Assessment of arsenic occurrence and distribution in Maine towns: Providing Maine CDC with screened data that can be used to make risk assessments at regional (county) and local (town) scales.
Problem 

The Maine Department of Health and Human Services, Center for Disease Control is is in need of technical assistance in screening and evaluating large volumes of private well water arsenic data residing in the State’s Health and Environmental Testing Laboratory database.   The state currently uses an outdated method to track arsenic occurrence and distribution at the state, county and local town level.
 Purpose:  
The purpose of this study is (1) to aid the Maine CDC with understanding the distribution of arsenic in private well water in the state; (2) and identify populations (towns) potentially at risk of having high-As levels in private well water that have previously gone unidentified. Working with the Maine State CDC, the Maine WSC has a unique opportunity to obtain and analyze a substantial volume of new private well water arsenic data to assist the State in its efforts to incorporate this data into their environmental health data tracking portal.  This project will also serve to augment ongoing NAWQA arsenic investigations in New England by preparing a dataset that can be georeferenced for future geostatistical analysis of arsenic occurrence.  This project will enable Maine CDC to provide data summaries and data products for public outreach activities (through their data tracking portal), as well as targeting regions and towns in Maine that are in need of increased public health outreach, such as amplified recruitment efforts focused on a greater sampling density for arsenic.  
These data are held by the Maine Environmental Health and Testing Laboratory (HETL) from homeowners who submit water samples for analysis.  The samples are logged in with data provided by the homeowner, and the results entered into the state database after the laboratory analysis is complete.  Data from 2005 through 2009 will be used for the analysis.  This data analysis will be conducted in cooperation with the USGS National Water Quality Assessment Program and the Maine CDC.   Under State Law (22 MRSA  §1692-B.), ME-CDC must be given access to all confidential reports and records filed by physicians, hospitals or other private or public sector organizations, with all departments, agencies, commissions or boards of the State for the purpose of conducting investigations or evaluating the completeness or quality of data submitted to the department's disease surveillance programs. The department shall follow the data confidentiality requirements of the departments, agencies, commissions or boards of the State providing this information.  This statute thus provides authorization for ME-CDC to have access to private well water data in HETL’s possession.
Once the data have been reduced at the end of this project, they will be ready for future data analysis steps, which could include address matching/geocoding and subsequent use in spatial geostatistical models of arsenic occurrence (see Ayotte and others, 2006, for example), or in other spatial models of arsenic occurrence (see Meliker and others, 2007, for example).
Objectives:  
The data that will be analyzed are maintained by the State of Maine’s Environmental Health and Testing Laboratory and include data from 2005 – 2009, representing approximately 30,000 private well water arsenic analyses.  The samples were logged in with data provided by the homeowner, and the results added after the analysis was complete.  As state public health officials move to scrutinize these types of databases, with respect to various targets of human health concern, there is a need to develop methods to assess descriptive information on how the data are structured and how much useful data they contain. In many cases these databases are not designed for this kind of data analysis.  A productive data screen  would include such things as percentage of data with valid addresses, number of duplicate samples per address; percentage of out-of-state or otherwise unusable locations; and percent of samples that have tags about pre- and post-treatment for arsenic and/or well type.  

Specific objectives of this project are:

· To develop database screening methods that will help evaluate the quantity, quality and usefulness of Maine’s private well water data with regard to statewide arsenic distribution. 
· To the extent possible with the available data, determine well type (drilled or dug) for the samples.   This will be used initially as a proxy for aquifer assignment, as drilled wells are virtually all in the fractured bedrock aquifer, and most dug wells in Maine draw water from till.
· Determine various arsenic data metrics by town, including: number of samples, number of households submitting samples, range in arsenic concentrations, number of sample locations per 1000 population, statistics for towns having 20 or more households with samples (median, percentiles), and percent of households exceeding 10, 50, 100, and 500 µg/L; create cumulative distribution graphs of arsenic concentration for towns with 20 or more locations in the database.  When the data can be broken down by well type, that information will be incorporated into the analysis.
· Use maps of the state by town to address where in the State data density is sufficient to adequately describe arsenic occurrence, and where additional data are needed to first, fully comprehend potential risks to residents of exposure to high-arsenic well water and second, to conduct increased health outreach activities.

Approach:  
Data Management:  The database containing personal identifiable information (names and addresses) will remain physically within the State of Maine Department of Health offices until the screening has progressed to the point where names and addresses are no longer necessary for the analysis (see step 3 below), at which time the names and addresses will be removed.
Data Screening:  Several data screening steps are needed before the data summaries can be prepared; these include:
· Step 1: Determine town and address.  First, the “town” field in the address often is a village or settlement name, which will be translated using lookup tables to the physical town address.  Typos in town entry will be put into the proper town.  Entries without street addresses will be tagged and set aside.  Data with street addresses will be sorted by street; typos will be corrected if time permits.  Entries without name or address, out-of-state addresses, and invalid town names will be tagged as invalid and set aside.
· Step 2: Determine principal aquifer when possible: While most domestic wells in Maine draw water from the fractured bedrock aquifer, there are a number of homeowners who use dug wells developed in till or sand and gravel aquifers, and occasionally springs are used for domestic drinking water sources.  The MECDC database does not specifically track which aquifer a well is developed in, but there are often comments associated with samples that indicate whether it is a drilled or dug well (or spring).  Whenever these comments appear, the type of well will be noted.   In a subsequent study, the dug well samples can be further broken down into till vs. sand and gravel aquifers (once the samples have been geolocated, which is not part of the current study).  Drilled wells in Maine use water from the fractured (metamorphic or igneous) bedrock aquifer.
· Step 3:  Determine number of “data points” in each town.  A “data point” will be defined as a single value for a single location (household), and a single well.  First, tag and set aside for analysis all locations with only 1 sample.  This can include locations in a town with a unique name attached but no street address.  Second, determine the sample value to use for locations with multiple analyses in the database.  The goal is to get raw, untreated analyses.  Samples tagged as untreated will be used whenever they exist.  If multiple known untreated samples exist, we will use a mean value (and tag it as such).  For multiple samples where there is no information regarding treatment, rules for how to handle these will be established once we determine any patterns emerging from the database.  For example, if there are two samples, one low concentration and one high concentration, and the high concentration one was collected earlier, it is more likely to be untreated, and so would become the data point for that location.  As rules for handling multiple values are established, they will be carefully documented and consistently applied.  Once each physical location has a single data point, the personally identifiable information can be stripped from the database and statistical metrics can be calculated for each town.  The well type (drilled or dug) will be carried along with each data point.  If there are samples for more than one well (for example, a dug well and a drilled well) at an address, we will keep both values in the dataset.

Describe database structure:  Once the data have been screened, we will compile the results of the screening, in terms of: percent of data that are valid samples, percent tagged as untreated samples, information on the numbers of analyses per location (percent with 1 sample, percent with two samples, percent with 3 or more samples, etc.), and percent of wells with known well type. This will be done by year if possible.

Determine arsenic statistical metrics by town:  The number of data points and range in arsenic concentrations will be determined for each town.  We will also tabulate exceedence percentages for 10 µg/L, 50 µg/L, 100 µg/L and 500 µg/L in all towns having  > 20 data points, along with mean and median concentrations.  We will plot cumulative distribution graphs for each town having 20 or more data points.  Finally, state maps will be prepared showing number of data points, number of data points per 1000 population, maximum and median concentrations, and percent exceedences as described above.  We will also compile what is known about well type and aquifer for each town. Towns with very few data points per 1000 population, especially those near towns with relatively high arsenic concentrations, will be particularly noted for outreach activities by the MECDC. 
Benefits: 

This project will provide the state with a valuable data analysis of private well data that will assist them in the assessment of the statewide arsenic distribution, including developing data metrics by town and maps illustrating arsenic concentration and distribution at regional (county) and local (town) scales. The methods developed for screening and evaluating the database will also be valuable for future studies.  In addition, this study will result in a screened database with addresses that can be address-matched and put into a GIS geodatabase in future studies.  This geodatabase could then be used in a number of geostatistical models of arsenic occurrence, including incorporating the data into an already-existing regional model developed by NAWQA (Ayotte and others, 2006).  Combining these data with other recently-available data, the regional model could be expanded both geographically and with higher concentration thresholds. 
Products: 

The primary product of this study will be an online-only USGS Scientific Investigations Report describing: how the data in the database was accessed and screened for use by public health officials; a description of the database structure; and a summary of the distribution of arsenic in private well water across Maine, include the planned data metrics, graphs, and maps.  In addition, the screened database of private well water analyses will be retained by the State CDC for their future use. 
Timeline:

This project is expected to be finished one year after the start of the project.  

	Objectives
	Tasks
	FY 2009
	FY 2010

	
	
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	Data Management and Screening
	
	
	
	
	
	
	
	
	

	
	Develop Data Management plan, establish data security procedures, and train staff (2 weeks)
	
	
	
	X
	
	
	
	

	
	Obtain data and screen entries (6-8 weeks)
	
	
	
	X
	
	
	
	

	Data Analysis
	
	
	
	
	
	
	
	
	

	
	Reduce data to one untreated sample per household (4-6 weeks)
	
	
	
	X
	X
	
	
	

	
	Describe database structure (30 hrs)
	
	
	
	
	X
	
	
	

	
	Calculate data metrics (3 weeks)
	
	
	
	
	X
	
	
	

	
	Create plots and maps (2-4 weeks)
	
	
	
	
	X
	
	
	

	Report Processing
	
	
	
	
	
	
	
	
	

	
	Write draft report (4-8 weeks)
	
	
	
	
	
	X
	
	

	
	Regional Approval
	
	
	
	
	
	
	X
	

	
	Publish Final Report
	
	
	
	
	
	
	
	X


Personnel:

	Grade
	Discipline
	Hours funded

	GS-12
	Hydrologist, Project Chief (M. Nielsen)
	310

	GS-12
	Hydrologist (P. Lombard)
	625

	GS-12
	Geochemist (C. Culbertson)
	215

	GS-2
	Student Intern (L. Schalk)
	450


Budget:
The overall budget for this project is $110,000 over FY09 and FY10, including $90,000 from NAWQA; $10,000 from the Maine WSC; $10,000 from the Maine State CDC.

	Net Costs
	FY 2009
	FY 2010

	Salaries
	$15,000
	$54,000

	Publication Costs
	0
	$5,000

	Total net
	$15,000
	$59,000

	Indirect Costs
	$8,500
	$26,500

	Gross funding
	$23,500
	$86,500
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