Industry Classification System (NAICS), a system which has already been implemented by the Mexican statistical office. Colombian statistical information for the industrial sector is reported according to the International Standard Industrial Classification (ISIC). As a consequence, defining lists of potential groundwater contaminants required matching industries according to the national codes (ISIC in Colombia and NAICS in Mexico) versus the Standard Industrial Classification (SIC) codes.

The model is offered as a valuable tool for a relative comparison of the “threat” of a given contaminant inventory by economic sector or land use in a community of interest. The application of the model in LA communities is constrained by either large gaps in or lack of availability of fundamental data (e.g., industrial indicators, annual reported releases by industry, geo-data, etc.). However, it permits the identification of specific chemicals, aiding to establish timely pollution prevention strategies. Importantly, legislative and regulatory frameworks are critical to catalyze the implementation of this type of models in water source assessment programs.  
Table 2. Example of Ranking Results for some Industries and Contaminants 
in Cauca Valley, Colombia, and Ciudad Juárez, México
	Region
	SIC#
	Industry
	Chemical
	CAS#
	Toxicity
	Mobility
	Relative Amount (RA)
	Population Density (PD)
	Vulnerability (V)
	Final Score

	
	
	
	
	
	MTCa
	MCLGb
	LD50c
	Solubility
	Volatility
	Soil Sorption
	GW t1/2d
	Bioaccumulation Potential
	
	
	
	

	Valle del Cauca
	30
	Rubber and Miscellaneous Plastic Products
	Chlorodifluoromethane
	75-45-6
	
	
	
	4
	2
	4
	5
	N/A
	5
	5
	2
	4.561

	Valle del Cauca
	30
	Rubber and Miscellaneous Plastic Products
	1,1-Dichloro-1-fluoroethane
	1717-00-6
	
	
	4
	3
	2
	3
	5
	N/A
	5
	5
	2
	4.359

	Valle del Cauca
	30
	Rubber and Miscellaneous Plastic Products
	Methyl methacrylate
	80-62-6
	2
	
	1
	5
	3
	5
	3
	N/A
	5
	5
	2
	4.074

	Valle del Cauca
	39
	Miscellaneous Manufacturing Industries
	Nitric acid
	7697-37-2
	
	
	
	5
	2
	5
	5
	N/A
	5
	5
	2
	4.561

	Valle del Cauca
	39
	Miscellaneous Manufacturing Industries
	Lead
	7439-92-1
	2
	5
	
	4
	2
	5
	5
	N/A
	5
	5
	2
	4.074

	Valle del Cauca
	39
	Miscellaneous Manufacturing Industries
	Methyl ethyl ketone
	78-93-3
	1
	
	3
	5
	3
	5
	2
	N/A
	5
	5
	2
	4.000

	Valle del Cauca
	5169
	Chemicals and Allied Products, Not Elsewhere Classified
	Nitric acid
	7697-37-2
	
	
	
	5
	2
	5
	5
	N/A
	5
	5
	2
	4.561

	Valle del Cauca
	5169
	Chemicals and Allied Products, Not Elsewhere Classified
	Ammonia
	7664-41-7
	
	
	3
	5
	3
	5
	5
	N/A
	5
	5
	2
	4.195

	Valle del Cauca
	5169
	Chemicals and Allied Products, Not Elsewhere Classified
	n-Hexane
	110-54-3
	2
	
	1
	2
	1
	3
	5
	N/A
	5
	5
	2
	4.074

	Juárez
	30
	Rubber and Miscellaneous Plastic Products
	Chlorodifluoromethane
	75-45-6
	
	
	
	4
	2
	4
	5
	N/A
	5
	5
	4
	4.817

	Juárez
	30
	Rubber and Miscellaneous Plastic Products
	1,1-Dichloro-1-fluoroethane
	1717-00-6
	
	
	4
	3
	2
	3
	5
	N/A
	5
	5
	4
	4.626

	Juárez
	30
	Rubber and Miscellaneous Plastic Products
	Methyl methacrylate
	80-62-6
	2
	
	1
	5
	3
	5
	3
	N/A
	5
	5
	4
	4.359

	Juárez
	35
	Industrial and Commercial Machinery and Computer Equipment
	Chlorodifluoromethane
	75-45-6
	
	
	
	4
	2
	4
	5
	N/A
	5
	5
	4
	4.817

	Juárez
	35
	Industrial and Commercial Machinerry and Computer Equipment
	1,1-Dichloro-1-fluoroethane
	1717-00-6
	
	
	4
	3
	2
	3
	5
	N/A
	5
	5
	4
	4.626

	Juárez
	35
	Industrial and Commercial Machinery and Computer Equipment
	Lead
	7439-92-1
	2
	5
	
	4
	2
	5
	5
	N/A
	5
	5
	4
	4.359


a MTC: Maximum Toxicity Concentrations ( Maximum Contaminant Level, GWGC – Ground Water Guidance Concentrations, or CUTL – Cleanup Target Levels).

b MCLG: Maximum Contaminant Level Goal.

c LD50: Lethal Dose.

d GWt1/2: Groundwater Halflife.

e N/A: Not Applicable.

6.0 Recommendations

Several limitations were encountered during the development and application of the proposed model in the evaluation of priority groundwater contaminants in Latin American settings. Therefore, according to the identified limitations, the following is recommended:

· The acquisition of a specific and reliable data on released chemicals and quantities in Latin America is a must for an improved application of the model. 

· The list of potential groundwater contaminants by industry, crop and other potential pollution sources needs much improvement to reflect not only the latest data sets and economic information, but also accurate information of chemicals and their released quantities produced by each specific economic activity.  

· Accurate characterization of aquifer vulnerability is fundamental in order to objectively represent the inherent characteristics of each location of concern.

· In the application of the model, all parameters (toxicity, mobility, aquifer vulnerability, and population density) are given equal relative weight. However, weighting factors should be incorporated in order to better reflect the perspective of all community stakeholders and other unique aspects of local relevance.
· The model assigns greater scores to chemicals about which little is known; this is intended to drive research to reduce the uncertainty associated with the chemical rather than allowing the chemical to be overlooked. Uncertainty needs to be understood and properly estimated

· The model should be applied only after verifying input data and scoring criteria.
· For model applications, modelers should always verify results and include sensitivity analysis.

· The model offered in the present document needs to be further developed in order to offer greater possibilities for use in the Latin American and Caribbean region. A web based model with relational databases containing physical-chemical properties would result in a more user friendly version for the general public.
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