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Environmental Protection Agency

an accredited inspector under para-
graphs (@) (3). (4). (5) of this section, or
an architect, prgject engineer or ac-
credited inspector under paragraph
(@)(7) of this section. the local edu-
cation agency shall have 180 days fol-
lowing the date of identification of
ACBM to comply with this subpart E.

APPENDIX A TO SUBPART E—INTERIM
TRANSMISSION ELECTRON MICROS-
COPY ANALYTICAL METHODS—MAN-
DATORY AND NONMANDATORY—AND
MANDATORY SECTION TO DETERMINE
COMPLETION OF RESPONSE ACTIONS

1. Introduction

The following appendix contains three
units. The first unit is the mandatory trans-
mission electron microscopy (TEM} method
which all laboratories must follow: it is the
minimum requirement for analysis of air
samples for asbestos by TEM. The manda-
tory method contains the essential elements
of the TEM method. The second unit con-
tains the complete non-mandatory method.
The non-mandatory method supplements the
mandatory method by including additional
steps to improve the analysis. EPA rec-
ommends that the non-mandatory method be
employed for analyzing air filters; however,
the laboratory may choose to employ the
mandatary method. The non-mandatory
method contains the same minirmum require-
ments as are outlined in the mandatory
method. Hence. laboratories may choose ei-
ther of the two methods for apalyzing air
samples by TEM,

The final unit of this Appendix A to sub-
part E defines the steps which must be taken
to determine completion of response actions.
This unit is mandatory.

I1. Mandatory Transmission Electron

\ 2 \ s
EVIJCFUSCUP_V MEerroa
A Definitions of Terms

L. Analytical sensitivity—Airborne asbestos
concentration represented by each fiber
counted under the electron microscope. It is
determined by the air voiume collected and
the proportion of the filter examined. This
method requires that the analytical sensi-
tivity be no greater than 0.005 structures/
cm?,

2. Asbestiform—A specific type of mineral
fibrosity in which the fibers and fibrils pos-
sess high tensile strength and flexibilicy.

3. Aspect ratio—A ratio of the length to the
width of a particle. Minimum aspect ratio as
deftned by this method is equal to or greater
than 5:1.

4. Bundle—A structure composed of three
or more fibers in a parallel arrangement
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with each fiber closer than one fiber diame-
ter,

3. Clean area—A controlled environment
which is maintained and monitored to assure
a low probability of asbestos contamination
to materials in that space. Clean areas used
in this method have HEPA filtered air under
positive pressure and are capable of sus-
tained operation with an open laboratory
blank which on subsequent analysis has an
average of less than 18 structures/mm? in an
area of 0.057 mm? (nominally 10 200-mesh grid
openings) and a maximum of 33 structures/
mm? for any single preparation for that same
area.

6. Cluster—A structure with fibers in a ran-
dom arrangermnent such that all fibers are
incermixed and no single fiber is isolated
from the group. Groupings must have more
than two intersections.

7. ED—Electron diffraction.

8. EDXA-—Energy dispersive X-ray anal-
ysis.

9. Fiber—A structure greater than or equal
to 0.5 um in length with an aspect ratio
(length to width) of 3:1 or greater and having
substantially parallel sides.

10. Grid—An open structure for mounting
on the sample to aid in its examination in
the TEM. The term is used here to denote a
200-mesh copper lattice approximartely 3 mm
in diameter.

11. Intersection—Nonparallel touching or
crossing af fibers, with the projection having
an aspect ratio of 5:1 or greater.

12. Laboratory sample coordinator—That per-
son responsible for the conduct of sample
handling and the certification of the testing
procedures.

13. Filter background level—The concentra-
tion of structures per square millimeter of
filter that is considered indistinguishable
from the concentration measured on a blank
{filters through which no air has been
drawn)., For this method the filter back-
ground level is defined as 76 structures/mm?.
free and the other end embedded in or hidden
by a particulate. The exposed fiber must
meet the fiber definition,

15. VSD—No structure detected.

16. Operator—A person responsible for the
TEM instrumental analysis of the sampie.

17. PCA/—Phase contrast microscopy.

1B. SAED—Selected area electron diffrac-
tion.

19. SEV/—Scanning electron microscope.

20. STEM-—Scanning transmission electron
microscope.

21. Structure—a microscopic bundle, clus-
ter, fiber. or matrix which may contain as-
bestos.

22. Sienf—Structures per cubic centimeter.

23, S/mmr-—Structures per square milli-
meter,

24, TEM-Transmission electron micro-
scope.
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B. Sampling

L. The sampling agency must have written
quality control procedures and documents
which verify compliance.

2. Sampling operations must be performed
by qualified individuals completely inde-
pendent of the abatement contractor to
avoid possible conflict of interest (Ref-
erences 1, 2, 3, and § of Unit I, J),

3. Sampling for airborne asbestos following
an abatement action must use commercially
available cassettes.

4. Prescreen the loaded cassette collection
filters to assure that they do not coatain

40 CFR Ch. I (7-1-99 Edition}

concentrations of asbestos which may inter-
fere with the analysis of the sample, A filter
blank average of less than 18 ssmm? in an
area of 0.057 mm? (nominally 10 200-mesh grid
openings) and a single preparation with a
maximum of 33 s/mm? for that same area is
acceptable for this method.

5. Use sample collection fllters which are
either palycarbonate having a pore size less
than or equal to 0.4 um or mixed cellulose
ester having a pore size less cthan or equal to
0.45 ym.

6. Place these filters in series with a 5.0 um
backup fllter (to serve as a diffuser) and a
support pad. See the following Figure 1:
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FIGURE I--SAMPLING CASSETTE CONFIGURATION

Inlet Plug

Cuaseene Cup

Extension Cowl
or
Retainer Ring

<04 p'm pore PC filter or
-~ < 0.45 um pore MCE filter

{5 pm MCE Diffuser |

.I Support Pad |

1 Cassente Base |

i QOutlet Plug I

7. Reloading of used cassettes is not per- 9. Maintain a log of all pertinent sampling
mitted. information.

8. Orient the cassette downward at ap-
proximately 45 degrees from the horizontal.
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10. Calibrate sampling pumps and their
flow indicators over the range of their in-
tended use with a recognized standard. As-
semble the sampling system with a rep-
resentative filter (not the filter which will
be used in sampling} before and after the
sampling operation.

11. Record all calibration information.

12. Ensure cthat the mechanical vibrations
from the pump will be minimized to prevent
transferral of vibration to the cassette.

13. Ensure that a continuous smooth flow
of negative pressure is delivered by the pump
by damping out any pump action fluctua-
tions if necessary.

14. The final plastic barrier around the
abatement area remains in place for the
sampling period.

15. After the area has passed a thorough
visual inspection.' use aggressive sampling
conditions to dislodge any remaining dust.
(See suggested prorocol in Unit II1.B.7.d)

16. Select an appropriate flow rate equal to
or greater than 1 liter per minute (L/min) or
less than 10 L/min for 25 mim cassettes. Larg-
er filters may be operated at proportionally
higher flow rates.

40 CFR Ch. | (7-1-99 Edition)

17. A minimum of 13 samples are to be col-
lected for each testing site consisting of the

following:

a. A minirmum of five samples per abate-
ment area.

b A im of five samples per ambient

five samples per

area positioned ar locations representative
of the air entering the abatement site.

c. Two fleld blanks are to be taken by re-
moving the cap for not more than 30 seconds
and replacing it at the tirne of sampling be-
fore sampling is initiated at the following
places:

1. Near the entrance to each abatement
area.

fi. At one of the ambient sites. (DO NOT
leave the fleld blanks open during the sam-
pling period.)

d. A sealed blank is to be carried with each
sample set. This representative cassette is
not to be opened in the fleld.

18. Perform a leak check of the sampling
system at each indoor and outdoor sampling
site by activating the pump with the closed
sampling cassette in line. Any flow indicates
a leak which must be eliminated before initi-
ating the sampling operation.

19. The following Table | specifies volume
ranges to be used:
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TABLE 1--NUMBER OF 200 MESH EM GRID OPENINGS
(0.0057 MM“) THAT NEED TO BE ANALYZED TO
MAINTAIN SENSITIVITY OF 0.005 STRUCTURES/CC
BASED ON VOLUME AND EFFECTIVE FILTER AREA

EMective Filter Area EHective Filter Area
385 sq mm 855 sq mm
Volume {liters) | # of gnd ogmﬂg Volume (lilers) [ # of gnd openingg
560 24 1,250 24
600 23 1,300 23
700 19 1,400 21
800 17 1,600 19
900 15 1,800 17
1,000 14 2,000 15
1,100 12 2.200 T4
| 1,200 1 2,400 13
| 1,300 10 2,600 12
Recommended 1,400 10 2,800 11 ]
Volume 1,500 ] 3,000 10 i
Range 1,800 8 3,200 9 Recommended
] 1,700 [} 3,400 9 Volume
1 1,800 L} 3,800 8 Range
1,900 7 32,800 ] !
2,000 7 4,000 8 |
2,100 (] 4,200 7
2,200 8 4,400 7
2,300 6 4,600 7
2,400 [] 4,800 [
2,500 5 5.000 -]
2,600 5 5,200 8
2,700 5 5.400 6
2.800 H 5.600 5
2,300 5 $.800 H
3,000 5 6,000 5
3,100 4 6.200 5
3,200 4 6,400 5
3,300 4 6,600 L]
3,400 4 6,800 4
3.500 4 7.000 4
3.800 4 7.200 4
3.700 4 7.400 4
3800 4 7,600 4
Note minimum volumes required:
25 mm : 560 ters
37 mm : 1250 lfers
Fier ckameter of 25 mm = effective area of 385 sq mm
Fitler diameter of 37 mm = affective area ot 855 sq rmm

20. Ensure that the sampler is turned up- 22. Ensure that the samples are stored in a
right before interrupting the pump flow. secure and representative lacation.

2l. Check that all samples are clearly la- 23. Do not change containers if portions of
beled and that all pertinent informaction has  these filters are taken for other purposes.
been enclosed before transfer of the samples 24. A summary of Sample Data Quality Ob-
to the laboratory. Jectives is shown in the following Table II:
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40 CFR Ch. | (7-1-99 Edition)

TABLE II--SUMMARY QOF SAMPLING AGENCY DATA QUALITY OBJECTIVES

d-ulswmwauimmmmmrmm

of this methad in s of precision, acci
armance of methad i 3 OF PrECision, aCCwaly,

ﬂuy These oby:uvsxe assured by the periodic control checks and reference

Confarmancs
—Unit Operation OC Chegk Erquency i
Sampling materials  Sealed blank 1 per MO site 95%
Sample procedures  Fieid blanks 2 per YO tie 95%
Pump calibration Before and after each field senes aX0%
Sample custody Review of chain-of -custody record Each sample 95% complets
Sample shipment Review of sending report Exch sample 95% complete

C. Sample Shipment

Ship bulk samples to the analytical lab-
aratory in a separate container from air
samples.

D. Sample Receiving

1. Designate one individual as sample coor-
dinator ar the laboratory. While that indi-
vidual will normally be available to receive
samples, the coordinator may train and su-
pervise others in receiving procedures for
those times when he/she is not available.

2. Bulk samples and air samples delivered
to the analytical laboratory in the same con-
tainer shall be rejected.

E. Sample Preparation

1. All sample preparation and analysis
shall be performed by a laboratory inde-
pendent of the abatement contractor.

2. Wet-wipe the exterior of the cassettes to
minimize contamination possibilities before
taking them into the clean room facility.

3. Perform sample preparation in a well-
equipped clean facility.

SNOTE: The clean area is required to have
the following mirimum characteristics. The
area or hood must be capable of maintaining
a positive pressure with make-up air being
HEPA-filtered. The cumulative analyrtical
blank concentration must average less than
18 s/mm? in an area of 0.057 mm? {(nominally
10 200-mesh grid openings) and a single prep-
aration with a maximum of 33 smm? for
that same area.

1. Preparation areas for air samples must
not only be separated from preparation areas
for bulk samples. but they must be prepared
in separate rooms.

5. Direct preparation techniques are re-
quired. The object is to produce an intact
film containing the particulates of the filter
surface which is sufficiently clear for TEM
analysis.

a. TEM Grid Opening Area measurement
must be done as follows:

i. The filter portion being used for sample
preparaclon must have the surface collapsed
using an acetoneé vapor ?.éanquE

ti. Measure 20 grid openings on each of 20
random 200-mesh copper grids by placing a
grid on a glass and examining it under the
PCM. Use a calibrated graticule to measure
the average field diameters. From the data.
calculate the fleld area for an average grid
opening.

iii. Measurements can also be made on the
TEM at a properly calibrated low magnifica-
tion or on an optical microscope at a mag-
nification of approximately 100X by using an
eyepiece fitted with a scale that has been
calibrated against a stage micrometer. Opti-
cal microscopy utilizing manual or auto-
mated procedures may be used providing in-
strument calibration can be verified.

b. TEM specimen preparation [from
poiycarbonate (PC) filters. Procedures as de-
scribed in Unit II[.G. or other equivalent
methods may be used.

c. TEM specimen preparation from mixed
cellulose ester (MCE) filters.

i. Filter portion being used for sample
preparation must have the surface collapsed
using an acetone vapor technique or the
Burdette procedure {Ref. 7 of Unit [1.J)

ii. Plasma etching of the collapsed filter is
required. The microscope slide to which the
collapsed filter pieces are atrached is placed
in a plasma asher. Because plasma ashers
vary greatly in their performance. beth from
unit to unit and between different positions
in the asher chamber. it is difficult to speci-
fy the conditions that should be used. Insuf-
ficient etching will result in a failure to ex-
pose embedded filters, and too much etching
may result in loss of particulate from the
surface. As an interim measure. (U is rec-
ommended that the time for ashing of a
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known weight of a collapsed filter be estab-
lished and that the etching rate be cal-
culated in terms of micrometers per second.
The actual etching time used for the particu-
late asher and operating conditions will then
be set such that a 1-2 pym (10 percent) layer
of collapsed surface will be removed.

iii. Procedures as described in Unit III. or
other equivalent methods may be used to
prepare samples.

F. TEM Method

1. An 80-120 kV TEM capable of performing
electron diffraction with a fluorescent screen
tnscribed with calibrated gradations is re-
quired. If the TEM is equipped with EDXA it
must either have a STEM atrachment or be
capable of producing a spot less than 250 nm
in diameter at crossover. The microscope
shall be calibrated routinely for magnifica-
tien and camera constant

2. Determination of Camera Constant and ED
Patrern Analysis. The camera length of the
TEM in ED operating mode must be cali-
brated before ED patterns on unknown sam-
ples are abserved. This can be achieved by
using a carbon-coated grid on which a thin
film of gold has been sputtered or evapo-
rated. A thin film of gold is evaporated on
the specimen TEM grid to obtain zone-axis
ED patterns superimposed with a ring pat-
tern from the polycrystalline gold film. In
practice, it is desirable to optimize the
thickness of the gold film so that only one or
two sharp rings are obtained on the super-
imposed ED pattern. Thicker gold film would
normally give multiple gold rings. buc it will
tend to mask weaker diffraction spots from
the unknown fibrous particulate. Since the
unknown d-spacings of most interest in as-
bestos analysis are those which lie closest to
the transmitted beam, multiple gold rings
are unnecessary on zone-axis ED patterns.
An average camera constant using multiple
gold rings can be determined. The camera
constant is one-half the diameter of the
rings times the Interplanar spacing of the
ring being measured.

3. Magnification Calibration. The magnifica-
tion calibration must be done at the fluores-
cent screen. The TEM must be calibrated at
the grid opening magnification {if used) and
also at the magnification used for fiber
counting. This is performed with a cross
grating replica {e.g. one containing 2.160
lines/min}. Define a field of view on the fluo-
rescent screen either by markings or phys-
ical boundaries. The field of view must be
measurable or previously inscribed with a
scale or concentric circles {all scales should

Pt. 763, Subpt. E, App. A

be metric). A logbook must be maintained,
and the dates of calibration and the values
obtained must be recorded. The frequency of
calibration depends on the past histary of
the particular microscope. After any mainte-
nance of the microscope that involved ad-
Jjustment of the power supplied to the lenses
or the high-voltage system or the mechan-
fcal disassembly of the electron optical col-
umn apart from filament exchange, the mag-
nification must be recalibrated. Before the
TEM calibration is performed, the analyst
must ensure that the cross grating replica is
placed at the same distance from the abjec-
tive lens as the specimens are. For instru-
ments that incorporate a eucentric tilting
specimen stage. all specimens and the cross
grating replica must be placed at the
eucentric position.

4. While not required on every microscope
in the laboratory, the laboratory must have
either one microscope equipped with energy
dispersive X-ray analysis or access to an
equivalent systemn on a TEM in another lab-
oratory.

5. Microscope settings: 80-120 kV. grid as-
sessment  ZoU-1.006X, then  15.000-20.000X
screen magnification for analysis.

6. Approximately one-half (0.5) of the pre-
determined sample area to be analyzed shall
be performed on one sample grid preparation
and the remaining half on a second sample
grid preparation,

7. Individual grid openings with greater
than 5 percent openings (holes) or covered
with greater than 25 percent particulate
matter or obviously having nonuniform load-
ing must not be analyzed.

8. Reject the grid if:

a. Less than 50 percent of the grid openings
covered by the replica are intact.

b. The replica is doubled or folded,

c. The replica is too dark because of incom-
plete dissolution of the filter.

9. Recording Rules.

a. Any continuous grouping of particles tn
which an asbestos fiber with an aspect ratio
greater than or equal to 51 and a length
greater than or equal to 0.5 um is detected
shall be recorded on the count sheet. These
will be designated asbestos structures and
will be ciassified as fibers, bundles, clusters,
or matrices. Record as individual fibers any
contiguous grouping having 0, 1. or 2 defin-
able intersections. Groupings having more
than 2 intersections are to be described as
cluster or matrix. An intersection is a non-
parallel touching or crossing of fibers, with
the projection having an aspect ratio of 3:1
or greater, See the following Figure 2:
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FIGURE 2-~COUNTING GUIDELINES USED IN
DETERMINING ASBESTOS STRUCTURES

Count as 1 fiber; 1 Structure; no intersections.

Count as 2 fibers if space between fibers is greater than width of 1 fiber
diameter or number of intersections is equal to or less than 1,

Count as 3 structures if space between fibers is greater than width of 1 fiber
diameter or if the nunber of intersections is equal to or less than 2.

— ==

Count bundles as 1 structure; 3 or more parallel fibrils less
than 1 fiber diameter separation.
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Count clusters as 1 structure; fibers having greater than or equal to

3 intersecticns,

Count matrix as 1 structure.

Fiber protrusion
«<5:1 Aspect Ratio

Fiber protrusion
<0.5 micrameter

No fiber protusion

= «0.5 micrameter in length
<5:1 Asmect Ratio

1. Fiber. A structure having a minimum
length greater than or equal to 0.3 um and an
aspect ratio (length to width) of 5.1 or great-
er and substantially parallel sides. Note the
appearance of the end of the fiber, ie.,
whether it is flat. rounded or dovetailed.

ii. Bundle. A structure comnposed of three
or more fibers in a parallel arrangement
with each fiber closer than one fiber diame-
ter.

iii. Clusrer. A structure with fibers in a
random arrangement such that ail fibers are
intermixed and no single fiber ts fisolared

from the group. Groupings must have more
than two intersections.

iv. Matrix. Fiber or fibers with one end free
and the other end embedded in or hidden by
a particulate. The exposed fiber must meet
the fiber definition.

b. Separate categories will be maintained
for fibers less than 3 um and for fibers equal
to or greater than 5 um in length.

¢. Record N5D when no structures are de-
tected in the field.

d. Visual identification of electron diffrac-
tion (ED) patterns is required for each asbes-
tas structure counted which would cause the
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analysis to exceed the 70 s/fmm? concentra-
tion. (Generally this means the first four fi-
bers identified as asbestos must exhibit an
identifiabie diffraction pattern for chrysotile
or amphibole.)

e. The micrograph number
diffraction patterns rmust be reported to the
client and maintained in the laboratory's
quality assurance records. In the event that
examination of the pattern by a qualified in-
dividual indicates that the pattern has been
misidentified visually, the client shall be
contacted.

f. Energy Dispersive X.ray Analysis
(EDXA) is required of all amphiboles which
would cause the analysis results to exceed
the 70 s/mm? concentration, (Generally
speaking. the first 4 amphiboles would re-
quire EDXA))

If the number of fibers in the non-
asbestos class would cause the analysis to
exceed the 70 ¥ymm? concentration. the fact
that they are not asbestos must be con-
firmed by EDXA or measurement of a zone
axis diffraction pattern.

h. Fibers classified as chrysotile must be
identified by diffraction or X-ray analysis
and recorded on a count sheet. X-ray anal-
ysis alone can be used only after 70 simm?
have been exceeded for a particular sample,

i. Fibers classified as amphiboles must be
identified by X-ray analysis and electron dif-
fraction and recorded on the count sheet. (X-
ray analysis alone can be used only after 70
s/mm? have been exceeded for a particular
sample.)

J. If a diffraction pattern was recorded on
film, record the micrograph number on the
count sheet.

K. If an electron diffraction was attempted
but no pattern was observed, recard N on the
count sheet.

1. If an EDXA spectrum was attempted but
not observed, record N on the count sheet.

m. If an X-ray analysis spectrum is stored.
record the file and disk number on the count
sheet. :

10. Classification Rules.

a. Fiber. A structure having a minimum
length greater than or equal to 3.5 pm and an
aspect ratio (length to width) of 3:1 or great-
er and substantially parallel sides. Note the
appearance of the end of the fiber, i.e.
whether it is flat, rounded or dovetailed.

b. Bundle. A structure composed of three or
more fibers in a parallel arrangemenct with
each fiber closer than one fiber diameter.

¢. Ciuster. A structure with fibers in a ran-
dom arrangement such that all fibers are
intermixed and no single fiber is isolated
from the group. Groupings must have more
than two intersections.

d. Matrix. Fiber or fibers with one end free
and the other end embedded in or hidden by
a particulate. The exposed fiber must meet
the fiber definition.

of the

recorded
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11. After finishing with a grid. remove it
from the microscope, and replace it in the
appropriate grid holder. Sample grids must
be stored for a minimum of 1 year from the
date of the analysis: the sample cassette
must be retained for a minimum of 10 days

by the laboratory or returned at the client’s
request.

G. Sample Analyrtical Sequence

I. Under the present sampling require-
ments a minimum of 13 samples is to be col-
lected for the clearance testing of an abate-
ment site. These inciude five abatement area
samples, flve ambient samples. two field
blanks. and one sealed blank.

2. Carry our visual inspection of work site
prior to air monitoring.

3. Collect a minimurn of 5 air samples in-
side the work site and 3 samples outside the
work site. The indoor and outdoor samples
shall be taken during the same time period.

4. Remaining steps in the analytical se-
quence are contained in Unit IV of this Ap-
pendix.

H. Reporting

1. The following information must be re-
ported to the client for each sample ana-
lyzed:

a. Concentration in structures per square
millimeter and structures per cubic centi-
meter.

b. Analyrtical sensitivity used for the anal-
ysis.

¢. Number of asbestos structures.

d. Area analyzed.

e. Volume of air sampled (which must be
initially supplied to lab by client).

f. Copy of the count sheet must be included
with the report.

g. Signature of laboratory official to indi-
cate that the laboratory met specifications
of the method.

h. Report form must contain offlcial lab-
cratory identification (e.g.. letterhead).

i. Type of asbestos.

[. Quality Control/Quality Assurance
Procedures (Data Quality Indicaters)

Monitoring the environment for airborne
asbestos requires the use of sensitive sam-
pling and analysis procedures. Because the
test is sensitive, it may be influenced by a
variety of factors. These include the supplies
used in the sampling operation. cthe perform-
ance of the sampling. the preparation of the
grid from the filter and the actual examina-
tion of this grid in the microscope. Each of
these unit operations must produce a prod-
uct of defined quality if the analytical result
is to be a reliable and meaningful test result.
Accordingly. a series of control checks and
reference standards are to be performed
along with the sample analysis as indicators
that the materials used are adequate and the
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operations are within acceptable limits. In
this way, the quality of the data is defined
and the results are of known value. These
checks and tests also provide timely and spe-
ciflc warning of any problems which might
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develop within the sampling and analysis op-
erations. A description of these quality con-
trol/quality assurance procedures is summa-
rized in the following Table III:

TABLE III--SUMMARY OF LABORATORY DATA QUALITY OBJECTIVES

Conformance
Unit Operation OC Chegk Froquency
Sample receiving Review of receiving repont Each sample 95% complete
Sample custody Review of chain-of custody record Each sample 95% complete
Sample preparation Supplies and reagents On receipt Meat specs. or repect
Grid opening size 20 openings/20 grids/lot 100%
of 1000 or 1 opening/sample
Special clcan arca monitoring Afier cleaning or service Meet specs of recican
Laboraory blank ! per prep series or 10% Meet specs. or
reanalyze series
Plagma ech blank 1 per 20 samples 5%
Multiple preps (3 per sample) Each sample One wilh cover of (S
complesz grid sqs.
Sample analysis Sysaem check Each day Each day
Alignment check Eaxhday Each day
Magnification ¢zlibration with low and high Each month or after service 95%
stendands
ED calibration by gold standard Woekly 95%
EDS calibrauon by copper line Daily 5%
Performance check Laboratory blank {measure of cleanliness) Prep 1 per series or 10% Meet specs of
read 1 per 1S sampies reanalyze sefies
P g ( of p 1 per 100 samples 1.5 x Poisson 5ud. Dev.
Dupli analysis of reproducibility) 1 per 100 samples 2 x Poisson Sid. Dev.
Known samples of typical maenials Training and for com- 100%
{working auandards) parison with unknowns
Analysis of NBS SRM 1876 and/or RM 8210 1 per analyst per year 1.5 x Poisson 5w Dev.
(measure of accuracy and comparability)
Dawa enoy review (data validation and measure Each sample 9%
of compleieness)
Record and verify ID elecoon diffraction pagem 1 per 5 samples 80% accurxcy
of structure
Calculadons and Hand calculation of d data red 1 per 100 samples 5%
data reduct procedure of independent recalkeulation of hand-
cakculaed daa

|. When the samples arrive at the labora-
tory, check the samples and documentation
for completeness and requirements before
initiating the analysis.

2. Check all laboratory reagents and sup-
plies for acceptable asbestos background lev-
els,

3. Conduct all sample preparation in a
¢lean room environment monitored by lab-
oratory blanks. Testing with blanks must
also be done after cleaning or servicing the
room. .

1. Prepare multiple grids of each sample,
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5. Provide laboratory blanks with each
sample batch. Maintain a cumulative aver-
age of these results. If there are more than 53
fibers/mm? per 10 200-mesh grid openings. the
systern must be checked for possible sources
of contamination.

6. Perform a system check on the trans-
mission electron microscope daily.

7. Make periodic performance checks of
magnification. electron diffraction and en-
ergy dispersive X-ray systems as set forth in
Table I1I under Unit 1.1

8. Ensure qualified operator performance
by evaluation of replicate analysis and
standard sample comparisons as set forth in
Table [IT under Unit IL.I.

9. Validate all data entries.

10. Recalculate a percentage of all com-
putations and autoematic data reduction
steps as specified in Table III under Unit [L.{.

11. Record an electron diffraction pattern
of one asbestos structure from every five
samples that contain asbestos. Verify the
identification of the pattern by measure-
ment or comparison of the pattern with pat-
terns collected from standards under the
same conditions. The records must also dem-
onstrate that the identification of the pat-
tern has been verified by a qualified indi-
vidual and thar the operator who made the
identification is maintaining at least an 80
percent correct visual identification based
on his measured patterns.

12. Appropriate logs or records must be
maintained by the analytical laboratory
verifying that it is in compliance with the
mandatory quality assurance procedures.

J. References

For additional background information on
this method, the following references should
be consulted.

1. “Guidance for Controlling Asbestos-Can-
taining Materials in Buildings.” EPA 360/5-
85-024. June 1985,

2. "Measuring Airborne Asbestos Following
an Abatement Action.”” USEPA. Office of
Pollution Prevention and Toxics. EPA 600/4-
85-049. 1985.

3. Small. John and E. Srteel. Asbestos
Standards: Materials and Analytical Meth-
ods. N.B.S. Special Publication 619, 1982.

4. Campbell, W.J.. R.L. Blake, L.L. Brown,
E.E. Cather. and 1.J. Sjoberg. Selected Sili-
cate Minerals and Their Asbestiform Vari-
eties. Information Circular 8751, U.S. Bureau
of Mines. 1977.

5. Quality Assurance Handbook for Air Pol-
lutlion Measurement System. Ambient Air
Methods. EPA 600/4-77-027a. USEPA. Office of
Research and Development. 1977.

6. Method 2A: Direct Measurement of Cas
Volume through Pipes and Small Ducts. 10
CFR Part 60 Appendix A.

7. Burdette, G.J., Health & Safety Exec.
Research & Lab. Services Div., Londen,
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“Proposed Analytical Method for Determina-
tion of Asbestos in Air.""

8. Chatfield. E.J., Chatfield Tech. Cons.,
Ltd.. Clark, T., PEI Assoc., "Standard Oper-
ating Procedure for Determination of Air-
borne Asbestos Fibers hy Trans
tron Microscopy Using Polycarbonate Mem-
brane Filters,” WERL SOP 87-1, March 5,
1987.

9. NIOSH Method 7402 for Asbestos Fibers,
12-11-86 Draft.

10. Yamare, G.. Agarwall, S.C., Gibbons,
R.D., IIT Research Institute. “Methodology
for the Measurernent of Airbarne Asbestos by
Electron Microscopy.” Draft report. USEPA
Contract 68-02-3266, July 1984.

1. ""Guidance to the Preparation of Qual-
ity Assurance Project Plans,” USEPA, Office
of Pollution Prevention and Toxics, 1984.

III. Nonmandatory Transmission Electron
Microscopy Method

A. Definitions of Terms

1. Analytical sensitivity—Airborne asbestos
concentration represented by each fiber
counted under the eiectron microscope. It is
determined by the air volume collected and
the proportion of the filter examined. This
method requires that the analytical sensi-
tlvity be no greater than 0.005 s/cm3,

2. Asbestiform—A specific type of mineral
fibrosity in which the fibers and fibrils pos-
sess high tensile strength and flexibility.

3. Aspect ratio—A ratio of the length to the
width of a particle. Minimum aspect ratio as
defined by this method is equal to or greater
than j:1.

1. Bundle—A structure composed of three
or more fibers In a parallel arrangement
with each fiber closer than one fiber diame-
ter.

5. Clean area—A controlled envirenment
which is maintained and monitored to assure
a low probability of asbestos contamination
to materials in that space. Clean areas used
in this method have HEPA filtered air under
positive pressure and are capable of sus-
talned operation with an open laboratory
blank which on subsequent analysls has an
average of less than 18 structures/mm? in an
area of 0.057 mm? (nominally 10 200 mesh grid
openings) and a maximum of 33 structures/
mm? for no more than one single preparation
for that same area.

6. Cluster—A structure with fibers in a ran-
dom arrangement such that all fibers are
intermixed and no single fiber is isolated
from the group. Groupings must have more
than two intersections.

1. ED—Electron diffraction.

8. EDXA—Energy dispersive X.ray anal-
ysis. .

9. Fiber—A structure greater than or equal
to 0.5 wm in length with an aspect ratio
(length to width) of 3:1 or greater and having
substantially parallel sides.
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10. Grid—An open structure for mounting
on the sample to aid in its examination in
the TEM. The term is used here to denote a
200-mesh copper lattice approximately 3 mm
in diameter.

11. Inrersection—Nonparallel touching or
¢rossing of fibers, with the projection having
an aspect ratio of 5:1 or greater.

12. Laboratory sample coordinator—That per-
son responsible for the conduct of sample
handling and the certification of the testing
procedures.

13. Filter background level—The concentra-
tion of structures per square millimeter of
fllter that is considered indistinguishable
from the concentration measured on blanks
(filters through which no air has been
drawn). For this method the filter back-
ground level is defined as 70 structures/mm?,

14, Macrix—Fiber or fibers with one end
free and the other end embedded in or hidden
by a particulate. The exposed fiber must
meet the fiber definition.

15. NSD—No structure detected.

16. Operator—A person responsible for the
TEM instrumental analysis of the sample.

17. FCv[—Phase contrast microscopy.

18. SAED—Selected area electron diffrac-
tion.

19. SEM—>S5canning electron microscope.

20. STEM—Scanning transmission electron
microscope.

21. Structure—a microscopic bundle. clus-
ter, flber, or matrix which may contain as-
bestos.

22. S/em'—Structures per cubic centimeter.

23, S/mm?-—-Structures per square milli-
meter.

24. TEM—Transmission electron micro-
scope.

B. Sampling

1. Sampling operations must be performed
by gqualified individuals completely inde.
pendent of the abatement contractor to
avoid possible conflict of interest {See Ref-
erences 1, 2, and 5 of Unit IiL.L.} Speciai pre-
cautions should be taken to avoid contami-
nation of the sample. For example. materials
that have not been prescreened for their as-
bestos background content should not be
used: alse. sample handling procedures which
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do not take cross contamination possibilities
into account should not be used.

2. Material and supply checks for asbestos
contamination should be made on all critical
supplies. reagents. and procedures before
their use in a monitoring study.

3. Quality conirol and quality assurance
steps are needed to identify problem areas
and isolate the cause of the contamination
(see Reference § of Unic IILL.). Control
checks shall be permanently recorded to doc-
ument the quality of the information pro.
duced. The sampling firm must have written
quality control procedures and documents
which verify compliance. Independent audits
by a qualified consultant or firm should be
performed once a year. All documentatton of
compliance should be retained indefinitely
to provide a guarantee of quality. A sum-
mary of Sample Data Quality Objectives is
shown in Table II of Unit [[.B.

4. Sampling materials.

a. Sample for airborne asbestos following
an abatement action using commercially
available cassettes.

b. Use either a cowling or a filter-retaining
middle piece. Conductive material may re-
duce the potential for particulates to adhere
to the walls of the cowl.

¢. Cassettes must be verified as “'clean”
prior to use in the field. [f packaged filters
are used for loading or preloaded cassettes
are purchased from the manufacturer or a
distributor, the manufacturer’'s name and lot
number should be entered on all fleld data
sheets provided to the laboratory. and are re-
quired to be listed on all reports from the
laboratory.

d. Assemble the cassettes in a clean facil-
ity {See definition of clean area under Unit
IILAY.

e. Reloading of used cassettes is not per-
mitted.

f. Use sample collection filters which are
either palycarbonate having a pore size of
less than or equal to 0.4 um or mixed cel-
iuiose ester having a pore size of less than or
equal to 0.45 um.

g. Place these filters in series with a
backup filter with a pore size of 3.0 um (to
serve as a diffuser) and a support pad. See
the following Figure 1:
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FIGURE I--SAMPLING CASSETTE CONFIGURATION

jI[n'L'l' Plug |

Caseette Cup

Extension Cow!
or
Retainer Ring

< 0.4 um pore PC filter or
- < 0.45 um pore MCE filter

{ S um MCE Diffuser |

', Support Pad |
i Cassene Base '

jj Outlet Plug l

h. When polyvcarbonate filcers are used. po- i. Seal the cossertes to prevent leakage
sition the highly reflective face such that  around the filter edges or between cassette
the incoming particulate (s received on this  part joincs, A mechanical press inay be use-
surtace ful to achieve a reproducibie leak free seal.
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Shrink fic gel-bands may be used for this
purpose and are available from filter manu-
facturers and their authorized distributors.

J. Use wrinkle-free loaded cassettes in the
sampling operation.

5. Pump setup.

a. Calibrate the sampling pump over the
range of flow rates and loads anticipated for
the monitoring period with this flow meas-
uring device in series. Perform this calibra-
tion using guidance from EPA Method 2A
each time the unit is sent to the field (See
Reference 6 of Unit III.L.).

b. Configure the sampling system to pre-
clude pump vibratlons from being trans-
mitted to the cassette by using a sampling
stand separate from the pump station and
making connections with flexible tubing.

¢. Maintain continuous smooth flow condi-
tions by damping out any pump action fluc-
tuations if necessary.
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d. Check the sampling system for leaks
with the end cap still in place and the pump
operating before Initiating sample collec-
tion. Trace and stop the source of any flow
indicated by the flowmeter under these con-
ditions.

e. Select an appropriate flow rate equal to
or greater than I L/min or less than 10 L/min
for 25 mm cassettes. Larger filters may be
operated at proportionally higher flow rates.

f. Orient the cassette downward at approxi-
mately 45 degrees from the horizontal.

g. Maintain a log of all pertinent sampling
information. such as pump identification
number, calibration data, sample location,
date. sample identification number. flow
rates at the beginning. middle. and end. start
and stop times, and other useful information
or comments. Use of a sampling log form is
recommended, See the following Figure 2:
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FIGURE 2--SAMPLING LOG FCRM

< . [ —— Qiaer WAL End | = P

Jample rump oian wuGluc =00 Flow

Numger Locaton of Sample LD. Time Time Time Rate

Inspector: Date;

h. Initiate a chain of custody procedure at J. Continue sampling until at least the
the start of each sampling, if this is re- minimum volume is collected. as specified in
quested by the client. the following Table [:

i. Maintain a close check of all aspects of
the sampling operation on a regular basis.
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TABLE 1—-NUMEER OF 200 MESH EM GRID OPENINGS

(0.0057 MM

} THAT NEED TO BE ANALYZED TO

MAINTAIN SENSITIVITY OF 0.005 STRUCTURES/CC
BASED ON VOLUME AND EFFECTIVE FILTER AREA

Efective Filter Area Effectiva FiRer Area
385 sq mm 855 sq rmm
Vowme (iters) | # of'g'nu_sm [Volume (fers) [# of grid opennas
560 24 1,250 24
600 23 1,300 23
700 19 1,400 21
800 17 1,800 18
900 15 1.800 17
+,000 14 2,000 15
1.100 12 2,200 14
i 1,200 11 2,400 13
| 1,300 10 2,800 12
Recommended 1,400 10 2,800 1 {
Volume 1,800 N 3,000 10 }
Range 1,800 [ ] 3,200 9 Recommended
] 1,700 [ ] 3,400 9 Volume
] | 1,800 [ ] 3.600 8 Range
1,900 7 3,800 8 |
2,000 7 4,000 a8 !
2.100 [} 4,200 7
2,200 L] 4.400 7
2,300 8 4,600 7
2,400 8 4.800 ]
2,500 5 5,000 ]
2.800 5 5,200 8
2.700 5 5.400 ]
2,800 5 5,600 5
2,900 5 5.800 -]
3,000 5 8.000 5
3,100 4 6.200 s
3,200 4 8,400 5
3,300 4 8,800 H
3,400 4 8,800 4
3,500 4 7.000 4
3,600 4 7.200 4
3,700 4 7.400 &
3,800 4 7,600 L]

Note minimum volumes required.
25 mm : 560 liters
37 mm ;1250 Wers

Fiker ciameter of 25 mm = effactive area of 385 sq mm
Filtar chametsr of 37 mm = sffective area of 855 sqmm

k. At the conclusion of sampling. turn the
cassette upward before stopping the flow to
minimize possible particle loss. [f the sam-
pling is resumed. restart the flow before re-
orienting the cassette downward. Note the
condition of the filter at the conclusion of
sampling,

I. Double check to see that all information
has been recorded on the data collection
forms and that the cassette is securely

closed and appropriately identified using a
waterproof label. Protect cassettes in indi-
vidual clean resealed polyethylene bags.
Bags are to be used for storing cassette caps
when they are removed for sampling pur-
poses, Caps and plugs should only be re-
moved or replaced using clean hands or clean
disposable plastic gloves,

m. Do not change containers if portions of
these filters are taken for ather purposes.
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6. Minimum sample number per site. A
minimum of 13 samples are to be collected
far each testing consisting of the following:

a. A minimum of five samples per abate-
ment area.

b. A minimum of five samples per ambient
area positioned at locations representative
of the air entering the abatement site.

c. Two field blanks are to be taken by re-
moving the cap for not more than 30 sec and
replacing it at the time of sampling before
sampling is initiated at the following places:

i. Near the entrance to each ambient area.

il. At one of the ambient sites.

(NOTE: Do not leave the blank open during
the sampling period.)

d. A sealed blank is to be carried with each
sample set. This representative cassette is
not to be opened in the field.

7. Abatement area sampling.

a. Conduct final clearance sampling only
after the primary containment barriers have
been removed: the abaternent area has been
thoroughly dried: and, it has passed visual
inspection tests by qualified personnel. (See
Reference | of Unit TIL.L )

b. Containment barriers over windows,
doors. and air passageways must rernain in
place until the TEM clearance sampling and
analysis is completed and results meet clear-
ance test criteria. The flnal plastic barrier
remains in place for the sampling period.

c. Select sampling sites in the abatement
area on a random basis to provide unbiased
and representative samples.

d. After the area has passed a thorough vis-
ual inspection. use aggressive sampling con-
ditions to dislodge any remaining dust.

{. Equipment used in aggressive sampling
such as a leaf blower and/or fan should be
properly cleaned and decontaminated before
use,

it. Air filtration units shall remain on dur-
ing the air menitoring period.

ili. Prior to air monitoring, floors. ceiling
and walls shall be swept with the exhaust of
a minimum one (i} horsepower leaf biower.

iv. Stationary fans are placed in locations
which will not interfere with air monitoring
equipment. Fan air is directed toward the
ceiling. One fan shall be used for each 10.000
frt of worksite.

v, Monitoring of an abatement work area
with high-volume pumps and the use of cir-
culating fans will require electrical power.
Electrical outlets in the abatement area
may be used if available. If no such outlets
are available. the equipment must be sup-
plied with electricity by the use of extension
cords and strip plug units. All electrical
power supply equipment of this type must be
approved Underwriter Laboratory equipment
that has not been modified. All wiring must
be grounded. Ground fault interrupters
should be used. Extreme care must be taken
to clean up any residual water and ensure
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that electrical equipment does not become
wet while operational.

vi. Low volume pumps may be carefully
wrapped in 6-mil polyethylene to insulate
the pump from the air. High volume pumps
cannot be sealed in this manner since the
heat of the motor may melt the plastic. The
pump exhausts should be keprt free.

vii. If recleaning is necessary. remaval of
this equipment from the work area must be
handled with care. It is not possible to com-
pletely decontaminate the pump mortor and
parts since these areas cannot be wetted. To
minimize any problems in this area. all
equipment such as fans and pumps should be
carefully wet wiped prior to removal from
the abatement area. Wrapping and sealing
low volume pumps in 6-mil polyethylene will
provide easier decontamination of this
equipment. Use of clean water and disposable
wipes shouid be available for this purpose.

e. Pump flow rate equal to or greater than
t L/min or less than 10 L/min may be used for
25 mm cassettes. The larger cassette diame-
ters may have comparably increased flow.

f. Sample a volume of air sufficient to en-
sure the minimum quantitation limits. (See
Table I of Unit [11.B.5.j.)

8. Ambient sampling.

a. Position amblent samplers at locations
representative of the air entering the abate-
ment site. [f makeup air entering the abate-
ment site is drawn from ancther area of the
building which is outside of the abatement
area, place the pumps in the building, pumps
should be placed out of doors located near
the building and away from any obstructions
that may influence wind pactterns. If con-
struction is in progress immediately outside
the enclosure. it may be necessary to select
another ambient site. Samples should be rep-
resentative of any air entering the work site.

b. Locate the ambient samplers at least 3
ft apart and protect them from adverse
weather conditions.

¢. Sample same volume of air as samples

talion fncida elao obeoeo
taxken inside (he avaler

ent sice
C. Sample Shipment

I. Ship bulk samples in a separate con-
tainer from air samples. Bulk samples and
air sarnples delivered to the analytical lab-
oratory in the same container shall be re-
Jjecred.

2. Select a rigid shipping container and
pack the cassettes upright in a noncontami-
nating nonfibrous medium such as a bubble
pack. The use of resealable polyethylene
bags may help to prevent jostling of indi-
vidual cassettes.

3. Avoid using expanded polystyrene be-
cause of its static charge potential. Also
avoid using particle-based packaging mate-
rials because of possible contaminacion.

4 Include a shipping bill and a detailed
tisting of samples shipped. their descriptions
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and all identifying numbers or marks, sam-
pling data, shipper's name. and contact in-
formation. For each sarnple set, designate
which are the ambient samples. which are
the abatement area samples, which are the
field blanks, and which is the sealed blank if
sequential analysis is to be performed.

5. Hand-carry samples to the laboratory in
an upright position if possible; otherwise
choose that mode of transportation least
likely to jar the samples in transit.

6. Address the package to the laberatory
sample coordinator by name when known
and alert him or her of the package descrip-
tion, shipment mode, and anticipated arrival
as part of the chain of custedy and sample
tracking procedures. This will also help the
{aboratory schedule timely analysis for the
samples when they are received.

D. Quality Contro/Quality Assurance
Procedures (Data Quality Indicators)

Monitering the environment for airborne
asbestos requires the use of sensitive sam-
pling and analysis procedures. Because the
test Is sensitive, it may be influenced by a
variety of factors. These include che supplies
used in the sampling operation, the perform-
ance of the sampling, the preparation of the
grid from the fllter and the actual examina-
tion of this grid in the microscope. Each of
these unit operations must produce a prod-
uct of defined quality if the analytical result
is to be a reliable and meaningful test result.
Accordingly, a series of control checks and
reference standards is performed along with
the sample .analysis as indicators that the
materials used are adequate and che oper-
atlions are within acceptable limits. In this
way, the quality of the data is defined. and
the results are of known value. These checks
and tests also provide timely and specific
warning of any problems which might de-
velop within the sampling and analysis oper-
ations. A description of these quality con-
trol/quality assurance procedures is summa-
rized in the text below.

1. Prescreen the loaded cassette collection
filters to assure that they do not contain
concentrations of asbestos which may inter-
fere with the analysis of the sample. A filter
blank average of less than 18 s/mm? in an
area of 0.057 mm? (nominally 10 200-mesh grid
openings) and a maximum of 33 s/mm? for
that same area for any single preparation is
acceptable for this method.

2. Calibrate sampling pumps and their flow
indicators over the range of their intended
use with a recognized standard. Assemble the
sampling system with a representative fil-
ter—not the filter which will be used in sam-
pling—before and after the sampling oper-
acion.

3. Record all calibration information with
the data to be used on a standard sampling
form,
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4. Ensure that the samples are stored in a
secure and representative location.

5. Ensure that mechanical calibrations
from the pump will be minimized to prevent
transferral of vibration to the cassette.

6. Ensure that a continuous smooth flow of
negative pressure is delivered by the pump
by installing a damping chamber if nec-
essary.

7. Open a loaded cassette momentarily ac
one of the indoor sampling sites when sam-
pling is initlated. This sample will serve as
an indoor field blank.

8. Open a loaded cassette momentarily at
one of the outdoor sampling sites when sam-
pling is initiated. This sample will serve as
an ourdoor field blank.

9. Carry a sealed blank into the field with
each sample series. Do not open this cassette
in the field.

10. Perform a leak check of the sampling
system at each indoor and outdoor sampling
site by activating the pump with the closed
sampling cassette in line. Any flow indlcates
a leak which must be eliminated before initi-
ating the sampling operation.

11. Ensure that the sampier is turned up-
right before interrupting the pump flow.

12, Check that all samples are clearly la-
beled and that all pertinenct information has
been enclosed before transfer of the samples
to che laboratory.

E. Sample Receiving

1. Designate one individual as sample coor-
dinator at the laboratory. While that indi-
vidual! will normally be available to receive
samples, the ¢oordinator may train and su-
pervise others in receiving procedures for
those times when he/she is not available.

2. Adhere to the foilowing procedures to
ensure both the continued chain-of-custody
and the accountabilicy of all samples passing
through the laboratory:

a. Note the condition of the shipping pack-
age and data written on it upon receipt.

b. Retain all bills of lading or shipping
slips to document the shipper and delivery
time.

c. Examine the chain-of-custody seal. if
any. and the package for its integrity.

d. [f there has been a break in the seal or
substantive damage to the package. the sam-
ple coordinator shall immediately notify the
shipper and a responsible laboratory man-
ager before any action is taken to unpack
the shipment.

e. Packages with significant damage shall
be accepted only by the responsible labora-
tory manager after discussions with the cli-
ent.

3. Unwrap the shipment in a clean,
uncluctered facility. The sample coordinator
or his or her designee will record the con-
tents, including a description of each item
and all identifying numbers or marks. A
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Sample Receiving Form to document this in-

formation is attached for use when nec-
essary. (See the following Figure 3.)

Dacof packagedelivery ________ Package shipped from
Carrier Shipping bill retained

*Condition of package on receipt

*Condition of custody seal

Number of samples received Shipping manifest attached
Purchase OrderNo. ___  Project1D.

Corr
Sampling Sampled
_Medium  Yolume ~ Recciving
1 — —
2 _—_ —
3 — —
4 — —
5 —_— —
é _ —
7 _— —
3 —_— —
9 PR —
10 — —
1] —_— —
12 _ —
:I?Jse as many additional sheets as needed.) -
Ce ]
Date of acceptance into sample bank
Signarure of chain-of-custody recipient
Disposition of sampl
*Note: U the package has ined sub ial damage or the custody seal is broken, stop and contact the project

manager and the shipper,
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NOTE: The person breaking the chain-of-
custody seal and itemizing the contents as-
sumes responsibility for the shipment and
signs documents accordingly.

4. Assign a laboratory number and sched-
ule an analysis sequence.

5. Manage all chain-of-custody samples
within the laboratory such that their integ-
rity can be ensured and documented.

F. Sample Preparation

1. Personnel not affiliated with the Abate-
ment Contractor shall be used to prepare
samples and conduct TEM analysis. Wet-
wipe the exterior of the cassettes to mini-
mize contamination possibilities before tak-
ing them to the clean sample preparation fa-
cility.

2. Perform sample preparation in a well-
equipped clean facility.

NOTE: The clean area is required to have
the following minimum characteristics. The
area or hood must be capable of maintaining
a positive pressure with make-up air being
HEPA filtered. The cumulative analytical
blank concentration must average iess than
18 s/mm? in an area of 0.057 s/mm? (nominally
10 200-mesh grid openings) with no more than
one single preparation to exceed 53 simm? for
that same area.

3. Preparation areas for air samples must
be separated from preparation areas for bulk
samples. Personnel must not prepare air
samples if they have previously been pre-
paring bulk samples without performing ap-
propriate personal hygiene procedures, i.e..
clothing change. showering, etc.

4. Preparation.. Direct preparation tech-
niques are required. The objective is to
produce an intact carbon film containing the
particulates from the filter surface which is
sufficiently clear for TEM analysis. Cur-
rently recommended direct preparation pro-
cedures for polycarbonate (PC) and mixed
cellulose ester {MCE) filters are described in
Unit [ILLF.7. and 8. Sample preparation is a
subject requiring additional research. Vari-
ation on those steps which do not sub-
stantively change the procedure, which im-
prove {ilter clearing or which reduce con-
tamination problems in a laboratory are per-
mitted.

a. Use only TEM grids that have had grid
opening areas measured according to direc-
tions in Unit [I[.J.

b. Remove the inlet and outletr plugs prior
to opening the cassette to minimize any
pressure differentiai that may be present.

c. Examples of techniques used to prepare
polycarbonate filters are described in Unit
ILF7.

d. Examples of techniques used to prepare
mixed cellulose ester filters are described in
Unit IT1.F 8

e Prepare multiple grids for each sample.
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f. Store the three grids to be measured in
appropriately labeled grid holders or poly-
ethylene capsuies.

5. Equipment,

a. Clean area.

b. Tweezers. Fine-point tweezers for han-
dling of filters and TEM grids.

¢. Scalpel Holder and Curved No. 10 Sur-
gical Blades.

d. Microscope slides.

e. Double-coated adhesive tape.

f. Gummed page reinforcements.

£ Micro-pipet with disposal tips 10 to 100
uL variable volume.

h. Vacuum coating unit with facilities for
evaporation of carbon. Use of a liquid nitro-
gen cold trap above the diffusion pump will
minimize the possibility of contaminacion of
the filter surface by oil from the pumping
systemn. The vacuum-coating unit ¢an also be
used for deposition of a thin film of gold.

i. Carbon rod electrodes. Spectrochemically
pure carbon rods are required for use in the
vacuum evaporator for carbon coating of fil-
ters.

J. Carbon rod sharpener. This is used to
sharpen carbon rods to a neck. The use of
necked carbon rods (or equivalent) allows
the carbon to be applied to the filters with a
minimum of heating.

k. Low-temperature plasma asher. This is
used to etch the surface of collapsed mixed
cellulose ester (MCE} filters. The asher
should be supplied with oxygen, and should
be modifled as necessary to provide a throc-
tle or bleed valve to control the speed of the
vacuum to minimize disturbance of the fil-
rer. Some early models of ashers admit air
too rapidly. which may disturb particulates
on the surface of the filter during the etch-
ing step.

1. Class petri dishes, 10 cm in diameter, [ cm
high. For preventiaon of excessive evaporation
of solvent when these are in use. a good seal
must be provided between the base and the
lid. The seal can be improved by grinding the
base and lid together with an abrasive grind-
ing material.

m. Stainless steel mesh.

n. Lens tissue.

0. Copper 200-mesh TEM grids. 3 mm in di-
ameter, or equivalent.

p. Gold 200-mesh TEM grids. 3 mm in di-
ameter. or equivalent.

q. Condensation washer.

r. Carbon-coated. 200-mesh TEM grids. or
equivalent.

s. Analytical balance. 0.1 mg sensitivity.

. Filter paper, 9 cm in diameter,

u. Oven or slide warmer. Must be capable
of maintaining a temperature of §5-70 *C.

v. Polvurethane foam. 6§ mm thickness.

w. Gold wire for evaporation.

6. Reagents.

a. Ceneral. A supply of ultra-clean. fiber-
free water must be available for washing of
all components used in the analysis. Water
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that has been distilled in glass or filtered or
deionized water is satisfactory for this pur-
pose. Reagents must be flber-free.

b. Polycarbonate preparation method—
chloroform.

¢. Mixed Cellulose Ester (MCE) preparation
method—acetone or the Burdette procedure
(Ref. 7 of Unit [IL.L).

7. TEM specimen preparation from poly-
carbonate filters.

a. Specimen preparation laboratory. It is
most important to ensure that contamina-
tion of TEM specimens by extraneous asbes-
tos fibers is minimized during preparation.

b. Cleaning of sample cassettes. Upon re-
ceipt at the analytical laboratory and before
they are taken into the clean facility or lam-
inar flow hood. the sample cassettes must be
cleaned of any contamination adhering to
the outside surfaces.

¢. Preparation of the carbon evaporator. If
the polycarbonate filter has already been
carbon.coated prior to receipt. the carbon
coating step will be omitted, unless the ana-
lyst believes the carbon film is too thin. If
there is a need to apply mare carbon, the fil-
ter will be treated in the same way as an
uncoated filter. Carbon coating must be per-
formed with a high-vacuum coating unit,
Units that are based on evaporation of car-
bon filaments in a vacuum generated only by
an oil rotary pump have not been evaluated
for this application, and must not be used.
The carbon reds should be sharpened by a
carbon rod sharpener to necks of about 4 mm
long and 1 mm in diameter. The rods are in-
stalled in the evaporator in such a manner
that the points are approximately 10 to 12
cm from the surface of a microscope slide
held in the rotating and tilting device.

d. Selection of filter area for carbon coat-
ing. Before preparation of the filters, a 75
mm x 3 mm microscope slide is washed and
dried. This slide is used to support strips of
filter during the carbon evaporation. Two
parallel strips of double-sided adhesive tape
are applied along the length of the slide.
Polycarbonate filters stretched
during handling. and cutring of areas for fur-
ther preparation must be performed with
great care, The filter and the MCE backing
fileer are removed together from the cassette
and placed on a cleaned glass microscope
slide. The filter can be cut with a curved
scalpel blade by rocking the blade from the
peint placed in contact with the filter. The
process can be repeated to cut a strip ap-
proximately 3 mm wide across the diameter
of the filter. The strip of polycarbonate filter
is separated from the corresponding strip of
backing filter and carefully placed so that it
bridges the gap between the adhesive tape
strips on the microscope slide. The fiiter
strip can be held with fine-point tweezers
and supported underneach by the scalpel
blade during placement on the microscope
slide. The analyst can place several such
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strips on the same microscope slide. taking
care to rinse and wet-wipe the scalpel blade
and tweezers before handling a new sample.
The filter strips should be identified by etch-
ing the glass slide or marking the slide using
a marker insoluble in water and solvents.
After the fiiter strip has been cut from each
filter, the residual parts of the filter must be
returned to the cassette and held in position
by reassembly of the cassette. The cassette
will then be archived for a period of 30 days
or returned to the client upon request.

e. Carbon coating of filter strips. The glass
slide holding the filter strips is placed on the
rotation-tilting device. and the evaporator
chamber is evacuated. The evaporation must
be performed in very short bursts, separated
by some seconds to allow the electrodes to
cool. If evaporation is too rapid. the strips of
pelycarbonate filter will begin to curl, which
will lead to cross-linking of the surface ma-
terial and make it relatively insoluble in
chloroferm. An experienced analyst can
Judge the thickness of carbon film to be ap-
plied. and some test should be made first on
unused filters. If the film is too thin, large
particles will be lost from the TEM speci-
men, and there will be few complete and
undamaged grid openings on the specimen. If
the coating is too thick, the filter will tend
to curl when exposed to chloroform vapor
and the carbon film may not adhere to the
support mesh. Too thick a carbon film will
also lead to a TEM image that is lacking in
contrast, and the ability to obtain ED pat-
terns will be compromised. The carbon film
should be as thin as possible and remain in-
tact on most of the grid openings of the TEM
specimen intact.

f. Preparation of the Jaffe washer. The pre-
cise design of the Jaffe washer is not consid-
ered important, so any one of the published
designs may be used. A washer consisting of
a simple stainless steel bridge s rec-
ommended. Several pieces of lens tissue ap-
proximately 1.0 cm x 0.3 cm are placed on the
stainless steel bridge. and the washer is
filled with chioroform to a level where the
meniscus contacts the underside of the mesh,
which results in saturation of the lens tis-
sue See References 8 and 10 of Unit IIT.L.

g Placing of specimens into the Jaffe
washer. The TEM grids are first placed on a
piece of lens tissue so that individual grids
can be picked up with tweezers. Using a
curved scalpel blade, the analyst excises
three 3 mm square pieces of the carbon-coat-
ed polycarbonate filter from the filter strip.
The three squares are selected from the cen-
ter of the strip and from two peints between
the cuter periphery of the active surface and
the center. The piece of filter is placed an a
TEM specimen grid with the shiny side of
the TEM grid facing upwards. and the whole
assembly is placed boldly onto the saturated
lens tissue in the Jalfe washer. If carbon-
coated grids are used. the filter should be
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placed carbon-coated side down. The three
excised squares of fliters are placed on the
same piece of lens tissue. Any number of sep-
arate pieces of lens tissue may be placed in
the same Jaffe washer. The lid is then placed
on the Jaffe washer. and the system is al-
lowed to stand for several hours. preferably
overnight.

h. Condensation washing. It has been found
that many polycarbonace fllters will not dis-
solve completely in the Jaffe washer. even
after being exposed to chloroform for as lang
as 3 days. This problem becomes more seri-
ous if the surface of the filter was overheaced
during the carbon evaporation. The presence
of undissalved filter medium on the TEM
preparation leads to partial oc complete ob-
scuration of areas of the sample, and fibers
that may be present In these areas of the
specimen will be overlooked: this will lead to
a low result. Undissolved filter medium also
compromises the ability to cbtain ED pat-
terns. Before they are counted, TEM grids
must be examined critically to determine
whether they are adequately cleared of resid-
ual filter medium. [t has been found that
condensation washing of the grids after the
initial Jaffe washer treatment. with chloro-
form as the solvent. clears all residual filter
medium in a period of approximately [ hour.
In practice. the piece of lens tissue sup-
porting the specimen grids is transferred to
the cold finger of the condensarion washer.
and the washer is operated for about 1 hour.
If the specimens are cleared satisfactorily by
the Jaffe washer alone. the condensation
washer step may be unnecessary.

8. TEM specimen preparation from MCE
filcers.

a. This method of preparing TEM speci-
mens from MCE filters is similar to that
specified in NIOSH Method 7402, See Ref-
erences 7. 8, and 9 of Unit IILL.

b. Upon receipt at the analytical labora-
tory. the sample cassettes must be cleaned of
any contamination adhering to the outside
surfaces before entering the clean sample
preparation area.

c. Remove a section from any quadrant of
the sample and blank filters.

d. Place the section on a clean microscope
slide. Affix the filter section to the slide
with a gurnmed paged reinforcement or other
suitable means. Label the slide with a water
and solvent-proof marking pen.

e. Place the slide in a petri dish which con-
tains several paper filters soaked with 2 to 3
mlL acetone. Cover the dish. Wait 2 to 4 min-
utes for the sample filter to fuse and clear.

f. Plasma etching of the collapsed filter is
required.

i. The microscope slide to which the col-
lapsed filter pieces are attached is placed in
a plasma asher. Because plasma ashers vary
greatly in their performance. both from unit
to unit and between different positions in
the asher chamber. it is difficult to specify
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the conditions that should be used. This is
one area of the method that requires further
evaluation. Insufficient etching will result in
a failure 1o expose embedded filters, and too
much etching may result in loss of particu-
late from the surface. As an interim meas-
ure, it is recommended that the time for
ashing of a known weight of a collapsed fil-
ter be established and that the etching rate
be calculated in terms of micrometers per
second. The actual etching time used for a
particular asher and operating conditions
will then be set such that a 1-2 pm (10 per-
cent) layer of collapsed surface will be re-
moved.

ii. Place the slide containing the collapsed
filters into a low-temperature plasma asher,
and etch the filter.

* g Transfer the slide to a rotating stage in-
side the bell jar of a vacuum evaporator.
Evaporate a | mm x 5 mm section of graphite
rod onto the cleared filter. Remove the slide
to a clean, dry. covered petri dish.

h. Prepare a second petri dish as a Jaffe
washer with the wicking substrate prepared
from Filter or lens paper placed on top of a §
mm thick disk of clean spongy polyurethane
foam. Cut a V-notch on the edge of the foam
and filter paper. Use the V-notch as a res-
ervoir for adding solvent. The wicking sub-
strate should be thin encugh to fit into the
petri dish without touching the lid.

i. Place carbon-coated TEM grids face up
on the filter or lens paper. Label the grids by
marking with a pencil on the filter paper or
by putting registration marks on the petri
dish lid and marking with a waterproof
marker on the dish lid. In a fume hood, fill
the dish with acetone until the wicking sub-
strate is saturated. The level of acetone
should be just high enough to saturate the
filter paper without creating puddles,

J. Remove about a quarter section of the
carbon-coated filter samples from the glass
slides using a surgical knife and tweezers.
Carefully place the section of the filter. car-
bon side down, on the appropriately labeled
grid in the acetone-saturated pecri dish.
When all filter sections have been trans-
ferred. slowly add more solvent to the wedge-
shaped trough to bring the acetone level up
to the highest possibie level without dis-
turbing the sample preparations. Cover the
petri dish. Elevate one side of the petri dish
by placing a slide under it. This allows drops
of condensed solvent vapors to form near the
edge rather than in the center where they
would drip onto the grid preparation.

G. TEMN Method

1. Instrumentacion

a. Use an 80-120 kV TEM capable of per-
forming electron diffraction with a fluores-
cent screen inscribed with calibrated grada-
tions. [f the TEM is equipped with EDXA it
must either have a STEMN arcachment or be
capable of producing a spot less than 250 am
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in diameter at crossover. The microscope
shall be calibrated routinely {see Unit IIL.J.}
for magnification and camera constant.

b. While not required on every microscope
in the laboratory, the laboratory must have
either one microscope equipped with energy
dispersive X-ray analysis or access to an
equivalent system on a TEM in another lab-
oratory. This must be an Energy Dispersive
X-ray Detector mounted on TEM column and
associated hardware/software to collect,
save, and read out spectral information.
Calibration of Multi-Channel Analyzer shall
be checked regularly for Al at 1.48 KeV and
Cu at 8.04 KeV, as well as the manufacturer's
procedures.

40 CFR Ch. 1 (7-1-99 Edition)

i. Standard replica grating may be used to
determine magnification f{e.g., 2160 lines/
mm)}.

il. Gold standard may be used to determine
camera constant.

c. Use a specimen holder with single cilt
and/or double tilt capabilities.

2. Procedure.

a. Start a new Count Sheet for each sample
to be analyzed. Record on count sheet: ana-
lyst's Initials and date; lab sample number;
client sample number microscope identifica-
tion: magnification for analysis: number of
predetermined grid openings to be analyzed,
and grid Identification. See the following
Figure 4:
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FIGURE 4--COUNT SHEET

Lab Sumple N0, e Filar Type Operator
Ciient Sample No. Fitur Ares Dws
1 LD, Grid [.D. c
Magnification Grid Opening (GO) Ares
Acc. Voluge No. GO :a be Analyzed
o Sgucrure | Soucrurs Langty ED Observauon EDAX
No. Typet < 3um 25um Chrvs. Amph. Nonash. _INeg D
o0 Strucrure | Soructums Length ED Obtervauon £DAX
No. Tipes < Sum z5um Chrvs. Amph. Nomash.  [Neg [D
*B « Bundle NFD = No fTbery detocied
C = Clusue N = No diffraction oblauned
F 2 Fiber
M s Mszu

b. Check that the microscope is properly
aligned and calibrated according to the man-
ufacturer’s specificarions and instructions

¢ \Mlicroscope serrings: 80-120 X\ grid as
sessment  250-1000X. chen  13.000-20 Q0ON
screen magnification for analysis.

d Approximateiyv one-half 0.5 of the pre-
determined sampie area to be anals zed shall
be performed on ore sample grid preparat:on
and the remairing hall on a second sampie
grid preparation

e Determine the suitabilicy of the grid
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i. Individual grid openings with greater
than 5 percent openings (holes) or covered
with greater than 25 percent particulate
matter or cbviously having nonuniform load-
ing shall not be analyzed.

il. Examine the grid at low magnification
(<1000X) to determine its suitability for de-
tailed study at higher magnifications.

{il. Reject the grid if:

(1) Less than 30 percent of the grid open-
ings covered by the replica are intacrt.

(2) It is doubied or folded.

{(3) It is too dark because of incomplete dis-
solution of the filter.

iv. If the grid is rejected. load the next
sample grid.

v. If the grid is acceptable. continue on to
Step 6 if mapping is to be used; otherwise
proceed to Step 7.

f. Grid Map (Optional).

i. Set the TEM to the low magnification
mode. .

1i. Use flat edge or finder grids for map-
ping.

{ii. Index the grid openings (flelds} to be
counted by marking the acceptable fields for
ene-haif {i.3) of the area needed for anaiysis
on each of the two grids to be analyzed.
These may be marked just before examining
each grid opening (field), if desired.

iv. Draw in any details which will allow
the grid to be properly oriented If it Is re-
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loaded inro the microscope and a particular
fleld is to be reliably identified.

g Scan the grid.

i. Select a field to start the examination.

ii. Choose the appropriate magnification
(13,000 to 20.000X screen magnification).

iil. Scan the grid as follows.

{1) At the selected magnification. make a
series of parallel traverses across the field.
On reaching the end of one traverse. move
the image one window and reverse the tra-
verse.

NOTE: A slight overlap should be used so as
not to miss any part of the grid opening
{field).

(2) Make parallel traverses until the entire
grid opening (field} has been scanned.

h. Identify each structure for appearance
and size,

1. Appearance and size: Any continuous
grouping of particles in which an asbestos
fiber within aspect ratio greater than or
equal to 51 and a length greater than or
equal to 0.5 pm is detected shall be recorded
on the count sheet. These will be designated
asbestos structures and will be classified as
fibers. bundies. clusters. or matrices. Record
as individual flbers any contiguous grouping
having 0, 1, or 2 definable intersections,
Groupings having more than 2 intersections
are ta be described as cluster or matrix. See
the following Figure 5:
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FIGURE 5--COUNTING GUIDELINES USED IN
DETERMINING ASBESTOS STRUCTURES

Count as 1 fiber; 1 Structure; no intersections.

Count as 2 fibers if space between fibers is greater than width of 1 fiber
diameter or number of intersecticns is equal to or less than 1.

Count as 3 structures if space between fibers is greater than width of 1 fiber
diameter or if the nurber of intersections is equal to or less than 2.

Count bundles as 1 structure; 3 or more parallel fibrils less
than 1 fiber diameter separation.
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Count clusters as ! structure; fibers having greater than or equal to

3 intersections.

g AN

Count matrix as 1 structure,

Fiber protrusion
<5:1 Aspect Ratio

An intersection is a non-parallel touching or
crossing of fibers, with the projection having
an aspect ratio of 5.1 or greater. Combina-
tions such as a matrix and cluster, matrix
and bundle, or bundle and cluster are cat-
egorized by the dominant fiber quality—clus-
ter. bundle. and matrix, respectively. Sepa-
rate categories will be maintained for fibers
less than 5 um and for fibers greater than or
equal to 3 um in length. Not required. but
useful, may be to record the fiber length in
I pm intervals. (Identifyv each structure
morphologically and analyze it as it enters
the ‘window’".)

Fiber protrusion
<0.5 micraneter

No fiber protusion

(1) Fiber. A structure having a minimum
length greater than 0.3 pm and an aspect
ratio {length to width) of 5:1 or greater and
substantially parallel sides. Note the appear-
ance of the end of the fiber, i.e.. whether it
is flat, rounded or dovetailed, no intersec-
tions.

{2) Bundle. A structure composed of 3 or
more fibers in a parallel arrangement with
each fiber closer than one fiber diameter.

{3) Cluster. A structure with fibers in a ran-
dom arrangement such that all fibers are
intermixed and no single fiber is isolated
from the group: groupings must have more
than 2 intersections.
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() Matrix. Fiber or fibers with one end free
and the ather end embedded in or hidden by
a particulate. The exposed fiber must meet
the fiber definition.

(5) NSD. Record NSD when no structures
are detected in the field.

(6) Tntersecrion. Non-parallel touching or
crossing of fibers. with the projection having
an aspect ratio 5:1 or greater.

{i. Structure Measurement.

(1) Recognize the structure that is to be
sized.

{2) Memorize its location in the “window"
relative to the sides. inscribed square and to
other particulates in the field so this exact
location can be found again when scanning is
resurmned.

(3) Measure the structure using the scale
on the screen.

(4) Record the length category and struc-
ture type classification on the count sheet
after the field number and fiber number.

(3) Return the fiber to its original location
in the window and scan the rest of the field
for other fibers: if the direction of travel is
not remembered, return to the right side of
the field and begin the traverse again.

1. Visual identification of Electron Diffrac-
tion (ED) patterns is required for each asbes.
tos structure counted which would cause the
analysis to exceed the 70 syfmm? concentra-
tion. (Generally this means the first four fi-
bers identified as asbestos must exhibit an
identifiable diffraction pattern for chrysotile
or amphibole.)

i. Center the structure, focus, and obtain
an ED pattern. (See Microscope Instruction
Manual for more detailed instructions.)

ii. From a visual examination of the ED
pattern, obtained with a short camera
length. classify the abserved structure as be-
longing to one of the following classifica-
tions: chrysotile, amphibole. or nonasbestos.

{I) Chrysotile: The chrysotile asbestos pat-
tern has characteristic streaks on the layer
lines other than the central line and some
streaking aiso on the central line. There will
be spots of normal sharpness on the central
layer line and on aiternate lines (2nd, d4th,
etc.). The repeat distance between layer lines
s 0.53 nm and the center doublet is at 0.73
nm. The pattern should display (002). (110),
(130) diffraction maxima; distances and ge-
ometry should match a chrysotile pattern
and be measured semiquantitatively

(2) Amphibole Group [includes grunerite
(amosite). crocidelite, anthophyllite. tremo-
lite. and actinolite]: Amphibole asbestos
fiber patterns show laver lines formed by
very closely spaced dots. and the repeat dis-
tance between layer lines is also about 0.33
nm. Streaking in layer lines is octasionally
present due to crvstal structure defects.

(3] Nonasbestos: Incomplete or unobtain-
able ED patterns. a nonasbestos EDXA, or a
nonasbestos morphology
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iii. The micrograph number of the recorded
diffraction patterns must be reported to the
client and maintained in the laboratory's
quality assurance records, The records must
also demonstrate that the identification of
the pattern has been verified by a gqualified
Individual and that the operator who made
the identification is maintaining at least an
80 percent correct visual identification based
on his measured patterns. In the event that
examination of the pattern by the quaitified
individual indicates thar the pattern had
been misidentified visually, the client shal}
be contacted. If the pattern is a suspected
chrysotile, take a photograph of the diffrac-
tion pattern at ¢ degrees tilt. If the structure
Is suspected to be amphibole, the sample
may have to be tilted to obtain a simple geo-
metri¢ array of spots.

J. Energy Dispersive X-Ray Analysis
(EDXA).

i. Required of all amphiboles which would
cause the analysis results to exceed the 70 s/
mm? concentration. (Generally speaking. the
first 4 amphiboles would require EDXA)

ii. Can be used alone to confirm chrysotile
after the 70 s'mm? concentration has been ex-
ceeded.

iii. Can be used alone to confirm all non-
asbestos.

iv. Compare spectrum proflles with profiles
obtained from asbestos standards. The clos-
est match identifies and categorizes the
structure.

v. If the EDXA is used for confirmation,
record the properly labeled spectrum on a
computer disk, or if a hard copy. file with
analysis data.

vi. If the number of fibers in the non-
asbestos class would cause the analysis to
exceed the 70 s/mm? concentration. their
identities must be confirmed by EDXA or
measurement of a zone axis diffraction pat-
tern to establish that the particles are non-
asbestos.

k. Stopping Rules.

i. If more than 50 asbestiform structures
are counted in a particular grid opening. the
analysis may be terminated.

il. After having counted 50 asbestiform
structures in a minimum of 4 grid openings,
the analysis may be terminated. The grid
opening in which the 30th fiber was counced
must be completed.

iii. For blank samples, the analysis is al-
ways continued until 10 grid openings have
been analyzed.

iv. In all other samples the analysis shall
be continued until an analytical sensitivity
of 0.005 s/cm? is reached.

1. Recording Rules. The ¢ount sheet should
contain the following information:

i. Field (grid opening}: List field number

ii. Record "NSD" if no structures are de-
tected,

iii. Structure information.
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(1) If fibers. bundles, clusters. and/or mat-
rices are found. list them in consecutive nu-
merical order, starting over with each field.

{2) Length. Record length category of as-
bestos fibers examined. Indicate if less than
5 um or greater than or equal to 5 um.

(3} Structure Type. Paositive identification
of asbestos fibers is required by the method.
At least one diffraction pattern of each fiber
type from every five samples must be re-
corded and compared with a standard diffrac-
tion pattern. For each asbestos Fflber re-
ported, both a morphological descriptor and
an identification descriptor shall be specified
on the count sheet.

(4) Fibers classified as chrysotile must be
identified by diffraction and/or X-ray anal-
ysis and recorded en the count sheet. X-ray
analysis alone can be used as sole identifica-
tion only after 70s/mm? have been exceeded
for a particular sample.

(5) Fibers classified as amphiboles must be
identified by X-ray analysis and electron dif-
fraction and recorded on the count sheet. (X-
ray analysis alone can be used as sole identi-
fication only after 70s/mm? have been exceed-
ed for a particular sample.}

(6} Ifad ction patrern was recorded on
film, the micrograph number must be indi-
cated on the count sheet.

(7) If an electron diffraction was attempted
and an appropriate spectra is not observed, N
should be recorded on the count sheet.

{8) If an X-.ray analysis is attermnpted but
not observed. N should be recorded on the
count sheet,

(9) If an X -ray analysis spectrum is stored,
the file and disk number must be recorded on
the count sheet,

m. Classification Rules,

i. Fiber. A structure having a minimum
length greater than or equal to 0.5 um and an
aspect ratio (lengch to width) of 5:1 or great-
er and substantially parallel sides. Note the
appearance of the end of the fiber, i.e..
whether it is flat. rounded or dovetailed.

il. Bundle. A structure composed of three
or more fibers in a parallel arrangement
with each fiber cioser than ane fiber diame-
ter.

ili. Ciuster A structure with fibers in a
random arrangement such that all fibers are
intermixed and no single fiber is isolated

O
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from the group. Groupings must have more
than two intersections.

iv. Matrix. Fiber or fibers with one end free
and the other end embedded in or hidden by
a particulate. The exposed fiber must meet
the fiber definition.

v. NSD. Record NSD when no structures
are detected in the field.

n. After all necessary analyses of a particle
structure have been completed, return the
geniometer stage to 0 degrees, and return
the structure to its original locarion by re-
cail of the originaj location.

0. Continue scanning until all the struc-
tures are identifled, classified and sized in
the field.

p. Select additional fields (grid openings)
at low magnification; scan at a chosen mag-
nification (15.000 to 20.000X screen magnifica-
tion):; and analyze until the stopping rule be-
comes applicable.

q. Carefully record all data as they are
being collected. and check for accuracy.

r. After finishing with a grid, remove it
from the microscope. and replace it in the
appropriate grid hold. Sample grids must be
stored for a minimum of 1 vear from the date
of the analysis; the sample cassette must be
retained for a minimum of 30 days by the
laboratory or returned at the client’s re-
quest.

H. Sample Analytical Sequence

1. Carry out visual inspection of work site
prior to air monitoring.

2. Collect a minimum of five air sampies
inside the work site and five samples outside
the work site. The indoer and outdoor sam-
ples shall be taken during the same time pe-
riod.

3. Analyrze the abatement area samples ac-
cording to this protocal. The analysis must
meet the 0.005 s‘cm? analytical sensitivity.

4. Remaining steps in the analytical se-
quence are contained in Unit [V. of this Ap-
pendix.

1. Reporting

The following information must be re-
ported to the client. See the following Table
I

W
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TABLE II--EXAMPLE LABORATORY LETTERHEAD

Laborawry | Cliemt FILTER MEDIA DATA Aralysed, | Sample
LD. 1.D. Type | Diwmeisr. mm | Effective Areamm 4 Pore Size.um | Area, mm Volume. cc

INDIVIDUAL ANALYTICAL RESULTS

Laboralory Clieat # Asbestos Analytical CONCENTRATION
1.D. 1.D. Stuctures Sensitiviry, sce Structures/mnr Structures/cc

The analysis was carried out 10 the approved TEM method. This laboratory is in compliance with the quality
specified by the method.

Authonized Signarure
1. Concentration in structures per square 5. Volume of air samples (which was ini-
millimeter and structures per cubie centi- tially provided by client).
meter. 6. Average grid size opening.
2. Analytical sensitivity used for the anal- 7. Number of grids analyzed.

ysis.
3. Number of asbestos structures.
4. Area analyzed.

8. Copy of the count sheet must be included
with the report.

C-32



Pt, 763, Subpt. E, App. A

9. Signature of laboratory official to indi-
cate that the laboratory met specifications
of the AHERA method.

10. Report form must contain official lab-
oratory identification (e.g.. letterhead).

11. Type of asbestos.

J. Calibracion Methodology

INOTE: Appropriate implementation of the
methoed requires a person knowledgeable in
electron diffraction and mineral identifica-
tion by ED and EDXA. Those inexperienced
laboratories wishing to develop capabilities
may acquire necessary knowledge through
analysis of appropriate standards and by fol-
lowing detailed methods as described in Ref-
erences 8 and 10 of Unic IT1.L.

l. Equipment Calibration. In this method,
calibration is required for the air-sampling
equipment and the transmission electron mi-
croscope (TEM).

a. TEM Magnification. The magnification at
the fluorescent screen of the TEM must be
calibrated at the grid opening magnification
(if used} and also at the magnification used
for fiber counting. This is performed with a
cross grating repiica. A logbook must be
maintained, and the dates of calibration de-
pend on the past history of the particular
microscope: no frequency s specified. After
any maintenance of the microscope that in-
volved adjustment of the power supplied to
the lenses or the high-voltage system or the
mechanical disassembly of the electron opri-
cal column apart from filament exchange,
the magnification must be recalibrated. Be-
fore the TEM callbration is performed. the
analyst must ensure that the cross grating
replica is placed at the same distance from
the objective lens as the specimens are. For
instruments that incorporate an eucentric
tilting specimen stage. all speciments and
the cross grating replica must be placed at
the eucentric position.

b. Determination of the TEM magnifica-
tion on the fluorescent screen.

i. Define a field of view on the fluorescent
screen either by markings or physical bound-
aries. The field of view must be measurable
or previously Ilnscribed with a scale or con-
centric circles (all scales should be mecric).

ii. Insert a diffraction grating replica (for
example a grating containing 2,160 lines/mm)
into the specimen hclder and place into the
microscope. Orient the replica so that the
grating lines fall perpendicular to the scale
on the TEM flucrescent screen. Ensure that
the goniometer stage tilt is 0 degrees.

iif. Adjust micrescope magnification to
10.000X or 20.000X. Measure the distance
{mm) between two widely separated lines on
the grating replica. Note the number of
spaces between the lines. Take care to meas-
ure between the same relative positions on
the lines (e.g.. between left edges of lines).

NOTE: The more spaces included in the
measurement. the more accurate the final
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calculation. On most microscopes, however,
the magnification is substantially constant
only within the central 8-10 cm diameter re-
gion of the fluorescent screen.

iv. Calculate the true magnification (M) on
the fluorescent screen:

[ ERVIEE Y
MaALY

where:

X=total distance (mm) between the des-
ignated grating lines:

Gacalibration constant of the grating replica

{lines/mm):

Y=snumber of grating replica spaces counted

along X.

c. Calibration of the EDXA System. Ini-
tially. the EDXA system must be calibrated
by using two reference elements to calibrate
the energy scale of the instrument. When
this has been completed in accordance with
the manufacturer’s instructions. calibration
in terms of the different types of asbestos
can proceed. The EDXA detectors vary In
both solid angle of detection and in window
thickness. Therefore, at a particular accel-
erating voltage in use on the TEM, the count
rate obtained from specific dimensions of
fiber will vary bath in absciute X-ray count
rate and in the relative X-ray peak heights
for different elements. Oniy a few minerals
are relevant for asbestos abatement work,
and in this procedure the calibration is spec-
ified in terms of a “fingerprint’” technique.
The EDXA spectra must be recorded from in-
dividual fibers of the relevant minerals. and
identifications are made on the basis of
semiquantitative comparisons with these
reference spectra.

d. Calibration of Grid Openings.

. Measure 20 grid openings on each of 20
random 200-mesh copper grids by placing a
grid on a glass slide and examining it under
the PCM. Use a calibrated graticule to meas-
ure the average field diameter and use this
number to calculace the field area for an av-
erage grid opening. Grids are to be randomly
selected from batches up to 1.000.

NOTE: A grid opening is considered as one

a r & 3 - halh
field.

ii. The mean grid copening area must be
measured for the type of specimen grids in
use. This can be accomplished on the TEM at
a properly calibrated low magnification or
on an optical microscope at a magnification
of approximately 400X by using an eyepiece
fitted with a scale that has been calibrated
against a stage micrometer. Optical micros-
copy utilizing manual or automated proce-
dures may be used providing instrument cali-
bration can be verified.

e. Determination of Camera Constant and
ED Pattern Analysis.

i. The camera length of the TEM in ED op-
erating mode must be calibrated before ED
patterns on unknown samples are observed.
This ¢can be achieved by using a carbon-coat-
ed grid on which a thin filim of gold has been
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sputtered or evaporated. A thin film of gold
is evaporated on the specimen TEM grid to
obtain zone-axis ED patterns superimposed
with a ring pattern from the polycrystalline
gold fiim.

ii. In practice. it is desirable to optimize
the thickness of the gold film so that only
one or two sharp rings are obtained on the
superimposed ED pattern. Thicker goid film
would normally give multiple gold rings, but
tr will tend to mask weaker diffraction spots
from the unknown flbrous particulates.
Since the unknown d-spacings of most inter-
est in asbestos analysis are those which lie
closest to the transmitted beam. multiple
gold rings are unnecessary on zone-axis ED
patterns. An average camera constant using
multiple gold rings can be determined. The
camera constant is one-half the diameter. D,
of the rings times the interplanar spacing, d.
of the ring being measured.

K. Quality Control/Quality Assurance
Procedures (Data Quality Indicators)

Monitoring the environment for airborne
asbestos requires the use of sensitive sam-
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pling and analysis procedures. Because the
test is sensitive, it may be influenced by a
variety of factors. These include the supplies
used in the sampling operation, the perform-
ance of the sampiing, the preparation of the
grid from the filter and the actual examina-
tion of this grid in the microscope. Each of
these unit operations must produce a prod-
uct of defined quality if the analytical result
is to be a reliable and meaningful test result.
Accordingly. a series of control checks and
reference standards is performed along with
the sample analysis as indicators that the
materials used are adequate and the oper-
ations are within acceptable limits. In this
way, the quality of the data is defined and
the results are of known value. These checks
and tests also provide timely and specific
warning of any problems which might de-
velop within the sampling and analysis oper-
ations. A description of these quality con-
trol/quality assurance procedures is surnma-
rized tn the following Table III:
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TABLE III--SUMMARY OF LABCRATCRY
NDATA QUALITY OBJECTIVES

. Conformance
Tinit Onertinn OC Cherke Frmienty Expeczuion
Sample receiving Review of receiving report Each sample 95% complee
Sample custody Review of chain-ofcustody recory Each sample 9¢% complete
Sample prep Supplics and reag: On recepu Mgt specs. of reject
Gnd opening size 20 openings/~0 grids/lot 100%
of 1000 or ! opeming/sample
Specual clean area monilonng Aller cleaning of service Mezet specs or reclean
Laboratory Slank 1 per prep senes or 10% Mueet specs. or
reanalyie senes
Plasma ctch blank 1 per 20 sampies 5%
Muluple preps (3 per sample)} Each sample One with cover of 15
complete gnd sgs.
Sampie analysis Sysiem check Exh day Each day
Alignment check Each day Each day
Magnificauon calibradon with low and high Each month or after service 95%
sandards
ED catibvation by goid standard Weckly 95%
EDS calibradion by copper line Daly 95%
P check Laboratory blank {; of cleanliness) Prep | per senes or 10% Meet specs or
read | per 25 samples reanalyze senes
Repli g (measure of p ) 1 per 100 samples. 1.5 x Poisson Sid. Dev
Duplicare analyss (measure of reproducibulity; 1 per 100 sampies 2 a Powsson Sud. Dev,
Known samples'of typical matenals Trauning and for com- 0%
{working sandands) paNson with unknowns
Analysis of NBS 5RM 1876 and/or RM 8410 1 per analy< per year 1.5 x Poisson Sul. Dy
(measure of xcuracy and comparability)
Dawa enuy review (dau validation and measure Each sample 9%
of completeness)
Record and verily D elecoren diffracgion pacer 1 per § sampiles 80% accurxcy
of saucwre
Calculations and Hand of dada red 1 per 100 samples 85%
daa reducton or independ L of hand-
cakculaed daca

1. When the samples arrive at the labora-
tory. check the samples and documentation
for completeness and requirements befare
initiating che analy sis.

2. Check all laboratory reagents and sup-
plies for acceptable asbestos background lev-
els.

3. Conduct all sample preparation in a
¢lean room environment monitored by lab-
oratory blanks and special testing afrer
cleaning or servicing the roomn

4. Prepare multiple grids of each sample.

C

5. Provide laboratory blanks with each
sample batch. Maintain a cumulative aver-
age of these results. If this average is greater
than 33 t/rmm? per 10 200-inesh grid openings.
check the system for passible sources of con-
tamination.

6. Check for recovery of asbestos from cel-
lulose ester filters submitted to plasma
asher

1. Check for asbestos carryover in the plas-
ma asher by including a blank alongside the
positive control sample
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8. Perform a systems check on the trans-
mission electron microscope daily.

9. Make periodic performance checks of
magnification. electron diffraction and en-
ergy dispersive X-ray systems as set forth in
Table III of Unit [IL.K.

10. Ensure quzlified operator performance
by evaluation of replicate counting, dupli-
cate analysis. and standard sample compari-
sons as set forth in Table III of Unit [II.K.

11. Validate all data entries.

12. Recalculate a percentage of all com-
putations and automatic data reduction
steps as specified in Table IIL.

13. Record an electron diffraction pattern

of one asbestos structure from every five
samples that contain asbestos. Verify the
identification of the pattern by measure-
ment or comparison of the pattern with pat-
terns collected from standards under the
same conditions.
The outline of quality control procedures
presented above Is viewed as the minimum
required to assure that quality data is pro-
duced for clearance testing of an asbestos
abated area. Additional information may be
gained by other control tests. Specifics on
those control procedures and options avail.
able for environmental testing can be ob-
tained by consulting References 6. 7. and 11
of Unit [ILL.
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IV Mandarory Interpretation of Transmission
Electron Microscopy Results to Determine
Completion of Response Actions

A. Introduction

A response action is determined to be com-
pleted by TEM when the abatement area has
been cleaned and the airborne asbestos con-
centration inside the abatement area ls no
higher than concentrations at locations out-
side the abatement area. "Outside” means
outside the abatement area. but not nec-
essarily ourside the huilding, EPA reasons
that an asbestos removal contractor cannot
be expected to clean an abatement area to an
airborne asbestos concentration that is
lower than the concentration of air entering
the abatement area from outdoors or from
other parts of the building. After the abate-
ment area has passed a thorough visual in-
spection, and before the outer containment
barrier is removed. a minimum of five air
samples inside the abatement area and a
minimum of five air samples outside the
abatement area must be collected. Hence,
the response action is decermined to be com-
pleted when the average airborne asbestos
concentration measured inside the abate-
ment area is not statistically different from
the average airborne asbestos concentration
measured outside the abatement area.

The inside and outside concentrations are
compared by the Z-test, a statistical test
that takes into account the variability in
the measurement process. A minimum of
five samples inside the abatement area and
five samples outside the abatement area are
required to control rhe false negative error
rate, i.e., the probability of declaring the re-
moval complete when, in fact. the air con-
centration inside the abatement area is sig-
nificantly higher than outside the abatement
area. Additional quality control is provided
by requiring three blanks (filters through
which no air has been drawn) to be analyzed
to check for unusually high filter contami-
nation that would distort the test results.

When volumes greater than or equal to
1,199 L for a 25 mm filter and 2.799 L for a 37
mm filter have been collected and the aver-
age number of asbestos structures on sam-
ples inside the abatement area is no greater
than 70 s/imm¢ of filter. the response action
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may be considered complete without com-
paring the inside samples to the outside sam-
ples. EPA is permitting this initial screening
test to save analysis costs in situations
where the airborne asbestos concentration is
sufficiently low so that it cannot be distin-
guished from the filter contamination/back-
ground level (fibers deposited on the filter
that are unrelated to the air being sampled).
The screening test cannot be used when vol-
umes of less than [,199 L for 25 mm filter or
2,799 L for a 37 mm filter are coilected be-
cause the ability to distinguish levels sig-
nificantly different from filter background is
reduced at low volumes.

The initial screening test is expressed in
structures per square millimeter of filter be-
cause filter background levels come from
sources other than the air being sampled and
cannot be meaningfully expressed as a con-
centration per cubi¢ centimeter of air. The
value of 70 ssmm? is based on the experience
of the panel of microscopists who consider
one structure in 10 grid openings {each grid
copening with an area of 0.0057 mm? to be
comparable with contamination/background
levels of blank filters. The decision is based.
in part, on Poisson statistics which indicate
that four structures must be counted on a
filter before the fiber count Is statistically
distinguishable from the count for one struc-
ture. As more information on the perform-
ance of the methed is collected. this ecri-
terion may be modified. Since different com-
binations of the number and size of grid
cpenings are permitted under the TEM pro-
tocol. the cricerion is expressed in structures
per square millimeter of filter to be con-
sistent across all combipations. Four struc-
tures per 10 grid openings corresponds to ap-
proximately 70 s/mm?2.

B. Sample Collection and Analysis

1. A minimum of 13 samples is required:
five samples collected inside the abatement
area, five samples collected outside the
abatement area, two field blanks, and one
sealed blank.

2. Sampling and TEM analysis must be
done according to either the mandatory or
nonmandatory protocols in Appendix A, At
least 0.057 mm? of filter must be examined on
blank filters.

C. Interpretation of Results

1. The response action shall be considered
complete if either:

a. Each sample collected inside the abate-
ment area consists of at least 1.199 L of air
for a 25 mm fllter. or 2,799 L of air for a 37
mm filter. and the arithmetic mean of their
asbestos structure concentrations per square
millimeter of filter is less than or equal to 70
s‘mmé; or

b. The three biank samples have an arith-
metic mean of the asbestos structure con-
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centration on the blank filters that is lesst-
than or equal to 70 ssmm? and the average
airborne asbestos concentration measured
inside the abatement area is not statistically
higher than the average airborne asbestos
concentration measured outside the abate-
ment area as determined by the Z-test. The
Z-test is carried our by calculating

5. %Y
0.8(1/ﬂ| + '/‘o)'/2

where Y, is the average of the natural loga-
rithms of the inside samples and Yo is the
average of the natural logarithms of the out-
side samples, n, is the number of inside sam-
ples and no is the number of cutside samples,
The response action is considered cornplete if
Z is less than or equal to t.65.

NOTE: When no fibers are counted. the cal-
culated detection limit for that analysis is
inserted for the concentracton.

2. [f the abatement site does not satisfy ei-
ther (1) or (2) of this Section C, the site must
be recleaned and a new set of samples col-
lected.

D. Sequence for Analyzing Samples

It is possible to determine completion of
the response action without analyzing all
samples. Also. at any point in the process. a
decision may be made to terminate the anal-
ysis of existing samples, reclean the abate-
ment site, and collect a new set of samples.
The following sequence is outlined to mini-
mize the number of analyses needed to reach
a decision.

1. Analyze the inside samples.

2. If at leasc 1.199 L of air for a 25 mm filter
or 2.799 L of air for a 37 mm filter is collected
for each inside sample and the arithmetic
mean concentration of structures per square
millimeter of filter is less than or equal to 70
s‘'mm?, the response action is complete and
no further analysis is needed.

3. If less than 1.199 L of air for a 25 mm fil-
ter or 2.79% L of air for a 37 mm filter is col-
lected for any of the inside samples, or the
arithmetic mean concentration of structures
per square millimeter of filter is greatert-
than 70 s‘fmm¢, analyze the three blanks.

4. If the arithmetic mean concentration of
structures per square millimeter on the
biank filters is greater than 70 s/mm?, termi-
nate the analysis. identify and correct the
source of blank contamination. and collect a
new set of samples.

3. If the arithmetic mean concentration of
structures per square millimeter on the
blank filters is less than or equal to 70 s/
mm?, analsce the ourside samples and per-
form the Z-test.
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6. If the Z-statistic is less than or equal to
1.63. the response action is complete. If the
Z-statistic is greater than L.85. reclean the
abatement site and collect a new set of sam-
ples.

[52 FR 41857, Oct. 30, 1987]

APPENDIX B TO SUBPART E—WORK
PRACTICES AND ENGINEERING CON-
TROLS FOR SMALL-SCALE, SHORT-
DURATION  QPERATIONS  MAINTE-
NANCE.AND REPAIR (O&M)} ACTIVI-
TIES INVOLVING ACM

This appendix is not mandatory. in that
LEAs may choose to comply with all the re-
quirements of 40 CFR 763.121. Section
763.91(b) extends the protection provided by
EPA in its 40 CFR 763.121 for worker protec-
tion during asbestos abatement projects to
employees of local education agencies who
perform small-scale, short-duration oper-
ations. maintenance and repair (O&M) ac-
tivities involving asbestos-containing mate-
rials and are not covered by the OSHA asbes-
tos construction standard at 28 CFR 1526.38
or an asbestos worker protection standard
adopted by a State as part of a State plan
approved by OSHA under section 18 of the
Occupational Safety and Health Act. Em-
ployers wishing to be exempt from the re-
quirements of §763.121 (e)(8) and (N{(2)(1) may
instead comply with the provisions of this
appendix when performing small-scale,
short-duration O&M activities.

Definition of Small-Scale. Short-Duration
Activities

For the purposes of this appendix. small-
scale, short-duration maintenance activities
are tasks such as, but not limirted to:

I. Removal of asbestos-containing insula-
tion on pipes.

2. Remaoval of small quantities of asbestos-
containing insulation on beams or above
ceilings.

3. Replacement of an asbestos-containing
gasket on a valve.

i. Installation or removal of a small sec-
tion of drywall.

5. (installation of electrical conduits
through or proximate to asbestos-containing
materials.

Small-scale. short-duration maintenance
activities can be further defined, for the pur-
poses of this subpart. by the fellowing con-
siderations:

1. Removal of small quantities of asbestos-
containing materials (ACM) only If required
in the performance of another maintenance
activity not intended as asbestos abatement.

2. Removal of asbestos-containing thermal
system insulation not to exceed amounts
greater than those which can be contained in
a single glove bag.

Pt. 763, Subpt. E, App. B

3. Minor repairs to damaged thermal sys-
tem insulation which do not require re-
moval.

1. Repairs to a piece of asbestos-containing
wallboard.

5. Repairs. involving encapsulation. enclo-
sure or removal. to small amounts of friable
asbestos-containing material only if required
in the performance of emergency or routine
maintenance activity and not intended sole-
ly as asbestos abatement. Such work may
not exceed amounts greater than those
which can be contained in a single prefab-
ricated minienclosure. Such an enclosure
shail conform spatiaily and geometrically to
the localized work area. in order to perform
its intended containment function.

OSHA concluded that the use of certain en-
gineering and work practice controls is capa-
ble of reducing employee exposures to asbes-
tos to levels below the final standard's ac-
tion level (0.1 ffcm?). (See 51 FR 22714, June
20, 1986.) Several controls and work prac-
tices, used either singly or in combination,
can be employed effectively to reduce asbes-
tos exposures during small maintenance and
renovation operations. These include:

1. Wer methods.

2. Removal methods.

1. Use of glove bags.

if, Remeoval of entire asbestos Insulated
pipes or structures.

iil, Use of minienclosures.

1. Enclosure of ashestos materials.

4. Maintenance programs.

This appendix describes these controls and
work practices in detail.

Preparacion of the Area Before Renovation
or Maintenance Activities

The first step in preparing to perform a
small-scale, short-duration asbestos renova-
tion or maintenance task. regardless of the
abatement merhod that will be used, is the
removal from the work area of all objects
that are movable to protect them from as-
bestos contamination. Objects that cannot
be removed must be covered completely with
§-mil-thick polvethylene plastic sheeting be-
fore the task begins. If objects have already
been contaminated. they should be thor-
oughly cleaned with a High Efficiency Par-
ticulate Air (HEPA) filtered vacuum or be
wet-wiped before they are removed from the
work area or completely encased in the plas-
tic,

Wer methods. Whenever feasible. and re-
gardless of the abatement methed to be used
(e.g.. removal. enclosure. use of glove bags).
wet methods must be used during small-
scale, short-duration maintenance and ren-
ovation activities that involve disturbing as-
bestos-containing martertals. Handling asbes-
tos matecials wet is one of the most reliable
methods of ensuring that asbestos fibers do
not become airborne. and this practice
should therefore be used whenever feasible.
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Method 435

Determination of Asbestos Content of Serpentine Aggregate

1 PRINCIPLE AND APPLICABILITY
1.1  Principle.

Asbestos fibers may be released from serpentine rock formations and are determined by
microscopic techniques. The results are very sensitive to sampling procedures. The

aatwa Wt eI Bl

analytical results are reported in percent asbestos fibers which is the percent number of
asbestos fibers contained in 400 randomly chosen particles of a bulk sample. Since the
homogeneity of the material is unknown, the uncertainty in the sampling cannot be
defined. The uncertainty of the analytical technique is two percent if twenty asbestos
fibers are counted in a sample of 400 particles. The derivation of this uncertainty value is
explained in Section 7.4.

1.2 Applicability.
This method is applicable to determining asbestos content of serpentine aggregate in
storage piles, on conveyor belts, and on surfaces such as roads, shoulders, and parking
lots.

2 DEFINITIONS

2.1  Bulk Sample
A sample of bulk material.

2.2 Grab Sample
A sample taken from a volume of material.

2.3  Composite Sample
A mixture or blend of material from more than one grab sample.

2.4  Serpentine

Serpentinite, serpentine rock or serpentine material.
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2.5 Executive Officer

The term Executive Officer as used in this method shall mean the Executive Officer of
the Air Resources Board (ARB) or Air Pollution Control Officer/Executive Officer of a
local air pollution control district/air quality management district.

3 APPLICABLE SOURCES

This method can be used to obtain bulk material samples from three types of sources:
1. Serpentine aggregate storage piles,

2. Serpentine aggregate conveyor belts

3. Serpentine aggregate covered surfaces,

4 SAMPLING APPARATUS

4.1  Serpentine Aggregate Storage Piles.

Tube insertion often provides the simplest method of aggregate material investigation and
sampling. Insertion tubes shall be adequate to provide a relatively rapid continuous
penetration force.

4.1.1 Thin-walled tubes should be manufactured as shown in Figure 1. The tube should
have an outside diameter between 2 to 5 inches and be made of metal or plastic
having adequate strength for penetration into aggregate piles. These tubes shall be
clean and free of surface irregularities including projecting weld scams. Further
information on these tubes can be found in Table | and ASTM D 1587-83, which is

incorporated herein by reference,

4.1.2 The insertion tube can be made out of commercially available two inch PVC Schedule
40 pipe. Further information on the tube can be found in Table 2.

413 A round point shovel may be used.

42  Serpentine Aggregate Conveyor Beits.

4.2.1 Sampling of aggregate off a conveyor belt requires a hand trowel, a small brush, and a
dust pan.

422 Two templates as shown in Figure 2 are needed to isolate material on the conveyor
belt.

423 An automated belt sampler may be used.
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43  Serpentine Aggregate Covered Surfaces.

A shovel, a hand or machine-operated auger or other suitable equipment can be used to
collect samples of aggregate materials on covered surfaces.

~

43.1 Hand-Cperated Augers.

4.3.1.1 Helical Augers-Small lightweight augers such as spiral-type augers and ship-type
augers may be used. A description of these augers can be found in ASTM
D1452-80, which is incorporated herein by reference.

4312 Orchard barrel and open spiral-type tubular augers may be used to collect samples.
These augers range in size from 1.5 through 8 inches, and have the common
characteristic of appearing essentially tubular when viewed from the digging end.
Further description of these auger types can be found in ASTM D1452-80.

43.13 Clam Shell or Iwan-Type post-hole augers may be used to collect samples from
surfaces generally 2 through 8 inches in diameter and have a common mean of
blocking the escape of soil from the auger. Further description of these augers can
be found in ASTM D1452-80.

432 Machine-Operated Augers
Machine-Operated Augers such as helical augers and stinger augers may be used.

These augers are normally operated by heavy-duty, high-torque machines, designed
for heavy construction work. Further description of these augers can be found in

ASTM D1452-80.

433 A round point shovel can also be used to obtain a sample of aggregate covered surface
material.

5 SAMPLING

The sampling procedure has been developed to provide an unbiased collection of bulk
samples. A sampling plan, including a description of how the grab samples will be randomly
collected and the number of samples to be collected, shall be developed. Prior to conducting
any sampling the sampling plan shall be submitted to the Executive Officer for approval, if
the sampling is conducted for determining compliance with a rule or regulation. The amount
of composite 200 mesh material, as described below, shall be sufficient to provide sample to

the source or Executive Officer, if requested, and a sample to be archived for future use.
A single test as described below shall cover:
a) 1000 tons of aggregate for piles and conveyor belts, or

b) one acre aggregate covered surface, or
¢) one mile of aggregate covered road, or
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d) two acres or two miles of dual aggregate coverad shoulders.

Exposure to airbomne asbestos fibers is a health hazard. Asbestos has been listed by the
Govermor as causing cancer and identified by the Air Resources Board as a toxic air
contaminant. Serpentine aggregate may contain asbestos. Bulk samples collected can
contain friable asbestos fibers and may release fibers during sampling, handling or crushing
steps. Adequate safety precautions should be followed to minimize the inhalation of asbestos
fibers. Crushing should be carried out in a ventilated hood with continuous airflow (negative
pressure) exhausting through an HEPA filter. Handling of samples without these precautions
may result in the inhalation of airborne asbestos fibers.

Serpentine Aggregate Storage Piles.

Serpentine aggregate storage piles typically have a conical or a triangular prism shape.
The aggregate is introduced at the top of the pile and is allowed to flow over the side.
This action, called sloughing, causes a size segregation to occur with the finer material
deposited towards the top of the pile.

The locations where grab samples will be taken are randomly chosen over the surface of
the pile. The method of randomly choosing the sampling locations is left up to sampling
personnel but must follow the procedures specified in the sampling persoanel plan. For
1000 tons of product, a grab sample shall be taken at a minimum of three randomly
chosen sampling locations. A minimum of three grab samples shall be taken even if the
product pile contains less than 1000 toas of material. The slough is raked or shoveied
away from the sampling location. A sampling apparatus is inserted one foot into the pile
and the material is removed and is placed in an appropriate sized sampling container.
Some of the possible sampling apparatus is discussed in Section 4.1. Each of the grab
samples shall be placed in the same sample container. This composited sample shall be
crushed to produce a material with a nominal size of less than threc-eighths of an inch.
Before crushing, the sample must be adequately dried. ASTM Method C-702-80, which
is incorporated herein by reference, shall be used to reduce the size of the crushed grab
sample to a one pint aliquot. The one pint aliquot shall be further crushed using a Braun
mill or equivalent to produce a material of which the majority shall be less than 200 Tyler
mesh. An aliquot of the 200 mesh material shall be put into a labeled sealed container.
The label shall contain all the information described in Section 6 (except item 4).

Serpentine Aggregate Conveyor Belts.

Serpentine aggregate is transported from the rock crushing plant to a product stacking belt
and finally to a storage pile or to a waiting truck for delivery to a buyer.

The grab samples shall be taken from the product stacking belt or if this is not possible
then at the first transfer point before the stockpile. The grab samples shall be collected by
stopping the belt 2 minimum of three times or using an automnated sampler. The method
of randomly choosing the sampling locations and intervals is left up to sampling

C-43



53

53.1

532

personnel but must follow the procedure specified in the sampling plan. For 1000 tons of
product, a grab sample is taken at a minimum of three randomly selected intervals. A
minimum of three samples shall be taken even if the generated product is less than 1000
tons. Each time the belt is stopped to take a grab sample, templates, as shown in Figure
2, are placed a minimum of six inches apart to isolate the material on the belt. The
material within the templates is removed with a small shovel or with a brush and a dust
pan for the finer material and is placed in an appropriate sized sampling container. This
composited sample shall be crushed to produce a material with a nominal size of less than
three-eighths of an inch. Before crushing, the sample must be adequately dried. ASTM
Method C-702-80, which is incorporated herein by reference, shall be used to reduce the
size of the crushed grab sample to a one pint aliquot. The one pint aliquot shall be further

e M s s lesmlamt b e dviaa 5 - ior
crushed using a Bruan mill or equivalent to produce a material which the majonty of

which shall be less than 200 Tyler mesh. An aliquot of the 200 mesh material shall be
put into a labeled sealed container. The label must contain all the information listed in
Section 6 (except item 4).

Serpentine Aggregate Covered Surfaces.
Serpentine Aggregate Covered Roads

A serpentine aggregate-covered road shall be characterized by taking grab samples
from a minimum of three randomly chosen locations per mile of road. The method of
randomly choosing the sampling locations is left up to sampling personne! but must
foliow the procedures specified in the sampling plan. A minimum of three samples
shall be taken even if the road is less than one mile long. Section 4.3 describes some
of the possible sampling apparatus used to collect the grab samples. Grab samples
shall not contain underlying soils. Each of the grab samples shall be placed in the
same sample container. This composited sample shall be crushed to produce a
material with a nominal size of less than three-eighths of an inch. Before crushing,
the sample must be adequately dried. ASTM Method C-702-80, which is
incorporated herein by reference, shall be used to reduce the size of the crushed grab
sample to a ane pint aliquot. The one pint aliquot shall be further crushed using a
Bruan mill or equivalent to produce a material which the majority of which shall be
less than 200 Tyler mesh. An aliquot of the 200 mesh material shall be put into a
labeled sealed container. The label must contain all the information listed in

Section § (except item 4).

Serpentine Aggregate Covered Areas

A serpentine aggregate-covered play yard or parking lot shall be characterized by
taking grab samples from a minimum of three randomly chosen locations per acre.
The method of randomly choosing the sampling locations is teft up to sampling
personne! but must follow the procedures specified in the sampling plan. A minimum
of three samples shall be taken even if the road is less than cne mile long. Section 4.3
describes some of the possible sampling apparatus used to collect the grab samples.
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Grab samples shall not contain underlying soils. Each of the grab samples shall be
placed in the same sample container. This composited sample shall be crushed to
produce a material with a nominal size of less than three-eighths of an inch. Before
crushing, the sample must be adequately dried. ASTM Method C-702-80, which is
incorporated herein by reference, shall be used to reduce the size of the crushed grab
sample to a one pint aliquot. The one pint aliquot shall be further crushed using a
Bruan mill or equivalent to produce a material which the majority of which shall be
less than 200 Tyler mesh. An aliquot of the 200 mesh material shall be put into a
labeled sealed container. The label must contain all the information listed in

Section § (except item 4),

Serpentine Aggregate Covered Road Shoulders

The sampling procedure specified in Section 5.3.1 or 5.3.2 shall be used for road
shoulders covered with serpentine aggregate. The only difference is that a minimum
of three grab samples shall be taken over a length of two miles of shoulder or over an
area of two acres of shoulder surface. The word shoulder is meant to imply shoulders
on both sides of the road. For serpentine aggregated covered shoulders, the sampling
plan specified in Section 5 shall indicate whether the samples are collected on a two
mile or two acre basis.

SAMPLING LOG

A sample log must be kept showing:
1) A unique sample number.

2) Facility name.

3) Facility address or location where sample is taken.

4) A rough sketch, video tape, or photograph of the specific sampling locations.
5) Date and time of sampling.

6) Name of person performing sampling.

ANALYTICAL PROCEDURES
Principle and Applicability.

Samples of serpentine aggregate taken for asbestos identification are first examined for
homogeneity and preliminary fiber identification at low magnification. Positive
identification of suspect fibers is made by analysis of subsamples with the polarized light
microscope.

The principles of optical mineralogy are well established.>* A light microscope equipped
with two polarizing filters coupled with dispersion staining is used to observe specific
optical characteristics of a sample. The use of plane polarized light allows the
determination of refractive indices along specific crystallographic axes. Morphology and
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color are also observed. A retardation plate is placed in the polarized light path for
determination of the sign of elongation using orthoscopic illumination. Orientation of the
two filters such that their vibration planes are perpendicular (cross polars) allows
observation of the birefringence and extinction characteristics of anisotropic particles.

Quantitative analysis involves the use of point counting. Point counting is a standard
technique in petrography for determining the relative areas occupied by separate minerals
in thin sections of rock. Background information on the use of point counting® and the
interpretation of point count data* is available.

This method is applicable to alt bulk samples of serpentine aggregate submitted for
identification and quantification of asbestos components.

Range.
The analytical method may be used for analysis of samples containing from 0 to 100

percent asbestos. The upper detection limit is 100 percent. The lower detection limit is
0.25 percent.

Interferences.

Fibrous organic and inorganic constituents of bulk samples may interfere with the
identification and quantitation of the asbestos content. Fine particles of other materials
may also adhere to fibers to an extent sufficient to cause confusion in the identification.

Analytical Uncertainty.

The uncertainty method is two percent if twenty asbestos fibers are counted in a sample
of 400 particles. The uncertainty of the analytical method may be assessed by a 95%
confidence interval for the true percentage of asbestos fibers in the rock. The number of
asbestos fibers in the sample is assumed to have a binomial distribution. If twenty
asbestos fibers are found in a sample of 400 particles, a one-sided confidence interval for
the true percentage has an upper bound of seven percent or an analytical uncertainty of
two percent.!! The confidence interval used here is an "exact” interval computed directly
from the binomial distribution.

Apparatus.

Microscope. A low-power binocular microscope, preferable stereoscopic, is used to
examine the bulk sample as received.

* Microscope: binocular, 10-45X
* Light Source: incandescent, fluorescent, halogen or fiber optic

* Forceps, Dissecting Needles, and Probes
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* Glassine Paper, Clean Glass Plate, or Petri dish

* Compound Microscope requirements: A polarized light microscope complete
with polarizer, analyzer, port for wave retardation plate, 360° graduated rotating
stage, substage condenser, lamp, and lamp iris

* Polarized Light Microscope: described above

* Objective Lenses: 10X

* Dispersion Staining Objective Lens: 10X

*  Qcular Lens: 10X

* Eyepiece Reticule: 25 point or 100 point Chalkley Point Array or cross-hair

* Compensator Plate: 550 millimicron retardation

*  First Order Red [ Compensator: 530 namometers

Reagents.

Refractive Index Liquids: 1.490 - 1.570, 1.590 - 1.720 in increments of 0.002 or 0.004.

Refractive Index Liquids for Dispersion Staining: High-dispersion series, 1.550, 1.605,
1.630 (optical).

UICC Asbestos Reference Sample Set: Available from UICC MRC Pneumoconiosis
Unit, Lisndough Hospital Penarth, Glamorgan CF6 1xw, UK and commercial
distributors.

Tremolite-asbestos: Available from J. T. Baker.
Actinolite-asbestos: Available from J. T. Baker.

Chrysotile, Amosite, and Crocidolite is available fro
and Technology.
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Anthrophyllite, Tremolite, Actinolite will be available from the National Institute of
Standards and Technology during the first quarter of 1950.
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PROCEDURES

Exposure to airborne asbestos fibers is a health hazard. Bulk samples submitted for analysis
are usually friable and may release fibers during handling or matrix reduction steps. All
samples and stide preparations should be carried out in a ventilated hood or glove box with
continuous airflow (negative pressure) exhausting through an HEPA filter. Handling of
samples without these precautions may result in exposure of the analyst and contamination of
sampies by airborne fibers.

Sample Preparation.

An aliquot of bulk material is removed from the one pint sample container. The aliquot is
spread out on a glass slide. A drop of staining solution with appropriate refractive index
is added to the aliquot. A cover slide is placed on top of the sample slide.

The first preparation should use the refractive index solution for Chrysotile. If during the
identification phase other asbestiforms are suspected to be present in the sample, due to
their morphology, then additional analyses shall be performed with the appropriate
solutions. Report the percentages of each asbestiform and combine percentages to
determine total asbestos concentrations.

Fiber Identification.

Positive identification of asbestos requires the determination of the following optical
properties:

Morphology (3 to 1 minimum aspect ratio)
Color and plechroism

Refractive indices

Birefringence

Extinction characteristics

Sign of elongation

Table 3 lists the above properties for commercial asbestos fibers. Natural variations in
the conditions under which deposits of asbestiform minerals are formed will occasionally
produce exceptions to the published values and differences from the UICC standards.

The sign of elongation is determined by use of the compensator plate and crossed polars.
Refractive indices may be determined by the Becke line test. Becke line test or dispersion
staining shall be used to identify asbestos fibers. Central stop dispersion staining colors

are presented in Table 4. Available high-dispersion (HD) liquids should be used.
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Quantification of Asbestos Content.

Asbestos quantification is performed by a point-counting procedure. An ocular reticle
(point array) or cross-hair is used to visually superimpose points on the microscope field
of view. The point counting rules are as follows:

L.

2.

6.

Record the number of points positioned directly above each particle or fiber.
Record only one point if two points are positioned over same particle or fiber.
Record the number of points positioned on the edge of a particle or fiber.

If an asbestos fiber and a matrix particle overlap so that a point is superimposed on
their visual intersection, a point is scored for both categories.

If a test point lies over an ambiguous structure, no particle or fiber is recorded.
Examples of "ambiguous” structures are:

a) fibers whose dispersion colors are difficult to see
b) structures too small to categorize.

A fiber mat or bundle is counted as one fiber.

For the purpose of the method, "asbestos fibers” are defined as mineral fibers having an
aspect ratio greater than 3:1 and being positively identified as one of the minerals in
Table 3.

A total of 400 points superimposed on either asbestos fibers or nonasbestos matrix
material must be counted over at least eight different preparations of representative
subsamples. Take eight forceps samples and mount each separately with the appropriate
refractive index liquid. The preparation should not be heavily loaded. The sample should
be uniformly dispersed to avoid overlapping particles and allow 25 - 50 percent empty
area within the fields of view. Count 50 nonempty points on each preparation, using
either

a reticle with 100 points (Chalkley Point Array) and counting 25 points in at least two
randomly selected fields.

ar

a reticle with 25 points (Chalkley Point Array) and counting at least two randomly
selected ficlds.
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or
a reticle with a standard cross-hair and counting at least 50 randomly selected fields.

For samples with mixtures of isotropic and anisotropic materials present, viewing the
sample with slightly uncrossed polars or the addition of the compensator plate to the
polarized light path will allow simultaneous discrimination of both particle types.
Quantitation should be performed at 100X. Confirmation of the quantitation result by a
second analyst on 10 percent of the analyzed samples should be used as standard quality
control procedure. All optical properties in Section 8.2 shall be determined to positively
identify asbestos.

EXCEPTION I

If the sample is suspected of containing no asbestos a visual technique can be used to
report that the sample does not contain asbestos. The rules are as follows:

1. Prepare three slides as described in Section 8.3.
2. View 10 fields per preparation. Identify all fibers.

3. [fall fibers are nonasbestos, report no asbestos were found and that visual technique
was used.

4. If one fiber is determined to be asbestos, discontinue the visual method and perform
the point counting technique as described above.

EXCEPTION II

If the sample is suspected to have an asbestos content in excess of ten percent, 2 visual
technique can be used to report that the sample contains greater than ten percent asbestos.
The standard operating procedure of the visual technigue allowed in the National Institute
of Standards and Technology's National Voluntary Laboratory Accreditation Program,
Bulk Asbestos Handbook, National Institute of Standards and Technology publication
number NISTIR 88-3879 dated October 1988, which is incorporated herein by reference,

shall be followed.

C-50



9 CALCULATIONS

The percent asbestos is calculated as follows:

% asbestos = [ E) 100%
n
Where:
a = number of asbestos counts
n = number of nonempty points counted (400)
ffa = 0, report "No asbestos detected.”
Ifa > 0, report the calculated value to the nearest 0.25%

If "no asbestos detected: is reported by the point counting technique, the analyst may report
the observation of asbestos fibers in the non-counted portions of the sample.

10 ALTERNATIVE METHODS
10.1  Alternative Sampling Methods.
Alternative sampling methods may be used as long as they are substantially equivalent to

the sampling methods discussed in Section 5 and approved by the Executive Officer of

R _ P . —~— t] - . M
the Air Resources Board. The ARB Executive Offcier may require the submittal of test

data or otehr information to demonstrate equivalency.

10.2  Analytical Methods.
An aiternative analytical method may be used as longas it produces results substantially
equivalent to the results produced by the point counting method and approved by the
Executive Officer of the Air Resources Board. The ARB Executive Officer may require
the submittal of test data or other information to demonstrate equivalency. :
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Figure 1

Thin Wall Tube for Sampling
Ltk o8 Jpactfind i Methed
Ly ]
ma
l [— Oomee = Spected bl

Note 1 Minimum of two mounting holes on opposite sides for 2 to 3 inch diameter sampler.

Note 2 Minimum of four mounting holes spaced at 90° for samplers 4 inch diameter and larger.

Note 3 Tube held with hardened screws.

Note 4 Two inch outside-diameter tubes are specified with an 18-guage wall thickness to comply with
area ratio criteria accepted for "undisturbed samples.” Users are advised that such tubing is

difficult to locate and can be extremely expensive in small quantities. Sixtcen-guage tubes are
generally readily available.
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Table

Suitable Thin Walled Steel Sample Tube*

OUTSIDE DIAMETER:
iches 2 3 5
millimeters 50.3 76.2 i 127
WALL THICKNESS:
Bwg 18 16 11
inches 0.049 0.065 0.120
millimeters 124 1.65 3.05
TUBE LENGTH:
inches 36 36 54
meters 091 0.91 1.45
CLEARNACE RATIO, % 1 1 1
A

The three diameters recommended in Table | are indicated for purposes of standardization, and are
not intended to indicate that sampling tubes of intermediate or larger diameters are not acceptable.
Lengths of tubes shown are illustrative. Proper lengths to be determined as suited to field
conditions.

C-54



Table 2

Dimensional Tolerances for Thin Walled Tubes

Nominal Tube Diameters from Table 1* Toelrances, inches

Size Outside Diameter 2 3 4
Qutside Diameter +0,007 +0.010 : +0.015

-0.000 4.000 -0.000
Inside Diameter +),000 +0.000 +0.000

-0.007 -0.010 -0.015

Wall Thickness +0.007 +0.010 +0.015
Ovality 0.015 0.020 0.030
Straightness 0.030/8t 0.030/ft 0.030/ft
A Intermediate or larger diameters should be proportional. Tolerances shown are essentially standard

commercial manufacturing tolerances for seamless steel mechanical tubing. Specify oaly two of
the first three toelrances; 0. D. and 1. D. or O. D. and Wall, or I. D. and Wall.
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Figure 2
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