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EXECUTIVE SUMMARY 

This Action Memorandum summarizes the time-critical removal action at the P28 Study Area 
located on the southern portion of the Fort Devens Sudbury Training Annex, Sudbury, MA. Soil 
contaminated with arsenic was removed from the location to eliminate associated potential human 
health and ecological risks. This time-critical removal action and development of this document 
were conducted by Roy F. Weston, Inc. in coordination with the New England District of the Army 
Corps of Engineers (CENED), the Massachusetts Department of Environmental Protection 
(MADEP) and the U.S. Environmental Protection Agency (EPA). 

A site investigation performed by ABB Environmental Services, Inc. (ABB) revealed a presence of 
arsenic above background levels in the area. Concerned by the levels of contamination, the 
MADEP requested the performance of an Imminent Haza.rd Evaluation. The evaluation concluded 
that the levels of arsenic in the area posed a risk to human health under a specific site usage 
scenario. 

The area of contamination was delineated through sampling efforts by ABB. The area of P28 
designated for removal can be described as a section 100 feet by 250 feet in area with a depth of 
four feet. The excavation and removal was performed by Roy F. Weston, Inc. in August 1996. 

The contaminated soil was removed and consolidated as part of the subgrade at A 7 where a landfill 
cap was being constructed as part of another remedy. The placement of the soil at the site landfill 
was appropriate in that it allowed for a timely removal, saved costs associated with typical disposal 
scenarios, and it decreased the need for additional fill required for the construction of the landfill 
cap. The RCRA Subtitle C (double-barrier) landfill cap was completed in November 1996. 

Confirmation sampling at P28 revealed no concentrations of arsenic above the clean up level of 250 
part per million (ppm). Therefore, the excavation was successful in eliminating the human health 
associated with Study Area P28. 

Based on the confirmatory sampling results, the removal action has addressed the imminent hazard. 
Further study of arsenic soil contamination is being addressed in the facility wide arsenic 
investigation. 
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1.1 General 

SECTION 1 

INTRODUCTION 

This memorandum documents the time-critical removal action for contaminated soil at Study Area 
(SA) P28 located at the Fort Devens Sudbury Training Annex. The Removal Action and Action 
Memorandum were completed by Roy F. Weston, Inc. (WESTON®) under a delivery order from 
the U.S. Army Corps of Engineers New England District (CENED). 

1.2 Purpose 

The purpose of this Action Memorandum is to document the time-critical removal of contaminated 
soil at the specified location of SA P28 at the Fort Devens Sudbury Training Annex. In addition, 
this document presents background information related to the site, details on the removal action and 
confirmatory samples, and recommendations on further actions. This Action Memorandum was 
prepared in accordance with current U.S. Environmental Protection Agency (USEPA) guidance 
(USEP A, 540/P-90/004, December 1990). 

1.3 Background 

The Fort Devens Sudbury Annex is a military installation located in the towns of Sudbury, 
Maynard, Stow, and Hudson in the Commonwealth of Massachusetts. The annex occupies 
approximately 2,750 acres. 

Former uses at the site include use as an ammunitions depot in the 1940s and storage and training 
in the 1950s. Other activities include use for ammunitions and explosives testing, fire-fighting 
exercises, and laboratory waste and debris disposal. The area was also used as a railroad 
classification yard for inspections and switching operations. The tracks were removed in 1967. 
Some unauthorized activities, such as camping, biking, walking, and municipal dumping occurred 
over the years. 

Fort Devens took custody of the annex from the Natick Research Laboratories in 1982 and has 
maintained the facility for storage and training. In 1980, environmental studies began at the annex. 
These studies were performed according to the Installation Restoration Program (IRP) developed 

by the Department of Defense (DOD). 

A Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) 
Preliminary Assessment of the annex was performed by NUS Corporation in 1985. A CERCLA 
Site Investigation was performed in 1987. Based on the results of the assessment and investigation, 
the U.S. EPA determined that the site should be included on the National Priorities List (NPL). 
The site was placed on the NPL on February 16, 1990. 
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A Master Environmental Plan was developed by OHM, Inc. in 1992 and was supplemented by 
Ecology and Environment, Inc. in 1993. This plan was developed in accordance with the 
objectives of the IRP. The Master Environmental Plan identified 68 study areas at the site. One of 
these areas, Study Area (SA) P28 is the focus of this memorandum. See Figure 1-1 for the site 
location. 
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SECTION2 

STUDY AREA P28 SITE CONDITIONS 

2.1 Site Description 

2.1.1 Study Area Background 

SA P28 is located in the southern portion of the Sudbury Training Annex (south of Hudson Road). 
Historical information indicates that this area was used as a railroad classification yard, including 
railroad inspections and car switching operations. Other information suggests that rocket testing 
took place here. Evidence also indicates that the area has been used recreationally, for such 
activities as walking, jogging, and dirt biking. 

Site investigations suggest that there may have been previous use of herbicides. The application of 
herbicides was likely performed for railroad and "line-of-sight" maintenance. 

2.1.2 Removal Site Evaluation 

A supplemental site investigation (SSI) for SA P28 was performed by ABB Environmental 
Services, Inc. (ABB) in November 1995. The site investigation revealed the presence of soil 
contaminated with arsenic. In particular, high levels of arsenic were associated with a localized 
section of SA P28. This localized section is the focus of the removal action associated with this 
document. 

Subsequent to the findings in the SSI, the Massachusetts Department of Environmental Protection 
(MADEP) requested that an Imminent Haz.ard Evaluation for arsenic at the P28 Study Area (see the 
Imminent Haz.ard Evaluation in the Attachments). The results of the evaluation indicated that the 
area of SA P28 with a high concentration of arsenic did pose a risk to human health. The remaining 
area of SA P28 did not pose a substantial risk. Therefore, it was determined to remove the 
contaminated soil from the isolated area at the site to eliminate the potential health risk. 

The hot spot area of P28 had concentrations of arsenic as high as 5,200 ppm, with an average of 
2,300 ppm for the isolated area. The remainder of the P28 site had an average arsenic concentration 
of 169 ppm. 

2.1.3 Physical Location and Description 

SA P28 is located in the northern section of the southern part of the annex. The southern part of the 
annex is just south of Hudson Road, which divides the annex into north and south sections. The SA 
P28 location is also situated adjacent to the Capehart housing complex, a residential area 
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The main corridor consists of an area about 3600 feet long and 100 feet wide and includes a gravel 
roadway. This area consists of a sandy-gravely surface that is relatively flat. No vegetation exists 
along this corridor. The surrounding area contains tall grass, brush, and is moderately forested. 

The isolated section of SA P28 with the high concentration of arsenic is situated in the southern 
section of SA P28. This isolated section is about 100 feet by 250 feet in area. No vegetation exists 
in the area surrounding the highest concentrations of arsenic. See Figure 2-1 for the location of the 
contaminated area. 

2.2 Other Actions to Date 

Prior to the removal action associated with this document, an unauthorized removal of soil occurred 
(March of 1995). Surface soil in the P28 area was excavated and stockpiled and some was used to 
fill in a roadway in the area. After learning of this activity, the Fort Devens Environmental 
Management Office had the soil covered and limited access to the area. 

The incident was reported to the MADEP and the EPA. This soil was subsequently re-excavated 
and was shipped to Study Area A-7 for placement in the landfill and eventual use as subgrade for 
landfill capping in the fall of 1996. Confirmatory sampling in the excavated areas including roads 
showed that the improperly placed soil had been entirely removed. 

Other actions at the site included the installation of perimeter fencing for the isolated area with high 
arsenic concentrations. The fence was put in place by ABB. 

2.3 State and Local Authorities Role 

The MADEP, in cooperation with CENED and the EPA, provided regulatory guidance for the 
project. Also, the local fire-fighting departments provided assistance in the development of 
emergency response procedures. 
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SECTION3 

THREATS TO HUMAN HEALTH OR PUBLIC WELFARE 

3.1 Threats to Human Health or Public Welfare 

3.1.1 Actual or Potential Exposure to Hazardous Substances or Pollutants or Contaminants 
By Nearby Populations or the Food Chain 

Potential health risks associated with SA P28 were evaluated by ABB in the April 3, 1996 
Imminent Hazard Evaluation (IHE). This evaluation considered the levels of contamination, use of 
the site, and potential exposure to humans. The determination was made by comparing the 
analytical data with site-specific Screening Levels for Short-Term Exposure (SLSTE) based on 
expected site use. The site is known to be used recreationally by walkers, joggers, and bikers. 

The arsenic SLSTE for the site, developed by ABB, was determined to be 250 ppm. The 
methodology for determining this figure can be found in the IHE, included in the Attachments. 

In one area, the average arsenic value in the soil was 2,358 ppm, with the maximum concentration 
at 5,200 ppm. Based on this information, it was determined that a significant risk to health was 
present for dirt-bikers in this isolated area. 

The remaining area of SA P28 has an average level of 169 ppm of arsenic in the soil, and thus does 
not present a significant risk to human health. 

3.1.2 Actual or Potential Contamination of Drinking Water Supplies 

ABB installed groundwater monitoring well JO-P28-M01 for sampling and observations. A 
groundwater sample collected from this well was analyzed for metals. Arsenic was not detected in 
this sample, nor were any other analytes detected in exceedance of health-based risk screening 
values. Therefore, it was determined that no substantial risks to human health exist from exposure 
to groundwater. 

3.1.3 Hazardous Substances, Pollutants, or Contaminants in Drums, Barrels, Tanks, or 
Other Bulk Storage Containers that may Pose a Threat of Release 

At the time of site investigations, there was no evidence of such described materials located within 
the boundaries of SA P28. During excavation of soil from the area in August 1996, there also was 
no evidence of such described materials. 
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3.1.4 High Levels of Hazardous Substances or Pollutants or Contaminants in Soils Largely 
at or Near the Surface that may Migrate 

Arsenic values exceeded background levels in soil samples collected throughout SA P28. The 
location of the arsenic concentrations are indicative of past use of herbicides. The pattern of 
detected concentrations of arsenic follows a roadway which includes a 100 foot wide corridor clear 
of vegetation. The extent of past migration is uncertain, although the arsenic concentrations are not 
found at high levels beyond the corridor. Information from previous investigations have not 
indicated a concern for the migration of contaminants. 

3.1.5 Weather Conditions That May Cause Hazardous Substances, Pollutants or 
Contaminants to Migrate or to be Released 

The only weather conditions that may have had the potential to cause the contaminants in the soil to 
migrate would have been wind and precipitation. Considering the area was sparsely vegetated, wind 
may have caused contaminants to become air borne through dust. Rain may have caused lateral 
and vertical migration. However, contaminants were not detected in the groundwater at SA P28 
indicating that surface conditions did not affect groundwater quality. 

3.1.6 Threat of Fire or Explosion 

No threat of fire or explosion associated with SA P28 has been identified. 
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SECTION 4 

ENDANGERMENT DETERMINATION 

As determined in the Imminent Hazard Evaluation, soil located in the isolated area at SA P28 
would have the potential to pose risks to human health. The risk-based scenario applies to the 
expected use of the area by dirt-bikers. Ingestion, dermal and inhalation exposure to the open, 
sandy soils presents a human health risk under these circumstances. 

The remaining area in SA P28 does not pose any endangerment as indicated in previous studies 
performed to date, however, a facility wide arsenic investigation is being conducted to address 
potential human health and ecological risks from arsenic contamination in surface soils along 
former transportation corridors and the Patrol Road fenceline. 
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SECTIONS 

REMOVAL ACTIONS AND ESTIMATED COSTS 

5.1 Proposed Action 

5.1.1 Proposed Action Description 

The proposed action for the isolated section of SA P28 was to excavate and remove the soil 
containing arsenic concentrations greater than 250 ppm. This area was approximately 100 feet by 
250 feet, with a proposed depth of four feet. A total of approximately 4,000 cubic yards of soil 
were proposed for removal. 

The intent of the action was to remove soil containing the highest concentrations of arsenic. These 
highest concentrations were located in the center of the 100 by 250 foot grid. The soil boring, 
located in the center of the grid, indicated a presence of arsenic greater than 250 ppm at a depth of 
four feet. 

5.1.1.1 Mobilization/Site Preparation 

Prior to mobilization to the site, certain steps were taken to ensure worker health and safety and to 
ensure efficient removal procedures. These steps included the development of a site safety and 
health plan (SSHP) and a site sampling and analysis plan (SAP). 

The SSHP was developed in accordance with 29 CFR 1910.120(b)(4) and previous SSHPs 
prepared for work at Fort Devens. The SSHP established safety guidelines for the work operations, 
and included key personnel, medical surveillance, training, site control, hazardous waste operations, 
equipment operations, personal protection, construction safety, and an Emergency Response Plan 

The SAP detailed field sampling protocols and laboratory procedures for the confirmation 
sampling. The intent of the SAP was to ensure the removal of soil containing arsenic 
concentrations above the clean up goal of250 ppm. 

A decontamination pad was constructed at the site for the cleaning of vehicles transporting soil 
from the area. This pad was constructed with sand and stone, and was lined with plastic. 

Health and safety equipment such as fire extinguishers, first aid kits, eye wash station, and mobile 
communications were available on-site during removal activities. 
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5.1.1.2 Soil Excavation and Disposal 

The soil located in the isolated area was excavated with a tracked excavator. Soil was loaded 
directly into dump trucks for transportation to landfill at A7. The excavation took place within the 
established work area. The soil was placed at this location as subgrade fill for the landfill cap. 

5.1.1.3 Confirmation Soil Sampling 

The limits of excavation were 100 feet by 250 feet by 4 feet in depth. Soil samples were collected 
at every 25 feet along the sidewalls and along an established grid on the floor. Side wall samples 
consisted of the composite of two grab samples collected from depths of approximately 2 and 4 feet 
below ground surface. Floor samples consisted of the composite of four comer samples and one 
center sample from each floor quadrant. A total of 25 sidewall and 8 floor samples were collected. 
See Figure 5-1 for locations of samples. 

An additional grab sample (P28E1BF01) was collected from the center of the excavation and 
analyzed for arsenic. A former soil sample (JO-P28-B 10) collected by others at this location 
previously exhibited the highest levels of arsenic. Arsenic in additional soil sample P28E1BF01 
was detected at a level of 111 mg/kg, which is below the clean-up level of 250 mg/kg 

Soil samples were shipped to a CENED validated off-site laboratory for analysis of arsenic. Levels 
of arsenic in all samples were below the risk based clean-up level of 250 mg/kg. 

5.1.1.4 Demobilization 

Upon completion of the excavation, all equipment was decontaminated and removed from the site. 
The decontamination soil residue was removed and placed at the disposal location at the SA A 7 
landfill. The excavated area was backfilled to original grade with soil from the on-site borrow 
source located at P22.. The section of roadway removed was also backfilled and compacted. 

5.1.1.5 Project Schedule 

The removal action at the isolated section of SA P28 took place from August 5th through August 
10th. Site restoration work, backfilling and compaction, were completed during the first weeks of 
October, 1996. 

5.1.2 Contribution to Remedial Performance 

The removal of the contaminated soils from SA P28 significantly reduces or eliminates potential of 
future risks to human health. The removal action contributes to the reduction of overall site risks. 
Soil removed from the area was designated as material posing health risks. 
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Diagram of Confirmatory Sample Locations 
within the P28 Excavation 
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5.1.3 Description of Alternative Technologies 

Because of the health risks associated with the contaminated soil at the site, it was determined to 
remove the soil from the location. 

At the time of the proposed removal action, additional work was being performed at the Sudbury 
Training Annex. This work included the construction of a RCRA-Subtitle C landfill cap at the A7 
Landfill. The construction of the cap required placement of fill in order to achieve the design 
elevations and grades for the subgrade. As a sandy-gravely material, the contaminated soil from SA 
P28 met the requirements for subgrade fill material. Since it was possible to fill the needs of the 
landfill cap construction and complete the removal of contaminated soil from SA P28, a 
determination was made to remove the soil from P28 and place it in the landfill. 

Other remedial alternatives considered were off-site disposal and on-site treatment. However, 
because costs for both of these options were not economical, further evaluation for off-site disposal 
or on-site treatment were not considered for this removal action. 

5.1.4 Engineering Evaluation/Cost Analysis 

Because the removal or treatment of contaminated soil was necessary at the P28 site, a cost would 
be incurred. The options included removal of the soil or treatment at the site. The cost for on-site 
treatment included mobilization of equipment and treatment materials and the cost of treatment 
performance. The costs for disposal included the transportation of materials to a regulated landfill 
or treatment facility as well as a facility handling/disposal fee. 

The chosen option was to remove the soil and the place it at the site landfill at Study Area A 7. This 
option eliminated the need for off-site transportation and disposal fees associated with landfills and 
treatment facilities. Therefore, the removal of the soil from P 1.i, and the placing of it at the A 7 
landfill, was a cost effective approach for the removal action. /;!.. « 
5.1.5 Applicable or Relevant and Appropriate Requirements 

Applicable or Relevant and Appropriate Requirements (ARARS) are federal and state public health 
and environmental requirements used to evaluate the appropriate extent of site cleanup, plan 
removal action alternatives, and govern the implementation of a selected removal action. 

The scope of the removal action is unrelated to groundwater or surface water and therefore there 
were no ARARs developed for these media. ARARs for soil were not specifically addressed but 
can be related to the SLSTEs developed in the Imminent Hazard Evaluation. The SLSTEs for P28 
were developed using risk assessment methods described in the MADEP's Risk Characterization 
Guidance and the EPA' s Risk Assessment Guidance for Superfund. The lowest SLSTE, 250 ppm, 
became the clean up level for the soil removal action. 
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5.2 Estimated PrQject CQst 

The removal action at SA P28 was estimated and performed for approximately $50,400. 
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SECTION6 

EXPECTED CHANGE IN THE SITUATION SHOULD 
ACTION BE DELAYED OR NOT TAKEN 

If the removal action had been delayed or not performed, the human health risk associated with the 
area would not have been reduced or eliminated. Based upon expected site usage, the risk to 
human health would have remained continuous until the time of the contaminated soil removal. 
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SECTION7 

OUTSTANDING POLICY ISSUES 

No outstanding policy issues relative to this Action Memorandum were identified. 
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SECTIONS 

ENFORCEMENT 

The lead agency for the removal action was the Army Corps of Engineers - New England Division 
(CENED). All oversight was performed by CENED, in coordination with the EPA and MADEP. 
However, specific enforcement measures were not applicable to this site. 
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SECTION9 

RECOMMENDATION 

This document is a written account of the removal action conducted at SA P28 and a summary of 
selected site investigations. Based upon the Imminent Hazard Evaluation, it was recommended to 
remove the soil identified as posing a risk to human health. 

Confirmation sample results identified no area within the removal action location as containing 
arsenic above the clean up goal. Therefore, the isolated soil that posed a human health risk was 
successfully removed. A facility wide arsenic investigation is being conducted to address potential 
human health and ecological risks from arsenic contamination in surface soils along former 
transportation corridors and the Patrol Road fenceline. 
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IMMINENT HAZARD EVALUATION 
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April 3, 1996 

Jl 1111 ,.,1,0 
ASEA BROWN BOVERI 

U.S. Army Environmental Center 
Attn: SFTh1-AEC-IRB/Mr. Ted Ruff 
Building E-4480 
Aberdeen Proving Ground, :MD 21010-5401 

Subject: Contract No. DACA31-94-D-0061 
Fort Devens Sudbury Training Annex 
Transmittal of Imminent Hazard Evaluation for Arsenic 

Dear Mr. Ruff: 

The Imminent Haza.rd Evaluation for arsenic at the Fort Devens Sudbury Training 
Annex is enclosed for your review and comment. The evaluation focuses on Study 
Area (SA) P28 on the South Annex, the SA nearest residences and documented to 
have concentrations of arsenic in soil significantly in excess of the soil screening level 
and backgrou;;d concentration. 

Please call at your convenience if you have questions about the enclosed Imminent 
Hazard Evaluation. 

Sincerely, 

ABB E."1\fVIR01'11MENTALSERVICES, INC. 

9~--t~ 
Thomas R. Eschner, R.G. 
Project Manc.ger/Principal Hydrogeologist 

cc: T. Strunk/Sudbury BEC 
J. Cuccaro (w/o enclosure) 
D. Pierce 
File No. 2.55 

H:\AEaTR049601 .kt 

ABB Environmental Services, Inc. 

110 Free Sl:eet 
P.O. Box 7050 
Portland. Maine 04112-7050 

Telephone (207) 775-5400 

m0-01 

Fax (207) 772-4762 
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DEPARTMENT OF THE ARMY 
DEVENS RESERVE FORCES TRAINING A.RF.A 

DEVENS, MASSACHUSETTS 

(fi,1,:.·fuil! _ 1~ Pt: {1 /4111 
,:;;;ue' ~o ~~ ~ l:;.¢ 

.•i,,·~ REPLY TO 
ATTENTION OF 

01433 
·~~ 

AFRC-FMD-CF (200-1) 17 April 1995 

MEMORANDUM FOR RECORD 

SUBJECT: Imminent Hazard Evaluation at Sudbury Training Annex. 

1. Reference Imminent Hazard Evaluation for Arsenic report, April 1996. Prepared by ABB 
Environmental Services, Inc. (ABB-ES) for U.S. Army Environmental Center. 

2. After review of the November 1995 SSI Data Package for the Sudbury Annex, 
Massachusetts Department of Environmental Protection (MDEP) requested that an Imminent 
Hazard Evaluation be conducted for a localized part of Study Area P28, the former railroad 
classification yard in the southern portion of the Sudbury Annex. 

3. The site contains an area of exposed sandy soil some 3000 feet long and 100 feet wide and 
is known to be frequented by dirt-bikers, walkers and joggers. In one 100 by 200 foot hot 
spot soil samples have revealed an average arsenic level of 2,358 ppm. Arsenic levels over 
the rest of Area P28 average 169 ppm. 

4. Results of the evaluation indicate that the hot spot area at P28 poses an imminent hazard 
to human health based upon the dirt-biker exposure scenario. The rest of Area P28 does not 
pose an imminent hazard. 

5. On 15 April 1966 ABB-ES placed a fence around the hot spot to limit exposure. 

6. A removal action strategy is now under consideration by the Sudbury Annex BRAC 
Cleanup Team. 

7. POC is the undersigned at (508) 796-3839. 

CF: 

MAJ Hevenor, BTC 

-rq~, 
:-~ .k 

Thomas Strunk 
BRAC Environmental Coordinator 
Sudbury Training Annex 

Pnmed on @ Recyded Paper 
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IMMJNENT HAZARD EVALUATION 

A risk evaluation was conducted to determine whether concentrations of arsenic in soils at 
the Fort Devens Sudbury Training Annex pose an imminent threat to human health under 
current land use conditions. Although specific conditions (per the Massachusetts 
Contingency Plan [MCP]) that require 2-hour notification of a release that could pose and 
imminent hazard do not exist, the location and nature of arsenic in surface soils, and the 
presence of human receptors who could be exposed to the arsenic in soil under current and 
foreseeable conditions, suggest that imminent threats to human health might exist in areas 
of Sudbury Annex. This evaluation determined that an imminent threat to a dirt-biker does 
exist for a hot spot area at SA P28. The area surrounding the hot spot does not pose an 
imminent threat. 

Imminent threat, as evaluated in this assessment, is a hazard which may pose a significant 
risk to human health over a short duration of exposure. In this assessment "significant risk" 
is considered an excess lifetime cancer risk (ELCR) above 1 in one-hundred thousand or 
a hazard index (HI) above 1, and "short duration" is considered exposures over a five-year 
duration. Based on available information regarding current land uses as Sudbury Annex, 
it is believed that school-aged children and adults may use portions of the Annex for 
recreational activities. Children (aged 10 - 15 years) are thought to use portions of the 
Annex for dirt-biking, and adults are thought to use portions of the Annex for waHci.r1g and 
jogging. Therefore, short-term exposures to these two receptor groups were evaluated. The 
determination of whether imminent hazards may exist was made by comparing analytical 
arsenic data for soils sampled at Sudbury Annex to site-specific Screening Levels for Short­
Term Exposures (SL.STE) developed for these two receptor groups. Exposure areas with 
arsenic exposure concentrations above the SLSTE trigger a concern for an imminent threat. 
Exposure areas were identified as areas where dirt-biking and/or walking and jogging are 
likely to occur. Hot spots, defined as discrete areas with average concentrations at least ten­
times greater than the average concentration in surrounding areas, were evaluated as 
separate exposure areas. The average arsenic concentration within an exposure area was 
used as the exposure concentration to which the SLSTE was compared. 

The SLSTEs are soil arsenic concentrations which correspond to a fixed level of "significant" 
risk for various human receptor short-term exposures. The SLSTEs used in this evaluation 
were developed for cancer and non-cancer endpoints, based on an ELCR of lx10·5 and a 
non-cancer HI of 1, respectively. They were developed for short-term exposures to children 
dirt-biking and adults walking/jogging, based on the exposure routes which are thought to 
significantly contribute to arsenic exposures. For the older child dirt-biker (ages 10-15), 
incidental ingestion, dermal contact, and fugitive dust inhalation exposure routes were 
identified as those which may significantly contribute to surface soil exposures during dirt­
biking. SLSTEs were developed for a five-year exposure duration and a one-year subchronic 
exposure duration. The one-year exposure was evaluated to provide an SLSTE that is 
protective for non-cancer effects to the maximally exposed child (ages 10-11) within the 10-
15 year age group. For the adult walker/jogger (ages > 18),dermal contact and fugitive dust 
inhalation exposure routes were identified as those which may significantly contribute to. 



surface soil exposures during walking or jogging. SLSTEs were developed for a five-year 
exposure duration. For each receptor exposure scenario, SLSTEs were developed for cancer 
and non-cancer effects. The lowest SLSTE among the various exposure scenarios, for 
cancer and non-cancer endpoints, was selected as the final SLSTE. The final SLSTE was 
compared to analytical soil data for arsenic to determine whether an imminent threat may 
be present. 

The results of the imminent hazard evaluation follow. The technical approach used to 
derive the SLSTEs, including details of the exposure scenarios upon which the SLSTEs are 
based, is presented in Attachment A. As indicated in Attachment A, Table A-1, SLSTEs 
for the three exposure scenarios, for cancer and non-cancer endpoints, ranged from 250 
mg/kg (older child dirt-biker (5-year exposure); carcinogenic effects) to 50,000 mg/kg (adult 
walker/jogger; non-cancer effects). The lowest SLSTE (250 mg/kg) was chosen as the final 
SLSTE for comparison to the analytical arsenic data. 

RESULTS 

Imminent hazards were identified by comparing analytical arsenic data for soils to the 
SLSTE. As described above, the SLSTE is a soil arsenic concentration above which 
"significant risks" may be posed to receptors from short-term exposures to soils during 
activities which are likely to occur under current land-use conditions. SLSTEs were 
developed for an older child dirt-biker and an adult walker/jogger. The lowest SLSTE, for 
the older child dirt-biker, was compared to the analytical arsenic data. The results of this 
comparison are presented below. 

Key to determining whether an imminent hazard may exist is identifying areas where 1) 
arsenic has been detected in surface soils at concentrations near the SLSTE, and 2) dirt-
biking is known to occur. Based on a review of available arsenic data for surface soils, and 
an identification of areas at Sudbury Annex where dirt-biking is known to occur, Study Area 
(SA) P28 was identified as a candidate for an imminent hazard evaluation. Study Area P28, 
a former railroad classification yard, is located adjacent to· the Capehart housing complex 
in an area sometimes referred to as "The Desert" by local residents. The SA contains an 
area of exposed sandy soil approximately 3600 feet long and 100 feet wide where dirt-biking 

. has been observed. Arsenic has been detected at elevated concentrations in this area, 
although the sample location closest to the housing area is more than 600 feet from the 
residence nearest to SA P28. Although arsenic was detected in surface soils at other areas 
of Sudbury Annex at concentrations near the SLSTE, dirt-biking is not known to occur at 
these areas (e.g., exposure conditions such as thick brush and forest prevent dirt-biking). 
The lowest SLSTE for the adult walker/jogger of 3,846 mg/kg, based on the cancer 
endpoint (Table A-1), is well above the highest arsenic concentrations detected at these 
areas. Based on the available arsenic data and exposure information for surface soils, only 
SA P28 appears potentially to pose an imminent hazard. 

A total of 58 surface soil samples were collected in the open area at SA P28. A summary 
of the arsenic data (both on-site and off-site laboratory analyses) for these samples is 

) 



presented in Table 1. As indicated in Table 1, the range of detected concentrations in these 
samples ranged from 27 mg/kg to 5,200 mg/kg, with an average concentration of 358 mg/kg. 
However, a review of the analytical data indicated that a discrete area of elevated arsenic 
concentrations is present at the southern end of the area sampled. A hot spot analysis 
concluded that this area represented a hot spot. Arsenic concentrations detected in five 
samples located adjacent to each other in this area (JO-P28-S14 through JO-P28-Sl7 and 
JO-P28-B10) ·range from 890 mg/kg to 5,200 mg/kg, with an average concentration of 2,358 
mg/kg. Arsenic concentrations in the 53 remaining samples collected at SA P28 range from 
27 mg/kg to 480 mg/kg, with an average concentration of 169 mg/kg. Since the average 
concentration in these five samples is more than ten-times the average concentration in the 
surrounding samples, a hot-spot is present. 

Comparison of the average concentration for the non hot-spot samples (169 mg/kg) to the 
SLSTE (250 mg/kg) demonstrates that the SLSTE is not exceeded, indicating that an 
imminent hazard is not posed by arsenic concentrations in the non-hot spot area of SA P28. 
However, because the average arsenic concentrations in the hot spot area (2,358 mg/kg) 
exceed the SLSTE (250 mg/kg), it is concluded that the hot spot area poses an imminent 
threat to older children using SA P28 for dirt-biking. 

In conclusion, the hot spot area at SA P28 poses an imminent hazard to human health, 
based on the dirt-biker exposure scenario. The remainder of SA P28 does not pose an 
imminent hazard. 



ATTACHMENT A 

TECHNICAL APPROACH FOR DEVELOPING SI.STEs 

As discussed previously, SLSTEs were derived for two receptors and three receptor exposure 
scenarios that may occur under current land use conditions: older child dirt-biker (one-year 
exposure), older child dirt-biker (five-year exposure), and adult walker/jogger (five-year 
exposure). The technical approach used to develop the SLSTEs is described below. In 
summary, SLSTEs were developed by calculating cancer and non-cancer risk estimates for 
each of the three exposure scenarios (based on an arbitrary arsenic concentration), and 
using those risk estimates to calculate soil arsenic concentrations which correspond to an 
ELCR of lxl0·5 and a non-cancer HI of 1. The lowest calculated soil concentration among 
the three exposure scenarios, for cancer and non-cancer endpoints, was chosen as the final· 
SLSTE upon which the imminent threats were evaluated. Table A-1 provides 
documentation for the derivation of SLSTEs. 

The risk estimates and SLSTEs were developed using standard risk assessment methods, as 
described in MADEP's Risk Characterization Guidance (MADEP, 1995), and USEPA's 
Risk Assessment Guidance for Superfund (USEPA, 1989). 

Exposure Assessment 

Based on available information, there is seasonally a complete exposure pathway for 
children and adults who are involved in recreational activities (i.e., dirt-biking and 
walking/jogging, respectively) at the Annex. 

Children aged 10 to 15 years (and 10-11 years for a worst-case exposure scenario) are 
assumed to be exposed to surface soils via incidental ingestion, dermal contact, and 
inhalation of fugitive dusts while dirt-biking at the Sudbury Annex. Dirt-biking is assumed 
to occur 48 days per year for a 5 year period (1 year for subchronic exposures). Exposure 
time is estimated to be 2 hours per dirt-biking event. Forty-eight days per year represents 
roughly two days of exposure per week for a twenty-four week exposure period (roughly May 
through October) each year. Rainy weather and other childhood activities would make 
seven day per week exposures extremely unlikely. Incidental soil ingestion rates were 
assumed to be 50 mg per event (11:ADEP, 1995). Age-adjusted dermal exposures were 
calculated assuming that hands, arms, and legs are exposed to soil. The exposure 
parameters for these exposure routes are summarized in Table A-2. From these exposure 
parameters, normalized average soil ingestion and contact rates were calculated as specified 
by MADEP (1995) (Table A-2). These values were used in the risk calculations for 5-year 
(Table A-3) and 1-year (Table A-5) exposures. 

Fugitive dust inhalation exposures were estimated using a fugitive dust emission model for 
dirt-biking. The model is based on an emission factor equation for truck traffic on unpaved 
roads given in USEPA's Superfund Exposur~ Assessment Manual (1988). Although this 



model is intended to be used for four-wheeled vehicles weighing over three tons, it was used 
in this evaluation for lack of a better model or measured data. The model was used to 
calculate respirable dust concentrations (PMlO) [concentration of particulates < 10 µm in 
diameter). The PMlO was then used to estimate arsenic dust exposures in the risk 
calculation spreadsheet. The equations used to calculate PMl0, and documentation of input 
parameters to the model, are presented in Table A-4a. When available, site-specific data 
obtained at SA P28 were used for the emission model. Parameters based on site-specific 
data include soil silt fraction (based on the average sieve analysis results for two SA P28 
surface soil samples), and dirt-bike track size, which was assumed to represent twice the 
length of a cleared road-like area at SA P28 (thereby representing a track "loop•) where the 
majority of SA P28 soil arsenic samples were collected. Dirt-biker exposure parameters and 
exposure dose estimates are presented in Tables A-4 and A-6 for 5-year and 1-year 
exposures, respectively. 

Nearby adult (ages > 18 years) residents are assumed to be exposed to surface soils while 
walking or jogging at the Annex. These activities are assumed to occur 90 days per year. 
Ninety days per year represents occurrences at the facility roughly every other day for a 
twenty-four week period (roughly May through October) each year. To evaluate potential 
hazards posed by a short-term exposure, it is assumed that the nearby resident uses the 
facility for 5 years. Surface soil exposures are assumed to occur through dermal contact with 
soil and inhalation of fugitive dusts. Dermal contact rates for the walker/jogger were 
obtained from the literature (Kissel et al., 1996), and are based on geometric mean dermal 
soil loadings measured in juvenile male soccer players (aged 13 - 15) following a 40 minute 
practice session on a dirt and grass field. These loading values were multiplied by 
appropriate sldn surface areas for head, har1ds, arms, and legs to obtain dermal exposure 
estimates (Table A-7). Use of dermal soil loading values for soccer players provides a 
conservative approach because the values are based on high-activity contact, assuming that 
receptors always wear shorts arid short-sleeved shirts. Fugitive dust emissions were assumed 
to occur from wind erosion of soils and agitation of soils during walking or jogging, and were 
estimated using a default PMlO value published by MADEP (MADEP, 1995). Exposure 
parameters and normalized average soil con tact rates are presented in Table A-7, and were 
used to calculate risks (Tables A-8 and A-9). 

Toxicity Assessment 

Incidental ingestion and dermal risk estimates were calculated using the oral cancer slope 
factor (CSF) of 1.5 (mg/kg/day) ·1 (Integrated Risk Information System [IRIS], USEPA 
1996), and subchronic and chronic oral reference doses (RfDs) of 3xl04 mg/kg/day each 
(USEPA, 1996). Dermal exposure estimates were modified by the dermal relative 
absorption factor of 3% (MADEP, 1992). Inhalation risk estimates were calculated using 
the inhalation CSF of 50 (mg/kg/day) ·1 (USEPA, 1996); no inhalation RfDs are available 
for non-cancer effects. The dose-response values are presented in the risk calculation 
spreadsheets in Attachment A. 



Risk Characterization 

Cancer and non-cancer risks were quantified for each exposure route, for each receptor 
exposure scenario, based on an arbitrary arsenic concentration of 1 mg/kg. Risk estimate 
calculations are documented in the risk calculation spreadsheets, and are summarized in 
Table A-1. Because an inhalation RID for arsenic was unavailable, non-cancer risks were 
not calculated for this exposure route. For each exposure scenario, cancer and non-cancer 
risk estimates for each exposure route were summed to provide total cancer and non-cancer 
risk estimates (fable A-1). The total cancer and non-cancer risk estimates were used for 
calculating SLSTEs, as described below. 

Calculation of SLSTEs 

SLSTEs were developed for cancer and non-cancer endpoints, for each of the three 
exposure scenarios evaluated. SLSTEs were derived by calculating a soil arsenic 
concentration corresponding to an ELCR of lx1Q·5 or a HI equal to one, using the total 
receptor risk estimates that were calculated for the arbitrary arsenic concentration, as 
summarized in the simple ratio below: 

Total Recptor Risk = Target Risk 
Arbitrary Arsenic Soil Concentration SLSTE 

where: Total risk is the El.CR or HI cc.lc:..lated for a given receptor ar the arbitrary arsenic 
concentration (i. e, 1 mg /kg), and 
Target Risk is ELCR = JxJ0-5 or HI = 1 

Table A-1 presents the total receptor risk estimates and SLSTEs for each exposure scenario 
evaluated. From these SLSTEs, the lowest SLSTE was selected as the final SLSTE. The 
final SLSTE was compared to the analytical soil arsenic data in the imminent hazard 
evaluation. 



Table A-1 

C.alcul.ation and Presenl.atlon of Screening 1_,,vcla for Short-Term P,:rpo1urc1 

Sudbury Annex 

Sudbury, Muaachu1et11 

RECEPTOR RISKS AT Alllll'J'llARY SOIL CONCENTRATION' CALCULATION OF SLSl1!1 
Exposure Exposure ELCR at !IQ al 
Scenario Roule I mp/i:-J!: I me/1c11 
Older Child Dlrt-Dilc.er: 5 year exposure Ingestion' 2E-08 0.0005 

Dermal 2 IE-08 0.0004 

Inhalation 3 JE-08 ND 
Total: 4E-08 0.0009 

-
Older Child Dirt-Diker: I year exposure lngeslion 4 8E-09 0.001 

Dermal• SE-09 0.ClOI 

!n.~~t!Q.I~ 1!'.-09 ND 

Tolal: lE-08 0.002 

Adult Walker/Jogger: 5 year exposure Dermal• 6E-IO 0.00002 

• fo.ha_~tio_n~ 2E-09 N.R._ 
Tolal: JE-09 0.()()(l02 

1:INAL SLSTE 1
": 250 mr./k,. 

Noles: 

SLSTE = Screening Level for Short-Term Exposures 

ND= No Data; No dose-response values were available and, therefore, risl<: cslirnales could not be calculaled. 
NA ~ Not Applicable 

Arsenic Concentration at Arsenic Concentration at 
El.CR= lx!0-4 (m2/h\ 1 HI-= 1 (ml!/lc2\' 

250 1,111 

679 435 

3,846 50,000 

1 Rislc estimates were calculated for an artibrary soil arsenic concentralion of l rng/lc.g; 1hc,e risk estimates were used only to establish as baseline for the calculation of SLSTEs 
l Risi:: calculations presenled In Table A-J 
3 Risk calculations presented In Table A-4 
4 Risi:: calculations presented In Table A-5 

'Rislc calculations presented in Table A-6 
• Risk calcula1ions presenled In Table A-8 
• Risk calculations presented in Table A- 9 
7 Calculated using the following cquali1y: {risk al J mg/kg}/ {Tola! ELCH at l mg/lc.g} = (SLSTE} / (Target ELCH [ Jx!O-']) 
1 Calculated using the following cq11ali1y: (risk at 1 lllg/kg) / (J-+[ at l lllg/lg) ~ (S!Sl"E} / (TarBel 1-t[ [ l]} 
• 11,c T'innl SL<,TE is the lowest S1-',TE among the three exposure scenarios, for cnnccr nnd non-cancer cffcccls. 

-



Table A-2 
Exposure Parameters for Older Child Dirt-Biker and C.akulatlon of Normalized Soil Ingestion .and Cont.act R.atca 

Sudbury Ann<'.X 
Sudbury, Musachusel11 

Age Group Soil Ingestion Exposure Avaage Daily Surface Area of Median Body 
Rate 1 Frequeocy 2 Soil Ingestion Rate 3 Exposed Body Parts I. ◄ Weight 1 

(m~ay) (da~) (mg!_day) (cm2)_ _______ ~g) 

IO<ll 50 48 6.6 2,683 34.) 

11<12 50 48 6.6 2,981 40 
12<!3 50 48 6.6 3,423 45.2 
1)<14 50 48 6.6 J,544 48.6 

1 ◄ < 15 50 4/\ 6.(, 1,712 57 .. R 

Normalized Average Daily Soil Ingestion Hate (NADSlll) 7
: 

Normalized Lifetime Average Daily Soil Ingestion Hate (NLADSIH) 0
: 

Normalized Average Daily Soil Contact !late (NADSCH) 7: 

Normalized Lifetime Avcrap_e Dally Soil Contact Hate /NIADSCH) 0
: 

Notes: 
1 MADEP Risk: Characterization Guldaoce. Interim Final Policy WSC/ORS-95-141. July, 1995. 
2 2 days per week for 24 weeli:s (May through October). 
1 Cd:ulated as follows: (Soll lngestllon rate x Exposure frequency)/ Exposure duration (365 days) 
4 Total body surCacc area of body parts which arc exposed (hands, forearms, lower legs) 
5 Calculated as follows: Average dally soil ingestion rate/ median body weight 

Doily Soil Ingestion 
Hate for the Time 

Period (mg•yr/1,::g•day) • 

0.192 
0.164 
0.145 
0.135 
0.17.5 

0.152 

0.010 

Dally Soil Dermal 
Contact Rate for the Time 

Period (mg•yr/1(~ •·• 

- ·- -~ ----·--·----

4.2 
4.0 
4.1 
3.9 
J.R 

4.0 

0.27 

,.. 

• Calculated as follows: {(Dody surface area x soil adherence factor (0.5! mg/cm2 ) x fraction adhered material derived from soil (0.8) x exposure frequency)/ exposure duration (365 days]) / median body weight 
7 Calculated by summing rates for the time period and dividing by the number of years in the time period. 
1 Calculated by summing rates for the time period and dividing by 75 years. 



TABLBA-3 

DIRECT CONTACT AND INCIDRNTAL INGI!STJON OP SOIL - ARSllNIC 
Rl!CBPTOR: CHILD DIRT-DIKER AGns 10 TIIRU ts 

SUDBURY ANNl!X 

SUDBURY, MASSACHUSETTS 

1!.XPOSUREPARAMETI!RS 

... ::<TfMi:YrARA~< ··://ii: ... ,./: }i SYMBOL 

CONCB~TION SOIL 

NOI\W. &OIL IHORnlON 

NORM. SOIL DBRMAL CONTACT 

NOI\M. LIPBTIMI! SOIL INOBSTION 

NORM. LIPBTIMB SOIL DBRMAL CONTACT 

CONVl!llSIONPACTOI\ 

cs 
NADSIR 

NADSCR 

NLADSIR 

NLADSCR 

C 

VN .. Ull 

0.152 

4.0 

0.010 

0.270 

O.CXXXXll 

lJNlTS 

mi;,'kg 

mg(soll)llo:g/day 

mg(soil)llo:g!day 

mg(soil)'lcg/day 

mg(soil)llo:g/day 

kieim11: 

SOURcti ·· 

EXPOSURE PARAMETERS AND DOCUMENTATION OP NORMALIZED INGBSI1ON AND DERMAL CONTACI'VALUl'.S 

ARB PRESENTllD IN TABLE A-2 

ADD Environment,! Services, Inc. 

.,,. 

!TAIIU!A3 02-~ 

EQUATIONS 

CANCllR RISX: • INTAKII (aw'kg-day) x CANOlR SLOl'Il l'ACI'OR (aw'kg-day)~ -1 

HAZARD QUO'llllNT - JNTAKII (aw'kg-day)/ RIWilRilNCll oosn (mi,'kg-day) 

CANCTlR 

N0NCANOJR 

INT AlCil lng,::stlon • 

INTAJCil dermal • 

JITTAJCJl lng,::,tlon • 

INTAKil dermal • 

OIIMsoil x NLADSl'R x RAF x C 

OIOhoil x NLA.DSCR x RAF x C 

OIIMaoil xNADSIRxRAl'xC 

0llM>oi x NADSCR x JlAll x C 

Rev. ◄/93 



TADLEA-◄ 

POTl!NTIALEXPOSURll TO DUST INIIAIATION - ARSENIC 

RECEPTOR: CHILD DIRT-DIKl!lt AGES IOTIIRU 15 

SUDBURY ANNEX 
SUDBURY, MASSACIIUSElTS 

\TABIBM 02-Apr-96) 

EXPOSURE PARAMETERS EQUA'llONS 

;,,;::::::: rARAMirl1ia :, ..... ·· / s~ooi. 
RESP. PARTICULAIBS CONC.air [RP]air 

AIR-BORNE CONCENTRATION PMJO 

PROPORTION OP DUST PROM srm 
INIIAUTION RATB 

oooYwmour 
DURATION OP EACII P.XPOSURI! 

EX PO SURll PRnQ UENCY 

DURATIONOPl!Xl'OSURil ffiRIOD 

AVERAOINO Pl!RIOD 

CANCER 

NONCANCTlR 

MADEP, 199S. Risk Oimcteriution Ouida nee (July, 1995) 

(1) PM10caculated ii Table A-4a 

p 

YR 

DW 

01 

I' 

1)2 

AP 
A!' 

(2) Only exposure to parti::ulate, duri:ig dirt-1:iki:ig cccun 11 site. 

<<vAttJfl. 

3.0IB-07 

1 

2 

44 

2 

48 

5 

7~ I 

:·•:·:"..;';". <::.::-::··.;·,····:·::·. .----.~. so km > •·., •• .. · uNrrs 
mg/m1 Calculated 

kgJm3 Modeled (1) 

unitleu Am11nption (2) 

m'1hour USEPA 1989 (3) 

kg MADEP. 1995 (4) 

hours/event Au11mption 

e".11t,,ye,r Auumption (5) 

years Auumption (6) 

years 

I 
MADEi', 1995 

year~ Assumn.tion .(6)_ 

(3)&posurcPacton Handbook;EPA 600/3-89,043 (May, 1989} Value is the average moderale-activity inhalation rate for ages 10-15 years. 

(◄)Average of median body weights forchildren aged l0thru 15years. 

(S)Two eYeOIS_per week for 24 weeu (May - October)• 48 events per year 

(6) &pc,sure period for children lRed 10 thru 15 years. 

Allll Envlronmcnl•I Services. Inc. 

CANCl!R RISK c INTAim (mg/kg-day) I'. 

CANCl!R Sl011! l'ACTOR (mg/kg-day)~ -1 

INTAKE= [RPJ•inPxVR xDl rPxD2 

DW x AP x 365 day,Jya.r 

IIA1.ARD QlX>Tll1.NT"' INTAICTI (mg/kg-day)/ 

REl'l!HENCJ! DOSH (mg/\g-day) 

INTAKE• 

Note: 

[!!f.]air r P x VR x D 1 r I' x D2 

DW x AP x 5 day,Jworkwuk 

[RP)aic"" Soil Coocmlration x PMlO 

l'or noncan:ioogmic dTocL<: AP~ l'.D 

,.., 

Rc:v. 04-93 



Table A-S, cool. 

-- --
ANALYrn 

ARSENJC 

TADLEA'I 

l!AZARD INDBX CALCUl.A TIO NS 
SUBOIRONIC flXI'OSUR8 SCl.'.NARIO 
MA y 11 IROUGII ocrom:m 

--- - --
SOIL AVERAG[l 
CONCENTRATION SOILINGESl10N 

RATE 

MG/KG MG/KG/I)AY 
1 0. ◄ 16 

UNITS INGL!SllON INGESTED 
CONVERSION RAF CIIEMICAL 
l'AC!'OR 00S0 

KG/MG MG/KO-DAY 
0.0C(XXJJ I ◄ .l6E-07 

AVERAGE DERMAL UNfl'S D8RMAL TOTAL SUBCIIRON!C JI.AZ.ARD 
SOIL CONTACl RAF CONVERSION CHEMICAL C!IEMICAL RJD QUOTIENf 
RA'lll PACI'OR DOSB DOSE 

MG/KGII)AY KG/MG MG/KG-DA"r MG/KG-DA'\' MG/KG-DAY 
9.1 0.03 O.!XXXXJI 2.7◄ 8-07 6.908-07 3.00il-04 0.002 

TOTAL IIA2'..ARD !NDEX • 0.002 



1-.blcA-:S,cooL 

ANALYIB 

ARSENlC 

'l'Alll.JIA'l 

CANCBR RISK CALCUU.1!0NS 
SUBCIIRONJC HX:POSUR£l SCENAllJO 
MAY 11 IROUGII OCI'OllER 

-
SOIL AVBRAG!.! 
CONCHNrRATION SOILING HS110N 

RA11l 

MG/KG MGIKGnlAY 
1 0.0056 

UNITS ING!.!SnON INGESl'ED 
CONVERSION RAF CHEMICAL 
PAC.TOR OOSE 

KG/MG MG/KG-DAY 
O.rmxll l 5.551l-O? 

AVI!RAG[l D!.!RMAL UNITS DERMAL TOTAL CANCER CANCER 
son.cor-rrAC1 RAF CONVERSION CHHMICAL CHEMICAL SLOPE RISK 
RATE FACTOR DOSH DOSH FACTOR 

MG/KG/DAY KG/MG MO/KG-DAY MG/KG-DA'/ {MG/KO-DAY( 
0.122 0.03 0.CXXXlOl 3.Gm-09 9.2013-09 ].508+00 m-oa 

.. 
TOTAL CANCER RISK: 18-05 



TABU!A-6 
POTENTIAL SUBCIIRONIC l!XPOSURE TO DUST INIIAIA TION - ARSENIC 

Rl!Cl!PTOR: CIIILD DIRT-BIKER AGES 10 lllllU 11 
SUDBURY ANNEX 

SUDBURY, MASSACIIUSETfS 

[TADI..EA6 02-Apr-961 

EXPOSURE PARAMETERS EQUATIONS 

\/pARA.l.ffirni••• t·•• <• ./ >••••<}</i•sfMooL· 
RESP. PARTICULATUS CONC.air 
Affi-OORNB CONCI!NTRATION 

YROl'ORTION OP ousr FROM srrn 
INHALATION RATE 

OODY WBIGIIT 

DURATION OPEACJIE.Xl'OSUllI'. 

EXl'OSURB PIIBQUENCY 

DURATION OPilXl'OSURn rmnon 

AVBRAOINO Pl1RIOD 

CANCER 
· NQN_CAN'CI!R · 

[RP]air 

PMJO 

p 

VR 
IJW 

DJ 
p 

D2 

AP 
A!' 

MADEP, 1995, Ri,k Oimcteriution Guidance (July, 1995) 

(l)PMlOcalculatcd ii Table A-4a 

(2) Only e1posure lo parti:ulate, durilg dirt-biki,g ax:un at 1i1e. 

·.··•· vAI.tm 

3.05E-07 

1 

2 

44 

2 

48 

0.46 

15 

0.46 

··· somai << 
mg/m' Cal:ulalcd 

kg!m3 Modeled (1) 

unitleil Asmmpl ion (2) 

m1A1our USEPA 1989 (3) 

kg MADEi', 1995 (4) 

hours/e...,nt Assumption 

C'-"nt,lyear A11umption (5) 

year, Ailumplion (6) 

years __j MADEP, 1995 

ve•.~I _N1Y!!'.r!!~'l@_ 

(3)&posure Pacton Handbook; EPA 60()Jg-39~3 (May, 1989} Value is !he average moderate-ac1iYi1y inhala1im rale for ages 10-15 years. 

(◄)Avenge of median bodyweight, forchildrcn aged lOthru Uyean. 

(S)Two event, per week for 24 weeks (May - October)• 48 events per year 

(6)&posure d.Jntion • 24 weeks or 0.46year 

\ Bil Environmental Services, Inc. 

CANC1!R RISK,. INT AKE (mg/ig-cby) z 

CANCER SLOffl FACTOR (mgl\g-diy)" -1 

lNTAICil = (RPµin P xVR x DI xP xD2 

IIW r AP z 365 daya,'ycar 

IIAZAHD QUOTIP.NT = TNTAICil (mgl\g-doy) / 

HEl'llHHNCT! DOSI! (mgl\g-doy) 

INTAKB .. 

Note: 

[!l!'.J•ir x P x VR r DI x I' x n2 

llW x AI' :t 5 day,lworho,cd: 

(RP]air = Soil Concmlralion z PM10 

!'or noocan:inogmic effocl.J: AI'= ED 

Rev. 04-93 



TABLBA-6, coatlnued 
POTENTIALSUBCJIRONIC EXPOSURE TO DUST INIIALATION -ARSENIC 
RBCBPTOR: CHILD DIRT-BIKBR AGl!S 10111RU 11 

SUDBURY ANNBX 
SUDBURY, MASSACIIUSBTTS 

CARCINOGENIC EFFBCTS 

li'iti~f ffiV8~~~]- ,~:!~{/ ;!]f ~~?···Za~'-N .. 
ARSENIC 2.2E- ll 5.CXU+Ol 1.11.!-09 

SUMMARY CANCER RISK> trF09 

ill\ Environmcnlal &rviccs, Inc. 

[TABIBA6 02-~ 

Rev. 04-93 



TABLEA-6, cootlnucd 

POTENTIALSUBCiffiONIC EXPOSURE TO DUST INIIAI.ATION - ARSENIC 
Rl!Cl!PTOR: CHILD DIRT-nIKl!R AGES 1011IRU 11 

SUDBURY ANNEX 

SUDBURY, MASSACHUSETTS 

NONCARCINOGl!NIC I!FFl!CTS 

ARSl!NIC 3.6E-09 

suMMARYJIAZAllD INDEx•·.·•·• 

Ann Envlronmcnlal Services, Inc, 

(TADU!A6 02-Apr-96\ 

NL 

OI!+O() 

Rev. 04-93 



Table A-7 

Exposure Parameters for Adult Leaiure Wall:er and Calculation of Normalized Soil Contact Rates 

Sudbury Annex: 
Sudbury. MuuchW1el11 

Exposure Body Part Surface Arca Adherence Soil in Contact Daily Soil Dermal 
Frequency 1 Exposed of Body Part 2 Factor' with Skin Con I act Rate for the iime 

(da~) (cm2
) (mglcm 2

) (mg)• Period (ms•:tr/lcg•da:t)" 
90 Head 1300 0.012 12.5 1.00 

Hands 990 0.11 87.l 
Arms 2910 0,011 25.6 

l..c11:5 6400 0.031 158.7 

Normalized Average Dally Soil Contact Rate (NADSCR) 7: 0.200 
Normalized Lifetime Avera Re Daily Soil Contact Rate (NI.ADSCH) 1 : 0.0131 

Notes: 
1 Every other day for 24 weclcs (May through October). 
2 MADEP Ilislc Characterization Guidance. Interim f.'inal Policy WSC/OllS-95-141. July, 1995, Vnlue for males aged> 18 years. 
s Values measured for juveniUe male SOC{Ccr players following 40 minutes of practice on a field composed of dirt and grass (Kissel et al., 

Ilislc Analysis; 16:l, 1996. p. I 15-125. 
4 Calculated as follows: (body part surface area x soil adherence factor x fraction adhered material derived from soil (0.8 - MADEP, 1995]) 
5 Calculated as follows: (Sum of soil In contact with skin x exposure frequency/ exposure duration [365 days!)/ median body weight (70 kg] 
1 Calculated by dividing the rate for the lime period by the number of years in the time period [5 years]. 
7 Calculated by dividing the rate for the time period by75 years. 



TABLE A-I 
DIRECT CONTACT WITH SOIL - ARSENIC 
RECEPTOR: ADULT Rl!CREATIONAL WALKERJJOGOP.R 
SUDBURY ANNl!X 
SUDBURY, MASSACHUSETTS 

I!XPOSUREPARAMETl!RS 

,::):/:}, \/\p~/}:,:·'.'.·'· .:.'•:'::':':<.':: '\)'~JI.·''···· 
COHCBIOll.i\TIOH SOIL 

HOIIM. SOIL IHO=OH 

cs 
NADS!R 

,J: AUJII < ' ' ,' .. UNITS / '' ' ,'. SOURCE 

0 

mgikg 

mg(soil}'l<g/day 

HOIIK SOIL Dl!JlMAL CONTACT NADSCR 0.200 mg(soil}'l<g/day 

HOIIM. UPIITIMB SOIL IHOl!STIOH NLADSIR 0 mg(soil}'l<g/day 

HOIIK l.lPIITIMB SOIL DBIIMAL CONTACT NLADSCR 0.0133 mg(soil}'l<g/day 

COHVBIISIOHPACl'OII C o.oo:xx:n kp{mg 

EXPOSURE PARAMml!RSANDDOCUMEm'ATION OF NOllMAUZED INGESnON AND DERMAL CONTACT VALUES 

ARB PRESENTED IN TABLE A-7 

ADD Environmental Services, lnc. 

[TAllUW 02-~ 

EQUATIONS 

CANCilR RISK - INT AICil (mg/kg-day) x CANOIR SLOPB FACI'OR (mg/kg-day)- -1 

HAZARD QU<mIDrr • INTAXIl (mg/kg-day)/ lUU'IDlIINC8 DOSil (m!J'kK-day) 

CANCilR 

NONCANUIR 

INTAlrn lng:allon -

INTAXll dermal -

INTAXIl lng:atlon -

INTAICD dermal • 

Olllbol x NL\DSlR x RAF x C 

OIDuoi x NLADSCR x RAF x C 

OIIMaoil x NADSrR x RAF x C 

OIIMwl x NADSCR x RAF x C 

Rev. ◄/93 



TABLEA-9 
POTENTIALilXPOSURB TO DUST INIIAIATJON - ARSENIC 

RilCilPTOR: ADULT WALX.I!R/JOGGE!l 

SUDBURY ANNEX 
SUDBURY, MASSACIIUSE1TS 

[ TAlll.l!A9 02-Apr-96) 

EXPOSURE PARAMETERS EQUATIONS 
., 

H,}1W@;\@@?~lifilaffihd:i':J\}:\%WtJ:tf:::J%liGjib'fr ' :·• > :•.•>•·••~ittfu > ......... ·.• ~.·.·••·•<.• ~rr~7 ... · 
RBSP. PARTJCULATBS OONC.air [RP)air mg/m1 

AIR-BO RHB OONCl!NTRATION PMJO 4.4CE-08 I kgtm3 

PROPORTION OP DUST FROM srrn r unit less 

INIIALATION RATB VR 2.4 m'ibour 

BODY WBIOIIT BW 70 kg 

DURATION OP EACJI EXPOSURE D1 2 hour,/e-.,nl 

EXPOSURE l'REQtmN CY p 90 cvmts/year 

DURATION OPEXl'OSURE l'l!RIOD D2 5 years 

AVTIRAOINO Pl!RIOD 

CANCER I AP 75 

........ SOUR.Cl! ./••·· 
CahlateJ 

MADEP, 1995 (1) 

Assumption (2) 

USEPA 1989 (3) 

MADEP, 1995 

Assumption 

Almmplion (4) 

Assumption (5) 

MADE!', 1995 years 

NONCANCER I Al' l . ~=•----·- ... -051 -'.. ... -· _7_,_ycns=.=c-:cc:J ·=- ~A•rnrnplion (5)-= 
MADEP, 1995. Risk Oiaracleriz..ation Guidance (July, 1995) 

(1) PMJO from MADEP (1995) for maximum annual mean PMl0 level recorded in M aiiachuset11 

(2) Exposure to parti:ulates only occurs during walking or jogging al site. 

())Exposure Factor, Handbook; EPA 600/8-89'°43 (May, 1989). Value is the average moderale-;.::1ivi1y iQhala1irn ralc for adult males. 

(~)Every other day for24 weeu (May - October)= 90 events per year 

(5) Exposure period is usu med lo be 5 years. 

\Jlll Envlronmcnlal Services, Inc. 

CANCER RISK-= INT AKI! (mg/kg-day) x 

CANCilR SLOl'll l'ACfOR (mg/kg-d.iy)A -1 

INTAKU = {Rr)air x P :r VR x Dl xi' :r 02 

BW x AP :r 365 day,Jyear 

IIA7.ARD QUOTil'.NT a INTAKE (mg/kg-d.iy) / 
Rlll'nltl!.Nm DOSH (mg/kg-day) 

INTAKE C 

Nole: 

[JtPJair r P :rVR :rDl rP r D2 

llW x AP I 5 dayl/workwccl:: 

[Rl')air = Soil Coocmtntion x PMJ0 

Por ooocarcinogmic elf cell: AP c ED 

.. 

Rev. 04-93 



TABLI! A-9, coatlnucd 

POTENTIALl!XPOSURI! TO DUST INIIAlATION -ARSP-NIC 
RECEPTOR: ADULT WALirnll/JOGGI!R 
SUDBURY ANNEX 

SUDBURY, MASSACHUSETTS 

C.ARCINOGl!NIC EFFECTS 

< SO.IC/ < • ..... · INTAKE CANCERSl..Offi• .· ··. CANCl!R' 

. ((rntf\1ti~>·(} ?••1qpK.) <•.··. \.1t~1C fr < 
. . ..... . m&1~~\ "~ 

ARSl!NIC s.m-11 5.Cffi+0l IB-09 

SUMMARY CAN CEil RISK 2ri.'..:09 

Ann Environmental Services, Inc. 

,-

[TADI.l!A9 02-Apr-96\ 

Hcv. 04-93 



TABLI! A-9, cootlnucd 

POTENTIAL EXPOSURE TO DUST INIIALAllON - ARSE.NIC 
RECEPTOR: ADULT WALKEll/JOGGl!R 
SUDBURY ANNEX 

SUDBURY, MASSACHUSETTS 

NONCARCINOGE.NIC EFFECTS 

--,Jalli!,~ ii~i~i~/il1~:li 
ARSl!NIC 

SUMMARY IIAZAllD INDEX> 

\llll Environmental Services, Inc. 

!TABIBA9 02-~ 

OE+OO 

Hev. 04-93 
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pie iU 
SAP28) 

TO-P28-S62 
J0-P28-S65 
JO-P28-S66 
JO-P28-S67 
JO-P28-S64 
JO-P28-S57 
JO-P28·S58 
10-P28-S59 
JO-P28-S60 
JO-P28·S61 
J0-P28-S44 
J0-P28-S43 
10-?28-S45 
JO-P28-S47 
JO-P28-S46 
JO-P28-S48 
JO-P28·S49 
JO-P28-S50 
J0-P28-S51 
10-?28-S52 
10-?28-S53 
JO-P28-S54 
JO-P28-S55 
JO-P28·S56 
JO-P28·S13 
JO-P28·S10 
JO-P28-Sl2 
JO-P28·Sll 
JO-P28-S40 
JO-P28·S41 
JO-P28-S42 
JO-P28~S35 
JO-P28-S36 
JO-P28-S37 
JO-P28-S38 
JO-P28-S39 
JO-P28-S32 
JO-P28-S33 
JO-P28-S34 
JO-P28-S27 
JO-P28-S28 
I0-?28-529 
JO-P28-S30 
JO-P28-S31 
JO-P28-S24 
JO-P28-S25 
JO-P28-S26 
JO-P28-S21 
JO-P28-S22 
JO-P28-S23 

i JO-P28-S18 
'JO-P28-S19 I JO-P28-S20 
JO-P28-Bl0 
JO-P28-S16 
JO-P28-S14 
JO-P28-S15 
JO-P28-Sl7 

Table 1 
Summary of Anenic Concentratio~ in Study AI~ P28 Sarface Soils 

L-Oncen1rat1on 
(mg/kg) 

109 
140 
220 

43 
390 
160 

92 
240 
460 
330 
180 
210 
130 
74 
98 

150 
200 
82 

110 
210 
230 
190 
190 
30 

239 
91.5 
33.5 

74 
390 
100 
66 

480 
27 
82 
72 

130 
66 
62 
58 

230 
160 
56 

110 
170 
120 
190 
270 
160 
380 
270 
160 
190 
240 

5200 
3300 
1400 
1000 
890 

Analys!S Type 
(Field or Lab 

F 
F 
F 
L 
F 
F 
F 
F 
L 
F 
F 
L 
F 
F 
F 
F 
F 
L 
F 
F 
F 
F 
F 
F 
L 
L 
L 
L 
F 
F 
F 
L 
L 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
L 
F 
F 
L 
F 
F 
F 
F 
L 
F 
L 
L 
L 
L 
L 

Sudbury Annex 
Sudbury, Ma.1uchusetu 

Sample Grou 
All Samples: Avg 
All Samples: Min 
All Samples: Max 

umm.i!!Y 
Arsenic Concentration rm 

358 
27 

5200 

Hot Spot Samples: Avg 2358 
Hot Spot Samples: Min 890 
Hot Spot Samples: Max 5200 

Note: Hot spot samples include JO-P28-Sl4 thru JO-P28-Sl7,JO-P28-Bl0 

Non-Hot Spot Samples: Avg 169 
Non-HotSpotSamples:Min 27 
Non-Hot Spot Samples: Max 480 



TABLEMA 

02-Apr-96 

TABLE A-411 

FUGITIVE DUST GENERATION ASSOCIATED WITH DIRT BIKING 

SUDBURY ANNEX 

CALCULATE EMISSION FACTOR USING THE UNPAVED ROAD EQUATION FROM USEPA 1988 

THE EQUATION USED TO ESTIMATE FUGITIVE DUST GENERA TlON AS A RESULT OF DIRT BIKING 
COMES FROM THE SUPEAFUND EXPOSURE ASSESSMENT MAM.JAL AND IS BASED ON 

VEHICLES TRAVELING ON UNPAVED ROADS 

E = k(1.7) (s/12) (Sp/48) (W/2.7) A0.7 (w/4) A0.5 (365-Dp/365) 

where: 

VARIABLE 

k 
s 

Sp 
w 
w 

Op 
E 

E = emission f11etor (kg PM10/VKT) 
k = pertlcle size multiplier (dimensionless) 
s = sill content of rond surface mnterlnl (%) 

Sp = menn vehicle speed (km/hr) 
W = menn vehicle weight (Mg) 
w = menn number of wheels 

Op = number of days per year with precipitation exceeding 0.254 mm 

VALUE UNITS SOURCE 

0.45 for PM10, SEAM, USEPA 1988 
13.2% assumption bnsed on sieve size 11nalysls 

64 km/hr assumed 40 mph 
0.091 Mg assumed 180 - 200 lbs 

2 

140 days Figure 2-3, USEPA 1988 
4.57E-o4 kg/VKT c11lculated here 



TABLEA4A 

02-Apr-96 

TABLE A-4a 

FUGITIVE OUST GENERATION ASSOCIATED WITH DIRT BIKING 
SUDBURY ANNEX 

CALCULATE PM1D CONCENTRATION IN AIR ABOVE BIKE TRAIL 

E x D 
010 ,. ------­

v 

where: 

where: 

VARIABLE 

E 
D 

L 
w 
H 
V 

010 

-, 

010 = PM 10 concentration In air above trail (kg PM1 0/m3) 

E = emission factor (kg PM10/VK1) 

D = distance traveled per loop through trall (km) 
V = volume of breathing zone above track Into which fugitive dusts are mixed (m3) 

V=LxWxH 

and: 

VALUE 

4.57E-04 

2.19 

2195 

1 

1.5 
3292 

3.05E-07 

L "' length of trall (m) 

W • width of trall (m) 

H Q height of breathing zone above trail (m) 

UNITS SOURCE 

kg/VKT calculated previously 

km/loop SA P28 site map 

m SA P28 site map 

m assume track Is 1 m wide 

m assume breathing height Is 1.5 m 

m3 calculated here 

kg PM10/m3 calculated here 
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TADt..nA.1 

labkA-5 
SUbchronic llrponrc Socnado - Aucnic 
Sotl,ury Anne< - Sotlb ury Mllu.chtuc llS 

SUDClfRONICSOILEXPOSURE SCt:'NARIO MAY TI mu OCTOBER 
AGl.l SOIL BODYWEIGJl'I EXl'OSURB IJXPOSURE 

INGESTION FllEQUENCY PERIOD 
RA11l 

YRS MGfl)AY KG DAY/WHEK WF.1'-KS 

10-11 .50 34.3 2 24 

AGE SOIL SKIN 17llACnON IIODYWEIGin 
ADIIERENCE SURFAC8 ousrFROM 
RAIB EXPOSED SOIL 

YRS MG/SO CM SQ CM/DAY KG 

10-11 0.51 2683 0,8 34,3 

AVERAGING AVERAGll 
PERIOD SOIL 

DOSE 
DAYS MG/KG-DA' 

168 0.416 

f!Xl'OSURI! l!XPOSUIUl AVERAGING AVERAG8 
FREQUENCY l'BRIOD PERIOD SOIL 

OOSB 
DAY/WEEK wePJ<S DAYS MG/KO-DAY 

2 24 163 9.1 
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