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Environmental Protection Agency

an accredited inspector under para-
graphs {(a) (3). (4). (5} of this section, or
an architect, prgject engineer or ac-
credited inspector under paragraph
{@a)(?) 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
MANCATORY SECTION TO DETERMINE
COMPLETION OF RESPONSE ACTIONS

I Introduction

The following appendix contains three
units. The first unit is the mandatery trans-
mission electron microscopy (TEM! method
which all laboratories must fellow: it is the
minimum requirement for analysis of air
samples for asbestos by TEM. The manda-
tory methed concains the essentinl elements
of the TEM method. The second unit con-
rains zhe compiece non-mandatory method.
The non-mandatory method supplements the
mandatory method by including additional
steps to lmprove the analysis. EPA rec-
ommends that the non-mandateory mechod be
employed for analyzing air filters; however,
the ilaboratory may choose to emplay the
mandatory method.  The non-mandacocy
method contains the same minimum require-
ments as are outlined in the mandatory
mechod, Hence, laboratories may choose ei-
ther of the two methods for analyzing air
samples by TEM.

The final unit of chis Appendix A to sub-
part E defines the steps which must be taken
to derermine complecion of response actions.
This unit is manrdatory.

IT. Mandatory Trarnsmission Electron
Micrascopy Method

A. Definitions of Terms

L. Anafytical sensitivitv—Airborne asbestos
concentration represented by each fiber
counied under the electron microscepe. [t is
determined by the air volume coilected and
the pruporrion af the filter examined This
method requires that the analytical sensi-
tivity be no greater than 0005 structures
cm?,

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

3. Aspecr ratio—A ratio of the length o the
width af a particle. Misimum aspect ratio as
defined by this method is aqual to or greater
than 3:1.

4. Bumdle—A structure composed of three
or more fibers in a parallel arrangement

Pt 763, Subpt. E, App. A

with each fiber closer than one fiber diame-
ter,

5. Clean area—A controlled environment
which s maintained and monitored 1o assure
a low probability of asbestos contamination
to materlals in that space. Clean areas used
In this method have HEPA filtered air under
positive pressure and are capable ol sus-
tained operacion with an open laboratory
blank which on subsequent analysis has an
average of less than 1§ structures/mm? in an
area of 0.057 mm? (norninally 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 arrangement such that all fibers are
intermixed and no single flber is Isglaced
from the group. Groupings must have more
chan 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 pm in length with an aspect ratio
(length to width) of 3:1 ur greater and having
subsrancially parallel sides.

10. Grid—An open structure for mountiog
on the sample o aid in its examination in
the TEM. The termn is used here to denote a
200-mesh copper latrtice approximately 3 mm
In diameter.

11. Intersection—Nonparallel teouching or
crossing of fibers, with the projection having
an aspect ratio of 3:1 or greater.

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

13. Filter background levei—The concentra-
tion of structures per square millimeter af
filter that is considered indistinguishable
from the concentrarion measured on a blank
(filters through which no air has been
drawn). For this method the flter back-
ground fevel is defired as 70 structures/mm?.

1. Matriv—Fiber or fibers with one end
free and the other #nd embedded in or hidden
by a particulate. The exposed fiber must
meet the fiber definition.

15. MS0O—No structure detected,

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

17. PCA/[—Phase contrast microscopy.

18. SAED Selecred area eleciron diffrac-
tion.

19. $EM—Scanning electran microscope.

20. STEM-—Scunning transmission electron
microscope.

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

22, Semd—Sgructures per cubic centimeter.

21 Swpe--Structures per square milli-
meter.

21, TEM--Transmission
scope.

electron  micro-
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B. Sampling

L. The sampling agency must have written
guality ¢ontrol procedures and documents
which verily compliance.

2. Sampling aperations must be perfarmed
by qualified individuals completely inde-
pendent of the abatement centractor to
aveld possible conflict of interest (Rel-
erences 1, 2, 3, and 5 of Unit IT..1),

3. Sampling for airborme asbestos following
an abarernent action must use commercially
available cassettes.

4. Prescreen the loaded cassetce collection
Nilters to assure that they do not conrain

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

concentrations of asbestos which may inter-
fere with the analysis of the sample. A fllter
blank average aof less than 18 mm? In an
area of 0.057T mm? (nominally 10 200-rmesh grid
openings) and a sipgle preparation with a
maximum of 33 ‘/mm? for chat same area Ls
acceptable for this mechod,

5. Use sample collection flters 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 than or equal ta
0.45 um.

6. Place these fllters in sertes with a 5.0 um
backup [liter {to serve as a diffuser) and a
support pad. See the following Figure 1
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FIGURE I~--SAMPLING CASSETTE CONFIGURATION

Inler Plug

Cuswette Cup

Exwension Cowl
or
Rewner Ring

<04 ,u.m pore PC filter or
-~ < (345 um pore MCE filter

rﬁ pm MCE Dnffuser ]

{ Suppon Pad I
1 Cassene Base

: Qutlet Plug I

7. Rezloading of used cassertes is not per- 9. Maintain a log of all pertinent sampling
miteed information.

8. Orient the cassette downward at ap-
proximately 45 degrees from the horizgntal,
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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 che
sampling operation.

1. Record all calibration information.

12. Ensure that the mechanical vibrations
from the pump will be minimized ta prevent
transferral of vibraticn o the cassette.

13, Ensure that a continuous smooth fMow
of negative pressure s delivered by the pump
by damping cut any pump action Auctua-
tions if necessary.

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

5. Afcter the area has passed a thorough
visual inspectian.'use aggressive sampling
conditions to dislodge any remaining dust.
{See suggested pratocal ip Unit II1L.E.7.d)

16, Select an appropriate flow rate equal to
or greacter than I liter per minuce {I/min) or
less than 10 L/min for 25 mm cassettes. Larg-
er flters may be operated at proportionally
higher Mow 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 minirnum af five samples per abate-
MEent area.

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

c. Two fleid bianks are ro be taken by re-
maving the cap for ot more than 33 seconds
and replacing it at the time of sampling be-
fore sampling is initiated at the follawlng
places:

l. Near the entrance to each abatement
area.

li. At one af the ambient sites. (DO NOT
leave che fleld blanks apen during the sam-
pling period.)

d. A sealed biank is to be carried with each
sample set. This representacive cassette ls
not to be opened in the fleld.

12, Perform a leal rcheck of the sampling
systern at each indoor and autdoor sampling
site by activarting the pump with the closed
sampling cassette in line. Any flow indicates
a leak which musc be ellminaced before initi-
ating the sampling operation,

19. The following Table [ specifles volume
ranges to be used.
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TABLE l1--NUMBER OF 200 MESH EM GRID QPENIMNGS
(0.0057 ™M) THAT NEED TO BE ANALYZED TO
MAINTAIN SENSITIVITY OF 0.305 STRUCTURES/CT
BASFD ON VOLUME AND EFFECTIVE FILTER AREA

Ettactive Filler Arga EHactive Fitar Araa
385 sg mm 855 3q mm
Valums (liters) | of gnd openingg Voume tiners) | # of gnd cpaning g
560 24 1.250 24
500 22 1,300 23
oo 19 1,400 F4)
800 17 1.600 19
9401 15 1,840 17
1,000 14 2.000 15
1,100 12 2,200 td
| 1,200 1 2.400 13
| 1,300 10 2,500 12
Recommended 1,400 1o 2,800 11 1
Yolume 1,300 2 3,000 10
Range 1,800 L} 3,300 ? Recommended
| 1,700 L} 3,400 9 Valume
I 1,800 e 3,800 8 Range
1,900 7 3,800 ] [
2.000 7 4,000 ] l
2,100 5 4,200 7
2,200 8 4,400 7
2,300 ] 4,600 7
2,400 ] 4.800 ]
2,500 5 5.000 ]
2,800 s 5.200 [}
2.700 5 5.400 5
2,300 5 5,800 5
2,900 5 5,800 -
3.000 5 &.000 5
3100 4 6,200 5
3,200 4 §.400 3
3,300 4 &,600 5
3,400 4 4,800 4
3,500 4 7.000 4
3.800 4 7.200 4
A700 4 7.400 4
3,800 4 7,800 4
NGt minum volumes requirsd.
25 mm 560 Mers
17 mm D 125] Jdars
Fiter cametar of 25 mm = sflactive ared of 385 sq mm
Filer diametar of 37 mm = eflectre anea of 855 sq mm
20. Ensure that the sampler is turned up- 22, Ensure that the samplas are stored ina
right before interrupting the pump flow. secure and represencatlve location
21. Check that all samples are clearly la- 23. Da not change containers if portlons of
beled and that all pertinent information has  these filters are taken for other purposes.
been enclosed before transfer af the samples 21. A surmmary of Sample Data Quality Ob-
to the laboratory. Jectives is shown in the follewing Table IT:
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TABLE II--SUMMARY CF SAMPLING AGENCY DATA OUALITY OBJECTIVES

This uble summarizes. \he data qullll)' ohp:uvcs from whe performance of tis method in wms of precision, accwracy,

venes,

checksbswdhﬂ-eanddls:nbudmhuuufﬂumﬁhui

y. These ohjectives are anwred by the periodic control checks and reference

Conformance
—UnuOperniog OC Chesic Eroucrey Expcumion
Sampling matenials  Sealed blank 1 per 1O siie 5%
Sample procedures  Field Blanky 2 per YO sie 5%
Pump calibrauion Before and after exch faeld senes 0%
Sample cusody Revsew of chain-of-custody record Exch sample 95% complews
Samyle thipment Revaew of sending repon Each cmple F5% complewe

C. Sample Shipment

Ship bulk samples ta the analytical lab-
oratory in a separate container from air
sarmples.

D. Sample Receiving

1. Designate one individual as sample coor-
dinator at the laboratory. While that indi-
vidual will normally he available o 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 laboratery in the same con-
cainer shall be rejecred.

E. Sample Preparation

1. All sample preparation and analysis
shalt be performed by a labaratory inde-
pendenc of the obatement contractor.

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

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

SNOTE: The clean area is required te have
che tollowing 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 concencration must average less than
18 &/mm? in an area of 0.057 mm? (nominally
13 200-mesh grid openings) and a single prep-
aration with a maximum of 53 smm? for
that same area.

4. Preparation areas for air samples must
not onjy be separaced from preparatian areas
for bulk samples. but they must be prepared
in separate rooms.

5. Direct preparatian technigues are re-
quired. The object is o produce an intact
film concaining the particulares cf che filter
surface which is sufficiently clear for TEM
analysis

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

i. The lilter portion being used for sample
preparation must have the surface collapsed
using an acetone vapar technique.

{i. 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 grocicule to measure
the average field djameters. From the data.
calculare the field area for an average grid
opening.

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

b. TEM spacimen preparation [from
pelycarbonate [PC) filters. Procedures as de-
scribed in Unit IIL.G or other equivalent
methods may be used.

¢. TEM specimen preparation from mixed
cellulase ester (MCE) filters.

i. Filter portion being used for sample
preparation must have the surface collapsed
using an acerone vapor technique or the
Burdette procedure (Ref. 7 af Urit I1.J)

ii. Plasma etching af the callapsed Zlrer is
required. The microscope slide to which the
collapsed filter pieces are attached is placed
in a plasma asher. Because plasmia ashers
vary greacly in their performance, both from
unirt o unit and between different positions
in the asher chamber. it Is difficult to speci-
fv the rondirions rhac should be used. Insuf-
ficient etching will resait in a failure 1o ex-
pose embedded filters. and too much 2eching
may result in {oss of particulate fram che
surface. As an interim measure, (€ is rec-
ommended that the time for asning of a
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known weight af a caollapsed filter be estab-
lished and that the erching rare be cal.
culated in terms of micromerers per second.
The aciual etching time used for the particu-
late asher and pperating corulitions wiil then
be set such that a 1-2 um (10 percent) layer
of callapsed surface will be removed.

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

F. TEM Mechad

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

2. Determination of Camera Canstant and £D
Partern Analysis. The camera length of the
TEM in ED operating moede must be cali-
brated before ED patterns on unknown sam-
ples are nbserved. 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 polycrystailine gold Him. in
practice. it is desicable te 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 fllm would
narmally give multiple gold rings. but 1t will
tend to mask weaker diffracrion spats from
the unknown fibrous particulate. Since the
unknown d-spacings of mosc 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 mulciple
gold rings can be derennined The camera
comnstant Is one-hall che diamerter of the
rings times the interplanar spacing of the
ring being measurad.

3. Magnificavon Calibration. The inagmfica-
tion calibration must Ze done at the flupres-
cent screen. The TEM must be calibrated at
the grid opening magnificagion {if used] and
also art the rnagnification used for fiber
counting. This is performed with a cross
graring replica [e.g.. one containing 2,160
lines/mun). Define a field af 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 cancentric ¢ircles {all scales should

PL. 763, Subpt. E, App. A

be mezric). A loghaak must be maintained.
and the dates of calibrarion and the values
obtained must be recorded. The frequency of
calibration depends on the past history of
the particular microscope, After any mainte-
nance of the micrascope that involved ad-
Justment of the power supglied to the lenses
ar che high-voltage system or the mechan-
leal disassembly of the electron oprical col-
umn apart from filament exchange, the mag-
nification musc be recalibrared. Before the
TEM calibration is performed, the amalyst
must ensure that the cross grating replica is
placed at the same distance from the objec-
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
fucentric position.

4. While not required on every micrascope
in the labaratory, 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 lah-
nratory,

5. Microscope settings: 80-120 kV, grid as-
sessinent  250-1.000X. then  15.000-20.000X
screen magnification for analysis.

8. Approximacely one-half (0.5 of the pre-
determined sample acea to be analyzed shall
be performed on une sample grid preparation
and the remaining half cn a second sample
grid preparacion,

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

8. Reject the grid if.

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

b. The replica is doubled or folded.

c. The replica is too dark because of incom-
plete dissplution of che filter,

8. Recording Rules

a. Any continuous grouping of particles tn
which an oshestos fiber with an aspect ratio
greater than or equal to 5.1 and a lengrh
greater than or equal to 0.5 pm is detected
shall be recorded on the count sheet. These
will be designared asbestos structures and
will be classified as fibers, bundles. clusters.
or matrices. Record as {ndividual fibers any
contiguous grouping having 0, 1, or 2 defin-
able intersections. Groupings having mere
than 2 intersections are to be described as
cluster or matrix. An intersection is a non-
parailel rouching or <rossing of fibers, with
the projection having an aspect racio of 3:1
or greater, See the following Figure 2:
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FIGURE 2--COUNTING GUIDELINES USED IN
DETEAMINING ASBESTOS STRUCTURES

Count as 1 fiber; 1 Structure: no intersections.

Count as 2 f{ibers if space between fibers is greater than wicdch of 1 fiber
diameter or nanker of inrersections is equal to or less than 1.

Count as ] structures if space between fibers is greater than width of 1 fiber
diameter or if the rnumber of intersecticns i3 equal to or less than 2,

— ==

Count bundles as ] structure; 3 or more parallel firrils less
thap 1 fiter diameter separation.
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Count clustera as 1 structure; fibers having greater than or equal o

Ealaage—=

3 intersections.

Coune matrix as I structure.

By

DG NOT QOUNT AS STRUCTURES:

Fiber protrusion
«<5:1 Aspect Ratio

Mo fiber protusion

Fiber protrusion
<0.5 micrumeter

= «0.5 micrameter in length
- %5:1 Aspect Ratio

. Fiber. A structure having a minimum
length greater than or equal to 0.5 pm and an
aspect ratio (length to width) af 3.1 or great-
er and substantially parallel sides. Note the
appearance of the end of the fiter. le..
whether it is flat, rounded or dovetailed.

li. Burndie. A structure composed of three
ar more flbers in a parallel arrangement
with each Aber closer than one fiber diame-
ter.

I, Cluster. A structure wirth fibers in a
random arrangement such that ail fibers are
intermixad and no single fiber is isolated

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

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

b. Separate categories iwill be maintained
for fibers less than 5 pm and for fibers equal
to or greater than § pm in length.

¢. Record NSD when no structures are de-
tegied in the feld

d. Visuval identification of electran diffrac-
tion {(ED) patterns is required for each asbes.
tos scructure counted which would cause the
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aralysis to exceed the 70 mm? concentra-
tion. [Generally this means the first four fi-
bers identified as asbestos must exhibit an
identifiable diffraction pattern for chrysorile
or amphibole.)

e. The micrograph number of the recorded
diffracrion patterns must be reported to the
client and maintained in the [aboratory's
quality assurance records. In the event that
examination of the pattern by a qualified in-
dividual indicates that the pattern has been
misidentifled 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! concencratien. (Generally
speaking. the first { amphiboles would re-
quire EDXA)

g If the number of fibers in the nan-
asbestos class would cause the analysis to
exceed the 70 ssmm! concentratian, the fact
that they are not asbestos must be con-
firmed by EDXA or measurement of a zone
axis diffractlon pactern.

h. Fibers classified as chrysotile must be
identifled by diffraction or X-ray analysis
and recorded an a count sheet. X-ray anal-
ysis alone can be used only after 70 s'mm?
have been exceeded for a particular sample.

{. Fibers classified as amphiboles must be
identified by X-ray analysis and electran 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 an
film, record the micrograph number on the
count sheet.

k. If an electron diffraction was attemnpted
but no pattern was observed, record N on the
count sheet,

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

m. If an X-ray analysis spectrum is scored,
record the file and disk number on the count
sheet, i

10. Classiflcation Rules,

a, Fiber A structure having a minimum
length greater than or equal to 0.5 pm and an
aspect ratia {length te widchi of 3.1 or great-
er and substantially parallel sides. Note the
appearance of the end of the fiber. ie.
whether it is flat, rcunded or dovetailed.

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

¢. Cluster. A strucrure with fibers in a ran-
dom arrangemenc such that ail Abers are
intermised and no single fiber is isolated
from the group. Groupings musc have more
than two intersections.

d. Matnx. 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

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

11. Afcer finishing with a grid, remove it
from the microscope, and replace it in the
appropriate grid holder. Sample grids must
be stored for a minimurmn of 1 year from the
dace of the analysis; the sample cassette
must be retained for a minimum of 30 days
by the laboratory or returned at the client's
request,

G. Sample Analytical Sequence

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

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

3. Collect a minimum 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 informacicn must be re-
ported ta the client for each sample ana.
lyzed:

a. Concentracion In scructures per square
millimerer and structures per cubic centi-
meter.

b. Analytical sensitivity used for the anal-
yals.

€. Number aof asbestas structures.

d. Area analyzed.

e. Volume of air sampied (which musc be
initially supplied to lab by client).

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

2. Signature of laboratory official to indi-
cate that the laboratary met specifications
of the rmechod.

h. Report form must contain offlcial lab-
oratory identification {e.g.. lecterheadt.

I. Type of asbestos.

[. Quality Control/Qualicy Assurance
Procedures (Data Quality {ndicatorsy

tonitoring the envircnment for alrborne
asbestos requires the use of sensitive sam-
pling and analysis procedures. Because the
test is sensitive. it may be influenced by a
varlecy of factors. These include che supplies
used in the sampling operation. the perform-
ance of the sampling, the preparation of the
grid from the filcer 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 resuit
is to be a relisble and meaningful test result.
Accordingly. a series of contral checks and
reference standards are to be performed
alang with the sample analysis as indicators
that the macerials used are adequare and che
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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 rimely and spe-
cific warning of any problems which might

Pt. 763, Subpt. E, App. A

develep within the sampling and analysis op-
erations. A descriptian of these quality con-
troliquality assurance procedures is surmma-
rized in the following Table III:

TABLE II1--SUMMARY OFP LABORATORY NATA QUALITY CBJECTIVES

Conformance
—Unit Crergtion OC Chegk oy
Sampic receiving Review of reeziving repor Eath sample 95% complele
Sample custady Review of ¢hain-of custody record Each sample 5% camplete
Sampk preparstion  Supplics and reagenis On receip Meet specy. ar repect
Grid opering size 20 apenin /20 gridaiol 1%
of 1000 or | opening/tample
Special clean arta monioring Afier clearing or sarvige Me2y specy or retican
Laboraiory dlank 1 per prep series or 10% Meet specy. or
rearalyze shet
Plasma ech blank 1 per 20 wmples 5%
Multiple preps {3 per sample) Exch ramplic One with coverof |5
camplews grid sqs.
Sampie analysis Syaem check Each day Exch day
Alignmen check Exchday Exch day
Magnificaion calibration with low and high Each month of aficr service 95%
standands
ED calibralion by gold standant Weekly 9%
ED3 miibration by copper Line Daly 9%
Par chek Lk ¥ blank {mesune of ¢leun iness) Prep 1 per series or 10% Meen specs or
read 1 per 25 aampies. rearalyie sexies
Peplicale counting (measure of precision} 1 per 100 samples. 1.5 2 Poisson Sul. Dev.
Duplicar analysis (measurc of reproducibiity) 1 per 100 samples 2 z Poamon Si2. Dev
Known samples of typical materials Traiaing and for com - 100%
(snaking Randanit) Parison with unkmowm
Aralysis of NBS SRM (375 and/or RM 8410 | per IAY R per year 1.5 x Pousson Sid Dev.
(measure of accuracy and comparatslivy)
Dutg enmry review [das valldauon and maitue Each samphke 9%
of compleienecs)
Rerord and vesify [0 elecron diffracdon peaem 1 per 5 wumples 80% accurxcy
of structure
Calculatiors and Hand caiculation of d daea reduxtk 1 per 100 samples 5%
ata reduchion procedunt of exdependey recaki ulazvn of hand-
cakoulaed daza

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

2. Check all laboracory reagents and sup-
plies for acceprable asbestos backhgrourd lev.
els

3. Conduct all sample preparation 1n a
clean room environment menitored by lab-
oratory blanks. Testing with blarks must
also be done alter cleaning or servicing the
room. .

4. 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 51
fibers/mm? per 10 200-mesh grid opemings. the
gystern 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
magniflcation, electron diffractien and en-
ergy dispersive X-ray systems as set forth in
Table [II under Unit [1.1.

8. Ensure qualified operator performance
by evaluation of replicate analysis and
standard sample comparisons as set focth in
Table [IT under Unit I1.L.

9, Validate all data entries.

10. Recaltculate a percentage of all com-
putations and automatic data reduction
steps as specified in Table I under Unit ILL

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

12. Apprepriate logs or records must be
maintained by the analytical laboratory
verifying rhat it is in compliance with the
mandatary quality assurance procedures.

1. References

For additional backgraound infarmation on
this method. the following references should
be consulted.

l. "Guidance for Contrakling Asbestos-Can-
taining Materials in Buildings.” EPA 360/5-
83024, June 1985,

2, "Measuring Airborne Asbestos Following
an Abatement Action.”” USEPA. Office of
Pollution Prevencion and Toxics. EPA 600/4-~
B85-049. 1985,

). Small. John and E. Sceel, Asbestos
Standards: Materials and Analytical Meth-
ods. N.B.5. Special Publication 619, 1982,

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

3. Quality Assurance Handbook for Air Pol-
lution Aleasurement System. Ambient Air
Methods. EPA 600/4-77-027a, USEPA, Office of
Research and Development, 1977,

6. Merhod 2A: Direct Measurement nf Gas
Volume through Pipes and Small Ducrs. 40
CFR Part 60 Appendia A

7. Burdette. G.J.. Health & Safery Exec.
Researchh & Lab. Services Div.. London,

40 CFR Ch. I {7-1-99 Edition)

"Proposed Analyrtical Method for Determina-
tion of Asbestos in Air.”’

8. Chatfleld, E.J., Chatfield Tech. Cons.,
Ltd.. Clark. T.. PEI Assoc., “Standard Cper-
ating Procedure for Determination of Air-
borne Asbestos Fibers by Transmission Elec-
tron Microscopy Using Polycarbonate Mem-
brane Filters,” WERL SOP 87-1. March 3,
1987.

9. NIDSH Method 7402 for Asbestos Fibers,
12-11-86 Draftr.

10. Yamate. G.. Agarwall. 5.C.. Gibbons,
R.D., IIT Research Institute. "Methodology
for the Measurement of Airborne Asbestos by
Electron Microscapy.” Draft report. USEPA
Cantract 58-02-3266, July 1984,

11, "Guidance to the Preparation of Qual-
ity Assurance Project Plans,”” USEPA, Office
of Pallution Preventicn and Toxics, 1984,

{1l Monmandatary Transmission Electron
Microscopy Method

A. Definitions of Terms

1. Analytfcal sensitivity—Airborne asbestos
concentratian represented by each Hfber
counted under the electron microscope. It s
determuined by che air volume collectad and
the proportion of the fiter examined. This
method requires that the analytical sensi-
tivity be no grearer than 0.005 sicm3.

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

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

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

5. Clean area—A conturolled environment
which is maintained and monitored o assure
a low probabillty of asbestocs 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 wicth an open laboratary
blank whith on subsequent arnalysls has an
average of less than 18 structures/mm? in an
area of 0,037 mm? (naminally 10 260 mesh grid
openings) and a maximum of 53 structures’
mm?3 for no more than one single preparation
for thac same area.

6. Cluster—A structure with fibers in a ran-
dom arrangement such that all fibers are
ntermixed and no single liber is [solated
from the group. Groupings must have more
than twa intersections.

7. ED—Electren diffraction.

8. EDXJd—Energy dispersive X.ray anal-
¥5is. .

9. Fiber—A structure greater cthan or equal
to 0.3 um in length with an aspect ratia
(length to width) of 3:1 or grearer and having
substantially parallel sides.
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10. Grid—An open structure for mounting
an the sample o ald in its examination in
the TEM. The term Is used here to denote a
200-mesh copper lattice appraximately 1 mm
in diamerter.

11. [Inrersection-—Nonparallel touching or
crossing of Mbers, with the projection having
an aspect ratio of 5:1 or greater.

12. Laboratory sampie coordinator—That per-
san respansible for the conduct of sampile
handllng and the certificacion of the tescing
pracedures.

\2. Filter background fevel—The concentra-
tian of structures per square millimeter of
flleer that ls considered indistinguishable
from the concentraticn measuced on bianks
(Alters through which no air has been
drawn}. For this method the flter back-
ground level is defined as 70 structures/mm?,

14. Afairix--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, N&D—No structure decected.

16, Operator-A person responsible for cthe
TEM instrumental analysis of the sample.

17. PCM—Phase contrast microscopy.

14, SAEDSelected area electron diffrac-
tion.

19, SEM—S5canning electron microscope.

20, STEM—Scanning transmission electron
microscope.

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

22, Sicm'—Structures per cubic centimeter.

23, Smm’—3Srtructures per square milli-
meter.

24, TEM—Tronsmission electron micro-
scope,

B. Sampling

1. Sampling operations must be performed
by qualified individuals complecely inde-
pendent of the abatement contractar to
avoid possible conflicc of interest {See Ref-
erences !, 2, and 3 of Unit ITI.L.} Special 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 shouid not be
used: also, sample handling procedures which

Pt. 763, Subpt. E, App. A

do nor take cross contamination possibilities
into account should not be used

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

3. Qualirty control and quality assurance
steps are needed to identify problem areas
and isolate the cause of the contamination
(see Reference 5 of Unit IIL.L.). Control
checks shall be permarently recorded to doc-
ument the quality af che informartion pro-
duced. The sampling firm must have written
guality control procedures and documents
which verify corpliance. Independent audits
by a qualified consultant or firm should be
performed ance a year All documentatton of
compliance should be retained indefinitely
to provide a guarantee of guality. A sum-
mary of Sample Data Quality Objectives is
shown in Table II of Unit [1.B.

4. Sampling marterials.

a. Sample for alrborne asbestos following
an abatement action using commerclally
available cassectes.

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

c. Cassettes must be verified as “clean’
prior to use in che fleld. [f packaged filcers
are used for loading or preloaded cassettes
are purchased {rom the manufacturer or a
distributor, the manufacturer’s name and lot
number should be encered on all Ffield dara
sheets provided 1o the laboratory. and are re-
quired to be listed on all reports from the
labaratory

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

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

f. Use sample collection Ffilters which are
either polycarbenate having a pore stze of
less than or equal to 0.4 pm or mixed cel-
lulose ester having a pore size of less than or
equal to 0.45 um.

2. Place these filters in series with a
backup filter with a pore size of 3.0 pm ({ta
serve as a diffuser) and a support pad. See
the following Figure L.
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FIGURE [--SAMPLLING CASSETTE CONFIGURATIOM

jllnlct P|L.Ig_ |

Caswette Cup

Exwension Cowl
or
Retajner Ring

£ 0.4 um pore PC filter or
- '€ 045 um pore MCE filter

{ 5 pm MCE Diffuser |

Suppor Pad
]I Cassene Base I

—i Outler Plug I

h. wWhen polvecorborate filcers are used. po- i. Seal the cassectes to presenc feakage
sition che highly reflective face such that  around the filter edges or between cassette
the incoming particulatz is received on this  part joines, A mechanical press mnay be use-
ful o achieve a reproducible leak.free seal

surtace
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Shrink fit gel-bands may be used for this
purpose and are avallable from filter manu-
facturers and their authorized distributars,

J. Use wrinkle-free loeded cassettes In the
sampling operation.

5. Pump secup.

a. Callbrare the sampling pump over the
range of flaw rates and loads anticipated for
the monitoring period with this flow meas.
uring device in series. Perform this calibra-
tion using guidance from EPA Methed 24
each time the unit is sent to the fieid {See
Reference § of Unic IILL.).

b. Configure the sampling system ta pre-
clude pump vibraclons from being crans-
mitred to the cassette by using a sampling
stand separate fram the pump staction and
making connecrions with flexible tubing.

c. Maintain continuous smooth flow condi-
tions by damping out any pump action fuc-
cuatians if necessary.

Pt. 763, Subpt. E, App. A

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
indicared by the flcwmeter under these con-
ditions.

e. Select an appropriate flaw race equal o
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 rares.

I. Orienc the casserre downward at approxi-
mately 45 degrees from the horizontal.

8. Maincain a log of ali pertinent sampling
information, such as pump idencification
number, calibracton data. sample location.
date. sample Identification number, flow
rates at the beginning. middle, and end, start
and stop times, and ather 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 FQRM

Sample Pump Sun Middle End Flow

Number Lacacon of Sample 1.D. Time Time Time Rate

Inspector: Dae:

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

{, Maincain a close check of all aspects of
the sampling operation or a regular basis.
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TABLE 1--NUMRER OF
[0.00537 MM

PL 763, Subpt. E, App. A

200 MESH EM GRID OPENINGS
] THEAT NWEED TO BE ANALYZIED TO

MAINTAIN SENSITIVITY CF 0.005% STRUCTURES/CC
BASED ON VOLUME AND EZFFECTIVE FILTER ARER

Effactive Filter Area Eftective FiRar Arga
385 sq mm _ 55 sq mm
Vawrme (iters) | of gnd opaningy Volms {iers; [# of qrid openings
560 24 1.250 24
600 22 1,300 23
700 19 1,400 1
800 17 1,800 19
900 15 1.8Q0 17
1,000 14 2.000 15
1,100 12 2,200 4
I 1,200 114 2,400 13
i 1,300 10 2,800 12
Aecommendad 1,400 10 2,800 11 i
volums 1,500 ] 3,040 10 i
Range 1,800 [ ) 3,100 ] Recommeanded
i 1,700 s 3,400 » Yalume
| 1,800 [ 3,800 ) Ranga
1,300 T 3,800 [ |
2,000 T 4,000 |} !
2.100 L] 4,200 7
2,200 1 4,400 7
2,309 s 4,800 7
2.400 [ 4800 ]
2,500 5 5,000 ]
2.800 5 5,200 8
2,700 5 3400 8
2,800 5 5,400 5
2.300 - 5.400 5
3.o00 L €.,000 5
3,100 4 €.200 L]
3,200 4 6.400 5
3,300 4 8,500 )
3,400 4 6,800 4
2,500 4 7.000 4
3,800 4 7.200 4
3,700 4 7,400 4
3,800 4 7,600 .

Mole mirmum volurne s required.
25 mm ;580 ders
37 mm 1250 Mers

Fiker diameler of 25 mim » affacte arwa of 185 &7 mm
Filler clameter of 17 mim = affective area of 855 sqmm

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

|. Doubie check to see thart alf :nfermarion
has been recorded on the data collecrion
forms and that the cassette is securely

closed and appropriately identified using a
warerproof label. Protect cassettes in indi-
vidual clean resealed polyethylene bags.
Bags are ta be used for storing cassette caps
when they are removed for sainpling pur-
poses, Caps and plugs should only be re-
moved or repiaced using ¢lean hands or clean
dispnsable plastic gloves.

m. Da not change containers if portions of
these filters are taken for other purposes
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6 Minimum sampie number per site. A
minimum of I3 samples are to be collected
for each testing consisting of che following:

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

b. A minimum of live samples per ambient
area positioned ac locarions representative
of the air encering the abatement site.

c. Two field hlanks are to be taken by re-
moving the cap for not more than 3 sec and
replacing it at the time of sampling befare
sampling is initiated at the following places:

i. Mear che entrance to each ambient area.

il. At one of the ambient sites.

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

d. A sealed blank i3 to be carrsed with each
sample set. This representative cassette is
nat to be opened in the field.

7. Abatement area sampling.

a. Conduct final clearance sampling only
after the primary containment barrlers have
been removed: the abatement area has been
tharaughly dried: and, it has passed visual
inspecticn tests by qualified personnel. (See
Reference 1 of Unit IIL.L.J

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

c. Select sampling sizes in the abactement
area on a random basis to praovide unbiased
and representative samples.

d. Afrer the area has passed a thorough vis-
ual inspection, use aggressive sampling con-
ditiens to dislodge any remaining dusc.

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

it. Air filtration units shall remain on dur-
ing the air manitoring peried.

iii. Priar to air monitaring, Moors, ceiling
and walls shall be swept with the exhaust of
a minimum oae (1) horsepower leal blower.

iv. Stationary lans are placed in locarions
which will not interfere with air monitoring
equipment. Far air is directed toward the
ceillng. One fan shall be used far each 10.000
ft 4 of warksite.

v, Monitoring of an abatement work area
with high-volume pumps and the use of cir-
culating fans will require electrical pcwer.
Electrical outiets in the abarement area
may be used if available. If no such outlers
are available the equipment must be sup.
plied with electricity by che use of extersion
cords and strip plug unirs. All electrical
power supply equipment of this type must be
approved Underwriter Laboratory equipment
that has nct deen modified. All wiring must
be grounded. Ground fault incerrupters
shouldy be used. Extreme care must be taken
ta clean up any residual watrer and ensure

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

that electrical aquipment does not become
wet while operacianal.

vi. Low valume pumps may be carefully
wrapped in 6-mil palyerhylene wo 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 kepz free.

vii. If recleaning is necessary. removal of
this equipment frem the work area must be
handled with care. It is not possible to cam-
plecely decentaminate the pump motor 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 abaternent area. Wrapping and sealing
low volume pumps in 6-mil palyethvlene will
provide easier decontaminatton of this
equipment. Use of clean water and disposable
wipes should be available for this purpose.

&, Pump fow rate equal to ar greater than
t L/min or less than {0 L/min may be used for
25 mm rassectes. The larger cassette diame-
ters may have comparably increased flow,

f. Sample a volume of air sufficient to en-
sure the minimurn quantization limits. (See
Table [ of Unit I1I.B 5.j.)

3. Ambient sampling.

a. Position ambient samplers at locations
representative of the air entering the abate-
rment site. [ makeup air entering the abate-
ment site is drawn from another area of the
building which fs oucside 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 ohstructions
that may influence wind patterns. 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 cthe work site.

b. Lacare the ambient samplers at least 3
ft apart and preotect chem from adverse
weather canditions.

c. Sample same volume of air as samples
taken inside the abatement site.

C. Sample Shipment

I. Ship bulk sainples in a separate con-
tainer from air samples. Bulk samples and
air samples delivered to the analvtical lab-
oratory in the same container shall be re-
jecred,

2. Select a rigid shipping centainer and
pack the cassectes upright ln a nencontami-
nating nonfibrous mediwn such as a bubble
pack. The use of resealable polyethylene
bags may help to prevent jostling of indi-
vidual cassettes,

3. Avaid using expanded polvstyreae he-
cause of its static charge potential. Also
avoid using particle-based packaging mate-
rials because of possible contamination.

4+ Include a shipping bLill and a detailed
listing of samp.es shipped. theit descriptions
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and all idencifying numbers or marks, sam-
pling data. shipper’'s name. and contact in-
formatian. For each sample set, designate
which are the ambient samples, which are
the abatement area samples, which are the
field blanks. and which is che sealed alank 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 laboratory
sample coordinator by name when known
and aiert him or her of the package descrip-
tion, shipment mode, and antic:pated arrival
as part of the chain of custody and sample
tracking procedures. This will also help the
laboratory schedule timely analysis for the
samples when they are received.

D. Quality ControkQuality Assurance
Procedures (Data Quality Indicators)

Monitering the envircnment for airborne
asbestos requires the use of sensitive sam-
pling and analysis procedures. Because the
rest 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 preparaticn of the
grid fram the fllter and che actual examina-
tion of this grid in the microscope Each of
these unit operations must produce a prod-
uct of defined quakity if the analytical result
is to be a reliable and meaningful rest result.
Accordingly, a series of contral checks and
reference standards is performed along with
the sample .analysis as indicators that the
marerials used are adequate and che oper-
atlons are within acceptable limicts. In this
way, the guality of the dara is defined. and
the results are of known value. These checks
arnd tests also provide timely and specific
warning of any problems which mighe de-
velop within the sampling and analysis oper-
acjons. A description of these guality con-
trobquality assurance procedures is summa-
rized in the text below.

1. Prescreen the loaded cassette collection
filters to assure that they do nor contain
concencrations of asbestos which may inter-
fere with the analysis of the sample. A Alter
blank average ol less than 1B &mm? in an
area of 0.057 mm? {nominally 10 200-mesh grid
openings) and a maximum of 53 s‘mm? for
that same area for any single preparation {s
acceptable for this method,

2. Calibrate sampling pumps and their flow
indicatars 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-
ation.

3. Recard all ealibration infarmacion with
the duta to be used on a standard sampling
form.

Pt. 763, Subpt. E, App. A

4. Ensure that the samples are stored in a
secure and representative locarion.

5. Ensure that mechanical calibrations
from the pump will be minimized o 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. Dpen a loaded cassette momencarily at
ane of the indoor sampling sites when sam-
pilng 15 initlated. This sample will serve as
an indoor field blank.

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

9. Carry a sealed biank intc the Ffeld with
each sample series. Do not opert this casserte
in the field,

10. Perform a leak check of the sampling
system at each indoor and outdoar sampling
slte by activating the pump with the closed
sampling cassette in line. Any flow indlcates
a leak which musc be eliminaced before inicl-
ating the sampling operation.

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

12, Check that all samples are clearly la-
beled and that all pertinent information has
been enclosed before transfer of the samples
ta cthe laboracory.

E. Sample Receiving

1. Designate one individual as sample coor-
dinator at the labaoratory. While that indi-
vidual will normaliv be available to receive
samples. the coordinator may train and su-
pervise athers in recelving procedures for
those tlmes 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. iNote the condltion 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.

¢. Examine the chain-of-custody seal. if
any. and the package for its integricy.

d [f there has been a break in the seal or
substantive damage to the package. the sam-
ple coardinator shall immediacely nocify the
shipper and a responrsible 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-
ory manager after discusstons with the cli-
ent.

1. Urwrap the shipment in a <clean,
unclurtered tacilitv. The sarnple canrdinator
or his or her designee will record tre con-
tents. including o description of each itemn
and a:l identifying numbers or marks, A
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Sample Receiving Form ta document this in-
formatlon is acrtached for use when nec-
essary. (See the following Figure 3.)

PIGURE J--SAMPLE RECEIVING FORM

Date of package delivery Package shipped from
Carrier Shipping bill retained

*Conditton of package on receipt

*Condition of custody seal
Namber of samples received Shipping manifest attached
Purchase Order No. Project LD.
Comments
Sampling Sampled
i Yolume Recetvmg
b, Descivsion PC MCE Liers __IDe  Aumioredv

13
{Use 28 many additional sheets as nesded.)

Ct

Drate of accepiance inwo sample bank

Signarure of chain-of-custody recipient

Disposition of samples,

Mow:  [If the packagn has susiained subuiantial damage of he custndy séal is Broken, sop and ConLact the project
manager axd the shipper.
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NQTE: The person breaking the chain-of-
custady seal and itermizing the contents as-.
sumes responsibility for the shipment and
stgns documents accordingly.

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

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

F. Sample Preparation

. Personnel not affiliated with the Abate-
ment Cantractor shafl be used to prepare
samples and conduct TEM analysis. Wet-
wipe the exterior of the cassettes to mini-
mize contamination possibilicles before tak-
tng them to the clean sample preparation fa-
cility.

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

MNOTE. The clean area i3 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 flltered. The cumulative analyrtical
blank concentration must average less than
18 s/mm? in an area of 0.057 s/mm? {naminally
10 200-mesh grid openings) with no more than
one single preparation to exceed 53 s/mm? for
cthat same area.

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

4. Preparation. Direct preparation tech-
niques are required. The objertive is to
produce an intact carbon film cantaining the
particulates from the filter surface which is
sufficiently clear for TEM analysis. Cur-
rencly recommended direct preparation pro-
cedures for polvcarbonate (PC) and mixed
cellulose ester (MCE) filters are described in
Unit [IL.F.? and 8 Sample preparation is a
subject requiring addicipnal research. Vari-
ation on cthose steps which do not sub-
stantively change the procedure, which im-
prove filter clearing ar which reduce con-
taminatian problems in a laboratory are per-
mitted.

a. Use only TEM grids that hove had grid
opening areas imeasured according to direc-
tions in Unic 11 1.

b. Remove the inlet arnd outlet plugs prior
to opening the cassetie Lo minimize any
pressure differencial thaot may be present.

c. Examples of techniques used to prepare
polycarbonate filters are described in Unit
IILF.7.

d. Exampies of techniques used to prepare
mixed cellulose aster filtars are described o
Unit II1L.F 8

€. Prepare mult:ple grids for each sample.
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F Store the three grids to be measured in
appropriately labeled grid holders or poly-
ethylene capsules,

5. Equipment,

a. Clean area.

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

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

d. Microscope slides,

@. Double-coated adhesive tape.

{. Gummed page retnforcements.

8. Micra-pipet with disposal tips 10 to i
nL variable volume.

h. Vacuum coaring unit wich facilities for
evaporation of carbon. Use of a liquid nitro-
gen cold trap above the diffusion pump will
minimize the possibility of contamination of
the filter surface by oil from the pumnping
system. The vacuum-coating unit can 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 evaporater for carben coaclng of fll-
ters,

J. Carbon rod sharpener. This is used ta
sharpen carbon rods to a neck. The use af
necked carbon rods {or equivalent) ailows
the carhon to be applied to the filters with a
minimuin of heating.

k. Low-temperature plasma asher. This is
used to etch the surface of collapsed mixed
cellutose ester (MCE} filters. The asher
should be supplied with vaygen, and should
be modifled as necessary to provide a throt-
tle or bieed valve to control the speed of the
vacuum to minimize disturbance of the fil-
ter. Sorme early models of ashers admit air
oo rapldly. which may disturb particulates
on :the surface of the filter during the etch-
ing step.

. Glass perri distes. 1@ cm in diameter, ! cm
high. For prevention of excessive evaporaticn
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. Scainless steel mesh,

. Lens tissue.

o. Copper 200-rmesh 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.

5. Analytical balapce. 0.1 mg sensitivity.

t. Filter paper. 9 em in diameter.

u. Dven or sllde warmer. Must be capable
af maintaining a temperature of §5-70 °C.

v Polyurethane foarm, § mm thickness.

w. Gold wire for evaparation.

4. Reagents.

a. Leperal A supply of ultra-clean. Fiber-
free water must be availoble for wash:ng of
all components used in the analysis. \Water
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thar 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—acerone ar the Burdette procedure
(Ref. 7 of Unl ITL.L).

7. TEM specimen preparaticn from poly-
carbonate filters.

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

b. Cleaning of sample cassettes. Upon re-
celpt at the analytical laharaccry 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.

c. Preparation of the carbon evaparator. If
the polycarbonate fiter has already been
carbon-coated prior to receipt. the carbon
coating step will be omitted, unless the apa-
lyst believes the carbon fllm 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-
farmed with a high-vacuum coating unic
Units that are based an evaparation of car-
bon filaments In a vacuum generated only by
an oil rotary pump have not been avaluated
for cthis application, and must not be used.
The carbon rods should be sharpened by a
carbon red sharpener to necks af abour 4 mm
long and | mm in diameter. The rads are in-
stalled ln the evaporator in such a manner
that the peints are approximartely 10 to 12
cm from the surface of a microscope slide
held in the rotating and tilring device,

d. Seleccion af filter area for carbon coat-
ing. Before preparation of the lilters, a 75
mm x 3l mm micrascepe slide is washed and
dried. This slide is used to support strips af
filter during the carbon evaporation. Two
parallel strips nf double-sided adhesive tape
are applied along the length of the slide.
Polycarbonate filters are easily stretched
during handling. and cutting of areas for fur-
ther preparation must be performed with
great care, The filter and the MCE backing
filcer are removed together from the cassecte
and placed on a cleared glass microscope
slide. The Filcer can be cut with a curved
scalpel blade by recking the blade from the
point placed in contact with the filter. The
process can be repeated To cut a strip ap-
proximately 3 mm wide across the diometer
af the filter. The strip of palycarbonate fllter
is separated from the corresponding scrip of
backing fiiter and carefully placed su that it
bridges the gap between the adhesive tape
strips on the microscope slide. The fitter
strip can %e held with fine-peint tweezers
and supperted underneach by the scalpel
blade during placement on the microscope
slide. The analyst can place several such

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

strips on the same microscope slide. taking
care to rinse and wet-wipe the sca.pel blade
and tweezers before handling a new sample.
The filter strips should be identified by ectch-
ing the glass slide or marking the slide using
a marker insoluble in water and soivents,
After the Rlter strip has been cut from each
flcer, the residual parts of the filter must be
returned to the cassecte and held in position
by reassembly of the cassette. The cassette
will then be archived for a perlod of 3¢ days
or returned to the client upan request.

e. Carbon coating of lilter strips. The glass
slide holding che filter strips is placed on the
rotation-tilting device. and the evaporatar
chamber is evacuated, The evaporaticn must
be performed in very short burscs. separated
by same secands to allow the electrodes to
cool. If evaparation is too rapid. the strips of
polycarbonate filter will begin to curl, which
will lead to cross-linking of the surface ma-
terial and make it relatively insoluble In
chloroform. 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 Mlm is too thin, large
particles wil! 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 fllter will tend
te curl when exposed to chloroform wvapor
and the carbon film may not adhere to the
support mesh. Too thick a carbon film wiil
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 mast of the grid openings of the TEM
specimen intact.

f. Preparat.on uf the Jaffe washer The pre-
cise design of che Jaffe washer is not consid-
ered important, so any ane of the published
designs may be used. A washer consisting of
a simple stainless steel bridge Is rec-
ommended. Several pieces of lens tissue ap-
proximately (.0 cm x 0.5 cm are placed an the
stainless steel bridge, and the washer is
fllled with chloroform to a leve! where the
meniscus contacts the underside of the mesh.
which results in saturation of the lens tis-
sue. See References 8 and 10 of Unjc TII 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 plcked up with tweezers. Using o
curved scalpel blade, the analyst excises
three 3 mm squure pieces of the carbon.coat-
ed peclycarbonate filter from the filter strip.
The three squares are selected from che cen-
ter of the strip and from two points hetween
the outer periphery of the active surface and
the center. The piece of filter is placed un a
TEXML specimen grid wich the shiny side of
the TEM grid facing upwards, and the whele
assembly is placed boldly onta the saturated
lens tissue :n the JalTe washer. If carbon.
coated grids are used, the fiiter should be
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placed carbon-zoated side down, The three
excised squares of filters are placed on the
same piece of lens tissue. Any number of sep-
arate pieces of lens tissue may be placed in
the same JalTfe washer. The lid is then placed
an the Jaffe washer. and the system is al-
lowed to stand for several hours. preferably
avernight.

h. Candensation washing. It has been found
that many polycarbonate fllters will not dis-
salve completely in the Jaffe washer. even
after being exposed to chloroform for as long
as 3 days. This problem becomes more seri-
ous If the surface of the fliter was overheated
during the carbon evaparation. The presence
of undissolved filter medium on the TEM
preparation leads to partial or 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 obrain ED} pat-
terns. Before they are counted, TEM grids
must be examined critically to determine
whether cthey are adequately cleared of resid-
uval Alter 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 peried of approximacely [ hour.
In practice, the piece of lens tissue sup-
porting the specimen grids is cransferred co
the cold finger of the condensation washer.
and the washer is operated for about 1 hgur.
If the specimens are cleared satisfactorily by
the Jaffe washer alore. the condensation
washar step may be unnecessary

8. TEM specimen preparation from MCE
lilters.

a. This mechod of preparing TEM speci-
mens from MCE filters is similar to that
specified in NIOSH Method T402. See Ref-
erences 7. 8, and 9 of Urat [II.L.

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

¢. Remove a section from any quadranc of
the sample and blank filters.

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

€. Place the slide in a petri dish which con-
tains several paper filrers soaked with 2 to 3
ml acetone. Cover the dish. Wait 2 to 4 min-
uces for the sample filter to fuse and clear.

f. Plasma etching of rthe collapsed filter 15
required,

i. The microscope slide to which the col-
lapsed fllter piecas are attached is placed in
a plasma asher Because plasma ashers vary
greatly in their performance. Both from unic
to unit and berween different positions in
the asher chamber, it is dilficult to specify
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the conditions that should be used. This is
one area of the merhod that requires further
evaluation. [nsufficient ecching will result in
a failure to expose ernbedded filters, and too
much etching may result in loss of particu-
[ate from the surface. As an interim meas-
ure, it i5s recommended that the time for
ashing of a known weight of a collapsed fii-
ter be established and thac the etching rate
be calculated in terms of micrometers per
second. The actual etching time used far a
particular asher and gperating cenditions
will then be set such that a 1-2 um {l0 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 ecch che flicer.

* g. Transfer the slide to a rotating stage in-
side the bell Jar of a vacuum evapgrator.
Evaporate a | mm x § mm section of graphice
rod onto the cleared filter, Remove the slide
to a clean, drv, 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 6
mm thick disk of clean spangy palyurethane
foam. Cut a V-notch on the edge of the foam
and filter paper. Use the V-nocch as a res-
ervoir for adding solvent. The wicking sub-
strate should be thin enough to flt into the
petri dish without touching the lid.

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

Jj. 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 acevone-saturated pecri dish.
When all filter sections have been trans-
ferred, slowly add more solvent to the wedge-
shaped trough to bring the acertone level up
to the highest possibie level without dJis-
turbing the sample preparations. Cover the
petri dish. Elevate one side of the petrl dish
by placing a slide under it, This allows drops
of condensed solvent vapors to form near the
edge racher than in the center where they
would drip uato the grid preparacion.

G, TEM Methed

1. Instrumentation

a. Use an 80-120 kv TEM capoble of per-
forming electran diffraction with a fluores-
cent screen inscribed with calibraved grada-
tions. If the TEM 1s equipped with EDXA it
tnust eicher have a STEM atcachment ar be
capabie of producing a spot less than 230 nin
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in diameter ac crossover, The microscope
shall be calibrated routinely (see Unic TI1.J)
for magnification and camera constant.

b. While not required on every microscope
in the labaratory, the laboratory must have
either ana microscope equipped with energy
dispersive X-ray analysis or access to an
equivalent syscem on a TEM in another lab-
oratory. This must be an Energy Dispersive
X-ray Detecter mounted on TEM column and
associated hardwere/software to  collect,
save, and read gut jpectral infarmation.
Calibration of Multl-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)

1. Standard replica gratlng may be used to
determine magniflcation (e.g., 2180 lines/
mmj}.

il. Gold standard may be used to determine
CAITLra Constant.

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

2. Procedure,

a. Start a new Count Sheet for sach sample
to be analyzed. Record on count sheet: ana-
lyst's initials and date: lab sample number:
client sample number microscope identiflca-
tlon; magnification for analysis; number of
predetermined grid apenings to be analyzed:
and grid ldentification. See the fallowing
Figure 4;
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FIGURE 4--CQUNT 5SHIET

Lab Sumph No. Filer Type Cpuralor
Climnt Sumple No. Filuwr ares Daa
I LD, Grd LD c S
Magnificatien Grid Opaming (GO) Arvs
Ace. Yoluge MNa. GO 0 be Anslyed
0 Srucrure | Sewcrum Langh ED Observaion pax
No. Tvpu* < Jum z5um Chres, Amph. Nonasb. Ney. D
]
Struchue | Structum Length ED Dvservaucn
a Na. Tvpe= < Sum 25 um Chres, Ampp. Sonmn,  |Meg (D EDAX
*B 2 Bundla HFD = No [ibery detocsed
C = Clustar N = Ko diffracush abluned
F = Fibwr
M s Mazu

b Check that the micrescope is properly
aligned and calibrated according to che man-
ufacturer's specaificarions and inscruczions

¢ \Mlicroscope settings 30-120 XV, grid as-
sessment  2:0-1000%.  cthen  {3.000-20 300N
screen magnification foc analysis

Jd. Approximagels one-half 0.3 af the pre:
determined sampie Jrea o be aralszed shall
be performed on one sample grid preparation
and the remaiming mall on a second sampie
grid preparation.

2 Determine the santabilic of the grud
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1. Individual grid openings with greater
than 3 percent openings (holes] or covered
with greacer than 23 percent particulate
matter or ohviously having nonuniform load-
ing shall not be analvzed.

il. Examine the grid at low magnification
{<1000X) to determine ics suitability for de-
railed study at higher magnifications.

iii. Reject the grid if:

{D) Less than 50 percent ol rhe grid open-
Ings covered by the replica are intact,

{2} It is doubled or folded.

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

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

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

f. Grid Map {Optlonal).

1. Set the TEM to the low magniftcation
mode. .

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

1il. Index the grid openings (fields} to be
counted by marking the acceptable fields for
ane-hall {0.5) of the area needed for analysis
on each af the ctwo gride to be analyzed.
These may be marked just before examining
each grid cpening (fleid}. if desired.

iv. Draw in any details which will allow
the grid ta be properly oriented if it Is re-

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

loaded into the microscope and a particular
fleld is to be reliably identified.

& Scan the grid.

i. Select a fleld ro start the examinacion.

ii. Choose the appropriate magniflcation
(15,000 to 20.000X screen magnificadon].

ill. Scan the grid as fallows.

{1} At the selected magnification. make a
series of parallel traverses across the feld.
On reaching the end of one ctraverse. 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 paralle] traverses unril the encire
grid opening (fleld} has been scanned.

h. Identify each strucrure for appearance
and size.

l. Appearance and slze: Any continuaus
grouping of particles in which an asbestos
fiber within aspect ratio greater than or
equal to 51 and a length greacer than or
equal to 0.5 pm is detected shall be recorded
an che count sheet. These wlll be designaced
asbestos structures and will be classified as
fibers. bundles. clusters. or matrices. Record
as individual flbers any contiguous grouping
having 0, 1, or 2 definable inctersections.
Groupings having more than 2 intersections
are to be described as cluster or macrix. See
the following Figure 5.
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FIGURE 5--COUNTING GUIDELINES USED IN

DETERMINIKG ASBESTOS STRUCTURES

Count as 1 fiber; 1 Strucsure; ro intersections.

—————0

Count as 2 fibers if space between fibers is greatar than width of 1 l‘ﬂ:ér
digneter or mmber of intersections i equal to or less than 1.

— =

Count as ] stnuctures if space between fibers is greater than width of 1 fiber
diareter or if the nurber of intersections is equal to or less than 2.

===

Count burdles as 1 structure; ) 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 intersections.

Count makrix as ! structure,

# = X =

Fiber protrusion
<5:1 Aspect Ratic

Fiber protrusion
<0.5 micrometer

Mo fibar protusion

= «0.5 mnicremeter in length
- €5:1 Aspect Ratio

An Intersection is a nan-parallel touching or
crossing of fibers. with the projection having
an aspect ractlo of 5:1 or greacer. Combina-
tions such as a matrix and cluster, macrix
and bundle, or bundle and cluster are cac-
egorized by the dominant fiber quality—clus-
ter, bundle. and matrix. respectively. Sepa-
rate caregories will be malntained for fibers
less than 5 pm and for fibers greater than or
equal to 5 ym in length. Not required, but
useful, may be ta record the flber length in
t wm intervals. ([deptify each structure
morphologically and analyze it as it encers
the “"window .}

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

{2} Bundle. A structure composed cf 3 or
more fibers in a parallel arrangement with
each fiber closer than one fiber diomerer.

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

(5) M5D. Recerd NSD when no structures
are detected in the field.

{6} Intersecrion. Non-parallel touching or
crossing of fibers. with the projection having
an aspect ratio 3:1 or greater

ii. 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
resumed.

{3) Measure the structure using the scale
an the screen.

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

{5) Return the fiber to {ts original location
in the window and scan the rest of the feld
for other flbers: if the direction of travel is
not remembered. return to the right side of
the field and begin che traverse again.

1. Visual identificatton af Electron Diffrac-
tion (ED) patterns Is required for each asbes-
tas structure counted which would cause the
analysis to exceed the 70 smm? concentra-
tion. {Generally this means rhe {irst four f-
bers identified as asbestos musc exhibic an
identiflable diffraction pattern for chrysotlle
or amphibole.)

i. Center the structure, focus, and obrain
an ED partern. (See Microscope Instruccion
Manual for more detailed instructions.}

ii. Froin a visual examination of the ED
pertern, abtained with a short camera
length. classify the observed structure as be-
longing to cne of the following classifica-
tions: chrysotile, amphihole. or nonasbestos.

[i) Chrysotile: The chrvsotile asbestos pat-
tern has characteristic streals on the layer
lines other than the central line and some
strealing also on the cencral line. There will
be spots of normal shacpness on the ceneral
layer line and on alternate lines {2nd. Jth,
acc.). The repeat distance batween layer lines
ts 0.53 nm and che center doublet is at 0.73
nm. The pattern should display (002). (110},
(130) diffraction maxima. distances and ge-
ometry should match a chrysctile pattern
and be measured semiguantitatively.

(2) Amphihole Croup [includes grunerice
(amosite;. crocidolite. anthophyilite, tremo-
lire, and act:nolite]: Amphibale asbestos
fiber patterns show laver lines formed by
very closely spaced dots. and che repeat dis-
tance hetween laver lines is also abouc 0.33
nm. Streaklng in layer lines is occasicnally
present due to cevstal structure defects

13} Nonasbestos. [ncomplete or unobraio-
able ED patterns. o nonashestos EDXA, or a
nonasbestos srorphology

Pt. 763, Subpt. E, App. A

iil, The micrograph number of the recorded
diffraction patcerns must be reported to the
client and maintained in the laboratory's
quality assurance records. The records must
also demonstrate that the identiflcation of
the pattern has been verified by a gualified
Individual and that the operator who made
the idencificacion is maintalning at least an
80 percent correct visual identificacion based
an his measured patrerns. In the event thac
examination of the pattern by the qualified
individual indicates that the pattern had
been mistdentified wisually, the client shall
be contacted. If the pattern s a suspected
chrysotlle, take a photograph of the diffrac-
tien patrern at ¢ degrees tilt. If the structure
Is suspected to be amphibole, the sample
may have to be tilted to obtain a simple geo-
mecris array of spots,

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

1. Required of all amphikoles which would
cause the analysis results to exceed the 70 &/
mm? concentration. (Generally speaking, the
first 4 amphiboles wouid require EDXA.)

ti. Can be used alone te confirm chrysotile
after the 70 s/mm? concentraticn has been ex-
ceeded,

ifi. Can be used alone to ¢onfirm all non-
asbestos,

iv. Compare spectrum proflles with profiles
obtained from asbestos standards. The clos-
est match identifles and caregorizes 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 nan-
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 asbestiferm structures
are counted in a particular grid opening. the
analysis may be terminaced.

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

iii. For blank samples. the analysis is al-
ways cantinued uncil 1) grid openings have
been analyzed.

iv. In all other samples the analysis shall
be continued urtil an analvtical sensitivicy
of 0.005 sicm? is reachied.

. Recording Rules. The count sheer should
contain the following information:

i. Field (grid opening}: List field number

ii. Record “NSD' il no structures are de-
tected.

{ii. 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 iength categery of as-
bestos Fibers examined. Indicate if less chan
5 um or greater than or equal to 3 um.

{3} Structure Type. Positive identification
of ashestes fibers I5 required by che method,
At least one diffraction pattern of each flber
cype from every five samples must be re.
corded and compared with a standard diffrac-
tion pattern. For each asbestos flber re-
ported. both a morphological descripeer and
an identification descriptar shall be specified
an the ¢ount sheet.

(4) Fibers classified as chrysotile must be
identified by diffraction andior X-ray anal-
ysis and recorded on the count sheet. X-ray
analysis alone can be used as sole identilica-
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} LI a diffracrion pactern was recorded on
film. the micrograph number must be indi-
cated on the count sheet,

(N If an eleccron diffraction was actemnpted
and an appropriate spectra is nat obhserved, N
should be recorded on the count sheet.

i) If an X-ray analysis is attempted but
not observed, & shauld be recorded on the
<count sheet.

(%) Il an X-ray analysis spectrum is stored,
the flle and «¢isk number must ke recorded on
the count sheet.

m. Classification Rules.

i. Fiber. A structure having a minbmum
length greater than or equal to 0.3 pm 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.

il. Bundie. A structure composet of three
or more fibers in a parallel arrangement
with each fiber closer than one fiber diame-
Ter.

tli. Cluster A structure with fibers in a
random arrangement such char all fibers are
intermixed and nu sirgle fber is isolated
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from che group. Groupings must have more
than two intersections.

iv. Matrix. Fiber or fibers with ane end free
and the other end embedded in or hidden by
a particuiate. The exposed flber must meet
the Mlber deflnition.

v. NSO, Record NSD when no structures
are detected In the fleld.

n. After all necessary analyses of a particle
structure have been completed. return the
goniometer stage to 0 degrees. and return
the strucrure to lts original location by re-
call of the original location.

o. Concinue scanning until all the scruc-
tures are identifled, classified and sized in
che fleid.

p. Select additional flelds {grid openings)
at low magnification; scan at a chasen mag-
niffcatlon (15,000 o 20,000X screen magnifica-
tion}: and analyze until the stopping rule be-
comes applicable.

q. Carefully record all data as thev are
being collecred, and check for accuracy.

t. After fnishing with a grid. remove it
from the microscope, and replace it in che
appropriate grid hold. Sample grids must be
stored for a minimum of | year from the date
of the analysis; the sample cassette must be
retained for a minfmum of 30 days by the
laboratory or returned at the cllent’s re-
quest.

H. Sample Analytical Sequence

I. Carry out visual inspection af work site
priar to air monitoring.

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

3. Analyze the abatement area samples ac-
cording to this protocol. The analysis must
meet the 0.005 s/em? analytical sensitivity.

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

I. Reporting

The following information must be re-
perted to the client. See the following Table
[1:
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TABLE II-~EXAMPLE LABORATORY LETTERHEAD

| Lahorauy Client FILTER MEDIA DATA Analyzed Sample
LD. [W>3 Type Dimtseser, mov: | Effecuve Areasmm <] Pore Size, pm Area, mm 2 Valume, o

INDIVIDUAL ANALYTICAL RESULTS

Labaratory Client # Asbesing Analytical CONCENTRATION
1.D 1.D. Seuchres Sensivivity, skt | Suwcturesimme Sucres/ce

The analysis was carried out 1o the approved TEM method. This laborauory is in compliance with the quality
specificd by the method.

Authonzed Sipranre

1. Concentration n Structures per square 5. Volume of air samples {which was ini-
millimeter and structures per cubic centi-  tially provided by clienth.
meter. B Average garid size opening.

2. Analytical sensitivity used for the anal- 7. Number of grids analyzed.
y3s. 3. Copy of the count sheet must be included

3. Bumber of asbestos structures.

4. Area analvzed. with the report.
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9. SBignature of laboratory official o indi-
cate that the laboratcory met specifications
of the AHERA method.

10. Repart forrm must contain official lab-
oratory identification [e.g., letterhead).

5. Type of asbestos.

J. Calibratian Methodeclogy

INOTE: Appropriate implementacion of the
methed requires a person Knowledgeable in
electron diffraction and mineral identifica-
tlan 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 § and 10 of Unie JTLL.

1. Eguipment Cafibration. In this method,
calibratien is required far the air-sampling
equipment and the transmission electron mi-
croscope (TEM)I,

a. TEM Magrufication. The magnification at
the fluarescent screen of the TEM rust be
calibrated at the grid apening magnification
(If used) and also at the magnificacion used
for fiber counting. This is performed with a
cross grating replica. A logbook must be
rmaintained. and the dates of calibration de-
pend on the past history of the particular
microscope: no frequency ls specified. After
any maintenance af the microscope that in-
valved adjustrment of the power supplied to
the lenses ar the high-voltage system or the
mechanical disassembiy of the electron opti-
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 ahjective lens as the specimens are. For
instruments that incorporate an eucentric
tilting specimen stage. all speciments and
the cross graring replica must be placed atc
the eucentric posicion.

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

i. Define a field of view on the fluorescent
screen eicher by markings or physical bound-
artes. The fleld of view must be measurable
or previously Inscribed with a scale or con-
centric circles (ail scales should be mecrich.

il. [nsert a diffraction grating replica (fnr
example a grating containing 2,160 lines/mm)
into the specimen holder and place into the
microscope. Orienc the replica so thar the
grating lines fall perpendicular to the scale
on the TEM fluorescent screen. Ensure that
the goniomerer stage tilc is 0 degrees,

iit. Adjust microscope magnificatinn to
10,000X or 20.000X. Measure the distance
{(mm) hetween two widely separated lines on
the grating replica. Note the number of
spaces between the lines. Take care to tneas-
ure between the same relative pasitions on
the lines (v g.. hetween laft 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 cencral §-10 cm diameter re-
gian of the Muorescent screen.

iv. Calculate che true magnification (M) an
the flucrescent screen:

M=XGCrY
where:
X=total distance [mm) between the des-
ignated grating lines;
G=calibration constant of the grating replica

{lines'mmy):

Y=number of grating replica spaces counted

along X.

c. Caiibration of the EDXA System. Ini-
tially. the EDXA system must be calibrated
by using twa reference elements to calibrate
the energy scale of the instrumenc. When
this has been completed in accordance with
the manufacturer’s instructions, calibration
in terms of the different tvpes of asbestos
can proceed. The EDXA detectors vary iIn
both solid angle of detection and in window
thickness. Therefore. at a particular accel-
erating valtage in use on the TEM, che count
rate ¢btained from specific dimensians of
fiber will vary bath in absolute X-ray count
rate and in the relative X.ray peak heights
For different eterments. Only a few minerals
are relevant for asbestos abatement work,
and in this procedure the callbration is spec-
ified In terms of a ‘fingerprint” rechnique.
The EDXA spectra must be recorded from Ln-
dividual fikers of the relevanc minerals. and
identificarions are made on the basis of
semiquantitative comparisons with these
reference spectra.

d. Calibracion of Grid Openings.

1. Measure 20 grid openings on each of 20
random Z00-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 diamerer and use this
number to calculate the field area for an av-
erage grid opening. Grids are to be randomly
selected rom batches up to 1.000.

NOTE: A grid opening is considered as one
field

ii. The mean grid opening area must be
measured for the type of specarnen grids in
use. This can be accomplished an the TEM at
a properly calibrated low magnification or
an an optical microscope ar a magnification
al appraximately 00X by Using an evepiece
fitced with a scale that has been calibrated
against a stage micrameter. Optical micros-
copy utillizing manual or automated proce-
dures moy be used providing instrument cali-
bration can be verified.

e Determination of Camera Constant and
ED Patrern Analysis

L The ramera length of the TEM in ED ap-
erating made must be calibrated before ED
patterns on unknown samples are observed.
This can be achieved 1y usirg a carbon-coat-
ed gr:d an which a cthin film of gold has been
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sputtered or evaporaced. A thin film of gold
is evaporated on the specimen TEM grid ta
obrain zone-axis ED patrerns superimposed
with a ring pattecn from the polyerystalline
gold Mim.

ii. In practice, it is desirabie to optimize
the thickness of the gold flm so thac only
one or two sharp cipgs are cbtained on the
superimposed ED pattern. Thicker gold fllm
would normatly give multiple gold rings, but
tt will tend to mask weaker diffraction spots
from the unknown Flbrous particulates.
Since the unknown d-spacings of most inter-
est in ashestas analysls are those which lie
closest to the transmitred heam, multiple
gold rings are unnecessary on 2one-axis ED
patterns. An average camera constant using
multiple gold rings can be determined, The
camera constant 15 one-half the diameter, D,
of the rings times che interplanar spacing, 4.
of the ring being measured.

K. Qualicy Cantrol/Guality Assurance
Procedures (Data Quality Indicatars)

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
variecy ol factors. These include the supplies
used in che sampling cperation. che perform-
ance of the sampling. the preparacion of the
grid from the filter and the actual examina-
tion of this grid in the microscope. Each of
these unit operations musc produce a prod-
uct of deflned quallcy Lf the analytical resulc
1s to be a reliable and mesningful test resule.
Accordingly, a serles of control checks and
reference standards {3 performed along with
the sample analysis as indicators that the
marterials used are adequate and the aper-
ations are within acceptable limits., [n this
way, the quality of the daca is deflned and
the results are of known value. These checks
and tests also provide timely and speciflc
warning of any problems which might de-
velop wichln the sampling and analysis oper-
atlons. A description of these qualicy con-
trol/qualizy assurance procedures is summa-
rized In the following Table {I1:

C-34



P1. 761, SubpL E, App. A

40 CFR Ch. | (7-1-94 Edition)

TABLE I[ZI-=SUMMAAY QF LABCRATORY
PBATA QUALITY QODJECTIVES

Conlormance
~LlmtOoenition OC Cherk Fresuency
Sample receiving Review of receiving repon Exch mple 95% complaic
Sampie custod ¥ Review of chain-of-austody recand Each sample 95% complew
Sample peparaton  Swpplics and magenu On recery Mhser e ar negect
Gnd openung size 20 openurgs20 griduTot 100%
af 1000 or | opemingfample
Specal clean area memusnng Afler elcaning of savice Mgl mpeet or recioan
Laboraary Slank 1 per prep weney or 10% Moet specs. or
feanalyvze sines
Plasma cich blank 1 per 20 warmpies %
Muluple pregs (3 per sample} Each sampie One wth cover of 15
complels pnd sgs
Sample analyvs Syuem check Exhday Exch dyy
Alignment check Exh by Each day
Magnilicauon calibrsdon wnh low and high Each manuh or aftor service 3%
iy
ED calibyation by gold sandard Wemkly 5%
EDS alibraiion by copper line Daly 55
Perfomance check Laborary blank {mearure of claanliness Prep | per seres or 10% Meet spécs or
read | par 25 samples reanalyse senes
Repbeate counting (nveasue of precision) 1 per 100 tamples 1.5 ¢ Foisson §ud. Dev
Duplicale Inalyss (measure of reprocuctialig 1 pez 13X samples 2 a Pouson Sud. Dey
Xnown mamples of rypical maenaly Training and for ceen- 100%
{woriung sandards) PANION wilh prirens
Analyyis of NBS 5EM 1876 andfor RM 3410 1 per aralyR per year 1.5 x Poisson S<f Dew
(mearue of curacy and comparaiilicy)
Dua enty review (daa valadation and meanum Exch tample 95%
of completeness)
Record and verily D slectron &ilfacson ponem 1 per § lamples B0% arurcy
of structure
Caiculations and Hand 2alculsion of atomaded daa redicuoe 1 per 100 smples 55
daa reduccon precedure or independznl rechiculagion of hand-
cakuliied data
1. When the samples acrive at the labora. 5. Provide laberatary blanks with each

tory. check the sampies and documentation
for campleteness and cequirements before
initiating che anal sis.

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

3. Conduce all sample preparation in a
clean room envircaoment momreared by lab-
oratory blanks and special testing afrer
cleaning or servicing the rooin.

1. Prepare muitiple grids of sach sample.

sample bacch. Maintain a cumulative aver-
age of these resulres. Tf this average is greacer
than 31 frun? per 10 200-mesk grid openings.
check the systemn {or possible sources of can-
tamination.

6. Check for recoverv af asbestas fromn cel-
lulpse ester filters subrnitted to plasma
asher

7. Check for asbescos carryover in the plas-
ima asher by including a blank alongside che
positive contral sampie
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8. Perform a systems check on the trans-
mission electron microscope daily.

9. Make periodic perfarmance chechs of
magnification. electron diffraccion and en-
ergy dispersive X.ray systems as set forth in
Tabie IIT of Unit IIT.K,

10. Ensure qualified operator performance
by evaluation of replicate counting. dupli-
cate analysis. and standard sample compari-
sons as set farth in Table IIT of Unic [ILK.

11, Validate all data entries.

12. Recalculate a percentage of all com-
putations and autonaric data reductian
steps as specified in Table 1L

13, Record an electron diffraction pattern

of ore asbestos structure from every five
samples that contain asbestos. Verily the
identification of the pattern by measure-
ment or comparlsan af the pattern with pat-
erns collected from standards under the
same conditions.
The outline of guality contral procedures
presented above Is viewed as the minimum
required to assure that quality deta is pro-
duced for clearance testing of an asbestcs
abated area. Additional Informacion 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 Li
of Unit TIL.L.

L. References

For additional background information an
this method the followting references should
be consulted.

1. “Guidelines for Controlling Asbestos-
Containing Marerials in Buildings.”” EPA 500
5-85-024. June 985,

2. "Measuring Airborne Asbestos Following
an Abatement Action.”” USEP/Qfice of Pol-
lutlon Preventicn and Toxics. EPA 600V{-85-
044, 1985.

3. Small, John and E. S5teel. Ashestos
Standards: Marerials and Analytical Meth-
ods. N.B.S. Special Publicaticn 19, 1982

4, Campbell. W..J., R.L Blake, L.L. Brown,
E.E. Cather, and J.J. 5jaberg. Selected Sili-
cate Minerals and Their Asbesriform Vari-
ecies, Information Circular 8751, U.S Bureau
of Mines, 1917,

5. Quality Assurance Handbooh fnr Air Pol-
lution Measurement 5ystem. Ambient Afr
Metheds, EPA (00:4-77-027a, USEPA, Dffice of
Research and Development, 1377,

6. Method 2A: Direct Measurement of Gas
Yolume Through Pipes and Small Ducts. 40
CFR Part 60 Appendix A

7. Burderte. G.J. Health & Safery Exec.
Research & Lab  Services Div., [London.
“Proposed Analytical Methaod for Determina-
rion of Asbestos in Alr.”

g2 Chatfield, E.J.. Chatfieid Tech. Cons.
Ltd., Clark. T. PET Assoc. “Standard Oper-
ating Procedure for Determinacion of Air-
borne Asbestcs Fibers by Transmission Elec:
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tron Microscopy Uising FPolycarbonate hMem-
brane Fllters.” WERL SOP 37-1, March 5
1987,

9. NIOSH. Method 7402 for Asbestas Fibers,
December 11. 1986 Drafr.

10. Yamate. G., S.C. Agarwall, R.D. Gib-
bons, I[IT Research Institute. "Methedalogy
for the Measurement of Airborne Asbestos by
Electron Microscopy.”” Draft report. USEPA
Contract 68-02-3266, July 1984,

11. Guidance to the Preparation of Qualicy
Assurance Project Plans. USEPA, Office ol
Pollution Prevention and Toxics, 1984,

IV, Mardarory [nterpretation of Transmission
Eleceron Microscopy Results to  Determine
Caompletion af Response Actions

A, Introduction

A response action L8 determinred 1o be cam-
pleved by TEM when the abatement area has
been ¢leaned and the airborne asbestos con-
centration inside the abaterment area is mo
higher than ¢oncentrations at locations out-
side the abatement area. "Qurside’” means
outside the abatement area, bur not nec-
essarily outside the building. EPA reasons
that an asbesrtas removal contracror cannot
be expected to clean an abatemnent 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 buiiding. After the abate-
ment area has passed a tharough visual in-
spection. and before the outer containment
barrier is removed, a minimum of five air
sampies inside the abatement area and a
minimum of five air samples outside the
abarement area must be collected. Hence,
the respanse action is determined to be com-
pleted when the average airborne asbestos
concentraclon measured inside the abate-
ment area is not statistically different from
the average airborne asbestos concentration
measured outside the abatement area.

The inside and ourside concentratiens are
compared by the Z-test. a stavistical test
that takes into account the variability in
the measurement process. A minimum of
lve samples inside the abatement area and
five samples autside the abatewnent area ara
required to control the false negative error
rate. ie.. the progahility 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. Addirionat quality control is provided
by requiring three olamks (filters through
which no air has been druwn] to be analyzed
to check for unusually high filter contami-
nation that waould discort the test results.

When vnlumes greater than or equal to
1,199 L for a 25 mm fiter and 2.799 L for a 37
mum filter have been collected and the aver-
age number of asbestos STrucIures on sam-
ples :nside the abatenient area s no greater
thon 70 ssmm¢ of filcer. the response action
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may be considerad complete withour com-
paring rhe inside samples to the outside sam.-
pies. EPA is permitting this initial screening
test to save analysis costs in situations
where the airborne asbestos concentration is
sufficiently low so that it cannac be distin-
gulshed from the filter contaminatiorvback-
ground level (fibers deposited on the fllter
that are unreiated to the air being sampled).
The screening test cannot be used when vol-
umes af less than I,i9% L for 25 mm filter or
2.799 L for a 37 mm filter are collected be-
cause the ability to distinguish levels sig-
niflcantly 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-
cencrarion per cubic centimeter af air. The
value of 70 s'mm? is based on the experience
of the panel of microscopists who consider
ane structure {n 10 grid openings {each grid
apening with an area of 0.0057 mmf) to be
comparable with contaminaticrvbackground
levels of blank filters. The decision is based.
in part. on Poisscn statistics which indicare
that four structures must be counted on a
filter before the flber count Is statisticaily
distinguishable from the count for one struc-
ture. As more informatien on the perform-
ance of the method is collected. this cri-
terion may be modified. Since different com-
binations of the number and size of grid
openings are permitted under the TEM pro-
tocol. the criterion is expressed in structures
per square miliimeter of filter to be con-
sistent across all combimations. Four struc-
tures per 10 grid openings corresponds to ap-
proximacely 70 s/mm?

B. Sample Collection and Analysis

. A minimum of 13 samples is required:
flve samples collected inside the abarement
area, five samgples collected outside the
abatement area, two fleld blanks, and one
sealed hlank.

2. Sampling and TEM analysts musct be
done according to either the mandatary or
nonmandatory protacols in Appendix A. At
least 0.057 mm¢ of filter must be examined on
blank filters.

C. Interpretation of Results

I. 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 af air
for a 25 mm fliter, or 2,799 L of air for a 37
mm [ilter. and the arithmetic mean af their
asbesros structure concentrations per square
millitnecer of filter is lexs thon or equal to 70
s‘mm¢; or

b. The three biank samples have an arith-
metic mean of the asbestos structere con-
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centration on the blank filters that is lesst-
than or equal to 70 ¥mm? and the average
airborne asbestas cancentration measured
inside the abaternent area is not statistically
higher than the average airborne asbestos
concentration measured outside the abate-
ment area a3 determined by the Z.cest. The
Z-test is carried out by calculacing

7. _%i-Y%
0.8(1/n; + 14)2

where Y, is the average of the natural loga-
rithms of the inside samples and Yg is the
average of the natural logarithms of the out-
side samples. n: is the number of inside sam-
ples and ng i5 the number of outside samples.
The response action is considered camplete if
Z is less than or equal to 1.65.

MNOTE: When no Mbers are counted. the cal-
tulated detection limit for that analysis Ls
inserted for the concentration.

2. [F the abarement site does not satvisfy el.
ther (1) ar (2} of this Section C, the site must
be recleaned and a new ser of samples col-
lected.

D. Seguence for Analyzing Samples

It is possible to determine completion af
the response action without analyzing all
samples. Also. at any point in the process. a
decision may be made to terminace che anal-
ysis of existing samples, reclean the abate-
ment site, and collect a new ser 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 teast 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 10
¢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 2,799 L of air for a 37 mm filter is col-
lected for any of the inside samples. or the
arithmetic rmean concentration of structures
per square millimeter of filter is grearert-
than 70 smm‘. analvze the three blanks.

4. If the arithinetic mean cancentration of
structures per square millimeter on the
blank filters is greater than 70 s/mmé, termi-
nate the analysis. identify and correct the
source of blank contamination. and cellect a
new set ol samples.

3. If the arithmet:c mean concentration of
structures per square millimeter on the
blank filters is less than or equal to 70 s/
mm?, arals e the ourside samples and per-
form the Z.zest.

C-37


https://great.er
https://outsit.le

Environmental Protection Agency

6. If the Z-stacistic {5 less than or equal to
1 83, the response action is complete. 1f the
Z-statistic is greater than 1.55, reclean the
abatement site and collect a new set of sam-
ples.

|52 FR 41857, Oct. 30. 1937]

APPENDIX B TO SUBPART E—WORK
PRACTICES AND ENGINEERING CON-
TROLS FOR Ssall-ScalLs, SHORT-
DURATION  OPERATIONS  MAINTE-
NANCE.AND REPAIR (D&M} ACTIVI-
TIES INVOLVING ACM

This appendix I5 not mandatary, In thac
LEAs may choose to comply with all the re-
quirements of 10 CFR 78212l Sectlen
763.91(b} extends the pratection provided by
EPA in its 4¢ CFR 783.12! for worker protec:
tion during ashestos abatement projects to
employees of local education agencles who
perform small-scale, short-duration oper-
ations, maintenance and repair (O&M) ac-
tivities involving asbestas-containing mate-
rials and are not covered by the OSHA asbes-
tos construrtion standard at 29 CFR 1926.38
or an asbestos worker protection standard
adopted by a State as part of a State plan
approved by OSHA under section I8 of the
Occupational Safery and Health Act. Em-
ployers wishing tc be exempt from the re-
quirements of 3763.121 (e}(6) and {N{2}(l) may
instead comply with the provisions of this
appendix  when  performing  small-scale,
shart-duration O&M activities.

Definitlon of Small-Scale, Short-Ducacion
Acrivities

For the purposes of this appendix. small-
scale, short-duratian maintenance activities
are casks such as, but not limiced to:

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

2. Removal of smail quantities of asbestos-
containing insulation on beams or above
ceilings.

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

4. [nstallation or removal of a small sec-
tion of drvwall.

5. Installation of elecrrical  corduits
through or proximate to asbestos-containing
materials.

Smali-scale. short-duration maintenance
activities can be Further defined. for the pur-
poses of this subpart, by the following con-
siderations;

t. Remaval aof small quantities af asbestos-
containing materials (ACM) only Lf required
in the performance of anather maintenance
activity not intended as asbestos abatement.

2. Remotal of asbestos-containing thermal
system insulation not to exceed amounts
greater than thuse which can be contained in
asingle glove bag.
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3. Minar repairs to damaged thermal sys-
tem insulation which do not require re-
moval.

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

5. Repairs, involving encapsulacien, enclo-
sure or removal. to small amounts of friable
ashestos-containing macerial only if required
in the performance of emergency or routine
malntenance activity and not intended sole-
ly as asbestos abactement. Such work may
not exceed amounts greater than those
which can be contained in a single prefab-
rcated minjenclosure. Such an enclosure
shalil conform spatially and geometrically to
the localized work area. in order te perform
its intended containmenc funccion.

OSHA concluded that the use of certain en-
gineering and work practice controls is capa.
ble of reducing employee exposures to asbes-
tos ta levels below the final standard's ac-
tion level (0.0 Ecm?). (See 51 FR 22714, June
20, 1986.) Several cantrols and work prac-
tices. used either singly or in combination.
¢an be employed effectively to reduce asbes-
tos exposures during small maintenance and
renovation operations. These include:

L. Wet methods.

2. Removal methods.

I. Use of glave bags.

1. Removal of encire asbestos Insulated
pipes or structures,

Ifi. Use of minienclosures,

3. Enclosure of asbestos materials.

4. Maintenance programs.

This appendix describes these controls and
werk practices in decail.

Preparation of the Area Befare Renovation
ot Maintenance Activities

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

iVer methogs, \Whenever feasible. and re-
gardless of the abatement method to be used
(e.g.. removal. enclosuce. use of glove bags).
wer methods musc be used during small-
scale, short-duration maintenance and ren-
ovation aceivities char involve disturbing as-
bestos-containing tnaterials. Handling asbes-
tos materials wer is ane of the most reliable
methods of ensuring chat asbestos fibers da
not become airherne. and this practice
should therefore be used whenever feasihble,
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Method 435

Determination of Asbestos Content of Serpentine Aggregate

I PRINCIPLE AND APPLICABILITY

i.l

12

Principle.

Asbestos fibers may be released from serpentine rock formations and are determined by
microscopic techniques. The results are very sengitive to sampling procedures. The
analytical results are reported in percent ashestos fibers which is the percent nupiber of
asbestos fibers contained in 400 randomly chasen particles of a bulk sample. Since the
homogeneity of the material is unknown, the uncertainty in the sampling canmot be
defined, The uncertainty of the analytical technique is two percent if twenty asbestos
fibers are counted inn 2 sample of 400 particles. The derivation of this uncertainty value iz
explained in Section 7.4.

Applicability.
This method is applicable to deternining ashestos content of serpentine aggregate in

storage piles, on conveyor belts, and on surfaces such as roeds, shoulders, and parking
lots,

2 DEFINITIONS

2.1

22

2.3

24

Bulk Sample

A sample of bulk material,

Cirab Sample

A sampte taken from 3 volume of matenal.

Composite Sample

& mixture or blend of material from more than one grab sample.
Serpentine

Serpentinite, serpentine rock or serpentine material,
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2.5

Executive Officer

The term Executive Officer as used in this method shail mean the Executive Officer of
the Air Resources Board (ARB) or Air Polluton Control Officer/Executive Officer of a
Tocal 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.
2.

kX

Serpentine aggregate storage piles,
Serpentine aggregate conveyor belts

Serpentine aggregate covered surfaces,

4 SAMPLING APPARATUS

4.1

4.13

42

4.2.1

42.2

4.2.3

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. .

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 secams. Further
information on these tubes can be found in Table | and ASTM D 1587-83, which is
incorporated herein by reference.

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.

A round point shovel may be used.
Serpentine Aggregate Conveyor Belts.

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

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

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

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

-

4.3.1 Hand-Operated 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.

4.3.1.2 Orchard barre! 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.

43.1.3 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:
&) 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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3.2

d} two acres or two miles of dual aggregate covered shoulders.

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

Serpentine Aggregate Storage Piles.

Serpentine aggregate storage piles typically have a conical or 3 triangular prism shape.
The aggregate is introduced at the top of the pile and is allowed to low aver the side.
This action, called sloughing, causes a size segregation 10 occur with the finer material
depositad 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
persannel but must follow the procedures specified in the sampling personne! 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 tons of material. The slough is raked or shoveled
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 praduce 2 material with a nominal size of less than thres-eighths of an inch.
Before crushing, the sample must be adequately dried. ASTM Method C-702-80, which
is incorporated hécein by reference, shall be used to reduce the size of the crushed grab
sample ta a one pint aliquot. The one pint aliguot shall be further crushed using a Sraun
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 {abeled sealed container.
The labe) shail contain all the information described in Section § {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 2 waiting truck for defivery to a buyer.

The grab samples shall be taken from the product stacking belt or if this is not possible
then at the first wansfer point before the stockpile. The grab samples shall be collected by
stopping the belt a minimum of three times or using an automated sampler. The method
of randomly choosing the sampling locaticns and intervals is le® up to sampling
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personnel but must follow the procedure specified in the sampling plan. For 1060 tons of
product, a grab sample i taken a1 a minimam of three randomiy selected intervals. A
minimum of tree samples shall be taken even if the generated product is less thag 1000
tons. Each time the belt is stopped to take a grab sample, templates, as shown in Figurs
2, are placed 2 minimum of six inches apart 1o isclale the marerial on the belt. The
meaterial within the termplates is removed with a small shovel or with a Yrush and a dust
pan for the finer material and is placed in an appropriate sized sampling container, This
composited sampie shall be crushed to produce a material with a nominal size of less than
three-eighths of an inch. Before ¢rushing, the sample must be adequately dried. ASTM
Method C-702-30, which is incorporated herein by reference, shall be used to reduce the
gize of the crushed grab sample to a2 one pint aliquot. The one pint aliquot shall be firther
crushed using a Bruan mill or equivalent to produce 2 rmaterial which the majority of
which shall be less than 200 Tyler mesh. An aliguet of the 200 mesh material shall be
put into a labeled sealed container. The label must contain al! the information listed in
Section 6 {cxcept item 4).

Serpentine Aggregate Covered Surfaces.
Serpentine Aggregate Covered Roads

A serpentine aggregate-covered road shall be charactenzed 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
follow 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 posgible sampling apparatus used to collsct the grab samples. Grab samples
shall ot contain underlying seils. Each of the grab samples shall be placed in the
same sample comainer. This composited sample shall be crushed to produce a
material with 2 nominal size of less than three-sighths of an inch, Befors crushing,
the sample must be adequately dried. ASTM Method C-202.80, which is
incorporated herein by reference, shall be used to reduce the size of the crushed grab
sample to a une 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 putinto a
labeled sealed container. The label must contain all the information listed in

Section § {except iter 4).

Serpentine Aggregate Covered Arsas

A serpentine aggregate-covered play yard or parking fot shall be characterized by
taking grab samples fom a minimum of three randomiy chosen locations per acre.
The mathod of randomly choosing the sampling locations is left up to sampling
personnel but must follow the procedures specified in the sampling plan. A minimum
of three sampies 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,
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Crab 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 o
produce a material with a nominal size of less than three-sighths 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 0 2 oac pint aliquot. The one pint aliquot shall be further coushed using a
Bruan mili or equivalent to produce a material which the majority of which shall be
Iess than 200 Tyler mesh. An aliquot of the 200 mesh material shall be put into a
labeied sealed continer. The label must contain all the information listed in
Section 6 (except itern 4).

Serpentine Aggragate Covered Road Shoulders

The sampling procedure specified in Section 5.3.1 or §.3.2 shall be used for road
shoulders covered with serpentine aggregate. The only difference is that a minimum
af three grab samples shall be taken aver 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 toad. For serpentine aggregated covered shoulders, the sampling
plan specified in Section 5 shall indicate whether the samples are collected on a two
miie 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 samnple 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.

7 ANALYTICAL PROCEDURES

7.1

Principle and Applicability.

Samples of serpentine aggregate laken for asbestos identification are first examined for
homogeneity and preliminary fiber identification at low magnification. Positive
identifeation 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 squipped
with two polarizing filters coupled with dispersion staining is used w observe specific
optical characteristics of 2 sample. The use of planc polarized light allows the
determination of refractive indices along specific crystallographic axes. Morphology and
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7.2

7.3

714

75

1.5.1

color are also observed. A retardation plate ig 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 petragraphy for determining the relative areas occupied by separate minerals
in thin sections of rock. Background infarmation on the use of poin: counting® and the
interpretation of point count data* is available.

This methed is applicable to al! 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 fimit is 100 percent. The lower detsction 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 Uncerainty,

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 ashestos 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 hers is an "exact” interval computed directly
from the binomial distribution. ~
Apparatus.

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

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

* Forceps, Dissecting Needles, and Probes
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¥ Glassine Paper, Clean Giass Plate, or Petri dish
*  Compound Microscope requirements: A pciarized light microscope complete
with polarizer, analyzer, port for wave retardation plate, 360° graduated rotating
stage, substage condenser, lamp, and lamp iris
* Polarized Light Microseope: described above
*  (bjective Lenses: [0X
* Dispersion Staining Objective Lens: 10X
*  Ocular Lens: 10X
* Eyepiece Reticule: 25 peint or 100 point Chalkley Point Army or cross-hair
*  Compsensator Plate: 550 millimicron retardation
*  First Order Red | Compensator: 530 namometers
Reagents.
Refractive Index Liguids: 1.4%0 - 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).

UICE Asbestos Reference Sample Set: Available fom UICC MRC Pastrnocotiosis
Unit, Lisndough Hospital Penarth, Glamorgan CF§ 1xw, UK and commercial
distributors.

Tremolite-asbestos: Available fom J, T. Baker,

Astinolite-ashestos: Available from 1. T. Baker.

Chrysctile, Amuosite, and Crocidolite is available from the National Institute of Standards
and Technology.

Antlirophyllite, Tremolite, Actinolite will be available from the National Institute of
Standards and Technology during the first quarter of 1990,
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8.1

8.2

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 slide preparations shauld be carried out in a ventilated hood or glove box with
continuous airflow (negative pressuce) exhausting through an HEPA filter. Handling of
samples without these precautions may result in exposure of the analyst and contamination of
samples by airbomne 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 1o the aliquot. A cover slide is placed on tap 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 [dentification.

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

Morphology (3 to 1 minimum aspect ratio)
Caolor 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 oceasionally
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 fivers. Central stop dispersion staining colors
are presented in Tzble 4. Available high-dispersion (HD) liquids should be used.

C-48



8.3

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:

1. Record the number of points positioned directly above each particle or fiber.
2. Record only one point if two points are positioned over same particle or fiber.
3. Record the number of points positioned on the edge of 2 particle or fiber.

4. 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.

5. If a test point lies over an ambigucus 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.

+

6. A fiber mat or bundle is counted as one hber.

For the purpose of the method, "asbestos fibers” are defined as minera! 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 liguid. 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 felds.

or

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

EXCEPTIONII

If the sample is suspected to have an asbestos content in excess of ten percent, a visual
technique can be used to report that the sample contains greater than ten percent asbestos.
The standard operating procedure of the visual technique 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 Octaber 1988, which is incorporated herein by reference,
shalf be followed.
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9 CALCULATIONS

The percent asbestos is calculated as follows:

9% asbestos = [&) 100%
n

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

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

10 ALTERNATIVE METHODS

10.1

10.2

Altermative 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
the Alr Resources Board. The ARB Executive Offcier may require the submittal of test
data or otehr information to dernonstrate equivalency.

Analytical Methods.

An alternative apalytical method may be used as longas it produces results substantially
ecuivalent to the results produced by the peint connting method and approved by the
Executive Officer of the Air Resources Board. The ARB Executive Officer may roqmre
the submittal of test data or other information to demonstrate equivalency.
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Figure |

Thin Wall Tube for Sampling
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Note | Minimum of two mounting holes on apposite sides for 2 to 3 inch diameter sampler.
Note 2 Minimum of four meunting 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. Sixteen-guage tubes are

generally readily available.
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Table |

Suitable Thin Walled Steel Sample Tube*

QUTSIDE DIAMETER:
iches 2 3 3
millimeters 503 762 . 127
WALL THICKNESS:
Bwg iz 16 i
inches 0.049 0.063 o120
millimeters 1.24 1.65 3.05
TUBE LENGTH:
inches. 38 36 54
meters 0.91 4.9] 1.45
CLEARNACE RATIO, % l 1 H
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 leugths to be determined as suited to feld
conditions. ,
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Tabie 2

Dimensional Tolerances for Thin Walled Tubes

Nominal Tube Diameters from Table 1* Toelrancss, inches

Size Outside Diameter 2 3 4

Qutside Diameter +).007 +0.010 +0.015
0.000 0.000 -0.000
[nside Diameter +0.000 +0,000 +0.000
-0.007 -0.010 -0.015
Wall Thickness +0.007 +.010 +0.015
Crality 0.015 0.020 0.030
Straightmess 0.030/0t 0.030/ft 0.030/it
A Intermediate or larger diameters should be proportional. Tolerances shown arc essentially standard

commercial manufacturing tolerances for seamless stee] mechanical tubing. Specify oaly two of
the first thres toelrances; O, D. and L D. or O. D. and Wall, or . D. and Wall,
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Figure 2

 Typlcal Template to Drag . |
R Sample Off Belt
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Table 3

Optical Propertics of Asbestos Fibers

Refractive Indices® Sign af
Mineral Morphology®, calor alpha gamma Birefringence Extinclion Elongation
Chrysotile Wavy fibers. Fiber bundles have splayed ends and 1.493 - 1.560 1.517- 1.562! 0.002 - 0.014 fto fiber +
(asbestiform “kinks." Aspect ratio typically >10:1, Colorless€, {normally 1.556) length (length slow}
serpentine) nonpleachloric.
Amosite Straight, rigid fibers. Aspect ratio typically >10:1. 1.615 - 1.696 1.655 - 1.729¢ 0.020-0.33 B to fiber +
(asbestiform Colorlesy to brown, nonpleochroic or weakly so. {normally 1.696 - length (length slow)
| grunerite) Opaque inclusions may bw present. 1.710)
Crocidolite Straight, rigid fibers. Thick fibers and bundles 1.654- 1,701 1.668 - 1.717° 0014 -0.016 jl to fiber -
(asbestiform common, blue 1o purple-blue in color. Pleochroic. {normally cless to length (lenpth fast)
richeckite) Birefringence is genreally masked hy bluc color. 1.700)
Anthophyllite- Stright fibers and fiber bundles showing spalyed ends. 1.596 - 1.652 1.615 - 1.676f 0.0]9-0.024 I to fiber +
ashestos Colorless to Jight brown. pleochroic absent. length {length slow)
Tremolite- Straight and curved fibers, and fiber bundles. Large 1.599 - 1.668 1.622 - 1.6881 0.023 - 0.020 Il to fiber +
actinalite- bundles show spalyed ends. Tremolile is colorless and lengih (length slow)
asbestos actinolite is green. Weakly to moderately pleochroic.

- h a h o.

From Reference 6; colors cited are scen by observation with plane polarized light.
From Reference 7 and 9,

Fibers subjecied to heating may be brownish.
Fibers defincd as having aspect ratio >3:1.

1 to fiber length,

[} to fiber length.
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