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

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

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

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

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

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

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

i. Near the entrance to each ambient area.
ii. At one of the ambient sites.
(NOTE: Do not leave the blank open during

the sampling period.)
d. A sealed blank is to be carried with each

sample set. This representative cassette is
not to be opened in the field.

7. Abatement area sampling.
a. Conduct final clearance sampling only

after the primary containment barriers have
been removed; the abatement area has been
thoroughly dried; and, it has passed visual
inspection tests by qualified personnel. (See
Reference 1 of Unit III.L.)

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 test criteria. The final plastic barrier
remains in place for the sampling period.

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

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

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

ii. Air filtration units shall remain on dur-
ing the air monitoring period.

iii. Prior to air monitoring, floors, ceiling
and walls shall be swept with the exhaust of
a minimum one (1) horsepower leaf blower.

iv. Stationary fans are placed in locations
which will not interfere with air monitoring
equipment. Fan air is directed toward the
ceiling. One fan shall be used for each 10,000
ft 3 of worksite.

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

that electrical equipment does not become
wet while operational.

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

vii. If recleaning is necessary, removal of
this equipment from the work area must be
handled with care. It is not possible to com-
pletely decontaminate 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 abatement area. Wrapping and sealing
low volume pumps in 6-mil polyethylene will
provide easier decontamination of this
equipment. Use of clean water and disposable
wipes should be available for this purpose.

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

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

8. Ambient sampling.
a. Position ambient samplers at locations

representative of the air entering the abate-
ment site. If makeup air entering the abate-
ment site is drawn from another area of the
building which is outside of the abatement
area, place the pumps in the building, pumps
should be placed out of doors located near
the building and away from any obstructions
that may influence wind 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 the work site.

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

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

C. Sample Shipment

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

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

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

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

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

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

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

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

1. Prescreen the loaded cassette collection
filters to assure that they do not contain
concentrations of asbestos which may inter-
fere with the analysis of the sample. A filter
blank average of less than 18 s/mm2 in an
area of 0.057 mm2 (nominally 10 200-mesh grid
openings) and a maximum of 53 s/mm2 for
that same area for any single preparation is
acceptable for this method.

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

3. Record all calibration information with
the data to be used on a standard sampling
form.

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

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

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

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

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

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

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

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

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

E. Sample Receiving

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

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

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

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

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

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

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

3. Unwrap the shipment in a clean,
uncluttered facility. The sample coordinator
or his or her designee will record the con-
tents, including a description of each item
and all identifying numbers or marks. A
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Sample Receiving Form to document this in-
formation is attached for use when nec-
essary. (See the following Figure 3.)
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NOTE: The person breaking the chain-of-
custody seal and itemizing the contents as-
sumes responsibility for the shipment and
signs documents accordingly.

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

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

F. Sample Preparation

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

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

NOTE: The clean area is required to have
the following minimum characteristics. The
area or hood must be capable of maintaining
a positive pressure with make-up air being
HEPA filtered. The cumulative analytical
blank concentration must average less than
18 s/mm2 in an area of 0.057 s/mm2 (nominally
10 200-mesh grid openings) with no more than
one single preparation to exceed 53 s/mm2 for
that same area.

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

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

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

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

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

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

e. Prepare multiple grids for each sample.

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.
e. Double-coated adhesive tape.
f. Gummed page reinforcements.
g. Micro-pipet with disposal tips 10 to 100

µL variable volume.
h. Vacuum coating unit with facilities for

evaporation of carbon. Use of a liquid nitro-
gen cold trap above the diffusion pump will
minimize the possibility of contamination of
the filter surface by oil from the pumping
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 evaporator for carbon coating of fil-
ters.

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

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

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

m. Stainless steel mesh.
n. Lens tissue.
o. Copper 200-mesh TEM grids, 3 mm in di-

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

ameter, or equivalent.
q. Condensation washer.
r. Carbon-coated, 200-mesh TEM grids, or

equivalent.
s. Analytical balance, 0.1 mg sensitivity.
t. Filter paper, 9 cm in diameter.
u. Oven or slide warmer. Must be capable

of maintaining a temperature of 65–70 °C.
v. Polyurethane foam, 6 mm thickness.
w. Gold wire for evaporation.
6. Reagents.
a. General. A supply of ultra-clean, fiber-

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

b. Polycarbonate preparation method—
chloroform.

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

7. TEM specimen preparation from poly-
carbonate filters.

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

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

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

d. Selection of filter area for carbon coat-
ing. Before preparation of the filters, a 75
mm x 50 mm microscope slide is washed and
dried. This slide is used to support strips of
filter during the carbon evaporation. Two
parallel strips of double-sided adhesive tape
are applied along the length of the slide.
Polycarbonate filters 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
filter are removed together from the cassette
and placed on a cleaned glass microscope
slide. The filter can be cut with a curved
scalpel blade by rocking the blade from the
point placed in contact with the filter. The
process can be repeated to cut a strip ap-
proximately 3 mm wide across the diameter
of the filter. The strip of polycarbonate filter
is separated from the corresponding strip of
backing filter and carefully placed so that it
bridges the gap between the adhesive tape
strips on the microscope slide. The filter
strip can be held with fine-point tweezers
and supported underneath by the scalpel
blade during placement on the microscope
slide. The analyst can place several such

strips on the same microscope slide, taking
care to rinse and wet-wipe the scalpel blade
and tweezers before handling a new sample.
The filter strips should be identified by etch-
ing the glass slide or marking the slide using
a marker insoluble in water and solvents.
After the filter strip has been cut from each
filter, the residual parts of the filter must be
returned to the cassette and held in position
by reassembly of the cassette. The cassette
will then be archived for a period of 30 days
or returned to the client upon request.

e. Carbon coating of filter strips. The glass
slide holding the filter strips is placed on the
rotation-tilting device, and the evaporator
chamber is evacuated. The evaporation must
be performed in very short bursts, separated
by some seconds to allow the electrodes to
cool. If evaporation is too rapid, the strips of
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 film is too thin, large
particles will be lost from the TEM speci-
men, and there will be few complete and
undamaged grid openings on the specimen. If
the coating is too thick, the filter will tend
to curl when exposed to chloroform vapor
and the carbon film may not adhere to the
support mesh. Too thick a carbon film will
also lead to a TEM image that is lacking in
contrast, and the ability to obtain ED pat-
terns will be compromised. The carbon film
should be as thin as possible and remain in-
tact on most of the grid openings of the TEM
specimen intact.

f. Preparation of the Jaffe washer. The pre-
cise design of the Jaffe washer is not consid-
ered important, so any one of the published
designs may be used. A washer consisting of
a simple stainless steel bridge is rec-
ommended. Several pieces of lens tissue ap-
proximately 1.0 cm x 0.5 cm are placed on the
stainless steel bridge, and the washer is
filled with chloroform to a level where the
meniscus contacts the underside of the mesh,
which results in saturation of the lens tis-
sue. See References 8 and 10 of Unit III.L.

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

h. Condensation washing. It has been found
that many polycarbonate filters will not dis-
solve 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 filter was overheated
during the carbon evaporation. 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 obtain ED pat-
terns. Before they are counted, TEM grids
must be examined critically to determine
whether they are adequately cleared of resid-
ual filter medium. It has been found that
condensation washing of the grids after the
initial Jaffe washer treatment, with chloro-
form as the solvent, clears all residual filter
medium in a period of approximately 1 hour.
In practice, the piece of lens tissue sup-
porting the specimen grids is transferred to
the cold finger of the condensation washer,
and the washer is operated for about 1 hour.
If the specimens are cleared satisfactorily by
the Jaffe washer alone, the condensation
washer step may be unnecessary.

8. TEM specimen preparation from MCE
filters.

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

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

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

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

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

f. Plasma etching of the collapsed filter is
required.

i. The microscope slide to which the col-
lapsed filter pieces are attached is placed in
a plasma asher. Because plasma ashers vary
greatly in their performance, both from unit
to unit and between different positions in
the asher chamber, it is difficult to specify

the conditions that should be used. This is
one area of the method that requires further
evaluation. Insufficient etching will result in
a failure to expose embedded filters, and too
much etching may result in loss of particu-
late from the surface. As an interim meas-
ure, it is recommended that the time for
ashing of a known weight of a collapsed fil-
ter be established and that the etching rate
be calculated in terms of micrometers per
second. The actual etching time used for a
particular asher and operating conditions
will then be set such that a 1–2 µm (10 per-
cent) layer of collapsed surface will be re-
moved.

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

g. Transfer the slide to a rotating stage in-
side the bell jar of a vacuum evaporator.
Evaporate a 1 mm x 5 mm section of graphite
rod onto the cleared filter. Remove the slide
to a clean, dry, covered petri dish.

h. Prepare a second petri dish as a Jaffe
washer with the wicking substrate prepared
from filter or lens paper placed on top of a 6
mm thick disk of clean spongy polyurethane
foam. Cut a V-notch on the edge of the foam
and filter paper. Use the V-notch as a res-
ervoir for adding solvent. The wicking sub-
strate should be thin enough to fit into the
petri dish without touching the lid.

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

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

G. TEM Method

1. Instrumentation.
a. Use an 80–120 kV TEM capable of per-

forming electron diffraction with a fluores-
cent screen inscribed with calibrated grada-
tions. 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
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in diameter at crossover. The microscope
shall be calibrated routinely (see Unit III.J.)
for magnification and camera constant.

b. While not required on every microscope
in the laboratory, the laboratory must have
either one microscope equipped with energy
dispersive X-ray analysis or access to an
equivalent system on a TEM in another lab-
oratory. This must be an Energy Dispersive
X-ray Detector mounted on TEM column and
associated hardware/software to collect,
save, and read out spectral information.
Calibration of Multi-Channel Analyzer shall
be checked regularly for A1 at 1.48 KeV and
Cu at 8.04 KeV, as well as the manufacturer’s
procedures.

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

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

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

2. Procedure.
a. Start a new Count Sheet for each sample

to be analyzed. Record on count sheet: ana-
lyst’s initials and date; lab sample number;
client sample number microscope identifica-
tion; magnification for analysis; number of
predetermined grid openings to be analyzed;
and grid identification. See the following
Figure 4:
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b. Check that the microscope is properly
aligned and calibrated according to the man-
ufacturer’s specifications and instructions.

c. Microscope settings: 80–120 kV, grid as-
sessment 250–1000X, then 15,000–20,000X
screen magnification for analysis.

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

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

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

iii. Reject the grid if:
(1) Less than 50 percent of the grid open-

ings covered by the replica are intact.
(2) It is doubled or folded.
(3) It is too dark because of incomplete dis-

solution of the filter.
iv. If the grid is rejected, load the next

sample grid.
v. If the grid is acceptable, continue on to

Step 6 if mapping is to be used; otherwise
proceed to Step 7.

f. Grid Map (Optional).
i. Set the TEM to the low magnification

mode.
ii. Use flat edge or finder grids for map-

ping.
iii. Index the grid openings (fields) to be

counted by marking the acceptable fields for
one-half (0.5) of the area needed for analysis
on each of the two grids to be analyzed.
These may be marked just before examining
each grid opening (field), if desired.

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

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

g. Scan the grid.
i. Select a field to start the examination.
ii. Choose the appropriate magnification

(15,000 to 20,000X screen magnification).
iii. Scan the grid as follows.
(1) At the selected magnification, make a

series of parallel traverses across the field.
On reaching the end of one traverse, move
the image one window and reverse the tra-
verse.

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

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

h. Identify each structure for appearance
and size.

i. Appearance and size: Any continuous
grouping of particles in which an asbestos
fiber within aspect ratio greater than or
equal to 5:1 and a length greater than or
equal to 0.5 µm is detected shall be recorded
on the count sheet. These will be designated
asbestos structures and will be classified as
fibers, bundles, clusters, or matrices. Record
as individual fibers any contiguous grouping
having 0, 1, or 2 definable intersections.
Groupings having more than 2 intersections
are to be described as cluster or matrix. See
the following Figure 5:
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of the containerized asbestos waste at the
generation site until it has been unloaded at
the disposal site. Current EPA regulations
state that there must be no visible emissions
to the outside air during waste transport.
However, recognizing the potential hazards
and subsequent liabilities associated with
exposure, the following additional pre-
cautions are recommended.

Recordkeeping. Before accepting wastes, a
transporter should determine if the waste is
properly wetted and containerized. The
transporter should then require a chain-of-
custody form signed by the generator. A
chain-of-custody form may include the name
and address of the generator, the name and
address of the pickup site, the estimated
quantity of asbestos waste, types of con-
tainers used, and the destination of the
waste. The chain-of-custody form should
then be signed over to a disposal site oper-
ator to transfer responsibility for the asbes-
tos waste. A copy of the form signed by the
disposal site operator should be maintained
by the transporter as evidence of receipt at
the disposal site.

Waste handling. A transporter should en-
sure that the asbestos waste is properly con-
tained in leak-tight containers with appro-
priate labels, and that the outside surfaces of
the containers are not contaminated with as-
bestos debris adhering to the containers. If
there is reason to believe that the condition
of the asbestos waste may allow significant
fiber release, the transporter should not ac-
cept the waste. Improper containerization of
wastes is a violation of the NESHAPs regula-
tion and should be reported to the appro-
priate EPA Regional Asbestos NESHAPs
contact below:

Region I

Asbestos NESHAPs Contact, Air Manage-
ment Division, USEPA, Region I, JFK Fed-
eral Building, Boston, MA 02203, (617) 223–
3266.

Region II

Asbestos NESHAPs Contact, Air & Waste
Management Division, USEPA, Region II, 26
Federal Plaza, New York, NY 10007, (212) 264–
6770.

Region III

Asbestos NESHAPs Contact, Air Manage-
ment Division, USEPA, Region III, 841 Chest-
nut Street, Philadelphia, PA 19107, (215) 597–
9325.

Region IV

Asbestos NESHAPs Contact, Air, Pesticide
& Toxic Management, USEPA, Region IV,
345 Courtland Street, NE., Atlanta, GA 30365,
(404) 347–4298.

Region V

Asbestos NESHAPs Contact, Air Manage-
ment Division, USEPA, Region V, 77 West
Jackson Boulevard, Chicago, IL 60604, (312)
353–6793.

Region VI

Asbestos NESHAPs Contact, Air & Waste
Management Division, USEPA, Region VI,
1445 Ross Avenue, Dallas, TX 75202, (214) 655–
7229.

Region VII

Asbestos NESHAPs Contact, Air & Waste
Management Division, USEPA, Region VII,
726 Minnesota Avenue, Kansas City, KS 66101,
(913) 236–2896.

Region VIII

Asbestos NESHAPs Contact, Air & Waste
Management Division, USEPA, Region VIII,
999 18th Street, Suite 500, Denver, CO 80202,
(303) 293–1814.

Region IX

Asbestos NESHAPs Contact, Air Manage-
ment Division, USEPA, Region IX, 215 Fre-
mont Street, San Francisco, CA 94105, (415)
974–7633.

Region X

Asbestos NESHAPs Contact, Air & Toxics
Management Division, USEPA, Region X,
1200 Sixth Avenue, Seattle, WA 98101, (206)
442–2724.

Once the transporter is satisfied with the
condition of the asbestos waste and agrees to
handle it, the containers should be loaded
into the transport vehicle in a careful man-
ner to prevent breaking of the containers.
Similarly, at the disposal site, the asbestos
waste containers should be transferred care-
fully to avoid fiber release.

Waste transport. Although there are no reg-
ulatory specifications regarding the trans-
port vehicle, it is recommended that vehicles
used for transport of containerized asbestos
waste have an enclosed carrying compart-
ment or utilize a canvas covering sufficient
to contain the transported waste, prevent
damage to containers, and prevent fiber re-
lease. Transport of large quantities of asbes-
tos waste is commonly conducted in a 20-
cubic-yard ‘‘roll off’’ box, which should also
be covered. Vehicles that use compactors to
reduce waste volume should not be used be-
cause these will cause the waste containers
to rupture. Vacuum trucks used to transport
waste slurry must be inspected to ensure
that water is not leaking from the truck.

Disposal involves the isolation of asbestos
waste material in order to prevent fiber re-
lease to air or water. Landfilling is rec-
ommended as an environmentally sound iso-
lation method because asbestos fibers are
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virtually immobile in soil. Other disposal
techniques such as incineration or chemical
treatment are not feasible due to the unique
properties of asbestos. EPA has established
asbestos disposal requirements for active and
inactive disposal sites under NESHAPs (40
CFR Part 61, subpart M) and specifies gen-
eral requirements for solid waste disposal
under RCRA (40 CFR Part 257). Advance EPA
notification of the intended disposal site is
required by NESHAPs.

Selecting a disposal facility. An acceptable
disposal facility for asbestos wastes must ad-
here to EPA’s requirements of no visible
emissions to the air during disposal, or mini-
mizing emissions by covering the waste
within 24 hours. The minimum required
cover is 6 inches of nonasbestos material,
normally soil, or a dust-suppressing chem-
ical. In addition to these Federal require-
ments, many state or local government
agencies require more stringent handling
procedures. These agencies usually supply a
list of ‘‘approved’’ or licensed asbestos dis-
posal sites upon request. Solid waste control
agencies are listed in local telephone direc-
tories under state, county, or city headings.
A list of state solid waste agencies may be
obtained by calling the RCRA hotline: 1–800–
424–9346 (382–3000 in Washington, DC). Some
landfill owners or operators place special re-
quirements on asbestos waste, such as plac-
ing all bagged waste into 55-gallon metal
drums. Therefore, asbestos removal contrac-
tors should contact the intended landfill be-
fore arriving with the waste.

Receiving asbestos waste. A landfill approved
for receipt of asbestos waste should require
notification by the waste hauler that the
load contains asbestos. The landfill operator
should inspect the loads to verify that asbes-
tos waste is properly contained in leak-tight
containers and labeled appropriately. The
appropriate EPA Regional Asbestos
NESHAPs Contact should be notified if the
landfill operator believes that the asbestos
waste is in a condition that may cause sig-
nificant fiber release during disposal. In situ-
ations when the wastes are not properly con-
tainerized, the landfill operator should thor-
oughly soak the asbestos with a water spray
prior to unloading, rinse out the truck, and
immediately cover the wastes with non-
asbestos material prior to compacting the
waste in the landfill.

Waste deposition and covering. Recognizing
the health dangers associated with asbestos
exposure, the following procedures are rec-
ommended to augment current federal re-
quirements:

• Designate a separate area for asbestos
waste disposal. Provide a record for future
landowners that asbestos waste has been bur-
ied there and that it would be hazardous to
attempt to excavate that area. (Future regu-
lations may require property deeds to iden-

tify the location of any asbestos wastes and
warn against excavation.)

• Prepare a separate trench to receive as-
bestos wastes. The size of the trench will de-
pend upon the quantity and frequency of as-
bestos waste delivered to the disposal site.
The trenching technique allows application
of soil cover without disturbing the asbestos
waste containers. The trench should be
ramped to allow the transport vehicle to
back into it, and the trench should be as nar-
row as possible to reduce the amount of
cover required. If possible, the trench should
be aligned perpendicular to prevailing winds.

• Place the asbestos waste containers into
the trench carefully to avoid breaking them.
Be particularly careful with plastic bags be-
cause when they break under pressure asbes-
tos particles can be emitted.

• Completely cover the containerized
waste within 24 hours with a minimum of 6
inches of nonasbestos material. Improperly
containerized waste is a violation of the
NESHAPs and EPA should be notified.

However, if improperly containerized
waste is received at the disposal site, it
should be covered immediately after unload-
ing. Only after the wastes, including prop-
erly containerized wastes, are completely
covered, can the wastes be compacted or
other heavy equipment run over it. During
compacting, avoid exposing wastes to the air
or tracking asbestos material away from the
trench.

• For final closure of an area containing
asbestos waste, cover with at least an addi-
tional 30 inches of compacted nonasbestos
material to provide a 36-inch final cover. To
control erosion of the final cover, it should
be properly graded and vegetated. In areas of
the United States where excessive soil ero-
sion may occur or the frost line exceeds 3
feet, additional final cover is recommended.
In desert areas where vegetation would be
difficult to maintain, 3–6 inches of well grad-
ed crushed rock is recommended for place-
ment on top of the final cover.

Controlling public access. Under the current
NESHAPs regulation, EPA does not require
that a landfill used for asbestos disposal use
warning signs or fencing if it meets the re-
quirement to cover asbestos wastes. How-
ever, under RCRA, EPA requires that access
be controlled to prevent exposure of the pub-
lic to potential health and safety hazards at
the disposal site. Therefore, for liability pro-
tection of operators of landfills that handle
asbestos, fencing and warning signs are rec-
ommended to control public access when
natural barriers do not exist. Access to a
landfill should be limited to one or two en-
trances with gates that can be locked when
left unattended. Fencing should be installed
around the perimeter of the disposal site in
a manner adequate to deter access by the
general public. Chain-link fencing, 6-ft high
and topped with a barbed wire guard, should
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be used. More specific fencing requirements
may be specified by local regulations. Warn-
ing signs should be displayed at all entrances
and at intervals of 330 feet or less along the
property line of the landfill or perimeter of
the sections where asbestos waste is depos-
ited. The sign should read as follows:

ASBESTOS WASTE DISPOSAL SITE
BREATHING ASBESTOS DUST MAY

CAUSE LUNG DISEASE AND CANCER

Recordkeeping. For protection from liabil-
ity, and considering possible future require-
ments for notification on disposal site deeds,
a landfill owner should maintain documenta-
tion of the specific location and quantity of
the buried asbestos wastes. In addition, the
estimated depth of the waste below the sur-
face should be recorded whenever a landfill
section is closed. As mentioned previously,
such information should be recorded in the
land deed or other record along with a notice
warning against excavation of the area.

[52 FR 41897, Oct. 30, 1987, as amended at 62
FR 1834, Jan. 14, 1997]

APPENDIX E TO SUBPART E—INTERIM
METHOD OF THE DETERMINATION OF
ASBESTOS IN BULK INSULATION SAM-
PLES

SECTION 1, POLARIZED LIGHT MICROSCOPY

1.1 Principle and Applicability

Bulk samples of building materials taken
for asbestos identification are first examined
for homogeneity and preliminary fiber iden-
tification at low magnification. Positive
identification of suspect fibers is made by
analysis of subsamples with the polarized
light microscope.

The principles of optical mineralogy are
well established.1 2 A light microscope
equipped with two polarizing filters is used
to observe specific optical characteristics of
a sample. The use of plane polarized light al-
lows the determination of refractive indices
along specific crystallographic axes. Mor-
phology and color are also observed. A retar-
dation plate is placed in the polarized light
path for determination of the sign of elon-
gation using orthoscopic illumination. Ori-
entation of the two filters such that their vi-
bration planes are perpendicular (crossed
polars) allows observation of the birefring-
ence and extinction characteristics of aniso-
tropic particles.

Quantitative analysis involves the use of
point counting. Point counting is a standard
technique in petrography for determining
the relative areas occupied by separate min-
erals in thin sections of rock. Background
information on the use of point counting 2

and the interpretation of point count data 3

is available.

This method is applicable to all bulk sam-
ples of friable insulation materials sub-
mitted for identification and quantitation of
asbestos components.

1.2 Range

The point counting method may be used
for analysis of samples containing from 0 to
100 percent asbestos. The upper detection
limit is 100 percent. The lower detection
limit is less than 1 percent.

1.3 Interferences

Fibrous organic and inorganic constituents
of bulk samples may interfere with the iden-
tification and quantitation of the asbestos
mineral content. Spray-on binder materials
may coat fibers and affect color or obscure
optical characteristics to the extent of
masking fiber identity. Fine particles of
other materials may also adhere to fibers to
an extent sufficient to cause confusion in
identification. Procedures that may be used
for the removal of interferences are pre-
sented in Section 1.7.2.2.

1.4 Precision and Accuracy

Adequate data for measuring the accuracy
and precision of the method for samples with
various matrices are not currently available.
Data obtained for samples containing a sin-
gle asbestos type in a simple matrix are
available in the EPA report Bulk Sample
Analysis for Asbestos Content: Evaluation of
the Tentative Method.4

1.5 Apparatus

1.5.1 Sample Analysis

A low-power binocular microscope, pref-
erably stereoscopic, is used to examine the
bulk insulation sample as received.
• Microscope: binocular, 10–45X (approxi-

mate).
• Light Source: incandescent or fluorescent.
• Forceps, Dissecting Needles, and Probes
• Glassine Paper or Clean Glass Plate

Compound microscope requirements: A po-
larized light microscope complete with po-
larizer, analyzer, port for wave retardation
plate, 360° graduated rotating stage, substage
condenser, lamp, and lamp iris.
• Polarized Light Microscope: described above.
• Objective Lenses: 10X, 20X, and 40X or near

equivalent.
• Dispersion Staining Objective Lens (optional)
• Ocular Lens: 10X minimum.
• Eyepiece Reticle: cross hair or 25 point

Chalkley Point Array.
• Compensator Plate: 550 millimicron retarda-

tion.

1.5.2 Sample Preparation

Sample preparation apparatus require-
ments will depend upon the type of insula-
tion sample under consideration. Various
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physical and/or chemical means may be em-
ployed for an adequate sample assessment.
• Ventilated Hood or negative pressure glove

box.
• Microscope Slides
• Coverslips
• Mortar and Pestle: agate or porcelain. (op-

tional)
• Wylie Mill (optional)
• Beakers and Assorted Glassware (optional)
• Certrifuge (optional)
• Filtration apparatus (optional)
• Low temperature asher (optional)

1.6 Reagents

1.6.1 Sample Preparation

• Distilled Water (optional)
• Dilute CH3COOH: ACS reagent grade (op-

tional)
• Dilute HCl: ACS reagent grade (optional)
• Sodium metaphosphate (NaPO3)6 (optional)

1.6.2 Analytical Reagents

Refractive Index Liquids: 1.490–1.570, 1.590–
1.720 in increments of 0.002 or 0.004.
• Refractive Index Liquids for Dispersion Stain-

ing: high-dispersion series, 1.550, 1.605, 1.630
(optional).

• UICC Asbestos Reference Sample Set: Avail-
able from: UICC MRC Pneumoconiosis
Unit, Llandough Hospital, Penarth,
Glamorgan CF6 1XW, UK, and commercial
distributors.

• Tremolite-asbestos (source to be determined)
• Actinolite-asbestos (source to be determined)

1.7 Procedures

NOTE: Exposure to airborne asbestos fibers
is a health hazard. Bulk samples submitted
for analysis are usually friable and may re-
lease fibers during handling or matrix reduc-
tion steps. All sample and slide preparations
should be carried out in a ventilated hood or
glove box with continuous airflow (negative
pressure). Handling of samples without these
precautions may result in exposure of the
analyst and contamination of samples by
airborne fibers.

1.7.1 Sampling

Samples for analysis of asbestos content
shall be taken in the manner prescribed in
Reference 5 and information on design of
sampling and analysis programs may be
found in Reference 6. If there are any ques-
tions about the representative nature of the
sample, another sample should be requested
before proceeding with the analysis.

1.7.2 Analysis

1.7.2.1 Gross Examination

Bulk samples of building materials taken
for the identification and quantitation of as-
bestos are first examined for homogeneity at

low magnification with the aid of a
stereomicroscope. The core sample may be
examined in its container or carefully re-
moved from the container onto a glassine
transfer paper or clean glass plate. If pos-
sible, note is made of the top and bottom ori-
entation. When discrete strata are identified,
each is treated as a separate material so that
fibers are first identified and quantified in
that layer only, and then the results for each
layer are combined to yield an estimate of
asbestos content for the whole sample.

1.7.2.2 Sample Preparation

Bulk materials submitted for asbestos
analysis involve a wide variety of matrix
materials. Representative subsamples may
not be readily obtainable by simple means in
heterogeneous materials, and various steps
may be required to alleviate the difficulties
encountered. In most cases, however, the
best preparation is made by using forceps to
sample at several places from the bulk mate-
rial. Forcep samples are immersed in a re-
fractive index liquid on a microscope slide,
teased apart, covered with a cover glass, and
observed with the polarized light micro-
scope.

Alternatively, attempts may be made to
homogenize the sample or eliminate inter-
ferences before further characterization. The
selection of appropriate procedures is de-
pendent upon the samples encountered and
personal preference. The following are pre-
sented as possible sample preparation steps.

A mortar and pestle can sometimes be used
in the size reduction of soft or loosely bound
materials though this may cause matting of
some samples. Such samples may be reduced
in a Wylie mill. Apparatus should be clean
and extreme care exercised to avoid cross-
contamination of samples. Periodic checks
of the particle sizes should be made during
the grinding operation so as to preserve any
fiber bundles present in an identifiable form.
These procedures are not recommended for
samples that contain amphibole minerals or
vermiculite. Grinding of amphiboles may re-
sult in the separation of fiber bundles or the
production of cleavage fragments with as-
pect ratios greater than 3:1. Grinding of
vermiculite may also produce fragments
with aspect ratios greater than 3:1.

Acid treatment may occasionally be re-
quired to eliminate interferences. Calcium
carbonate, gypsum, and bassanite (plaster)
are frequently present in sprayed or
trowelled insulations. These materials may
be removed by treatment with warm dilute
acetic acid. Warm dilute hydrochloric acid
may also be used to remove the above mate-
rials. If acid treatment is required, wash the
sample at least twice with distilled water,
being careful not to lose the particulates
during decanting steps. Centrifugation or fil-
tration of the suspension will prevent signifi-
cant fiber loss. The pore size of the filter
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should be 0.45 micron or less. Caution: pro-
longed acid contact with the sample may
alter the optical characteristics of chrysotile
fibers and should be avoided.

Coatings and binding materials adhering to
fiber surfaces may also be removed by treat-
ment with sodium metaphosphate.7 Add 10
mL of 10g/L sodium metaphosphate solution
to a small (0.1 to 0.5 mL) sample of bulk ma-
terial in a 15-mL glass centrifuge tube. For
approximately 15 seconds each, stir the mix-
ture on a vortex mixer, place in an ultra-
sonic bath and then shake by hand. Repeat
the series. Collect the dispersed solids by
centrifugation at 1000 rpm for 5 minutes.
Wash the sample three times by suspending
in 10 mL distilled water and recentrifuging.
After washing, resuspend the pellet in 5 mL
distilled water, place a drop of the suspen-
sion on a microscope slide, and dry the slide
at 110 °C.

In samples with a large portion of cel-
lulosic or other organic fibers, it may be use-
ful to ash part of the sample and view the
residue. Ashing should be performed in a low
temperature asher. Ashing may also be per-
formed in a muffle furnace at temperatures
of 500 °C or lower. Temperatures of 550 °C or
higher will cause dehydroxylation of the as-
bestos minerals, resulting in changes of the
refractive index and other key parameters. If
a muffle furnace is to be used, the furnace
thermostat should be checked and calibrated
to ensure that samples will not be heated at
temperatures greater than 550 °C.

Ashing and acid treatment of samples
should not be used as standard procedures. In

order to monitor possible changes in fiber
characteristics, the material should be
viewed microscopically before and after any
sample preparation procedure. Use of these
procedures on samples to be used for quan-
titation requires a correction for percent
weight loss.

1.7.2.3 Fiber Identification

Positive identification of asbestos requires
the determination of the following optical
properties.
• Morphology
• Color and pleochroism
• Refractive indices
• Birefringence
• Extinction characteristics
• Sign of elongation

Table 1–1 lists the above properties for com-
mercial asbestos fibers. Figure 1–1 presents a
flow diagram of the examination procedure.
Natural variations in the conditions under
which deposits of asbestiform minerals are
formed will occasionally produce exceptions
to the published values and differences from
the UICC standards. The sign of elongation is
determined by use of the compensator plate
and crossed polars. Refractive indices may
be determined by the Becke line test. Alter-
natively, dispersion staining may be used.
Inexperienced operators may find that the
dispersion staining technique is more easily
learned, and should consult Reference 9 for
guidance. Central stop dispersion staining
colors are presented in Table 1–2. Available
high-dispersion (HD) liquids should be used.

TABLE 1–1—OPTICAL PROPERTIES OF ASBESTOC FIBERS

Mineral Morphology, colora
Refrac- tive indicesb

Birefring-
ence Extinction Sign of

elonationα γ

Chrysotile
(asbestiform
serpentine).

Wavy fibers. Fiber bundles have
splayed ends and ‘‘kinks’’. Aspect
ratio typically >10:1. Colorless3,
nonpleochroic.

1.493–1.560 1.517–
1.562f

(nor-
mally
1.556).

.008 | to fiber
length.

+
(length
slow)

Amosite
(asbestiform
grunerite).

Straight, rigid fibers. Aspect ratio typi-
cally >10:1. Colorless to brown,
nonpleochroic or weakly so. Opaque
inclusions may be present.

1.635–1.696 1.655–
1.729f

(nor-
mally
1.696–
1.710.

.020–.033 | to fiber
length.

+
(length
slow)

Crocidolite
(asbestiform
Riebeckite).

Straight, rigid fibers. Thick fibers and
bundles common, blue to purple-
blue in color. Pleochroic.
Birefringence is generally masked by
blue color.

1.654–1.701 1.668–
1.7173e

(nor-
mally
close to
1.700).

.014–.016 | to fiber
length.

¥

(length fast)

Anthophyllite-
asbestos.

Straight fibers and acicular cleavage
fragments.d Some composite fibers.
Aspect ratio <10:1. Colorless to light
brown.

1.596–1.652 1.615–
1.676f.

.019–.024 | to fiber
length.

+
(length
slow)
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TABLE 1–1—OPTICAL PROPERTIES OF ASBESTOC FIBERS—Continued

Mineral Morphology, colora
Refrac- tive indicesb

Birefring-
ence Extinction Sign of

elonationα γ

Tremolite-actin-
olite-asbes-
tos.

Normally present as acicular or pris-
matic cleavage fragments.d Single
crystals predominate, aspect ratio
<10:1. Colorless to pale green.

1.599–1.668 1.622–
1.688f.

.023–.020 Oblique
extinc-
tion, 10–
20° for
frag-
ments.
Com-
posite fi-
bers
show|
extinc-
tion.

+
(length
slow)

a From reference 5; colors cited are seen by observation with plane polarized light.
b From references 5 and 8.
c Fibers subjected to heating may be brownish.
d Fibers defined as having aspect ratio >3:1.
e to fiber length.
f |To fiber length.
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TABLE 1–2—CENTRAL STOP DISPERSION
STAINING COLORS A

Mineral RI Liquid η η|

Chrysotile ..... 1.550 HD Blue ............. Blue-ma-
genta

Amosite ........ 1.680 Blue-ma-
genta to
pale blue.

Golden-yel-
low

1.550HD Yellow to
white.

Yellow to
white

Crocidoliteb .. 1.700 Red magenta Blue-ma-
genta

1.550HD Yellow to
white.

Yellow to
white

Anthophyllite 1.605HD Blue ............. Gold to gold-
magenta

Tremolite ...... 1.605HD c Pale blue ..... Gold
Actinolite ...... 1.605HD Gold-ma-

genta to
blue.

Gold

1.630HD c Magenta ...... Golden-yel-
low

a From reference 9.
b Blue absorption color.
c Oblique extinction view.

1.7.2.4 Quantitation of Asbestos Content

Asbestos quantitation is performed by a
point-counting procedure or an equivalent
estimation method. An ocular reticle (cross-
hair or point array) is used to visually super-
impose a point or points on the microscope
field of view. Record the number of points
positioned directly above each kind of par-
ticle or fiber of interest. Score only points
directly over asbestos fibers or nonasbestos
matrix material. Do not score empty points
for the closest particle. 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. Point
counting provides a determination of the
area percent asbestos. Reliable conversion of
area percent to percent of dry weight is not
currently feasible unless the specific
gravities and relative volumes of the mate-
rials are known.

For the purpose of this method, ‘‘asbestos
fibers’’ are defined as having an aspect ratio
greater than 3:1 and being positively identi-
fied as one of the minerals in Table 1–1.

A total of 400 points superimposed on ei-
ther asbestos fibers or nonasbestos matrix
material must be counted over at least eight
different preparations of representative sub-
samples. Take eight forcep samples and
mount each separately with the appropriate
refractive index liquid. The preparation
should not be heavily loaded. The sample
should be uniformly dispersed to avoid over-
lapping particles and allow 25–50 percent
empty area within the fields of view. Count
50 nonempty points on each preparation,
using either
• A cross-hair reticle and mechanical stage;

or

• A reticle with 25 points (Chalkley Point
Array) and counting at least 2 randomly
selected fields.

For samples with mixtures of isotropic and
anisotropic materials present, viewing the
sample with slightly uncrossed polars or the
addition of the compensator plate to the po-
larized light path will allow simultaneous
discrimination of both particle types. Quan-
titation should be performed at 100X or at
the lowest magnification of the polarized
light microscope that can effectively distin-
guish the sample components. Confirmation
of the quantitation result by a second ana-
lyst on some percentage of analyzed samples
should be used as standard quality control
procedure.

The percent asbestos is calculated as fol-
lows:
% asbestos=(a/n) 100%

where

a=number of asbestos counts,
n=number of nonempty points counted (400).

If a=0, report ‘‘No asbestos detected.’’ If 0<
a™3, report ‘‘<1% asbestos’’.

The value reported should be rounded to
the nearest percent.
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SECTION 2, X-RAY POWDER DIFFRACTION

2.1 Principle and Applicability

The principle of X-ray powder diffraction
(XRD) analysis is well established.1 2Any
solid, crystalline material will diffract an
impingent beam of parallel, monochromatic
X-rays whenever Bragg’s Law,
λ = 2d sin θ,
is satisfied for a particular set of planes in
the crystal lattice, where
λ = the X-ray wavelength, Å;
d = the interplanar spacing of the set of re-

flecting lattice planes, Å; and
θ = the angle of incidence between the X-ray

beam and the reflecting lattice planes.
By appropriate orientation of a sample rel-
ative to the incident X-ray beam, a diffrac-
tion pattern can be generated that, in most
cases, will be uniquely characteristic of both
the chemical composition and structure of
the crystalline phases present.

Unlike optical methods of analysis, how-
ever, XRD cannot determine crystal mor-
phology. Therefore, in asbestos analysis,
XRD does not distinguish between fibrous
and nonfibrous forms of the serpentine and
amphibole minerals (Table 2–1). However,
when used in conjunction with optical meth-
ods such as polarized light microscopy
(PLM), XRD techniques can provide a reli-
able analytical method for the identification
and characterization of asbestiform minerals
in bulk materials.

For qualitative analysis by XRD methods,
samples are initially scanned over limited
diagnostic peak regions for the serpentine
(∼ 7.4 Å) and amphibole (8.2–8.5 Å) minerals
(Table 2–2). Standard slow-scanning methods
for bulk sample analysis may be used for ma-
terials shown by PLM to contain significant
amounts of asbestos (>5–10 percent). Detec-
tion of minor or trace amounts of asbestos
may require special sample preparation and
step-scanning analysis. All samples that ex-
hibit diffraction peaks in the diagnostic re-
gions for asbestiform minerals are submitted
to a full (5°–60° 2θ; 1° 2θ/min) qualitative XRD
scan, and their diffraction patterns are com-
pared with standard reference powder dif-
fraction patterns 3to verify initial peak as-
signments and to identify possible matrix
interferences when subsequent quantitative
analysis will be performed.

TABLE 2–1—THE ASBESTOS MINERALS AND
THEIR NONASBESTIFORM ANALOGS

Asbestiform Nonasbestiform

SERPENTINE
Chrysotile Antigorite, lizardite

AMPHIBOLE
Anthophyllite asbestos Anthophyllite
Cummingtonite-grunerite

asbestos (‘‘Amosite’’)
Cummingtonite-grunerite

Crocidolite Riebeckite
Tremolite asbestos Tremolite
Actinolite asbestos Actinolite

TABLE 2–2—PRINCIPAL LATTICE SPACINGS OF ASBESTIFORM MINERALS a

Minerals

Principal d-spacings (Å) and relative inten-
sities JCPDS Powder diffraction file3 number

Chrysotile .................. 7.37100

7.36100 ..
7.10100 ..

3.6570

3.6680

2.3380

4.5750

2.4565 ..
3.5570

21–543b

25–645
22–1162 (theoretical)

‘‘Amosite’’ .................. 8.33100

8.22100 ..
3.0670

3.06085

2.75670

3.2570

17–745 (nonfibrous)
27–1170 (UICC)

Anthophyllite .............. 3.05100

3.06100 ..
3.2460

8.3370

8.2655

3.2350

9–455
16–401 (synthetic)

Anthophyllite .............. 2.72100 2.54100 3.48080 25–157
Crocidolite ................. 8.35100 3.1055 2.72035 27–1415 (UICC)
Tremolite ................... 8.38100

2.706100

3.13100 ..

3.12100

3.1495

2.70660

2.70590

8.4340

8.4440

13–437b

20–1310b (synthetic)
23–666 (synthetic mixture with richterite)

aThis information is intended as a guide, only. Complete powder diffraction data, including mineral type and source, should be
referred to, to ensure comparability of sample and reference materials where possible. Additional precision XRD data on
amosite, crocidolite, tremolite, and chrysotile are available from the U.S. Bureaus of Mines.4

bFibrosity questionable.

Accurate quantitative analysis of asbestos
in bulk samples by XRD is critically depend-
ent on particle size distribution, crystallite
size, preferred orientation and matrix ab-
sorption effects, and comparability of stand-
ard reference and sample materials. The
most intense diffraction peak that has been
shown to be free from interference by prior

qualitative XRD analysis is selected for
quantitation of each asbestiform mineral. A
‘‘thin-layer’’ method of analysis 5 6 is rec-
ommended in which, subsequent to commin-
ution of the bulk material to ∼ 10 µm by suit-
able cryogenic milling techniques, an accu-
rately known amount of the sample is depos-
ited on a silver membrane filter. The mass of
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asbestiform material is determined by meas-
uring the integrated area of the selected dif-
fraction peak using a step-scanning mode,
correcting for matrix absorption effects, and
comparing with suitable calibration stand-
ards. Alternative ‘‘thick-layer’’ or bulk
methods,7 8 may be used for semiquantitative
analysis.

This XRD method is applicable as a con-
firmatory method for identification and
quantitation of asbestos in bulk material
samples that have undergone prior analysis
by PLM or other optical methods.

2.2 Range and Sensitivity

The range of the method has not been de-
termined.

The sensitivity of the method has not been
determined. It will be variable and depend-
ent upon many factors, including matrix ef-
fects (absoprtion and interferences), diag-
nostic reflections selected, and their relative
intensities.

2.3 Limitations

2.3.1 Interferences

Since the fibrous and nonfibrous forms of
the serpentine and amphibole minerals
(Table 2–1) are indistinguishable by XRD
techniques unless special sample preparation
techniques and instrumentation are used,9
the presence of nonasbestiform serpentines
and amphiboles in a sample will pose severe
interference problems in the identification
and quantitative analysis of their
asbestiform analogs.

The use of XRD for identification and
quantitation of asbestiform minerals in bulk
samples may also be limited by the presence
of other interfering materials in the sample.
For naturally occurring materials the com-
monly associated asbestos-related mineral
interferences can usually be anticipated.
However, for fabricated materials the nature
of the interferences may vary greatly (Table
2–3) and present more serious problems in
identification and quantitation.10 Potential
interferences are summarized in Table 2–4
and include the following:
• Chlorite has major peaks at 7.19 Å and 3.58

Å That interfere with both the primary
(7.36 Å) and secondary (3.66 Å) peaks for
chrysotile. Resolution of the primary peak
to give good quantitative results may be
possible when a step-scanning mode of op-
eration is employed.

• Halloysite has a peak at 3.63 Å that inter-
feres with the secondary (3.66 Å) peak for
chrysotile.

• Kaolinite has a major peak at 7.15 Å that
may interfere with the primary peak of
chrysotile at 7.36 Å when present at con-
centrations of >10 percent. However, the
secondary chrysotile peak at 3.66 Å may be
used for quantitation.

• Gypsum has a major peak at 7.5 Å that
overlaps the 7.36 Å peak of chrysotile when
present as a major sample constituent.
This may be removed by careful washing
with distilled water, or be heating to 300 °C
to convert gypsum to plaster of paris.

• Cellulose has a broad peak that partially
overlaps the secondary (3.66 Å) chrysotile
peak.8

• Overlap of major diagnostic peaks of the
amphibole asbestos minerals, amosite,
anthophyllite, crocidolite, and tremolite,
at approximately 8.3 Å and 3.1 Å causes
mutual interference when these minerals
occur in the presence of one another. In
some instances, adquate resolution may be
attained by using step-scanning methods
and/or by decreasing the collimator slit
width at the X-ray port.

TABLE 2–3—COMMON CONSTITUENTS IN
INSULATION AND WALL MATERIALS

A. Insulation materials
Chrysotile
‘‘Amosite’’
Crocidolite
*Rock wool
*Slag wool
*Fiber glass
Gypsum (CaSO4 &διωιδε´ 2H2 O)
Vermiculite (micas)
*Perlite
Clays (kaolin)
*Wood pulp
*Paper fibers (talc, clay, carbonate fillers)
Calcium silicates (synthetic)
Opaques (chromite, magnetite inclusions

in serpentine)
Hematite (inclusions in ‘‘amosite’’)
Magnesite
*Diatomaceous earth

B. Spray finishes or paints
Bassanite
Carbonate minerals (calcite, dolomite,

vaterite)
Talc
Tremolite
Anthophyllite
Serpentine (including chrysotile)
Amosite
Crocidolite
*Mineral wool
*Rock wool
*Slag wool
*Fiber glass
Clays (kaolin)
Micas
Chlorite
Gypsum (CaSO4 &διωιδε´ 2H2 O)
Quartz
*Organic binders and thickeners
Hyrdomagnesite
Wollastonite
Opaques (chromite, magnetite inclusions

in serpentine)
Hematite (inclusions in ‘‘amosite’’)
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*Amorphous materialsllcontribute only
to overall scattered radiation and increased
background radiation.

TABLE 2–4—INTERFERENCES IN XRD ANALYSIS
ASBESTIFORM MINERALS

Asbestiform min-
eral

Primary
diag-
nostic
peaks

(approxi-
mate d-

spacings,
in Å)

Interference

Serpentine
Chrysotile 7.4 Nonasbestiform serpentines

(antigorite, lizardite)
Chlorite
Kaolinite
Gypsum

3.7 Chlorite
Halloysite
Cellulose

Amphibole
‘‘Amosite’’
Anthophyllite "
Crocidolite
Tremolite

3.1 Nonasbestiform amphiboles
(cummingtonite-grunerite,
anthophyllite, riebeckite,
tremolite)

Mutual interferences
Carbonates
Talc

8.3 Mutual interferences

• Carbonates may also interfere with quan-
titative analysis of the amphibole asbestos
minerals, amosite, anthophyllite, crocid-
olite, and tremolite. Calcium carbonate
(CaCO3) has a peak at 3.035 Å that overlaps
major amphibole peaks at approximately
3.1 Å when present in concentrations of >5
percent. Removal of carbonates with a di-
lute acid wash is possible; however, if
present, chrysotile may be partially dis-
solved by this treatment.11

• A major talc peak at 3.12 Å interferes with
the primary tremolite peak at this same
position and with secondary peaks of cro-
cidolite (3.10 Å), amosite (3.06 Å), and
anthophyllite (3.05 Å). In the presence of
talc, the major diagnostic peak at approxi-
mately 8.3 Å should be used for quantita-
tion of these asbestiform minerals.
The problem of intraspecies and matrix

interferences is further aggravated by the
variability of the silicate mineral powder
diffraction patterns themselves, which often
makes definitive identification of the asbes-
tos minerals by comparison with standard
reference diffraction patterns difficult. This
variability results from alterations in the
crystal lattice associated with differences in
isomorphous substitution and degree of crys-
tallinity. This is especially true for the
amphiboles. These minerals exhibit a wide
variety of very similar chemical composi-
tions, with the result being that their dif-
fraction patterns are chracterized by having
major (110) reflections of the monoclinic
amphiboles and (210) reflections of the

orthorhombic anthophyllite separated by
less than 0.2 Å.12

2.3.2 Matrix Effects

If a copper X-ray source is used, the pres-
ence of iron at high concentrations in a sam-
ple will result in significant X-ray fluores-
cence, leading to loss of peak intensity along
with increased background intensity and an
overall decrease in sensitivity. This situa-
tion may be corrected by choosing an X-ray
source other than copper; however, this is
often accompanied both by loss of intensity
and by decreased resolution of closely spaced
reflections. Alternatively, use of a diffracted
beam monochromator will reduce back-
ground fluorescent raditation, enabling
weaker diffraction peaks to be detected.

X-ray absorption by the sample matrix will
result in overall attenuation of the dif-
fracted beam and may seriously interfere
with quantitative analysis. Absorption ef-
fects may be minimized by using sufficiently
‘‘thin’’ samples for analysis.5 13 14 However,
unless absorption effects are known to be the
same for both samples and standards, appro-
priate corrections should be made by ref-
erencing diagnostic peak areas to an internal
standard 7 8 or filter substrate (Ag) peak.5 6

2.3.3 Particle Size Dependence

Because the intensity of diffracted X-radi-
ation is particle-size dependent, it is essen-
tial for accurate quantitative analysis that
both sample and standard reference mate-
rials have similar particle size distributions.
The optimum particle size range for quan-
titative analysis of asbestos by XRD has
been reported to be 1 to 10 µ m.15 Com-
parability of sample and standard reference
material particle size distributions should be
verified by optical microscopy (or another
suitable method) prior to analysis.

2.3.4 Preferred Orientation Effects

Preferred orientation of asbestiform min-
erals during sample preparation often poses
a serious problem in quantitative analysis by
XRD. A number of techniques have been de-
veloped for reducing preferred orientation ef-
fects in ‘‘thick layer’’ samples.7 8 15 However,
for ‘‘thin’’ samples on membrane filters, the
preferred orientation effects seem to be both
reproducible and favorable to enhancement
of the principal diagnostic reflections of as-
bestos minerals, actually increasing the
overall sensitivity of the method.12 14 (Fur-
ther investigation into preferred orientation
effects in both thin layer and bulk samples is
required.)

2.3.5 Lack of Suitably Characterized Standard
Materials

The problem of obtaining and character-
izing suitable reference materials for asbes-
tos analysis is clearly recognized. NIOSH has
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recently directed a major research effort to-
ward the preparation and characterization of
analytical reference materials, including as-
bestos standards; 16 17 however, these are not
available in large quantities for routine
analysis.

In addition, the problem of ensuring the
comparability of standard reference and
sample materials, particularly regarding
crystallite size, particle size distribution,
and degree of crystallinity, has yet to be
adequately addressed. For example, Langer
et al.18 have observed that in insulating mat-
rices, chrysotile tends to break open into
bundles more frequently than amphiboles.
This results in a line-broadening effect with
a resultant decrease in sensitivity. Unless
this effect is the same for both standard and
sample materials, the amount of chrysotile
in the sample will be underestimated by
XRD analysis. To minimize this problem, it
is recommended that standardized matrix re-
duction procedures be used for both sample
and standard materials.

2.4 Precision and Accuracy

Precision of the method has not been de-
termined.

Accuracy of the method has not been de-
termined.

2.5 Apparatus

2.5.1 Sample Preparation

Sample preparation apparatus require-
ments will depend upon the sample type
under consideration and the kind of XRD
analysis to be performed.
• Mortar and Pestle: Agate or porcelain.
• Razor Blades
• Sample Mill: SPEX, Inc., freezer mill or

equivalent.
• Bulk Sample Holders
• Silver Membrane Filters: 25-mm diameter,

0.45-µ m pore size. Selas Corp. of America,
Flotronics Div., 1957 Pioneer Road, Hun-
tington Valley, PA 19006.

• Microscope Slides
• Vacuum Filtration Apparatus: Gelman No.

1107 or equivalent, and side-arm vacuum
flask.

• Microbalance
• Ultrasonic Bath or Probe: Model W140,

Ultrasonics, Inc., operated at a power den-
sity of approximately 0.1 W/mL, or equiva-
lent.

• Volumetric Flasks: 1–L volume.
• Assorted Pipettes
• Pipette Bulb
• Nonserrated Forceps
• Polyethylene Wash Bottle
• Pyrex Beakers: 50-mL volume.
• Desiccator
• Filter Storage Cassettes
• Magnetic Stirring Plate and Bars
• Porcelain Crucibles
• Muffle Furnace or Low Temperature Asher

2.5.2 Sample Analysis

Sample analysis requirements include an
X-ray diffraction unit, equipped with:
• Constant Potential Generator; Voltage and

mA Stabilizers
• Automated Diffractometer with Step-Scanning

Mode
• Copper Target X-Ray Tube: High intensity,

fine focus, preferably.
• X-Ray Pulse Height Selector
• X-Ray Detector (with high voltage power

supply): Scintillation or proportional
counter.

• Focusing Graphite Crystal Monochromator; or
Nickel Filter (if copper source is used, and
iron fluorescence is not a serious prob-
lem).

• Data Output Accessories:
• Strip Chart Recorder
• Decade Scaler/Timer
• Digital Printer

• Sample Spinner (optional).
• Instrument Calibration Reference Specimen:

α-quartz reference crystal (Arkansas
quartz standard, #180–147–00, Philips Elec-
tronics Instruments, Inc., 85 McKee Drive,
Mahwah, NJ 07430) or equivalent.

2.6 Reagents

2.6.1 Standard Reference Materials

The reference materials listed below are
intended to serve as a guide. Every attempt
should be made to acquire pure reference
materials that are comparable to sample ma-
terials being analyzed.
• Chrysotile: UICC Canadian, or NIEHS

Plastibest. (UICC reference materials
available from: UICC, MRC Pneumo-
coniosis Unit, Llandough Hospital,
Penarth, Glamorgan, CF61XW, UK).

• Crocidolite: UICC
• Amosite: UICC
• Anthophyllite: UICC
• Tremolite Asbestos: Wards Natural Science

Establishment, Rochester, N.Y.; Cyprus
Research Standard, Cyprus Research, 2435
Military Ave., Los Angeles, CA 90064
(washed with dilute HCl to remove small
amount of calcite impurity); India
tremolite, Rajasthan State, India.

• Actinolite Asbestos

2.6.2 Adhesive

Tape, petroleum jelly, etc. (for attaching
silver membrane filters to sample holders).

2.6.3 Surfactant

1 percent aerosol OT aqueous solution or
equivalent.

2.6.4 Isopropanol

ACS Reagent Grade.
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2.7 Procedure

2.7.1 Sampling

Samples for analysis of asbestos content
shall be collected as specified in EPA Guid-
ance Document #C0090, Asbestos-Containing
Materials in School Buildings.10

2.7.2 Analysis

All samples must be analyzed initially for
asbestos content by PLM. XRD should be
used as an auxiliary method when a second,
independent analysis is requested.

NOTE: Asbestos is a toxic substance. All
handling of dry materials should be per-
formed in an operating fume hood.

2.7.2.1 Sample Preparation

The method of sample preparation required
for XRD analysis will depend on: (1) The con-
dition of the sample received (sample size,
homogeneity, particle size distribution, and
overall composition as determined by PLM);
and (2) the type of XRD analysis to be per-
formed (qualitative, quantitative, thin layer
or bulk).

Bulk materials are usually received as
inhomogeneous mixtures of complex com-
position with very wide particle size dis-
tributions. Preparation of a homogeneous,
representative sample from asbestos-con-
taining materials is particularly difficult be-
cause the fibrous nature of the asbestos min-
erals inhibits mechanical mixing and stir-
ring, and because milling procedures may
cause adverse lattice alterations.

A discussion of specific matrix reduction
procedures is given below. Complete methods
of sample preparation are detailed in Sec-
tions 2.7.2.2 and 2.7.2.3.

NOTE: All samples should be examined mi-
croscopically before and after each matrix
reduction step to monitor changes in sample
particle size, composition, and crystallinity,
and to ensure sample representativeness and
homogeneity for analysis.

2.7.2.1.1 Milling— Mechanical milling of
asbestos materials has been shown to de-
crease fiber crystallinity, with a resultant
decrease in diffraction intensity of the speci-
men; the degree of lattice alteration is re-
lated to the duration and type of milling
process.19,&thnsp´22 Therefore, all milling times
should be kept to a minimum.

For qualitative analysis, particle size is not
usually of critical importance and initial
characterization of the material with a min-
imum of matrix reduction is often desirable
to document the composition of the sample
as received. Bulk samples of very large par-
ticle size (>2–3 mm) should be comminuted
to ∼ 100 µm. A mortar and pestle can some-
times be used in size reduction of soft or
loosely bound materials though this may
cause matting of some samples. Such sam-
ples may be reduced by cutting with a razor

blade in a mortar, or by grinding in a suit-
able mill (e.g., a microhammer mill or equiv-
alent). When using a mortar for grinding or
cutting, the sample should be moistened
with ethanol, or some other suitable wetting
agent, to minimize exposures.

For accurate, reproducible quantitative
analysis, the particle size of both sample and
standard materials should be reduced to ∼ 10
µm (see Section 2.3.3). Dry ball milling at liq-
uid nitrogen temperatures (e.g., Spex Freezer
Mill, or equivalent) for a maximum time of
10 min. is recommended to obtain satisfac-
tory particle size distributions while pro-
tecting the integrity of the crystal lat-
tice.5Bulk samples of very large particle size
may require grinding in two stages for full
matrix reduction to <10 µm.8, 16

Final particle size distributions should al-
ways be verified by optical microscopy or an-
other suitable method.

2.7.2.1.2 Low temperature ashing— For ma-
terials shown by PLM to contain large
amounts of gypsum, cellulosic, or other or-
ganic materials, it may be desirable to ash
the samples prior to analysis to reduce back-
ground radiation or matrix interference.
Since chrysotile undergoes dehydroxylation
at temperatures between 550 °C and and 650
°C, with subsequent transformation to
forsterite,23, 24 ashing temperatures should be
kept below 500 °C. Use of a low temperature
asher is recommended. In all cases, calibra-
tion of the oven is essential to ensure that a
maximum ashing temperature of 500 °C is not
exceeded.

2.7.2.1.3 Acid leaching—Because of the in-
terference caused by gypsum and some car-
bonates in the detection of asbestiform min-
erals by XRD (see Section 2.3.1), it may be
necessary to remove these interferents by a
simple acid leaching procedure prior to anal-
ysis (see Section 1.7.2.2).

2.7.2.2 Qualitative Analysis

2.7.2.2.1 Initial screening of bulk material—
Qualitative analysis should be performed on
a representative, homogeneous portion of the
sample with a minimum of sample treat-
ment.

1. Grind and mix the sample with a mortar
and pestle (or equivalent method, see Sec-
tion 2.7.2.1.1.) to a final particle size suffi-
ciently small (∼ 100 µm) to allow adequate
packing into the sample holder.

2. Pack the sample into a standard bulk
sample holder. Care should be taken to en-
sure that a representative portion of the
milled sample is selected for analysis. Par-
ticular care should be taken to avoid pos-
sible size segregation of the sample. (Note:
Use of a back-packing method 25 of bulk sam-
ple preparation may reduce preferred ori-
entation effects.)

3. Mount the sample on the diffractometer
and scan over the diagnostic peak regions for
the serpentine (∼ 67.4 Å) and amphibole (8.2–
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8.5 Å) minerals (see Table 2–2). The X-ray dif-
fraction equipment should be optimized for
intensity. A slow scanning speed of 1° 2θ/min
is recommended for adequate resolution. Use
of a sample spinner is recommended.

4. Submit all samples that exhibit diffrac-
tion peaks in the diagnostic regions for
asbestiform minerals to a full qualitative
XRD scan (5°–60° 2θ; 1°2θ/min) to verify initial
peak assignments and to identify potential
matrix interferences when subsequent quan-
titative analysis is to be performed.

5. Compare the sample XRD pattern with
standard reference powder diffraction pat-
terns (i.e., JCPDS powder diffraction data 3or
those of other well-characterized reference
materials). Principal lattice spacings of
asbestiform minerals are given in Table 2–2;
common constituents of bulk insulation and
wall materials are listed in Table 2–3.

2.7.2.2.2 Detection of minor or trace constitu-
ents— Routine screening of bulk materials
by XRD may fail to detect small concentra-
tions (<5 percent) of asbestos. The limits of
detection will, in general, be improved if ma-
trix absorption effects are minimized, and if
the sample particle size is reduced to the op-
timal 1 to 10 µm range, provided that the
crystal lattice is not degraded in the milling
process. Therefore, in those instances where
confirmation of the presence of an
asbestiform mineral at very low levels is re-
quired, or where a negative result from ini-
tial screening of the bulk material by XRD
(see Section 2.7.2.2.1) is in conflict with pre-
vious PLM results, it may be desirable to
prepare the sample as described for quan-
titative analysis (see Section 2.7.2.3) and
step-scan over appropriate 2θ ranges of se-
lected diagnostic peaks (Table 2–2). Accurate
transfer of the sample to the silver mem-
brane filter is not necessary unless subse-
quent quantitative analysis is to be per-
formed.

2.7.2.3 Quantitative Analysis

The proposed method for quantitation of
asbestos in bulk samples is a modification of
the NIOSH-recommended thin-layer method
for chrysotile in air.5A thick-layer or bulk
method involving pelletizing the sample may
be used for semiquantitative anal-
ysis; 7,8however, this method requires the ad-
dition of an internal standard, use of a spe-
cially fabricated sample press, and relatively
large amounts of standard reference mate-
rials. Additional research is required to
evaluate the comparability of thin- and
thick-layer methods for quantitative asbes-
tos analysis.

For quantitative analysis by thin-layer
methods, the following procedure is rec-
ommended:

1. Mill and size all or a substantial rep-
resentative portion of the sample as outlined
in Section 2.7.2.1.1.

2. Dry at 100 °C for 2 hr; cool in a desic-
cator.

3. Weigh accurately to the nearest 0.01 mg.
4. Samples shown by PLM to contain large

amounts of cellulosic or other organic mate-
rials, gypsum, or carbonates, should be sub-
mitted to appropriate matrix reduction pro-
cedures described in Sections 2.7.2.1.2 and
2.7.2.1.3. After ashing and/or acid treatment,
repeat the drying and weighing procedures
described above, and determine the percent
weight loss; L.

5. Quantitatively transfer an accurately
weighed amount (50–100 mg) of the sample to
a 1–L volumetric flask with approximately
200 mL isopropanol to which 3 to 4 drops of
surfactant have been added.

6. Ultrasonicate for 10 min at a power den-
sity of approximately 0.1 W/mL, to disperse
the sample material.

7. Dilute to volume with isopropanol.
8. Place flask on a magnetic stirring plate.

Stir.
9. Place a silver membrane filter on the fil-

tration apparatus, apply a vacuum, and at-
tach the reservoir. Release the vacuum and
add several milliliters of isopropanol to the
reservoir. Vigorously hand shake the asbes-
tos suspension and immediately withdraw an
aliquot from the center of the suspension so
that total sample weight, WT, on the filter
will be approximately 1 mg. Do not adjust
the volume in the pipet by expelling part of
the suspension; if more than the desired ali-
quot is withdrawn, discard the aliquot and
resume the procedure with a clean pipet.
Transfer the aliquot to the reservoir. Filter
rapidly under vacuum. Do not wash the res-
ervoir walls. Leave the filter apparatus
under vacuum until dry. Remove the res-
ervoir, release the vacuum, and remove the
filter with forceps. (Note: Water-soluble ma-
trix interferences such as gypsum may be re-
moved at this time by careful washing of the
filtrate with distilled water. Extreme care
should be taken not to disturb the sample.)

10. Attach the filter to a flat holder with a
suitable adhesive and place on the diffrac-
tometer. Use of a sample spinner is rec-
ommended.

11. For each asbestos mineral to be
quantitated select a reflection (or reflec-
tions) that has been shown to be free from
interferences by prior PLM or qualitative
XRD analysis and that can be used unambig-
uously as an index of the amount of material
present in the sample (see Table 2–2).

12. Analyze the selected diagnostic reflec-
tion(s) by step scanning in increments of
0.02° 2θ for an appropriate fixed time and in-
tegrating the counts. (A fixed count scan
may be used alternatively; however, the
method chosen should be used consistently
for all samples and standards.) An appro-
priate scanning interval should be selected
for each peak, and background corrections
made. For a fixed time scan, measure the
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background on each side of the peak for one-
half the peak-scanning time. The net inten-
sity, Ia, is the difference between the peak
integrated count and the total background
count.

13. Determine the net count, IAg, of the fil-
ter 2.36 Å silver peak following the procedure
in step 12. Remove the filter from the holder,
reverse it, and reattach it to the holder. De-
termine the net count for the unattenuated
silver peak, IÅg. Scan times may be less for
measurement of silver peaks than for sample
peaks; however, they should be constant
throughout the analysis.

14. Normalize all raw, net intensities (to
correct for instrument instabilities) by ref-
erencing them to an external standard (e.g.,
the 3.34 Å peak of an α-quartz reference crys-
tal). After each unknown is scanned, deter-
mine the net count, Ir̊, of the reference speci-
men following the procedure in step 12. De-
termine the normalized intensities by divid-
ing the peak intensities by Ir̊:

2.8 Calibration

2.8.1 Preparation of Calibration Standards

1. Mill and size standard asbestos materials
according to the procedure outlined in Sec-
tion 2.7.2.1.1. Equivalent, standardized matrix
reduction and sizing techniques should be used
for both standard and sample materials.

2. Dry at 100 °C for 2 hr; cool in a desic-
cator.

3. Prepare two suspensions of each stand-
ard in isopropanol by weighing approxi-
mately 10 and 50 mg of the dry material to
the nearest 0.01 mg. Quantitatively transfer
each to a 1–L volumetric flask with approxi-
mately 200 mL isopropanol to which a few
drops of surfactant have been added.

4. Ultrasonicate for 10 min at a power den-
sity of approximately 0.1 W/mL, to disperse
the asbestos material.

5. Dilute to volume with isopropanol.
6. Place the flask on a magnetic stirring

plate. Stir.
7. Prepare, in triplicate, a series of at least

five standard filters to cover the desired ana-
lytical range, using appropriate aliquots of
the 10 and 50 mg/L suspensions and the fol-
lowing procedure.

Mount a silver membrane filter on the fil-
tration apparatus. Place a few milliliters of
isopropanol in the reservoir. Vigorously
hand shake the asbestos suspension and im-
mediately withdraw an aliquot from the cen-
ter of the suspension. Do not adjust the vol-
ume in the pipet by expelling part of the sus-
pension; if more than the desired aliquot is
withdrawn, discard the aliquot and resume
the procedure with a clean pipet. Transfer

the aliquot to the reservoir. Keep the tip of
the pipet near the surface of the isopropanol.
Filter rapidly under vacuum. Do not wash
the sides of the reservoir. Leave the vacuum
on for a time sufficient to dry the filter. Re-
lease the vacuum and remove the filter with
forceps.

2.8.2 Analysis of Calibration Standards

1. Mount each filter on a flat holder. Per-
form step scans on selected diagnostic reflec-
tions of the standards and reference speci-
men using the procedure outlined in Section
2.7.2.3, step 12, and the same conditions as
those used for the samples.

2. Determine the normalized intensity for
each peak measured, Îs̊td, as outlined in Sec-
tion 2.7.2.3, step 14.

2.9 Calculations

For each asbestos reference material, cal-
culate the exact weight deposited on each
standard filter from the concentrations of
the standard suspensions and aliquot vol-
umes. Record the weight, w, of each stand-
ard. Prepare a calibration curve by regress-
ing Î2s̊td on w. Poor reproducibility (±15 per-
cent RSD) at any given level indicates prob-
lems in the sample preparation technique,
and a need for new standards. The data
should fit a straight line equation.

Determine the slope, m, of the calibration
curve in counts/microgram. The intercept, b,
of the line with the Îs̊td axis should be ap-
proximately zero. A large negative intercept
indicates an error in determining the back-
ground. This may arise from incorrectly
measuring the baseline or from interference
by another phase at the angle of background
measurement. A large positive intercept in-
dicates an error in determining the baseline
or that an impurity is included in the meas-
ured peak.

Using the normalized intensity, ÎAg, for the
attenuated silver peak of a sample, and the
corresponding normalized intensity from the
unattenuated silver peak, ÎÅg, of the sample
filter, calculate the transmittance, T, for
each sample as follows:26 27

Determine the correction factor, f(T), for
each sample according to the formula:

-R (ln T)
f (T) = llll

l-TR

where
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sin ΘAg

R = llll

sin Θa

θAg=angular position of the measured silver
peak (from Bragg’s Law), and

θa=angular position of the diagnostic asbes-
tos peak.

Calculate the weight, Wa, in micrograms,
of the asbestos material analyzed for in each
sample, using the appropriate calibration
data and absorption corrections:

Calculate the percent composition, Pa, of
each asbestos mineral analyzed for in the
parent material, from the total sample
weight, WT, on the filter:

Wa (1-.01L)
Pa = llll— x 100

WT

where

Pa=percent asbestos mineral in parent mate-
rial;

Wa=mass of asbestos mineral on filter, in µg;
WT=total sample weight on filter, in µg;
L=percent weight loss of parent material on

ashing and/or acid treatment (see Sec-
tion 2.7.2.3).
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Subpart F [Reserved]

Subpart G—Asbestos Worker
Protection

SOURCE: 65 FR 69216, Nov. 15, 2000, unless
otherwise noted.

§ 763.120 What is the purpose of this
subpart?

This subpart protects certain State
and local government employees who
are not protected by the Asbestos
Standards of the Occupational Safety
and Health Administration (OSHA).
This subpart applies the OSHA Asbes-
tos Standards in 29 CFR 1910.1001 and 29
CFR 1926.1101 to these employees.

§ 763.121 Does this subpart apply to
me?

If you are a State or local govern-
ment employer and you are not subject
to a State asbestos standard that
OSHA has approved under section 18 of
the Occupational Safety and Health
Act or a State asbestos plan that EPA

has exempted from the requirements of
this subpart under § 763.123, you must
follow the requirements of this subpart
to protect your employees from occu-
pational exposure to asbestos.

§ 763.122 What does this subpart re-
quire me to do?

If you are a State or local govern-
ment employer whose employees per-
form:

(a) Construction activities identified
in 29 CFR 1926.1101(a), you must:

(1) Comply with the OSHA standards
in 29 CFR 1926.1101.

(2) Submit notifications required for
alternative control methods to the Di-
rector, National Program Chemicals
Division (7404), Office of Pollution Pre-
vention and Toxics, Environmental
Protection Agency, 1200 Pennsylvania
Ave., NW., Washington, DC 20460.

(b) Custodial activities not associ-
ated with the construction activities
identified in 29 CFR 1926.1101(a), you
must comply with the OSHA standards
in 29 CFR 1910.1001.

(c) Repair, cleaning, or replacement
of asbestos-containing clutch plates
and brake pads, shoes, and linings, or
removal of asbestos-containing residue
from brake drums or clutch housings,
you must comply with the OSHA
standards in 29 CFR 1910.1001.

§ 763.123 May a State implement its
own asbestos worker protection
plan?

This section describes the process
under which a State may be exempted
from the requirements of this subpart.

(a) States seeking an exemption. If your
State wishes to implement its own as-
bestos worker protection plan, rather
than complying with the requirements
of this subpart, your State must apply
for and receive an exemption from
EPA.

(1) What must my State do to apply for
an exemption? To apply for an exemp-
tion from the requirements of this sub-
part, your State must send to the Di-
rector of EPA’s Office of Pollution Pre-
vention and Toxics (OPPT) a copy of
its asbestos worker protection regula-
tions and a detailed explanation of how
your State’s asbestos worker protec-
tion plan meets the requirements of
TSCA section 18 (15 U.S.C. 2617).

VerDate 11<MAY>2000 01:51 Aug 23, 2001 Jkt 194163 PO 00000 Frm 00754 Fmt 8010 Sfmt 8010 Y:\SGML\194163T.XXX pfrm02 PsN: 194163T



755

Environmental Protection Agency § 763.163

(2) What action will EPA take on my
State’s application for an exemption?
EPA will review your State’s applica-
tion and make a preliminary deter-
mination whether your State’s asbes-
tos worker protection plan meets the
requirements of TSCA section 18.

(i) If EPA’s preliminary determina-
tion is that your State’s plan does
meet the requirements of TSCA section
18, EPA will initiate a rulemaking, in-
cluding an opportunity for public com-
ment, to exempt your State from the
requirements of this subpart. After
considering any comments, EPA will
issue a final rule granting or denying
the exemption.

(ii) If EPA’s preliminary determina-
tion is that the State plan does not
meet the requirements of TSCA section
18, EPA will notify your State in writ-
ing and will give your State a reason-
able opportunity to respond to that de-
termination.

(iii) If EPA does not grant your State
an exemption, then the State and local
government employers in your State
are subject to the requirements of this
subpart.

(b) States that have been granted an ex-
emption. If EPA has exempted your
State from the requirements of this
subpart, your State must update its as-
bestos worker protection regulations
as necessary to implement changes to
meet the requirements of this subpart,
and must apply to EPA for an amend-
ment to its exemption.

(1) What must my State do to apply for
an amendment to its exemption? To apply
for an amendment to its exemption,
your State must send to the Director
of OPPT a copy of its updated asbestos
worker protection regulations and a
detailed explanation of how your
State’s updated asbestos worker pro-
tection plan meets the requirements of
TSCA section 18. Your State must sub-
mit its application for an amendment
within 6 months of the effective date of
any changes to the requirements of
this subpart, or within a reasonable
time agreed upon by your State and
OPPT.

(2) What action will EPA take on my
State’s application for an amendment?
EPA will review your State’s applica-
tion for an amendment and make a pre-
liminary determination whether your

State’s updated asbestos worker pro-
tection plan meets the requirements of
TSCA section 18.

(i) If EPA determines that the up-
dated State plan does meet the require-
ments of TSCA section 18, EPA will
issue your State an amended exemp-
tion.

(ii) If EPA determines that the up-
dated State plan does not meet the re-
quirements of TSCA section 18, EPA
will notify your State in writing and
will give your State a reasonable op-
portunity to respond to that deter-
mination.

(iii) If EPA does not grant your State
an amended exemption, or if your
State does not submit a timely request
for amended exemption, then the State
and local government employers in
your State are subject to the require-
ments of this subpart.

Subpart H [Reserved]

Subpart I—Prohibition of the Man-
ufacture, Importation, Proc-
essing, and Distribution in
Commerce of Certain Asbes-
tos-Containing Products; La-
beling Requirements

SOURCE: 54 FR 29507, July 12, 1989, unless
otherwise noted.

§ 763.160 Scope.

This subpart prohibits the manufac-
ture, importation, processing, and dis-
tribution in commerce of the asbestos-
containing products identified and at
the dates indicated in §§ 763.165, 763.167,
and 763.169. This subpart requires that
products subject to this rule’s bans,
but not yet subject to a ban on dis-
tribution in commerce, be labeled. This
subpart also includes general exemp-
tions and procedures for requesting ex-
emptions from the provisions of this
subpart.

§ 763.163 Definitions.

For purposes of this subpart:
Act means the Toxic Substances Con-

trol Act, 15 U.S.C. 2601 et seq.
Agency means the United States En-

vironmental Protection Agency.
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Asbestos means the asbestiform vari-
eties of: chrysotile (serpentine); crocid-
olite (riebeckite); amosite
(cummingtonite-grunerite); tremolite;
anthophyllite; and actinolite.

Asbestos-containing product means any
product to which asbestos is delib-
erately added in any concentration or
which contains more than 1.0 percent
asbestos by weight or area.

Chemical substance, has the same
meaning as in section 3 of the Act.

Commerce has the same meaning as in
section 3 of the Act.

Commercial paper means an asbestos-
containing product which is made of
paper intended for use as general insu-
lation paper or muffler paper. Major
applications of commercial papers are
insulation against fire, heat transfer,
and corrosion in circumstances that re-
quire a thin, but durable, barrier.

Corrugated paper means an asbestos-
containing product made of corrugated
paper, which is often cemented to a flat
backing, may be laminated with foils
or other materials, and has a cor-
rugated surface. Major applications of
asbestos corrugated paper include:
thermal insulation for pipe coverings;
block insulation; panel insulation in
elevators; insulation in appliances; and
insulation in low-pressure steam, hot
water, and process lines.

Customs territory of the United States
means the 50 States, Puerto Rico, and
the District of Columbia.

Distribute in commerce has the same
meaning as in section 3 of the Act, but
the term does not include actions
taken with respect to an asbestos-con-
taining product (to sell, resale, deliver,
or hold) in connection with the end use
of the product by persons who are users
(persons who use the product for its in-
tended purpose after it is manufactured
or processed). The term also does not
include distribution by manufacturers,
importers, and processors, and other
persons solely for purposes of disposal
of an asbestos-containing product.

Flooring felt means an asbestos-con-
taining product which is made of paper
felt intended for use as an underlayer
for floor coverings, or to be bonded to
the underside of vinyl sheet flooring.

Import means to bring into the cus-
toms territory of the United States, ex-
cept for: (1) Shipment through the cus-

toms territory of the United States for
export without any use, processing, or
disposal within the customs territory
of the United States; or (2) entering the
customs territory of the United States
as a component of a product during
normal personal or business activities
involving use of the product.

Importer means anyone who imports a
chemical substance, including a chem-
ical substance as part of a mixture or
article, into the customs territory of
the United States. Importer includes
the person primarily liable for the pay-
ment of any duties on the merchandise
or an authorized agent acting on his or
her behalf. The term includes as appro-
priate:

(1) The consignee.
(2) The importer of record.
(3) The actual owner if an actual

owner’s declaration and superseding
bond has been filed in accordance with
19 CFR 141.20.

(4) The transferee, if the right to
withdraw merchandise in a bonded
warehouse has been transferred in ac-
cordance with subpart C of 19 CFR part
144.

Manufacture means to produce or
manufacture in the United States.

Manufacturer means a person who
produces or manufactures in the
United States.

New uses of asbestos means commer-
cial uses of asbestos not identified in
§ 763.165 the manufacture, importation
or processing of which would be initi-
ated for the first time after August 25,
1989.

Person means any natural person,
firm, company, corporation, joint-ven-
ture, partnership, sole proprietorship,
association, or any other business enti-
ty; any State or political subdivision
thereof, or any municipality; any
interstate body and any department,
agency, or instrumentality of the Fed-
eral Government.

Process has the same meaning as in
section 3 of the Act.

Processor has the same meaning as in
section 3 of the Act.

Rollboard means an asbestos-con-
taining product made of paper that is
produced in a continuous sheet, is
flexible, and is rolled to achieve a de-
sired thickness. Asbestos rollboard
consists of two sheets of asbestos paper
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laminated together. Major applications
of this product include: office parti-
tioning; garage paneling; linings for
stoves and electric switch boxes; and
fire-proofing agent for security boxes,
safes, and files.

Specialty paper means an asbestos-
containing product that is made of
paper intended for use as filters for
beverages or other fluids or as paper
fill for cooling towers. Cooling tower
fill consists of asbestos paper that is
used as a cooling agent for liquids from
industrial processes and air condi-
tioning systems.

State has the same meaning as in sec-
tion 3 of the Act.

Stock-on-hand means the products
which are in the possession, direction,
or control of a person and are intended
for distribution in commerce.

United States has the same meaning
as in section 3 of the Act.

[59 FR 33208, June 28, 1994]

§ 763.165 Manufacture and importation
prohibitions.

(a) After August 27, 1990, no person
shall manufacture or import the fol-
lowing asbestos-containing products,
either for use in the United States or
for export: flooring felt and new uses of
asbestos.

(b) After August 26, 1996, no person
shall manufacture or import the fol-
lowing asbestos-containing products,
either for use in the United States or
for export: commercial paper, cor-
rugated paper, rollboard, and specialty
paper.

(c) The import prohibitions of this
subpart do not prohibit:

(1) The import into the customs ter-
ritory of the United States of products
imported solely for shipment outside
the customs territory of the United
States, unless further repackaging or
processing of the product is performed
in the United States; or

(2) Activities involving purchases or
acquisitions of small quantities of
products made outside the customs ter-
ritory of the United States for personal
use in the United States.

[59 FR 33209, June 28, 1994]

§ 763.167 Processing prohibitions.
(a) After August 27, 1990, no person

shall process for any use, either in the
United States or for export, any of the
asbestos-containing products listed at
§ 763.165(a).

(b) After August 26, 1996, no person
shall process for any use, either in the
United States or for export, any of the
asbestos-containing products listed at
§ 763.165(b).

[59 FR 33209, June 28, 1994]

§ 763.169 Distribution in commerce
prohibitions.

(a) After August 25, 1992, no person
shall distribute in commerce, either for
use in the United States or for export,
any of the asbestos-containing prod-
ucts listed at § 763.165(a).

(b) After August 25, 1997, no person
shall distribute in commerce, either for
use in the United States or for export,
any of the asbestos-containing prod-
ucts listed at § 763.165(b).

(c) A manufacturer, importer, proc-
essor, or any other person who is sub-
ject to a ban on distribution in com-
merce in paragraph (a) or (b) of this
section must, within 6 months of the
effective date of the ban of a specific
asbestos-containing product from dis-
tribution in commerce, dispose of all
their remaining stock-on-hand of that
product, by means that are in compli-
ance with applicable local, State, and
Federal restrictions which are current
at that time.

[59 FR 33209, June 28, 1994]

§ 763.171 Labeling requirements.
(a) After August 27, 1990, manufactur-

ers, importers, and processors of all as-
bestos-containing products that are
identified in § 763.165(a) shall label the
products as specified in this subpart at
the time of manufacture, import, or
processing. This requirement includes
labeling all manufacturers’, importers’,
and processors’ stock-on-hand as of Au-
gust 27, 1990.

(b) After August 25, 1995, manufactur-
ers, importers, and processors of all as-
bestos-containing products that are
identified in § 763.165(b), shall label the
products as specified in this subpart at
the time of manufacture, import, or
processing. This requirement includes
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labeling all manufacturers’, importers’,
and processors’ stock-on-hand as of Au-
gust 25, 1995.

(c) The label shall be placed directly
on the visible exterior of the wrappings
and packaging in which the product is
placed for sale, shipment, or storage. If
the product has more than one layer of
external wrapping or packaging, the
label must be attached to the inner-
most layer adjacent to the product. If
the innermost layer of product wrap-
ping or packaging does not have a visi-
ble exterior surface larger than 5
square inches, either a tag meeting the
requirements of paragraph (d) of this
section must be securely attached to
the product’s innermost layer of prod-
uct wrapping or packaging, or a label
must be attached to the next outer
layer of product packaging or wrap-
ping. Any products that are distributed
in commerce to someone other than
the end user, shipped, or stored with-
out packaging or wrapping must be la-
beled or tagged directly on a visible ex-
terior surface of the product as de-
scribed in paragraph (d) of this section.

(d)(1) Labels must be either printed
directly on product packaging or in the
form of a sticker or tag made of plas-
tic, paper, metal, or other durable sub-
stances. Labels must be attached in
such a manner that they cannot be re-
moved without defacing or destroying
them. Product labels shall appear as in
paragraph (d)(2) of this section and
consist of block letters and numerals of
color that contrasts with the back-
ground of the label or tag. Labels shall
be sufficiently durable to equal or ex-
ceed the life, including storage and dis-
posal, of the product packaging or
wrapping. The size of the label or tag
must be at least 15.25 cm (6 inches) on
each side. If the product packaging is
too small to accommodate a label of
this size, the label may be reduced in
size proportionately to the size of the
product packaging or wrapping down to
a minimum 2.5 cm (1 inch) on each side
if the product wrapping or packaging
has a visible exterior surface larger
than 5 square inches.

(2) Products subject to this subpart
shall be labeled in English as follows:

NOTICE

This product contains ASBESTOS. The U.S.
Environmental Protection Agency has
banned the distribution in U.S. commerce of
this product under section 6 of the Toxic
Substances Control Act (15 U.S.C. 2605) as of
(insert effective date of ban on distribution
in commerce). Distribution of this product in
commerce after this date and intentionally
removing or tampering with this label are
violations of Federal law.

(e) No one may intentionally remove,
deface, cover, or otherwise obscure or
tamper with a label or sticker that has
been applied in compliance with this
section, except when the product is
used or disposed of.

[59 FR 33209, June 28, 1994]

§ 763.173 Exemptions.
(a) Persons who are subject to the

prohibitions imposed by §§ 763.165,
763.167, or 763.169 may file an applica-
tion for an exemption. Persons whose
exemption applications are approved
by the Agency may manufacture, im-
port, process, or distribute in com-
merce the banned product as specified
in the Agency’s approval of the appli-
cation. No applicant for an exemption
may continue the banned activity that
is the subject of an exemption applica-
tion after the effective date of the ban
unless the Agency has granted the ex-
emption or the applicant receives an
extension under paragraph (b)(4) or (5)
of this section.

(b) Application filing dates. (1) Appli-
cations for products affected by the
prohibitions under §§ 763.165(a) and
763.167(a) may be submitted at any
time and will be either granted or de-
nied by EPA as soon as is feasible.

(2) Applications for products affected
by the ban under § 763.169(a) may be
submitted at any time and will be ei-
ther granted or denied by EPA as soon
as is feasible.

(3) Applications for products affected
by the ban under §§ 763.165(b) and
763.167(b) may not be submitted prior
to February 27, 1995. Complete applica-
tions received after that date, but be-
fore August 25, 1995, will be either
granted or denied by the Agency prior
to the effective date of the ban for the
product. Applications received after
August 25, 1995, will be either granted
or denied by EPA as soon as is feasible.
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(4) Applications for products affected
by the ban under § 763.169(b) may not be
submitted prior to February 26, 1996.
Complete applications received after
that date, but before August 26, 1996,
will be either granted or denied by the
Agency prior to the effective date of
the ban for the product. Applications
received after August 26, 1996, will be
either granted or denied by EPA as
soon as is feasible.

(5) The Agency will consider an appli-
cation for an exemption from a ban
under § 763.169 for a product at the same
time the applicant submits an applica-
tion for an exemption from a ban under
§ 763.165 or § 763.167 for that product.
EPA will grant an exemption at that
time from a ban under § 763.169 if the
Agency determines it appropriate to do
so.

(6) If the Agency denies an applica-
tion less than 30 days before the effec-
tive date of a ban for a product, the ap-
plicant can continue the activity for 30
days after receipt of the denial from
the Agency.

(7) If the Agency fails to meet the
deadlines stated in paragraphs (b)(3)
and (b)(4) of this section for granting or
denying a complete application in in-
stances in which the deadline is before
the effective date of the ban to which
the application applies, the applicant
will be granted an extension of 1 year
from the Agency’s deadline date. Dur-
ing this extension period the applicant
may continue the activity that is the
subject of the exemption application.
The Agency will either grant or deny
the application during the extension
period. The extension period will ter-
minate either on the date the Agency
grants the application or 30 days after
the applicant receives the Agency’s de-
nial of the application. However, no ex-
tension will be granted if the Agency is
scheduled to grant or deny an applica-
tion at some date after the effective
date of the ban, pursuant to the dead-
lines stated in paragraphs (b)(3) and
(b)(4) of this section.

(c) Where to file. All applications
must be submitted to the following lo-
cation: TSCA Docket Receipts Office
(7407), Office of Pollution Prevention
and Toxics, U.S. Environmental Pro-
tection Agency, Rm E–G99, 1200 Penn-
sylvania Ave., NW., Washington, DC

20460, ATTENTION: Asbestos Exemp-
tion. For information regarding the
submission of exemptions containing
information claimed as confidential
business information (CBI), see
§ 763.179.

(d) Content of application and cri-
teria for decisionmaking.

(1) Content of application. Each ap-
plication must contain the following:

(i) Name, address, and telephone
number of the applicant.

(ii) Description of the manufacturing,
import, processing, and/or distribution
in commerce activity for which an ex-
emption is requested, including a de-
scription of the asbestos-containing
product to be manufactured, imported,
processed, or distributed in commerce.

(iii) Identification of locations at
which the exempted activity would
take place.

(iv) Length of time requested for ex-
emption (maximum length of an ex-
emption is 4 years).

(v) Estimated amount of asbestos to
be used in the activity that is the sub-
ject of the exemption application.

(vi) Data demonstrating the exposure
level over the life cycle of the product
that is the subject of the application.

(vii) Data concerning:
(A) The extent to which non-asbestos

substitutes for the product that is the
subject of the application fall signifi-
cantly short in performance under nec-
essary product standards or require-
ments, including laws or ordinances
mandating product safety standards.

(B) The costs of non-asbestos sub-
stitutes relative to the costs of the as-
bestos-containing product and, in the
case in which the product is a compo-
nent of another product, the effect on
the cost of the end use product of using
the substitute component.

(C) The extent to which the product
or use serves a high-valued use.

(viii) Evidence of demonstrable good
faith attempts by the applicant to de-
velop and use a non-asbestos substance
or product which may be substituted
for the asbestos-containing product or
the asbestos in the product or use that
is the subject to the application.

(ix) Evidence, in addition to that pro-
vided in the other information required
with the application, showing that the
continued manufacture, importation,
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processing, distribution in commerce,
and use, as applicable, of the product
will not present an unreasonable risk
of injury to human health.

(2) Criteria for decision (existing
products). After considering all the in-
formation provided by an applicant
under paragraphs (d)(1) and (e) of this
section, and any other information
available to EPA, EPA will grant an
exemption from the prohibitions in
§§ 763.165, 763.167, or 763.169 for an appli-
cant’s asbestos-containing product
only if EPA determines both of the fol-
lowing:

(i) The applicant has made good faith
attempts to develop and use a non-as-
bestos substance or product which may
be substituted for the asbestos-con-
taining product or the asbestos in the
product or use, and those attempts
have failed to produce a substitute or a
substitute that results in a product
that can be economically produced.

(ii) Continued manufacturing, proc-
essing, distribution in commerce, and
use, as applicable, of the product will
not present an unreasonable risk of in-
jury to human health.

(3) Criteria for decision (new prod-
ucts). Requests to develop and use an
asbestos substance or product will be
treated as a petition pursuant to sec-
tion 21 of TSCA.

(e) The Agency reserves the right to
request further information from an
exemption applicant if necessary to
complete the Agency’s evaluation of an
application.

(f) Upon receipt of a complete appli-
cation, the Agency will issue a notice
in the FEDERAL REGISTER announcing
its receipt and invite public comments
on the merits of the application.

(g) If the application does not include
all of the information required in para-
graph (d) of this section, the Agency
will return it to the applicant as in-
complete and any resubmission of the
application will be considered a new
application for purposes of the avail-
ability of any extension period. If the
application is substantially inadequate
to allow the Agency to make a rea-
soned judgment on any of the informa-
tion required in paragraph (d) of this
section and the Agency chooses to re-
quest additional information from the
applicant, the Agency may also deter-

mine that an extension period provided
for in paragraph (b)(5) of this section is
unavailable to the applicant.

(h) When denying an application, the
Agency will notify the applicant by
registered mail of its decision and ra-
tionale. Whenever possible, the Agency
will send this letter prior to the appro-
priate ban. This letter will be consid-
ered a final Agency action for purposes
of judicial review. A notice announcing
the Agency’s denial of the application
will be published in the FEDERAL REG-
ISTER.

(i) If the Agency proposes to approve
an exemption, it will issue a notice in
the FEDERAL REGISTER announcing this
intent and invite public comments. If,
after considering any timely comments
received, the Agency approves an ex-
emption, its decision will be published
in the FEDERAL REGISTER. This notice
will be considered a final Agency ac-
tion for purposes of judicial review.

(j) The length of an exemption period
will be specified by the agency when it
approves the exemption. To extend an
exemption period beyond the period
stipulated by EPA, applicants must
submit a new application to the Agen-
cy, following the application proce-
dures described in this section. Appli-
cations may not be submitted prior to
15 months before the expiration of the
exemption period, unless stated other-
wise in the notice granting the exemp-
tion. Applications received between 15
months and 1 year before the end of the
exemption period will be either granted
or denied by the Agency before the end
of the exemption period. Applications
received after the date 1 year prior to
the end of the exemption period will be
either granted or denied by the Agency
as soon as is feasible. Applicants may
not continue the activity that is the
subject of the renewal application after
the date of the end of the exemption
period.

[54 FR 29507, July 12, 1989; 54 FR 37531, Sept.
11, 1989, as amended at 54 FR 46898, Nov. 8,
1989; 59 FR 33210, June 28, 1994]

§ 763.175 Enforcement.
(a) Failure to comply with any provi-

sion of this subpart is a violation of
section 15 of the Act (15 U.S.C. 2614).

(b) Failure or refusal to establish and
maintain records, or to permit access
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to or copying of records as required by
section 11 of the Act (15 U.S.C. 2610) is
a violation of section 15 of the Act (15
U.S.C. 2614).

(c) Failure or refusal to permit entry
or inspection as required by section 11
of the Act (15 U.S.C. 2610) is a violation
of section 15 of the Act (15 U.S.C. 2614).

(d) Violators may be subject to the
civil and criminal penalties in section
16 of the Act (15 U.S.C. 2615) for each
violation.

(e) The Agency may seek to enjoin
the manufacture, import, processing,
or distribution in commerce of asbes-
tos-containing products in violation of
this subpart, or act to seize any asbes-
tos-containing products manufactured,
imported, processed, or distributed in
commerce in violation of this subpart,
or take any other actions under the au-
thority of section 7 or 17 of the Act (15
U.S.C. 2606 or 2616) that are appro-
priate.

§ 763.176 Inspections.
The Agency will conduct inspections

under section 11 of the Act (15 U.S.C.
2610) to ensure compliance with this
subpart.

§ 763.178 Recordkeeping.
(a) Inventory. (1) Each person who is

subject to the prohibitions imposed by
§§ 763.165 and 763.167 must perform an
inventory of the stock-on-hand of each
banned product as of the effective date
of the ban for that product for the ap-
plicable activity.

(2) The inventory shall be in writing
and shall include the type of product,
the number of product units currently
in the stock-on-hand of the person per-
forming the inventory, and the loca-
tion of the stock.

(3) Results of the inventory for a
banned product must be maintained by
the person for 3 years after the effec-
tive date of the § 763.165 or § 763.167 ban
on the product.

(b) Records. (1) Each person whose ac-
tivities are subject to the bans imposed
by §§ 763.165, 763.167, and 763.169 for a
product must, between the effective
date of the § 763.165 or § 763.167 ban on
the product and the § 763.169 ban on the
product, keep records of all commer-
cial transactions regarding the prod-
uct, including the dates of purchases

and sales and the quantities purchased
or sold. These records must be main-
tained for 3 years after the effective
date of the § 763.169 ban for the product.

(2) Each person who is subject to the
requirements of § 763.171 must, for each
product required to be labeled, main-
tain a copy of the label used in compli-
ance with § 763.171. These records must
be maintained for 3 years after the ef-
fective date of the ban on distribution
in commerce for the product for which
the § 763.171 requirements apply.

[54 FR 29507, July 12, 1989, as amended by 54
FR 46898, Nov. 8, 1989; 58 FR 34205, June 23,
1993]

§ 763.179 Confidential business infor-
mation claims.

(a) Applicants for exemptions under
§ 763.173 may assert a Confidential Busi-
ness Information (CBI) claim for infor-
mation in an exemption application or
supplement submitted to the Agency
under this subpart only if the claim is
asserted in accordance with this sec-
tion, and release of the information
would reveal trade secrets or confiden-
tial commercial or financial informa-
tion, as provided in section 14(a) of the
Act. Information covered by a CBI
claim will be treated in accordance
with the procedures set forth in 40 CFR
part 2, subpart B. The Agency will
place all information not claimed as
CBI in the manner described in this
section in a public file without further
notice to the applicant.

(b) Applicants may assert CBI claims
only at the time they submit a com-
pleted exemption application and only
in the specified manner. If no such
claim accompanies the information
when it is received by the Agency, the
information may be made available to
the public without further notice to
the applicant. Submitters that claim
information as business confidential
must do so by writing the word ‘‘Con-
fidential’’ at the top of the page on
which the information appears and by
underlining, circling, or placing brack-
ets ([ ]) around the information
claimed CBI.

(c) Applicants who assert a CBI claim
for submitted information must pro-
vide the Agency with two copies of
their exemption application. The first
copy must be complete and contain all
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information being claimed as CBI. The
second copy must contain only infor-
mation not claimed as CBI. The Agen-
cy will place the second copy of the
submission in a public file. Failure to
furnish a second copy of the submission
when information is claimed as CBI in
the first copy will be considered a pre-
sumptive waiver of the claim of con-
fidentiality. The Agency will notify the
applicant by certified mail that a find-
ing of a presumptive waiver of the
claim of confidentiality has been made.
The applicant has 30 days from the
date of receipt of notification to sub-
mit the required second copy. Failure
to submit the second copy will cause
the Agency to place the first copy in a
public file.

(d) Applicants must substantiate all
claims of CBI at the time the applicant
asserts the claim, i.e., when the exemp-
tion application or supplement is sub-
mitted, by responding to the questions
in paragraph (e) of this section. Failure
to provide substantiation of a claim at
the time the applicant submits the ap-
plication will result in a waiver of the
CBI claim, and the information may be
disclosed to the public without further
notice to the applicant.

(e) Applicants who assert any CBI
claims must substantiate all claims by
providing detailed responses to the fol-
lowing:

(1) Is this information subject to a
patent or patent application in the
United States or elsewhere? If so, why
is confidentiality necessary?

(2) For what period do you assert a
claim of confidentiality? If the claim is
to extend until a certain event or point
in time, please indicate that event or
time period. Explain why such informa-
tion should remain confidential until
such point.

(3) Has the information that you are
claiming as confidential been disclosed
to persons outside of your company?
Will it be disclosed to such persons in
the future? If so, what restrictions, if
any, apply to use or further disclosure
of the information?

(4) Briefly describe measures taken
by your company to guard against
undesired disclosure of the information
you are claiming as confidential to
others.

(5) Does the information claimed as
confidential appear or is it referred to
in advertising or promotional mate-
rials for the product or the resulting
end product, safety data sheets or
other similar materials for the product
or the resulting end product, profes-
sional or trade publications, or any
other media available to the public or
to your competitors? If you answered
yes, indicate where the information ap-
pears.

(6) If the Agency disclosed the infor-
mation you are claiming as confiden-
tial to the public, how difficult would
it be for the competitor to enter the
market for your product? Consider in
your answer such constraints as cap-
ital and marketing cost, specialized
technical expertise, or unusual proc-
esses.

(7) Has the Agency, another Federal
agency, or a Federal court made any
confidentiality determination regard-
ing this information? If so, provide cop-
ies of such determinations.

(8) How would your company’s com-
petitive position be harmed if the
Agency disclosed this information?
Why should such harm be considered
substantial? Describe the causal rela-
tionship between the disclosure and
harm.

(9) In light of section 14(b) of TSCA,
if you have claimed information from a
health and safety study as confidential,
do you assert that disclosure of this in-
formation would disclose a process
used in the manufacturing or proc-
essing of a product or information un-
related to the effects of asbestos on
human health and the environment? If
your answer is yes, explain.
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