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A risk assessment  is a scientific  procedure used to estimate  the potential  adverse effects  on human health  and

the environment from exposure  to chemicals.  At a CERCLA site, a baseline  risk assessment is prepard  and

sexves as the basis  for evaluating  risks posed from contamination  if no remedial  actions  are taken.  The

resulting  level of risk is called  the baseline  risk i.e., an estimate  of risk that might exist  if no remediation  or

institutional  controls  were applied  at a site.  At RMA, a risk assessment called  the Integrated Endangerment

Assessment/Risk  Charactetition  (IEA/RC) was petionned and used as the baseline risk assessment.  In this

instance,  the IEA/RC  defined  baseline  to include  the completion  of the soil-related  IRAs (e.g., Basin F, Lime

Basins)  and enforcement  of the FFA’s use restrictions.  lhe FFA prohibits.  residential  development;  potable  use

of groundwater and surface  wa~, agricultural  activities  for the purpose of raising  livestock crops,  or

vegetables;  and the consumption  of fish  and game taken  from RMA. Therefore, these  uses were not considered

during the IEA/RC.  The relevant IRA (Table 2.4-1) were implemented in accordance with the FFA to

prioritize  the selection  of some of the more highly  contaminated sites for remedial  action  and reduce or

eliminate  the risk for exposure  to contaminated soil  prior to the selection  of the final remedial  action.  The risk

assessment  methodology used during the IEA/RC was initiated  prior to the publication of EPA risk assessment

guidance  (OERR-EPA 1989).  However, this methodology does incorporate the exposure assumptions  and

toxicity  assessment  methods  specified  in EPA guidance  and Wills EPA’s requirement  of estimating  risk based

on a reasonable  maximum exposure  (RME).

The IEA/RC was the result  of a progressive  series  of endangerment assessment analyses  initiated  by the Biota

RI (ESE 1989),  the Human  Health Exposure  Assessment (HHEA), and the HHEA Addendurn.  These initial

evaluations  served  as screening  assessments  for the protection  of human health  and preliminary estimations  of

biota risk, and provided  the basic building  blocks  of the IEA/RC  report,  which  is divided  into two evaluations,

the Human  Health Risk Characterization  (HHRC) and the Ecological  Risk Characterization  (ERC). Both of

these evaluations  are summarized in the final report.

The general  methodology of the risk assessment  process  involves  the following  steps: identi~ the COCS,

perform  the exposure  and toxicity  assessments,  and perform the risk characterization.  The more than 50,000

groundwater,  surface  water, sedimen~  soil, air, and biota samples  collected  during  the past decade were used to

evaluate  which chemicals  were of concern  to human health  and the environment  and to develop the risk

assessment.

6.1 Human Health Risk Characterization
Soil at RMA is the prinmy medium  by which humans  can be exposed  to contamination  on pos~ due to land-use

restrictions  and/or  limitations  on the uses of other environmental  media  specified  in the FFA and the Rocky

FosraR  @ WHEELER
lma\14900.Doc ~ wn~ ENwnoNMmTM  ~Tmu 6-1



Record of Decision for the On-fost Owrable Unit

Mountain Amenai National  Wiidiifc Refhge Act of 1992.  Remedial  measums for on-post  groundwater  will

augment  the soil  remedy  and &Jitate  long-term rernediation of groundwater.  Risk-based  critmia for groundwater

established  by the ROD for the OfY-Post Operable  Unit are used for the on-post boundary  treatment  systems.

The objectives  of the HHRC were to develop  risk-based  soil  criteria protective  of people who might visit  or

work at RMA, evaluate  the uncertainty associated  with these  criteriq  chamcteme“ the potential  risks to these

people,  and evaluate  where these  risks exist  at RMA to guide the remedial decisions.  Two types  of health

effects  were evaluat~  potential  cancer (carcinogenic) risks and potential  health  effects other than cancer.  The

context  for interpreting  cancer risk estimates  is provided by EPA in CERCLA regulations  and guidance:

Acceptable  exposure  levels for a carcinogenic compound are those levels  that result  in an increased  cancer risk

between  1 in 10,000 (or 1 x 104) and 1 in 1,000,000 (or 1 x 104). ‘Ihese estimated carcinogenic risks are

usually  termed  “excess  lifetime  cancer risks,” which  means there is an increased  chance  of an individual

developing  cancer over 30 years of exposure  over a 70-year life span to the carcinogenic chemicals  in “excess”

of the normal  cancer rate. (The normal cancer rate determined by the American Cancer Society  is about  one in

three  persons.)

Noncancer (noncarcinogenic) risk estimates  are expressed  in terms of a hazard index (HI) for chronic,.
subchronic, and acute exposure durations.  A concern for adverse  health  effects  may occur when an HI value,

the sum of chemical-specific  hazard quotients  (HQs), exceeds  1.0. However, the value  of any given HI does

not provide  an estimate  of the probability  of any adverse  effects  that may occur (unlike  a cancer risk estimate).

An HI of 1.0 represents  the highest  level of chronic  exposure  that is unlikely to result  in adverse effects.  For

values  of HI greater  than 1.0, the potential  for adverse  effects  to occur increases  as the HI value  increases.

6.1.1 Identification  of Contaminant of Concern
Contaminants  in the RI and Endangerment Assessment  programs were selected  as target  aualytes  if they

satisfied  all of the following  criteria:

. Quantities  handled  or disposed  at RMA

● Acute  toxicity  and carcinogenic potential

. Persistence  in the environment

● Identification  as a breakdown product from Army surety  agents

● The presence  of the chemical in other monitoring  or investigatory  programs ongoing at RMA

A total of 64 contaminants  were identified  as target analytes  !?om a list of more than 650 chemical constituents.

These  target  contaminants  were subsequently  evaluated in the HHEA report.  The HHEA served  as a basis  for

identi@ng  COCS that would  become the fwus of a more detailed  evaluation  of risk during  the IENRC.
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Based  on the evaluation  conducted  during the HHEA, 27 soil COCS were ultimately  selected  for evaluation  in

the HHRC (Table 6. l-l). ~ese chemicals,  which are expected to contribute  the majority of projected risks at

RMA, were identified  based on pre-established  selection  criteria  as follows:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

120

13.

14.

15.

16.

17.

18.

Include  all COCS designated  as Category  A (Exposure Index >10) in the HHEA.

Include  all COCS with carcinogenic weight of evidence  classifications  designations  A or B.

Include  all COCS with carcinogenic  weight of evidence  classification  designation  C w potency
factors.

Consider  treatability  to exclude  chemicals  from the COC list.

Consider isolated  detections  to exclude  chemicals.

Include  all COCS listed on the Land Ban Disposal  Restriction  List.

Include  all COCS with RCRA soil  criteria.

Consider  the state’s  request to include DIMP and isopropylmethyl  phosphonate (IMPA). (DIMP and
IMPA are predominantly groundwater contaminants  and were therefore not included  on the final COC
list.)

Group by chemical class  to reduce COCS.

Consider  ikequency of detection.

Consider essential  nutrients.

Consider  concentration  and toxicity.

Consider  historical  information.

Consider  special  exposure  routes.

Consider  Army agent  degradation  products.

Consider  co-occurrence with other COCS to exclude  chemicals.

Consider  bioconcentration,  mobility,  and persistence.

Consider  detections  in laboratory  blanks  in comparison to concentrations  detected on site.
(FIuoroacetic  aci~ which was considered a COC in drafts  of the IHWRC reporg was removed as a
COC in this analysis  because  on-post  detections  of this chemical were similar in concentration to
detections  in laboratory  blanks.)

6.1.2 Exposure  Assessment
The objective  of the human health  exposure  assessment  is to estimate  the type and magnitude of exposure to

COCS by human  populations  through the characterhtion  of the exposure  setting  (i.e., potential  land uses) and

current  and fiture  potentially  exposed  populations,  identification  of exposure  pathways, aud estimation  of the

exposure  point  concentrations.

6.1.2.1 Characterization  of Exposure  Setting and Potentiality Exposed  Populations
The identification  of potentially  exposed  populations  at RMA required  consideration  of potential  site land uses.

The FFA indicates the Parties’  goal that  significant  portions of RMA will be available  for open space for public

benefit including, but not limited to, wildlife  habitat(s)  and park(s). By the enactment  of the Rocky Mountain
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Arsenal National  Wddlife  Refige Act of 1992, fh.re land-use options will involve an open space scenario

dominated by the formation of a nature prewwe  and wildlife refbge that rncludes  padcs and recreational  areas.

Given the land-use projections  identified above, two land-use options were identified that formed  the basis for

defining target  receptor  populatiorM open space, which  includes nature preserve,  wildlife  refbge,  and recreational

park scenarios, and economic  development  which rncludes  commercial  and industrial  scenarios. Following

passage of the Roc& Mountain  Arsenal  National  Wildlife Refhge A@ economic  development  would  only apply

in limited  areas along the western  boundaIY of RMA. Based on the open space land-use Projection  thee  receptor

populations  were evaluated  in the HHRC, biological workers,  regulatedcasual  visitors, and recreational  visitors.

Based on the economic  development  land-use projectio~  two worker populations,  industrkd and commercial

workers, were selected for evaluation. Figure 6.1-1 is a diagram showing the land-use scenarios  and the potentially

exposed populations  associated  with them. For both open space and economic  development  land-use  options, risks

were calculated  assuming  that exposure  would occur  at a given site or, in the case of the boring-by-boring  analysis,

at an individual  soil boring.

6.1.2.2 Identification  of Exposure  Pathways
An exposure  pathway  describes  the course  a chemical  or physical  agent  takes from the contaminant  source  to

the exposed  receptor. A complete  exposure  pathway includes  a source  are% a means of transport in the

environment,  an exposure  point, and a receptor. At RMA, direct  and indirect  exposure  pathways were

evaluated.  The direct  pathways  included  ingesting  contaminated soil  (ingestion),  coming into contact  with

contaminated  soil  (dermal  absorption),  or breathing contaminated dust particles  (inhalation).  ‘I%e indirect

pathways  included  inhalation  of contaminated vapors  in open areas  (e.g., during  work performed outdoors) and

enclosed  spaces  (e.g., in basements).  Dennal contact  with metals  in soil was not evaluated  for any receptor

population  due to negligible  contaminant  absorption through this  exposure  pathway.

The five potentially exposed populationshubpopulations  and their respective current and fbture  exposure

pathways  included  the following:

. Biological  Worker,  e.g., a wildlife  biologist  working on the refuge - All direct pathways and open
space  vapor inhalation

. Regulated/Casual  Visitor,  e.g., someone  (adult or child)  visiting  the wildlife  refige - All direct
pathways  and open space vapor inhalation

. Recreational  Visitor,  e.g., someone  (adult  or child)  jogging  or playing on areas  of the wildlife rei!hge –
All direct  pathways  and open space vapor inhalation

. Commercial  Worker,  e.g., a person  working inside a building  on the wildlife  refbge - All direct
pathway and enclosed  space  vapor inhalation

. Industrial  Worker,  e.g., a person  working outside  and potentially  exposed to soil - All direct  and
indirect  pathways
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Figure  6.1-2 depicts  the potential  exposure pathways for each human receptor population and Table 6.1-2 lists

the soil  horizons  (soil depth  interval)  for each exposure  pathway evaluated.

6.1.2.3 Estimation  of Exposure  Point  Concentrations
The chemical  concentration  to which an individual  could  be exposed is lmown  as the exposure  point

concentration.  To characterize potential  chronic  (long-term  risk i.e., 7 to 70 years) human health  risks at

RMA, both location-specific  (i.e., 178 discrete  sites on RMA) and sample-specific  (boring-by-boring) risks

were quantified.  The complete  data set used for the estimation  of these exposure  point concentrations was

issued on computer diskettes  and distributed  with the IEA/RC report.

Human  health  risks were estimated  for the location-specific  analysis  using representative  contaminant

concentrations  calculated for each of the 178 sites evaluated  in the HHRC. The concentration term used to

estimate  exposure  was calculated  by several  different methods  to give a range of potential  risks. A mean

exposure  concentration  term (C_~ was calculated  as the simple  arithmetic  mean of the samples  as

representative of a potential  average exposure  for each of the 178 locations.  (This method is no longer

recommended by EPA.) The 95 percent upper confidence limit (95°/0  UCL) on the site sample arithmetic mean

(c~,v) was calculated  to establish  the RME risks. The 95% UCL was calculated  in accordance with EPA

guidance  (OSWER-EPA 1992)  and this represents  EPA’s preferred method to calculate concentration  terms.

For the location-specific  analysis,  concentrations  based  on composite  samples (i.e., samples  collected  from

borings  horn the O-ft to 1 -ft interval  mixed  with samples  from a deeper intend).  These concentrations  were

estimated  by doubling  the concentration  detected  in the O-ft to 1 -fi interval,  using  the conservative assumption

of 50 percent  dilution  by clean soil  collected  horn the deeper samples.  Concentrations  reported for samples  that

were not composite (i.e., samples  collected  horn the O-fi to 1 -fl interval  and analyzed without the addition  of

deeper soil) were not doubled  because  these  concentrations  were not potentially  diluted  by deeper,  clean soil.

For the boring-by-boring analysis,  potential  risks were evaluated  using the maximum contaminant

concentration  (Cd at a given boring for a specific  depth  internal  or at a given  stilcial soil  sample  location.

Surficial  soil  sample  results  were included  in the boring-by-boring analysis  to supplement results  born the

deeper sample  intervals.  The objective  of the stilcial soil  sampling  program was to identi~ any contamination

that may have Occmed as a result  of windblown  contamination  born source  areas using  composite  samples

from randomly selected  sample  locations  at the O-inch to 2-inch depth  intend.  Because the samples  were

composite  from within  this one interval,  the effects  of dilution  caused  by mixing soil  fkom deeper intervals

was avoided.  The inclusion  of these results  in the boring-by-boring analysis  are intended  to offer insight  into

the variability  of contamination  at RMA and facilitate  the identification  of contaminant  hot spots. The use of
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analytical  results  born composite  samples  may have reduced the overall  consemtism of the boring-by-boring

analysis,  which  assumes  that cumulative  chronic  exposures  would occur at any individual  boring location  and at

the specific  depths  where the maximum concentration  occumed. However, the surficial  soil results  do

supplement  the subsurface  boring  evaluation,  and may be more relevant to the evaluation  of direct contact

exposure  risks for some receptors (e.g., visitor populations) than comesponding  results  for deeper soil intervals.

6.1.2.4 Exposure  Pammeters
Exposure  parameters are combined  with chemical-specific  exposure  point concentrations  and toxicity data to

characterize each of the five potential  routes  of human exposure  to COCS at RMA. Some exposure  parameters,

such as body weight and tkequency  of exposure,  are applicable  to all exposure pathways. Other parameters,

however, such as soil  ingestion  rate and molecular  difhsivity,  are used only for specific  exposure  routes.  lle

probabilistic  analysis  developed  for the IEA/RC  assumes  chronic  exposures  (greater than 7 years).  However,

potential  risks associated  with shofier-term  exposures  (i.e., acute  exposures  occurring on a single  day or

subchronic  exposures  lasting more than 1 day but less  than 7 years) were calculated during the HHEA using

deterministic  methods  (i.e., using freed exposure  parameters).

The exposure  parameters used in this evaluation  are fixed or probabilistic  (Tables 6.1-3 through 6.1-5).

Probabilistic  parameters are characterized by a distribution  of values,  while  the freed parameters are represented

by a single value. Probability  distributions  and the fixed numerical  estimates  are defined  based on an extensive

literature  search  and data review. A detailed  description  of the individual  exposure  parameters  and the

development  of their  specific  distributions  is contained  in Appendix  B of the IEA/RC report.  The deterministic

exposure  parameters used for the development of the acute  and subchronic  preliminary pollutant  limit  values

(PPLVS) are presented in Tables 6.1-6 and 6.1-7, respectively.  A detailed  description  of these parameters is

provided  in the HHEA Addendum report.

6.1.3 Toxicity  Assessment
The objective  of the toxicity  assessment  is to derive  toxicological  criteria that can be used in the calculation  of

potential  risk from exposure  to COCS in terms  of carcinogenic and noncarcinogenic  effects.

Carcinogenic  effects  resul~  or are suspected  to resulg  in the development of different types  of cancer.  EPA

assumes  a nonthreshold  mechanism for carcinogens;  accordingly,  any amount of exposure to a carcinogenic

chemical  is assumed  to have a potential  for producing a carcinogenic response  in the exposed individual.  EPA

has a carcinogenic-classification  system  that uses  weight of evidence  to classifi  the likelihood  that a chemical is

a human carcinogen.  The classifications  are as follows:

A Human Carcinogen

B 1 Probable  human carcinogen;  limited  human  data are available
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B2 Probably  human  carcinogen;  sufficient  evidence in animals  and inadequate  or no evidence in humans

C Possible  human  carcinogen

D Not classified  as to human carcinogen

E Evidence of noncarcinogenicity  for humans

Carcinogenic  toxicity  values  used in the HHRC were developed  by the EPA Cancer Assessment Group and

obtained  horn EPA-derived sources  that include  the Integrated Risk Mormation  System  database  and the

Health  Effects SurnmaIY  Table.  These values  are based  on cancer slope factors.  Slope factors  are chernical-

specific,  experimentally  derived  potency values  that are used to calculate  the risk of cancer resulting from

exposure  to carcinogenic chemicals.  A higher value  implies  a more potent  carcinogen. Slope factors  and

carcinogenic  doses based on a 1 x 104 excess  cancer risk for the COCS are summarized in Table 6.1-8 for both

oral and inhalation  routes.

Noncarcinogenic effects,  or any health  impact  other than cancer,  may result  fkom short-term (i.e., acute  and

subchronic),  or long-term  (chronic) exposures. For most  noncarcinogenic  effbcts,  protective mechanisms

within  an individual  are assumed  to exist  that must  be overcome before there is an adverse effect.  The level

above which effects  may occur is called  a threshold  level. In developing dose-response values for

noncarcinogenic effects,  i.e., the reference dose (R.fD), EPA’s goal is to identifi  the highest  no obsemed

adverse  effect  level (NOAEL), the upper bound of the tolerance range (generally regarded as safe),  or the

lowest obsemed adverse  effect  level (LOAEL) born well-designed human or animal  studies.  In general,  the

RfD is an estimate  (with uncertainty  spanning  perhaps  an order of magnitude) of a daily  exposure to the human

population  (including  sensitive  subgroups)  that is likely to be without an appreciable risk of deleterious  effects

during a lifetime.  To account  for uncertainty  associated  with the toxicity  studies,  uncertainty factors  (UFS) are

incorporated  to adjust  this level. The RfDs for COCS at RMA are summarized in Table  6.1-9 for both the oral

and inhalation  exposure  routes  for chronic  exposures.  (Acute  and subch.ronic  exposures  fkom RM.A media were

evaluated  in the HHEA Addendum report.)

The chronic  reference doses  listed in Table 6.1-9 pertain  to lifetime  or other long-term  expmres (i.e., 7 years

to lifetime).  However, for noncarcinogenic chemicals,  chronic  exposure  is not a prerequisite  for toxicity to be

manifested;  even a single  exposure  or shotier-duration exposure  may be sufficient to produce adverse effects.

More recently,  EPA has begun developing  acute  and subchronic  refmence doses,  which are usefid  for

characterizing potential  noncarcinogenic effects  associated  with shorter-term exposures  (i.e., acute  and

subchronic).  Acute and subchronic  reference doses are used to evaluate  the potential  noncarcinogenic  effects

of exposure  periods  lasting 1 day or more than 1 day but less  than 7 years.
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Development of acute  and subchronic  reference doses parallels  the development  of chronic  reference doses;  the

distinction  is one of exposure  duration.  If acute  or subchronic  data are not available  and a chronic  RfD derived

from chronic  data exists, the chronic  RfD is adopted  as the acute  or subchronic  RfD. ‘Ihere is no application  of

an uncertainty  factor  to account for differences in exposure  duration  in this instance.  lbe critical  toxicity

factors  (DT values)  used for the acute  and subchronic  PPLVS are listed in Table 6.1-10.

Toxicity  profiles  for each of the COCS were published  in the HHEA. Toxicity profiles for each RMA target

contaminant  were generated from current toxicological  literature  and include  considerations  of dose,  routes  of

exposure,  types of adverse  effects  manifeste~ transpo~  and fate and a quantitative  evaluation  of a ~ value.

Each profile  is composed  of seven sections  that address  the following  elements:

● Summaxy

● Chemical  and physical  properties

. Transport and fate

. Health  effects

. Toxicity  to wildlife  and domestic  animals

. Regulations  and standards

. D~ value .

The toxicity  factors  contained  in the toxicity  profiles  were revised  if current values  contained in the Integrated

Risk  Information  System or the Health  Effects Summary Table differed from those  contained in the HHEA

toxicity  profile.  Tables 6.1-8 and 6.1-9 hst the toxicity  factors  used in the IEMRC.

6.1.4 Risk Characterization
PPLVS, which  are risk-based  concentrations of chemicals  in soil  that are considered protective of human health

given a defined  set of exposure  and toxicity  assumptions,  were used to estimate  risks to human health.  For

noncarcinogens,  PPLVS are defined  as soil  concentrations  unlikely  to pose adverse  health  effects.  For

carcinogens,  PPLVS are defined  as soil  concentrations  protective  of human health  at a specified cancer risk

level. PPLVS are a fbnction  of media intake rates,  exposure  frequencies and durations,  partition  coefficients,

physiological  parameters (e.g., breathing rates,  body rates,  skin surface areas),  pharmacokinetic  parameters

(e.g., contaminant  absorption  fictions),  and toxicity  data.

6.1.4.1 Caicuiation  of PPLVS
Probabilistic  PPLVS were computed for each of the five potentially  exposed populations  via the direct and

indirect  exposure  pathways. In addition,  because exposure to contaminants  may occur horn a number of

exposure  routes,  cumulative  direct and indirect  PPLVS were also calculated over all the single  pathways.

Acute/subchronic  deterministic  and chronic  probabilistic  approaches  differ in their use of exposure

assumptions. The exposure  parameters used in the estimation  of probabilistic  PPLVS are characterized by a
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distribution  of values  or ranges  of exposures  potentially ocmrring within the population.  It is assumed that

some individuals  have a high level of exposure  and others  have a lower level. The exposure parameters  used in

the estimation  of deterministic  PPLVS (i.e., nonprobabilistic)  are the fixed numerical estimates  that comespond

to a reasonable  maximally exposed  individual  (RME). EPA defines  the RME as the highest exposure that is

reasonably expected  to occur at a site and in practice is estimated  by combining upper bound fixed values  for

some but not all exposure  parameters.

During the HHRC, both 5th and 50th percentile  cumulative  directPPLVS(Thbles6.1-11  and 6.1-12, respectively)

were calculated  for each of the five receptor  populations. The 5th percentile  defines the RME PPLV (i.e., there is

95 percent  confidence  that the PPLV will be protective  at the specfied risk  level),  and the 50th percentile

represents  the median  PPLV estimate  (i.e., them is 50 percent  confidence  that the PPLV will not exceed  the

specified risk level).  The remediation  decisions are based on the 5th percentile  PPLV, which  corresponds  to a

reasonable  maximum  exposure  (and risk) evaluation. The lowest (more protective)  cumulative  direct  PPLVS were

generally  derived for the biological  worker. lle only exceptions  are dated  to the PPLVS calculated  for certain

volatile  organic compounds  (i.e., benzene,  carbon tetrachloride,  chloroacetic  aci~ chlorobenzme,  and toluene);  for

these compounds,  the lowest PPLVS were derived for the industrial  worker.

The single-pathway  PPLVS used to derive the cumulative  PPLVS are summarized  in Tables  6.1-13 through  6.1-17.

As shown in these tables, the majority  of the cumulative  direct  PPLVS wem derived  based on a carcinogenic

endpoint. The dermal absorption pathway  accounts  for the majority  of the cumulative  risk for most  of the organic

COCS.  me only exceptions are al- dieldrin, DDE, endrin, isodr@ chlordane,  DDT, and DCPD, for which  soil

ingestion  is the driver exposure  pathway,  and DCPD and HCCPD,  for which soil  particulate  inhalation is the driver

exposure pathway  for some populations/subpopulations.

For aldrin, soil  ingestion  is the driver exposure  pathway for the biological  worker, recreational  visitor,

regulated/casual  visitor,  and commercial  worker subpopulations. For dieldrin,  soil  ingestion  is the driver

exposure  pathway for the biological  worker, regulate~casual  visitor,  and commercial  worker subpopulations.

For DDE, endrin,  and isodrin,  soil  ingestion  is the driver exposure  pathway for the biological  worker and

commercial  worker subpopulations. For chlordane,  DDT, and DCPD, soil  ingestion  is the driver exposure

pathway for the commercial worker subpopulation.

For DCPD, inhalation  is the driver exposure  pathway for all population.skubpopulations  except the commercial

worker, for which  ingestion  is the driver exposure  pathway.  For HCCPD, inhalation  is the driver exposure

pathway for all populations  except  the recreational  visitor,  for which  dermal  exposure  is the driver exposure

pathway.
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Soil ingestion and particulate  inhalation are the driver  pathways  fm metals.  (As explained  m Section 6.1.2.2,

dermal absorption was not quantified  for metals.)  Soil ingestion xqresents  the driver  pathway  for arsenic,  le@

and mercury, and particulate  inhalation  represents  the driver pathway  for cadmium and chromium.

6.1.4.2 Determination  of Carcinogenic  and Noncarcinogenic Risks
Once  PPLVS were cdcul~ they were combined  with exposure  point concentrations  to calculate  excess lifetime

carcinogenic  risks  and noncarcinogenic  HIs As noted in Section 6.1, these excess i.ifktime caxwr risks are

probabilities  that are generally  expmsed  in scientific  notation (e.g., 1 x 10~. An excess lifetime cancer  risk of

1 x 104 indicates  th~ as a plausible  upper  bound an individual has a 1 in 1 million chance  of developing  cancer  as

a result of site-related  exposure  to a carcinogen  over 30 years of exposure  over a 70-year  life span under the

specific  exposure conditions at a site.

Potential  concern for nonczdnogenic  effkcts  of a single contaminant  in a single medium  is expressed  as tie  HQ

(or the ratio  of the estimated  intake derived Iiom the contaminant  concentration  in a given medium  to the

contaminant’s  RfD). By adding the HQs for ail contaminants  within a medium  or across ail media  to which a

given  population may reasonably  be expo~  the HI can be generated.  ‘he  HI provides  a usefhl ref~cs point

for gauging the potential  significance  of multiple contaminant  exposures  within a single  medium  or across media.

For carcinogens,  cumulative  risks  (representing  all exposure  pathways  and COCS) were compared  to an acceptable

riskrange  thatisno  greater  than 1 x 104to 1 x 104. For carcinogens  causing health effkcts in addition to cancer

and for noncarcinogens,  potential adverse health effkcts  were identified where HI values exceeded  1.0, below

which is considered the safe,  or benchmarlG level. As stated  by EPA (OSWER-EPA  1991  b), where  the cumulative

site  risk  to an individual  based on the RME for both cument  and fbture land-use scenarios  is less  than 1 x 104, and

the HQ is less than 1.0, action generally  is not warranted;  however,  when risk reduction  is wanan@ the

remediation  goals  should be towards  1 x 104 risk-based  concentrations.

Location-Spacific  Risks and Hls
RME risks were calculated  for each of the 178 sites using C W,W concen~tions and PPLVS. During the

HHRC, site  risks were calculated for Horizon  O (0-fl to l-ft depth  interval),  Horizon 1 (O-it  to 10-ft depth

interval),  and Horizon  2 (> 10 ft to groundwater). Because Horizon  O results  were not graphically displayed in

the IEA/RC repo% this section  mainly  fmuses  on the results  for that horizon.  More information  on site risks

for Horizons  1 and 2, as well as results  for sudlcial  soil  (O inches  to 2 inches),  can be found in the IEA/RC

repofl.

PPLVS were derived for each of the five potentially  exposed  populationskubpcqmlations  evaluated  in the risk

charactwhtion.  Table 6.1-18 lists  the number  of site Cw_ values exceeding  the corresponding  PPLV for
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Horizon O. As shown in this  table, only five carcinogenic  contaminant E have ~- estimates  exceeding  a 1 x

104 cancer  risk  PPLV: aldr@ chlordane,  dieldrin, arsenic, and DBCP. For noncarcrnogens,  only ch.loroacetic

aci~ endr@ isodrin, and chromium  have ~- values exceeding  the corresponding  PPLV (assuming  an HI of

1.0 as the target  criterion).

‘The results of the HHRC indicate  that site-specific  cancer  risks and HIs were highest  in Horizons  O and 1 for the

biological  wodmr (open space option) and industrial  worker (economic  development  land-use  option). Given these

findings,  and the fact that the biological  worker  exposure  setting is most  reflective  of anticipated  fbture land uses  at

RNIA, the following surnnwy is based on results obtained for the biological  worker.  These  results  indicate that

potential  cancer  risks are highest  in the following ~ which are generally  located in the central  portions  of

chemical  Sewers (site SP1O)

Lime Basins, including sites  SPIE (Buried M-1 Pits)  and NCIB (Section 36 Lime Basins)

South  Plants, with sites  SP3A (ditch), SPIA (Central  Processing  Area),  and SP3B (concrete  salt storage
pad) exhibiting the highest  risks

Former  Basin  F (site  NC3)

Sanitary/Process  Water  Sewers (site  NC8A)

Basin  A (site  NC IA)

Shell Trenches (site  CIA)

The generalized  locations  of these sites  are depicted on Figure 6.1-3. Exceedances  of 1 x 104 cancer risk  levels  are

limited  to the sites  listed above (the Basin F Wastepile  was not evaluated  separately,  but would fall into this

category)  (Figure 6.14). The results for noncarcinogenic  endpoints  (HIs)  exhibit  similar  trends;  however,  more

sites  exceed an HI of 1.0 than those identified  above (e.g., one sanitary lancMll  and additional  sites  in South  Plants

Figure 6.1-5]).

Summary of Principal Chemical  Risk Drivers
Figures 6.1-6 and 6.1-7 summarize  cancer  risks  and HIs assmiated  with the C- -concentrations  for Horizon O.

As shown in these figures,  the number  of exceedances  shown for the biological  worker at Horizon  O is larger  than

for any of the other populations;  however,  the cumulative  direct PPLVS (summarized  in Table 6.1-11)  are

generally  lower (and are thus drivers)  for the biological  worker. As indicated in Section 3 of the IEA/RC repo~

Horizon 1 C- concentrations  show slightly  higher  cancer  risks  and HIs than for Horizon  O, probably  because  the

indirect soil vapor inhalation pathways  were not evaluated  for shallow depth intemds.  As is also indicated in the

IEA/RC repo~ Horizon 2 CW concentrations  revealed  far lower cancer  risks and HIs (relative  to results for

Horizons O and 1). No site exceedances  of a 104 cancer  risk level were identified for either  the biological  or
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industrial  workers. Only 22 percent (four  sites)  of Horizm 2 site cancer  risks calculated  for the industrial worker

exceed 104; similar  trends arc exhiiited  for HI endpoints.

For cancer risk endpoints,  DBCP, aldrin, arsenic,  and diekirin  are the primary contributors  to the total  estimated

risks for the biological  worker at Horizon  1. It should  be note~ however, that the apparent major contribution

of DBCP stems  in large part tim the elevated  obsemtion  at the Chemical Sewers (site SP1 O), where the

DBCP cancer risk was 7.6 x 103 and the HI was 0.016. The influence  of arsenic  on total  cancer risks for

Buried  M-1 Pits (site  SPIE) and some  North Plants  agent  storage  sites (sites  NP5 and NP6) is expected as

arsenic  is a component of the agent  compounds  that were stored  or disposed  in these areas. For

noncarcinogenic risk endpoints,  DBCP, aldrin,  and arsenic  account for the majority of the total estimated  His.

No cancer risk  estimates  exceed  104 at Horizon 2. However,  for those sites  with Horizon 2 cancer risks exceeding

104, chloroform  and benzene  are the major  contributors  to the total estimated  risks.  For those sites  with HIs

exceeding 1.0, DBCP, DCPD and HCCPD account  for the majority  of the total  estimated  His.

Detailed data regarding  the contribution of individual chemicals  to total site risks and HIs are provided  in the

additivity  reports,  which can be accessed  using the HHRC software provided in Appendix  D of the IEA/’RC report-

Summaty of Pathway Risk Drivers
Carcinogenic and noncarcinogenic  risks  estimated  for the biological worker and other open space land-use option

receptors  were attributed primarily  to the direct  soil  exposure  pathways  (soil  ingestion and dermal  absorption;  see

Tables 6.1-13  through 6.1-17). In contrast  to trends identiled for the biological  worker,  the soil  vapor  inhalation

pathway was the dominant  exposure  pathway  for the driver  COCS identified for industrial (and commercial)

workers.

A sensitivity  analysis was conducted  for the HHRC to rank the influence of several  distributed input parameters  on

the variability of the cumulative  direct PPLVS for aldrin,  dieldr@  DBCP, arsenic, and chlordane.  These chemicals

were chosen because  of their strong contributions  to overall risk  at RMA. ‘Ihe sensitivity  analysis  considered  both

biological  and industrial  worker receptors  (representing  open space and economic  development  land-use  options,

res@vely)  for both  cancer  risk  and HI endpoints.  Standardbi  regression  coefficients  and fill-model  partial

correlation coefficients  were computed  for each input  parameter  to provide two sepamte  measures  of a parameteI’s

influence  on the variability of the direct exposure pathway PPLVS.

The eight  distributed  input parameters  used for the direct PPLV calculations  included  the following:

TE Exposure  duration  (years)  (for carcinogens  only)

DW Annual  frequency of exposure  (days/year)
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TM Daily  exposure  rate (hours/day)

RAF* Relative  absorption  factor for dermal  absorption  (unitiess)

m~m Relative  absorption  factor for ingestion  (unitless)

Css Dust  loading factor (pg/m3)

Sc Skin soil  covering (m@n3)

S1 Soil  ingestion  (m#day)

The results  of this  analysis indicate that variability  in exposure  duration is consistently  the dominant  contributor  to

variability in the direct carcinogenic  PPLV, foilowed by soil  rngestion.  Soil rngestion  is also a dominant

contributor  to variability  in the di.met nonaminogenic PPLV. Other  influential  parameters  include RAF=,

W-, and SOti  covering.

Risks for the boring-by-boring analysis  were characterized using  the following sampling  data:

● Su.rficial  soil  results  (samples  collected  from a O- to 2-inch soil-depth  interval  in areas  outside  of
designated  sites)

. Boring-by-boring results  (maximum contaminant  concentrations  detected  in each soil-depth  interval
for individual  borings  located  within  designated  sites)

Suticial Soil Results
Figure 6.1-8 shows  the incremental  cancer  risks  estimated  for the biological  worker using surficial  soil  (O-inch to

2-inch depth  intmal) results.  This map indicates only three surficial soil  locations  with incremental  cancer risks

exceeding  104: one wcurs east of Basin C, one occurs in Basin  A, and one occurs  in the southern area of Section

36. Similar trends are apparent  for His; of the 493 non-zero  obsemitions,  only three surficial  soil  locations  have

incremental  HIs exceeding  1.0. The surficial soil  results supplement  the subsurface  boring evaluation discussed

below, and may be more relevant  to the evaluation of direct contact  exposure  risks for open space land-use option

receptors  than corresponding  results for deeper  soil  intervals (in particular,  the recreational  and regulatexkasual

visitor subpopulations).

Boring-Specific  Risks and Hls
The findings  of the boring-specific  evaluation for Horizons O and 1 basically  parallel  those described  for the site

analysis summarized  above in that exceedances  of a 1 x 10+ cancer risk level  (Figures  6.1-9 and 6.1-10)  or an HI

of 1.0 (Figures 6.1-11 and 6.1-12) at individual  borings are generally  limited to the following  areas located in the

central portions of R.MA: South  Plants, Sewer Systems, Lime Basins, Former  Basin F, Basin A, and the Complex

Trenches  located in Section  36. Isolated exceedances  of a 1 x 104 cancer  risk  were also identified  at borings

located  in Basin  C, Sand Creek Lateral, the North Plants  Agent  Storage Areas,  and the sanitary landfilI  near the

Rail  Yard (located in the western  portion of RMA). The boring-specific  HI results exhibit  similar  trends.

FOSTER  @ WHEELER
“ lm8\1490G.Doc msma~~u~mou 6-13



Record of Decision for the On-Post Operable  Unit

Figures 6.1-13  and 6.1-14 show the wmposite  of carcinogenic  and noncaminogenic  chronic  risk exceedances,  as

well as acute risk  exceedames.

For all receptors  evaluated  in the HHRC, the major contaminants  contributing  to potential  cancer  risks were aldr@

DBCP, arsenic, and dieldrin. For noncancer  risk  endpoints, DBCP, aldr@ and arsenic acmunt  for the majority  of

the total  estimated  His.

Acute and Subchronic  Risk Evacuation
In the probabilistic  evaluation  PPLVS were calculated  to be protective  of chronic  (long-term)  exposures.

However,  it is possible  that exposures  to COCS at RMA could be short term, such  as exposures occuming only on a

single  day (acute), or exposures  lasting  more than 1 day but less than 7 years (subchronic).  ‘These  PPLVS,

originally  calculated  for the HHEA Addendum,  are mmmmizd m Tables 6.1-19 and 6.1-20. The cumulative

direct acute and subchronic  PPLVS are protective  of exposure  via three pathways,  soil  ingestio~  particulate

inhalation,  and dermal contact  with soil.  The PPLVS presented  in these tables  are the same as those originally

calculate~  with two exceptions: PPLVS for aidrin  and dieldrin were recalculated  during the HHRC to reflect

updated toxicity criteria  and the dermal relative absorption fkctor (all receptor  scenarios)  and soil  covering  factor

(visitor populations only)  were revised.

In general,  and particularly  for the biological  and industrial  worker populations,  the acute  and subchronic

PPLVS shown in Tables  6.1-19 and 6.1-20 are higher than the corresponding chronic  noncarcinogenic  5th

percentile  PPLVS (Tables  6.1-13 through  6.1-17).  ‘Ibis  finding  is expected because the body can generally

tolerate  a higher contaminant  dose over a short  (e.g., acute)  duration  than over a long (chronic) duration  for a

given dose rate. However, for the recreational  and regulatedkasual  visitor  exposure  settings,  acute/subchronic

PPLVS for some chemicals  are lower  than comesponding  chronic  noncarcinogenic  5th percentile PPLVS.

Figure  6.1-15 shows sample  locations  exceeding an HI of 1.0 for all COCS having  acute  PPLV values.

6.2 Ecological  Risk Characterization
Ecological  risk characterization  focuses  on chemicals  thag because of their toxicity,  may adversely tiect biota

populations,  individuals  of threatened or endangered species,  or the species  diversity  in a community. For these

effects  to occur,  toxic chemicals  must  be present  in the environmen~  potential  biota receptors must be present

and they must  be engaged  in activities  that would expose  them to chemicals  that are not only present  but

bioavailable  (Figure  6.2-1). The sections  below  summarize the steps of the ERC at RMA, which are similar to

the HHRC steps.
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6.2.1 Identification  of Contaminants of Concern
Fourteen  chemicals  detected  on RMA were selected  as of concern to biotz aldrin,  dieldrin,  chlordane,  endrin,

DDT, dichlorodiphenyldichloroethene  (DDE), mercury, arsenic,  cadmium,  chlorophenylmethylsulfide  (CPMS),

chlorophenylmethyisulfone  (CPMSOJ, copper,  DBCP, and DCPD. The biota COCS were selected  on the basis

of criteria  (toxicity,  persistence,  amount  used or produced at RMA, and area] extent  of contamination)

developed  collectively  by the Army, EPA, USFWS, and Shell to focus on the potential  main risk drivers.

Of the 14 biota COCS considered in the ERC, six (aldrin,  dieldrin,  endrin, DDT, DDE, and mercury) are known

to biomagnifi  substantially,  and seven  do not biomagni~  substantially  or at all (arsenic,  cadmium, CPMS,

CPMSOZ, copper,  DBCP, and DCPD).  Chlordane can biomagni~  (usually  in the form of its metabolizes),  but

was not treated quantitatively  as such because no tissue  sample  data were available  for this  chemical.

Biomagnification  means that each successive  organism  in the food chain  (e.g., from plant to insecg  mouse, and

hawk) will have a higher concentration  of the chemical in its body tissue.

6.2.2 Exposure  Assessment
Numerous ecological  studies  have been performed at RMA, particularly by USFWS in the 1960s,  the Army in

the 1970s  to mid-  1980s,  and by Shell, USFWS, and the Amy  in the late 1980s and 1990s  to identifi  the

ecological  receptors  that may be exposed  to the biota COCS and to determine the effects of this exposure.

Using the data fkom these studies,  several  food webs were constructed  to represent the biota food chains  present

at RMA. For the purposes  of the IEA/RC,  a f~d web is a collection  of food chains  that all culminate  in a

single  top predator.  Five such food webs were evaluated  for RMA, each headed by different predators:

● Bald eagle

● American kestrel

. Great homed owl

. Great  blue heron

. Shorebird

The following  types of biota were selected  to represent the various  feeding  levels  (trophic  boxes)  in these  RMA

food webs and were evaluated  from past  varied  studies  where tissues  were collected  for analysis  of COC

concentrations:

c Earthworms

. Insects  (represented by grasshoppers  and ground beetles)

. Small birds  (represented by vesper spanows,  western meadowlarks, and mourning doves)

. Small mammals (represented by deer mice and 13-lined ground squimels)

. Medium  mammals (represented by desert  cottontails  and black-tailed  prairie  dogs)

● Water  birds (represented by mallards,  blue-winged teal, and American coots)
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. Shorebirds  (represented by killdeer)

● Large fish  (represented by northern  pike and largemouth  bass)

● Small fish  (represented by channel  catfish,  blackhrown bullheads,  and bluegills)

. Aquatic  inve~brates

. Plankton

. Terrestrial  and aquatic  plants

lle data on tissue  concentrations  of contaminants  were used to both document the nature and extent  of

contamination  in biota and to provide tissue  data that could  be used in the ERC process  descriid  in Section

6.2.4. The exposure  assessment  included  the estimation  of exposure  area soil  concentrations;  the estimation  of

species-  and chemical-specific  biomagnification  factors  (BMFs)  based on bioaccumulation  factors  (BAFs) that

describe  the amount  of COC transfer horn food to consumers;  and the identification  of dietary items,  ihwtion of

items consumed,  and feed rates.  Exposure  area soil concentrations  were calculated based on an area-wide

average  (i.e., an arithmetic  mean) concentration,  an “area” being  defined  as an organism’s estimated foraging  or

exposure  area. The area-averaged concentration  was computed  horn spatially  interpolated  soil  concentrations

in the O-fi to 1-h depth  intenml  (except for the prairie dog’s exposure  are~ which incorporated a vertical

average  for the O-ft to 20-ft  depth interval).  The interpolated  soil  concentrations  were calculated on a square

grid with 100-ft  spacing  using surrounding  actual  soil  sample  concentration  data and the inverse  distance-

squared  algorithm.  Before  the soil  data were interpolated,  values  that were below  certified reporting limits

(BCRL)  were replaced with estimated  values  based  on nearby detections  when the sumounding  data were

sufficient  using the inverse distance-squared  algorithm. Because the spatial  interpolation  of BCRL data

proceeded iteratively,  a previously  estimated  BCRL value may have been included  with nearby detections  to

estimate  a replacement value for a BCRL at a different location  (see Appendix C of the IEA/RC report for a

detailed  description  of the spatial interpolation  of BCRL data). SpecKlcally,  exposure  area soil  concentrations

were estimated  in three  steps:  spatial  interpolation  of BCIU da@ interpolation  of soil  concentrations onto an

RMA-wide  grid, and averaging of interpolated  data within  an exposure  area to compute exposure area soil

concentrations.  A best estimate  of the exposure  range of each receptor was obtained  from the literature  and

represented by a circle (to facilitate  the modeling of average risk) within  which an individual  receptor was

assumed  to be exposed.  By centering the exposure range circle  for a given  receptor on a grid block  and

averaging  the soil  values  within  grid blocks  that fell half or more within  the circle,  an average exposure

concentration  was estimated.  his process  was repeated for each grid block  over the entire  RMA area.

The BMF used at RMA represents  a ratio between the concentration  of a chemical in biota tissue  (generally

represented  as the “whole-body concentration,” which includes  the whole animal  for small  mammals, such as

deer mice,  and the skinned/eviscerated  carcass for medium mammals, such as prairie dogs)  and that in soil.

Three different  methods  of calculating  the BMF were used in evaluating  potential  risk at RMA, which yielded
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differing BMF values  for four COC categories (Table 6.2-l). The differences reflect  the uncertainties

associated  with the data as well  as the alternate  methods  used to derive  the BMFs.  Because the BMFs resulted

in varying  risk estimations,  the SFS (see Section  6.2.4.3) will attempt to resolve uncertainties  about  the spatial

extent  of potential  excess  exposure  and resulting  subpopulation  risk to biota compared to the three  ranges  of

risk derived  horn the three BMFs.

Once a BMF was developed  for a particular  chemical.lreceptor  combination,  it was multiplied  by the estimated

exposure  soil  concentration  in each block  to obtain  an estimated  tissue  concentration  for the ecological  receptor

centered  on that grid block.  Data on dietary fictions  and feed rates  were obtained  from the literature  and from

studies  conducted  at RMA. Where appropriate, the RMA-specific dietary  data were used instead  of literature

values;  however, if RMA data were not available,  preference was given to literature  dietary information  from

geographic  and habitat  types  most similar  to those at RMA. The exposure assessment  parameters  (Table 6.2-2)

were based  on best estimates  of averages  and were used to calculate  potential  tissue  concentrations  and dosages

based on ingestion  of contaminated soil  and prey.

6.2.3 Toxicity  Assessment
Literature  data on chemical  toxicity  that include biota COC concentrations  associated  with some  type of

adverse  health  effect were used as numerical  thresholds  against  which risk was evaluated.  Reported effects on

reproduction  were preferred because these  have the most  obvious  connection  with detrimental  population

impacts;  however, nonreproductive effects,  such as behavioral toxicity,  may also be importan~  but these  effects

are more difficult  to evaluate  and quanti~.  Other such toxicological  endpoints  were considered from a

qualitative  perspective. For all of the receptors evaluate~ both tissue-based  (i.e., maximum allowable tissue

concentrations,  or MATCS) and dose-based  (i.e., toxicity-reference  values,  or TRVS) threshold values  were

sought  in the literature.  Each of the values  found in the literature  was evaluated as to its appropriateness  for use

as a threshold  value (NOAELS and no obsemed effects  levels, or NOELS, were the preferred endpoints).  UFs

were applied  to the final literature-based  pre-UF M.ATCS  and pre-UF TRVS to help ensure  adequate protection

of biota  populations. UFs were developed  for the MATC and the TRV (Table 6.2-3) approaches in parallel

(i.e., it was decided  to apply  the same rationale  and values  for each derivation process).

UFs were developed  for four categories  as follows:

● Intetion  variability  in toxicological  responses  to contaminants  when extrapolating  from the species
used in an experimental  study to a target species  at RMA

. Extrapolation  from the duration  of an experimental  study to the chronic  exposure  being assessed  at



Record of Decision for the On-Post Omwable Unit

● Extrapolation  horn a toxicity  endpoint in an experimental  study to the desired  no adverse effects
endpoint for the ecological  risk assessment  at RMA

● Modi@ing  factors to account for additional  sources  of uncertainty

The final UP, the product of the results  of these  four categories,  is divided  into the pre-UF MATC or pre-UF

TRV critical  value to determine  a final MATC or TRV (Table 6.2-4).  The total uncertainty (final  UF) applied

for the derivation  of TRVs ranged fkom 4 to 7,500 and the total  uncertainty for MATCS ranged fim 1.5 to 375.

However, if the final UF exceeded 400, a final UF of 400 was used. The total uncmtainty ranges for the main

risk driver,  akiriddieldrin,  was much tighter:  4 to 30 for the akiriddieldrin  TRVS (’fable 6.2-5) and 1.5 to 30

for the aldrirddieldrin  MATCS (Table 6.2-6).

The MATCS represent maximum whole-body concentrations  of bioaccumulative  chemicals  that are unlikely  to

cause hannfhl  effects  to specific  receptors.  The MATCS, expressed  as the weight of contaminant  per unit of

body weight (mgkg-bw),  were derived  from literature  data on tissue concentrations associated  with the

presence  or absence  of observed  toxicological  effects  in biological  test  species  (to produce pre-UF M.ATCS),

and then adjusted  with the CoC/receptor-specific  UF to produce final MATCS.

The final  TRVS represent estimates  of a daily dose (mg/kg-bw-day) that are likely to be without an appreciable

risk of harmfid  effects  to target receptors.  The TRVS computed  for the IENRC follow  an approach that is

different  born that described  in the Off-Post Operable Unit Endangerment  Assessment/FS for RMA (Harding

Lawson  Associates  1992);  however, both R.MA approaches  are similar  to the methodology used by EPA to

compute  RfDs for assessing  risks to human health.

The final toxicological  threshold  values,  MATCS and TRVS, are compared to the site-specific  exposure

measurements  (i.e., population  mean contaminant  tissue  concentrations and doses)  to estimate  potential  risk to

biota populations  (Section  6.2.4.1).  ‘he  toxicological  threshold  values  are intended  to be protective of biota

populations  and individual  bald eagles at RMA.

The final  tissue-  and dose-based  threshold  values  selected  for the characterization  of risk are shown  in Table

6.2-4. When both tissue-based  and dose-based  threshold  values  were available,  the value  with the lower UF was

selected.  When the uncertainty  was equal,  the TRV was selected  because it avoided  the use of a BMF, which

introduced  uncertainty  of its own. Where  two values  were calculate~ the value  that is shown  in bold fwe was

used to estimate  risk.
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6.2.4 Risk Characterization
6.2.4.1 Methods
lle characterintion  of potential  risk fkom the biota COCs  to temestrial  receptors was performed by integrating

the exposure  assessment  and the toxicity  assessment  with a Geographic Information  System (GIS) to produce a

series  of maps  that display  areas  of potential  risk (i.e., HQs or I-Us  greater than 1.0).

For the tissue-based  approach,  estimated  tissue  concentrations  were compared directly with a tissue-based

toxicity  threshold  value  to calculate  an HQ, which  represented an estimate  of potential  risk in a grid block  for

the chemical.heceptor  combination  being investigated.  This approach is represented by the following  equation:

Alternatively,  if the dose-based approach  was used, the dose to the receptor being  investigated  was estimated

and compared to a dose-based  toxicity  threshold  value  to calculate  an HQ. The dose-based approach is

represented by the following  equation:

HQ=W
TRV

The HQ equations  presented  above are a generalized representation of those  actually  used in the ERC.

Appendix  C of the lEA/RC repoti  contains  a detailed  description  of the equations used.  The risk

characterization  processes  were repeated for all grid blocks  and for all chemicalheceptor  combinations  for

which biomagnification  factors  were calculated.  There were variations  from these approaches for chemicals

having  no tissue daq for predators  that were not sampled  for nonbioaccumulative  COCs, and for aquatic  food

chains.  These variations  are also described  in Appendix C of the IEA/RC report.

An HQ greater  than 1.0 indicated  a potential  risk horn a particular  chemical.  The sum of all HQs for a single

receptor resulted  in an HI, which  indicates  the potential  risk fkom all biota COCs to that receptor. HQs and HIs

were mapped using GIS to show the geographic  extent  of areas  having  potential  risk (Figures  6.2-2 through

6.2-5).

The degree  to which  the results  of the risk characterization  were consistent  with the ecological  measurement  -

endpoints  on observable  field effects  identified  within  the ecological  database available  for RMA was also

evaluated.  Ecological  measurement endpoints  were selected  at the community, populatio~ and individual

Jevels of ecosystem  organization. The community-level  measurement  endpoints  considered were species

richness  and trophic  diversity;  these provide information  on the assessment endpoint of biological  structural
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diversity  of the RM.A and regional  ecosystem. Population-level  measurement  endpoints  were relative

abundance,  reproductive success,  and morbidity;  these  provide infommtion  on the assessment  endpoint of

population  robustness. Selected  biomarkers (i.e., acetylcholinesterase  inhibition  and eggshell  thinning) were

examined  at the individual  level, but evaluated as measurement  endpoints  for extrapolation  to population

effects.  Endpoints  at the individual  level are appropriate  for evaluating  adverse  effixts  on individuals  of

threatened or endangered species  (e.g., bald  eagle),  which by definition  have populations  reduced to the level

where  individuals  are important.

6.2.4.2 Results
Quantitative  results  were calculated  for all five of the predators (bald eagle,  American kestrel,  great homed owl,

great  blue heron,  and shorebird)  heading  the fwd  webs developed for RMA and for four of the trophic  boxes  in

their  food webs (small  bir~ small  mammal, medium  mammal, and water bird). Other trophic  boxes,  including

all strictly  aquatic  organisms  in the RMA lakes, were not evaluated  quantitatively  because toxicity  threshold

values for these biota  COCs/trophic box combinations  were not available  in the literature.  The results  of the

terrestrial  risk characterization  are presented  primarily  in maps,  which best show the spatial  variability  of the

estimated  potential  risk. Figures  6.2-2 and 6.2-3, which illustrate  the number of receptors having  potential  risk,

are based on the Shell BMF because  Shell BMF results  were intermediate  between the Army and EPA BMF.
results. Many other  such maps  are available  in the IEA/RC  report (Section  4 and Appendix C.3). In viewing

these maps,  it should  be remembered that a small hot spot (identified  by only a few borings) or a large

relatively  clean area can affect  the soil  concentrations  interpolated  for several  surrounding grid blocks.  These

grid blocks  in tum can affect  the estimated  exposure  soil  concentrations  for many grid blocks,  particularly  for

receptors  with large exposure  ranges  such as raptors.  Such species  are likely to have sizable  areas  of potential

risk  because  very high contaminant  concentrations  in hot spots around the manufacturing  plants  and basins

were averaged  over large exposure  ranges.  If the high contaminant  concentrations  in just  these hot spots were

reduced,  then the area] extent  of potential  risk, as well  as the magnitude  of HQs and H! Is, would  be reduced.

Conversely,  if large relatively  clean areas  are included  in the estimation  of exposure  soil  concentrations,  the

effect could be a dilution  of concentration  attributed  to hot spots.

Potential  risk varied  depending  on the BMF used, the chemical or chemical group being  considered and

receptor (trophic  box) being  evaluated.  Differences in risk among  receptors for a given  chemical were partly

due to differences  in the toxicity  threshold  values,  and especially  due to differences in the exposure range size.

Figure  6.2-2 shows the number of representative trophic  boxes  that have HIs greater than 1.0 in various  parts  of

RMA. This figure  shows  that the areas  of potential  risk to the greatest number of species  tend to be smaller and

located toward  the center of RMA, even though  the specific  receptors subject  to potential  risk in one area may

be different  from those subject  to potential  risk elsewhere. Terrestrial areas  where all trophic boxes  are

expected  to be at potential  risk (based  on cumulative risk from all of the COCS combined) are most  of the
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central  sections  of RMA, including  South Plants;  Basins  A, B, C, D, and F; and the notiernmost  upland areas

adjacent  to the South Lakes  area Pesticides  (especially  aldrinhiieldrin)  are the primary biota COCS

contributing  to biota  risk at RMA, as shown  in Figure  6.2-3. This figure  shows  the number of trophic boxes

having  an HI greater than 1.0 for aldrin/dieldrin,  DDT/DDE, and endrin based on soil  exposure and the Shell

BMF approach.  Metals  are also significant  contributors  to biota risk.

The degree  to which potential  risk predicted by the EPA, Shell, and Army BMFs  difFered  for a single

COC/receptor  combination based on the TRV (dose-based) approach is shown  for aldrirddieldrin  in Figure

6.2-4 for the great  homed owl and in Figure  6.2-5 for the small  mammal. The effect of the small  mammal’s

much  smaller  exposure  range can be seen by comparing Figure  6.2-4 with Figure  6.2-5. Receptors with larger

exposure  ranges generally show greater areas  of potential  risiG and receptors with smaller exposure  areas tend

to show smaller areas  of potential  risk that more directly  reflect  specific  areas of higher soil contamination.  The

areas  depicted  in the maps  do not necessarily denote  the extent  of magnitude or severity  of potential  risks to

bio~ nor do they depict  the ecological  relevance of the potential  risks to local populations.  The ecological

relevance of the potential  risks will be addressed  as part of remedial  design  and incorporate the ongoing

USFWS biomonitoring  program, as well  as the SFS and other evaluations  being  performed by the BAS (see

Section  6.2.4.3). EPA defines  ecological  relevance generally  in terms of “population sustainability  and

community  integrity”  for both cument  and future  exposure  and risk.

The potential  risk to predators  at the top of food webs having  aquatic  fd chains  is shown  in Table  6.2-7.

These risks are tabulated  because  a single risk value was calculated  for all the lakes combined.  In combining

measured tissue concentrations  from the various  lakes, feeding  was assumed to be proportional to the size of the

lake. Table 6.2-7 shows that potential  risk horn aquatic  food chains  is greatest to the great blue heron.

The results  of the quantitative  ERC were also compared with the results  of evaluating  potential  ecological

effects  such as impacts  on reproduction, species  abundance,  and species  diversity.  No strong  trends  in any of

these data indicated  populational  effects.  However, because sampling  was concentrated  in contamination  areas,

average tissue concentrations  exceeded  the MATC (which  represents the tissue-based  toxicity threshold value)

for dieklrin,  mercury (for this COC, the detection  limit  also exceeded the MATC), and DDE. Likely  adverse

effects  of RMA contamination  have been observed  ia individual  animals  collected at RMA, but these  effects

were not apparent in the available  data collected  for wildlife  populations  as a whole at RMA. The available

data were obtained  from studies  that had varying purposes  and degrees of ability  to discern  contaminant  effects

on local populations.  It should  be noted that the state and EPA disagreed with the ability  to draw conclusions

on wildlife  populations  or on the effects  of RMA contaminants  to individual  animals  from the available  data.

In accordance with the Conceptual  Remedy, all Parties,  through  their  representatives  on the BAS, will continue
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to evaluate  the SFS and USFWS biomonitoring  studies  and provide  information  to risk managers on the status

and health  of biota at RMA in terms of the need to refine design  boundaries  to include  additional  locations

where biota  risks were deemed to be excessive.  This process  will continue  during  the remedial design  after the

ROD is signed  (see Section  6.2.4.3).

The potential  risk horn all COCS combined covered most  of RMA for at least  one species.  However, a number

of considerations  should  be taken  into account  when evaluating  this risk. For example,  the risk from mercury is

overestimated  for RMA because all mercury was assumed  to be in its most  toxic and bioavailable  fon.n, methyl

mercury,  although  this is not the most  prevalent form at RMA. Conversely, because chlordane was not

quantitatively  modeled as a bioaccumulative  COC, its risks to biota may be underestimated.  For tmestrial and

aquatic  receptors,  there  are uncertainties  inherent  in the toxicity  threshold values  used and in the estimated

tissue concentrations  that were compared to these threshold  values.  The uncertainties  in threshold values  are

mostly  reflected  in the magnitude of UFs used to derive  each TRV or MATC. For terrestrial  receptors,

uncertainties  in estimated  tissue  concentrations  result  primarily  from uncertainties  in the estimates  of the

exposure  soil  concentration  and the BMF.

The available  ecological  data used to evaluate  ecological  effects  were also subject  to uncertainty resulting fkom

the short-term  nature  of many  of the studies,  lack of sufficient  precision  of the results,  and study designs  that

were not always  oriented  toward  correlating  ecological  parameters with contaminant  concentrations.  As noted

previously,  not all the Parties  agreed  with the appropriateness  of the ecological  data used in this comparison.

6.2.4.3 Continuing  Biological  Studies
Generally,  the results  of the ERC showed that the areas of highest potential risk are located in the central  portions

of RMA and are associated  with major  chemical  manufmg  processes  or a dispal  area that contains  the

greatest concentration  of contaminants. Although the Army, Shell,  and EPA approaches  all agree regarding

excessive risk  (i.e.,  HQ or HI greater  than 1.0) to wildlife in the central  areas of RMA, they differ  in their  estimates

of areas and magnitudes  of pXential  ecological  risk  in other parts of RMA. lle major variation is due to the use of

different BMFs (as calculated  by the Amy, EPA, and Shell) to estimate  exposure.  Because  of the scientific

differences  of opinion concerning  the best approach  to determine  field  BMFs at R.MA,  the SFS was established.

Phase I of the SFS is designed  to determine  whether  unacceptable  levels  of exposure  (i.e., risk) exist within  the

Area of Dispute (Figure 6.2-6). lle Area of Dispute  is defined as the WTerence in the areas of potential

aldrinkiieldriu  risk  (HQ greater  than 1.0, based on MATC) to small mammals  based on the Army and EPA

approaches  and was delineated  for the primary  purpose of sample collection in Phase I of the SFS. It mayor may

not reflect  the area of uncertainty  in texms  of excessive  risk to biotq  although this  is also coincidentally  the ROD

Area of Contamination  (AOC)  boundary. If Phase I of the SFS indicates that unacceptable  risks to biota are likely,
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the SFS may proceed  with Phase II under RMA Council direction to collect  additional  tissue and soil  data to

estimate field  BMFs fw selected  species.

The goal of biota remediation  is to achieve  appropriate  remediation  such that it is protective of biota health  (i.e.,

sustainability  of local subpopulations  and individuals  of threatened or endangered species).  HIs were used in

the IEA/RC  to provide a semiquantitative  ch~tion of predicted risks to biota at RMA. In general, HIs

less than 1.0 denote  the absence  of excessive  risk to biota populations.  HIs greater than 1.0 may indicate

potential  adverse  risks to biota populations;  the greater the HI, the greater the potential  risk.

To demonstrate  spatial  representation of biota risk a series  of additional  risk maps (pre- and post-remediation)

are  presented  for the American kestrel  and great  homed owl using the Army and EPA BMF approaches

(Figures  6.2-7 through  6.2-14).  These  residual  risk maps  show locations  and relative  magnitudes of estimated

biota risks due to exposure  to the bioaccumulative  COCS (excluding mercury) following proposed remediation.

Residual  risk areas  will be evaluated by the BAS as potential  locations  for additional  ecotoxicological  studies.

Mean HIs for the American kestrel  and great  homed owl were estimated within the pre-remediation  areas

identified  as having  an HI greater than 1.0 using  the AmIy and EPA BMF approaches based  on a

semiquantitative  analysis  of the pre- and post-remediation  risk maps (Figure 6.2-7 through 6.2-14).  Several

general  conclusions  about  the pre- and post-remediation  risks to biota and associated  uncertainty can be made

from this  semiquantitative  analysis  as follows:

●

●

●

●

EPA mean HI estimates  were an average of about  3 times  higher than the Army mean HI estimates
based on differences in the BMFs (ranging from about  2 to 4 times  higher;  American kestrel  had the
highest  difference).

Pre-remediation mean HIs ranged born about  2 to 120 using Army BMFs and about  7 to 270 using
EPA BMFs (bald eagle was the highest  in both cases).

Post-remediation  mean  HIs ranged from 1 to 7 using Army BMFs and about  4 to 16 using EPA BMFs
(bald eagle was the highest  in both cases).  lhe residual  risk maps show that in general residual  risks
remain  adjacent  to the RODS biota  remediation  areas  (shown as the shaded  areas in Figure 6.2-6) and
that the highest  ranges  of residual  risk are located  adjacent  to the southwest  section  of the green-
shaded  areas.

In general,  both the Army and EPA methods  show at least  a 10-fold reduction in risk for all s~cies  of
concern  following  remediation  of the shaded  areas  shown  in Figure  6.2-6.

While  the SFS is being conduct@  ceti areas of more highly contaminated  surficial  soil,  which  represent  the

areas in which all three BMF approaches  yielded HQs greater  than 1.0 (using the MATC approach)  for

aMrin/dieMrin  for small  mammals,  as well as some additional  areas north of Former  Basin F and areas identified  by

USFWS as priority areas (i.e.,  known areas of high contamination  and posing a threat  to wildlife  based on field

obsemations),  have been identified as candidates  for initial  fwused remediation  and are identified as the green-
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shaded areas in Figure 6.2-6. TIIC process outlined in the Omccptual  Remedy  and summarized  below permits  the

fhrther investigation of other identii%d  areas of potential  residual  risk outside the green-shaded  areas in order  to

more accumtdy  chamcterm“ actual biota risk and impacts  and to refine  design boundaries  if wamnted. This

process includes  the following:

. The BAS of technical  experts  (e.g., e.cotoxicologists,  biologists,  rangehedunation  specialists)  fkom the
Parties  will fmus on the pkmning  and conduct of both the USFWS biomonitoring programs and the
SFS/risk  assessment  process.  The BAS will provide interpretation  of results  and recommendations  to
the Parties’  decision  makers.

. The ongoing  USFWS biomonitoring  programs and the SFS/risk  assessment  process  will be used to
refine  design  boundaries  for surficia.1 soil  and aquatic  contamination  to be remediated.

- Phase I and the potential  Phase II of the SFS will be used to refine the general  areas of surficial
soil  contamination  concern. The field  BMFs fkom Phase II will be used to quan@  ecological
risks in the Area of Dispute, iden@ risk-based  soil concentrations  considered  safe for bio~  and
thus  refine the area of excess risks  (Figure 6.2-6).

- Pursuant  to the FFA process,  USFWS will  conduct  detailed  site-specific  exposure  studies  of
contaminant  effects  and exposure  (tissue levels  and Army-provided  abiotic sampling)  on
sentinel  or indicator  species of biota (including the six key species  identified in the IEA/RC
report  as appropriate).  These studies  will address  both the aquatic  resources  and at least  the
surficial soil  in and around the Area of Dispute. These site-specific  studies will be used in
refining contamination  impact areas in need of further remediation.

- Results from both  the SFS/risk assessment  process  and the site-specific  studies  will be
cmsidered  in risk-management  decisions, which may fhrther  refine the areas of surficial soil  and
aquatic contamination  to be rernediated. (In the event of a conflict  belxveen management  of
RMA as a wildlife refige and performance  of remedial  response  actions, the RoclgI Mountain
Arsenal  National  Wildlife Refhge Act indicates that response  actions will take priority,)

. The BAS will seine as a technical  resource to the Parties’  decision  makers by using technical  expertise
in analyzing,  and potentially  collecting,  data sufficient  to support  design  refinement  for sudlcial  soil
areas  and aquatic  resources  that will break  unacceptable exposure  pathways in consideration of
minimizing habitat  disturbance.  Further,  it will assess  through  monitoring  the efficacy of remedies in
breaking  unacceptable  pathways  to biota. If any additional  sites  are identifi~  the remedy  will be
implemented  as follows:

- It will be staged  to allow habitat  recovery.

- It will  be perfoxmed  first  on locations  selected  through  a balance of f-ors such as:

- The Parties agree an area has a negative  impact  on or excessive  risk to fish  or wiltie.

- The effort will  not be negated by recontamination  horn other rernediation  activities.

- The existing fish  and wildhfe  resource  value.

- It will include  revegetation  of a type specified  by USFWS; if the initial revegetation is not
successful,  the appropriate  adjustments  will be made and revegetation again  implemented.

- It will provide that the locations  and timing of remediation  are to be determined with
consideration  of and in coordination  with USFWS refhge management  plans  and activities.

6.3 Uncertainty  Analysis
Several  sources  of uncetiinty  must  be considered  in the evaluation  of the HHRC and ERC results.  Model

parameter  distributions  were developed  based  on empirical  da@ and in instances  where empirical  data were
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lacking,  best  professional  judgment  was incorporated.  In addition,  when uncertainty in the empirical  data for a

given parameter  wamanted  conservative  assumptions,  these  assumptions  were incorporated into the exposure

and risk estimations.

6.3.1 Human Health Risk Characterization
6.3.1.1 Chemical  Database
Contributing  to the chemical database  uncetiinty  are the different analytical  techniques used by the RI Phase  I

and Phase II programs for some of the organic  chemicals. Phase  I employed gas chromatography/mass

spectrometry  (GC/MS),  and Phase  II employed more precise GC methods.  The Phase I techniques made use

of higher detection  limits; thus, chemicals  present at lower  levels  may not have been detected.  In a few cases,

Phase  I samples  required dilution  to facilitate  analysis,  and the dilution  may have masked the presence of some

compounds  by mising  the effective detection  level. When necessary,  an expanded suite  of Phase  II analyses

and/or  additional  GCMS analyses  were used to ensure  that all target  analytes  were evaluated.  Some  other

limitations  associated  with the chemical database  are soil  sample  collection,  tentatively  identified  compounds,

unidentified  compounds,  and Army agent  contamination.  Uncertainties  associated  with soil  sample  collection

can under-  or overestimate  risk. Tentatively  identified  and unidentified compounds were not considered in the

risk characterization  and the detections  of Army chemical  agent  reported in the chemical database  were not

quantitatively  evaluated.  Potential  risk may have been underestimated  based on the exclusion  of agent  and

tentatively  identified  compounds  horn the evaluations.

6.3.1.2 Exposure  Point Concentration
Uncertainties  associated  with the exposure  point  concentrations  include  the estimation  method used to

approximate  site  concentration  values  used to calculate  risk. Xn accordance with EPA guidance, representative

soil  concentrations  were estimated  using the arithmetic  mean  (Ca. The uncertainty in these estimates  was

characterized by repotiing  the 95 percent upper and lower  confidence limits  (95?40 UCL and 95?40  LCL,

respectively)  on the mean.  The 95°/0 UCL (Cm,x ) was used to estimate  the RME risks. Conservative

assumptions  were also employed to address  potential  dilution  effects when soil boring samples  were

composite  and to calculate  the boring-by-boring risk estimates;  the highest  detected concentration of the COC

was used regardless  of the depth of the sample.

6.3.1.3 Land-Use and Exposure  Scenarios
Unce~i.nty exists  regarding tie  likelihood  that the land uses evaluated will in fact  occur under a fiture

development scenario  at RMA. Land use at RMA is currently  limited  to commercial,  industrial,  recreational,

and open space  (i.e., nature  presewe/wildlife  refhge) uses. The land-use  designations  were based on

information  obtained  from several  governmental  agencies  overseeing and directing land use within  their

respective  jurisdictions  surrounding  RMA. The FFA restricts  the ownership,  use, and lransfer  of property at
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RMA now and into the future.  Consistent  with the FFA, cextain  fbture  land uses at RMA are not considered

foreseeable,  such as residential  and agricultural  development. It is for this reason that certain  pathways of

exposure  (e.g., potable  and agricultural  use of groundwater, surface water and sediment exposures,  and

consumption  pathways) were not evaluated  at RMA. The uncertainties  associated  with the human heakb

exposure  scenarios  evaluated  in the IEA/RC as related  to land use, target receptors, spatial  exposure  patterns,

and exposure  pathways  could  result  in an over-  or underestimation  of risk.

6.3.1.4 Human Heatth Toxicity Estimates
The toxicity  factors  ~; the dose-response  parameter  based on the slope fhctor or RfD) used in the HHRC were

designated  as a fixed parameter  to maintain  consistency  with established  EPA toxicity  ftiors  used in CERCLA

risk  assessments.  However, a large degree  of uncertainty  is known  to be associated  with the toxicity  factors.

This uncertainty  could  lead to an over-  or underestimation  of risk. The major sources  of uncertainty  include  the

following:

. Extrapolation  of toxicity  factors  fkom effects  obsemed at high doses administered in a laboratory
setting to effects  observed  at relatively low doses expected from human contact  with the chemical in
environmental  media

● Use of short-term  toxicity  studies  to predict the effects  of long-term  (chronic) exposures and vice versa

. Use of animals  to predict the effects  of contaminant  exposure  on humans where adequate human data
are lacking

.

. Use of toxicity  data born laboratory  animals  (homogeneous populations) and healthy humans to
predict  the effects  observed  in a general  population,  which  included  individuals  having  a wide range of
sensitivities

As indicated  in “Guidelines  for Carcinogenic Risk Assessmen~” the cancer slope factors  generated horn the

linearized  multistage  extrapolation  procedure lead to what is considered  a “plausible upper limit  to the risk that

is consistent  with some proposed  mechanisms  of carcinogenesis.  Such an estimate,  does not necessarily give a

realistic  prediction  of the cancer risk. The true value  of the risk is unknown,  and may be as low as zero” (EPA

1986). Descriptions  of the uncertainties  associated  with the toxicity  factors  are contained  in Appendix B and

Appendix  E of the IEA/RC report.

6.3.1.5 Exposure  Parameters  and PPLVS
The variability  and uncertainty  in the PPLVS were estimated  by developing  probabilistic  distributions  for each

of the HHRC model’s  parameters. The variability  in the parameter  distribution  refers  to the real  variation in

possible  parameter  values,  which  may be spatial  (e.g., soil  density),  temporal  (e.g., dust  loading),  physiological

(e.g., body weigh~ skin surface  areas) or due to the effects  of other ftiors  such as behavior.  Uncertainty is that

part of the parameter  distribution  resulting  from random sampling  variation  and other sources  of potential  error.

Uncertainty  increases  the overall  spread  of the distribution  and may also result  in bias, both intentional  (e.g.,

conservative  assumptions)  and unintentional  (unknown). There was substantial  uncertainty about  the
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representativeness  of data for parameters describing  human  exposures  (e.g., soil  intake  parameters, time-

dependent  exposure  parameters). In general,  however, conservative  assumptions  were made.  Ages and

activities  associated  with the open space  visitor  land-use  options  were characterized  using  available  empirical

data and professional  judgment.  Although  suwey data were used to characterize time and activity  patterns  for

the refige worker population  and biological  worker subpopulation  in order to improve the confidence in the

analysis,  the representativeness  of the resulting  distributions  for cument  and fhture  exposed populations  at RMA

remains  uncertain. The datasets  compiled  for these  populations  or subpopulations  may under-represent

exposures  for some  portion  of the fhture  RMA population and over-represent  for some  other portion.  It is not

possible  to determine with certainty  whether data representativeness  in the risk evahmtions  imparted a

conservative  or underconservative  bias to the results.  Summaries  of the major uncertainties  associated  with the

PPLV equation  parameters are presented in Tables 6.3-1 through 6.3-3.

The variation  in the HHRC model  parameters is reflected in the spread  of the PPLV distribution.  Because the

uncertainty  and/or variability  in many key probabilistic  parameters is higher for particular  chemicals or for

exposed  populations,  the resulting  PPLV distributions  comesponding  to these  chemicals  and land uses  have a

wider spread.  A detailed  description  of the PPLV distribution  variability  is described in Appendix E of the

IWVRC report.

6.3.1.6 Risk Estimates
The PPLV-based risk estimations  were based on a target cancer risk of 1 x 104 or an HQ of 1.0 and exposure

point concentrations  representing the C=, Cwm-t ad c~,~ (the diffe~nt  risk ~lculation  me~ods  me

available  via the HHRC model).  When the cancer risk estimates  are based on the 5th percentile PPLV and the

c_,_ the results  can be considered  as upper bound estimates  of potential  risk.

In the IEA/RC,  both carcinogenic risks and noncarcinogenic HQs are assumed to be additive,  consistent  with

cunent risk assessment  guidance.  There are several  limitations  associated  with this assumption.  Due to these

limitations,  the potential  to over-or underestimate  risk cannot  be firmly  established.  In summing cancer risks,

the underlying  assumption  is that there  is an independence  of action  (i.e., effect to organ, tissue,  etc.)  by the

chemicals  involved  and that there  are no synergistic  or antagonistic  chemical interactions.  Uncertainty is also

associated  with summing  cancer risks for multiple  chemicals  that have differing weights of evidence for human

carcinogenicity  (i.e., Group A versus  Group C carcinogens;  see Section  6.1.3). Because little or no information

on antagonistic  or synergistic  effects  was available  for the RMA CGCS, noncarcinogenic  effects from multiple

chemicals  were also assumed  to be additive.  A limitation  with the additive  approach used for the IEA/RC is

that the COC-specific HQs were not segregated by major toxic effect prior to summing to derive  the HI;
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however, this simplifying  step may not have introduced  large degrees of uncertainty because most  of the

noncancer effects  were attributed  to a single  COC (dieklrin).

6.3.2 Ecoiogicai  Risk Characterization
6.3.2.1 Chemicai  Database
The same uncertainties  associated  with the chemical database  that were identified  for the HHRC apply  to the

ERC. However, the database  used for the ERC also included  results  associated  with biota sample  collection

and analysis.  Despite  the relative  abundance  of site-specific  field data to characterize ecological  risk at RMA,

the need to work with data horn sampling  programs designed  for other purposes (e.g., to establish  nature and

extent  of contamination)  may have been less  than ideal  for the estimation  of exposure  soil concentrations  and

BMFs. It is difficult  to know if the use of these  data resulted  in an over-  or underestimation  of potential  risks to

biota. The biota  species  sampled  on RMA were chosen  from species  that best  represented the uptake  of

contaminants  from environmental  media and the subsequent  transfer, via f~ consumption, through food

chains  to top predators.  Uncertainty is associated  with the use of these biota samples  to derive  RMA-specific

BMFs. Some uncertainty  is also associated  with the more scattered  peripheral abiotic  sampling  where

heterogeneous  soil  contamination  occurs,  and where detection  limits, in some  cases,  exceeded the risk-based

concentrations.  These factors,  along with lesser  sampling  density  and little collocation  of tissue  and soil

samples,  added to the uncertainties  associated  with the chemical database.

6.3.2.2 Exposure  Pathways

Exposure  pathways  were selected  to include the predominant  pathways of exposure  believed  to exist  at RMA.

Those selected  for the fbod-web model  included  food consumption,  dermal  exposure  to surface water by

organisms,  ingestion  of water by some  terrestrial  organisms,  and sediment and soil ingestion  by some  aquatic

and terrestrial  organisms. Exposure  pathways  excluded  horn the food-web model  included  inhalation  of

contaminant  vapors  and particulate  and dermal  exposure to contaminants  horn soil contact.  These exposure

pathways  are implicitly  contained  in the BMF because  measured tissue  concentrations  (horn sampled biota

species)  are the result  of cumulative  exposure  by all pathways.  Additional uncertainties  related to the exposure

pathways  are presented  in Section  6.3.2.4.

6.3.2.3 Exposure  Concentrations
Most of the unce~inty  regarding exposure  concentrations  centers  on the estimated exposure area

concentrations  used to calculate terrestrial  risk. Aquatic  risk was estimated  directly  horn measured tissue

concentrations  and therefore was not based  on quantitative  exposure  concentrations in aquatic  media.

Terrestrial  tissue concentrations,  dose, and risk are theoretically  dependent on exposure soil  concentrations

(ESCS),  i.e., the concentration  in soil  that is bioavailable  and accessed  by an individual  during  exposure

activity.  The ESC is, for all practical  purposes, unverifiable in the field; therefore, it is represented  by
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estimated  exposure  area soil  concentration,  i.e., the average soil concentration in a specified depth  profile

within  a circular species-specific  exposure  ara Two types  of uncertainty occur when applying ESC to

estimate  risk. “Representation  uncertainty”  refers  to the uncertainty in adequately representing spatial  and

temporal  scales  of the ESC by expsure  area soil concentration,  and “estimation  uncertainty” refers to the

uncertain~ in analytically  estimating  the exposure  area soil  concentration based on available  data.

Representation  uncertainty  explains  the difference between @e exposure concentration for an individual  and

the exposure  area concentration for a ~ical (mean) individual.  Unfortunately,  representation  uncertainty is for

all practical  purposes  unquantifiable  and irreducible,  because the detailed  information  on individual  organisms

(and their prey) required for its calculation  cannot be practically  obtained.  Estimation  uncertainty explains  the

differences  between the true exposure  area soil  concentration  in a given area or for a given  individ@  and the

estimated  exposure  area soil  concentration  based on available  sampling  and analytical  data.

The empirical  mathematical  constant  used to relate exposure  area soil  concentration to tissue  concentration is

the BMF. BMF is therefore defined as a conflation  based on the variable  exposure area soil concentration  and

not on actual  exposure  soil concentration.  The BMF values  determined purely from literature  da~ rather than

site-specific  data from R.MA, will describe  the relationship  between tissue  concentmtion and a different dose-

based quantity  than ESC, and therefore may create more or less  bias if used with ESC to predict risk at RMA.

Unce~inty  is also associated  with the BMF based  on the use of site-specific  information (e.g., RMA-soil and

biota  data collected  at different  times  and locations  and for various  purposes).  The uncertainty associated  with

the exposure  concentration,  including  the estimation  of BMFs,  will be fbrther ascertained  by review of the

findings  gathered  from the SFS and the ongoing USFWS biomonitoring studies.

6.3.2.4 Ecological  Toxicity  Estimates
MATC and TRV uncertainty  was incorporated  quantitatively  by use of UFs as discussed  in Section  6.2.3. The

UFs were applied  to add a margin  of safety  to the extrapolated  toxicity  measures. The UF protocol included

factors  to account  for four categories  of uncertainty:  intertaxon  variability,  study duration,  toxicity effect levels

(study endpoints),  and other modifjhg  factors  (including  nine subcategories)  that were multiplied  to tive at

the total estimated  uncertainty.

In addition to the uncctity  incorporated in the UFs are potentially  unrecognized or unquantifiable  sources  of

uncertainty.  These include  the following:

. Representativeness  of toxicity  endpoint tissue  concentration  data from one species  relative  to other
species  in the trophic  box

. Differences in metabolic  rate, body size, and physiology  between test  and target species

● Differences in feeding  habits  and behavioral  patterns  in test  v. target species

. Differences in the life  stage of the organisms  tested  v. those exposed

msTfmQgwHEEusR
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●

●

●

●

●

●

Seasonal  differences in response  to toxicants  (e.g., “fat” versus  “lean” times)

Difficulty  in adquately estimating  exposure  concentrations  (including  environmental  variability  in
time and space)

The possibility  that exposed organisms  may avoi~ or be attracted  to, contaminated media (e.g.,
pesticide-debilitated  prey) and so may not show effects  seen in laboratory  tests  (Suter 1993)

Inability  to quanti$ the other stresses  that biota may face (e.g., climate,  fd supplies,  background
levels of toxicants,  habitat  disturbance,  and other  manmade causes)

The possibility  that expmre pathways, in addition  to ingestion,  are significant

The fact that there are no standard  measures of effe~ patterns  of dosing,  durations  of exposure, etc.,
so comparison  across  studieskcosystems  is obscured  or confounded

6.3.2.5 Risk Estimates
Toxicological  effects  from multiple  chemicals  were assumed  to be additive,  consistent  with the risk assessment

procedures  used for human  health.  This assumes  independence  of action,  i.e., no net synergistic  or antagonistic

effects,  since these  effects  are poorly understood  with the limited  toxicological  data available.  This practice of

additivity  without a toxicological  basis  (i.e., common  mechanism of action  or target organ effect) is protective

but scientifically  questionable;  however, some  means of evaluating  the potential  cumulative effects of exposure

was required and EPA guidance  requires  such an approach  in the absence  of site-specific  data on additivity.

Hence,  the individual  HQs for each COC were summed to estimate  the total  risk (HI) for each trophic box. It is

difficult  to determine  whether this procedure over-  or underestimated risks to biota.  As noted  in the IEA/RC

repo~ a range  of potential  risk was presented for the bioaccumulative  COC because three  different BMFs were

employed.  Because  of the overall  unce~inty  associated  with each of the parameters incorporated in the food-

web model  and the toxicity  threshold  values,  it is difficult  to state with certain~  at this time which of the three

BMF approaches  best estimated  risk to biota at RIMA. Additionally,  it is possible  that actual  residual  risk to

biota  of an excessive  nature  may occur in some cases  following  remediation  based on the uncetiinty  associated

with the food-web risk modeling  process  and its application  to delineated  areas  proposed for remediation.

Again, the uncertainty  associated  with the risk estimates  will be fbrther ascertained  by review of the findings

gathered  from the SFS and the ongoing  USFWS biomonitoring  studies.

6.3.2.6 Ecological  Measurement Endpoints
The presence  of potential  ecological  risk was given fbrther perspective  by considering  it together  with available

field data on ecological  endpoints. The available  data on ecological  status and health  used to evaluate

ecological  endpoints  are also subject  to uncertainty.  In this conte~  uncertainty results  from the following:

The short-tam  nature  of many  of the studies  relative  to the cycles  of natural  variability

Estimation  of quantitative  ecological  parameters at levels  of precision  that may not be biologically
and/or statistically  significant  andlor use of endpoints  that may not have been sensitive  enough  to
discern  the various  potential  human health  risks to biota
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● Study designs  that did not precisely  and quantitatively  comelate  ecological  parameters  with parameters
related to contaminant  concentrations

. Study designs  that did not precisely  quantifi ail parametm that might have positively  or negatively
affected  the ecological  data

.

Appendix  E of the IWWRC report presents  a detailed  discussion  on the assumptions,  limitations,  and

uncexta.inties  associated  with each of the uncertainty  categories  listed above.

6.4 Conclusions
Both the human  health  and the ecological  risk assessment  results  are based on probabilistic  methodologies.  The

probabilistic  methods  account  for the variability  in literature  and field data for the various  parameters  used to

quanti~  exposure  and risk and at least  partially  reflect the uncertainty associated  with these parameters. The

use of this  methodology and the discussions  of uncertainty  increases  the understanding the risk characterization

by clari~ing  the uncertainties  associated  with the input values  and their implications  on estimated risks.

The results  of the risk assessment  as presented in the IIWRC repo~  indicate  that potential  risks exist  for both

human  and ecological  receptors.  The contaminants  that are the major contributors  to overall  potential  risks are

similar  for both receptor groups,  i.e., the OCPS. Likewise,  the areas  that pose the greatest potential  risks to both

receptor  groups  are in the central  core region of RMA. It is very important  to remember that the potential  risks

presented  in this report  are based  on current and historical  contamination  evaluated under present or !iture

land-use  scenarios.  However, data from some of the areas  at RMA that have undergone interim  remediation

(e.g., capping  to eliminate  possible  exposure  pathways  for receptors) were not revised to reflect the

remediation;  the actual  risks are, therefore,  likely to be lower than the risks presented in the IEA/RC report.

Area] extents  of biota  remediation  that are needed to reduce or prevent excessive  risks to ecological  health  are

not completely  known at presen~  but will be further refined  as part of remedial  design  and incorporate ongoing

ecotoxicological  evaluations  by the BAS. Recommendations  regarding the nature and extent  of excessive  risks

to biota will be presented  by the BAS to RM.A risk managers for inclusion  in soil remedial  actions  to reduce

risks to acceptably  healthy  levels in accordance  with EPA Superfimd  guidance,  the Rocky  Mountain  Arsenal

National  Wildlife  Refige Ac~ and the selected  remedy.

Actual  or threatened  releases  of hazardous substances  horn this site, if not addressed by implementing  the

response  action selected  in this ROD, may present an imminent  and substantial  endangerment  to public health,

welfare,  or the environment.
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Figure 6.1-1

Projected  Land-Use  Scenarios for RMA1

Rocky Mountain Arsenal
RMA ROD 6.96 jb Prepared  by: Foster  Wheeler Environmental  Corporation
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Rocky  Mountain  Arsenal
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Table 6.1-1 Chemicals  of Concern for the lEA/RC Page 1 of 1

Aldrin

Arsenic

Benzene

Cadmium

Carbon Tetrachloride

Chlordane

Chloroacetic Acid

Chlorobenzene

Chloroform

Chromium

DBCP

DCPD

DDE

DDT

1,2-Dichlororethane

1,1 -Dichloroethylene

DieMrin

En&in

HCCPD

Isodrin

Lead

Mercury

Methylene  Chloride

1, 1,2,2-Tetrachloroethane

Tetrachloroethylene

Toluene

TCE
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Table 6.1-2 Soil  Horizons  and Exposure  Pathways  Evaluated  for the HHRC Page 1 of 1

Open Space Option Receptor Economic Development  Option Receptor

Local Neighborhood
Regulated/Casual  and

Soil Horizon Depth Interval Biological  Worker Recreational  Visitor Industrial  Worker Cornrnercial  Worker

Surticial  Soil O-2 inches’ Dir Dir Dir Dir

Horizon  O 0-1 R2 Dir Dir Dir Dir

Horizon  1 0-10 fi2 Dir, Ind Dir Dir, Ind Dir, Ind
(Open Space) (Open  Space) (Open  and Enc. Space) (Enc. Space)

Horizon  2 >] () fi~roundwater2 Ind Not Evaluated Ind Ind
(Open Space) (Open  and Enc. Space) (Enc. Space)

1 Risks for this depth horizon  were calculated on a boring-by-boring  basis using results of sufilcial soil samples collected in areas peripheral  to designated  sites. The
suflicial soil interval (O-2  inches) is not a subset of Horizon O (O-1  ft). i

2 Cumulative risks for these soil horizons  were calculated on both a site-specific basis (representing both direct and indirect  pathway  exposures)  and a boring-by-boring
evaluation (representing direct exposure  pathways  only).

Dir Denotes  direct soil exposure pathway  evaluation (soil ingestion,  dermal contacg and particulate inhalation).  Dermal  contact with metals in soil was not evaluated for any
receptors  due to negligible contaminant absorption  from this exposure  route.

Ind Denotes  indirect vapor inhalation pathway  evaluation for open space ancVor  enclosed space (e.g., enclosed basement structures).  Both open and enclosed  space soil vapor
inhalation exposures were not considered to be significant for shallower depth intervals due to volatilization loss, and therefore were not evaluated  for sutilcial  soil and
Horizon O.
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Table 6.1-3 Time-Dependent and Other Parameter  Values Page 1 of 1
Distribution Value

Parameter Family Mean 50’?40 95%

Exposure  Time (TM) (hours/day)
Reg/casual  visitor
Recreational  visitor
Biological  worker
Commercial  worker
Industrial  worker

Exposure  Frequency  (DW) (days/year)
Reg/casual  visitor
Recreational  visitor
Biological  worker
Commercial  worker
Industrial  worker

Exposure  Duration  (TE) (years)
Reg/casual  visitor
Recreational  visitor
Biological  worker
Commercial  worker
Industrial  worker

Basement
Length (m)
Width (m)
Ventilation  Flow Rate (cm3/see)

Percent  Organic  Carbon (fraction)
(Aquatic)  in Sediments

Percent  Organic  Carbon (fraction)
(Terrestrial) in Sediments

Soil Density

Soil Porosity  (fraction)

Soil Temperature (celsius)

Soil Moisture  (unitless)

Respiratory  Deposition
Vapor  (fiction)
Particulate  (fkaction)

Lognormal
Lognonnal

Fixed Value
Normal
Normal

Lognormal
Lognormal

Normal
Normal
Normal

Lognormal
Lognormal

Truncated Normal
Lognormal
Lognormal

Uniform
Uniform

Triangular

Lognonnal

Lognormal

Normal

Normal

Fixed Value

Exponential

Fixed Value
Fixed Value

2.47
1.8
8

7.42
7.42

34.9
63.14
225
236
236

10.1
10.1
7.18
4.38
4.38

10
8.5

617500

0.1197716

0.0038779

1.45315

0.45164

9.9

0.07099

1
0.85

1.87
1.38

7.42
7.42

29.6
43.3
225
236
236

5.45
5.45
7.18
2.32
2.32

10
8.5

617500

0.1039339

0.003735

1.45315

0.45164

0.04921

6.34
4.96

12.8
12.8

76.1
181
242
241
241

33.8
33.7
18.7
14.8
14.8

16.3
13.45

1008960

0.2496338

0.0058623

1.752022

0.5644193

0.2126
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Table 6.14 Chemical-Specific Parameter  Values Page 1 of 4
Molecular Molecular Soil/Water Partition Henry’s  Law Constant

Weight Diffisivity Coefficient  (L/kg) Vapor Pressure  (ATM) (unitless)
Chemical (g/mole) (cm2/see) Mean 50% 95?40 Mean 50% 95?40 Mean 50?40 95?40

Aldrin

Arsenic

Benzene

Cadmium

Carbon
Tetrachloride

Chlordane

Chloroacetic
Acid

Chlorobenzene

Chloroform

Chromium (VI)

DDE

DDT

DBCP

1,2-Dichloro-
ethane

1,l-Dichloro-
ethylene

DCPD

Dieldrin

Endrin

HCCPD

F 364.3

F 74.92

F 78.11

F 112.4

F 153.8

F 409.8

F 94.5

F 112.5

F 119.4

F 52

F 318

F 354.5

F 236.4

F 98.96

F 96.95

F 132.2

F 380.9

F 380.9

F 273

F 0.0407

F NA

F 0.0819

F NA

F 0.0750

F 0.0404

F NA

F 0.0676

F 0.0834

F NA

F 0.00440

F 0.0423

F 0.0600

F 0.0856

F 0.0744

F 0.0562

F 0.0416

F 0.0416

F 0.0522

A 298100  151800 1027000 A 5.84E-08  2.78E-08  2.07E-07

NA NA NA

E 0.104 0.107 0.1514207

NA NA NA

E 0.124 0.124 0.159

A 1.76E-07 4. 14E-08 6.79E-07

B 0.00043230 .00043230.0008136

C 0.0151 0.01518330.0166427

E 0.241 0.241 0.3084536

NA NA NA

E 8.69E-09 8.69E-09  1.07E-08

A 4.82E-10 3.4 IE-10 1.34E-09

B 0.00530250 .00530250.0099803

D 0.000306 0.0003033 0.0005831

A 179.9 55.76 691 NA NA NA

A 19034  158.1

A 169.9 59.2

E 0.00533

NA

0.007074

NA

461.3

645.2

0.00533

NA

A 513 457. I

A 280900  156900

,1007

925600

E 0.0237

A 0.0002760

0.0237

0.0001186

0.0356600

0.0010061

A 1.787 1.66

A 611.3 508.9

A 86.01  81.29

A 20.91 11.16

A 667800  579500

A 1425000653400

A 310.2 245.4

3.125

1378

141.3

70.52

1392000

5099000

756.5

8.36E-09

0.00363

0.0031

NA

7.28E-04

3.47E-05

6.55E-04

3.81E-08

0.0044410

0.0042152

NA

1.41 E-03

6.03E-05

1.27E-03

A 1.28E-08

E 0.00363

E 0.0031

NA

D 7.35E-04

D 3.49E-05

A 6.61E-04

E 0.0825 0.0825 0.122 “ A 0.0033426  0.0031828  0.0053260

A 0.763 0.763 0.8791 A 0.01598 0.01485 0.02792

B 0.009292  0.0092920.0174892 A 0.0539400  0.0330400  0.168400

A 3.44E-09 1.38E-09 1.27E-08 D 3.5 lE-05 3.48E-05 6.85E-05

D 2.50E-09 2.48E-09 4.62E-09 D 4.71E-06 4.67E-06 8.81E-06

E 0.000107 0.0001070.0001481 A 0.0225900  0.021068  0.0389100

A 38.45 36.17 64.31

A 63.13 59.57

A 274300 153300

A 64170 42190

A 201600 140100

A 274300 153300

104.4

904200

190300

569900

904200



Table 6.14 Chemical-Specific Parameter  Values Page 2 of 4.
Molecular Molecular

—
Soil/Water  Partition Henry’s  Law Constant

Weight Diffhsivity Coefficient  (L/kg) Vapor  Pressure  (ATM) (unitless)
Chemical (g/mole) (cm2/see) Mean 50% 95% Mean 50V0 95V0 Mean 50’% 95%

Isodrin F 364.9 F 0.407 A 298100 151800  1027000 A 5.84E-08  2.78E-08 2.07E-07 D 0.000306 0.000304 0.000583

Lead F 207.2 F NA A 6386000 3371 2012000 NA NA NA NA NA NA

Mercury F 200.6 F NA A 149.1 115.3 375.8 NA NA NA NA NA NA

Methylene
Chloride F 84.94 F 0.0958 A 14.97 14.13 24.75 c 0.3347 0.327 0.5479 E 0.00236 0.00236 0.0035476

1, 1,2,2-Tetra-
chloroethane  F 167.9 F 0.0958 A 14.97 14.13 24.75 C 0.00725 0.00725  0.0100956 E 0.000415 0.000415  0.0005565

Tetrachloro-
ethylene F 165.9 F 0.00798 A 577.8 457.1 1409 E 0.0207 0.0207 0.0282022 D 0.0185 0.0184 0.0334

Toluene F 92.13 F 0.0736 A 494.5 417.4 1088 C 0.03233330.03285640.0399016 C 0.00625 0.0063042  0.0068655

TCE F 131.4 0.0749 A 455.9 317.4 1287 E 0.0826 0.0826 0.1.27 C 0.0092333 0.0093961 0.0125&17

nna\l  5660.DOC



Table 6.14 Chemical-Specific Parameter  Values Page 3 of 4
RAF Dennal (RfD) RAF Dermal  (CPF) RAF Oral (RID) WF Oral (CPF)

Chemical Mean 50V0 95% Mean 50!40 95% Mean 50?40 95% Mean 50V0 95%

Aldrin

Arsenic

Benzene

Cadmium

Carbon
Tetrachloride

Chlordane

Chloroacetic
Acid

Chlorobenzene

Chloroform

Chromium
(VI)

DDE

DDT

DBCP

1,2-Dichloro-
ethane

1,1 -Dichloro-
ethylene

DCPD

Dieldrin

Endrin

HCCPD

Isodrin

Lead

Mercury

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

0.00291 0.00291  0.00497 B

B

B

B

B

B

B

B

B

B

B

B

0.00291  0.00291  0.00497 B 0.45 0.45

0.71 0.71

0.805 0.805

1 1

0.63 B 0.45

B 0.71

B 0.805

NA

B 0.84

B 0.805

NA

NA

B 0.74

Fl

B 0.805

B 0.805

B 0.84

B 0.84

B 0.84

NA

B 0.8

NA

NA

NA

NA

NA

0.45 0.63

0.71 0.971

0.805 0.9805

NA NA

0.84 0.984

0.805 0.9805

NA NA

NA NA

0.74 0.92

1 1

0.805 0.9805

0.805 0.9805

0.84 0.984

0.84 0.984

0.84 0.984

NA NA

0.8 0.98

NA NA

NA NA

NA NA

NA NA

NA NA

NA

0.775

NA

0.845

0.023

0.845

0.845

0.75

NA

0.022

0.022

0.845

0.845

0.845

0.022

0.0056

0.022

0.058

0.022

NA

NA

NA NA

0.9775

NA

0.971NA

0.775

NA

0.845

0.023

NA

0.845

0.845

NA

0.022

0.022

0.845

0.845

0.845

NA

0.0056

NA NA

0.775 0.9775

NA NA

B

0.775 B 0.9805

NA F 1

0.845

0.023

0.9845

0.041

0.845 0.9845

0.023 0.041

B

B

0.84 0.84

0.805 0.805

0.984

0.9805

0.845

0.845

0.75

0.9845

0.9845

0.93

NA NA

0.845 0.9845

0.845 0.9845

B

B

B

0.84 0.84

0.84 0.84

0.84 0.84

0.984

0.984

0.984

NA

0.022

0.022

0.845

NA

0.04

0.04

0.9845

NA NA

0.022 0.04

0.022 0.04

0.845 0.9845

F

B

B

B

1 1

0.805 0.805

0.805 0.805

NA NA

1

0.9805

0.9805

NA

0.845 0.9845 0.845 0.9845 B NA NA NA

0.845

0.022

0.0056

0.022

0.058

0.022

NA

NA

0.9845

0.04

0.00956

0.04

0.076

0.04

NA

NA

0.845

NA

0.0056

NA

NA

NA

NA

NA

0.9845

NA

0.00956

NA

NA

NA

NA

NA

B

B

B

B

B

B

B

B

0.84

0.805

0.8

0.805

0.805

0.805

0.65

0.545

0.84

0.805

0.8

0.805

0.805

0.805

0.65

0.545

0.984

0.9805

0.98

0.9805

0.9805

0.9805

0.964

0.9545

NA

NA

NA

NA

NA

llna\l 566G.DOC



Table 6.14 Chemical-Specific Parameter  Values Page 4 of 4
RAF Derrnai  (iZfD) WF Derrnal (CPF) RAF Oral (IUD) RAF Oral (CPF)

Chemical Mean 50V0 95% Mean 50V0 95’%0 Mean 50% 95% Mean Sovo 95%

Methylene
Chioride B 0.845 0.845 0.9845 B 0.845 0.845 0.9845 B 0.84 0.84 0.984 B 0.84 0.84 0.984

1, 1,2,2-Tetra-
chloroethane  B 0.845 0.845 0.9845 B 0.845 0.845 0.9845 B 0.84 0.84 0.984 B 0.84 0.84 0.984

Tetrachloro-
ethyiene B 0.845 0.845 0.9845 B 0.845 0.845 0.9845 B 0.84 0.84 0.984 B 0.84 0.84 0.984

Toluene B 0.91 0.91 0.991 NA NA NA B 0.88 0.88 0.988 NA NA NA

TCE B 0.845 0,845 0.9845 B 0.74 0.74 0.92 B 0.84 0.84 0.984 B 0.73 0.73 0.91

(A)
(El)
(c)
(D)
(E)
(F)
(G)

NA

Lognonnal Distribution
Uniform  Distribution
Triangular Distribution
Uniform-Triangular  Distribution
Normal  Distribution
Fixed
The cancer potency factor relative absorption  factor differs from the reference dose relative absorption factor.

Not Applicable

nna\l  S66G.DOC



Table 6.1-5 Summary of Data Sources for PPLV Direct and Indirect  Equation Parametem Page 1 of 3.
Parameter Data Source (s)

Basement  Parameters

Area

Volume

Volume/Area Ratio

Depth

Ventilation  Rate

Time for Air Exchange

Body Weight

Breathing  Rate (BK DINH, RB)

Density  of Arsenal  Soils

Dust Loading  Factor  (CSS)

Henry’s  Law Constant

Molecular Weight

Percent  Organic  in Aquatic Sediments

Professional  Judgment

Professional  Judgment

Professional  Judgment

Professional  Judgment

Commerce City and Denver 1988 Uniform Building  Codes Handbook

Computed as function of ventilation  and basement  volume

OHEA-EPA 1989
—Exposure Factors  Handbook

Professional  Judgment  (EPA 1985)

R.MA-Specific
—Walsh 1988
—SCS 1987

General Literature
RMA-Specific
-Comprehensive Monitoring Program

General Literature

General  Literature

RMA-Specific
—Walsh 1988

Fraction  Organic  Carbon in Soils RMA-Specific
—Walsh 1988

nna\l 564G.DOC



Table 6.1-5 Summary  of Data Sources  for PPLV Direct and Indirect Equation Parameters Page 2 of 3

Parameter Data Source  (s)

Refhge  Worker Time-Dependent  Variables RNIA-Specific  (Shell  1991)
—Shell/Army Refuge Worker  Survey

Relative  Absorption  Factor  (WF)

Derrnal General Literature
OHEA-EPA 1991
—Interim Guidance for Derrnal Exposure  Assessment

Oral General Literature

Respiratory Disposition General Literature
EPA 1982
—Air Quality  Criteria for Particulate  Matter  and Sulfhr  Oxides
(Denver specific  data)

Soil Covering

Soil Ingestion

Soil Moisture  Content

General Literature
Professional  Judgment
OHEA-EPA 1991
—Interim Guidance for Dermal  Exposure  Assessment

General Literature
Professional  Judgment
OSWER-EPA 1991a
—Risk Assessment Guidance  (OSWER Directive)

RM.A-Specific
-Comprehensive  Monitoring  Program
—Remedial  Investigation  for RMA

Soil  Temperature Regional  Annual  Average  Temperature

Soil to Water Partition  Coefficient  (IQ) General Literature
Normalized  to Organic Carbon

rma\l 564G.W



Table 6.1-5 Summary  of Data Sources for PPLV Direct and Indirect  Equation  Parameters Page 3 of 3

Parameter Data Source  (s)

Skin Surface  Area (SX) Professional  Judgment
EPA 1985

Total Soil Porosity Calculated  from soil and particle  density

Vapor  Pressure General  Literature

rndl 564G.DCK



Table 6.1-6 RME Estimates For Acute  Exposure Paae 1 of 1

Commercial Industrial
Parameter  Name Regulated/Casual  Visitom Recreational  Visitors Workers Workers

Soil Ingestion 2-1/2  y 250 mglday 2-1/2  yr 250 mg/day 100 mgklay 100 mg/day

Breathing Rate 2-1/2  yr 4.2 l/rein 2-1/2  yr 8.3 l/rein 4.8 m3/&y 20 m3/day

Dust Load Factor 0.042 mg/m3 0.042 mg/m3 0.021 m#m3 0.042 mg/m3

Pulmonay Retention 0.75 0.75 0.75 0.75

Pulmonary Absorption 1 (100 percent) 1 (100 percent) 1 (100 percent) 1 (100 percent)

Daily Exposure  Period 8 hours 8 hours 8 hours 8 hours

Annual Exposure  Frequency NA NA NA NA NA

Lifetime Exposure  Duration NA NA NA NA NA

Skin Surface Area 2-1/2  yr 2,100 cm2 2-lf2yr 2,100 cm2 1,120 Cm* 3JO0 cm2

Soil Covering 0.51 mg/cm2 0.51 m#cm2 O.11 mg/cm2 1.5 mg/cm2

Soil Matrix Factor 1.0 1.0 1.0 1.0

Dermal Absorption 0.01 (metals) 0.01 (metals) 0.01 (metals) 0.01 (metals)

0.10 (organics) 0.10 (organics) 0.10 (organics) 0.10 (organics)

Body Weight Child:  loth percentile(M&F)i  Child:  Ioth percentile@l&F)i Adult:  70 kg Adult: 70 kg

PA Not Applicable.
Determined tlom the average of the male and faale loth percentile bodyweights  as summa-id  in OHEA-EPA  (1989).

rma\l 605 G.DOC



Table 6.1-7 RME Estimates For Subchronic Excmsure Paae 1 of 1

Commercial Industrial
Parameter  Name Regulated/Casual  Visitors Recreational  Visitors Workers Workers

Soil Ingestion

Breathing Rate

Dust Load Factor

pulmonary  Retention

pulmonary  Absorption

Daily Exposure Period

Annual Exposure Frequency

Lifetime  Exposure Duration

Q-Factor

Skin  Surface Area

Soil Covering

Soil Matrix Factor

Dermal  Absorption

Body Weight

2-1/2  yr 250 mg/day 2-1/2 yr 250 mg/day
6yr 250 mg/day 6yr 250 mg/day

2-1/’2 yr 4.2 I/rein 2-1/’2 yr 8.3 Vmin
6yr 13.3 Vmin 6yr 20.3 I/rein

0.042 mg/m3 0.042 m#m3

0.75 0.75

1 (100 percent) 1 (100 percent)

8 hours 8 hours

108 day/year 108 dayslyear

7 years 7 years

7 years 7 years

2-1/2  y 2,100 cm2 2-lf2 yr 2,100 cm2
6yr 2,500 cm2 6yr 2,500 cm2

0.51 mg/cm2 0.51 mg/cm2

1.0 1.0

0.01 (metals) 0.01 (metals)
0.10 (organics) 0.10 (organics)

Child:  I&h Percentile(M&F)’  Child:  loth percentik(M&F)l

100 mg/day

4.8 m3/day

0.021 m#m3

0.75

1 (100 percent)

8 hours

253 dayslyear

7 yearn

7 years

l,120cm2

O.11 mg/cm2

1.0

0.01 (metals)
0.10 (organics)

Adult 70 kg

100 mgklay

20 m3/day

0.042 mg/m3

0.75

1 (loo percent)

8 hours

253 dayS/y~

7 years

7 years

3,200 cm2

1.5 m@n2

1.0

0.01 (metals)
0.10 (organics)

Adult: 70 kg

PA Not Applicable.
Determined h the average of the male and female  loth Percentile  bodyweights  as summarized  in OHEA-EPA  (1989).

nna\1604G.DOC
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Table 6.1-6 Carcinogenic  Dose-Response Data Page 1 of 2
Cancer Slope Carcinogenic

Weight of Evidence Exposure Factor Dose for 104 risk
Chemical Classification Route (mg/kg/day) (m@kg-day)

Aldrin B2 1.7E+01 5.90E-08

Arsenic A

Benzene A

Cadmium B1

Carbon Tetrachloride B2

Chlordane B2

Chloroacetic  Acid NE3

Chlorobenzene D

Chloroform B2

Chromium  (VI) A

DBCP B2

DCPD NE

DDE B2

DDT B2

1,2-Dichloroethane B2

1, l-Dichloroethylene c

Dieldrin B2

Endrin D

HCCPD D

Isodrin NE

Lead B2

Mercury D

Methylene  Chloride B2

1, 1,2,2-Tetrachloroethane c

Tetrachloroethy  lene B2

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

oral
Inhalation

Oral
Inhalation

oral
Inhalation

oral
Inhalation

oral

1.7E+01
1.75E+O0
1.5E+01

2.90E-02
2.90E-02

NA2
6.30E+O0
1.30E-01
5.25E-02
1.30E+O0
1.30E+O0

NA
NA

6. 1OE-O3
8.00E-02

NA
4.20E+01
1.40E+O0
2.40E-03

NA
NA

3.40E-01
3.40E-014
3.40E-O 1
3.40E-01
9. 1OE-O2
9. 1OE-O2
6.00E-01
1 .80E-01

1 .60E+01
1 .60E+01

NA
NA
NA
NA

7.50E-03
1.60E-03
2.00E-O 1
2.00E-O 1
5. 1OE-O2

Inhalation ) .80E-03

5.90E-08
5.70E-07
6.70E-08
3.40E-05
3.40E-05

NA
1.60E-07
7.70E-06
1.90E-05
7.70E-07
7.70E-07

NA
NA

1 .60E-04
1.20E-05

NA
2.40E-08
7. 1OE-O7
4.20E-04

NA
NA

2.90E-06
2.90E-06
2.90E-06
2.90E-06
1.IOE-05
1.1 OE-O5
1.70E-06
5.70E-06
6.20E-08
6.20E-08

NA
NA
NA
NA

1.30E-04
6. 1OE-O4
5.00E-06
5.00E-06
2.00E-05
5.50E-04

HIW1507G.J)OC



Table 6.1-6 Carcinogenic  Dose-Response Data Page 2 of 2
Cancer Slope Carcinogenic

Weight  of Evidence Exposure Factor Dose for 104 risk
Chemical Classification Route (mg/kg/day) (mgkg-day)

Toluene D

TCE B2 oral 1. 1OE-O2 9. IOE-05
Inhalation 5.90E-03 1.70E-04

1 A= Human  mrcinogen.
B1/B2 = Robable human carcinogen.
B1 = Indicates  limited human  data are available.
B2 = Indicates  tilcient evidence  in animals  and inadquate  or no evidence  in humans.
c = Possible  human carcinogen.
D = Not classifiable  as a carcinogen.

2 NA denotes Not Applicable.
3 NE denotes no Weight  of Evidence  Classification  Assigned.
4 Inhalation  cancer slope factor for DDE not available.  Value shown is direct extrapolation  born oral pathway.

.
rmd1507G.DoC
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Table 6.1-9 Chronic Noncarcinogenic Dose-Response Data Page 1 of 2
Chronic  RtD

Chemical Route  of Exposure (mgkg-day)
Aldrin oral 3.00E-05

Inhalation 3.00E-05*

Asenic oral
Inhalation

3.00E-04
3.00E-041

NA2
NA

Benzene

Cadmium

Carbon Tetrachloride

Chlordane

oral
Inhalation

Oral, water
Oral, food

5.00E-04
1.00E-03

NA
7.00E-04
7.00E-041

oral
Inhalation

oral
Inhalation

6.00E-05
6.00E-051

Chloroacetic  Acid 2.00E-03
2.00E-031

2.00E-02
5.00E-03

Chlorobenzene oral
Inhalation

Chloroform oral
Inhalation

1.00E-02
1.00E-021

Chromium  (VI)

DBCP

oral
Inhalation

5.00E-03
6.00E-07

Oral

Inhalation
2.00E-04
6.00E-053

DCPD

DDE

DDT

oral
Inhalation

oral
Inhalation

3.00E-02
6.00E-05

NA
NA

oral
Inhalation

5.00E-04
5.00E-041

1 ~-Dichloroethane oral
Inhalation

NA
NA

1,1 -Dichloroethylene

Dieldrin

oral
Inhalation
Oral
Inhalation

9.00E-03
9.00E-031
5.00E-05

5.00E-05  1
Endrin

HCCPD

oral
Inhalation

3.00E-04
3.00E-041

oral
Inhalation

7.00E-03
2.00E-05

Isodrin oral
Inhalation

7.00E-05
7.00E-05

nntil 508G.DOC



Table 6.1-9 Chronic  Noncarcinogenic Dose-Response Data Page 2 of 2
Chronic  RfD

Chemical Route  of Exposure (mgfkg-day)
Lead oral 1.40E-03

Inhalation 4.30E-04

Mercury oral 3.00E-04
Inhalation 9.00E-053

Methylene  Chloride oral 6.00E-02
Inhalation 8.60E-01

1, 1,2,2-Tetrachloroethane oral NA
Inhalation NA

Tetrachloroethylene oral 1.00E-02
Inhalation 1.00E-02 1

Toluene oral 2.00E-01
Inhalation I.1OE-O1  3

TCE oral NA
Inhalation NA

I
Inhalation RfD  for chemical not available.  Value shown is direct extrapolation flom oral pathway.

2 NA denotes Not Available.
3 Inhalation  RfD extrapolated from MC, assuming  inhalation  of 20 cubic meterdday  and body weight of 70 kg.

nna/1508G.IX)C



Table 6.1-10 D~ Values For Acute and Subchronic  Exposure Page 1 of 3

Acute Subchronic

D@JG DJNH DJNG DJNH
Contaminant (m#kg-day) (mg/lcgday) (mgkgday) (mg/kg-day)

Aldri.n

Arsenic

Atrazine

Benzene

Benzothiazole

BCHPD

Cadmium

Carbon tetrachloride

Chlordane

Chloroacetic  acid

Chlorobenzene

Chlorofom

CPMS

Chlorophenylrnethyl  sulfoxide

CPMSOZ

Chromium VI

Copper

DBCP

DDE

DDT

1,1 -Dichloroethane

1 J-Dichlorethane

1,1 -Dichlorethylene

1 J-Dichloroethylene

DCPD

Dieldrin

DIMP

Di.methyl  disulfide

Dimethylrnethyl  phosphonate

1.OE-04

8.OE-03

1.OE-02

NA

NA

NA

4.OE-03

4.OE-01

6.0E-03

NA

2.OE-01

1 .8E-01

NA

NA

NA

1.OE-01

NA

5.OE-03

NA

5.OE-04

NA

NA

2.OE+OO

NA

NA

1.OE-04

8.OE-O 1

NA

NA

1.OE-04

2.9E-04

1 .OE-02

NA

NA

NA

1.4E-01

1.8E-01

6.OE-03

NA

2.OE-01

4.3E-01

NA

NA

NA

1.OE-01

NA

5.OE-03

NA

5.OE-04

NA

NA

1.OE+OO

NA

NA

1.0E-04

8.OE-01

NA

NA

1.OE-04

1.OE-03

5.OE-03

NA

NA

NA

5.OE-04

7.OE-03

6.OE-05

2.0E-02

2.OE-01

1.OE-02

NA

NA

NA

2.0E-02

NA

NA

NA

5.OE-04

1.OE+OO

NA

9.0E-03

1.OE-01

3.OE-01

1.OE-04

8.OE-01

NA

NA

1 .OE-04

2.9E-04

5.OE-03

NA

NA

NA

5.OE-04

2.7E-02

1.4E-04

2.OE-02

5.OE-02

6.8E-03

NA

NA

NA

5.7E-06

NA

NA

NA

5.OE-04

1.OE+OO

NA

2.3E-02

1.OE-01

6.OE-04

1.OE-04  -

8.OE-01

NA

NA

nM\l 588GDOC



Table 6.1-10 D~ Valuea For Acute and Subchronic  Exposure Page 2 of 3

Acute Subchronic

D@JG D@H D#NG D@JH
Contaminant (mglkg-&y) (mgkg-day) (mg/kgday) (mg/kgday)

Dithiane

Endrin

Ethylbenzene

Fluoroacetic  acid

HCCPD

Isodrin

Isopropylmethyl  phosphoric acid

Isopropylmethyl  phosphonate

Lead

Lewisite

Lewisite  oxide

Malathion

Mercury(inorganic)

Methylene  chloride

Methyl  isobutyl  ketone

NINA

1 ,4-Oxathiane

Parathion

swirl

Sulfhr  mustard

Supona

1,1 ~~-Tetrachloroethane

Tetrachloroethylene

‘Iliodiglycol

Toluene

1,1,1 -Trichloroethane

1,1 ~-Trichloroethane

TCE

Vapona

NA

2.OE-03

3.OE+OO

NA

NA

NA

NA

NA

NA

NA

NA

2.OE-02

2.OE-01

1.OE+OO

NA

NA

NA

NA

NA

NA

NA

NA

2.OE-01

NA

2.OE+OO

1.OE+O1

6.OE-02

2.4E+O0

NA

NA

2.OE-03

3.OE+OO

NA

NA

NA

NA

NA

NA

NA

NA

2.OE-02

2.OE-01

4.9E+O0

NA

NA

NA

NA

NA

NA

NA

NA

1.9E+O0

NA

4.3E+O0

4.OE-01

4.OE-02

4.3E-01

NA

NA

5.OE-04

1.OE+OO

NA

7.OE-02

NA

NA

NA

NA

NA

NA

2.OE-02

3.OE-04

6.OE-02

5.OE-01

NA

NA

6.OE-03

NA

NA

NA

NA

1.OE-01

NA

2.OE+OO

9.OE-01

4.OE-02

2.5E+O0

NA

NA

5.OE-04

2.8E-01

NA

2.OE-04

NA

NA

NA

NA

NA

NA

2.OE-02

8.5E-05

8.5E-01

2.OE-01

NA

NA

6.OE-03

5.7E-07

NA

NA

NA

1.7E-01

NA

5.7E-01

2.8E+O0

4.0E-02

2.5E+O0

NA

ma\ I 588GD0C



Table 6.1-10 D~ Valuea For Acute and Subchrordc Exposure Page 3 of 3

Acute Subchronic

D@IG DJNH D@G D@H
Contaminant (mg/kg-day) (m@g-day) (m@lcg-day) (mgkgday)

M-xylene 4.OE+OO 4.OE+OO 4.OE+OO 1.OE+OO

O,pXylene 4.OE+OO 4.OE+OO 4.OE+OO 8.5E-02

zinc NA NA 2.OE-01 2.OE-01

NA Dose-response data not available  tim EPA.
Il@G Allowable  dose for ingestion
DJNG  Allowable  dose for inhalation

Ima\l 5ffiJx)c



Table 6.1-11 Summary  of Chronic  Cumulative  Direct Soii PPLVS for the 5th Percentile’2 Page 1 of 1

Receptor-Specific Soil PPLVS  (Units: m@g)

Economic Development
open Spaec Populations Populations

Biological Regulated Recreational Industrial Commercial
Chemical Worker Casual Visitor Visitor Worker Worker

Akhin

Benzene

Carbon  Tetrachloride

Chlordane

Chloroacctic  Acid*

Chlorobenzcne*

Chloroform

DDE

DDT

DBCP

1,2-Dichloroethane

1,1 -Dichloroethylene

DCPD*

Dicldnn

Endrin*

HCCPD*

Isodrin*

Methylene Chloride

1, 1,2,2-Tetrachloroethane

Tebachloroethylene

Toluene*

TCE

Metals (Indicator Leve13)

Arsenic (IL = 10 ppm, >driving PPLV)

Cadmium  (IL = 2.0 ppm)

Chromium  (IL =40 ppm, >driving PPLV)

Lead* (IL =40 ppm)

Mercury* (IL = 0.1 ppm)

7.16E-01

1.18E+01

2.51E+Q0

3.72E+O0

1.01E+02

9.66E+02

4.82E+01

1.25E+01

L35E+01

2.OIE-01

3.23E+O0

5o16E41

3.69E+03

4*14E-01

2.32E+02

1.06E+03

5.24E+01

3.53E+01

1.4SE+O0

5.43E+O0

9.46E+03

2.84E+01

4.17E+O0

5.OIE+O1

7.52E+O0

2.17E+03

5.74E+02

1.16E+OI

5.76E+OI

1.32E+01

5.39E+01

8.13E+02

6.95E+03

3.23E+02

1.77E+02

1.51E+02

1.17E+O0

1.74E+OI

2.82E+O0

6,11E+04

6.45E+O0

2.99E+03

1.47E+04

6.43E+02

2.06E+02

1.94E+O0

3.57E+01

6.48E+04

1.78E+02

7.91E+01

8.55E+02

1.29E+02

4.77E+04

9.85E+03

3.29E+O0

1.30E+01

2.69E+O0

1.09E+01

2.34E+02

2.55E+03

8.91E+01

3.05E+OI

3.60E+01

2.52E-01

3.75E+O0

7.33E-01

2.91E+04

1.96E+O0

8.65E+02

6. 16E+03

2.15E+02

4.58E+01

9.61E+O0

6.26E+O0

2.11E+04

3.98E+01

3.68E+01

2.17E+02

3.28E+OI

2.65E+04

5.49E+03

3.02E+O0

1.04E+01

2.33E+O0

7.58E+O0

7.71E+01

8.4SE+02

4.84E+01

1.87E+01

3.61E+01

2.36E-01

3.39E+O0

5.21E-01

6.65E+03

1.40E+O0

3. 18E+02

1.78E+03

7.39E+01

4.43E+01

1.49E+O0

5.87E+O0

7.22E+03

2.90E+01

2.60E+01

2. 12E+02

3.23E+01

4.46E+03

1.24E+03

4.71E+O0

2.26E+02

5.14E+01

2.66E+01

1.88E+03

1 .68E+04

1.11E+03

1.26E+02

9.58E+01

4.51E+O0

7.07E+01

1.02E+01

5.83E+04

2.54E+O0

1. 12E+03

) .67E+04

2.51E+02

7.78E+02

3.31E+01

1.30E+02

1.38E+05

6.27E+02

2.60E+OI

1.87E+03

2.36E+02

7.06E+03

1.35E+03

● Denotes  a noncarcinogen. No asterisk  denotes PPLV  based  on carcinogenic slope factors for both oral and inhalation pathways.
1 Cumulative direct PPLVS  represent a cancer risk level of 104 for carcinogens; the PPLV at a 104 cancer risk is 100 times higher than the

values shown in this table. Values in bold face represent the driver PPLVS  for the corresponding receptor population.
1 Summaries of dominant exposure pathways comprising the cumulative (5th percentile) direct PPLV  are provided in Appendix Section B.4. 1

of the IEA/RC  repcm for each receptor population evaluated  (Appendix  Tables B.4. 1-1 through B.4. 1-5). As shown  in these tables, the
majority of PPLVS  listed above reflect the carcinogenic endpoint. Also, for most chemicals, dennal absorption was the driver exposure
pathway.  The only executions were catai.n OCPs  (ahirin, DDE, endrin,  and isodrin), for which soil ingestion was the driver pathway, and
metals, for which ingestion or inhalation pathways were drivers.

3 Indicator level is the assumed background concentration for the inorganic COCS.

nna\1567G.lXX



Table 6.1-12 Summary  of Chronic  Cumulative  Direct Soil PPLVS for the 50th Percentile’  Page 1 of 1

Receptor-Specific Soil PPLVS (Units:  mgkg)

Economic Development
open space  Populations Populations

Biological Regulatd/ Recreational Industrial Commercial
Chemical worker Casual Visitor Visitor worker worker

Aldrin

Benzene

Carbon Tetrach]onde

Chlordanc

Chloroacetic Acid*

Chlorobenzene*

Chloroform

DDE

DDT

DBCP

1,2-Dichloroethane

1,1 -Dichloroethylene

DCPD*

Dieldrin

Endrin*

HCCPD*

Isodrin*

Methylene Chloride

1, 1,2,2-Tetrachloroethane

Tetrachloroethy lene

Toluene*

TCE

Metals (Indicator Leve12)

Arsenic (IL = 10 pp~ >driving PPLV)

Cadmium  (IL = 2.0 ppm)

Chromium  (IL =40 ppm, >driving PPLV)

Lead* (IL =40 ppm)

Mercuy* (IL= 0.1 ppm)

4.27E+O0

3.43E+01

7.69E+O0

1.97E+01

2. 19E+02

2. 19E+03

1.91E+02

7.13E+01

6.49E+01

7.24E-01

1.07E+01

1.57E+O0

8.12E+03

2.45E+O0

6.42E+02

2.22E+03

1.48E+02

1.27E+02

5.16E+O0

1.92E+01

2.04E+04

1.03E+02

2.64E+01

3.1 OE+O2

4.72E+01

7.22 E+03

1.80E+03

1. 10E+O2

6.21E+02

1.28E+02

3.30E+02

2.84E+03

2.88E+04

3.08E+03

1.28E+03

1.29E+03

1.24E+OI

1.88E+02

2.94E+OI

2. 17E+05

5.73E+01

1.28E+04

6. 12E+04

2.67E+03

2.04E+03

9.04E+01

3.64E+02

1.74E+05

1.84E+03

9.38E+02

1.24E+04

1.89E+03

2.37E+05

6.82E+04

9.43E+01

3.26E+02

6.75E+01

2.35E+02

1.31E+03

1.28E+04

1.66E+03

8. 10E+O2

1.01E+03

6.21E+O0

9.14E+01

1.52E+01

2.09E+05

4.81E+OI

6.72E+03

4.05E+04

1.56E+03

1. 19E+03

4.55E+01

1.86E+02

9.02E+04

8.83E+02

9.02E+02

1.36E+04

2. 16E+03

2. 18E+05

6.81E+04

1.52E+01

1.04E+02

1.94E+01

5.03E+01

1.67E+02

1.61E+03

4.58EU)2

1.95E+02

2.20E+02

1.89E+O0

2.99E+01

4.53E+O0

1.66E+04

8.42E+O0

6.81E+02

6.80E+03

1.55E+02

3.51E+02

1.32E+01

5.33E+01

1.46E+04

2.79E+02

1.38E+02

2.34E+03

3,56E+02

1 .68E+04

4.35E+03

3.89E+01

1.53E+03

3.05E+02

2.53E+02

2.60E+03

2.50E+04

7.48E+03

8.22E+02

9.01E+02

2.89E+01

3.99E+02

6.83E+01

1.33E+05

2.27E+OI

3.41E+03

3.32E+04

7.76E+02

5.32E+03

1.97E+02

7.51E+02

1.76E+05

4.62E+03

2.44E+02

2.19E+04

4.21E+03

2.40E+04  -

5.96E+03

● Denotes  a noncarcinogen. No asterisk denotes PPLV  based  on carcinogenic slope factors for both oral and inhalation pathways.
1 Cumulative direct PPLVS  represent a cancer risk level of 104 for carcinogens; the PPLV  at a 10+ cancer risk is 100 times higher than the

values shown in this table. Values in bold face represent the driver PPLVS  for corresponding receptor population.
2 Indicator level is the assumed  background um.entration  for the inorganic COCS.
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Table 6.1-13 SummaW  of 5th Percentile  Direct Sinqle-Pathwav PPLVS for the Biolo~ical  Worker’ Page 1 of 1

Derrnal Absorption Cumulative  Direct Cumulative  Direct
Chemical  Name Soil Ingestion  SPPLV Soil  Inhalation  SPPLV SPPLV PPLV-CARC2 PPLV-NONCARC2
Aldrin 7.64E-01 9.56E+01 1.30E+01 7.16E-01 7.12E+01
Benzene
Carbon  Tetrachloride
Chlordane
Chloroacetic  Acid
Chlorobenzene
Chloroform
DDE
DDT
DBCP
1,2-Dichloroethane
1,1 -Dichloroethylene
Dicyclopentadiene
Dieldrim
Endrin
Hexachlorocyclopentadiene
Isodrin
Methylene  Chloride
1, 1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
Trichloroethylene
Arsenic
Cadmium
Chromium
Lead
Mercury

1.29E+02
8.14E+01
2.71E+01
3.98E+03
4. 12E+04
4.58E+03
1.96E+01
3.02E+OI
2.96E+O0
1.13E+02
1.84E+01
3.72E+04
5.90E-01
2.43E+02
9.74E+03
1.02E+02
9.5 1E+02
2.30E+01
6.05E+02
4.69E+05
1.41E+03
4.36E+O0
3.47E+04
3.47E+05
2.22E+03
6.24E+02

1.02E+04
1.20E+04
7. 18E+02
3.74E+05
9.36E+05
1. 12E+04
1.88E+03
1.84E+03
1.27E+05
6.97E+03
3.61 E+03
4.24E+03
4.02E+01
3.76E+04
1.41E+03
4.42E+03
3.95E+05
1.5 1E+03
5.13E+05
1 .00E+06
1.08E+05
9.56E+01
5.OIE+O1
7.52E+O0
9.28E+04
7. 17E+03

1.30E+01
2.59E+O0
4.34E+O0
1.04E+02
9.91E+02
4.90E+01
3.53E+01
2.47E+01
2.16E-01
3.32E+O0
5.31 E-01
1.20E+05
1.43E+O0
6.47E+03
7.48E+03
1. 10E+O2
3.66E+OI
1.55E+O0
5.48EH0
9.75E+03
2.90E+01
0.00E+OO
0.00E+OO
0.00E+OO
0.00E+OO
0.00E+OO

1.18E+01
2.51E+O0
3.72E+O0

NA
NA

4.82EWI
1.25E+01
1.35E+01
2.OIE-01
3.23E+O0
5.16E-01

NA
4.14E-01

NA
NA
NA

3.53E+01
1.45E+O0
5.43E+O0

NA
2.84E+01
4. 17E+O0
5.OIE+O1
7.52E+O0

NA
NA

NA
3.63E+OI
5.51E+01
1.01E+02
9.66E+02
4.41 E+02

NA
4.09E+02
9.75E+O0

NA
4.52E+02
3.69E+03
5.77E+01
2.32E+02
1.06E+03
5.24E+01
3.11E+03

NA
5.47E+02
9.46E+03

NA
4.76E+02
5.29E+02
3.87E+01
2.17E+03
5.74E+02

I Values reported as mg/kg. Values are 5th percentile PPLV$ based on a 104 risk level for carcinogens, and an HI of 1.0 for noncarcinogens.  Values in bold face represent
the driver exposure  pathway.

2 Where a chemical is both a carcinogen (CARC) and noncarcinogen (NONCARC), the single-pathway PPLVS summarized represent the carcinogenic endpoint
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Table 6.1-14 Summary  of 5th Percentile  Direct Single-Pathway  PPLVS for the Recreational  Visftor’ Page 1 of 1

Dermal  Absorption Cumulative Direct Cumulative Direct
Chemical Name Soil Ingestion  SPPLV Soil Inhalation  SPPLV SPPLV PPLV-CARC2 PPLV-NONCARC2
Aldrin 6.36E+O0 4.79E+02 6.93E+O0 3.29E+O0 4.63E+02
Benzene
Carbon Tetrachloride
Chlordane
Chloroacetic  Acid
Chlorobenzene
Chloroform
DDE
DDT
DBCP
1,2-Dichloroethane
1,1 -Dichloroethylene
Dicyciopentadiene
Diekh-in
Endrin
Hexachlorocyclopentadiene
Isodrin
Methylene  Chloride
1, 1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
Trichloroethylene
Arsenic
Cadmium
Chromium
Lead
Mercuw

5.74E+03
3.29E+03
5.14E+OI
5.30E+04
6.36E+05
8.26E+04
4.48E+02
7.98E+02
1.50E+02
5.57E+03
5.05E+OI
3.85E+05
3.48E+01
9.83E+03
7.88E+04
2.02E+03
2. 17E+04
2.70E+03
9.93E+03
1 .00E+06
2.06E+04
6.16E+01
3.96E+04
3.96E+05
2.75E+04
5.91 E+03

8.62E+04
1.9 I E+05
5.67E+02
1 .00E+06
I .00E+06
1.21 E+05
7.35E+03
1.93E+04
1 .00E+06
1.11E+05
5.65E+03
4.49E+04
6.24E+02
1.43E+05
1.50E+04
1.07E+05
1 .00E+06
5.03E+04
1 .00E+06
1 .00E+06
4.3 IE+05
9.15E+OI
2. 19E+02
3.28E+01
7.08E+05
7.70E+04

1.30E+01
2.69E+O0
1.41E+01
2.35E+02
2.56E+03
8.39E+OI
3.29E+OI
3.78E+01
2.52E-01
3.75E+O0
7.44E-01
1.05E+05
2.08E+O0
9.55E+02
1.21E+04
2.41 E+02
4.59E+01
1.94E+O0
6.27E+O0
2.21E+04
3.99E+01
00.OE+OO
00.OE+OO
00.OE+OO
00.OE+OO
00.OE+OO

1.30E+0  1
2.69E+O0
1.09E+01

NA
NA

8.91E+01
3.05E+01
3.60E+01
2.52E-01
3.75E+O0
7.33E-01

NA
1.96E+O0

NA
NA
NA

4.58E+01
9.61E+O0
6.26E+O0

NA
3.98E+01
3.68E+OI
2. 17E+02
3.28E+01

NA
NA

NA
8.65E+01
1.59E+02
2.34E+02
2.55E+03
1. 17E+03

NA
1.62E+03
2.32E+01

NA
1.06E+03
2.91E+04
4.70E+02 4
8.65E+02
6. 16E+03
2. 15E+02
7.30E+03

NA
1.28E+03
2.11E+04

NA
5.84E+03
6.53E+03
3.55E+02
2.65E+04
5.49E+03

I Values reported as mg/kg. Values are 5th percentile PPLVS,  based on a 104 risk level for carcinogens, and an HI of 1.0 for noncarcinogens.  Values in bold face represent
the driver exposure  pathway.

2 Where a chemical is both a carcinogen (CARC) and noncarcinogen (NONCARC), the single-pathway PPLVS  summarized represent  the carcinogenic endpoint.
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Table 6.1-15 Summary of 5th Percentile  Direct Singie-Pathway  PPLVS for the ReguIated/Casuai Visitor’ Page 1 of 1

Dermal  Absorption Cumulative Direct Cumulative Direct
Chemical Name Soil Ingestion SPPLV Soil Inhalation  SPPLV SPPLV - PPLV-CARC2 PPLV-NONCARC2
Aidrin 2.32E+OI 3.68E+02 2.48E+01 1.16E+OI 1.09E+03
Benzene
Carbon Tetrachloride
Chlordane
Chloroacetic  Acid
Chiorobenzene
Chiorofonn
DDE
DDT
DBCP
1,2-Dichloroethane
1,1 -Dichioroethyiene
Dicyciopentadiene
Dieidrin
Endrin
Hexachiorocyclopentadiene
Isodrin
Methylene  Chloride
1, 1,2#-Tetrachloroethane
Tetrachloroethylene
Toluene
Trichloroethylene
Arsenic
Cadmium
Chromium
Lead
Mercury

4.05E+03
1. 17E+03
2.91E+02
5.62E+04
7.37E+05
2.34E+04
3.66E+02
1.11E+03
7.20E+01
1.24E+03
2.05E+02
I .00E+06
9.24E+O0
1.15E+04
2.48E+05
3.04E+03
1.33E+04
5.74E+02
2.52E+03
1 .00E+06
1.25E+04
1.03E+02
2.90E+04
1 .00E+06
5.01E+04
1.05E+04

1.36E+05
9.73E+04
5.99E+03
1 .00E+06
1 .00E+06
7.49E+04
1. 16E+04
1.56E+04
1 .00E+06
4.40E+04
2.28E+04
7.81 E+04
3. 17E+02
3.43E+05
2.24E+04
3.27E+05
1 .00E+06
2.00E+04
1 .00E+06
1 .00E+06
6.80E+05
3.43E+02
8.80E+02
1.29E+02
1 .00E+06
1.58E+05

5.85E+01
1.34E+OI
6.69E+01
8.25E+02
7.07E+03
3.29E+02
3.52E+02
1.77E+02
1.19E+O0
1.77E+OI
2.86E+O0
3.91E+05
2.28E+01
4.09E+03
5.18E+04
8.17E+02
2.09E+02
9.78E+O0
3.62E+01
7.44E+04
1.80EM)2
0.00E+OO
0.00E+OO
0.00E+OO
0.00E+OO
0.00E+OO

5.76E+01
1.32E+01
5.39E+01

NA
NA

3.23E+02
1.77E+02
1.5 1E+02
1. 17E+O0
1.74E+01
2.82E+O0

NA
6.45E+O0

NA
NA
NA

2.06E+02
1.94E+O0
3.57E+01

NA
1.78E+02
7.91E+01
8.55E+02
1.29E+02

NA
NA

NA
2.86E+02
5.82E+02
8.13E+02
6.95E+03
4.41 E+03

NA
5.89E+03
7.76E+01

NA
3.49E+03
6. 11E+04
9.39E+02
2.99E+03
1.47E+04
6.43E+02
2.37E+04

NA
3.82E+03
6.48EW4

NA
9.97E+03
1.30E+04
7.38E+02
4.77E+04
9.85E+03

1 Values  reported as mg/lcg. Values are 5th percentile PPLVS,  based on a 104 risk level for carcinogens, and an HI of 1.0 for noncarcinogens.  Values in bold face represent
the driver exposure  pathway.

2 Where a chemical is both a carcinogen (CARC) and noncarcinogen (’NONCARC), the single-pathway PPLVS summarized represent the carcinogenic endpoint.
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Table 6.1-16 Summa~ of 5th Percentile  Direct Single-Pathway PPLVS for the Industrial  Worker’ Page 1 of 1

Dermal  Absorption Cumulative  Direct Cumulative  Direct
Chemical Name Soil Ingestion  SPPLV Soil Inhalation  SPPLV SPPLV PPLV-CARC2 PPLV-NONCARC2
Al&in
Benzene
Carbon Tetrachloride
Chlordane
Chloroacetic  Acid
Chlorobenzene
Chloroform
DDE
DDT
DBCP
1,2-Dichloroethane
1,1 -Dichloroethylene
Dicyclopentadiene
Dieldrin
Endrin
Hexachlorocyclopentacliene
Isodrirl
Methylene  Chloride
1, 1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
Trichloroethylene
Arsenic
Cadmium
Chromium
Lead
Mercury

si96E+o0
3.25E+03
8.19E+02
1.04E+02
5.99E+04
5.77E+04
1.52E+04
6.58E+01
3.49E+02
6.98E+01
1. 12E+03
1. IOE+02
3.60E+05
8.94E+O0
4.78E+03
1.71E+05
1.62E+03
1.53E+04
5.42E+02
2.39E+03
1 .00E+06
2. 19E+03
3.03E+01
1.28E+04
1.28E+05
4.60E+03
1.43E+03

1.29E+02
7.59E+04
2. 18E+04
3.06E+03

6.82 E+O05
1 .00E+06
2.68E+04
3.57E+03
6.48E+03
4.81E+05
1.26E+04
1.25E+04
7.84E+03
9.1 OE+OI
2.22E+05
2.38E+03
8.32E+03
6.99E+05
1. 12E+04
6.30E+05
1 .00E+06
2.09E+05
1.83E+02
2.15E+02
3.23E+01
1.52E+05
8.95E+03

4.50E+O0
1.04E+OI
2.33E+O0
8.20E+O0
7.72E+01
8.58E+02
4.87E+01
2.64E+01
4.06E+01
2.37E-01
3.40E+O0
5.23E+01
4.95E+04
1.69E+O0
3.41E+02
7.44E+03
7.82E+01
4.44E+01
1.49E+O0
5.88E+O0
7.32E+03
2.94E+OI
0.00E+OO
0.00E+OO
0.00E+OO
0.00E+OO
0.00E+OO

3.02E+O0
1.04E+01
2.33E+O0
7.58E+O0

NA
NA

4.84E+01
1.87E+01
3.61E+OI
2.36E-01
3.39E+O0
5.21E-01

NA
1.40E+O0

NA
NA
NA

4.43E+01
1.49E+O0
5.87E+O0

NA
2.90E+OI
2.60E+01
2.12E+02
3.23E+OI

NA
NA

1. 19E+02
NA

2.96E+OI
6.23E+01
7.71E+01
8.45E+02
3.73E+02

NA
4.70E+02
7.99E+O0

NA
3.28E+02
6.65E+03
1.06E+02
3. 18E+02
1.78E+03
7.39E+OI
2.25E+03

NA
4.05E+02
7.22E+03

NA
8.67E+02
1.05E+03
7.30E+01
4.46E+03
1.24E+03

I Values reported  as mg/kg. Values are 5th percentile PPLVS based on a !04 risk level for carcinogens,  and an HI of 1.0 for noncarcinogens.  Values  in bold f= represent
the driver exposure  pathway.

2 Where a chemical is both a carcinogen  (CARC) and noncarcinogen (NONCARC),  the single-pathway PPLVS  summarized  represent the carcinogenic endpoint.
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Table 6.1-17 Summary  of 5th Percentile  Direct Single-Pathway PPLVS for the Commercial  Worker’ Page 1 of 1

Derrnal Absorption Cumulative Direct Cumulative Direct
Chemical Name Soil Ingestion  SPPLV Soil Inhalation SPPLV SPPLV PPLV-CARC2 PPLV-NONCARC2
Aidrin 4.81E+O0 5.76E+03 2.43E+02 4.71E+O0 2.04E+02
Benzene
Carbon Tetrachloride
Chlordane
Chioroacetic  Acid
Chlorobenzene
Chloroform
DDE
DDT
DBCP
1,2-Dichioroethane
1,1 -Dichloroethylene
Dicyclopentadiene
Dieldrin
Endrin
Hexachiorocyclopentadiene
Isodrin
Methylene  Chloride
1, 1,2,2-Tetrachloroethane
Tetrachloroethyiene
Toluene
Trichloroethylene
Arsenic
Cadmium
Chromium
Lead

9.47E+02
1. IIE+03
4.96E+01
1.38E+04
8.24E+04
1.33E+04
1.43E+02
1.06E+02
4.72E+OI
5.78E+02
8.66E+01
9.55E+04
2.58E+O0
1.16E+03
2.02E+05
2.57E+02
6.51E+03
3.20E+02
1.32E+03
1 .00E+06
1. 18E+04
2.61E+01
5.56E+04
6.15E+04
7.1 1E+03

2.36E+05
2.30E+05
1.77E+04
I .00E+06
I .00E+06
9.56E+04
2.83E+05
2.83E+05
1 .00E+06
8.76E+04
4.36E+04
1.79E+05
7.75E+03
1 .00E+06
2.08E+04
4.75E+05
1.00E+06
3.83E+04
1 .00E+06
1 .00E+06
1 .00E+06
8.38E+03  ‘
1.93E+03
3.28E+02
1 .00E+06

2.97E+02
5.40E+OI
5.75E+01
2.19E+03
2.15E+04
1.23E+03
1.07E+03
9.87E+02
4.98E+O0
8.06E+OI
1.16E+OI
9.20E+05
1.75E+02
2.96E+04
1.47E+05
1.09E+04
8.84E+02
3.69E+01
1.44E+02
1.91E+05
6.63E+02
O.OOE+OO
0.00E+OO
0.00E+OO
0.00E+OO

2.26E+02
5.14E+01
2.66E+OI

NA
NA

1.11E+03
1.26E+02
9.58E+01
4.51E+O0
7.07E+01
1.02E+0 1

NA
2.54E+O0

NA
NA
NA

7.78E+02
3.31E+01
1.30E+02

NA
6.27E+02
2.60E+OI
1.87E+03
3.26E+02

NA

NA
6.24E+02
2. 16E+02
1.88E+03
1 .68E+04
8.93EM13

NA
1.92E+03
1.84E+02

NA
7.74E+03
5.83E+04
2.26E+02
1. 12E+03
1.67E+04
2.51 E+02
5.06E+04

NA
8.75E+03
1.38E+05

NA
1.30E+03
1.70E+03
7.82E+02
7.06E+03

Mercury 1.36E+03 2.39E+05 0.00E+OO NA 1 .35 E+03E

1 Values reported as mg/kg. Values are 5th percentile PPLVS based on a 104 risk level for carcinogens, and an HI of 1.0 for noncarcinogens.  Values in bold face represent
the driver exposure  pathway.

2 Where  a chemical is both a carcinogen (CARC) and noncarcinogen (NONCARC),  the single-pathway PPLVS  summarized represent  the carcinogenic endpoint.
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Table 6.1-18 Summary  of Sites with Cm Values  Exceeding  5th Percentile  PPLVS
in Horizon O Page 1 of 1

Number of Sites with Chcrnical-Specific Cm,- Concentrations Exceeding 5th
Percentile PPLVS

Regulated
Biological cd Recreational Industrial

Chcrnica1112 worker Visitor Visitor Visitor Commercial Worker

AMrin

Benzene

Carbon  Tctrachloride

Chlordane

Chloroacetic Acid

Chlorobenzene

Chloroform

DBCP

DCPD

DDE

DDT

1,2-Dichloroethane

1, l-Dichloroethylene

Dieldrin

Endrin

HCCPD

Isodrin

Methylene Chloride

1, 1,2,2-Tetrachloroethane

Tetrachloroethy  lene

Toluene

Trichloroethylene

10

0

0

4

1

0

0

1

0

0

0

0

0

9

2

0

3

0

0

0

0

0

1

0
0

2

0

0

0

1

0

0

0

0

0

2

0

0

0

0

0

0

0

0

1

0

0

0

0

Arsenic 5

Cadmium o

Chromium 5

Lead o

Mercury o

3

0

0

2

1

0

0

1

0

0

0

0

0

4

0

0

0

0

0

0

0

0

1

0

1

0

0

7

0
0

4

1

0

0

1

0

0

0

0

0

5

2

0

2

0

0

0

0

0

4

0

2

0

0

5

0

0

2

0

0

0

1

0

0

0

0

0

4

0

0

0

0

0

0

0

0

3

0

0

0

0
1 Boldfaw  type indicates  exccedances  of 10A cancer risk or I-Us of 1.0.
2 For carcinogens,  exceedanccs of 1 x 104 risk levels arc noted. For noncarcinogcn$ excccdances of a target HI of 1.0

are given.
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Table 6.1-20 Summary  of Subchronic  RME PPLVS  for Cumulative Direct  Soil
Exposure  Pathway’ Page 1 of 1

Receptor-Specific soil PPLVS (Units:  mg/kg)

Biological/ Regulated
Industrial casual Recreational Commercial

Chemical Worker Visitor Visitor Visitor

Aldri.n2
Benzene

Carbon Tetrachloride

Chlordane

Chloroacetic Acid

Chlorobenzene

Chloroform

DDE

DDT

DBCP

1,2-Dichloroethane

1,1 -Dichloroethylene

Dicyclopentadiene

Dieldrin2

Endrin

Hexachlorocyclopentadiene

Isodrin

Methylene  Chloride

1, 1,2,2-Tetrachloroethane

Tetrachloroethylene

Toluene

TCE

Metals

*enic

Cadmium

chromium

Mercury

8. OE+O1

ND

1.2E+03

1. OE+O1

3.5E+03

3.5E+04

1.7E+03

ND

8.7E+01

ND

ND

1.6E+03

3.4E+04

6.8E+01

8.7E+01

8.8E+03

ND

1.0E+04

ND

1.7E+04

3.5E+05

4.3E+05

6.7E+02

3.4E+02

7.2E+02

ND

2.0E+02

2.7E+01

ND

1.4E+03

1.2E+01

3.9E+03

3.9E+04

2.0E+03

ND

9.8E+01

ND

ND

1.8E+03

5.4E+04

2.6E+01

9.8E+01

1.3E+04

ND

1.2E+04

ND

2.0E+04

3.9E+05

4.9E+05

2.7E+02

1.4E+02

2.4E+03

ND

8.2E+01

2.7E+01

ND

1.4E+03

1.2E+01

3.9E+03

3.9E+04

2.0E+03

ND

9.8E+01

ND

ND

1.8E+03

5.4E+04

2.6E+01

9.8E+01

1.3E+04

ND

1.2E+04

ND

2.0E+04

3.9E+05

4.9E+05

2.7E+02

1.4E+02

2.4E+03

ND

8.2E+01

1.0E+02

ND

6.3E+03

5.4E+01

1.8E+04

1.8E+05

9.0E+03

ND

4.5E+02

ND

ND

8.1E+03

2.0E+05

1.0E+02

4.5E+02

5.1E+04

ND

5.4E+04

ND

9.0E+04
3

3

9.9E+02

5.0E+02

5.3E+03

ND

3.0E+02

1 Based on an I-II of 1.0. Values in bold fam represent the driver PPLVS  for the corresponding receptor population.
2 RME PPLVS  for aklrin and dieldrin were recalculated using an RfD recently updated by EPA (OHEA-EPA  1992) (1.0 x 104 mgkgday;

see Appendix  Table B.6-3 in the IEA/RC report); this criterion supersedes the value used in the HHEA Addendum. These recalculated
PPLVS  also reflect the following:  (1) dermal RAFs for aldrin and dickirin were revised to equal 0.0052  and 0.1, respectively, consistent
with the assumptions used in the XEMtC; and (2) u)ncomitant with this revision of the aldrirddieldrin  dermal R4Fs, the soil covering
assumed for recreational and rcgulatcdkasual  visitor  populations  was revised to equal 1.0 mgkrd, consistent with recent EPA demml
exposure assessment guidance.

3 PPLV is greater than 1 x 1@ mgkg, indicating that the allowable soil concentrations arc equivalent to exposure to pure compound  over
al! direct soil pathways at the soil intake rates assumed for this medysis.

ND Not Developed; EPA dose-response information  not available.
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Table 6.2-1 Mean BMF Calculated by Attemate  Methods’ Page 1 of 2

BMF~ by the Shell BMFA by the (EPA) Mdifled
BMF by the Army Collocated  Distributions Paired Data Approach

Calibration Procedure Approach

Trophic Box Mean BMF Mean BMF Mean BMF

Aldrin/Dieldrin

soil

Terrestrial Plant

worm

Insect

Small Bird

Small Mammal

Medium Mammal

Herptile

Kestrel

owl

Shorebird

Heron

Eagle

DDIYDDT

Soil

Terrestrial Plant

worm

Insect

Small Bird

Small Mammal

Medium Mammal

Herptile

Kestrel

owl

Shorebird

Heron

Eagle

1

1.6E-02

2.3E-01

7.4E-02

2.lE-01

2.7E-01

3.8E-01

2.4E+O0

2.6E+O0

8.OE+OO

3.6E+O0

2.9E+O0

6.lE+OO

1

6.6E-01

1.4E+O0

7.5E-01

5.4E-01

4.6E-01

4.9E-01

1.3E+O0

9.9E+O0

3.2E+01

4.8E+01

I.lE+OI

1.9EW1

1

6.OE-02

1.OE+OO

9.7E-02

2.7E-01

5.9E-01

2.7E-01

2.4E+O0

4.9E+O0

6.9E+O0

2.3E+O0

3.OE+OO

4.4E+O0

1

9.2E-01

1.lE+OO

9.9E-O 1

8.lE-01

6.5E-01

3.lE+OO

2.5E+O0

1.4E+01

1.7E+02

6.OEH1

1.8E+01

1.2EH12

1

1 .8E-01

2.5E+O0

4.2E-O 1

6.8E-01

3.OE+OO

1.9E+O0

7.7E-@O

2.3E+01

4.lEH1

6.2E+O0

8.6E+O0

2.8E+01

1

5.2E+O0

7.8E+O0

3.9E+01

3.3E+O0

2.8E+O0

6.OE+OO

6.3E+O0

5.5E+OI

3.4E+02

1.5E+02

4.2E+01

2.2E+02
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Table 6.2-1 Mean BMF Calculated by A?t.emate Methods’ Page 2 of 2

BMP& by the Shell BMFti by the (EPA) Modified
BMF by the by collocated  IXstriiutions Paired Data Approach

Cdbration  procedure Approach

Trophic BOX Mean BMF Mean BMF Mean BMF

Endrin

soil

Texmtrial  Plant

Worm

Insect

Small  Bird

Small  Mammal

Medium Mammal

Herptile

Kestrel

owl

Shorebird

Heron

Eagle

Mercq

Soil

Temestrial  Plant

Woml

Insect

Small Bird

Small Mammal

Medium Mammal

Herptile

Kestrel

owl

Shorebird

Heron

Eagle

1

1.4E-01

4.OE-01

1.OE-01

I.lE-01

1.7E-01

3.3E=02

1.OE@O

1.9E-O 1

8.8E-02

9.9E-01

1.lE-01

6.7E-02

1

3.5E-02

6.2E-01

l.l E-02

1.lE-01

5.5E-01

2.8E-01

6.OE-01

3.2E-01

2.6E-01

1.2EM

6.8E-01

2.3E-01

1

2.lE-01

2.4E-01

5.3E-02

1.3E-01

2.7E-01

3.6E-01

9.OE-01

2.6E-01

4.OE-01

6.OE-01

1.OE-01

4.OE-01

1

1 .6E-O 1

4.0E-01

1.3E-01

1.9E-O 1

1.5E-02

3.3E-01

7.8E-01

6.8E-02

2.4E-01

1 .6E-01

7.2E-01

2.6E-01

1

1.3EW0

I.lEMO

3.6E-01

9.lE-01

1.5EW0

1.2E+O0

1.5E+O0

1.3E+O0

1.4E+O0

1.lE+OO

1 .6E-01

1.3E+O0

1

3.lE-01

8.lE-00

2.7E-01

3.4E-01

1.7E-01

7.3E+O0

8.2E-01

1 .8E-01

4.8E+O0

1.8E-02

7.6E-01

5.4E+O0

I For the three BMFti metho& kestrel, owl, hcro~ and eagle BMFs were calculated with the fdod-wcb  model because
there arc no available field k For these four trophic boxes:
Bh4F-,  = BAFW)  “ S~w. “ BMFti)

where:

nna\l 568G.DOC

BMF~, is the BMF for predator trophic box k
BAFW)  is the litmaturedcrived  BAF  distribution for trophic box k
SUN$,  is the summation  fiction over the argument j
~, is the mass fraction of predator k’s food tim prey trophic boxj
BMFq) is the BMF for prq trophic box j



Table 6.2-2 ERC Model Input Parameter  Values Page 1 of 9

LOG LOG End

Biota Chemical Distribution Mean* Std.  DCV. Mean Std Dev. Point

Parameter = Bioaccumulation  Factor (BAF)

Small
Mammal

Medium
Mammal

Kestrel

owl

Small Bird AldridDieldrin
Endrin
DDWDDT
Arsenic
Mercury

Aldrin/Dieldrin
Endrin
DDWDDT
Arsenic
Mercury

Aldrin/Dieldrin
Endrin
DDWDDT
Arsenic
Mercury

Water  Bird Aldrin/Dieldrin
Endrin
DDWDDT
Arsenic
Mercury

Akirin/Diekiri.n
Endrin
DDE/DDT
Arsenic
Mercury

Aldrin/Dieldrin
Endrin
DDIYDDT
Arsenic
Mercury

Shorebird Aldrin/Dieldrin
Endrin
DDE/DDT
Arsenic
Mercury

Heron AMrin/DieMri.n
Endrin
DDUDDT
Arsenic
Mercury

Normal
Lognormal
Uniform
uniform
Triangular

uniform
Lognorrmd
Unifom
Lognorrnal
Triangular

Uniform
Lognonnal
Unifoxm
Lognormal
Triangular

Normal
Lognorrnal
Normal
Uniform
Lognormal

Normal
Lognormal
Uniform
Uniform
Triangular

Normal
Lognormal
Lognormal
Uniform
Triangular
Normal
Lognonnal
Uniform
Uniform
Triangular

Normal
Lognonnal
Normal
Uniform
Lognonnal

6.6
1.0
NA
NA
0.33

NA
0.08
NA
0.19
22.5

NA
0.16
NA
0.19
22.5

16
1.0
96
NA
4.1

10.5
1.0
NA
NA
0.33

21.1
1.0

43.7
NA
0.33
13.3
1.0
NA
NA
0.33

16
1.0

93.5
NA
4.1

1.8
1.6
NA
NA
NA

NA
1.0
NA
4.7
NA

NA
1.1
NA
4.7
NA

5.1
1.6

26.2
NA
3.4

1.2
1.6
NA
NA
NA

3.4
1.6
2.4
NA
NA
4.2
1.6
NA
NA
NA

5.1
1.6
20

NA
3.4

0.000

-2.526

-1.684

-1.833

-1.684

0.000

1.411

0.000

0.000
3.777

0.000

0.000

1.411

0.470

0.001

1.543

0.095

1.543

0.470

1.224

0.470

0.470
0.875

0.470

0.470

1.224

7.7,29
0.3,3

0.001,2

0.64, 1.6

0.44,0.98

0.001,50

0.64,3.2

0.44,0.98

0.001,50

0.3,3

7.7,29
0.3,3

0.001,2

0.3,3
0.001,2

7.7, 29
0.3,3

0.001,2

0.3,3
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Table 6.2-2 ERC Model Input Parameter  Values Page 2 of 9

LOG LOG End

Biota Chemical Distribution Mean*  Std. DeV. Mean Std Dev. Point

Parameter = Bioaccumulation  Factor (NW’)
Bald Eagle Aldrin/Dieldrin Normal 15.9 3.9

Endrin Lognorrnal 1.0 1.6 0.000 0.470
DDE/DDT LOgnormal 27.1 2.4 3.300 0.875
Arsenic Unifoxm NA NA 0.3,3
Mercury Triangular 0.33 NA 0.001,2

● Mean = arithmetic mean  for normal  distributio~ geometric mean for lognormal distributio~ and apex for triangular
distribribution
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Table 6.2-2 ERC Model Input Parameter  Values Page 3 of 9

Predator Rey Item Biomass  Fraction*

Parameter = Dietary  Fractions  (FR)
Terrestrial  Food Chain

Small Birds Soil 0.057
Temestrial  Plants 0.113
Earthworm 0.116
Insect 0.714

Small Mammals

Medium Mammal

Kestrel

owl

Heron

Bald Eagle

Aquatic  Food Chain
Water  bird

Soil 0.020
Terrestrial  Plants 0.866
Earthworm 0.008
insect 0.106

Soil 0.074
Terrestrial  Plants 0.926
Insect 0.000

Soil 0.029
Insect 0.184
Small Mammal 0.665
Small Bird 0.122

Soil 0.029
Small Mammal 0.121
Medium Mammal 0.830
Small Bird 0.020

Soil
Reptile
Small Mammal
Water
Aquatic  Plant
Aquatic  Invertebrates
Small Fish
Large Fish
Amphibian

0.036
0.060
0.013
0.071
0.000
0.024
0.186
0.604
0.006

Soil 0.029
Small Mammal 0.000
Medium  Mammal 0.936
Small Bird 0.003
Waterbird 0.030
Large Fish 0.002

Water 0.019
Sediment 0.038
Aquatic Plant 0.942
Aquatic Invertebrates 0.001
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Table 6.2-2 ERC Model Input Parameter Values Page 4 of 9

Predator Prey hem Biomass Fraction*
Shorebird Tenwrial  Plants 0.007

0.728
sediment 0.160
Aquatic Invertebrates 0.105

● Fractions  reported as zero arc pathways  considered to be relatively inconsequential to model  output due to their small
values.
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Table 6.2-2 ERC Model Input Parameter  Values Page 5 of 9

LOG LOG
Biota Distribution Mean* Std. ~V. Mean Std Dev.

Parameter = Feed Rate (R) kglkg  body weightfday
Water  Bird Nom.ml

Small Bird Fixed

Small Mammal Fixed

Medium Fixed
Mammal

Shorebird Lognormal

Kestrel Normal

owl Normal

Heron Normal

Bald Eagle Normal

0.07602  0.0245

0.0879

0.12

0.096

0.0879 1.652 -2.4315 0.50189

0.08913 0.02689

0.08913 0.02689

0.08913 0.02689

0.08913 0.02689

● Mean = Arithmetic mean for normal distributio~  geometric mean for lognormal  distributio~ and apex for triangular
distribribution.



Table 6.2-2 ERC Model Input Parameter  Vatuee Page 6 of 9

Biota Chemical Distribution Value

Parameter = Maximum  Allowable Tissue  Concentration  (MATC)
Small Bird

Small
Mammal

Medium
Mammal

Reptile

Kestrel

owl

Water bird

Shorebird

Heron

Bald Eagle

AMrin/Dieldrin
Endrin
DDE/DDT
Mercury

AMri.n/Dieldrin
Endrin
DDE/DDT
Mercury

Aldrin/DieMrin
Endrin
DD~DT
Mercuy

Aldrin/Dieldrin
Endrin
DDE/DDT
Mercury

Aldrin/Dieldrin
Endrin
DDE/DDT
Mercury

Aldrin/Diekirin
Endrin
DDE/DDT
Mercury

Aldrin/Dieldrin
Endrin
DDIYDDT
Mercury

Ald.rin/DieMrin
Endrin
DDE/DDT
Mercury

AMrinfDiekirin
Endrin
DDWDDT
Mercury

AMrin/Dieldrin
Endrin
DDIYDDT
Mercury

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

0.15
0.052
0.14

0.017

0.19
NA
0.22
NA

0.19
NA
0.22
NA

NA
NA
NA
NA

0.73
0.052

4.3
0.017

0.76
0.087
0.53

0.017

0.24
0.09
0.18
0.01

0.15
0.052

1.4
0.011

0.87
0.043

15
0.011

0.41
0.031

2.2
0.0083

.
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Table 6.2-2 ERC Model Input Parameter  Values Page 7 of 9

Biota Chemical Distribution Value

Parameter = Toxicity  Refmnce  Values  (TRV)
Terrestrial  Plant Arsenic

Small Bird Aldrin/Dieldrin
Endrin
DDWDDT
Mercury
Arsenic
Copper
Cadmium
DCPD
Chlordaae
CPMS
CPMSOX
DBCP

Small Aldrin/DieMri.n
Mammal Endrin

DDE/DDT
Mercury
Arsenic
Copper
Cadmium
DCPD
Chlordane
CPMS
CPMSOl
DBCP

Medium Aldrin/Dieldri.n
Mammal Endrin

DDE/DDT
Mercury
Arsenic
Copper
Cadmium
DCPD
Chlordane
CPMS
CPMSOZ
DBCP

Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

1.9

0.028
0.002
0.003

0.0019
0.38
0.96
0.24
8.9

0.035
NA
NA
0.17

0.004
0.010
0.029

0.0014
0.038
0.75

0.045
2.8

0.10
0.24
0.27
0.05

0.004
0.010
0.029

0.0014
0.038
0.75

0.045
2.8

0.10
0.24
0.27
0.05

NA Data not available to calculate a TRV.
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Table 6.2-2 ERC Model Input Parameter  Valuee Page 8 of 9

Biota chemical Distribution value
Kestrel Aldrin/Diekirin Fixed 0.01

Endrin Fixed 0.002
DDE/DDT Fixed 0.04
Mercury Fixed 0.0019
Arsenic Fixed 0.38
Copper Fixed 0.96
cadmium Fixed 0.24
DCPD Fixed 8.9
Chlordane Fixed 0.035
CPMS Fixed NA
CPMSOZ Fixed NA
DBCP Fixed 0.17

owl Akirin/Dieldrin
Endrin
DDWDDT
Mercury
Amenic
Copper
cadmium
DCPD
Chlordane
CPMS
CPMSOZ
DBCP

Water  brid Ald.rin/Dieldrin
Endrin
DDE/DDT
Mercury
Arsenic
Copper
Cadmium
DCPD
Chlordane
CPMS
CPMSOZ
DBCP

Shorebird Aldrin/Dieldrin
Endrin
DDE/DDT
Mercury
Arsenic
Copper
Cadmium
DCPD
Chlordane
CPMS

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

0.004
0.003
0.008

0.0019
0.38
0.96
0.24
8.9

.0.035
NA
NA
0.17

0.027
0.003
0.004

0.00094
0.38
0.96
0.24
3.2
3.1
NA
NA
0.17

0.022
0.002
0.008

0.00094
0.38
0.96
0.24
8.9

0.035
NA
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Table 6.2-2 ERC ModeI Input Pammeter Values Page 9 of 9

Biota chemical Distribution value

CPMSOZ Fixed NA
DBCP Fixed 0.17

Heron Aldrin/Dieldrin
Endrin
DDJYDDT
Mercury
Arsenic
copper
Cadmium
DCPD
Chlordane
CPMS
CPMSOZ
DBCP

Bald Eagle Aldrin/Dieldrin
Endrin
DDIY’DDT
Mercury
Arsenic
Copper
Cadrniurn
DCPD
Chlordane
CPMS
CPMSOZ
DBCP

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

0.03
0.003
0.004

0.00094
0.38
0.96
0.24
8.9

0.035
NA
NA
0.17

0.002
0.001
0.005

0.00063
0.19
0.48
0.10
5.3

0.035
NA
NA
0.17

NA Data not available to calculate a TRV.

Ima\1569G.DOC



Table 6.2-3 Uncertainty  Factor  Protocol Page 1 of 1

Basis  for Uncertainty Uncertainty Value Assigned

Intcrtaxon  Variability  Extrapolation  Category—

Same species

Same genus, different  species

Same fiunily,  different  genus

Same order, different  family

Same class, diffkrcnt order

Study Dumtion  Extrapolation  Category—

Chronic studies where contaminants  attained equilibrium

Chronic studies where equilibrium  not attained or possibly  not attaine~
including subchronic  studies

Acute studies

Study Endpoint  Extrapolation Category—

No observed  effects level

No observed  adverse effects level

Lowest  observed  effects level

Lowest obsemed adverse effects level

Fmnk effects level

Modi&ing Factor Category—

Threatened and endangered spcies

Relevance of endpoint to ecological health

Extrapolating lab to field

Study had ccwontaminants

Endpoint  was unclear

Study species was obviously  highly sensitive

Ratios used to get from organ or egg to whole body

Intraspecific  variability

1

5

20

Nonlethal Ixthal

NOEL: 1 NOEL: 3

NOAEL: 1 NOAEL: 3

LOEL: 3 LOEL: 10

LOAEL: 5 LOA.EL:  10

FEL: 10 FEL: 1S

0or2

-I too

oto2

-1 to +1

-2 to +2

-2 to +2

oto2’

oto2

] Used only for MATC (not TRV) uncertainty factor development,
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Table 6.2-4 Toxicity  Threshold  Values Selected for Representative  Receptors  (Trophic Boxes)” 2“s Page 1 of 1
American Bald Great Great  Blue Shorebird Water Small Small Medium Reptile Terrestrial

Kestrel Eagle Homed  Owl Heron Bird Bird Mammal Mammal
Chemical

Plant
MATC TRV MATC TRV MATC TRV MATC TRV MATC TRV MATC TRV MATC TRV MATC TRV MATC TRV MATC TRV MATC TRV

Aldrin/
Dieldrin 0.73 0.01 0.41 0.002 0.76 0.004 0.87 0.027 0.15 0.022 0.24 0.027 0.15 0.028 0.19 0.004 0.19 0.004 NA

DDT/DDE  4.27 0.04 2.17 0.005 0.53 0.008 15 0.004 1.38 0.008 0.18 0.004 0.14 0.003 0.22 0.029 0.22 0.029 NA

Endrin 0.05 0.002 0.03 0.001 0.09 0.003 0.09 0.003 0.05 0.002 0,09 0.003 0.05 0.002  NA 0.01 NA 0.01 NA

Mercury 0.02 0.002 0.01 0.001 0.02 0.002 0.01 0.001 0.01 0.001 0.01 0.001 0.02 0.002 NA 0.001 0.001 NA

Arsenic 0.378 0.189 0.378 0.378 0.378 0.378 0.378 0.038 0.038 NA I .9

Copper 0.96 0.48 0.96 0.96 0.96 0.96 0.96 0.75 0.75 NA

Cadmium 0.24 0.103 0.24 0.24 0.24 0.24 0.24 0.045 0.045 NA

DCPD 8.889 5.333 8.889 8.889 8.889 3.2 8.889 2.833 2.833 NA

Chlordane 0.035 0.035 0.035 0.035 0.035 3.125 0.035 0.1 0.1 NA

CPMS ND ND ND ND ND ND ND 0.235 0.235 NA

CPMS02 ND ND ND ND ND ND ND 0.272 0.272 NA

DBCP 0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.05 0.05 NA

‘ Values  shown in bold f- were selected for use in the estimation of potential risk based on their total uncmtainty and whether or not use of a BAF was neccsswy.

2 Tissue-based approach was used for calculation of risk from mercury  to shorebird  from aquatic food chains  other trophic boxes with mixed food chains (bald eagle
and great blue heron)  used the same approach for aquatic and temestrial fd chains.

3 MATC values are presented in mgkg, and TRVS are presented  in mg/kg-bwday.
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Table 6.2-5 Toxicity  Reference  Value (Post-UF)’ Page 1 of 1
Study Study Modi&in

5
Lab ID.

Critical lntertaxon Duration Endpoints Factor Endpoint to co- Unclear Sensitive  Intraspecific
Aldrin/Dieldrin Value (1) (Q2) (Q3) (U) T&E Relevance Field Contain.  Endpoint  Species  Variability
American  Kestrel
Bald Eagle
Great  Homed  Owl
Great  Blue Heron
Shorebird
Waterbird
Small Bird
Sm. Mammal
Med. Mammal
Reptile

Trophic  Box

American  Kestrel
Bald Eagle
Great  Homed Owl
Great  Blue Heron
Shorebird
Waterbird
Small Bird
Sm. Mammal
Med. Mammal
Reptile

0.04
0.05
0.06

0.4
0.22

0.4
0.28
0.06
0.06
NA

Total
UF

4
30
16
15
10
15
10
16
16

NA

1
5
4
5
5
5
5
4
4

NA

Final
TRV

0.010
0.002
0.004
0.027
0.022
0.027
0.028
0.004
0.004

NA

1
1
1
I
I
I
1
I
I

NA

1
1
1
3
1
3
I
1
1

NA

4
62
4
I
2
1
2
4
4

NA NA

1
1
1

-1 1
1

-1 1
I
2
2

NA NA

2 1
0 2 1
0 2 1

1
1
1
1

1 1
1 1

NA NA NA NA

1

2

Final TRV
NA
Total UF
TRV
u
UF

Values reported as mg/kg bw.
If Os U <1, it was replaced with 1; if U <0, it was replaced with 0.5.
Critical valueAotal UF
Not Available
1~Q2~Q3~U
Toxicity Reference  Value
Sum of factors to right
Uncertainty Factor

md1616G.DOC



Table 6.2-6 Post-Uncertainty  MATC’ Page 1 of 1

Study Study Modi&in
5

Lab ID. Tissue
Critical  Intertaxon  Duration Endpoints Factor Endpoint  to co- Unclear Sensitive to Whole-  Intraspecific

Aldrin/Dieldrin Value (1) (Q2) - (Q3) (U) T&E Relevance Field Contain.  Endpoint Species  Body Ratio Variability
American Kestrel 2.9 I I 1 4 I 2 1
Bald Eagle 12.2 5 1 I 62 1 2
Great Homed Owl 12.2 4 I 1 4 1 2
Great Blue Heron 1.3 1 I 3 0.5 0 -1
Shorebird 2.9 5 I I 4 1 2
Waterbird 7.1 5 I 3 2 -1 1
Small Bird 2.9 5 1 I 4 I 2
Mammal 4.5 4 1 1 6 2 2

Trophic Box

American  Kestrel
Bald Eagle
Great Homed Owl
Great Blue Heron
Shorebird
Waterbird
Small Bird
Mammal

Total
UF

4
30
16

1.5
20
30
20
24

Final
MATC

0.73
0.41
0.76
0.87
0.15
0.24
0.15
0.19

1

1

1
1
0
1
1
1
1

I Values reported  as mg/kg  bw.
2 If Os U <1, it was replaced  with 1; if U <0, it was replaced with 0.5.
Total UF I* Q2*Q3*U
u Sum of factors to right
Final TRV Critical valucAotal UF



9

Table 6.2-7 HQs and Hls for Exmme through Aquatic Food Chains Page 1 of 1

Hazard Hazard Hazard Hazard
Quotients Quotients Quotients Quotients

for for for for
Trophic  Box Aldrin/Dieldrin DDT/DDE Endri.n Mercury Hazard Index

Water  bird 2.87 1.66 0.63 6.75 11.91

Shorebird 0.19 2.60 1.17 8.30 12.26

Great  Blue Heron 2.28 1.06 0.63 15.63 19.60

Bald Eagle 0.93 0.17 0.03 0.21 1.34
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Table 6.3-1 Uncertainties  Potentially  Influencing  Assigned Distributions  for Soil Intake Parameters Page 1 of 4

Soil Covering Soil Ingestion Dust Loading

Population and Age Uncertainties Population  and Age Uncertainties Population  and Age Uncertainties
class class class

Regulated/Casual . Judgment Regulated/Casual “ Assumed  minimal Regulated/Casual and . Assumed  outdoor
Visitor distribution Visitor (1 mg/day) Recreational Visitor ambient  exposure

Oto<l Oto<l All Ages “ Representation of
activities by ambient
outdoor dust loading
conditions

● Data measurement
error

lto<7

7to <18

“ Data measurement
error

“ Extrapolation of
sample  patch to
entire surface  area

“ Data representation
of age distribution
and activities

● Data measurement
emor

. Extrapolation  of
sample patch to
entire surface area

. Data representation
of age and activities

lto<7 s Judgment 95th
percentile (EPA
default)

“ Data median
(literature)

● Data measurement
error

● Data representation
of age and activities

7to  <75 “ Judgment 95th
percentile  (EPA
default)

“ Shape extrapolated
from literature
distribution for child

rma\l 583G



Table 6.3-1 Uncertainties  Potentially  influencing  Assigned  Distributions  for Soil Intake Parameters Page 2 of 4

Soil Covering Soil Ingestion Dust Loading

Population and Age Uncertainties Population  and Age Uncertainties Population  and Age Uncertainties
class class class

18to <75 ●

●

●

Recreational Visitor  ●

Oto<l

lto<7 ●

●

●

Data measurement
error
Extrapolation  of
sample patch to
entire surface area
Data representation
of age and activities

Judgment
distribution

Data measurement
error
Extrapolation  of
sample patch to
entire surface area
Data representation
of age and activities

Oto<l ● Assumed  minimal
(1 mg/day)

lto<7 ● Judgment  95th
percentile (EPA
default)

“ Data  median
(literature)

● Data measurement
error

● Data representation
of age and activities
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Table 6.3-1 Uncertainties  Potentially Influencing Assigned Distributions  for Soil Intake Parameters Page 3 of 4

Soil Covering Soil Ingestion Dust Loading

Population  and Age Uncertainties Population  and Age Uncertainties Population  and Age Uncertainties
class class class

7to  <18 ●

●

18to <75  ●

●

●

Data measurement 7to <75 ● Judgment 95th
error percentile (EPA
Extrapolation of default)
sample patch to “ Shape extrapolated
entire  surface  area from literature
(data distribution (child)
representat iveness)
Representation of
age and activities
(study
representat iveness)

Data measurement
error
Extrapolation  of
sample patch to
entire  surface  area
(data
representativeness)
Representation of
age and activities
(study
representativeness)
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Table 6.3-1 Uncertainties  Potentially  Influencing  Assigned Distributions  for Soil Intake Parameters Page 4 of 4

Soil Covering Soil Ingestion Dust Loading

Population and Age Uncertainties Population and Age Uncertainties Population and Age Uncertainties
class class class

Commercial Worker  ●

Industrial  Worker 9

●

Biological/
Maintenance
Worker

●

●

●

Theoretical estimate
of mean, judgment
range

Judgment 95th
percentile  (EPA
default)
Distribution shape
extrapolated horn
biological/
maintenance worker

Data representation
of time spent in
activities
Data representation
of soil covering  to
projected activities
Judgment estimate of
indoor soil  covering
distribution

Commercial  Worker  ●

Industrial Worker ●

●

Biological  Worker s

‘o

Judgment 50th and
95th percentile

Judgment 95th
percentile
Shape extrapolated
from literature
distribution (child)

Data representation
of time spent in
activities
Judgment based
activity  specific
distributions

Commercial  Worker  ●

●

●

Industrial  Worker ●

●

●

Biological  Worker ●

Assumed indoor
exposure
Dust loading  data
measurement error
Outdoor/indoor
attenuation  data
measurement error

Assumed ambient
outdoor exposure
Representation of
activities  by ambient
conditions
Data measurement
emor

Data representation
of time spent in
activities
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Table 6.3-2 Uncertainties  Potentially  Influencing  Assigned Distributions  for Time-Dependent Exposure  Parameters Page 1 of 2

Population TM (Hours/Day) DW (Days/Year) TE (Years/Lifetime)

Regulated/Casual ●

Visitor
●

●

Recreational  Visitor

●

●

●

●

Commercial/Industial  Worker  ●

Representativeness of chosen activities
for neighborhood population
Representativeness  of data-based mean
for activity-specific distributions
Judgment-based  distribution shape
Representativeness  of participation
rate in multiple daily activities
Representativeness  of national means
for percent participation in each
activity and duration of each activity

Representativeness of chosen activities
for neighborhood population
Representativeness  ofdata-based mean
for activity-specific distributions
Judgment-based  distribution shape
Representativeness  of participation
rate in multiple daily activities
Representativeness  of national means
for percent participation in each
activity and duration of each activity

Representativeness  of national  data on

●

●

●

●

●

●

hours spent at work
●

No data specific to visitation of RMA
neighborhood subpopulation
Intentional conservative estimation
bias
Judgment-based  distribution for
number  of activity days/year
Judgment-based distribution  for
fraction of activity  days occurring at
RMA

Intentional  consewative  estimation
bias
Representativeness  of chosen activities
for neighborhood  subpopulation
Representativeness  of western region
and national  means for percent
participation in activity
Representativeness  of national
distribution of number of jogging  days
per week and assumption of 52 weeks
per year for neighborhood
subpopulation
Judgment-based distribution for
number of activity  days/year  for some
activity-specific  distributions
Judgment-based distribution  for
fraction of activity  days occurring at

Incorporation  of judgment estimates
for vacation time and holidays
Representativeness  of western region
data on job absence rates (BNA
I 974-90)

●

●

Representativeness of PSCO data for
neighborhood subpopulation (PSCO
1989)
Positive bias (overestimation)  due to
analysis  method,  which under-
represents  low TE values in
population
Negative bias (underestimation)  due to
moves within same county

Representativeness  of PSCO data for
neighborhood  subpopulation  (PSCO
1989)
Positive  bias (overestimation)  due to
analysis  method, which under-
represents  low TE values in
subpopulation
Negative bias (underestimation)  due to
moves within same county

Representativeness  of Mountain States
Employer’s  Council  mean job
turnover data  used to obtain
distribution mean (MSEC 1981-90)
Representativeness of national data on
occupational turnover  used to obtain
distribution shape
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Table 6.3-2 Uncertainties  Potentially  Influencing  Assigned Distributions  for Time-Dependent Exposure  Parameters Page 2 of 2

Population TM (Hours/Day) DW (Days/Year) ‘IX (Years/Lifetime)

Biological Worker ● Representativeness  of on-site work c Representativeness  of on-site work ● Representativeness  of job tenure
schedule  of interviewed personnei at scheduie of intemiewed personnel  at history of intewiewed personnel at
three refuges three refiges three refuges (Bureau of the Census

1987)
s Censored data (current tenure was

longer than reported at time of
survey)
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Table 6.3-3 Uncertainties  Potentially  Influencing  Assigned  Distributions  for Chemical-Specific Parameters’ Page 1 of 2

Soil to Water Partition
Coefficient Normalized to

Organic Carbon
Henry’s Law Constant (K”)z Kw (Kd)y Vapor  Pressure (VP)z

Chemical Group Uncertainties Chemical Group Uncertainties Chemical Group Uncertainties

Aldrin ●

Endrin
1,1 ~~-Tetrachloroethane
DDT ●

DDE
Chlordane ●

HCCPD

Isodrin ●

●

●

DCPD ●

DBCP
Chloroacetic  Acid

●

●

Representation  of
RMA temperature
regime
Experimental
measurement  error
<6 data points

Representation of
RMA temperature
regime
Experimental
measurement efior
No dat~ extrapolation
across  chemicals

Representation of
RMA temperature
regime
Experimental
measurement emor
No da~  extrapolation
based on vapor
pressure and volubility

Aldrin ●

Endrin
1,2-Dichloroethane ●

Methylene  Chloride

Isodrin ●

1, l-Dichloroethylene
HCCPD ●

DCPD ●

DBCP

Experimental  measurement
error
<6 data points

Experimental measurement
error
~ 2 data points
Extrapolation  across
chemicals

Endrin ●

Chlorobenzene
Chlordane ●

9

l,l-Dichloroethy lene ●

1,1 ~,2-Tetrachloroethane
DDE ●

HCCPD

Chloroacetic  Acid . ~ 2 data points Isodrin
“ Extrapolation from other Chloroacetic

partitioning  information DCPD
DBCP

●

9

●

●

●

9

Experimental
measurement emor
Representation of
RMA temperature
regime
~ 6 data points

Experimental
measurement error
Representation of
R.MA temperature
regime
~ 6 data points
Intentional
conservative bias
in estimation  of
SD

Experimental
measurement error
Representation of
RMA temperature
regime
2 data points
Judgment range
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Table 6.3-3 Uncertainties  Potentially  Influencing  Assigned Distributions  for Chemical-Specific Parameters’ Page 2 of 2

Soil to Water Partition
Coeftlcient Normalized to

Organic Carbon
Henry’s Law Constant  (KH)2 & (Kd)’ Vapor Pressure  (VP)*

Chemical Group Uncertainties Chemical  Group Uncertainties Chemical Group Uncertainties

Dieldrin
Toluene
Benzene
Chloroform
1 ~-Dichloroethane
1, l-Dichloroethylene
Methylene  Chloride
Carbon Tetrachloride
Tetrachloroethy  lene
Chlorobenzene
TCE

● Representation  of Dieldrin
RMA temperature Toluene
regime Benzene

. Experimental Chloroform
measurement  error Carbon Tetrachloride

1, 1,2,2-Tetrachloroethane
Tetrachloroethy lene
Chlorobenzene
TCE
DDT
DDE
Chlordane
Arsenic*
Cadmium*
Chromium*
~~*
Mercury*

. Experimental measurement Aldrin ●

error Dieldrin
Toluene ●

Benmme
Chloroform
1 ~-Dichloroethane
Methylene  Chloride
Carbon Tetrachloride
Tetrachloroethylene
TCE
DDT

Experimental
measurement emor
Representation  of
RMA temperature
regime

1 See IEMtC report (Appendix E) for discussion  of types of uncertainties.
2 &2 and V: not defined for metals.
3 Kd (distribution  coefficient) used for organic COCS lacking & data.
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