S ] C AR NIOSH=Q0LIT1826
TTTTT

'FPQRT DOCUMENTATION |1 REFORT nO. . ) 1N . X Rscipisnt's Acceasion Me.

PAGE TA-79-15 NA NA Wm i 50 9 @ 8
< THIg and Subdbtitia e % Ruport Dale
Hazard Fvaluations and Technical A551btance Report No. TA~79-15 at pril, 1979

Dulles International Airport, Washington National Alrport,

Washingten, D.C. ) & 01 3 02 9

-Alr:g'rg;r‘c:ous 8. P'ﬂﬁ"’“‘"l Organixation Reot. Mo,
. Parforming Organlzgtion Name and Address _ 10. Project/Task/Waork Unit No.
NIOSH, U.S. Department of H.E.W., Cincinnati,’ Ohio - NA

11. Contract{C) or Grani(G) Ne.

[{~]

({2}
= Sponsoring Organization Neme and Aduresl . 13. Type of Report & Period Covered

Same as Above ' Technical Assistance

14.

NA

5. Suppiemantary Notes

NA

\ A

& Abstract (Limit 200 words)

Exposure to asbestos (1332214) fibers at Dulles International
lAirport (81C-4582) and at Washington National Airport were measured from
January 15 to 17 1979. The survey was requested by the Federal Air Surgeon.
Bulk samples of ceiling material, floor sweeping and direct imsularion were
\ ~ analyzed for presence of asbestos fibers. Twenty five general area alr
Y " samples were taken at Dulles airport and 12 at Washington Natiomal Airport.
The ceiling material at Dulles contained 40 to 50 percent chrysotile
i  (12001295) asbestos. Material at National contained 1 to 2 percent |
\ chrysotile-asbestos. No asbestos fibers in bulk samples of sweepings and né
detectable concentrations of airborne asbestos fibers were found at either
Dulles or National. Ome ventilation duct contained 40 percent chrysotile
amosite (12172735) asbestos. The authors conclude there is no health hazard
from exposure to asbestos fibers at either airport. They recommend monltorlng
air and dust at Dulles and dust at National to detect future deterioration of
the ceilings. The asbestos containing duct wrapping should be covered and
consideration be given to replacement.

» Document Analpais s, Descriptars
. \k

. " TA~ 79 15, Hazard-unconfirmed, Asbestos-dusts, Dust—exposure, Health- surveys,

A1r-contam1nants, Industrial- hyglene, Airports, Air-sampling

— T "

= |

b. 1dentifisn/Open-Cnded Terms
i<
& COSATI Flald/Craup
AvailaBllity Stalemaent . 19. Zecurity Class (Thiz Report) 21, Ho_ of Pages
Available to the Public NA 21
20. Security Cl:l?hll Pagn) 22, Price o

ANStfl;?zl_!) ) N See Ineiruciions on Reraruw ~ OFTIONAL FOHM 777 {4=-7/)
i ¢ -eel WTIY ANy






T i . /" PBB2150088

U.3. DEFARTMENT OF HEALTH, EDUCATION, AND WELFARE
CENTER FOR DISEASE CONTROL
NATIONAL INSTITUTE FOR OCCUPATTIONAL SAFETY AND HEALTH
CINCINNATI, OHIO 45226

HAZARD EVALUATIONS AND TECHNICAL ASSISTANCE
REPORT NO. TA 75-15

DULLES INTERNATIONAL AIRPORT
WASHINGTON NATIGNAL ATRPORT
WASHINGTON, D.C.

april 1979

Study Requested By: Federal Air Surgeon
.Federal Aviation Administration

NIOSH Project OQfficer: Richard W. Gorman
Industrial Hygienist
Hazard Evaluations and Technical
Assistance Branch
Cincinnati, Ohio

Study Dates:




I.

II.

ITI.

Page | - Hazard Evaluation and Technical Assistance TA 79-15

STMMARY

Atmospheric sampling was conducted to determine possible exposure to
asbestos (present in ceiling material) om January l6-17, 1979 in the
main terminal of the Dulles International Airport and im those areas

of Washington National Airport where the ceiling material was suspected
of containing asbestos.

Analysis of bulk samples of the ceiling material confirmed that the
ceiling at Dulles contained approximately 40-50% chrysotile asbestos

and the ceiling evaluated at Washington National contained approximately
1-2% chrysotile asbestos.

A total of 37 air samples were taken of which 25 were from the Dulles
terminal and 12 were from the Washington National Airporz. No detectable
airborne levels of asbestos fibers were found at either airport; therefore,
there is no health hazard from asbestos exposure at the present time.

INTRODUCTTON

NIOSH received an emergency telephone request from the Federal Aviation
Administration (FAA) on January 10, 1979. The request was for assistance
in evaluating employee exposure to asbestos fibers at Dulles International
Airport, Washington, D.C. Recent adverse publicity in the press and

on television alleged that asbestos falling from the ceiling has caused
health problems, including an operation on the veocal chords of an airline
employee. A written request for assistance from the Federal Air Surgeon
was received on January 15, 1979, The scope of the evaluation was later
expanded to include certain areas of Washington National Airport where

the ceiling was suspected of containing asbestos.

NIOSH responded by sending two industrial hygienists to collect bulk
samples of the ceiling to confirm the presence of asbestos material and

to collect air samples to determine employee exposure. The NIOSH team
arrived in Washingtom, D.C. on January 15, 1979 to evaluate the conditions
at Dulles International Airport and selected areas at Washington National
Airport.

Analysis results were transmitted to the requestor by telephone on
February 9, 1979 fcllowed by Interim Repert #1 on February 15, 1979.

EVALUATION

A. Airport Description

Both Dulles International Airport and Washington National Airport are
owned by the Federal Geovermment and operated by the Federal Aviation

Adninistration, Metropelitan Washington Airports, under the Department
of Transportation.
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Dulles Airport opened for business in November 1962. Tt is situated on
10,000 acres in Nerthern Virginia, 26 miles from Washington, D.C. The
airport terminal has a most unique design. The terminal roof is supported
by a row of columns forty feet apart on each side of the concourse,
sixty~-five faet high on the approach side and forty feet high on the field
side. It takes the form of a2 catenary curve which would be the shape that

a string would take if suspended from two points of unequal height. It is
made of eight suspension-bridge cables between which concrete panels of the
roof deck fit. The concrete piers are sloped ocutward to counteract the pull
of the cables. Just below the roof deck is a suspended ceiling which covers
the entire terminal., It conforms to the same shape as the reof and govers
2.5 acres in area. Close inspection of the ceiling revealed that it was a
soft, fibrous, spongy material which was easily penetrated. 1t was one-
half to one inch thick in the area inspected. A spray coating had been
non-uniformly applied at the time of construction. There has been no major
repairs or renovations to the celling since it was installed.

Washington Naticmal Airport opened for business im June, 1941. The
terminal building had 15,000 square feet of floor area. Major expansions
were accomplished in the vears 1950, 1953, 1958 which brought the total
area to 157,353 square feet. Only certain areas of the terminal had
ceilings which were suspected of containing asbestos. The appearance

and physical characteristics of these ceilings were much different than
the ceiling at Dulles. The coating was uniform, thin and sandy in
texture. It was not easily penetrated, but it was easily removed by
scraping.

B. Evaluation Design

NIOSH activities during this survey were designed to determine if the
ceiling materials under suspicion do contain asbestes and, if so, to
determine if significant deterioration is occurring.

Bulk samples of the ceiling material were obtained and submitted for
asbestos analysis.

To determine if significant deterioration was occcurring, a total of 37
air samples were taken for asbestos fiber analysis. Twenty-five were
taken at Dulles Airport and 12 were taken at Washington Netiomal Airport.
Figures 1 and 2 show the approximate sampling locations at Dulles and
Washington National Airport, respectively. All samples were general area
samples except for two personal breathing zone samples (ocne American
Airline ticket counter employee and one FAA Mobil Lounge supervisor) at
Dulles Airport. To determine if there was an ambient level of asbestos
fibers, a sampling apparatus was positioned outside of the main terminal at
Dulles on the observation deck. Ambient sampling was not done at Wash-
ington Natiomal due tec rainy weather.

d<
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Additionally, to further evaluate the degree of deterioratien, fleoox
sweepings were collected and submitted for asbestos analysis. Undisturbed
dust samples ceollected from numercus areas in the terminal represant =z
composite sample and would be esxpected to contain asbestos fibers if

the ceilings were deteriorating.

C. Evaluation Methcds

Bulk samples of ceiling material, floor sweeping and duct insulation

were collected in small vials, sealed and submitted for asbestos analysis.
The analytical method used was a dispersion staining technique making use
of polarized light microscopy. This method is described in Appendix A.

The majority of the air samples were ccllected by drawing air through a
membrane filter by means of a battery powered sampling pump which was
calibrated to pump air through this sampling train at the rate of 1.5 1lpm.
Six air samples were collected in the same mannar as described above but at
a flow rate of 9.0 1lpm using an electrically powered vacuum pump. This
increased the overall seusitivity of the method by a factor of six and
maximized the chances for finding airborne ashestos fibers. Considering

the sensitivity of the analytical method and the volume of air drawm

through the collection filters, the limit of detection was approximately
0.01 fibers/ce for the samples run at 1.5 lpm and approximately 0.001
fibers/ce for those run at 9.0 lpm. The air samples were taken and analyzed
in accordance with the procedures contained in NIOSE P&CAM analytical method
No. 239, Appendix B.

The current NIOSH recommended standard for occupaticnal exposure to asbestos
is 0.1 fibers/ce. The current OSHA standard is 2.0 fibers/cc. 3Both
standards apply to asbestos fibers greater than 5 micrens in length and

to 8-hour time-weighted-average exposures., NIOSH and OSHA ceiling values
for a 15 minute sampling peried have been set at 0.5 and 10.0 fibers/cc,
respectively.

Available studies provide conclusive evidence that exposure to asbestos
fibers causes cancer and asbestosis (diffuse, interstitial fibrosis of
lungs) in man. There are data that show that the lower the exposure the
lower the risk of developing cancer, The NIOSH recommended standard

is intended to (1) protect against the noncarcinogenic effects of
ashestos such as ashbestosis, (2) materially reduce the risk of asbestos-
induced cancer and (3) be measured by techniques that are valid,
repreducible, and available to industry and official agencies.! Due

to the fact that there is no evidence for a threshold for a “"safe" level
of asbestos exposure, every effort should be made to eliminate or
positively control potential sources of exposure.

1. Revised Recommended Asbestos Standard, NIOSE Publication Ne. 77-169,
December, 1976.
G
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RESULTS AND DISCUSSION

Analysis results for the bulk samples obtdined during this survey are
presented in Table 1. The ceiling material at Dulles was found te

contain approximately 40-50% chrysotile ashbestos and the ceiling evaluated
at Washington National contained approximately 1-27% chrysctile asbestos.

No asbestos fibers were found upon analysis of the bulk dust samples
(floor sweepings and undisturbed dust samples) taken at Dulles or
Washington National Airport. No detectable airborne levels of asbestos
fibers were found at either Dulles or Washingtom Nationmal Airport.

Based on the results of the air samples and bulk dust samﬁles, there is
no health hazard at Dulles or Washington National Airport from exposure
to asbestos fibers at the present time.

Most of the ventiliation ducts at Dulles were wrapped with fiber-glass
type insulation; however, one duct which services the grill at the
cafeteria in the center kiosk is wrapped with a material found to contain
approximately 40% chrysotile/amosite asbestos. If this wrapping were

to start deteriorating, the asbestos would fall through the ceiling
grating and contaminate the food being prepared as well as present an
inhalation hazard for those emplovees working in this araa.

Relative humidity levels within the Dulles Adirport terminal were in the
13~16% range during the day of the survey. Complaints of throat irrita-
tion may be attributed to this low humidity condition.

RECOMMENDATIONS

Based on the results of this survey, the ceilipngs at Dulles and those
areas evaluated at Washington National Airport appear to be stable

and not measurably detericrating at the present time. However, as time
goes on, the potential for deterioration will increase due to further
aging of the ceiling. Tt is therefare recoumended that a program be
initiated te perilodically monitor for asbestos fibters in the main terminal
at Dulles Airport through air sampling and analysis of bulk dust samples
from floor sweepings. This sampling should be accomplished at least
annually. This could be accomplished either in-house by FAA or through

a contractual effort.

Due to the type of application and low percent of ashestos compesition,
annual analysis of flocor sweepings at Washington National should be
adequate to discover whether deterioration of the ceilings is occurring.

The texture and thickness of the ceiling at Dulles suggest that the

proper application of a sealant would satisfactorily guard zgainst the
generation of airborne ashestos fibers should deterioratiom start.

5<
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"Before-and-after" type data concerning application of sealants for control
of asbestos exposure is scarce. Recenrt smphasis has no doubt sparked
research efforts. For example, Battelle Memorial Institute, Columbus,

Ohioc is under contract to the Environmental Protection Agency to evaluate
the potential use of sealants for control of "asbestos fallout" from the
detericration of asbestos type ceilings. Preliminary efforts indicare

that butyl rubber emulsion type sealants, applied by an alrless spray

gun technique, would be best suited for the Dulles airport ceiling.
Battelle's first report will contain their evaluation of eleven sealants
and is scheduled for publication in April, 1979.

Should it be determined that the ceiling is deteriorating either through
visual chservation of the ceiling surface or through the monitoring
program, plans for sealant application should be accelerated by
contacting NIOSH and/or EPA authorities for assistance in selecting

a suitable sealant.

It is recommended that the ventilation duct wrapping found to contain
asbestos (grill ventilation duct, center kiosk) be covered with an
additional layer of material to prevent asbestos contamination of the

area below and that consideration be given to replacing this duct wrapping
so that this potential source of ashestos can be eliminated.

It is recommended that throat lozengers, hard candy or chewing gum be
used by those personnel complaining of threat irritation. This should
help to sooth the throat irritation if it is the result of the dry
atmosphere.
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Sampling Location Key
Figure 1
Dulles Airport
of east kiosk
of east kiogsk
of center kicsk
center kiosk ‘
of center kiosk
of west kiosk

of west kiosk

Braniff ticket counter

North-West ticket counter

Eastern/British ticket counter

Piedmont/American ticket counter

United ticket counter

Trans World ticket counter

Fan American ticket counter

NE Insurance station

Eastern baggage check point

Newstand

Western baggage check point

Top of entry canopy to south concourse

Top of exit canopy

Personnel sample, American Airline employee

Secretary's desk, airport manager's office (ground.floor)

Cuystoms office area (ground floor)

Persommel sample, FAA Mobil Lounge supervisor

Outside, observation deck
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Table 1

Asbestos Analysis
Bulk Samples
Dulles and Washington National Airports

by FAA from two other facilities for asbestos analysis.

TA 79-15
Substances Approximate %
Bulk Sample No. Location Identified Asbestos
1 duct insulation cellulose, binder, amosite 40
center kiosk, Dulles and chrysotile asbestos
2 ceiling scraping above ®astern rockwool, cellulose, chrysotile 40-50
B checkpoint, Dulles ashestos
3 undisturbed dust, western cellulose o
checkpoint
4 undisturbed dust, Tight fixtures, [cellulose
top of center kiosk and floor
sweepings, Dulles _
. . ;
5 ceiling scrapings, newstand binder, some cellulase, chrysotile 1-2
area on way to gates 1-8, asbestos
Washington National
[ dust, floor sweepings, cellulose
Washington National
7 {nate 1) ceiling material, air route rockwool, cellulose, chrysotile 50
traffic canirol center, and amosite asbestos
Leesburg, Va.
8 (note 1) ceiling material, AF SFQ, binder, rockwool, chrysotile and 30
radar site, Oakdale, Pa. amosite asbestos
Note 1: Bulk samples #7 and 8 were not from Dulles or Washington National, but submitted
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Identification of Asbestos
Fibers by Microscopical
Dispersion Staining*

Y., JULIAN and W. C. McCRONE
McCrone Awsociates, Inc., Chicago, Winois, U.S.A.

Absiract

The Cherkasov focal screening dispersion staning proccdurc has been”

successfully applied to the identification of asbestos.  The various
types of asbestos can be dilTerentisted by noting the relrmetive index of
the Cargille liquid giving matching wavelengths in the region near
550 nm. Rt is not necessary to use polarized hight although the much
more delinitive data obtiined with polarized light may eventually permit
identification of the mine from which cach ashestos came.

Although too [ew samples of amosite and crocidolitehave been siudied,
it appears thal these 1wo lvpu can be diflerentiated by d:spcmon
staining. In Carpille liquid nj;"C 1-680 the central stop without polars
will show colors in the bluc magcnt;l region (Ay=550—-650 nm) for
amosite and in the golden yellow region (A, =400—500 nm) for croci-
dolite.  Furthermore, with polarized light erocidolite will show lower
birefringence than amosile; in terms of Ag difference in a given liquid
amosite will show 160 190 nm and Cructdolltc 120—140 nm. Finally,
the higher value of &, is observed for the vibration direction parallel
o the lenpth flor crocidolite (three samples) but perpendicular 1o the
length for amosite (two samples).

* Preseated ai INTER{MICRO-69, London, Englund.
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Through publicaiions’? and current eescarch, the pacumoconiotic
(lune haidening) and frequently cancer-producing hazands of asbestos
are hnally fully acknowledeed.  llenve, there is need of a method of
determining qualtatively and quuntitatively envirommenial pollution
by respitable asbestos dust (1-7 pm).

Ashestos is a fibrous Tarm of silicate rock. There are six types:
chrysotile, amosite, cracidalite, actinolite, tremolite and anthophyllite;
only the first three are of commercial impoctance. Al ave ampliholes
(minerals with chains of silich tetrahiedra as their basic stracture) except
chrysotile which is a serpenuine (mineral made up of layers of silica
tetrahedra). ‘

The properly of asbestos thal best lends itsell to identification is
reftactive index, The fibers nre so fine that clectron microscopy would
be necessary if morphology were to be used. There are no dependable
differences tn absorption-color (except possibly for crocidolite) nor

specilic gravity (other than chrysatile) (Table 1), If we wish to use |

chemical composition for identification of single ashestos fibers, we
requirc highly sophisticaled insirumcents and techniques—the clectran
microscope or an electron {or ion) microprobe.  X-ray dilfraclion
requircs constderable sample and is not scnsitive to small percentages
inany sample (i.e., < 5-10%). Very small asbestos fibers can, however,
be ideatified simply and quickly using dispersion staining.

Experimental |
The McCrone dispersion staining objeclive, bascd on the focal screening
method of Cherkasov!, was used in this study of asbestos (Figure 2).
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Figure L. Dispersion sraining dala for a iypical sample of croctdulite.
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TABLE |

ASBESTOS

SERPENTINES

AMPHIBOLES

Crocidolite

Tremolite Anthonhyllite Anisite

Actinolite
2Ca0.4M gD,

Fe0.85i0,.H,0

Chrysotile

1.0-3.45

Na-0.Fe 0.
3Fe0.85:0;
H-0

§Si0,.H:0 -

5-5F0.
2630

1-5N\g0.

7MgO0.8Si0
HO

2Ca0.5Mg0.
85i03.H:0

INME0.25i0,.
2H0

Composition

2.85-34+

29-3.2

3.03-3.5

2.36-2.5

Spec. Grav.
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Warclengths Corresponding 10 Obsceved Dispersion Staining € olors

Malching v Caloss observed
Warvclength Central Annular
ig, NI Sap slop
<420 light yellow ark-blue
420-440 ycllow blue-vinlel
- 440470 gulden yellow blue
470-500 golilen magenta blue-grecn
© 500-340 reddish-magenta green
340-580 magenta yellow-green
580-610 bl inagenta - yeilow
610-640 ue orange
640-680 b -green vtangered
> 630 newhite brownish-read

Though phase contrast and dark-vround illumination arc often used for
dispersion staining, the data obtainéd by these methods are empirical.
Purc colors are not gbhtaincd and the mixture of colors observed is
dependent upon the particular optical system used, With the Cherkasoy
procedures, axial illumination is utilized and hence essentially pure
reproducible colors are oblained.

A graph of matching wavelength, &, was determined as  function
of immersion liquid refractive index for each of 26 asheslos samples.
The central stop in conjunction with Table 11 was found to be most
useful in estimating ), becausc it provides betier resolulion and contrast ;
hence higher sensitivity for small single ibers. The procedure involved:

1. mounting each asbestas successively in those Cargille refractive

index liquids imparting dispersion colass a it

2. noting i, for the sample using both polarized and unpolarized

light.

(a) fibers oricnted parallel to the vibration direction of the polar
show a (crocidolite) or y (all other asbestos fibers),

{b) fibers oriented crasswise show  and y (crocidolite) or w and b

(all other asbestos fibers). Random orientations under these .

conditions show crocidolite in { € n £ y positions and all
other asbestos hbers in f} 2 n > a positions. The (two extreme
colors noled for crosswise vibrations are destgnated a (highest
A)and [t (Jlowest &) for all asbestos fibers other than erocidolite
ar [} (highest &) and a (lowest 2.} Tor crocidolite.

The small oblique extinction angle oficn observed with asbestos
causes no significant variation in .. Figure | shows the data for one
sample of crocidolite determined in this way.

When the polarizer is removed, asbestos fibers show nominally a
single colar that is a mixture of all the wavclenpths observed during
rotation of the polarizer. In practice, due to polarization by reflection

é MICROSCOPE [1970) 18
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from the microscope mirrer, there is ashight change i color when the
stage is rotited, Alb our data were tahen with the hibers normal to the
mirior reflection vibration direction,

Figures 4-7 show the dispersion staining colors of representatise
sauiples of chrysotile, anthaphyllite, amosite and crocidolite  res-
pectively, Fach ks shown o the various arientations {relative 1o the
polarizer vibration direction) necessary for determination of o, [V and y.
Carclul study of these figures may indicate the stmplificd proccdure
uscd (o oricnt the fibers at precise 90 degree anples to cach other.

To determine i the simpler apphcation of dispersion staining
without a polarizer is adequate Tor identifying asbestos, the ficlds of
view ol igures 4-7 were also taken with no palar (Figures 8-11).
The A, curves obisined without polar were plotted in a single graph
(Figure 12).  The bunching of the curves of cach different type of
asbestos indicates that lor idenlification purposes a liquid can be
chosen that will impart a characieristic color to one specics of asbestos
only. A polarizing microscope is not, therefore, required. However,
we can anticipale that with additional samples of crocidalite and
amosile there might be some overlap, For this reason, the distinction
beiween the signs of elongution (Figures 6 and 7) and the crocidolite
blue absorption color are mentioned as special aids for differentiation.
In this case a polarizer is usclul.
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Fll'guu 12, Matchiog_wavelengthy shown by differeat samples of four types of asheuan
lhfl;n mounted in the Carglile refractive index liguids shown and obrerved with unpolarized
ight.



The characleristic color will vary somev hat for different samples of
the same type of asbestos. So, the problem arose of detcimining Uhe
ranges of colors for each asbestos in the chosen liquid (the liquid in
which most samples of any ashestos type give a color ol wavelength
380-620 nanometers). To determive this range of colos for any type
ol ashestos, the matching waveleneths observed in Lhe chosen liguid
are plotted against the number of different simples showing that A,
The arca under the resulting curve {colared in Figure 3 as per Table 1)
shows all the eolors shown by our sammples of anthophyllite and
chrysotile. Too few samples of ampsite or crocidolite have been studicd
to justify their inclusion in Figure 3, -

Conclusion

The limited resulls oblained indicate that asbhestos can he identificd by
dispersion staining.  More work on many more samples will cstablish
the full range of &, values for each asbestos. Relating &, daia (o ashestos

source may then also piupoint the mine source of unknown ashcstas
samples.
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Dispersion Staining D, nll; Cof Carpille refractive index hquisd

‘Chrysolilc's
Samiple Qricntation Matching waselength, 3y, nm

4 486(F) 530 UMD} 636(C)

Thetford Mines, Quebee 7 1539 1,592 1546 135} 15%Y
. 1.51% 1.5Y% 1.543 [.550 1.5%6

i) 1.5 1.539 1.541 1.537 1.556

u 1.528 1.531 1.534 1.541 1.516

Fden, Vermont Yy 1.549 1.553 1.558 ).564 1.514
E19048*" ¢ 1.543 1.547 t.351 1599 1.566
1] 1.543 1.547 1551 1.53% 1.566

u 1.5} 1.53% 1543 1350 1557

Thetford Mines, Quebec ¥ 1.545 1.54% 1.552 1.5%% 1.565
20436 . 1.540 1.546 1.347 1.553 1.558
1] 1.538 1.541 1544 1.350 1554

a 1.536 1.339 1.342 1.548 1.552

Thetford Mincs, Quebee 7 1.543 1.547 1.550 1.5%6 1.56)
E12185 ¢ 1.540  1.543 1546 1552  1.558
[} 1.536 1540 1543 1549 1558

« 1.531 1334 1537 1,543 1.548

King’s Mine, Quebee Y 1.543 L3547 1.331 1.559  1.566
. 1.519 1.54 L.547 1.554 1.561

f 1.535 1.539 1.54) 1.550 1.557

u 1,529 1532 1535 1542 1.347

Barfuisimenta, Venczuela 7 1.536  1.541 1.546 1556  1.566
. 1.0 1537 }.541 1.550  1.559

1] 1.510 1.534 1.519 1.347 1.555%

a 1.524 1528 1.532  1.540 1548

* no polars were used.
** sample identification number of the Field Museum of Natural History,
Chicago, lllinois, U.S.A,

Anthophyllites

Minas Gerais, Brazil 7 1603 1613 §420 1.6} 1.645
El6696 * 1.602 1608 1614 1.628 1.618
i] 1.399 1.6406 1.612 1625 1.616

. a 1.582 1.588 1.594 1.606 i.616
Maryland s 1.617 1.623 1.630 1.642 1.638
E3713 " 1613 1618 1.624 1.636 1.647
B 1.609 1.614 1.619 1.610 1.642

a 1.599 1.604 1.609 1.620 1.610

New Mexico Y 1.620 1.62% 1.629 1638 | 1.648
E37109 * 1616 1621 §.625 1.634 1.642
[ 1609  L&12 1616 1.620 31628

q 1.601 1.604 1.607 1.613 1.618

Macon Co., N, Carolina ¢ 1.6i4 1.618 1.623 1.632 1.641
E3700 . 1.610 1.614 1.619 1.627 1.635
i 1606 L6100  béld 1622 1629

a 1.5%4 1597 1604 1607 161




ATPENIHX (Continise )y

Lincotn Co., Nevada I 1.e04 1601 |.616 {.623 1430
ENOL 1042 1.605 1.6d41) [N 1621
p 139 B89 L0} pam 16ls
a 1.389 1592 1.395 1600 1606

- Rio Grunde de Sul, Brazil ¥ 1,610 1615 1620 .60 )Gl
L4494 * 1603 1610 1613 1.624 1,635
] 1.603 1.607 1.6t 1.620 1.628
a 1.5%6 1.600 J.6H Lall 1618
Califormia I 1.619 1.624 1.610 |.642 1.636
E14464 1.614 1.619 1.62 1.63% 1.046
1] 1.612 1616 ).622 [.612 1.642
a 1.601 1.60% 1.610 [.6f8 1.617
Pine M1, Georgia Y 1.607 1613 1.619 1.632 1.647
* 1.602 1.608 1.614 1.62% 1638

[ ] 1.597 |.602 1.607 [.617 1.628 -
o 1589 1.5%3 15971 1.606 1.614
Encampment, Wyoming T 1.419 1.6X0 1.626 1.630 1.618
- 1.613 1.616 1.619 1.625 1.6)0
1) 1.609 1612 1615 1421 1626
a 1.598 1.600 1.60) 1.607 1.6H1
Bedford, Vicginia ¥ 1.614 1.619 1.622 1.644 1.644
E121%0 ¢ 1.609 1.61) 1.618 1.628 1.6)8
, B 1,606 1.610 1615 1.624 1.633
H a 1.599 1.60) 1.607 1.614 1.622

A Cracidaliies .
Oranige River, ¥ 1.648 1.694 1.700 1.7112 1. 726
South Africa . L68d 169 1696 1707 LR
] 1.680 .86 1.692 1.702 1.713
a .64 1.678 1682 Lev0  1.698
Woesterburg, South Africa  y LEBS 1692 L6917 1708 LTIB
M LGR 1.687 1.632 1.7H 1.710
4] 1.679 | 683 F.6RY 1.697 1.706
« L674 1618 Lé8) LGOI 1.699
Sonth Africa z 1.691 1.6% [N7] .72 123
. 1685 1.670 1.695 1.305 1.714
f 1.640 1.683 1.6%90 1300 L7110
[ L6714 L1679 1683 (692 (L10
Amasiles

Lydenburg Dist., ¥ 1.676  1.632 1.6k7 1699 | 1712
Transvaal . . 1.643 1.670 1.676 1.687 1.698
[i] 1.658 1.66) 1 608 1Lo78 1.08%
a 1.651 1.657 I.(x&? 1672 1.682
Pcnge, Transvaal T 1671 1637 LOKY 1692 1701
- 1 663 1.669 1.674 1.652 1.l
f 1.6(0 1.664 1.608 1.676 1.634
a 1.653 1.657 1.661 1.64% 1.678
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APPENDIX B

" ASBESTOS FIBERS IN AIR
National Institute for Occupational Safety and Health
Analytical Method '

Analyte: Asbestos fibers Method No.:  P&CAM 239

Matrix: Air Rangc: 0.1-60 fibers/cm?

Procedure: Filter collection, Precision (CVy): 0.24t0 0.38
microscopic count

Date Issued: 3/30/77 Classification: D (Operational)

Date Revised:

1. Principle of the Method

1.1 This method describes the equipment and procedures for collecting, mounting, and counting
asbestos fibers on cellulose ester membrane filters in the evaluation of personal samplss of
airborne asbestos fibers. The purpose of the method is to determine an employce’s index of
exposure to airborne ashestos fibers. The method is primarily a personal monitoring tech-
nique, but can be used for area monitoring.

1.2 The sample is collected by drawing air through 2 membrane filter by means of a battery
powered personal sampling pump. The filter is transformed from an opaque solid membrane
to a transparent optically homogeneous gel. The fibers are sized and counted using a phase-
contrast microscope at 400-430X magnification.

1.3 Definitions. Asbestos fiber, for counting purpeses, means a particulate which has a physical
dimension longer than 5 micrometers and with a length to diameter ratio of 3 to 1 or greater,
Asbestos includes chrysotile, cummingtonite-grunerite (amosite), crocidolite, fibrous tremo-
lite, fibrous anthophyllite, and fibrous actinolite.

1.4 Any laboratory attempting to use this procedure should have at least ons counter attend a
training course conducted by an experienced, proficient [aboratery. Novice, untutored counters,
using only published instructions, can easily obtain counts of half those performed by experi-
cnced, proficient counters. Large differences between laboratories can be caused by: 1) dif-
ferences in technique and observing ability among counters and 2) small, but significant, dif-
ferences between microscopes meeting the basic specifications of Section 6.2. The following
procedures are recommended:

1.4.1 All microscopists who perform asbestos counting should meet together for an “asbestos
counting workshop™ at least quanterly. This is best accomplished with counters from
scveral laboratories using their own microscopes.

1.4.2 Each microscopist should count the samec serics of slides and with the results being
compared. -

1.4.3 Diffcreuces between counters should be resolved with side-by-side counting of the
fields by the diffctent counters.

1.4.4 Individuals who are found to be persistent outliers over several sessions should be
encouraged to seek other tasks in their respective laboratories.
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2. Range and Scaositivity

2.1

22

The usable range (s primarily a function of sample volume, microscope count ficld area, and
background airbornc particulates. The influence of these variables is discussed in 8.1.3. For
a microscope count ficld area of 0.00]3 mm” {see Figure 1} and 2 pump {low rate of 1.7 Ipm,
the optimal fiber densitics would be produced over the range of 0.4 fiber/cm® (8-hour sam-
ple) to zbout 60 fibers/em? (15-minute sample). For a field area of 0.006 mm?* (see Figure
2) and a pump flow rate of 1.7 lpm, the optimal range is 0.2 fiber/cm® (8-hour samplc) to
about 30 fibers/em? (15-minute sample). In each case, the optimal detcction limits are in-
versely proportional to pump flow rate.

The upper detection limit can be extended by using sample times less than 15 minutes or using
lower flow rates. The lower detection limit can be extended by increassing the flow rate up
to about 2.5 Ipm. Filter surface fiber densities less than optimal (less than about 0.5 to 1.0
fiber per count field) are still adequate, but will lead to decreased precision for the method (in-
creased coefficient of variation, see Section 4).

The minimum total fiber count in 100 fields considered adequate for reliable quantitation
is 10 fibers. Thus, the lower limit of reliable quantitation is 0.1 fiber/cm?® (100,000 fibers/
m*). For this level, a flow rate of sbout 2.5 lpm is recommended. For 2 field area of
©.003 mm?, the minimum sample time would be about 2 hours. For a field area of 0.006
mm?, the minimum sample time would be about | hour. :

This method considers only fibers with a length to diameter ratio of 3 to | or greater and a
Iength greater than 5 micrometers. ‘ '

" 3. Interferences

In an atmosphere known to contain asbestos, all particulates with a length to diameter ratio of 3
to 1 or greater, and 2 length greater than 5 micrometers should, in the absence of other information,
be considered to be asbestos fibers and counted as such.

4.‘ Precision and Acturacy

4.1

4.2

In the past decade, there have appeared a number of articles examining sources of variation
in the asbestos sampling and counting procedure. These include: Lynch et al. (11.1), Weid-
ner and Ayer (11.2), Conway and Holland (11.3), Leidel and Busch (11.4), Beckett and
Attfield (11.5), and Rajhans and Bragg (11.6). The sources of variation will be discussed
by stages in the membrane filter eveluation procedure.

Sources of Variation in the Sampling Process. These include variations in pump flow rate,
proximity of the filter to the employee's body, and filter location {left to right) in the em-
ployee’s breathing zote.

4.2.1 Section 9.1 requires that the personal sampling pump be calibrated with sufficient
accuracy such thot the 95% confidence limits on the flow rate are = 10%. This is
equivalent to a coeficient of variation (CV) of about 5%, However, this CV makes
a negligible contributien to the total CV for the method duc to the relatively large CV
.of the counting procedure. . .

4.2.2 "Conway and Holland (11.3) concluded that positioning of the filter cassettc on the
wearer {regarding the angular portians of the filter and their proximity to the wearer)
is not a significant factor in determining the fiber distribution on filters.

4.2.3 Weidner and Ayer (11.2) concluded that there is no appreciable difference between
samples collected on cither the right or left sides of & breathing zone or between
samples collected side-by-side, especially for samples with concentrations less than 2.5
fibers/cm?, '

239-2
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4.3 Sources of Yariation in the Counting Procedure

4.3.1

432

433

434

Random variations exist in the fiber distribution on a Rlter wedge (intra-wedge yap,.
ability). The industrial hygiene literature has seen considerable debate in the gy,
20 years concerning whether or not the distribution of mineral dust or ashestos fih.
on a filter surface is adequately described by a Poisson distribution probability deay.s,
fuaction. Leidel and Busch (11.4) found excellent agreement between empiric .
error variance and theoretical variance calculated from the assumption of Poisson ds.
tributed true counts. They concluded that there was not excessive variation ames;
count ficlds for a filter wedge and thiat clumping of fibers (non-random coateseency,
did not occur.

Variations -exist in the fiber distribution on the total filter surface (inter-wedge vari
ability) due to the random or non-random distribution of fibers across the total sur.
face of the filter. This typs of variation is easily confused with intra-wedge variations,
The count procedure does not require counting of multipie szctors of the filter, Therg
may be significant differences between average counts for different wedges, or the Abe
distribution variations for the total filter surface may be zreater than the variations of
the Poisson distribution. If either of these occur experimentally, one must use the

_experimental variations to estimate the minimum precision of the count procedure

The minimum precision is governed by the variations of the fiber distribution on the
total surface of the filter.

Conway and Holland (11.3) concluded the distribution of fibers on filters is not uni-
form and the distribution of fiber counts is more disperse than Poisson. For their
filters which had significant variations in fiber concentrations between sectors (as much
as 50-60% of the total filter mean), they described the following relation for the
standard deviation of the total number of fibers counted on a wedge (N)

empirical s(N} = 1.6 QOU2
where N is about 100. The Poisson standard deviation would be:
Polssen o (M) = QN2

Rajhans and Bragg (11.€) in Series [ of their study found significant variation between
filter segments and rejected the Poisson distribution for the total flter surface. How-
ever, in Series II of their study, utilizing various experimental modifications, they found
no significant variation between filter segments and no reason to reject the assumption
of Poisson distributed fiber counts.

Systematic variations due to differences between microscopes were studied by Leidel
and Busch (11.4). In their study using five different brands of microscopes, they foun!
no significant differences among four, but the fifth gave counts approximately 457
higher on the average than the orher four.

Variations due to differences between counters should be examined at three leve
experienced counters occasionally countine, experienced counters routinely counting.
and inexperienced (new or untutored) counters. Leidel and Busch (11.4) studied fue
experienced counters, with ane counting only occasionally. There were no significar
differances among three of the counters, but a fourth was 16% lower than the fArd
three. The fifth, who occasionally counted, averaged 27% higher than the first thrcd
Conway and Holland (11.3) studied three experiznced countars and three inexperienscs
counters. They found statistically significant differences between the means of both the
experienced and inexpericnced counrers that typically were in the range plus or minu
5 to 15%. They concluded that experience as a fiber counter is not a significas”’
parameter aflecting intercounter variations. .

239-3
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4.4

4.5

Rujhans and Bragg (11.6) found no significant differences among means of five experi-
enced counters in Series 1 of their study. But in their careluily controlled Series I, an
anzlysis of variance showed significant vuriatons between counters that were plus or
minus 1 to 15%.

4,35 Variations between laboratories are most likely due to systematic biases and are not

) a significant additional source of randomy variations. Any additional variations are
most likely due to differences in counting technique. Beckett and Autfield (11.5) ob-
setved that standard counters improved greatly after personal instruction; also new
counters, after instruction, tended to overcompensate and get exceedingly high counts.
Additionally, they found that counts from an experienced laboratory that had not had
contact with other laboratories performing the same analysis were as far {rom the
standard values as were the counts by new counters.

Sources of variations between samuples taken at different times on one emplovec during onc
work shift can aflect the exposure estimate for that employee. These are primarily due to
a) differences in exposure concentrations during the day, b} differences in location of the
employee within the plant, and c¢) differences in work operation performed by the employee
during the day. Thess sources of variation can be controlled by proper choice of sampling
strategy. Refer to Leidel and Busch (11.7) and Leidel, Busch, and Lynch (11.8) for an
extended discussion of sampling strategies. . Interday temporal variations can affect the ex-
posure estimates obtained on differsnt days.' Refer to Leidel, Busch, and Crouse (11.9) for a
discussion of this type of variation.

Until recently, the total coefficient of variation (CVy) for the sampling and counting proce-
dure was best estimated from the work of Conway and Holland (11.3). The comnclusions
of their study included:

4.5.1 The precision of their procedure for filters not containing an abundance of fine
fibers can be estimated by a coefficient of variation of 16.2%. This value includes
variation among counters” and observed interaction effects.

4.5.2 The accuracy of the pracedure for similar filters may be estimated for a 100-fiber
count by a coefficient of variation of 21.4%%. This assumes that the contribution
of the overall variance from the nonuniform fiber distribution is additive.

4.5.3 A high percentage of very fine fibers on the filter can significantly affect the standard
deviation and confidence limits for counts by different counters. After combining
variations in fiber concentrations over the entire filter with those for different counters,
it was concluded:

a. For filters with a2 low concentration of fine fibers, the coefficient of variation
is estimated at 21% and the 95% confidence interval is = 43%.,
b. For filters with a high concentration of finc fibers, the coefficient of variation
is estimated at 25% and the 95% confidence interval is = S0%.
Lynch, Kronoveter, and Leidel (11.1) have also reported on variations of the method.
Their intralaboratary study utilized the data from a large number of dust counts made
by different methods by experienced counters over a period of years in an epidemiofogic
study of the asbestos products industry. They concluded that the standard deviation of
counts of fibers longer than 5 micrometers on membrane filters could be estimated
from the relation ¢ = (N)*®!, Thus for counts of about 100 fibers, the cocfficient of
variation could be estimated at about 15.2% and the 95% confidence limits at =
30.4%. These values are lower than the values reported by Conway and Holland
(11.3). . ’ '
Recently, the Johns-Manvitle Corporation conducted an in-house investisation of the
asbestos count method (11.10). The study data contained 1otal fiber counts for over

2394
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100 filters with each filter counted by two to five counters. From the Johns-Manville
data, NIOSH ealeulated over 100 estimates of the count CV for the methed {11.11),
The NIOSH CV estimates included random intrafilter variations and  intercounier
variations, but did not include random pump flow rate variaticos. Tt was found thy
the count cocfficient of variation (all random variations except for pump variations)
was a function of the total fiber count. NIOSH then included a CV of 0.05 for rag.
dom pump variations (ses Section 9.1) in the CV-estimator cquation 10 obtain a
CV¥r-esumator. The CVp-estimator line is plotted on Figure 3 for total fiber counts in
the range 10 to 100 fibers. Or the following equation ¢can be used:

CV; = [antitogo{ —0.215 — 0.203 (log,,FB)) + 0.0025]*

where FB is total fiber count as discussed in Section 10.

Figure 3 demonstrates that for a total fiber count of 100, the best CVy is attainable with
the appropriate sampling times given in 8.1.3 and the count rules in 3.3.9. When
making decisions -regarding compliance with the GSHA asbestos exposure standards in
29 CFR 1%10.1001, the statistical procedures given in Leidal et al. {11.11) should be
followed. The procedures are based on statistical theory and assumptions given in
Refercnces 11.12, 11.13.

Because of the possibility of systematic biases due to differences between microscopes,
counters, and laboratories as discussed above, it is strongly rccommended that any
laboratory counting asbestos should participate in an interlaboratory quality control
program that includes the counting of standard reference filters. These standard filters
are available from NIOSH through the Proficiency Analytical Testing {PAT) Pro-
gramm. The PAT Program is used by the American Industrial Hygiene Association
(ATHA) as part of its Laboratary Accreditation Program. Each:laboratory’s quality
control program must include protocals for routinely adjusting and calibrating sampling
and counting equipment plus training and evaluation programs for counters.

5. Advantages and Disadvantages of the Method
5.1 The method is intended to give an index of employee exposure to airborne asbestos fibers
of specified dimensional characteristics.
5.2 It is not meant to count all asbestos fibers in all size ranges or to differentiate asbestos from
other fibrous particulates,

6. Apparatus

6.1 Sampling Equipment
The personal sampling ecquipment train consists of 1) personal sampling pump, 2) tubing.
3) clothing spring clip, 4) tubing-to-field monitor metal adaptor, and 5) fleld monitor {fures
and holder).

6.1.1

Personal Sampling Pump. The pump must be capable of sampling at 1.0 to 2.5 Fuis
per minute {lpm) against a flow resistance of 7.5 inches of water (1.4 em Hg) for ©
continuous hours on a fully charged battery.

Tubing, Labotatory tubing such as rubber or plastic with 6-mm bore and aboul It

cm Jength.

Clothing Spring Clip. The clip attaches the rubber tubing to the lapel or shirnt of the
individual being monitored.

Tubing-to-ficld Manitor Adaptor. A short metal adaptor with ridges on eac i’

grip the inside of the tnbing, The other end is designcd for a pressure fit into thy
field monitor,

Ficld Monitor (Filter and Holder). The only feld monitor currently consic

ers!

" acecptable by NIOSH is manufaciured by the Millipore Corporation. The it & 7
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sists of 1) a three section styrene plastic ease designated Millipore Acrosol Monitor
Casc, 2) a 37-mm diameter plain whitc cellulose ester membrane flter designared
Millipcre AA (pore size of 0.8 micrometer), 3) a support pad, and 4) wwo plastic
sealing caps. If a large number of sampics are to be taken, it may be less cxpensive
to reuse the plastic cases. Great care must be taken in the cleaning and reassembly
process. The outside mating surfaces of the field monitors may be covered with a
“shrink-fit” band to provide proper sealing and a writing surface for filter identifica-
tion,

6.2 Optical Equipment and DMicroscope Features

6.2.1
6.2.2

6.2.3
6.2.4

6.2.5
6.2.6

6.2.7
6.2.8
6.2.9

Microscope body with binocular head.

10X Huygenian eyepieccs are recommended. Other eyepicces can be substituted if
necessary. Wide field evepicces can be used; however, wide ficld eyepieces may
vield a count field area less than 0.003 mm? with the Porton reticle. This is not
always desirable from the standpoint of obtaining optimum sampling times (see Sec-
tion 8.1.3). If wide field eyepieces are used, it is preferable to use the Patterson
Glebe and Circle reticle to obtain a targer count field area.

Koehier illumination (preferably built-in with provisions for adjusting light intensity).
A Porton reticle is recommended. Others such as the Patterson Globe and Circle
can be substituted.

Mechanical stage.

Phase-Contrast condenser with 2 numerical aperture (N.A.) equal to or greater than
the N.A. of the objective.

40-45X phase contrast achromatic objective (N.A. 0.65 to 0.75).
Phase-ring centering telescope or Bertrand lens.
Green or blue filter, if recommended by microscope manufacturer.

6.2.10 Stage micrometer with 0.01 mm subdivisions.
6.2.11 For general guidance on phase contrast microscopy, consult Needham (11.12), Clark

{(11.15) and MeCrona (11.14).

6.3 Filter Mounting Equipment. Experience has shown that certain equipment is useful for
efficient sample mounting. The following items are recemmended for extracting and mount-
ing a portion of the filter for counting.

6.3.1

6.3.2

Microscope slides. 2.5 by 7.5 cm glass slides are most commonly used. -Sample
number, data, initials, ¢tc., can be conveniently written on a frosted end slide.
Cover Slips. Cover slips are a necessary part of the slide mount and optical system.
The shape should be appropriate for the size of the filter wedge. The appropriate cover
slip depends upon the cbjective to be used. Ordinarily, objectives are optically cor-
rected for o #1% (0.17 millimeter) thickness cover slip. Improper cover glass thick-
ness will detract from the final image quality,

" Scalpel. A scalpel is needed 10 cuf out a portion of the filter to be examined. A num-.

ber-ten curved blade scalpet is recommended.

Tweezers. A pair of fine-tipped tweezers is used to remove the membrane filter slice
from the field monitor and place it upon the slide.

Lens Tissue. To insure cleanliness, a lint-free tissuc is recommended. This tissue
should also be used for wiping mounting teols and for cleaning slides and cover slips.

Glass Rod. A fire-pelished glass rod may be uscd to spread the .mounting solution
on the shde.

239-6
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6.3.7

7. Reagents

Wheaton Balsam Bottle. This speeial glass container has a glass tap which prevents
contamination of the mounting solution. A glass rod is included for dispensing the

solution,

Chemicals should be reagent grade, free from particles and color, conforming to the specificatians
of the Commiltee on Analytical Reagents of the American Chemical Secicty, where such specifi-
cations are available.

7.1 Dimethyl phthalate

7.2 Diethyl oxalate
Avoid getting the mountmg solution on the skin. Wash skin promptly with soap and water if skin
contact occurs.

8. Procedure

8.1 Sampling

8.1.1

General Information
Guidelines for the monitoring of employee exposures to industrial atmospheres are
given in Reference 11.8. The Federal requirements for monitoring employee expo-
sure to airborne asbestos are found in 29 CFR 1%10.1001.
Mounting the Sampling Pump on the Worker
Fasten the sampling pump to the worker's belt and fasten the field monitor to the
lapel or shirt front (as close to the breathing zone as is practical). Remove the top
cover of the plastic monitor, then invert the monitor making certain the exposed |
filter is {acing downward. Turn the pump on and adjust to the calibrated flow rate
(1.0 to 2.5 Ipm). Record the following information in a loghook.
1. Filter number
. Pump start time and date
. Flow rate
. Subject’s name and job title
. Type of operation or process

. Ventilation controls and is the warker wearing a respirator approved for asbestos?
The pump should be checked periedically during the sampling period for proper oper-
ation and flow rate.

¢

[

Optimum Sampling Times

The requirement for the minimum count of 100 fibers or 20 fields in 8.3.9 was

determined to be the best cornpromise to achieve adequate precision for the airborne

fiber estimate and reasonable counting times. An optimum fiber density of about

1 to 5 fibers per microscope count field is recommended. To estimate appropriate

sampling times for feasible counting and optimal counting, one must consider the -

following constraints;

1. microscope count field area (generally 0.003 to 0.006 mm?)

. pump flow rate (typically 2.5 Ipm maximum)

. average airborne fiber concentrations

. counting rule range of 20 to 100 fields

. adequate fiber density to obtain a minimum count of 10 fibers in 100 fields, which ‘
is the least total fiber count that yields an acceptable count precision

6. background airborne particulate lavels that can reduce the count precision due to

an obscuring of fibers on the filter surface

ok W
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The preceding constraints were considered in drawing Figures 1 apd 2. These figures
were developed from the following relationship:

(FB'FL) (ECA/MFA)

(FR) (AC) (1000)  Timutes

sampling time =

where:
FB/FL = 1 to 5 fibers/field
ECA = effective collecting area of filters (855 mm® for 37-mm fitlter with effec-

tive diameter of 33 mm)
MFA = microscope field area (generally 0.003 to 0.006 mm®)
FR Pump flow rate (generally 1.0 ta 2.5 Ipm)
AC Air concentration of fibers in fibers/cm™.

Figure 1 (microscope field area = 0.003 mm?*) and Figure 2 (microscope field area =
0.006 mm?) show optimum and feasible sampling times for a pump flow rate of 1.7
Ipm. Ezch individual responsible for sampling asbestos should prepare a similar chart
for his particular purnp flow rate and microscope field area before sampling is per-
formed to aid in estimating proper sampling times. On Figures 1 and 2, the areas
with solid shading lines are generally the optimum conditions for counting, The
broken shading lines are for conditions very close to optimal.

However, {casible counting conditions may extend down to about 0.1 fiber/field and
and above 5 fibers/field. Recommended sampling times are most strongly influenced
by background airborme particulate levels, once all the other constraints have been
estimated. For heavy particulate levels, it may be necessary to limit each filter to
about 60 to 180 minutes sampling duration. Each individual responsible for sampling
should work closely with the microscopist to attain as high as possible filter surface
fiber densities (up to about 5 fibers/field), while avoiding filter surface background
particulate levels that create very difficult or impossible counting conditions. If one
has very little idea of airborne fiber and particulate levels, the best procedure is to
take several long samples (as ooc §-hour or two consgcutive 4-hour samples) in con-
junction with several short samples (as four consccutive 2-hour or eight consecutive
1-hour samples}. If the longer samples prove very difficuit ta count, the microscopist
will have the shorter samples to fall back on.

From Figures 1 and 2, it can be seen that there are certain sampling times which
will yield optimum fber densities on the filter for almost all airborne fiber concen-
trations from 1 to 10 fibers/cm?®. Thesz optimum times have been calculated and are
presented in Figure 4. Note that the optimum times given by Figure 4 are approxi-
mate and can be varied by as much as = 25%. The nomogram is intended as a
guide to_be used where no prior knowledge of the air concentration is available.

il

End of Sampling Period .

Remove the field menitor, replace the plastic top cover and the small end caps, and
store the monitor. Always shut off the pump when -changing monitors to avoid
contaminating or damaging the pump. Record the pump shutoff time and flow rate
in the logbook.

Blanks

With each baich (25 to 50 filters) of samples sent for analysis, submit two unopened
ficld monitors which have been subjected to the same treatment as the samples except
that they were not exposcd to the sampling environment. Label these as blanks. If
the blanks yicld fiber counts greater than 5 fibers/100 ficlds, then the entire sam-
pling procedure should be cxamined carefully for the cause of contamination. The
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8.1.7

mounting solutien of Section §.2.1 should also be examined for contamination and/gr
crystal growth, ‘
Shipping

The field menitors in which the samples are collected should be shipped in a rigig
container with sufficient packing material to prevent crushing.

Numbers of Swmples .

When sampling for the Federal ceiling standard of 10 fibers (>5.m)/cm?, [29 CER
1910.1001(k) (3), effective July 7, 1972], only one sample (15 minutes maximum
duration) is necessary, theoretically. However, several samples should be taken dur-
ing expected periods of peak air concentrations to allow for detection of gress sam.
pling or counting errors.

When sampling for determination of noncompliance with the Federal 8-hour Twa
standard of 2 fibers (>S5xm)/cm?, (29 CFR 1910.1001{b) (2)], one should contia-
uously sample as large a portion of the work day as is feasible for airborne concen-
trations of about 2 te 10 fbers/cm3. However, for a' lower airborne concentration
such as 0.5 fiber/cm?, one sample might require 4 to 8 hours sampling time in order
to get the proper filter fiber density (Section 8.1.3). For this situation, the &-hour
TWA exposure would be determined from one 8-hour or two 4-hour samples as ap.
propriate. :

8.2 Sﬁmplc Preparation

8.2.1

8.2.2

Preparation of Mounting Solution

A very important part of the sample evaluation is the mounting process. This proe-
ess involves a special mounting miedium of prescribed viscosity. The proper viscosity
is important in order to expedite filter dissolving and still minimize particle migration.
After the sample has been mounted, an elapsed time of approximately sixty minutes
is geeded before the sample is ready for evaluation.

Combine the dimethyl phthalate and diethyl oxalate in a one to one ratio by volume
and pour intc a Wheaton balsam bottle. Add approximately 0.05 (% 0.005) grams
of new membrane filter per milliliter of solution to reach the necessary viscosity. The
mixture must be stirred periodically until the filters have dissolved and a homogeneous
mixture is formed. The normal shelf life of the mounting solution is about three
months. Twenty milliliters of mounting solution will prepare approximately 300
samples.

Sample Mounting
Cleanliness is important! A dirty working area may result in sample contamination
and erroneous counts. The following steps should be foilowed when mounting a sample.

1. Clean the slides and cover slips with lens tissue. Lay each slide down on a clean
surface with the frosted end up. It is a gaod practice to rest cne edge of the
cover slip on the slide and the other edge on the working surfoce. By doing thi |
you keep the bottom surface (the ome which contacts the filter) [rom becomin:
contaminated.

2. Wipe ali the mounting tools clean with lens tissue and place them on a clean surfact
(such as lens tissue). All tools should be wiped clean prior to mounting cach samp:-

3. Using the glass rod supplied with the Wheaton balsam bottle, apply a drop +°
mounting solution onto the center of the slide, [t may be necessary to adjust (B
quantity of solution so that afier the cover slip has been placed on top, the sei
tion extends only slightly beyend the filter boundary. If the quantity is greater the”
this, particle migration may occur.
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8.3 Counting of Fibers

8.3.1

832

8.3.3

83.4
835

4. Using another glass rod, spread the mounting media into a triangular shape. The
size of this triangle should coincide with the dimension of the filter wedge.

5. Separate the middle and bottom sections of the field menitor case o expose the
filter. Cut a triangular wedge from the center to the edge of the filier using the
scalpel. The size of the wedge should approximate one-eighth of the flier surface.
The filter can be very carefully removed from the cassette for cutting, but this
should only be done with great care, n

6. Grasp the filter wedge with the tweezers on the perimeter of the filter which was
clamped belween the menitor case sections. Do not touch the filter with your
fingers. Place the wedge, sample side up, upon the mounting medium.

7. Pick up a clean cover slip with tweezers and carefully place it on the filter wedge.
Once this contact has been made, do not reposition the cover slip.

8. Label the slide with the sample number and current date before proceeding to the
next filter. On the bottonm (backside) of the slide, trace the perimeter of the filter
wedge with a felt tip marking pen. This will enable the counter, afier the filter
has become transparent, to stay within the flter perimeter when counting.

9. The sample should become transparent within fifteen minutes. If the filter appears
cloudy, it may be necessary to press very lightly on the cover slip. This {s rarely
necessary; however, counting should not be started until an hour after the mount-
ing. This allows the microscopic texture of the filter to become invisible to micro-
scope viewing, ‘

10. Discard the sample mount after two days if it has not been counted. Crystals
appearing similar to asbestos fibers may begin to grow at the mounting media/air
interfaces, They seldom present any problems if the slide is examined before two
days. In any case, stay away from the filter's edges when counting and sizing.

3

Place the slide on the mechanical stage of the microscope and position the center of
the wedge under the objective lens and focus upon the sample. Start counting from
cne end of the wedge and progress along a radial line to the other end (count in
either direction from perimeter to wedge tip). Random fields are selected, without
looking into the eyepieces, by slightly advancing the slide in one direction with the
mechanical stage control.

It is essential to continually scan over a range of focal planes (generally the upper
10 to 15 micrometers of the filter surface} with the fine focus control during each
field count. This is especially necessary for asbestos fibers due to their impaction
into the filter matrix. '

On most airborne samples, asbestos fibers will generally have fiber diameters less than
one micrometer. Therefore, it is necessary to look carefully for faint fiber images.
Regularly check phase ring alignment.

When an a2gglomerzte {mass of material) covers a significant portion of the field of
view (approx 1/6 or greater) reject the field and select another. (Do not include

it in the number of fields counted) However, report the fact as it may have meaning

8.3.6

8.3.7
838

on other data collection. ]

Bundles of fibers are counted as one fiber unless both ends of the fiber can be
clearly resolved.

Count only fibers with a lennth to width ratio preater than or equal to 3:1.

Count only fibers greater than 5 micrometers in length. (Be as accurate as possible
in accepting fibers near this length)) Measure curved fibers along the curve to esti-
mate the total length.
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8.3.9 Count as many ficlds as necessary to yicld a total count of at least 100 fibers. Ex-
cepiions: a) count at least 20 fickds even if you count more than 100 fibers, and b) Slop
at 100 fields even if you haven’t reached 100 fibers.

8 3.10°For fibers that cross cither one or two sides of the counting field, the following pro-
cedure is used {o obtain a representative count,

COUNT any fiber greater than 5 micrometers in Jength, that lies entitely within the
counting area. COUNT as “¥2 fiber” any {tber with ouly cne end lying within the
counting area. DO NOT COUNT any fiber crossing any two sides.

Reject and de not count all other fibers. Refer ta Fioures 5 through 10. Note that the
fibers in Figures 5 through 10 are not representative of the appearance of most as-
bestos fibers. Most fibers have a very faint image.

9. Calibration and Standards
9.1 Sampling Train Calibration

The accurate calibration of the sarmpling pump is essential to the correct caleulation of the
air volume sampled. The frequency of calibration is dependent on the use, care, and hand-
ling to which the pump is subjected. Pumps must be recalibrated if they have just been
repaired, misused, or received from the manufacturer. 1f the pump receives hard usage, more
frequent calibration may be necessary. Ordinarily, pumps should be calibrated in the labora-
tory both before they are used in the field and after they have been used to collect a large
number of feld samples.
The acturacy of calibration is dependent upon the type of instrument used as a reference.
The choice of a calibration instrument will depend largely on where the calibration is per-
formed. For laboratory testing, a 1-liter buret used as a soap bubble {low meter or wet-test
meter is recommended. Other standard calibrating instruments, such as a spirometer, Mar-
riott’s bottle, or dry gas meter can be used. The calibration should be of sufficient precision
that the 95% confidence limits on the flow rate are 2= 10% (95% of the How rates will
fall within = 10% of the calibrated value).

Instructions for calibration with the soap bubble flow meter follow. The sampling train used

{pump, hose, filter cassette) in the pump calibration should be the same as the one used in

the field.

9.1.1 Check the vohiage of the pump battery with a voltmeter both with the pump off and
while it is operating to assure adequate voltage for calibration. If necessary, charge
the battery t¢ manufacturer's specifications,

6.1.2 Fill a beoker with 10 mi of soap solution.

-9.1.3 Connect the filter cassette inlet to the top of the buret with a length of hose.

9.1.4 Turn the pump on and mpisten the inside of the soap bubble meter by immersing the
open end of the buret into the soap solution and drawing bubbles up the inside of the
buret. Perform this task until the bubbles are able to travel the entire length of thy
buret without breaking.

9.1.5 Adjust the pump rotameter to provide a Alow between 1.5 to 2.5 lpm.

9.1.6 With a water manometer, check that the pressure drop across the filter is less thar
13 inches of water (about 1 inch of mercury).

9.1.7 Start a soap bubble up the buret and measure the time it takes for the bubble to trae
a minimum volume of [ liter,

9.1.8 Repeat the procedure in 9.1.7 al least three limes, average the results, and calculs
the calibrated flow rate by dividing the volume traveled by, the sozp bubble by the
elapsed time. If the range between the highest and lowest of the three flow ratss »
greater than about 0.33 lpm, then the calibration should be repeated since it is H{INGY
that the precision is not adequate.
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9.1.9

Data required for the calibration include the volume measured, clapsed time, pressure
drop, air tempcrature, atmospheric pressure (or elevation), pump serial number, date,
and name of person performing the calibration.

9.1.1Q Corrections to the flow rate for pumps with rotameters may be necessary if the pres-

sure (elevation} or temperature where the samples are collected (actual fAow rate}
differs significantly from that where the calibration was perfermed (indicated flow rate),
Actua] flow rates at time of sampling may be calculated for a linear scale rotameter by
using the following correction formula:

Q — Q Pcal T:cmal
= o — . —_—
aciual indicared P actual Tcil

where both pressure (P} and temperature {T) are in absolute units such as:
psia = psig + 14.7
deg Rankin = deg Fahrenheit + 460
deg Kelvin deg Celsius + 273

9.2 Microscope Seiup

9.2.1

922

923

9.2.4

9.25

Porton Reticle and the Counting Ficld

The asbestos fiber count procedure consists of comparing fiber length to the diam-

eters of calibrated circles of a Porton ‘reticle, and counting all fibers greater than

5 micrometers in length lying within a given counting field area. The Porton reticle

is a glass plate inscribed with a series of circles and rsetangles. The left half of the

reticle is divided into six rectangles constituting the counting field. The counting field

is illustrated in Figures 5 through 10.

Placement in Eyepiece

The Porton reticle is placed inside the Huygenian eyepiece where it rests on the field-

limiting diaphragm. If other types of eyepieces are used, it may be necessary to insert

a counting collar for retaining the reticle. The reticle should always be kept clean,

since dirt on the reticle is in focus and could complicate the counting and sizing

process.

Stage Micrometer

The Porton reticle cannot be used for counting until it has been properly calibrated

with a stage micrometer. Most stage micrometer scales are approximately two

millimeters long and are divided into units of one-hundredth of a millimeter (ten

micrometers),

Microscope Adjustment :

When adjusting the microscope, follow the manufacturer’s instructions while observing

the following guidelines. :

1. The light source image must be in focus and centered on the condenser iris or
annular diaphragm.

2. The particufate material to be examined must be in focus,

3. The illuminator field iris must be in focus, centered on the sample, and opened only
to the point where the field of view is illuminated.

4. The phase rings (annular diaphragm and phase-shifting elements) must be con-
centric.

Porton Reticle Calibration Procedure

Each cyepiece-objective-reticlé combination on the microscope must be calibrated.

Should any of the three be changed {disassembly, replacement, zoom adjustment, et.),

the combination must be recalibrated. Calibration may change if interpupillary dis-
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10. Calculations

tance is changed. For proper calibration, the following procedure sheuld be foflowed
closely.

With a 10X objective in place, place the stage micrometer on’ the mechanical
stage, focus the millimeter scale, and center the image. Change to the 40-45X objec-
tive and adjust the first mitlimeter scale division to cuincide with the left boundary of
the Porton rectangle. Measure the distance between the left and extreme tight bound-
aries of the Porton rectangle, estimating any portion of the final division. This mens-
urement represents 200 L units. The rectangle is 100 L units on the short vertical
dimension. The calculated “L” is inserted into the formwula D = L(Z¥)"? where “N"
is the circle number {irdicated on the reticle) and "D is the circle diameter. Since
the circle diameters vary logarithmically, every other circle doubles in diameter. For
example, circle number three is twice the diameter of number one; number four is twice
the diameter of number two. When the circle sizes have been determined, the count-
ing field area which consists of the left six smaller rectongles can be calculared from
the relation 10,000 L% This completes the reticle calibration for this specific objee-
tive-eyepiece-reticle combination.

Example for Porton Reticle

The following calibration was obtained for a pair of 10X Huygenian eyepieces and a
43X objective:

200 L = {.148 mm = 148 micromsters
100 L = 0.074 mm = 74 micrometers
Cne L-unit = .74 micrometers
Thus Circle #1 has a diameter D = L(Z“}“z = 0.74(21)t = .74 (1.414) = 1.05

micrometers.
Then our circle diameter calibration table looks like:

Diameter of Circle #1 = 1.05 micrometers

#2 =148
#3 = 2.09
#4 = 296
#5 =419
#6 =592

Field area = (10,000) (LY = (100 L) (100 L) = (0.074) (0.074) = 0.0055
mm? .

Thus fibers with a fength greater than a distance halfway between the diameters of
the #5 and #6 circles would be counted.

If a Patterson Globe and Circle reticle is used, a different calculation procedure is
required. Fhe circle dinmeters are related as follows. The #235 circle diameter is
(0.1) (reticle length).

The circle diameters are proportional to the ratio of their numbers. Thus the #20
circle diameter is (20/23) or 0.8 times the #25 circle diameter,

10.]1 The average airborne asbestos fiber concentration estimated by the filter sample may be
calcuiated from the following formula:

[{FB/FL) —~ (BFB/BFL)] (ECA)

AC = {1000) (FR} (T) (MEA)
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where:
AC = Airborne fiber concentration in (fibers > 5 am)/cm®.
BFB = Total number of fibers counted in the BFL fields of the blank or control filters

in fibers > 5 am.
BFL = Total number of ficlds counted on the blank or control filiers.

ECA = Effective colliccting area of filter (855 mm? for a 37-mm filier with effective di-
ameter of 33 mm).

FR = Pump flow rate in liters/min (Ipmj.

FB = Total number of fibers counted in the FL fields in fibers > 5 um.

FL = Total number of ficlds counted on the filter,

MFA = Microscope count field area in mmi? (generaily 0.003 to 0.006).

T = Sample cellection time in minutes.

16,2 Recount criteria. It is very desirable for a counter to conduct 2 “blind recount” for about
I in every 10 filter wedges (slides) counted. Alternatively, a second counter could perform
the blind recount. In training sessions for novice couniers, the trainee should conduct a blind
recount for filter wedges counted by an experienced, proficient counter. In all cases, we will
observe differences between the first and second counts of the same filter wedge. Most of
these differences will be duc to chance alone, that is, due to the random variability (precision)
of the count method. Statistical recount criteria enzble us to decide whether observed dif-
ferences can reasonably be explained due to chance atone or are probably due to systematic
differences between counters or microscopes 'or due to soms other biasing factor.

The following recount criterion is for a pair of counts that estimate some airborne fiber con-
centration (AC) in fibers/ecm? The criterion is given at the type-I error level. That is,
there is 2 5% maximum risk that we will reject a pair of counts for the reason that ome
might be biased, when the large observed difference is really due to chance.
Reject z pair of counts because one might be biased if:
(AC, — AC,) exceeds 2.77(AC)(CVgy)
where:
AC; = lower estimated airborne fiber concentration
AC. = higher estimated airborne fiber concentration
AC = average cf the two airborne concentration estimates
CVpa = average CV for the twg concentration estimates which are a function of the total
fiber count (FB) in each case. Use the relation in Section 4 or Figure 3.
For a pair of counts on the same filter, reject the pair because one might be biased if:
(FB; — FB,) exceeds 2.77(FB)(CVig)
where:
FB;, = lower fiber count on the filter (total fibers)
FB. = higher fiber count on the filter (total fibers)
FB = average of the two lotal fiber counts -
CVpy = CVq for the value FB. Use the relation in Section 4 or Fieure 3.
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LIST OF FIGURES
(5 through 10)

FIGURE 5. DO NOT COUNT. Fiber crosses top and bottom sides.
FIGURE 6, COUNT. One fiber.
FIGURE 7. COUNT. One-half fiber, Fiber crosses left side and one end lies within count :e4

FIGURE 8. COUNT., One-half fiber. Fiber crosses bottom side'and one end lies within ¢ume
area.

FIGURE 9. DO NOT COUNT. Fiber crosses two sides.

FIGURE 10, DO NOT COUNT. Fiber crosses two sides (bottom left corner).
COUNT. One-half fiber. Fiber crosses bottom side and one end lies within count asry
COUNT. One fiber (top right corzer).
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