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Health Consultation: A Note of Explanation 

An ATSDR health consultation is a verbal or written response from ATSDR to a specific 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 contaminated material. 

In addition, consultations may recommend additional public health actions, such as conducting 
health surveillance activities to evaluate exposure or trends in adverse health outcomes; conducting 
biological indicators of exposure studies to assess exposure; and 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. 

You May Contact ATSDR TOLL FREE at 
1-800-44 7-1544 

or 
Visit our Home Page at: http://atsdrl.atsdr.cdc.gov:8080/ 
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INTRODUCTION 

The Agency for Toxic Substances and Disease Registry (ATSDR) is evaluating the potential 
public health hazards from potential exposure to environmental contaminants at the Fon Devens 
site in Devens, Massachusetts. ATSDR has prepared this health consultation in response to 
community members' concerns about the past and future potential for contaminants from the Fort 
Devens site to harm Ayer residents using public water from the Grove Pond wells . This health 
consultation addresses two specific concerns: 

• Have Ayer residents been exposed to harmful levels of arsenic, iron, or manganese 
when using Ayer public drinking water originating from Grove Pond wells? 

■ Could Ayer residents be exposed in the future to harmful levels of contaminants 
when drinking water originating from Grove Pond wells? 

In preparing this health consultation, ATSDR reviewed available information from Fort Devens, 
the Massachusetts Department of Environmental Protection (MADEP), and the U.S. 
Environmental Protection Agency (EPA). Because community concerns are an important aspect 
of the public health assessment process, ATSDR also consulted Ayer residents about their health 
concerns. ATSDR is preparing a separate public health assessment that will review site-wide 
environmental information and public health concerns. 

Because ATSDR prepares its reports for a diverse audience, this health consultation includes both 
nontechnical discussions of site-related public health issues as well as some technical analyses of 
exposure dose calculations. To acquaint readers with terminology used in this report, a list of 
comparison values, a list of abbreviations, and a glossary are included in Appendices A, B, and C, 
respectively. In addition, Appendix D presents the methods and assumptions used to estimate 
exposures and support some of the report's conclusions. All figures and tables appear at the end 
of the health consultation. 

For more information on ATSDR or this report, you may call the agency toll free at: 1-800-447-
1544. 

BACKGROUND 

Fort Devens Site Description 

The Fort Devens site is a former military base located 35 miles northwest of Boston, 
Massachusetts. The site covers approximately 9,311 acres in the towns of Ayer, Harvard, 
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Lancaster, and Shirley. As Figure 1 indicates, Fo::1. Devens is divided into three functionally 
distinct parts: the Main Post, the North Post, and the South Post (Fort Devens, 1995a). 

Fon Devens was established in 1917 as Camp Devens, a temporary training camp for military 
personnel. By 1931, the camp had become a permanent installation, kno,;.7Il as Fort Devens, for 
the training and induction of military personnel and the processing of military equipment. More 
recently, Fort Devens has "demobilized" and "out processed" equipment assigned to Army units in 
New England. 

In support of its mission, the Army conducted operations (e.g., storage and distribution of fuel oil, 
maintenance of vehicles and air craft, photographic processing, and landfilling) that caused 
accidental releases of chemicals to the surrounding soil. Some of these chemicals, including 
volatile organic compounds (VOCs ), explosive compounds, fuels, and, perhaps, inorganic 
compounds (e.g., arsenic), moved through the soil into the underlying groundwater (BR..t'LC, 
1996). 

In 1989, EPA placed Fort Devens on the National Priorities List of sites identified for possible 
long-term remedial response because of groundwater contamination. Today, the post is largely 
inactive while undergoing cleanup with MADEP and EPA oversight. Large portions of the post 
were transferred to the local redevelopment authority, the Massachusetts Government Land Bank, 
in 1996. With state legislative approval, portions of the Main Post and North Post will eventually 
be transferred to the local community for economic reuse and development (MADEP, 1998b; 
Vanasse Hangen Brustlin, Inc., 1994). The military will retain the South Post for training. 

Ayer Public Water Supply (Grove Pond Wells) 

Most residents of Ayer (almost 100%) use drinking water from the Ayer public water supply. 
Since 1993, the water supply has relied on two gravel-packed groundwater wells located at 
Spectacle Pond, near Littleton (ADPW, 1998). To ensure the safety of the water supply, the Ayer 
Department of Public Works has routinely tested water from these wells for compliance with 
EPA's safe drinking water standards that are enforced by MADEP. Historically, water from the 
Spectacle Pond wells has also been treated for naturally occurring iron and manganese by a green­
sand filtration system (ADPW, 1998). 

Before 1993, the Ayer Department of Public Works also used two groundwater wells located 
near Grove Pond (see Figure 2). These wells were taken out of service after high levels of iron 
and manganese, which impart undesirable taste and color to water, were repeatedly detected in 
the well water. In 1997, MADEP granted appro-val for the town of Ayer to resume operation of 
the Grove Pond wells . Starting this summer, the wells will resume regular production (ADPW, 
1998). 
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DISCUSSION 

In this section, ATSDR assesses whether harmful levels of contaminants exist in the Grove Pond 
wells or whether groundwater containing harmful contaminant levels might reach Grove Pond 
wells in the future. The following paragraphs first describe the ATSDR exposure evaluation 
process then apply the process to groundwater and Ayer drinking water data to evaluate health 
concerns about Grove Pond well water. For each concern, ATSDR1s evaluation of the potential 
health hazard and ATSDR1s conclusions on whether a health hazard exists are presented. 

Exposure Evaluation Process 

ATSDR used a conservative process to evaluate whether Ayer residents drinking water from the 
Grove Pond wells might be exposed to harmful levels of chemicals originating from Fort Devens. 
Figure 3 describes the exposure evaluation process. As the figure indicates, ATSDR first reviews 
environmental and exposure data to identify factors that, if present, might lead to human 
exposure. These factors include a source of contamination, a contaminated environmental medium 
( e.g., groundwater), a route of exposure ( e.g., ingestion), and the presence of 2. receptor 
population. 

If exposure was or is possible, ATSDR then considers whether chemicals were or are present at 
levels that might be harmful to people. ATSDR does this by screening the concentrations of 
chemicals present against comparison values. Comparison values are concentrations that health 
scientists have determined are not likely to cause adverse health effects, even assuming very 
conservative/safe exposure scenarios. (An exposure scenario refers to how a person is exposed to 
a chemical and for what length of time.) Comparison values are not thresholds of toxicity, 
however, and concentrations greater than the comparison values may or may not cause health 
effects among exposed people. Rather, if a chemical is found in the environment at levels 
exceeding its corresponding comparison value, ATSDR examines potential exposure to 
contamination in greater detail. 

Concern: Have Ayer residents been exposed to harmful levels of arsenic, iron, or 
manganese when using Ayer public drinking water originating from Grove 
Pond wells? 

Ayer community members expressed concern about arsenic, iron, and manganese in water 
provided to the Ayer public water supply by the Grove Pond wells (PACE, 1998). It is important 
to note that a human health hazard exists only when people drink or otherwise use water 
containing chemicals at levels high enough to cause adverse health effects. Therefore, ATSDR 
examined both use and water quality data for the Ayer public water supply and compared this 
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information against current health guideiines to derermine whether Ayer residents could have been 
exposed or are exposed to harmful levels of these contaminants when they drank or drink their 
water. 

Current Situation (1993 to present) 

Between 1993 and the present, the Grove Pond wells were not used as a public drinking water 
source. Residents of Ayer, therefore, can be confident that they have not consumed water from 
the Grove Pond wells during this period. Instead, the Ayer drinking water supply relied solely on 
water provided by the Spectacle Pond wells (APPW, 1998). The Spectacle Pond wells are 
situated near Littleton, several miles away from known areas of Fort Devens-related groundwater 
contamination (ADP\V, 1998). 

As required by regulations strictly enforced by M..i\DEP, the Ayer Department of Public Works 
routinely tests well water for compliance with EPA's safe drinking water standards, ensuring the 
safety of the water supply. 'Water from the Spectacle Pond wells was treated for iron and 
manganese before it reached residential taps. Since 1993, the Ayer drinking water supply has met 
all of the EPA drinking water standards known as primary or secondary maximum contaminant 
levels (MCLs), including the MCLs for arsenic, iron, and manganese (ADPW, 1998). 

Past Situation (prior to 1993) 

Until 1993, the Ayer water supply obtained water from the Spectacle Pond wells and/or the 
Grove Pond wells. Between the 1940s and 1978, drinking water was supplied by one or both of 
the Grove Pond wells. Starting in 1978, the Ayer water supply was supplemented by a new well 
at Spectacle Pond. Another Spectacle Pond drinking water well was added in 1985 along with a 
well water treatment system for iron and manganese. Since these modifications, the Grove Pond 
wells have been used on very few occasions and only for emergencies (MADEP, 1998a; ADP"W, 
1998). 

As mentioned previously, the Grove Pond wells were taken off line in 1993 after numerous 
instances in which iron and manganese were detected at high levels. While the source of these 
metals is not known with certainty, it is very likely that they are at least in part naturally occurring 
for the geographic region. 
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Ayer Department of Pubiic Works does not have complete sampiing data for all operating years 
prior to the 1993 shutdown of the Grove Pond wells. 1 It is therefore unclear for how long Grove 
Pond wells contained elevated levels of iron and manganese and at what levels. Sampling data 
collected sporadicaliy since the 1960s that are availabie in M.ADEP files indicate that iron and 
manganese levels in raw water often exceeded the current MCLs (CD:M, 1968, 1993; SEA 
Consultants, Inc., 1990) . .A.fter 1978. however, water from the Grove Pond wells (if any) was co­
mingled ·with Spectacle Pond well water, thereby diluting the Grove Pond well water before it 
reached residential taps (ADPW, 1998). 

ATSDR has found that maximum concentrations of iron, manganese, and arsenic recorded in raw 
Grove Pond well water were higher than ATSDR comparison values and/or EPA MCLs. Jill 
other contaminant concentrations were safely below safe drinking water standards. 

Iron concentrations exceeded EP A's secondarv MCL. EPA assif!Iled this common. naturallv 
J - • J 

occurring metal a secondary MCL because it imparts undesirable taste and color to drinking water 
at high enough levels (Federal Register, 1977). Iron, however, is not knov.'TI to be toxic to 

humans, particularly at the levels detected in the Grove Pond wells. On the basis of this 
information, ATSDR does not expect iron to pose health concerns to people who drank or are 
drinking water from the Ayer public water supply. 

The highest manganese concentrations (up to 1,900 parts per billion [ppb]) exceeded ATSDR 
comparison values of 50 ppb for a child and 200 ppb for an adult (SEA Consultants, Inc., 1990). 
Additionally, arsenic was detected at levels (up to 30 ppb) above ATSDR's comparison value of 
0.02 ppb in untreated water, but below the enforceable safe drinking water standards (EPA's MCL 
of 50 ppb ). It must be emphasized, however, that comparison values are screening tools and 
therefore exposure to contaminant concentrations above the comparison values will not 
necessarily produce harmful health effects . 

To further assess the potential for harmful effects, ATSDR estimated an exposure dose that 
people might have received when they consumed water originating :from the Grove Pond wells in 
the past. ATSDR then compared these dose estimates to the values in the current scientific 
literature and to standard health guidelines, such as ATSDR's minimal risk levels or EPA's 
reference doses . These health guidelines provide a conservative estimate of the amount of daily 
exposure over a lifetime that is unlikely to cause noncancer effects. By comparing the dose 
estimates with the health guidelines, ATSDR is able to evaluate the likelihood, if any, of arsenic 
and manganese causing adverse health effects. 

1 During the early years of operation, sampling, if any, centered around bacteriological concerns. Later, when 
the Grove Pond wells were used only for emergencies, sampling probably did not occur because the wells were so 
infrequently used (M.ADEP, 1998a). 

5 



Fort Devens 

Vlhen deriving human exposure doses, ATSDR incorporates infonnation about frequency and 
duration of exposure. Because ATSDR does not know with certainty how much water people 
drank or for how long, ATSDR made several conservative assumptions about exposure. For 
example, ATSDR assumed that a child and an adult drank 1 liter and 2 iiters, respectively, of 
water daily containing the maximum concentrations of arsenic and manganese detected in 
untreated Grove Pond well water. Overall. ATSDR believes that these assumptions overestimate 
the actual exposure a resident of Ayer may have had because it is unlikely that anyone drank 
water containing the highest detected levels of arsenic or manganese for a long time. ATSDR 
presents the methods and assumptions used in estimating exposures in Appendix D of this health 
consultation. 

As the evaluation in Appendix D indicates, the estimated doses for Ayer residents are below levels 
at which health effects have been reported. Therefore, after reviewing this concern throughly, 
ATSDR concludes that drinking water originating from Grove P and wells in the past did not 
cause harmful effects for Ayer residents. 

Concern: Could Ayer residents be exposed in the future to harmful levels of 
contaminants when drinking water originating from Grove Pond wells? 

Portions of Fort Devens sit over a medium- or high-yield aquifer that serves as a source to area 
drinking water supplies. Community members are concerned that harmful levels of toxic 
contaminants from Fort Devens could threaten the Grove Pond wells in the future. In this section, 
ATSDR first discusses information on the groundwater quality in potential areas of influence 
around the Grove Pond wells and then discusses proposed measures that Ayer will take to ensure 
the safety and quality of water delivered to Ayer residents in the future. 

Potential Future Influences on the Grove Pond Wells 

Several hazardous waste sites at Fort Devens could potentially threaten the Grove Pond wells 
because the sites are situated in the MADEP-designated Zone II area of influence for the Grove 
Pond wells ( see Figure 2). As defined by MADEP, a Zone II area of influence 11 

•• .is the area of 
groundwater contribution to the wells under the most extreme severe pumping and recharge 
conditions. " Five sites fall within the Zone II area of influence for the Grove Pond wells, 
including the Battery Repair and Storage Area (study area [SA] 38), the Maintenance Yards 
(areas of contamination [AOCs] 44 and 52), the Plow Shop and Grove Ponds (SA 72), Lower 
Cold Spring Brook (SA 73), and the Massachusetts National Guard property, a site located 
between Fort Devens property and the wells . Community members have also expressed specific 
concern about the Shepley's Hill Landfill, though it is not within the Zone II area of influence for 
the Grove Pond wells. ATSDR, closely evaluated information on these six sites for evidence of 
potential future threats to the Grove Pond wells . For each of the six sites, Table 1 describes the 
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site and its use history, identifies contamination, presents its current status, and summarizes the 
likelihood that contamination from the area will affect the Grove Pond wells in the future. 

,A..s Table 1 indicates, most sites probably will not affect the quality of water in the Grove Pond 
wells . Of the five sites within the Zone II area of influence for the Grove Pond wells, four sites 
(the Battery Repair and Storage i\rea, the Maintenance Yards, Lower Cold Spring Brook, and the 
Massachusetts National Guard property) are not expected to influence Grove Pond well water in 
the future because they have no or very low levels of groundwater contamination and the Army 
has removed the contaminated source material (e.g., contaminated soil). The fifth site (Plow Shop 
and Grove Ponds) should have minimal impact, if any, but ATSDR cannot be certain until 
information becomes available that more fully describes the relationship between the site and the 
wells. Currently, EPA is collecting data that should help characterize this relationship, including 
data on how much groundwater recharge from Grove Pond enters the wells and what levels of 
contaminants may be in that water. 

Although the remaining site (Shepley's Hill Landfill) has high concentrations of groundwater 
contaminants (primarily VOCs and arsenic), the landfill is unlikely to influence the groundwater 
entering the Grove Pond wells because (1) the landfill is located outside the Zone II area of 
influence for the Grove Pond wells and (2) water from landfill moves to the north and east and 
away from the Grove Pond wells. Furthermore, precautions ( e.g., extensive groundwater testing) 
will be taken to safeguard the quality of the aquifer that lies beneath these sites. 

Future Uses of Grove Pond Wells 

Starting in the summer of 1998, the Ayer Department of Public Works will resume production at 
the Grove Pond wells. EPA, MADEP, and the Ayer Department of Public Works will take several 
measures to ensure that water delivered to residential taps will be safe to drink. These include: 

■ Routine well water quality testing. EPA will test untreated Grove Pond well water (semi­
annually) for compliance with EP A's safe drinking water regulations. 

■ Additional testing for arsenic. In response to community concern, the Ayer Department of 
Public Works will conduct frequent testing ( starting with daily testing) of arsenic levels in 
the Grove Pond well water. 

• Treating for iron, manganese, and arsenic. To ensure that iron and manganese will not 
affect the quality of the drinking water delivered to Ayer residents, the Department of 
Public Works will treat Grove Pond well water using a new green-sand filtration system 
designed to reduce/remove iron and manganese. The system also reduces arsenic levels by 
as much as 90%. 
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• Pos1-rreazment zesting. After treatment. the Ayer Depamnent of Public ·works will retest 
Grove Pond well water to gauge the efficiency of the treatment system and to con:firrn that 
manganese, iron, and arsenic levels are safely below EPA safe drinking water standards . 

. Luter treating and testing the drinking water, the Ayer Departmem of Public Works will blend the 
Grove Pond well water with water from the Spectacle Pond wells . 

ATSDR'S CHJLD HEALTH INITIATIVE 

ATSDR recognizes that infants and children may be more sensitive than adults to environmental 
exposure in communities facing water, soil, air, or food contamination because children (1) are 
more likely to be exposed to certain media like soil when they play outdoors; (2) are shorter and 
therefore may be more likely to breathe dust, soil, and vapors close to the ground; and (3) weigh 
less than adults and therefore may receive a higher dose of chemical exposure relative to their 
body weight. Children also can sustain permanent damage if exposed to toxic substances during 
critical growth stages. ATSDR is committed to evaluating children's special interests at sites such 
as Fort Devens as part of the Child Health Initiative. 

ATSDR identified no situations in which children are likely to be or have been exposed to 
harmful levels of chemical contaminants orjginating from Grove Pond wells. ATSDR based its 
conclusion on the following factors: 

■ Children have not been exposed to harmful levels of contaminants when drinking Ayer 
public water from the Grove Pond wells in the past. The Grove Pond wells (in 
combination with the Spectacle Pond wells) served the Ayer water supply on a regular or 
emergency service basis until high levels of iron and manganese prompted their closure in 
1993 . ATSDR determined that these contaminants, even at the maximum levels detected, 
would not have harmed children who drank from the public water supply. 

■ Children did not drink water from the Grove Pond wells between 199 3 and the present. 
The Grove Pond wells were taken off line in 1993 and therefore children of Ayer could 
not have consumed water originating from these wells. The Ayer Department of Public 
Works has regularly tested its water supply during this time to ensure that town water is 
safe to drink. 

■ Children will continue to have public water that is safe to drink. Starting in the summer 
of 1998, production will resume at the Grove Pond wells. The Ayer Department of Public 
Works will regularly test the well water as required by law. ·water from the Grove Pond 
wells will be tested, then treated for iron, manganese, and arsenic, then tested a second 
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rime. and finally mixed ·with water from the Spectacle Pond wells prior to delivery to 
residential taps . Together, these measures ·will help to ensure the quality of drinking water 
ultimately consumed by children. 

CONCLUSIONS 

On the basis of its evaluation of available environmental information and discussions with 
representatives from EPA, M.A.DEP, the Ayer Department of Public Works, and the Army, 
ATSDR has reached the following conclusions: 

■ Ayer residents have not been exposed to harmful levels of arsenic, iron, or manganese 
when using Ayer public drin/.cing water originating from the Grove Pond wells. Since 
1993 , the Grove Pond wells have not been used; therefore, Ayer adults and children were 
not exposed to Grove Pond well water when they consumed public drinking water. Before 
1993, the Grove Pond wells contained arsenic, iron, and manganese, but the levels were 
unlikely to cause harmful effects, even for residents using the water for ex-tended periods. 

■ Ayer residents should not be exposed in the future to harmful levels of contaminants 
when drinking water from the Grove Pond wells. The Ayer Department of Public Works 
plans to return the Grove Pond wells to regular service this summer. Water will be treated 
for iron, manganese, and arsenic and tested for compliance with safe drinking water 
standards before it is delivered to Ayer residents. Furthermore, the Army, MADEP, and 
EPA will continue to take precautions and test groundwater to best protect the underlying 
aquifers and prevent contamination from reaching the Grove Pond wells. 

■ ATSDR concludes that Ayer drinking water from the Grove Pond wells poses no 
apparent public health hazard. (A description of this public health hazard conclusion 
category is included in the glossary.) 

RECOMMENDATIONS 

Given the conclusions drawn in this health consultation, ATSDR has identified the following 
actions that are necessary to reduce any potential health hazards associated with the groundwater 
sources and drinking water supplies surrounding Fort Devens: 

• Continue to monitor groundwater in the area of the wells. The .tvmy is conducting long­
term groundwater monitoring and maintenance programs associated with Fort Devens, 
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including monitoring near Shepley's Hill Landfill for VOCs and metals, including arsenic, 
manganese, and iron. 

11 Monitor treated drinking water to ensure that the water is safe to drink. The Ayer 
Depanment of Public Works will test the treated Grove Pond well water for compliance 
with safe drinking water standards . 

ATSDR will present the issues discussed in this health consultation and address additional 
environmental health concerns in the forthcoming public health assessment. 
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FIGURE 2. Grove Pond ,veils 
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.FIGURE 3. ATSDR's Exposure Evnluation Process 

Remember: For a public health hazard to exist, the 
following three conditions must all be met: 

• 
• 
• 

People must come into contact with areas 
that have potential contamination 
Contaminants must exist in the environment 
The amount of contamination must be 
sufficient to affect people's health 

Are People EJ:po!led 
to Aru With Potenfially 
Contaminated Medi•? 

¢ Are the Environmental 
Medl11 Contaminated? ¢ 

For exposure to occur, 
contaminants must be in locations 
were people can contact them. 

People may contact 
contamination by any of the 

following three exposure routes: 

Inhalation 
Ingestion 

Dermal Contact 

ATSDR considers : 

Soil 
Groundwafer 

Surface Water and 
Sediment 

Air 
Food Sources 
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Exposun P11thway, 
Will lhc Conllrn1innlio11 
AITcd I'uhlic Jle111lh!' 

ATSJ.m will evRluate 
existing dnln on 
conla111i11a11t conce11trnlio11s 
and exposure elm al ion and 
frequency. 

ATSDR will also consider 
individual characteristics 
(such as nge, gentler, nml 
lifestyle)of exposed 
populntions thnl mny 
influence the public health 
effects of contm11inatio11. 
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TABLE 1. Sites Near Grove J'omJ Wells 

Description/ 
Sile u~c History Contamination Stalm l'oknlial lo Impact Wdh 

SA 38 -Batte,y Over lhe years, lead from leaking Soil: Lead. A No fm lher Action designation Based on cuirent site co11diti ,111s, 
Repair and batteries had contaminated U1e has been pending for the site this m ea is not likely lo 1111 cnlcn 
Stomge Area soil in this fonner storage area. Gro1111dwater: No contaminants since I 994, when U1e Anny the U1 ove l'oml wells in Ili c 

have been detected. removed all lend-conlmninaled ful111c . 
soil. 

AOC.r 44 Maintenance yards were used lo Groundwater: Only limited The Anny lws removed 1iotenlial Gnscd on c1.111ent site C1>11dili n11s. 
and 52 - store military vehicles. Motor oil, sampling was done in 1992 amt sources ( lop 2 feel of surface soil) I his m ca is 110! likely lo 1111 rnlc11 
A{ai11tew111ce gasoline, and other automotive 1993. No volatile organic from across this site, paved the the ( i1 ovc 1'011d wells in Ilic 

Yards fluids were repeatedly released to compounds (VOCs) were area used for vehicle parking, and future . 
soil in the ynnls. cletectecl. Arsenic ('19.1-157 pph) p1ohibitcd ft1lt11e residcntinl 

and 111n11go11ese (S 10-9,500 ppb) devclop111c11l/1.1se of lite 
were measured in unftllered Mninlenance Ynrch,. 
samples; 110 high levels were 
found in fillered samples, 
however. Metals are likely a 
result of suspended parliculales 
which woulcl be lillcrcd out. 

--
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TABLE l. Sites Near Grove Pond \Veils (continued) 

Description/ 
Sile Use History Contamination Slalm Polcnfial lo lmpad W(•II~ 

SA 73 - lower The brook flows along most of Swface Water: No chemicals No aclion taken to dale. Based 011 cunenl site condilinns, 

Cold Sjll'i11g the easlem boundary of Fort were detected in samples this m ea is not likely to 1111 C[ltcn 

Brook Devens. Surface water runolT collected in 1992. the Grove Pond wells in the 
from the Maintenance Yards future. 
drains into pmts ortl1e Fort 
Devens stonmvater collection 
systems, which eventually 
empties into Lower Cold Spring 
Brook. Lower Cold Spring Brook 
joins Bowers Brook and 
eventually empties into Grove 
Pond -
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TABLE 1. Siles Near Grove Pond Wells (continued) 

Description/ 
Site Use llbtory Contamination Status l'oknlial to Impact w .. 11., 

AOC 72-Plow Grove Pond is localed about 150 S111face Water: Arsenic (<2.93- EP J\. and MADEP continue lo These ponds appear lo ha\T 
Shop /1011d feet from the Grove Pond wells. 3.94 ppb), iron (181-402 ppb), sample sediment and surface minimal a[Tccl, if any, l'II the 
and Grove While Grove Pond wells do not and manganese (39.3-100 ppb) waler from the pond. Regulators Grove l'ond wells. J\.TSI m. 
Pond directly draw water from the exceeded the ATSDR are still uncertain about how howe\"cr, cmmol be ce1 lain 1111til 

pond, modeling results suggest comparison values and EPA's n111ch, if nny, Grove Pond info1malion heclmres availnlilc 
lhal the waler al the wells is primrny or secondary MCLs in rechm ges !he wells. !11al l!IOIC rully describes 111)\\" 

recharged from Grove Pond. Grove Pond. rechn1 ge fiu111 Grove Pond c11tcrs 
Plow Shop Pond is not in lhe - the well~. 
mapped Zone JI area. Sediment: High levels of 

chemicals, primarily metals, have 
been detected in U1e shallow 
sediment of Grove Pond. 

S11bs111face Soil: High 
concenlralions of chromium nm.I 
PCI3s were detected in the area of 
the former tatmery. 

The chcmicnl distribution 
pallems in sediment and surface 
waler (in combination with 
groundwater flow pallems) 
suggest that some of the 
conlrunination may have 
originated from sources other 
than Fort Devens (e.g., the 
contamination is likely from U1e 
fonner tannery). --
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TABLE 1. Sites Near Grove Pond \Veils (continued) 

Uescription/ 
Site u~e History Contamination Status l'otential to lmpad Wdl~ 

Afassacl111selfs Nol pm l of Fort Devens, Ute Groundwater: No VOCs or total In May 1998, a small fuel tank This area docs 11ol appear 111 pose 
National active National Guard petroleum hydrocarbons were spill occm re<l, but lhe a public hcallh hazm d (Al SI JR, 

Guard Mainte11ance Depot lies between detected in samples collected in conlaminate<l soil has been howevc1, is wailing for an 11pdale 
Property- the post and Ute Grove Pond September 1997. removed. on lhe slalus of lhe silc) 
Afai11te11a11ce wells. Over the years of 

Depot opernlio11, several small fuel lank 
spills have occmTed. 

--

AOC 4, 5, and Localed on the Main Post of Fort Groundwater: During 1991 Since closrn e, the Anny has Elevated lc\·cls of nrsc11ic l1n \'c 
18- Fon11er Devens, the landfill was used for monitoring, VOCs, metals, and coveted !he landlill with a cap to been n1cas111cd along lhe edge of 
Shepley's Hill the disposal of household refuse low concentrations of explosive reduce leaching of landfill the landfill, b11t it is not likely lo 
f,111u(fill nnd consll 11clio11 debris from wet e clelecled in grou11dwater co11ln111ina11ls to the g101111dwaler. all"ecl l i, ovc Pond wells bcc:wse: 

1917 uni ii I 992, when it closed. ulong the eastern edge of the In Mmclt 1998, the A1111y U) lltc ltighesl levels appca1 l1J lie 
landfill. Some contamination is complele<l its drafl 5-year review m·ig1ali11g mnlh au<l 11nt low:11d 
believed lo have migrated into oflhe elTeclivcncss of the la11dfill lhc l.110\'e l'ond wells; (2) 
Plow Shop Pond, though other remedy. While the current remedy M/\IJEI' and El'/\ will mT1~cc 
sources may also be responsible is reducing some risk, EPA extensive 111onitoring clfor Is Iha! 
for contamination in sediment an<l agreed with the Anny's should detecl conla111i1rnlio11 
sm face wnler. During the 1998 1-cco111111c11dntion that nddilionnl belil!c ii could teach cl1i11ki11J! 
monitoring, metals, primarily evaluation of risk lo wnler wells, nml (3) lite ln11cllill 
arsenic and VOCs were detected. dow11graclienl receptors is and its associated off-silc 
Conlaminanls appeared lo be needed. co11la111i11alion is outside (he /one 
moving n011hward. Ii HI ca or i11nuc11ce. 

Source~: /\1313, 1995; 13RAC, 1997, fort Devens, 1995b; MADEP, 1998b; NEET," 1997; USAl.~C, 1995 
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APPENDLX A: Comparison Values 

Comparison values represent media-specific comarninam concentrations that are used to select 
comaminants for further evaluation to determine the possibiiity of adverse public health effects . 
The conclusion that a contaminant exceeds the comparison value does not mean that it ·will cause 
adverse health effects. 

Cancer Risk Evaluation Guides (CREGs) 

CREGS are estimated contaminant concentrations that would be expected to cause no more than 
one excess cancer in a million (1 o-6

) persons exposed over their lifetime. ATSDR's CREGs are 
calculated from EPA's cancer potency factors . 

Environmental Media EYaluation Guides (EM::EGs) 

ElvffiGs are based on ATSDR minimal risk levels that consider body weight and ingestion rates . 
An EMEG is an estimate of daily human exposure to a chemical (in mg/kg/day) that is likely to be 
without noncarcinogenic health effects over a specified duration of exposure, including acute, 
intermediate, and chronic expos1;1res. 

Maximum Contaminant Level (MCL) 

The MCL is the drinking water standard established by EPA. It is the maximum permissible level 
of a contaminant in water that is delivered to the free-fl.a-wing outlet. MCLs are considered 
protective of public health over a lifetime (70 years) for individuals consuming 2 liters of water 
per day. 

Reference Media Evaluation Guides (RMEG) 

ATSDR derives RMEGs from EP A's oral reference doses. The RMEG represents the 
concentration in water or soil at which daily human exposure is unlikely to result in adverse 
noncarcinogenic effects. 
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A.PPE:KDIX B: List of Abbreviations 

AOC 
AT 
ATSDR 
BV..' 
CF 
CREG 
EF 
ED 
EMEG 
EPA 
ESA.DDI 
IR 
kg 
M .. ADEP 
l"1CL 
MRL 
mg/kg/day 
ppb 
RID 
RMEG 
SA 
voes 

area of contamination 
averaging time 
Agency for Toxic Substances and Disease Registry 
body weight 
conversion factor 
ATSDR1s cancer risk evaluation guide 
exposure frequency 
exposure duration 
ATSDR1s environmental media evaluation guide · 
U.S. Environmental Protection Agency 
Estimated safe and adequate daily dietary intake 
ingestion rate 
kilogram 
Massachusetts Department of Environmental Protection 
EP A1s maximum contaminant level 
ATSDR1s minimum risk level 
milligram of contaminant per kilogram body per day 
parts per billion 
EP A's reference dose 
reference media evaluation guides 
study area 
volatile organic compounds 
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APPE:r\'DIX C: Glossary 

Comparison Values 
Estimated contaminant concentrations in specific media that are not likely t0 cause adverse 

heaith effects, given a standard daily ingestion rate and srnndard body weight. The comparison 
values are calculated from the scientific literature available on exposure and health effects. 

Concentration 
The amount of one substance dissolved or contained in a given amount of another. For 

example, sea water contains a higher concen~ration of salt than fresh water. 

Contaminant 
lilly substance or material that enters a system (the environment, human body, food, etc.) 

where it is not normally found. 

Dose 
The amount of a substance to which a person is exposed. Dose often takes body weight 

into account. 

Environmental Contamination 
The presence of hazardous substances in the environment. From the public health 

perspective, environmental contamination is addressed when it potentially affects the health and 
quality of life of people living and working near the contamination. 

Exposure 
Contact with a chemical by swallowing, by breathing, or by direct contact (such as 

through the skin or eyes). Exposure may be short term (acute) or long term (chronic) . 

Groundwater 
Water beneath the surface of the ground in a saturated zone. 

Health Consultation 
A response to a specific question or request for information penaining to a hazardous 

substance or facility (which includes waste sites). 

Ingestion 
Swallowing (such as eating or drinking). Chemicals can get in or on food, drink, utensils, 

cigarettes, or hands where they can be ingested. /\ft.er ingestion, chemicals can be absorbed into 
the blood and distributed throughout the body. 
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Media 
Soii, water, air, plants, animals, or any other pans of the environment that can contain 

contaminants. 

Minimal Risk Level (MRL) 
AnAfP.J, is defined as an estimate of daily human exposure to a substance that is likely to 

be v-.,ithout an appreciable risk of adverse effects (noncancer) over a speciiied duration of 
exposure. 1v.fRLs are derived when reliable and sufficient data exist to identify the target organ(s) 
of effect or the most sensitive health effect(s) for a specific duration via a given route of exposure. 
1v.fRLs are based on noncancer health effects only. lv.fRLs can be derived for acute, intermediate, 
and chronic·dui-ation exposures by the inhalation and oral routes . 

No Apparent Public Health Hazard 
This public health conclusion category is used for sites where human exposure to 

contaminated media is occurring or has occurred in the past, but the exposure is below a level of 
health hazard. 

Potentially Exposed 
The condition where valid information, usually analytical environmental data, indicates the 

presence of contaminant(s) of a public health concern in one or more environmental media 
contacting humans (i.e., air, drinking water, soil, food chain, surface water), and there is evidence 
that some of those persons have an identified route(s) of exposure (i.e., drinking contaminated 
water, breathing contaminated air, having contact with contaminated soil, or eating contaminated 
food). 

Parts per Billion (ppb) 
A common basis of reporting water quality analysis. As an example, one ppb of 

trichloroethylene (TCE) equals one drop ofTCE mixed in a competition-size swimming pool. 

Risk 
Risk is the probability that something will cause injury combined with the potential 

severity of that injury. 

Route of Exposure 
The way in which a person may contact a chemical substance. For example, drinking 

(ingestion) and bathing (skin contact) are two different routes of exposure to contaminants that 
may be found in water. 

Volatile organic compounds (VOCs) 
Substances containing carbon and different proportions of other elements such as 

hydrogen, o:,,._")'gen, fluorine, chlorine, bromine, sulfur, or nitrogen; these substances easily become 
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vapors or gases. A significant number of the VOCs are commonly used as solvents (paint thinners. 
lacquer thinner, degreasers, and dry cleaning fluids). 

Zone II Areas of Influence 
Defined by 1\.1:assachusetts Department of Environmental Protection as the area of an 

aquifer which contributes water to a well under the most severe pumping recharge conditions that 
can be realistically anticipated, as approved by the Department's Division ofVhter Supply. 

C-3 



Fort Devens 

APPENDIX D: Estimated Exposure and Health Effects 

Estimates of Human Exposure Doses and Determination of Health Effects 

Deriving Exposures Doses 

ATSDR estimated the human exposure doses from ingestion of Grove Pond well water containing 
the maximum detected concentrations of arsenic and manganese that may have occurred in the 
past. Deriving exposure doses requires ev'!,luating the concentrations of the contaminants to which 
people may have been exposed and how often and how long exposure ·10 those contaminants 
occurred. Together, these factors help influence the individual's physiological response to 
chemical contaminant exposure and potential outcomes. In the absence of complete exposure­
speci£c information, ATSDR applied several conservative exposure assumptions to define site­
speci£c exposures as accurately as possible for Ayer residents. 

Evaluating Potential Health Hazards 

The estimated exposure doses are used to evaluate potential noncancer and cancer effects 
associated with chemicals of concern. When evaluating noncancer effects, ATSDR uses standard 
toxicity values, including ATSDR's minimal risk levels (MRLs) and EPA's reference doses (Rills), 
to determine whether adverse effects will occur. The chronic MR.Ls and RfDs are estimates of 
daily human exposure to a substance that are unlikely to result in adverse noncancer effects over a 
speci£ed duration. ATSDR compares estimated exposure doses to conservative guidelines such as 
MR.Ls or RfDs for each contaminant. If the exposure dose is greater than the MRL or RID, then a 
possibility exists for noncancer effects to occur. 'When evaluating cancer effects, ATSDR 
reviewed the current scientific literature to determine whether cancer has occurred following 
exposure to arsenic or manganese. 

Estimated Exposure Doses from Ingesting Drinking 'Water from Grove Pond " ' ells 

Arsenic and manganese concentrations measured in Grove Pond well water exceeded ATSDR 
comparison values for drinking water. To determine whether e).l)OSure to these contaminants in 
the well water may be related to adverse health effects, if any, ATSDR estimated exposure doses 
for people consuming water containing the highest measured concentrations in the Grove Pond 
wells. The estimated exposure doses were then used to estimate potential noncancer outcomes. 
In estimating to what extent people might be exposed to contaminants, ATSDR used 
"conservative" or safe assumptions about possible human exposure and any associated health 
effects. ATSDR assumed that a person drank the most contaminated Grove Pond well water, 
before it is treated or blended with Spectacle Pond well water. ATSDR also used conservative 
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assumptions about how often people drink v,:ater and how much they drink. These assumptions 
allow ATSDR to estimate the highest possible exposure dose and determine the corresponding 
health effects. luthough ATSDR expects that few Ayer residents. if any, were exposed to the 
highest levels of contamination, the "conservative' ' estimates are used to protect public health. 

Table D-1 summarizes the estimates of exposure to arsenic and manganese in Grove Pond well 
water and the following describes the equation and assumptions used to estimate the exposure: 

Estimated exposure dose = Cone. x CF x IR x EF x ED 
BW xAT 

where: 
Cone. : 
CF: 
IR: 
EF: 

ED : 

BW: 
AT: 

Maximum concentration in the Grove Pond water (ppb) 
Conversion factor to convert ppb to parts per million (111,000) 
Ingestion rate: adult=2 liters per day; child=l liter per day 
Exposure frequency or number of e).."J)0sure events per year of 
exposure: 7 days/week x 52 weeks.lyear 
Exposure duration or the duration over which exposure occurs: 
adult=3 0 years; child=6 years 
Body weight: adult=70 kg; child=l O kg 
Averaging time or the period over which cumulative exposures are 
averaged (6 or 30 years x 365 days/year for noncancer effects) 

1i\.ssumptions for E stimating Exposure Doses 

ATSDR estimates that an adult drank 2 liters and a child drank 1 liter of water a 
day and that all drinking water came from Grove Pond wells. This assumption 
likely leads to an overestimate of the actual exposure dose because well water 
would have been blended before public use. 

The exposure frequency (EF), or number of exposure events per year, was 
assumed to be 365 days per year, based on a 7-days-a-week exposure over 52 
weeks per year. 

The duration of exposure (ED) is assumed to have occurred over a 30-year period 
for adults. This value is the 90% upper-bound limit for residency at a single 
residence (EPA, 1989). This estimate most likely overestimates the actual duration 
of exposure, which is likely less than 30 years . For a child, ATSDR used a 6 year 
exposure duration. 
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The averaging time (AT) represents the time over which exposure occurred and 
therefore is the time over which the total intake is averaged. For noncancer effects, 
AT was assumed to be 6 years or 30 years for 365 daysiyear. 

Toxicological evaluations for arsenic and manganese are presented below. 

Arsenic 

Arsenic was detected in the inactive Grove Ponds wells at concentrations above ATSDR1s 
comparison values (cancer risk evaluation guide [CREG]) but below EPA's MCL of 50 ppb. -~ 
Table D-1 indicates, an adult who drank the maximum detected concentration of Grove Pond well 
water in that past was likely to be exposed to 0.0009 milligram per kilogram per day (mg/kg/day) 
of arsenic. A child was likely to be exposed to 0.003 mg/kg/day. It should be noted that no one in 
Ayer is expected to have used water containing the highest levels of arsenic for the length oftime 
used to estimate these exposure doses . In fact, blending with Spectacle Pond well water, any 
arsenic levels would have been reduced significantly. 

ATSDR reviewed scientific literature on arsenic to evaluate whether noncancer health effects are 
likely to occur at the estimated doses. At low level exposures, arsenic compounds are 
detoxified-that is'. changed into less harmful forms-and then excreted in the urine. At higher 
level exposures, our body' s capacity to detoxify arsenic may be exceeded. "When this happens, 
blood levels of arsenic increase and adverse health effects may occur. Saturation of our body's 
detoxification mechanism may explain noncancer and cancer arsenic effects exhibiting a threshold, 
or a minimal effective dose that may result in health effects. The threshold for arsenic effects is 
somewhere between 0.25 and 0.5 milligrams per day (mg/day) (Marcus and Rispin, 1988; Stohrer, 
1991). 

Several epidemiologic investigations suggest an association between arsenic and noncancer health 
effects in humans. Symptoms of chronic oral e>,..-posure appear to be skin problems ( e.g., 
hyperkeratosis, hyperpigmentation), neurological effects, and gastrointestinal irritations ( e.g., 
vomiting, abdominal pain). The lowest observed levels at which adverse health effects have been 
reported range from 0.014 to 0.05 mg/kg/day for skin and gastrointestinal effects in humans 
drinking arsenic-contaminated water for up to 45 years (ATSDR, 1993). Thus, the overly 
conservative estimated exposure dose (0.0009 mg/kg/day) for adults who consumed Grove Pond 
well water is almost 16 times lower than the lowest arsenic dose reported to cause health effects, 
while the exposure dose for a child (0.003 mg/kg/day) is almost five times lower than that 
literature-based value. 

EPA has classified arsenic as a human carcinogen based on data provided in epidemiologic 
studies. In contrast to many carcinogens, arsenic. however, does not cause cancer in laboratory 

D-3 



Fort Devens 

animals when administered orallv nor does it follow 2. zero-threshoid model. It should be nored 
that the zero-threshold model is the basis for the ATSDR CREG. Because of these differences, 
ATSDR believes that at this time a review of current scientific literature is therefore the most 
useful means for evaluating the poremial carcinogenic effects of arsenic. 

The basis for classifying arsenic as a human carcinogen are results of a Taiwanese study in which 
the lowest exposure levels associated with the onset of cancer (skin) were observed in people 
drinking water containing 170 to 800 ppb arsenic over a 45-year exposure period (ATSDR, 
1993). Although the study demonstrated an association between arsenic in drinking water and 
skin cancer, the study failed to account for a number of complicating factors, including exposure 
to other nonwater sources of arsenic, genetic susceptibility to arsenic, and poor nutritional status 
of the exposed population. Furthermore, arsenic exposure may have been underestimated in the 
study, possibly leading to an overestimation of the actual risk. These uncertainties may limit the 
study's usefulness in evaluating cancer risk for residents drinking water containing arsenic in Ayer. 
It appears from these data, however, that arsenic levels shown to cause cancer in humans drinking 
contaminated water are much higher than arsenic levels detected in Grove Pond wells. Therefore, 
even if exposure did occur in the Ayer area over an e},,"tended period, it is unlikely that the level of 
exposure would lead to cancer. 

Manganese 

Elevated manganese concentrations ( up to 1,900 ppb) were detected in untreated Grove Pond 
well water at levels above ATSDR's environmental media evaluation guides (EMEGs). 
Manganese is a naturally occurring element that is also essential for normal functioning of the 
human body. Numerous factors, including environmental and biological, greatly influence an 
individual's response to manganese; therefore, individual requirements for or sensitivity to 
manganese is highly variable (ATSDR, 1997). 

In contrast with inhaled manganese, ingested manganese has rarely been associated with toxicity. 
Oral absorption of manganese is slow and incomplete. Gastrointestinal absorption of manganese 
is approximately 5%, and may be further decreased by high dietary iron, calcium, phosphorous, 
and other metals (Ellenhorn and Barceloux, 1988). Some epidemiologic studies suggest that 
ingesting water containing high concentrations of manganese may be associated with neurological 
problems (e.g., Parkinsonism) (Goldsmith et al., 1990; Kondakis et al., 1989). One epidemiologic 
study investigated the effects in humans of drinking water with high levels ( estimated maximum, 
28 ppm) of manganese. Symptoms reported included lethargy, muscle problems, and mental 
disturbances. The most symptoms were observed in the elderly, while children appeared to be 
unaffected. The levels associated with these symptoms are more than 17 times higher than the 
maximum manganese concentration detected in the Grove Pond wells. Results from these studies 
are largely inconclusive, however, because of a number of weaknesses and inconsistencies in 
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stuciy designs. Therefore, additional information i:: needed to more fully eYaluate potential health 
concerns from ingestion of manganese-contaminated drinking water. 

To date, several slightly differing values exist to provide guidance for a safe daily intake of 
manganese. For example, the World Health Organization estimates that 8-9 mg)day is "perfectly 
safe." In comparison, the Food and Nutrition Board of the National Research Council, has 
determined that 2-5 mg/day is an "estimated safe and adequate daily dietary intake' ' (ESAJ)DI) of 
manganese. In fact, EPA's RID for manganese, 0.05 mg/Kg/day (or 3.5 mg/day) corresponds to an 
intake exactly halfway between 2 and 5 mg/day (the ES.ADDI for adults) (IR.IS, 1997). 

Using the maximum concentrations detected in untreated well water and several other 
conservative assumptions, ATSDR estimated that an adult who drank 2 liters and a child who 
drank 1 liter of Grove Pond well water daily in the past might have received a dose of manganese 
of 0.05 mg/kg/day and 0.2 mg/kg/day, respectively (see Table D-1). These doses fall within the 
range of concentrations generally considered to be "safe" and below levels associated with 
neurological effects . 

Sources: 

EPA. 1989. Risk assessment guidance for Superfund. Volume 1. Human health evaluation manual 
(part A). U.S . Environmental Protection Agency. EPA/540/1-89-001.December 1989. 

ATSDR 1993 . Agency for Toxic Substances and Disease Registry. U.S. Department of Health 
and Human Services. Toxicological Profile for Arsenic. April 1993 (Update) . 

ATSDR 1997. Agency for Toxic Substances and Disease Registry. U.S. Department ofHealth 
and Human Services. Toxicological Profile for :Manganese. September 1997 (Update-Draft). 

Ellenhorn M. J. and D.G. Barceloux. 1988. Medical toxicology: Diagnosis and treatment of 
human poisoning. New York, NY:Elsevier, 1047-1048. 

Goldsmith J., Herishanu, Y., Ababanel J., et al. 1990. Clustering of Parkinson's disease points to 
environmental etiology. Arch. Environ. Health. 44:88-94 (As cited in ATSDR toxicological 
profile for manganese). 

IR.IS. 1997. EPA's Integrated Risk Information System. National Library of Medicine. 

Kondakis, X.G., Makris, N., Leotsinidis, M., et al. 1989. Possible health effects of high 
manganese concentrations in drinking water . .tv·ch. Environ. Health. 44: 175-178. (As cited in 
ATSDR's toxicological profile for manganese.). 
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Marcus, ~'.L and A.S. Rispin. 1988. Threshold ~arcinogenicity using arsenic as an example. In: 
Advances in Modern Toxicology. Vol. XV . Risk A..ssessment and Risk Management oflndustrial 
and Environmental Chemicals. Princeton Scienti£c Publishing, Co.1988. 

Srnhrer, G. 1991. _1\rsenic: Oppon:unity for risk assessment. Archives of Toxicology. Vol. 65 . 
1991. 
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D-1. Estimated Exposure Doses-No11cnncer Effects 
Ingestion of Grove Pond Well Waler 

." . :•:;:•_·:}, . . ~· •. 

Ma3<:iirtu~h D~tested 
· B~iifuii~cl,k~bosure.Oose 

-t :,?:h/"{ih@k J_davi\ /. - • _._ ___ . .,; __ ,. __ ___ • . • - · , .. ' • Q,.;,,. ·,-,' 

C6iih11nh1a11t ·· • ·.•:• :< 'J~:=· ~ 

Go11lrl111im_u1l 
.. -~·;;. ' . .... -~ ;_ :-'. :_ A,~~it ·-· . bhikl Cqi1c~rtftalit>n (ppb) . ·-.-:.:-·-·-:-:- ···•:• -~.:•:- :_: " 

,., ~.,.; ~- .;; J'. ·••" • .- ·,,,-·.- u:i::·-•· ;,,: , . , . l•,•,1_ ' .·,•;,;-:,· .. ; . .-.·. -.... _ -;.·_•,•;-;-,.,, . -· • • · 

Arsenic 30 0.0009 

Manganese 1,900 0.05 

Estimated Exposure JJose=Couc. x CF x ill.. x EE x_ED 
OW xJ\T 

Cone. = Maximum contaminant concentration in the private well (ppb) 
CF = Conversion foclor to convert ppb to ppm (I/ I 000) 
IR = Ingestion rate: adult = 2 liters per day; child= I liter per day 

0.003 

0.2 

He~lih 01.UeteHQe 
Chto;1.h, o .1-a1 · 
(njg/kg/<lay) 
........ , .. ;..;.-. _,, 

0.0003 

0.05 

Dasis fot Health 
Guidelii1e 

MRL/RlD 

IUD 

EF = Exposure frequency or the number of exposure events ( 1 event x 7 days x 52 weeks or 365 days per yecir) 
ED = Exposure duration or the duration over which exposure occurs: adults= 30 years; child= 6 years 
BW = Body weight (kg): adult= 70 kg ( 154 pounds); child= 1 0 kg (22 pounds) 
AT = ;\ verage time or the period over which cumulative exposures are averaged (6 or 30 years x 365 days) 

Key: ppb = parts per billion; mg/kg/day=milligrams contaminant per kilogram body weight per day; MRL = Mi11i111al Risk I ,evcl; 
RID= Reference Dose. 
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