Air Sampling Methods

“Reprinted from NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94.
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PARTICULATES NOT OTHERWISE REGULATED, TOTAL 0500

DEFINITION: total aerosol mass CAS: NONE RTECS: NONE

METHOD: 0500, Issue 2 EVALUATION: FULL Issue 1: 15 February 1984
Issue 2: 15 August 1994

OSHA : 15 mg/m® PROPERTIES: contains no asbestos and quartz
NIOSH: no REL less than 1%
ACGIH: 10 mg/m?, total dust less than

1% quartz

SYNONYMS: nuisance dusts; particulates not ctherwise classified

SAMPLING MEASUREMENT
SAMPLER: FILTER TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT)
(tared 37-mm, 5-uym PVC filter)
ANALYTE: airborne particulate material
FLOW RATE: 1 to 2 L/min
BALANCE: 0.001 mg sensitivity;
VOL-MIN: 7L@ 15 mg/m® use same balance before and after
MAX: 133 L @ 15 mg/m? sample collection
SHIPMENT: routine CALIBRATION: MNational Institute of Standards and
Technology Class 5-1.1 weights or
SAMPLE ASTM Class 1 weights
STABILITY: indefinitely
RANGE: 0.1 to 2 mg per sample
BLANKS: 2 to 10 field blanks per set
ESTIMATED LOD: 0.03 mg per sample
BULK _
SAMPLE: none required PRECISION (S)): 0.026 [2]
ACCURACY
RANGE STUDIED: 8 to 28 mg/m®
BIAS: 001%
OVERALL PRECISION {Q,T): 0.056 [1]
ACCURACY: +11.04%

APPLICABILITY: The working range is 1 to 20 mg/m  for a 100-L air sample. This method is nenspecific and determines the
total dust concentration to which a worker is exposed. It may be applied, e.g., to gravimetric determination of fibrous glass [3]
in addrtion to the other ACGIH particulates not otherwise regulated [4].

INTERFERENCES: Organic and volatile particulate matter may be removed by dry ashing [3].

OTHER METHODS: This method is similar to the criteria document method for fibrous glass [3] and Method 5000 for carbon
black. This method replaces Methed $349 [5]. Impingers and direct-reading instruments may be used to collect total dust
samples, but these have limitations for personal sampling.
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Appendix A = Air Sampling Methods

PARTICULATES NOT OTHERWISE REGULATED, TOTAL: METHOD 0500, Issue 2, dated 15 August 1994 - Page 2 of 3

EQUIPMENT:

1. Sampler: 37-mm PVC, 2- to 5-um pore size membrane or equivalent hydrophobic filter and
supporting pad in 37-mm cassette filter holder.

Personal sampling pump, 1 to 2 L/min, with flexible connecting tubing.

Microbalance, capable of weighing to 0.001 mg.

Static neutralizer: e.g., Po-210; replace nine months after the production date.

Forceps (preferably nylon).

Environmental chamber or room for balance (e.g., 20 °C + 1 °C and 50% % 5% RH).

R

SPECIAL PRECAUTIONS: None.

PREPARATION OF FILTERS BEFORE SAMPLING:

1. Equilibrate the filters in an environmentally controlled weighing area or chamber for at least 2 h.

NOTE: An environmentally controlled chamber is desirable, but not required.

2. Number the backup pads with a ballpoint pen and place them, numbered side down, in filter
cassette bottom sections.
3. Weigh the filters in an environmentally controlled area or chamber. Record the filter tare weight,

W, (mg).

a. Zero the balance before each weighing.

b. Handle the filter with forceps. Pass the filter over an antistatic radiation source. Repeat this
step if filter does not release easily from the forceps or if filter attracts balance pan. Static
electricity can cause erroneous weight readings.

4, Assemble the filter in the filter cassettes and close firmly so that leakage around the filter will
not occur. Place a plug in each opening of the filter cassette. Place a cellulose shrink band
around the filter cassette, allow to dry and mark with the same number as the backup pad.

SAMPLING:

5. Calibrate each personal sampling pump with a representative sampler in line.

6. Sample at 1 to 2 L/min for a total sample volume of 7 to 133 L. Do not exceed a total filter
loading of approximately 2 mg total dust. Take two to four replicate samples for each batch of
field samples for quality assurance on the sampling procedure.

SAMPLE PREPARATION:

7. Wipe dust from the external surface of the filter cassette with a moist paper towel to minimize
contamination. Discard the paper towel.

8. Remove the top and bottom plugs from the filter cassette. Equilibrate for at least 2 h in the
balance room.

9. Remove the cassette band, pry open the cassette, and remove the filter gently to avoid loss of
dust.

NOTE: If the filter adheres to the underside of the cassette top, very gently lift away by using
the dull side of a scalpel blade. This must be done carefully or the filter will tear.

CALIBRATION AND QUALITY CONTROL:

10. Zero the microbalance before all weighings. Use the same microbalance for weighing filters
before and after sample collection. Maintain and calibrate the balance with National Institute of
Standards and Technology Class S-1.1 or ASTM Class 1 weights.
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Appendix A = Air Sampling Methods

PARTICULATES NOT OTHERWISE REGULATED, TOTAL: METHOD 0500, Issue 2, dated 15 August 1994 - Page 3 of 3

11. The set of replicate samples should be exposed to the same dust environment, either in a
laboratory dust chamber [7] or in the field [8]. The quality control samples must be taken with
the same equipment, procedures and personnel used in the routine field samples. The relative
standard deviation calculated from these replicates should be recorded on control charts and
action taken when the precision is out of control [7].

MEASUREMENT:

12. Weigh each filter, including field blanks. Record the post-sampling weight, W, (mg). Record
anything remarkable about a filter (e.g., overload, leakage, wet, torn, etc.)

CALCULATIONS:

13. Calculate the concentration of total particulate, C (mg/m *), in the air volume sampled, V (L):

:(Wz‘W1)‘(Bz‘B1)'10‘g

C
Vv

, mg/m3,

where: W, = tare weight of filter before sampling (mg)
W, = post-sampling weight of sample-containing filter (mg)
B, = mean tare weight of blank filters (mg)
B, = mean post-sampling weight of blank filters (mg)

EVALUATION OF METHOD:
Lab testing with blank filters and generated atmospheres of carbon black was done at 8 to 28 mg/m  °
[2,6]. Precision and accuracy data are given on page 0500-1.

REFERENCES:

[1] NIOSH Manual of Analytical Methods, 3rd ed., NMAM 5000, DHHS (NIOSH) Publication No.
84-100 (1984).

[2] Unpublished data from Non-textile Cotton Study, NIOSH/DRDS/EIB.

[3] NIOSH Criteria for a Recommended Standard ... Occupational Exposure to Fibrous Glass, U.S.
Department of Health, Education, and Welfare, Publ. (NIOSH) 77-152, 119-142 (1977).

[4] 1993-1994 Threshold Limit Values and Biological Exposure Indices, Appendix D, ACGIH,
Cincinnati, OH (1993).

[5] NIOSH Manual of Analytical Methods, 2nd ed., V. 3, §349, U.S. Department of Health,
Education, and Welfare, Publ. (NIOSH) 77-157-C (1977).

[6] Documentation of the NIOSH Validation Tests, $S262 and S$349, U.S. Department of Health,
Education, and Welfare, Publ. (NIOSH) 77-185 (1977).

[7] Bowman, J.D., D.L. Bartley, G.M. Breuer, L.J. Doemeny, and D.J. Murdock. Accuracy Criteria
Recommended for the Certification of Gravimetric Coal Mine Dust Personal Samplers. NTIS
Pub. No. PB 85-222446 (1984).

[8] Breslin, J.A., S.J. Page, and R.A. Jankowski. Precision of Personal Sampling of Respirable
Dust in Coal Mines, U.S. Bureau of Mines Report of Investigations #8740 (1983).

METHOD REVISED BY:

Jerry Clere and Frank Hearl, P.E., NIOSH/DRDS.
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PARTICULATES NOT OTHERWISE REGULATED, RESPIRABLE

DEFINITION: aerosol collected by sampler with

Appendix A = Air Sampling Methods

4-um median cut point

CAS:

0600

None RTECS: None

METHOD: 0600, Issue 3 EVALUATION: FULL Issue 1: 15 February 1984
Issue 3: 15 January 1998

OSHA: 5 mg/m® PROPERTIES: contains no asbestos and quartz less than

NIOSH: no REL 1%; penetrates non-ciliated portions of

ACGIH: 3 mg/m?’

respiratory system

SYNONYMS: nuisance dusts; particulates not otherwise classified
SAMPLING MEASUREMENT
SAMPLER: CYCLONE + FILTER TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT)
(10-mm nylon cyclone, Higgins-Dewell [HD]
cyclone, or Aluminum cyclone + tared 5-um | ANALYTE: mass of respirable dust fraction
PVC membrane)
BALANCE: 0.001 mg sensitivity; use same balance
before and after sample collection
FLOW RATE: nylon cyclone: 1.7 L/min
HD cyclone: 2.2 Limin CALIBRATION: National Institute of Standards and
Al cyclone: 2.5 Limin Technology Class S-1.1 or ASTM Class 1
weights
VOL-MIN: 20L @5 mg/m®
-MAX: 400 L RANGE: 0.1 to 2 mg per sample
SHIPMENT: routine ESTIMATED LOD: 0.03 mg per sample
SAMPLE PRECISION: <10 ug with 0.001 mg sensitivity balance;
STABILITY: stable <70 pg with 0.01 mg sensitivity balance [3]
BLANKS: 2 to 10 field blanks per set

ACCURACY

RANGE STUDIED:

BIAS:

OVERALL
PRECISION (8 ):

ACCURACY:

0.5 to 10 mgfm?® (lab and field)

dependent on dust size distribution [1]

dependent on size distribution [1,2]

dependent on size distribution [1]

APPLICABILITY: The working range is 0.5 to 10 mg/m’® for a 200-L air sample. The method measures the mass concentration of
any non-volatile respirable dust. In addition to inert dusts [4], the method has been recommended for respirable coal dust. The
method is biased in light of the recently adopted intemational definition of respirable dust, e.g., = +7% bias for non-diesel, coal mine

dust [5].

INTERFERENCES: Larger than respirable particles (over 10 um) have beenfound in some cases by microscopic analysis of cyclone
filters. Over-sized particles in samples are known to be caused by inverting the cyclone assembly. Heavy dust loadings, fibers, and
water-saturated dusts also interfere with the cyclone’s size-selective properties. The use of conductive samplers is recommended
to minimize particle charge effects.

OTHER METHODS: This method is based on and replaces Sampling Data Sheet #29.02 [6].
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Appendix A = Air Sampling Methods

PARTICULATES NOT OTHERWISE REGULATED: METHOD 0600, Issue 3, dated 15 January 1988 - Page 2 of 6

EQUIPMENT:

1.

~N oW

Sampler:

a. Filter: 5.0-um pore size, polyvinylchloride filter or equivalent hydrophobic membrane filter supported
by a cassetlte filter holder (preferably conductive).

b. Cyclone: 10-mm nylon(Mine Safety Appliance Co., Instrument Division, P. O. Box 427, Pittsburgh,
PA 15230), Higgins-Dewell(BGI Inc., 58 Guinan St., Waltham, MA 02154)[7], aluminum cyclone
(SKC Inc., 863 Valley View Road, Eighty Four, PA 15330), or equivalent.

Persconal sampling pump, 1.7 L/Imin + 5% far nylon cyclone, 2.2 L/min + 5% for HD cyclone, or 2.5

L/min = 5% for the Al cyclone with flexible connecting tubing.

NOTE: Pulsation in the pump flow must be within + 20% of the mean flow.

Balance, analytical, with sensitivity of 0.001 mg.

Weights, NIST Class S-1.1, or ASTM Class 1.

Static neutralizer, e.g., Po-210; replace nine months after the production date.

Forceps (preferably nylon).

Environmental chamber or room for balance, e.g., 20 °C £+ 1 °C and 50% + 5% RH.

SPECIAL PRECAUTIONS: None.

PREPARATION OF SAMPLERS BEFORE SAMPLING:

1.
2.

Equilibrate the filters in an environmentally controlled weighing area or chamber for at least 2 h.

Weigh thefilters in an environmentally controlled area or chamber. Record the filter tare weight, W, (mg).

a. Zero the balance before each weighing.

b. Handle the filter with farceps (nylon forceps if further analyses will be done).

c. Pass the filter over an anti-static radiation source. Repeat this step if filter does not release easily
from the forceps or if filter attracts balance pan. Static electricity can cause erroneous weight
readings.

Assemble the filters in the filter cassettes and close firmly so thatleakage around the filter will not occur.

Place a plug in each opening of the filter cassette.

Remove the cyclone's grit cap before use and inspect the cyclone interior. If the inside is visibly scaored,

discard this cyclone since the dust separation characteristics of the cyclone may be altered. Clean the

interior of the cyclone to prevent reentrainment of large particles.

Assemble the samplerhead. Check alignment of filter holder and cyclone in the sampling head to prevent

leakage.

SAMPLING:

6.

152

Calibrate each personal sampling pump to the appropriate flow rate with a representative samplerin line.

NOTE 1: Because of their inlet designs, nylon and aluminum cyclones are calibrated within a large
vessel with inlet and outlet ports. The inletis connected to a calibrator (e.g., a bubble meter).
The cyclone outlet is connected to the outlet port within the vessel, and the vessel outlet is
attached to the pump. See APPENDIX for alternate calibration procedure. (The calibrator
can be connected directly to the HD cyclone.)

NOTE 2: Even if the flowrate shifts by a known amount between calibration and use, the nominal
flowrates are used for concentration calculation because of a self-correction feature of the
cyclones.

Sample 45 min to 8 h. Do not exceed 2 mg dust loading on the filter. Take 2 to 4 replicate samples for

each batch of field samples for quality assurance on the sampling procedure (see Step 10)

NOTE : Do not allow the sampler assembly to be inverted at any time. Turning the cyclone to
anything more than a horizontal orientation may deposit oversized material from the cyclone
body onto the filter.
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Appendix A = Air Sampling Methods

PARTICULATES NOT OTHERWISE REGULATED: METHOD 0600, Issue 3, dated 15 January 1988 - Page 3 of 6

SAMPLE PREPARATION:

8. Remove the top and bottom plugs from the filter cassette. Equilibrate for at least 2 h in an
environmentially controlled area or chamber.

CALIBERATION AND QUALITY CONTROL:

9. Zero the microbalance before allweighings. Use the same microbalance for weighing filters before and
after sample collection. Calibrate the balance with National Institute of Standards and Technology Class
S-1.1 or ASTM Class 1 weights.

10. The set of replicate field samples should be exposed to the same dust environment, either in a laboratory
dust chamber [8] or in the field [9]. The quality control samples must be taken with the same equipment,
procedures, and personnel used in the routine field samples. Calculate precision from these replicates

and record relative standard deviation (S,) on control charts. Take correclive action when the precision
is out of control [8].

MEASUREMENT:

11. Weigh each filter, including field blanks. Record this post-sampling weight, W, (mg), beside its
corresponding tare weight. Record anything remarkable about afilter (e.g., visible particles, overloading,
leakage, wel, torn, etc.).

CALCULATIONS:

12. Calculate the concentration of respirable particulate, C (mg/m 3), in the air volume sampled, V (L):

W, - W) - (B, - B)
Vv

C - . 10%, mgim?

where: W, = tare weight of filter before sampling (mg)
W, = post-sampling weight of sample-containing filter (mg)
B, = mean tare weight of blank filters (mg).
B, = mean post-sampling weight of blank filters (mg)
V = volume as sampled at the nominal flowrate (i.e., 1.7 L/min or 2.2 L/min)

EVALUATION OF METHOD:

1. Bias: In respirable dust measurements, the bias in a sample is calculated relative to the appropriate
respirable dust convention. The theory for calculating bias was developed by Bartley and Breuer [10].
For this method, the bias, therefore, depends on the international canvention for respirable dust, the
cyclones' penetration curves, and the size distribution of the ambient dust. Based on measured
penetration curves for non-pulsating flow [1], the bias in this method is shown in Figure 1.

For dust size distributions in the shaded region, the bias in this method lies within the £ 0.10 criterion
established by NIOSH for method validation. Bias larger than = 0.10 would, therefore, be expected for
some workplace aerosols. However, bias within + 0.20 would be expected for dusts with geometric
standard deviations greater than 2.0, which is the case in most workplaces.

Bias can also be caused in a cyclone by the pulsation of the personal sampling pump. Bartley, etal.[12]
showed that cyclone samples with pulsating flow can have negative bias as large as -0.22 relative fo
samples with steady flow. The magnitude of the bias depends on the amplitude of the pulsation at the
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Appendix A = Air Sampling Methods

PARTICULATES NOT OTHERWISE REGULATED: METHOD 0600, Issue 3, dated 15 January 1988 - Page 4 of 6

cyclone aperture and the dust size distribution. For pumps with instantaneous flow rates within 20% of

the mean, the pulsation bias magnitude is less than 0.02 for most dust size distributions encountered in
the workplace.

Electric charges on the dust and the cyclone will also cause bias. Briant and Moss [13] have found
electrostatic biases as large as -50%, and show that cyclones made with graphite-filled nylon eliminate
the problem. Use of conductive samplers and filter cassettes(Omega Specialty Instrument Co., 4 Kidder
Road, Chelmsford, MA 01824) is recommended.

2. Precision: The figure 0.068 mg gquoted above for the precision is based on a study [3] of weighing
procedures employed in the past by the Mine Safety and Health Administration (MSHA) in which filters
are pre-weighed by the filter manufacturer and post-weighed by MSHA using balances readable to 0.010
mg. MSHA [14] has recently completed a study using a 0.001 mg balance for the post-weighing,
indicating imprecision equal to 0.006 mg.

Imprecision equal to 0.010 mg was used for estimating the LOD and is based on specific suggestions [8]
regarding filter weighing using a single 0.001 mg balance. This value is consistent with another study [15]
of repeat filter weighings, although the actual attainable precision may depend strongly on the specific
environment to which the filters are exposed between the two weighings.

REFERENCES:

[1] Bartley DL, ChenCC, Song R, Fischbach TJ [1894]. Respirable aerosol sampler performance testing.
Am. Ind. Hyg. Assoc. J., 55(11): 1036-1046.

[2] Bowman JD, Bartley DL, Breuer GM, Shulman SA [1985]. The precision of coal mine dust sampling.
Cincinnati, OH: National Institute for Qccupational Safety and Health, DHEW (NIOSH) Pub. No. 85-
220721.

[3] Parobeck P, Tomb TF, KuH, Cameron J [1981]. Measurement assurance program for the weighings
of respirable coal mine dust samples. J Qual Tech 13:157.

[4] ACGIH [199€]. 1996 Thresheld limit values (TLVs™ ) for chemical substances and physical agents and
biclogicalexposure indices (BEIs™). Cincinnati, OH: American Conference of Governmental Industrial
Hygienists.

[5] American Conference of Governmental Industrial Hygienists [1991]. Notice of intended change -
appendix D - particle size-selective sampling criteria for airborne particulate matter. Appl Occup Env
Hyg 6(9): 817-818.

[6] NIOSH [1977]. NIOSH Manual of sampling data sheets. Cincinnati, OH: National Institute for
Qccupational Safety and Health, DHEW (NIOSH) Publication No. 77-159.

[7] Higgins RI, Dewell P [1967]. A gravimetric size selecting personal dust sampler. In: Davies CN, Ed.
Inhaled particles and vapors Il. Oxford: Pergammon Press, pp. 575-586.

(8] Bowman JD, Bartley DL, Breuer GM, Doemeny LJ, Murdock DJ [1984]. Accuracy criteria
recommended for the certification of gravimetric coalmine dust personal samplers. NTIS Pub. No. PB
85-222446 (1984).

[9] Breslin, JA, Page SJ, Jankowski RA [1983]. Precision of personal sampling of respirable dust in ccal
mines. U.S. Bureau of Mines Report of Investigations #8740.

[10] Bartley DL, Breuer GM [1982]. Analysis and optimization of the performance of the 10-mm cyclone.
Am Ind Hyg Assoc J 43 520-528.

[11] Caplan KJ, Doemeny LJ, Sorenson S [1873]. Evaluation of coal mine dust personal sampler
performance, Final Report. NIOSH Contract No. PH CPE-r-70-0036.

[12] Bartley DL, Breuer GM, Baron PA, Bowman JD [1984]. Pump fluctuations and their effect on cyclone
performance. Am Ind Hyg Assoc J 45(1): 10-18.

[13] Briant JK, Moss OR [1983]. The influence of electrostatic charge on the performance of 10-mm nylon
cyclones. Unpublished paper presented at the American Industrial Hygiene Conference, Philadelphia,
PA, May 1983.

[14] Koqut J [1994]. Private Communicaticn from MSHA, May 12, 1994.
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[15] Vaughn NP, Chalmers CP,Botham [1990]. Field comparison of personal samplers for inhalable dust.

Ann Qccup Hyg 34: 553-573.

METHOD REVISED BY: David L. Bartley, Ph.D., NJOSH/DPSE/ARDB and Ray Feldman, OSHA.

1.5
0 5 10 15 20 25 0 & 0 15 20 % 0 5 10 135 20 25
Maze Median Diameter (um) Mass Median Diameter (pm) Mass Median Diameter (im)
10-mm nylon cyclone at 1.7 Limin Higgins-Dewell cyclone at 2.2 L/imin Aluminum eyclone at 2.5 Limin

Figure 1. Bias of three cyclone types relative to the international respirable dust sampling
convention.

APPENDIX: Jarless Method for Calibration of Cyclone Assemblies

This procedure may be used in the field to calibrate an air sampling pump and a cyclone assembly without

using the one-liter “calibration jar".
(1)  Connectthe pump to a pressure gauge or water manometer and a light load (adjustable valve or 5-um

filter) equal to 2" to 5" H,O with a “TEE” connector and flexible tubing. Connect other end of valve to

an electronic bubble meter or standard bubble tube with flexible tubing (See Fig. 2.1).

NOTE: A light load can be a 5-ym filter and/or an adjustable valve. A heavy load can be several

0.8-um filters andfor adjustable valve.

(2) Adjustthe pumpto 1.7 L/min, as indicated on the bubble meter/tube, underthe light load conditions (2"

to 5" H,0) as indicated on the pressure gauge or manometer.

(3) Increase the load until the pressure gauge or water manometer indicates between 25" and 35" H,0.
Check the flow rate of the pump again. The flow rate should remain at 1.7 L/min + 5%.

(4) Replace the pressure gauge or water manometer and the electronic bubble meter or standard bubble
tube with the cyclone having a clean filter installed (Fig. 2.2). If the loading caused by the cyclone

assembly is between 2" and 5" H,0, the calibration is complete and the pump and cyclone are ready

for sampling.
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Pressure
Gauge

TEE

Valve
andior
Fitter Load

Air Sampling Pump

Air Flow

Figure 2.1 Block Diagram of Pump/Load/Flow Meter Set-up.

Air Sampling Pump

Pressure
Gauge
TEE Cyclone
Filter
Cyclone

Figure 2.2. Block Diagram with Cyclone as the Test Load.
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ASBESTOS and OTHER FIBERS by PCM 7400
Various MW: Various CAS: Various RTECS: Various
METHOD: 7400, Issue 2 EVALUATION: FULL Issue 1: Rev.3 on15 May 1989

Issue 2: 15 August 1994

OSHA : 0.1 ashestos flber (> 5 pm long)/cc;

1 fleef30 min excursion; carcinogen
MSHA: 2 asbestos fibersice PROPERTIES: solid, fibraus, crystalline, anisotropic
NIOSH: 0.11fcc (fibers > 5 pUm leng)400 L; carcinegen )
ACGIH: 0.2 crocidolite; 0.5 amosite; 2 chrysotile and other

asbestos, fibers/ce; carcinogen

SYNONYMS [CAS #]: actinolile [77536-66-4] or ferroaclinolite [15669-07-5); amosite [12172-73-5]; anthophyllite [F7536-67-5];
chrysotile [12001-29-5]; serpentine [18786-24-8]; crocidolile [12001-28-4]; tremolite [77536-68-6]; amphibole asbestos [1332-21-4];
refractary ceramic fibers [142844-00-6]; fibrous glass.

SAMPLING MEASUREMENT
SAMPLER: FILTER TECHNIQUE: LIGHT MICROSCOPY, PHASE
(0.45- to 1.2-Jm cellulose ester membrane, 25- CONTRAST
mm; conductive cont on casselle)
ANALYTE: fibers {manual count)
FLOW RATE": (0.5to 16 Uimin SAMPLE
PREPARATION: acetone - collapseftriacetin - immersion
VOL-MIN*: 400 L @ 0.1 fiberfec
~MAX*: {slep 4, sampling) GOUNTING
*Adjust to give 100 to 1300 fiber/mm? RULES: described in previous version of this

method as "A" rules [1,3)
SHIPMENT: routing (pack to reduce shock)

- EQUIPMENT: 1. positive phase-conirast microscope
SAMPLE . 2. Walton-Becket! graticule (100-pim field
STABILITY: stable of view) Type G-22

3. phase shift test slide (HSE/NPL)
BLANKS: 2 to 10 fieid blanks per set
CALIBRATION: HEE/MNPL test slide
ACCURACY RANGE: 100 to 1300 fibersimm? filter area
. 3 2

RANGE STUDIED: 80 to 100 fibers eounted ESTIMATED LOD: 7 fibers/mm* filter area
BIAS: Bea EVALUATION OF METHOD PRECISION {3):  0.1010 0.12 [1]; see EVALUATION OF

METHOD
OVERALL PRECISICN {S,—,—}z@. 115 10 0.13 [1]

ACCURACY: See EVALUATION OF METHOD

APPLICABILITY: The quantitative working range is 0.04 to 0.5 fiberfee for & 1000-L &ir sample. The LOD depands on sample volume
and quantity of interfering dust, end is <0.01 fiber/cc for atmospheres free of interferences. The method gives an index of airborne
fibers. |lis primarily used for estimating asbestos concentrations, theugh PCM does not differentiate between asbestos and other
fibers. Use this method In conjunction with electron microscopy (e.q., Method 7402) for assistance in identification of fibers, Fibers <
ca. 0.25 Um diameter will not be detected by this method [4]. This method may be used for other materials such as fibrous glass by
using alternate counting rules (see Appendix C).

INTERFERENCES: If he method is used to detect a specific type of fiber, any other airborne fiber may interfere since all pariicles
meeling the counting criteria are counted. Ghain-ike particles may appear fibrous. High levels af non-libraus dust parlicles may
obscure fibers in the field of view and increase the detection limit.

OTHER METHODS: This revsion replaces Melhod 7400, Revision #3 (date 5/15/89),
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Appendix A = Air Sampling Methods

ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, lssue 2, dated 15 August 1984 - Page 2 of 15

REAGENTS:

1. Acetone,” reagent grade.

2. Triacetin (glycerol triacetate), reagent grade.

*

See SPECIAL PRECAUTIONS.

EQUIPMENT:

1.

Sampler; field monitor, 25-mm, three-piece
cassette with ca. 50-mm electrically
conductive extension cowl and cellulose ester
filter, 0.45- to 1.2-Jm pore size, and backup
pad.

NOTE 1:  Analyze representative filters for
fiber background before use to
check for clarity and background.
Discard the filter lol if mean is >5
fibers per 100 graticule fields.
These are defined as laboratory
blanks. Manufacturer-provided
quality assurance checks on filter
blanks are normally adequate as
long as field blanks are analyzed
as described below.

NOTE 2:  The electrically conductive
extension cowl reduces
electrostatic effects. Ground the
cowl when possible during
sampling.

NOTE 3:  Use 0.8-pm pore size filters for
personal sampling. The 0.45-Um
filters are recommended for
sampling when performing TEM
analysis on the same samples.
Hawever, their higher pressure
drap precludes their use with
personal sampling pumps.

NOTE 4:  Other cassettes have been
proposed thal exhibil improved
uniformity of fiber deposit on the
filter surface, e.g., bellmouthed
sampler (Envirometrics,
Charleston, SC). These may be
used If shown to give measured
concentrations equivalent to
sampler indicated above for the
application.

. Personal sampling pump, battery or line-

powered vacuum, of sufficient capacity to
meet flow-rale requirements (see step 4 for
flow rate), with flexible connecting tubing.

. Wire, multi-stranded, 22-gauge; 1", hose

clamp to attach wire to cassette.

. Tape, shrink- or adhesive-,
. Slides, glass, frosted-end, pre-cleaned, 25 x

75-mm.

. Cover slips, 22- x 22-mm, No. 1-1/2, unless

otherwise specified by microscope
manufacturer.

. Lacquer or nail palish.
. Knife, #10 surgical stesl, curved blade.
. Tweezers.
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EQUIPMENT:

10.  Acetone flash vaporization system for
clearing filters on glass slides (see ref, [5]
for specifications or see manufacturer's
instructions for equivalent devices).

11.  Micropipets or syringes, 5-UL and 100- to
500-JL.

12.  Microscope, positive phase (dark) confrast,
with green or blue filter, adjuslabie field iris,
§ to 10X eyepiece, and 40 to 45X phase
objective (total magnification ca. 400X);

' numerical aperture = 0.65 t0 0.75.

13.  Graticule, Walton-Beckelt type wilh 100-um
diameter circuler field (area =
0.00785 mm2} at the specimen plane
{Type G-22). Available from Optometrics
USA, P.O. Box 6399, Ayer, MA 01432
[phone (508)-772-1700], and McCrone
Accessories and Components, 850
Pasquinelli Drive, Westmont, IL 80559
[phone (312) 887-7100].

NOTE: The graticule is custom-made for
each microscope. (see
APPENDILX A for the custom-
ordering procedure).

14, HSE/NPL phase contrast test slide, Mark 1.
Available from Optometrics USA (address
above).

15. Telescope, coular phase-ring centering.

16.  Stage micrometer (0.01-mm divisions).

SPECIAL PRECAUTIONS: Acetane is extremely flammable. Take precautions not to ignite it.
Heating of acetone in volumes greater than 1 mL must be done in a ventilated laboratory fume hood
using a flameless, spark- free heat source

SAMPLING:

1. Calibrate each personal sampling pump with & representative sampler in line.

2. Tareduce contamination and to hold the cassette tightly together, seal the crease between the
cassette base and the cowl with a shrink band or light coiored adhesive tape. For personal
sampling, fasten the (uncapped) open-face cassette to the worker's lapel. The open face should be
oriented downward.

NOTE: The cowl should be electrically grounded during area sampling, especially under conditions
of low relative humidity. Use a hose clamp to secure one end of the wire (Equipment, Item
3) to the monitor's cowl. Cannect the olher end 1o an earth ground (i.e., cold water pipe).

3. Submit at least two field blanks (or 10% of the total samples, whichever is greater) for each set of
samples. Handle field blanks in a manner representative of actual handling of associated samples
in the set. Open field blank cassettes at the same lime as other cassettes just prior to sampling.
Store top covers and casseties in a clean area (e.g., a closed bag or box) with the top covers from
the sampling cassettes during the sampling period.

4. Sample at 0.5 L/min or greater [8]. Adjust sampling flow rate, Q (L/min), and time, t (min), to
produce 2 fiber density, E, of 100 to 1300 fibers/mm? (3.8510% to 5+10° fibers per 25-mm filter with
effective collection area A= 385 mm?) for oplimum accuracy. These variablzs ara related to the
action level (one-half the current standard), L (fibers/ce), of the fibrous aerasol being sampled by:
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A E )
ts ——— . min.
Q-L-10

NOTE 1: The purpose of adjusting sampling limes is 1o obtain optimum fiber loading on the filter.
The collection efficiency does not appear to be a function of flow rate in the range of 0.5
o 16 L/min for asbestos fibers [7]. Relatively large diameter fibers (>3 1m) may exhibit
significant aspiration loss and inlet deposition. A sampling rate of 1 to 4 L/min for 8 h is
appropriate in atmospheres containing ca. 0.1 fiber/ce in the absence of significant
amounts of non-asbestas dusl, Dusly atmospheres reguire smaller sample volumes
(<400 L) to obtain countable samples. In such cases take short, consecutive samples
and average the results aver the total collection time. For documenting episodic
exposures, use high flow rates (7 to 16 L/min) over shorter sampling times. In relatively
clean atmospheres, wheres targeted fiber concentrations are much less than 0.1 fiberfcc,
use larger sample volumnes {3000 to 10000 L) to achieve quantifiable loadings. Take
care, however, not 1o overload the filter with background dust. If 2 50% of the filter
surface is covered with particles, the filler may be too overloaded to count and will bias
the measured fiber concentration.

NOTE 2: OSHA regulations specify a minimum sampling volume of 48 L for an excursion
measurement, and a maximum sampling rate of 2.5 L/min [3].

5. At the end of sampling, replace top cover and end plugs.
6. Ship samples with conductive cowl attached in a rigid container with packing material to prevent
jostling or damage.
NOTE: Do not use untreated polystyrene foam in shipping container because alectrostatic
forces may cause fiber loss from sample filter.

SAMPLE PREPARATION:

NOTE 1: The cbjectis to produce samples with a smaoth (non-grainy) backgreund in a medium
with refractive index <1.46. This melhod collapses the filter for easier focusing and
produces permanent (1 - 10 years) mounts which are useful for guality control and
interlaboratory compariscn. The aluminum "hot block" or similar flash vaporization
technigues may be used cutside the laboratory [2]. Other mounting techniques meeting
the abaove criteria may also be used {e.g.. the laboratary fume hood procedure for
generating acetone vapor as described in Methed 7400 - revision of 5/15/85, or the
nan-permanent fisld mounting technique used in P&CAM 239 [3,7,8,8]). Unless the
effective filtration area is known, determine the area and record the information
referenced against the sample ID number [1,9,10,11].

NOTE 2:  Excessive water in the acetone may slow the clearing of the filter, causing material 1o
be washed off the surface of the filter. Also, filters that have been exposed to high
humidities prior to clearing may have a grainy background.

7. Ensure that the glass slides and cover slips are free of dust and fibers,
8. Adjust the rheostat to heat the "hot block” to ca. 70 °C [2].
NOTE: If the "hot block” is not used in a fume hood, it must rest on a ceramic plate and be
isolated from any surface susceptible to heal damage.
9. Mount a wedge cut from the sample filter on a clean glass slide.
a. Cutwedges of ca. 25% of the filter area with a curved-blade surgical steel knife using a rocking
motion to prevent tearing. Place wedge, dust side up, on slide.
NOTE: Stafic electricity will usually keep the wedge on the slide.
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b. Insert slide with wedge into the receiving siot at base of "hot block”. Immediately place tip of a
micropipet containing ca. 250 UL acetone (use the minimum valume needed to consistently
clear lhe filter sections) into the inlet port of the PTFE cap on top of the "hot block” and inject
the acetone into the vaporization chamber with a slow, steady pressure on the plunger butlon
while holding pipet firmly in place. After wailing 3 to 5 sec for the filter to clear, remove pipet
and slide from their ports.

CAUTION: Although the volume of acetone used is small, use safety precautions, Work in a
well-ventilated area (e.g., laboratory fume hood). Take care not to ignite the
acsetone. Continuous use of this device in an unventilated space may produce
explosive acetone vapor concentrations.

c. Using the 5-lL micropipet, immediately place 3.0 to 3.5 JL triacetin on the wedge. Gently
lower a clean cover slip onto the wedge at a slight angle to reduce bubble formation. Avoid
excess pressure and mavement of the cover glass.

NOTE: If too many bubbles form or the amaunt of triacetin is insufficient, the caver slip may
become detached within a few hours. If excessive friacetin remains at lhe edge of the
filter under the cover slip, fiber migration may occur.

d. Mark the cutline of the filter segment with a glass marking pen to ald in microscopic evaluation.

e. Glue the edges of the cover slip to the slide using lacquer or nail polish [12]. Counting may
proceed immediately after clearing and mounting are completed.

NOTE: If clearing is slow, warm the slide on a hotplate (surface temperature 60 °C) for up to 15
min to hasten clearing. Heat carefully to prevent gas bubble formation.

CALIBRATION AND QUALITY CONTROL:

10. Microscope adjustments. Follow the manufaclurers instruclions. Al least once daily use the
telescope ocular {or Bertrand lens, for some microscopes) supplied by the manufacturer to ensure
that the phase rings (annular diaphragm and phase-shifting elements) are concentric. With each
microscope, keep a logbook in which to record the dates of microscope cleanings and major
servicing.

a. Each time a sample is examined, do the following:

(1) Adjust the light source for even illumination across the field of view at the condenser iris.
Use Kohler illumination, if availableé. With some microscopes, the illumination may have
to be set up with bright field optics rather than phase contract optics. }

(2} Focus on the particulate material to be examined.

(3) Make sure that the field iris is in focus, centered on the sample, and open only enough to
fully iluminate the field of view.

b. Check the phase-shift detection limit of the microscope periodically for each analyst/microscope
combination:

(1) Center the HSE/NPL phase-conirast test slide under the phase objective.

{2) Bring the blocks of grooved lines into focus in the graticule area.

NOTE: The slide contains seven blocks of grooves (ca. 20 grooves per block) in
descending order of visibility. For asbestos counting the microscope optics must
completely resolve the grooved lines in block 3 although they may appear
somewhat faint, and the grooved lines in blocks 6 and 7 must be invisible when
centered in the graticule area, Blocks 4 and 5 must be at least partially visible but
may vary slightly in visibility between microscopes. A microscope which fails to
meet these requirements has resaolution either too low ar too high for fiber
counling.

(3) Ifimage quality deteriorates, clean the micrascope optics. If the problem persists, consult
the microscope manufacturer.

11. Document the laboratory's precision for each counter for repiicate liber counts.

a. Maintaln as part of the laboratory quality assurance program a set of reference slides to be used
on a daily basis [13]. These slides shouid consist of filter preparations including a range of
loadings and background dust levels from a variety of sources including both field and
reference samples {e.g., PAT, AAR, commercial samples). The Quality Assurance Officer
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should maintain custody of the reference slides and should supply each counter with @ minimum
of one reference slide per workday., Change the labels on the reference slides pericdically so
that the counter does not become familiar with the samples.

b. From blind repeat counts on referencea slides, astimate the laboratory intra- and intercounter
precision. Obtain separate values of relative standard deviation (S,) for each sample matrix
analyzed in each of the following ranges: 5 {o 20 fibers in 100 graticule fields, >20 to 50 fibers
in 100 graticule fields, and =50 to 100 fibers in 100 gralicule fields. Maintain control charts for
each of these data files.

NOTE: Certain sample matrices (e.g., asbestos cement) have been shown to give poor
precision [9]

12. Prepare and count field blanks along with the field samples. Report counts on each field blank.
NOTE 1: The identity of blank filters should be unknown to the counter until all counts have been

completed. )

NOTE 2:  [f afield blank vields greater than 7 fibers per 100 graticule fields, report possible

contamination of the samples.

13. Perform blind recounts by the same counter on 10% of filters counted (slides relabeled by a person
other than the counter). Use the following test to determine whether a pair of counts by the same
counter on the same filter should be rejected because of possible bias: Discard the sample if the
absolute value of the difference belween the square roots of the two counts {in fiber/mm?) exceeds

2,77 (XJS'P, where X = average of the square roots of the twao fiber counts
. g
(in fiber/mm?) and 8= =L , where S, is the intracounter relative standard deviaticn for the

appropriate count range (in fibers) determined in step 11. Far more complets discussions see

reference [13]. .

NOTE 1:  Since fiber counting is the measurement of randamly placed fibers which may be
describad by a Poisson distribution, a square root transformation of the fiber count data
will result in approximately normally distributed data [13].

NOTE 2:  If a pair of counts is rejected by this test, recount the remaining samples in the set and
test the new counts against the first counts. Discard all rejected paired counts. It is not
necessary to use this statistic on blank counts.

14. The analyst is a critical part of this analytical procedure. Care must be taken ta provide a non-
stressful and comfortable environment for fiber counting. An ergonomically designed chair should
be used, with the microscope eyepiece siluated at a comfortable height for viewing. External
lighting should be set at a level similar to the illumination level in the microscope to reduce eve
fatigue. In addition, counters should take 10-to-20 minute breaks from the microscope every one
or two hours to limit fatigue [14]. During these breaks, both eye and upper back/neck exercises
should be performed to relieve strain.

15. All [aboratories engaged in asbestos counting should participate in a proficiency testing program
such as the AIHA-NIOSH Proficiency Analytical Testing (PAT) Program for asbestos and routinely
exchange field samples with other laborateries to compare performance of counters.

MEASUREMENT:

16. Center the slide on the stage of the calibrated microscope under the objective lens. Focus the
micrascope on the piane of the filter.
17. Adjust the microscope (Step 10).
NOTE: Calibration with the HSE/NPL test slide determinas the minimum detectable fiber diameter
(ca. 0.25 pm) [4].
18. Counting rules: (same as P&CAM 239 rules [1,10,11): see examples in APPENDIX B),
a. Count any fiber longer than 6 Jm which lies entirely within the graticule area.
(1} Count only fibers longer than 5 Um. Measure length of curved fibers along the curve.
{(2)  Count only fibers with a length-to-width ratio equal lo or greater than 3:1.
b. For fibers which cross the boundary of the graticule field:
(1) Count as 1/2 fiber any fiber with only one end lying within the graticule area, provided that
the fiber meets the criteria of rule a above.
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(2) Do not count any fiber which crosses the graticule boundary more than once.
(3) Reject and do not count all other fibers.

c. Count bundles of fibers as one fiber unless individual fibers can be identifisd by chserving both
ends of a flber.

d. Count enough graticule fields to yield 100 fibers. Count a minimum of 20 fields. Stop at 100
graticule fields regardless of count.

19. Start counting from the tip of the filter wedge and progress along a radial line fo the outer edge.
Shift up or down on the filter, and continue in the reverse direction. Select graticule fields
randomly by looking away from the eyepiece briefly while advancing the mechanical stage. Ensure
that, as a minimum, each analysis covers one radial line from the filter center (o the outer edge of
the filter. When an agglomerate or bubble covers ca. 1/8 or more of the graticule field, reject the
graticule field and select another. Do nof report rejected graticule fields in the tolal number

caunted.
NOTE 1;

NOTE 2:

NOTE 3:

NOTE 4:

NOTE &:

When counting a graticule field, continuously scan a range of focal planes by moving
ihe fine facus knob to detect very fine fibers which have become embedded in the filter.
The smail-diameter fibers will be very faint but are an important contribution to the total
count. A minimum counting time of 15 seconds per field is approprigle for accurate
counting.

This method does not allow for differentiation of fibers based on morphology. Although
some experienced caunters are capable of selectively counting anly fibers which
appear to be asbestiform, there is presently no accepted method for ensuring uniformity
of judgment between laboratories. It is, therefore, incumbent upon all laboratories using
this method to report total fiber counts. If serious contaminalion from non-asbestos
fibers occurs in samples, ather technigues such as transmission electron microscopy
must be used to identify the asbestos fiber fraction present in the sample (see NIOSH
Method 7402). In some cases (i.e., for fibers with diameters >1 pm), polarized light
micrascopy (as in NIOSH Method 7403) may be used to identify and eliminate
interfering non-crystalline fibers [15].

Do not count at edges where filter was cut. Move in af least 1 mm from the edge.
Under certain conditions, electrostatic charge may affect the sampling of fibers. These
electrostatic effects are most likely to occur when tha relative humidity is low (below
20%), and when sampling is performed near the source of aerosol. The result is that
depasition of fibers on the filter is reduced, especially near the edge of the filter. If such
a pattern is noted during fiber counting, choose fields as close to the center of the filter
as possible [5].

Counts are to be recorded on a data sheet that provides, as a minimum, spaces on
which to record the counts Tor each field, filter identification number, analyst's name,
date, total fibers counted, total fields counted, average count, fiber density, and
commentary. Average count is calculated by dividing the total fiber count by the
number of fields observed. Fiber density (fibers/mm?) is defined as the average count
(fibers/field) divided by the field (graticule) area {mm?ffield).

CALCULATIONS AND REPORTING OF RESULTS

20. Calculate and report fiber density on the filter, E (fibers/mm?), by dividing the average fiber counl
per graticule field, F/n;, minus the mean field blank count per graticulz field, B/n,, by the graticule
field area, A; (approx. 0.00785 mm?):

Refractory Ceramic Fibers

n, .
E = -t , fibersimm?®,
A
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NOTE: Fiber counts above 1300 fibers/mm? and fiber counts from samples with »50% of filter
area covered with particulate should be reparted as "uncountable” or "prabably biased."
Other fiber counts outside the 100-1300 fiber/mm? range should be reported as having
"greater than optimal variability" and as being "probably biased."

21. Caleulate and report the concentration, C (fibers/ce), of fibers in the air volume sampled, V (L),
using the effective collection area of the filter, A, (approx. 385 mm? for a 25-mm filter):

_(E)A,)
ERT:

c

NOTE: Periodically check and adjust the value of A, if necessary.

22. Report intralaboratory and interlaboratory refative standard deviations (from Step 11) with each set
of results.

NOTE: Precision depends on the taotal number of fibers counted [1,16]. Relative standard
deviation is documented in references [1,15-17] for fiber counts up to 100 fibers in 100
graticule fields. Comparablility of interlaboratary results is discussed below. As a first
approximation, use 213% above and 48% helow the count as the upper and lower
confidence limits for fiber counts greater than 20 (Fig. 1).

EVALUATION OF METHOD:

A. This method is a revision of PRCAM 239 [10]. A summary of the revisions is as follows:
1. Sampling:
The change from a 37-mm to a 25-mm filter improves sensitivity for similar air volumes. The
change in flow rates allows for 2-m® full-shift samples to be taken, providing that tha filter is not
averloaded with non-fibrous particulales. The collection efficiency of the sampler is not a function
of flow rate in the range 0.5 to 16 L/min [10].
2. Sample Preparation Technique:
The acetone vapor-triacetin preparation technique is a faster, more permanent mounting
technigue than the dimethyl phthalate/diethyl oxzlate method of PRCAM 239 [2,4,10]. The
aluminum "hot block" technique minimizes the amount of acetone needed to prepare each
sample.
3. Measurement:
a. The Walton-Beckett graticule standardizes the area observed [14,18,19].
b. The HSE/NPL test slide standardizes microscope optics far sensitivily to fiber diameter [4,14),
¢. Because of past inaccuracies associated with low fiber counts, the minimum recommended
loading has been increased to 100 fibersimm? filter area (a total of 78.5 fibers counted in 100
fislds, each with field area = .00785 mm?.) Lower levels generally result in an overestimate of
the fiber count when compared to results in the recommended analytical range [20]. The
recommended loadings should yigld intracounter S, in the range of 0.10 to 0.17 [21,22,23].

E. Interlabaratory comparability:
An international collaborative study involved 18 laboratories using prepared slides from the

asbeslos cement, milling, mining, textile, and friction materlial industries [9]. The relative standard
deviations (S} varied with sample type and laboratory. The ranges were:
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Infralaboratory S, Interlaboratory S Overall S,
AlA (NIOSH A Rules)* 0.12 to 0.40 0.27t00.85 0.46
Modified CRS (NIOSH B Rules)* 0.11t0 0.29 0.2010 0,35 0.25

* Under AlA rules, only fibers having a diameter less than 3 Um are counted and fibers attached to
particles larger than 3 PUm are not counted. NIOSH A Rules are atherwise similar to the AlA rules.
" Ses Appendix C.

A NIOSH study conducted using field samples of asbestos gave intralaboratory S, in the range 0.17 to
0.25 and an interiaboratory S, of 0.45 [21]. This agrees well with other recent studies [9,14,18].

At this time, there is no independent means for assessing the overall accuracy of this method. One
measure of reliability is to estimate how well the count for a single sample agrees with the mean count
from a large number of Izboratories. The following discussion indicates how this estimation can be
carried out based an measurements of the interlaboratory variability, s well as showing how the results
of this method relate to the theoretically attainable counting precigion and to measured intra- and
interlaboratory S.. (NOTE: The following discussion doas not include bias estimates and should not be
taken to indicaled that lightly loaded samples are as accurate as properly loaded ones}.

Thearetically, the process of counting randomly (Poisson) distribuled fibers on a filter surface will give an
S, that depends on the number, N, of fibers counted:

S, = U NY"” (1)

Thus 3, is 0.1 for 100 fibers and 0.32 for 10 fibers counted. The actual S, found in a number of studies is
greater than these theoretical numbers [17,19,20,21].

An additional component of variability comes primarily from subjsctive interlaboratary differences. Ina
study of ten counters in a continuing sample exchange program, Qgden [15] found this subjective
component of intralaboratory S, to be approximately 0.2 and estimated the overall S, by the term:

. 2 1142
[N+(0.r2\l N¥I (2)

QGgden found that the 90% confidence inlerval of the individual intralabaratory counts in relation to the
means were +2 $, and - 1.5 S, In this program, cne sample out of ten was a quality control sample. For
laboralories not engaged in an intensive quality assurance program, the subjective component of
variability can be higher.

In a study of field sample results in 46 laboratories, the Asbestos Information Association also found that
the variability had both a constanl component and one that depended on the fiber count [14]. These
results gave a subjective interlaboratory companent of S, (on the same basis as Ogden's) for field
samples of ca. 0.45. A similar value was obtained for 12 laboratories analyzing a set of 24 field samples
{21]. This value falls slightly above the range of S, (0.25 to 0.42 for 1984-85) Tound for 80 reference
laboratories in the NIOSH PAT program for laboralory-generated samples [17].

A number of factors influence S, for a given laboratory, such as that laboratory's actual counting
performance and the type of samples being analyzed. In the absence of other information, such as from
an interlaboratory quality assurance program using field samples, the value for the subjective component
of variability is chosen as 0.45. 1t is hoped that the laboratories will carry cut the recommended
interlaboratory quality assurance programs to impraove their performance and thus reduce the S,
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The abaove relative standard deviations apply when the population mean has besn determined. It is

more useful, hawever, for laboratories to eslimate the 0% confidence interval on the mean count from a
single sample fiber count (Figure 1). These curves assume similar shapes of the count distribution for
interlaboratary and intralaboratory results [18].

For example, if a sample yields a count of 24 fibers, Figure 1 indicates that the mean Interlaboratory
caunt will fall within the range of 227% above and 52% below that value 90% of the time. We can apply
these percentages directly to the air concentrations as well. If, for instance, this sample (24 fibers
counted) represented a 500-L volume, then the measured concentration is 0.02 fibers/mL (assuming 100
fields counted, 25-mm filter, 0.00785 mm? counting field area). If this same sample were counted by a
group of laborataries, there is a 80% probability that the mean would fall betwean 0.01 and 0.08 fiber/mlL.
These limits should be reported in any comparison of results between laboratories.

Note that the 8, of 0.45 used to derive Figure 1 is used as an estimate for a random group of
laboratories. If several |aboratories belonging to a quality assurance group can show that their
interlaboratory S, is smaller, then it is more correct to use that smaller 5. However, the estimated 5. of
0.45 is to be used In the absence of such information. Note also that it has been found that S, can be
higher far certain types of samples, such as asbestos cement [9].

Quite often the estimated airborne concentration from an asbestos analysis is used tc compare to a
regulatory standard. For instance, if one is trying fo show compliance with an 0.5 fiber/mL standard
using a single sample on which 100 fibers have baen counted, then Figure 1 indicates that the 0.5
fiber/mL standard must be 213% higher than the measured air cancentration. This indicates that if ona
measures a fiber concentration of 0.16 fiber/mL (100 fibers counted), then the mean fiber count by a
group of laboratories (of which the compliance laboratory might be one) has a 95% chance of being less
than 0.5 fibers/mL; e, 0.16 + 213 x 0.16 = 0.5.

It can be seen from Figure 1 that the Poisson compaonent of the variability is not very important unless
the number of fibers counted is small. Therefare, a further approximation is to simply use +213% and
-49% as the upper and lower confidence values of the mean for a 100-fiber count.

500 1- 90% CONFIDENCE iNTERVAL ON MEAN COUNT
| (SUBJECTIVE COMPONENT (0.45) +
400 |- POISSON COMPONENT)

300

.1

100 R R R e L LR LR LT EEIEEERT

Percent Relative to Single Sample Count

OO T IS ABOVE THIS LEVEL

NUMBER OF FIBERS COUNTED IN A SINGLE SAMPLE

Figure 1. Interlaboratory Precision of Fiber Counts
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The curves in Figures 1 are defined by the following equations:

UCL - 2 X + 226 + [(225 + 2 X)? - 4 (1 - 225 87) X3

LOL - 2X + 4 -[(4 +2X)2- 4(1-487)x2]"

2(1-225683

(4}

2(1-487)

where S, = subjeclive interlaboratory relative standard deviation, which is close to the total

interlaboratory S, when approximately 100 fibers are counted.
X = total fibers counted on sample

LCL = lower 95% confldence limit.
UCL = upper 95% confidence limit.

Note that the range between these two limits represents 80% of the total range.
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METHOD WRITTEN BY:

Faul A. Baren, Ph.D., NIOSH/DPSE.

APPENDIX A: CALIBRATION OF THE WALTON-BECKETT GRATICULE:

Before ordering the Walton-Beckett graticule, the following calibration must be done to obtain a counting
area (D) 100 pm in diameter at the image plane. The diameter, d, {mm), of the circular counting zrea
and the disc diameter must be specified when ardering the graticule.

1.
2.

Insert any available graticule into the eyepiece and focus so that the graticule lines are sharp and
clear.

Set the appropriate interpupillary distance and, if applicable, reset the binocular head adjustment so
that the magnification remains constant.

. Install the 40 to 45X phase objective.
. Place a stage micrometer on the microscope object stage and focus the micrescope on the graduated

lines.

. Measure the magnified grid length of the graticule, L, (4m), using the stage micrometer.
. Remove the graticule from the microscope and measure its actual grid lenglh, L, (mm). This can

best be accomplished by using a stage fitted with verniers,

. Calculate the circle diameter, d, (mm), for the W alton-Beckett graticule:
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Example: [FL =112 um, L, = 4.5 mm and D = 100 pm, then d, = 4.02 mm,

8. Check the field diameter, D (acceptable range 100 Um £ 2 pm) with a stage micrometer upon
receipt of the graticule from the manufacturer. Determine field area (acceptable range 0.00754
mm? to 0.00817 mm?).

APPENDIX B: COMPARISON OF COUNTING RULES:

Figure 2 shows a Walton-Beckett graticule as seen through the microscope. The rules will be discussed
as they apply to the labeled objects in the figure.

T 0 B A O M

A T S I A I

Figure 2. Walton-Beckett graticule with fibers.
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These rules are sometimes referred to as the "A" rules.

FIBER COUNT

Object Count DISCUSSION

1 1 fiber Optically observable asbestos fibers are actually bundles of fine fibrils -
If the: fibrils seem to be from the same bundle the object is counted as a
single fiber, Note, however, that all objects meeting length and aspect
ratio criteria are counted whether or not they appear to be asbestos.

2 2 fiber If fibers meeling the length and aspect ratic criteria {length >5 pm and
length-to-width ratio >3 to 1) overlap, but do not sesm to be part of the
same bundle, they are counted as separate fibers.

3 1 fiber Althcugh the object has a relalively large diameter (>3 pym), it is countad
as flber under the rules. There Is no upper limit on the fiber diameter in
the caunting rules. Note that fiber width is measured at the widest
compact section of the object.

4 1 fiber Although long fine fibrils may extend from the body of a fiber, these
fibrils are considered part of the fiber if they seem to have originally
been part of the bundle.

5 Do not If the object is <5 um long, it is not counted.
count
5 1 fiber A fiber partially obscured by a particle is counted as one fiber. If the

fiber ends emanalting from a particle do not seem to be from the same
fibar and sach end meets the length and aspect rafio criteria, they are
counted as separate fibsrs.

7 1/2 fiber A fiber which crosses into the graticule area one time is counted as 1/2
fiber.
8 Do not Ignore fibers that cross the graticulate boundary more than once.
count count
9 Do not lgnore fibers that lic outside the graticule boundary.
count
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APPENDIX C. ALTERNATE COUNTING RULES FOR NON-ASBESTOS FIBERS

Other counting rules may be mere appropriate for measurement of specific non-asbestos fiber types,
such as fibrous glass. These include the "B" rules given below {from NIOSH Method 7400, Revision #2,
dated 8/15/87), the World Health Organization reference method for man-made mineral fiker [24], and
the NIOSH fibrous glass criteria document methad [25]. The upper diameter limit in these methads
prevents measurements of non-thoracic fibers. It is Important to nate that the aspect ratio limits included

in

these methods vary. NIOSH recommends the use of the 3:1 aspéct ratio in counling fibers.

Itis emphasized that hybridization of different sets of counting rules is not permitied. Report specifically
which set of counting rules are used with the analytical results.

“B" COUNTING RULES:

1.
2.
3.

Count only ends of fibers. Each fiber must be langer than 5 um and less than 3 um diameter.
Count only ends of fibers with a length-to-width ratic sgual to or greater than 5:1.

Count each fiber end which falls within the graticule area as one end, pravided that the fiber meets
rules 1 and 2 above. Add split ends to the count as appropriate if the split fiber segment also meets
the criteria of rules 1 and 2 above.

Count visibly free ends which meel rules 1 and 2 above when the fiber appears to be attached to
another particle, regardless of the size of the other particle. Count the end of a fiber chscured by
another particle if the particle covering the fiber end is less than 3 pm in diameter.

Count free ends of fibers emanating from large clumps and bundles up to a maximum of 10 ends (5
fibers), provided that each segment mests rules 1 and 2 above.

Count enough graticule fislds to yield 200 ends. Count a minimum of 20 graticule fields. Stop at
100 graticule fields, regardless of count.

Divide total end count by 2 to yield fiber count.

APPENDIX D. EQUIVALENT LIMITS OF DETECTION AND QUANTITATION

fiber density on filter* fiber concentration in air. fice
fibers 400-L air 1000-L air
per 100 fields fibers/mm? sample sample
200 255 0.25 0.10
100 127 0.125 0.05
LOQ 80 102 0.10 0.04
50 64 0.0625 0.025
25 32 0.03 0.0125
20 25 0.025 0.010
10 12.7 0.0125 0.005
8 10.2 0.010 0.004
LOD 55 7 0.00675 0.0027

* Assumes 385 mm? effective filter collection area, and field area = 0.00785 mm2, for relatively "clean”
(Iitfle particulate aside from fibers) filters.
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ASBESTOS by TEM 7402
FORMULA: Various MW: Various CAS: Various RTECS: Various
METHOD: 7402 EVALUATION: PARTIAL Issue 1: 15 May 1989

Issue 2: 15 August 1994

OSHA : 0.1 asbestos fibers (>5 ym long)ice; PROPERTIES: sclid, fibrous, crystalline,
1 flce/30 min excursion; carcinogen anistropic

MSHA: 2 asbeslos fibersicc

NIOSH: 0.1 flcc (fibers > 5 pm long)/400 L; carcinogen

ACGIH: 0.2 crocidolite; 0.5 amosite; 2 chrysotile
and other asbestos, fibers/cc; carcinogen

SYNONYMS [CAS#]:  actinolite [77536-66-4] or ferroactinolite [15663-07-5]; amosite [12172-73-5]; anthaphyllite [T7538-67-5];
chrysotile[12001-29-5]; serpentine [18786-24-8]; crocidolite [12001-28-4]; tremolite [F7536-68-6], amphibole asbestos | 1332-21-4].

SAMPLING MEASUREMENT
SAMPLER: FILTER TECHNIQUE: MICROSCOPY, TRANSMISSION
(0.45- to 1.2-um cellulose ester membrane, ELECTRON (TEM)
25-mm diameter; conduclive cassette)
ANALYTE: asbestos fibers
FLOW RATE: 0.5 to 16 L/imin
SAMPLE
VOL-MIN*: 400 L @ 0.1 fiber/cc PREPARATION: modified Jaffe wick
-MAX*: (step 4, sampling)
*Adjust for 100 to 1300 fibers/mm 2 EQUIPMENT: transmission electron microscope; energy

dispersive X-ray system (EDX) analyzer
SHIPMENT: routine (pack to reduce shock)
CALIERATION: gualitative electron diffraction; calibration
SAMPLE of TEM magnification and EDX system

STABILITY: stable
RANGE: 100 to 1300 fibers/mm? filter area [1]
BLANKS: 2 to 10 field blanks per set
ESTIMATED LOD: 1 confirmed asbestos fiber above 95% of

expected mean blank value

ACCURACY
PRECISION (S'r): 0.28 when 65% of fibers are asbestos;
RANGE STUDIED: 80 to 100 fibers counted 0.20 when adjusted fiber count is applied
BIAS: not determined to PCM count [2).

ﬂ\é%ﬁabL PRECISION (Sﬂ.): see EVALUATION OF

ACCURACY: not determined

APPLICABILITY: The quantitative working range is 0.04 to 0.5 fiber/cc for a 1000-L air sample. The LOD depends on sample
volume and quantity of interfering dust, and is <0.01 fiber/cc for atmospheres free of interferences. This method is use d to
determine asbestos fibers in the optically visible range and is intended to complement the results obtained by phase con trast
microscopy (Method 7400).

INTERFERENCES: Other amphibole particles that have aspect ratios greater than 3:1 and elemental compositions similar to the
asbestos minerals may interfere in the TEM analysis. Some non-amphibole minerals may give electron diffraction patterns  similar
to amphiboles. High concentrations of background dust interfere with fiber identification. Some non-asbestos amphibole m inerals
may give electron diffraction patterns similar ta asbestos amphiboles.

OTHER METHODS: This method is designed for use with Method 7400 (phase contrast microscopy).
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REAGENTS:

1.

Acetone. (See SPECIAL PRECAUTIONS.)

EQUIPMENT:

1.

LN GO~

10.
1.
12.
13.
14.
15.
16.

17.
18.
19.
20.

Sampler. field monitor, 25-mm, three-piece cassette with ca. 50-mm electrically-conductive

extension cowl, cellulose ester membrane filter, 0.45- to 1.2-pm pore size, and backup pad.

NOTE 1:  Analyze representative filters for fiber background before use. Discard the filter lot if
mean count is >5 fibers/100 fields. These are defined as laboratory blanks.

NOTE 2: Use an electrically-conductive extension cowl to reduce electrostatic effects on fiber
sampling and during sample shipment. Ground the cowl when possible during
sampling.

NOTE 3:  0.8-pum pore size filters are recommended for personal sampling. 0.45-pm filters are
recommended for sampling when performing TEM analysis on the samples because the
particles deposit closer to the filter surface. However, the higher pressure drop through
these filters normally preclude their use with personal sampling pumps.

Personal sampling pump, 0.5 to 16 L/min, with flexible connecting tubing.

Microscope, transmission electron, operated at ca. 100 kV, with electron diffraction and

energy-dispersive X-ray capabilities, and having a fluorescent screen with inscribed or overlaid

calibrated scale (Step 15).

NOTE: The scale is most efficient if it consists of a series of lines inscribed on the screen or partial

circles every 2 cm distant from the center.

Diffraction grating replica with known number of lines/mm.

Slides, glass, pre-cleaned, 25- x 75-mm.

Knife, surgical steel, curved-blade.

Tweezers.

Grids, 200-mesh TEM copper, (optional: carbon-coated).

Petri dishes, 15-mm depth. The top and bottom of the petri dish must fit snugly together. To assure

a tight fit, grind the top and bottom pieces together with an abrasive such as carborundum to

produce a ground-glass contact surface.

Foam, clean polyurethane, spongy, 12-mm thick.

Filters, Whatman No. 1 qualitative paper or equivalent, or lens paper.

Vacuum evaporator,

Cork borer, (about 8-mm).

Pen, waterproof, marking.

Reinforcement, page, gummed.

Asbestos standard bulk materials for reference; e.g. SRM #1866, available from the National Institute

of Standards and Technology.

Carbon rods, sharpened to 1 mm x 8 mm.

Microscope, light, phase contrast (PCM), with Walton-Beckett graticule (see method 7400).

Grounding wire, 22-gauge, multi-strand.

Tape, shrink- or adhesive-.

SPECIAL PRECAUTIONS: Acetone is extremely flammable (flash point = 0 °F). Take precautions not

to ignite it. Heating of acetone must be done in a fume hood using a flameless, spark-free heat source.
Asbestos is a confirmed human carcinogen. Handle only in a well-ventilated fume hood.
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SAMPLING:

-

Calibrate each personal sampling pump with a representative sampler in line.
For personal sampling, fasten sampler to worker's lapel near worker's mouth. Remove the top
cover from cowl extension ("open-face") and orient sampler face down. Wrap joint between
extender and monitor body with tape to help hold the cassette together and provide a marking
surface to identify the cassette. Where possible, especially at low %RH, attach sampler to
electrical ground to reduce electrostatic effects during sampling.
Submit at least two field blanks (or 10% of the total samples, whichever is greater) for each set
of samples. Remove top covers from the field blank cassettes and store top covers and
cassettes in a clean area (e.g., closed bag or box) during sampling. Replace top covers when
sampling is completed.
Sample at 0.5 to 16 L/min [3]. Adjust sampling rate, Q (L/min), and time, t (min), to produce
fiber density, E, of 100 to 1300 fibers/mm 2 [3.85 - 10* to 5 - 10° fibers per 25-mm filter with
effective collection area (A = 385 mm?)] for optimum accuracy. Do not exceed ca. 0.5 mg total
dust loading on the filter. These variables are related to the action level (one-half the current
standard), L (fibers/cc), of the fibrous aerosol being sampled by:
A, -E .
t=——— min.
Q-L-10°

NOTE: The purpose of adjusting sampling times is to obtain optimum fiber loading on the filter.
A sampling rate of 1 to 4 L/min for 8 h (700 to 2800 L) is appropriate in atmospheres
containing ca. 0.1 fiber/cc in the absence of significant amounts of non-asbestos dust.
Dusty atmospheres require smaller sample volumes { <400 L) to obtain countable
samples. In such cases take short, consecutive samples and average the results over
the total collection time. For documenting episodic exposures, use high rates ( 7 to 16
L/min) over shorter sampling times. In relatively clean atmospheres, where targeted
fiber concentrations are much less than 0.1 fiber/cc, use larger sample volumes (3000 to
10000 L) to achieve quantifiable loadings. Take care, however, not to overload the filter
with background dust [3].

At the end of sampling, replace top cover and small end caps.

Ship samples upright with conductive cowl attached in a rigid container with packing material to

prevent jostling or damage.

NOTE: Do not use untreated polystyrene foam in the shipping container because electrostatic
forces may cause fiber loss from sample filter.

SAMPLE PREPARATION:

7.

10.

11.

174

Remove circular sections from any of three quadrants of each sample and blank filter using a

cork borer [4]. The use of three grid preparations reduces the effect of local variations in dust

deposit on the filter.

Affix the circular filter sections to a clean glass slide with a gummed page reinforcement. Label

the slide with a waterproof marking pen.

NOTE: Up to eight filter sections may be attached to the same slide.

Place the slide in a petri dish which contains several paper filters soaked with 2 to 3 mL

acetone. Cover the dish. Wait 2 to 4 min for the sample filter(s) to fuse and clear.

NOTE: The "hot block" clearing technique [5] of Method 7400 or the DMF clearing technique [6]
may be used instead of steps 8 and 9.

Transfer the slide to a rotating stage inside the bell jar of a vacuum evaporator. Evaporate a 1-

by 5-mm section of a graphite rod onto the cleared filter(s). Remove the slide to a clean, dry,

covered petri dish [4].

Prepare a second petri dish as a Jaffe wick washer with the wicking substrate prepared from

filter or lens paper placed on top of a 12-mm thick disk of clean, spongy polyurethane foam [7].

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94

Refractory Ceramic Fibers



Appendix A = Air Sampling Methods

ASBESTOS by TEM: METHOD 7402, Issue 2, dated 15 August 1994 - Page 4 of 7

Cut a V-notch on the edge of the foam and filter paper. Use the V-notch as a reservoir for

adding solvent.

NOTE: The wicking substrate should be thin enocugh to fit into the petri dish without touching
the lid.

12. Place the TEM grid 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 halves and marking with a
waterproof marker on the dish lid. In a fume hood, fill the dish with acetone until the wicking
substrate is saturated.

NOTE: The level of acetone should be just high enough to saturate the filter paper without
creating puddles.

13. Remove about a quarter section of the carban-coated filter from the glass slide using a surgical
knife and tweezers. Carefully place the excised filter, carbon side down, on the
appropriately-labeled grid in the acetcne-saturated petri dish. When all filter sections have been
transferred, slowly add more solvent to the wedge-shaped trough to raise the acetone level as
high as possible without disturbing the sample preparations. Cover the petri dish. Elevate one
side of the petri dish by placing a slide under it (allowing drops of condensed acetone to form
near the edge rather than in the center where they would drip onto the grid preparation).

CALIBRATION AND QUALITY CONTROL:

14. Determine the TEM magnification on the fluorescent screen:

a. Define a field of view on the fluorescent screen either by markings or physical boundaries.

NOTE: The field of view must be measurable or previously inscribed with a scale or
concentric circles (all scales should be metric) [7].

b. Insert a diffraction grating replica into the specimen holder and place into the microscope.
Orient the replica so that the grating lines fall perpendicular to the scale on the TEM
fluorescent screen. Ensure that goniometer stage tilt is zero.

c. Adjust microscope magnification to 10,000X. Measure the distance (mm) between the same
relative positions (e.g., between left edges) of two widely-separated lines on the grating
replica. Count the number of spaces between the lines.

NOTE: On most microscopes the magnification is substantially constant only within the
central 8- to 10-cm diameter region of the fluorescent screen.

d. Calculate the true magnification (M) on the flucrescent screen:

_X-G
Y

m

where: X = total distance (mm) between the two grating lines;
G = calibration constant of the grating replica (lines/mm);
Y = number of grating replica spaces counted
e. After calibration, note the apparent sizes of 0.25 and 5.0 ym on the fluorescent screen.
(These dimensions are the boundary limits for counting asbestos fibers by phase contrast
microscopy.)

15. Measure 20 grid ocpenings at random on a 200-mesh copper grid by placing a grid on a glass
slide and examining it under the PCM. Use the Walton-Beckett graticule to measure the grid
opening dimensions. Calculate an average graticule field dimension from the data and use this
number to calculate the graticule field area for an average grid opening.

NOTE: A grid opening is considered as one graticule field.

16.  Obtain reference selected area electron diffraction (SAED) or microdiffraction patterns from
standard asbestos materials prepared for TEM analysis.

NOTE: This is a visual reference technique. No quantitative SAED analysis is required [7].
Microdiffraction may produce clearer patterns on very small fibers or fibers partially
obscured by other material.

a. Set the specimen holder at zero tilt.
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b. Center a fiber, focus, and center the smallest field-limiting aperture on the fiber. Obtain a
diffraction pattern. Photograph each distinctive pattern and keep the photo for comparison
to unknowns.

NOTE: Not all fibers will present diffraction patterns. The cbjective lens current may need
adjustment to give optimum pattern visibility. There are many more amphiboles
which give diffraction patterns similar to the analyles named on p. 7402-1. Some,
but not all, of these can be eliminated by chemical separaticns. Alsc, some
non-amphiboles (e.g., pyroxenes, some talc fibers) may interfere.

17.  Acquire energy-dispersive X-ray (EDX) spectra on approximately 5 fibers having diameters
between 0.25 and 0.5 um of each asbestos variety obtained from standard reference materials
[71.

NOTE: The sample may require tilting to obtain adequate signal. Use same tilt angle for all

spectra.

a. Prepare TEM grids of all ashestos varieties.

b. Use acquisition times (at least 100 sec) sufficient to show a silicon peak at least 75% of the
monitor screen height at a vertical scale of =500 counts per channel.

c. Estimate the elemental peak heights visually as follows:

(1) Normalize all peaks to silicon (assigned an arbitrary value of 10).

(2) Visually interpret all other peaks present and assign values relative fo the silicon peak.

(3) Determine an elemental profile for the fiber using the elements Na, Mg, Si, Ca, and Fe.

Example: 0-4-10-3-<1 [7].
NCTE: In fibers other than asbestos, determination of Al, K, Ti, S, P, and F may also
be required for fiber characterization.

(4) Determine a typical range of profiles for each asbestos variety and record the profiles

for comparison to unknowns.

MEASUREMENT:

18. Perfarm a diffraction pattern inspection on all sample fibers counted under the TEM, using the
procedures given in step 17. Assign the diffraction pattern to one of the following structures:
a. chrysotile;

b. amphibole;
c. ambiguous;
d. none.

NOTE: There are some crystalline substances which exhibit diffraction patterns similar to those
of asbestos fibers. Many of these, (brucite, halloysite, etc.) can be eliminated from
consideration by chemistry. There are, however, several minerals (e.qg., pyroxenes,
massive amphiboles, and talc fibers) which are chemically similar to asbestos and can
be censidered interferences. The presence of these substances may warrant the use of
more powerful diffraction pattern analysis before positive identification can be made. |f
interferences are suspected, morphology can play an important role in making positive
identification.

19. Cbtain EDX spectra in either the TEM or STEM modes from fibers on field samples using the
procedure of step 18. Using the diffraction pattern and EDX spectrum, classify the fiber:

a. For a chrysotile structure, obtain EDX spectra on the first five fibers and one out of ten
thereafter. Label the range profiles from 0-5-10-0-0 to 0-10-10-0-0 as "chrysotile."

b. For an amphibole structure, obtain EDX spectra on the first 10 fibers and one out of ten
thereafter. Label profiles ca. 0-2-10-0-7 as "possible amosite"; profiles ca. 1-1-10-0-6 as
"possible crocidolite™; profiles ca. 0-4-10-3-<1 as "possible tremolite"; and profiles ca.
0-3-10-0-1 as "possible anthophyllite "

NOTE: The range of profiles for the amphiboles will vary up to = 1 unit for each of the
elements present according to the relative detector efficiency of the spectrometer.
¢. For an ambiguous structure, obtain EDX spectra on all fibers. Label profiles similar to the
chrysotile prefile as "pessible chrysotile." Label profiles similar to the various amphiboles as
"possible amphiboles™ Label all others as "unknown" or "non-asbestos.”
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20.  Counting and Sizing:

a. Insert the sample grid into the specimen grid holder and scan the grid at zere tilt at low
magnification (ca. 300 to 500X). Ensure that the carbon film is intact and unbroken over ca.
75% of the grid openings.

b. In order to determine how the grids should be sampled, estimate the number of fibers per
grid opening during a low-magnification scan (500 to 1000X). This will allow the analyst to
cover most of the area of the grids during the fiber count and analysis. Use the following
rules when picking grid openings to count [7,8]:

(1) Light loading (<5 fibers per grid opening): count total of 40 grid openings.

(2) Moderate loading (5 to 25 fibers per grid opening): count minimum of 40 grid openings
or 100 fibers.

(3) Heawy loading (>25 fibers per opening): count a minimum of 100 fibers and at least 6
grid openings.

Note that these grid openings should be selected approximately equally among the three

grid preparations and as randomly as possible from each grid.

c. Count only grid openings that have the carbon film intact. At 500 to 1000X magnification,
begin counting at one end of the grid and systematically traverse the grid by rows, reversing
direction at row ends. Select the number of fields per traverse based on the loading
indicated in the initial scan. Count at least 2 field blanks per sample set to document
possible contamination of the samples. Count fibers using the following rules:

(1) Count all particles with diameter greater than 0.25 ym that meet the definition of a fiber
(aspect ratio =3:1, longer than 5 pm). Use the guideline of counting all fibers that would
have been counted under phase contrast light microscopy (Method 7400). Use higher
magnification (10000X) to determine fiber dimensions and countability under the
acceptance criteria. Analyze a minimum of 10% of the fibers, and at least 3 asbestos
fibers, by EDX and SAED to confirm the presence of asbestos. Fibers of similar
morphology under high magnification can be identified as asbestos without SAED.
Particles which are of questionable morphology should be analyzed by SAED and EDX
to aid in identification.

(2) Count fibers which are partially obscured by the grid as half fibers.

NOTE: If a fiber is partially obscured by the grid bar at the edge of the field of view,
count it as a half fiber only if more than 2.5 um of fiber is visible.

(3) Size each fiber as it is counted and record the diameter and length:

(a) Move the fiber to the center of the screen. Read the length of the fiber directly from
the scale on the screen.

NOTE 1: Data can be recorded directly off the screen in pm and later converted
to pm by computer.

NOTE 2:  For fibers which extend beyond the field of view, the fiber must be
moved and superimposed upon the scale until its entire length has been
measured.

(b) When a fiber has been sized, return to the lower magnification and continue the
traverse of the grid area to the next fiber.

d. Record the following fiber counts:

(1) f,, f, = number of asbestos fibers in the grid openings analyzed on the sample filter and
corresponding field blank, respectively.

(2) F,, F, = number of fibers, regardless of identification, in the grid openings analyzed on
the sample filter and corresponding field blank, respectively.
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CALCULATIONS:

21. Calculate and report the fraction of optically visible asbestos fibers on the filter,
(s - T, M(F, - F,). Apply this fraction to fiber counts obtained by PCM on the same filter or on other
filters for which the TEM sample is representative. The final result is an asbestos fiber count. The
type of asbestos present should also be reported.

22, As an integral part of the report, give the model and manufacturer of the TEM as well as the model
and manufacturer of the EDX system.

EVALUATION OF METHOD:

The TEM method, using the direct count of asbestos fibers, has been shown to have a precision of
0.275 (s,) in an evaluation of mixed amosite and wollastonite fibers. The estimate of the asbestos
fraction, however, had a precision of 0.11 (s ). When this fraction was applied to the PCM count, the
overall precision of the combined analysis was 0.20 [2].
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