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ABSTRACT

Experience with laboratories and a review of data generated through
the Superfund process confirm a lack of standardized sample prepara-
tion techniques and counting rules using Polarized Light Microscopy
for asbestos-laden soil samples. Variation in analytical procedures
reduces comparability of data generated by different laboratories. The
absence of a standardized analytical technique makes decision-making
difficult and may be affecting remedial consisiency from site 1o site.
As such, PLM soil resubts should be limited in use to characterization
of spatial boundaries of contamination and for preparation of qualita-
tive risk assessmemts. Extrapolation from soils data to quantitative risk
assessments is not recommended until an adequate standardized meth-
odology for the analysis of asbestos in soils has been adopted.
National research needs are highlighted.

INTRODUCTION

The U.5. EPA “Interim Method for the Delermination of Asbesios
in Bulk Insulation Samples™ is specifically designed to cstinate the
concentrations of total asbestos content in building matertals. Due to
the tack of any other published methodotogy. this “Interim Bulk
Method™"? has become the industry standard for quantifying asbestos
concentrations ia soils. However, this technique has not been evaluated
for accuracy or precision for soil analysis.

This study compares Polarized Light Microscopy (PLM) analyses
from three laboratories used for the RI at the Arfas and Coalinga
Asbestos sites. These data are compared with results from six other
asbestos sites and the Research Triangle Institute {RT?) bulk asbestos
- round robin program. The review highlights the need for a standard-
ized risk-based analytical methodology specifically designed for asbes-
tos in seils. Until a method is developed. PLM soil sample results
should not be relied upon to quantify asbestos concentrations for
contaminant transport or risk assessment models.

The Atlas Asbestos Mine site is located within the New ldria
serpentinite mass, a 50-mi.? serpentinite formation rich in chrysotile
asbestos in California. The Coalinga Asbestos site is located just
southeast of the New ldria formation and the Atlas site. Both sites
contain abandoned asbestas mill facilities, tailings piles and associated
open pit mines. These sites were fisted on the NPL in 1984, The
principal health concern is inhalation of air-borne asbestos-laden dust
by local residents and site visitors.

SOIL ANALYSES BY POLARIZED LIGHT MICROSCOPY

(PLM} Soil samples for the Atlas and Coalinga Superfund sites were
Sent to three laboratories—EMS Laboratory. McCrone Environmental
Services and Med-Tox Associates—far PLM analysis as specitied by
the EPA Interim Bulk Method. Each laboratory used the PLM “field

of view™ estimation technique 1o determine the asbestos content of s
samples.

Lahoratory Consistencies

Data sheets and personal communications with the laboratories
confirm that the microscopists generally agree on the overall. identifi-
cation of serpentine structures and mineral content in the Atlas and
Coalinga soil samples.”® The microscopists confirm the samples are
more complex than (ypical chrysotile product sampies. The soils
coatain high concentrations of chrysotile, antigorite, and lizardite .
minerals having the same basic chemical formula (Mg,5i0,05(0H})
but differemt crysial structures. These minerals exist as polymorphs of

- each other and as both asbestiform and non-asbestiform aggregates.**1%

The combination ol mincrals causes somewhat unusual optical proper-
lies such as higher refractive indices when compared to chrysolile
[rom other ore bodics. Central stop dispersion staining colors observed
by McCrone are nuted to be more typically associated with antigorite ,
a non-fibrous form of serpentine.” EMS and McCrone bath report goid
to magenta dispersion staining colors.'® To more accurately character-
ize the PLM-DS resulis, TEM was performed on a subset of samples .
The analyses confirm that the serpentine minerals in the samples are
principally chrysotile asbestos structures.?5-10

ANALYTICAL DIFFERENCES BETWEEN LABORATORIES

There are four major variables in PLM analyses among the lzbora-
tories which are:
® Sample preparation prior 1o analysis
¢ Differences in analytical techniques
¢ Lack of standardized terminology and chrysotile/serpentine clas-
sification schemes
® Fundamental differences in counting rutes

Sample Preparation .

Sample preparation techniques differ among the laboraterics.
principally on sieving and ihe use of arinding by mortar and
pestle &N The EMS samples are sieved and separated into
fine (<2mm) and coarse fractions (> 2mm): without grinding the fine
fraction. the samples are prepared for PLM analysis. Based on the
presence or absence of asbestos in the [line fraction, coarse fractions
are lightly ground as necessary for analysis. McCrone sample prepara-
Hon is similar to EMS and includes sieving samples into size fractions
of gravel {<2mm). sand ¢50pm-2mm} and silt and clay (>50pkm)
without grinding. Sumple preparation by Med-Tox includes lightly
grinding soil samples for a few seconds to one minute each with a
mortar and pestle (Tabfe |},
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“Table 1 )
' " Use of Grinding and Sieving Technigues for PLM
Soil Sample Preparations

Site Name Grindtng with Sieves
Laboratory Name Mortar/Pedtle
Atias/Coalinga >2rm coarse
EHS No <2mm fine
Atlas/Coalinga Sieved 41/60
HcCrone Ho gamples into
>2mmn gravel
S0um-2mm Band
<50um gilt/clay
Atlas/Coalinga Yes., mortar/pestle;
Med-Tox fev seconds to No
ona minute/sample
city of Coalinga Yasg, No
IT Lab homogenized (n

25¢ ml jars; no
mortar/pestle

Asbestos 1n Roads Study Yes, few
MHod—-Tox aseconds to ane
minute/Bample

Yes, used a 200-
mash screen to
geparate silt &
coarse fractions

Globe, Arizona Microscopist no longer at lab so

T™M/EAL follow-up no possible.
Coppar Cove Roadg/ Yas, sufficlent No
Copperopolis time to reduce

FAL Lab veins, atc. to

free fibers/total
aghestos measured

South Bay hebastos No Yes, usad sieve

Versar - to separate
. L7106, 355 and
.250 mm fraction
Cuarry Samples Yos, lightly No
Clayton

Since the EPA Interim Bulk Method states that sample preparation
i5 "dependent upon the samples encountered and personai prefercnces”
of the microscopist, cach of these techniques is within the margin of
acceptability for PLM sample preparation. Grinding, for example, is
only one of the six accepiable means for obtaining a homogenous,
representative subsample."2 Further review of sample preparation
techniques from other asbestos Superfund removal and remedial
sites?®#* indicates similarly widespread inler-laboratory vartations in
the use of sieving and grinding (Table I).

Some bias due to grinding and sieving soils is expected, although
the magnitude of the bias caused by the preparation differences is
unknown without a standard for comparison.'® It js well documented
in asbestos studies that natural serpentine minerals and manufactured
asbestos-laden products including chrysotile structures are easily bro-
ken into elongated cleavage fragments and free fibers by natural
weathering processes, and by chemical or meckamcal disturbances in
vitro, in vivo and in the general environment.” 7% McCrones
sample report, for example. notes that the matied fibers “displaced
more pronounced fibrosity wpon crushing.™ This easily fragmented
characteristic of chrysotile is an important factor in soil concentra-
tions. and sample preparation should be standardized to eliminaie this
variable in the PLM analytical procedure.

Analytical Methods

In addition o sample preparation techniques. the wide range of
asbes?os content in these sotls is due in part to the differeat analytical
techniques employed by the laboratorics (Table 23, All three labora-
lories wse lhe “fleld of view” estimation technique with dispersicn
staming (PLM/DS). EMS and Med-Tox resulis are reported as per
cent a_:ca."""é' McCrone analyzes by PLM/DS and sterecmicroscopy.
reporting results as per cent volume.™* Of the other laboratories listed
on Table 2. onc uses the point count technique. As the EPA Interim
Bulk Method specifies use of point counting or “an equivalent estima-
bon methed.” no standardization of methodology or units is assured.
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Table 2

Analytical Techniques for PLM Soil Analyses

Site Name Analytical
Laboratory Name Techniques
—
Atlas/Coalinga PLM/DS

EMS Laboratory

Visual Estimates
TEM

Atlas/Coalinga PLM/DS

McCrone Stereomicroscopy
Atlas/Coalinga PLM/DS

Med-Tox Visual Estimates

TEM

City of Coalinga
IT Lab

Point Count
PLM/DS
TEM

Med-Tox

Asbestos in Roads Study PLM/DS

Visual Estimates
TEM :

Globe, Arizona

Visual Estimates

TMA /EAL
Copper Cove Roads PLM/DS
Copperopolis TEM

EAL Lab
South Bay Asbestos PLM/DS

versar Stereomicroscopy

Quarry Samples

Visual Estimates

* Analytical methods include: Point Count,

Visual/field of view estimation,

Staining, Stereomicroscopy and Transmission
Electron Microscopy (TEM}.

Table 3

Terminology Used in PLM Soil Analyses Reports

Site Name .
Laboratory Name

Terminology Used
for Structures of
concern

Atlas/Coalinga
FMS Laboratory

Chrysotile

Atlas/Coalinga
McCrone

Serpentine Asbestos

Atlas/Coalinga
Med-Tox

Elongate Serpentine
or Chrysotile

City of Coalinga
IT Lab

Chrysotile

Med-"Tox

Ashestos in Roads Study
Chrysotile/Antigorite

Globe, Arizona
TMA f EAL

Chrysotile

Copper Cove Roads
Copperopolis
EAL Lab

Chrysotile

south Bay Asbestos
Versar

Chrysotile
or Serpentine

Quarry Sampleé

chrysotile

PLM/Dispersion




Terminology

Another variable -identified in this study is a result of non-
standardized classification schemes and terminalogy used by each
laboratory for the observed serpentine or chrysotile structures. For
spatially simiar samples from the Atlas and Coalinga sites, the
microscopists’ morphological descriptions include: white matted plates;
pale green elongated serpentine; lathe-shaped bundles; acicular fibers;
rounded, somewhat flattened fragments; silky, wavy bundles: harder
green, elongated chips; cleavage fragments and serpentine miner-
als.>*3%1% The reported structures of concern include chrysolile,
serpentine asbestos, and elongate serpentine, among others (Table 3).
For the end-user of the soils data, this variability ia terminology makes
interpretation of results very difficult.

Counting Ruies

Since inter-laboratory terminology is not standardized. differences
in counting rules are difficult to assess. All three laboratories count
structures with aspect ratios preater than or equal to 3:t. However,
discussions with the microscopists show that counting rules beyond
aspect ratio definition vary based on their understanding of the end-use
of the data by the clients,

EMS counted only frec chrysotile fibers that could easily become
air-borme  without mechanical distorbances of the soil matrices: the
microscopist understood that the soil results were ta be used as input
10 an air transport model, and thercfore counted only free fibers. ™'
McCrone reported chrysotile and all fibrous chrysalile-like minerals as
“serpentine asbestos”; this category included particies such as fibrous
grains, matted clumps of fibers and green elongated chips;**'®
McCrone attempted to estimate the total friable asbestos content of the
soils. Due to the non-standard mineralogical content of these samples,
Med-Tox reported both “clongate serpentine” and “chrysolile asbestos™
concentrations. Elongate serpentine was defined by Med-Tox as in-
cluding all serpentine fragments including chrysotile, fizardite and
antigorite; -this category represented the Med-Tox estimate of the
maximum asbestos content of the soils. “Chrysolile asbestos™ was
defined by Med-Tox as having classical chrysotile propertics and
included bundles of fibers.*'®

**Asbestos fibers™ are defined in the EPA Interim Bulk Method as
having an aspect ratio of 3:1 and being positively identified as an
asbestos mineral based on six optical properties.’ These three labora-
tory counting procedures, therefore, are within this margin of accept-
ability for the Interim PLM Bulk Method. Qualitatively, the EMS
results appear to represent the immediately releasable asbestos content
while the Med-Tox data probably estimate the maximum quantity of
potentially relcasable asbestos.

HMowever, as there is no standardized terminology or :nter-laboratory
quality assurance program for asbestos in soils, the accuracy of the
sample results is impossible to determine.

Sample Results

A partial yet representative subset of the Atlas and Coalinga sol
data is presented in Tables 4 and 5. Med-Tox and McCrone split
sarmples show high comrelation and precision {Table 4}. This agreement
of analytical results can most likely be altributed to extensive commu-
aication wilh the client before analysis of the samples, thereby ensur-
ing both laboratories were atternpting to fulfill similar objectives.

The range of asbestos concentrations reporied by EMS and Med-
Tox highlights the need for standardization of the PLM method (Table
5). Since the EMS and Med-Tox samples are not splits. an exact
comparison of data cannot be made. Nonetheless, precision of data for
stmilar types of sails from spatiaily comparable focations would be
expected to be better than the >1% to 85% range of asbestos
measured >4 1

EPA INTERIM METHOD FOR INSULATION VERSLUS SOIL
SAMPLES

The Research Triangle Institute (RT1) December 1987 Bulk Analy-
sis Round acceptance criteria for asbestos content of -building mauterial

split samples ranges from <1% to 80% area.’’ Similar ranges of

Table 4
Inter-laboratory Comparison of Altas and Coalinga Split Seil Samples*

Lab Hod-Tox

McCrone

Sotl Elongate Cnrysotile Serpentine
TYp® Serpentine Asbestos Ashestos

X Arsa tArea % Volume
Mine/Hill 80% 60% 85%
Tailings 65% 25% 0%
Serpentinae B85% 50% 65%
Formation
Streaambeds 15% S% 312.5%
Alluvial 1% 1% 11
Fan

4 The Mad-Tox and McCrone data are from split samples.
These tlve samples from five soil typesa {i.s, mill taillngs,
streambeds, etc.} are representatlve of the 60 samples
reviewsd for this stuay.

Table 5
Results of Non-split, Spatially Comparable Samples (rom the Atlas
and Coalingn Sites* ’

Lab FH3 Hed-Tox
soil chrysotile Elongats Chrysotile
TYP® Asbestos derpentine Asbestos

t Area % Area tArea
Mine/Mill 5% T a0y : (102
Tallings . 1% 654 254
Serpentine A | a5% 50%
Formation
Streambads <13 15% 5%
Aljuvial <lt 1% 4 Y

Fan

*» Thege tive EMS and Med-Tox samples are not splits of the
identical soll samples. Hovever, the EMS and Med-Tox sample
tocations are spatially comparable as listed under "goil
type*® and should have a lower range of asbhestos content.
This range is repregentative of ths 64 EMS and 50 Med-Tox
sample results reviewed for this study.

acceptability can be seen in all other rounds as well. RTI describes the
laboratory performances as assessed on the basis of correct identifica-
tion of “positive™ (comtaining < or = 1% asbestos) and “negative” {>
or = 1% asbestos) or false negatives using the [nterim Bulk Method.
“Although the criteria are lenient,” the RTI report states, “they
recognize the basic concem of the public—the presence or absence of .
asbestos [ibers in a submitted sample.” The Interim Bulk Method was
designed for use as a screening tool, recognizing the typical asbestos
cortent and size range ol insulation and building materials (generally
5-20% asbestos and longer fibers). Identification of the presence or
absence of asbestos is the current goal, not precise quantification of
asbestos content. However, in order 1o use soil data for hazardous
waste site characterization and as input (o risk assessmenis, accurate
quantification of the asbestos content becomes the geal.

The ASTM is in the process of peer reviewing a more quantitahive
PLM bulk analytical methodology for insulaiion materials. This etfon
and the RTI round robn program may improve quamila(ion.”"”

However. a more quantitative methodology for bulk insulation is not
sufficient for analysis of ashestos content in soils. The RTI round
robin and building samples are more homogenous-than 15 comrmon-
place with environmentsl asbestos samples. Soils containing high
concentrations of non-usbesnform secpenting material, cellulose. par-
ticulates and other interferences can cause difficulties in conclusive
identification of chrvsotle fibers by skilled microscopists.” %% The
limits of optical resolutien of tight microscopy do not aliow short or
aartow fibers (o be ¢asily quantified.'®" Moreover, TEM soit samples
and air monitoring data from the Atlas and Coalinga sites confirm thiay
short fibers are npwul of the asbestos deposits in the New tdria
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Formation. In light of these and other differences between insulation
. materials and soil samples; the use of the Interim Bulk Method may be

inappropriate for quantitation of asbestos in soils.

Summinary of Inter-laboratory Comparisons of PLM Sample Preparation

Table 6

und Analytical Techniques

3ite Name No. Analy. Sample Prep
Lab Namg Samples Method  Grinding Sieves
(1) {2} (3} (4}
T
Atlas/Coalinga % Mhrea
FMS 64 visual No >2mm coarse
PLM/DS <2mm fine
TEM
Description of Structures:
; free fibers of 3:! aspect
ratlo; large, non-fibrous, nonrespirable
particles not counted even if could see veins
Comments by Lab:
Strong.evidence of fibrous material in
serpentine; attempted to estimate abestos
avallable for immediate release, not total
serpentine-bound chrysotiie.  Undarstood
data to be used as input to air transport
model. 11~2 hra/samplel
HcCrone 60 1 Vol No Sieved 41/60

»2mm gravel
50um-2mn sand
<50um silt/cl

PLM/DS
Stereo

Degcription of Structures:

Asbegtos; plates of natted
serpentine represented the dominant
morphology of asbestos; lasg abundant,
harder green elongated chips became
mote fibrous when crushed at 40X,

(1-2 hrs/sample}

{A/C cont.) t Area
Yes. Mortar
Hed-Tox 60 Visual & pestle; Ko
PLM/DS seconds to
TEM 1 pin/gample
Description of Structures/Comaents by Lab:
Elongatie Serpentipa; only particles with 3:1
aspact ratio, including antigorite, lizardite
and chrysotile. Includes non-asbestiform
structures and is probably maximum raleasable
asbestos in samples.
chrygotile; definite chrysotile only with 1:1
aspect ratio; includes bundles with fibrous
split ends. {i-3 hrs/ssample}
City of % Area
Coalinga Partial; were
Point hosogenlzaed
IT Lab 454 Count in 250 m} jar| No

Few TEM|before prep.
& DS No mortar/pes

pescription of Structures:
; agpect ratics 3:1; if no
appearance of fibera, were not counted;
non-asbestiform lirardite, antigorite were
not counted,
Verbal Comménts by Lab:

Lab performed analysis looking for fibrous
materials. Lab uvaes point count as no
atandard written methedology exists for fieild
estimation, noting that dups analyzed by
other labs for other sites routinely glve
higher results than IT, {20 min. /sample)

Agbestos in
Roades Study

Med-Tox

Yes. Few Yes. Used a
seconds to 200-mesh

i min/sample| acreen;
interesteg in
s8ilt & coarse

1 Area

PLM-DS
L8 and TEM

Description of Structuras:

: contained fibrous
chrysotile and other non-fibrous antigorive,
picrolite; non-dlisaggregated, tightly-bound
flberd of 3:1 aapect ratio. Sample analysis
rushed which may have affected results.

Globe, AZ
TMM/EAL

vigual estimation used on all PLM samplies;
as microscopist ne longer at lab for
discuasions, no follow-up possible.
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{Table & Continued)

Site Name No. Analy. Sample Prep
Lab Name Samples Hethod Grinding Sieves
(1) {2y, 3 (&)
T 7
Copper Cove Roads ¥ Vol Yes. Sufficlent
Copperopolls time to
PLM-DS reduce veins
EAML Lab 29 L few to free fibers No
TEM . for est. of |
total asbest?s

structure of Concern/Lab Reports:
: sample observed to
have high concentrations of antigorite,
litardite, gquartz, feldspar and misc.
particles in samples of 30-70% chrysotile;
grinding time Xey as concern was to
quantify toctal asbestos content potentially
avallable for release with high vekicular
activity on roads.

South Bay R Area . Yos. Used a
Asbestos sleve to
Sterec No. separate .710,
Versar 11 and few L 355 and L2590
PLM-D3 mm fractions
Description of Structures:

; tibers with 3:1 aspect ratio;
included frae fibaras and chrysotile
agsociated with particulates; tightly-bound
matty counted.

; contalined chrysotile and cther
fibers; included non-agbestiforn merpentine
rock and gerpentine-bound chrysotile,

Quarry T area
Samples
Vigual Yes, lightly| No
Clayton 50 Est.
Labs
Description of Structures;

; counted agpect ratio 3:1, >5um
length; looked for asbestiform
characteristics.

1} Sample number s the total number of acil sarples
reviewed for the purposes of this paper only and i3 a subset
cf the total samples taken at each site.

2) mnalytical methods include: Point Count, Visual/field
Estimation, PLM/Dispersion Staining, Stereomicroscopy and
Transmisslon Electron Microscopy (TEM).

1 and 4) Grinding and sleving procedures are based on the
vritten lab reports, if avallable, or on disgcussions with
the microscopiscs.

SOIL RESULTS FOR ASSESSMENT OF ASBESTOS
EXPOSURES AND RISK

Asbestos literature clearly indicates a correlation between the
respirability and carcinogenicity of air-borne asbestos structures. Over-
alt carcinogenicity of asbestos is determined by physical characteristics
such as length, aspect ratio, acrodynamic diameter, and durability of
the fibers. More specifically, penetration of fibers into the alveolar
spaces of the lungs and correlation with increased incidences of
asbestos-related disease appear to relate to the concentrations of fibers
having both diameters of 0.025m or less and lengths of more than 5
10 8umy HIIIAILIM Ajhouph shorter fibers (5 um) have been
shown 1o be less carcinogenic than long. thin structures, shon [ibers
appear to be biologically active with no known concentration below
which there is no risk. 23742447 Aq qated by W. Nichalson in
Alrborne Levels of Mineral Fibres in the Non-occupational Environ-
ment, “Because of their much greater number, fibres >5 pm may be
the dominant contributors to the cancer risk of a particular aerosol.™°
The 1ssue of short fiber risk is particutarly important for asbestos waste
sites due (o Jong-term exposures 1o low concentrations of predomi-
nantly shorter fibers. Other particulates and debris associated with the
asbestos may also influence the biological activity of the fibers ™
Unfortunately, definitive resolution of the issue of the carcinogenicily
of short chiysotile fibers is very likely years away,” 10753241

ldeally, the end-usc of the so0il sampling data should determine both
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the sample preparation techniques and counting rules. As inhalation is
the route of exposure posing the greatest risk, any friabie portion of
asbestos-laden soil is of potential concern. Fiber dimensions should be
conserved in soil samples in order to extrapolate from occupational
data to ambient air risks. Alteration of fiber size distribution by
sample preparation should not be done unless tolal mass of asbestos is
o be used as a measure of potential exposure. Changes in the fiber
size distribution also reduce the usefulness of the soil daa for
comparisan with air monitoring data. Additionally, soil results are
often the basis for soil emission factors for lifetime risk
‘models.’-! 3394799 wide ranges of soil results such as those pre-
sented in this paper lead to model outputs and risk calculations that
can vary by many orders of magnitude. As the imporniance of quantifj-
cation of risk and risk-based cleanup criteria increases in Superfund
and the hazardous waste industry, precise guantification of asbestos
soil concentrations and the determination of the relationships between
those concentrations, emission models and risk become more critival
goals. Risk-derived counting rules and analytical techniques should be
established so that health experts make decisions about fibers of
concern. '

THE NEED FOR A STANDARDIZED, RISK-BASED
ANALYTICAL METHOD

Asbestos experts and agencies nationwide see the neged for addi-
tional research to determine a regulatory slandard for ambient asbestos
exposures and to solve some of the analytical problems discussed in
this paper. 71918283 Alhough microscopist training and expericnce
with PLM sample analysis greatly improve reproducibility and
precision,'® the laboratories interviewed for the purposes of this study
recogrize the need for more a specific protocol and a quality assurance
program for PLM soil analysis,'®*® Possibilities for a soil methodol-
ogy include using a combination of techniques such as PLM-DS,
X-ray diffraction and scanning electron microscopy.

TEM analysis of soils has been proposed by some as a conservative
approach for measuring the total amount of asbestos that could
polentiaily act as an emission source when the soil matrix is
disturbed.'6-383! However, TEM analysis of soils may not be an
affordable alternative to PLM for large investigations. Based on cur-
rently available technology, TEM may not be a usefud measure of
asbestos content if the results are fo be used for quantification of risk
or for inter-laboratory and site-to-site data comparisons. Some of the
concerns about the use of TEM include the extrapolation from minute
samples to total site characterization; the high costs associaled with
oblaining a statistically significant number of samples; the absence of
a standardized written soil methodelogy: total asbesios mass being
dominatcd by a few veins or large particles; and size fraction loss due
to grinding for TEM sample preparation.'®*#:330 A comparison of
the Atlas and Coalinga PLM and TEM data will be presented in a
future paper, but ipnitial data reviews indicate that TEM and PLM
results have no apparent correlation.

In addition to analytical techniques, standardized sampie prepasa-
tion procedures, terminology and counting rules need to be specificd.
Immediately relcasable ashestos fibers and maximum friable asbesios
content might be used for calculating current and fture potential risk,
respectively. Reporting formats should be standardized to include.
among others: descriptions of sample preparation, equipment used,
optical properties, detailed descriptions of counting paramerers. ob-
scrved interferences, and comments. Quality assurance might include
intra-taboratory checks and an inter-laboratory reund robin program.

POLICY ISSUES.

Considerable effort has been made by EPA, other regulatory agen-
cies at the county and state levels, and private industry in search of
appropriate anatytical methodologies for soil sampling ©0-% ™ 48 50
Moreover, non-standardized methodologies raise concerns associated
with the fack of consistency for cleanup crteria, the defense ol capital
and maintenance costs for remediation, and the unclear rishs 10 the
pubtic.

The [988 EPA Repont to Congress on asbestos-containing matenals
in buildings® suggests that EPA serve as a clearinghouse for evolving
ashestos techinical information related to public buildings. The report
discusses the option of the Federal government supporting much of the
rescarch ‘needed o fill the data gaps for regulaling asbestos in
buildings, The EPA Administrator's cover letter (o the report slates,
“The nation’s study and research program should be proportional 1o
the magnitude of the public investment in controlling the problem
which is contemplaied.” Asbestos regulation and remedial costs for
NPL and non-NPL sites have simiar financial impacls on all levels of
government and private industry based on the number of abandoned
asbestos sites identified to date (i.e. ™) The costs of investiga-
tions and remediation at the existing NPL and removal sites aloné will
ultimately amount to miltions of dollars. The magnitude of the
potential prcnditures al asbestos wasie sites warants a nationaj
investment in the development of sampling protocols to Justify those
costs and make technically sound decisions.

CONCLUSIONS

Many experts have called for improvements in methodologies for
asbestos sampling and analytical technigues. Based on this study of
the Atlas and Coalinga data and inter-laboratory variations at six other
sites. a risk-based analytical methodology specifically designed for
asbestos in soils is needed. Standardized sample preparation and
analytical techniques, terminology, counting methodologies and data
reporting formats are essential for reduction of variables for quantifica-
tion of asbestos in soils. A nationwide inter-laboratory quality assur-
ance program is recommended.

Uniil & standardized soil analytical methodology is developed, the
currently available data base supporis taking only limited soil samples
for identification of spatial limits of asbestos contamination and for
enforcement purposes. Sampling with the objective of quantifying
asbestos concentrations, in particular as data input to zir emission or
risk modeling efforts, should be discouraped.

DISCLAIMER:

This paper does aut in any way reflect the opinion of the U.S. EPA
and should not be construed to represent official Agency policy.

ACKNOWLEDGEMENT

Special appreciation goes to Dan Cox of the FPE Group, and Laure
Mann and Melanie Field of the U.S, EPA for their help. Southemn
Pacific Land Company. Southern Pacific Transportation Company, and
the U.5. Environmenial Protection Agency [linanced the Superfund
soil studies referenced in this document.

REFERENCES

I. 4.5, EPA, Interim Merhod for the Determination of Asbestos in Bulk
Insulation Samples. EPA-600:M3-82.020. Washington D.C., Dec. 1982,

2. United States Government Nutice. Asbestos: Friable Asbeslos-Containing
Materials in Schools: Identification and Noufication: Correction, Section
1.7.2.4, Federal Register 47, No. 170, Sep1. 1. 1982.

3. EMS Laboratories. Inc.. Soil Samples for Asbestos Analysis, South
Pasadena. CA. Oct. 1947,

4. Levine-Fricke [nc.. Prehiminary Draft Asbestos Analviical Methods, Oak-
tand, CA, Aug. 11, 1988

3. McCrene Eaviconmental Services. Ine | Analviical Report for Analysis of
Sou, Mine Tailings und Stream Sediment Jor Asbestos from the Coafm;;'u
Asbestos Mill Site. Narcross, GA L May 4. 1988,

0. Med-Tox Associates. Avbestos Andlses of Bulk Sumples by Polarized
Leght Muwcrosuomy - {hperaon Staimeng. San Francisco, CAL Nov. 13,
1987 :

7. Woudward-Clyde Consulanis, Drafr Addas Remedial Investigation Reporr
and Phase & of the Johns-Mamdle Coulingu Remedial Investigation Report
urd Appendrees AL B UL D0 £ San Francssco, CAL June 1988,

g, Woodward-Clhyde Concultants, Dvafr Sod Sumpling Dava Report for the
Atdux und Coalinga Sires. San Franciseo, CAL Mar 31, (988,

Y Chatficld. E . Meaurement of Asbestos Fibre Concentrations in Ambient
Atmuospheres. The Rosal Commpston on Matters of Health and Satety,
Ontano. Cupada. M 1483

SAMPLING AND MONITORING 149



—

0.

22.
23

24.

25.

27.

28.

30.

3t.

33

34,

35,

150

. Pout, F.,

Chatfield. E.1., “Short Mineral Fibres in Airborne Dust,” Proc. from a
Symposium, National Board of Occupational Safety and Health Rescarch
Department, Stockholm, Sweden, Sept. 28, 1982,

. Cooper, W. C.,.Murchio. J.. Popendorf, W, and Wenk. H. R., "Chryso-

tile Asbestos in a California Recreational Area”. Science. Vol. 206. pp.
685-688, Nov. 9, 1979 ‘

. Deer, Howie and Zussman, An Introduction to the Rock Forming Minerals,

pp. 163-166, 1966.

Potency of Asbestos and Other Fibrous Dusts. Staub-Reinhalt.” Lufi, 38.
Nr. 12, pp. 486-490. Dusseldorf, German, 1978,

. Rice, S. J., Asbestas, Mineral and Water Resources of California, Califor-

nia Division of Mines and Geology, Bullerin 197 pp. 86-92. Washington
D.C., 1966,

. Ross, M., Kuntze. R. A.. Clifton. R. A.. A Definition for Asbestos,

American Society for Testing and Materials. Philadelphia. PA. 1984.

. Decker, J. A., U.S. EPA, San Francisco, CA. personal communications

with: Randy Boltin, McCrone Environmental Services, August 8, 1988:
Tom Dagenhart, Med-Tox Associales. Auvg. 16 and | 7, 1988: Mary
Hammeond, JT Laboratory. Aug. 16, 1988; Tony Kelk, EMS Laboratory,
various dates, 1988; Allan Leavitt, Levine-Fricke Inc., various dates,
1988; Robert Perkins, Research Triangle Institute. Aug. 12. 1988 Marcy
Wilson, Versar, Aug. 10 and 17. 1988,

. Levine-Fricke Inc., Drafr Response to EPA Comments on the Draft Quality

Assurance Project Plan, Remedial Investigation, Volume 1: Soils. Oak-
land, CA, Nov. 1987,

. Levine-Fricke Inc., Quality Assurance Project Pian: Remedial Investiga-

rion Volume 1: Soils for the Coalinga Asbestos Mill Site, Oakland, CA,
November 18, 1987,

. Levine-Fricke Inc., Soil Sampling and Analysis Plan: Remedial invesiiga-

tion for the Coalinga Asbestos Mill Site, Oakland, CA, July 1987,

. ATEC Environmental Consultants, Hazardous Subsiance Coniainment

Reporr, Vol. 1 and 11, Tustin, CA, Aug. 1988.

. Kennedy, S., Assessment of Reliability of Asbestos Data, Soil Sampling

and Analytical Methods, Memorandum. Ecclogy and Envirorment. San
Francisco, CA, Feb. 25, 1987. '
Kennedy, S., Site Sampling Summary Report for Quarries, Memorandum,
Ecology and Environment, San Francisco, CA, Dec. 1. 1986

Roy F. Weston, Inc., Copper Cove Villuge Asbestos Site, Copperopolis,
Catifornia, for the U.8. EPA, San Francisco, CA. July 24, 1986.

Thermo Analytical Inc., fdentificasion and Quantificerion of Asbestiform
Minerals in Bulk Insulation Samples by Polarized Light Microscopy.
Richmond CA, Sept. 8, 1980.

U.S. EPA, Environmenial Asbestas Roads Study: Sample Plan, San Fran-
cisca, CA, Nov. 1987,

. Versar Inc., Sample Summary Report for EPA Case Number 3884Y, June

1988.

Chatfieid, E. J., "Measurement of Asbestos Fiber in the Workplace and in
the General Environment,” Mineral Asscciation of Canada Short Course,
Mineralogical Techniques of Asbestos Determination, pp. 111-163, Miner-
atogical Association of Canada, Toronto. Canada, 1979

Committee on Nonoccupational Health Risks of Asbestiform Fibers and
Board of Toxicolopy and Environmental Health Hazards, Asbesciform
Fibers Nonoccupational Health Risks, National Academy Press. Washing-
ton D.C., 1984.

. Cook, P, M., “Mineral Fiber Contamination of Western Lake Superior:

Status of Rescarch Needed for a Health Risk Assessment,” American
Assaciation for the Advancement of Science Annual Meeting. Toronto.
Canada, January 6, 1981,

Cook, P. M., “Sample Preparation for Quantitatve Electron Microscope
Analysis of Asbestos Fiber Concentrations in Air” Narional Bureau of
Standards Special Publication 619, Duluth, Minnesota. March 1982,
Cook, P. M., Palekar, L. D., and Coffin, D. L.. "interpretation of the
Carcinogenicity of Amosite Asbestos and Ferroactinolite on the Basis of
Retained Fiber Dose and Characteristics in Yivo,” Toxicology Leners. 13,
pp. £51-158, Elsevier Biomedical Press. February 1982,

2. Morton, P., et al, Properiies of Fine Farticles Which Gwern Their

Bialogical Activiry, Vol 1. Duluth, MN. Jan. 1985,

Reddy, M. M., Weber. J. D.. and Pupons. S.. "Asbestos Analysis by
Polarized-Light Microscopy.” 179th Narional Meeting of ihe Ametican
Chemical Society, Analytical Chemistry Division, Mar. 1980,

Spurmy. K. R.. Stober W., Opiela. H.. and Weiss, G., "On the Problem of
Mitling and Ultrasonic Treatment of Asbestos and Glass Fibers in Biclogi-
cal and Analytical Applications.” American [ndusirial Hygiene Associa-
tionr Journal, 41, Mar, 1980.

Webher, J. S., Pupons, A., and Fleser. J. M., "Quality control Testing for
Asbestos Analysis with Systhetic Bulk Samples.” American Industrial

SAMPLING AND MONITORING

et al., "Some Aspects on the Dosimeiry of the Carcinogenic .

6.

37

38.

39.

40.
4],

42.

43,

43,

46.

48,

49,

50.

51.

53.
54.

55.

57.
58.
39.
60.

ol.

Hvgiene Association Journal, 43, pp. 423-431, 1981. ‘
Webber, 1. §.. Screen 1., and Ratkowski, A. 1., “Asbestos Microdiffraction
with a High-voltage Electron Diffraction,” Proc. at the 39th Annuai
Meeting of the Eleciron Microsc. Society of America, 1981,

Research Triangle Institute, Commercial Laboratories with Polarized Light
Microscope Capabilities for Bulk Asbestos lentification, Rounds §.17
for the U.S. Environrpental Protection Agency, Research Tnangle Park |
NC, through Dec. 17, 1987, )
Decker, ). A, U.S. EPA, San Francisco, CA, personal communication
with. Wayne Berman, ICF Technology, various dates, 1987-1988; Eric
Chatfield, Chatfield Technical Consulting Ltd., Aug. 15, 1988, Betsy
Dutrow. U.S. EPA, Avg. 12, 1988; William Nicholson, Mount Sinaj
School of Medicine, Jan. 1988: lan Stewart, 1.). Lee Group Inc., Aug. 12,
1988. David Suder, Woodward-Clyde Consultants, various dates 1987-1988 ;
Jennifer Verkouteren, .S, National Bureau of Standards, Aug. 12, |98§-
California Air Resources Board, Staff Report: Initial Statement of Reasons
Jor Proposed Rulemaking, Public Hearing 1o Consider the Adoption of a
Regulatory Amendmens Identifying Asbestos as a Toxic Air Comaminant |
Saceamento, CA, Feb. 10, 1986.

Elmes, P. €., "Health Hazards of Short Mineral Fibres,” Proc. from a
Symposium, National Board of Occupational Safety and Health Research
Department, Stockholm, Sweden, Sept. 28, 1982,

Pott, F., and Muble, H., “Animal Experiments with Mineral Fibers,™
Proc. from a Symposium, National Board of Occupational Safety and
Health, Stockholm, Sweden, Sept. 28, 1982,

Selikoff, §. i., and Lee., D. H., Asbestos and Disease, Academic Press,
New York, NY, 1978.

Suanton, M. F., et al., "Relation of Particte Dimension to Carcinogenicity
in Amphibole Asbestoses and Other Fibrous Minerals,” J. of the National
Cancer Institute, 67, (5), pp. 965-975, Nov. 1981.

. U.S. EPA, Airborne Asbestos Health Assessment Update, EPA/GO0/B-

84/003F, Washington D.C., June 1986.

Walton, W. H., “The Nawre, Hazards and Assessment of Occupational
Exposure to Airborne Asbestos Dust: a Review,” Ann. Cccup. Hyg., 26,
(N, pp. 117247, 1982,

Nicholson, W. )., “Airborne Levels of Mineral Fibres in the Non-
Occupational Environment,” Mount Sinai School of Medicine, New York,
NY, 1987.

. California Department of Heahth Services, Health Effects of Asbesios,

Berkeley, CAL June 19, 1985.

Battelle, Pacific Northwest Laboratories. Guidance Manual 1o Estimate
Atrborne Concentrations of Asbestos from Eisturbed Sois (in progress),
1988.

Day. P. T., Risk Assessment of o Superfund Project; Asbestos Cleanup in
Globe, Arizonu, University of Washington, Seatile, WA, 1985,

Steel, E. B. and Small, J., *Accuracy of Transmission Eleciron Microscopy
for the Analysis of Asbestos in Ambient Environments,” Arnai. Chem., 57,
pp. 209-213, 1985,

Hayward, 5., and Lowe, N.. Draft Methodology for the Analvsis of
Asbestos in Soil by Transmission Electron Microscopy, Berkeley, CA.

. Bay Area Air Quatity Management District, Asbestos Demolition/

Renovation Notifications, Regufation 11, Rule 2, San Francisca, CA, Jan.
20, 1988.

Berman, W. D, and Chatfield E., Proposed Interim Methodology: Asbesios
Monitoring in Support of Risk Assessment {in progress), for the U.S. EPA,
San Francisco, CA, June 21, 1988.

Coffman, M. A., “Asbestos Management in a Changing Environment,”
Proc. of Svmposiunt on Asbestos in Buildings: Managemen:, Measurement
and Risks. San Francisco, CA, June 29, 1988,

Davis, H. S., "Review of the EPA ERT Generic Asbestos Monitoring
Guides for Hazardous Waste Sites,” U.S. EPA, Washington D.C., July 17.
1985.

56. Dieht, K_. "Mountain Counties Air Basin (MCAB).” Meeting Regarding

Asbestos on Unpaved Roads, Trip Report. April 1987

Enpineering Service. Draft Proposed Regulation of Asbestos Content in
Agpregate Used for Road Sucfacing for the Cataveras County Air Pollution
Control District, Sierra City. CA, Sept. 1985,

Lynch, J. R.. ™A Systematic Approach to the Standardization of Asbestos
Counting,” Cemer for Disease Conirol, NIOSH Memorandum, Oct. 3,
1972,

Roy F. Weston, Inc.. Preliminary Survey of Potential Asbesios Hazards in
California for the U.S. EPA Region 1X. San Francisco. CA. June 23.
1986.

Rov F. Wesion. Inc.. Standard Opecrating Guide for Sampling Asbesios.
LS. EPA Environmental Response Team, Edison, New Jersey. March
1988.

U.5. EPA, EPA Study of Asbesias Containing Maierial in Public Buildings:



T

A Repors to Congress. Washington D.C.. Feb. 1988.

Additional References:

Leidel, M. A., Busch K. A., “An Evaluation of Phase Contract Micro-
scopes for Asbestos Counting,” U.S. Department of Health, Education and
Welfare, Center for Disease Control, NIOSH TR-62. Mar. 1574,

Leidel, N. A., Bayer. 5. G., Zumwalde R. D. and Busch K. A,
“USPHS/NIOSH Membrane Filter Method for Evaluating Airbomne Asbes-
tos Fibers,” U.S. Department of Health, Education and Welfare, Center for
Disease Controt. NIOSH. Feb., 1979,

McCrone, W. C., The Asbestos Particle Ailas, Ann Arbor Science Pub-
lishers, inc.. Ann Arbor. MI, 1980.

MeCrone, W. C., McCrone. L. B. and Delly, J. H.. Polarized Light
Micrescopy, did Printing. Ann Arbor Science Publishers, [nc.. Ann
Arbor, MI, 1979,

Pooley. F. D., ~Tissue Burden Studies,” Proc. from a Svmpoxium. National
Board of Occupational Safety and Heahh Research Depanment, Stock-
holm. Sweden. Sept. 28, 1982,

SAMPLIlNG' AND MONITORING 15i
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BRIEFING FOR: CONGRESSIONAL COURTESY BRIEFING
PREPARED BY: David Lawler Geologist - 916 978-4360
FROM:  Mike Pool California State Director 916 978-4600

SUBJECT: ARSENIC CONTAMINATION ISSUES ASSOCIATED WITH HISTORIC AND
MODERN MINING OPERATIONS ON CALIFORNIA BLM LANDS.

PURPOSE OF THE BRIEFING DOCUMENT: .
During the 2005-2007 time period, the California abandoned mine lands (AML) program staff g

discovered nearly a dozen sites with significant off-site arsenic discharges from abandoned or recently

inactive mines on BLM lands in the California Desent District {CDD). The discovery and reporting of

additional AML sites with significant arsenic contamination issues are expected to continue over the next

several years.

IISSUES:

' Current Status: The BLM California AML program has recently developed a 5-year strategic plan
for the Desert District. The plan focuses on AML mine site characterization, prioritization and
remediation for both environmental health hazards (e.g. arsenic-contaminated mine sites and
watersheds) and physu:at safety hazards in residential and high-use recreational areas on or near BLM
lands.

;BLNI federal and industry toxicologists are invelved in a series of arsenic health studies and assessments
ial major mine sites, including the historical mining operations on the public lands near Randsburg and
iJohannesburg in northwestern San Bernardino and northeastern Kern County. These studies typically
involve the assessment of several types of polential arsenic expasure for hurnans, including dermal
contact with mine tailings, airborne exposure from dust, and water runoff carrying arsenic during storm
events. Potential impacts to sensitive or threatened species, such as the California Desert tortoise may
have also occurred . Most of these CDD historic mine arsenic contamination sites involve processed mine
wastes (i.e. mill tailing and waste rock) that have discharged offsite and have migrated adjacent to or
within residential areas, nearby schools or high-use recreational areas. The western portion of the CDD is
in a classic "urban interface area” characterized by rapid urbanization and residential subdivision
expansion into desert areas that until recently were sparcely populated.

A recent ongoing OIG investigation of the California AML program has recommended that all AML sites
with significant potential human health and environmental impacts muslt be formally reported immediately
to the appropriate regulatory authorities. A formal reporting process has recently been implemented. As
soon as the CERLCA release of a toxic substance (arsenic) has been discovered and confirmed, the
‘National Response Center (NRC) is notified within a 24-hour period. BLM news releases and early alerts
are compiled and sent out prior to NRC notification. in addition, local congressional staff are notified when
an arsenic contaminated AML site has been identified within their respective dislrict. BLM and the state of
Californta environmental regulatory agencies are working cooperatively 1o insure that environmentat and
hazmat responsibilities are being properly addressed under both state and federal laws.

‘MAIN DECISION OR MESSAGE:
; A formal discovery and site reporting process has been implemented. An interagency technical team
was created to focus on these numerous polential high-risk arsenic AML sites. The team provides
-comprehenswe and rapid assessment of arsenic technical issues to BLM specialists and management,
lncludmg lhe scope and extent of contamination. This data is assimilated into technical reports and



guidance for effective decision-making by field and state office management.

BUREAU PERSPECTIVE:
Technical reporls and guidance provide effective decision-making tools for field and state
management, allowing implementation of reasonable CERLA remedial and removal actions for migiating

the effects the arsenic-contaminated mine wastes at priority AML sites.




