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Health Consultation: A Note of Explanation  
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request for information about health risks related to a specific site, a chemical release, or 
the presence of hazardous material. In order to prevent or mitigate exposures, a 
consultation may lead to specific actions, such as restricting use of or replacing water 
supplies; intensifying environmental sampling; restricting site access; or removing the 
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In addition, consultations may recommend additional public health actions, such as 
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providing health education for health care providers and community members. This 
concludes the health consultation process for this site, unless additional information is 
obtained by ATSDR which, in the Agency’s opinion, indicates a need to revise or append 
the conclusions previously issued. 
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Background and Introduction 
The Agency for Toxic Substances and Disease Registry (ATSDR) was requesteda to review and 
evaluate various environmental data and various exposure scenarios for public health 
significance for current and future exposures to contaminants at the Gorham Site. One scenario 
included those associated with a proposed school on a portion of the site. Because the slab is 
poured and the structure is currently being built, we decided to focus on those community health 
concerns first. The purpose and only focus of this health consultation is to determine if the 
remediation plan for the School-Parcel B of the Gorham site is protective of public health. 
ATSDR evaluated subsurface contamination under the proposed school and the mitigation 
techniques planned (active sub-slab ventilation system) to protect the students and staff within 
the school from vapor intrusion. Other site contamination concerns will be addressed by ATSDR 
in subsequent health consultations. 

The School is being constructed on the vacant lot on 333 Adelaide Avenue, Providence, Rhode 
Island. The property, Figure 1 below, is bounded to the north and west by the Mashapaug Pond, 
to the south by a residential community and to the east by a shopping center (Parcel A). 

Figure 1.  Parcel B-High School Footprint, Parcel A- 
Shopping Center, Gorham Site, Providence, Rhode Island. 

a ATSDR responds to formal petitions requesting the agency to review chemical exposure data. The purpose of the 
data reviews are to provide public health advice that prevents people from harmful exposures to chemicals. 
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Past activities across the Gorham site have resulted in varying levels of soil and groundwater 
contamination. Much of the subsurface contamination has been removed, but groundwater 
contamination remains and continues to be monitored. Chlorinated solvents originating from 
Parcel A have been detected in Parcel B groundwater and soil vapor. However, ATSDR 
concludes that predicted indoor air concentrations would not be at levels of health concern 
assuming groundwater conditions do not worsen and the proposed sub-slab ventilation system 
functions as designed. Only indoor air sampling will confirm or refute these conclusions. As 
such, ATSDR recommends that sampling indoor air (prior to and subsequent to building 
occupation) occur in accordance with the approved remedial action plan for Parcel B, along with 
the continued monitoring of groundwater conditions.  

The discussion that follows presents the basis for ATSDR’s conclusions, specifically covering: 

• Subsurface conditions and groundwater patterns at and near Parcel B 

• Summary of contaminants in groundwater, soil, and soil vapor 

• A description of vapor intrusion 

• Predicted indoor air concentrations 

• An evaluation of possible health effects based on predicted indoor air concentrations. 

Discussion 
To study the possible health impacts of vapor intrusion on Parcel B, ATSDR reviewed 
groundwater, soil, and soil vapor sampling data collected on and near Parcel B as far back as 
1986 and as recently as 2006. ATSDR studied where contamination came from, how conditions 
have changed over the years, and what current and potential future conditions are on the school 
parcel. Understanding the conditions beneath the site, including the nature and extent of 
contamination within groundwater and soil, helped ATSDR evaluate the extent to which vapor 
intrusion may occur and the expected effectiveness of the active sub-slab ventilation system 
designed to prevent any such vapor intrusion. Of particular interest are volatile organic 
compounds (VOCs) which are compounds of greatest concern when evaluating contaminant 
migration and intrusion into indoor air. ATSDR also reviewed completed and proposed 
remediation plans for Parcel B. Analytical data were provided by the Rhode Island Department 
of Environmental Management (RIDEM). 

ATSDR’s assessment involved several tiers of evaluation. First, as an initial screen, ATSDR 
compared detected groundwater and soil vapor concentrations to health-based screening values 
(see text box on the next page for explanation).b This initial screen enabled ATSDR to consider 

b The state of Connecticut’s Department of Environmental Protection developed volatilization criteria to identify 
potential situations where contaminants in groundwater and soil vapor volatilize, travel through overlying soils, and 
permeate through a building’s foundation. In deriving these values, transport models (most current versions of the 
Johnson and Ettinger model) were used to predict movement of contaminants in the subsurface and provide media 
concentrations associated with “Target Indoor Air Concentrations” (TACs). Chemical-specific TACs were derived 
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all detected contaminants, but focus on those 
contaminants of greatest potential public health 
concern. ATSDR also reviewed soil data to 
identify any remaining contaminant “source” 
areas. We present below a brief overview of our 
understanding of Parcel B conditions (past and 
present). These findings serve as basis for 
subsequent discussions on the possible vapor 
intrusion. 

Next, ATSDR used well-established 
mathematical models to estimate indoor air 
concentrations based on reported groundwater 
contaminants of greatest potential concern and 
by reviewing detected soil vapor concentrations. 
ATSDR then evaluated whether predicted levels 
were of health concern. 

Historical Perspective and Current Sampling 
of Parcel B 

Site Geology and Hydrogeology 

The hydrogeology of the site area has been 
fairly well studied. ATSDR reviewed 
groundwater and other subsurface 
characteristics to better understand the potential 
for vapor intrusion. Important considerations 
include soil type, groundwater depth, and 
groundwater flow direction and speed—all of 
which have been evaluated as part of ongoing 
site investigations. 

In 1995, ABB Environmental Services (ABB) 

a result, 

. 

i

i

b Further, the 

gies. 

Comparison values (CVs)—or screening values—are 
health-based values developed by ATSDR from 
available scientific literature concerning exposure 
and health effects. Comparison values are derived 
for specific environmental media (water, soil, air) and 
reflect an estimated contaminant concentration that 
is not expected to cause harmful health effects, 
assuming a standard daily contact rate. Because 
they reflect concentrations that are much lower than 
those that have been observed to cause adverse 
health effects, comparison values are protective of 
public health in essentially all exposure situations. As 

concentrations detected at or below 
ATSDR’s comparison values are not considered 
to be a public health hazard

ATSDR has not developed screening values that 
account for vapor migration from groundwater and 
soil gas into indoor air. Therefore, ATSDR examined 
screening criteria developed by various states that 
set target or “safe” indoor a r concentrations and 
establish groundwater and soil gas concentrations 
associated with those target indoor air 
concentrations (e.g., California, Connecticut, and 
Michigan). Connecticut‘s Remediation Standard 
Regulations “Volatilization Criteria” (proposed 
revisions) [CT DEP 2003] were selected to serve as 
an appropriate health-protective screening guide. 
The Connecticut target indoor air concentrations 
(TACs) cons der both cancer and non-cancer health 
effects for the VOCs of interest and appear to be 
based on the best available science.
Connecticut TACs are the remedial action levels for 
VOCs specified in the proposed site remediation plan 
for the Gorham site and RIDEM’s Order of Approval. 
Connecticut standards are being used in Rhode 
Island in absence of state-specific standards 
applicable to the soil vapor exposure pathway. The 
Connecticut criteria are based on generally accepted 
fate and transport models and standard U.S. EPA 
risk assessment methodolo

conducted an extensive groundwater survey of the site. An unconfined aquifer lies below the site, 
with the depth to groundwater ranging from approximately 10 feet along the south shore of 
Mashapaug Cove to 30 feet in the southeastern portion of the site (ABB 1995). Average depth to 
groundwater in Parcel B is approximately 25 feet (EA 2005). ABB found that most groundwater 
beneath the site flows either west or north, towards Mashapaug Pond. However, a “groundwater 
divide” exists beneath the Former Building W on Parcel A, which runs approximately parallel to 
the eastern property boundary; east of this divide, groundwater flows eastward in the direction of 

by the Connecticut Department of Public Health using risk-based calculations recommended by the U.S. EPA with 
currently available reference concentrations (RfCs) and cancer unit risks (CTDEP 2003).   

4




Providence High School: Parcel B    Technical Assistance 

the railroad tracks. Groundwater below Reservoir Avenue flows west toward the site instead of 
in an easterly direction, as previously assumed (Harding Lawson 1999).c 

RIDEM has classified the groundwater beneath the former Gorham Silver site as Class GB: not 
suitable for public or private drinking water use. Groundwater beneath or near the site is not used 
as a source of drinking water, and no public or private wells exist within a 4-mile radius of the 
site (ABB 1995). The nearest public water supply is the Scituate Reservoir, located 
approximately 9 miles to the west of the Gorham site (MACTEC 2006). 

Groundwater Sampling 

Several volatile organic compounds (VOCs) were detected in groundwater sampled on Parcel B. 
VOCs detected historically at concentrations above selected screening values include 
tetrachloroethylene (PCE), trichloroethylene (TCE), and related breakdown products, such as 
1,2-dichloroethene (DCE, cis- and trans-), 1,1,1-trichloroethane (TCA), and vinyl chloride. The 
most recent Parcel B sampling (2005 and 2006) showed relatively low detections of these VOCs, 
with TCE and vinyl chloride the only contaminants exceeding groundwater screening values.  

Table A-1 (Appendix A) summarizes historical sampling results for groundwater at and near 
Parcel B (1986-2006). Table A-2 (Appendix A) summarizes groundwater Parcel B groundwater 
sampling results from 2005 and 2006 only, which are the most recent sampling dates. Sample 
locations during the 2005 groundwater sampling include MW-1, MW-2, MW-3, MW-4, 
LRAWP-6, and LRAWP-7 – all located within the boundaries of Parcel B and at or near the 
footprint of the high school, and all collected from shallow wells (less than 25 feet below ground 
surface [bgs]). Samples taken during 2006 are from newly installed wells 216-S, 216-D, 217-S, 
and 217-D. These wells were installed along the boundary of Parcel A and Parcel B in order to 
monitor possible contaminant/plume migration from Parcel A. 

Based on available data, the samples that exhibited the highest levels of contamination in Parcel 
B were analyzed in the late 1980s to early 1990s. Many of the reported highs presented in Table 
A-1 were located on the south shore of Mashapaug Cove, adjacent to and downgradient of the 
parcel. Since the mid-1990s, concentrations of VOCs in groundwater at and near Parcel B have 
generally decreased. Available data indicate that VOC concentrations will continue to decrease 
in the groundwater underneath and around Parcel B. This is evidenced by the results of 2005 and 
2006 groundwater sampling, which show that almost all suspect VOCs within Parcel B are 
currently detected at concentrations below both ATSDR comparison values and Connecticut’s 
volatilization criteria (see Table A-1). The two exceptions are the concentration of TCE in 
shallow groundwater, which was detected at well MW-4 at a maximum concentration of 122 
parts per billion (ppb) in 2005, and the one detection (out of the 10 sampled) of vinyl chloride 
(14.1 ppb) in LRAWP-7 in 2005. The maximum historical TCE concentration within Parcel B 
bounds was reported in 1994 at 220 ppb - suggesting that TCE concentrations are decreasing 
with time. It should be noted, however, that 2005 and 2006 groundwater sampling results for  

c As groundwater flow dynamics are influenced by the sewer line beneath Parcel B, any future work on the sewer 
line or other nearby utilities would need to consider implications to groundwater flow and contaminant migration. 
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Parcel A are showing PCE and TCE concentrations up to 80,000 ppb and 1,000 ppb, 
respectively, and that the maximum historical TCE value for samples taken just north of Parcel B 
boundaries was 4,850 ppb. 

ATSDR also reviewed the defined areas (or plumes) of groundwater contamination originating 
on Parcel A to understand the lateral and vertical extent of groundwater contamination, as well as 
changes observed over time, and ultimately the potential for Parcel A groundwater 
contamination to contribute to the vapor intrusion concern on Parcel B. 

Defined Groundwater Contaminant Plumes 

Results of groundwater investigations have revealed the presence of two distinct groundwater 
plumes, consisting of PCE, TCE, TCA, and related degradation products. Both plumes appear to 
originate in the general vicinity of the former Buildings T and W, located in the south-central 
portion of the property (Parcel A). This is also the approximate location of the groundwater 
divide. In general, VOCs are distributed vertically throughout the upper 45 to 55 feet of the 
aquifer, with concentrations increasing with depth in this interval (ABB 1995). Each plume is 
described briefly below. 

Northern VOC Plume 

The northern VOC plume extends northwest beneath Parcel B, toward Mashapaug Pond. The 
decreasing PCE concentrations along the plume centerline appear to be biodegrading into 
daughter products, including TCE, DCE, and vinyl chloride. This is consistent with the 1998 Air 
Force Center for Environmental Excellence bioremediation screening performed by HLA, which 
indicated evidence of increased biodegradation with increasing distance from the source area 
(Harding Lawson 1999). Investigators report that the northern VOC plume is attenuating as it 
approaches Mashapaug Pond (ABB 1995). 

Eastern VOC Plume 

This plume extends east, from the former Building W toward the property line, and does not 
interact with Parcel B. Concentrations of VOCs appear to be significantly lower in the shallow 
part of the aquifer (less than 25 feet below grade) than in the deeper part (ABB 1995). According 
to Harding Lawson (1999), the eastward migration of the eastern VOC plume is controlled by a 
leaking 80-inch diameter sewer, which runs parallel to the eastern property line at about 35 feet 
bgs. This report concluded that the sewer is acting as a groundwater sink and is intercepting the 
VOC plume. Therefore, investigators believe that site-related VOCs do not migrate east of the 
sewer line (Harding Lawson 1999). 

Soil Vapor Sampling 

In 2005, a total of 15 soil vapor samples were taken from the footprint of the high school. These 
soil vapor samples were collected from approximately 4 to 5 feet bgs. As such, no vertical profile 
of conditions was evaluated. The data confirm the presence of VOCs in the subsurface and the 
potential for vapor intrusion into nearby buildings. Of the 15 samples, four were taken during the 
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summer season. Available results indicate that levels of contamination increase during the 
warmer months. However, further temporal trends characterizing the profile of the VOC 
contamination (e.g., possible attenuation over time) or plotting soil vapor data against changing 
groundwater conditions is not possible, as soil vapor samples were all taken during 2005.  

The following VOCs were detected at concentrations above ATSDR’s health-based CVs for 
ambient air and Connecticut target indoor air concentrations (TACs) in at least one sample: 
benzene, chloroform, methylene chloride, PCE, tetrahydrofuran, TCE, and 
trichlorofluoromethane (see Appendix A, Table A-3).d 

Because these concentrations do not represent exposure point concentrations, detected soil vapor 
concentrations were also compared to Soil Vapor Volatilization Criteria (SVVC) developed by 
the state of Connecticut.e TCE was the only VOC that was detected at concentrations above the 
SVVC values for soil vapor. The maximum concentration of TCE was 750 parts per billion by 
volume (ppbv), which exceeds the SVVC of 140 ppbv by more than five times. Vinyl chloride 
was not detected in any of the collected soil vapor samples.  

VOCs detected in soil vapor samples were found throughout Parcel B, although the source is not 
explicitly discussed in any of the available documentation. According to the plume maps from 
the 1995 Supplemental Remediation Investigation Report, the soil vapor sampling points are 
located above or proximally west of the TCE and PCE groundwater plume. 

Soil Sampling 
Contaminants were also detected in soil at varying depths. Total petroleum hydrocarbons 
(TPHCs) (4%) were the most significant contaminants found in the subsurface soil (at a depth of 
between 23 – 24 feet) in one sampling location north of the school building footprint. Remedial 
actions have been successful in removing TPHC contamination at this location [EA 2006].  

d This exercise compares detected soil vapor concentrations to ATSDR’s CVs for ambient air, though it is 
understood that no exposure is occurring to the concentrations measured at the point of sampling (4 to 5 feet bgs). 
e The Connecticut SVVC represents the concentration in soil vapor that would be associated with the health-based 
TAC assuming attenuation as the vapor passes through space, across the building foundation, and into indoor space. 
Connecticut developed a residential and industrial/commercial SVVC. For screening potential exposures to high 
school occupants, the lower residential SVVC values were used. 
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Vapor Intrusion 

Building Infiltration 

The following information is provided as background to the potential vapor intrusion exposure 
pathway. This is the exposure pathway of concern specific to this health consultation. 

Buildings are natural chimneys. There is a natural tendency for air to move up through buildings 
because of the following:  

1) Wind speed increases with height  

2) Objects in the wind experience a lift force at the tail end   

3) Solar radiation on the roof 

4) When the interior of a building is heated, the air inside moves up and out to the cooler air 

Therefore, a sealed building will actually draw air up through the cracks in the floor. If there is a 
positive pressure of vapors in the soil, the path for those soil vapors is into the building. 
Buildings with basements or un-vented crawl-spaces tend to have greater infiltration.  

This problem is often most severe when a building is sealed and heated and the ground outside is 
frozen. The soil vapors cannot press through the frozen ground so they find the easiest path into 
the building. Subsurface ventilation provides the easiest path to prevent exposures. The 
subsurface system is analogous to a closed fireplace with a chimney:  the vapors come from the 
source through a tube and above the building. As with a closed fireplace, no vapors enter the 
building as long as the chimney is in tact. Also like a chimney, even if there is a breach in the 
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system, it will still prevent vapors from entering the building as long as the pressure gradient is 
greater above the building than it is into the building.  Additional information on this mitigation 
technique is provided in the Mitigation Technique section. 

Screening Modeling Used to Estimate Levels of VOCs in Indoor Air 

ATSDR used well-established mathematical models to estimate indoor air concentrations of 
those contaminants of greatest potential concern—that is, those contaminants reported above 
screening values at any time during Parcel B groundwater sampling history. ATSDR evaluated 
1) a “worst-case” scenario assuming no sub-slab venting system is installed and 2) a scenario 
where indoor air concentrations would be expected to be reduced by the installation and 
maintenance of a sub-slab venting system. For both cases, ATSDR based the calculation on the 
highest concentrations “ever” reported in Parcel B groundwater and the highest concentrations 
reported during more recent Parcel B sampling (2005 and 2006).  

Conservative estimates of indoor air VOC levels were calculated using the U.S. Environmental 
Protection Agency’s (EPA’s) Johnson and Ettinger Model.f  The soil vapor model (e.g., the 
Johnson and Ettinger Model) is based on a number of simplifying assumptions regarding 
contaminant distribution and occurrence, subsurface characteristics, transport mechanisms, and 
building construction. Therefore, the model can be used only as a screening tool to identify 
conditions that may warrant additional evaluation [Marley 2002, EPA 1997]. Soil vapor 
monitoring and modeling results also do not provide actual measurements of concentrations of 
contaminants that people may inhale. Subsurface vapors migrating indoors are greatly diluted 
with outdoor air that enters the home, and by diffusive, advective, or other attenuating 
mechanisms as the vapor migrates through the soil. Therefore, directly measuring indoor air 
quality in potentially impacted buildings is the best approach to evaluate air contamination at 
points of exposure. 

The maximum groundwater concentrations for those elevated contaminants, the sandy soil type, 
and the 23 feet depth to groundwater, were used as inputs along with conservative default values 
to represent a “worst-case” scenario. The results of that modeling are provided in Table 1. 

f EPA’s Johnson and Ettinger screening model calculates indoor air levels for homes with basements. 
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Table 1: Modeled Worst Case Uncontrolled (without sub-slab ventilation control)  

Indoor Air Concentrations, 

Former Gorham Silver Manufacturing Site, Parcel B 

Analyte Historical Maximum* 
(µg/m3) 

2005/2006 Maximum* 
(µg/m3) 

1,1,1-Trichloroethane 42 0.008 
cis-1,2 Dichloroethene 0.47 0.47 

trans-1,2 
Dichloroethene 1.7 Not detected 

Tetrachloroethylene 17.9 0.13 
Trichloroethylene 34.3 0.86 

Vinyl Chloride 0.48 0.42 
*Modeled concentrations are based on maximum detected contaminant concentrations in Parcel 
B groundwater. 

Mitigation Technique 
The developers are using sub-surface ventilation to mitigate soil gas and plan to ensure the 
integrity of the system by monitoring for methane and VOCs. Activities are part of an RIDEM-
approved comprehensive operations and maintenance (O&M) and air sampling program. The 
program requires regular and periodic sampling of sub-slab soil vapor and indoor air for VOCs 
and methane. In addition, a continuous methane monitoring system will be installed throughout 
the school building as a precautionary measure based on a historical fill area beneath a portion of 
the site outside of the school building footprint. This monitoring is independent of the VOC 
monitoring. 

Subsurface ventilation was historically used to provide clean air into mines. Engineers adapted 
ventilation for homes to prevent infiltration of radon gas into homes above radium deposits (EPA 
1993; Prill and Frisk 2002). The procedure was so effective that it was later used to reduce 
infiltration of other gases and vapors.  It is currently being used at most sites and appears to be 
the preferred mitigation technique (Stratford Health Department 2003). Active systems (as used 
on this parcel of the Gorham site) have a good track record, but do require evaluation and 
maintenance. A gravel bed beneath the sub-slab has been shown to considerably improve the 
performance of the system (Bonnefous et al. 1992). A 6-inch layer of gravel is in the approved 
plan. Sub-slab ventilation was found to be successful in 90% of the (1,000) Virginia and 
Maryland homes that used it to remove radon (Mose et al. 1997). Removal efficiencies over 80% 
were typically found in Ohio homes with these systems (Kumar et al. 2006). EPA found that 
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when these systems have strong fans and multiple suction points, they can reduce vapor 
concentrations in homes by a factor of 1,000. They also found that less than 30% of the original 
systems (with one suction point) needed some minor corrections to meet the intended targeted 
reduction (Folkes 2006; Folkes and Kurtz 2002). The depressurization systems such as the one 
being installed at the school have been found to perform better than the pressurization systems. 

Since buildings with basements have the largest problems with infiltration, subsurface ventilation 
is less effective with these buildings. The school building will have no basement. The mitigation 
technique is least effective in soils that are permeable, because depressurization (suction) is 
hardest to obtain in permeable soils. It is essentially like drawing air through a leaky straw. Since 
Parcel B contains porous soil, it will naturally often provide many pathways for vapors to 
migrate vertically and depressurization will be less effective. Therefore, contaminants under the 
building will often (except when the ground is frozen or saturated) find many pathways around 
the building which will both reduce the average levels in the building and reduce the 
effectiveness of the mitigation.  

Since the mitigation technique is expected to remove more than 80% of possible vapors, a 
reasonable worst-case estimate can be estimated by using the modeling results. These estimates 
are provided in Table 2. 

Table 2: Estimates of Controlled Indoor Air Concentrations*, 

Former Gorham Silver Manufacturing Site, Parcel B 

Analyte Historical Maximum 
(µg/m3) 

2005/2006 Maximum 
(µg/m3) 

1,1,1-Trichloroethane 8.4 0.002 
cis-1,2 Dichloroethene 0.09 0.09 

trans-1,2 
Dichloroethene 0.3 Not detected 

Tetrachloroethylene 3.6 0.03 
Trichloroethylene 6.9 0.17 

Vinyl Chloride 0.1 0.08 
*Represents an 80% reduction of indoor air concentrations. 
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Table 3 includes the estimated maximum concentrations for several compounds under current 
conditions (based on 2005 and 2006 groundwater data) along with their associated comparison 
values. 

Table 3: Predicted Maximum Exposure Levels*, 

Former Gorham Silver Manufacturing Site, Parcel B 

Analyte 
2005/2006 
Maximum* 

(µg/m3) 

CV 
(µg/m3) Source of CV > CV 

1,1,1-Trichloroethane 0.002 500 CT TAC No 
cis-1,2 Dichloroethene 0.09 18 CT TAC No 

Tetrachloroethylene 0.03 
300 Chronic MRL (Child) No 

5 CT TAC No 
Trichloroethylene 0.17 1 CT TAC No 

Vinyl Chloride 0.08 
0.1 CREG No 
0.14 CT TAC No 

*Based on an 80% reduction of indoor air concentrations. 

CT TAC - Connecticut Target Indoor Air Concentration

CV - comparison value

MRL - ATSDR minimal risk level 

µg/m3 - micrograms per cubic meter 

> CV - is the predicted value greater than the comparison value?


Health Effects Evaluation 

Estimated exposure point concentrations (i.e., estimated indoor air concentrations with and 
without vapor controls in place) fall below health guidelines and action levels for residential 
indoor air exposures (see Table 3 above). As an added layer of analysis, ATSDR considered soil 
vapor concentrations collected within the footprint of the building where TCE concentrations 
ranged from 93 to 748 ppb (approximately 500 to 4,000 µg/m3). Possible indoor air levels of 
TCE based on attenuation factors (0.00001 to 0.01 [EPA, 1991]) could range from a low of 
0.00093 to 7.48 ppb (0.005 to 40 µg/m3). The high end value of 40 µg/m3 exceeds the TAC by 
approximately 10 times.  

ATSDR studied the basis for the TCE screening values/action levels used and the underlying 
scientific studies to fully evaluate whether adverse health effects would be expected at predicted 
indoor air concentrations. As with all its health evaluations, ATSDR considered impacts to 
potentially sensitive subpopulations—in this case, high school students. School personnel, who 
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could likely spend several years teaching/working on the premises, were also considered. 
ATSDR studied possible impacts of short- and longer-term exposures to TCE at predicted 
concentrations, and evaluated both potential non-cancer and cancer effects. 

Scientists have been studying the toxicity of TCE for many years to better understand what 
levels may be harmful to people and under what exposure situations. Scientists continue to study 
many aspects of TCE toxicity—for example, comparability of animal and human effects, how 
TCE exerts its effects, and differences in effects between children and adults. Despite some 
uncertainties, available study data provide some perspective on predicted Parcel B indoor air 
concentrations. A brief overview of ATSDR findings follows. 
The primary targets of TCE toxicity are the central nervous system, liver, heart, and kidneys 
(ATSDR 1997; EPA 2001). Endocrine and immune system, developmental effects, among others 
continue to be explored. The International Agency for Research on Cancer (IARC) has 
determined that TCE is a “probable human carcinogen” and the National Toxicology Program 
classifies TCE as “reasonably anticipated to be a human carcinogen.” EPA is currently re­
evaluating TCE inhalation carcinogenicity. 

ATSDR reviewed data from human and animal studies to identify the concentrations and 
conditions under which adverse health effects have been observed. None of the predicted indoor 
air concentrations are expected to cause any short-term effects (e.g., irritation, headaches, etc.). 
Similarly, predicted indoor air concentrations are lower than effect levels reported in longer-term 
exposures (e.g., less than a year). Predicted indoor air concentrations of TCE are approximately 
10,000 times lower than exposure concentrations shown to result in central nervous system, liver, 
heart, and endocrine system problems (ATSDR 1997; EPA 2001).  

Regarding cancer effects, much of the available literature addresses TCE ingestion, not TCE 
inhalation—making interpretation challenging. Based on available data, EPA has proposed a 
range of air concentrations that may pose varying levels of increased cancer “risk.” Many states 
have adopted EPA’s interim toxicity factors to develop target air concentrations. For example, 
considering lifetime residential exposures and a range of available study data, the following 
range of TCE concentrations are associated with theoretical excess cancer risks of 1 x 10-4 (1 in 
10,000) and 1 x 10-6 (1 in a million) (EPA 2001; EPA 2005): 

1 x 10-6: 0.021 µg/m3 – 1.4 µg/m3 

1 x 10-4: 2.1 µg/m3 – 140 µg/m3 

These values represent knowledge gained from TCE drinking water studies, occupational 
studies, and an understanding of how the human body absorbs and metabolizes (breaks down) 
TCE when ingested and inhaled. These estimates assume lifetime residential exposures (24 
hours/day, 350 days/year, and 30 years over a 70 year lifetime). Predicted indoor air 
concentrations of TCE range from 0.172 µg/m3 (with effective sub-slab venting in place) to 0.86 
µg/m3 (worst-case based on modeled data). The predicted high of 40 µg/m3 TCE in indoor air 
based on soil vapor data falls roughly in the 10-4 theoretical cancer risk estimate range. ATSDR 
classifies this to be the low increased cancer risk estimate based on very conservative exposure 
and mitigation assumptions and maximum detected concentrations.  

13




Providence High School: Parcel B    Technical Assistance 

Despite uncertainties, the available cancer toxicity data tell us that predicted indoor air 
concentrations would not be expected to increase cancer risks. As noted above, using toxicity 
values associated with lifetime residential exposures is a conservative approach. School-related 
exposures are expected to be less than those assumed for residential exposures (e.g., 
approximately 8 hours/day, 200 days/year, and generally 4 years over a lifetime), though total 
number of years in the building may vary and be longer for school personnel. In addition, the 
predicted TCE indoor concentrations are comparable to concentrations “typically” reported in 
indoor air since TCE is found in common products, reported in the 0.5 – 1.0 µg/m3 range 
(ATSDR 1997; Sexton et al. 2004; CTDEP 2003).  

Predicted maximum TCE levels are not expected to present a public health hazard for cancer or 
non-cancer outcomes. However, periodic sampling and ongoing operations and maintenance, per 
remedial action work plan, are necessary to ensure proper operation of venting system and that 
TCE levels are well below 40 µg/m3. 

Child Health Considerations 
ATSDR considers children in the evaluation of all exposures, and the agency uses health 
guidelines that are protective of children. ATSDR also considers unique exposure situations on a 
site-specific basis. For the Gorham site, the agency understands that young adolescents (age 
approximately 13-19 years) represent a large population of potential concern. In general, ATSDR 
assumes that children are more susceptible to chemical exposures. Children weigh less than 
adults, which may result in higher doses of chemical exposures relative to body weight; children 
have higher rates of respiration; metabolism and detoxification mechanisms may differ, and if 
toxic exposure levels are high enough during critical growth stages, the developing body systems 
of children can sustain permanent damage. While these characteristics apply largely to younger 
children, scientists continue to explore vulnerabilities at all growth stages, including puberty and 
early adolescence. Consideration is also given to the effects of possible exposures on the fetus, or 
unborn child. 

ATSDR has considered these factors in the development of conclusions and recommendations 
for this site. Comparison values and site-specific action levels used for this health consultation 
are intended to represent exposures that could be continued for a lifetime for the general 
population — including potentially susceptible subgroups such as children — without 
appreciable health risks. Assuming continuous lifetime exposure and residential exposure 
scenarios in setting the action levels for the school, provides an added layer of protection. As 
noted previously, students would be expected to spend considerably less time in the school 
setting (i.e., generally 4 years and approximately 200 days of the year). This is important, 
especially for TCE (the primary constituent of concern), because scientists continue to evaluate 
the levels and exposure conditions under which TCE is most harmful. Uncertainties about special 
sensitivities remain.  
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Limitations 
The following observations limit full evaluation of the soil vapor pathway: 

•	 Subsurface soil contamination was at approximately 23 to 24 feet; however, soil gas 
samples were collected at 4-5 feet. Therefore, there are limitations to the confirmation 
that the soil gas data can provide.  

•	 Soil vapor data only represent a snapshot in time and were collected in relatively shallow 
soils. The data confirm the presence of VOCs in the subsurface and the potential for 
vapor intrusion into nearby buildings. However, temporal trends characterizing the 
profile of the VOC contamination (e.g., possible attenuation over time) or plotting soil 
vapor data against changing groundwater conditions is not possible. Further, no vertical 
profile of conditions is available because most samples were collected from depths of 
approximately 4 to 5 feet.  

•	 Worst-case soil vapor infiltration estimates were provided by a model that is designed for 
homes with basements. No model is available for large buildings with basements. It is 
expected that the school will have a slab that is much less permeable than a home (i.e., 
much less likely to allow vapors to move up through the floor). 

Conclusions 
On the basis of the available environmental data, ATSDR concludes that the proposed mitigation 
technique should prevent harmful exposures to school occupants from the vapor intrusion 
exposure pathway. The proposed periodic sampling should determine if the sub-slab ventilation 
system is operating according to design.  

Recommendations 

Although the groundwater modeling data and soil vapor data, coupled with the successful 
operation and maintenance of the proposed sub-slab venting system do not suggest adverse 
health effects, prudent public health practice calls for the collection of indoor air samples prior to 
the opening of the school (and routinely thereafter) to verify the absence of VOCs at 
concentrations above the action levels specified in the site Remedial Action Work Plan and 
RIDEM’s Order of Approval (Appendix B), and discussed in this health consultation. More 
specifically, 

•	 Maintain the sampling regimen and modify it over time to ensure that the mitigation 
system continues to work as designed and verify that VOC levels are well below limits 
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established in the Remedial Action Work Plan.  Some venting systems have been shown 
to loose efficiency and need adjustments to ensure proper operation   

•	 Develop a management program to insure long-term operations and maintenance (O&M) 
of the sub-slab ventilation control system for the school (e.g., in-house training of critical 
personnel on the O&M of the system). 

•	 The City of Providence should continue to take the necessary actions to ensure that 
groundwater contaminant sources, concentrations, and migration patterns at and near 
Parcel A continue to be monitored.  Measures should be taken to carefully evaluate and 
document any potential changes in groundwater flow dynamics, especially those that 
might result from underground utility work (e.g., relining the sewer), as such actions 
could influence Parcel B groundwater conditions. 
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Table A-1. Groundwater Sampling, Former Gorham Silver Manufacturing Site, Parcel B and Immediate Vicinity, 1986-2006 

Analyte # of Minimum 
) ) Sample

Name 
f Date of CV 

) Source of CV* # > CVdetect (ppb
Maximum 

(ppb
Maximum Location o

Maximum Well Depth Maximum (ppb

Volatile Organic Compounds 

1,1,1-Trichlorethane 13/28 0.4 J 3,450 GZA-5 S shore of Cove Shallow 09/27/95 200,000 
6,500 

Intermediate EMEG (Child) 
CT GWVC 

0/28 
0/28 

1,1-Dichloroethane 8/28 1.1 130 MW-106D E edge Deep 12/29/94 896 
3,000 

RBC Tap Water 
CT GWVC 

0/26 
0/26 

1,1-Dichloroethene 3/28 1 4 GZA-3 S shore of Cove Shallow 12/08/98 90 
190 

Chronic EMEG (Child) 
CT GWVC 

0/28 
0/28 

1,2-Dichlorobenzene 1/17 0.2 J 0.2 J LRAWP-7 NE corner Deep 12/02/05 4,000 
5,100 

Chronic EMEG (Child) 
CT GWVC 

0/17 
0/17 

trans 1,2-Dichloroethene 2/28 33 270 GZA-2 N edge Deep 03/19/86 200 
1,000 

RMEG (Child) 
CT GWVC 

1/28 
0/28 

cis 1,2-Dichloroethene 14/25 1.4 170 MW-216S Border of Parcel A Shallow 05/10/06 10,000 
830 

Intermediate EMEG (Child) 
CT GWVC 

0/28 
0/28 

1,2,4-Trimethylbenzene 1/17 12 12 MW-216S Border of Parcel A  Shallow 05/10/06 360 CT GWVC 0/17 
1,3,5-Trimethylbenzene 1/17 9.5 9.5 MW-216S Border of Parcel A  Shallow 05/10/06 280 CT GWVC 0/17 

2-Butanone 1/17 12 12 MW-217S Border of Parcel A Shallow 05/10/06 6,000 
50,000 

RMEG (Child) 
CT GWVC 

0/17 
0/17 

Acetone 1/25 10 10 MW-216S Border of Parcel A Shallow 05/10/06 9,000 
50,000 

RMEG (Child) 
CT GWVC 

0/25 
0/25 

Benzene 2/28 1 1.8 LRAWP-7 NE corner Deep 12/02/05 0.6 
130 

CREG 
CT GWVC 

2/28 
0/28 

sec-Butylbenzene 1/17 0.3 J 0.3 J LRAWP-7 NE corner Deep 12/02/05 1,500 CT GWVC 0/17 

Chloroform 3/28 2 37 J GZA-5 S shore of Cove Shallow 09/21/94 100 
26 

Chronic EMEG (Child) 
CT GWVC 

0/28 
1/28 

Ethylbenzene 2/28 0.3 J 1 GZA-2 N edge Deep 03/19/86 1,340 
2,700 

RBC Tap Water 
CT GWVC 

0/28 
0/28 

Isopropylbenzene 2/17 0.4 J 1 GZA-3 S shore of Cove Shallow 12/08/98 2,800 CT GWVC 0/17 

Methylene Chloride 1/28 10 J 10 J GZA-3 S shore of Cove Shallow 09/21/94 600 
160 

Chronic EMEG (Child) 
CT GWVC 

0/28 
0/28 

Methyl-tert Butyl Ether 2/25 1 2.6 LRAWP-7 NE corner Deep 12/02/05 3,000 
21,000 

Intermediate EMEG (Child) 
CT GWVC 

0/25 
0/25 
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Analyte # of Minimum 
) ) Sample

Name 
f Date of CV 

) Source of CV* # > CVdetect (ppb
Maximum 

(ppb
Maximum Location o

Maximum Well Depth Maximum (ppb

Naphthalene 2/17 17 21 MW-216S Border of Parcel A Shallow 05/10/06 200 RMEG 0/17 
n-Propylene 1/17 1 1 GZA-3 S shore of Cove Shallow 12/08/98 None 

Tetrachloroethylene 22/28 0.8 J 1,640 MW-106D E edge Deep 12/29/94 100 
340 

RMEG (Child) 
CT GWVC 

5/28 
2/28 

Toluene 1/28 2.9 2.9 MW-216S Border of Parcel A Shallow 05/10/06 200 
7,100 

Intermediate EMEG (Child) 
CT GWVC 

0/28 
0/28 

Trichloroethylene 24/28 0.4 J 4,850 GZA-5 S shore of Cove Shallow 09/27/95 0.026 
27 

RBC Tap Water 
CT GWVC 

24/28 
14/28 

Trichlorofluoromethane 6/28 0.2 J 15.4 MW-4 E central Deep 01/31/01 
3,000 
1,300 

RMEG (Child) 
CT GWVC 

0/28 
0/28 

0.03 CREG 3/28 
Vinyl chloride 3/28 7 16 MW-G S shore of Cove Shallow 12/08/98 30 Chronic EMEG (Child) 0/28 

1.6 CT GWVC 3/28 

Xylenes (m/p) 1/10 3.7 3.7 MW-216S Border of Parcel A Shallow 05/10/06 6,000 
8,700 

Intermediate EMEG (Child) 
CT GWVC (Xylenes, total) 

0/10 
0/10 

Xylenes (o) 2/10 0.2 J 6.2 MW-216S Border of Parcel A Shallow 05/10/06 
6,000 Intermediate EMEG (Child; 

M Xylenes) 
0/10 

8,700 CT GWVC (Xylenes, total) 0/10 
Inorganics 

Arsenic 2/7 30 70 MW-106D E edge Deep 12/29/94 0.02 
3 

CREG 
Chronic EMEG (Child) 

2/7 
2/7 

Cyanide (total) 3/7 10 10 GZA-2 N edge Deep 09/21/94 200 RMEG (Child) 0/7 
Calcium 7/7 6,400 41,400 GZA-2 N edge Deep 09/21/94 None 
Iron 5/7 50 24,200 MW-106D E edge Deep 12/29/94 10,950 RBC Tap Water 2/7 
Lead 4/9 6 8 GZA-5 S shore of Cove Shallow 09/21/94 15 EPA Action Level 0/9 
Magnesium 7/7 800 3,200 GZA-2 N edge Deep 09/21/94 None 
Manganese 7/7 940 4,220 MW-106D E edge Deep 12/29/94 500 RMEG (Child) 7/7 
Potassium 7/7 1,500 5,300 MW-106D E edge Deep 12/29/94 None 
Silver 2/7 10 10 GZA-2 N edge Deep 09/21/94 50 RMEG (Child) 0/7 
Sodium 7/7 7,000 23,800 MW-108 Central Deep 12/29/94 None 
Zinc 6/7 20 1,800 MW-108 Central Deep 12/29/94 3,000 Chronic EMEG (Child) 0/7 
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*ATSDR drinking water CVs were used as conservative screening values, though it is acknowledged that the groundwater at Parcel B is not used as a drinking water source. 
In the absence of ATSDR derived CVs, U.S. EPA risk-based concentrations (RBCs) for tap water were used. The inclusion of the Connecticut GWVC provides additional 
perspective and a more realistic screen for the exposure pathway of interest. 

CREG - cancer risk evaluation guide CT GWVC - Connecticut groundwater volatilization criteria 
CV  - comparison  value       E  - East  
EMEG - environmental media evaluation guide J - estimated value between the detection limit and the quantitative value 
N - North         ppb - part per billion 
RBC - risk-based concentration RMEG - reference media evaluation guide 
S  - South         W  - West  

SOURCES: 

[ABB] ABB Environmental Services. 1995. Remedial investigation report. 

[ABB] 1995. Supplemental remedial investigation report. 

[CDM] Camp Dresser and McKee. 1993. Site inspection report. 

[EA] EA Engineering, Science, and Technology, Inc. 2005. Limited remedial action work plan and supplemental site investigation summary report.


[EA] 2005. Site investigation report addendum. 


[HLA] Harding Lawson Associates. 1999. Site investigation summary report and risk assessment, Volumes 1 & 2. 


[Shaw] Shaw Environmental, Inc. 2006. Status Report, May 2006 Sampling event and April-May additional investigation activities.
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Table A-2. Groundwater Sampling, Former Gorham Silver Manufacturing Site, Parcel B (2005 and 2006) 

Analyte 

1,1-Dichloroethane 

1,1,1-Trichloroethane 

1,2- Dichlorobenzene 

cis-1,2 Dichloroethene 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 

2-Butanone 

Acetone 

Benzene2

Ethylbenzene 

Isopropylbenzene 

Methyl-tert Butyl Ether 

Naphthalene 
Sec-Butylbenzene 

Tetrachloroethylene 

Toluene 

Trichloroethylene 

Trichlorofluoromethane 

# of detects 

1/10 

2/10 

1/10 

4/10 
1/10 
1/10 

1/10 

1/10 

1/10 

1/10 

1/10 

2/10 

2/10 
1/10 

6/10 

1/10 

7/10 

6/10 

Min 
(ppb) 

1.1 

0.4 J 

0.2 J 

1.4 
12 
9.5 

12 

10 

1.8 

0.3 J 

0.4 J 

1 

17 
0.3 J 

0.8 J 

2.9 

4.2 

0.2 J 

Max 
(ppb) 

Max 
Sample 
Name 

1.1 LRAWP-7 

0.7 J MW-1 

0.2 J LRAWP-7 

170 MW-216S 
12 MW-216S 
9.5 MW-216S 

12 MW-217S 

10 MW-216S 

1.8 LRAWP-7 

0.3 J LRAWP-7 

0.4 J LRAWP-7 

2.6 LRAWP-7 

21 MW-216S 
0.3 J LRAWP-7 

11.7 LRAWP-6 

2.9 MW-216S 

122 MW-4 

15.4 MW-4 

Location of Max 

NE corner 

E edge 

NE corner 

Border of Parcel A 
Border of Parcel A 
Border of Parcel A 

Border of Parcel A 

Border of Parcel A 

NE Corner 

NE corner 

NE corner 

NE corner 

Border of Parcel A 
NE corner 

NE corner 

Border of Parcel A 

E central 

E central 

Well 
Depth 

Deep 

Shallow 

Deep 

Shallow 
Shallow 
Shallow 

Shallow 

Shallow 

Deep 

Deep 

Deep 

Deep 

Shallow 
Deep 

Deep 

Shallow 

Shallow 

Shallow 

Date of 
Max 

12/02/05 

01/31/05 

12/02/05 

05/10/06 
05/10/06 
05/10/06 

05/10/06 

05/10/06 

12/02/05 

12/02/05 

12/02/05 

12/02/05 

05/10/06 
12/02/05 

12/002/05 

05/10/06 

01/31/05 

01/31/05 

Geo. 
Mean 
(ppb)1 

CV (ppb) Source of CV* 

896 RBC Tap Water 0.54 3,000 CT GWVC 
700,000 Intermediate EMEG (Child)0.67 6,500 CT GWVC 
4,000 Chronic EMEG (Child)0.60 5,100 CT GWVC 

2.64 3,000 Intermediate EMEG (Child) 
0.85 360 CT GWVC 
0.83 280 CT GWVC 

6,000 RMEG (Child) 8.65 50,000 CT GWVC 
9,000 RMEG (Child) 8.49 50,000 CT GWVC 

0.60 CREG 
130 CT GWVC 0.57 
830 CT GWVC 

1,340 RBC Tap Water 0.63 2,700 CT GWVC 
0.65 2,800 CT GWVC 

3,000 Intermediate EMEG (Child)0.83 21,000 CT GWVC 
1.43 200 RMEG (Child) 
0.63 1,500 CT GWVC 

100 RMEG (Child) 2.04 340 CT GWVC 
200 Intermediate EMEG (Child)0.73 7,100 CT GWVC 

0.026 RBC Tap Water 3.55 27 CT GWVC 
3,000 RMEG (Child) 1.73 1,300 CT GWVC 

# > 
CV 

0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
1/102 

0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 
7/10 
1/10 
0/10 
0/10 
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Analyte Min 
(ppb) (ppb) 

Well 
Depth (ppb)1 

CV (ppb) # > 
CV# of detects Max Max 

Sample 
Name 

Location of Max Date of 
Max 

Geo. 
Mean Source of CV* 

Vinyl Chloride3

Xylenes (m/p) 

1/10 

1/10 

<0.5 

3.7 

14.1 

3.7 

LRAWP-7 

MW-216S 

NE corner 

Border of Parcel A 

Deep 

Shallow 

12/02/05 

05/10/06 

0.92 

1.14 

0.03 
1.6 

6,000 
8,700 

CREG 
CT GWVC 
Intermediate EMEG (Child) 
CT GWVC (Xylenes, total) 

1/103 

1/10 
0/10 
0/10 

Xylenes (o) 2/10 0.2 J 6.2 MW-216S Border of Parcel A Shallow 05/10/06 0.72 6,000 Intermediate EMEG (Child; M 
Xylenes) 0/10 

8,700 CT GWVC (Xylenes, total) 0/10 
Note: All analytes that were not detected, or not analyzed, in 2005 have been omitted from this table. Please consult raw data tables for further details. 


*ATSDR drinking water CVs were used as conservative screening values, though it is acknowledged that the groundwater at Parcel B is not used as a drinking water source.

In the absence of ATSDR derived CVs, U.S. EPA risk-based concentrations (RBCs) for tap water were used. The inclusion of the Connecticut GWVC provides additional 

perspective and a more realistic screen for the exposure pathway of interest. 


1The geometric mean was calculated by taking the nth root of n numbers, where n is the number of samples for which an analyte was measured. In the case that a sample was 

not detected, one half of the detection limit was used to complete these calculations.

2The laboratory detection limit for benzene was 1 ppb, which is higher than the CREG value of 0.6 ppb.

3 The laboratory detection limit for vinyl chloride was 1 ppb, which is higher than the CREG value of 0.03 ppb. 


CREG - cancer risk evaluation guide CT GWVC - Connecticut groundwater volatilization criteria 
CV  - comparison  value       E  - East  
EMEG - environmental media evaluation guide J - estimated value between the detection limit and the quantitative value  
N  - North         NA  - not  analyzed  
ND - not detected above detection limit (<1 ppb) ppb - part per billion 
RBC - risk-based concentration RMEG - reference media evaluation guide 
S - South 

SOURCES: 

[EA] EA Engineering, Science, and Technology, Inc. 2005. Limited remedial action work plan and supplemental site investigation summary report.


[EA] 2005. Site Investigation Report Addendum. 


[Shaw] Shaw Environmental, Inc. 2006. Status Report, May 2006 Sampling Event and April-May Additional Investigation Activities.
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Table A-3. Soil Vapor Sampling, Former Gorham Silver Manufacturing Site, Parcel B (2005) 

Analyte # of 
detects 

Minimum 
(ppbv) 

Maximum 
(ppbv) 

Maximum 
Sample Name 

Date of 
Maximum 

Geo. 
Mean 
(ppb)1 

CV 
(ppbv) Source of CV* # > CV 

Volatile Organic Compounds 

1,1,1-Trichloroethane 4/15 2.2 12.6 SV-C 06/01/05 4.58 
700 Intermediate EMEG 0/15 

70,000 CT SVVC 0/15 
92 CT TAC 0/15 

1,2,4-Trimethylbenzene 1/15 0.9 0.9 SV-11 10/05/05 2.28 
1,400 CT SVVC 0/15 

1.89 CT TAC 0/15 

1,4-Dichlorobenzene 5/15 0.5 1.1 SV-07 10/05/05 2.76 
20 Chronic EMEG 0/15 

3,000 CT SVVC 0/15 
3.99 CT TAC 0/15 

2-Butanone 8/15 1.5 123 SV-B 06/01/05 52.78 
1,732 RBC 0/15 

130,000 CT SVVC 0/15 
169.53 CT TAC 0/15 

2-Hexanone 1/15 0.8 0.8 SV-09 10/05/05 6.12 None 

Acetone 8/15 4.2 69.6 SV-B 06/01/05 63.31 
13,000 Chronic EMEG 0/15 
57,000 CT SVVC 0/15 

75.77 CT TAC 0/15 

Benzene2 1/15 0.5 0.5 SV-B 06/01/05 2.612 

0.003 CREG 1/15 
3 Chronic EMEG 0/15 

780 CT SVVC 0/15 
1.03 CT TAC 0/15 

Carbon disulfide 1/9 2.7 2.7 SV-08 10/05/05 0.33 300 Chronic EMEG 0/9 
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Analyte 

Chloroform 

cis-1,2 Dichloroethene 

Dichlorodifluoromethane 

Ethanol 

Ethylbenzene 

Hexane 
Isopropanol 

Methylene chloride 

Methyl tert-butyl ether 

Propene 

Tetrachloroethylene 

Tetrahydrofuran

# of 
detects 

2/15 

2/15 

4/15 

7/9 

1/15 

2/9 
2/9 

6/15 

4/15 

4/9 

4/15 

4/9 

Minimum 
(ppbv) 

1 

0.7 

0.5 

3.9 

1.7 

0.5 
1.2 

0.6 

0.5 

0.9 

2.7 

360 

Maximum 
(ppbv) 

Maximum 
Sample Name 

1.1 SV-C 

1.1 SV-C 

0.8 SV-A 

30 SV-11 

1.7 SV-07 

0.6 SV-11 
1.5 SV-08 

2.5 SV-B 

0.9 SV-11 

1.7 SV-B 

91.8 SV-C 

844 SV-B 

Date of 
Maximum 

06/01/05 

06/01/05 

06/01/05 

10/05/05 

10/05/05 

10/05/05 
10/05/05 

06/01/05 

10/05/05 

06/01/05 

06/01/05 

06/01/05 

Geo. 
Mean 
(ppb)1 

2.54 

2.70 

2.63 

4.58 

2.50 

0.30 
0.36 

4.34 

3.26 

0.63 

0.81 

7.46 

CV 
(ppbv) Source of CV* 

0.008 CREG 
20 Chronic EMEG 
78 CT SVVC 
0.1 CT TAC 

3,400 CT SVVC 
4.5 CT TAC 

1.712 RBC 
14,000 CT SVVC 

18 CT TAC 
None 
1,000 Intermediate EMEG 
9,300 CT SVVC 

12 CT TAC 
600 Chronic EMEG 

None 
0.9 CREG 

300 Chronic EMEG 
650 CT SVVC 

0.9 CT TAC 
700 Chronic EMEG 

3,400 CT SVVC 
44 CT TAC 

None 
40 Chronic EMEG 

5,600 CT SVVC 
0.7 CT TAC 

0.352 RBC 

# > CV 

2/15 
0/15 
0/15 
2/15 
0/15 
0/15 
0/15 
0/15 
0/15 

0/15 
0/15 
0/15 
0/9 

3/15 
0/15 
0/15 
3/15 
0/15 
0/15 
0/15 

2/15 
0/15 
4/15 
4/9 
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Analyte 

Toluene 

Trichloroethylene 

Trichlorofluoromethane3

Vinyl Chloride4 

Xylene (m/p) 

# of 
detects 

8/15 

7/15 

6/15 

0/15 

3/15 

Minimum 
(ppbv) 

0.9 

93.04 

0.6 

<0.5 

0.4 

Maximum 
(ppbv) 

Maximum 
Sample Name 

3 SV-C 

748 SV-D 

2,380 SV-A 

<195.6 SVE 1 – SVE 6 

6.8 SV-07 

Date of 
Maximum 

06/01/05 

06/01/05 

06/01/05 

02/05 

10/05/05 

Geo. 
Mean 
(ppb)1 

5.50 

14.34 

118.19 

NA 

3.85 

CV 
(ppbv) Source of CV* 

80 Chronic EMEG 
42,000 CT SVVC 

56 CT TAC 
100 Intermediate EMEG 
140 CT SVVC 

0.2 CT TAC 
5 RBC 

50,000 CT SVVC 
49 CT TAC 
0.04 CREG 
41 CT SVVC 
0.06 CT TAC 
50 Chronic EMEG (Xylenes, total) 

38,000 CT SVVC (Xylenes, total) 
51 CT TAC (Xylenes, total) 

# > CV 

0/15 
0/15 
0/15 
4/15 
4/15 
7/15 

10/153 

0/15 
10/153 

0/154 

0/154 

0/154 

0/15 
0/15 
0/15 
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*When available, ATSDR CVs for ambient air were used as a conservative screening value. The Connecticut SVVC represents the concentration in soil vapor that 
would be associated with the health-based TAC assuming attenuation as the vapor passes through space, across the building foundation, and into indoor space. 
Connecticut developed a residential and industrial/commercial SVVC. For screening potential exposures to high school occupants, the lower residential SVVC 
values were used. Connecticut’s TAC 

1The geometric mean was calculated by taking the nth root of n numbers, where n is the number of samples for which an analyte was measured. In the case that a 
sample was not detected, one half of the detection limit was used to complete these calculations. 
2The detection limit for benzene was either 0.5 ppbv or 156.51 ppbv for soil vapor samples, which is well above the CREG of 0.003 ppbv. The high detection 
limit accounts for the relatively high geometric mean. 
3The detection limit for trichlorofluoromethane was 93.04 ppbv for samples SVE 1 through SVE 6. To be conservative, these six samples have been considered 
as samples over the RBC value of 5 ppbv. 
4Vinyl chloride was not detected in any of the soil vapor samples. However, laboratory detection limits (0.5 ppbv or 195.6 ppbv,) for vinyl chloride are well 
above the CREG of 0.04 ppbv. 

CREG - cancer risk evaluation guide 
CT TAC – Connecticut Target Indoor Air Concentrations 
EMEG - environmental media evaluation guide 
RBC - risk-based concentration 

CT SVVC - Connecticut soil vapor volatilization criteria (residential) 
CV - comparison value 
ppbv - part per billion by volume 
RMEG - reference media evaluation guide 

SOURCES: 
[EA] EA Engineering, Science, and Technology. 2005. Response to RIDEM Site Investigation Report Comments, May 19, 2005. 

[EA] 2005. Site Investigation Report Addendum. 

[EA] 2006. Remedial Action Work Plan. 
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Appendix B 
RIDEM’s Order of Approval for the Proposed Remediation Plan for the 

Providence Public School Site- Parcel B (Formerly a portion of the 
Gorham/Textron Dump Site) 
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