
1  The RMA Medical Monitoring Program is being administered by the Colorado Department of Public
Health and Environment.

2  COC is used here and in the decision tree to refer to both COCs as well as other chemicals identified as
potentially important contributors to health risk.

Rocky Mountain Arsenal Medical Monitoring Program Recommendation
Remediation Monitoring - Medical Referral & Biomonitoring

Decision Tree

I. Objectives:  Establish a logical progression of inquiry and response, hereafter referred to as the
Decision Tree, as an aid the Medical Monitoring Program1 in determining the adequacy of
exposure prevention activities and for determining when the Program should consider implementing
individual medical referral or community biomonitoring. 

II. Use of the Decision Tree:  The Decision Tree that follows and the specific references appended
are intended as a framework for guidance in decision making in the event acute or chronic
excessive fence line air concentrations are reported.  The Decision Tree is intended for application
to off-post residents.  While the document is expected to be directly applicable to most situations
encountered during Rocky Mountain Arsenal (RMA) remediation, it is also intended to be flexible
and enable a protective and effective public health response to the risks associated with off-post
exposure to Chemical of Concern (COCs)2.

Specifically, it is recognized that the criteria for medical monitoring, as adopted by Agency for
Toxic Substances and Disease Registry (ATSDR), describes one of several investigative and health
education activities that represent appropriate follow up measures (see  Strategy, Step 6). 
However, decisions by State and local health officials to deviate from the ATSDR criteria and use
alternative approaches will be based on a sound scientific rationale.  Other options for follow up
measures might include, but are not limited to, surveys of community health, epidemiological
studies, medical surveillance, or disease prevalence studies.

III. Population to be Served:  Communities surrounding the RMA.

IV. Systems Required:  This decision tree requires that supporting remedial and medical monitoring
systems and criteria be operative.  These systems are:  A) Primary Prevention of Exposure, i.e.,
implementation of the air pathway analysis/remedial design and engineering and health protective
fence line concentrations;  B) Medical Referral System; and  C) Medical Monitoring Criteria.  
Each of these systems are in place or are under development.

A. Primary Prevention of Exposure:  Prevention of exposure and continuous evaluation of
changing exposure conditions will result from carefully designed and implemented remedial
activities.  Activities are summarized below and described in greater detail in Attachment 1.

1. Atmospheric monitoring, both on-site and at the fence line, of COCs using a well
designed system and sound quality assurance;



3    Concentration at the fence line is a surrogate  measure of potential exposure in the community. 
However, both fence line and on-site monitoring data will be available to evaluate emissions from contaminated
media.

4  The Medical Referral System may be accessed at any time by concerned citizens or their physicians as
indicated in the RMA Medical Referral System & Health Professional Education plan; a contaminant concentration
exceeding the respective site-specific acute or chronic fence line concentrations is not required.  Appropriate medical
response will be determined using referral system criteria and physician judgement. 

5  ATSDR’s Final Criteria for Determining the Appropriateness of a Medical Monitoring Program Under
CERCLA.  FR 60 (145) 38840-38844.  These medical monitoring criteria are a phased approach to determining the
appropriateness of implementing a medical monitoring program under CERCLA.  CERCLA defines medical
monitoring as “the periodic medical testing to screen people at significant increased risk for disease.”

6  Information on the remediation-related exposure prevention activities in provided in Attachment 1 and
may be useful knowledge when reviewing the ATSDR guidelines.
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2. Characterization of the toxicological significance of an exposure concentration and
duration using the Interactive Comprehensive-Air Pathway Analysis established
site-specific acute and chronic fence line concentrations which are demonstratably
protective of public health3; and

3. Exposure reduction relying on an appropriate remedial design including
implementation of a environmental monitoring program and feedback of monitoring
data to remedial managers charged with modification of remedial activities to
protect public health.

B. Medical Referral System:  The Rocky Mountain Arsenal Medical Monitoring Program has
adopted the Medical Referral System & Health Professional Education plan4.  The
referral system will:

1. Assist medical providers serving communities surrounding RMA in addressing acute,
subacute and chronic RMA-related health concerns; and

2. Assist persons residing or who have resided in these same communities in
addressing their RMA remediation-related health concerns.

The design and purpose of this referral system is to ensure that the general population has an
informed health care provider population and referral system to assist in the assessment of
health concerns potentially related to the RMA remediation and any subsequent treatment.

C. Medical Monitoring Criteria:  Preestablished criteria are necessary to determine the
appropriateness of community biomonitoring.

1. Medical monitoring criteria have been established by ATSDR and are included here
as Attachment 25.  These criteria are phased in their application.  Phase I requires
demonstration that significant exposure to a chemical agent is
likely to have occurred and that there be a link between exposure and a specific
health effect or a biological marker.6



7  An acute fence line air concentration is an ambient air concentration at the fence line that is not likely to
cause adverse effects in an exposed human population, including sensitive subgroups.  Exposure to a fence line
concentration may occur on an intermittent basis.  The uncertainty around this value may span an order of
magnitude.  An intermittent acute exposure to this concentration is defined as being of a duration of less than or
equal to 24 hours and is assumed to occur no more frequently than monthly.  The length of time between exposures
should be greater for chemicals with a clearance time approaching one month or that have a cumulative effect or are
sensitizers.  This definition allows treatment of acute exposures as independent events and distinctly different from
chronic low-level exposures.

8  A chronic fence line air concentration is an ambient air concentration, for the human population,
including sensitive subpopulations, that is likely to be without an appreciable risk of deleterious effects.  This
concentration is designed to be protective for exposures lasting a lifetime.  Uncertainty around this value may span
an order of magnitude or greater.   In the case of potential carcinogens, the fence line concentration is an ambient
level  based on the upper-bound estimate of the probability of a response per unit dose of a chemical over a lifetime
which will not produce a significant elevation in cancer risk.  The target risk criteria used to establish fence line
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Phase II of the guidelines is the development of a site-specific medical monitoring
plan which satisfies criteria designed to ensure that actions will be of public health
benefit.  

2. Complementary to the ATSDR Medical Monitoring Criteria, the RMA-MMAG
Baseline/Human Health Monitoring Workgroup has developed criteria and a
database specific to the RMA entitled Clinical Measurement of Chemical of
Concern Burdens for Chronic Exposure.  These criteria are used to determine
the availability and feasibility of clinical measures for evaluating the presence of
RMA COCs in human tissues.  These criteria, and associated data, address the
following topics and are presented in Attachment 3 of this document:

C Bioaccumulation and biological half-life
C Availability of suitable tissues for sampling
C Availability of standard methods, their specificity

and detection limits
C Availability and type of biomarker

V. Strategy: 

A. Prevention and Evaluation of Site Emissions:  The following six-step decision tree should
be used in the context of primary prevention activities to evaluate potential site emission
scenarios or actual releases to determine the appropriate application of individual medical
referral or biomonitoring in the community surrounding the RMA (see also Figure 1).

Step 1. Is an RMA COC detected at the fence line?
No  -----> Maintain primary prevention
Yes -----> Go to Step 2

Step 2. Is the fence line level of the RMA COC in excess of fence line acute7 or
chronic8 toxicity concentration?



concentrations of potential carcinogens is 10-6, or one chance in one million. 
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No  -----> Maintain primary prevention
Yes -----> Go to Step 3



9  An outline of the recommended “Air Monitoring Data Review, Consultation and Decision Making
Protocol” is provided in Attachment 1 to this document.

10  Chronic exposure is generally accepted as referring to those of 7 or more years duration.  The term
“prolonged” is used here to acknowledge that exposure is the product of concentration and duration and therefore
an exposure exceeding the respective site-specific fence line concentration with a duration of less than 7 years will
be evaluated in light of the degree of the excess.  This relationship can be similarly applied to both carcinogens and
non-carcinogens. 

11  Services obtained as a result of medical referral for acute exposure may include individual medical testing
and follow up, as determined by the attending physician.
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Step 3. Define concentration and duration, implement a predefined Air Monitoring
Data Review, Consultation and Decision Making Protocol9, control air
emissions through altered remediation and proceed to Step 4.

Step 4. Does the level of the COC detected exceed acute fence line
concentration?
No   ----> Go to Step 5
Yes  ----> Go to Step 6

Step 5. COC exceeds chronic fence line concentration and may continue.10

No -----> Maintain primary prevention
Yes -----> Go to step 6.

Step 6. If the COC detected exceeds an acute fence line concentration, implement
medical referral11

If the COC detected exceeds chronic fence line concentration and will
continue uninterrupted for a prolonged or chronic duration, determine the
appropriateness of community medical monitoring by referring to the
following documents as guidelines:

a.  ATSDR Medical Monitoring Criteria, and 

b.  MMAG criteria for Clinical Measurement of COC Burdens for
     Chronic Exposure. 

The most effective, meaningful and responsive public health action will be
dependent on a variety of toxicological and public health factors, and the
determination of this action will require professional judgement. 
Alternative actions may include health outcome studies or additional
exposure and epidemiological studies and professional education.
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Acute fence line concentrations may be applied at the fence line to address community
exposure, or in the RMA interior to address on-post visitors.  In either case, they are
appropriately applied to short-term exposures.  Occupational standards may be applied to
on-post visitors, however, they may be less protective than the acute fence-line
concentrations.  Occupational short-term exposure limits are more appropriate for short-
term visitors than occupational time-weighted averages.  The decision tree, as applied to
on-post visitors, calls for implementation of the Medical Referral System if visitors are
exposed to air contaminants at concentration that exceed acute criteria (see Figure 2).

B. Evaluation of Health Concerns and Outcomes:  In addition to the process for evaluating
site emission scenarios or actual releases, both medical and epidemiological tools and skills
are required to evaluate the significance of individual and community health and its potential
association with the RMA.  Medical diagnosis by physicians will be used to determine the
identity and etiology of a disease or condition in an individual.  Epidemiology will be used
to evaluate disease etiology by investigating the distribution of disease in the community.

Medical and epidemiological tools will be used to evaluate individual and community health
concerns, as described in the Medical Referral System & Health Professional Education
and Surveillance for Birth Defects and Cancer Surveillance recommendations.  In brief, the
steps are (see Figure 3):

1. Individual case evaluation by the RMPDC

2. Case reporting to CDPHE - A standard reporting format and frequency
will be established by RMPDC and CDPHE.  

3. RMPDC and CDPHE have the responsibility to collaborate to identify
individual suspect cases and multiple case patterns and trends through an
analysis of:

a. Signs and symptoms and diagnostic test results
b. Cumulative exposure and/or risk
c. Frequency of reporting
d. Temporal distribution
e. Spatial distribution
f. Environmental and other relevant factors

RMPDC and CDPHE also have the responsibility for initiating more
detailed case investigations if warranted by initial information.



Attachment 1

 Primary Prevention and Air Monitoring Data Review,
 Consultation and Decision Making Protocol



1  For a few chemicals, the background concentration near the fence line due to non-RMA sources may
exceed 10-6.  In the case of a measurement in excess of the target risk level for these chemicals, upwind versus
downwind concentrations will be examined and analytical and statistical information will be considered to determine
whether it is an RMA issue.   

 
Primary Prevention and Air Monitoring Data Review,

 Consultation and Decision Making Protocol

Air Pathway Analysis

Primary prevention of site-related off-post exposure will be managed through the use of the Interactive
Comprehensive-Air Pathway Analysis (IC-APA) in construction design. The IC-APA is using site-specific
soil contamination and air emission potential data, meteorological data and contaminant transport modeling
of contaminant emission concentrations at downwind locations.  By limiting the acceptable fence line
concentration, an allowable emission source term can be estimated, on a site-specific basis, which will be
used to determine an acceptable rate and extent of soil remediation.

Fence line monitoring data will be used to confirm that air emissions due to excavation and removal of soils
do not exceed target risk levels at the fence line.  These monitoring data will also be used to validate and
improve the performance of the IC-APA.  Additionally, on-site monitoring technology will facilitate IC-
APA estimation of fence line concentrations during an excavation.  

Continuous chemical-specific real-time fence line monitoring data will not be available as a rule.  However,
the combination of site-specific data, the IC-APA, and on-site and fence line monitoring is expected to
result in preremedial designs and ongoing design modifications that will control fence line concentrations
consistent with target risk goals.  

Fence Line Concentrations

Fence line concentrations are being set at levels which will be protective of public health. 
For known or potential carcinogens, a risk goal of 10-6 (one chance in one million)1 will be used at the
RMA fence line during remediation.  For non-cancer chronic and acute health effects, the goal is a risk
ratio of 1.  The APA work group is completing a list of RMA site-specific air emission concentrations that
meet these goals for COCs.  Additional health-protective concentrations will be developed for important
non-COCs risk contributors on a site-specific basis.  Fence line concentrations in excess of the target risk
concentrations will trigger a performance evaluation to determine the cause and what corrective actions, if
any, are appropriate.

Air Monitoring Data Review, Consultation and Decision Making Protocol

The RVO, local, State and Federal public health officials each have responsibilities related to the ongoing
review of on-site and fence line monitoring data (see attached Air Monitoring Data Review and Decision
Process flow diagram).  Although governmental health and environmental protection agencies have legally
mandated public health responsibilities, the RVO too shares this obligation to the community.  While the



2  Record of Decision (June 1996), Section 9.4.

3  In addition to air monitoring data review by the RVO and governmental agencies, data packages will also
be available to the public.  The public need for this information, and the design of data delivery, will be addressed in
the MMAG Environmental Monitoring Subcommittee recommendations.

RVO’s primary responsibility is management of site remedial activities, the RMA Record of Decision2

identifies CDPHE and ATSDR as the agencies responsible for conducting the Medical Monitoring
Program including interpreting the medical monitoring-related significance of excess fence line
concentrations.  Therefore, judgement of the public health significance of air monitoring data and the
appropriate response will be made through a collaborative partnership among the responsible parties, not
by the RVO alone3.

C The purpose of this collaboration is to maintain vigilance and reporting of departures from modeled
and acceptable fence line concentrations.

C This review and reporting process will be independent of construction management.

C Reporting of excess concentrations at the fence line or at the exclusion zone will be made to an
RVO official responsible for public health protection and with the authority to require a
determination of the cause and modifications of site remedial activities.

C Reporting will also be made to local, State and Federal public health officials who will be
responsible for providing consultation to the RVO on the health significance of concentrations and
exposure duration.

C The RVO and public health officials will work collaboratively to determine a proper response to
COC fence line concentrations in excess of health protective levels established as part of the Air
Pathways Analysis.  However, the RVO will defer to public health officials regarding medical
monitoring issues and other public health actions in these matters.  In the event that CDPHE is not
in agreement with the health protectiveness of RVO actions, CDPHE maintains the ability to seek
timely resolution through an existing dispute process or specifically mandated public health
authority.

This process will be set out in protocol prior to the beginning of project-specific remedial activities.  The
protocol will include a detailed decision tree defining appropriate response actions offering responsible
flexibility under differing scenarios which will eliminate additional excursions above the health protective
fence line concentrations.



Attachment 2

 ATSDR’s Final Criteria for Determining the Appropriateness of a
 Medical Monitoring Program Under CERCLA













Attachment 3

Rocky Mountain Arsenal Medical Monitoring Program

Clinical Measures of COC Burdens for Chronic Exposure
and Related Data



1  The feasibility and acceptability of any type of biomonitoring activity is contingent on obtaining the
cooperation of the community.  Collection of any biological specimen from an individual requires obtaining the
individual’s informed consent.

Rocky Mountain Arsenal Medical Monitoring Program
Clinical Measures of COC Burdens for Chronic Exposure

Complementary to the ATSDR Medical Monitoring Criteria, the RMA-MMAG Baseline/Human Health
Monitoring Workgroup has developed criteria and a database specific to the RMA for Clinical
Measurement of Chemicals of Concern Burdens for Chronic Exposure.  These criteria are used to
determine appropriate clinical measures of evaluating the presence of RMA COCs, used here to refer to
both COCs as well as other chemicals identified as potentially important contributors to health risk) in
human tissues1.

1. Does the COC bioaccumulate and what is its biological half-life?

The COC’s capacity for bioaccumulation must be present for the other data requirements to be
useful.  Bioaccumulation increases the likelihood that the chemical will be present in a body
compartment long enough and in high enough concentrations as to be measurable at the time the
appropriate tissue is collected.  Therefore, if the COC is rapidly eliminated, it is not useful for
biomonitoring.

2. What tissues can be reasonably sampled?

 For a biomonitoring technique to be appropriate for use in a community health program, it must
not be unduly invasive.  Obtaining the specimen must not place the human subject at any
unnecessary significant health risk, must be acceptable to the vast majority of potential subjects and
must yield information which will significantly benefit the individual and/or community.

3. What established/standard methods are available?
CC Are these methods chemical- or chemical class-specific?
CC What are the corresponding detection limits?

Methods applicable to the tissue and COC in question must be available.  A method should be
standardized and well established so as to produce reliable and acceptable residue measurements. 
The method must not be experimental or of uncertain validity.  Method detection limits should be
low enough so as to observe biological concentrations likely to be present under the expected
exposure conditions.  Methods must also be adequately specific to ensure a low frequency of false
positive or negative results.

4. Is the biomarker a direct or indirect indicator of exposure?

Whether the biomarker measured is a direct or indirect indicator of exposure, there must be
sufficient toxicokinetic data to understand the relationship between the concentration of the species
measured and the anticipated response.
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