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HUMAN HEALTH RISK ASSESSMENT

INTRODUCTION

This dlxumenl presents the baseline human Ilealth risk assessment for the Clear Creek
Management Area (CCMA). A baseline risk assessment is an analysis of the potefltial
adverse effects on human health or environmental receptors that collld result from
exposure (current or future) to hazardous substances or materials (e.g., chrysotile
asbestos) released from a site in the absellCC of any actions to control or mitiptc these
releases (Le., under tnc no-action alternative), This assessment addresses human health
concerns only and focuses on risks associated with inhalation of airborne asbestos
generated during off·road vehicle usc, as well as OIlier site uses (such as hiking or
camping) that genenllc less dust. Human health risks associated with ingestion 01
asbestos will not be addressed because inhalation is expected to be the primary contribu­
tor to exposure and risk. In addition, evidence for carcinogenic effects of asbestos
following ingestion is inconclusive, and the U.S. Environmental Protection Agency
(EPA) has not developed lJ\ asbestos tOllicity value for usc in risk assessment of oral
e::J:p05ures. This human health risk assessment will be used to:

• Evaluate potential adverse effects associated with inhalation of chrysotile
asbestos present within the CCMA from naturally occurring serpentine
deposits

• Devdop public cdocation materials about poItntial human heallh risks at
!he site

• Develop risk assessment metlKXls that can be used to evaluate management
alternatives for the CCMA.

In developing a management plan for the CCMA, the results of the human Iiealth risk
assessment will be considered together with evaluations of the potential for erosion of the
asbestos presenl at the site or for the asbestos to cause environmental impacts on ecologi­
cal species (e.g., the evening primrose) or surface water.

The risk assessment follows EPA guidance provided in EPA Repoo IX Risk.~111
Guidance for Supetfund (U.S. EPA 1989<:) and in the EPA fedtRl Exposun Fooors
HrmdbooJc (U.S. EPA 1989a), Risk A$WSmelll Guidcw::e for Supetjwld (U.S. EPA
1989b), and Standard r>qault Exposure Factors (U.S. EPA 1991b). In addition, this
assessment builds on previous research conducted at the CCMA by investigators from
the University of California at Berkeley (Popendorf and Wenk 1983; Cooper et al. 1979;
Murchio et al. 1978), on the risk assessment conducted by EPA for the Atlas mine within
the CCMA and the IOWn of Coalinga (U.S. EPA 199Oa), and on visitors' estimates of
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site use reported in transcripts from tile Atlas Asbestos Company Superfund site
community meeting (U.S. EPA i990b).

The risk assessment is composed of four components: data analysis; exposure assess­
ment; toxicity assessment; and risk characterization (Figure 1). In Data AlUllysis, the
first section of tllis chapter, available asbestos air concentration data from EPA,
researchers at the University of California at Berkeley, and BLM are described and a
dataset is selected for use in the risk assessment. The Exposure Assessment section
follows with a discussion of site use and estimates of exposure point concentrations for
site visitors, the only population of concern for this risk assessment. The Toxicity
AsstS$mtlll section describes available dose· response data on the carcinogenicity of
inhaled asbestos including a discussion of the ongoing re-evaluation of the EPA unit risk
factor (URF) for asbestos. In Risk Characreriuuion, the final section of this chapter,
quantitative estimates of risk arc derived by combining exposure and dose-response data.
This section also provides a qualitative discussion of UllCenainties associated with risk
estimates.

DATA ANAL YSIS

Several d.atasets were reviewed for use in this risk assessment. This section provides an
overview of these datasets and a discussion of analyses conducted to ewluate I) data
quality and 2) correlations between asbestos concentrations and activity or season. The
last part of this section describes data selected for use in the risk assessment.

AvaIlable Data

To select data for use in the risk assessment, the following data sources providing
asbestos concentrations in ambient air in the CCMA were reviewed:

• Ambient air measurements and model estimates of asbestos concentrations
in air presented in the U.S. EPA (199Oa) risk assessment for the Atlas
mine and the town of Coalinga

• Activity-specific ambient air data collected by BLM as pan of its occupa­
tional safety and health program

• Ambient air data collected by researchers at the University of California
at Berkeley (Popendorf and Wenk 1983, Cooper et al. 1979, Murchio et
aI. 1978).

The suengths and limitations of these datasets are discussed in the following sections.
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Figure 1. Major components 01 the baseline human health risk assessment
for the Clear Creek Management Area.
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Both air moniloring and air modeling da~ presented in U.S. EPA. (199Oa) woere reviewed
10 determine their potential use in a risk useument for the CCMA. However, neither
of these dunets is appropriate for assessing risks a.t the CCMA. U.S. EPA (199Oa) air
monitoring data. were collected from stationary samplers. Although these c1a.ta can
potentially be of.some use in estimating ambient conditions, the da~ were not intended
10 be representative or activity·specific airborne asbestO'l COIlOentntions. In addition,
none of the air sa.mplinz data IIlIl::fe collecred during periods when the wind IlIU strong
enoup to cause soil «:suspension. For these reasons, ambient air data coIlcctr:d in U.S.
EPA (I99Oa) wen: not used by EPA to derive quantitati'>e rUk estimates in the riU
assessment for At1u Mine and Coalinga. Irwea.d, U.S. EPA (199Oa) u.sed ambient air
ooncentrations estimated throup modeling. These limitations, togelhef with the place­
merit of sampling stations at locations intended to evaluate impacts of Alias Mine on sur·
roundina offsite communities, preclude the use of the air monitOring data presented in
U.S. EPA (199Oa) in a risk assessment for the CCMA.

Umitations were also identified in the air modeling data used in the U.S. EPA (199Oa)
risk assessment. Therefore, these data woere not suitable for use in the COdA risk
asseument. Fundamental limitations in the modeling data with respect to use in the risk
ISseument for the Atlas and Coa.linaa sites were identified in previous comments
submitted by PTI Environmental Services (PTI) to BLM (PTI 1990). These limitations
are likely 10 result in overe.stimation of emissions and include the following: I) assumina
in the air modeling that the entire tailings pile and mine surface areas are completely
disturbed on a monthly basis, 2) failing to accOtint for reduced erosion associated with
mn that often occurs with sUO!lg winds from the southwest, and 3) omilling mitigating
efkcts on erosion resulting from the CruR that forms on the surfaces of mine waste and
tailings (PTI 1990).

In addition to limitations in the assumptions used to derive modcI estimates, oomparing
the EPA model estimates for off·road vehicle riden with l<bcsro, COIlCblllltions
measured in onsite air by BLM and by researchers at the UniversilY of California 11
1kfke1ey (Popendorl" and Wecli; 1983) demonstrated that the modded estimates IIlIl::fe at
least an order of magnitude hiJher than collcelltraliolu of asbeskM measured in areas
tbrou&hout the CCMA. Furthermore. EPA. maximum model estimates were 3 orden or
mqninxie higher than the maximum coocenuation measured by 8LM and 4 orden of
ITlIIninxie higher than the~ ..pej(:ellt confidence limit on the averaae collce"lfation from
die BLM dataset. Thus, use of EPA model estimates is likely to overestimate exposure
and potential cancer risks associated with activities within the CCMA.

As part ofib ongoing occupational safety and health program for workers in the CCMA,
BLM oollected IS7 activity-specific ambiertl air samples from November 1988 to April
1991. The BLM data were collected by BLM employees who Il/Ore personal samplers
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during their oormal activities within the CCMA and during tests run in the CCMA to
simulate exposuTCS that motorcyclists and all-terrain·vchicle (ATV) riders might
experience while riding in the area. Additional samples were collected by volunlCCrs
riding in motorcycle nus in the CCMA. Activities included in the BLM database are
listed in Table I. Ahhouah the distribution of sampling cvenlS was not statistk:ally
random throughout the IS-month period, the events were spread over the entire lime
period and covered all sca5OIIS. All of the BLM samples were collected using a personal
air sampling pump (typically running at 2 L per minute) with standard opcn·facc cassettes
(25 mm or 37 mm in diameter) conuining a O.8-"m pore size mi~ed-<:ellulosc ester filter.
Samplers were located ncar the breathing zone and away from obstructions that could
influence wind panems.

The BLM data are useful for a risk assessment becausc they composc an activity.specific
dataset for the entire CCMA. However, the BLM samples were analyzed by phase
contrast microscopy (PCM), which lias some recognized technical limitation$. Using
PCM, asbestos concentrations are measured by OOlInting the number of fibers in a
defined volume of air. Although the PCM method lias traditionally been used to measUJ'C
asbestos concentrations in the workplace, PCM uses relatively low magnification
(typically 4SOX) and docs not allow exact identification of asbestos fibers. Instead., in
the PCM method, particles that are l) longer than 5 pm, 2) crcater than 0.4 "m in
width, and 3) have a length:width ratio greater than or equal to J; I are defined as PCM
fibers (ATSDR 1989). Thus. depending on the composition and size distriootion of
asbestos and other fibers being measured, the PCM method may underestimate total
asbestos fiber OOlInlS by missing fibers shorter or narrower tllan can be secn with the
PCM magnification. In addition, when the fiber to dust ratio in samples is low, dust
particles may obscure measurement of fibers, resulting in underestimation of fiber counts.
PCM also may overestimate the counts by counting nonastlestos fibers.

The BLM PCM samples were analyzed by the R.I. Lee Group, Inc., laboratory
foilowlnC procedures outlined in NIQSH (1989), which include usc cl a magnification
of 400x and standard criteria for identification of PCM fibers described above. Both
single fibers and fibers conuincd within clusters were counted by the R.I. Lt:c Group,
Inc. A cluster is defined as a random grouping of several intermixed fibers, with no
single fibet isolated from Ihe ifOUP and with a minimum of three intersections per
cluster. To the extent possible, individual fibers contained in a cluster were OOlInted
scpara[ely. Alternatively, clusters meeting the PCM fiber size definitions described
above were counted as an individual PCM fiber. The asbestos analysts (CO\Il\ters) of the
R.I. Lee Group, Inc., verify their analytical countini methods through regular panici·
pation in the EPA·sponsored proficiency analytical testing (pAn program.

The PCM asbestos concentrations discussed in this analysis arc reponed in fi~ per cm)
(f/cc) corrected for the sample volume, not: as time-weighted 8-hour average (TWA)
COfIOCItlralions. 11Ic algorithm used to calculate the asbestos concentration from OOlInts
of fibers on filters is showrt in the following example, which represents the PCM limit
of reliable quantification applicable in analysis of the BLM samples:
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TABlE 1. ACTIVITY COOES, ACTIVITIES,
AND NUMBER OF SAMPlES IN THE BLM DATABASE

Activity Code Activiev Numbl. of Simpl..

• No Ictlvlty InlPmlation ,
, MotOlCYcII (lp8fltion "2 On loot. wilkino. ltc, "
J Riding In open ...Ihicle 22

• Riding In Clo18<l "'Ihiell "5 Ught mllntlninci ,
• HIIYV maintinanci 5

7 Equipment OPlfltion •
• Nonptl'lOIlallptlclal USI n

9 Amllllni aample J,. A..Ieffaln-....hicle optlfation ,.
TOlal '"
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where:

Quantification Limit
QL X CA• ---':;'-;;i;'7r;;SVxFVXCF

• 0.002 flcc

QL""' the limit of reliable quantification for the NIOSH (1989) method
(10 fiberslloo fields)

CA = the collection area of a filter within a 25-mm cassette (38S mm2)

SV ""' sample volume (3,000 L)

FV ""' field of view for a PCM microscope. This value will vary for
different microscopes; BLM data were analyzed with a 0.007854
mm~ field of view.

CF _ conversion factor of 1,000 ceiL.

Concentrations of a.sbe5IOS in ambient air measured by BLM using the PCM method
ranged from nondetected (0.002 flet;) to 0.49 flcc. Further analyse.s of the BLM dataset
are provided in the section entitled QUlllity Assurance of the BLM Dalasel.

DBtB GBthered by Researchers Bt the University of California, Berkeley

Concentrations of a.sbe51OS in ambient air at the CCMA were measured in several studies
conducted by groups led by researchers at the University of California in Berkeley
(Popendorf and Wenk 1983; Cooper et aI. 1979; Murchio et aI. 1978). Popendorf and
Wenk (1983) describe collection of asbestos air samples from S or 6 motorcycle riders
on each of 11 test rons conducted at the CCMA, including data from rons reported by
Cooper et aI. (1979). Runs were conducted on two circuits. In Run A, cyclists stayed
single file on a 8-km circuit 00 a well-traveled dirt road. Run A generally took about
IS-18 minutes. In Run B, cyclists had more latitude to vary t!leir group sequence and
path; a loop of 19-22 km was generally traversed in S0-70 minutes. Like the BLM
researchers, these investigators collected samples using a personal air sampling pump
(1.7 to 2 Umin) with a 25- or 37-mm open-face cassette and a 0.8-,IIm pore size filter.
In addition, analyses were conducted by PCM with 4S0x magnification. rn contrast to
the BLM work, asbestos concentrations measured in personal mooitors on motorcycle
riders were much higher, ranging from 0.05 to 7.1 flcc, with 9S-percent upper confi­
dence limits on mean concentrations of 3.37 flcc for Run A and I.S flcc for Run B.
Exposul'e5 were generally greater in Run A than Run B. Popendorf and Wenk (1983)
attributed this difference to the greater degree of latitude available to riders on Run B to
vary their intergroup spacing and position, thereby avoiding some visible dust clouds.
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Asbestos air concentrations reponed by Popendorf and Wenk (1983) are much higher
Ulan concentrations reponed in the BLM dataSet for comparable activities. "The reasons
for the discrepancies between the BLM and the Popendorf and Wenk (1983) data could
not be fully clarified. The Universily of California at Berkeley measurements were
perfonned in 1978. The authorl nave been unable or unavailable to answer questions
concemil1lthe specirle quantities that are necessary inputs 10 the above algorithm. The
major variable influencing calculation of flcc is the total fiber counts per filter. This
variable could only be verified through reanalysis of arcllived samples (preferably by the
R.J. Lee Group, Inc.). The document referenced by Popendorl' and Wenk (1983) for
quantifying the airborne asbestos fiber concentrations is mOSH (1977). The NIOSH
(1977) methods differ from the NIQSH (1989) methods predominantly in the recom­
mended fiber fixation methods and in the counting techniques; these discrepancies may
panially account for the differences between results obtained by BLM and the Univerlity
of California researchers. However, differences in the following variables may have a
greater influence on the observed discrepancies between the two datasets: 1) meteoro­
logic conditions (i.e., wind, ambient humidity, or precipitation), 2) the protocols for
spacing or speed of the offroad vehicles, and 3) the sitt of the offroad vehicles usod.

Popc:ndorf and Wenk (1983) also reponed analysis of some sample filters by both PCM
and tnnsmiuion electron microscopy (rEM). The TEM method more reliably identifies
asbestos fibers in ambient air. However, the subset of PCM samples reanalyzed by TEM
was too small to provide a statistical basis for comparing the obtained results. In
addition, no data are available on the results of laboratory quality assurance and quality
control (QAlQC) samples (i.e., replicate or duplicate samples). In the absence of such
verifying data, the data reponed by Popendorf and Wenk (1983) are judged as not as
reliable as the BLM dataset for use in a risk assessment for the CCMA. HO'NeVer,
because these concentrations are significantly elevated over BLM measurements for off­
road vehicle riders, the Uru:enainry AssessmtllJ section of this report presents risk
estimates (or off-road vehicle riders derived from the Popendorf and Wenk (1983) data.

Quality Assurance of the BiM Dataset

Because the BLM data are the most viable for use in a risk assessment for the CCMA,
several additional analyses of this dataset were corw;lucted to evaluate data Quality.
Concerns about the precision of tile PCM method and the potential unpredictability (i.e.,
over- or under-reporting) of PCM asbestos air concentrations were addressed through the
following evaluations of the PCM data:

• Comparison of results from 10 archived BLM samples for which both
PCM and TEM analyses were conducted

• Evaluation of the laboratory replicate and duplicate samples from RJ. Lee
Group, Inc.

The findin&s of these cva1uations are discussed below. In addition, statisticaI analyses
were coodueted to evaluate a possible USlXiation between air concentrations and seasons
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Of" activities. These analyses are outlined in the section entitled Analysis 0/ Vorianct with
StasOIl and Activlry. As described in the ~tion entitled Stltclion 0/ DO/a/or tht Risl:
EstimatlS, the analyses of data quality resulted in selection of the BLM data for use in
a risk assessment for the CCMA.

In contrast with the limitations of the PCM method described above, TEM, which uses
a magnification of 6,000)( or greater, can measure much smaller fibers and can distin­
guish between asbestos fibers and other fibers (such as cellulose, fiberaws, or hair) that
might be counted using the PCM method. Because of the recognized advantages of
TEM, a statistical comparison was conducted of 10 BLM asbestos air samples that were
originally analyzed by PCM and subsequently reanalyzed by TEM. The samples chosen
to be reanalyzed by TEM were selecled from similar activity groups (motorcycle and
ATV operation only) and provided maximum covcl'aJe of the concentration range
observed in samples at the CCMA. In addition, the motorcycle and off-road vehicle data
were collected from a variety of areas throughout the CCMA and, thus, should be
representative of potential differences in asbestos composition and mineralogy.

The BLM samples were reanalyzed by TEM by the R.1. l..ce Group, Inc., using the
Yamate Method (40 CFR f 763, Appendi~ A to Subpart E). This method repons
asbestos structures, which inclooe single fibers, bundles. clusters, and matrices. Each
stnlCture reponed must contain at least one asbestos fiber having a minimum length
::!;O.j ~m and an aspect ratio (length:width) of j:1. Bundles m defined as three or
more parallel fibers less than one fiber diameter in separation. As with PCM measure­
ments, clusters are defined as structures in a random arrangement such that all fibers are
intermixed and no sin&1e fiber is isolated from the group. Matrices are defined as
structures with a fiber or fibers embedded in or covered by a particulate. Only those
SU\lctuTCS that are identified as, or are suspected to be, either chrySOlile or one of the
amphibole minerals are reported. Other materials. such as gypsum. cellulose fibers, and
filter artifacu (e.g., undissolved filter strands), are not induded in the Structure count.
All samples were prepared using a direct preparation method.

The 10 BLM samples analyzed by TEM provide a paired data set for comparing asbestos
c:oneentrations determined with PCM and TEM methods. A plot or TEM versus PCM
data is shown in Figure 2. This evaluation was based on concentrations or TEM
struC1ul'C$ per cm3 > j ~m in length. The data are signiflCltltly correlated, with a
Pearson com:lation coefficient of 0.92 (significant at P<O.OI). The rqression equation
that is provided in Fiaure 2 can be used to predict TEM concentrations from PCM
concentrations using a slope factor of approximately 2.48 and an intercept of 0.0:5. Even
if the highest single point is excluded from the analysis, the correlation between PCM
and TEM analyses of the remaining 9 samples is still statistically sianificant (P<O'<):5),
with a Pearson correlation coefficient of 0.64 (Figure 3).

1be3c results indicate that within the Bl.M dataset in general and partiCUlarly within the
motorcycle rider data, statistical evidence supports using the linear equation: TEM •
2.48 )(PCM + 0.0:5 to convert PCM ffcc into TEM structures per cm3. The correlation
suggests that there may be little interference from other fibers in CCMA ambient air
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samples in thil dawet and that the size and shape distributions of fibers apparently
remain constant with increasing concentrationl. The correlatioo is likely to be due to
site-spec-me chancteristics and, therefore, should not be applied 10 PCM and TEM data
from other sites where environmental conditions differ from those at the CCMA.
However, becaUIC the !EM method provides a more precise measurement of asbestos
in air, the correlation between PCM and TEM data reduc:es the uncenainty surrounding
the relationship between PCM measurements and asbestos concentrations in air at the
CCMA.

As an additional step in the evaluation of data quality, PTI also reviewed the quality
assurance data for the BLM data, which were provided by R.J. Lee: Group, Inc., the lab
that analyzed the BLM sampling data. R.J. Lee Group, Inc., supplied two repeated
analyses, one replicate and one duplicate, for each of seven samples analyzed by PCM
(i.e., a IOtal of 14 quality assurance data points were provided). For each sample, one
of the repeated analyses was a duplicate (i.e., the same sample was analyzed by the same
analyst) and the second repeated analysis was a replicate (i.e., the same sample was
analyud by a different analyst). The coeffIcients of variatioo for the 14 repeated
analyses among all seven analyud samples ranged from 5.9710 32.3 percent. This vari­
ability is relativcly low when compared with results of chemical analyses and is well
within the MOSH requirements that duplicate and repllcate PCM samples fall within
I.S standard deviations from the original sample value.

Although these repeated analyses only address variability due 10 the analytical technique,
and not sampling variability, this reproducibility is similar to that demonstrated in a set
of samples collected in an EPA-sponsored study of asbestos at a Superfund site, the
South Bay Asbestos Site near San Jose, California. These samples were analyzed by
TEM, and the coefficient of variation ranged from 0.0 to 82 with an avcrage of 34.6
pm:ent (Black et aI., unpublished). Thus, the PCM data analyzed for BLM are well
within method standards and appear to compare favol1lbly with TEM samples collected
in the same regioo.

Possible correlations between asbestos air concentrations (determined by PCM in flex)
and activities, or between air concentrations and season (as determined by date), were
statistically evaluated. All analyses excluded one outlier that was greater than 3 standard
deviations away from the mean of the total dataset. In comparing air concentrations and
activities, asbestos data in the BLM database were included when the activily was
perlonned during at least 80 percent of the sampling periods. This approach provided
the ,realeSt number of data points without sacrificing representativc air concentJ3tions
associated with a givcn activity. Using this apprwch, 117 activity-specific PCM data
points were available fOf analysis. Table I presents the 10 activity categories and the
number of data points available for each category. The BLM database also included
data on the position of the riders in the mlKorcyc:le and ATV tests: riders were
designated as lead, mid, or tail riders and remained in those positions thrOl,lghoutthe test.

72



Thex data were used to evaluate possible correlations between air concent~tions and
rider position.

Using lhe statistics packaie SPSS/PC+, panmetric and nonpanmetric analysis of
vuiance (ANQVA) teSI1 were performed to assess statistical differences in air asbestos
coocentratiOllS between activity groups (fable I). These two broad categories of
statistical analyses differ in their underlying assumptions about the data distribution. The
parametric ANQVA assumes that the actual variability in the values of interest (e.g., air
concentrations) is constant for the population and does not vary between groups. A non­
parametric (Kruskal-Wallis) ANOYA was used for datasel1 fallin& lhe CocIlran's test for
homogeneity of variances. All possible pairwise comparisons were conducted using these
two tesl1 (Le.., each activity was compared with each other activity). 1be following
statistically si&nificant relationships bet.....cen activity and air asbestos concentrations were
identified:

• Ambient concentrations (activity 9) were significantly lower (P<O.OS)
than coocentr.iltions measured for the following six activities (Figure 4);

Motorcycle riding (activity I)

Walking (activity 2)

Ridina in an open vehicle (activity J)

Riding in a closed vehicle (activity 4)

Equipment operation (activity 7)

NOlIpersonal special use (activity 8)

• COlIcentrations measured during motorcycle riding (activity I), riding in
an open vehicle (activity J), and riding in a closed vehicle (activity 4)
were sipificantly higher (P<O.05) than those measured during ATV
operation (activity 10) (Figure 4)

• Concentrations measured for lead riders were significantly lower in
comparison with the &roup of mid and tail riders in the motorcycle and
ATV tests (P<O.05 for the non-parametric ANOVA) (Figures:5 and 6).

11Ie findings were genera.lly consistent with the findings of Popendorf and Wenk (1983)
and with the e-:pectation that increasing asbestos concentrations would be experienced by
mid and tail riders compared with lead riders.

Pairwise comparisons were also conducted between motorcycle riders and all other
activities pooled (Figure 4) and between ATV operators and all other activities pooled
(Figure 4) (non-personal, special use was excluded when activities were pooled because
of the lack of infonnatiOll on this activity). No statistically significant differences were
identiriCd in these comparisons.
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Although significant differences were seen between air concentrations measured during
six activities and ambient concentrations and between lead and following motorcycle
riders, fewer dif~rences were seen between activity groups than expected. For example,
there were no differences in asbestos air concentrations between motorcycle riding and
hiking. Seven.! f.lctors may account for the lack of statistical dif~rences between
activities IlIId asbestos COfloerltrations measured in air. Data points were only included
where a given activity was conducted 80 percent of the time period tl\at data were
colloctod. However, because workers were engaged in additional activities for up to 20
percent of Ihe sampling period, asbestos exposures during the 20 percent period may
interfere with the ability to detect a difference between activities accounting for 80
pen:ent of the sampling time. In addition, because mOSt of the BLM employees'
activities 11 the CCMA also in'o'Olve riding in a vehicle, differences in exposure concen·
trations betweer1 activities may be reduced by the innuence of dust generated from vehi­
cles. This is particularly true wllere the vehicles are driven on unpaved roads.

Seasonal differences in asbestos concentrations were evaluated for the entire BLM
dataset. While the spring and summer months appeaT to have lower asbestos concentr1l­
tiOllS than the winter months, the ANQVA performed on monthly data did not detect any
statistically silnificant differences at the P-O.OS level (Figure 7). Asbestos concentra­
tions for motorcycle riders by month were also compared using ANQVA techniques, and
no signirlCant differences were identified at the P-0.05 le-vel (Figure 8). The lack of
correlation between asbestos concentration and season probably results from variability
within a liven month of critical factors (i.e., soil moisture, wind speed, and the presence
or absence of precipitation) tllat would influence asbestos concentrations in air. Thus,
it appears that season (I.e., month) alone cannot be used as a predictor of ambient
asbestos conoentrations in silt management.

Selection of D.'8 for Risk Estim8tes

Although no correlations were found between BLM air asbestos concentrations and
season or activity, statistically signirlCll1t elevations were seen in oonoentration data from
the lead motorcycle group when compared with pooled data from mid and tail riders and
in concentration data from five of the activity croups in comparison with BLM ambient
data. In addition, the BLM database is lillely 10 be representative of potential oposures
eJ:perienced by silt visitorS because the data were collected throtJlhout the CCMA during
ensite activities similar to those undertaken by onsile visitors. Samples ~re collected
in the breathing wne, which also increases the representativeness of the data. Tn
addition, the BLM database covers all seasons and comprises 117 activity-specific data
points. The limitatiOlls of the PCM method, includinl the inability 10 count fibers
shaner than .s I'm or narrower than 0.4 I'm and the potential for including nonasbestos
fibers in counts, l\ave been eva1uated in lilllt of the current risk assessment methods and
throuch comparison with data from PCM samples reanalyzed by TEM. The linear
correlation between TEM and PCM analyses of selected BLM samples and the hilh
degree of reproducibility of the PCM data (demonstrated by PCM duplicate and replicate
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analyses of samples) tend to support the validity of the PCM data collected by BLM at
the CCMA.

AlthouCh PCM measurements are not lI.'i precise as TEM measurements, the cUlTent EPA
URF for ubestos is based on PCM measurements (and on earlier meuurements made
with a different measurinc device). Therefore, uncertainties associated with the use of
PCM data are inherent in the current URF and will remain regardless of the environ­
mental monilorinC data used for a specific risk analysis.' EPA's Integrated Risk
Information System (IRIS), which is an EPA database containing verified toxicity values
and up-to-date health risk and EPA regulatory information, indicates that "the correlation
between TEM and PCM is very uncertain" (U.S. EPA 1991a). According to Steven
Bayard, the EPA risk assessment guidance contact for asbestos, the PCM method is
Ccnerally selocted for use in risk:: assessment because of cost considerations and compan­
bility with the current URF (Bayard 1991, pen. comm.). For these reasons, the BLM
database was used in the risk assessment for the CCMA.

FOllowinC EPA cuidance for risk assessment (U.S. EPA 1989b), the 9S-pe,cent upper
confidence limits on the mean from the BLM data were used in the risk cakulation~

Although lhere was no statistically significant difference between concentration data for
off-road vehicles (motorcycles and a11·terrain-vehicles [ATVsD and other activity groups,
the upper 9S-pen:cnt confidence limit on the mean concentration for off-road riden was
somewhat hicher than that for all other groups combined (i.e., 0.066 f/cc and 0.04 flcc,
respectively). For this reason, the concentration data for these two croups have been
used separately in the risk assessment. However, because the concentrations are so
similar, pooling all data would make very little difference in final risk estimates.
Although there were statistically significant difference5 between lead and following
motorcycle riden, a Civen individual is likely to shift betlllleen rider positions. There­
fore, concentration data from all offroad riden have been pooled for use in the risk
assessment.

In contn.st with the approach used to compare asbestos concentrations and seasons or
activities, no samples were excluded in derivilll the 9S-percent upper confidence limits
OIl. mean concentration (i.e., the outlier thilt was greater than 3 standatd deviations away
from the mean was included). TIle outlier was included in these calculations to provide
a more conservative approach to the risk assessment. For aample, excluding outliers
produces 9S.paccnt upper confidence limits for off·road vehicles and other uses of0.035
and 0.033 flce, respectively. As discussed above, only data for activities that took place
for 80 pen:cnt of the time were included in the calculations.

IA discussion of an ongoing EPA evaluation of the methods of analysis for asbestos
in air is presented in the Toxicity ,1ssessment section of this risk usessment.
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As indicated above, the data from Popendorf and Wenk (1983) will also be included in
a risk evaluation presented in the Uncertainty Assessmtm section of this repon. The
9S·percent upper ronfldence limit on the average concentrations for all data points in
Run A was 3.37 flce and for all data in Run B was I.S flee.

EXPOSURE ASSESSMENT

Exposure assessment is the process of identifying human populations that could
potentially come into contact with site-related chemicals and estimating the magnitude,
frequency, duration, and route(s) of potential exposure. The exposure assessment phase
of the risk assessment includes the following steps: characterizing the exposure setting
and identifying potentially exposed populations, identifying exposure pathways, and
quantifying exposure. Each of these steps is described below.

The first step in exposure assessment is to characterize the site in terms of its physical
setting, land use, and associated human populations that may be exposed to site-related
contaminants. This information is used to identify possible exposure pathways for each
potentially exposed population and to determine appropriate exposure intake variables to
quantify exposure. A general description of the physical setting of the management area,
including climate, soil type, and surface water hydrology, was provided in previous
sections of this chapter. 1be local demographics, land use, and human populations
potentially exposed. to site-related contaminants under current and possible future land-use
conditions are discussed below.

Cu"ent Lend Use and Populations

The CCMA is within a 2S().km2 area of federally owned land managed by the BLM for
recreational uses. There are no permanent residences within the management area. The
nearest toWn is Idria, california, which lies to the noM of the management area. Land
use is expected to remain recreational for the foreseeable future (i.e., residences or
businesses will not be allowed to locate within this area). Thus, there are two popula­
tions of people who are of concern for the human health risk assessment:

• Cum:nt OCCupaliooal-BLM employees with potential for exposure to
asbestos during work in the CCMA

• Cum:nt and. Future Rocrc:ationai-Site visitors who may enter the CCMA
and be exposed to asbestos in ambient air.

BLM employees are covered under Occupational Safety and Health Adminisuation
(OSHA) regulations and, thus, the potential for exposure to asbestos is limited or
eliminated through adherence to the health and safety practices required under OSHA.
Therefore, site visitors are the focus of this risk assessment.
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Although the CCMA is located in a relatively unpopulated area, the unique characteristics
of the area (i.e., sparsely ycgetated, erosion-relistent slopes) draw visitors from popula­
tion centers such as San Jose and San Francisco (Popendorl and Wenk 1983; U.S. EPA
199<b). In particular, visitors who spoke at a public meeting on the CCMA indicated
that this is one of a rew remaining large public areas a1k1wing off-road vehicle use (U.S.
EPA 199<b). Other site uses include camping, hiking, hunting, and rock collecting (U.S.
EPA 199Oa; Popendorf and Wenk 1983). Although exact counts are not available, the
BLM has estimated the annual number of visitors to the CCMA for the years 1917 to
1990 (BLM unpublished). Visitor use appears to have peaked in 1988, when BLM
estimated 80,000 visitoN1ays were spent in the area. This estimate was extrapolated
from vehicle count.! taken by BLM rangers assuming that each vehicle has 2.5 visitors
and that visitors spend about three and one-half, 12-hour "days" per visit. BLM also
derived estimates of off-road vehicle use in the area by assuming the followinl:
I) 70 percent of all vehicles entering the CCMA are support vehicles for off-road
vehicles and 2) each sUpPOrt vehicle includes t\YO off·road vehicles. Using this approach,
BLM estimated that off-road vehicle riding peaked at 14,000 vehicles in 1988. The 1990
estimate for off-road vehicles was 9,000 (BLM unpublished).

QUlJntificlJtion of ExposurlJ

Site visitors could be uposed to asbestos through inhalation and ingestion. However,
as discussed in the toJl.icity assessment section, the inhalation pathway is likely to be the
most important palltway for evaluatin& human health risk. In addition, existing data on
asbestos concentrations in soil are inadequate for use in risk assessment. Therefore, only
the inhalation pathway will be included in the risk assessment for the site. Exclusion of
potential risks associated with ingestion of asbestos may underestimate overa.ll risks
associated with uposure to asbestos at the CCMA. Although the degree of underestima­
tion cannot be precisely quantified, tJl.perimental data indicate that ingested asbe$los is
either not carcil10lenic or is less carcinogenic than inhaled asbestos.

Estimates of the Qtetlt of use by site visitors were described in the previous section. In
risk assessment, the Qposure estimates are based on the reasonable maximum Qposure
(RME) cue. Risk AJstlSl1ltN GuidQIICt for Suptifwsd (U. S. EPA 1989) describes the
RME cue as the highest exposure that is reasonably expected to occur at a site. In this
evaluation, RME estimates were derived for the site based on the following;

• EPA guidance for risk assessment (U.S. EPA 1989a,b, 1991b)

• Site use estimates derived by U.S. EPA (19901) in the risk assessment for
the Atlas and Coalinga sites

• StatemenlS about site use made by site visitors as reported in transcripu
from the Atlas Asbestos Company Superfund lite community meeting
(U.S. EPA 199<b).
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Appendix A and Tables A-I and A-2 provide a detailed comparison of exposure estimates
derived using data from these three sources. AlthouJlt the estimates derived from
information from these three sources arc fairly similar, the detailed comparison described
in Appendix A SUUcsts that lhc exposure variables derived from the EPA guidance
documents for risk U5CSSment (Erposur? Ftu:ron Handbook [U.S. EPA 1989a] and the
U.S. EPA SJandanJ Dt/tUlll ExpoSUTt Ftu:lon [U.S. EPA 1991a)) are the most appropri­
ate for usc in a risk assessment for the CCMA. Assumptions used in CSIimating exposure
for off-road vehicle riders and for other site users derived using these guidance
documents (U.S. EPA 1989a, 1991a) are described here and presented in Table 2. In
addition, a combined exposure :scenario is sllown in Table 2 because CCMA visitors may
engage in more than one activity during a given visil. For example, off-road vehicle
riders often camp in the area, thus increasing their overall eltposure to asbestos in
ambient air. Estimates of asbcsIos inhalation levels resultinl from such combined expo­
sures are also described in this section.

Tbc last pan of this section presents the method used to derive exposure point concenl1ll­
tions for inhalation of asbestos in ambient air during activities at the CCMA. The expo­
sure estimates provided 1'Icre are intended as best-estimatcs and should no! be considered
to be exact because of variability in exposure frequency between individuals and the
imprecision in the samplina: methods used to measure asbestos in ambient air. To
facilitate C\Illlu.a.tion of various exposure frequencies, exposure estimates are derived that
nUlge from a l-day exposure to the highest exposure estimate based on stalements made
by site visitors.

Off-,oild Vehlc1fl$

Although no national or regional data arc available on the amount of time people spend
riding off-road vdticles, U.S. EPA (19891) reported the results of a national survey
indicating that men spend O.S2 houBiweek in the following activities: motorcyclina:,
biking, walking, hiking, jouing, running, and horseback ridinl. Because motorcycling
is jUSl one of these activities, it seems reasonable that only one-half of that time might
be spent ridilll off-road vehicles for the average case, with O.S2 hours/week as an RME.
U.S. EPA (1991) ftlCOmmends using an eltposure duration of 30 years for the RME
estimate for the recreational :scenario (i.e., recreational fishinl) included in that guidance
document. The JO..year cx.posure duration and the cx.posure frequencies derived using
U.S. EPA (1989a) luidelines arc generally consistenl with estimates made by site visitorS
who spoke at the public mcetinl (fable A-I). In addition, the maximum estimate of total
houn of cx.posure over the lifetime, derived through usc of values in U.S. EPA (1989a),
is essentially the same as that derived in U.S. EPA (199Oa).

Use of the above variables results in an RME estimate of 27 hours riding off-roil!
vehicles per year for 30 years, or about five rides of approltimately SA houn in duration
per year. Because at least one site visitor indicated thaI they ride even more frequently
and for lonlet periods of time (i.e., approltimatcly 84 hours per year) (Table A-I and
U.S. EPA I99Ob), a "high estimate" ofcx.posure of 12 rides of11Klurs duration per year
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TABLE 2. INHALATION EXPOSURE ALGORITHM
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was also calculated to provide a range of exposure estimates for off-road vehicle riders.
In addition, an eJIOposure estimate for a single SA-hour ride per year for 30 years was
calculated to assist in evaluating a range of tlIposures (Table 2).

Other CCMA Uses

U.S. EPA (1989a) presents results from a national survey indicating that men spend
IA9 hours/week outdoors in the following activities: hunting, fishing, boating, sailing,
canoeing, camping at the beach, and other activities. This estimate was used 10 derive
an RME of 77 hours/year, or about 3.2 days per year at the CCMA (Table A-2).
Application of the 3O-year duration of tlIposure recommellded in U.S. EPA (1989a), as
described in the discussion for off-road vehicle riders, results in an estimate of
2,310 hours over the lifetime for the RME case (Table A-2). Use of these exposure
assumptions is likely to overestimate exposures for most site visitors because this
estimate incorporates the assumption that people spend all of their time in these activities
at the CCMA (Le., they would not camp or hunt elsewhere) over a 3Q-year period.
Therefore, to evaluate a range of exposures, an exposure estimate for visitors who spend
I day each year at the CCMA for 30 years also was calculated (Table 2).

Combined Actilfities

RME estimates for off-road vehicle riding and for other site uses were combined to
evaluate exposures for individuals who engage in more than one activity at the CCMA
during: a year (Table 2). This combined exposure scenario is based on the assumption
that people who ride off-road vehicles in the area may also camp in the CCMA.
However, because both estimates include a number of conservative assumptions, the
combined eJtPOsute estimate is expected to be much higher than lifetime exposures for
most people who visit the CCMA. For example, exposure estimates for off-road vehicle
riding and other site uses arc both based on national estimates of time spellt in a broader
range of outdoor activities than are available at the CCMA. The RME estimates are also
based on the assumption that all of the rime spent in these activities takes place within
the CCMA. In addition, the RME estimates incorporate the assumption that visitors
would continue this high level of use of the CCMA over a 3O-year exposure duration.

Deriviltion of Chronic DlIlly EJlposure Concentrations

Chronic daily exposure concentrations were calculated for the RME and I-day estimates
for off-road vehicle riding and for other activities at the CCMA based on the algorithm
presented in Table 2. Consistent with EPA guidance for risk assessment (U.S. EPA
1989a), all eJtposure estimates were derived using the 95-percent upper confidence limit
on the mean ambient air concentrations in the BLM database. The toxicity value for
asbestos is a unit risk value, which incorporates an adult's body weight of 70 kg and an
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inhalation rate of 20 m]/day. Because tile risk assessment for the CCMA is based on
adults usin& the area for recreation, tllese variables do nOI need to be adjusted.

TOXICfTY ASSESSMENT

Ali indicaled above, this risk assessment focuses on adverse effects associated with
asbestos inhalation. This section includes a definitiOl1 of asbestiform minerals, brief
discus.sions of available dose-response data for carcinogenic and noncarcinogenic effects
of asbestos, a discussiOl1 of the relationship between fiber chanlcteristics and adverse
health effects, and a discussion of the ongoing EPA re-evaJuation of the URF for
asbestos.

Asbestos is the name given to a group of six different minerals that occur naturally in the
environment and are mined for use in various industries. The class of asbestos is
subdivided into serpentine fibers, which are characterized as bein& curly, and amphibole
fibers, which are sllaped like rods. The asbestos found at the CCMA is prt:dominantly
chrysotile (Popendorf and Wenk 1983), wllicll is the most common of the setpentines.

CarcInogenicity

This section includes a discussion of the characteristics of ubestos influencing toxicity
and the evidence for carcinogenic effects of asbestos following inhalation or ingestion.

Fiber Characteristics and Adverse Effects

The: various typeS of asbestos fibers differ widely in their chemical composItion,
morphology, and dUrability. 1bese differences may account for divergent effet::ts seen
in biolopcal systems. Indeed, studies show that many factors, including fiber type, fiber
size, deposition, dissolution, and migration, affect the carcinogenic potential of asbestos
fibers. However, these factors are interrelated, and fiber size appears to be the most
definitive in predicting carcino&enic potential of fibers in the lungs (Davis 1989). Studies
in whicll asbestos fibers were injected into the lungs of animals form the basis for the
'Stanton Hypothesis' on the relationship between fiber size and carcinogenicity. The
hypothesis states thaI fibers greater than 8 ~m in length and less than 0.25 ~m in
diameter have the most marked carcinogenic potential (Stanton 1981). This hypothesis
is also supported by inhalation studies in rats, showing that shon amphibole and chryso-­
tile fibers (~5 Iolm) were less carcinogenic than long fibers (MOS5man et aI. 1990).
Some studies, however, show that fibers less than 5 I'm in length appear to be capable
of producing mesothelioma (a cancer of the Illin membrane that surrounds the lung) in
animah.

Because fiber type and levels of fiber deposition and dissolution in the lung tiS5ue are
interrelated, they are oflen addressed togetller in scientific research. Several studies have
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shown that deposited amphibole fibers penetrate the peripheral lung more readily than
chrysotiJe fibers and are more persistent in the lungs (Davis 1989; Mossman tt aI. 1990).
Mownan (1990) postulates that chry$Olite fibers do not penetrate deep into the lunes
because of their hinderine shape and the fact tltat they oflen occur in bul~ bundles.
Another possible e:JI:p1anation for the lower persiSlc:ncc of chrysotile fibers is that they are
rapidly removed from luna tissue by macrophages (a type of white blood cell that engulfs
dead cells and foreign particles in the blood or lymph), presumably because these fibers
undel'JO chemical dissolution in tissue, which render them fraaiJe and susceptible to
macrophage attack (Davis 1989; Mossman et aI. 1990).

Several studies indicate that the risk of pleural mesothelioma is lower where chrysotile
is used without concurrent use of amphiboles (Davis 1989; Mossman et aI. 1990).
Epidemioloeical sNdies also show thaI mesothelioma patients, or workers chronically
e:JI:poxd 10 asbestos, ltave far more amphibole than chrysotile fibers in their lunes
(Mossman et al. 1990). Although controVersy e:JI:ists about the relative potency of
cbrysotile and amphiboles in causing lung cancer, several studies sugges! that chrysolite
may also be less potent than amphiboles in inducine lune cancer. For example, mortality
rates are lower in chrysotile minen and workers woo manufacture friction materials
made solely of chrysotile, as compared with rates seen in amphibole miners and workers
(McDonald and McDonald 1986). The strength Ill" this apparent association is reduced
by the limited data available on exposure to amphibole fibers in mining and milling
operations and the lack of data on exclusive exposure to amphiboles in the manufacture
of friction products. However, evaluation of asbestos fibers retained in the lunes also
supports reduced potency of chrysotile as compared witll amphiboles in causing luna
cancer. The severity of asbestosis and incidence of lune cancer observed in asbestos
factory workers in London correlated with the lung burden of crocidolite and amosite
asbestos (amphiboles), while the proponions of cbrysotile and nonasbestos fibers were
decreased in comparison to malChed control patients (Wagner et al. 1938). The results
of these stl.ldies, as well as the deposition and dissolution properties of chrysotile,
indicate that e:JI:posure to amphibole fibers is associated with a greater risk of developine
mesothelioma than e:JI:posure 10 chrysolile fibers.. Some data also suggests that lung
cancer risks may also be greater following exposure 10 amphiboles than 10 chrysotile,
particularly where e:JI:posures to chrySOlite occur in mining or milling.

However, the animal studies forming the basis for the Stanton Hypothesis showed that
long chrysotile fibers were as carcinogenic as long amphibole fibers when administered
by inuapleut21 and intraperitOlleal injection. Other animal e:JI:periments support the view
that chrysotile fibers can be at least as hazardous as amphibole fibers. In fact, chrysotile
has been found in some studies 10 be more fibrogenic and carcinogenic than either
amosite or crocidolite (although mute of adminisuatiOll of these ampliibole fibers was fIOl

specified in the repon) (Davis 1989). These results SURest that the shape and dissolutiOll
characteristics of chrysotile fibers, rather than an inherent absence of carcinogenicity,
account for the apparent lack of association between inhaiatiOll of chrysotile fibers and
development of mesothelioma in humans (Mournan et aI. 1990; Stanton 1981).
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Inhalation Exposures

Both animal and tillman studies have demonstrated lhe carcinogenicity of a variety of
types of asbestos following inhalation exposures. Although there are considerable
differences in carcinogenic polency of various types of asbestos, the entire class of
asbestos is classified as a Group A human carcir'lOgen based on increased incidence of
lung cancer, mesotheliomas, and gastrointestinal cancer observed in occupationally
exposed workers. Lung cancers and mesothelioma have been observed consistently in
workers in the asbestos mining, insulation, textile, cement, and friction products
industries. However, considerable differences in excess cancer rates have been observed
in different industries using the same type of asbestos (i.e., exposure to chrysotile
asbestos in textile mills is associated with a higher cancer risk than mining and milling)
(IARC 1987). Some evidence of an association with excess cancers has also been seen
in persons living in neighborhoods with asbestos f1loctories andlor with asbestos workers.
Laryngeal cancer has been associated with asbestos exposure in some groups of exposed
workers. While lung cancer and mesothelioma are typically associated with chronic
inhalation of asbestos, several studies in humans and animals show that shon-term
exposure to asbestos may also produce cancer. For example, some groups of workers
exposed to asbestos for 1-12 months have shown an increased risk of lung cancer several
years later. In addition, some rats inhaling asbestos for \ day developed. mesothelioma.
The overall data on the SUbject, however, are not extensive enough to reach a definite
conclusion about the association between shan-term exposure to asbestos and cancer
development (ATSDR \990).

Evidence from data in tillman populations indicate that concomitant exposure to asbestos
and tobacco smoking results in a synergistic effect to multiply the risk of developing lung
cancer. For example, a study by Hammond et aI. (1979) reponed an age-standardized
monaiity ratio of 5.17 for workers who were exposed to asbestos, but did not smoke,
10.85 for smokers not exposed to asbestos, and 53.2 for asbestos-exposed smokers.
Other studies have reported tllat risks from combined exposures are greater than those
predicted by an additive model, but less tllan tllat predicted by a mUltiplication model
(ATSDR 1990). In contrast, the risk of developing mesothelioma appears to be
independent of smoking (lARC 1987).

EPA derived an inhalation URF of 0.23 (flce)-l for asbestos using data on the rates of
lung cancer and mesothelioma in several occupational studies (U.S EPA 1991a). The
URF for asbestos is a quantitative estimate of excess cancer risks pet f/ce breathed and
can be combined with an estimate of tile asbestos exposure in ffce to derive a quantitative
risk estimate. This URF was derived willlout consideration of smoking habits in control
or exposed populations. Thus, use of the URF may result in over- or underestimates of
risks to individuals whose smoking habits differ from tllose of populations in studies used
to derive the URF.

The URF is based on studies of workers exposed to a variety of asbestos types in diverse
occupational settings. However, the URF does not include cancer incidence data from
occupational populations exposed to cllrysotile asbestos in mining and milling (U.S. EPA
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1991a), and these studies may be most relevant to the exposure to chrySOlile asbestos al
the site. UnoffICial URFs (..URfS) ranging from 0.0013 (ffCC)-1 to 0.0047 (f/cc)-l can
be derived from data on lune cancer reported in three studies of workers exposed. to
chrysotilc in minine and milling [t.icDonaid et aI. (1980); Rubino ct aI. (1979);
NICholson el aI. (1979)). These ~URFs were derived by PTI by con...erting an occupa­
Iional exposure period of 5 days a week and an inhalation rate of 10 m'/8 hour work day
to a continoous exposure period. The loweS! .URF derived in this way is nearly 200
times less (182 limes) than the CUlTent URF for asbestos and the highest value is nearly
SO tirnes less than the current URF. Similarly, the .URF derived from data on mesothe­
lioma incidence in a population exposed to chrysotile asbestos in a mining setting is
0.031 (f/cc)-l (McDonald el aI. 1980; Berman 1992, pers. comm.), which is 7 timcs
lower than the currenl URF for asbestos. Thus, use of the current URF may result in
a 7 to 20Cl-foid overestimate of risks for exposures to chrysotHe asbestos at the CCMA.

EPA EvaJu.tJon o( Asbestos Analytic.' M.thods-Although the evidence for
carcinogenicity ofasbestos following inhalation is conclusive, there arc scvcraI uncertain­
ties associated wilh ilS quantification. These unocnainties have prompted EPA to
evaluate the methods for measurement of a.sbcSlOS in air in an allemplto betler correl.ate
asbestos measurements with potential health risks. This eva1uation may result in a
revision of Ihe URF for asbestos inhalation. Several issues relating to the measurement
of asbestos contribute uncertainties 10 the URF. FirSI, early occupational studies only
provide a limited degree of quantitative data for estimating exposure. Second, tlte
current inhalation URF for asbestos is based solely on fiber counts made by PCM and,
due to limitations in the PCM method described in the Dma AflQlysis section, PCM
measurements may have over- or underestimated tlte total asbestos fibers present in lite
work environmenlS where adverse effects were seen. Thus, because of uncertainty
associated with the PCM mctllod, the URF for asbestos may over- or underestimate risks
for populations exposed to asbestos.

An additional u.nocttainty concerning the URF for asbestos is related to the active fTaCtion
of asbestos fibers (i.e., the subset of all fibers tltat causes adverse effects). The CUlTent
URF is based on fibers that can be measured by PCM or earlier, less precise methods,
(i.e., fibers gfClter than 5 ""m, wider titan 0.4 JIm, and Itaving a length:widtlt ratio of
3: I). This approach is consistent witlt a body of data from experimental animals
indicating that carcinogenicity generally increases with fiber length and decreases witlt
width. However, because shorter and narrower fibers tltat may also have carcinogenic
potential could not be accurately measured in studies used to derive tlte URF, the relative
contribulion of these fibers to risk cannot be quantified. Thus, use of this URF may
under- or overestimate risks associated with asbestos exposure in a given environment.

Orm Expo$urtls

Evidence for the carcinoaenicity of asbestos following oral exposures is inconclusive.
Most animal studies attempting 10 demonstrate carcinogenicity through ingestion have
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been limited in both design and number of animals. One study~ a statistically
significant increased incidence of benign intestinal polyps in Tats fed I-percent asbestos
in their diets. Although many studies Ilave been conducted, only one epidemiological
study showed a positive association bet_n ingestion of asbestos and cancer. This
study, which involved exposure to asbestos in drinking water, was considered inadequate
for providing direct evidence about causality because of a lack of information on
individual beBavior that may influence risk. Despite the inadequacies of these animal and
human Sludies, both ATSDR (1990) and DHHS (11187). who wrote a comprehensive
review on literature pertaining 10 cancer risks associated with asbestos ingestion,
concluded that it would be prudent to not disregard the ponibility of asbestos beina a
human carcinoaeR by the oral route. However, tbe frequent negative findings of such
an association leads to the belief that whatever risks do exist, they are probably low
relative 10 bacqround cancer rates and are significantly less than risks associated with
inhalation of asbestos.

1be polelltial for asbestos to cause adverse effects follow ina illlestion will I'IOl be
quantitatively addressed in this risk assessment. Althouah the majority of the evidence
indicates that asbestos is not carcinogenic via ingestion, exclusion of oral exposures from
the risk calculations may underestimate risks.

Noncsrcinogsnlc Effects

A significant noncarcinoaenic effect resulting from chronic inhalation of asbestos is a
lung disease known as asbestosis, characterized by abnormal breathing due to the
development of scar tissue in the lungs. Over time. this condition results in substalltial
loss in pulmonary function and increased resistallce to blood now through the lungs
(ATSDR 1990). Studies in workers who developed asbestosis demonstrate that these
persons are at an increased risk for lung cancer ((ARC 11187). Although asbes'osis has
been reponed in workers exposed to high concentrations of asbestos in industry dwing
the period hom the latter 19005 and through World War II, this effect occurs following
relatively high exposures and would not be expected to occur following exposure 10
asbestos in the environment. EPA has not d~loped a reference dose for the
noncarcinogenic effects of asbestos.

RISK CHARACTERIZATION

In this .section, upper-bound Iifclime excess cancer risks are estimated for the various
levels of exposure derived in the Exposure Assessmelll section. A qualitative uncertainty
assessment is also included in this seclioo and is intended to help risk managers interpret
the risk assessment findings.
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Risk Calculations

The upper-bound lifetime excess cancer risk estimates are calculated using the following
general equation described in EPA risk assessment guidance documents (U.S. EPA
1989b,c) and used in the risk assessment for the Atlas and Coalinga sites (U,S. EPA
19903):

Excess Ufetime Cancer Risk • EC x URF

where:

EC .. Chronic daily exposure to asbeSIOS in air averaged over the
lifetime (as derived in the Exposure AsussmmJ section and
shown in Table l) (f/cc)

URF ." Unit risk faclOr for inhalation of asbestos [0.23 (f/eel- t].

Uppet-bound lifetime excess cancer risk estimates ranging from 4 x 10-6 to 9 X10-5

(Table 3) were calculated for the off-road riding, other activities scenarios, and combined
scenarios described in the Exposure Assessment section and in Table 2. The risk
estimates were also derived using the 95-percent upper confidence limit on the mean
concentrations for off-road vehicles (motorcycles and ATVs) and for all other site uses
from the BLM dataset (these concentrations are 0.066 and 0.04 flee, respectively).

Although the determination of an acceptable risk level is ultimately a decisioo to be made
by risk managers, the findings presented here are compared with the range of acceptable
risks cited in the EPA National Contingency Plan (which EPA describes as the 'regula­
tory blueprint for implementing the Superfund law"). The National Contingency Plan
states that risk levels in the range of 10-4 to 10-6 and lower are considered 10 be within
the range of acceptable risks for Superfund sites. While this investigation was not
conducted under Superfund, this range of risks has also been used by other EPA
programs and by other federal agencies responsible for mitigating public health risks and
is offered here to place the findings in perspective.

Although these risk estimates fall within the range of risks considered acceptable to many
governmental agencies, there are numerous uncertainties that may result in over· or
underestimates of risk. The following section, UncenailtJ)' Assessment, presents a
qualitative evaluation of key uncertainties.

Uncerteinty Assessment

Because risk characterization serves as a bridge between risk assessment and risk
management, it is important that major assumptions, scientific judgments, and estimates
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TABLE 3. UPPER-BOUND LIFETIME EXCESS CANCER RISK
ESTIMATES ASSOCIATED WITH ACTIVITIES AT THE CCMA-

hcen Cancer Risk It
E~p05ure Levels'

E~posure Scenarios

Off-foad riding

Other sctivities

1·0ay RMEb High Estimate"

4 ~ 10-8 2:<10- 5 6:<10-8

1:<10-8 3)(10-5 .."

1)(10-5 5)(10-8 9:<10~s

• Risk estimates ara based on inhalation exposures only.

• RME . faasonable maximum e~posure.

< The high estimate wlI derived Irom a site visitor's estimate 01 site use
lor off-rOlld vehicle riding. The RME estimate lor other activities wII
combined with this estimate.
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of uncertainties be described in the asscssmMt. EPA has identified several categories
of uncertainties associated with risk assessments (U.S. EPA 1989<:). These include
uncertainties in identification of contaminants of concern, including measurement of
contaminant concentrations, as well as uncenainties in IOlticity values and uposure
asscnment.

The human health risk assessment for the CCMA includes the following key uncertain·
ties:

• Cooa:ouatioo Dara Used in Risk Calculations-PCM measurements of
asbestos concentrations in air may over- or uBderestimate concentrations
of asbcYos fibers most closely as:oociated with the iBduction of disease.

• 1'IWcity Value for~The URF for asbestos inhalation is based on
eatly studies using PCM or less precise methods and thus may over· or
underestimate risks for a given Cltposure environment. It may also under
estimate risks associated with ingestion of asbestos; and also overestimate
risks associated with Cltposure to chrysotile asbestos found at the CCM.....

• Re1atiooship Between Asbc:staoi Exposure and SmolOnC-Risks of develop­
ing lung cancer following Cltposure 10 asbestos are substantially increased
in pcrJOl\S who also smoke tobacco.

• Ex~ Asxssmcnt-The Clttentto which one individual may use the site
is dirficult 10 estimate precisely; RME eltposure estimates derived here
may over· or uBdercstimate site usc and risk estimates.

This soction presents an evaluation of the potential influence of each of these categories
of uncertainties on the final risk estimates and is intended to facilitate interpretation of
the risk assessment findings. A final section presents a summary of findings.

AJ. discussed above, PCM mca.surements are associated with considerable uncertainty and
may tend 10 over· or underestimate concentrations of asbestos fibers in air most c10scly
associaltld with adverx neaIth effects. Allhough the: finding of a statistically significant
correlation between PCM and TEM measurements of 10 BLM samples suppom the usc
of this particular PCM dataset for cvaluatin& risks at the CCM.... , discrepancies betweerl
asbestos concentrations measured by BLM and those: reponed by Popendorf and Wenk
(1986) still raise concerns re&ardlng the PCM data gathered by BLM. The 95-pcrcent
uppcr confidence limits on mean concentrations reponed by Popendorf and Wenk for
Run A are nearly 2 orders of magnitude higher than those from the BLM dataset. The
reasons for this discrepancy cannot be fully determined without a reanalysis of archived
samples from Popcndorf and Wenk (1986). However, differences in counting and fiber
filtation bet....-ecn the MOSH (1977) methods used in the analyses conducted by Popcn­
dorf and Wenk (1986) and the current NIOSH method (NIOSH 1989) may prarti.ally
account for the divergent results. Other factors that may account for differences
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observed between the dataseU include variance in meteorologic COl'ldilions or experi­
mental design (i.e., the size, speed, or spacinl: of offroad ~hicles).

The BLM dataset includes QA/QC data and, thus, is thought to be more reliable than the
data from Popendorl and Wenk (1986) where QAIQC data are lacking; however, the
latter dataset was used to calculate risk estimates based on RME case assumptions for
off-road vehicle riders (S.4 hours per day, 5 days per year, for 30 years). For Runs A
and B, lespectivdy, use or the 95-percent upper confidence intervals on mean coocenlf1l­
lions (3.37 flcc and 1.5 (fcc) results in upper-bound lifetime excess cancer risk estimates
or txlO-S and 5xlO-4, These risk estimates are both above the IxlO-4 level often
used by governmental agencies as an upper limit of acceptable risk. Thus, although this
dataset is thought to be leu reliable than the data collected by BLM and used in the
formal risk assessment, this alternate dataset suggests that the excess cancer risk
a.uociated with the RME exposure estimate for off-road vehicle riders may be 38 to
84 times higher than the risk estimates presented in Table 3.

Toxicity Value to, Asbesros

There are several uncertainties associated with lhe evaluatioo of the toxic effects of
asbestos. Three aspects of the toxicity asseument may tend to underestimate risb.
First, there is no reference dose for noncarcinogenic effects of asbestos. However,
asbestosis and ()(her noncarcinogenic adverse health effects associated with exposure to
asbestos occur at much higher exposure levels than carcinogenic effects. Therefore,
exposure levels set to mitigate potential cancer risks will also protect against other
adverse effects. Similvly, whereas the current URF for asbestos is based on risks
following inhalatioo only, there is limited evidence of carcinogenicity following oral
exposure. However, available evidence indicates that potential excess cancer risks
following oral exposures (if any) are much less than canc:er risks a.uociated with
inhalatioo exposures. Therefore, the most significant risks have been quantified in this
risk assessment.

A third aspect of the current URF, I.e., the lack of precision in analytical methods used
in the occupational studies it was derived from, may result in over- or underestimation
of risks. One aspect of this problem is that the active fraction of asbestos fibers could
001 be accurately identified in studies forming the basis of the URF. Although exact
quantification of this uncertainty is not possible, preliminary results from EPA-sponsored
research evaluating methods used to measure asbestos suggest that use of the current
URF may result in a 5C).fold Of greater under- or overestimate of risks (Berman 1992,
pen. comm.).

The II'I05l significant variable tending to overestimate risks at the CCMA is the fact that
the URF is based on workplace exposures to a variety of different asbestos types, while
asbestos at the CCMA is almost entirely chrysotile, Thus, eJi:posures at the CCMA may
be associated with risks closer to toose observed in chrysotile workers in mining and
milling than the risks observed in other data used to derive the URF. Severn lines of
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evidence suggest that chrysolile lias a lower carcinogenic potency than other lypeS of
asbestos (i.e., crocidolite and amosite) panicularly wilen exposure occurs in mining and
milling operations, as opposed to production of textiles. As discussed in llle Toxicity
AssesSf1U!nt section of this risk assessment, ~URFs derived from data on exposure to
chrysotile asbestos in mining and milling operations are 7- to 200-fold lower tllan the
CUlTent URF for all types of asbestos combined. Thus, use of tile URF based on a
variety of typeS of asbestos may overestimate risks associated with exposure to cllrysotile
at the CCMA.

The potential uooerestimation of risks related to the URF for asbestos is as least panially
offset by factors that are likely to overestimate risks. The most significant variable
tending to overestimate risks at the CCMA is the fact that the URF is based on
workplace exposures to a variety of different asbestos types, while asbestos at the CCMA
is almost entirely chrysotile. Several lines of evidence suggest tltat chrysotile has a lower
carcinogenic potency titan otller types of asbestos (i.e., crocidolite and amosite)
panicularly wilen exposure occurs in mining and milling, as opposed to production of
textiles. As discussed in the Toxiciry Assessment section of this risk assessment, URFs
for chrysotile asbestos are 7- to 2QO-rold lower than the CUlTent URF for all types of
asbestos combined. Thus, use of the URF based on a variety of types of asbestos may
result in a 7- to 2QO-fold overestimate of risks associated with exposure to chrysotile at
the CCMA. In addition, bec::ause the URF for asbestos is based on PCM measurements,
which may over- or underestimate concentrations of asbeSios in air, risk estimates
derived usin, the URF may also be over- or underestimated.

Re/etionsh/p Between Asbestos Exposure end Smoking

As discussed in the Toxicity Assessment section, the risk of developing lung cancer
following exposure to asbestos may be up to ten times lIigller in persons wllo also smoke
tobacco. However, because the URF was derived witlloot taking into account smoking
llabits of exposed or control populations, CCMA visitor's risks, as shown in Table 3,
may be over- or underestimated in individuals wllose smoking lIabits differ from those
of the populations in studies used to derive the URF.

Exposure A:r:res:rment

'The extent to whicll one individual may use the site is difficult to estimate precisely. The
RME exposure estimates derived here are based on national surveys of time spent in a
variety of activities and Oft comments made at a public meeting regarding tile site. The
RME estimates used in the risk assessment are intended to err on the side of overestima­
tion of exposure and, thus, risla. However, cenain individuals may visit the site more
frequently or spend longer periods of time at tile site titan assumed in the RME eSlimates.
To evaluate a range of risks at various exposure levels, risks were calculated for
exposure frequencies from I day to 60 days for the off-road vehicle scenario, for the
OIher site use scenario (I.e., camping, hiking, and other activities), and for the combined
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scenarios. These calculations were based on additional exposure variables presented in
Table 2 including lhe ambient air concentrations derived from tile BLM dataset. As
demonstrated in Table 4 and Figure 9. risks do not reach the I x 10-· level until
exposures are greater than 9 days per year for 30 years. These calculations can be used
to help risk manaaers develop management alternatives for the CCMA and help visiton
10 make decisions about site use.

Use of the variables described in lhe prcced.ing par2graplls results in uncertaJntles
surrounding the risk estimates that span several orders of magnitude. Table S presents
a summary of the relative contributions of various factors to uneenainty in the risk
assessment. Comparison of concentration data derived from the BLM dataset with those
from Popendorf and Wenk (1983) suggest that the BLM concentration data used in the
risk assessment for offroad vehicle riders may be underestimated by 38 to 84 times.
H~, the lack of quality assurance data for the Popendorf and Wenk (1983) dataset
and the fact thai the BLM dataset was collected over a broader ran:e of exposure
conditions (i.e., through all seasons and within many areas of the CCMA) suggest that
the BLM data are the more representative values. In addition, comparison of the EPA
URF for asbestos used in the risk assessment with URFs calculated using mesothelioma
and lung cancer data from populations exposed to cllrysotile asbestos in mining or millin:
indicates that usc of the EPA URF may result in 7- to 200-fold overestimates. Thus, the
uncenainties associated witll these two variables result in a net overestimate of risb
particularly w"en the relative strength of tile Popendorf and Wenk (1983) dataset is taken
into consideration. However, uncertainties associated with use of PCM data may tend
to <Wer· or underestimate risb and lung cancer risks may be underestimated for site
visitors who smoke.

Potential O'ICr- or underestimates associated with other variables are more difficult to
quantify. Exposure frequency and duation are expected to vary considerably with
individuals. HO'Ne\I'tf, the RME variables arc expected to overestimate exposures and
risks for most people based on available national averaaes for similar activities.
Underestimates of exposure for persons who use the site more frequently than the RME
estimate arc Cltpected to be less than 18-fold. That is, site use over a thirty year period
is unlikely to be higller tllan the lIigllest estimate in Table 4 (i.e., 60 visits to ride off·
road vehicles and 60 visits to engage in other activities), which woold result in an
estimated risk 18 times lIigher than tile RME estimate. The degree to which the current
URF for asbestos may under- or <Werestimate risks is unknown, but may be as high as
5().fold in either direction based on preliminary data.

Althoup unceru.inties span a total ranZe of more than three orders of magnitude
(Table 5), it is e.tremdy unlikely that all sources of underestimation would exe:n their
effecU without concurrent opposinZ sources of O\fCrestimation. Moreover, although
uncertainties cannot be precisely quantified, there appears to be &rcaler total sources of
overestimation rather than under estimation. Thus. consideration of key sources of
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TABlE 4. UPPER-BOUND LIFETIME EXCESS CANCER RISK ESTIMATES
AT INCREASING LEVELS OF EXPOSURE

UP9er-Bound Ufetime Excess Cancer Risk e.timnes By Activity

Number of DaYI of Off·Road Other Combined
ExpolureNe.. fOf 30 Years Vehicle RH:ling Activiliel AClivities

, 4><10-e 1>< 10-5 1><10-5

3 1><10-5 3><10-5 4><10-5

RME ntim,,," 2><10-5 3 >< 10- 5 5><10-5

, 2><10-5 5><10-5 1><10-1

, 4><10-5 1 x 10-· \ x10-·

" 5><10-1 1 x 10-· 2><10-·

" 1><10-- 3 x 10-· 4x10--

" 1><10-- 4><10-· 5x10--

49 2x10-- 5><10-· 1x10-·

90 2xl0-- 6><10-· 9>< 10-·

Note: Based on exposure variabln presented in Table 2 with me exception of the days of
upolure II noted, Alia band on uposure concentrationl derived from tile BLM dataset
ITable 21.

" RME nposure scen"ios "e based on 5 days of off·rold vehicle riding and 3.2 dlVs of other
sClivitie•.
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TABlE 5. CONTRIBUTION OF SELECTED VARIABLES TO UNCERTAINTY

Bl..M GIlUM1 IPCMI

Asbestos unil risk
f.cto.

Tob.cco smoking

Exposure ".Hslm.nl

0'0'''· or Underestirnll';...........

MJIy Ul'ldetlltinMt.; up 10 38- 10

"'-''''''
O.....lItinMUO; 7 10 2OG-Iold

Und...· or ov....tim.,,; unknown.
m.y be 5O-Iold O. g'Ul"

0'0'''· o. und....l1m.t.

O.....lItim.t. lor moll individu.ls.
un6l'.lIitn.t. for aom.; unknown
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Basis

IrnprKiaion 01 PCM ....thod nLr1
relUh in _. or Ul'ldIrUtil'Nll. of
UPO_IS MId risks

Popendorf and W...... Ubestol con­
centnltion dIoUl .,. c:onAdIrably
hiohet !han Bl..M dIoUl

URfs dIri.....:l bUed on .xpo.... to
chry$otile ubellOI in minino;I and
miling .... 1TIUCh Io_lhan!he EPA
URF bued on upos",. to • v;lriety
of typtl of ubillOS in uriooJs
uposure settings

URF for ubellos ....y nol account
for .11 biologic.lly tellv. fibers

Riskl of d.v.loping lung cane..
following IlbulOI .~posur.m.y be
lubn.nti.lly ;nc.....d in pl..onI

who lmok. lob.cco

Sill UH il UpeCled to be highly
variabll witfllndiyj~11

.".,••__.~"



uncertainty in the risk assessment variables indicates that the RME estimate is a
conservative estimate of risks.

Because of the inability to predsely estimate toxicity and exposure in environmental
settings, uncenainties of this magnitude are lIOt uncommon in risk assessment. Where
uncertainties exist, assumptions made in risk assessment are designed to ensure that risks
are not underestimated. As a result, use of these assumptions is likely to overestimate
risks. n.erefore, risk assessment results should be regarded as a risk management tool
rather than an cuet quantification of lIuman llealth risks. This risk assessment provides
information on the relative magnitude of risks associated with various CCM" uses tllat
can be used in identification and selection of CCMA management options.
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person stated that he visited the site 12 days/year and rode for about 7 hOlJrS/day for a
total of 84 hours/year (U.S. EPA 1990b, pp. 146-147). These exposure frequencies are
considerably lower than the U.S. EPA (199Oa) maximum estimate of 160 hours/year
(5 hours for 32 days/year). Ho\\''ever, several people indicated that they had been
visiting the site for 25 or more years (U.S. EPA 1990b, pp. 135, 144-145, and 149), in
conlnlst with the U.S. EPA (199Oa) estimate of 5 years. Thus, while the exposure
frequency used by U.S. EPA (1989a) is higher than that indicated in public comments,
application of the exposure duration results in similar total hours of exposure over the
lifetime (Table A-I).

Although no nation- or region-specific data are available on the amount of time people
spend riding off-road vehicles, U.S. EPA (19893.) indicates that men spend 0.52 hours/
week in the following activities: motorcycling, biking, walking, hiking, jogging,
running, and horseback riding. Because motorcycling is just one of these activities, it
seems reasonable that only one-half of that time might be spent ridin. off-road vehicles
for the average case, with 0.52 hours/week as a reasonable maximum estimate. U.S.
EPA (1989a) recommends using an exposure duration of9 years for the average length
of time people might visit one recreational area. This estimate is based on the fact that
9 years is the median length of time people in the United States live at one m;idence.
Similarly, a 3D-year duration, the 90th-percentile residential duration, is recommended
by U.S. EPA (1989a, 1991) for estimates of the RME duration for recreational use. The
3O-year exposure duration and the exposure frequencies derived using U.S. EPA (1989a)
gUidelines are generally consistent with estimates made by site visitors who spoke at the
public meeting (I'able A-I). In addition, the maximum estimate of total hours of
exposure over the lifetime, derived through use of values in U.S. EPA (1989a), is
essentially the same as that derived in U.S. EPA (199Oa). However, the average
exposure estimate derived by U.S. EPA (199Oa) is about twice that derived through
application of values from U.S. EPA (I989a).

Other CCMA Uses

U.S. EPA (199Oa) derived exposure estimates for hikers, campers, and hunters based on
the assumption that in the average case, an adult would visit the Atlas Mine or lohns­
Manville Coalinga Mill sites for 8 hours/day, 52 days/year, for !O years. As a
maximum case, U.S. EPA (199Oa) assumed that someone would visit the CCMA for
8 hours/day, 104 days/year, for 20 years (Table A-2). Public comments suggested that
this level of site use was too high. An estimate for hiking of 4 hours/day, for 4 days!
year was suggested by one meeting participant (U.S. EPA I99Ob, p. 131) (Table A-2).
In addition, a member of an association of 24 rock hound clubs "throughout this pan of
the state" indicated that •... the rock hound people only go down there maybe once or
twice a year, maybe for one or two days" (U.S. EPA 199Ob, p. 123). Panicipants at the
public meeting did not comment on the number of years that people might visit the
CCMA for these activities. U.S. EPA (l989a) presents results from a national survey
indicating that men spend 1.49 hours/week outdoors in the following activities: hunting,
fishing, boating, sailing, canoeing, camping at the beach, and other activities. This
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TABlE A-2_ COMPARtSON OF EXPOSURE ASSUMPflONS FOR CAMPERS. HIKERS. HUNTERS. AND ROCK
COlLECTORS USING THE~ CRE.EK MANAGEMENT AREA
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estimate was u$Cd to derive average and reasonable maximum estimales of 39 and 77
hours/year, respectively (Table A·2). Application of llle U.S. EPA (1989a) recommen­
dations on duration of exposure, as described in the discussion for off-road vehicle
riders, results in estimates of351 and 2,310 hours over the lifetime, for the average and
reasonable maximum cases, respeclively (Table A-2). These estimates are considerably
lower than the U.S. EPA (199Oa) average and maximum estimates of 4,160 and 16,640
hours over the lifetime.

Conclusions

Comparison of the exposure assessment conducted by U.S. EPA (199Oa) with comments
from the puhlic meeting and with the EPA exposure assessment guidance document
suggests wt the ell:posure variables derived from EPA's Exposure Factors Handbook
(U.S. EPA 1989a) are the most appropriate for use in a risk assessment of alternatives
for the CCMA (Tables A-I and A-2). Exposure estimates for off-road vehicle riders
derived from U.S. EPA (1989a) are close lO the U.S. EPA (19903) maximum estimate
and to both estimates derived from public comments, hUI they are somewhallower than
the U.S. EPA (199Oa) average estimate. Similarly, estimates derived from U.S. EPA
(l989a) for other site uses are somewhat higher than the limited information gathered at
the public meeting and are about an order of magnitude lower than estimates derived by
U.S. EPA (199Oa) for the average and maximum cases.
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