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Kira Lynch
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United States Environmental Protection Agency
75 Hawthorne St.

San Francisco, CA 94104

RE: Work Assignment No. 59-06-D800 of Contract No. 68-W9-0059.
Dear Kira:

Please find enclosed seven bound copies and one unbound copy of our {inal report, "Evaluation
of Risks Posed to Residents and Visitors of Diamond XX Who Are Exposed to Airborne
Asbestos Derived from Serpentine Covered Roadways." Let me know if this is a sufficient
number to circulate among the interested parties of EPA or if you would like additional copies
for any other reason.

Note that one of the principle goals of this assessment was to reduce (or at Jeast identify and
evaluate) sources of bias to the estimated risks. If there is interest in reducing potential bias
further, this can be accomplished by:

(1) performing a small number of additional paired analyses on archived samples (to
improve the comparison between direct and indirect preparation);

(2)  collecting a small number of additional road samples (dispersed throughout the
community) and analyzing the samples to determine the distribution of asbestos in

road material throughout Diamond XX

(3)  obtaining and evaluating historical wind data for the site to quantify the
distribution of wind speed and direction prevalent at the site; and
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(4)  completing a site reconnaissance to determine the location of houses relative to
the location of roads and the direction of prevailing winds.

Please call me if you have any questions or comments concerning this document.

Sincerely,

5'.’"\"/‘.3—2_ @e.,\___\___\

D. Wayne Berman, Ph.D.
Chief Scientist

cc Polly Quick (ICF Program Manager for ARCs)
Maria De La Cruz (ICF ARCs Contract Coordinator)
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In September, 1993 the U.S. Environmental Protection Agency (EPA) conducted a series of
experiments designed to provide measurements of the concentrations of asbestos in air generated
downwind of serpentine-surfaced roadways during controlled traffic flow. The primary purpose of
this study was to provide the data required to estimate risks experienced by residents living
adjacent to such roads or who use such roads for transportation. The level of risk potentially
experienced by children riding bicycles along these roads was a particular concern. This report
presents a risk assessment performed using the data from the EPA experiments.

EXPERIMENTAL DESIGN

The September, 1993 study was conducted in a residential development known as Diamond XX,
which is located off of Route 4 near Copperopolis, California. The experimental design of the
study is described briefly below. A more detailed description of the design and procedures can be
found in the Diamond XX Sampling and Analysis Plan (EPA 1993).

Based on a review of weather patterns and topography, two roads were selected, which:

. run reasonably straight for a required 300 ft;

. are clear of obstructions for several hundred feet lateral to the road in the vicinity
of the selected study area; and

. run approximately perpendicular to the direction of prevailing winds.

At each roadway, sampling stations were set up on a line representing the perpendicular bisector
to the 300 ft section of road that defines each study area. Stations were set at:

. 150 ft upwind;

. 25 ft downwind;

. 75 ft downwind; and
. 150 ft downwind.

Each station included a high-volume sampler to collect samples of total respirable dust and a low-
volume sampler to collect samples suitable for asbestos analysis. Typically, additional sampling
equipment was also set up at one station to collect duplicate samples. The station at which
duplicate samples were collected was varied from experiment to experiment.

In addition to those set up in the study area, a sampling station was also typically established at a
location remote from the study area and samples were collected at this remote station over the
same time interval as specific experiments being conducted on the road. Measurements from
these locations are intended to provide estimates of asbestos concentrations representative of
remote background.
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Sampling was generally conducted over a three-hour period during which a control vehicle was
driven at constant speed (30 mph) back and forth at a fixed frequency (0, 5, or 15 vehicles per
hour or vph) over the selected road. Experiments were conducted over the course of three
consecutive days at each of the two roadway locations. Two separate runs were typically
completed on each day.

A small number of sampling stations at various locations were also left to run overnight on
specific evenings. Results from these measurements were designed to provide an estimate of the
average concentrations of asbestos prevailing over the 12 hour period not evaluated during the
main part of the study.

Wind speed and direction were monitored during each experiment to assure that conditions
remained constant to within the defined tolerances of the study. The study was conducted during
meteorological conditions that are believed associated with the greatest potential for asbestos
release from the roads (i.e. dry and warm with steady winds blowing perpendicular to the road).

Samples of respirable particulate matter (PM10) were collected using a high volume sampler
coupled to a size selective inlet per the requirements of EPA Reference Method RFPS-1287-063.
The PM10 was collected during each run on 8-inch by 10-inch quartz filters and analyzed by
gravimetry (i.e. the filters were weighed before and after sample collection and the difference in
weights computed to provide a measure of the mass of respirable dust collected).

The airborne concentration of respirable dust at each station was determined by dividing the mass
of dust captured by the volume of air passed through the quartz filter during each run.

Additional details concerning the requirements for sampling respirable dust can be found in 40
CFR Part 50, Appendixes J (the reference method), and K -- "Interpretation of a National
Ambient Air Quality Standard for Particulate Matter in the Atmosphere.”

Due to the anticipated filter loading and a desire to improve the precision of the measurements,
sample collection filters analyzed for asbestos were prepared using an indirect preparation
technique (Chatfield and Berman 1990). However, because analytical results derived from directly
prepared samples are believed by some researchers to relate better to available slope facters for
asbestos, concentrations derived from the indirectly prepared samples of this study were converted
to estimates of the equivalent concentrations to be expected from directly prepared samples using
a conversion factor derived from measurements collected during the study.

To derive an appropriate conversion factor between indirectly and directly prepared samples,
approximately half a dozen paired samples were collected with one filter of each pair prepared by
the indirect technique and the other filter by a direct technique. Results of these paired analyses
were then subjected to a regression analysis to determine the relationship between samples
prepared by the different techniques. For a description and comparison of preparation
techniques, see Berman and Chatfield (1990).

Filters were analyzed for the determination of asbestos using the counting and identification rules
defined in the ISO method (Chatfield 1993). The stopping rules were modified so that sufficient
asbestos structures would be counted to allow detection (with high probability) of the anticipated
differences between upwind and downwind samples.
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Asbestos concentrations are reported for each sample by each of four indices:

. a phase contrast microscopy equivalent (PCME) count defined to be consistent
with the EPA "Asbestos Health Effects Assessment Update" (1986). This index is
referred to as PCME (EPA 1986);

. a PCME count .defined to be consistent with the California Proposition '65
definition of asbestos (California ARB 1986). This index is referred to as PCME
(Ca: Prop '65); ' '

. an index recommended ina pending publication (Berman et al. 1994) that is

currently being evaluated by the EPA. This index is referred to as the B & C
index in the text; and

. a count of all structures longer than 5 pm (foral long structures), which is an index
recommended in an internal review document (Berman and Crump 1989) that is
also undergoing review by the EPA. This index is designed to serve as a surrogate .
for the B & C index, which is much more difficult to measure.

The precise definition of each index and the manner in which each index is generated is
presented in Appendix A.

The purpose for presenting asbestos concentrations expressed in each of four indices is to allow
multiple interpretation of asbestos risk based on various published and soon to be published
procedures. The procedures employed for evaluating the risks attendant to asbestos exposure
remain controversial.

The resulting measurements from the set of experiments conducted at Diamond XX were
subjected to analysis of variance (ANOVA) to0 determine what factors potentially affect the level
of airborne asbestos generated by vehicular traffic on serpentine-covered roads. Estimated
average exposure concentrations appropriate for a specific set of exposure scenarios were also
derived from the data and combined with corresponding slope factors t0 provide an estimate of
risk potentially experienced by the following specific populations:

. residents in houses immediately adjacent to the roads;

. children who bicycle regularly along the roads; and

. individuals exposed continuously to concentrations typical of background.
RESULTS

A total of 65 sample filters were prepared by the indirect technique and analyzed to derive
estimated airborne asbestos concentrations at specific sampling stations during specific runs.
These include 12 pairs of duplicate samples (with paired filters collected immediately adjacent to
the each other). Four filters representing laboratory blanks and seven filters representing field
blanks were also prepared and analyzed. Five additional sample filters (each paired with one of
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the other sample filters described above) were also collected, prepared by a direct technique, and
analyzed. ‘

Because the concentrations measured on field blanks and lot blanks are small relative to the
smallest field concentrations measured, it is assumed that contamination is not a problem and the
blanks are not considered further except to document the concentrations measured.

Concentrations calculated for each asbestos filter sample collected during the study are provided
in Appendix B. A key is also provided in this appendix that indicates the location and the
conditions of the run during which each sample was collected.

The data were validated. A summary report of the results of data validation is presented in
Appendix C.

ANOQVA Results

Analysis of variance (ANOVA) is a formal statistical procedure that evaluates the degree to which
the variability of particular dependent variables can be attributed to the effects of one or more
independent variables. As applied here, the utility of the ANOVA is two-fold. First, it is a
sensitive procedure for testing whether two or more sets of measurements are significantly
different (i.e. for determining whether two or more measurable quantities are distinguishable).
Second, it provides strong evidence for causal relationships between dependent and independent
variables (i.e. for determining whether specific parameters affect the processes being studied).
Thus, for example, ANOVA can be used to determine whether changes in wind speed or vehicle
frequency (independent variables) affect the rate at which asbestos is released and transported
from a serpentine-covered road (the dependent variable).

The ANOVA conducted on the asbestos concentrations measured in this study were performed
similarly for each of the first three indices of concentration defined in the last section. The
fourth index, total long structures, was added later to facilitate risk estimation by serving as a
surrogate for the B & C index, but was not included in the ANOVA.

The ANOVA was conducted to determine the effect of the following parameters on measured
airborne asbestos concentrations: :

. sections of roadway (two were studied);

. grossproximity (i.e. remote background versus all other stations near the road);

. station (i.e. the specific sampling location upwind or downwind with respect to the
road);

. vehicle frequency (i.e. the number of passes per hour conducted by the control
vehicle);

. day (i.e. the specific day on which the experiment was run);
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. sample number (i.e. the specific filter number; used to distinguish among pairs of
filters analyzed as duplicates); and

. test number (i.e. the numerical identifier of specific analyses; used to distinguish
among pairs of analyses for each laboratory QC re-count).

The parameters, sample number and rest number, were included to provide an indication of the
irreducible variability inherent in the sampling and analysis of asbestos for this study; these
represent the variability introduced by sample handling, laboratory handling, and analysis of filters.
All of the other parameters were included to examine their effect on airborne asbestos
concentrations.

Note that the parameter, day, was included to serve as a surrogate for general meteorological
conditions; although weather patterns were reasonably stable over the entire 10 days of the study,
the relationship between airborne concentration and day was examined to highlight any effects
due to the small changes in meteorology that did occur during the course of the study.

When an ANOVA is performed, it is also generally possible to examine the potential "interaction”
between the variables being evaluated. For example, in the ANOVA conducted for the Diamond
XX study, the following interactions were also evaluated:

. roadway and gross proximity;

. station within roadway and gross proximity;

« ' vehicle frequency within roadway and gross proximity;

. station and vehicle frequency,

. sample number within all of the other parameters (except test number); and
. test number within all of the other parameters.

The degree of interaction between two (independent) variables indicates the extent to which the
effects_of two the variables on a third (dependent) variable are dependent on one another. For
example, testing for the interaction between roadway and grossproximity provides an indication of
whether the differences noted in concentrations between stations close to the road and those
remote from the road are different for the two roadways studied.

When a specific parameter is examined "within"other parameters, what is being evaluated is the
effect that the specific parameter has on a particular variable while "removing" (i.e. accounting
for) the effects of the other parameters. For example, evaluating fes number within all of the
other parameters studied in this ANOVA provides an indication of the variability in measured
asbestos concentrations that is attributable solely to the variability inherent to sample analysis (i.e.
it is a measure of the average variability expected of duplicate analyses of the same filter).
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A more detailed discussion of the ANOVA: conducted for Diamond XX is provided in Appendix
D. The implications of the ANOVA that are relevant to risk estimation for Diamond XX are
. discussed below.

As expected, the effect of both stafion (i.e. location relative to the road) and vehicle [frequency
(i.e. the rate of traffic flow) on measured asbestos concentrations are highly significant.
Interestingly, there also appears to be a significant interaction between starion and vekicle
frequency. This means that the differences between downwind concentrations that can be
attributed to changes in the rate of traffic flow are a function of the specific location (downwind)
at which the asbestos concentrations are measured. It is not immediately clear why this is so.

When the control vehicle is traversing the road, a strong trend is noted in which asbestos
concentrations decrease as a function of distance from the road and there are significant
differences between the asbestos concentrations measured at specific downwind stations (i.e. at
locations that are different distances downwind from the road). However, possibly because some
of the downwind stations were located too close to each other, not all of the differences between
stations are significant; while concentrations measured at 25 ft downwind of the road are always
significantly different and higher than concentrations measured at 75 ft or 150 ft, concentrations
measured, respectively, at 75 and 150 ft are not significantly different. Still, the concentrations
measured at both the 75 and 150 ft downwind stations are always significantly higher than
concentrations measured upwind.

Somewhat surprisingly, upwind concentrations measured 150 ft from the road are significantly
different (and lower) than concentrations measured at remote background locations. This may be
due, however, to what appears to be a single, high outlier among the concentrations measured at
one of the remote locations’.

Concentrations measured downwind of the road when the control vehicle is traversing at 15 vph
are significantly higher than concentrations measured when the control vehicle traversed the study
area at only 5 vph. However, concentrations measured when the traverse rate was 5 vph are only
significantly higher than when no vehicles traversed the roadway for measurements expressed
using either the PCME (Ca: Prop '65) or the PCME (EPA 1986) indices. For the measurements
expressed in terms of the B & C index, concentrations measured when the control vehicle
traversed the study area at 5 vph are indistinguishable from concentrations measured when there
was no traffic on the road. When no vehicles were traversing the road, upwind and downwind
concentrations are indistinguishable.

Interestingly, variation in measured asbestos concentrations as a function of day is not significant.
Therefore, it should be valid to extrapolate the results of this study from the time period over

Measurement of elevated asbestos concentrations at a remote location can potentially be
attributed to any of several possibilities including, for example, chance selection of a location that
is proximal to an unidentified asbestos source or, more simply, contamination of one of the
sample filters during handling or transport. Interestingly, when the single high value is removed
from the set of measurements from remote locations, they become indistinguishable from the set
of upwind measurements.

E-4-11



which the study occurred to other days, at least for days exhibiting meteorological conditions
similar to those that prevailed over the interval during which the study was conducted.

Differences between asbestos concentrations measured during similar runs at each of the two road
segments studied are not significant. Therefore because the two road segments also appear to
exhibit comparable asbestos concentrations?, the data from this study cannot be used to assess

the relationship between the concentration of asbestos in road material and the rate of asbestos
release from such material. At the same time, this conclusion suggests that it should be valid to
extrapolate the results of this study to other roadways exhibiting similar asbestos concentrations,
provided that the other characteristics of the roadway that potentially control asbestos release
(e.g. asbestos concentration, size distribution, moisture content, etc.) are also similar,

In summary, it is clear that individuals who live adjacent to the downwind edge of serpentine-
covered roadways may be at elevated risk (compared to general background) due to increased
asbestos exposure. Similarly, individuals who use such roadways for transportation (or recreation)
may also be at increased risk. Both sets of risk may increase as a direct function of the
frequency of traffic on such roadways. Note, although not tested formally in this study, it is also
expected that risk will increase with increasing average speed of the vehicles traversing the
roadway.

Risk_Analysis Results

Risks potentially experienced by individuals visiting or residing at Diamond XX were estimated by
evaluating mean airborne asbestos concentrations prevalent in the area. This was accomplished
by converting such estimates to account for differences between direct and indirect preparation,
combining the concentration estimates with estimates of the duration and frequency of exposure
appropriate to specific receptors, and multiplying the resulting dose estimate by an appropriate
slope factor.

Estimating Exposure Concentrations

The raw concentrations derived from the asbestos measurements collected during the Diamond
XX study, which are presented in Appendix B, were combined to provide estimates of the mean
concentrations relevant to specific station locations. Based on the ANOVA results presented in
the previous section, it is valid to average the measurements collected at each station over day
and road for each combination of station and vehicle frequency over which the study was
conducted.

The concentrations of asbestos in road material were measured in this study using a new, soon to
be published method (Berman and Kolk 1994), which is designed to provide high precision
measurements that can be related to risk. Using this method asbestos concentrations measured in
road material for both roadways are on the order of 5 x 107 s/g when exprcssed as PCME (EPA
1986), 5 x 107 s/g when expressed as PCME (Ca: Prop '65),and 5 x 10° s/g when expressed in
terms of the B & C index.
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Table | is a summary of the mean concentrations of asbestos measured under specific conditions
during the Diamond XX study. Values are presented, respectively, for a location that is 150 ft
upwind of the road and for locations that are 25, 75, and 150 ft downwind of the road for runs -
conducted at either a vehicle frequency of IS or 5 vph. Mean concentrations are also presented
for runs in which the vehicle frequency was zero (i.e. no vehicles traversed the road), although all
downwind distances are pooled for this case (i.e. concentrations are not presented as a function of
distance downwind). Mean concentrations are also presented that are representative of remote
background and of all-night samples. Note that concentrations are expressed using each of the
four concentration indices defined as described in previous sections and Appendix A.

Concentration estimates derived from field blanks are also presented in Table 1 for comparison.
Note that, to provide estimated concentrations for field blanks that would be comparable to the
actual measurements, it was assumed that the average volume of air passed through the sample
filters during the Diamond XX study also passed through the field blanks: this is simply a
hypothetical construct designed to normalize the biank concentrations.

In general, the trends that are apparent among the concentrations presented in Table | have
been shown to be significant, as discussed in the last section. Thus, among other things
concentrations downwind of a roadway being traversed by traffic are significantly higher than
upwind concentrations (see last section).

Concentrations measured upwind while traffic is traversing the road are comparable to the pooled
concentrations measured when no vehicles are traversing the road. These concentrations are also
comparable to the upwind concentrations measured at night. However, downwind concentrations
measured at night appear to be greater than any of the upwind (or no vehicle) concentrations.
This is not surprising because observations indicate that local residents use the road at night to
get to or from their respective residences (Ecology and Environment 1993). Thus, there is some
frequency of traffic that occurred during the time that the all night samples were collected and
this contributed to airborne asbestos concentrations measured downwind of the road>.

Due to the similarity of measured concentrations for all upwind samples and the no vehicle
samples, it is likely that such concentrations are representative of local background. As indicated
previously, although the mean concentrations estimated for remote background are significantly
higher than this (based on the ANOVA described above), this mean appears to be skewed by a
single high outlier (Appendix B). If this single outlier is removed, the mean concentrations
measured for remote background become comparable to the "upwind” concentrations and the
concentrations measured downwind during the no vehicle runs.

Wind patterns at night in the area of Diamond XX tend to be unsteady, unlike the stable patterns
that tend to occur during the day. Therefore, the locations defined as "upwind" and "downwind” in
the daytime may not be as clearly distinguished at night. Nonetheless, the pattern of asbestos
concentrations measured at these locations during the night do suggest consistency with the
patterns observed during the day.
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Interestingly, the mean concentrations representative of the upwind and no vehicle samples that
appear to be representative of local background are nonetheless higher than those measured for
field blanks. This suggests that measurable asbestos concentrations exist in the air at Diamond -
XX whether or not traffic is generating asbestos releases from the roads. Such asbestos may
derive from any of a variety of sources including, for example, remote sources of asbestos or wind-
entrained releases from the local road.

Before the concentrations presented in Table 1 can be employed to derive estimates of risk, two
additional issues need to be resolved. First, as indicated previously, because concentrations
presented in Table 1 are derived from samples prepared by an indirect technique and the
available slope factors for asbestos have been derived from samples prepared by a direct
technique, it is necessary to convert the "indirect” concentrations to "direct” concentrations.
Second, the duration and frequency of exposure to the specific receptors of interest must be
defined and addressed.

Considering the Effects of Direct and Indirect Preparation

Table 2 presents the small set of paired samples from this study that were prepared, respectively,
by a direct and an indirect technique (for a comparison of such techniques, see Berman and
Chatfield 1990). The ratios of the direct and indirect pairs are provided at the bottom of the
table. Unfortunately, careful analysis of these ratios revealed no significant correlation.
Therefore, all that might be said about the conversion factor based on this table is that it likely
lies somewhere between 2 and 25 (for all indices of exposure other than the B & C index).

It is possible (though unlikely) that the true conversion factor between direct and indirectly
prepared samples lies outside the range indicated in Table 2. Unfortunately, the sample size
employed to test the relationship between direct and indirect preparation in this study is
apparently too small to provide the definitive result. However, the uncertainty attributable to the
error potentially associated with this conversion factor is expected to be small relative to other
sources of error typical of a risk assessment.

All of the risk calculations described below incorporate the extremes of the range of conversion
factors presented in Table 2 (i.e. 2 and 25) and a middle value of 8.

Exposure Scenarios
The second issue that must to be resolved before risks can be estimated from this study is the
need to define the characteristics of exposure that are appropriate for specific populations of
interest. The first page of Table 3 presents a summary of several exposure scenarios believed
relevant to the Diamond XX site.

The first case involves children bicycling on the serpentine-covered roads at the site. For this
scenario, it is assumed that the mean concentrations from the closest downwind location (25 ft)
are representative of the levels of exposure to which such children would be exposed. It is
further assumed that such children may ride along the roads for an average of 7.3 hours per day
(shorter during the school day and longer on weekends) and that they may continue such
activities for 9 years. It is also assumed that such exposure would continue for 310 days of the
year,

E-4-14



The value 310 is derived by subtracting from 365 the 15 days typically assumed for a family
vacation (EPA 1991) and 40 days during which at least 0.01 inches of precipitation fall in the
Diamond XX area during which exposure is expected to be nil (Army Corp of Engineers 1993)..

A second scenario involves residents who may live by the road and are assumed to occupy their
houses during the day. It is assumed that asbestos concentrations at such a house might be
represented by the mean concentrations estimated for the location 150 ft downwind of the road.
It is further assumed that such exposure continues for 12 hours per day, 310 days per year, for 30
years. A similar scenario is aiso presented for which exposure is assumed to continue for only 9
years.

A third scenario involves residents who may live by the road and are assumed to occupy their
houses only during the night. The only difference between this scenario and the previous one is
that the representative concentration for this case is now assumed to be the mean downwind
concentration measured from the all night samples. Both a 9-year and a 30-year case are included
for this scenario as well.

In the next set of rows in Table 3, the all-day resident and the all-night resident scenarios are
summed to provide a 24-hour resident scenario.

Finally, the risk to individuals exposed continuously to mean background concentrations in the
Diamond XX area are also evaluated both for a 9-year and a 30-year case.

Risk Estimates

On Pages 2 through 4 of Table 3, estimates of risk are provided for each of the various receptor
populations defined on the first page of the table. Estimates are provided based on published
slope factors appropriate to each of the three exposure indices carried through the analysis. Risk
estimates were not derived for the B & C index because it was decided that the measurements of
this index are too variable when measured via published methods and, therefore, such risk
estimates would be too uncertain. Risk estimates are included, however, for an index
representing total long structures, which serves as a surrogate for the B & C index. Note that a
range of three estimates are provided for each exposure index and each case, which reflects the
range of factors estimated as described previously for converting between indirectly and directly
prepared samples. The three estimates incorporate, respectively, conversion factors of 2, 8, and
25. -

Risk estimates are provided separately for two carcinogenic end points: lung cancer (Page 2 of the
Table 3) and mesothelioma (Page 3 of the Tabie 3). Risks to smokers and non-smokers are
presented separately. Note there are no risk estimates for smoking children since it is assumed
that children generally do not smoke. Total carcinogenic risks (based on the sum of lung cancer
risk and mesothelioma risk) are presented on Page 4 of Table 3. Sources of slope factors
employed in Table 3 and a detailed description of other assumptions employed in the risk
estimates are provided on Page 5 of Table 3.

Lung Cancer Risks. Combaring across rows on Page 2 of Table 3, it is apparent that, despite the
very different estimates of concentrations derived using each of the various exposure indices
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(Table 1) and the very different slope factors (Page 5 of Table 3), risks for lung cancer estimated
across exposure indices are quite close.

With the exception of the low estimate for PCME (Ca: Prop '65), the estimates of risk for lung
cancer across exposure indices appear to vary by no more than a factor of 3 with the long
structures providing the highest estimates of risk (based on the model presented in Berman and
Chatfield 1989) and the PCME (EPA 1986) index providing the lowest estimated risks. However,
this excludes the "low"estimates of risk associated with the PCME (Ca: Prop ’65) index, which
are approximately an order of magnitude lower than risk estimates assigned to either of the other
exposure indices. These relationships hold across all rows in the table (i.e. across all specific
exposure scenarios).

From Pages 1 and 2 of Table 3 it can also be determined that selection of the appropriate factor
for converting between directly and indirectly prepared samples may alter estimates of risk by
more than an order of magnitude (i.e. this factor potentially contributes as much as a factor of 10
to the uncertainty of the risk estimates). However, the range of uncertainty introduced by this
factor is fully captured in the table by incorporating three estimates of risk for each combination
of exposure scenario and exposure index that are derived using each of three conversion factors:
2,8,0r 25.

Among non-smokers, risks of lung cancer to children who bicycle along the roadways in Diamond
XX for 9 years are comparable to the risks for full time, 30-year residents and represent the
highest set of risks estimated among non-smokers. Lung cancer risks to 30-year residents who
smoke are estimated to be approximately an order of magnitude greater than the risks to non-
smokers.

Risks for lung cancer estimated among non-smoking full-time, 30-year residents living downwind
of a serpentine-covered road are approximately 40 times greater than what might be expected due
to exposure to local background concentrations of asbestos. A similar elevation in risk is found
among resident smokers who live downwind from a road in comparison to the risk they might
expect from exposure 10 background. For 9-year bicyclists, this risk is approximately 100 times
what might be expected due to background.

Mesothelioma Risks. Trends in the risks of mesothelioma estimated for the various receptor
populations and presented on Page 3 of Table 3 are similar to those discussed for lung cancer
above and the incremental increase in the risk of contracting mesothelioma appears approximately
comparable to the estimated increase in the risk of contracting lung cancer among smokers.

For any particular exposure scenario (i.e. across any row of Page 3 of Table 3), it appears that the
relative estimates of mesothelioma risk assigned to each exposure index vary by no more than a
factor of 3, if the "high” estimates for PCME (Ca: Prop '65) are ignored. The "high” estimates for
the PCME (Ca: Prop '65) index are approximately a factor of 5 greater than the estimates of
mesothelioma risk assigned to the other exposure indices. The risk of contracting mesothelioma
due to asbestos exposure is believed to be independent of smoking habits.

Interestingly, in contrast to estimates for lung cancer, the Total Long Structure exposure index is

associated with the lowest relative risks for contracting mesothelioma among the three exposure
indices presented in the table. This is because the mode! from which the slope factors are derived
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for this exposure index (Berman and Crump 1989) incorporates consideration of fiber type and
the chrysotile structures common at the Diamond XX site are believed to be less potent toward
the induction of mesothelioma relative to the induction of lung cancer than other mineral types of
asbestos.

In parallel with the trends noted for lung cancer, the relative mesothelioma risks estimated for
bicyclists exposed to road dust are approximately 100 times greater than those estimated in
association with exposure to background asbestos concentrations. Full-time, 30-year residents
living immediately downwind of a road potentially experience an approximately 40-fold increase in
mesothelioma risk over what might be attributed to background.

Overall Cancer Risks. When risks for the induction of lung cancer and mesothelioma are
combined (to generate overall cancer risks), trends among the various scenarios are similar to
those observed when lung cancer risks and mesothelioma risks are considered separately. Thus,
for example, full-time, 30-year residents living downwind of an asbestos-containing road potentially
experience an increase in risk of a factor of 40 over what might be attributed to background
exposure. Similarly, the estimated combined cancer risks to 9-year bicyclists exposed to road dust
are about 100 fold greater than what might be expected due to exposure only to background
asbestos concentrations.

When lung cancer and mesothelioma risks are combined (to generate an overall cancer risk),
differences between risks to smokers and to non-smokers become much smaller than the order of
magnitude difference in risks to these two groups when lung cancer is considered separately. This
is because contributions to the overall risk from mesothelioma are the same to non-smokers as to
smokers and because mesothelioma risks contribute at least half of the combined total risk in
most cases. For smokers, mesothelioma risks contribute approximately half of total cancer risks.
Among non-smokers, most of the total cancer risks can be attributed to contributions from
mesothelioma while their risks for lung cancer are relatively small. For the same exposure
scenario, the combined, total cancer risk to smokers and non-smokers differ by no more than a
factor of four.

If all of the assumptions listed in Table 3 are valid, then the highest risks potentially attributable
to exposure to asbestos from road dust are on the order of 10°°. Continuous exposure to
background asbestos concentrations in the Diamond XX area yields maximum risks on the order
of 10, ‘

UNCERTAINTY

The estimates of risk provided in this document must all be interpreted carefully. Although an
attempt was made to incorporate consideration of most of the many factors contributing to
uncertainty in these estimates, it is difficult to quantify the degree of bias that may or nay not be
associated with such estimates.

It is likely that the risk estimates presented in this document are conservative. This is largely
because: the frequency and duration of exposure estimated for each scenario are likely on the
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conservative side of the range of reasonable values*, the estimates of slope factors are typically
designed to be conservative, and the exposure indices employed in this document are designed to
be conservative. Regarding exposure indices, for example, the use of total long structures (longer
than 5 um) as a surrogate for the even longer structures likely to contribute most to asbestos risk
provide an overestimate of the number of such structures in a particular sample. However,
because the slope factor employed with the Total Long Structure exposure. index to estimate risks
in this document partially addresses this over-counting (see Berman and Crump 1989 and Berman
et al. 1994), the bias introduced by this last factor is probably limited.

Other factors that potentially contribute to the degree that the risk estimates in this document are
conservative include distance from asbestos-containing roads and the concentration of asbestos in
road material. The exposure estimates for residents provided in Table 3 assume that the resident
spends their time within 150 ft downwind of an asbestos-containing road. However, very few
houses in the Diamond XX area lie entirely (or even partially) within 150 ft of a road. It is likely,
though not entirely assured, that the concentration of asbestos in the material of the road
segments studied are among the highest concentrations to be found in the Diamond XX area. To
the extent that such concentrations are higher than average, the risk estimates will be
conservative.

Several factors relating to meteorology may contribute to the overall uncertainty of the estimates
provided. For example, the concentrations estimated from the field study are causally associated
with only a very narrow set of conditions that may represent only a very small fraction of the
range of conditions that can occur throughout the year. Thus, if winds blow in different
directions than that which prevailed during the study, if wind speeds are significantly higher or
lower, if the relative humidity is vastly different, or even if temperature differs, exposure
concentrations may be significantly higher or lower than what was in fact measured. Although
precipitation was at least partially accounted for by assuming zero exposure on days with at least
0.01 inch of precipitation, there was no attempt to adjust for variation in wind speed or direction
and these factors may be equally important in determining airborne asbestos concentrations.

Despite the above, the positive bias introduced into this risk assessment is likely smaller than
those of other risk assessments typically conducted under Superfund for two reasons:

L. the estimates of airborne asbestos concentrations employed in this risk assessment
were selected to be representative rather than conservative; and

2 the slope factors defined for asbestos (although controversial) are derived primarily
from human epidemiology data rather than animal studies (see Berman and Crump
1989) so that they have not been subjected to the kinds of conservative treatments
typically performed when animal studies are used to derive slope factors for
humans.

4 Although the duration and frequency estimates employed in this risk assessment are likely to be

conservative, it should be noted that they represent direct estimates provided by residents living in
Diamond XX.
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Note also that most of the contributions to uncertainty listed above are greatly mitigated when
comparing among relative risks instead of estimating absolute risks. All of these factors should
be considered if risk management decisions are to be developed based on the conclusions of this
study.

Importantly, most of the sources of positive bias discussed above (other than those relating to the
cancer slope factors for asbestos) can be eliminated, if a field reconnaissance is conducted during
which historical wind data are collected and evaluated, houses are located relative to prevailing
winds and roads, and additional road samples are collected and analyzed for asbestos.

CONCLUSIONS

The highest risks attributable to exposure to asbestos that is released from Diamond XX roads by
vehicular traffic that were estimated in this study are to two different populations:

. full-time, 30-year residents who are smokers and who live downwind of an
asbestos-containing road; and

. children who live in the area for at least 9-years and who bicycle along asbestos-
containing roads.
Based on this study, the best estimate of the level of risk experienced by such individuals are on
the order of 1 x 10™? for both groups, with the estimates of risk ranging between 10™ and 1072.
Such absolute risk estimates are uncertain, although it is more likely than not that they are
somewhat conservative.

Less uncertain are the relative risks estimated in this document. Full-time, 30-year residents who
reside within 150 ft downwind of a roadway (whether they are smokers or non-smokers) likely
experience an incremental increase in risk due to exposure to asbestos in road dusts that is
approximately 40 times what they would experience if they were exposed only to background
asbestos concentrations.

Similarly, children who reside in the area for 9 years and who bicycle frequently along asbestos
containing roadways may experience risks that are elevated by 100 fold over what might be
attributable to exposure to background concentrations of asbestos.
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TABLE 1

AVERAGES OF CONCENTRATIONS MEASURED FOR SPECIFIC LOCATIONS
: DURING THE DIAMOND XX STUDY

15 Vehicles per Hour

Location A:
Location D:
Location C:
Location B:

5 Vehicles.per Hour

Location A:
Location D:
Location C:
Location B:

All Night Samples
Upwind
Downwind

No Vehicles per Hour

Distant Background'

Field Blanks

KEY:

PCME
(EPA 1986)

2.26E-03
3.04E-01
3.96E-01
1.40E+00

3.25E-03
4.79E-02
6.53E~02
1.91E-01

3.70E-03
1.54E-01
8.41E-03
6.29E-02

4.85E-04

Mean Concentrations (s/cc)(a):

PCME
(Ca: PROP '65)

6.82E-04

6.66E-02 -

8.09E-02
3.96E-01

8.62E-04
2.31E-02
1.41E-02
5.99E-02

1.88E-03

4.82E-02

3.80E-03

1.50E-02

6.06E-05

Concentrations presented in this table represent arithmetic
averages for groups of measurements representing each case.

Location A: 150 feet upwind of road

Location B: 25 feet immediately downwind of road

Location C: 75 feet downwind of road
Location D: 150 feet downwind of road

On different nights, all night, downwind samples were collected
at different downwind stations that were different distances

from the road.

The no vehicle per hour run concentrations are averaged over
multiple distances downwind of the road.

B&C
INDEX

4.45E-06
7.88E-03
4.97E-03
3.10E-02

1.03E-05
3.86E-04
1.40E-04
4.19E-03

1.05E-05

5.38E-03

9.08E-05

1.53E-04

6.41E-07

(a) Concentrations were derived from samples prepared by an indirect technique.
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TOTAL LONG
STRUCTURES

4.66E-03
4.89E-01
6.63E-01
2.44E+00

S.17E-03
1.02E-01
1.06E-01
3.33E-01

5.68E-03

2.79E-01

1.81E-02

1.02E-01

Not Estimated
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DEFINITIONS FOR ASBESTOS EXPOSURE INDICES
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DEFINITIONS FOR ASBESTOS CONCENTRATIONS TO BE ANALYZED AT DIAMOND XX
D. Wayne Berman
February 16, 1994
EPA 1986 Definition of PCM Equivalent Asbestos (OHEA):
L §; = count all parent structures with length > 5 pm and width > 0.3 gm and
components of non-eligible structures with length > 5 pm and width > 0.3 um (repeat for both i = A and B).
Nate, all eligible structures must exhibit an aspect (length to width) ratio > 3.
A Calculate the concentration using the equation for C, s (as defined below).

PCM Equivalent Definition of Asbestos for proposition 65:
L S; = count all parent TEM structures (repeat for both i = A and B)

2. Calculate a concentration for short structures, "C" and a concentration of lang structures "C, " in the
manner defined below.

3. Sum C,s and C, and divide the sum by 100.
Berman and Crump Deflnition of Potent Asbestos:
L §, = count all eligible component structures and eligible parent structures that contain no eligible
components within the following three size categories:
- {5 um < length < 40 ym and width < 0.3 gm) (1);
- {40 pm < length and width > § am) (2);

- {40 zm < length and width < 03 xm) (3);

Repeat for both i = A and B and label them S1;, S2, and S3,, respectively (i.e. six values).

2. Calculate concentrations for each of the three size categories (each using both an Sj, and an Sjg,
respectively) using the equation defined for C,; below. Label the concentrations C1, C2, and C3,
respectively.

3. Determine the following weighted sum:

Cp. = 0.0017°C1 + 0.0145*C2 + 0.853*C3.

EQUATIONS FOR ESTIMATING AIR CONCENTRATIONS

For categeries of structures shorter than 5 gm, the equation for estimating concentration from the counts, "S," of eligible .
structures in the proper category is:

Cosar = (107)7S,7(V i) (ArcaV1(V i) Braned) (Vi) "(#.0) " (A )]

where: .
Ces = the number of eligible structures per cm’ air (derived as described above);
Sa = the count of eligible structures;
Ve = the volume of air filtered (liters);
frsted = the fraction of the sampie filter ashed;
Ve = the volume of the suspension filtered (ml);
#,. = the number of grid openings scanned;
Ay, = the average area of a grid opening (mm®);
™ = the volume of the initial suspension (ml); and

ol the effective area of the analytical filter (mm?).
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Far structures longer than 5 gm, contributions from both the A and B scans must be summed:

C)S. asie = (10.})-(514 + SB)‘(vdisp)‘(A:nal)/[(vau).(funed).(Q,\ + QB)]

where:
Qi = (Vadi*(#,0)i"(Ay,); for scans i = A and B, respectively;
the number of eligible structures per ¢m’ air (derived as described above);

>$§, aie ’
Sa = the count of eligible structures from scan A; '
Sg = the count of eligible structures from scan B;
Ve = the volume of air filtered (liters);
foihed = the fraction of the sample filter ashed;
Vi = the volume of the suspension filtered (ml);
so. = the number of grid openings scanned;
Ago = the average area of a grid opening (mm?);
Viisp = the volume of the initial suspension (ml); and
A = the effective area of the analytical filter (mm?).

EQUATIONS FOR ESTIMATING SOIL CONCENTRATIONS

For categories of structures shorter than 5 um, the equation for estimating concentration from the counts, "Sa" of eligible
structures in the proper category is:

Cosaoi = (2)"Sa™ (Vi) (Auna) " (Mesdl(Mympi) * (Meat)* (Vs "(#,0)*(Ay0)]

where:
Ces 00 = the number of eligible structures per g soil (derived as described abave);
Sa = the count of eligible structures;
Ma: = the estimated total mass of respirable dust in the sample (g);
Mop = the measured mass of the initial soil sample (g);
M.« = the measurcd mass of respirable dust released from the sample (g);
Vi = the volume of the scrubber suspension filtered (ml);
#o = the number of grid openings scanned;
A, = the average area of a grid opening (mm?);
Voo = the volume of the liquid in the scrubber (ml); and
A = the effective area of the analytical filter (mm?).

Note that the factor "2" derives from the fact that only half of the asbestos that is released from the sampie is
actually captured by the scrubber.

For structures longer than 5 um, contributions from both the A and B scans must be summed:

- Cosinot = (2)°(Sa + S8)* (Vien)*(Auna) "M [(Myrps) *(Mew)*(Qas + Q)]

where:
Qi = (Vadi"(#,0)"(Ap,); for scans i = A and B, respectively;
C,s..a = the number of eligible structures per g soil (derived as described above);
Sa = the count of eligible structures from scan A;

Ss = the count of eligible structures from scan B;

M, = the estimated total mass of respirabie dust in the sample (g);

M,ou = the measured mass of the initial soil sample (g);

Mg = the measured mass of respirable dust released from the sample (g);
Vi = the volume of the scrubber suspension filtered (ml);

#,. = the number of grid openings scanned;

Ao = the average area of a grid opening (mm?);

Viat = the volume of the liquid in the scrubber (ml); and

A, = the effective area of the analytical filter (mm?).
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APPENDIX B:
RAW CONCENTRATION DATA AND SAMPLE KEY
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Sample
Number

SY8556
SY8557
58558
SY8559
SY8560
svas562
SY8563
- SYB565
$YB566
SY8567
SY8568
SY8569
$Y8570
$YBS72
SY8574
$Y8575
5Y8578
SY3579
$Y8580
§Y8581
§Y8582
§Y8583
SY8584
SY8585
SY8s87
SY858%
SY8580
SYB591
5YB592
SY8593
SYB594
SY8595
SYB596
58597
$Y8598
$Y8600Q
SY8401
$YB602
SY84604
$Y8605
SY8606
§Y84607
$Y8608
SYB509
SY861T

TABLE

ESTIMATED CONCENTRATIONS FROM THE DIAMOND XX SITE’

Sampie
Type

R1-NV-1A
R1-NV-1B
R1-NV-1BD
R1-NV-1C
R1-NV-1D
R1-5-1A
R1-5-18B
R1-5-1C
®1-5-10
R1-15-14

R1-15-180

R1-15-18
R1-15-1C
R1-15-1D
R1-5-2A
R1-5-28
R1-5-2C
R1-5-20
R1-15-2A
R1-15-280
R1-15-28
R1-15-2¢C
R1-D8-1
R1-15-20
R1-5-3A
R1-5-38
RY-5+3C
R1¥DB-2
R1-§-3D
R1-15-3A
R1-15-38D
R1-15-38
R1-15-3¢C
R1-15-3cp
R1-15-3D
R2-NV-1A
R2-NV-1B
R2-NV-1BD
R2-NV-1C
R2-NV-1D
R2-15-1A
R2-15-18
R2-15-1CD
R2-15-1C
R2-15-10

Prep
Tech

t
[
1
;
I
I
I
[
1
1
1
1
1
1
1
1
1
!
I
I
[
I
1
I
I
1
1
1
1
1
1
1
1
[
[
[
[
[
I
{
)
I
I
1
1

......................... #mrescecnasecasnannnnran

PCME
(EPA 1986)

4.00E-Q3
3.73e-03
2.326-02
2.0BE-0Q3
8.87E-03
7.86E-04
2.99E-01
5.78E-03
3.12E-02
1.07e-03
6.01E-01
7.05E+00
3.98e-01
2.35e-01
7.21E-03
1.93E-01
1.04E-0
5.71e-02
1.92E-03
2.01€+00
1.10E+00
2.81E-01
2.04E-03
3.99€-02
4.51€-03
1.39E-01
3.38E-04
2.42E-01
2.50€-02
2.74E-03
4.68E-D1
5.52E-0
7.88E-01
4.7SE-01
7.66E-01
1.06E-03
4.03€-03
1.47€-02
3.07e-03
2.24E-03
6.68E-04
B.6%E-01
1.29€-01
2.46E-01
1.66E-01

Concentrations
(s/cc)
PCME Bd&C
(prop '65) Index
3.226-03 8.49E-06
1.03€-03 4 .59€-05
1.45E-02 3.88E-04
2.463E-03 3.07e-05
3.626-03 2.54E-05
2.16E-04 2.36E-05
5.00E-02 9.52E-03
1.94€-03 1.25E-05
1.92€-02 1.10€-04
3.93e-04 4,68E-06
2.33e-01 1.70E-03
1.55E+00 2.19€-02
1.03E-01 3.56E-02
4.12E-02 3.25€-04
1.35€-03 7.88E-06
9.38e-02 4.16E-03
1.538-02 1.78E-04
5.07e-02 1.62E-04
4.46E-04 1.90E-06
1.30E+00 1.99E-01
2.69E-01 2.08E-03
6.76E-02 3.98E-04
1.58E-04 1.73E-06
2.06E-02 7.928-05
1.75-03 9.07E-06
2.278-02 2.38E-03
4.59€-04 3.74E-06
5.69€-02 5.83E-04
1.11€-02 1.09€-03
5.96E-06 1.56E-06
1.18€-01 1.08€-03
1.61E-01 1.53£-03
1.27€-01 2.92e-03
5.81E-02 1.14E-03
9.14E-02 5,.26E-02
7.11E-04 0.00E+00
2.07-03 1.16E-05
2.43E-03 2.08E-04
6.94E-04 9.4TE-06
2.68E-04 2.13E-04
1.04E-04 1.70E-06
2.53e-01 9.75-02
3.24E-02 1.34E-03
6.19€-02 4. 19€-04
8.928-02 4, 156-04

E-4-33

Total Long
Structures

8.56E-03
7.20€-03
5.49E-02
6.07E-03
1.94E-02

.24E-01
9.79€E-03
2.96E-01
1.66E-01
1.14E-01
2.56€E-03
4.92E+00
1.47E+00
3.986-01
3.05€6-03
5.99€-02
9.44E-03
2.09E-01
2.20€-03
3.83e-01
6.25€-02
3.45E-03
7.36E-01
9.66E-01
1.43E+00
7.12e-01
1.23e+00
1.06E-03
1.05€-02
2.94E-02
6.41E-03
7.34E-03
1.67E-03
1.16E+00
2.08e-01
3.85e-01
2.97E-01



Sample
Number

SY8513
SY8514
SY8&16
5Y8618
S$Y8620
s$Y8621
5Y8622
$Y8623
SY8624
SYB626
SYB627
sY8628
$Y8629
$Y8630
SYB631
Y8632
SYB633
SY8634
SYB&3S
SYB&3S
SYB561
SY8573
$Y8585
SY85%9
SYB&12
SY8625
SY8&37
sY8638
S$Y853%
SYB&40
SYB6L1
SYBS64
SYB577
$Y8410
$Y8s817
$Y8619

Sample
Type

R2-5-1A
R2-5-18
R2-5-1C
R2-5-10
R2-15-28
R2-15-2CD
R2-15-2C
R2-15-20D
R2-15-20
R2-1500W-AN
R2-250W-AN
R2-150UM-AN
R2-D8-AN
R2-15-3A
R2-15-38
R2-15-3CD
R2-15-3C
R2-15-3D
R2-DB-1
R2-DB-2
R1-FB-1
R1-FB8-2
R1-F8-3
R1-FB-4
R2-FB-1
R2-FB-2
R2-F8-3
Lab blank
Lat blank
Lab blank
Lab blank
R1-50P-1B
R1-50P-2C
R2-15DP-1D
R2-50P-1C
R2-15DP-2A

Prep
Tech

1
1
1
1
1
1
b3
t
1
I
!
1
1
1
I
I
[
1
I
1
I
[
[
I
1
1
1
1
1
1
1
0
D
D
D
[

PCME

(EPA 1984)

4.89E-04
1.34E-01
1.51€-01
7.83e-02
1.33E+00
8.10e-01
8.63E-01
4.56€E-01
4.52e-01
1.33e-01
1.75E-01
4.91€-03
2.48E-(03
4.B6E-03
3.95e-01
6.92E-02
1.02E-01
1.10€-02
6.80E-03
6.60E-04
7.57€-04
1.64E-04
3.46E-04
0.00E+00
0.00E+00
1.80E-03
3.30e-04

TABLE (cont.)

Concentrations
(s/cc)
PCME 8LcC

(prep 65) Index
1.34E-04 5.54E-07
7.30e-02 6.84E-04
3.87e-02 3.69€-04
1.12E-02 1.82E-04
1.32E-01 2.47€-03
1.03E-01 1.29€-03
1.36E-01 1.29E-03
1.16E-01 8.31E-04
1.01£-01 9.08E-04
4.40E-02 1.04E-02
5.24€E-02 3.58E-04
2.91€-03 1.348-0§
8.55E-04 7.588-06
1.87€-03 1.24E-05
1.60E-01 2.98E-02
4.11E-02 4.75E-03
7.91E-02 S.49E-04
6.91E-03 2.23E-05
2.17e-03 2.48E-05
8.31E-04 2.53€-06
4.54E-06 0.00E+00
8.8%9€-05 8.38€-07
J3.46E-06 5.88E-07
4.37e-05 0.00E+Q0
0.00E+Q0Q 0.00E+00Q
2.37E-04 2.78E-04
4.68E-05 2.80€-07
1.87e-03 3.18E-03
2.34E-03 5.10E-04
3.92¢-03 1.98E-03
3.23e-03 2.12E-03
2.59£-05 1.38E-07

E-4-34

Total Long
Structures

6.526-04
4.47E-01
2.45e-01
1.61E-01
1.82E+00
1.24E+00
1.288+00
7.49E-01
7.39E-01
2.55e-01
3.04E-01
4.91E-03
6.44E-03
1.18€-02
1.326+00
1.60€E-01
3.51E-01
2.14E-02
1.84E-02
2.15E-03
7.57€-04
6.57€-04
6.92E-04
0.00E+00
0.00E+00
3.44E-03
4.95E-06

3.30e-02
3.12E-02
6.48E-02
4.30E-02
5.69E-04



Sample
Number

SY8834
SY8835
SY8836
SY8837
SYB8838
$Y8839
SY8840
SYB8841
SY8842
QC
QC¥4
Qec#sS
:[4]
Qc2
Qc3

Sample
Type

Soit

Soil

Soit

soil

Soil

Soil

Sail

Soil

Soil

Sail
R1-15-38
R2-15-38
R1-NV-1BD
R1-15-180D
R2-5DP-1C

Prep

Tech

1
1
1
i
H
1
I
l
1
{
I
I
I
1
D

TABLE (cont.)

.................................................

PCME

kEPA 1986)

9.54E+07
4.08E+07
1.35E+07
5.45E+07
9.87E+07
3.87E+07
8.84E+06
7.51E+07
1.54E+08
7.20E+07
7.27E-01
5.26€-01
2.55e-02
1.18E+00
4.27E-02

Concentrations
(s/cc)
PCME BEC
(prop '65) Index
S.14E+Q7 2.96E+05
4. TLE+Q7 1.62E+05
1.20E+07 4 . S9E+04
3.17E+07 1.19€+05
1.79e+08 1.12E+06
3.98E+07 B.44E+06
2.93E+07 1.43E+06
3.43E+07 3.50E+06
4. T9E+Q7 3.7SE+05
8.62E+07 2.756+05
1.49E-01 9.53e-03
1.85€-01 2.61E-03
1.08E-02 5.79E-05
2.36E-01 3.356-03
2.40E-C3 5.97E-05

All concentrations indices are defined as attached.

E-4-35

Tetal Long
Structures

2.02E+08
1.12E+08
2.53E+07
8.98E«07
6.58E+08
1.58E+08
8.49E+07
1.82€+08
2.54E+08
1.356+08
1.01E+00
1.90E+G0
4,826-02
2.10E+00
5.52E-02



DEFINITIONS FOR ASBESTOS CONCENTRATIDNS TO BE ANALYZED AT DIAMOND XX

EPA 1986 Definition of PCM Equivalent Asbestos (OHEA): ‘
A count of all parent structures with iength > 5 gm and width > 0.3 um and components of non-chigible structures
with length > 5 um and widith > 0.3 um. Nole, all eligible structures must exhidit an aspeet (length to width) ratio

>3

PCM Equivalent Definition of Asbestos for propesition 65:
A count of all parent TEM structures divided by 100. Note, all cligible structures must exhibit an aspect (length 1o
width) ratio > 3.

Berman and Crump Definition of Potent Asbestos:
A weighted sum of three size ¢alegorics:

- (5 km < length < 40 wm and width < 0.3 gm) (1);
. (40 um < length and width > § gm) (2); and
- {40 um < length and wadth < 0.3 gm) (3).
Call them (, C.. and C,. respectively.
i 18 caleuluted for this expasure index hy the weighted sum:
Con = 0.0017°CE + 0.0145°C2 + O8S3°C3,
Total Long Ashestos Structures

A count of all parent structures with length > 5 am and aspect (lengih 1o width) ritio > 3 and components of nuon-
cligihie structures with length > 3 gm und aspect (length 10 width) rato > 3.
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SAMPLE MANAGEMENT OFFICE

Opuisied by Yiar & Company
 subsictiary of PynCorp
under conteact ¥68-090132
1o the U.8. Environavntel Protection Agency

FAX COMMUNICATION
Duiot Jo/ (745
T Fax Numbar:
Narme: _ﬁﬁﬁ#"_”b———
Companyt - Us &Pk A_/ﬁkﬂ byt
From: '
Brad Schozer, Advoente
Vi .
Reglona! Operations Section )
Direet Dial (703) §10.1439 FAX (703) 6830378

iyt ENSCAD prablns

Number of Pagos, !ndu.dlng This Psgs: g-

' ¥ r gmnel
\ 3 lhesm ...cr}'é‘v;
ghasr e Gc s
Rk 4o o, - A > Ocd. 7
 abedt [Pe vhaas sem g

T eall ya ot B0~ PST '

P.Q Box 818, Alrxandsla, Virginia 22513, Phone (703) 6543678
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DATE: Ostober 13, 1993
1 VIAR & CO., SAMPLE MANAOEMENT OFFICE

ATTENTION:  BRADSCHORER
FAX: 703-683-0378
SUBJECT: SAS 8113-Y-03

EMS Laborstories, Inc., is in recelpt of the following semples:

70 Alr fiitery for 13O indirect preparation and analysis
4 Planks for 150 indirect preparstion and analysis
8§  Alr flters for 18O direct preparation and analysis
9  Soll samples for preparation asing & dum gomerator tnd
9 of theys samples for 180 iadireot preparation and enalysis

We bid for

9¢ 150 indirect preparation sad analysis '
4 Alr filters far 1SO direst preparatio and analysis
7 Soll samples for preparation using & dost gemerator and
7 of theses samplos for ISC indigect preparation and -analysis

Baclosed are the list of ssmples we recetved and theis conditien. As
mentioped in our conversation of October 6, thres of the ssmples for
direct prepasation cannot be analyzed by the maethod. The condition of
tme filters s a8 follows: '

SY $751 - Fliter was blown

9Y 3597 - Uneven loading of parucles on the filver .

SY 8623 - Vary heavy, unsven loading on the fiftes and not powsible
to prepare by the direst method

Pleuse tell we how to treat thoso samples.

Aleo, shofild wo be using the latest version of the ISO moethod, or the
1990 Berman-Chatfield procedure.

On the QC, sre we ts run 3% of the umpl-i at blind duplioates. There
was no provision in the bld for QC samples. W inquised abost the QC
samples {n our Latter-FAX of Septembaz 23, 1993,

Also, we wosld Hke a one week oxtension sincs we never received ¢
response to our initial call on Qctobez 6.
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SAMPLESIMETEOD OF ANALYSIS
LN 30086
SAS  a113.%¥-08
INDIRECT PFREPARATIONS

o CONDITION
3Y1538  FILTER BLANK LOT # RSEMA41S 92893  Vey Hght
178639 FILTER BLANK LOT ¢ RIENAS 1Y §28:93  Very g
Y3640 FILTER BLANRK LOT ¢ RSJIMS068S 930-93  Very Upn
1YW+ FrLTER ALANE LOT § RABLSOSES 03093 Ve g

DIRECT PREPARATIONS
VOLUME STATION  COLLECTION CONDITION
FYRS64 2070.%¢ R1-3DP-13 9-11 Modatate-hoavy
sYsIn 220038 R1-16DP-1C 9.32 Biown fller
(Nor sclisbls for prepamtion) '
8Y8577 2206.80 R1-3DP-2C p.12 Haavy
Y1997 2229.16 R1-16DP.SC  9.24 Unevea loadlog
(Mot swimble for direct preparation)
SY#610 212097 +1SDP-1D 9e27 Moderate-heavy
:ﬁ:g 229338 AT b3t Ligsemeten
. - " 17
3852 2312,60 X2.15DP-2D p-28 Vory beavy
(Not- poasible (o uspurs by direct mathod)
INDIKECT PREPARATIONS
YOLUME 'STATION  COLLXECTION CONDITION
8YBS50 31787 RI-NV.lA. 9-20 uga
$Y8Y) 2333.3¢ RI.NV-iP 9-20 ght-modsrats
rm:E 23234 RL.NV-1RD 9-20 Light
sY8ys 3280 RLNV-C . 0-20 Light
sYRS 22944 R1:NV,1D 9.20 Light
YR8 2300.0 R1.FB-i 9.21 Light
Y8 2385.01 Ri.S:iA p-2¢ Light
sYSS8Y 2285.14 Ri-5.18 §-31 Moderato
8YSS 2208.96 R1-$.1C 9-21 .
YRS 2194.10 R1.3-1D 921 Light-modwate
JYes 2372.80 R1:13:1A 922’
Y 218079 R1-FD-1B $.23 Very hoavy
SYR909 2297.79 R1-13-1D 0-22 Very batvy
Y8570 364,48 R1-15:1€ 9.22 Moderalé-hoavy
$Y$S72 2123.70 Ri.13-1D 922 Modesate-heavy
JYSSTA 2200.00 R1-FB-2 922 Ut
sYasia 2202.86 TIETN 9.2 Ligh
YRS 229524 RS20 922 Lightanodatate
3Y8976 NO SAMPLRE - '
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Y471
Y879
8Y3380
JYtitl
Y582
YsIR3
SYIS84
3Y858S
sYt#38¢

sYRse7
syesss
fysses
1Y8490
3Y$59!
178592
37359
YIS
avYesys
3786

Y85
Y559

mw
§YN0Y

5Tl
sYesit
svs::
sY§S!
wu{g
sYss
TaYS618
5YW30
Y8628
8Y8622
SYBS34
:mﬁs
sY$ats
Y8857
YS!
Y1629

2.

221210
2123.94
12230.32
2163.98
201,." ‘
2109.96
2144.76
2395.85
3100.00

2217.9¢6
NO

2222.64
2143.60
2156.48
2278.33
2183.00
2211.68
2316.13
2318

22785

2163.99
3183.90
1233.79

2219.7%

2252.73%
2197.43

§524.30

R1.5.3C
R1-5-3D
Ri1:13-3A
R1-¥D-23
Ri-15-2B
R1-15.2C
“ -m.l
R1-18-2D
R1.¥B-3

R1.3-3A

R!-5-38
Ri1:5:3C
R1-D)-2
X1-3-3D
R1-15-3A
RI-FD-33
R1-15.38
n1.14.3C

R1.15.30
R1.FB-4
RINV-1A
R2-NV.13
RI-NV:13D

Ri-NV-1C
‘R2-NV-1D
R2-13-1A
R3.15-13
23.5D-1C

RZ2.15.1C

x2.1$.1D
R2-83-1
R3.5.1A
R2-5-1B

Ri-3-1C
R2:3.1D -

R2-15.13
R2.FD-2C
R2-15.2C

22.15-2D

TR T
R3.10DW-AN
RIZIDWAN
N2-150UW-AN
R2.DB-AN

E-4-40

9-23
9-13
9-23
9,29
9-23
9-23
9-23
9-23

923

9-33

9.23
923
$.23
923
9:24
924
9-24
924

9-2¢
9-24
926

9-26.
2-2¢

926

9-26
937
9-27
937

927

9:27
927
918
9-2?

9-28
f«28
%28
9.28
9.28

9-38
9-28

9-28

¢-38
9-23
928

Modextachaavy
Moderatedetvy

Modarste-boxvy
Moderate-beavy



SYWU30 2291.62 R3.15-3A 9-29 . um -
vy

BYS631 2248.74 02-15-38 9-29

Y8632 2316.93 RAFO-3C 9-29 Light-modatste
1Y3613 2261.40 R2-19+3C 9-29 um-mdlm
SY$634 2321.38 £2:15-3D 9.29

TYIEY 2280.54 R3-DB-! 9.29 LAght-oderate
gYB836 2196.80 R2:DB-2 929 Ligat

Y3637 2176.20 R2.FB.3 929 g

pulk wmples for dust pumnr sagple preparatios . and 190 indirect
sample proparatien and analysis:

Y8834
EY$i3S
SYSIIE
SYYY
SYSE3S
SY8839
Y
Y8841
Y42
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APPENDIX C:
DATA VALIDATION REPORT
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ENVIRONMENT & ENERGY GROLUP

ICF Kaiser Engineers. Inc.

160 Spear Street. Suite 1380

San Francisco. CA 94103-1333
415/882-3000 Fax 413/882-3199

MEMORANDUNM
TO: Dan Shane

On Scene Coordinator

Emergency Response Section, H-8-3
THROUGH : Richard Bauer

Environmental Scientist

Quality Assurance Management Section (QAMS), P-3-2
FROM: Margie D. Weinei”ﬂﬂﬁ

» Senior Data Review Oversight Chemist

Environmental Services Assistance Team (ESAT)
DATE: March 15, 1994
SUBJECT: Review of Analytical Data

Attached are comments resulting from ESAT Region 9 review of the following
analytijcal data:

SITE: Diamond XX

EPA SSI NO.: N3

CERCLIS I.D. NO.: Not Applicable

CASE/SAS NO.: SAS 8113Y-03 Memo #02

SDG NO.: 1, 2, 3,5, and 6

LABORATORY: EMS Laboratories, Inc. (EMSCA)
ANALYSIS: SAS Asbestos

SAMPLE NO.: 86 Air Samples (See Case Summary)

COLLECTION DATE: September 22 through 30, 1993

REVIEWER: Dina D. David, ESAT/ICF Kaiser
The comments presented in this report have been reviewed and approved by the
EPA Task Monitor for the ESAT Contract, whose signature appears above.
If there are any questions, please contact Margie D. Weiner (ESAT/ICF) at
(415) 882-3061, or Richard Bauer (QAMS/EPA) at (415) 744-1499.
Attachment
cc: Kira Pyact Lynch, QaMS, P-3-2

D. Wayne Berman, ICF Kaiser - Oakland

ESAT-QA-9A-9674/8113YIM2 . RPT E-4-43



2 ICF KAISER

Data Validation Reporct

Case No.: SAS 8113Y-03 Memo ##02

Site: Diamond XX

Laboratory: EMS Laboratories, Inc. (EMSCA)
Reviewer: Dina D. David, ESAT/ICF Kaiser
Date: March 15, 1994

I Case Summary

SAMPLE INFORMATION: SAMPLE #: SDG-1: SY8556 through SY8564, SY8566,
SY8567, SY8569, SYB8577, SY8610, SY8617,
$Y8619, and SY8638 through SYB8641

SDG-2: S5Y8565, SY8568, SY8570, SY8572
through SY8575, SY8578, SY8579, SY8581,
SY8582, SY8583, SY8585, SY8589, SY8590,
SY8591, SYB8594, SY8598, SY8602, and SY8609

SDG-3: SY8568-QC, SY8584, SY8587, SY8592,
SY8593, SY8595, SYB8596, SY8597, SY8601,
SYB604, SY8607, SY8608, SY8611, SYB6l4,
SY8616, SY8618, SY8620, SYB624, SY8626, and
5Y8627

SDG-5: SYB595-QC, SY8631-QC, SYBS80, SY8599,
SY3600, SY8605, SYB606, SY8612, SYB8613,
SY8621, SYB8622, SY8623, and SY8628 through
5Y8635

SDG-6: SY8558-QC, SY8617-QC, SY8586, SY8625,
SY8636, and SY8637

COLLECTION DATE: September 20 through 30, 1993
SAMPLE RECEIPT DATE: October 5, 1993

MATRIX: 86 Air Samples

FIELD QC: Field Blanks (FB): SY8561, SY8573, SY8586, SY8599, SYB8612,
$YB8625, and SY8637
Filter Blanks: SY8638,. SY8639, SY8640, and SY8641
Background Samples: SY8584, SYB8591, SY8636, SYB637, and SY8629
Duplicates (Dl): SY8558 and SY8558 {Duplicate)

(D2): SY8568 and SY8569

(D3): S5Y8581 and SYB8582

(D4): 5Y8594 and SYB535

(D5): SY8601 and SY8602

(D6): SY8608 and SYB8609

(D7): SY8621 and 5Y8622

(D8): S5Y8632 and SY8633

LABORATORY QC: Duplicates: §5Y8568, SY8595, Y8631, SY8558, and SY8617

ESAT-QA-9A-9674/8113YIM2 RFT
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ANALYSIS: Asbestos

Apnalyte Sample Preparation Date Analysis Date
Asbestos October 6 through October 22 through
December 11, 1993 December 21, 1993

GENERAL COMMENTS:

Samples SY8i64, SY8571, SY8577, SY8597, SY8610, SY8617, SY8619, and
5Y8623 were submitted to the laboratory for direct preparation and
analysis. ‘'The laboratory noted in the case narrative that sample
SY8571 had 2 blown filter, and samples SY8597 and SY8623 had very
heavy and ureven loadings. The laboratory contacted the Region for
resolutions for the above deficiencies. The Region informed the
laboratory to cancel the analysis of sample SY8571 and to prepare
samples SY8597 and SY8623 using an indirect preparation technique.

The "A" and "B" designation on each sample refer to the analysis for
all size fibers and for 25 um length fibers, respectively.

All of the samples were analyzed according to method 1SO/CD 13794 as
stated in the case narrative submitted by the laboratory for all of the
sample delivery groups (SDGs). However, the proposed validation
procedures submitted by D. Wayne Berman noted that the method employed
for analysis of the asbestos samples is ISC/TC 146/SC 3/WGl N39:
Ambient Air: Determination of asbestos fibers by an indirect-transfer
transmission electron microscopy procedure.

Corrections made in the dacta packages, including the use of liquid
correction fluid, were not appropriately documented by the
laboratory.

There were no data confirming the measurements and calculations of
the average grid opening size for each lot of grid specimens used in
the analysis of the samples in any of the SDGs. In addition, no
diffraction pattern data were included in any of the SDGs.

This report was prepared in accordance with the "Proposed Validation
Procedures For Diamond XX," Revised February 18, 1994 by D, Wayme
Berman.

E-4-45
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II.

v

A.

dation Summa

Calibrations:
Co ant
. Precision of the estimates for the camera constant are within
the acceptable range of tl1 for all of the SDGs.
. All indicated multiplications are correct. Note that for

camera constant (3%) on page 753, the laboratory reported a
value of 303.5 instead of 30.35. However, the laboratory used
the correct value (30.35) in cthe calculation for the camera
constant average.

. All of the camera constants were correctly transcribed to the
corresponding data summary sheets.

Magnification

. Precision of the estimates for the 19300X and 25000X
magnifications are within the acceptable range of = 2% for all
of the SDGs.

For 25 um size range, the laboratory used 9200X/9300X as the
screen magnification in the analysis of all of the samples in
all of the SDGs. However, the calibration data at the above
screen magnification was not provided by the laboratory.

. All of the appropriate magnifications were correctly
transcribed to the corresponding data summary sheets.

Grid Opening Size

. There were no data confirming the measurements and calculations
of the average grid opening size for each lot of grid specimens
used in the analysis of the samples in all of the SDGs.

Discrepancies/transcription errors noted in the validation of the
data for all of the SDGs:

§EG_!

1. On the data summary sheet for sample SY8557B (pg. 13), the
‘ structure type and identification for structure #26 on grid
opening B1/D3-2 were switched.

2. On the data summary sheet for sample SY8558A (pgs. 19-20), the
widcth for structure #49 on grid opening Cl/E3-2 was calculated
and reported as 0.05 um instead of 0.10 ym. After structure
#49, the size dimensions are offset by 1 place. The dimensions
for structure #49 are entered for structure #50, the dimensions
for structure #51/MD10 are entered for structure #51/MF, and so
on. The error in offset continued all the way to structure
#69. The raw data for structure #69 on page 224 was noc used
in the calculation.

ESAT-QA-9A-9674/B113YIM2 RPT. E-4-46
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10.

11.

12,

13.

On the data summary sheet for sample SY8561A (pg. 36), the
laboratory used 9200X instead of 19400X and 19200X in the .
calculations for the size dimensions reported for structure #1
on grid opening B1/F3-3 and for structure #2 on grid opening
cl/C2-3. '

On the data summary sheet for sample SY8563A (pg. 50), the
identification for structure #53 on grid oppening Bl/E3-2 was
incorrectly reported as CD instead of CM.

On the data summary sheet for sample SY8564B (pg. 57), the
length for structure #57 on grid opening B1/C3-2 was
incorrectly reported as 1.52 um instead of 15.22 pm.

On the data summary sheet for sample SY8566B (pg. 64), the
width for structure #62/CD on grid opening Cl/F4-4 was
incorrectly reported as 11.96 um instead of 10.87 um. In
addition (pg. 62), the structure type for structure #7 on grid
opening Al/G2-4 was incorrectly reported as CF instead of CM.

On the data summary sheet for sample SY8569A (pg. 72), the
level of analysis reported for chrysotile and amphibole was ISO
for both, instead of CM-CDQ and ADQ, respectively. In
addition, the total number of grid openings was not reported.

On the data summary sheet for sample SY8610A (pg. 85).
dimensions for structure #74 on grid opening Bl/D3-1 were
incorrectly calculated and reported.

On the data summary éheet for sample SYB617A (pg. 90), the
length for structure #51 on grid opening Bl/D3-4 was
incorrectly reported as 8.33 um instead of 5.21 um.

On the data summary sheet (pg. 110), sample SY8640A was
reported as SY8640.

The type of microscope used was not checked/marked on the
worksheet for the following samples:

Sample number Page(s)
SY8S557A 188
SY85594A 247

On the worksheet for sample SY8556B (pg. 138), screen
magnification was listed as 19400X instead of 9300X.

Analysis information for screen magnification and camera
constant for sample SY8559A was not provided on the worksheet
(page 253). 1In addition (pgs. 285-286), screen magnification
of 9200X was used in the calculation for structures #44-50
instead of 9300X.

E-4-47
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14. In the calculation of the dimensions for structures #56-84 on
grid openings C1/C2-3 and C1/C2-4 for sample SY8357A, a screen
magnification of 19400X was used, instead of 19300X as reported
on the worksheet (pg. 188).

15. On the worksheets for sample SYB8556B (pgs. 149-153 and 156-
159), sample SY8558B (pgs. 227 and 238), sample S5Y8559B (pgs.
267-272), sample SYB560B (pgs. 305-306), sample SYB562B (pgs.
371-375), sample SY8563B (pgs. 416 and 428), sample SY8564B
(pg. 449), sample SY8566B (pg. 487), sample SY8610B (pg. 629),
and sample SYB617B (pg. 663), the screen magnification was
listed as 9000X instead of 9200X.

16. The EDS analyses for the following samples were not numerically
labelled in the comment section of the worksheert:

Sample Number age(s

SY8556A 120, 131

SYBS556B 136-138, 157-158, 164, 167

5Y855%a 240

SY8559B 255-258

SYB562A 363

SY8562B 380-382

SY85644 430-432

SY8577A 563-564, 577

SY8577B 585, 594

5Y8610A 599-600

S5Y8610B 622, 633

SY8617A 639-643

SYBE17B 667, 673

SYgsels9a 676, 684

- SY8619B 6B88-690, 699-700, 712-713, 719

SDG-2
1. No Inventory Sheet was provided for this SDG.

2. On the data summary sheet for sample SY8570B (pg. 19), the
- dimensions for structure types CD/MB and CD/MF for structure
#61 on grid opening Cl/C5-2 were switched.

3. On the data summary sheet (pg. 27), sample SYB573B was entered
as SYS573B. For structure {7 on grid opening Dl/F4-4, no
calculated dimensions were entered on the data summary sheet.

4. On the data summary sheet for sample SYB579A (pgs. 43-44), the
dimensions for structures #24-42 on grid opening B1/D4-2 were
incorrectly calculated and reported,

5. On the data summary sheet for sample SY8579B (pg. 45), the
width for structure #22 on grid opening Bl1/G4-2 was incorrectly
reported as 3.23 um instead of 3.76 um.

ESAT-QA-9A-9674/8113Y3M2 .RPT
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10.

11.

12.

13.

14,

15.

On the data summary sheet for sample SY8582B (pg. 57), the grid
opening for structures #122-24 should be B1l/E3-2 as listed on
the worksheet (pg. 456) instead of B1/E3-3.

On the data summary sheets (pgs. 51 and 59), samples SY8581A
and SY8583A were reported as SYB381 and SY8383, respectively.

On the data summary sheet for sample SY8590B (pg. 76), the
lengtt. for structure #24 on grid opening D1/G5-3 was
incorrectly reported as 6.45 um instead of 7.10 um.

On the data summary sheet for sample SY8594A (pg. B84), the
structure type and identification for structure #462 on grid
openirg C1/D2-4 were switched.

- On the data summary sheet for sample SY8609B (pg. 101), the

identification and structure type for structure f#40 on grid
opening Cl/D4-4 were switched.

On the worksheets for samples SY8565B and SY8575B (pgs. 135-138
and 334), screen magnification was listed as 9000X instead of
9200X. On the worksheet for sample SY8579B (pgs. 378 and 403),
screen magnification was listed as 9300 instead of 19300.

On the worksheet for sample SY856B8A (pg. 146), type of
microscope used was not marked/checked.

For sample SY8598B, no elemental analysis was performed for
structure #11/CDQ on grid opening Al/C2-4,

The EDS analyses for the following samples were not numerically
labelled in the comment section of the worksheet:

Sample Number age(s
SY8574RB 310-311
SYB579B 391
SY8582A 434
SYg85828 448
SY8589A . 522
SY8589B 537
SY85904a 551
SY8590B 566

SY8598B 673

The level of analysis transcribed on the data summary sheets
was CM-CDQ (for chrysotile) instead of CD-CDQ as listed on the
worksheets for the following samples: S5YB565, SY8570, SY¥8572,
SY8573, SY8575, SY8579, SY8582, SY8585, SY8590, SY8594, and
SY8602.

ESAT-QA-9A-9674/8113YIM2 . RPT
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10.

11.

ESAT-QA-9A-9674/8113Y

On the data summary sheet for sample SY8584B (pg. 13), the
width for struccure #23 on grid opening F1/C4-1 was incorrectly
reported as 8.15 um instead of 8.47 um.

On the data summary sheet for sample SY8587A (pg. 15), the
lengcth for structure #9 on grid opening Al/E2-2 was incorrectly
reported as 0.05 uym instead of 0.57 um.

On the data summary sheet for sample SY8587B (pg. 19), the
width for structure #50 on grid opening Cl/B3-4 was incorrectly
repcrted as 1.72 um instead of 17.20 um.

On the data summary sheet for sample SY8593B (pg. 26), grid
opening Al/F4-2 was not reported. In addition (pg. 27), the
length for structure #l4 on grid opening Al/B3-4 was
incorrectly reported as 8.60 um instead of 9.14 um.

On the data summary sheet for sample SY8596A (pg. 35), the
wideth for structure #16 on grid opening Bl1/C4-4 was incorrectly
reported as 3.37 um Instead of 3.41 um.

‘On the data summary sheet for sample SY8597A (pg. 41), the

width for structure #59 on grid opening Bl/D2-4 was incorrectly
reported as 1.24 uym instead of 1.76 um.

On the data summary sheet for sample SY8604B (pg. 52), the
width for structure #l on grid opening Al/D2-2 were incorrectly
reported as 0,22 pym and 4.35 um instead of 2.39 um and 0.43 um,
respectively.

On the data summary sheet for sample SY8611A (pg. 66}, the
width for structure #68 on grid opening Bl1/D3-3 was incorrectly
reported as 0.16 um instead of 1.55 um.

On the data summary sheet for sample SY8611B (pg. 69), the
width for structure #25 on grid opening A1/E3-2 was incorrectly
reported as 0.54 um instead of 5.91 um.

On the data summary sheet for sample SY8618A (pg. 78), the
total number of grid openings was reported as 8 instead of 9.
In addition (pg. 79), the width for structure #37 on grid
opening Cl/C4-1 was reported as 5.73 um instead of 5.99 um, and
the structure type for structure #57 on grid opening C1/D3-1
was incorrectly reported as MF instead of F.

On the data summary sheet for sample SY8626B (pg. 94), the
dimensions for structures {#26-28 on grid opening B1/D3-2 were
incorrectly reported as 0.32 um & 0.00 um, 10.75 wm & 0.32 um,
and 77.42 um & 0.11 um, instead of 10.75 um & 0.32 um, 77.42 um
& 0.11 um, and 8.06 um & 0.32 um, respectively.

JM2.RPT
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12. On the data summary sheet for sample SY8627A (pg. 96), the
length for structure #21/CD-MF on grid opening B1/F3-3 was
reported as 0.10 um instead of 1.15 um.

13. Analysis information listed on page 467 differs from the
initial information listed on page 466 for sample SYB608A.
Type of instrument used, screen magnification, and camera
constant changed even though the same grid opening was being
observed.

14, On the worksheet for sample SY8614A (pgs. 536-537), the
structure numbers were incorrectly numbered. The structure
numbers should have been #42-56 instead of #34-48. Note that
the data summary sheet for the above sample listed the correct
structure numbers.

15. The EDS analyses for the following samples were not numer:cally
labelled in the comment section of the worksheet:

Sample Number Page(s)
5Y8568-QC 99
5Y8584A 128
SY8584B 138
SY8587A 170
S5Y8587B 185-186
5Y8592A 204,205
SY8592B 221
5Y8595A 270
SY8595B _ 293
SY8596B 321
SYg8601a 363
SY8607A 437-438
SY8608a 466
SYB8608B 482
syYselaa 5324
SY8618A 581-582
SY86188 596
5Y8620B 625
S5Y8627B 714
SDG-5

1. On the data summary sheet for sample SY8605B (pg. 30), the
dimensions for structure #52 on grid opening Cl/D5-4 were
incorrectly reported as 6.99 um and 4.30 pym instead of 7.07 um
and 4.34 um, respectively.

2. On the data summary sheet for sample SY8613B (pg. 48), the grid
opening was incorrectly reported as Bl/C4-4 instead of Bl/B4-4
for structure 8.

3. On the data summary sheet for sample SY8628A (pg. 64), the

length for structure {14 on grid opening Al/D5-2 was
incorrectly reported as 13.28 um instead of 8.07 um.

ESAT-QA-9A-9674/8113Y3M2 . RPT E-4-51
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4. On the data summary sheet for sample SY3630B (pg. 747,
structure #11 on grid opening Al/F3-1 was not reported.

5. On the data summary sheet (pg. 81), sample SY8632A was reported
as SY8632. 1In additionm, all of the dimensions for structures
#1-14 on grid opening Al/D3-3 were incorrectly calculated and
reported.

6. on the data summary sheet for sample SY8633A (pg. 87), a screen
magnification of 19300X was used instead of 19200X in the
calculation of the dimensions for structures #25-52 on grid
openings Bl/D2-4 through F3-1 and Cl/E4-4 through G4-2.

7. On the data summary sheet for sample SY8633B (pgs. 88-89), a
sereen magnification of 9300X was used instead of 9200X in the
calculation of the dimensions for structures #18-36 on grid
openings Bl/D&-4 through G3-2.

8. On the worksheet for samples SY8580A (pg. 108), no results for
the EDS analyses were reported for structure #12 on grid
opening Al/F5 -b,

9. On the worksheet for sample SY8580B (pg. 125), no results for
the EDS analyses were reported for structure #11 on grid
opening Al/E6-1.

10. On the worksheet (pg. 269, sample SY8606B was reported as
sample SYB602.

11. On the worksheet for sample SY8630B (pg. $27), screen
magnification was 1isted as 19300X instead of 9300X.

12. The EDS analyses for the following samples were not numerically
labelled in the comment section of the worksheet:
Sample Number Page(s)
SY8580A 107-108
SY8580B 122-127
5Y8595-QC 700
SYB606B 286-289
SY8613B 341, 358
sYse2la 369-370
SY8623A 426-427
SY8630B , 530-531
SYB631A 545
SY8632B 590

SDG-6

1. - On the data summary sheet for sample SYB636A (pg. 25), the

structure number for the second structure CM/F on grid opening
Al/F2-1 was not reported. The structure number should have
been #13.

ESAT-QA-9A-9674/8113Y3M2. RPT
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2. On the data summary sheet for sample SY8636B (pg. 27), the grid

opening was incorrectly reported as Al/F4-1 instead of Al/D4-1
for structure #3.

3. The ED3 analyses for the following samples were not numerically
labellzd in the comment section of the worksheet:

Sample Number Page(s)
SY8617-QC 67
SY86136A 171
SY86368 184-186
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_ENVIRONMENT & ENERGY GROUP

ICF Kaiser Engineers. Inc.

160 Spear Street. Suite 1380

San Francisco. CA 94103-1533
415/882-3000¢ Fax 415/882-3199

MEMORANDUM
TO: Dan Shane

On Scene Coordinator

Emergency Response Section, H-8-3
THROUGH : Richard Bauer

Environmental Scientist
Quality Assurance Management Section (QAMS), P-3-2

FROM: Margie D. Weinerzazqa
Senior Data Review Oversight Chemist

Environmental Services Assistance Team (ESAT)
DATE: March 7, 1994
SUBJECT: Review of Analytical Data

Attached are comments resulting from ESAT Region 9 review of the following
analytical data:

SITE: Diamond XX

EPA SSI NO.: N3

CERCLIS I.D. NO.: Not Applicable

CASE/SAS NO.: SAS B113Y-03 Memo 01

SDG NO.: 4

LABGRATORY : EMS Laboratories, Inc. (EMSCA)
ANALYSIS: SAS Asbestos

SAMPLE NO.: 9 Soil Samples (See Case Summary)

COLLECTION DATE: September 24 and 25, 1993
REVIEWER: Karen Pettit, ESAT/ICF KAISER

The comments presented in this report have been reviewed and approved by the
EPA Task Monitor for the ESAT Contract, whose signature appears above.

If there are any questions, please contact Margie D. Weiner (ESAT/ICF) at
(415) 882-3061, or Richard Bauer (QAMS/EPA) at (415) 744-1499,

Attachment

cc: Kira Pyatt Lynch, QAMS, P-3-2
D. Wayne Berman, ICF Kaiser-Oakland
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Data Validation Report

Case No.: SAS 81l3Y-03 Memo #01

Site: Diamond XX

Laboratory: EMS Laboratories, Inc. (EMSCA)
Reviewer: Karen Pettit, ESAT/ICF KAISER

Date: March 7, 1994
1. Case Summagy

SAMPLE INFORMATION: SAMPLE #: SY8834 through SY8842

COLLECTION DATE: September 24 and 25, 1993
SAMPLE REC:IIPT DATE: October 5, 1993

MATRIX: 9 Soil Samples
FIELD QC: Field Blanks (FB): None
Equipment Blanks (EB): None
Background Samples (BG): None
Duplicates (D1): SYB8841 and SY8842
LABORATORY QC: Duplicates : SY8842
ANALYSIS: Asbestos
Dust Generation Date: October 25 through November 9, 1993
Slide Preparation Darte: December 2, 1993 through December 8, 1993
Analysis Date: December 3 through 9, 1993
GENERAL COMMENTS:

The "A" and "B" designation on each sample refer to the analysis for all
size fibers and for 25 um lengch fibers, respectively.

This report was prepared in accordance with "Proposed Validation

Procedures For Diamond XX" submitted by D. Wayne Berman on February 18,
1994,

I1. Validation Summary

A. Calibrations:

Camera Constant

. The precision for the camera constant estimates all fell within
the acceptable range of =1.

. The multiplications were all checked and found to be correct.

. All of the camera constants were correctly transcribed except

for an entry on page 142, where the camera constant for the
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instrument used should have been 30.4 instead of 28.2, as
entered.

agni cations

. There were calibrations performed for magnifications art 19300X
and 25000X. The precision for these magnification estimates is
within the acceptable range of :2%.

In addition to the analyses performed at magnifications of
19300/19200X, there were analyses performed at 9200/9300X that
have no calibration data,

¢ All of che appropriate magnifications were correctly transcribed
from the analysis sheet to the data report summary sheets.

Crid Opening Size

. There was no data confirming the measurements and calculations
of the average grid opening size for the lot of grid specimens
used in the analysis of the samples for this SDG.

B. Discrepancies/transcription errors noted in the validation of the
data for this SDG:

1. The calculations for the net weight of the actual mass of total
respirable dust were checked for each sample and were correct
except for the following calculation discrepancies in the sample

data.
Reported Recalculated
Raw Data on for
Sample Numbe ata Entry Table 1 Table 1
5Y8836 1.2662 1.2870 1.2870 1.2704
sY8837 1.2228 1.2228 1.2228 1.4228

The raw data was reviewed for completeness and to ensure that
the results were correctly calculated. The raw data masses
entered here are correct. The data entry sheet amounts and the
amounts reported on Table 1 (Summary of Air Elutriator Results)
were checked against the raw data amounts. The Table 1 data
recalculations for the actual total mass of respirable dust
released are the sums of the three columns containing masses
released at various RPMs for each sample.

For sample SY8836, both the amounts reported on the data entry
sheets and the amounts reported on Table 1 disagree with the raw
data amounts. The recalculated total amount for Table 1
disagrees with both the total reported on Table 1 and the raw
data total.

When the total respirable mass was recalculated on Table 1 for
sample SY8837, it did not agree with the amount reported.
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2. When the raw data was checked against the data entry sheets
several transcription errors were found on the data entry
sheets. The number of grid openings were miscounted, the entry
on the data summary sheet was 42 instead of 43 as counted on the
analysis sheet for sample SY8835B. The structure numbers for
sample SY8840B on the data summary sheet, from number 18 to
number 52, disagree with the numbers on the analysis sheets for
the same sample.

The width of structure ##6 in sample SY8837B was entered as 0.76
puxm, It should have been 7.61 um.

3. Table 1 was resubmitted on February 18, 1994 with different
entries for the estimated total mass of respirable dust and
different entries for the percent of dust in the sample. The
data entry sheets were not changed, so all of the data sheets
for samples SY8834 through SY8842 do not agree with Table 1.

4. An EDS elemental analysis was performed for all parent
structures bearing a "Q" designation on the analysis sheets.
Although the data was correctly transcribed, samples SYB836A
(page 97-98), SYBB42A (page 266), and SY8842B (page 281) were
not labelled in the analysis sheet comment section.

5, Both high and low magnification scans were performed for all
samples and the scans at lower magnification reporcted only
structures greater than or equal to 5 um.

6. Some of the raw analysis sheets were incomplece.

a. The instrument identificaticn was omitted from ten of the
analysis sheets for the following samples.

Sample Number Grid Address Page Number

SYB8836B 1c 124
SY88139B 1C 208
SY8840B 1C 233
SY8841A 1C 249
SY83841B 1C 263
SYB842A 1C 277
EMS Blank-B 1C 324
QC Blank-A 1B 330
QC Blank-A icC . 351
QC Blank-B 1cC 359

b. There were seven analysis sheets for QC Blanks with
inadequate sample identification. Since the blanks were
prepared on several different dates, there should be a
distinction between QC blanks. The analysis sheets are
pages 330, 333, 339, 343, 351, and 359.
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ANALYSIS OF ASBESTOS CONCENTRATIONS
MEASURED DURING THE SEPTEMBER, 1993 EPA STUDY
CONDUCTED AT DIAMOND XX

This analysis consisted of three major tasks:
1) comparison of direct and indirect measurements of asbestos concentrations;

2) analysis to determine important factors affecting asbestos and PM10
concentrations; and

3) analysis of the relationship between respirable dust (PM10) concentrations
and asbestos concentrations.

These analyses were conducted separately for three methods of calculating asbestos concentration:
PCME (EPA 1986), EPA’s method for calculating PCM equivalent concentrations (EPA 1986);
PCME (Ca: Prop '65), a California Proposition 65 method for calculating PCM equivalent
concentrations (California ARB 1986); and the B & C Index, a method proposed by Berman and
Crump (1994). The three asbestos concentrations so calculated were labeled C;, G, and Gy,
respectively.

THE DATA SET

The data that were available were obtained from samplers that were set up at defined distances
up and downwind from two roadways located within the Diamond XX residential area in
California. A more detailed discussion of the experimental design under which the asbestos and
PM10 samples were collected is provided in the Experimental Design Section of the main text of
this report.

Briefly, asbestos and PM10 concentrations were measured under controlled conditions at both
roadways at four sampler locations (stations) close to each roadway (1 station 150 feet upwind
and 3 downwind stations that were 25, 75, and 150 feet from the road). One station was also set
up at a-location distant from each roadway to collect measurements representative of remote
background.

During the study, a control vehicle traversed the road at a constant speed of 30 mph and at three
different frequencies (representing the number of passes per hour): 0, 5, and 15 vehicles per hour
(vph). The concentrations measured at the distant background stations were not considered to be
associated with any particular vehicle frequency. A graphic representation of the experimental
design is presented in Figure D-1,

A total of 65 sample filters were prepared by the indirect technique and analyzed to derive
estimated airborne asbestos concentrations at specific sampling stations during specific runs.
These include 12 pairs of duplicate samples (with paired filters collected immediately adjacent to
the each other). Four filters representing laboratory blanks and seven filters representing field
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blanks were also prepared and anaiyzed. Five additional sampie filters (each paired with one of
the other sample filters described above) were also collected, prepared by a direct technique, and
analyzed.

ANALYSIS OF DATA

ison _Between Measurements Derived Directly and Indirectly Prepared

Samples

Of the five measurements derived from samples prepared by a direct technique, only four could
be paired with a duplicate measurement derived from an indirectly prepared sample. The sample
to be prepared indirectly from the fifth pair was lost.

Each of the remaining 4 measurements from directly paired samples was paired with the
corresponding measurement from the indirectly prepared sample. A linear regression analysis was
then conducted among these four pairs of measurements with the exposure concentrations
expressed as each of three exposure indices defined as described in the first section above:

. " PCME (EPA 1986);
. PCME (Ca Prop ’65); and
. the B & C index.

The results of the linear regression were then examined to determine the relationship between
direct and indirect concentrations.

The results of the regression analysis suggest that there is little or no relationship between
measurements derived, respectively, from directly and indirectly prepared samples for the four sets
of observations available from this study; measurements on indirectly prepared samples do not
appear to be significantly related to measurements derived from directly prepared samples. None
of the slopes of the best fit lines (for each of the three exposure indices)

are significantly different from zero. Even when the log-transformed concentrations were
regressed on one another, no significant relationships were detected.

Important factor tin tos concentrati
An analysis of variance was conducted to examine the effects of roadway, proximity to the road,
vehicle frequency, and day-to-day variations on the concentrations of asbestos that were observed.
Given the design of the experiment (see Figure D-1) the following terms were included in the

model:

Roadway (R);
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Gross Proximity (a parameter to distinguish remote background measurements from
measurements collected at other stations: NF);

R and NF interaction (R*NF);

Station, within R and NF (SR*NF));

Vehicle Frequency, within R and NF (VR*NF));

S and V interaction (S*VR*NF)),

Day, within R, NF, S and V DER*NF*$*V));

Sample Number, within D, R, NF, S,and V (SNR*NF*$*V*D)); and
Test Number, within SN, D, R, NF, §, and V (TN@R*NF*$*V*D*SN)).

The variable NF was introduced because the remote background samples could not be associated
with a particular vehicle frequency. It was not appropriate to classify the remote background
samples according to vehicle frequency, so the NF variable differentiates the remote background
from the other stations. Sample number, SN, is a variable that differentiates field duplicates,
when such duplicates exist, from their collocated samples. Test number, TN, was used to identify
the laboratory QC samples that were available for four filters. The variation of TN, within SN
and the other variables, can be associated with error introduced by laboratory handling and
analysis of filters. Having the QC samples allows estimation of that component of the overall
variance. The variation associated with SN includes the variation introduced within the
laboratory, but it also includes other, unidentified factors contributing to differences in collocated
samples. The variation associated with SN is a measure of pure error with respect to the model;
it represents variation in the results that is not accounted for by other terms of the model (such
as roadway, station, etc.).

Preliminary applications of the mode! specified above, ignoring the Day, SN, and TN terms, were
applied to all three sets of asbestos concentrations, where the concentrations were expressed
either on the natural scale or on the log-scale (i.e., with and without log-transformation). The
residuals from those model fits were examined and tested for normality, to determine if the data
expressed in either scale satisfy the normality assumptions of analysis of variance. For the log-
scale data, but not for the natural-scale data, the residuals appeared to be satisfactorily described
by a normal distribution (based on the Shapiro-Wilk test). Thus, application of the full model and
inferences about the significance of the terms of the model were based on applications to the log-
transformed data.

The results of the analysis of variance using the full model are summarized in Table D-1. Note
that, by design, all the degrees of freedom were accounted for in the model, i.e.,there was 1o
error term. For each case, the appropriate term to use as 2 measure of error depends on the
effect being tested.

The significance of SN was assessed by comparing the mean square associated with SN to that

associated with TN, i.e.,we wished to determine if the variation associated with SN, which
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includes the TN component, was significantly greater than that associated with TN alone. For the
C, and C, exposure indices, the sample-to-sample variation is significantly greater than the test-
to-test variation alone (p-value on the SN line of Table D-1 less than 0.01) whereas for C, there
does not appear to be significantly more variation from collocated samples than that introduced
by laboratory handling,

The significance of day-to-day variation, within station, vehicle number and roadway, was assessed
in comparison to the variation associated with SN, within day, station, vehicle number and
roadway. As seen in Table D-1, the variation from day to day (the mean square for
D(NF*R*$*V)) was little or no greater than that for SN, for all three exposure indices, and the
p-values reflect that lack of significance. From this we concluded that the variation from day-to-
day could be considered a component of the error term, so that the mean squares for
D(NF*R*$*V), which include day-to-day, sample-to-sample within day, and test-to-test within
sample contributions, can be used as the error term for the remaining tests of significance.

For all three asbestos exposure indices, the following results were revealed. Statistical
significance, or lack thereof, for ail of the comparisons is clear-cut, the tests of the effects are
either highly significant (p < 0.01) or not significant (p > 0.10) with no border-line cases.
Results indicate that:

. differences between the measurements at remote background and the other
stations (considered as a whole) are statistically significant;

. differences between measurements collected at the two roadways are not
significant; the two roadways did not appear to differ with respect to overall rate
of asbestos release. The interaction between roadway and NF is also insignificant;

. the effects of station location within roadway and NF do differ significantly from
one another; this implies that variation between the stations in close proximity to
the roadways (A, B, C, and D, as opposed to the remote background station) is
significant; and

. the effect of vehicle frequency is also highly significant. The interaction between
station and vehicle frequency is not significant for the exposure indices, C, and G,
but is signiﬁqant for C,. Thus, for C, but not for C, or C,, the additive effect of
vehicle frequency on In(C) over and above the effect due to station depends on
which station is being considered.

To compare the various stations or vehicle frequencies to one another, we reduced the model in
accordance with the above results. Roadway was no longer considered in the model. Moreover,
the distant background samples were associated with a dummy station identifier ("E")and a
dummy vehicle frequency ("-1")so that NF could also be drupped from the model. The resulting
model had the terms $, V, S*V, D(S*V), SN(S*V*D), and TN(S*V*D*SN). As before, the SN
and TN terms identify specific components of the error contributed by unidentified differences in
collocated samples and laboratory handling, respectively, whereas the day term, D(S*V), includes
those components as well as day-to-day variation. The D(S*V) term is the appropriate error term
for assessing the differences between station and vehicle frequency. The degrees of freedom in
the full model associated with roadway, NF, and the nesting of the other terms within roadway
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and NF now contribute to the mean square for D(§*V), which has 36 degrees of freedom for the
reduced model.'

When the reduced model was run, the station and vehicle frequency effects remain highly
significant. The interaction between station and vehicle frequency appear to be significant, at
least at the 0.05 level, for all three asbestos exposure indices. Figure D-2 summarizes the station
and vehicle frequency comparisons, obtained using a least significant difference (LSD) approach
for multiple comparisons.

Stations A (upwind) and E (remote background) exhibit consistently the lowest asbestos
concentrations. Somewhat surprisingly, the concentration at station A is significantly less than
that for station E when concentrations are measured using the two exposure indices C, and C,.
The downwind stations always exhibit significantly greater concentrations than stations A or E and
it appears that there is a trend of decreasing asbestos concentration with downwind distance from
the road. The station closest to the road (B) shows significantly greater asbestos concentrations
(using the C, and C; exposure indices) than do stations C and D and significantly greater
concentrations (using the C, exposure index) than does station D; stations C and D do not differ
significantly with respect to any asbestos concentration,

When no vehicles were run over the roads (0 vehicles per hour), the asbestos concentrations are
indistinguishable from remote background concentrations. In all cases, a frequency of 15 vehicles
per hour is associated with significantly greater asbestos concentrations than the other
frequencies. A frequency of 5 vehicles per hour is intermediate. When concentrations are
expressed using the C, index, runs at 5 vph yield no significantly greater concentrations than the
remote background concentrations, although they do yield significantly greater concentrations
than O vph. Using the C, exposure index, concentrations associated with runs at 5 vph are
significantly different from those associated with runs at 0 vph and from concentrations measured
at remote background locations. Using the C,; exposure index, asbestos concentrations during
runs at 5 vph are essentially the same as concentrations measured in association with O vph but
are significantly greater than concentrations measured at remote background locations.

When mean concentrations for the distinct combinations of station and vehicle frequency are
listed (Figure D-2), the patterns confirm the analyses of station and vehicle frequency alone. The
highest concentrations are found in association with 15 vph at downwind stations and also for 5
vph at the closest station (B). The next highest concentrations were observed further downwind,
stations C and D, during runs of 5 vehicles per hour. The lowest concentrations were observed
when no vehicles were using the roadway, for remote background, and for the upwind station.

Because the downwind stations are located at specified distances from the road, an analysis of
variance that considered vehicle frequency as a categorical variable and distance as a continuous
variable was used to explain variations in In(C;) at stations B, C, and D. That analysis had effects
due to vehicle frequency, a common slope factor for relating asbestos concentration to distance,
and separate slope factors for the different vehicle frequencies. The significance of the separate
slope factors was tested and found to be not significant. However, the common slope is

1" Because of a missing In(C4) value due to one C, value of 0, D(S*V) has only 35 degrees of
freedom for C,4
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significantly different from zero and the intercept terms do apparently differ from one vehicle
frequency to another. Consequently, a model with separate intercepts but a common slope was fit
to the In(C;) data. That model was found to significantly describe the results; the model accounts
for 67%, 70%, and 47% of the variation in in(C,), In(C,), and In(C,), respectively. A weighted
average of the vehicle frequency-specific slope factors yields an estimate of the common slope
with the smallest variance (Hyde, 1980). The results of the estimation, converted back to the
natural scale, are as follows:

C, = exp(-4.55 - 0.012*distance) for 0 vph;
C, = exp(-2.28 - 0.012*distance) for 5 vph;

C; = exp(0.153 - 0.012*distance) for 15 vph;
C; = exp(-5.38 - 0.011*distance) for O vph;
C, = exp(-3.57 - 0.011*distance) for 5 vph;
C, = exp(-1.20 - 0.011*distance) for 15 vph;
C; = exp(-9.72 - 0.016*distance) for O vph;
C; = exp(-6.74 - 0.016*distance) for 5 vph;

C; = exp(-4.57 - 0.016*distance) for 15 vph.

Factors affecting PM10 concentrations

The 42 PM10 concentrations were subjected to analysis of variance techniques in the same
manner as described above for asbestos concentrations. In the case of PM10, however, the
observations were limited to stations A, B, C, and D (i.e., remote background measurements were
not collected) and two vehicle frequencies (5 and 15 vph). The reduced data base allowed a
slight streamlining of the modeling (see Table D-2).

Unlike the asbestos data, there were no QC samples for PM10 to allow estimation of the
laboratory handling component of error variance. There were only three collocated samples from
which to estimate the component of error variance associated with the unidentified differences
between collocated samplers.

The results of the analysis of variance are shown in Table 2. In the case of PM10, the day-to-day
variatior is significantly greater than the variation associated with collocated samples. The
roadway, station, and vehicle frequency effects are significant contributors to differences in PM10
concentrations. The D(R*S*V) term was used as the error term for assessing the effects of
roadway, station, and vehicle frequency. A comparison of the means for those effects is also
included in Table D-2.

Relationship between PM10 and asbestos concentrations

The 42 PMI0 concentrations were matched with their corresponding indirect asbestos
concentrations (three asbestos concentrations for each PM10 concentration, because of the three
methods of calculating asbestos concentration). The analytical approach employed is a variation
of an analysis of variance known as a homogeneity of slopes model.
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The approach adopted included effects due to roadway and station, and their interaction, a
common slope factor for relating asbestos concentration to PM10 concentrations, and separate
slope factors for the different roadway/station combinations. The significance of the separate -
slope factors can be tested for significance; if there is no significant difference among the slope
factors, then a weighted average of the roadway/station-specific slope factors yields an estimate of
the common slope with the smallest variance (Hyde, 1980).

Because of the results cited above indicating that log-transformed concentrations are better
described by normal distributions than the untransformed data, the PM10 analyses were
performed using log-transformed concentrations. The error term is contributed by day-to-da.y
variation, consistent with the determination from the previous analysis that such variation is an
appropriate measure of error, which includes sample-to-sample and test-to-test contributions.

For the regressions relating PM10 to each of the three exposure indices by which asbestos
concentrations were reported, the roadway effect is not significant but the station effect is
significant (Table D-3). Moreover, it appears that the slopes for the relationship between In(C))
and In(PM10) do not differ from one station to another but that the common slope is sngmﬁcantly
different from zero. The model with a single slope factor, but differing intercepts depending on
station, describes the data very well (the significance of the model exceeds 0.0001) and accounts
for a large proportion of the variation in In(C)) values (75% for In(C,), 79% for In(C,), and 71%
for In(Cy)).

Since roadway is not significant, the estimation of the common slope, B, was been based on
station alone (poolmg the observations from the two roadways within station). The least squares
estimator of P is given by the weighted average of the station-specific slopes:

B = }.'."bi"'SSXi /ESSXi,
where b; is the estimated slope at station i and SSX, is the corrected sum of squares for In(PM10)

at that station. This weighted average was computed for the three asbestos concentrations to
yield these equations:

In(C)) = «; + 1.392*In(PM10),
In(Cy) = &) + 1.077*In(PM10),
In(Cy) = o + 1.422*In(PM10),

where j = A, B, C, or D. Transforming back from the log-scale and specifying values of the a; s,
the relationships between asbestos concentrations and PM10 concentrations are:

Cia = 22.2%(PM10)}%2,
Cig = 1.65*(PM10)!-3%2,
Cyc = 1.38*(PM10)!-32,
Cyp = -393*(PM10)!-32,

Cya = 18.3*(PM10)+977
Cyp = 387*(PM10)1077,
Cye = .188*(PM10)107,

Cyp = 094*(PM10)1077,
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Cya = .0029*(PM10)! 422,
Cyp = .0056%(PM10)!-4%2,
CJC = 0091:(PM10)1422

Cyp = .0101*®M10)14%,

The results shown above suggest that the relationship between PM10 and asbestos concentrations
is not linear. Moreover, the relationships are not similar for the three methods of calculating
asbestos concentrations. Although the power on PM10 concentration does not differ greatly from
method to method, the coefficients differ, especially for the third method (Berman and Crump).
The concentration of asbestos relative to PM10 concentration clearly depends on distance from
the roadway (cf. the significant p-values for station in Table 3; the station terms are significant
also in the models that ignored roadway). For the exposure indices C, and C,, there is more
asbestos for a fixed concentration of PMI10 at station A, upwind from the road, than at the
downwind stations. Moreover, the concentration of asbestos for a fixed PM10 concentration
decreases with distance downwind. For the exposure index C,, on the other hand, less asbestos is
present per PM10 concentration upwind from the road and asbestos concentration per PM10
Aconcentration increases, although only slightly, as distance downwind increased.
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FIGURE D-1

GRAPHIC DEPICTION OF DIAMOND XX ASBESTOS CONCENTRATION EXPERIMENT

STATION(a)

DAY

1
2
3
4
5
6
7
8
9

ROADWAY 1 ROADWAY 2
A B c D E A B C D E
o(b) 0 0 0
5 5 5 5
515 5/15 5/15 5/15
5/15 5115 515 515 X
15 15 15 15
0 0 0 0
15 15 15 15
5 515 5/15 s/15
15 15 15 15 X

(a) Stations A are 150 faet upwind from roadways, B - 25 faet down
and E - distant background.

(D) An entry (0, S, or 15) indicates vehicle irequency tor sam
two experiments were conducted. For Station E, samples

were collec

samples are not associated with any particular vehicle trequency.,
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FIGURE D-2
COMPARISON OF"ASBESTOS MEASUREMENTS ASSOCIATED WITH SPECIFIC COMBINATIONS
OF STATION AND VEHICLE FREQUENCY FROM THE DIAMOND XX STUDY

Exposure index (a)

c Station (s): B C D E A
Mean(a) -1.4 -26 -28 -5.0 -6.3

Vehicle Frequency (V): 15 5 -1 0
Mean: -1.7 -39 -5.0 -5.3

S*V: B15 Ci15 BS D15 DS C5 BO E DO CO AQ A5 A1S
Mean: -0.06 -1.2 -1.7 -1.8 -3.1 -43 -46 -50 -5.4 -6.0 -6.2 -6.3 -6.3

c2 Station (s): B c D E A
Mean: -2.7 -38 -39 -6.2 -7.4

Vahicle Frequency (V): 15 5 0 -1
Mean: -3.0 -5.0 -6.2 -6.2

S*'V: Bi15 C15 BS D15 D5 C5 BO E AO CO DO A5 Al5
Mean: -1.4 -26 -29 -3.0 -4.0 -53 -56 -6.2 -85 -6.6.-6.9 -7.6 -7.7

Cc3 Station (s): B C D E A
Mean: -6.2 -79 -a.1 -11.1 -12.3

Vehicle Frequency (V): 15 5 0 -1
Mean: =71 -9.1 -10.0 -11.1

S*V: B B5 C15 DI5 D5 C5 BO DO C5 CO E AO A5 Al5
Mean: -5.0 -5.9 -64 -7.6 -83 -95 -3.5 -95 -10.1 -11.0 -11.0 -13.7 -12.1 -12.7

(a) The exposure indices examined in this study are:
C1 = PCME {EPA, 1986)
C2 = PCME (California Prop. 65)
C3 = B and C Index (Berman and Crump, 1994)

Note that underlines indicate cases in which differances in groups are not

significant. For example, the difference in the mean concentrations measured for Station B
(using index C1) is significantly greater than the mean for Station D. However, the mean
concentrations measured at Station C (using exposure index C1) is NOT significantly
difterent than the mean for Station D.
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TABLE D-1

ANALYSIS OF VARIANCE FOR LOG TRANSFORMED ASBESTOS CONCENTRATIONS

GRQOUPED BY SPECIFIED PARAMETERS

DEGREES OF Mean Square F-Test p-Value
EFFECT (a) REEDOM Ci(b) C2(b) C3(b) C1(b) C2(b) C3(b)
NF 1 16.2 16.9 32.8 < 0.01 <001 <0.01
R 1 0.69 0.66 0.03 >0.10 >0.10 >0.10
NF*R 1 4.89 0.38 1.94 >0.10 >0.10 >0.10
S(NF* R) 6 30.0 29.0 43.6 < 0.01 <0.01 <0.01
V(NF " R) 4 28.3 22.7 24.5 < 0.1 <0.01 <0.01
S *"V(NF*R) 12(c) 3.37 3.89 5.77 >0.10 <0.01 >0.10
DINF*R*S*V) 23 1.91 1.14 3.10 >0.10 >0.10 >0.10
SN(NF*R*S*V*D) 12 1.75 2.2 3.57 < 0.01 <0.01 >0.10
TN(NF*R*S*V*D"S8N) 4 0.08 0.01 1.67
Converted Total 64(c)
(a) Key:
NF = Gross Proximity
R = Roadway
S = Station
V = Vehicle
D = Day

SN = Station Number
TN = Test Number

(o) The exposure indices examined in this study are:

C1 = PCME (EPA, 1986)
C2 = PCME (California Prop. 65)

C3 = B and C Index (Berman and Crump, 1994}

{c) Due to a C3 concentration vaiue of 0 (from Roadway 2, Station A, O vehicles per hour, collected 8/26/93),

only 64 log-transformed C3 values were available for analysis. Thus, for C3, the degrese of freedom

for corrected total and S "V(NF * R) sums of squares are 1 less than shown, i.e., 63 and 11, respectively.
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TABLE D-2

ANALYSIS OF VARIANCE FOR LOG-TRANSFORMED PM10 CONCENTRATIONS
MEASURED DURING THE DIAMOND XX STUDY

DEGREES OF MEAN F-TEST
EFFECT FREEDOM SQUARE p-VALUE
R 1 1.04 0.05
S 3 10.8 <0.01
v 1 2.89 < 0.01
R*S 3 0.24 >0.10
RV 1 0.04 >0.10
SV 3 0.33 >0.10
R*S*"V 3 0.16 >0.10
DR"S"V) 23 0.24 < 0.01
SNR*S*V*D) 3 0.007
Comparison of Means:
Roadway: 1 2
Mean: -1.5 -1.8
Station: B c D
Mean: -0.7 -1.3 -1.7
Vehicle Frequency: 15 5
Mean: -1.4 =-2.0

Note: means connected by underlines are not significantly different from one another.
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TABLE D-3

ANALYSIS OF VARIANCE FOR RELATIONSHIPS BETWEEN In (PM10) and In (Ci)

MEASURED DURING THE DIAMOND XX STUDY

DEGREES OF Mean Square F-Test p-Value

EFFECT REEDOM Ci(a) C2(a) C3(a) C1(a) C2(a) C3(a)
Roadway 1 0.17 0.12 0.32 0.75 0.74 0.75
Station 3 60 62 95 <0.01 <0.01 <0.01
Roadway * Station 3 2.0 2.3 2.0 0.31 0.12 0.58
PM10 (Common Slope) 1 31 19 25 < 0.01 <0.01 <0.01
PM10 * Roadway * Station 7 1.8 20 5.8 0.39 0.11 0.11

(separate slope)

Error 26 1.6 1.1 3.0
Collected Total 41

(@) The exposure indices examined in this study are:
C1 = PCME (EPA, 1986)
C2 = PCME (California Prop. 65)
C3 = B and C Index (Berman and Crump, 1984}
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