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SLOBBARY

d - defined as the arithmetic mean plus two standard
deviations for the data set conslsting of samples from unaffected or
upgradient areas of the facility.

CDH - Colorado Department of Health
CHWA = Colorado Hazardous Waste Act
]
EHWR ~ Colorado Kazardous Waste Regulations

L£MS -~ Corrective Measures Study: A study, undertaken by the
facility, to evaluate appropriate remedial alternatives available for
the SWMU or release site, given the physical characteristics and
chemical constlituents present at the site., The CMS includes, at a
minimum, an evaluation of the protectiveness, short and long texrm
effectiveness and reliability, implementability, cost, and community
acceptance associated with each remedial alternative.

Detectjon 1imits ~ an appropriate detection limit must be used in the
analytical program. These detection limits can be found in SW 846,
2nd Edition (avallable from tha Division). Appropriate detection
limits include the "estimated gquantitation limits" specified in the
method description, unless other limits are agreed upon by the
Division. In the case of multiple potentially appropriate detection
limits, consult the Division.

Soil -~ as used in this document, "soil® includes surface sails,
subsurface solls to a depth of 12 feet (basement foundation

~-dmase oea - - eXcavation depth), and sediments.. _Sediments. are_ soils associated
with, and possibly deposited or reworked by, water; e.g. stream or
lake sediments. Contaminated subsurface soils deeper than 12 feet
need not be considered in the risk assessment, but will be considered
in any subsequent corrective action,

3

SWMU ~ Solid Waste Management Unit -~ Any discernible unit at which
solld wastes have been placed at any time, irrespective of whether
the unit was intended for the management of s0lid or hazardous waste.

W - the Hazardous Materials and Waste Management Division
of CD '
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This document presents the interim f£inal policy of the Colorado &
Department of Health, BHazardous Materials and Waste Management
Division (the Division), regarding risk assessment methodology and P
the use thereof in making corrective action decisions at hazardous L,
wastp treatment, storage, or digposal (TSD) facllities and hazardous -
waste generator facilitiles regulated by the Colorado Eazardous Waste 5':;

Act (CEWA) and its implementing regulations (CHWR). Corrective action
may be regquired for permitted TSD facilities (CHWR, Section 264.101)
and at ainterim status TSD facilities seeking permits (CHWR, Section y
265.5), or at generator facllitles where a release of hazardous

constituents to the environment has occurred. ;
Protection of human health and the environment iz required in each of
the above regulatory citations as the standard for corrective action »
performance. To ensure this protection, the Division requires F
application of the following three-screen approach for evaluating the .
need for corrective action at any Solid Waste Management Unit (SWMU) g
or release site on a facility. »
&
8oreen 1 - The first soreen applled to SWMUs or release sites is a £
comparison to background and/or detection limits. A SWMU or release -
site would move to the second and third screen if any medium affected X
by a release contains an analytically determined concentration of ’
contaminant® that: 2

a) exceeds detection 1limits (see glossary) for organic )
compounds except those that are naturally occurring, and/or o

T D) T ‘exceeds background levels (see 'glossary) for inorganic and - - -~ |4
naturally occurring organic compounds,

SWMUs or release sites that meet the levels prescribed in criteria a)
and b) are considered Yclean® and further action would not be

necessary.

Methods to compare contaminant levels in a SWMU or release site to
background/detection linit levels (criteria a) and b)) are beyond the
scope of this policy (more information on criteria a) and b) as
available from the Division). Briefly, however, appropriate
detection limits must be used for criterion a) and use of appropriate
statistical methods is important for eriterion b). In addition, for
criterion b), an evaluation of the site-specific data set should be
conducted. This evaluation should include a spatial and temporal

0

! For the purposes of this policy, the concentration of contaminants is the
total ooncentration and not tha TCLP concentration.
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analysis of indicated contamination along with an evaluation of the
nunber of "detects” for each contaminant at the site, data outliers,

and data quality.

‘Boreen 2 - The second screen applied to a SWMU or release site is a

risk evaluation. Screen 2 only applies when detection limits and/or
background, as described in criteria a) and b) above, are exceeded
and the medium ls not a characteristic hazardous waste. A Coxrrective
Meagures Study (CMS), oxr equivalent, to identify appropriate
corrective actions will be required if concentrations of contaminants
in the SWMU or release site: \ -

c) present a risk to human heajth greater than 1X10"6’£ using
a risk analysls procedure approved by the Division
Director, for carcinogenlc compounds, and/or

4a) present a Hazard Quotient greater than 1.0 for non-
carcinogenic compounds,

Even BWMUs or release sites that do not exceed the risk levels
prescribed in criteria ¢) and 4d) must move on to Screen 3.

Screen 3 - The third screen applied to a SWMU or release site is
comparison of contaminant levels to ground watexr protectmn criteria.
It is possible that soil contamination{ at a site is above background,
but below risk thresholds, and could still leach unacceptable levels
of contaminants to ground water. In this case, a CMS, or equivalent,
will be required to identify appropriate mitlgation alternatives.

Section 1.1: The remainder of this guidance and policy presents the
methodology for evaluating SWMUs and release sites against criteria
c) and d) presented in Screen 2,

It is important to note the difference between Risk Assessment, Risk
Managemént, and Corrective Action., - Risk assessment-only evaluates
the risk that contamination poses at EWMUg or release sites. Risk
management through a2 CM8, in turn, evaluates the management options
{(corrective actions) for sites with excessive risk. Risk Management
corrective actions fall inte two general categories: management of
the risk through appropriate controls {(institutional, source, etc.);
or management of the risk via cleanup and/or removal of the media
exceeding the unacceptable risk levels. ‘"he approprimte xisk
management technique for a given sits will be determined after the
CMS, or ecquivalent.

It should also be noted that corredtive actien is not dependent on or
triggered only by risk to human health. As preseunted above,
environmental protection and protection of ground water resources
(from migration or leaching of contaminants) could also be the basis
for a corrective action.

The risk assessment methodology presented herein is genexally
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consistent with the methodology presented in Risk Assessment Guidance
foxr Superfund or RAGS (EPA, 198%a). However, the Division has
determined that an abbreviated version of the RAGS methodology is
sufficient to meet our decision making needs. The remainder of this
policy explains how a faclility can perform a risk assessment to
evaluate the risk lavels described in criteria ¢) and d). This
methodology has been approved by the Division Director.

In addition to the policy, this document also provides guidance on
the implementation of the policy. The policy and guidance are
intended For use by Division staff and the staff of facilities that

will be making corrective action de[cisions.

A
2. RISK _ABSESSM TEODOLOGY

After data is collected from a site to assess the nature and extent
of contamination through implementation of a RCRA Facilaty
Investigation (RFI) Workplan or other sampling plan approved by the
Divieion, the facility may assess where contamination exists that
exceeds the detection limits or background levels as indicated in
criteria a) and b), or may begin a risk assessment. If possible, the
facility should conslder whether cleanup of contaminated areas to
criteria a) and b) standards is feasible, desirable, or warranted.
If cleanup to criteria a) and b) levels will be conducted, no risk
assessment 1s necessary. If not, the risk assessment to delineate
areas of contamination that exceed risk levels described in criteria

¢) and d) can begin.
The risk assessment is subdivided into three main tasks, as follows:

1) Exposure Assessment
2) Toxliclty Assessment
3) Risk Characterization -

The following sections describe each of these subdivisions of the
risk assessment in detail,

3.0 EXPOSUrE ASSEEEMENT

Generally the exposure assessment consists of three steps: 1)
characterization of the exposure setting, 2) identification of the
exposure pathways, and 3) guantification of exposure. For corrective
action, as 1is described in Section 3,1, the exposure setting and
exposure pathways both must evaluate direct exposure to all
contaminated media within, or affected by, a contaminant release.
Quantification of exposure is covered in Section 3.2.

3.1: Exposure Setting and Pathways: At any facllity, for corrective

action purposes, the risk associated with Section 1.0 criteria c) and
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d) must be determined:

1)
2)
3)
4)
5)

agssuming certain residential exposure pathways are or will
bacome complete using a residential exposure scenario,
using the primary %direct- exposure' . pathways in the
residential exposure scenarie,

considaring children as a sensitive subpopulation for the

"£irst six years of the exposure,

assuning no dilution or attenuation of contamination to the
receptor, and
on a SWMU~ or release-specific basis,

These ltems are discussed further in the follm}ing s%ct*ons.

3-1.1 __Residential Exposure: ¥FYor a corrective action;site to be

completely released from regulatory control, it is necesshry to clean
the site to a level that supports unrestricted use. To support
unrestricted use, the Division regquires on-site residential exposure
as the bounding scenario. It is assumed that if the site is cleaned
to levels that do not present an unacceptable risk | to on-site
residents, then it will not present unacceptable risks for any other

human use.

Therefore, tha Division assumes a residentiall receptoxr at

or within a SWMU or release site and requires that the risk to that
receptor be evaluated assuming ingestion, inhalation,| and dermal
exposure,

Long term future use of any site is difficult to predict.| Therefore,
even sites that are currently within a large industrial complex must
consider the future on-site residential exposure s~enarip. In these
cases, appropriate current and future worker exposure sg¢enarios may
also be considered. If the site can be cleaned to a level that dees

not “present unacceptable-risk -to current- and future. workers,_ even
though it is not clean enough to support unrestricted use, further
cleanup of some portions of the facllity may be deferred to a time
when wusa changes. Depending on the types and tamounts of
contanination, however, monitoring and stabilization of the site are
usually necessary during this cleanup deferral period to assure that
contamination does not continue to woresen or spread.

8 et Within the rocidential and wnrker sxnasSNTa

scenarios described ahove, the hypothetical resident or worker is
placed on or within the SWMU boundary or any additional area affected
by a release. Inhalation, ingestion, and dermal contact are the
routes of exposure considered for each contaninant.

2

"Direct exposure” in this policy phall mean placing a racsptor
{current/future resident or industrial worker) on or in the source — i.e., the

5WMU or release sita,
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The list of direct exposure pathways that need to be evaluated is
limlted to the following:

a) ingestion of soll (see glossary),

b) dermal contact with soil,

c) inhalation of soll particles

q) ingestion of homegrown fruits and vegetables, and
e) inhalation of indoor air VOCs.

Water-related pathways have not been included. The reason for this
is presented in Section 3.1.3.1. In addition, pathway d) should not
be applied to workers at facilities,| or porticnas thereof. Details,
including intake calculation equations and exposure parameters for
each of these pathways, are provided in Appendix A, Tables A-1
through A-9.

3,1.2.1: Water Pathwavs: For releases of contaminants that consist
of, or include, contanminated surface or ground water that exceeds
State and/or Federal water gquality standards, the Davision applies
the standards in lieu of an evaluation of the water pathways in the
risk assessment. In these cases, the contamination in the water
above tha standard.would reguire corrective action. The Division
applies, for each chemical, the most stringent of the following water
quality standards:

a) protective Colorado water cquality standards as set by the
Colorade Water Quality Control Commission including, but
not limited to:

domestic use water supply standards
agricultural water supply standards

b) Safe Drinking Water Act standards

c) Clean Water Act standards

Cases where no water gquality standards exist for specific
contaminants will be handled on a case-by-case and site-specific
hasls by the Division,

-

3.1.2.2:  Soil Pathwave: For each area of soil contamination, only

cextain direct exposure pathways are required to be evaluated and are
listed above in Section 3.1.2.

It should be noted again that the ultimate corrective action for soil
contamination at a facility must take into account not only direct
exposure, but also potential future migration to, and protection of,
ground water (i.e. leachability, migration) and other environmental
receptors. -
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3.1.3: Sensitive Subpopulations: The Division requires that, for

each pathway considered, exposure parameters for children (age 0 to
6), as a common sensitive subpaopulation, be included in the
evaluation. Children are a very common subpopulation with unique
toxicological and dose-response parameters. The appropriate exposure
parameters for children have been included in Appendix A.

Other sensitive populations unigue to the site in question may also
need evaluation. This will be determined on a facility-specific
basis at the discretion of the Division.

3.1.4: Dilution/Attenuation: Because use of the d:&.r%ct exposure

route is required, no dilution or attenuation of the lcontaminant
concentrations can be assumed. Arguments relying on fate and
transport calculations will not be accepted in the exposure
assessment (fate and transport are considered in the corrective
action decision).

1.5:¢ - elease-Specific Risk uation: The decision to
take a corrective action will be made by the Division for each SWMU
or release site individually. This 1s clear in CHWR, Sections
264.101 and 265.5. Therefore, the risk evaluation must also be
completed for each SWMU or release site that contains contaminated
soil (per section 3.1.2.1 and 3.1.2.2 above).

To the extent that contaminated sites are adjacent to one another,
have similar contamination, and a probable similar remedy, the
corrective action may be combined, but the risk evaluation cannot.
If releases from different SWMUs or sites coalesce or overlie one
another such that the risk in the area of dual contamination may be
higher than when both SWMUs are considered separately, this additive
risk must be considered. Alternatively, if a SWMU or release site is
sufficiently " large and has - varying -contaminant levels..and/or
contaminant sultes, the site can be subdivided into separate risk
evaluations at the discretion of the Division.

B B A

3.2: FExposure OQuantification: In order to calculate rask, it is
first necessary to determine contamination intake of the receptor.
Intakes are calculated using standard equations (EPA, 1989a) that
include parameters for exposure concentration, contact rate, exposure
frequency, exposure duration, body weight, and exposure averaging
time. These equations are pathway-specific and appear in Appendix A.
For corrective action, direct exposure requires that the exposure
concentrations used to calculate intake egual the maximum site
contaminant concentrations.

Intakes are expressed in terms of the mass of contaminant in contact
with the body (ingested, inhaled, or dermally exposed) per unit body
weight per unit time (mg contaminant/kg body weight-unit time or

ng/kg~-day) . ;
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The values for the variable parameters in the equations have been
standardized in Appendix A where possible. Some parameters have been
assigned default values, but could be adjusted for site-specific
conditions by either the facility or the Division. Variations from
the default values must be approved by the Division. L o
The result of the Exposure Quantification is an estimated intake for
each chemical in soil for each pathway. An example table shell for
exposure guantification is presented in Table A-10 of Appendix A.

e,

R _
R e T e i U

4.0__TOXICITY RAESESEMENT
|

The Toxicity Assessment consists of determining the toxicity ivalues .
for both carcinogenic and non-carcinogenic effects of sate Vs
contaminants. Because toxicity information may change rapidly and
quickly become ocutdated or expanded, care must be taken to find the -
nost recent lnformation. >

Generally, the two best sources are, Iln c‘:rder of preference, the
Integrated Risk Information System (IRIS) which is updated monthly
and provides verified reference doses (RfDs) and slope factors, and
the Health Effects Assessment Summary Tables (HEAST) which provides
interim and verified values for REDs and slope factors. HEAST

f atio uld sought only fo tcs’ emicals not listed 1

ARIS.

Toxlcity information may be found in many additional sources such as
other EPA documents, the Agency for Toxic Substances and Disease
Registry (ATSDR), medical/technical publications, etc. Before using
information from references other than IRIS and HEAST, approval of
the Division is reguired. l

{
If toxicity “information on a chemical is unavailable, the Division
should be consulted. Generally this occurs because the chémical is-
not suspected of causing detrimental effects to humans, because the
current data is being re-evaluated, or because there is insufficient
data to develop RED and slope factor vajues, The Division will
handle these cases individually. Depending on the reason for
unavailable toxicity information, the !Division may accept a
qualitative risk evaluation of the chemical.

If toxicity information is only available for some, but not all, of
the routes of exposuyre being considered, the Division should be
consulted. Route-to-route extrapolation may be recommended if
appropriate, or the contaminant may be considered only in the
pathways with information. Again, the Division will handle these
cases individually and may accept a gualitative evaluation of the
affected pathways. /

The results of the Toxicity Assessment should be REfDs for all non=-
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| carcinogenic constituents and slope factors for all carclnogenic
constituents collected for each contaminant in each medium and each
pathway. For example, 1f a silte is contaminated with methylene

-~ - chloride, an RfD and slope factor for methylene chloride should e
determined for ingestion, dermal contact, .and inhalation since
mathylene chloride is both a non-carcinogenic toxicant and a class B2
carcinogen,

5,0 RISK CHARACTFRIZATION

The f£inal step| in the risk} assessment procegs |is| 8 :
Characterization. This step combines the exposure L}md toxidity ‘
assessments into 'a risk calculation. The xisk calculationl iy a
different for carcinogens and non~carcinogens.

Carcinogens; Carcinogenic risk is calculated by multiplying the
contaminant intake in one pathway (from the exposure quantification
in Section 3.2) by the slope factor for the contaminant in that
g pathway. This is done for each contaminant and pathway. These
contaminant/pathway specific risks are summed together for a total
SWMU~ or release-specific risk. This is a three step process: 1)
calculate the risk for each chemical in a given pathway, 2) sum all
of the risks for all of the chenicals in that pathway, and 3) perform
steps 1) and 2) for all pathways and sum all of the pathway risks
into a total risk. The numerical result is the excess probability
that an individual will develop cancer because of exposure to tha
site over a lifetime, given the exposure parameters used inj the
intake calculation and the contaminants at tha site. BAs exprdssed in
Section 1.0, criterion cj, any SWMU or release site with a total risk
greater than 1X10™° (or 1 added cancer death per million exposed
individuals) presents an unacceptable risk to human health and will
Y require a Corrective Measures Study (CMS), or equivalent, to ldentify
appropriate corrective actions to manage the risk.
When possible, organ-specific carcilnogenic risk should ber)eval ted.,
If the level of risk from the SWMU or release site to any spedlfic
organ exceeds 1X10™%, a CMS, or eguivalent, will be required to
identify- appropriate corrective actions to manage the risk, (It
should be noted that, when organ-specific risk is evaluated, while
the risk to any one organ presented by a contaminated si( e! may not
exceed 1X107%, "the total risk from the SWMU or release [site could
exceed 1X10™6. Where total organ—-specific risk does not exdeed 1XL0~%,

a CMS would not be required.) i

Non~Carcinogens: Non-carcinogenic effects are expressed|as a ratlo
of the contaminant intake in one pathway (from the Exppsure
quantification in sSection 3.2) to the RfD for that pathway. |This
ratio is called the Hazard Quotient (HQ). HQe are determined for
each contaminant and pathway and then summed together for a trotal
SWMU~ or release-specific HEQ. This is a three step process: 1)
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calculate the HQ for each chemical in a given pathway, 2) sum all of
the HQs for all of the chemicals in that pathway, and 3) perform
steps 1) and 2) for all pathways and sur all of the pathway HQs ainto
a total HQ. As expressed in Section 1.0, criterion d), any SWMU or
release site with a total HQ over 1.0 presents an unacceptable risk
to human health and will require a CMS, or equivalent, to identify
appropriate corrective actions to manage the risk. An HQ greater
than 1.0 implies that the intake of the contaminant{s) at the =site
will be greatar than the intake that is known to cause detrimental
~ effects to humans.

When possible, organ~specific effects should be evaluated. If the — 7
hazard from a SWMU or release site toc any organ exceeds 1.0, ajCMS,
or equivalent, will be required to identify appropriate coxrrective
actions to manage the risk. (As with carcinogens, when organ-
specific effects are evaluated, even though the HQ for any organ does
exceed 1.0, Sites wheft orgah BEeh.Y1e FEMU.or.Felease site could
not require a CMS.)

E
&

Example tables for both risk and HQ calculation can be found in
Appendix A (Tables A~11 through A~14). Case study examples of
exposure quantification and risk characterization can be found in
Appendix €. This risk assessment procedure lends itself to computer
spreadsheet applications. The Division is pursuing these and will
make them avallable at the earliest possible time.

kkhkkd Cartain aspects of traditional risk assessments have been
omittad from the methodology presented in this policy. This includes
such items as uncertainty analysis, elimination of essential
nutrients, and elimination of an evaluation of water contamination
riask, This was done to simplify and standardaize <the xisk
determination and methodology a8 well as to alleviate financial
burdens on facilities conducting risk assessments. Should any
facility wish to incorporate portions of the risk assessment that are
net included herein, they may do so. In particular, these additional
risk assessment efforts may be warranted for facilities with risk
levels only slightly above the limits presented in Section $.0. Any
sush efforts will be considered by the Division, but should be in
addition to compliance with the regquirements of this policy.

/?M—- M e N (952

Jo Spwinski, Program Manager Date
Ha ous Waste Control Program




