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SUMMARY
At the requests of the Belmont Department of Health, community residents, and in response to a legislative directive, the Community Assessment Program (CAP) of the Massachusetts Department of Public Health (MDPH), Bureau of Environmental Health conducted an evaluation of possible environmental exposures and cancer in relation to the Cambridge Plating Company, an active electroplating facility which has been in operation at 39 Hittinger Street in Belmont, Massachusetts since 1968.  This project was conducted under a cooperative agreement with the Agency for Toxic Substances and Disease Registry (ATSDR) for MDPH to conduct health assessments in Massachusetts.

The investigation reviews available environmental data for the Cambridge Plating site and considers potential ways that people may come into contact with chemicals from the facility.  The evaluation also looks at the pattern of cancer in Belmont and surrounding communities, focusing on residential neighborhoods near Cambridge Plating.  Six cancer types were evaluated in this investigation: cancers of the kidney, liver, lung and bronchus, and pancreas as well as leukemia and non-Hodgkin’s lymphoma (NHL).  Using data from the Massachusetts Cancer Registry, rates for these cancer types were calculated for the town of Belmont as a whole and for the census tracts (CT) that comprise the town, with a particular focus on CT 3572, where Cambridge Plating is located, and the adjacent CT 3571.  In addition, this report provides cancer incidence analyses for the surrounding communities of Arlington, Cambridge, and Watertown.  Appendix A of the report presents more detailed information about the occurrence of cancer in all four communities as well as in relation to other locations of potential environmental concern.  Available information about risk factors related to the development of cancer was also considered.  In general, most of the six cancer types evaluated in relation to Cambridge Plating occurred near or below the rates expected for Belmont CTs 3571, 3572, and the town of Belmont as a whole during the 18-year time period, 1982–1999.  With some exceptions, cancer incidence in the surrounding communities of Arlington, Cambridge, and Watertown was also near or below expected rates.

A number of potential exposure pathways exist, in particular potential exposure to historical air emissions from Cambridge Plating.  Contaminants of potential concern at the facility include past emissions of trichloroethylene (TCE) and chromium.  No ambient air sampling data are available, however, to determine whether air emissions from the facility have existed in the surrounding neighborhoods and/or the extent to which they might have contributed to cancer or noncancer health effects reported by residents in this area.  It is possible that some neighborhood residents have experienced irritant health effects associated with air emissions from the facility.  However, it is important to note that some individuals, particularly those with pre-existing conditions such as asthma and allergies, may experience irritant reactions that would not necessarily impact the general population similarly.  There were no completed exposure pathways for area residents in relation to Cambridge Plating.

Sampling conducted previously at the Cambridge Plating site identified some contamination of groundwater and subsurface soil on the site.  No available information suggests that contaminants such as volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons, and metals detected at levels above health-based comparison values in groundwater and soil pose a health threat to individuals living in neighborhoods adjacent to the facility under present conditions.  For example, the groundwater beneath the site is not a source of drinking water, and it is unlikely that residents would come into contact with subsurface soil on the property since the majority of the site is paved.  Based on the available environmental data reviewed, concentrations of VOCs detected in groundwater samples collected down-gradient and close to the site boundary near Hittinger Street are below levels expected to result in indoor air impacts in nearby homes.  Based on recent site investigations, including additional characterization of groundwater conditions and flow patterns, it is not expected that residents north of the site along Channing Road would have opportunities for exposure to levels of VOCs in indoor air that could present a health risk.  
Based on criteria established by ATSDR, the Cambridge Plating site would be classified as posing an Indeterminate Public Health Hazard in the past and No Apparent Public Health Hazard in the present and future.  No ambient air sampling data exist; therefore, it cannot be determined whether people living near the Cambridge Plating site were at risk of exposure to air emissions (such as TCE or chromium) from the facility in the past.  However, based on a review of available environmental data, analysis of possible exposure pathways, and an evaluation of the pattern of cancer in the area surrounding the facility, results do not suggest that a common factor (environmental or nonenvironmental) played a major role in the incidence of cancer in Belmont census tracts 3571 and 3572, in the town of Belmont as a whole, or in the surrounding communities during the 18‑year time period, 1982–1999.

I. INTRODUCTION AND STATEMENT OF ISSUES

At the request of the Belmont Department of Health, community residents, and in response to a legislative directive, the Community Assessment Program (CAP) in the Bureau of Environmental Health of the Massachusetts Department of Public Health (MDPH), conducted an evaluation of cancer incidence in Belmont, Massachusetts, and the surrounding communities of Cambridge, Arlington, and Watertown.  This project was conducted under a cooperative agreement with the Agency for Toxic Substances and Disease Registry (ATSDR) for MDPH to conduct health assessments in Massachusetts.  This evaluation was initiated because of community concerns about possible environmental exposure and cancer in relation to the Cambridge Plating Company, an electroplating facility located at 39 Hittinger Street in Belmont.  The facility has been in operation since 1968 and has been known by a variety of names during its history; the current electroplating operation at the site is Purecoat North, LLC.  For the purposes of this report, however, all electroplating operations at 39 Hittinger Street will be referred to as Cambridge Plating.

This report evaluates the potential for exposure related to chemicals used at or emitted from Cambridge Plating and also provides a review of several types of cancer in Belmont and the surrounding communities of Cambridge, Arlington, and Watertown, with a particular focus on Belmont census tracts (CT) 3572 and 3571.  Cambridge Plating is located in CT 3572, and CT 3571 is an adjacent census tract that is near the facility (shown in Figure 1).   Appendix A of the report provides more detailed information about the occurrence of cancer in all four communities as well as in relation to other locations of potential environmental concern.  In addition, available information about risk factors, including environmental factors, related to the development of cancer was considered.  To evaluate concerns about potential exposure to hazardous substances from the Cambridge Plating site, MDPH contacted the Massachusetts Department of Environmental Protection (MDEP) and the U.S. Environmental Protection Agency (EPA) to obtain and review available environmental information for the facility.

Cancer rates were evaluated for the town of Belmont and the census tracts that comprise the town and for Cambridge, Arlington, and Watertown for the years 1982–1999, the time period for which the most recent and complete cancer incidence data were available from the Massachusetts Cancer Registry (MCR) at the initiation of this analysis.  Belmont is divided into eight smaller geographic areas or census tracts (CTs).  A census tract is a smaller geographic subdivision of a city or town designated by the U.S. Census Bureau.  Because age group and gender specific population information is required to calculate incidence rates, the census tract is the smallest geographic area for which cancer rates can be accurately calculated.  Belmont CT 3572, where Cambridge Plating is located, comprises an area of 0.6 square miles and has a total population of 3,204 (U.S. Census Bureau 2000).  Census tract 3571, which is adjacent, has an area of 0.8 square miles and a population of 4,148.  Figure 1 shows the location of Cambridge Plating and the boundaries of CTs 3571 and 3572.

The results of this descriptive analysis can be useful in identifying cancer patterns or trends in a geographic context, may help determine whether a common cause or etiology is possible, and can serve to identify areas where further public health investigations or actions may be warranted.  Descriptive analyses may also indicate that an excess of known risk factors associated with a disease, such as environmental exposures, exists in a certain geographic area.  This descriptive analysis of cancer incidence data cannot be used to establish a causal link between a particular risk factor (either environmental or nonenvironmental) and the development of cancer.  In addition, this analysis cannot determine the cause of cancer for any one individual. The purpose of this evaluation is (1) to report the findings of the patterns of cancer in Belmont (with particular focus on CTs 3571 and 3572) and in the surrounding communities of Cambridge, Arlington and Cambridge and (2) to evaluate the findings in the context of the available environmental information related to Cambridge Plating to determine whether recommendations for further public health action are needed.

II. OBJECTIVES

The specific objectives of this investigation were as follows:

· To evaluate the extent to which contamination at or emissions from the Cambridge Plating facility could result in exposure to people in the area and whether adverse health effects would be possible if exposure occurred.  
· To review the incidence of six cancer types in the town of Belmont and the surrounding communities of Cambridge, Arlington, and Watertown, with a particular focus on CTs 3571 and 3572 in Belmont.

· To evaluate the geographic distribution of individuals diagnosed with cancer in the four communities and see if there are any patterns in particular areas of the communities or in areas of potential environmental concern.

· To review descriptive information available from the Massachusetts Cancer Registry for individuals diagnosed with cancer in the four communities, to see if there are any particular characteristics related to known or suspected risk factors, including environmental factors, for developing these diseases.
· To discuss possible exposure pathways related to Cambridge Plating and the results of the cancer incidence evaluation in the context of the available scientific and medical literature on cancer and contaminants of concern to determine whether further investigation or public health action is warranted.

III. BACKGROUND AND COMMUNITY ENVIRONMENTAL CONCERNS

Community environmental concerns related to Cambridge Plating Company have focused specifically on historical air emissions as well as groundwater and soil contamination identified on the property.  Residents have expressed concerns about cancer and several non-cancer health outcomes including upper respiratory irritation, nausea, and headaches.  In addition, complaints about odors and noise have been reported by individuals residing near the facility (Belmont Health Department 2003a; 2003c).  In order to address these community concerns, the MDPH contacted the Massachusetts Department of Environmental Protection (MDEP) Metro/Northeast Regional Office and the U.S. Environmental Protection Agency (EPA) Region 1 to obtain and review available environmental information pertaining to Cambridge Plating.

Cambridge Plating is located at 39 Hittinger Street in Belmont, Massachusetts (see Figure 2). This site is located in census tract 3572 (shown in Figure 1).  Since 1968, electroplating operations have been conducted at the site (Coler and Colantonio 2002a). A number of other commercial and industrial activities are reported to have occurred at the site before the electroplating operations began.  One company used the site to produce concrete burial vaults and bricks (Coler and Colantonio 2002a).  Historical operations reported at or near the Cambridge Plating site include a clay mining operation and, in the early 1900s, an open burning town dump (Coler and Colantonio 2002a).

Cambridge Plating is regulated for air emissions, sewage discharge, on-site storage of hazardous waste, and transport of hazardous waste off the site for disposal.  There have been several spills or accidental releases reported and investigated at the Cambridge Plating facility during the company’s years of operation; a partial drum spill of muriatic acid in 1980; a tank overfill of diesel fuel in 1982; and, in 1983, the discovery of soil contaminated with diesel fuel from a former underground storage tank (Paragon Environmental Services 1996).  Some fires have also been reported at the site, including an indoor office fire on March 15, 1998, and a fire in the wastewater treatment system area on May 25, 2002 (Coler and Colantonio 1998c; EPA Region 1 2003a).  
In 1989, the detection of an apparent release of unspecified hazardous materials on a portion of the property resulted in regulatory actions that required subsurface environmental sampling to establish the extent of contamination.  Site investigations that included sampling of on-site soil and groundwater were completed in 1996 and 2002.  More recently, soil contaminated with chromium discovered in a portion of the property adjacent to the Massachusetts Bay Transportation Authority (MBTA) railroad tracks resulted in a site investigation of this area in May/June 2003 (Coler and Colantonio 2003a).  In addition, in response to an MDEP requirement, an investigation of groundwater and soil gas was conducted at the site in January 2004 (Coler and Colantonio 2004).  Additional investigations of groundwater and on-site surface soil were conducted in response to an MDEP requirement in 2005 (OHI 2005).  Off-site surface soil sampling was conducted by MDEP in 2007 (MDEP 2007).  The available environmental data from these investigations, along with information provided by EPA, were considered in this public health assessment.

Within the immediate vicinity of the Cambridge Plating facility there are a range of land uses.  To the north, Cambridge Plating is abutted by the MBTA commuter rail tracks and by residential and commercial properties beyond the tracks.  To the east are Brighton Street and a convenience store, a gas station, and a small business park.  A residential neighborhood is located south of the facility and to the west there are school playing fields and a school parking lot.  The Belmont High School building is approximately 500 feet away.

Cambridge Plating is located within the Mystic River Watershed and is not located within a potentially productive aquifer (Coler and Colantonio 2002a).  Nearby surface water bodies include Clay Pit Pond, which is in front of Belmont High school; Blair Pond, which is behind the commercial buildings on Brighton Street to the east; and Little Pond, which is a fifth of a mile north of the site (locations are shown in Figure 2).

The public health assessment titled “Evaluation of Environmental Concerns and Cancer Incidence in Belmont and Surrounding Communities, Middlesex County, Massachusetts, 1982–1999” was released on October 20, 2005, for a public comment period ending on December 15, 2005.  Public comments were received by the MDPH and are addressed in Appendix E and Appendix F.  
IV. REVIEW OF ENVIRONMENTAL SAMPLING DATA

To address concerns about possible environmental exposures associated with Cambridge Plating, MDPH reviewed information from several reports on file with MDEP and EPA, as well as the Toxics Release Inventory (TRI) data available from EPA.  Available environmental sampling data were reviewed, and a screening evaluation was conducted to identify substances that need to be considered for further analysis to determine whether they may be of potential health concern.  The screening analysis identifies maximum concentrations of contaminants detected in various types of environmental media (i.e., air, soil, water) and compares these concentrations to health-based comparison values established by ATSDR (ATSDR 2003a, 2003b).  If an ATSDR comparison value was not available for a specific chemical, the maximum detected concentration of that chemical was compared to risk-based concentrations (RBCs) developed by EPA Region 3 (Hubbard 2000) or the applicable groundwater or soil standards established by MDEP (MDEP 2003b), in that order.  For compounds detected in groundwater, maximum concentrations were also compared with state or federal drinking water standards.

The ATSDR comparison values are specific concentrations of a chemical for air, soil, or water that are used by health assessors to identify environmental contaminants that require further evaluation.  These comparison values are developed on the basis of health guidelines and assumed exposure situations that represent conservative estimates of human exposure.  Chemical concentrations detected in environmental media at levels that are lower than their comparison values are not likely to pose a health threat.  However, the fact that a chemical concentration is detected in environmental media at a level above a comparison value does not necessarily mean that a person who comes into contact with that concentration will be harmed.  If the concentration of a chemical is greater than the appropriate comparison value, the potential for exposure to the chemical is further evaluated to determine whether exposure is occurring and whether health effects might be possible as a result of that exposure.  The factors related to exposure that are unique to the specific situation under investigation need to be considered to determine whether adverse health effects from a chemical of concern are plausible.

ATSDR has identified levels of metals and polyaromatic hydrocarbons (PAHs) that are considered normal for soil in urban and suburban communities.  The United States Geological Society (USGS) has also identified measurements for levels of metals that are considered typical for soil in the eastern United States (Shacklette and Boerngen 1984).  These levels are called background levels and are used along with comparison values for both metals and PAHs in this analysis.

A. Soil

Soil sampling has been conducted at the Cambridge Plating site for a variety of reasons, ranging from environmental sampling associated with specific releases of contaminants to environmental sampling for more comprehensive site investigations.  The majority (n = 18) of the samples were collected from soil between 2 to 8 feet below the ground surface.  Typically, surface soil samples are taken from the top 0–3 inches of soil.  This is of particular interest when evaluating possible exposure as it is more likely that individuals would have more frequent contact with surface soil than with deeper soils.  However, the soil samples for Cambridge Plating, with the exception of samples collected for chromium analysis, were not collected from soil shallower than 2 feet in depth.
The maximum value for each contaminant for which environmental data were available from the file review was compared to the appropriate screening value.  Analysis of the on-site soil samples found arsenic, chromium, trichloroethylene, and a range of polycyclic aromatic hydrocarbons (PAHs) at levels above relevant comparison values (see Table 1).  Sampling locations are shown in Figure 3.  The information reviewed indicated that no off-site soil sampling was conducted.
Arsenic was detected in five of eight soil samples collected at Cambridge Plating.  The maximum concentration of 44 milligrams per kilogram (mg/kg) was detected in soil sampling conducted during excavation activities for the installation of a new loading dock in 1994.  However, subsequent sampling of soil in the same area found lower levels of arsenic.  Based on the information reviewed, it is unclear whether excavated soils were removed from the site.  In the other four samples with elevated levels of arsenic, the levels ranged from 5.1 mg/kg to 7.6 mg/kg.  Although all five detected arsenic concentrations exceed ATSDR’s cancer risk evaluation guide (CREG) for arsenic in soil of 0.5 mg/kg, all of the levels detected are within the range of typical background concentrations for soil in the eastern United States (ATSDR 1993; Shacklette and Boerngen 1984).  Table 1 shows the maximum concentrations of contaminants detected in the on-site soil samples.

Elevated levels of total chromium were detected in on-site soil during sampling conducted in response to a release identified in an approximate 450-square foot area of the property located north of the building abutting the MBTA railroad tracks.  The maximum concentration of total chromium (32,000 mg/kg) was detected in a composite soil sample collected 3 to 5 feet below ground surface in this area.  Total chromium was detected in 25 of the soil samples from this area; concentrations exceeded the reference media evaluation guide (RMEG) value for childhood exposure to chromium VI (200 mg/kg) nine times and for adult exposure to chromium VI (2,000 mg/kg) three times. There are no ATSDR comparison values for total chromium in soil so RMEGs for chromium VI, which is the most toxic form of chromium, were used as comparison values.
Because chromium VI, the hexavalent form of chromium, is a carcinogen, soil samples collected from the area north of the building were also analyzed for chromium VI.  The maximum concentration of chromium VI (210 mg/kg) was detected in subsurface soil, approximately at or below the ATSDR comparison values (see Table 1).  Chromium levels identified in subsurface soils from other areas of the site were well below comparison values.  Sampling of surface soil in this area (discussed in detail below) indicates that both total chromium and hexavalent chromium levels are approximately at or below the ATSDR comparison values.
In November 2005, Cambridge Plating submitted surface soil sampling results for both total chromium and chromium VI in response to a requirement by the Massachusetts Department of Environmental Protection (MDEP) (OHI 2005).  Ten additional on-site locations were sampled, including three locations along Hittinger Street, three along the MBTA railroad tracks, two along the fence adjacent to the baseball field, and two along Brighton Street.  These locations were required by MDEP based on air emissions modeling results indicating that areas of maximum impact would be located on the site; this modeling was done in order to select reasonably conservative sampling locations (J. Miano, MDEP, personal communication, 2006).  All OHI samples were collected from surface soils at depths between 0 and 6 inches and analyzed for both total and hexavalent forms of chromium.  As previously mentioned, surface soil samples are of particular interest when evaluating possible exposure as it is more likely that individuals would have more frequent contact with surface soil than with the deeper soils discussed above.  Total chromium was detected in all ten surface soil samples at concentrations ranging from 23 to 220 mg/kg (OHI 2005).  The maximum detected concentration of total chromium was below the RMEG value for adult exposure to chromium VI (2,000 mg/kg) and similar to the RMEG value for childhood exposure to chromium VI (200 mg/kg) (ATSDR comparison values for total chromium were not available, so comparison values for chromium VI were used).  Chromium VI was detected in one of the ten surface soil samples at 1.2 mg/kg (OHI 2005), which is well below both the adult and child RMEG values for chromium VI.  
In June 2007, in response to a request from the community and a MDPH recommendation in the Cambridge Plating Public Health Assessment report released for public comment in 2005, the MDEP sampled surface soil at off-site locations near Cambridge Plating to confirm the results of air emissions modeling and to determine if elevated levels of chromium were present in off-site soil.  The seven off-site samples were located near the tennis courts and ball field east of the facility, near residences north of the facility, near the intersection of Hittinger and Baker Streets south of the facility, and at three locations along Brighton Street northwest, west, and southwest of the facility (Figure 4).  Chromium VI (hexavalent) was not detected in any of the seven off-site surface soil samples (MDEP 2007).  Total chromium was detected in all seven samples at concentrations ranging from 12 to 46 mg/kg, but were well below ATSDR comparison values for chromium VI (MDEP 2007).  These concentrations were also below concentrations of total chromium considered typical for soil in the eastern United States (1-1,000 mg/kg) (Shacklette and Boerngen 1984).  

The maximum level of benzo(a)pyrene (11 mg/kg) detected exceeds the ATSDR soil CREG of 0.1 mg/kg.  There are a number of other PAHs that exceed EPA’s risk-based concentrations (RBCs).  RBCs were used because there are no ATSDR comparison values for these compounds.  However, the majority of PAH compounds detected (benzo(a)anthracene, benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene) were within the range of typical background concentrations for urban soil.  Because PAHs are by-products of incomplete combustion processes, they have been reported to be associated with previous land uses in this area, such as brick making and an open-burn dumpsite (Coler and Colantonio 2002a).

B. Groundwater
There are 17 monitoring wells at the Cambridge Plating site that have been used to collect groundwater samples on several different occasions.  Groundwater at the site is between 3 and 7 feet below the surface (Coler and Colantonio 2004).  At some of these wells, arsenic, trichloroethylene (TCE), cis-1,2-dichloroethene, vinyl chloride, and PAHs have been detected at levels above drinking water comparison values (Table 2 and Figure 3).  However, groundwater at the Cambridge Plating site is not used as a drinking water supply, and all of Belmont is serviced with municipal water.  The information reviewed does not indicate that any groundwater sampling has been conducted off the site.

There is little historical groundwater sampling of volatile organic compounds (VOCs) for the majority of monitoring wells at the site, and no specific time trends are apparent.  Elevated levels of TCE and cis-1,2-dichloroethene (cis-1,2–DCE) have been consistently detected in samples collected from wells located west of the main building and down-gradient from the locations of floor drains and sump tanks in the facility (monitoring wells CC-105 and MW-03 – see Figure 3).  Under an agreement with MDEP, a quarterly monitoring program for these two wells is currently in place to help determine whether the site represents a current source of TCE and cis-1,2-DCE to groundwater (Coler and Colantonio 2002b).  The maximum groundwater concentrations of TCE (49,800 micrograms per liter [µg/L]) and cis-1,2 DCE (8,150 µg/L) were detected in monitoring well MW-03 during a 2004 sampling event (Coler and Colantonio 2004).  Both concentrations exceed EPA’s RBCs for drinking water (ATSDR comparison values were not available).  Groundwater concentrations measured during sampling in 2005 showed lower levels of both TCE (360 µg/L) and cis-1,2 DCE (4,500 µg/L) in monitoring well MW-03, but both concentrations continue to exceed the EPA’s RBCs for drinking water (OHI 2005).  Vinyl chloride was detected in three out of ten monitoring wells sampled and the maximum concentration of vinyl chloride (1,200 µg/L) was detected above the CREG value for drinking water (0.03 µg/L) in monitoring well MW-03 in September 2005.  The source of these elevated VOC levels has not been determined, although both cis-1,2–DCE and vinyl chloride are known breakdown products of TCE (ATSDR 1997).  Depths to groundwater in monitoring wells MW-03 and CC-105 wells during 2002–2004 sampling ranged from 5.95 feet–6.69 feet and 3.41 feet–4.18 feet, respectively (Coler and Colantonio 2004).

While TCE and cis-1,2, DCE were detected at much lower levels in monitoring well CC-2, which is located closer to the property boundary near Hittinger Street, the maximum concentration of TCE detected in this well (380 µg/L in 2000) exceeds available drinking water comparison values (Coler and Colantonio 2002a).  Vinyl chloride was not detected in this well.  Monitoring well CC-2 is located approximately 160 feet south of monitoring well MW-03 (refer to Figure 3).
Additionally, in an Interim Deadline letter dated May 20, 2005, MDEP required that Cambridge Plating Company obtain a groundwater sample from beneath the floor in the TCE degreasing area or boiler room in order to investigate the source of elevated levels of VOCs at the loading dock on the southern side of the building (MDPH 2005b).  The groundwater sample was taken 10 feet below the floor of the degreasing area by OHI Engineering, Inc.  The sample had detections of TCE (15 µg/L), cis-1,2 DCE (20 µg/L), and vinyl chloride (5 µg/L) (OHI 2005).  

C. Air Emissions
Cambridge Plating first submitted an application for an air quality emissions permit to the MDEP Bureau of Waste Prevention (BWP) in 1982 and the most recent permit was submitted in 1995 (MDEP 1982, 1995).  The major sources of air emissions at the facility have been two solvent degreasers and a hard chrome-plating bath (MDEP 1995).  However, routine stack sampling is not required under the air-permitting program and no ambient air sampling data are available for the neighborhood areas in the immediate vicinity of the facility.

A review of data reported in EPA’s Toxics Release Inventory (TRI) was conducted.  The TRI is a reporting system that estimates the annual releases of toxic chemicals to the environment.  The system evolved from the Emergency Planning and Community Right-to-Know Act.  Businesses are required to report the locations and quantities of chemicals stored on a site to state and local agencies to help communities prepare to respond to potential chemical spills and emergency releases (EPA 2005).  Although TRI annual release estimates cannot be used to specifically evaluate whether individuals living near the Cambridge Plating site are actually at risk of exposure to air emissions, the information can be helpful when evaluating the pattern of cancer in the residential areas surrounding the facility and the possibility that environmental factors may have played a role.

Review of available TRI data for Cambridge Plating for the years 1987–2005 indicates that fugitive emissions (emission from sources other than stacks or vents) of TCE were highest in the late 1980s.  The maximum TCE emissions (66,960 pounds) were reported for the year 1989.  Annual TCE emissions fluctuated between approximately 14,000 and 19,000 pounds in the intervening years, with another peak in emissions reported for the year 1996 (58,500 pounds).  TRI emissions data indicate that TCE was last released from the facility in 2003 when fugitive TCE emissions at Cambridge Plating were 11,638 pounds (EPA 2005).  Currently, air emissions of TCE have been eliminated because TCE is no longer being used at the facility (Belmont Department of Health 2004a, U.S. EPA Region 1 2005).  Other compounds reported to the TRI as being emitted to air from the Cambridge Plating facility at some point during the years for which TRI data were available included hydrochloric acid, nickel compounds, nitric acid, sodium hydroxide solution, and sulfuric acid (see Table 3).

While not reported in TRI data, air permit applications and the presence of a hard chromium- electroplating process at the facility indicate that Cambridge Plating has also been a source of hexavalent chromium air emissions (MDEP 1995).  Although there is no information on what time chromium-electroplating operations began at the facility, it was reported that the “hard chrome” tank was installed in 1969 (Cambridge Plating 2001).  On the basis of the permit information reviewed, the hard chromium electroplating process area was located toward the back portion of the building (away from Hittinger Street) and the stack height associated with this process was reported to be 20 feet above the ground surface (MDEP 1995).  According to the 1995 permit, stack emissions of chromium were reported to be 0.007 tons per year (MDEP 1995).

According to EPA Region 1, the applicable air regulations for chromium came into effect for Cambridge Plating in 1995.  While some form of air pollution control was probably in place prior to that, previous emissions and/or controls of chromium from the facility are unknown (EPA Region 1 2003b).  In 2002, Cambridge Plating undertook an agreement with EPA to completely close the chromium-electroplating portion of its operations (EPA Region 1 2003b, 2002b).  As a result, chromium air emissions associated with the use of this process ended in December 2002.  While a “chromating” process is still in operation, it is not heated and air emissions are not expected (EPA Region 1 2005).  
V. EVALUATION OF POTENTIAL COMMUNITY EXPOSURE PATHWAYS

An evaluation of potential pathways of exposure was conducted to help evaluate whether emissions or releases at the Cambridge Plating facility could be affecting the health of residents in the surrounding neighborhood in the present, could affect the health of residents in the future, or could have affected the health of residents in the past.  A person must first be exposed to a chemical before any potential adverse health effects can result.  Five conditions must be present for exposure to a chemical to occur.  First, there must be a source of the chemical.  Second, an environmental medium must be contaminated by either the source or by chemicals transported away from the source.  Third, there must be a location where a person can potentially come into contact with the contaminated medium.  Fourth, there must be a means by which the contaminated medium could enter a person’s body, such as ingestion, inhalation, or dermal absorption.  Fifth, there must be a population to be exposed. Even if a person is exposed to a chemical, it doesn’t mean that the person will be harmed.  For a person to be harmed by exposure, the chemical must actually reach the target organ susceptible to the toxic effects caused by that particular substance at a sufficient dose and for a sufficient exposure time for an adverse health effect to occur (ATSDR 1993).

A completed exposure pathways exists when all of the five conditions previously described are present.  A potential exposure pathway exists when one or more of the five elements is missing or uncertain and indicates that exposure could have occurred in the past, may be occurring in the present, or could occur in the future.  An exposure pathway can be eliminated if at least one of the five elements is missing and will not likely be present in the future.  Refer to Table 4 for a summary of exposure pathways discussed in this section.  
A. Exposure to Soil 

Most of the Cambridge Plating site is covered by asphalt or concrete (Coler and Colantonio 2002a; Paragon Environmental Services 1996), so it is unlikely that residents who live nearby will be exposed to soil from the site.  In addition, the facility is still in active industrial use; therefore, it is unlikely that non-employees would be accessing the site extensively.  Reports in the Belmont Health Department files indicate that young adults have trespassed on the Cambridge Plating property in the past; specifically, there was an incidence of youth climbing on the roof of the building (Belmont Department of Health 2003a, 2003c).  It is possible that individuals who trespassed near a portion of the property abutting the MBTA railroad tracks could have had infrequent contact with chromium in soil before the chromium contamination was discovered and access restricted by a fence.  Assuming that an older child trespassed on this area of the site in the past and incidentally ingested the maximum concentration of total chromium detected in soil samples collected between 0 and 4 feet below ground surface (3,900 mg/kg), for 1 day per week for 26 weeks over 5 years, the level would be below EPA’s chronic Reference Doses for both Chromium III and Chromium VI (ATSDR Minimal Risk Levels and U.S. EPA cancer slope factors were not available for total chromium)
.  Therefore, it is unlikely that individuals who might have trespassed in this area of the site would have had sufficient exposure to result in health effects.
In the 2005 public comment release of the public health assessment titled “Evaluation of Environmental Concerns and Cancer Incidence in Belmont and Surrounding Communities, Middlesex County, Massachusetts, 1982–1999,” the MDPH recommended additional surface soil sampling and analysis for chromium to determine those areas most impacted by chromium deposition in the past.  Air modeling was conducted by the MDEP during 2006.  The model used meteorological conditions, stack emission rate, and other model inputs to predict the relative distribution of chromium that might be present in soils in the vicinity of Cambridge Plating due to stack emissions and deposition.  Based on the modeling, which used regional data for values such as wind speed and wind directions, MDEP predicted that the areas with the highest concentrations of chromium would likely be located on the site.
As part of Phase II assessment work at the Cambridge Plating site, MDEP required that ten specific locations around the perimeter of the property be sampled to determine levels of chromium in surface soils.  The November 2005 sampling locations were chosen by MDEP based on air emissions modeling results which indicated that areas of maximum impact would be located on the site.  An analysis of the soil sampling data indicated that the chromium levels present in the on-site surface soil were low and are unlikely to result in adverse health effects in nearby residents (see Section IV-A).
To further confirm and validate the results of air emissions modeling in regards to off-site conditions, in June 2007, the MDEP sampled surface soil at off-site locations near Cambridge Plating.  Concentrations of chromium measured at off-site areas were below both ATSDR comparison values and concentrations considered typical for soil in the eastern United States.  Therefore, chromium in off-site soil is unlikely to result in adverse health effects in nearby residents.
Workers at the site who are involved with electroplating activities are unlikely to be exposed to soil beneath the site.  Although it is possible that workers who visit the site for construction or excavation activities (such as undertaking soil borings for the purposes of environmental analysis or removing or replacing underground storage tanks) may be exposed in the future, such activities are likely to be undertaken using proper health and safety precautions to minimize exposure potential.

A source of concern to nearby residents has been the Cambridge Plating facility’s history of non-compliance with wastewater limits and discharge to the sewer (Belmont Department of Health 2003c).  Although the sewer pipe that runs along Hittinger Street was cracked in the past, it is currently reported to be in good condition (Belmont Department of Community Development 2003) and revealed no evidence of damage or leakage (OHI 2005).  It is possible that wastewater discharged to the sewer from this facility resulted in some contamination of surrounding soils and possibly groundwater in the vicinity of any cracks.  It is unlikely, however, that residents of this area would be exposed to such contamination because the potentially impacted soils are located beneath the ground surface and, as stated previously, groundwater in this area is not a source of drinking water.

B. Exposure to Groundwater

A recent groundwater elevation study showed a generally southern groundwater flow direction on the eastern portion of the facility and a southwesterly flow on the western side of the facility.  Groundwater at the site is between 3 and 7 feet below the surface (Coler and Colantonio 2004).  The highest levels of VOC contamination detected in groundwater are in monitoring wells MW-03 and CC-105, which are west of the Cambridge Plating buildings (Figure 3).  VOC concentrations detected in groundwater are much lower closer to the southern property boundary near Hittinger Street, but the concentrations of TCE detected in the most westerly monitoring well (CC-2) were also elevated above available drinking water comparison values (MCL = 5 µg/L).  Specifically, TCE was detected in groundwater samples from well CC-2 at 380 µg/L, 200 µg/L, and 162 µg/L during the years 2000, 2003, and 2004, respectively (Coler and Colantonio 2002; 2004).  
The groundwater wells sampled at Cambridge Plating are for monitoring purposes only, and no one drinks water from these wells.  All residential properties in the town of Belmont are supplied with drinking water from the Massachusetts Water Resources Authority, and there are no known private drinking water wells (MWRA 2003; Belmont Department of Health 2003b).  Because groundwater in this area is not being used as a source of drinking water, ingestion is not a possible route of exposure for residents.

C. Exposure to Indoor Air

Data currently available for VOCs in groundwater indicate that the highest levels of TCE and 1,2-DCE were detected west of the Cambridge Plating building and on the site (monitoring wells CC-105 and MW-03), and that levels closer to the southern site boundary near Hittinger Street were lower but still elevated above drinking water comparison values.  Volatilization of VOCs to indoor air in nearby homes would be possible if groundwater is shallow and VOCs are present in groundwater beneath homes at sufficient concentrations.

To evaluate whether the levels of TCE detected in groundwater at the site could contaminate indoor air in nearby residences, MDPH asked ATSDR to run a model incorporating site-specific information on groundwater, soil, and housing for the area surrounding the facility (ATSDR 2003c).  ATSDR used information on the predicted groundwater flow direction at the Cambridge Plating site, the depth to contamination, the type of soil, and the typical size and age of nearby homes and applied the Johnson-Ettinger mathematical model to determine what concentrations of TCE in groundwater would result in indoor air concentrations of TCE at levels above health-based comparison values for air exposure.  Modeling results indicated that the potential for a vapor intrusion exposure pathway could exist when TCE is present in groundwater at concentrations greater that 12,800 µg/L (ATSDR 2003c).  With the exception of monitoring wells MW-03 and CC-105 located west of the Cambridge Plating building, TCE was detected below the groundwater concentration at which a vapor intrusion exposure pathway would be of potential concern at the site.  In particular, the concentrations of TCE detected in groundwater monitoring well CC-2 located down-gradient and closer to the site boundary near Hittinger Street were 380 µg/L and lower; therefore, it is unlikely that persons living near this area of the site are being exposed to TCE in indoor air at levels of health concern.
Because of the historical levels of VOCs detected in groundwater wells and uncertainties associated with the direction of groundwater flow at the site, MDEP required Cambridge Plating to evaluate whether VOCs in groundwater are resulting in soil gas that could impact nearby residences along Hittinger Street (MDEP 2003a).  Results of groundwater sampling from this investigation showed that levels similar to those detected in monitoring wells MW-03 and CC-105 are not widespread and do not appear to be migrating off the site (Coler and Colantonio 2004).  Soil gas sampling conducted both adjacent to the building and closer to Hittinger Street indicated that VOCs in soil gas decrease significantly in sampling locations closer to the property boundary.  This investigation also applied a dilution attenuation factor of 1,000 to measured VOC soil gas concentrations as a screening approach to estimate possible indoor air concentrations (Coler and Colantonio 2004).  None of the estimated VOC indoor air concentrations exceeded ATSDR comparison values for air exposure.  
While the environmental information reviewed indicates a south/southwestern groundwater flow direction at the site, there was little information available on the concentrations of TCE in groundwater north of the building.  In the public comment release of the public health assessment titled “Evaluation of Environmental Concerns and Cancer Incidence in Belmont and Surrounding Communities, Middlesex County, Massachusetts, 1982–1999,” the MDPH recommended additional characterization of VOCs in groundwater north of the building.  Additional groundwater characterization, conducted by OHI Engineering, Inc. on behalf of Cambridge Plating Company, was submitted to the MDEP in November 2005.  Using the new information about groundwater conditions, MDEP determined that shallow groundwater flow is generally in a south-southwest direction across the site (J. Miano, MDEP, personal communication, 2006).  According to the MDEP, it is unlikely that VOCs found at high concentrations near the loading dock would flow upgradient (i.e., against the flow of groundwater) toward homes north of the site.  Thus, because groundwater does not appear to flow toward these residences, it is not expected that residents north of the site have opportunity for exposure to contaminants in groundwater via vapor intrusion.
Additionally, in an Interim Deadline letter dated May 20, 2005, MDEP required that Cambridge Plating Company obtain a groundwater sample from beneath the floor in the TCE degreasing area or boiler room in order to investigate the source of elevated levels of VOCs at the loading dock on the southern side of the building.  The groundwater sample was taken 10 feet below the floor of the degreasing area by OHI Engineering, Inc.  The groundwater sample had detections of TCE (15 µg/L), cis-1,2 DCE (20 µg/L), and vinyl chloride (5 µg/L) (OHI 2005).  These levels were much lower than concentrations of VOCs in other areas of the Cambridge Plating property: 49,800 µg/L TCE, 8,150 µg/L cis-1,2 DCE, and 1,200 µg/L vinyl chloride.  Therefore, OHI Engineering, Inc. concluded and MDEP concurred that there did not appear to be an ongoing source of VOC contamination beneath the Cambridge Plating building that could contribute to vapor intrusion in homes north of the facility.  
On the basis of the Johnson-Ettinger modeling results provided by ATSDR and soil gas and groundwater investigations at Cambridge Plating required by MDEP, high levels of VOCs detected in groundwater near the building (monitoring wells MW-03 and CC-105) do not appear to have migrated south toward the site boundary at sufficient concentrations to raise health concerns related to VOCs in indoor air in nearby homes along Hittinger Street.  Also, because groundwater from beneath the Cambridge Plating facility does not appear to flow toward the northern site boundary, it is not expected that residents north of the site would have opportunities for exposure to elevated levels of VOCs in indoor air.    
D. Exposure to Ambient Air 

On the basis of the air permit information and TRI data reviewed, opportunities for exposure to ambient air emissions from Cambridge Plating are a possibility for nearby residents.  While TCE is no longer being used at the facility, it is possible that fugitive emissions of TCE in the past may have resulted in potential exposure.  Stack emissions of chromium associated with electroplating operations at the facility may also have resulted in exposure opportunities to chromium in ambient air in the past.  As stated previously, chromium-electroplating operations that resulted in stack emissions of chromium were eliminated in December 2002.

There are no historical ambient air data available for Cambridge Plating or the surrounding neighborhood, making it difficult to evaluate whether facility emissions may have resulted in chemical concentrations in ambient air greater than health-based screening values.  However, because the majority of air emissions at Cambridge Plating are fugitive (that is, not from stacks or vents) and because stack heights are relatively low, the greatest potential for exposure to facility emissions in ambient air would likely be in the nearby residential neighborhoods of Belmont.  The emissions would be less likely to impact neighborhoods farther away (e.g., in the towns of Arlington, Cambridge, and Watertown).  Therefore, the pattern of those cancer types suggested in scientific studies of workers and/or animals to be associated with inhalation exposure to TCE and chromium (i.e., kidney, liver, lung, non-Hodgkin’s lymphoma, and leukemia) were evaluated in relation to the Cambridge Plating facility as part of the cancer incidence analysis.

VI. ANALYSIS OF CANCER INCIDENCE

A. Methods for Analyzing Cancer Incidence

1. Case Identification/Definition

Cancer incidence data (i.e., reports of new cancer diagnoses) for the years 1982–1999 were obtained for the town of Belmont and the surrounding communities of Arlington, Cambridge, and Watertown from the Massachusetts Cancer Registry (MCR), a division of the Bureau of Health Information, Statistics, Research and Evaluation within the MDPH.  Six cancer types were evaluated in this investigation: cancers of the kidney, liver, lung and bronchus, and pancreas as well as leukemia and non-Hodgkin’s lymphoma (NHL).  Coding for cancer types in this report follows the International Classification of Diseases for Oncology (ICD-O) system.  (The incidence coding definitions used in this report for these cancer types are shown in Appendix B.)  These cancer types were selected for evaluation on the basis of elevations observed at the town level in a preliminary review of cancer rates in Belmont, potential associations with contaminants of concern at the Cambridge Plating site (primarily TCE and chromium), and/or residents’ concerns over suspected elevations in some cancer types.  Only cases reported to the MCR as a primary site cancer for one of the six cancer types and diagnosed among residents of Belmont, Arlington, Cambridge, and Watertown were included in the analysis.  Cases were selected for inclusion based on the address reported to the hospital or reporting medical facility at the time of diagnosis.

The MCR is a population-based surveillance system that began in 1982 to collect information on Massachusetts residents diagnosed with cancer in the state.  All newly diagnosed cancer cases among Massachusetts residents are required by law to be reported to the MCR within 6 months of the date of diagnosis (M.G.L. c.111s.111B).  This information is kept in a confidential database.  Data are collected on a daily basis and are reviewed for accuracy and completeness on an annual basis.  This process corrects misclassification of data (i.e., city/town misassignment).  Once these steps are finished, the data for that year are considered “complete.”  Due to the volume of information received by the MCR, the large number of reporting facilities, and the 6‑month period between diagnosis and required reporting, the most current registry data that are complete will inherently be a minimum of 2 years prior to the current date.  The 18-year period, 1982–1999, constitutes the period for which the most recent and complete cancer incidence data were available from the MCR at the time of this analysis.

The term “cancer” is used to describe a variety of diseases associated with abnormal cell and tissue growth.  Epidemiologic studies have revealed that different types of cancer are individual diseases with separate causes, risk factors, characteristics and patterns of survival (Berg 1996).  Cancer types are classified by the location in the body where the disease originated (the primary site) and the tissue or cell type of the cancer (histology).  Therefore, each cancer type reviewed in this report was evaluated separately.  Cancers that occur as the result of the metastasis or the spread of a primary site cancer to another location in the body are not considered as separate cancers and, therefore, were not included in this analysis.

It should be noted that the MCR research file might contain duplicate reports of individuals diagnosed with cancer.  The data in this report have been controlled for duplicate cases by excluding them from the analyses.  Duplicate cases are additional reports of the same primary site cancer case.  The decision that a case was a duplicate and should be excluded from the analyses was made by the MCR after consulting with the reporting hospital/diagnostic facility and obtaining additional information regarding the histology and/or pathology of the case.  However, reports of individuals with multiple primary site cancers were included as separate cases in the analyses in this report.  A multiple primary cancer case is defined by the MCR as a new cancer in a different location in the body, or a new cancer of the same histology (cell type) as an earlier cancer, if diagnosed in the same primary site (original location in the body) more than 2 months after the initial diagnosis (MCR 1996).  Therefore, duplicate reports of an individual diagnosed with cancer were removed from the analyses whereas individuals who were diagnosed with more than one primary site cancer were included as separate cases.  In the town of Belmont, four duplicate reports were identified during the years 1982–1999 and excluded from the analyses.  In addition, seven duplicate reports in Arlington, 16 duplicate reports in Cambridge, and 12 duplicate reports in Watertown were identified during the years 1982–1999 and excluded from the analyses.
2. Calculation of Standardized Incidence Ratios

To determine whether elevated numbers of cancer cases occurred in Belmont and the surrounding communities of Arlington, Cambridge, and Watertown, cancer incidence data were tabulated by gender according to six age groups to compare the observed number of cancer cases to the number that would be expected based on the statewide cancer rate.  Standardized incidence ratios (SIRs) were then calculated for the period 1982–1999 for each of the six primary cancer types for Belmont as a whole as well as for each census tract (CT) within Belmont.  In addition, SIRs were calculated for the city of Cambridge as a whole and the three Cambridge CTs located on the border of Belmont.  Townwide SIRs were also calculated for Arlington and Watertown.  SIRs were also calculated for three smaller time periods, 1982–1987, 1988–1993, 1994–1999, to evaluate patterns or trends in cancer incidence over time.

To calculate SIRs, it is necessary to obtain accurate population information.  The population figures used in this analysis were interpolated on the basis of 1980, 1990, and 2000 U.S. Census data for each CT in Belmont and Cambridge and for the town of Belmont as a whole, the city of Cambridge as a whole, and the towns of Arlington and Watertown (U.S. Census Bureau 1980, 1990, and 2000).  Midpoint population estimates were calculated for each time period evaluated (i.e., 1984, 1990, and 1996).  To estimate the population between census years, an assumption was made that the change in population occurred at a constant rate throughout the 10-year interval between each census.

Because accurate age group and gender-specific population data are required to calculate SIRs, the CT is the smallest geographic area for which cancer rates can be accurately calculated.  Specifically, a CT is a smaller statistical subdivision of a county as defined by the U.S. Census Bureau.  Census tracts usually contain between 2,500 and 8,000 persons and are designed to be homogenous with respect to population characteristics (U.S. Census Bureau 1990).

According to the U.S. Census, the town of Belmont is subdivided into eight census tracts (i.e., CTs 3571 through 3578).  Three of the 30 census tracts in Cambridge are located on the border of Belmont (i.e., CTs 3543, 3546, and 3549) (U.S. Census Bureau 2000).  The town boundaries and census tract locations for Belmont and surrounding communities are shown in Figure 1.  Cases for which census tract designation was not possible were included in the city/town totals for Belmont and Cambridge.

3. Interpretation of a Standardized Incidence Ratio
A standardized incidence ratio (SIR) is an estimate of the occurrence of cancer in a population relative to what might be expected if the population had the same cancer experience as a larger comparison population designated as “normal” or average.  Usually, the state as a whole is selected to be the comparison population.  Using the state of Massachusetts as a comparison population provides a stable population base for the calculation of incidence rates.

Specifically, an SIR is the ratio of the observed number of cancer cases in an area to the expected number of cases multiplied by 100.  The population structure of each town is adjusted to the statewide incidence rate to calculate the number of expected cancer cases.  The SIR is a comparison of the number of cases in the specific area (i.e., city/town or census tract) to the statewide rate.  Comparisons of SIRs between towns or census tracts are not possible because each community has different population characteristics.

An SIR of 100 indicates that the number of cancer cases observed in the population being evaluated is equal to the number of cancer cases expected in the comparison or “normal” population.  An SIR greater than 100 indicates that more cancer cases occurred than were expected, and an SIR less than 100 indicates that fewer cancer cases occurred than were expected.  Accordingly, an SIR of 150 is interpreted as 50% more cancer cases than the expected number; an SIR of 90 indicates 10% fewer cancer cases than expected.

Caution should be exercised, however, when interpreting an SIR.  The interpretation of an SIR depends on both the size and the stability of the SIR.  Two SIRs can have the same size but not the same stability.  For example, an SIR of 150 based on four expected cases and six observed cases indicates a 50% excess in cancer, but the excess is actually only two cases.  Conversely, an SIR of 150 based on 400 expected cases and 600 observed cases represents the same 50% excess in cancer, but because the SIR is based upon a greater number of cases, the estimate is more stable.  It is very unlikely that 200 excess cases of cancer would occur by chance alone.  As a result of the instability of incidence rates based on small numbers of cases, SIRs were not calculated when fewer than five cases were observed for a particular cancer type.

4. Calculation of the 95% Confidence Interval

To help interpret or measure the stability of an SIR, the statistical significance of each SIR was assessed by calculating a 95% confidence interval (95% CI) to determine if the observed number of cases is “significantly different” from the expected number or if the difference may be due solely to chance (Rothman and Boice 1982).  Specifically, a 95% CI is the range of estimated SIR values that have a 95% probability of including the true SIR for the population.  If the 95% CI range does not include the value 100, then the study population is significantly different from the comparison or “normal” population.  “Significantly different” means there is less than a 5% chance that the observed difference (either increase or decrease) is the result of random fluctuation in the number of observed cancer cases.

For example, if a confidence interval does not include 100 and the interval is above 100 (e.g., 105–130), there is a statistically significant excess in the number of cancer cases.  Similarly, if the confidence interval does not include 100 and the interval is below 100 (e.g., 45–96), the number of cancer cases is statistically significantly lower than expected.  If the confidence interval range includes 100, the true SIR may be 100.  In this case, it cannot be determined with certainty that the difference between the observed and expected number of cases reflects a real cancer increase or decrease or is the result of chance.  It is important to note that statistical significance does not necessarily imply public health significance.  Determination of statistical significance is just one tool used to interpret SIRs.

In addition to the range of the estimates contained in the confidence interval, the width of the confidence interval also reflects the stability of the SIR estimate.  For example, a narrow confidence interval, such as 103–115, allows a fair level of certainty that the calculated SIR is close to the true SIR for the population.  A wide interval, for instance 85–450, leaves considerable doubt about the true SIR, which could be much lower than or much higher than the calculated SIR.  This would indicate an unstable statistic.  Again, due to the instability of incidence rates based on small numbers of cases, statistical significance was not assessed when fewer than five cases were observed.

5. Evaluation of Cancer Risk Factor Information

Available information reported to the MCR related to risk factors for cancer development was reviewed and compared to known or established incidence patterns for the cancer types evaluated in this report.  This information is collected for each individual at the time of cancer diagnosis and includes age at diagnosis, stage of disease, smoking history, and occupation.  One or even several factors acting over time can be related to the development of cancer.  For example, tobacco use has been linked to lung and bronchus, kidney, and pancreatic cancers.  Other cancer risk factors may include lack of crude fiber in the diet, high fat consumption, alcohol abuse, and reproductive history.  Heredity, or family history, is an important factor for several types of cancer.  To a lesser extent, some occupational exposures, such as jobs involving contact with asbestos, have been shown to be carcinogenic (cancer causing).  Environmental contaminants have also been associated with certain types of cancer.  The available risk factor information from the MCR was evaluated for residents of the four communities who were diagnosed with any of the six cancer types included in this report.  However, information about personal risk factors such as family history, hormonal events, diet, and other factors that may also influence the development of cancer is not collected by the MCR; therefore, it was not possible to evaluate these factors in this investigation.

6. Determination of Geographic Distribution of Cancer Cases

In addition to calculation of SIRs, address at the time of diagnosis for each individual diagnosed with cancer was mapped using a computerized geographic information system (GIS) (ESRI 2002).  This allowed assignment of census tract location as well as an evaluation of the spatial distribution of individual cases at a smaller geographic level (i.e., neighborhoods).  The geographic pattern was determined using a qualitative evaluation of the point pattern of cancer cases in each of the four communities.  In instances where the address information from the MCR was incomplete (i.e., did not include specific streets or street numbers), efforts were made to research those cases using telephone books issued within 2 years of an individual’s diagnosis.  For confidentiality reasons, it is not possible to include maps showing the locations of individuals diagnosed with cancer in this report.  (Note: MDPH is bound by Massachusetts General Laws and the federal Health Insurance Portability and Accountability Act (HIPAA) not to reveal the name or identifying information of an individual diagnosed with cancer whose case is reported to the MCR.)
B. Cancer Incidence in Belmont

Cambridge Plating is located in CT 3572 close to the border of CT 3571 (see Figure 1).  This section presents cancer incidence rates for the town of Belmont as a whole as well as Belmont CTs 3571 and 3572, during the 18-year time period, 1982–1999.  A summary of the cancer experience in the communities of Cambridge, Arlington, and Watertown is provided in Section C.  To evaluate possible trends over time, cancer incidence data were also analyzed by three smaller time periods, 1982–1987, 1988–1993, and 1994–1999.  In addition to the results presented in this section, Appendix A provides comprehensive analyses for the town of Belmont as a whole and all eight census tracts that comprise the town.  Cancer incidence results for Belmont and the census tracts that comprise the town are presented in Tables 1a – 6d of Appendix A.  SIRs were not calculated for some cancer types in smaller time periods due to the small number of observed cases (less than five).  However, the expected number of cases was calculated during each time period, and the observed and expected numbers of cases were compared to determine whether more cancer cases were occurring than expected.

1. Results

a. Town of Belmont

With one exception, which is discussed later in this section, the cancer types evaluated in this report generally occurred approximately near or below expected rates in the town of Belmont as a whole during the 18-year time period, 1982–1999, as well as smaller time periods (i.e., 1982–1987, 1988–1993, and 1994–1999).  

Overall, kidney cancer, lung and bronchus cancer, and NHL occurred less often than expected during 1982–1999.  The incidence of kidney cancer appears to have decreased over time among both male and female residents of Belmont.  For example, during 1982–1987, kidney cancer was elevated among males (15 diagnoses observed vs. 9.0 expected) and occurred slightly less than expected among females (6 diagnoses observed vs. 7.0 expected).  The elevation among males was not statistically significant.  During the most recent time period evaluated, 1994–1999, 13 individuals were diagnosed with kidney cancer compared to about 21 diagnoses expected.  Both males and females experienced lower than expected incidence of kidney cancer during this time period.

Lung and bronchus cancer occurred statistically significantly less often than expected in the town as a whole (270 diagnoses observed vs. 375.3 expected, SIR = 72, 95% CI = 64–81) during the 18-year time period, 1982–1999.  The incidence of this cancer type was also lower than expected during each of the smaller time periods evaluated and statistically significantly lower than expected during 1982–1987 and 1994–1999.

NHL occurred less often than expected in Belmont during 1982–1999, primarily due to a lower-than-expected rate among males in the town (32 diagnoses observed vs. 44.6 expected, SIR = 72), a rate that was borderline statistically significant (95% CI = 49-101).  Males in Belmont experienced fewer diagnoses of NHL than expected during each of the smaller time periods evaluated.  Among females, more cases occurred during 1982–1999 than expected (52 diagnoses observed vs. 46.5 expected), but this elevation was not statistically significant.  Females were diagnosed about as expected during 1982–1987 and slightly more often than expected during the most recent time periods (1988–1993 and 1994–1999).  During each of these time periods, approximately three excess cases were diagnosed among females; however, neither elevation was statistically significant (19 diagnoses observed vs. 15.3 expected during 1988–1993; 20 diagnoses observed vs. 17.0 expected during 1994–1999).

Pancreatic cancer occurred about as expected during 1982–1999 based on the statewide cancer experience.  Although the overall rate remained consistent over time, different trends were observed among males and females when evaluated separately by gender.  Specifically, the incidence of pancreatic cancer in Belmont appears to have increased over time among males while decreasing over time among females.  However, no difference in either gender was statistically significant.

Sixteen diagnoses of liver cancer were observed in Belmont during 1982–1999 versus about 14 expected.  The increase was based on approximately one additional diagnosis each over the expected number among males and females and was not statistically significant.  When examined by smaller time period, liver cancer occurred about as expected in all three time periods.

The incidence of leukemia among females was elevated in Belmont during 1982–1999 (32 diagnoses observed vs. 23.2 expected, SIR = 138).  This elevation was not statistically significant.  Among males, leukemia occurred slightly less often than expected during the eq 1982–1999 period (26 diagnoses observed vs. 27.1 expected).  Although leukemia was diagnosed less often than expected during the earliest time period, 1982–1987, both males and females experienced elevations of this cancer type during 1988–1993 and 1994–1999.  None of the observed elevations were statistically significant.  Elevations among males were based on one to three excess cases, while the elevations in females were due to about four excess cases in each time period (11 diagnoses observed vs. 6.9 expected during 1988–1993; 13 diagnoses observed vs. 8.7 expected during 1994–1999).

b. Belmont CTs 3571 and 3572

Rates of kidney cancer, lung and bronchus cancer, and NHL were near or below the expected rates among males and females combined in Belmont CT 3571 during the 18-year time period, 1982–1999.  Slightly more leukemia, liver cancer, and pancreatic cancer diagnoses were observed during the overall time period; however, none of the elevations was statistically significant.  Lung and bronchus cancer occurred statistically significantly less often than expected among males during this time (29 diagnoses observed vs. 46.4 expected, SIR = 63, 95% CI = 42-90).

In general, when cancer rates in CT 3571 were evaluated for smaller time periods, no consistent trends over time were observed.  While leukemia occurred at about the rate expected during the first time period, 1982–1987, this cancer type occurred slightly more often than expected during the two later time periods, 1988–1993 and 1994–1999.  These increases were based on one to two additional diagnoses during each time period and were not statistically significant.  Lung and bronchus cancer occurred statistically significantly less often than expected among males during the first time period, 1982–1987 (7 diagnoses observed vs. 16.1 expected, SIR = 43, 95% CI = 17–90).  The incidence of this cancer type among males was also lower than expected during 1988–1993 and 1994–1999.  The overall elevation of pancreatic cancer in CT 3571 was primarily due to an elevation during the earliest time period (1982–1987).  In general, kidney cancer, liver cancer, and NHL occurred about as expected in CT 3571 during each of the smaller time periods evaluated.

Of the six cancer types evaluated in this report, five (leukemia, liver cancer, lung and bronchus cancer, NHL, and pancreatic cancer) occurred about as or less often than expected in Belmont CT 3572, where Cambridge Plating is located, during the 18-year time period (eq 1982–1999) among males and females combined.  Lung and bronchus cancer occurred statistically significantly less often than expected during this time period (31 diagnoses observed vs. 46.2 expected, SIR = 67, 95% CI = 46–95).

Eight individuals were diagnosed with kidney cancer among males and females combined while 7.2 would have been expected.  About three excess cases occurred among males (7 diagnoses observed vs. 4.4 expected), while kidney cancer among females occurred less often than expected (1 diagnosis observed vs. 2.8 expected).  The elevation in kidney cancer among males was primarily attributable to an excess of approximately two cases during 1982–1987.  During 1994–1999, kidney cancer occurred less often than expected among males in census tract 3572.

When examined by smaller time periods, all four diagnoses of NHL in CT 3572 during 1982–1999 occurred during the earliest time period, 1982–1987 (versus 3.0 expected), with no diagnoses during 1988–1999 compared to almost eight expected.  For leukemia, liver cancer, lung and bronchus cancer, and pancreatic cancer, most occurred less frequently or about as expected during each time period for each gender.  Any elevations observed were based on about one or two additional cases above the expected.  Refer to Tables 1a – 6d in Appendix A for details.  

2. Review of Cancer Risk Factor Information in Belmont

As previously mentioned, cancer is not just one disease, but is a term used to describe a variety of different diseases.  As such, studies have generally shown that different cancer types have different causes, patterns of incidence, risk factors, latency periods (the time between exposure and development of disease), characteristics, and trends in survival.  Available information from the MCR related to age and gender, as well as other factors related to the development of cancer such as smoking and occupation, was reviewed for individuals diagnosed with cancer in Belmont.  Information for each of the six cancer types evaluated in this report was compared to known or established incidence trends to assess whether any unexpected patterns exist among these cases.  It is important to note, however, that personal risk factors such as family history, pre-existing medical conditions, hormonal events, diet, and other factors also influence the development of these cancer types.  This information is not collected by the MCR or any other readily accessible source.  Therefore, it was not possible to evaluate the role these types of risk factors may have played in the incidence of cancer in Belmont and surrounding communities in this investigation.  For detailed information regarding risk factors associated with the cancer types evaluated in this report, please refer to Appendix C.

Age and gender are risk factors in many types of cancers, including kidney cancer, liver cancer, lung and bronchus cancer, leukemia, NHL, and pancreatic cancer.  Therefore, a review of age-group specific SIRs was conducted.  Where numbers of cases in each age group were too small to calculate SIRs, the distribution of cases by age was reviewed.

Tobacco use is also a known or suggested causal risk factor in several types of cancer, including kidney cancer, lung and bronchus cancer, and pancreatic cancer.  The smoking history of individuals diagnosed with these cancer types was reviewed to assess the role tobacco smoking may have played in the development of these cancers among residents of Belmont.  However, results of smoking history analysis should be interpreted with caution because of the number of individuals for which smoking status was unknown.

In some studies, an association has been found between specific occupational exposures and an increase in the incidence of kidney cancer, leukemia, liver cancer, lung and bronchus cancer, NHL, and pancreatic cancer.  Therefore, occupational information as reported by the MCR at the time of diagnosis was reviewed for individuals diagnosed with these cancer types to determine the role that occupational factors may have played in the development of these cancers in Belmont.  It should be noted, however, that occupational data reported to the MCR are generally limited to job title and often do not include specific job duty information that could further define exposure potential for individual cases.  In addition, these data are often incomplete as occupational information can be reported as unknown, at home, or retired.

Finally, histologic (cell type) distribution was reviewed for diagnoses of lung and bronchus cancer and leukemia.  Patterns of disease were compared to known or established incidence trends to assess whether any unexpected patterns exist in these areas.

Available information on risk factors was compared to known or established trends to evaluate whether any unexpected patterns exist in Belmont.  In general, the trends observed in Belmont are similar to those seen in the general population.  Review of these data suggests that smoking likely played some role in the diagnosis of some cancer types (e.g., cancers of the kidney, lung and bronchus, and pancreas) among some individuals.  Review of available data indicated that occupational exposures may have been important in the development of cancer among some individuals as well.  However, it is difficult to fully assess the extent to which these factors influenced the overall patterns of cancer in Belmont because of the large number of individuals for whom smoking history and/or occupation was unknown.  Refer to Appendix A for more detailed information regarding the prevalence of these risk factors among individuals diagnosed with cancer in Belmont.

3. Analysis of Geographic Distribution of Cancer Incidence in Belmont

In addition to determining incidence rates for each cancer type, a qualitative evaluation of the geographic pattern of cancer diagnoses was conducted for the town of Belmont.  Place of residence at the time of diagnosis was mapped for each individual diagnosed with the cancer types evaluated in this report to assess any possible geographic concentrations of cases in relation to each other or in the vicinity of Cambridge Plating.  As previously mentioned, cancer is one word that describes many different diseases.  Therefore, for the purposes of this evaluation, the geographic distribution of each cancer type was evaluated separately to determine whether an atypical pattern of any one type was occurring.  The geographic distributions of some specific types of cancer were also evaluated together because they may have similar etiologies (e.g., leukemia and NHL in children).

Based on a review of address at the time of diagnosis for each individual diagnosed with a cancer type considered in this report, no apparent concentrations of cancer diagnoses (of any type) were observed in the vicinity of the Cambridge Plating site.  A small concentration of leukemia diagnoses was noted in the southeastern corner of Belmont.  However, leukemia is a general term that describes a group of four different major subtypes [i.e., acute lymphoid leukemia (ALL), acute myeloid leukemia (AML), chronic lymphoid leukemia (CLL), and chronic myeloid leukemia (CML)], and a few rare types, such as hairy cell leukemia.  Further review of specific case information for these individuals revealed a variety of subtypes of leukemia diagnosed among individuals in this area, indicating the occurrence of different diseases with different risk factors.

No other unusual spatial patterns or concentrations of cases at the neighborhood level that would suggest a common factor (environmental or nonenvironmental) related to cancer diagnoses among residents were apparent for any cancer type.  Any patterns that were observed were consistent with what would be expected based on the population distribution and areas of higher population density.  For example, in Belmont, the majority of individuals with each type of cancer tended to be located in areas of the town where population and housing density is greater.  Although elevations in the incidence of some cancer types were noted in Belmont during one or more time periods evaluated, in general, the geographic distribution of diagnoses for these cancer types seemed to coincide closely with the pattern of population and cases did not appear to be concentrated in any one area of the town.  Thus it does not appear that exposures to environmental contamination associated with Cambridge Plating are likely to have played a role in the development of cancer among residents of Belmont.  

C. Cancer Incidence in Surrounding Communities

With some exceptions, cancer incidence in the surrounding towns of Cambridge, Arlington and Watertown during the 18-year time period, 1982–1999, and smaller time periods evaluated was approximately at or near expected rates for the majority of the six cancer types evaluated.  The following sections provide a summary of cancer incidence results for the three surrounding communities.  Appendix A of this report provides comprehensive analyses of cancer incidence in the communities of Cambridge, Arlington, and Watertown.

4. Results

a. City of Cambridge

Cancer incidence rates were evaluated for the city of Cambridge, with a particular focus on census tracts adjacent to Belmont (i.e., CTs 3543, 3546, and 3549).  The results of these analyses are summarized for each of the six cancer types in Tables 7a – 12d of Appendix A.  During the 1982–1999 time period, citywide incidence rates were lower than expected for kidney cancer, leukemia, lung and bronchus cancer, and NHL.  Rates were about as expected for pancreatic cancer and slightly higher than expected for liver cancer.  Overall, 40 individuals were diagnosed with liver cancer compared to 34.2 expected (SIR = 117).  The elevation in liver cancer was not statistically significant.

When evaluated by smaller time periods, kidney cancer, leukemia, lung and bronchus cancer, and NHL occurred consistently less than expected over time.  Citywide rates of liver cancer were higher than expected during 1982–1987, about as expected during 1988–1993, and slightly higher than expected during 1994–1999.  Neither of the elevations was statistically significant.  Analysis of trends over time suggests that the incidence of pancreatic cancer is decreasing in the city as a whole over time.  During the most recent time period evaluated, 1994–1999, 43 individuals were diagnosed with pancreatic cancer in Cambridge compared to 48.0 expected (SIR = 89).

Census tract-specific SIRs could not be calculated for the majority of cancer types because of the small number of observed cases; however, the number of cases observed was compared with the number expected to determine if an atypical pattern of cancer was occurring.  Kidney cancer, leukemia, lung and bronchus cancer, and NHL generally occurred equal to or less often than expected in Cambridge CTs 3543, 3546, and 3549 during 1982–1999.  Slight elevations in liver cancer were observed in some census tracts, however elevations were based on one to two additional diagnoses over that expected.  While pancreatic cancer occurred about as expected in CTs 3543 and 3546 during 1982–1999, an elevation in pancreatic cancer was observed in CT 3549 during this time (13 diagnoses observed vs. 7.0 expected, SIR=187).  This elevation was borderline statistically significant (95% CI = 99–320) and was due to a statistically significant elevation among males in this area of Cambridge (9 males diagnosed vs. 3.3 expected, SIR = 273).  This rate appears to be the result of slight elevations in the incidence of this cancer type among males during each of the smaller time periods in CT 3549.

b. Town of Arlington

In general, residents of Arlington experienced cancer approximately at or below the rates expected during 1982–1999 and in the three smaller time periods evaluated.  Cancer incidence rates for Arlington are presented in Tables 13a – 13d of Appendix A.  Kidney cancer, leukemia, and lung and bronchus cancer all occurred less often than expected during 1982–1999.  Overall, the incidence of lung and bronchus cancer in Arlington was statistically significantly decreased with respect to the state rate between 1982–1999 (544 diagnoses observed vs. 643.8 expected, SIR = 84, 95% CI = 78–92) and statistically significantly decreased during each of the three smaller time periods evaluated.  Both NHL and pancreatic cancer were diagnosed at about the rates expected during 1982–1999 and the incidence of liver cancer was higher than expected during this time (28 diagnoses observed vs. 23.4 expected).  Townwide incidence ratios for liver cancer among males and females combined and for pancreatic cancer among males were statistically significantly elevated during the earliest time period evaluated (1982–1987).  An elevation in the incidence of leukemia was also observed among females aged 0–19 years in Arlington.

c. Town of Watertown

With some exceptions, Watertown residents experienced cancer approximately at or near the rates expected during 1982–1999 and during the three smaller time periods evaluated.  Cancer incidence rates for the town of Watertown are provided in Appendix A, Tables 14a through 14d.  Specifically, the incidence of both lung and bronchus cancer and pancreatic cancer were lower than expected during the time period 1982–1999, and the overall incidence of lung and bronchus cancer may be decreasing over time in Watertown.  Slight elevations in kidney cancer and leukemia were observed during the overall time period, however neither elevation was statistically significant.  The incidence of liver cancer among males and females combined was higher than expected based on the state rate, and the rate of liver cancer among males alone during 1982–1999 was statistically significantly elevated (21 diagnoses observed vs. 11.2 expected, SIR = 188).  Liver cancer was diagnosed more often than expected among males in Watertown during each of the smaller time periods evaluated (1982–1987, 1988–1993, and 1994–1999), however none of these elevations was statistically significant.  Finally, NHL occurred more often than expected in the town of Watertown during 1982–1999 (137 diagnoses observed vs. 113.2 expected, SIR = 121), an elevation that was statistically significant (95% CI  = 102–143).

5. Review of Risk Factor Information in Surrounding Communities
Available risk factor information for individuals diagnosed with cancer in Cambridge, Arlington, and Watertown was also compared to known or established trends to assess whether any unexpected patterns exist in the town.  As with the town of Belmont, the trends observed in the surrounding communities are similar to those seen in the general population.  Review of these data, which is provided in Appendix A, suggests that smoking likely played a role in the development of some types of cancer such as cancers of the kidney, lung and bronchus, and pancreas among some individuals in these towns.  However, because of the large number of individuals for whom smoking history and/or occupation was unknown, it is difficult to fully assess the extent to which these factors influenced overall cancer patterns in the surrounding towns.

6. Analysis of Geographic Distribution of Cancer Incidence in Surrounding Communities

The place of residence for individuals diagnosed with cancer in Cambridge, Arlington, and Watertown was evaluated to identify any geographic concentrations of cases that might be present within the three communities.  No atypical spatial patterns that would suggest a common factor (environmental or nonenvironmental) related to the incidence of cancer in the surrounding communities were noted.  In general, any patterns observed were consistent with what would be expected based on the population distribution and areas of higher population density.  Further, no apparent concentrations of cancer diagnoses (of any type) were observed in the three surrounding towns that would suggest a potential relationship to Cambridge Plating.  While portions of Cambridge CTs 3546 and 3549 are located in the vicinity of Cambridge Plating, land use in the western portion of CT 3549 is primarily non-residential.  Census tract 3546, however, is a residential neighborhood and is adjacent to the Belmont border.  There were no unusual concentrations of cancer diagnoses in either of these census tracts.  

A small concentration of leukemia diagnoses was observed near the center of Arlington.  Specifically, six individuals (ages 15–77) in a high-density residential neighborhood were diagnosed with leukemia between 1994 and 1998.  However, a variety of histology types were represented among these individuals—indicating the occurrence of different diseases.  While an elevation in the incidence of leukemia was observed among females aged 0–19 years in Arlington (9 diagnoses observed vs. 2.6 expected), in general, the nine diagnoses did not appear to be unusually concentrated in time or space.  A small concentration of individuals diagnosed with NHL was also noted in Watertown.  On the basis of the available risk factor information for these individuals, including a review of residential histories, it does not appear that any single factor (environmental or nonenvironmental) would explain the observed distribution.  A complete discussion of geographic distribution of cancer incidence in the surrounding communities is provided in Appendix A, Section VII.

VII. DISCUSSION

As part of this public health assessment, MDPH evaluated cancer incidence data for Belmont and the surrounding communities of Cambridge, Arlington, and Watertown, with a particular focus on Belmont CTs 3571 and 3572, and reviewed available environmental information for Cambridge Plating to determine possible pathways of exposure for nearby residents.  Although some of the soil and groundwater at the site has been contaminated in the past, and is still contaminated in recent samples, the information reviewed does not suggest that under present conditions the contaminants detected in subsurface media at the Cambridge Plating facility are likely to result in health concerns to individuals visiting or residing in neighborhoods adjacent to the facility.
Most of the Cambridge Plating property is covered by asphalt or concrete and it is unlikely that residents who live nearby would come into contact with contaminated soil from the site.  Past intermittent exposure to chromium-contaminated soil could have been possible for individuals who might have trespassed near a 450-square foot area located north of the facility adjacent to the MBTA railroad tracks.  However, it is unlikely that anyone would have had contact with soil from this area for sufficient frequency and duration of time to result in health effects.  It is also important to note that while subsurface soil concentrations of total chromium were quite high in this location, levels of hexavalent chromium (a carcinogen) were approximately at or below health-based comparison values.  In addition, new information indicates that surface soil concentrations of chromium are approximately at or below health-based comparison values and, therefore, unlikely to result in adverse health effects for residents who may be exposed to on-site surface soil.  
In the Cambridge Plating Public Health Assessment report that was released for public comment in 2005, the MDPH recommended additional sampling to determine chromium levels in soil surrounding Cambridge Plating.  Air emissions modeling conducted by MDEP determined that areas with the highest chromium concentrations would likely be located on-site.  To confirm the results of the air emissions modeling and to address the recommendation for additional sampling, MDEP sampled surface soil at off-site locations near the facility in 2007 (MDEP 2007).  This sampling event confirmed the air emissions modeling and indicated that surface soil concentrations of chromium are well below health-based comparison values and, therefore, unlikely to result in adverse health effects for residents living near Cambridge Plating.  
TCE and its chlorinated breakdown products (i.e., cis-1,1-DCE and vinyl chloride, which are also VOC compounds) were detected in groundwater samples collected at the Cambridge Plating site.  Sampling of groundwater monitoring wells west of the Cambridge Plating buildings showed the highest concentrations of TCE and cis-1,1-DCE.  Although these chlorinated VOCs were detected at levels exceeding health-based comparison values for drinking water (see Table 2), exposure to contaminated groundwater is unlikely for individuals residing in neighborhoods abutting the Cambridge Plating site because groundwater in this area is not being used for drinking water purposes.  In addition, the application of the Johnson-Ettinger model by ATSDR indicates that concentrations of VOCs detected in a groundwater well located closer to the site boundary near Hittinger Street are not at levels that would be expected to result in indoor air concentrations in nearby homes that would be of health concern.  This finding is further supported by results of a soil gas and groundwater investigation conducted by Coler and Colantonio, which indicated that the high concentrations of VOCs detected in groundwater west of the Cambridge Plating building are not likely to result in elevated levels in indoor air of homes along Hittinger Street (2004).  Also, because groundwater from beneath the Cambridge Plating building does not appear to flow toward the northern site boundary, it is not expected that residents north of the site would have opportunities for exposure to levels of VOCs in indoor air that could present a health risk.
A limitation on future uses of the Cambridge Plating property will reduce the possibility of any future exposures to subsurface contamination present at the site.  As a result of site investigations conducted in 2000, Cambridge Plating filed a Notice of Activity and Use Limitation for the property stating it cannot be developed for residential use without subsurface investigation and, if necessary, remediation (Coler and Colantonio 2002a).

Review of air permit information and TRI data for Cambridge Plating indicate that TCE and chromium emissions to air are primary contaminants of concern in the past at Cambridge Plating.  Fugitive (non-stack) air emissions of TCE have been reported in TRI data since 1988 (Table 3); however, TCE is no longer being used at the facility and air emissions of TCE have been eliminated.  Stack emissions of chromium were also emitted to the air during the operational history of Cambridge Plating, until chrome-plating operations ceased at the end of 2002 (EPA Region 1 2003b).  There are no ambient air sampling data available to determine whether past air emissions of TCE and chromium from the facility resulted in air concentrations in the adjacent neighborhoods at levels sufficient to result in exposure and/or health effects to residents.  In addition, because limited surface soil sampling data were available, it was not possible to evaluate potential exposures associated with deposition of chromium air emissions in the past.  
Occupational studies of workers exposed to unmeasured levels of TCE in air have been unable to provide definitive evidence for an increased cancer risk and are often limited by multiple chemical exposures and small numbers of study participants.  While some studies have shown no association between inhalation exposure to TCE and cancer, others have found slight increases in a number of cancer types.  However, problems with study design were often reported, such as the inability to distinguish between the effects of TCE and other chemicals used in the same area as TCE, and associations were often based on small numbers of individuals and complicated by confounding factors (ATSDR 1997).

As observed in several toxicological investigations in experimental mice and rats, TCE has been shown to cause liver, lung, and kidney cancer and, to a lesser extent, lymphomas and leukemia.  In terms of non-cancer health outcomes associated with TCE, studies of workers chronically exposed to TCE in air have reported sleepiness, dizziness, headaches, and nausea, and there is some suggestion that people who breathe high levels of TCE may develop damage to the nerves in the face (ATSDR 1997).

The toxicological and epidemiological literature on chromium shows that inhalation exposure to chromium may have health effects, depending on the specific form of chromium compound involved and the nature of exposure (length of time, concentration).  Both human epidemiological and animal studies show that chromium, in particular hexavalent chromium, is a carcinogen.  In particular, many studies show that occupational exposure to chromium VI can be associated with an increased risk of respiratory cancer (ATSDR 2000a).  A range of respiratory symptoms, gastrointestinal effects and irritations were seen in workers exposed to chromium (VI) compounds, although in many of the studies there were confounding factors (ATSDR 2000a).

Most of the types of cancer evaluated in this report were selected based on their potential association with contaminants of concern identified or historically emitted at Cambridge Plating (i.e., TCE and chromium).  However, in large part, the rates of those cancer types evaluated in the community surrounding the facility (i.e., Belmont CTs 3571 and 3572) were approximately near or below the rates expected based on cancer incidence in the state of Massachusetts as a whole for the 18-year time period, 1982–1999.  Similar trends were observed in the town of Belmont as a whole and in Cambridge, Arlington, and Watertown.  Specifically, with a few exceptions, cancer incidence in the four towns during the 18-year time period, 1982–1999, and the three smaller time periods evaluated was approximately at or near expected rates for the six cancer types evaluated in this report.  Further, available risk factor information for those diagnosed with cancer was compared to known or established trends to assess whether any unexpected patterns exist in Belmont, Cambridge, Arlington, or Watertown.  In general, cancer trends observed in these communities are similar to those seen in the general population.  Review of the data suggests that smoking likely played some role in the development of certain types of cancer (e.g., kidney cancer, lung and bronchus cancer, and pancreatic cancer) among some individuals.  Also, occupational exposures may have been important in the development of certain cancers, such as leukemia, lung and bronchus cancer, and NHL, among some individuals.  However, because of the large number of individuals for whom smoking history and/or occupation was unknown, it is difficult to fully assess the extent to which these factors influenced overall cancer patterns in Belmont or the surrounding communities.  

In addition, analysis of the geographic distribution of place of residence for individuals diagnosed with cancer did not reveal any atypical spatial patterns that would suggest a common factor (environmental or nonenvironmental) in Belmont as a whole, CTs 3571 and 3572, or the surrounding communities of Cambridge, Arlington, and Watertown is related to the incidence of cancer.  That is, no apparent concentrations of individuals diagnosed with cancer (including cancer types with a potential association with exposure to TCE and chromium) were observed in the vicinity of the Cambridge Plating site or in any other area of Belmont, Cambridge, Arlington, or Watertown that might suggest an association with a common environmental factor.

Residents of Belmont living near the Cambridge Plating facility have also conveyed concerns about several non-cancer health outcomes including upper respiratory irritation, nausea, and headaches (Belmont Department of Health 2003a; 2003c).  In addition, complaints about odors have been reported by individuals residing near the facility.  More recently, the Belmont Department of Health indicated that odors have subsided and that complaints have decreased (Belmont Department of Health 2007).  Of the types of chemicals reported in the TRI data as air emissions from the Cambridge Plating site, hydrofluoric and nitric acids have strong acidic, irritating odors, while TCE has sweet, chloroform-like odors (HSDB 2002a-c).  It is possible that some residents living in close proximity to the facility could have experienced some irritant effects associated with TCE (in the past) or acids in ambient air.  It is also important to note that some individuals, particularly those with pre-existing conditions such as asthma and allergies, may experience irritant reactions that would not necessarily impact the general population similarly.

On the basis of the information reviewed in this evaluation, it does not appear that a common factor (environmental or nonenvironmental) played a major role in the incidence of cancer in the census tract that contains Cambridge Plating or the adjacent census tracts, in the town of Belmont as a whole, or in the surrounding communities of Cambridge, Arlington, and Watertown during the 18-year time period, 1982–1999.

VIII. CHILD HEALTH CONSIDERATIONS

ATSDR and MDPH recognize that the unique vulnerabilities of infants and children demand special emphasis in communities faced with contamination of their environment.  Children are at a greater risk than adults from certain kinds of exposure to hazardous substances emitted from waste sites or other environmental sources.  They are more likely to be exposed because they play outdoors and because they often bring food into contaminated areas.  Because of their smaller stature, they might breathe dust, soil, and heavy vapors close to the ground.  Children are also smaller, resulting in higher doses of contaminant exposure per body weight.  The developing body systems of children can sustain permanent damage if certain toxic exposures occur during critical growth stages.  Most importantly, children depend completely on adults for risk identification and management decisions, housing decisions, and access to medical care.

The incidence and patterns of cancer among children in Belmont, Cambridge, Arlington, and Watertown are discussed in detail in Appendix A (“Assessment of Cancer Incidence in Belmont, Massachusetts and Surrounding Communities: 1982-1999”) and summarized in Section VI of this report.  As previously mentioned, an elevation in the incidence of leukemia was observed among females aged 0–19 years in Arlington.  However, a review of the geographic distribution of diagnoses and available environmental information indicate that it is unlikely that a common factor played a role in the occurrence of leukemia among these individuals.  There were reports in the Belmont Department of Health files indicating that older children may have trespassed on the Cambridge Plating site in the past—specifically one incidence of youth climbing onto the roof of a building.  However, since the contamination identified in soil and groundwater is generally located below the ground surface, children or young adults trespassing at the site would be extremely unlikely to come into contact with these contaminated media.  While trespassers might have come in contact with chromium contaminated soil identified in an area adjacent to the MBTA railroad tracks in the past, it is unlikely that exposure would have occurred for sufficient frequency and duration of time to result in health effects.  Based on the information reviewed in this evaluation, no evidence was found that would indicate children are more likely than adults to come in contact with contamination identified at Cambridge Plating.
IX. LIMITATIONS

Several important limitations exist in relation to the environmental data available for this report.  These limitations make it impossible to determine the role potential exposures to specific contaminants or to environmental media harboring those contaminants may have played in the development of an individual’s cancer or other health impact.  

The environmental data available from the Cambridge Plating site had several limitations.  The total number of samples collected over the entire history of the site was limited, and the sampling was conducted for a variety of specific purposes unrelated to the current evaluation.  Some samples were collected as part of the response to a spill or release whereas other samples were collected as part of state and federal site investigations.  For some of the environmental data reviewed, there was no information regarding specific depths or sampling locations.  Finally, with the exception of samples collected for chromium analysis in soil, no surface soil samples were collected from the top 0-3 inches of soil where possible exposure would be considered more likely.  
This assessment includes an investigation that considers descriptive health outcome data for cancer to determine whether the pattern or occurrence of selected cancers is unusual.  The purpose of this investigation was to evaluate the patterns of cancer in a geographical context in relation to available information about factors, including environmental factors, related to cancer to see whether further investigation seems warranted.  Information from descriptive analyses, which may suggest that a common etiology (or cause) is possible, can serve to identify areas where further public health actions may be warranted.  Inherent limitations in this type of analysis and the available data make it impossible to determine the precise causal relationships or synergistic roles that may have played a part in the development of individual cancers in these communities.  Also, this type of analysis cannot determine what may have caused cancer in any one individual.  Cancers in general have a variety of risk factors known or suggested to be related to the etiology (cause) of the disease that could not be evaluated in this report.  It is believed that many types of cancers are related largely to behavioral factors such as cigarette smoking, diet, and alcohol consumption.  Other factors associated with cancer are socioeconomic status, heredity/genetics, race, and geography.  It is beyond the scope of this report to determine the causal relationship of these factors and the development of cancer or other health outcomes in Belmont and the surrounding communities.  
X. CONCLUSIONS

· Although some of the groundwater and soil at the Cambridge Plating site has been contaminated in the past and some has been found to be contaminated in more recent samples, based on the data reviewed, there is no information to suggest that the contaminants detected in subsurface media at the Cambridge Plating facility are resulting in health impacts for individuals visiting or residing in neighborhoods adjacent to the facility (i.e., the majority of the property is paved and contaminated groundwater is not a source of drinking water or expected to be at a level of concern for indoor air close to the site boundary near Hittinger Street or Channing Road).  
· It has been reported that air emissions of TCE and chromium from Cambridge Plating have occurred in the past.  However, there are no ambient air sampling data available to determine whether historical air emissions resulted in air concentrations of these chemicals in the vicinity of the facility at levels sufficient to result in exposure and/or health impacts to residents.

· Air modeling conducted by MDEP predicted that the areas with the highest concentrations of chromium in soil would likely be located on-site.  Additional analysis of surface soils, conducted by Cambridge Plating at the request of MDEP, indicated that exposure to surface soil concentrations of chromium located on-site would not be expected to result in adverse health effects for nearby residents.  Sampling for chromium at locations around the Cambridge Plating facility also indicated that chromium in off-site surface soil is unlikely to result in adverse health effects in nearby residents.
· In general, the six cancer types evaluated in relation to Cambridge Plating occurred near or below the expected rates for Belmont CTs 3571 and 3572 and the town of Belmont as a whole during the 18-year time period, 1982–1999.  Similar trends were observed in the surrounding communities of Cambridge, Arlington, and Watertown.  No unusual concentrations of individuals diagnosed with cancer (including those cancer types with a potential association with exposure to TCE and chromium) were observed in the vicinity of the Cambridge Plating site or in any other area of Belmont, Cambridge, Arlington, or Watertown.

· It is possible that residents living in proximity to Cambridge Plating may have experienced some irritant effects associated with air emissions from the facility.  It is important to note that some individuals, particularly those with pre-existing conditions such as asthma and allergies, may experience irritant reactions that would not necessarily impact the general population similarly.

· On the basis of the information reviewed in this evaluation, including available environmental data for Cambridge Plating and risk factor information for individuals diagnosed with cancer, it does not appear that a common factor (environmental or nonenvironmental) played a major role in the incidence of cancer in the census tract that contains the Cambridge Plating site or the adjacent census tract, in the town of Belmont as a whole, or in Cambridge, Arlington, or Watertown during the 18-year time period, 1982–1999.

ATSDR requires that one of five conclusion categories be used to summarize findings of a public health assessment.  These categories are as follows: (1) Urgent Public Health Hazard; (2) Public Health Hazard; (3) Indeterminate Public Health Hazard; (4) No Apparent Public Health Hazard; (5) No Public Health Hazard.  A category is selected from site-specific conditions such as the degree of public health hazard based on the presence and duration of human exposure, contaminant concentration, the nature of toxic effects associated with site-related contaminants, presence of physical hazards, and community health concerns.  

Although no indication was found that people are being exposed to chemicals from Cambridge Plating, past anecdotal reports about odors and nuisance conditions as well as documented evidence of fugitive TCE air emissions and stack chromium emissions suggest that past exposures may have been possible in areas surrounding the facility.  However, information regarding historical ambient air concentrations of emissions is unavailable making it difficult to evaluate whether the local population has been exposed to contaminants from the site.  Therefore, using ATSDR’s criteria, under past conditions Cambridge Plating would be classified as posing an Indeterminate Public Health Hazard.  Available information does not indicate that possible past exposures have resulted in elevated cancer rates in Belmont CTs 3571 or 3572 or in the neighborhoods surrounding the facility.  

In the Cambridge Plating Public Health Assessment released for public comment in 2005, current and future opportunities for exposures were classified as an Indeterminate Public Health Hazard due to data gaps related to groundwater and surface soil.  Since then, additional surface soil sampling was conducted to evaluate whether air emissions in the past resulted in deposition of chromium in surface soil at a level of health concern.  The results indicated that surface soil concentrations of chromium located both on-site and off-site are unlikely to result in adverse health effects for residents who may be exposed.  New groundwater monitoring data and additional groundwater characterization indicated that groundwater from beneath the Cambridge Plating facility does not appear to flow toward the northern site boundary; therefore, it is not expected that residents north of the site would have opportunities for exposure to levels of VOCs in indoor air that could present a health risk.  Based on the previously available data and the additional data gathered since the public comment release in 2005, ATSDR would classify current and future opportunities for exposures as presenting No Apparent Public Health Hazard.  MDPH continues to support the efforts of Belmont town officials, state and federal environmental agencies, and Cambridge Plating to reduce any potential nuisance impacts to the surrounding neighborhoods. 

XI. RECOMMENDATIONS

· Future characterization of groundwater conditions (e.g., chemical concentrations) and flow patterns should be conducted in accordance with MDEP regulations, the MCP 310 CMR 40.000, in the event of any planned construction/demolition or alternative development of the Cambridge Plating property to ensure adequate protection of public health.  On the basis of the subsurface contamination identified at Cambridge Plating (e.g., elevated levels of TCE detected in monitoring wells located close to the Cambridge Plating building) and potential exposures related to alternative future land uses on the property, the MDPH supports the Notice of Activity and Use Limitation registered with the Middlesex County Land Court by the company in April 2003. 
· If additional environmental data on historical air emissions or ambient air quality related to Cambridge Plating become available, MDPH should further characterize the potential for past exposure upon request of the Belmont Health Department.
· Due to the unpleasant odors and nuisance conditions reported in the past by residents living near the facility, MDPH supports continued collaboration between state and federal regulatory agencies, the Belmont Department of Health, and representatives of Cambridge Plating to determine any additional actions that would help ensure that odor and nuisance conditions do not return in the future.

XII. PUBLIC HEALTH ACTION PLAN

The public health action plan contains recommendations for actions to be taken at and in the vicinity of Cambridge Plating.  The purpose of the public health action plan is to ensure that this health assessment not only identifies potential public health hazards, but also provides a plan of action designed to mitigate and prevent adverse human health effects resulting from exposure to hazardous substances in the environment.  Included is a commitment on the part of ATSDR and MDPH to follow up on this plan to ensure that it is implemented.  The public health actions to be implemented are as follows:

· Should new environmental data be generated for the Cambridge Plating site, particularly if site use will change, or if additional data on VOCs in groundwater or historical ambient air quality data become available, the MDPH will further characterize opportunities for exposure upon request of the Belmont Department of Health.  
· The MDPH will continue to monitor the incidence of all cancer types in the towns of Belmont, Cambridge, Arlington, and Watertown through city/town cancer incidence reports published by the Massachusetts Cancer Registry.
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Data sources 

Coler and Colantonio, Inc. 2003a.  Immediate Response Action Plan.  RTN 3-22940. August 19, 2003.

Unless otherwise noted, soil background concentrations are from ATSDR Toxicological Profiles 2000 (on CD-ROM), ATSDR 2000.  

EPA RBC = EPA Region 3 risk-based concentration for soil (September 2001)

S-1 & GW-1 = MCP Method 1 soil category S-1 standards [310 CMR 40.0975(6)(a)] (MDEP, MDEP 2003b)

Intermediate EMEG (adult) = Environmental media evaluation guide for adults (i.e., for exposures between 14 days and 1 year) (ATSDR, ATSDR 2003b).

Intermediate EMEG (child) = Environmental media evaluation guide for children (i.e., for exposures between 14 days and 1 year and considers vulnerabilities of children when it comes to environmental exposures). 

(ATSDR, ATSDR 2003b)

Intermediate EMEG (pica child) = Environmental media evaluation guide for children who consume very high quantities of soil (i.e., for exposures between 14 days and 1 year, and considers vulnerabilities of 

children who consume high quantities of soil when it comes to environmental exposures) (ATSDR, ATSDR 2003b)

RMEG (adult/child) = Reference dose media evaluation guide (an estimate of a daily exposure to the general public, including sensitive subgroups, that is likely to be without appreciable risk of deleterious 

effects during a specified duration of exposure). (ATSDR, ATSDR 2003b)

†

Estimated arithmetic mean for the Eastern United States (east of 96th meridian). Cited in ATSDR 1993. ATSDR Public Health Assessment Guidance Manual. Atlanta: U.S. Department of Health and Human 

Services.

CREG = Cancer risk evaluation guide for 1 x 10-6 excess cancer risk (ATSDR, ATSDR 2003b)

Chronic EMEG (adult/child) = Environmental media evaluation guide (i.e., for adult or childhood exposures mirroring greater than 1 year) (ATSDR, ATSDR 2003b)

Comparison values (source organization, reference)

Coler and Colantonio, Inc. 2002a.  Phase II  - Comprehensive Site Assessment and Class A-3 Response Action Outcome Statement Pursuant to the Massachusetts Contingency Plan 310 CMR 40.0830 and 

40.0850 for 39 Hittinger Street, Belmont, Massachusetts.

Coler and Colantonio, Inc. 1999. Class B-1 RAO statement RTN 3-18457. August 31, 1999.

Coler and Colantonio, Inc. 1998. RAO documents for RTN #3-16600. April, June, July, 1998.

 ‡

This value was from soil taken from the excavation of a loading dock. The next highest value for arsenic, 7.6 ppm, still exceeds the CREG

Table 1 (continued)
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Chronic EMEG (child), RMEG (child) =20

Chronic EMEG (adult), RMEG (adult) =200

0.005 - 0.02 (rural soil)

0.169 - 59 (urban soil)

0.002 - 1.3 (rural soil)

0.165 - 0.22 (urban soil)

0.02 - 0.03 (rural soil)

15 - 62 (urban soil)

c11-c22 aromatics 1-37/7/1998

B-4 - east of the Cambridge Plating 

building

340 S-1 & GW-1 MDEP standard =200-

RMEG (child) for Cr VI =200

RMEG (adult) for Cr VI =2,000

RMEG (child)=200

RMEG (adult)=2,000

0.0383 (rural soil)

0.251 - 0.64 (urban soil)

Dibenzo(a,h)anthracene 5-712/15/1997 CC-1 1 EPA RBC=0.087-

0.01 - 0.015 (rural soil)

8.0 - 61 (urban soil)

Trichloroethylene 4-810/6/2000

CC-106 -west of the Cambridge 

Plating building

8.5 EPA RBC=58-

EPA RBC=0.87

52†

EPA RBC=87

EPA RBC=0.87

Chromium (total) 3-55/13/2003

SS-3 (composite) - north of 

Cambridge Plating building

32,000

11Benzo(b)fluoranthene

7.4† (range: <0.1 - 73)

Background soil levels 

(ppm)

Comparison value (ppm)

-

EPA RBC=0.87

CREG=0.1

Arsenic

44

‡

not specified6/1/1994

Soil pile resulting from excavation 

activities associated with contruction 

of loading dock

Contaminant

Maximum 

concentration 

(ppm)

Date of 

sample

Sample depth 

(feet)

Descriptive location of sample*

Benzo(a)anthracene 5-712/15/1997

Benzo(a)pyrene 5-712/15/1997

Chrysene 5-712/15/1997

10

CC-1 - west of the Cambridge Plating 

building 

CC-1 11

5-712/15/1997 CC-1

5-712/15/1997 CC-1Indeno(1,2,3-cd)Pyrene 5.8

Chromium (VI) 3-55/13/2003

SS-1 (composite) - north of 

Cambridge Plating building

210

10CC-1

Table 1

Maximum concentrations of contaminants that exceeded comparison values in soil

samples from the Cambridge Plating Site (samples taken from 1994 –2003) 
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TABLES

[image: image5.emf]CREG=0.02

          Chronic EMEG (child) 

RMEG (child)

=3

          Chronic EMEG (adult), 

RMEG (adult), EPA MCL

=10

Benzo(a)anthracene 1/8/1998 CC-1 -  west of the Cambridge Plating building 1 EPA RBC=0.092

CREG=0.005

EPA RBC=0.0092

MCLG=0

MDEP MMCL, MCL=0.2

Benzo(b)fluoranthene 1/8/1998 CC-1 1.5 EPA RBC=0.092

c11-c22 aromatics 7/14/1998

CC-3 - west of Cambridge Plating Building near to property 

line

1,800 MDEP GW-1=200

EPA RBC=55

 MCL; MCLG; LTHA for cis 

isomer

=70

 MCL; MCLG; LTHA for 

trans isomer

=100

Intermediate EMEG (child) =3,000

Intermediate EMEG (adult) =10,000

EPA RBC=61

 MCL; MCLG; LTHA=70

Indeno(1,2,3-cd)Pyrene 1/8/1998 CC-1 1 EPA RBC=0.092

EPA RBC=1.6

MCLG=0

MDEP MMCL, MCL=5

1,2-Dichloroethene, cis- 1/27/2004 MW-3 8,150

Maximum 

concentration (ppb)

37

1/27/2004Trichloroethylene

5,1001,2-Dichloroethene (total)  7/12/1996 MW-3

Drinking water comparison value (ppb)

Arsenic 7/12/1996MW-3 - west of the Cambridge Plating building (Fig. 3)

ContaminantDate of maximum sample Descriptive location of sample*

1.3

49,800MW-3

Benzo(a)pyrene 1/8/1998 CC-1

Table 2

Maximum concentrations of contaminants that exceeded comparison values in samples of groundwater from the Cambridge Plating site

  (samples taken from 1996 –2005) 



[image: image6.emf]CREG=0.03

Chronic EMEG (child)=0.2

Chronic EMEG (adult)=0.7

RMEG (child)=30

RMEG (adult)=100

MCLG=0

MDEP MMCL, MCL=2

*For sample locations see Figure 3

Data sources   

Coler and Colantonio, Inc. 2004.  Letter from Coler and Colantonio responding to November 12, 2003, MADEP Interim Deadline. RTN 3-2151. February 23, 2004.  

EPA RBC = EPA Region 3 risk-based concentration for tap water (September 2001)

Chronic EMEG (adult/child) = Environmental media evaluation guide (i.e., for adult or childhood exposures of more than 1 year) (ATSDR 2003a)

Coler and Colantonio, Inc. 1998. RAO documents for RTN #3-16600. April, June, July, 1998.

Coler and Colantonio, Inc. 2003a. Letter from Coler and Colantonio to MDEP NERO - attaching results of groundwater sampling for November and December 2002 and Feb 2003. February 20, 

2003.

Coler and Colantonio, Inc. 2002a.  Phase II  - Comprehensive Site Assessment and Class A-3 Response Action Outcome Statement Pursuant to the Massachusetts Contingency Plan 310 CMR 

40.0830 and 40.0850 for 39 Hittinger Street, Belmont, Massachusetts.

Comparison values (source organization, reference)

Vinyl Chloride 9/8/2005 MW-3 1,200

Table 2 (continued)

Intermediate EMEG (child) = Environmental media evaluation guide for children (i.e., for exposures between 14 days and 1 year; considers vulnerabilities of children to environmental exposures) 

(ATSDR, ATSDR 2003a)

Intermediate EMEG (adult) = Environmental media evaluation guide for adults (i.e., for exposures between 14 days and 1 year) (ATSDR, ATSDR 2003a)

CREG = Cancer risk evaluation guide for 1 x 10-6 excess cancer risk (ATSDR, ATSDR 2003a)

MMCL = Massachusetts maxiumum contaminant level (MDEP, MDEP 2001 )

MCL = Maximum contaminant level for drinking water (EPA, ATSDR 2003a)

LTHA = Lifetime health advisory for drinking water (EPA, ATSDR 2003a)

RMEGs (adult/child) = Reference dose media evaluation guides (an estimate of a daily exposure to the general public, including sensitive subgroups, that is likely to be without appreciable risk of 

deleterious effects during a specified duration of exposure) (ATSDR 2003a)

MDEP GW-1 = MCP Method 1 groundwater standards applicable in areas where the groundwater is considered to be category GW-2 per 310 CMR 40.0932 [310 CMR 40.0974 (2)]  (MDEP, 

MDEP 2003)                             
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Cyanide compounds   AIR FUG* Pound

NR

†

NRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNR250

Cyanide compounds  

SURF IMP

‡  

PoundNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNR72

Hydrochloric acid

§ 

AIR FUGPoundNRNRNRNRNRNRNRNRNRNR250458NR7507,1007,3006,0006,4006,400

Nickel compounds  AIR FUGPoundNRNRNRNRNRNRNRNR5NRNR316NR255NR5NRNRNR

Nitric acid AIR FUGPound25025025025025025025025025045250694NR982NR6501,0001,0001,000

Sodium hydroxide 

(solution)  

AIR FUGPoundNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNRNR3,5003,500

Sulfuric acid

§  

AIR FUGPoundNRNRNRNRNRNRNRNRNRNRNR754NR779NRNRNRNRNR

Trichloroethylene   AIR FUGPoundNRNR11,63813,5859,53615,26015,20715,28523,90058,50014,85418,580NR18,64018,48052,20066,96047,360NR

Trichloroethylene  

DISP NON 

METALS

PoundNRNRNRNRNRNRNRNRNRNRNRNRNRNRNR45,40066,960NRNR

*AIR FUG = fugitive or nonpoint air emissions

†

NR = not reported 

‡

SURF IMP  = on-site surface impoundment disposal

§

1995 and after "acid aerosols" only

Data source

: Toxics Release Inventory (TRI) US EPA, 2005.

Year

Chemical name Media

Unit Of 

Measurement

Table 3

Toxics Release Inventory data for Cambridge Plating (1987 –2005)
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Approximate Locations of Off-Site Soil Samples
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Table 4
Summary of Possible Exposure Pathways for
Cambridge Plating

Belmont, Massachusetts
	Environmental Medium
	Exposure Pathway
	Contaminant(s) 
	Point of Exposure
	Route of Exposure
	Receptor Populations
	Time Frame
	Type of Pathway
	Notes

	Soil
	Soil/dust

(near MBTA Tracks)
	Chromium


	On-site
	Incidental Ingestion/ Dermal contact/

Inhalation
	Trespassers
	Past
	Potential
	Contaminated area currently enclosed by fence.   Estimated past exposures to surface soil unlikely to result in health effects. 

	
	Subsurface contamination 
	Metals, VOCs, PAHs
	On-site
	Dermal contact
	Trespassers/

Workers
	Past, Present, Future
	Eliminated
	Contamination identified below ground surface and majority of site is paved. 

	Groundwater
	Groundwater contamination
	Metals, VOCs, PAHs
	Off-site
	Ingestion
	Residents
	Past, Present, Future
	Eliminated
	Groundwater is not a source of drinking water.

	
	Volatilization of shallow groundwater  to indoor Air
	VOCs 

(e.g. TCE)
	Nearby residences
	Inhalation
	Residents
	Past, Present, Future
	Potential
	Concentrations detected in 

down-gradient groundwater samples close to property boundary are below levels of health concern for indoor air.

	Ambient Air
	Stack and non-stack facility emissions
	TCE, Chromium
	Nearby residences
	Inhalation
	Residents
	Past
	Potential
	Historical ambient air concentrations are unknown.

















�  Noncancer Effects Exposure Factor = (1 day/week) (26 weeks/year) (5 years) = 0.07


  (5 years) (365 days/year)


Maximum total chromium detected in samples collected at depths from 0 to 4 feet = 3,900 mg/kg


Noncancer Effects Exposure Dose = (3900 mg/kg) (200 mg/day) (0.07) (1 kg/106 mg) = 1.6 x 10-3 mg/kg/day


					35 kg 


EPA’s Chronic Rfd (Chromium III) = 1.5 mg/kg/day�


EPA’s Chronic Rfd (Chromium VI) = 3 x 10-3 mg/kg/day�





� The data summarized in this report are drawn from data entered on MCR computer files before April 28, 2003.  The numbers presented in this report may change slightly in future reports, reflecting late reported cases, address corrections, or other changes based on subsequent details from reporting facilities. 


� Using slightly different population estimates or statistical methodologies, such as grouping ages differently or rounding off numbers at different points during calculations, may produce results slightly different from those published in this report.
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