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ABSTRACT 

This investigation was designed to assess the problen which asbestos 

resents as 3 community air pollutant by quantifying asbestos fibers in 

ambient air near_a mill. An array of samplers and wind sensors were 

operated during two periods with different prevailing wind directions. 

4 The Nuclepore filter samples were analyzed by transmtssion electron micro- 

scopy using a direct ciearing method of sample sreparation which was 

adapted to this work. - 

Asbestos fiber concentrations ranged up to 106 fibers/a> or 104 ng/s° with 

dg ns imately 109 times preater than those upwind... 

“Large tangles of asbestos occurriny; due to the proximity of the source 

were excluded from the analysis. The size distributions indicated that 

fibers shorter than the pore size penetrated the filters. The principal 

source of the emissions appeared to be windblown material from open ore 

and tailing piles. , To 
iRGREE UREA 

This report was submitted in fulfillment of Interagency Agreement ARB 

3-688 by the Air and Industrial Hyziecne Laboratory, California State 

Department of Health, under the sponsorship of the California Air Resources 

Board. Work was completed as December 31, 1975. 
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The statements and conclusions in this report are those of the Contractor 

and not necessarily those of the State Air Resources Board. The mention of 
commercial products, their source or their use in connection with material 
reported herein is not to be construed as either an actual or implied 

endorsement ef such products. 
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PROTOCOL FOR THE QUANTIFICATION OF ASBESTUS 

FIBERS IN AMBIENT AIR NEAR MINTS AND MILLS 

Introduction 

This investigation was designed to assess the problem which asbestos presents 

as a community gir pollutant by quantifying asbestos fibers in ambien
t air 

ny 

Tear a mill. The study by Davis Associates (1} estimated that 85% of all 

. re a ww: ee - 

U.S. asbestos production is lccated in Californii (2). Therefore emissions 

from asbestos mines and milis are® of particular significance to California's 

air environment. 

Inhalation of asbestos fibers kas been related to a
 number of diseases in- 

cludipg as 2@Stosi CBronchogenic carcinoma, and mesothelioma. Thus it is 

important that data on the concentrations ef asbestos in ambient air b
e 

collected for use in the assessment of adverse health eff
ects. Since the 

_., mechanism of pathogenicity may depend on the size of the fibers, 
the data 

oe Should include the fiber size distrihurion. The size distribution is also 

7 SeeFal in estimating the transport of fibers rrom a so
urce to a population 

center. Data on asbestos in ambient air are also needed for considerat
ion 

of a possible asbestos air quality standard as well as asbestos emission 

control regulation. An overview of the problem of asbestos in the Califor- 

nia environment has been published (3). 

~ 

Methods for the identification of airborne asbestos have been 
develored in 

the Air and Industrial H;giene Laboratory (AIL) as woll as elseéwherc. 

These methods include the sizing of the fibe ectron microscopy. In 

the present work these techniqucs have been further developed
 and appliei 

to the determination of the fiber concentrations and size distributions in 

the vicinity of an asbestos mill. 

Project Plan : 

A basic objective of the project was to determine wherher the airborne 

asbestos concentration downwind of an asbestos processing plant was sig-
 

nificantly different from the concentration upwind. This was investigated 

by deploying an array of samplers and wind sensors in the vicinity of a 

plant. Sampling periods were planned to include two different prevailing 

wind directions. . 

The samples were analyzed by transmission electron microscopy to obtain 

fiber concentrations and fiber size distributions. It was necessary to 

carry out some development on methods of sample preparation. The samples 

were also scanned by optical microscopy to determine whether this simpler 

asbestos emissions comes from mines and mills. Furthermore over 60% of the 

gan 

“ee 

Sampling Site 

The Union Carbide asbestos mill south of King City was selected as che site 

for field measurewents. The plant is in the Salinas Valley adjacent to U.S. 

A07 
UCC 014688 

|_. .. -.____techitque-cén yield zésults which correlate ith electron microscopy data 
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401 and the Southern Pacific Railway (see Fig. 1). Ore containing chrysotile 

asbestos is screened at the mine neor Coalinga hefore it is trucked to the 

plant. It is stored in an open dump near che mill. prior to processing. 

Jhe plant operates on three shifts around the clock but outside operations 

are carried out only during the day shift. 

a
n
y
 

3 

The in-plant process is largely wet except for the hammer mill (4). Bag 

houses are used ta control dust emissions. The tailings are dumped outside 

on the ground and subsequently transported by earth movers to an
other open a 

dump in a draw to the east of the plant (see Fiz. 1). The tailings stil 

gontain considerable asbestos. | 

The major sources of airborne asbestos from the plant are believed to be 

windblown material from the ore and _tailinzs viles.. Material can be blown 

“directly from the niles, especially after being disturbed by the moving 

machinery. Clouds of airborne naterial could be observed over the piles. 

A water truck sprinkled the ore piles sporadically during our visits. On 

one occasion a "snow fall" of asbestos was observed in the pasture south te 

of the plant near sampling station i*. Asbescos cculd also be seen on the 

ground. Or this occasion, no airborne asbestos could be seen at 

the sampling stations duting the sampling periods. - 

Sampling Procedures 

Sampling was carried out during two periods, August 29 to September 1, 1974 

and November 12 to Hovember 15, 1974. These neriods were chosen to provide 

prevailing winds from northerly and southerly directions respectively. 

During the day, a sea breeze normally enters the Salinas Valley and flows 

southerly along the valley, the wind speed peaking in the afternoon. During 

the night or early morning this wind dies out and a weak ccunterilew starts 

as the air drains from the valley towards the Pacific Ocean. The countere- 

flow lasrs over a longer period in the wiater. 

Mechanical wind stations (Meteroloey Research, Inc.) were used to measure 

the wind speed and direction. One instrument was positioned north of the 

asbestos plant and one south, i.e., normally upwind and downwind of the 

plant. The station locations are given in Fig. 1. Wind data are presented 

in Table I. It can be seen that the wind direction was more consistent 

and the average wind speed higher in August than in November. 

The air samples were taken with 47 mm diameter Nuclepore filters having a 
pore size of 0.8 :m. These were mounted in standard plastic Nuclepore 
filter holders, the open face horizontal and facing upward. The filters 
were 3.4 m (11' 3") above the ground on the end of a 1.9 em I.D. (3/4") 

[ aluminum pipe. Flow rates were 50 to 60 l/min initially. The flow rates 

average used to determine the air volume. In order to measure the flow 

rates a plastic cylinder 20 cm (8") long was fitted over the filter head. 
A hot wire anemometer was positioned on the axis of the cylinder to measure 

' 
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Figure 1 - Map of the sampling site. Sampling stations desicnated AN a) 7 5 6) 8 
were used in Aucust, 1974; those desiencted N were used 
in Koverber, 1974. Wind stations for the August sampling 
period were located at 1A and 3N. In November th:y were 
located at 2N and 4N. 
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THE STATION LOCATICIS ARE SHOW ON THE NAP Li
 FIG. 1 

TABLE 1 

WO DATA TAMEN DURTNG TSE SAMPLING PERTODS 

Sampling Wind Wind 

Month Pertod Station Wrection Speed MFA 

August 3 en N 13.0 

3 1A MN 13.0 

b on N* 12.4 

h 1A N 15.6 

5 ON N 5.8 

5 1A H 6.8 

6 en N 10.6 

6 LA W 15.0 

Noventer 1 on W 25%, NW 50%, NE 25% 2.5 

1 AN N 70%, E 30% 2.0 

2 en SE 50%, S 50% 4.2 

2 Un 3 3-8 

3 2N W 45%, S 30%, N 25% 3.1 

3 AN S 70, other 30% 2.3 

& 2N § 8%, other 20% 3.1 

LN S 8%, other 20% 2.3 
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the air speed. This air speed was converted to volumetric flow race by 

weans of a calibration curve based on laboratory calibration with a dry 

test meter in the same configuration. 

The filters were loaded into che filter heads prior to transporting them to 

the field sampling stations. Blanks were carried through the entire pro- 

cedure including mounting on the pump, except that rhey were then irmedi- 
ately dismounted without pumping. During the August sampling pericds the 

Nuclepore filters were exposed on the dull side. However, during the Novem- 

ber sampling periods the shiny side was used. ‘it was later found under 

the electron microscope that the dull side has a wavy surface which collects 
the shadowing material forming an objectionable background for scanning. 

The samplers were deployed at the lecations shown in Fig. 1. Some of the 

pumps were powered by portable gasoline generators and some by electricity 

from nearby farm buildings. 

Sample Preparation 

In order to examine the asbestos fibers by electron microscopy it wes neces- 

Sary to prepare the samples in a suitable manner. The preparation technique 

was chosen to meet the following requirements: 

a. The fibers must be identified by transmission electron microscopy and 

electron diffraction. 

b. A quantitative determination of the number of fibers on the filter is 

necessary. : 

c. The original size of the fibers must be preserved. 

It was necessary to choose a sample preparation technique from several 

possibilities, and to further develop the chosen technique since no tech- 
nique appears at present to be suffictently validcted. The three general 
methods are the rubout technique, the AIHL parlodion film method, and che 

direct clearing method. The rubout technique (5) involves breaking up the 
fibers into fibrils for counting purposes. It was not used Since it is 
incompatible with requirement (c) above. The parlodion method (6) involves 

ashing the sample, ultrasonification in solution, and casting a film in 
parlodion. This method was not uSed because it was feared that the ashing 

and ultrasonification might break up fibers. 

The direct clearing method was chosen for the present work. This method 
appears to involve the least sample manipulation which might break up 

fibers. The first step involves coating the deposit of particulate matter 

_with silicon monoxide. The fibers _are thus imbedded within the coating 
during the remainder of the process, minimizing fiber loss. The details o 
the procedure used are given in Appendix lL. 

La 
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It should be emphasized that the choice of sample preparation method was 

based on incomelete information since none of the methods has been suffi- 

ciently tested and documented. In addition to the considerations mentioned 

above, the choice of the direct clearing method vus reinforced by the 

adoption of a similar method by McCrone Associates and Jack Murchio, Uni- 

versity of California, Berkeley. Our method differs from theirs, however, 

in the technique used for clearing the filter. They employ vapor washing 

with a Soxhlet apparatus in which the filter is mounted on a cold finger. 

The filter is washed by solvent condensing on the cold surface. Our 
clearing technique adapted from Frank, et al., (7) involves the capillary 

action of a polyurethane sponge to draw the solvent into contact with the 

filter (see Fig. 4a, Appendix 1). We believe the sponge method is less 
likely to wash away fibers. A direct comparison was made between the 

vapor-washing method and the sponge method on samples number 16 and 18 

of the Noveaber sampling period. For sample No. 16, the vapor washing 
technique yielded 102 fibers in 40 fields vs 160 fibers in 40 fields by the 
sponge method. For sample No. 18, the vapor washing cechnique gave 29 
fibers in 60 fields, the sponge method 34 fibers in 60 fields. In addition, 

it was noted that on the vapor-washed samples the fibers were more concen- 

trated in the vicinity of filter debris due to incomplete dissolution. 

This implies thar fibers were being washed away with filter material. To 

Sumnatize, the data obtained suggest that fibers were lost by the vapor 

washing technique, althouch this was’ not preven conclusively. There were, 

however, 2dditional reezscns for favoring the sponge method: 

a. The yield of unbroken grid holes is considerably higher 

b. More samples can be cleared at the sane tine 

c. No hood is required and a minimum cf space is used with lesser possi- 
bility of contamination. 

Sample Analysis 

The asbestos fibers were identified and the concentrations determined by 
transmission electron microscopy on a Siemens Elmiskop 1A. . Following 
accepted techniques (8-16), the fibers were identified as chrysotile as- 

bestos by morphology, particularly by observing the central canal in fibrils 
at 20,000 X.. Further confirmation was obtained from selected area diffrac- 
tion patterns. The appearance of a large fiber bundle is illustrated in 
Fig. 2. In Fig. 3, the central canals in fibrils may be seen. The electron 

diffraction pattern for the circular area within Fig. 3 is shown in Fig. 4. 

For most samples 20 holes on each of three grids were counted at 4,000 X. 

zed with each fiber being sized by diameter -2d length by direce observation 
on the fluorescent screen. Large tangles of asbestos were omitted since 
they cannot be sized by this method. The data were tabulated and analyzed 

by the AIHL computer progran "Fiber". The program cclculates the volume 

A075 11 
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Figure 2. Morphological appearance of a non-respirable chrysotile fiber bundle (2000X). 

- 

UCC:014694. A07512 

e
n

Union Carbide trial exhibit UC-3941: California Department of Health Air and Industrial Hygiene Laboratory, Experi…
ACL Doc 18577 · Page 14 of 44

Published by AsbestosClaims.Law

asbestosclaims.law/library/18577/14

https://asbestosclaims.law/library/18577/14


. 

’ 

Oe ee 

SOURTE. STATE OF CALIFORNIA 
CLPAZDAENT OF HEALTH 
A.B AND INDUSTRIAL HYGIENE 
RALORATORY, LERKELEY 

Figure 3. _ Morphological appearance of chrysotile fibrils with the characteristic central canals, The 
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Figure 2. Characteristic selected area diffraction pattern of chrysotile obtained from the fiber 
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of a right circular cylinder
 of the given dimensions and com

putes the 

corresponding mass using 
4 chrysotile density of 2

.56 g/cm. 

Results and discussion 

The number of fibers/m? 
and ng/m? determined fo

r the samples are liste
d in 

Tables 2 and 3. The fiber concentrations
 on downwind samples wer

e of the. 

order of 104 and 109 fibers/m3. Referring to the August data (Table 2) it 

can be seen that the nun
oer of fibers/m for stcvion ba (upwind of the 

asbestos plant) are approximately two or
ders of ..cgnituce smaller than 

the 

numbers for downwind samples. For the Novenber upwind 
samples (Table 3, 

Station 4%) the number of fibers was not
 significantly above zero. 

(San- 

pling period Ll is not included in thi
s comparison$~ the wind

 was from the 

reverse direction.) The smaller upwind result
 for Novenber might be due

 

to two factors. First, the wind speed was con
siderabiy smaller in N

ovember 

(see Table Ll). Secondly, the particulate matter loa
ding (most of it was 

not asbestos) was heavie
r in November, amountin

g to about one mg per f
ilter. 

This particulate matte
r is attributed to plowing activity in

 che nearby 

fields which took place duri
ng the November sampling per

iod. The extra 

loading made it more diffi
cult to see the asbestos f

ibers. 

The blanks taken in November averag
e about one fiber in 60

 grid holes which 

is at the detection limit. This indicates that no significant conrami
na~ 

tion of the samples occurre
d. 

As previously mentioned, the nass calculations omit
ted tangles of ribers. 

It should be pointed out 
that the filter samples c

ontained large numbers of
 

these tangles, possibly o
wing to the relatively sh

ort distances from the 

asbestos plant to the sampl
ing. stations. Of course each tangle coul

d 

contain more mass than al
l of the other fibers on 

the filter. Further, the 

tangles could obscure indivi
dual fibers lying nearby. 

The tangles do not 

constitute respirable parti
cles because of their larg

e size; however, 

they may be a source of r
espirable fibers upon wea

thering. The tiber concen~ 

tration downwind of the as
bestos plant is tabulated as < function of length 

and diameter in Table 4 for A
ugust samples and in Table 5 for tovember 

samples. These tables show that the
 diameter and length tend

 to increase 

together. 

The fiber concentration is 
plotted vs. diameter in Fi

g. 5 for the August 

samples and in Fig. 7] for the November samples
. Similar plots vs. fiber 

length are shown in Fig. 6 and Fig. 8. The distributions vs. diame
ter show 

a peak at about 0.1 um w
ith the number decreasin

g on either side but es-
 

pecially rapidly towards sma
ller diameters. The distributions vs. lengt

h 

fall rapidly below 1.0 un. 

Because of the notable fall of
f in the number of small fibers, -s

amcle no. 

} ~
~
 

ye
 

} t ' 

16 of November was res sarined-“wt-
intpher-magni-fieation,.namely 10,0

00 Xf or 

comparison to the results obta
ined at 4,000 X. The number of fibers found 

was larger, 106 vs. 62. Although the total nunber of f
ibers increased 

significantly, rhe number of small fibers did n
ot. 

t 
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_Nuclepore. (Precaucions stiould be taken against the noxious fumes.) Briefly, 

It is believed that the absence of small fibers may be
 attributed to the 

use of 0.8 um pore size Nuclepore filters.
 Unlike other filters which 

present tortuous paths to the aerosol, the Nuclepore holes are uniforn 

circular holes directed in a straight path from front to back. Therefore 

the Nuclepore filter can be penetrated
 by particies smaller than the pore 

size. This would account for the rapid decrea
se in fibers shorter. than 

Q.8 um. Since the diameters decrease with the length, the absence of short 

fibers will resuit in an absence of fibers with small diame
ters also. An 

interesting question concerns the possibility that fibers could become 

aligned with their jJengths parallel to the strecnlines and taus readily 

penetrate the pores. Such alignment could be preduced by the shear flow 

in the vicinity of a pore or by electrostatic Fields. At present there is 

insufficient knowledge of these phenomena to answer the question. 

In Fig. 9 the fiber concentrations are plotted aca
inst the wind speed. 

Although the scatter is large, there is a rough cerrelation between fiber 

concentration and wind speed (correlacion coefficient = 0.59). The observed 

increase of concentration with wind speed impli
es that the fibers are wind- 

generated since otherwise the concentration weuld decrease because of
 dilu- 

tion. The data are in agreement with our expectation tha
t windblown 

material from the ore and tailings piles are the mai
n source of emissions, 

based on visual observations. 

It is instructive to compare che present results with those abdtained in 

1972 by Smith, et al (16). The plots in Fig. 10 and LL show corresponding 

data. The comparison shows that the fiber concentrations wer
e fairly con- 

sistent in magnitude above 0.1 um diameter and 1.0 w
m length. The earlier 

work utilized Millipore filters; the strikingly higher concentrations for 

small fibers is strong evidence that these fibers penetrate the 0.8 um 

pores of Nuclepore. The plots of the 1974 results indicate somewhat higher 

concentrations of large fibers than the 1972 measurements. This could be 

due to breakdown of large fibers by high temperatures and/or u
ltrasonifica- 

tion in the 1972 sample preparations by the parlodion method. 

Light aicroscopy 

The samples were also analyzed by light microscopy because it is a relative- 

ly rapid, inexpensive technique which is well standardized. If light micro- 

scopy could be shown to yield results sufficiently quantitative, this would 

be important for future work. , 

The standard NIOSH (17) method was used excep’ for the employment of a dif- 

ferent clearing agent, 1, 1, 2, 2 tetrachlorethane which is effective for 
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the NIOSH method involves counting all fibers greater than 5 um in length 

which have a length-to-diameter ratio greater than 3. For each sample 100 

fields are counted at 400X. 
t 
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The observed concentrations are listed in Table 6. The numbers are seen to 

be very low, The downwind - upwind ditference is small except in a few cases. 

Furthermore, there is very poor correlaticn with the electron microscope 

results (Tabie 2 and 3). 

There are a number of reasons which could explain why the NIOSH met
hod is 

apparently ineffective for this work. One is that most of the fibers are 

smaller so that only the end of the size distribution is counted. The 

relatively heavy loading of particulate matter sade it difficult to see 

asbestos. The tangled masses were not counted =ince they did not satisfy 

the NIOSH counting criteria. In general, the NIOSH method is non-discri-~ 

minating, no attempt being made to identify the fibers. All particles which 

have the prescribed dimensions are counted as fibers. 

Conclusions 

1. The asbestos fiber concentration near an asbestos plant has been found 

to range up to 10° fibers/m? or 107 ng/m3. 

2. Fiber concentrations downwind of the asbestos plant were approximately 

two orders of magnitude greater than those upwiad; upwind concertrations 

were barely detectable. 

3. The principal source of the emissions appecrs to be windblown material 

from open ore and tailings piles. 

4, Sampling within one mile of the source resulted in the deposition of 

large tangles of asbestos on the filters... These were simply excluded 

from the presene analysis since the technique used could not accommodate 

such tangles. Although this means that the calculated masses are low, 

the excluded tangles are not respirable. In future work if size dis- 

tributions are desired ic might be better td sample at greater distances 

from the source. If only total mass were desired, che rubout tecanique 

comdid he uaed. 

vit, ribo § | en ; 

aobtege gb badas boypoe ced iho tad bors ee 

nt dd to. rivet das youl ope ce tt ped ee vthye ro PPbte aed PRPs ath dave 

Othe Dee beece beng: med brid ced cramps dee por eeperbe wl Deore brad re beee Peres robe treats rye 

wan further devetopork sel appbfedt te tha werk. Bower, bP rninet foes 

said that this method fs sulflclentiy validated for routine work. The 

name conclusioniapplies to all ether -“nle preparation methods which 

attempt to preserve the fiber size dt-iribucton, 

7. Light microseopy utilizing che NLOSH ‘nod was found to be ineffective | 

for evaluating asbestos fiber concenr.ations in ambient air. 
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TABLE 6 

FIGER CONCFINTRATIC:S DETERMVED BY LiGHr MICROSCOPY 
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SuzAnne Twiss 

‘Conf., Johannesburg, 69," po 78" = — 

Electron Diffraction Patterns of U.I.C.C. Asbestos Samples. M. I. 

Syikne, 1. HW. Talbor, and ©. BL G. Randall, Fnviel Research 4, 141 - 

V4, (bO7E). : 

A0753¢ 

~——- UCC 014712 

®
)
 

N
T
 

Union Carbide trial exhibit UC-3941: California Department of Health Air and Industrial Hygiene Laboratory, Experi…
ACL Doc 18577 · Page 32 of 44

Published by AsbestosClaims.Law

asbestosclaims.law/library/18577/32

https://asbestosclaims.law/library/18577/32


17. 

_ Differentiation of Asbestos from Other Minerals by
 SAED. G. R. Grieger, 

Proc. Electron Microscopy Soc. of Amer., Thirtieth Annual Meeting, 1972, 

p. 546. 

Morphological Identification of Chrysotile Asbestos by
 Transmission 

Electron Microscopy. Kk. Seshan, AIHL Report No. 149, Air and Industrial 

Hygiene Lab., California Depart. of Health, Jan. 1974. 

Transmission Electron Microscopy Standards for Asbe
stos. R. L. Clark 

and Cc. 0. Rudd, Micron 5, 83 - 88 (1974). 

Electron Microscopical Investigation of Asbestos Fiber
s. A. M. Langer, 

A. D. Macker, and F. D. Pooley, Envir. Health Perspectives 9, 63 - 80 

(1974). 

Asbestos Fiber Atlas. P. K. Mueller, A. Alcocer, R. L. Stanley and G. R. 

Smith, Envir. Protection Tech. Series, Publ. No. EPA - 650/2 - 75 - 036, 

Superintendent of Documents, U. S. Gov. Print. Off., Wash., D.C. 20402. 

G. R. Smith, L. M. Carpenter, R. L. Stanley and P. K. Mueller, Deter- 

mination of the concentration of asbestos fibers in ambient
 air near 

an asbestos vrocessing plant. ATHL Report No. 128, Revision No. l, 

California Department of Health, March, 1973. 

National Institute for Occupational Safety and Health, "Sampling and 

Evaluating Airborne Asbestos Dusc", Division of Training, 555 Main St.
, 

Federal Office Bldg., Rm 9303, Cincinnati, Ohio, 45202. 
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APPENDIX 

AIHL Method 

DETERMINATION OF ASBESTOS IN AURIANT AIR 

UTILIZING ULCLEPORE FILTERS ah 

TRANSMISSION ELECTRON MICROSCOFY 

F
g
 

' 
.
 

. 
’ 

Analyte: Asbestos Method No.: 68 

Matrix: Ambient air Lower limit of detection: 3x10 

~ fibers per 

Procedure: Transmission filter 

Electron 

Hicroscopy Precision: Sot determined 

Date: 8/1/75 Collaborativelv Tested: wo 

l. Summary of Method 

« 

In order to perfomn aspestos analysis on air saaples in a simple 

and rapid manner by transmission electron microscopy, a cirect rem- 

brane clearing method of sample preparation has been developed. 

The sample is collected on 47 nm diameter Nuclepore memorane 

filters at a rate of 10 liters per minute for three to twenty-four 

hours. 

A one-eighth area sector is cut from che filter with a cutting tool, 

shadowed with silicon monoxide, and 3 squares 3 mm per side are 

p
c
s
 

- gut-from -the-shadowed--£iit er_secter.— = — ~ - 

’ 

t 

Prepared by G. KR. Smith, Air and IndesctrLal Hypiene Labocatory, Atgr e 

California Department of Nealth, ierkeley, California 94704, Aono ED 

4 
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Each is placed face down on 2 bare 200 mesh electron microscope grid, 

and the filter dissolved by placing the grid, filter up, on a poly- 

urethane sponge imnersed in chloroforms
 for 72 hours. 

The grids are dried in a dust~free chamber pr
ior to electron micro- 

scopic exaninaticn. Each of the three grids is examined at 4,000X 

in the electron microscope. Twenty grid holes per grid are exanined 

and each asbestos fiber sized on the calibrated fluorescent view- 

ing screen. Typical fibers are identified by norphology and s
elected 

area diffraction at 20,009X. (9.1) 

2. Range and Sensitivity 

2.1 The lower detectable limit is one fiber per 60 grid holes. 

2.2 The range is 3 X 103 fibers to 4 X iGS fibers per sauple. 

3. Interferences 

3.1 Fibrous clay minerals (9.2), i.e., the tubular fibers-kaolin and 

halloysite, and solid fibrous attaclay; gypsum (9.3) and fibrous 

tale (9.3). 

4. Precision and Accuracy 

4.1 The precision and accuracy has not been determined. 

4.2 The precision is dependent on the number of fibers counted, the 

number of fields counted, and the number of fibers per field. _ 

This is also true of the NIOSH procedure for Jight microscopic 

counting of asbestos fibers, which claims an interlaboratory 

407533 
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5.1 

5.2 

5.3 

5.4 

5.5 

5.6 
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5.9 

5.10 

'§,il 

5.12 
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6.1 

t 

7.1 

een 

(ner eee ne ae Ce 

re . -=6s3= Silieon-nonoxide chunks, Ladd. (9.7) = 

variation of about +50% when the see saaple is counted by 

different analysts. 

5. Apparatus 

Nuclepore filters 47 rR. (9.4) 

Nuclepore filter holeers 47 wu. (9.4) 

Air pump with capacity of 40 jiters
 per minute, Gast (9.5). 

Portable, gasoline povered electric
 generators with 2200 watts 

capacity (9.6). 

Tungsten vire baskets, Ladd (9.7). 

Vacuum evaporator with rotating stage, Mi
kres (9.8). 

Vented grid drying chamber, 2-3 liter capacity desiccator. 

(See illustration - Fig. 3). 

White porcelain chip. 

Diffusion punp oil, Diffelen. 

Clean air bench with lasinar air flow. (9.9) 

Electron microscope grids, 2.3. ma diameter, 200 mesh, copper with 

. square holes, Pelco. (9.10) 

Transmission electron microscope 40 to 100 kv, Siemens. (9,11) 

6. Chemicals 

Chloroform; analytical reagent. (9.12) 

6.2 Glass-distilled water. 

?. Pruen votes 

Collection of Samples 
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J.1.1 Assemble the filters in the filter holders with the 

smooth surface showing. 

7.1.2 Connect the sample holders to the air pump and collect 

a 1200 to 7209 liter sample. 

7.1.3 After sampling remove the filter and store it ina 

plastic Petri dish. 

7.2 Analysis 

7.2.1 Excise a one-eighth sector from the sample filter with 

a scalpel and tape down all sides to a microscope 

Slide using achesive transparent tape. See figure 

1, step 1 and a. 

7.2.2 Place sample slide in a vacuum evaporator and rotary 

shadow at vertical incidence with 10 nw of silicon non~ 

oxide, figure 1, step 2. ” 

7.2.3. Remove the shadowed filter with a scalpel, excise 

three sguates each 3 om per side, figure 2, step 3. 

7.2.4 Put three polyurethane blocks ina 50 mm glass Petri 

dish and place a bare grid on top of each sponge, figure 

2, step 4. 

7.2.5 Wich forceps, place one shadowed square on top of each 

grid, keeping the coated particle side down (membrane up), 

figure 2, step 4. 

7.2.6 Add chloroform to the Petri dish and fill to within 2 mm 

noSuiss sass Of the-top surface of-the sponges, figure, step han 

7.2.7 Cover the dish and place the entire Petri dish assembly 

fe a venti echaaher (deatee for) and Ter stand for 

72 hours to dissolve the filter materlal. 

A075 34, 
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* 

8. 

7.2.8 

7.2.9 

7.2.10 

7.2.11 

7.2.12 

7.2.13 

Calculations 

8.1.1 

Remove the grids from the Petri dishes and place upon
 

Whatman 25 = {filter paper contained wi
thin a 50 ova 

plastic Petri dish. Then cover. 

Place the specinen grids in a drying chamber and let 

them air dry one hour after partially removi
ng the 

covers. 

Exanine completely 20 random grid holes on each of 

three grids at 100 kv and a magnification of &, 000% 

with TEM. 

Count and determine the dimensicns of all asbestos 

fibers (leneth and width) having an aspect ratio of 

3:1, or greater length to diameter. 

Identify chrysotile asbestos by morphology (obser- 

vation of the characteristic canal) and by selected 

areca diffracticn when possible at 20,000%. 

Identify amphibole asbestos by morphology and by 

selected diffraction (pattem recognition) at 

20, 000%. 

Determine the number of fibers per filter. 

N= An 
ag where 

N is the number of fibers per filter. 

Kets the ates th bn of the fi iter on-whi th-the -sanp le 

was collected (usually about 1400 ma2 for a 47 om ° 

(Nuciepore filter). 
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n is the total nusber of fibers counted in g, 

gis the number of grid holes examined. 

a is the area in mm? of a grid hole (usually determined 

by measuring a photograph of known enlargment). 

8.1.2 Deterzine the number of fibers per milliliter of 

alr. 

CF 

Where; 

N W Number ef fibers per filter 

V = Volume of air sampled in milliliters a
t standard i 

conditions 
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Sampte filter (nuclepore) containing particles 

Adhered filter sector 

A Plastic tape 

v 

Microscope slide 

Bell jar 

Tungsten basket with SiO 
attached to clectrod> 

Glass slide with filter sector 

Rotary table 
—) mi 

Vacuum | Evaporator 

Excised 3mm squares 

/ Plastic tape © 

—
«
,
 

a 

Ada cilavoforin to petri dish end fet clear 
for a minimum Gine of 72 hears. 
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