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INTRODUCTION

CONCLUSION 1

BASIS FOR
CONCLUSION

SUMMARY

This report was written in response to a request to ATSDR by a group of
concerned citizens and veterans to re-evaluate past exposures to volatile
organic compounds (VOCs) in drinking water at the former Wurtsmith Air
Force Base (WAFB) in Oscoda, Michigan, and to update our health-based
conclusions to reflect the latest science. ATSDR evaluated these
exposures in the past [ATSDR 2001].This document updates the previous
evaluation to reflect important changes in science and exposure
evaluation approaches that have occurred since the publication of the
2001 document.

ATSDR re-evaluated our previous health-based conclusions for past
exposures to VOCs in drinking water from on-base and off-base water
supply wells. We used sampling data from the 2001 report for the re-
evaluation. Other exposure pathways and/or contaminants have already
been addressed [MDCH 2012; 2015a; 2015b; 2017] or will be addressed
in future evaluations, as needed.

Most of the past exposures occurred before 1980. Today, the majority of
on-base and off-base facilities, residences, and camps receive their
drinking water from the Huron Shores Regional Utility Authority, a source
that is not located near WAFB and that meets all federal and state drinking
water quality standards. A few wells that are still in service are being
monitored by local authorities.

ATSDR reached three conclusions about past exposures at the former
Wurtsmith AFB site.

Some children and adults who used TCE-contaminated

water for household (e.qg., drinking, showering, bathing) or potable
purposes (drinking only) in the past may be at risk for harmful non-cancer
health effects.

The results for each well are summarized in Tables 11D - 14D in Appendix
D.

Critical adverse non-cancer effects associated with TCE include heart
malformations, adult immunological effects, and developmental
immunotoxicity. ATSDR evaluated various groups of children and adults
(see Table B) who were exposed to TCE via drinking water in the past.
Based on estimated doses, some children and adults who were exposed
to TCE may be at increased risk for harmful immunological effects.



CONCLUSION 2

BASIS FOR
CONCLUSION

CONCLUSION 3

BASIS FOR
CONCLUSION

Additionally, if a pregnant woman was exposed to TCE during pregnancy,
her baby may be at increased risk for fetal heart malformations. The baby
may be at risk for cardiac heart defects even if the pregnant woman was
exposed for a fairly short period of time (i.e., under three weeks) and if the
exposure occurred when the fetal heart was developing (during the first
trimester). The concern exists for developmental effects if a woman was
exposed even for a fairly short period of time during the three week
window of critical fetal heart development in the first trimester of
pregnancy. Therefore, even short-term exposures during pregnancy may
be a concern for cardiac effects.

Some people who were exposed to TCE via drinking wells in the past may
be at an increased risk for cancer.

The results for each well are summarized in Tables 11D - 14D in Appendix
D.

ATSDR estimated increased cancer risk from potential past exposures for
individuals who were exposed to TCE in their water via the ingestion,
inhalation, and dermal routes of exposure. We assumed that off-base
(residential) children and adults were exposed for 21 years (from birth to
>21 years of age) and 33 years, respectively; on-base military adults and
children were exposed for 5 years; and that on-base employees were
exposed for 25 years. Using the maximum amount of TCE in each well,
we concluded that some children and adults may have an elevated
cancer risk. Without comprehensive historical data or accurate knowledge
about the source(s) of the contamination, ATSDR recognizes that there is
some uncertainty in estimating cancer risk at this site.

On-base employees who were exposed to benzene in drinking water in
Building 5008 for many years may be at increased risk for harmful non-
cancer (hematological) and cancer health effects.

Benzene causes problems in the blood (hematologic). People who are
exposed to benzene for long periods may experience harmful effects in
the tissues that form blood cells, especially the bone marrow. Long-term
exposure to benzene can cause cancer of the blood-forming organs. This
condition is called leukemia. Exposure to benzene has been associated
with development of a particular type of leukemia called acute myeloid
leukemia (AML). In estimating the excess cancer risk, we assumed that
on-base employees were exposed for 25 years. Without comprehensive
historical data or accurate knowledge about the source(s) of the



contamination, ATSDR recognizes that there is some uncertainty in
estimating cancer risk from exposure to benzene at this site.

NEXT STEPS
From our review of available information, ATSDR recommends the following:

e ATSDR supports the ongoing activities by the Michigan Department of Environmental
Quality (MDEQ) to ensure that the community around WAFB is provided safe drinking
water.

e ATSDR recommends ongoing monitoring of potable wells by MDEQ in areas that are
known to be, or that could be, affected by contamination from the site.

e ATSDR recommends continued investigative actions to define the nature and extent of
contamination on and surrounding the WAFB.

For more information, call ATSDR at 1-800-CDC-INFO and ask for information on the
Wurtsmith Air Force Base Site.




PURPOSE

This document evaluates past volatile organic compound (VOC) contamination at the former
Wurtsmith Air Force Base (WAFB) in Oscoda, Michigan, with a focus on past exposures via
on-base and off-base water supply wells to military members and their families, employees,
visitors and nearby residents. ATSDR evaluated this exposure pathway in the past [ATSDR
2001]. ATSDR was asked by a group of concerned citizens and veterans to re-evaluate the
past exposures and to draw new health-based conclusions that reflect the latest science. This
document updates the previous document to reflect important changes in science and
exposure evaluation approaches that have occurred since the publication of the 2001
document. Where necessary, the current document references relevant information from the
2001 document.

ATSDR is publishing this document to update our past evaluation of the public health hazards
at the WAFB, in light of new science. As the science has developed for some of the major
contaminants at this site, and our exposure assessment methods have improved, we are
updating our previous evaluation using the best new science available. Therefore, this
document will reflect the latest scientific developments regarding health effects for the
chemicals trichloroethylene (TCE) and benzene, as well as ATSDR’s updated guidance for
assessing exposures.

TCE, and, to a lesser extent, benzene, are the contaminants of concern in drinking water at
this site. Although other VOCs were detected in drinking water, and other pathways were
evaluated in the past, the other VOCs and pathways are not part of this re-evaluation for the
following reasons:

e noO new science or methods are available to update our previous evaluation/conclusions;

e the detected contaminants were not considered to be site-related (e.g., some are
common drinking water disinfection byproducts such as chloroform, dichloromethane,
and dichlorobromomethane); or

¢ the exposure pathway resulted in very limited or no known exposures.

This document will evaluate only past TCE and benzene exposures in drinking water; other
exposure pathways and/or contaminants have already been addressed or will be addressed in
future evaluations, as needed.

Please refer to ATSDR’s original 2001 Public Health Assessment (PHA) for Wurtsmith
Air Force Base for more detailed information about this site. The document is currently
available at

https://lwww.atsdr.cdc.qov/HAC/pha/WurtsmithAFB/Wurtsmith2001 PHA.pdf. This
current document contains only relevant portions excerpted from the original
document.



https://www.atsdr.cdc.gov/HAC/pha/WurtsmithAFB/Wurtsmith2001_PHA.pdf

BACKGROUND

Site Description and History

Wurtsmith Air Force Base (WAFB) is in Oscoda (losco County), Michigan, approximately 170
miles north of Detroit (Figure 1). The 5,221-acre site is located less than one mile from Lake
Huron. It is bounded by Van Etten Lake (to the north and east), the Oscoda and Au Sable
communities (to the east and south), the Huron National Forest (to the south) and the Alpena
State Forest (to the west). A variety of hazardous substances (e.g., fuels, solvents, and
pesticides) have been handled, stored, and disposed at WAFB. Some of these materials were
released to the environment, resulting in soil, groundwater, sediment, and surface water
contamination at a number of locations. Contaminants from some of these areas have
migrated beyond the base’s boundaries. Congress approved the closure of the base in
October 1991 and closing ceremonies were held on June 30, 1993 [Air Force 1995].

Contaminants were first discovered at WAFB in October 1977, when an on-base resident
complained that the base's drinking water supply contained peculiar tastes and odors. In
response to this complaint, a tap water sample was collected from an on-base housing unit
and TCE was detected. This discovery prompted several environmental investigations and it
soon became evident that a groundwater plume had formed under the base and impacted on-
base water supply wells. In the years to follow, WAFB discovered that several other
environmental media (i.e., surface water, sediment, and soil) had been impacted by
contaminants as well. A total of 58 areas with potential contamination were evaluated at WAFB
under the Installation Restoration Program (IRP). At some of these areas, contamination was
significant enough to warrant immediate cleanup activities. The site was proposed for the U.S.
Environmental Protection Agency's (EPA's) National Priorities List in January 1994 [AFBCA
2000f].

Past exposures to VOCs in on-base and off-base water supplies occurred before 1980.
Several of USAF’s main water supply wells were taken off line when contaminants were
detected in the tap water of on-base housing areas in 1977. Today, the majority of on-base
and off-base facilities, residences, and camps receive their drinking water from the Huron
Shores Regional Utility Authority, a source that is not located near WAFB and that meets all
federal and state drinking water quality standards. A few wells are still in service and are being
monitored by local authorities.



Figure 1. Wurtsmith Air Force Base Site Map
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ATSDR’s 2001 Public Health Assessment

In 2001, ATSDR completed a Public Health Assessment (PHA) for the WAFB. The PHA
identified two pathways by which on-base residents and the surrounding community might
have come into contact with contaminants originating from WAFB: (1) exposures to drinking
water from on-base and off-base water supply wells and (2) exposures to on-base and off-
base surface water bodies. ATSDR evaluated these potential exposure pathways and
addressed community health concerns in the PHA. ATSDR reached several health-based
conclusions regarding the public health implications of past, present and future exposures to
VOCs, semivolatile organic compounds (sVOCs), and metals at the site.

ATSDR’s primary conclusions in 2001 were as follows:

e Past exposures to groundwater may have posed an increased risk of developing
adverse health effects. Several on-base and off-base water supply wells were used in
the past to service residential areas, facility buildings, and recreational areas.
Contaminants were detected in some of these wells and in samples collected from
building faucets. Although TCE concentrations in on-base water supply wells and one
off-base well were high enough to warrant concern, it is unknown whether the
concentrations persisted at high enough levels for long enough durations to actually
pose a public health hazard.

e Current and potential future exposures to groundwater are not expected to pose a
public health hazard. The maijority of on-base and off-base areas receive their drinking
water supplies from the Huron Shores Regional Utility Authority, a source that is not
located near WAFB, and which meets all federal and state safe drinking water
standards. A few wells are still in service, but exposure to the water that they provide is
not expected to pose current or future health hazards because the wells do not contain
high contaminant concentrations, they are only rarely used, and/or exposure durations
are expected to be short. Institutional controls are in place to prevent new wells from
being installed in contaminated areas in the future.

e ATSDR concluded that past, present, and future exposures to surface water and
sediment are not expected to pose a public health hazard. Contaminants from WAFB
have been released to Van Etten Lake, the Au Sable River, Duell Lake, and a wetland
area located in the southern portion of the base. Although these surface water bodies
have been and continue to be used for recreational activities, contaminant
concentrations are low and/or exposure is too infrequent to result in health hazards.

The Re-evaluation Process

In this report, we re-evaluated past exposures to drinking water from on-base and off-base
water supply wells to determine if our conclusions should be updated. Specifically, we updated
our exposure assessment and health effects evaluation to reflect current scientific
understanding and guidance. We used sampling data that was already available to us in the
2001 PHA.



Below is a summary of the updates made and the historical information that did not change.

Table A. ATSDR’s Re-evaluation of TCE and Benzene in Drinking Water

Here’s what we changed: The evaluation for the Wurtsmith AFB site was updated in the
following two primary ways from the 2001 PHA:

Exposure Assessment: The exposure
assessment is the process of identifying
human exposure pathways and estimating
the amount of human exposure under each
exposure scenario. An important part of the
exposure assessment is estimating how much
of a contaminant a person may be exposed
to. To do this, ATSDR calculates exposure
doses. In cases where site-specific
information is not available, ATSDR will apply
conservative exposure assumptions to
estimate exposure doses. ATSDR scientists
have studied and reviewed new
environmental science data to better define
exposures and to fill critical data gaps.
Examples include advancements in the
assessment of dermal (skin) absorption and
inhalation exposures while showering. We
updated the approaches used to calculate
exposure doses at WAFB to reflect the best
available science. The updated parameters
allow ATSDR to better define the contribution
of each contaminant/pathway to the
degree of hazard posed by a contaminant
at a site.

Health Effects Evaluation: The health effects
evaluation is conducted to determine
whether contact with contamination may
result in harmful health effects. ATSDR uses
scientific information, which can include the
results of medical, toxicologic, and
epidemiologic studies and data collected in
disease registries, to determine what health
effects may result from exposures. Since the
publication of the PHA in 2001, several
important scientific developments for the
chemicals TCE and benzene have occurred
that have allowed ATSDR to better
determine whether the exposures are likely
to result in harmful health effects, including
potential impacts to vulnerable populations
(e.g., children, women of childbearing age,
fetuses). Specifically, we updated the
toxicological information for TCE, which
indicates health effects at lower doses and
from shorter-term exposures than previously
understood. Also, we updated our chronic
Minimal Risk Level (MRL) for benzene in 2007.

Here's what we left the same: In preparing this PHA, ATSDR used the following information,
without revision, from the 2001 PHA:

Environmental sampling
data: ATSDR used sampling
data that was previously
collected from drinking
water wells; no other
sampling data were used or
collected to redefine our
understanding of the nature
and extent of
contamination.

pathway.

Completed exposure
pathway:! ATSDR evaluated
the drinking water pathway
as a past completed

Well usage information:
ATSDR used available well
history information to
determine usage patterns for
the water supply wells at the
site. Previous assumptions
regarding the purpose (e.qg.,
potable, industrial), time in
service, and status (e.g.,
mixed, abandoned, closed)
of on-base and off-base
water supply wells were not
changed.

1 A completed exposure pathway exists when there is direct evidence or, in the judgment of the health assessment team, a
strong likelihood that people have in the past or are presently coming in contact with site-related contaminants. All five of the
following elements of the exposure pathway must be present: (1) a source of contamination, (2) an environmental media, (3) a
point of exposure, (4) a route of human exposure, and (5) a receptor population.




DISCUSSION

Evaluating the Drinking Water Pathway

The drinking water pathway is a past completed exposure pathway and is the focus of this
evaluation.

Groundwater underlying WAFB has been impacted by site activities. A groundwater aquifer
lies below the base and extends beyond the base’s boundaries. Several groundwater plumes
have been identified, some of which have migrated beyond the base's boundaries. On-base
and off-base drinking water wells have been impacted by the groundwater plumes beneath
WAFB. For a number of years, the aquifer served as a drinking water source for WAFB and
several nearby off-base properties.?

In 2001, ATSDR summarized information about the groundwater conditions and evaluated
available well usage information and sampling data. ATSDR separated the wells into three
categories based on the areas that they serviced:

e USAF's main water supply wells — supplied water to on-base housing units and several
base buildings; used for both potable (drinking and other household uses) and
nonpotable (industrial activities) purposes

e USAF's area-specific wells — supplied water to one particular area or building

e Off-base wells - supplied water to off-base private properties that are situated between
WAFB and Van Etten Lake, including residential properties, campgrounds, and
recreational buildings

For the re-evaluation, ATSDR used the 2001 well usage information to determine the
potentially exposed population(s) and exposure route(s) for each well. The following groups of
people have been identified for further evaluation:

e On-base military members and their families (including children) who used the water
from the water supply wells for household purposes, including drinking, cooking,
showering, and laundering.

e On-base employees who may have ingested contaminated water while at work, but
likely did not shower or bathe in it.

e Off-base residents who live in nearby properties, who may have used water from a
contaminated supply well for household purposes such as drinking, cooking, showering
and laundering.

2 According to the 2001 report, nearly all of the areas now receive their drinking water from municipal
sources. ATSDR did not confirm nor check the status of this information as part of this re-evaluation.



e Visitors or short-term guests who visited a campground, cottage, or recreational area
and used the water for potable purposes, including drinking and showering. Their

exposures would be short-term (conservatively assumed to be 4 weeks) and not
recurring.

Table B summarizes ATSDR’s exposure assumptions for each group of people evaluated.



Table B. Assumed Exposure Times and Exposure Routes for each Potentially Exposed Group — Wurtsmith AFB

Potentially Exposed Assumed Reasoning Exposure Routes
Population Maximum
Exposure
Time
On-Base Military 5 years Time-on-station for Air Force members likely varied. The Ingestion
Members and Families time stationed at the WAFB would have depended on the Inhalation
Airman’s job and other military-related factors. ATSDR Dermal
assumed that the time-on-station for Air Force members
(and their families) was 5 years. The actual time spent at
WAFB by any Airman could have been more or fewer than
5 years.
On-Base 25 years ATSDR assumes an individual works 25 years at the same Ingestion
Workers/Civilian location unless site-specific conditions warrant another
Personnel exposure duration. The 25 years represent the 95th
percentile estimate of tenure with current employer from
the Bureau of Labor Statistics (ATSDR 2014b). The workers
would have been exposed via water ingestion only, since it
is unlikely that they would have showered or had other
household uses while at work.

Off-Base Resident 33 years ATSDR assumed that off-base residents could be exposed Ingestion
for a total of 33 years, which represents the 95t percentile Inhalation
residential occupancy period. The estimate is plausible if Dermal
exposures began before the discovery of the initial
contamination (1977) and continued for some time after
the base closure in 1993.

Occasional 4 weeks ATSDR assumed that wells that are designated for use at Ingestion
Visitor/Vacationer/Short- | (28 days) | non-permanent housing or non-housing facilities would be Inhalation
term Guest only be used occasionally and for short periods of time, Dermal

perhaps up to 4 weeks by a visitor or vacationer.

The potential exposed populations were categorized based on the previously published well usage history or by the type of building serviced by the well.
For example, Well AF4 is described as one of USAF’s main water supply wells, providing potable water to on-base residents and employees. ATSDR assigned
Well AF4 as a well that could have potentially been used by on-base military members and their families, as well as on-base workers/civilian personnel. Well
AF22 is described as servicing the Burkhart Lodge, a visitation center for pilots. ATSDR assigned this well as one for temporary/intermittent use by
visitors/vacationers. We were unable to accurately identify the use pattern and potentially exposed population for some wells. In those instances, we made

conservative assumptions. If additional information becomes available, we will update our exposure assumptions, as needed.




People may have been exposed to contaminants in the drinking water in the following

ways:

e Ingestion: drinking contaminated water;

« Inhalation: breathing in TCE and benzene that volatized to the air from the

contaminated water;

e Dermal Absorption: VOCs can be absorbed through the skin when bathing and
showering. The amount of exposure can increase as your contact time with water
increases, for example, if you typically take long baths or showers.

Environmental Contamination

Environmental sampling data are critical inputs to the public health evaluation process.

Environmental data indicate the levels of chemicals
found in the environment. In this re-assessment,
ATSDR used past drinking water data collected on or
near the WAFB for our evaluation. ATSDR did not
collect additional new data or evaluate current
use patterns/concentrations and exposures.

If contaminant concentrations are above these
environmental screening values (or CVs), ATSDR
assigns exposure parameters (for example, duration
and frequency; see below), and analyzes the
toxicology of the contaminant and epidemiology
studies for possible health effects. During this part of
the evaluation process, ATSDR estimates site-
specific exposure doses and compares them to health
guideline values and calculates cancer risk estimates

ATSDR defines a comparison value
(CV) as a concentration of a
substance in air, water, food, or
soil that is unlikely to cause
harmful (adverse) health effects in
exposed people. The CV is used as
a screening tool during the public
health assessment process.
Substances found in amounts
greater than their CVs do not
necessarily pose a risk to health.
Rather, these substances are
selected for further evaluation in
the public health assessment
process to determine whether
harmful health effects are likely.

to further evaluate the potential for harmful health effects from exposures.

Exposure Parameters

Selecting exposure parameters is an important part of deriving quantitative estimates of
exposure, or exposure doses. An exposure dose (usually expressed as milligrams of
chemical per kilogram of body weight per day, or “mg/kg/day”) is an estimate of how
much of a substance a person may contact based on their actions and habits.
Estimating an exposure dose requires identifying how much, how often, and how long a




person or population may come in contact with a concentration of a substance in a
specific medium.

To estimate exposure doses at this site, ATSDR used the following exposure
assumptions (See Appendix A for a detailed discussion on exposure assumptions and
dose calculations):

e ATSDR used average body weights, inhalation rates, breathing rates, surface
area, and shower times for calculating exposure doses. ATSDR used above-
average (i.e., high-end, 95" percentile) water intake rates to be especially health
protective.

e ATSDR assumed the bioavailability of TCE and benzene was 100% - that is, all
of the contaminant that a person ingested is assumed to enter the bloodstream.

e ATSDR assumed that people were exposed to the maximum detected
contaminant concentration for the entirety of their exposure duration (up to 33
years for off-base residents).

e ATSDR used an exposure factor of 1 for military members, visitors and residents,
to represent being exposed daily. We used an exposure factor of 0.71 for
workers, to represent being exposed 5 days per week (5/7).

The exposure factor (EF) term is an important parameter in the dose
equation and is used to adjust the dose to account for either continuous or
intermittent exposure. The EF is an expression of how often (frequency)
and how long (duration) a person may be exposed to a substance. The
exposure factor is calculated by multiplying the frequency of exposure (F)
by the exposure duration (ED) and dividing by the averaging time (AT), as
in the following equation:

EF = (FExED)
AT

Uncertainty and Data Limitations

ATSDR made every attempt to accurately assess the potential impact each contaminant
had on people’s health, but there are limitations to the data and uncertainty in the
assumptions used in this assessment. When limitations or uncertainty existed, ATSDR
chose to be more conservative in an effort to be protective of people’s health.
Therefore, actual exposures may have been different from those described in this
document. The major uncertainties and limitations are:

e ATSDR selected the highest exposure point (maximum concentration) detected
in each well to calculate exposure doses. This assumption is conservative

10



because it assumes that people were exposed to the maximum detected
concentration over the entire duration of exposure. The actual exposure levels
likely fluctuated over time, which means that the levels could have been higher or
lower than the maximum detected concentration.

e The contaminant dose a person receives depends on the concentration of
chemical in the water at a given time. However, sometimes we have limited
sampling data to evaluate the chemical concentrations in a well over time. This
limitation makes it difficult to accurately estimate the contaminant levels people
might have been exposed to in the past. The concentration of chemical in a well
at any given time depends on the proximity to the source of the contamination,
the migration of the groundwater plume, and many other environmental factors.
Therefore, it is likely that the contaminant levels in each well varied over time.
We do not account for that variability in our estimates.

e The exact duration of exposure for each potentially exposed population is
unknown. The contamination was first detected in 1977; however, the wells could
have contaminated for many years before the initial discovery in 1977. The base
opened in 1923, and served in various capacities® throughout its history. Some of
the base operations are the potential source(s) of the contamination. Therefore,
the timeframe in which the hazardous substances were released into the
environment and reached wells is unknown. ATSDR used conservative
assumptions to assign a maximum exposure time for Airmen (and their families),
base employees, off-base residents, and visitors (See Table A). We are willing to
re-assess any of these assumptions if site-specific information is made available
to us.

HEALTH EFFECTS EVALUATION

This section of the re-assessment evaluates the health effects that could possibly result
from exposures to TCE and benzene in wells on or near the WAFB. For a public health
hazard to exist, people must contact contamination at levels high enough and for long
enough to affect their health.

To evaluate resident’s exposure to TCE and benzene in drinking water, ATSDR
calculated exposure doses and estimated non-cancer and cancer risks. Calculated
exposure doses are then compared to the available health guidelines to determine
whether the potential exists for adverse non-cancer health effects. In the event that
calculated exposure doses exceed established health guidelines (e.g., ATSDR’s
Minimal Risk Levels [MRLs] or EPA’s Reference Doses [RfD]), an in-depth toxicological

3 During different points in its history, the WAFB base served as (1) an airfield-housing,
maintaining, and refueling several types of planes; (2) a training facility-offering training in
overseas fighting, gunnery and combat zone fighting, and fire survival; and (3) a weapons
storage area-maintaining, processing, testing, and housing a wide variety of weapons.
Throughout much of the 1960s, 70s, and 80s, W AFB was on Ground Alert (i.e., continuous alert for
foreign attacks), but it was placed on a base closure list following the end of the "Cold War."

11



evaluation is performed to determine the likelihood of harmful health effects. ATSDR
also may compare the estimated doses directly to human and animal studies, which are
reported in ATSDR's chemical-specific Toxicological Profiles and other sources.

Estimating Non-Cancer Health Effects

ATSDR calculated exposure doses for the past completed drinking water pathway at
this site. Often, ingestion exposure is the most significant source of exposure to
hazardous substances in drinking water. However, in the case of VOC contamination,
combined inhalation and dermal exposures can make a significant contribution to the
total exposure dose. Studies have shown that exposure to VOCs from routes other than
ingestion might be as large as the exposure from ingestion alone. Showering is
considered a major contributor to overall exposure because VOC evaporate quickly
from hot water into the air, and showering is typically done in a small, enclosed space
where VOC concentrations might build up. The inhalation dose due to volatization
during a shower may equal to the ingestion dose and 50% to 90% of VOCs in water
may volatize during showering, laundering, and other activities [Moya et. al. 1999;
Giardino and Andelman 1996]. In addition to breathing in the VOC from the air, people
can absorb the chemical through their skin. Therefore, ATSDR included inhalation and
dermal contact doses, as well as the ingestion dose, to estimate total exposures to TCE
and benzene.

ATSDR used the inhalation model developed by Andelman and dermal exposure
methods documented by EPA to estimate exposures from inhalation and dermal
exposure, respectively. The Andelman method is used to estimate the exposure that
would occur due to volatilization of TCE during the showering process and the
subsequent inhalation of TCE-contaminated air. The model includes time spent in the
enclosed bathroom after showering [Andelman 1990]. The EPA dermal exposure
calculation is used to estimate skin intake of VOCs during the showering process.
ATSDR evaluated exposures using a shower time of 15 minutes. ATSDR combined the
drinking (oral), inhalation, and dermal exposures to derive a total exposure dose.

(See Appendix A for a detailed explanation, with examples, of how to derive a total
exposure dose.)

Tables 7C — 10C in Appendix C present the combined oral, inhalation and dermal
exposure doses for children and adults, including pregnant women. (It should be
noted that ATSDR did not estimate inhalation and dermal exposures from showering for
children less than 1 year of age because these very young children are more likely to
take baths than showers.) ATSDR paid special attention to the exposure doses for
young children and pregnant women because the scientific data indicate that the
developing heart and nervous system in fetuses and young children may be especially
sensitive to the toxic effects of TCE [ATSDR 2014al].
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Hazard quotients (HQs) were calculated to compare estimated exposure doses to
health guidelines (ATSDR’s MRL of 0.0005 mg/kg/day for TCE and benzene), which are
levels adverse health effects are not expected. If an HQ is less than 1, the estimated
exposure dose is below the health guideline and adverse non-cancer health effects are
not expected. If the HQ is greater than 1, ATSDR compared the effect levels in key
studies to the estimated exposure doses (from ingestion, inhalation, and dermal
exposure) for children and adults to evaluate the potential for harmful non-cancer health
effects.

Non-Cancer Health Effects — TCE

Harmful non-cancer effects associated with oral TCE exposure include decreased body
weight, liver and kidney effects, and neurological, immunological, reproductive, and
developmental effects. Previous epidemiological studies of women living in areas where
the drinking water was contaminated with TCE, as well as other VOCs, have suggested
an increased risk of several types of birth defects [ATSDR 2014a]. Studies in Arizona
and New Jersey suggested an association between TCE contamination in public
drinking water wells and cardiac defects, and the New Jersey study also found an
increased risk of oral clefts and neural tube defects [Bove et. al., 1995, Goldberg et. al,
1990]. Studies of women exposed to TCE-contaminated drinking water have shown
some evidence of increased risks of low or very low birth weight, term low birth weight,
and small for gestational age. In laboratory animals, exposure to high levels of TCE has
damaged the central nervous system, immune system, liver and kidneys, and adversely
affected reproduction and development of offspring [ATSDR 2014al].

ATSDR adopted EPA’s RfD of 0.0005 mg/kg/day as its chronic oral MRL in January
2013 [ATSDR 2013]. The most sensitive observed adverse effects, which were used as
the primary basis for the RfD, were based on the critical effects of heart malformations
(rats), adult immunological effects (mice), and developmental immunotoxicity (mice), all
from oral studies. The RfD is further supported by studies showing adverse effects in
the kidney (an oral study for the effect of toxic nephropathy [rats]) and route-to-route
extrapolated results from an oral study for the effect of increased kidney weights (rats).

Three principal toxicological studies used in developing the RfD are detailed below:

e Johnson showed increased rates of heart defects in newborn rats born to
mothers who were exposed to TCE in drinking water during gestation [Johnson
et al., 2003]. EPA applied Physiologically Based Pharmacokinetics (PBPK)
models of TCE metabolism in rats and humans to the study results to obtain a
99th percentile human equivalent dose (HEDg9)* of 0.0051 mg/kg/day. At 0.0051

4 The HEDgs can be interpreted as the applied dose in humans for which there is 99% likelihood
that a randomly selected individual will have an internal dose less than or equal to the internal
dose derived in the animal study.
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mg/kg/day ingested TCE, a 1% response rate is expected for fetal heart
malformations in humans [EPA 2011; Johnson et. al. 2003].

e A study in female adult mice showed immune system effects (decreased thymus
weight) after exposure to TCE in a thirty week drinking water study [EPA 2011;
Keil et. al. 2009]. EPA converted the study findings to obtain a HEDgs of 0.048
mg/kg/day.

e A study of mice exposed during gestation and following birth to TCE in drinking
water showed problems with immune system development [EPA 2011; Peden-
Adams et. al. 2006]. EPA used the lowest study effect level of 0.37 mg/kg/day as
a point of departure.

Based on estimated doses, some babies born to mothers who were exposed to TCE
during pregnancy may be at increased risk for heart defects. (See Tables 11D — 14D in
Appendix D.) One of the studies supporting the RfD is based on the critical effect of fetal
heart malformations in rats. Some of the estimated doses for pregnant women approach
or exceed the HEDg9 of 0.005 mg/kg/day for cardiac birth defects. Therefore, babies
born to mothers who were exposed to TCE during pregnancy may be at increased risk
for heart malformations. Some TCE-associated adverse health effects have been
documented after short-term exposures. For example, fetal cardiac malformations have
been shown to occur in rats at a level that would be equivalent to human ingesting a
dose of 0.005 mg/kg/day. Thus, the concern exists for developmental effects if a woman
was exposed even for a fairly short period of time during the three week window of
critical fetal heart development in the first trimester of pregnancy. Therefore, even short-
term exposure during pregnancy may be a concern for cardiac effects.

Based on estimated doses, some children and adults exposed to TCE in private wells
may be at increased risk for harmful immunological effects. (See Tables 11D — 14D in
Appendix D.) In addition to heart defects, EPA based the RfD on immune system
toxicity. Harmful effects related to the immune system have been associated with TCE
exposure in both human and animal studies [EPA 2011]. A relationship between
systemic autoimmune diseases, such as scleroderma, and occupational exposure to
TCE has been reported in several recent studies [EPA 2011]. Immunotoxicity has also
been reported in experimental studies of TCE in animals. Numerous studies have
demonstrated accelerated autoimmune responses in autoimmune-prone mice, including
changes in cytokine levels similar to those reported in human studies, with more severe
effects, including autoimmune hepatitis, inflammatory skin lesions, and alopecia,
manifesting at longer exposure periods [EPA 2011]. Developmental immunotoxicity in
the form of hypersensitivity responses have been reported in TCE-treated guinea pigs
and mice via drinking water pre- and postnatally [EPA 2011]. Evidence of localized
immunosuppression has also been reported in mice and rats [EPA 2011]. Overall, the
human and animal studies of TCE and immune-related effects provide strong evidence
for a role of TCE in autoimmune disease and in a specific type of generalized
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hypersensitivity syndrome, while there are less data pertaining to immunosuppressive
effects [EPA 2011].

The key animal studies upon which the RfD is based derived an HEDgg of 0.048
mg/kg/day for decreased thymus weight, an indication of immune toxicity, and a lowest
observed adverse effect level (LOAEL) of 0.37 mg/kg/day for developmental
immunotoxicity. When comparing our estimated doses to these key animal studies,
some of our doses approach or exceed the observed effect levels in these animal
studies, increasing the likelihood of adverse health effects. ATSDR used the Andelman
model to estimate inhalation exposures while showering and in the enclosed bathroom
after the shower, but the model does not account for VOC exposures that occur in the
rest of the house throughout the day.

Non-Cancer Health Effects - Benzene

Benzene can cause problems in the blood (hematologic). People who breathe benzene
for long periods may experience harmful effects in the tissues that form blood cells,
especially the bone marrow. These effects can disrupt normal blood production and
cause a decrease in important blood components. A decrease in red blood cells can
lead to anemia. Reduction in other components in the blood can cause excessive
bleeding. Blood production may return to normal after exposure to benzene stops.
Excessive exposure to benzene can be harmful to the immune system, increasing the
chance for infection and perhaps lowering the body’s defense against cancer [ATSDR
2007].

Based on estimated doses, on-base employees who were exposed to benzene in
drinking water in Building 5008 may be at increased risk for harmful hematological
effects. (See Table 8C in Appendix C). ATSDR’s chronic oral MRL of 0.0005 mg/kg/day
for benzene is based on a hematological endpoint (decreased B cell count). The MRL is
based on route-to-route extrapolation of the results of benchmark dose (BMD) analysis
of a hematological endpoint assessed in benzene-exposed workers. Benzene-inducted
B cell count was selected as the critical effect for benchmark dose modeling because it
represented the highest magnitude of effect [ATSDR 2007].

Benzene is toxic by all routes of administration. Hematotoxicity and immunotoxicity have
been consistently reported to be the most sensitive indicators of noncancer toxicity in
both humans and experimental animals. The bone marrow is the target organ for the
expression of benzene hematotoxicity and immunotoxicity [EPA 2003]. Exposure to
benzene may be harmful to the reproductive organs and breathing benzene may cause
harmful effects on the developing fetus. These effects include low birth weight, delayed
bone formation, and bone marrow damage [ATSDR 2007].
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Estimating Cancer Health Effects

Cancer Health Effects — TCE

TCE exposures can cause cancer, with increased susceptibility for early-life exposures.
The occupational studies of relatively high TCE exposures have shown increased risks
for several types of cancer. The most consistent evidence has been for kidney, liver,
and esophageal cancers and non-Hodgkin’s lymphoma [ATSDR 2014a]. Additional
evidence from occupational studies points to possible relationships between TCE
exposure and increased risk of Hodgkin’s disease, cervical cancer, multiple myeloma,
bladder cancer, female breast cancer, and prostate cancer [Krishnadasan et al., 2007;
Sung et al., 2007; Siegel Scott and Chiu, 2006; Zhao et al., 2005; Hansen et al., 2001;
Wartenberg et al., 2000; ATSDR 2014a]. Many of these studies have strong limitations
including unknown exposure levels and small sample sizes. In addition, many of these
studies were unable to adequately separate the effects of TCE from other solvents
present in the workplace.

The National Toxicology Program (NTP) classifies TCE as reasonably anticipated to be
a human carcinogen based on limited evidence of carcinogenicity from studies in
humans, sufficient evidence of carcinogenicity from studies in experimental animals,
and information from studies on mechanisms of carcinogenesis [NTP 2011]. The human
studies were epidemiological studies that showed increased rates of liver cancer and
non-Hodgkin’s lymphoma, primarily in workers who were exposed to TCE on the job.
The animal studies showed increased numbers of liver, kidney, testicular, and lung
tumors by two different routes of exposure. EPA characterizes TCE as “carcinogenic to
humans” by all routes of exposure [EPA 2011d]. This conclusion is based on human
epidemiology studies showing associations between human exposure to TCE and
kidney cancer, non-Hodgkin’s lymphoma, and liver cancer.

In 2011, EPA published an oral cancer slope factor for TCE of 0.046 (mg/kg/day)! and
an inhalation unit risk of 4.1 x 10-® (ug/m?3)" reflecting total incidence of kidney, non-
Hodgkin’s lymphoma, and liver cancers [EPA 2011d]. For a given age group, the
estimated increased risk of developing cancer resulting from exposure to the
contaminants was calculated by multiplying the site-specific estimated exposure dose,
by an appropriate cancer slope factor or inhalation unit risk (EPA values can be found at
http://www.epa.gov/iris), the appropriate ADAF, and the fraction of a 78-year lifetime
under consideration. Using the above factors, ATSDR calculated the lifetime excess
cancer risk from exposure to TCE in well water. (See Appendix B for detailed
explanation of TCE cancer risk and example calculations.) The excess cancer risk is the
number of increased cases of cancer in a population over a lifetime above background
that may result from exposure to a particular contaminant under the assumed exposure
conditions. For example, an estimated cancer risk of 1E-06 represents a possible one
excess cancer case in a population of one million. Because of the uncertainties and
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conservatism inherent in deriving the cancer slope factors, the excess cancer risk is
only an estimate of risk; the true risk is unknown.

Based on the calculated increased cancer risks from long-term exposures, some
children and adults, on- and off-base, exposed to TCE in drinking water in the past
could be at increased risk for cancer health effects. (See Tables 10D — 14D in Appendix
D.) [Note: Cancer risks were not calculated for visitors and short-term guests because
their exposure duration was considered to be too short.] The cancer risks are expressed
in terms of excess cancer cases in an exposed population in addition to the background
rate of cancer®. Therefore, when we talk about the additional or excess cancer risk, we
mean the risk above and beyond what is considered background. Typically, health
guideline comparison values developed for carcinogens are based on one excess
cancer case per 1,000,000 individuals (expressed exponentially as 1E-06 or 10-°).
ATSDR considers estimated cancer risks of less than one additional cancer case
among one million persons exposed (1E-06) as insignificant or no increased risk.

Cancer Health Effects — Benzene

Benzene is a known human carcinogen for all routes of exposure based upon
convincing human evidence as well as supporting evidence from animal studies [EPA
2003]. Epidemiological studies and case reports provide clear evidence of a causal
relationship between occupational exposure to benzene and benzene-containing
solvents and the occurrence of acute nonlymphocytic leukemia (ANLL), particularly the
myeloid cell type (acute myelogenous leukemia, AML) Some of the studies also provide
suggestive evidence of associations between benzene exposure and non-Hodgkin’s
lymphoma (NHL) and multiple myeloma. The epidemiological studies are generally
limited by confounding chemical exposures and methodological problems, including
inadequate or lack of exposure monitoring and low statistical power (due to small
numbers of cases), but a consistent excess risk of leukemia across studies indicates
that benzene is the causal factor [ATSDR 2007].

Long-term exposure to benzene can cause cancer of the blood-forming organs. This
condition is called leukemia. Exposure to benzene has been associated with
development of a particular type of leukemia called acute myeloid leukemia (AML). The
Department of Health and Human Services has determined that benzene is a known
carcinogen (can cause cancer). Both the International Agency for Cancer Research and
the EPA have determined that benzene is carcinogenic to humans [ATSDR 2007].

ATSDR estimated cancer risks from exposure to benzene at the WAFB site. The
following equation is used to calculate excess cancer risk for benzene:

5 For perspective, the lifetime risk of being diagnosed with cancer in the United States is 42 per
100 individuals for males, and 38 per 100 for females (ACS 2017).
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Cancer risk = Exposure Dose x EPA’s Cancer Slope Factor (CSF) x Years of Exposure
78 years (lifetime)

The CSF is the cancer risk (proportion affected) per unit dose, and is used to compare
the relative potency of different chemical substances. The CSF is expressed in
mg/kg/day. The CSF for benzene is 0.055 (mg/kg/day)".

Based on the calculated increased cancer risks, on-base employees exposed to
benzene in drinking water from Building 5008 could be at increased risk for cancer
health effects. The calculated excess cancer risk was 7E-04 (or stated another way, one
might expect 7 extra cases of cancer if 10,000 people are exposed), indicating an
elevated cancer risk. The cancer risks are expressed in terms of excess cancer cases in
an exposed population in addition to the background rate of cancer. Typically, health
guideline comparison values developed for carcinogens are based on one excess
cancer case per 1,000,000 individuals (expressed exponentially as 1E-06 or 10).
ATSDR considers estimated cancer risks of less than one additional cancer case
among one million persons exposed (1E-06) as insignificant or no increased risk.

CHILD HEALTH CONSIDERATIONS

In communities faced with air, water, or food contamination, the many physical
differences between children and adults demand special emphasis. Children could be at
greater risk than adults from certain kinds of exposure to hazardous substances.
Consumption of water and body weight are factors that make the dose higher. If toxic
exposure levels are high enough during critical growth stages, the developing body
systems of children can sustain permanent damage. Finally, children are dependent on
adults for access to housing and medical care, and for risk identification. Thus, adults
need as much information as possible to make informed decisions regarding their
children’s health. The exposures at this site occurred many years ago. People who may
have been exposed as children need to understand their potential risks now that they
are adults. TCE exposures are a particular concern during the development of the fetus
[Johnson et al 2003, EPA 2011]. Exposures during the critical fetal heart developmental
period in the first trimester are of special concern. Collectively, the scientific data
indicate that the developing heart and nervous system of fetuses and young children
may be sensitive to the toxic effects of TCE. Our toxicity discussion above addresses
these exposure concerns.
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CONCLUSIONS

ATSDR was asked by a group of concerned citizens and veterans to re-evaluate past
exposures at the WAFB and to draw new health-based conclusions that reflect the
latest science. As part of this re-evaluation, ATSDR examined drinking water data for
on- and off-base drinking water wells. We evaluated only past TCE and benzene
exposures in drinking water; other exposure pathways and/or contaminants have
already been addressed or will be addressed in future evaluations, as needed.

ATSDR reached the following three conclusions:

e Some children and adults who used TCE-contaminated water for household
purposes (e.g., drinking, showering, bathing, etc.) in the past may be at risk for
harmful non-cancer health effects associated with TCE exposure. The results for
each well are summarized in Tables 11D-14D in Appendix D.

Critical adverse non-cancer effects associated with TCE are the critical effects of heart
malformations, adult immunological effects, and developmental immunotoxicity. ATSDR
evaluated various groups of children and adults who were exposed to TCE via drinking
water in the past. Based on estimated doses, some children and adults who were
exposed to TCE may be at increased risk for harmful immunological effects.

Additionally, if a pregnant woman was exposed to TCE during pregnancy, her baby may
be at increased risk for fetal heart malformations. The baby may be at risk for cardiac
heart defects even if the pregnant woman was exposed for a fairly short period of time
(i.e., under three weeks) and if the exposure occurred when the fetal heart was
developing (during the first trimester). The concern exists for developmental effects if a
woman was exposed even for a fairly short period of time during the three week window
of critical fetal heart development in the first trimester of pregnancy. Therefore, even
short-term exposures during pregnancy may be a concern for cardiac effects.

e Some people who were exposed to TCE via drinking wells in the past may be at
an increased risk for cancer. The results for each well are summarized in Tables
11D -14D in Appendix D.

ATSDR estimated increased cancer risk from past exposures for individuals who were
exposed to TCE in their water via the ingestion, inhalation, and dermal routes of
exposure. We assumed that off-base (residential) children and adults were exposed for
21 years (from birth to >21 years of age) and 33 years, respectively; on-base military
adults and children were exposed for 5 years; and that on-base employees were
exposed for 25 years. Using the maximum amount of TCE in their well water, we
estimated an elevated cancer risk for some children and adults. However, ATSDR
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assumed many years of exposure to the maximum concentrations of TCE and benzene
in estimating the cancer risks, so the actual cancer risks could be much lower. Without
historical data or knowledge about the source of the contamination, ATSDR recognizes
that there is some uncertainty in estimating cancer risk at this site.

e On-base employees who were exposed to benzene in drinking water in Building
5008 for many years may be at increased risk for harmful non-cancer
(hematological) and cancer health effects.

Benzene causes problems in the blood (hematologic). People who are exposed to
benzene for long periods may experience harmful effects in the tissues that form blood
cells, especially the bone marrow. Long-term exposure to benzene can cause cancer of
the blood-forming organs. This condition is called leukemia. Exposure to benzene has
been associated with development of a particular type of leukemia called acute myeloid
leukemia (AML). In estimating the excess cancer risk, we assumed that on-base
employees were exposed for 25 years. ATSDR assumed many years of exposure to the
maximum concentrations of benzene in estimating the cancer risks, so the actual
cancer risks could be much lower. Without historical data or knowledge about the
source(s) of the contamination, ATSDR recognizes that there is some uncertainty in
estimating cancer risk from exposure to benzene at this site.
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RECOMMENDATIONS

ATSDR supports ongoing activities by the Michigan Department of
Environmental Quality (MDEQ) to ensure that the community around WAFB is
provided safe drinking water.

ATSDR recommends ongoing monitoring of potable wells by MDEQ in areas that
are known to be, or that could be, affected by contamination from the site.

ATSDR recommends continued investigative actions to define the nature and
extent of contamination on and surrounding the WAFB.

PUBLIC HEALTH ACTION PLAN

A Public Health Action Plan ensures that this health assessment not only identifies
public health hazards but also provides a plan of action designed to mitigate and
prevent adverse human health effects resulting from exposure to hazardous substances
in the environment. The Public Health Action Plan includes public health actions that
have been taken and those that are recommended:

ATSDR will coordinate with other involved partners to notify concerned citizens
and veterans about the findings in this report.

ATSDR will coordinate with MDEQ to develop a sampling plan to analyze VOCs
in private wells in the vicinity of WAFB that are still in use, but are in need of
sampling or re-sampling to determine current VOC levels.

ATSDR will update our exposure assessment should additional information
become available that conflicts with our current exposure assumptions.

ATSDR will provide support for public meetings to discuss the findings of this
health consultation upon request. ATSDR will make presentations, develop
handouts, conduct health education activities, and provide assistance, as
necessary, to concerned citizens and veterans.
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APPENDIX A:

EXPOSURE ASSUMPTIONS AND DOSE CALCULATIONS
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ATSDR’s Exposure Assumptions and Exposure Dose Equations

To estimate past exposure to TCE, ATSDR used mathematical models and default exposure
assumptions to estimate exposure doses. An exposure dose (usually expressed as milligrams of
chemical per kilogram of body weight per day, or “mg/kg/day”) is an estimate of how much of a
substance a person may contact based on their actions and habits. Estimating an exposure dose
requires identifying how much, how often, and how long a person or population may come in
contact with a concentration of a substance in a specific medium.

To estimate exposure doses at this site, ATSDR used default exposure assumptions about body
weight and other body characteristics of children and adults exposed, how they may have been
exposed, and how often they may have been exposed. The following section details the
exposure assumptions and calculation of exposure doses for the drinking water, inhalation, and
dermal contact pathways evaluated in this document.
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Ingestion of contaminated water is one of the most significant exposure pathways at this site.
ATSDR used the following equation and assumptions to estimate exposure to TCE from the
ingestion of contaminated well water:

Table 1A. Exposure Dose Equation and Assumptions for Ingestion of Contaminated Water

Water Ingestion Exposure Dose Equation:
D= CxIR
~ BW
D =  exposure dose in milligrams per kilogram per day, mg/kg/day
C = chemical concentration in milligrams per liter, )
IR = ingestion rate in liters per day, {di}
ay
BW =  body weight in kilograms, kg
Ingestion of Water in Liters Per Day
Age Group Body Weight
(kg) High-end Water
Intake Rate
(L/day)

Birth to <1 year 7.8 1.113
1to <2 years 11.4 0.893
2 to <6 years 17.4 0.977
6 to <11 years 31.8 1.404
11 to <16 years 56.8 1.976
16 to <21 years 71.6 2.444
21+ years 80 3.1
Pregnant Women (16 to 45 73 5 589
yrs)
[ATSDR 2014b]. Agency for Toxic Substances and Disease Registry. 2014. Exposure
Dose Guidance for Water Ingestion. Atlanta, GA: U.S. Department of Health and
Human Services, Public Health Service. November 2014.
High-end water intake rate represents the water intake for a person who consumes
more than the average amount of water per day (the 95% percentile values).




EXAMPLE OF INGESTION CALCULATION:

Use the equation and values in Table 1 to calculate the amount of VOC ingested from drinking
contaminated drinking water

Example using: Adult (21+ years old) using High-End Water Intake, 45 ppb TCE

High-End Water Intake

Ingestion Exposure Dose

0.045 7% x 3.1dny
= 1.7E —
80 kg 03mg /kg/day
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Drinking water wells on and near the WAFB were contaminated with TCE and benzene. The
contaminated water was used for household purposes, including showering. VOCs such as TCE
and benzene can escape, or volatilize, from water used in the home. Breathing in (inhaling) the
vapors in air that occurs when using contaminated water for showering can be a significant
source of exposure. Because inhalation and skin absorption of VOCs during showering can be
significant, ATSDR evaluated those exposures separately. To evaluate inhalation and dermal
exposures, ATSDR computed the 24-hour VOC concentration and then compared that value
with available health guidelines. There are several steps, discussed below, in estimating the
equivalent 24-hour air concentration.

Note: We recognize that very young children (>1 year) are likely to take more baths than
showers, therefore, we did not estimate showering exposures for this age group. We likely
underestimated the total exposures to very young children because bathing will not result in
exposures as great as showering because showering has a high flow rate and more volatilization
of VOCs. ATSDR used several equations and exposure assumptions to estimate how much VOC
contamination a person would inhale while showering.

Table 2A. Exposure Assumptions for Inhalation of VOCs while Showering

Average Average Average Average
Age Group Shower time Bathroom Short-term Long-term
(minutes) Stay after Breathing Breathing
Shower Rates While Rates
(minutes) Showering (m3/day)
(m3/min)
1to <2 years 15 5 0.012 8.0
2 to <6 years 15 5 0.011 9.8
6 to <11 years 15 5 0.011 12.0
11 to <16 years 15 5 0.013 15.2
16 to <21 years 15 5 0.012 16.3
21+ years 15 5 0.012 15.2
Pregnant Women (16 to 15 5 0.016 22
45 years)
Average shower time and bathroom stay after shower derived using professional judgment
with input from Table 16-32: Time spent (minutes) Showering and in Shower Room
Immediately After Showering, EPA Exposure Factors Handbook (2011)
Table 6-2: Recommended Short-Term Exposure Values for Inhalation(males and females
combined), Light Intensity, EPA Exposure Factors Handbook (2011)
Average represents the mean (50t percentile) value
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EXAMPLE OF INHALATION CALCULATION(S):

Use the equations below and values in Table 2 to calculate the amount of VOC inhaled while
showering

Example using: Adult (21+ years old) Showering for 15 Minutes, 45 ppb TCE

Estimating the inhalation exposure dose is a 2-step process:

1) Calculate the VOC concentration in the bathroom
2) Calculate the amount of VOC inhaled

ATSDR used a model developed by Andelman [Andelman 1990] to estimate the VOC
concentration occurring in the bathroom as a result of showering. The equation is as follows:

Equation for Concentration of TCE in Air:

_kxF, xT;xC,xCF

a =

Va
G = air concentration in bathroom/shower, in milligrams per cubic meter, e
k = wolatile mass transfer coefficient, unitless [dafault is 0.6)
Fu = flow rate of water through shower, in liters per min, L/min [(default is ﬁ]
T: = time in shower, in minutes (varies with age, See Table 2)
Cw = VOC concentration in water, in milligrams per liter, Jt—‘g
CF = conversion factor (1,000 %]
Vs = bathroom air volume, in liters, L {default is 10,000 L)
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Step 1. Calculate the concentration of VOC in the bathroom

Concentration
VOC in Air

L . mg L
0.6x8 pre x 15 min x 0.045 I X 1000 poos _ 0324 mg

10,000L m3

The VOC concentration in air will be breathed in during the shower and during any time stayed
in the bathroom after the shower. Next is to calculate how much of the contaminant in the air

will be inhaled by the average person, using the following equation and the average short-term
breathing rates found in Table 2.

Step 2. Calculate the amount of VOC inhaled

Intakeinhalation (Ug)
Peak conc

IRst

Ts
To

VOC Intake
Due to
Inhalation

Equation for Intake of VOC in Air:

ion (49 m? i
peak concentration [mg} X IR ——x (T: + Te){min)

concentration calculated in Step 1, in %
3
short-term inhalation rate {%]

time in shower, in minutes (See Table 2)
time in bathroom after shower, in minutes (See Table 2}

Ly m in =
324 3 X 0.012 X (15+5) min=77.8 ug TCE
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Dermal (skin contact) absorption of contaminants in water occurs while showering or bathing.
ATSDR used the equation and exposure assumptions in Table 3 to estimate how much dermal

exposure to VOCs would occur while showering.

ATSDR estimated skin intake using the general methods of EPA’s Risk Assessment Guidance for

Superfund, Part E [EPA 2004].

Table 3A. Exposure Equation and Estimates for Dermal Absorption of VOCs while Showering

Dermal Absorption Equation:
S
2xFAxK, xCyx— L xsax OXTRDT,
P * 7 1000 cm? | 60 %Iﬂ'
k!
Intakesin = absorbed dose (ug)
FA = fraction absorbed water (assumed to be 1)
Ko = dermal permeability coefficient (0.012 cm/hr, TCE, 0.015 cm/hr, benzene)
Cw = chemical concentration in water (ug/L)
SA = total skin surface area in cm? (See Table 3)
Tevent = lag time per event (0.58 hr)
Ts = time in shower (See Table 2)
Tt = pi, 3.14
Total Body Surface Area
Age Group in cm?
(Average surface area)
1to <2 years 5,300
2 to <6 years 7,225
6 to <11 years 10,800
11 to <16 years 15,900
16 to <21 years 18,400
21+ years 19,810
Pregnant Women
18,610
(16 to 45 years old)
Agency for Toxic Substances and Disease Registry. 2015. Exposure Dose Guidance for
Dermal Exposures to Soil and Sediment. Atlanta, GA: U.S. Department of Health and
Human Services, Public Health Service. October 2015.
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EXAMPLE OF DERMAL ABSORPTION CALCULATION

Example using: Adult (21+ years old) Showering for 15 Minutes, 45 ppb TCE

TCE Intake Due to Skin Absorption

6 x 0.58 (hr)x 15 min

60 % x 3.14
T

m X 19,780 sz X

cm
2x1x0.012—x45@x
hr L

=11.2 ug TCE

To estimate the total (inhalation + dermal) intake of VOCs from showering, ATSDR summed the
inhalation and skin intakes and converted to a 24-hour equivalent air concentration.

EXAMPLE OF CONVERTING TO 24-HOUR EQUIVALENT AIR CONCENTRATION
Exposures that occurs through skin contact need to be converted to a 24-hour equivalent air
concentration to compare to inhalation guidelines.

Example using: Adult (21+ years old) with an average breathing rate of (15.2 EE]
i

day
To convert to a 24-hour air concentration, the total intake is divided by the daily average long-
term breathing rate for an adult using the following equation:

Intake (ug)

24 hour Equivalent Concentration = 3
Inhalation Rate Ed_:l
ay

7784+ 11.2)(u
24 hour Equivalent Concentration = [ 3L 9) = 5.0 F—g
15.2 [m m
e da}r
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APPENDIX B:

EVALUATING TCE CANCER RISKS
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EVALUATING TCE CANCER HEALTH EFFECTS

In 2011, EPA published an oral cancer slope factor for TCE of 0.046 (mg/kg/day)™* and an inhalation unit
risk of 4.1 x 10°® (ug/m?3)?! reflecting total incidence of kidney, non-Hodgkin’s lymphoma, and liver
cancers [EPA 2011d]. EPA used a PBPK model-based route-to-route extrapolation of the inhalation unit
risk estimate for kidney cancer, with a factor of 5 applied to include non-Hodgkin’s lymphoma and liver
cancer risks, to obtain an oral slope factor for combined cancer risk of 0.046 (mg/kg/day)?, or 4.6 x 102
(mg/kg/day™). The combined cancer slope factor can be split into individual component slope factors
as follows:

e For kidney cancer: 9.33 x 103 (mg/kg/day)?
e For non-Hodgkin’s lymphoma: 2.16 x 102 (mg/kg/day)?
e For liver cancer: 1.55 x 102 (mg/kg/day)*

The methods used to calculate cancer slope factors rely upon several assumptions. The method
assumes that high-dose animal data can be used to estimate the risk for low dose exposures in
humans. The methods also assume that no safe level exists for exposure. Little experimental evidence
exists to confirm or refute those two assumptions. Lastly, most methods compute the upper 95t
percent confidence limit for the risk. The actual cancer risk can be lower, perhaps by several orders of
magnitude.

If a substance causes cancer by a mutagenic mode of action, there is a greater risk for exposures that
occur in early life. For these substances, age-dependent adjustment factors (ADAFs) are applied to the
risks estimated as follows: An ADAF of 10 is applied for exposures taking place from birth up to 2 years
old, and an ADAF of 3 is applied for exposures taking place from age 2 up to age 16. No adjustment is
applied for exposures at age 16 or above. The EPA has concluded that TCE is carcinogenic by a
mutagenic mode of action for induction of kidney tumors. As a result, increased early-life susceptibility
is assumed for kidney cancer, and age-dependent adjustment factors (ADAFs) are used for the kidney
cancer component of the total cancer risk when estimating age-specific cancer risks.

The lifetime excess cancer risk indicates the cancer potential of contaminants. For remedial decision,
the EPA considers estimated cancer risks of less than one additional cancer case among one million
persons exposed as insignificant or no increased risk (expressed exponentially as 10°).

To calculate the lifetime excess cancer risk, ATSDR multiplied the component oral cancer slope factor
by the daily exposure dose (oral, inhalation, and dermal), the appropriate ADAF, and the fraction
corresponding to the fraction of a 78-year lifetime under consideration.
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Via Drinking, Inhalation, and Dermal Contact — 5 years — 45 ppb TCE

EXAMPLE OF CANCER RISK CALCULATIONS:
Table 4B. Calculation of Excess Cancer Risk for MILITARY AIRMEN AND FAMILIES Exposed to TCE in ON-BASE wells

Total Cancer
Age Group Estimated Fraction of Unadjusted ADAF* Adjusted NHL** and NHL** and Risk:
Total Duration Lifetime Kidney Lifetime Kidney Liver Lifetime | Liver Cancer Adjusted
Exposure (years) Cancer Slope Cancer Risk Cancer Slope Risk Kidney and
Dose Factor Factor Unadjusted
(mg/kg/day) (mg/kg/day)™? (mg/kd/day)* NHL** and
Liver
Birth to <1 year 6.42E-03 1 1/78 9.3E-03 10 7.7E-06 3.7E-02 3.0E-06 1.1E-05
1to <2 years 1.06€-02 1 1/78 9.3E-03 10 1.3E-05 3.78-02 5.0E-06 1.8E-05
2 to <6 years 6.88E-03 3 3/78 9.3E-03 3 9.8E-06 3.78-02 1.3E-05 1.76-05
6 to <11 years N/A N/A N/A N/A N/A N/A N/A N/A N/A
11 to <16 years N/A N/A N/A N/A N/A N/A N/A N/A N/A
16 to <21 years N/A N/A N/A N/A N/A N/A N/A N/A N/A
Total years exposed - children 5 Total cancer risk - children 4 5E-05
Adult 21+ years 2.85E-03 5 5/78 9.3E-03 1 1.7e-06 3.7E-02 6.7E-06 8.4E-06
Total years exposed - adults 5 Total cancer risk - adults 8.4E-06
Birth to <1 year total exposure dose does not include shower exposures (inhalation and dermal contact) because very young children are assumed to
take baths instead of showers. The ingestion dose was used as the total exposure dose, which might underestimate total exposures to this age group.
ADAF* = age-dependent adjustment factor
NHL** = non-Hodgkin’s lymphoma
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EXAMPLE OF CANCER RISK CALCULATIONS:
Table 5B. Calculation of Excess Cancer Risk for ADULT WORKERS Exposed to TCE via ON-BASE wells
Water Ingestion Only — 25 years — 45 ppb TCE

Total Cancer

Age Group Estimated Fraction of Unadjusted ADAF* Adjusted NHL** and NHL** and Risk:
Total Duration Lifetime Kidney Lifetime Kidney Liver Lifetime | Liver Cancer Adjusted
Exposure (years) Cancer Slope Cancer Risk Cancer Slope Risk Kidney and
Dose Factor Factor Unadjusted
(mg/kg/day) (mg/kg/day)* (mg/kd/day)? NHL** and
Liver
Birth to <1 year N/A N/A N/A N/A N/A N/A N/A N/A N/A
1 to <2 years N/A N/A N/A N/A N/A N/A N/A N/A N/A
2 to <6 years N/A N/A N/A N/A N/A N/A N/A N/A N/A
6 to <11 years N/A N/A N/A N/A N/A N/A N/A N/A N/A
11 to <16 years N/A N/A N/A N/A N/A N/A N/A N/A N/A
16 to <21 years N/A N/A N/A N/A N/A N/A N/A N/A N/A
Total years exposed - children N/A N/A
Adult 21+ years 1.2E-03 25 25/78 9.3E-03 1 1.2E-06 3.7E-02 4.9E-06 1.8E-05
Total years exposed - adults 25 Total cancer risk - adults 1.8E-05

Birth to <1 year total exposure dose does not include shower exposures (inhalation and dermal contact) because very young children are assumed to
take baths instead of showers. The ingestion dose was used as the total exposure dose, which might underestimate total exposures to this age group.
ADAF* = age-dependent adjustment factor

NHL** = non-Hodgkin’s lymphoma
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EXAMPLE OF CANCER RISK CALCULATION:

Table 6B. Calculation of Excess Cancer Risk for Residents Exposed to TCE in OFF-BASE wells
Via Drinking, Inhalation, and Dermal Contact — 33 years — 45 ppb TCE

Total Cancer

Age Group Estimated Fraction of Unadjusted ADAF* Adjusted NHL **and NHL** and Risk:
Total Duration Lifetime Kidney Lifetime Kidney Liver Lifetime | Liver Cancer Adjusted
Exposure (years) Cancer Slope Cancer Risk Cancer Slope Risk Kidney and
Dose Factor Factor Unadjusted
(mg/ke/day) (mg/kg/day)” (mg/kd/day)* NHL** and
Liver
Birth to <1 year 6.42E-03 1 1/78 9.3E-03 10 7.7E-06 3.7E-02 3.0E-06 1.1E-05
1to <2 years 1.06€-02 1 1/78 9.3E-03 10 1.3E-05 3.78-02 5.0E-06 1.8E-05
2 to <6 years 6.83E-03 4 4/78 9.38-03 3 9.8E-06 3.78-02 1.3E-05 2.3E-05
16 to <21 years 2.77€-03 5 4/78 9.38-03 1 1.7E-06 3.78-02 6.5E-06 8.2E-06
Total years exposed - children 21 Total cancer risk - children 9 1E-05
Adult 21+ years 2.85E-03 33 33/78 9.3E-03 1 1.1E-05 3.7E-02 4.4E-05 5 6E-05
Total years exposed - adults 33 Total cancer risk - adults 5.6E-05

Birth to <1 year total exposure dose does not include shower exposures (inhalation and dermal contact) because very young children are assumed to
take baths instead of showers. The ingestion dose was used as the total exposure dose, which might underestimate total exposures to this age group.

ADAF* = age-dependent adjustment factor

NHL** = non-Hodgkin’s lymphoma

39



APPENDIX C:

ESTIMATED EXPOSURE DOSES AND CANCER RISK
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Table 7C. Summary of Estimated Exposure Doses and Cancer Risks for MILITARY AIRMEN AND FAMILIES Exposed via ON-BASE wells

Supply Well* ID or Chemical
Tap Water Sample
Location
AFI* TCE
AF2* TCE
Benzene
AF3* TCE

Maximum
Chemical
Concentration

(ppb)

895.0

1739.0

370

5173.0

Age Group

Birth to 1 year

1to <2 years

2 to <6 years

6 to <11 years

11 to <16 years

16 to <21 years

21+ years

Pregnant Women (16 to 45 yrs)
Birth to 1year

1to <2 years

2 to <6 years

6 to <11 years

11 to <16 years

16 to <21 years

21+ years

Pregnant Women (16 to 45 yrs)
Birth to 1year

1to < years

2 to <6 years

6 to <11 years

11 to <16 years

16 to <21 years

21+ years

Pregnant Women (16 to 45 yrs)
Birth to 1year

1to < years

2 to <6 years

Drinking, Inhalation, and Dermal Contact- 5 years

Estimated Exposure
Doses (mg/kg/day}

1.3E-01
2.IE-01
1.4E-01
8.8E-02
6.4E-02
5.SE-02
5.7E-02
6.3E-02
2.SE-01
4.1E-01
2.7E-01
1.7e-01
1.2E-01
1.IE-01
1.IE-01
1.2E-01
5.3E-03
8.8E-03
5.7E-03
3.7E-03
2.7E-03
2.3E-03
2.4E-03
2.6E-03
7.4E-01
1.2E+00
7.9E-01

HQ
Exposure
Dose/ATSDR MRL
of 00008

mg/kg/day)
255
422
274
176
128
110
113
126
496
820
532
342
248
214
220
244
1
18
1

7
S5
5
5

5
1476
2439
1581

Cancer Risk Age

Groups

Children

Adults

Children

Adults

Children

Adults

Children

Estimated

Cancer Risk

9.0E-04

1.7E-04

1.8E-03

3.2E-04

2.2E-05

8.4E-06

S.2E-03
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6 to <11 years 5.1E-01 1017
11 to <16 years 3.7E-01 737 Adults 9.7E-04
16 to <21 years 3.2E-01 636
21+ years 3.3E-01 656
Pregnant Women (16 to 45 yrs) 3.6E-01 727
AF4* TCE 14.0 Birth to 1 year 2.0E-03 4 Children 1.4E-05
1to<2years 3.3E-03 7
2 to <6 years 2.1E-03 4
6 to <11 years 1.4E-03 3
11 to <16 years 1.0E-03 2 Adults 2.6E-06
16 to <21 years 8.6E-04 2
21+ years 8.9E-04 2
Pregnant Women (16 to 45 yrs) 9.8E-04 2
Benzene 4.1 Birth to 1 year 5.9E-04 1 Children 2.4E-06
1to<2years 9.7E-04 2
2 to <6 years 6.3E-04 1
6 to <11 years 4.1E-04 1
11 to <16 years 3.0E-04 1 Adults 9.3E-07
16 to <21 years 2.6E-04 1
21+ years 2.6E-04 1
Pregnant Women (16 to 45 yrs) 2.9E-04 1
AF5* TCE 1174.0 Birth to 1 year 1.7E-01 335 Children 1.2E-03
1to<2years 2.8E-01 554
2 to <6 years 1.8E-01 359
6 to <11 years 1.2E-01 231
11 to <16 years 8.4E-02 167 Adults 2.2E-04
16 to <21 years 7.2E-02 144
21+ years 7.4E-02 149
Pregnant Women (16 to 45 yrs) 8.3E-02 165
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Benzene Birth to 1 year 1.1E-03 2 Children 4.6E-06
1to<2years 1.9E-03 4
2 to <6 years 1.2E-03 2
6 to <11 years 7.7E-04 2
11 to <16 years 5.6E-04 1 Adults 1.8E-06
16 to <21 years 4.9E-04 1
21+ years 5.0E-04 1
Pregnant Women (16 to 45 yrs) 5.5E-04 1
AF18* TCE 91.5 Birth to 1 year 1.3E-02 26 Children 9.2E-05
1to <2 years 2.2E-02 43
2 to <6 years 1.4E-02 28
6 to <11 years 9.0E-03 18
11 to <16 years 6.5E-03 13 Adults 1.7E-05
16 to <21 years 5.6E-03 11
21+ years 5.8E-03 12
Pregnant Women (16 to 45 yrs) 6.4E-03 13
AF19* TCE 65.9 Birth to 1 year 9.4E-03 19 Children 6.6E-05
1to <2 years 1.6E-02 31
2 to <6 years 1.0E-02 20
6 to <11 years 6.5E-03 13
11 to <16 years 4.7E-03 9 Adults 1.2E-05
16 to <21 years 4.1E-03 8
21+ years 4.2E-03 8
Pregnant Women (16 to 45 yrs) 4.6E-03 9
8306 Hawaii TCE 148.9 Birth to 1 year 2.1E-02 42 Children 1.5E-04
1to <2 years 3.5E-02 70
2 to <6 years 2.3E-02 46
6 to <11 years 1.5E-02 29
11 to <16 years 1.1E-02 21 Adults 2.8E-05
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16 to <21 years 9.2E-03
21+ years 9.4E-03 19
Pregnant Women (16 to 45 yrs) 1.0E-02 21
Unlisted Housing TCE 1,100 Birth to 1 year 1.6E-01 314 Children 1.1E-03
1to <2 years 2.6E-01 519
2 to <6 years 1.7E-01 336
6 to <11 years 1.1E-01 216
11 to <16 years 7.8E-02 157 Adults 2.1E-04
16 to <21 years 6.8E-02 135
21+ years 7.0E-02 139
Pregnant Women (16 to 45 yrs) 7.7E-02 155
8000 Area TCE 32.2 Birth to 1 year 4.6E-03 9 Children 3.2E-05
1to <2 years 7.6E-03 15
2 to <6 years 4.9E-03 10
6 to <11 years 3.2E-03 6
11 to <16 years 2.3E-03 5 Adults 6.0E-06
16 to <21 years 2.0E-03 4
21+ years 2.0E-03 4
Pregnant Women (16 to 45 yrs) 2.3E-03 5
Building 8509D TCE 75 Birth to 1 year 1.1E-02 21 Children 7.6E-05
1to<2years 1.8E-02 35
2 to <6 years 1.1E-02 23
6 to <11 years 7.4E-03 15
11 to <16 years 5.3E-03 11 Adults 1.4E-05
16 to <21 years 4.6E-03 9
21+ years 4.8E-03 10
Pregnant Women (16 to 45 yrs) 5.3E-03 11
1612 A & B California TCE 73.2 Birth to 1 year 1.0E-02 21 Children 7.4E-05
1to<2years 1.7E-02 35
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2 to <6 years 1.1E-02 22
6 to <11 years 7.2E-03 14
11 to <16 years 5.2E-03 10 Adults 1.4E-05
16 to <21 years 4.5E-03 9
21+ years 4.6E-03
Pregnant Women (16 to 45 yrs) 5.2E-03 10
10500 Idaho TCE 6.8 Birth to 1 year 9.7E-04 1.9 Children 6.9E-06
1to <2 years 1.6E-03 3.2
2 to <6 years 1.0E-03 2.1
6 to <11 years 6.7E-04 1.3
11 to <16 years 4.8E-04 1.0 Adults 1.3E-06
16 to <21 years 4.2E-04 0.8
21+ years 4.3E-04 0.9
Pregnant Women (16 to 45 yrs) 4.8E-04 1.0
Barracks 502 TCE 71 Birth to 1 year 1.0E-02 20 Children 7.2E-05
1to <2 years 1.7E-02 33
2 to <6 years 1.1E-02 22
6 to <11 years 7.0E-03 14
11 to <16 years 5.1E-03 10 Adults 1.3E-05
16 to <21 years 4.4E-03 9
21+ years 4.5E-03 9
Pregnant Women (16 to 45 yrs) 5.0E-03 10
8808 E N Vermont TCE 9.8 Birth to 1 year 1.4E-03 2.8 Children 9.9E-06
1to <2 years 2.3E-03 4.6
2 to <6 years 1.5E-03 3.0
6 to <11 years 9.6E-04 1.9
11 to <16 years 7.0E-04 1.4 Adults 1.8E-06
16 to <21 years 6.0E-04 1.2
21+ years 6.2E-04 1.2
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Pregnant Women (16 to 45 yrs) 6.9E-04
Building 9750 D TCE 27.3 Birth to 1 year 3.9E-03 8 Children 2.8E-05
1to<2years 6.4E-03 13
2 to <6 years 4.2E-03 8
6 to <11 years 2.7E-03 5
11 to <16 years 1.9E-03 4 Adults 5.1E-06
16 to <21 years 1.7E-03 3
21+ years 1.7E-03 3
Pregnant Women (16 to 45 yrs) 1.9€-03 4
10037 8th Street TCE 26.6 Birth to 1 year 3.8E-03 8 Children 2.7E-05
1to <2 years 6.3E-03 13
2 to <6 years 4.1E-03 8
6 to <11 years 2.6E-03 5
11 to <16 years 1.9E-03 4 Adults 5.0E-06
16 to <21 years 1.6E-03 3
21+ years 1.7E-03 3
Pregnant Women (16 to 45 yrs) 1.9E-03 4
10039 8th Street TCE 57 Birth to 1 year 8.1E-03 16 Children 5.8E-05
1to<2years 1.3E-02 27
2 to <6 years 8.7E-03 17
6 to <11 years 5.6E-03 11
11 to <16 years 4.1E-03 8 Adults 1.1E-05
16 to <21 years 3.5E-03 7
21+ years 3.6E-03 7
Pregnant Women (16 to 45 yrs) 4.0E-03 8
10000 Area; 10205TN  TCE 48.7 Birth to 1 year 6.9E-03 14 Children 4.9E-05
1to <2 years 1.1E-02 23
2 to <6 years 7.4E-03 15
6 to <11 years 4.8E-03 10
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11 to <16 years 3.5E-03 7 Adults 9.1E-06
16 to <21 years 3.0E-03 6
21+ years 3.1E-03 6
Pregnant Women (16 to 45 yrs) 3.4E-03 7
Barracks 225 TCE 5.1 Birth to 1 year 7.3E-04 1.5 Children 5.1E-06
1to <2 years 1.2E-03 2.4
2 to <6 years 7.8E-04 1.6
6 to <11 years 5.0E-04 1.0
11 to <16 years 3.6E-04 0.7 Adults 9.5E-07
16 to <21 years 3.1E-04 0.6
21+ years 3.2E-04 0.6
Pregnant Women (16 to 45 yrs) 3.6E-04 0.7
9750A & B 8th Street TCE 72 Birth to 1 year 1.0E-02 21 Children 7.3E-05
1to <2 years 1.7E-02 34
2 to <6 years 1.1E-02 22
6 to <11 years 7.1E-03 14
11 to <16 years 5.1E-03 10 Adults 1.3E-05
16 to <21 years 4.4E-03 9
21+ years 4.6E-03 9
Pregnant Women (16 to 45 yrs) 5.1E-03 10
Benzene 15.2 Birth to 1 year 2.2E-03 4 Children 9.0E-06
1to <2 years 3.6E-03 7
2 to <6 years 2.3E-03 5
6 to <11 years 1.5E-03 3
11 to <16 years 1.1E-03 2 Adults 3.4E-06
16 to <21 years 9.5E-04 2
21+ years 9.8E-04 2
Pregnant Women (16 to 45 yrs) 1.1E-03 2
10059 8th Street Benzene 8.2 Birth to 1 year 1.2E-03 2.3 Children 4.8E-06
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1to <2 years 1.9E-03 3.9
2 to <6 years 1.3E-03 2.5
6 to <11 years 8.1E-04 1.6
11 to <16 years 5.8E-04 1.2 Adults 1.8E-06
16 to <21 years 5.0E-04 1.0
21+ years 5.2E-04 1.0
Pregnant Women (16 to 45 yrs) 5.8E-04 1.2

8822A 3rd Street TCE 2.3 Birth to 1 year 3.3E-04 0.7 Children 2.3E-06
1to<2years 5.4E-04 1.1
2 to <6 years 3.5E-04 0.7
6 to <11 years 2.3E-04 0.5
11 to <16 years 1.6E-04 0.3 Adults 4.3E-07
16 to <21 years 1.4E-04 0.3
21+ years 1.5E-04 0.3
Pregnant Women (16 to 45 yrs) 1.6E-04 0.3

10311 7th Street TCE 13 Birth to 1 year 1.9E-03 4 Children 1.3E-05
1to<2years 3.1E-03
2 to <6 years 2.0E-03 4
6 to <11 years 1.3E-03 2.6
11 to <16 years 9.3E-04 19 Adults 2.4E-06
16 to <21 years 8.0E-04 1.6
21+ years 8.2E-04 1.6
Pregnant Women (16 to 45 yrs) 9.1E-04 1.8

Benzene 11 Birth to 1 year 1.6E-03 31 Children 6.5E-05

1to<2years 2.6E-03 5.2
2 to <6 years 1.7E-03 34
6 to <11 years 1.1E-03 2.2
11 to <16 years 7.9E-04 1.6 Adults 2.5E-06
16 to <21 years 6.9E-04 14
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21+ years 7.1E-04 14
Pregnant Women (16 to 45 yrs) 7.7E-04 1.5
Child Care Center Benzene 24.4 Birth to 1 year 2.5E-03 5.0 Children 4.8E-06
1to<2years 1.4E-03 2.7
2 to <6 years 9.8E-04 2.0
6 to <11 years 7.7E-04 15
11 to <16 years 6.1E-04 1.2
16 to <21 years 5.9E-04 1.2
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Table 8C. Summary of Estimated Exposure Doses and Cancer Risks for EMPLOYEES Exposed via ON-BASE wells
Water Ingestion Only — 25 years

AF1* TCE 895.0 21+ years 2.5E-02 Adults 2.9E-04
AF2* TCE 1739.0 21+ years 4.8E-02 96 Adults 7.1E-04

Benzene 37.0 21+ years 1.0E-03 2 Adults 1.8E-05
AF3* TCE 5173.0 21+ years 1.4E-01 286 Adults 1.7E-03
AF4* TCE 14.0 21+ years 3.9E-04 0.77 Adults 4.6E-06

Benzene 4.1 21+ years 1.1E-04 0.23 Adults 2.0E-06
AF5* TCE 1174.0 21+ years 3.2E-02 65 Adults 3.8E-04

Benzene 7.8 21+ years 2.2E-04 0 Adults 3.8E-06
AF18* TCE 91.5 21+ years 2.5E-03 5 Adults 3.0E-05
AF19* TCE 65.9 21+ years 1.8E-03 3.6 Adults 2.15E-05
Hospital TCE 17.0 21+ years 4.7E-04 0.9 Adults 6.9E-06

Benzene 38.6 21+ years 1.1E-03 2.1 Adults 1.9E-05
NCO Club TCE 75 21+ years 8.4E-04 1.7 Adults 2.4E-06
Officer's Club TCE 27 21+ years 3.0E-04 0.6 Adults 8.8E-07

Benzene 30 21+ years 3.4E-04 0.7 Adults 1.2E-06
Building 5008 TCE 11.1 21+ years 3.1E-04 0.6 Adults 4.5E-06

Benzene 1510 21+ years 4.1E-02 82.9 Adults 7.3E-04
Building 5065 Benzene 2.3 21+ years 6.3E-05 0.1 Adults 1.1E-06
Building 1700 Benzene 27.1 21+ years 7.4E-04 1.5 Adults 1.3E-05
Child care center Benzene 24.4 21+ years 6.7E-04 13 Adults 1.2E-05
Aircraft Alert Area TCE 25 21+ years 6.9E-04 1.4 Adults 1.2E-05
AF14 TCE 12.7 21+ years 3.5E-04 0.7 Adults 5.2E-06
AF15 TCE 296 21+ years 8.2E-03 16.3 Adults 1.2E-04
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Table 9C. Summary of Estimated Exposure Doses and Cancer Risks for SHORT-TERM VISITORS/GUESTS Exposed via ON-BASE & OFF-BASE wells
Drinking, Inhalation and Dermal Contact — 4 WEEKS

Birth to 1 year 2.5E-03 5
1to <2 years 4.1E-03 8
2 to <6 years 2.7E-03 5
6 to <11 years 1.7E-03 3
11 to <16 years 1.3E-03 3
16 to <21 years 1.1E-03 2
21+ years 1.1E-03 2
Pregnant Women (16 to 45 yrs) 1.2E-03 2
AF8 TCE 27.0 Birth to 1 year 3.9E-03 8
1to <2 years 6.4E-03 13
2 to <6 years 4.1E-03 8
6 to <11 years 2.7E-03 5
11 to <16 years 1.9E-03 4
16 to <21 years 1.7E-03 3
21+ years 1.7E-03 3
Pregnant Women (16 to 45 yrs) 1.9E-03 4
AF22 TCE 30.4 Birth to 1 year 4.3E-03 9
1to <2 years 7.2E-03 14
2 to <6 years 4.6E-03 9
6 to <11 years 3.0E-03 6
11 to <16 years 2.2E-03 4
16 to <21 years 1.9E-03 4
21+ years 1.9E-03 4
Pregnant Women (16 to 45 yrs) 2.1E-03 4
AF23 TCE 14.7 Birth to 1 year 2.1E-03 4



1to <2 years 3.5E-03 7
2 to <6 years 2.2E-03 4
6 to <11 years 1.4E-03 3
11 to <16 years 1.0E-03 2
16 to <21 years 9.0E-04 2
21+ years 9.3E-04 2
Pregnant Women (16 to 45 yrs) 1.0E-03 2
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Table 10C. Summary of Estimated Exposure Doses and Cancer Risks for RESIDENTS Exposed via OFF-BASE wells
Drinking, Inhalation and Dermal Contact — 33 years
LAST TWO DIGITS OF ADDRESSES ARE NOT SHOWN FOR PRIVACY REASONS

59** West Shore Drive Birth to 1 year 3.57E-03 Children 5.0E-05
1to <2 years 5.89E-03 12
2 to <6 years 3.82E-03 8
6 to <11 years 2.46E-03 5
11 to <16 years 1.78E-03 4 Adults 3.1E-05
16 to <21 years 1.54E-03 3
21+ years 1.58E-03 3
Pregnant Women (16 1.76E-03 4
to 45 yrs)
60** West Shore Drive TCE 3.4 Birth to 1 year 4.85E-04 1 Children 6.9E-06
1to <2 years 8.02E-04 2
2 to <6 years 5.20E-04 1
6 to <11 years 3.34E-04 1
11 to <16 years 2.42E-04 0 Adults 4.2E-06
16 to <21 years 2.09E-04 0
21+ years 2.15E-04 0
Pregnant Women (16 2.39E-04 0
to 45 yrs)
57** F-41 County Road TCE 4.0 Birth to 1 year 5.71E-04 1 Children 8.1E-06
1to<2years 9.43E-04 2
2 to <6 years 6.11E-04 1
6 to <11 years 3.93E-04 1
11 to <16 years 2.85E-04 1 Adults 4.9E-06
16 to <21 years 2.46E-04 0
21+ years 2.53E-04 1
Pregnant Women (16 2.82E-04 1

to 45 yrs)



60** F-41 County Road

61** F-41 County Road

61** F-41 County Road

63** West Shore Drive

TCE

TCE

Benzene

13.0

15.0

Birth to 1 year
1to <2 years

2 to <6 years

6 to <11 years
11 to <16 years
16 to <21 years
21+ years

Pregnant Women (16
to 45 yrs)
Birth to 1 year

1 to <2 years

2 to <6 years

6 to <11 years
11 to <16 years
16 to <21 years
21+ years

Pregnant Women (16
to 45 yrs)
Birth to 1 year

1to<2years

2 to <6 years

6 to <11 years
11 to <16 years
16 to <21 years
21+ years

Pregnant Women (16
to 45 yrs)
Birth to 1 year

1to <2 years

2 to <6 years

6.42E-03
1.06E-02
6.88E-03
4.42E-03
3.21E-03
2.77E-03
2.85E-03
3.17E-03

1.86E-03
3.07E-03
1.99E-03
1.28E-03
9.27E-04
8.00E-04
8.24E-04
9.15E-04

2.14E-03
3.54E-03
2.29E-03
1.47E-03
1.07E-03
9.23E-04
9.51E-04
1.06E-03

4.3E-04
7.1E-04
4.6E-04
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Children

Adults

Children

Adults

Children

Adults

Children

9.1E-05

5.6E-05

2.6E-05

1.6E-05

3.0E-05

1.9E-05

4.3E-06
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6 to <11 years 3.0E-04 1
11 to <16 years 2.2E-04 0 Adults 4.5E-06
16 to <21 years 1.9E-04 0
21+ years 1.9E-04 0
Pregnant Women (16 2.1E-04 0
to 45 yrs)
65** West Shore Drive TCE 1281 Birth to 1 year 1.8E-01 366 Children 2.6E-03
1to <2 years 3.0E-01 604
2 to <6 years 2.0E-01 391
6 to <11 years 1.3E-01 252
11 to <16 years 9.1E-02 183 Adults 1.6E-03
16 to <21 years 7.9E-02 158
21+ years 8.1E-02 162
Pregnant Women (16 9.0E-02 180
to 45 yrs)
Knights of Columbus TCE 36 Birthto1year 5.1E-03 10 Children N/A
1to<2years 8.5E-03 17
2 to <6 years 5.5E-03 11
6 to <11 years 3.5E-03 7
11 to <16 years 2.6E-03 5 Adults N/A
16 to <21 years 2.2E-03 4
21+ years 2.3E-03 5
Pregnant Women (16 2.5E-03 5
to 45 yrs)
57** F-41 County Road TCE 4  Birth to 1 year 5.7E-04 1 Children 8.1E-06
1to<2years 9.4E-04 2
2 to <6 years 6.1E-04 1
6 to <11 years 3.9E-04 1
11 to <16 years 2.9E-04 1 Adults 4.9E-06
16 to <21 years 2.5E-04 0
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to 45 yrs)

21+ years 2.5E-04 1
Pregnant Women (16 2.8E-04 1
to 45 yrs)
Van Etten State Park TCE 3.4 ppb Birth to 1 year 4.9E-04 1 Children N/A
1to<2years 8.0E-04 2
2 to <6 years 5.2E-04 1
6 to <11 years 3.3E-04 1
11 to <16 years 2.4E-04 0 Adults N/A
16 to <21 years 2.1E-04 0
21+ years 2.2E-04 0
Pregnant Women (16 2.4E-04 0
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APPENDIX D:

UPDATED PUBLIC HEALTH CONCLUSIONS FOR INDIVIDUAL WELLS
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Table 11D.
Updated Public Health Conclusions

USAF’s Main Water Supply Wells
Well Identification, Well Usage and Contamination History

Well Identification and Usage

Contamination History

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Histo
i Potentially Assumed Assumed Age Harmful Total
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)

Red text indicates a harmful health effect has been noted. ATSDR also used red highlight to show the (maximum) concentration used in our health

evaluation.

Gray highlighted Comments box indicates that the current health call DIFFERS from that

reviously made.

AF1: Site representatives ATSDR searched site files to On-base Long-term 5years 9.0E-04 TCE (895 ppb):
estimate that AF1 was obtain data that was Airmen and Housing Children e Immunological effectsab (Elevated) Increased risk for
constructed in the late 1950s collected while AF1 was Military Drinking harmful non-
(AFBCA 1999b). It served as being used as a potable Families Inhalation cancer and
one of USAF’s main water source. Site documents only Dermal . cancer health
- ! ) Adults eImmunological effectsap 1.7E-04 }
supply wells, providing potable | listed one sampling event effects for children
water to on-base residents prior to the well’s removal * Fetal Heart Defect (Elevated) and adults;
o h . . (Pregnant Women) .
and employees, until it was from service. During this Increased risk for a
removed from service in event, which took place in heart birth defect
November 1977 (USGS 1983). November 1977, TCE was for babies if the
The well never returned to detected at 895 ppb (AFBCA mother was
service as a potable water 1993). exposed to TCE
source (AFBCA 1999b). during the first
trimester of
pregnancy
On-base Long-term 25 years Adults eImmunological effectsap 2.9E-04 TCE (895 ppb):
Employees Non- eFetal Heart Defect (Elevated) Increased risk for
housing Drinking (Pregnant Women) harmful
only immunological
health effects;
Increased risk for a
heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy.
AF2: AF2 was constructed in ATSDR searched site files to On-base Long-term 5 years Children e Immunological effectsab 1.8E-03 TCE (1,739 ppb)
1959 and served as one of obtain data that was Airmen and Housing (Elevated) Increased risk for
USAF’s main water supply wells | collected while AF2 was Military Drinking harmful non-
for many years, providing being used as a potable Families Inhalation cancer and
potable water to on-base water source (AFBCA 1993; Dermal cancer health
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Well Identification and Usage
History

residents and employees
(Ayres 1990). The well
operated in this capacity until
1984 when wells 30, 31, and 32
were brought on line (USGS
1983). (There was a brief
period when the well was
removed from service, starting
in 1977 and ending some time
before 1983. Site
representatives could not
provide an exact date for
AF2’s return to service, so
ATSDR assumed that it came
back on line around January
1978. Between 1984 and June
1993, the well was still used,
but only on a supplemental
basis when the supply from
other wells could not meet
base demands (Ayres 1990).
After the base closed in June
1993, demand was not high
enough to require the use of
AF2 (AFBCA 1999b).

Contamination History

Air Force 1990; MDEQ 1999b).
Four contaminants were
detected above ATSDR’s
drinking water CVs:

e Benzene. Concentrations
ranged from nondetect to 37
ppb. (About 45 samples were
analyzed for benzene
between December 1979
and March 1993. The
contaminant was detected
nine times; seven of the
detections, all of which were
recorded in 1982 and 1983,
exceeded ATSDR’s CVs.)

= Chloroform. Detections
ranged from nondetect to
6.7 ppb. (About 14 samples
were analyzed for chloroform
between March 1982 and
March 1993. The
contaminant was detected
in more than half of the
samples, but it only
exceeded ATSDR’s CV once,
during a June 1986 sampling
event.)

«Dichlorobromomethane.
Concentrations ranged from
nondetect to 2.3 ppb.
(About 13 samples were
analyzed for this
contaminant between
March 1982 and March 1993.
The contaminant was only
detected above trace levels
three times; two of the
detections, recorded in May
1983 and June 1986,
exceeded ATSDR’s CVs.)

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially
Exposed
Population

Assumed
Well Usage

Assumed
Exposure
Duration &
Route(s)

Age
Group

Harmful
Non-cancer Health Effectsc

Total
Cancer Risk

Comments

Adults

simmunological effectsab
sFetal Heart Defect
(Pregnant Women)

3.2E-04
(Elevated))

effect for children
and adults.
Increased risk for a
heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy

Benzene (37 ppb):
None

On-base
Employees

Long-term
Non-
housing

25 years

Drinking
only

Adults

eImmunological effectsap
eFetal Heart Defect
(Pregnant Women)

7.3E-04
(Elevated)

TCE (1,739 ppb)
Increased risk for
harmful non-
cancer and
cancer health
effect in adults.
Increased risk for a
heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy

Benzene (37 ppb):
None
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Well Identification and Usage

Contamination History

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

History
Potentially Assumed Assumed Age Harmful Total
Exposed Well Usage Exposure Group Non-cancer Health Effectse Cancer Risk Comments
Population Duration &
Route(s)
= TCE. Concentrations
ranged from nondetect to
1,739 ppb. (More than 175
samples were analyzed for
TCE between November
1977 and March 1993. The
contaminant was detected
in the majority of samples,
but only exceeded ATSDR’s
CVs 18 times. Only four of the
samples contained TCE at
concentrations greater than
20 ppb. These were
detected in late 1977
[concentrations of about 130
ppb were detected] and
February 1979
[concentrations of 1,666 and
1,739 were detected].)
AF3: Site representatives ATSDR searched site files to On-base Long-term 5 years Children eImmunological effectsap 5.2E-03 TCE (5,173 ppb)
estimate that AF3 was obtain data that were Airmen and Housing (Elevated) Increased risk for
constructed in the late 1950s collected while AF3 was Military harmful non-
(AFBCA 1999b). It served as being used as a potable Families cancer and
one of USAF’s main water water source. Site Drinking cancer health
supply wells, providing potable | documents only listed one Inhalation effect for children
water to on-base residents sampling event prior to the Dermal and adults
and employees, until it was well’s removal from service. Adults eImmunological effectsa® 0.7E-04 Increased risk for a
removed from service in During this event, which took eFetal Heart Defect (Elevated) heart birth defect
November 1977 (USGS 1983). place in November 1977, TCE (Pregnant Women) for babies if the
The well never returned to was detected t 5,173 ppb mother was
service as a potable water (AFBCA 1993). exposed to TCE
source (AFBCA 1999b). during the first
trimester of
pregnancy
On-base Long-term 25 years Adults simmunological effectsab 1.7E-03 TCE (5,173 ppb)
Employees Non- eFetal Heart Defect (Elevated) Increased risk for
housing Drinking (Pregnant Women) harmful non-
only cancer and

cancer health
effects for
employees;
Increased risk for a
heart birth defect
for babies if the
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Well Identification and Usage

Contamination History

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

History
Potentially Assumed Assumed Age Harmful Total
Exposed Well Usage Exposure Group Non-cancer Health Effectse Cancer Risk Comments
Population Duration &
Route(s)
mother was
exposed to TCE
during the first
trimester of
pregnancy
AF4: AF4 was constructed in ATSDR searched site files to On-base Long-term 5years Children No Harmful Health Effects 1.6E-05 TCE (14 ppb)
1942 and served as one of obtain data that was Airmen and Housing Expected (Low) Benzene (4.1 ppb)
USAF’s main water supply wells | collected while AF4 was Military
for many years, providing being used as a potable Families Drinking No harmful health
potable water to on-base water source (AFBCA 1993; Inhalation effects expected
residents and employees Air Force 1990; MDEQ 1999b). Dermal Adults No Harmful Health Effects 3.5E-06 for children or
(AFCEE 1996a). The well Five contaminants were Expected (Low) adults
operated in this capacity until detected above ATSDR’s
1984 when wells 30, 31, and 32 | drinking water CVs:
were brought on line (,USGS ) On-base Long-term 25 years Adults No Harmful Health Effects 6.6E-06 TCE (14 ppb)
1983). (There was a brief = Benzene. Concentrations
" Employees Non- Expected (Low) Benzene (4.1 ppb)
period when the well was ranged from nondetect to housing
removed from service, bgt this | 4.1 ppb. (More than 170 Drinking No harmful health
only lasted for 2 months [i.e., samples were analyzed for only effects expected

November 1977 to January
1978] [USGS 1983]) Between
1984 and June 1993, the well
was still used, but only on a
supplemental basis when the
supply from other wells could
not meet base demands
(Ayres 1990). After the base
closed in June 1993, demand
was not high enough to
require the use of AF4 (AFBCA
1999b).

benzene between
December 1979 and June
1993. Benzene was only
detected above trace levels
once, during an April 1982
sampling event.)

=Chlorodibromomethane.
Concentrations ranged from
nondetect to 0.8 ppb.
(About ten samples were
analyzed for this
contaminant between May
1983 and June 1993. The
contaminant was only
detected once, during a
February 1993 sampling
event.

= Chloroform. Detections
ranged from nondetect to
6.8 ppb. (About ten samples
were analyzed for this
contaminant between May

for adult
employees
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Well Identification and Usage
History

Contamination History

1983 and June 1993. The
contaminant was detected
four times, but it only
exceeded ATSDR’s drinking
water CVs once, during a
February 1993 sampling
event.)

<Dichlorobromomethane.
Concentrations ranged from
nondetect to 2.7 ppb.
(About ten samples were
analyzed for this
contaminant between May
1983 and June 1993. The
contaminant was detected
twice, but it only exceeded
ATSDR’s CVs once, during a
February 1993 sampling
event.)

= TCE. Concentrations
ranged from nondetect to 14
ppb. (About 300 samples
were analyzed for TCE
between November 1977
and June 1993. The
contaminant was only
detected above trace levels
in 31 samples, and it only
exceeded ATSDR’s CVs on
three occasions (i.e., during
sampling events in
December 1978, December
1979, and August 1980).

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially
Exposed
Population

Assumed
Well Usage

Assumed
Exposure
Duration &
Route(s)

Age
Group

Harmful
Non-cancer Health Effectsc

Total
Cancer Risk

Comments

AF5: AF5 was constructed in
1942 and served as one USAF’s
main water supply wells for
many years, providing water
to on-base employees and
residents (AFCEE 1996a). The
well operated in this capacity
until 1984 when wells 30, 31,

ATSDR searched site files to
obtain data that was
collected while AF5 was
being used as a potable
water source (AFBCA 1993;
Air Force 1990; MDEQ 1999b).
Seven contaminants were

On-base
Airmen and
Military
Families

Long-term
Housing

5 years

Drinking
Inhalation
Dermal

Children

v Immunological effectsab

1.2E-03
(Elevated)

Adults

* Immunological effectsab
* Fetal Heart Defect
(Pregnant Women)

2.2E-04
(Elevated)

TCE (1,174 ppb):
Increased risk for

harmful non-
cancer and
cancer health

effects for children

and adults;

Increased risk for a
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Well Identification and Usage
History

and 32 were brought on line
(USGS 1983). (There was a brief
period when the well was
removed from service, but this
only lasted for 2 months [i.e.,
November 1977 to January
1978] [USGS 1983]). Between
1984 and June 1993, the well
was still used but only on a
supplemental basis when the
supply from other wells could
not meet base demands
(Ayres 1990). After the base
closed in June 1993, demand
was not high enough to
require the use of AF5 (AFBCA
1999b).

Contamination History

detected above ATSDR’s
drinking water CVs:

= Benzene. Concentrations
ranged from nondetect to
7.8 ppb. (About 160 samples
were analyzed for benzene
between December 1979
and June 1993. Benzene was
only detected above trace
levels on two occasions; it
only exceeded ATSDR’s CVs
once, during a June 1982
sampling event.)

= Chlorodibromomethane.
Concentrations ranged from
nondetect to 0.7 ppb.
(About 10 samples were
analyzed for this
contaminant between May
1983 and June 1993. It was
detected above ATSDR’s
CVs four times in 1993.)

= Chloroform. Detections
ranged from nondetect to
9.3 ppb. (About 10 samples
were analyzed for this
contaminant between May
1983 and June 1993. It was
detected above ATSDR’s
CVs four times in 1993.)

= Dichlorobromomethane.
Concentrations ranged from
nondetect to 3.0 ppb.
(About 10 samples were
analyzed for this
contaminant between May
1983 and June 1993. It was
detected above ATSDR’s
CVs four times in 1993.)

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful Total
Exposed Well Usage Exposure Group Non-cancer Health Effectse Cancer Risk Comments
Population Duration &
Route(s)
heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy
Benzene (7.8 ppb):
None
On-base Long-term 25 years Adults e Immunological effectsar 3.8E-04 TCE (1,174 ppb)
Employees Non- » Fetal Heart Defect (Elevated) Increased risk for
housing (Pregnant Women) harmful non-
cancer and
Drinking cancer health
only effects for

employees;
Increased risk for a
heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy

Benzene (7.8 ppb):
None
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History

Contamination History

= 1-2-Dichloroethene .
Detections ranged from
nondetect to 207 ppb.
(About 165 samples were
analyzed for this
contaminant between
December 1979 and June
1993. The contaminant was
detected about 20 times, but
it only exceeded ATSDR’s
CVs once, during a
December 1985 sampling
event.)

* 1,1,2,2-Tetrachloroethane .
Concentrations ranged from
nondetect to 4.3 ppb.
(About 12 samples were
analyzed for this
contaminant between
March 1982 and June 1993.
The contaminant was
detected four times. All of
the detections, which were
recorded in 1982 and 1983,
exceeded ATSDR’s CVs.)

= TCE. Concentrations
ranged from nondetect to
1,174 ppb. (More than 250
samples were analyzed for
TCE between November
1977 and June 1993. The
contaminant was detected
many times, but only
exceeded ATSDR’s drinking
water CVs on four occasions.
(The contaminant exceeded
CVs three times in December
1979 [concentrations
registered at 6.0 ppb on
December 3, 1979; at 6.2
ppb on December 17, 1979;
and at 1,174 ppb on

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful Total
Exposed Well Usage Exposure Group Non-cancer Health Effectse Cancer Risk Comments
Population Duration &
Route(s)
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Well Identification and Usage

Contamination History

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

History
Potentially Assumed Assumed Age Harmful Total
Exposed Well Usage Exposure Group Non-cancer Health Effectse Cancer Risk Comments
Population Duration &
Route(s)
December 31, 1979] and
once in February 1981
[concentration registered at
6.0 ppb].)
AF18: AF18 served as one of ATSDR searched site files to On-base Long-term 5years Children e Immunological effectsa 9.2E-05 TCE (91.5 ppb):
USAF’s main water supply wells | obtain data that was Airmen and Housing (Low) Increased risk for
until March 1978 when it was collected through March Military harmful non-
removed from service. The well | 1978. TCE was the only Families Drinking cancer effect for
was never brought back on contaminant analyzed Inhalation - children and
line (AFBCA 1999b, 1999c; during that time. It was Dermal Adults * Immunological effects= 1.78-05 adults.
USGS 1983). sampled 13 times between * Fetal Heart Defect (Low) Increased risk for a
November 1977 and March (Pregnant Women) heart birth defect
1978. It was detected above for babies if the
ATSDR’s drinking water CVs in mother was
all of the sampling events; exposed to TCE
concentrations ranged from during the first
48.2 ppb to 91.5 ppb (AFBCA trimester of
1993). pregnancy
On-base Long-term 25 years Adults » Fetal Heart Defect 3.0E-05 TCE (91.5 ppb):
Employees Non- (Pregnant Women) (Low) Increased risk for a
housing heart birth defect
Drinking for babies if the
only mother was
exposed to TCE
during the first
trimester of
pregnancy
AF19: AF19 was constructed in | ATSDR searched site files to On-base Long-term 5 years Children e Immunological effectsa 6.6E-05
1965 and served as one of obtain data that was Airmen and Housing (Low) TCE (65.9 ppb):
USAF’s main water supply wells | collected while AF19 was Military Increased risk for
for many years, providing being used as a potable Families Drinking harmful non-
potable water to on-base water source (AFBCA 1993; Inhalation cancer health
residents and employees Air Force 1990; MDEQ 1999b). Dermal Adults « Immunological effectsa 1.2E-05 effect for children
(Ayres 1990). AF19 operated in | Four contaminants were « Fetal Heart Defect (Low) and adults.

this capacity until August 1978,
when it was temporarily
removed from service (AFBCA
1999c; USGS 1983). In later
years, the well was brought
back on line to provide water
on a supplemental basis when
the supply from other wells
could not meet base

detected above ATSDR’s
drinking water CVs:

= Chlorodibromomethane.
Concentrations ranged from
nondetect to 1.0 ppb.
(About seven samples were
analyzed for this
contaminant between June

(Pregnant Women)

Increased risk for a
heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy
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Well Identification and Usage
History

demands (Ayres 1990). (Site
documents do not indicate
exactly when AF19 was
brought back on line. ATSDR
assumed that it was only off
line for a couple of months
and started being used again
in January 1979.) After the
base closed in June 1993,
demand was not high enough
to require the use of AF19
(AFBCA 1999b).

Contamination History

1983 and March 1993. The
contaminant was only
detected once, during a
September 1989 sampling
event.)

= Chloroform.
Concentrations ranged from
nondetect to 6.7 ppb.
(About seven samples were
analyzed for this
contaminant between June
1983 and March 1993. The
contaminant was detected
four times, but it only
exceeded ATSDR’s CV once,
during a September 1989
sampling event.)

= Dichlorobromomethane.
Concentrations ranged from
nondetect to 2.7 ppb.
(About seven samples were
analyzed for this
contaminant between June
1983 and March 1993. The
contaminant was only
detected once, during a
September 1989 sampling
event.)

= TCE. Concentrations
ranged from nondetect to
65.9 ppb. (About 200
samples were analyzed for
TCE between November
1977 and March 1993. The
contaminant was detected
above ATSDR’s drinking
water CVs 19 times, but only
five of these detections, all of
which were recorded
between 1977 and August
1978, were above 20 ppb.

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful Total
Exposed Well Usage Exposure Group Non-cancer Health Effectse Cancer Risk Comments
Population Duration &
Route(s)
On-base Long-term 25 years Adults ¢ Fetal Heart Defect 2.1E-05 TCE (65.9 ppb):
Employees Non- (Pregnant Women) (Low) Increased risk for a
housing heart birth defect
Drinking for babies if the
only mother was

exposed to TCE

during the first
trimester of
pregnancy.
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Well Identification and Usage

Contamination History

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

History
Potentially Assumed Assumed Age Harmful Total
Exposed Well Usage Exposure Group Non-cancer Health Effectse Cancer Risk Comments
Population Duration &
Route(s)

No detections were

recorded above ATSDR’s CVs

after January 1986.)
AF30, AF31, and AF32: AF30, Samples were collected On-base Long-term 5years Neither TCE nor benzene was detected above comparison values in these wells.
AF31, and AF32 were between 1984 and 1997 Airmen and Housing Therefore, no harmful health effects expected from these chemicals.
constructed in 1984 and (AFBCA 1993; Air Force 1990; Military
served as USAF’s main water MDEQ 1999b). The wells were | Families Drinking The detected chemicals are common drinking water disinfection byproducts.
supply wells (AFCEE 1996a). analyzed for volatile Inhalation Although not specifically evaluated in this document, the concentration of these
Use of AF30 was discontinued organics, pesticides, and Dermal chemicals is too low to cause harmful health effects.
in 1992, but the other two wells | metals. Contaminants were
were used as potable water rarely detected and when On-base Long-term 25 years
sources until the base was they were present they were Employees Non-
hooked up to municipal typically below ATSDR’s housing
supply in 1997. drinking water CVs. Only Drinking

three contaminants only

exceeded CVs:

= Chlorodibromomethane.
Concentrations ranged from
nondetect to 0.6 ppb. (Wells
were sampled and analyzed
for this contaminant on
about 25 occasions between
September 1985 and March
1997. The contaminant was
only detected once, during
a September 1994 sampling
event.)

= Chloroform.
Concentrations ranged from
nondetect to 29.4 ppb.
(Wells were sampled and
analyzed for this
contaminant on about 25
occasions between
September 1985 and March
1997. The contaminant was
detected five times; two of
the detections, recorded in
September 1985 and
September 1994, exceeded
ATSDR’s CVs.)

67




Well Identification and Usage
History

Contamination History

= Dichlorobromomethane.
Concentrations ranged from
nondetect to 3.9 ppb. (Wells
were sampled and analyzed
for this contaminant on
about 25 occasions between
September 1985 and March
1997. The contaminant was
detected three times. The
detections, which were
recorded in September 1985,
August 1987, and September
1994, exceeded ATSDR’s
CVs.)

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful Total
Exposed Well Usage Exposure Group Non-cancer Health Effectse Cancer Risk Comments
Population Duration &
Route(s)

a Decreased thymus weights is a critical effect (immunological) used to derive the MRL for TCE.
b Developmental immunotoxicity [decreased plaque-forming cell (PFC) response and increased delayed-type hypersensitivity]) is a critical effect used to

derive the MRL for TCE.

¢ Other adverse noncancer health effects associated with TCE exposure include decreased body weight, liver and kidney effects, and neurological,
reproductive, and developmental effects.
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Tap Water Samples Collected From On-Base Housing Areas and Facility Buildings That Received
Water From USAF’s Main Water Supply Wells

Table 12D.
Updated Public Health Conclusions

Well Identification, Well Usage and Contamination History

Sample Location

Sampling Dates and Results

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectse Cancer Risk Comments
Population Duration &
Route(s)

Red text indicates a harmful health effect has been noted. ATSDR also used red highlight to show the (maximum) concentration used in our health

evaluation.

Gray highlighted Comments box indicates that the current health call DIFFERS from that previously made.

8306 Hawaii Samples were analyzed for TCE once in On-base Long-term 5years Children e Immunological effectsab 1.5E-04 TCE (148.9 ppb):
December 1977. The contaminant was Airmen and Housing (Elevated) Increased risk for
detected above ATSDR’s drinking water Military harmful non-
CVs, registering at 148.9 ppb (AFBCA Families Drinking cancer and
1993). Inhalation cancer health

Dermal Adults e Immunological effects2 2.8E-05 effects in children.
¢ Fetal Heart Defect (Low) Increased risk for
(Pregnant Women) harmful
immunological
effects in adults;
Increased risk for a
heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy

Housing Area Samples were analyzed for TCE about 20 On-base Long-term 5years Children e Immunological effectsab 1.1E-03 TCE (1,100 ppb):

(Unlisted times between October 1977 and April Airmen and Housing (Elevated) Increased risk for

location) 1979. TCE was detected above ATSDR’s Military harmful non-
drinking water CVs on 16 occasions. It was | Families cancer and
detected at 1,100 ppb in October 1977, cancer health
at 149 ppb in November 1977, 32 ppb in Drinking
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Sample Location

Sampling Dates and Results

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
December 1977, and 55 ppb in February Inhalation Adults e Immunological effectsab 2.1E-04 effect for children
1978, before dropping below ATSDR’s CVs Dermal » Fetal Heart Defect (Elevated) and adults.
for a couple months. Between June 1978 (Pregnant Women) Increased risk for a
and April 1979, detections ranged heart birth defect
between 3.0 and 78 ppb (AFBCA 1993). for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy
Hospital Samples were collected between 1978 Hospital Long-term 25 years Adults No Harmful Health Effects 2.5E-05 TCE (17 ppb)
and 1993 (AFBCA 1993; Air Force 1990; Employees Non-housing Expected (Low) Benzene (38.6 ppb)
MDEQ 1999b). Six contaminants
exceeded ATSDR’s drinking water CVs: Drinking No harmful health
only effects expected

= Benzene. Concentrations ranged from
nondetect to 38.6 ppb. (About 125
samples were analyzed for benzene
between 1982 and 1993. It was detected
above trace levels 22 times; all of these
detections, which were recorded
between February 1982 and October
1983, exceeded CVs.

« Chlorodibromomethane.
Concentrations ranged from nondetect
to 4.7 ppb. (This contaminant was
analyzed once in March 1982 and three
times in 1993. It was detected in 1982 and
once in 1993. Both detections exceeded
ATSDR’s CVs.)

= Chloroform. Concentrations ranged
from 1.5 to 12.5 ppb. (This contaminant
was analyzed once in March 1982 and
three times in 1993. It was detected on all
four occasions, but it only exceeded
ATSDR’s CV once, during a May 1993
sampling event.)

= Dichlorobromomethane.
Concentrations ranged from 0.8 to 3.6
ppb. (This contaminant was analyzed

for employees from
exposure to TCE or
Benzene
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Sample Location

Sampling Dates and Results

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
once in March 1982 and three times in
1993. It was detected on all four
occasions; all of the detections exceeded
ATSDR’s CVs.)
= 1,1,2,2-tetrachloroethane.
Concentrations ranged from nondetect
to 2.8 ppb. (This contaminant was
analyzed three times in 1982 and four
times in 1993. It was detected above
ATSDR’s CVs in all of the 1982 sampling
events, but it was not detected during the
1993 sampling efforts.)
= TCE. Concentrations ranged from
nondetect to 17 ppb. (About 100 samples
were analyzed for TCE between
November 1978 and May 1993. The
contaminant was only detected above
ATSDR’s CVs twice. Both detections were
recorded in 1985.)

8000 Area Samples were analyzed for TCE in 1979. On-base Long-term 5years Children e Immunological effects2 3.2E-05 TCE (32.2 ppb):
The contaminant was detected above Airmen and Housing (Low) Increased risk for
ATSDR’s drinking water CVs. Military harmful non-
Concentrations ranged between 6.0 and Families Drinking cancer
32.2 ppb (AFBCA 1993). Inhalation Adults « Fetal Heart Defect 6.0E-06 immunological

Dermal (Pregnant Women) (Low) health effects for
children;
Increased risk for a
heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy.

Building 8509D Samples were analyzed for TCE many On-base Long-term 5years Children e Immunological effectsa 7.6E-05
times in 1979. The contaminant was Airmen and Housing (Low) TCE (75 ppb):
detected above ATSDR’s drinking water Military Increased risk for
CVs during all of the sampling events. Families harmful non-
Concentrations ranged between 12.4 Adults « Fetal Heart Defect 1.4E-05 cancer health
and 75 ppb (AFBCA 1993). Drinking (Pregnant Women) (Low) effect for children;

Inhalation Increased risk for a
Dermal heart birth defect
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Sample Location

Sampling Dates and Results

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy

1612 A&B In 1979, samples were analyzed for TCE on | On-base Long-term 5 years Children e Immunological effectsa 7.4E-05 TCE (73.2 ppb):

California about 25 occasions. TCE was detected Airmen and Housing (Low) Increased risk for
during each sampling event, ranging from | Military harmful non-
concentrations of 5.8 to 73.2 ppb. All of Families Drinking cancer health
the detections exceeded ATSDR’s Inhalation effects for children;
drinking water CVs (AFBCA 1993). Dermal Adults * Fetal Heart Defect 1.4E-05 Increased risk for a

(Pregnant Women) (Low) heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy

10500 Idaho Samples were analyzed for TCE in May On-base Long-term 5years Children No Harmful Effects Expected 6.9E-06
and July of 1979. TCE (2.2 to 6.8 ppb) was | Airmen and Housing (Low) TCE (6.8 ppb)
detected above ATSDR’s drinking water Military
CVs during the former sampling event Families Drinking No harmful health
(AFBCA 1993). Inhalation effects expected

Dermal Adults No Harmful Effects Expected 1.3E-06
(Low)

Barracks 502 Samples were analyzed for TCE in April On-base Long-term 5years Children e Immunological effects2 7.2E-05 TCE (71 ppb):
1979. The contaminant was detected Airmen and Housing (Low) Increased risk for
above ATSDR’s drinking water CVs. Military harmful non-
Concentrations ranged between 68 and Families Drinking cancer health
71 ppb (AFBCA 1993). Inhalation effect for children;

Dermal Adults * Fetal Heart Defect 1.3E-05 Increased risk for a
(Pregnant Women) (Low) heart birth defect

for babies if the
mother was

exposed to TCE

during the first
trimester of
pregnancy
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ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)

8808 E N Vermont | Samples were analyzed for TCE in May On-base Long-term 5 years Children No Harmful Effects Expected 9.9E-06 TCE (9.8 ppb)
1979. The contaminant was detected Airmen and Housing (Low)
above ATSDR’s drinking water CVs. Military No harmful health
Concentrations ranged between 8.9 and Families Drinking effects expected
9.8 ppb (AFBCA 1993). Inhalation

Dermal Adults No Harmful Effects Expected 1.8E-06
(Low)

Building 9750 D Samples were analyzed for TCE in May On-base Long-term 5 years Children e Immunological effectsa 2.8E-05 TCE (27.3 ppb):
1979. The contaminant was detected Airmen and Housing (Low) Increased risk for
above ATSDR’s drinking water CVs. Military harmful non-
Concentrations ranged between 22.8 Families Drinking cancer health
and 27.3 ppb (AFBCA 1993). Ingzﬁ]t;)ln Adults ¢ Fetal Heart Defect 5.1E-06 ?r:frgisf;; 2?&'?(;?2"

(Pregnant Women) (Low) heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy
9752B 8th Street Samples were analyzed for TCE in On-base Long-term 5years Children Neither TCE nor benzene was detected above comparison values in
October 1979. The contaminant was not Airmen and Housing this well. Therefore, no harmful health effects expected
detected above ATSDR’s drinking water Military
CVs (AFBCA 1993). Families Drinking
Inhalation Adults
Dermal

10037 8th Street Samples were analyzed for TCE in May On-base Long-term 5years Children * Immunological effects2 2.7E-05 TCE (26.6 ppb):
1979. The contaminant was detected Airmen and Housing (Young (Low) Increased risk for
above ATSDR’s drinking water CVs. Military children harmful non-
Concentrations ranged from 22.1 to 26.6 Families Drinking only) cancer health
ppb (AFBCA 1993). Inhalation effects for children;

Dermal Adults » Fetal Heart Defect 5.0E-06 Increased risk for a
(Pregnant Women) (Low)

heart birth defect
for babies if the
mother was
exposed to TCE
during the first
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ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
trimester of
pregnancy
10039 8th Street Samples were analyzed for TCE about 20 On-base Long-term 5 years Children e Immunological effectsa 5.8E-05 TCE (57 ppb):
times between March 1979 and August Airmen and Housing (Low) Increased risk for
1979. TCE was detected during each Military harmful non-
sampling event, ranging from Families Drinking cancer health
concentrations of 2.5 to 57 ppb. The Inhalation Adults « Fetal Heart Defect 1.1E-05 effects for children;
concentration exceeded ATSDR’s drinking Dermal (Pregnant Women) (Low) Increased risk for a
water CVs on 17 occasions (AFBCA 1993). heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy
10000 Area,; Samples were analyzed for TCE in May On-base Long-term 5 years Children e Immunological effectsab 4.9E-05 TCE (48.7 ppb):
10205 TN 1979. The contaminant was detected Airmen and Housing (Low) Increased risk for
above ATSDR’s drinking water CVs. Military harmful non-
Concentrations ranged from 43.5 to 48.7 Families Drinking cancer health
ppb (AFBCA 1993). Inhalation Adults « Fetal Heart Defect 9.1E-06 effects for children;
Dermal (Pregnant Women) (Low) Increased risk for a
heart birth defect
for babies if the
mother was
exposed to TCE
during the first
trimester of
pregnancy
Barracks 225 Samples were analyzed for TCE in On-base Long-term 5 years Children No Harmful Effects Expected 5.1E-06
December 1979. TCE was detected Airmen and Housing (Low) TCE (5.1 ppb)
above ATSDR’s drinking water CVs in one Military
sample, registering at 5.1 ppb (AFBCA Families Drinking No harmful health
1993). Inhalation Adults No Harmful Effects Expected 9.5E-07 effects expected
Dermal (Low)
9750A & B 8th Samples were collected between 1979 On-base Long-term 5 years Children e Immunological effectsa 8.2E-05 TCE (72 ppb)
Street and 1983 (AFBCA 1993). Five Airmen and Housing (Low) Increased risk for
contaminants exceeded ATSDR’s drinking | Military harmful non-
water CVs: Families Drinking cancer health
Inhalation effects for children;
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ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
= Benzene. Concentrations ranged from Dermal Adults * Fetal Heart Defect 1.6E-05 Increased risk for a
nondetect to 15.2 ppb. (About 25 (Pregnant Women) (Low) heart birth defect
samples were analyzed for benzene for babies if the
between 1980 and 1983. It was detected mother was
above trace levels seven times; all of exposed to TCE
these detections exceeded ATSDR’s CVs.) during the first
trimester of
= Chlorodibromomethane. This pregnancy
contaminant was analyzed once in June
1980. It was detected at 1.7 ppb. Benzene(15.2 ppb):
None
= Dichlorobromomethane. This
contaminant was analyzed once in June
1980. It was detected at 2.2 ppb.
= 1,1,2,2-tetrachloroethane.
Concentrations ranged from 2.3 to 2.7
ppb. (Three samples were analyzed for
this contaminant in 1982; the contaminant
was detected in all three samples at
concentrations that exceeded ATSDR’s
CVs.)
= TCE. Concentrations ranged from
nondetect to 72 ppb. (More than 150
samples were analyzed for this
contaminant between April 1979 and
January 1983. TCE was detected above
ATSDR’s CVs on 35 occasions in 1979 and
oncein 1981.)
NCO Club Samples were collected in April 1979 and Military Intermittent 5 years Adults No Harmful Health Effects 2.4E-06 TCE (75 ppb)
November 1983. TCE (71 to 75 ppb), the Officers Non-housing | 2 days/wk Expected (Low)
only contaminant that exceeded ATSDR’s No harmful non-
drinking water CVs, was detected during cancer or cancer
the 1979 event (AFBCA 1993). Ingestion health effects
only expected
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ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
Samples were collected between 1979 Military Intermittent 5 years Adults No Harmful Health Effects 2.1E-06 TCE (27 ppb)
Officer’s Club and 1989 (AFBCA 1993; Air Force 1990). Officers Non-housing 2 days/wk Expected (Low) Benzene (30 ppb)
Five contaminants exceeded ATSDR’s
drinking water CVs: No harmful non-
Ingestion cancer or cancer
= Benzene. Concentrations ranged from only health effects

nondetect to 30 ppb. (About 140 samples
were analyzed for benzene between 1982
and 1989. The contaminant was detected
above trace levels seven times. Three of
these detections, which were recorded
between February 1982 and January
1983, exceeded ATSDR’s CVs.)

= Chlorodibromomethane. This
contaminant was analyzed in June 1980
and May 1982. It was detected above
ATSDR’s CVs during both events,
registering between 1.9 and 6.1 ppb.

= Dichlorobromomethane. This
contaminant was analyzed once in June
1980. It was detected at 7.4 ppb.

= 1,1,2,2-tetrachloroethane. This
contaminant was analyzed once in
March 1982. It was detected at 1.2 ppb.

= TCE. Concentrations ranged from
nondetect to 27 ppb. (More than 150
samples were analyzed for TCE between
1979 and 1989. It exceeded ATSDR’s CVs
on 22 occasions. All of the detections that
exceeded CVs occurred between
September 1979 and June 1980, except
for one, which was recorded in April
1985.)

expected
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Potentially
Exposed
Population

Assumed
Well Usage

Assumed
Exposure
Duration &
Route(s)

Age
Group

Harmful

Non-cancer Health Effectsc

Cancer Risk

Comments

Building 5008

Samples were collected between 1979
and 1989 (AFBCA 1993; Air Force 1990).
Five contaminants exceeded ATSDR’s
drinking water CVs:

= Benzene. Concentrations ranged from
nondetect to 1,510 ppb. (About 150
samples were analyzed for this
contaminant between 1982 and 1989. It
was detected above trace levels six
times; all of these detections were above
ATSDR’s CVs. Benzene was detected in
February 1982 [4.7 ppb], March 1982 [10.9
ppb], July 1983 [13.5 ppb], August 1983
[6.4 ppb], September 1986 [1,510 ppb],
and July 1987 [10.2 ppb].)

= Chlorodibromomethane. This
contaminant was analyzed once in
March 1982. It was detected at 1.3 ppb.

= Dichlorobromomethane. This
contaminant was analyzed once in
March 1982. It was detected at 1.0 ppb.

= 1,1,2,2-tetrachloroethane.
Concentrations ranged from 1.9 to 2.9
ppb. (Three samples were analyzed for
this contaminant in 1982; the contaminant
was detected in all three samples at
concentrations that exceeded ATSDR’s
CVs.)

= TCE. Concentrations ranged from
nondetect to 11.1 ppb. (More than 100
samples were analyzed for this
contaminant between 1979 and 1989.
TCE was detected above ATSDR’s CVs on
only four occasions, all of which took
place in May 1979.)

On-base
Employees

Long-term
Non-housing

25 years

Ingestion
only

Adults

* Hematotoxicityd

7.3E-04
(Elevated)

Benzene(1510 ppb)

. Increased risk for
harmful non-
cancer and

cancer health
effects for adults
exposed to
benzene for many
years

TCE (11.1 ppb)

1820 Cedar St

Samples were analyzed for TCE in
September 1980. The contaminant was

On-base
Airmen and

Long-term
Housing

5 years

Drinking

Children

Neither TCE nor benzene was detected above comparison values in
these wells. Therefore, no harmful health effects expected.
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Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
not detected above ATSDR’s drinking Military Inhalation Adults
water CVs (AFBCA 1993). Families Dermal
9204A Rhode Samples were collected in 1982. No On-base Long-term 5years Children Neither TCE nor benzene was detected above comparison values in
Island contaminants were detected above Airmen and Housing these wells. Therefore, no harmful health effects expected.
ATSDR’s drinking water CVs (AFBCA 1993). | Military Drinking
Families Inhalation Adults
Dermal
Education Center | Samples were collected in 1982. No On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
contaminants were detected above Employees Non-housing this well. Therefore, no harmful health effects expected.
ATSDR’s drinking water CVs (AFBCA 1993). Ingestion
only
Building 5065 Samples were collected in February and On-base Long-term 25 years Adults No harmful health effects 1.1E-06 Benzene (2.3 ppb)
March 1982. Benzene (nondetect to 2.3 Employees Non-housing expected (Low)
ppb) exceeded ATSDR’s drinking water Ingestion No harmful non-
CVs during the former event (AFBCA only cancer or cancer
1993). health effects
expected
10059 8th Street Samples were collected three times (i.e., On-base Long-term 5 years Children No harmful health effects 4.8E-06 Benzene (8.2 ppb)
in February 1982, March 1982, and Airmen and Housing expected (Low)
November 1983). Benzene (nondetect to Military Drinking No harmful non-
8.2 ppb) was detected above ATSDR’s Families Inhalation Adults No harmful health effects 1.8E-06 cancer or cancer
drinking water CVs during the first two Dermal expected (Low) health effects
sampling events, but was not detected expected
during the third event (AFBCA 1993).
Building 1700 Samples were collected between 1982 On-base Long-term 25 years Adults No harmful health effects 1.3E-05 Benzene (27.1 ppb)
and 1989 (AFBCA 1993; Air Force 1990). Employees Non-housing expected (Low)
Five contaminants were detected above Ingestion No harmful health
ATSDR’s drinking water CVs: only effects expected

= Benzene. Concentrations ranged from
nondetect to 27.1 ppb. (More than 30
samples were analyzed for this
contaminant between 1982 and 1989. It
was detected above ATSDR’s CVs 13
times; all of these elevated detections
were recorded between 1982 and 1985.)

= Chlorodibromomethane.
Concentrations ranged from nondetect
to 4.3 ppb. (Six samples were analyzed for

from exposure to
benzene

Although not
specifically
evaluated here,
the levels of the
other detected
chemicals are too
low to cause
harmful health
effects.
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Potentially
Exposed
Population

Assumed
Well Usage

Assumed
Exposure
Duration &
Route(s)

Age
Group

Harmful
Non-cancer Health Effectsc

Cancer Risk

Comments

this contaminant. It was detected three
times. All of the detections, which were
recorded in 1982 and 1983, exceeded
ATSDR’s CVs.)

= Dichlorobromomethane.
Concentrations ranged from nondetect
to 2.5 ppb. (Six samples were analyzed for
this contaminant. It was detected four
times. All of the detections, which were
recorded in 1982 and 1983, exceeded
ATSDR’s CVs.)

- 1,1,2,2-tetrachloroethane.
Concentrations ranged from nondetect
to 3.5 ppb. (Eight samples were analyzed
for this contaminant. It was detected
three times. All of the detections, which
were recorded in 1982, exceeded
ATSDR’s CVs.)

= 1,2-dichloroethane. Concentrations
ranged from nondetect to 0.5 ppb. (Five
samples were analyzed for this
contaminant. It was detected above
trace levels twice; both detections, which
were recorded in 1983, exceeded
ATSDR’s CVs.)

Child Care
Center

Samples were collected between 1982
and 1996 (AFBCA 1993; Air Force 1990;
MDEQ 1999b). Five contaminants

exceeded ATSDR’s drinking water CVs:

Children of
on-base
Military
Families

Intermittent
Non-housing

5 years

Ingestion
only

Children

No harmful health effects
expected

4.8E-06
(Low)

Benzene (24.4 ppb)

No harmful health

effects expected

from exposure to
benzene
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= Benzene. Concentrations ranged from
nondetect to 24.4 ppb. (About 180
samples were analyzed for benzene
between 1982 and 1996. It was detected
above trace levels 24 times. About 22 of
these detections, all of which were
recorded between February 1982 and
October 1983, exceeded ATSDR’s CVs.)

= Chlorodibromomethane.
Concentrations ranged from nondetect
to 1.5 ppb. (This contaminant was
analyzed about 20 times between
February 1993 and December 1996. It was
detected above ATSDR’s CVs on nine
occasions.)

= Chloroform. Concentrations ranged
from nondetect to 34 ppb. (This
contaminant was analyzed about 20
times between February 1993 and
December 1996. It was detected above
ATSDR’s CVs on 16 occasions.)

= Dichlorobromomethane.
Concentrations ranged from 0.6 to 7.0
ppb. (This contaminant was analyzed
about 20 times between February 1993
and December 1996. It was detected
above ATSDR’s CVs on all but one
occasion.)

= 1,1,2,2-tetrachloroethane.
Concentrations ranged from nondetect
to 1.9 ppb. (This contaminant was
analyzed three times in 1982 and about
20 times between 1993 and 1996. It was
detected above ATSDR’s CVs during the
1982 sampling events, but it was not
detected in the samples that were
collected in the 1990s.)

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
Child Care Long-term 25 years Adults No harmful health effects 1.2E-05
Employees Non-housing expected (Low) Although not
Ingestion specifically
Only evaluated here,

the levels of the
other detected
chemicals are too
low to cause
harmful health
effects.
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Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
Building 5043 Samples were collected in November On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
1983. No contaminants exceeded workers Non-housing this well. Therefore, no harmful health effects expected
ATSDR’s drinking water CVs (AFBCA 1993). (Facility) Ingestion
Only
Building 5090 Samples were collected in November On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
1983. No contaminants exceeded workers Non-housing this well. Therefore, no harmful health effects expected
ATSDR’s drinking water CVs (AFBCA 1993). (Facility) Ingestion
Only
Building 245 One sample was collected in October On-base Long-term 5years Children Neither TCE nor benzene was detected above comparison values in
1983. No contaminants exceeded Airmen and Housing this well. Therefore, no harmful health effects expected
ATSDR’s drinking water CVs (AFBCA 1993). | Military Drinking
Families Inhalation
Dermal Adults
9215B Rhode Samples were collected in November On-base Long-term 5 years Children Neither TCE nor benzene was detected above comparison values in
Island 1983. No contaminants were detected Airmen and Housing this well. Therefore, no harmful health effects expected
(AFBCA 1993). Military Drinking
Families Inhalation
Dermal Adults
10060 Samples were collected in November On-base Long-term 5 years Children Neither TCE nor benzene was detected above comparison values in
8th Street 1983. No contaminants were detected Airmen and Housing this well. Therefore, no harmful health effects expected
above trace levels (AFBCA 1993). Military Ingestion
Families Inhalation Adults
Dermal
8032 1st Street Samples were collected in November On-base Long-term 5 years Children Neither TCE nor benzene was detected above comparison values in
1983. No contaminants exceeded Airmen and Housing this well. Therefore, no harmful health effects expected
ATSDR’s drinking water CVs (AFBCA 1993). | Military Ingestion
Families Inhalation Adults
Dermal
10031 7th Street Samples were collected in August 1984 On-base Long-term 5 years Children Neither TCE nor benzene was detected above comparison values in
and February 1985. No contaminants Airmen and Housing this well. Therefore, no harmful health effects expected
exceeded ATSDR’s drinking water CVs Military Ingestion
(AFBCA 1993). Families Inhalation Adults
Dermal
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Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
Bioenviro. Eng. Samples were collected once in 1984 and | On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
Building three times in 1993 (AFBCA 1993; MDEQ workers Non-housing this well.
1999b). Two contaminants were detected (Facility) Ingestion
above ATSDR’s drinking water CVs: Only The detected chemicals are common drinking water disinfection
byproducts. Although not specifically evaluated in this document,
= Chlorodibromomethane. the concentration of these chemicals is too low to cause harmful
Concentrations ranged from nondetect health effects.
to 0.7 ppb. (This contaminant was not
detected in 1984, but it exceeded
ATSDR’s CVs during all three of the 1993
sampling events.)
= Dichlorobromomethane.
Concentrations ranged from nondetect
to 2.3 ppb. (This contaminant was not
detected in 1984, but it exceeded
ATSDR’s CVs during all three of the 1993
sampling events.)
8822A 3 Street Samples were collected once in August On-base Long-term 5 years Children Neither TCE nor benzene was detected above comparison values in
1985 (AFBCA 1993). Airmen and Housing this well.
Military Ingestion
Dichlorobromomethane (2.1 ppb) and Families Inhalation The detected chemicals are common drinking water disinfection
chloroform (12.8 ppb) exceeded ATSDR’s Dermal Adults byproducts. Although not specifically evaluated in this document,
drinking water CVs. the concentration of these chemicals is too low to cause harmful
health effects.
10311 7th Street Samples were collected between 1983 On-base Long-term 5 years Children No harmful health effects 1.3E-05 TCE (13 ppb)
and 1989 (AFBCA 1993; Air Force 1990). Airmen and Housing expected (Low) Benzene (11 ppb)
Two contaminants were detected above Military Ingestion
ATSDR’s drinking water CVs: Families Inhalation No harmful health
Dermal non-cancer or
= Benzene. Concentrations ranged from cancer health
nondetect to 11 ppb. (More than 100 effects expected
samples were analyzed for this from exposure to
contaminant between 1983 and 1989. It TCE or benzene
was only detected above trace levels Adults No harmful health effects 2.4E-06
twice. These detections, which occurred expected (Low)

in March 1984 and April 1985, both
exceeded ATSDR’s CVs.

= TCE. Concentrations ranged from
nondetect to 13 ppb. (More than 100
samples were analyzed for this
contaminant between 1983 and 1989. It
was detected many times, but only
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Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
exceeded ATSDR’s CVs on two occasions.
(TCE was detected at 8.1 ppb in April
1985 and at 13.0 ppb in February 1986.)
Building 1752 Samples were collected in July 1986. No On-base Long-term 5 years Children Neither TCE nor benzene was detected above comparison values in
contaminants were detected (AFBCA Airmen and Housing this well. Therefore, no harmful health effects expected.
1993). Military Ingestion
Families Inhalation Adults
Dermal
Aircraft Alert Area | Samples were collected in 1989. TCE On-base Long-term 25 years Adults No harmful health effects expected
(nondetect to 25 ppb) was detected workers Non-housing
above ATSDR’s drinking water CVs once (Facility) Ingestion
out of several sampling events (Air Force Only
1990).
Building 291 Samples were collected in 1989. On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
Chlorodibromomethane (0.9 ppb), workers Non-housing this well.
chloroform (1.0 to 13 ppb), and (Facility) Ingestion
dichlorobromomethane (1.5 to 3.9 ppb) Only The detected chemicals are common drinking water disinfection
were detected above ATSDR’s drinking byproducts. Although not specifically evaluated in this document,
water CVs (Air Force 1990). the concentration of these chemicals is too low to cause harmful
health effects.
Procurement ATSDR found no records of tap water On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
Office samples being collected when the workers Non-housing this well.
building was serviced by AF15. Samples (Facility) Ingestion
were collected in 1989, when the building Only The detected chemicals are common drinking water disinfection

was being serviced by the main water
supply wells. Sampling data indicated
that chloroform (6.4 ppb) and
dichlorobromomethane (2.0 ppb) were
present at concentrations that exceeded
ATSDR’s drinking water CVs (Air Force
1990).

byproducts. Although not specifically evaluated in this document,
the concentration of these chemicals is too low to cause harmful
health effects.
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Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)
10309 7th Street Samples were collected on several On-base Long-term 5 years Children Neither TCE nor benzene was detected above comparison values in
occasions in 1989. No contaminants Airmen and Housing this well. Therefore, no harmful health effects expected.
exceeded ATSDR’s drinking water CVs (Air | Military Ingestion
Force 1990). Families Inhalation Adults
Dermal
10419 South Samples were collected in 1993 (MDEQ On-base Long-term 5 years Children Neither TCE nor benzene was detected above comparison values in
Carolina Street 1999b). Three contaminants exceeded Airmen and Housing this well. Therefore, no harmful health effects expected.
ATSDR’s drinking water CVs: Military Ingestion
Families Inhalation
= Chlorodibromomethane. Dermal Adults
Concentrations ranged from nondetect
to 0.8 ppb. (The contaminant exceeded
ATSDR’s CVs in five of the seven samples.)
= Chloroform. Concentrations ranged
from 1.7 to 7.3 ppb. (The contaminant
exceeded ATSDR’s CVs in two of the
seven samples.)
= Dichlorobromomethane.
Concentrations ranged from 0.6 to 2.7
ppb. (The contaminant exceeded
ATSDR’s CVs in six of the seven samples.)
Building 5067 Samples were analyzed for several On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
organic compounds in May and June workers Non-housing this well. Therefore, no harmful health effects expected.
1993 (MDEQ 1993). (Facility) Ingestion
Chlorodibromomethane (0.6 to 0.7 ppb), Only The detected chemicals are common drinking water disinfection
chloroform (6.5 to 8.5 ppb) and byproducts. Although not specifically evaluated in this document,
dichlorobromomethane (2.1 to 2.8 ppb) the concentration of these chemicals is too low to cause harmful
exceeded ATSDR’s drinking water CVs health effects.
during both sampling events.
Building 5006 Samples were collected four times On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
between February and April 1993 and workers Non-housing this well. Therefore, no harmful health effects expected.
analyzed for several organics. (Facility) Ingestion
Chlorodibromomethane (0.7 to 1.0 ppb), Only The detected chemicals are common drinking water disinfection

chloroform (6.8 to 8.9 ppb), and
dichlorobromomethane (2.8 to 3.4 ppb)
exceeded ATSDR’s drinking water CVs
during all four sampling events (MDEQ
1999b).

byproducts. Although not specifically evaluated in this document,
the concentration of these chemicals is too low to cause harmful
health effects.
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Exposed Well Usage Exposure Group Non-cancer Health Effectsc Cancer Risk Comments
Population Duration &
Route(s)

Building 20 Samples were collected between March On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
and April of 1994 (MDEQ 1999b). Two workers Non-housing this well. Therefore, no harmful health effects expected.
contaminants exceeded ATSDR’s drinking (Facility) Ingestion
water CVs: Only The detected chemicals are common drinking water disinfection

byproducts. Although not specifically evaluated in this document,
Chloroform. Concentrations ranged from the concentration of these chemicals is too low to cause harmful
4.9 to 10.7 ppb. (The contaminant health effects.
exceeded ATSDR’s CVs in three of four
samples.)
= Dichlorobromomethane.
Concentrations ranged from 1.9 to 3.2
ppb. The contaminant exceeded ATSDR’s
CVs in all four samples.)

Baker Eng. Samples were collected in December On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in

Building 1996 (MDEQ 1999b). Chloroform (14.8 workers Non-housing this well. Therefore, no harmful health effects expected.
ppb) and dichlorobromomethane (1.2 (Facility) Ingestion
ppb) exceeded ATSDR’s drinking water Only The detected chemicals are common drinking water disinfection
CVs. byproducts. Although not specifically evaluated in this document,

the concentration of these chemicals is too low to cause harmful
health effects.

Civil Eng. Building | A few samples were collected in 1982 On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in

(Bdg. 290) and 1983. No contaminants exceeded workers Non-housing this well. Therefore, no harmful health effects expected.

ATSDR’s drinking water CVs (AFBCA 1993). (Facility) Ingestion
About 14 samples were collected Only The detected chemicals are common drinking water disinfection

between 1993 and 1997 and analyzed for
a variety of organic compounds (MDEQ
1999b). Only three contaminants
exceeded ATSDR’s drinking water CVs:

= Chlorodibromomethane.
Concentrations ranged from nondetect
to 0.8 ppb. (The contaminant exceeded
ATSDR’s CVs once out of 14 sampling
events.)

= Chloroform. Concentrations ranged
from 3.4 to 25.5 ppb. (The contaminant
exceeded ATSDR’s CVs eight out of 14
sampling events.)

= Dichlorobromomethane.
Concentrations ranged from 0.5 to 3.5
ppb. (The contaminant exceeded

byproducts. Although not specifically evaluated in this document,
the concentration of these chemicals is too low to cause harmful
health effects.
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ATSDR’s CVs on all but one of the
sampling events.)

a Decreased thymus weights is a critical effect (immunological) used to derive the MRL for TCE.
b Developmental immunotoxicity [decreased plaque-forming cell (PFC) response and increased delayed-type hypersensitivity]) is a critical effect used to
derive the MRL for TCE.
¢ Other adverse noncancer health effects associated with TCE exposure include decreased body weight, liver and kidney effects, and neurological,
immunological, reproductive, and developmental effects.
d Decreased B cell count is the critical effect used to derive the MRL for benzene.
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Table 13D.
Updated Public Health Conclusions

USAF’s Area-Specific Wells
Well Identification, Well Usage and Contamination History

Well Identification
and Well Usage

Contamination History and Previous
Public Health Conclusion

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

History Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)

Red text indicates a harmful health effect has been noted. ATSDR also used red highlight to show the (maximum) concentration used in our health

evaluation.

Gray highlighted Comments box indicates a health call that DIFFERS from that previously made.

AF7: This well Samples were collected from AF7 and | Visitors; Short-term 4 wks Children No harmful health effects N/A: Cancer TCE (17.6 ppb)
serviced the North analyzed for TCE on more than 30 Short-term Housing expected risk not
Cottage. It has been | occasions between December 1977 guests determined No harmful non-
officially abandoned | and January 1980. Detections ranged Ingestion for short- cancer health
(i.e., grouted and from nondetect to 17.6 ppb. TCE Inhalation term guests effects expected
closed), thereby exceeded ATSDR’s drinking water CVs Dermal
removing any on 20 occasions (AFBCA 1993).
potential for it being Adults No harmful health effects
used again in the Although contaminant concentrations expected N/A; Cancer
future (AFBCA were detected above ATSDR’s risk not
1999b). drinking water CVs, the determined

concentrations were too low to pose for short-

health hazards term guests
AF8: This well Samples were collected from AF8 and | Visitors; Short-term 4 wks Children = Immunological effectsa N/A: Cancer TCE (27 ppb)
serviced the South analyzed for TCE on about 40 Short-term Housing (Very risk not
Cottage. It has been | occasions between October 1978 and | guests young determined Increased risk for
officially abandoned | September 1980. Detections ranged Ingestion only) for short- harmful non-
(i.e., grouted and from nondetect to 27 ppb. TCE Inhalation term guests cancer health
closed), thereby exceeded ATSDR’s drinking water CVs Dermal Adults e Fetal Heart Defect N/A effects for very
removing any on nine occasions (AFBCA 1993). (Pregnant Women) young children
potential for it being (<11 yrs) and adults
used again in the Although contaminant concentrations
future (AFBCA were detected above ATSDR’s
1999b). drinking water CVs, the

concentrations were too low to pose

health hazards.
AF14: This well Well data were not available for AF14, | On-base Long-term 25 years Adults No harmful health effects 5.2E-06 TCE (12.7 ppb)
serviced Building but tap water samples were collected | workers Non-housing expected (Low)
1135 in the past from Building 1135 and analyzed for (Facility)
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Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)
(AFBCA 1999f).The TCE in June 1979. Detections ranged Ingestion No harmful non-
well has been from 12.1 to 12.7 ppb (AFBCA 1993). Only cancer or cancer

officially abandoned
(i.e., grouted and
closed), thereby
removing any
potential for it to be
used again in the
future (AFBCA
1999b).

Although contaminant concentrations
were detected above ATSDR’s
drinking water CVs, the
concentrations were too low to pose
health hazards

health effects
expected
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Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
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Route(s)

AF15: This well ATSDR reviewed available data that On-base Long-term 25 years Adults ¢ Fetal Heart Defect 1.2E-04 TCE (296 ppb):
serviced the base was collected through 1983. Although | workers Non-housing (Pregnant Women) (Elevated)

procurement office several contaminants were analyzed, (Facility) Ingestion Increased risk for a
(Building 4004) in the | only TCE (2.9 to 296 ppb) was Only heart birth defect

past. Site
representatives do
not have exact
documentation
listing when the well
stopped being used,
but it was removed
from service
sometime before
1983 (USGS 1983).
(One site
representative thinks
that the well may
have been taken off
line before 1977.) The
well has been
officially abandoned
(i.e., grouted and
closed), thereby
removing any
potential for it to be
used again in the
future (AFBCA
1999Db).

detected above ATSDR’s drinking
water CVs (AFBCA 1993). (Samples
were analyzed for TCE on about 100
occasions between December 1977
and December 1983. TCE was
detected above CVs in all but a few
of the sampling events. The majority of
the detections were above 40 ppb,
with concentrations reaching a high
of 296 ppb in December 1978 [AFBCA
1993)).

Although TCE was detected above
ATSDR’s drinking water CVs, the
concentrations were not expected to
pose past health hazards because the
population serviced by the well was
not likely to be exposed to large
quantities of water over a long
duration

for babies if the
mother was

exposed to TCE

during the first
trimester of
pregnancy.
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History Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)
AF16: This well Tap water samples were collected On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
serviced the small from the firing range and analyzed for | workers Non-housing this well. Therefore, no harmful health effects expected.
arms firing range. The | volatiles in 1989 (Air Force 1990). None (Facility) Ingestion
well has been of the detected constituents Only
officially abandoned | exceeded ATSDR’s drinking water CVs.
(i.e., grouted and In addition, samples were collected
closed), thereby and analyzed for lead in April 1998,
removing any after the well had stopped being used
potential for it to be as a potable water source. Neither
used again in the total nor dissolved lead was detected
future (AFBCA (AFCEE 1999).
1999b).
Although some of the groundwater in
the vicinity of the firing range has
been impacted by contaminants (see
Appendix B-Site 55), there is no
evidence that the contaminants
migrated crossgradient to impact
AF16.
AF22: This well Samples were collected from AF22 Visitors; Short-term 4 wks Children e Immunological effects2 N/A: Cancer TCE (30.4 ppb)
serviced the Burkhart | between 1977 and 1984. TCE (trace to | Short-term Housing risk not
Lodge for many 30.4 ppb) was the only contaminant guests determined Increased risk for
years. (The lodge that exceeded ATSDR’s drinking water Ingestion for short- harmful non-
served as a visitation CVs (AFBCA 1993). (The contaminant Inhalation term guests cancer health
center for pilots.) was sampled more than 100 times Dermal Adults ¢ Fetal Heart Defect N/A: Cancer effects for very
Later in WAFB’s between December 1977 and (Pregnant Women) risk not young children
history, the lodge February 1981. It was detected above determined (<11 yrs).
was serviced by ATSDR’s CVs on all but a few for short- Increased risk for a
USAF’s main water occasions.) Tap water samples were term guests heart birth defect
supply wells (AFBCA collected from the lodge in 1989. TCE for babies if the
1999d). concentrations ranged from 12 to 18 mother was
ppb (Air Force 1990). exposed to TCE
during the first
Although TCE was detected above trimester of
ATSDR’s drinking water CVs, the pregnancy
concentrations were too low to pose
health hazards.
AF23: This well Samples were collected from AF23 Visitors Short-term 4 wks Children No harmful health effects N/A: Cancer TCE (14.7 ppb)
serviced the Air between 1979 and 1989. TCE (1.1 to Non-Housing expected risk not
Force Beach in the 14.7 ppb) was the only contaminant determined No harmful non-
past (AFBCA 1999d). detected above ATSDR’s drinking Ingestion for short- cancer health
water CV (Air Force 1990; AFBCA Inhalation term guests effects expected
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Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
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1993). (About 80 samples were Dermal Adults No harmful health effects N/A: Cancer
analyzed for TCE between May 1979 expected risk not
and August 1987. TCE was detected determined
above ATSDR’s CVs in all but a few for short-
samples.) term guests
Although TCE was detected above
ATSDR’s drinking water CV, the
concentrations were too low to pose
health hazards
AF25: This well Samples were collected from AF25 On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
services Building and analyzed for TCE in December workers Non-housing this well. Therefore, no harmful health effects expected.
5098. It is the only on- | 1977. Contaminant concentrations (Facility) Ingestion
base supply well that | ranged from nondetect to 3.1 ppb. Only

is still being used. In
the past, water
supplied by this well
was used for potable
purposes. Today, it is
used only for
nonpotable purposes
(AFBCA 1999c).

This concentration is below ATSDR’s
drinking water CV (AFBCA 1993).

No contaminants were detected at
concentrations that exceeded
ATSDR’s drinking water CVs. Thus,
contaminant concentrations were too
low to pose past health hazards.
(Note: This well is still in use. See the
main body of the text for a discussion
on current and future exposures.)
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History Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)

Unlabeled well: One Well data were not available, but tap On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
on-base well was water samples were collected from workers Non-housing this well. Therefore, no harmful health effects expected.
used to service the the DRMO in 1989 (Air Force 1990). (Facility) Ingestion
Defense Reutilization Chloroform (nondetect to 75 ppb) Only
Management Office | and methylene chloride (nondetect
(DRMO). The well has | to 13 ppb) were the only
been officially contaminants detected above
abandoned (i.e., ATSDR’s drinking water CVs.
grouted and closed),
thereby removing Although contaminant concentrations
any potential foritto | were detected above ATSDR’s
be used again in the | drinking water CVs, the
future (AFBCA concentrations were not expected to
1999Db). pose past health hazards because the

population serviced by the well was

not likely to be exposed to large

guantities of water over a long

duration.
Unlabeled well: One Well data were not available, but tap On-base Long-term 25 years Adults Neither TCE nor benzene was detected above comparison values in
on-base well was water samples were collected from workers Non-housing this well.
used to service the the dog kennels between 1977 and (Facility) Ingestion
dog kennels. The well | 1989 (AFBCA 1993; Air Force 1990). Only

has been officially
abandoned (i.e.,
grouted and closed),
thereby removing
any potential for it to
be used again in the
future (AFBCA
1999b).

Chloroform (nondetect to 49 ppb)
and methylene chloride (nondetect
to 15 ppb) were the only
contaminants detected above
ATSDR’s drinking water CVs.

Although contaminant concentrations
were detected above ATSDR’s
drinking water CVs, the
concentrations were not expected to
pose past health hazards because the
population serviced by the well was
not likely to be exposed to large
quantities of water over a long
duration.
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a Decreased thymus weights is a critical effect (immunological) used to derive the MRL for TCE.
b Developmental immunotoxicity [decreased plaque-forming cell (PFC) response and increased delayed-type hypersensitivity]) is a critical effect used to
derive the MRL for TCE.
¢ Other adverse noncancer health effects associated with TCE exposure include decreased body weight, liver and kidney effects, and neurological,
immunological, reproductive, and developmental effects.
d Decreased B cell count is the critical effect used to derive the MRL for benzene.
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Well Location

Contamination History & Past
Public Health Conclusion

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)

Red text indicates a harmful health effect has been noted. ATSDR also used red highlight to show the (maximum) concentration used in our health

evaluation.

Gray highlighted Comments box indicates a health call that DIFFERS from that previously made.

58** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s January 1991 sampling Residents Housing expected.

event (MDEQ 1999c).

Ingestion

There is no evidence suggesting Inhalation

that the well was ever Dermal Adults

contaminated.
58** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s May 1990 sampling event | Residents Housing expected.

(MDEQ 1999c).

Ingestion

There is no evidence suggesting Inhalation Adults

that the well was ever Dermal

contaminated.
58** West Shore Methylene chloride (1 ppb) was Off-site Long-term 33 years Children No contaminants detected in this well above applicable comparison
Drive detected during MDEQ’s May Residents Housing values. Therefore, no harmful health effects expected.

1990 sampling event, but at

concentrations below ATSDR’s Ingestion Methylene chloride is a common laboratory contaminant. The detected

drinking water CV. The Inhalation concentration of methylene chloride is too low to cause harmful health

contaminant was not detected Dermal Adults effects.

during a subsequent MDEQ

sampling event that was

conducted in August 1990 (MDEQ

1999c).
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Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)
There is no evidence suggesting
that the well was ever
contaminated.
58** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s May 1990 sampling event | Residents Housing expected.
(MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
59** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s January 1987 sampling Residents Housing expected.
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
59** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s May 1990 sampling event | Residents Housing expected.
(MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation
that the well was ever Dermal Adults
contaminated.
59** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s April 1990 sampling event | Residents Housing expected
(MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation
that the well was ever Dermal Adults
contaminated.
59** West Shore Methylene chloride (1.7 ppb) was Off-site Long-term 33 years Children Neither TCE nor benzene was detected above comparison values in this
Drive detected during MDEQ’s January Residents Housing well. Therefore, no harmful health effects expected.
1991 sampling event, but at
concentrations below ATSDR’s Ingestion
drinking water CV (MDEQ 1999c). Inhalation
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Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)
Contaminant concentrations Dermal Adults
were too low to pose health
hazards.
59** West Shore TCE (19 to 25 ppb) was detected Off-site Long-term 33 years Children e Immunological effecta 5.0E-05 TCE (25 ppb)
Drive at concentrations that exceeded Residents Housing (Very (Low) Increased risk for
ATSDR’s drinking water CVs during young harmful non-
MDEQ’s May 1990 and August Ingestion Children) cancer health
1990 sampling events (MDEQ Inhalation effects for very
1999c). Dermal young children
Adults e Fetal Heart Defect 3.1E-05 (<11 yrs):
(Pregnant Women) (Low) Increased ris’k for
Although TCE was detected a heart birth
above ATSDR’s drinking water CV, defect for babies
the concentrations were too low if the mother was
to pose health hazards exposed to TCE
during the first
trimester of
pregnancy
59** West Shore 1,1,1-Trichloroethane (0.6 ppb) Off-site Long-term 33 years Children No contaminants detected in this well above applicable comparison
Drive was detected during MDEQ’s May | Residents Housing values. Therefore, no harmful health effects expected.
1990 sampling event, but at
concentrations below ATSDR’s Ingestion
drinking water CV. The Inhalation
contaminant was not detected Dermal Adults
during a subsequent MDEQ
sampling event that took place in
August 1990 (MDEQ 1999c).
Contaminant concentrations
were too low to pose health
hazards.
59** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s May 1990 sampling event | Residents Housing expected.
(MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
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59** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s May 1990 sampling event | Residents Housing expected.
(MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
60** West Shore The well at this property was Off-site Long-term 33 years Children No harmful health effects expected 6.9E-06 TCE (3.4 ppb)
Drive constructed in 1989 (Oscoda Residents Housing (Low)
Press, 1990a). TCE (3.0 to 3.4 ppb) No harmful non-
was detected during MDEQ’s May Ingestion cancer health
1990 and August 1990 sampling Inhalation Adults No harmful health effects expected 4.2E-06 effects expected
events, but at concentrations Dermal (Low)
below ATSDR’s drinking water CVs
(MDEQ, 1999c). The homeowners
stopped using the well as a
drinking water source in
September 1990, but continued to
use it for bathing until they
received a municipal hookup
(Oscoda Press, 1990a, 1990b).
(Municipal hookups were
established throughout the area in
1992 or 1993 [AFBCA 1999c].)
Contaminant concentrations
were too low to pose health
hazards.
60** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s September 1990 sampling | Residents Housing expected.
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
60** West Shore TCE (0.1 ppb) and PCE (0.2 ppb) Off-site Long-term 33 years Children No contaminants detected in this well above applicable comparison
Drive were detected during MDEQ’s Residents Housing values. Therefore, no harmful health effects expected.
August 1989 sampling event, but
at concentrations below ATSDR’s Ingestion
drinking water CVs. These Inhalation Adults
contaminants were not detected Dermal
during a subsequent MDEQ
sampling event that was
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Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
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conducted in September 1989
(MDEQ 1999c).
Contaminant concentrations
were too low to pose health
hazards.
60** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s August 1989 sampling Residents Housing expected
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
60** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s May 1991 sampling event | Residents Housing expected.
(MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
60** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s September 1989 sampling | Residents Housing expected.
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
60** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s May 1991 sampling event | Residents Housing expected.
(MDEQ 1999c). Ingestion
_ _ . Inhalation Adults
There is no evidence suggesting Dermal
that the well was ever
contaminated.
60** West Shore Methyl tert-butyl ether (MTBE) (1 Off-site Long-term 33 years Children No contaminants detected in this well above applicable comparison
Drive ppb) was detected during Residents Housing values. Therefore, no harmful health effects expected.
MDEQ’s May 1991 sampling event,
but at concentrations below Ingestion
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ATSDR’s drinking water CV.
Acetone was also detected
during this sampling event, but site
records did not indicate the exact
concentration. Neither MTBE or
acetone were detected during
previous MDEQ sampling events
(i.e., August 1987 and September
1989) or subsequent MDEQ
sampling events (i.e., October
1991) (MDEQ 1999c).

MTBE concentrations were too low
to pose health hazards. Although
the concentration for acetone
was not listed in the laboratory
report, it is unlikely that this
contaminant posed a health
hazard. Because it was only
detected once during four
sampling events, it is unlikely that
the contaminant was present
consistently in the private well.
Also, it is possible that the
detection was an error (Acetone
is a common laboratory
contaminant.)

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially
Exposed
Population

Assumed
Well Usage

Assumed
Exposure
Duration &
Route(s)

Age
Group

Harmful
Non-cancer Health Effects

Cancer Risk

Comments

Inhalation
Dermal

Adults

63** West Shore
Drive

No contaminants were detected
during sampling events
conducted in 1979, November
1983, August 1989, or May 1990
(AFBCA 1993; MDEQ 1999c).

There is no evidence suggesting
that the well was ever
contaminated.

Off-site
Residents

Long-term
Housing

33 years

Ingestion
Inhalation
Dermal

Children

Adults

No contaminants were detected in this well. No harmful health effects

expected.

63** West Shore
Drive

1,4-Dichlorobenzene (0.7 ppb)
was detected during MDEQ’s May
1990 sampling event, but below
ATSDR’s drinking water CV. This

Off-site
Residents

Long-term
Housing

33 years

Ingestion

Children

No contaminants detected in this well above applicable comparison
values. Therefore, no harmful health effects expected.

99




Well Location

Contamination History & Past
Public Health Conclusion

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)
contaminant was not detected Inhalation Adults
during previous or subsequent Dermal
MDEQ sampling events (MDEQ
1999c).
Contaminant concentrations
were too low to pose health
hazards.
63** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s August 1989 sampling Residents Housing expected.
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
63** West Shore No VOCs were detected during Off-site Long-term 33 years Children No contaminants were detected in this well. No harmful health effects
Drive MDEQ’s August 1989 sampling Residents Housing expected.
event (MDEQ 1999c)
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
63** West Shore No VOCs were detected during Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Drive MDEQ’s August 1989 sampling Residents Housing expected.
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
63** West Shore Samples were analyzed for TCE, Off-site Long-term 33 years Children No harmful health effects expected 4.3E-06 Benzene (3 ppb)
Drive benzene, and 1,2-dichloroethene Residents Housing (Low)
between 1979 and 1983, but no No harmful non-
contaminants were detected Ingestion cancer or cancer
(AFBCA 1993). Benzene (3 ppb) Inhalation Adults No harmful health effects expected 4.5E-06 health effects
was detected above ATSDR’s Dermal (Low) expected from
drinking water CV during MDEQ’s exposure to
December 1986 sampling event benzene
(MDEQ 1999c). The contaminant
was not detected subsequently
during MDEQ’s January 1987 or
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Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
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May 1990 sampling events (MDEQ
1999c; AFBCA 1993).
Although benzene was detected
above ATSDR’s drinking water CV,
the concentrations were too low
to pose health hazards.
64** West Shore No TCE was detected during an Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Drive April 1979 sampling event (AFBCA | Residents Housing expected.
1993). In addition, no VOCs were
detected during MDEQ’s August Ingestion
1989 or May 1990 sampling events Inhalation
(MDEQ 1999c). Dermal
Adults
There is no evidence suggesting
that the well was ever
contaminated.
64** West Shore No VOCs were detected during Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Drive MDEQ’s October 1983 or May Residents Housing expected.
1990 sampling events (MDEQ
1999c). Ingestion
Inhalation
There is no evidence suggesting Dermal Adults
that the well was ever
contaminated.
64** West Shore No TCE was detected during an Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Drive April 1979 sampling event (AFBCA | Residents Housing expected.
1993). In addition, no VOCs were
detected during MDEQ’s August Ingestion
1989 or May 1990 sampling events Inhalation
(MDEQ 1999c). Dermal
There is no evidence suggesting Adults
that the well was ever
contaminated
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64** West Shore No TCE was detected during a Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Drive January 1979 sampling event Residents Housing expected.
(AFBCA 1993). In addition, no
VOCs were detected during Ingestion
MDEQ’s August 1989 or May 1990 Inhalation
sampling events (MDEQ 1999c). Dermal
Adults
There is no evidence suggesting
that the well was ever
contaminated.
64** West Shore Methylene chloride (3.0 ppb) was Off-site Long-term 33 years Children No contaminants detected in this well above applicable comparison
Drive detected during MDEQ’s August Residents Housing values. Therefore, no harmful health effects expected.
1989 sampling event, but at
concentrations below ATSDR’s Ingestion
drinking water CV (MDEQ 1999c). Inhalation
Dermal Adults
Contaminant concentrations
were too low to pose health
hazards.
64** West Shore No VOCs were detected during Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Drive MDEQ’s August 1989 sampling Residents Housing expected.
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
64** West Shore No contaminants were detected Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Drive during sampling events that were Residents Housing expected.
conducted between 1979 and
1987 or during MDEQ’s January Ingestion
1987, August 1989, May 1990, or Inhalation
May 1991 sampling events (AFBCA Dermal
1993; MDEQ 1999c). Adults
There is no evidence suggesting
that the well was ever
contaminated.
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Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
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65** West Shore This well was used as a drinking Off-site Long-term 33 years Children e Immunological effectsab 2.6E-03 TCE (1,281 ppb)
Drive water source until the late 1970s. Residents Housing (Elevated)
In May 1979, the homeowner Increased risk for
collected a water sample and Ingestion harmful non-
had it analyzed for TCE. The Inhalation cancer and
contaminant was detected at 760 Dermal Adults e Immunological effectsa 1.6E-03 cancer health
ppb (AFCEE 1996€). Several more e Fetal Heart Defect (Elevated) effects for
samples were collected in May (Pregnant Women) children and
and June 1979, revealing that TCE adults;

concentrations ranged from 500
to 837 ppb (AFCEE 1996e; AFBCA,
1993). USAF started supplying
bottled water to the residence
upon discovery of the
contamination (AFCEE 1996€). The
well continued to be used for
nonpotable purposes and the Air
Force installed a treatment system
to reduce the amount of TCE that
the residents were exposed to
while the well was still used for
nonpotable purposes (AFBCA
1999c). In addition, sampling
continued during the period of
nonpotable usage. Results
indicated that TCE (nondetect to
1,281 ppb) was still present above
its CV. (Air Force 1990; AFBCA
1993; MDEQ 1999c). The residence
received a municipal hookup in
1992 or 1993 (AFBCA 1999c).

ATSDR concluded that TCE might
have been present at high
concentrations for an extended
period of time. Thus, ATSDR
concluded that past exposures to
this well might have posed
potential health hazards. It should
be noted, however, that it is
unclear how long people were
actually exposed to high TCE
concentrations. Also, there is
much controversy in the scientific

Increased risk for
a heart birth
defect for babies
if the mother was
exposed to TCE
during the first
trimester of
pregnancy
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community regarding TCE’s ability
to pose adverse health effects in
humans. (TCE has been shown to
cause cancer in laboratory
animals who receive large doses,
but EPA is currently reviewing the
scientific literature to determine
TCE’s cancer classification [USEPA
2000b].)

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially
Exposed
Population

Assumed
Well Usage

Assumed
Exposure
Duration &
Route(s)

Age
Group

Harmful
Non-cancer Health Effects Cancer Risk Comments

65** West Shore
Drive

Acetone (1 ppb) and toluene (0.9
ppb) were detected during
MDEQ’s May 1990 sampling event,
but at concentrations below
ATSDR’s drinking water CVs. These
contaminants were not detected
during previous or subsequent
MDEQ sampling events (MDEQ
1999c).

Contaminant concentrations
were too low to pose health
hazards.

Off-site
Residents

Long-term
Housing

33 years

Ingestion
Inhalation
Dermal

Children

Adults

No contaminants detected in this well above applicable comparison
values. Therefore, no harmful health effects expected.

65** West Shore
Drive

No VOCs were detected during
MDEQ’s July 1985, August 1989, or
May 1990 sampling events (MDEQ
1999c).

There is no evidence suggesting
that the well was ever
contaminated.

Off-site
Residents

Long-term
Housing

33 years

Ingestion
Inhalation
Dermal

Children

Adults

No VOC contaminants were detected in this well. No harmful health effects
expected.

65** West Shore
Drive

Chloroform (33 ppb) was
detected above ATSDR’s drinking
water CV during MDEQ’s
September 1988 sampling event
(MDEQ 1999b). Total
trihalomethanes (33 ppb) were
also detected, but this
concentration does not exceed
EPA’s recommended guidelines.
No VOCs were detected during
MDEQ’s May 1990 sampling event
(MDEQ 1999c).

Off-site
Residents

Long-term
Housing

33 years

Ingestion
Inhalation
Dermal

Children

Adults

Neither TCE nor benzene was detected above comparison values in this
well.

The detected chemicals are common drinking water disinfection
byproducts. Although not specifically evaluated in this document, the
concentration of these chemicals is too low to cause harmful health effects.
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Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)
Although chloroform was
detected above ATSDR’s drinking
water CV, the concentrations
were too low to pose health
hazards
65** West Shore Chloroform (1 ppb) was detected | Off-site Long-term 33 years Children No contaminants detected in this well above applicable comparison
Drive during MDEQ’s July 1985 sampling Residents Housing values. Therefore, no harmful health effects expected.
event, but below ATSDR’s drinking
water CV. This contaminant was Ingestion
not detected during a subsequent Inhalation
MDEQ sampling event that was Dermal Adults
conducted in May 1990 (MDEQ
1999c).
Contaminant concentrations
were too low to pose health
hazards.
Knights of This well was used as a drinking Visitors; Short- | Short-term 4 wks Children No harmful health effects expected N/A: TCE ( 36 ppb):
Columbus water source until 1986 when the term guests Housing Cancer risk
Lodge lodge received a municipal water not No harmful non-
hookup (Oscoda Press 1990c). Ingestion determined cancer health
More than 100 water samples Inhalation for these effects expected
were collected between 1980 Dermal short-term
and 1986 (AFBCA 1993). TCE exposures
(nondetect to 36 ppb) was the Adults No harmful health effects expected N/A:
only contaminant that exceeded Cancer risk
ATSDR’s drinking water CV. It only not
exceeded ATSDR’s screening determined
values on four occasions (AFBCA for these
1993). short-term
exposures
Although TCE was detected
above ATSDR’s drinking water CV,
concentrations were not high
enough to pose health hazards
57** F-41 County TCE (1 to 4 ppb) was detected Off-site Long-term 33 years Children No harmful health effects expected 8.1E-06 TCE (4 ppb):
Road during MDEQ’s November 1983 Residents Housing (Low)
and January 1984 sampling event, No harmful non-
but at concentrations that were Ingestion cancer or cancer
below ATSDR’s drinking water CVs Inhalation health effects
(MDEQ 1999c). Dermal Adults No harmful health effects expected 4.9E-06 expected
(Low)
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Potentially Assumed Assumed Age Harmful
Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)
Contaminant concentrations
were too low to pose health
hazards.
60** F-41 County TCE (45 ppb) was detected Off-site Long-term 33 years Children e Immunological effectsa 9.1E-05 TCE (/45 ppb):
Road above ATSDR’s drinking water CVs | Residents Housing (Low) Increased risk for
during a sampling event that was harmful non-
conducted in 1989 (Air Force Ingestion cancer health
1990). Inhalation effects for
Dermal Adults * Immunological effects2 5.6E-05 children and
Although TCE was detected * Fetal Heart Defect (Low) adults;
above ATSDR’s drinking water (Pregnant Women) Increased risk for
CVs, the concentrations were too a heart birth
low to pose health hazards defect for babies
if the mother was
exposed to TCE
during the first
trimester of
pregnancy
60** F-41 County Methylene chloride (98 ppb) was Off-site Long-term 33 years Children Neither TCE nor benzene was detected above comparison values in this
Road detected above ATSDR’s drinking Residents Housing well.
water CV during a sampling event
that was conducted in 1989 (Air Ingestion
Force 1990). Inhalation
Dermal Adults
Although methylene chloride was
detected above ATSDR’s drinking
water CV, the concentrations
were too low to pose health
hazards
60** F-41 County No VOCs were detected during Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Road MDEQ’s August 1989 sampling Residents Housing expected.
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation
that the well was ever Dermal Adults
contaminated.
60** F-41 County No VOCs were detected during Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Road MDEQ’s September 1991 sampling | Residents Housing expected.
event (MDEQ 1999c).
Ingestion
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Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
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Route(s)
There is no evidence suggesting Inhalation Adults
that the well was ever Dermal
contaminated.
60** F-41 County No VOCs were detected during Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Road MDEQ’s August 1989 or Residents Housing expected.
September 1991 sampling events
(MDEQ 1999c). Ingestion
Inhalation
There is no evidence suggesting Dermal Adults
that the well was ever
contaminated.
60** F-41 County No contaminants were detected Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Road during a May 1979 sampling event | Residents Housing expected.
or MDEQ’s August 1989,
September 1990, or September Ingestion
1991 sampling events (AFBCA Inhalation
1993; MDEQ 1999c). Samples were Dermal
also collected in late 2000 and
analyzed for a wide variety of
VOCs. No contaminants were
detected (Montgomery Watson
2000).
There is no evidence suggesting
that the well was ever
Adults

contaminated. Thus, it is
improbable that past exposures
led to public health hazards.
(Note: ATSDR believes that this
well could still be in use. See the
main body of the text for a
discussion on current and
potential future exposures.)
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61** F-41 County No VOCs were detected during Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Road MDEQ’s August 1989 sampling Residents Housing expected.
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation
that the well was ever Dermal Adults
contaminated.
61** F-41 County No VOCs were detected during Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Road MDEQ’s August 1989 sampling Residents Housing expected
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation
that the well was ever Dermal Adults
contaminated.
61** F-41 County No VOCs were detected during Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Road MDEQ’s May 1990 sampling event | Residents Housing expected
(MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation
that the well was ever Dermal Adults
contaminated.
61** F-41 County Dichlorodifluoromethane (4.4 Off-site Long-term 33 years Children No contaminants detected in this well above applicable comparison
Road ppb) was detected during Residents Housing values. Therefore, no harmful health effects expected.
MDEQ’s May 1990 sampling event,
but at concentrations below Ingestion
ATSDR’s drinking water CV. A Inhalation Ad
ults
freon-type compound was also Dermal
detected during this sampling
event, but its concentration was
not listed (MDEQ 1999c). No
contaminants were detected
during a subsequent MDEQ
sampling event that was
conducted in August 1990 (MDEQ
1999c).
Dichlorodifluoromethane
concentrations were too low to
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pose health hazards. Although the
concentration for the freon-type
compound was not listed in the
laboratory report, it is unlikely that
this contaminant posed a health
hazard. Because it was not
detected during a subsequent
sampling event, it does not
appear that the contaminant was
present consistently in the private
well

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially
Exposed
Population

Assumed
Well Usage

Assumed
Exposure
Duration &
Route(s)

Age
Group

Harmful
Non-cancer Health Effects

Cancer Risk

Comments

61** F-41 County
Road

MDEQ collected samples in
August 1989, September 1989 and
November 1989. Trans-1,2-
dichloroethene (0.4 to 2.0 ppb),
cis-1,2-dichloroethene (1.0 to 2.0
ppb), and MTBE (3 ppb) were
detected, but at concentrations
below ATSDR’s drinking water CVs
(MDEQ 1999c). Total
trihalomethanes (0.4 ppb) were
also detected, but below EPA’s
recommended guidelines.

Available data indicate that
contaminant concentrations were
too low to pose health hazards.

Off-site
Residents

Long-term
Housing

33 years

Ingestion
Inhalation
Dermal

Children

Adults

No contaminants detected in this well above applicable comparison
values. Therefore, no harmful health effects expected.

61** F-41 County
Road

No VOCs were detected during
MDEQ’s August 1989 sampling
event (MDEQ 1999c).

There is no evidence suggesting
that the well was ever
contaminated.

Off-site
Residents

Long-term
Housing

33 years

Ingestion
Inhalation
Dermal

Children

Adults

No VOC contaminants were detected in this well. No harmful health effects

expected.

61** F-41 County
Road

No volatile aromatics or
halocarbons were detected
during a sampling event that took
place in September 1986 (AFBCA

Off-site
Residents

Long-term
Housing

33 years

Ingestion

Children

No harmful health effects expected

2.6E-05
(Low)

TCE (13 ppb):

No harmful non-
cancer or cancer
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Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
Population Duration &
Route(s)
1993). 1,1-Dichloroethene (0.6 Inhalation Adults No harmful health effects expected 1.6E-05 health effects
ppb) and TCE (13 ppb) were Dermal (Low) expected
detected above ATSDR’s drinking
water CVs in May 1989 (Air Force
1990). No VOCs were detected
during MDEQ’s November 1983,
August 1989, or May 1990
sampling events (MDEQ 1999c).
Although contaminant
concentrations were detected
above ATSDR’s drinking water
CVs, the concentrations were too
low to pose health hazards.
61** F-41 County No VOCs were detected during Off-site Long-term 33 years Children No VOC contaminants were detected in this well. No harmful health effects
Road MDEQ’s August 1989 sampling Residents Housing expected.
event (MDEQ 1999c).
Ingestion
There is no evidence suggesting Inhalation
that the well was ever Dermal Adults
contaminated.
61** F-41 County 1,1,1-Trichloroethane (0.1 ppb) Off-site Long-term 33 years Children No contaminants detected in this well above applicable comparison
Road was detected during MDEQ’s Residents Housing values. Therefore, no harmful health effects expected.
August 1989 sampling event, but
at concentrations below ATSDR’s Ingestion
drinking water CV (MDEQ 1999c). Inhalation
Dermal
Contaminant concentrations Adults
were too low to pose health
hazards.
61** F-41 County No TCE was detected during a Off-site Long-term 33 years Children No harmful health effects expected 3.0E-05 TCE (15 ppb):
Road January 1979 sampling event Residents Housing (Low)
(AFBCA 1993), but TCE (13 to 15 No harmful non-
ppb), 1,1-dichloroethene (0.5 Ingestion cancer or cancer
ppb), and 1,1,1 -trichloroethane Inhalation
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(37 to 43 ppb) were detected in
1989 (Air Force 1990; MDEQ
1999c). The TCE and 1,1-
dichloroethene concentrations
exceeded ATSDR’s drinking water
CVs.

Although contaminant
concentrations were detected
above ATSDR’s drinking water
CVs, the concentrations were too
low to pose health hazards.

ATSDR 2018 Updated Assumptions and Health Conclusions: TCE and Benzene

Potentially
Exposed
Population

Assumed
Well Usage

Assumed
Exposure
Duration &
Route(s)

Age
Group

Harmful
Non-cancer Health Effects

Cancer Risk

Comments

Dermal

Adults

No harmful health effects expected

1.9E-05

health effects
expected

66** F-41 County
Road

Acetone was detected during
MDEQ’s May 1991 sampling event,
but site records did not indicate
the exact concentration. This
contaminant was not detected in
a subsequent sampling event that
MDEQ conducted in October
1991 (MDEQ 1999c).

Although the concentration for
acetone was not listed in the
laboratory report, it is unlikely that
this contaminant posed a health
hazard. Because it was only
detected once, it is unlikely that
the contaminant was present
consistently in the private well.
Also, itis possible that the
detection was an error (Acetone
is a common laboratory
contaminant.)

Off-site
Residents

Long-term
Housing

33 years

Ingestion
Inhalation
Dermal

Children

Adults

No contaminants detected in this well above applicable comparison
values. Therefore, no harmful health effects expected

67** F-41 County
Road

No VOCs were detected during
MDEQ’s May 1991 sampling event
(MDEQ 1999c).

There is no evidence suggesting
that the well was ever
contaminated.

Off-site
Residents

Long-term
Housing

33 years

Ingestion
Inhalation
Dermal

Children

Adults

No VOC contaminants were detected in this well. No harmful health effects

expected.
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Van Etten State Two wells (referred to as CG#1 Visitors Short-term 4 wks Children No harmful health effects expected N/A: TCE (3.4 ppb)
Park and CG#?2) are located at Van Non- Cancer risk

Etten State Park. Up until 1999, Housing not No harmful non-
(Wells CG#1 and both of these wells were used to Ingestion determined cancer health
CG#2) provide potable water to people Inhalation for these effects expected

who visited the park’s 40 rustic Dermal short-term

campsites (MDEQ 1999a). exposures

Samples were collected from the

wells in May 1991. MTBE (1 ppb),

chloroform (1.1 ppb), and total

trihalomethanes (1.1 ppb) were

detected, but at concentrations

below ATSDR’s drinking water CVs

and EPA’s recommended

guidelines. Acetone was also

detected, but its concentration

was not recorded in site Adults No harmful health effects expected N/A:

documents (MDEQ 1999c). The Cancer risk

wells were resampled in 1999 and not

analyzed for several volatiles. TCE determined

(2.4 to 3.4 ppb) was detected in for these

CG#2, but no VOCs were short-term

detected in CG#1 (MDEQ 1999a; exposures

District 1999e, 2000a, 2000b).
CG#2 was removed from service
immediately upon discovery of
the contamination even though
detections were below ATSDR’s

drinking water CVs (MDEQ 1999a).

Contaminant concentrations
were too low to pose past health
hazards. (Note: Well CG#1 is still
being used and well CG#2 could
be brought back on line in the
future.)
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Camp Nissokone The Camp Nissokone property has | Visitors Short-term 9 wks Short-term | No VOC contaminants were detected in this well. No harmful health effects
(6836 F-41 County been used as a YMCA summer Non- Non- expected.
Road) camp since 1914 (ATSDR 1998a). Housing Housing
About 700 campers attend the Ingestion
camp each summer. Staff Inhalation
members live on the property for Dermal

about nine weeks of the summer.
Also, a caretaker and his family
live on the property year round.

In the past, three private wells
were located upon the property.
One of the wells, which was fairly
large, supplied the majority of the
camp’s water. The other two wells
serviced single structures. One
supplied Staff Cabin #5 and the
other supplied a maintenance
shop. Neither of these two wells
was ever used for potable
purposes (Camp Nissokone
2000Db).

Site documents indicate that the
Northern Landfill Plume had
migrated to Camp Nissokone by
1981. To determine whether the
plume had impacted the camp’s
water supply, tap water samples
were collected from the camp’s
dining hall and kitchen and a
house that is located at the
camp. These data, which were
collected in 1979, 1982, and 1984,
indicated that no contaminants
were present (AFBCA 1993). Well
samples were collected in June
1987, September 1988, August
1990, and May 1991. No
contaminants were detected
(MDEQ 1999c).

In October 1993, the camp was
hooked up to municipal water
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Exposed Well Usage Exposure Group Non-cancer Health Effects Cancer Risk Comments
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Route(s)

supplies and the large well was
removed from service (ATSDR
1998a). From this point on,
children that visited the camp
were not exposed to water that
was supplied by wells. At some
point in the 1990s, the large well
that had supplied most of the
water to the camp was officially
sealed and abandoned so that it
could not be brought back into
service. However, the well that
supplied Staff Cabin #5 remained
operational until it was officially
abandoned during the summer of
2000 (Camp Nissokone 2000a,
2000b). Exposure to the water that
was supplied by the Staff Cabin
#5 well was infrequent. As noted
above, this well was never used
for potable purposes. Staff
members may have used the
water provided to Staff Cabin #5
for bathing, but only on a very
infrequent basis. The well that
supplies the maintenance shop is
still operational, but it will be
abandoned in summer 2001
(Camp Nissokone 2001). Exposure
to the water supplied by this well is
also infrequent. The water
supplied to the maintenance shop
is only used to service a toilet and
a sink. According to a Camp
Nissokone representative, very few
people use the maintenance
shop, and those who do are
aware of the groundwater
problems that exist in the area
(Camp Nissokone 2000b).

There is no evidence that the wells
that supplied the camp were ever
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contaminated. (Children used
water that was supplied by the
camp’s wells prior to 1993. No
contaminants were detected
during sampling events that took
place in the late 1970s, 1980s, and
early 1990s. Throughout the 1990s,
some adults continued to use
water [for nonpotable purposes]
that was supplied to the Staff #5

cabin and the maintenance shop.

The wells were not located in
areas that were impacted by the
Northern Landfill Plume [Camp
Nissokone 2000a].)

a Decreased thymus weights is a critical effect (immunological) used to derive the MRL for TCE.

b Developmental immunotoxicity [decreased plaque-forming cell (PFC) response and increased delayed-type hypersensitivity]) is a critical effect used to
derive the MRL for TCE.
¢ Other adverse noncancer health effects associated with TCE exposure include decreased body weight, liver and kidney effects, and neurological,

immunological, reproductive, and developmental effects.

d Decreased B cell count is the critical effect used to derive the MRL for benzene.

115




	Structure Bookmarks
	Health Consultation 
	Re-evaluation of Past Exposures to VOC Contaminants in Drinking Water FORMER WURTSMITH AIR FORCE BASE OSCODA, IOSCO COUNTY, MICHIGAN EPA FACILITY ID: MI5570024278 
	Health Consultation: A Note of Explanation 
	NEXT STEPS   
	Non-Cancer Health Effects – TCE 
	Non-Cancer Health Effects - Benzene 
	Cancer Health Effects – TCE 
	Cancer Health Effects – Benzene 
	CHILD HEALTH CONSIDERATIONS 
	CONCLUSIONS 
	RECOMMENDATIONS 
	PUBLIC HEALTH ACTION PLAN 
	REFERENCES 
	Author and Site Team Contributors 
	APPENDIX A: EXPOSURE ASSUMPTIONS AND DOSE CALCULATIONS 
	ATSDR’s Exposure Assumptions and Exposure Dose Equations 
	EXAMPLE OF INGESTION CALCULATION: 
	Ingestion Exposure Dose 
	EXAMPLE OF INHALATION CALCULATION(S): 
	Equation for Intake of VOC in Air: 
	EXAMPLE OF DERMAL ABSORPTION CALCULATION 
	TCE Intake Due to Skin Absorption 
	APPENDIX B: EVALUATING TCE CANCER RISKS 
	EVALUATING TCE CANCER HEALTH EFFECTS 
	APPENDIX C: ESTIMATED EXPOSURE DOSES AND CANCER RISK 
	Table 7C. Summary of Estimated Exposure Doses and Cancer Risks for MILITARY AIRMEN AND FAMILIES Exposed via ON-BASE wells Drinking, Inhalation, and Dermal Contact-5 years 
	Table 8C. Summary of Estimated Exposure Doses and Cancer Risks for EMPLOYEES Exposed via ON‐BASE wells Water Ingestion Only – 25 years 
	Table 9C. Summary of Estimated Exposure Doses and Cancer Risks for SHORT‐TERM VISITORS/GUESTS Exposed via ON‐BASE & OFF‐BASE wells Drinking, Inhalation and Dermal Contact – 4 WEEKS 
	Table 10C. Summary of Estimated Exposure Doses and Cancer Risks for RESIDENTS Exposed via OFF‐BASE wells Drinking, Inhalation and Dermal Contact – 33 years LAST TWO DIGITS OF ADDRESSES ARE NOT SHOWN FOR PRIVACY REASONS 
	APPENDIX D: UPDATED PUBLIC HEALTH CONCLUSIONS FOR INDIVIDUAL WELLS 
	Table 11D. 
	Table 12D. 
	Table 13D. 
	Table 14D. 


