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ABSTRACT

This investigation was designed to assess the problem which asbestos
resents as a community air pollutant by quantifyiﬁgﬂéshes;os fibers in
ambient air near a mill. An array of samplers and wind sensors were
operated during two periods with different prevailing wind directions.
The Nuclepore filter samples were analyzed bv Transmission electron micro-
scopy using a direct clearing rethod of sample nreparation which was

adapted to this work. -

Asbestos fiber concentrations ranged up to 106 fibers/m3 or 105 ng/m3 with
dg ng irmately 109 tinmes greater 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 thc pore size penetrated the filters. The principal
source of rhe emissions appeared to be windblown material from open ore

and tailing piles. ' -
=T e

This report was submitted in fulfillment of Interagency Agreement ARB
3-688 by the Air and Industrial Hyziene Laboratory, California State

Department of Health, under the sponsorship of the California Air Resources
Board. Work was corpleted as {f Docember 31, 1975.
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commercial products, their source or their use in connection with material
reported herein is not to be construed as either an actual or implied
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PROTOCOL FOR THE QUANTIFICATION OF ASBESTOS
FIBERS I AMBIENT AIR NEAR MINTS ARD MILLS

Introduction

This investigation was designed to assess the problem which asbestos presents
as a communit ir pollutant by qGentifving -asbestos fibers in ambient air
Tear a mill. The study by Davis Assoclates (1} estimared that 834 of all
asbestos emissions comes from mines and mills. Furthermore over 607 of the
U.S. asbestos production is lccated in Californ T (27, ~Therefore emissions
from asbestos mines and mills are of particular significance to California's
air environment.

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

cludi?g’as 2SLosl (Bronchogengg_;arcinoma,‘and&ggsothelioma. Thus it is

importaﬁf—?ﬁﬁf—aazg on the concentraticns cf asbestos in ambient air be

collected for use in the assessment of adverse health cffects. Since the

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

~ <, .should include the fiber size distrihution. The size distribution is also
¥ T ysetol in estimating the transport of fibers from a source to 2 population
center. Data op asbestos in ambient air are also meeded for consideration
of a possible asbestos air quality standard as well as asbestos emission
control regulation. An overview of the problex of asbestos in the Califer-
nia environment has been published (3).

P

Methods for the identificaticn of airbornc asbestos have been develored in
the Air and Indusirial H,giene Laboratcry (AIZl) as wcll as elscwhercs.

These methods includz the sizinz of the fibe cctron microscopy. 1In
the present work these techniques have been further developed and applied
t~ 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 whether 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
| . techotemean yleld tesults which correlace ith electron wicroscopy data. .
\%’_ [timseui == mo=Emens

Sampling Site

S The Union Carbide asbestos mill south of King City was selected as the site
for field measurements. The plant is in the Salinas Valley adjacent to u.s.

AD7506
UCC 014688 iy
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101 and the Southern Pacific Railwav (see Fig. 1). Ore containing chrysotile
asbestos is screened at the mine neor Coalirga hefore it is trucked to the
plant. 1t is stored in an open dunp near the mill prior to processing.

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

are carried out only during the day shift. -

CY

,

The in-plant process Is largely wet except for the hammer mill (4). Bag
houses are used to control drst zmissions. The tailings are dunped outside
on the ground and subsequently transported by ecarth movers to another open L////

dump in a draw te the east of the plant (see ¥iz. 1). The tailings stil

££g£§1§7considerablc asbesros.

The major sources of airborne asbestos from the plant are believad to be
windblown material from the ore and tailincs piles.. Material can be blown
“directly from the niles, especially after being disturbed bv the moving
machinery, Cloudr oi cirborme naterial could be obscrved over the piles.
A water truck sprinkled the ore piles sporadically during our visits. On

one occasion a "saow fall” of ashestos was observed in the pasture south L
of the plant near sampling station 1*. isbes.os cculd also be seeun on the
ground. 57 ThiS occasion, no airborne asbestos could be seen at

the sampling stations during the sampling periods. -

Sampling Procedures

Sampling was carried out during two periods, fugust 29 to September 1, 1974
and November 12 to Hovemher 15, 1974, 1heee netriods were chosen to provide
prevailing winds from northerly and southerly directions respectively.
During the day, a sca breeze normally enters the Saliras Valley and flows
southerly along the valley, the wind speed peaking in the afternoon. Durinz
the night or early morning this wind dies out and a weak counterflew starts
as the air drains from the valley towards the Pacific Ozean. The counter-
flow lasts over a longer period in the wiarer.

Mechanical wind stations (Meterology 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 1. It can be seen that the wind direction was more consistent

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

The air samples were taken with 47 mm diameter Nuclepore filters baving 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 1.D. (3/4")
l—~_ aluminum pipe. Flow rates were 50 to 60 1l/min initially. The flow rates

e ——_were measured.ar the beginning and end .af the sampling periced.and the -
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 hut wire anemometer was positioned on the axis of the cylinder to measure
: _ .

l .

-

i AO7507 .
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the air speed. This air speed was ccnverted to volumetric flow race by
means of a calibration curve based on laboratory calibration with a dry
test meter ia the same configuration.

The filters were loaded into the filter heads prior to transporting them to
. the field sampling ctatioms. Blanks were carried through the entire pro-

A cedure including mounting on the pump, except that they were then irmedi-
ately dismounted without pumping. During the Auzust sampling pericds the
Nuclepore filters were exposed on the dull side. However, during the Novem-
ber sampling periods the shiny side was used. 1t was later found under

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

The samplers were deployed at the locations shown in Fig. 1. Some of the
pumps were powered by portable gasoline generators and some by electricity
from nearby farm buildings.

Sarwple Preparatiop

In order to examine the asbestos fibers by electron microscopy it vwas neces-
sary to prepare the samples in a suitable man.sr. The preparation technique
was chosen to meet the following requirements:

v

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
pecessary. '

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

It was necessary to choose a sample preparation technique {rom several
possibilities, and to further develop the chosen technique since no tech-
nique appears at present tc be suffictiently validzted. The three general
methods are the rubout technique, the AIHL parlodion film method, and che
direct clearing method. The rubout technique (3) 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, ultrasonificatiom in solution, and casting a film in
parledion. This method was not used because it was feared that the ashing
and ultrasonificacion might break up fibers.

The direct clearing method was chosen for the present work. This method
appears to involve the least sample manipulaticn which might break up
fibers. The first step involves coating the deposit of parriculate matter
with silicon monoxide. The fibers are thus irbedded within the coating

during the remainder of tne process, minimizing fiber loss. The details o
the procedure used are given in Appendix 1.

|

.

AC751C
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It should be emphasized that the choice of sample preparation method was
based on incomrlete informarion 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 wis 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 clearinz the filter. They ermploy vapor washing
with a Soxhlet zpparatus in which the fllter is mounted on a2 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 polyurethanc 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 Novenber sampling vperiod. For sample Yo. 16, the vapor washing
technique yielded 102 fibers in 40 fields vs 160 fibers in 40 fields by the
sponge method. For sample MNo. 18, the vapor washing technique gave 29
fibers in 60 fields, the sponge method 34 fibers in 60 fields. 1In addition,
it was noted that on the vapor-wached samples the fibers were more concen-
trated in the vicinity of filter debris due to incomplete dissolutioen.

This implies that fibers vere being washed awvay with filter material. To
sumarize, the data obtained suggest that fibers were lost by the vapor
washing technique, although this was not proven conclusively. There were,
however, z2dditional rezscns for fzvoring the sponge mcothod:

a. The yield of uanbroken grid holes is considerably higher
b. More samples can be cleared at the same time

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

Sample Analysis

The asbestos fibers were identified and the concentrations determined by
transmission electron mictroscopy on a Siemens Elmiskop lA. .Following
accepted techniques (8-16), the fibers were idcntified as chrysorile 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 appecarance of a large fiber bundle is illustrated in
Fig. 2. 1In Fig. 3, the central canals in fibrils may be scen. 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.

Union Carbide trial exhibit UC-3941: California Department of Health Air and Industrial Hygiene Laboratory, Experi...
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zed with each fiber bEIng sized by diameCer cad length by direct 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 c:lculates the volume
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Results and discussion

can be seen that the nunpeT of fibers/m?
asbestos plant) are approximately twO orders of

pling period 1 is not included in this comparison;

not asbestos) was heavier in wovember, amounting to about
This particulate matter is attributed to ploving activity

loading nade it more di€fficult to see the asbestos fibers.
The blanks taken in November average about

tion of the samples occurred.

they may be a source of respirable fibers upon weathering.
and diameter in Table 4 for August samples and in Table 5

together.

fall rapidly below 1.0 um.
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significantly, the aumber of small fibers did not.
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fields which took place during the November sanpling period.

of a right circular cylinder of cthe given dimensions and computes the
corresponding mass using 2 chrysotile density of 2.56 g/cm”.

The number of fibers/m> and ng/m3 determined for the samples are listed in
Tables 2 and 3. The fiber concentrations on dovnwind samples were of the.
order of 104 and 10% fibers/m3. Referring to the August data (Table 2) it
for starion ba (upuind of the

2enitude smaller than the

numbers for downwind samplas. tor the November upwind sanples (Table 3,
Sration 4Y) the number of fibers was not significantly above zero. (Sam-
“the wind was from the
reverse direction.) The smaller upwind result for Movenber might be due

to two factors. First, the wind speed was considerably smaller in November

(see Table l). Secondly, the particulate matter loading {most of it was
one mg per filter.

in the nearby

The extra

one fiber in 60 grid holes which
is at the detection limit. This indicares that no significant conramina~

As previously mentioned, the mass calculations omitted tangles of fibers.
1t should be pointed out that the filter samples contained large numbers of
these tangles, possibly owing to the relatively short distances from the
asbestos plant to the samplipg. stations. Of course each tangle could
contain more mass than all of the other fibers on the filter.
tangles could obscure individual fibers lying nearby. The tangles do not -
constitute respirable particles because of their large size;

Further, the

however,

The tiber concen-

tration downwind of the asbestos plant is tabulated as ¢ function of length
for lovember

samples. These tables show that the diameter and length tend to increase

The fiber concentration is plotted vs. dianmeter in Fig. 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. dlameter show
a peak at about 0.1 um with the number decreasing on either side but es-
pecially rapidly towards smaller diameters. The distributions vs. length

000 X for

Because of the notable fall off in the number of small fibers, -samcle no.
Mml-&zi&b————

comparison to the results obtained at 4,000 X. The numbe£ of fibers found
was larger, 106 vs. 6Z. Although the total number of fibers increased
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TABIE L
NUMSER OF FIZSR3 Ti 90 GRID ROLI3 V3 LIGTH ARD DILETER NS
FCR SAIPLL3 1:C. 8 AND 17, AUGUST 197k g
(STATION 2A, LOWIWIND) /7.« = e

DIAMETTR, pn

.05-.10 .10-.15 .15-.30 .20-.80 .60-.80 > PO

LENGTH,
un

0.5-1.0 12 5 7 . - 1
1.0-2.0 11 L8 Ls 1L 1 1
2.0-3.0 1 18 2L 30 5 3
3.0-5.0 . 1 9 33 3k 18 17
Lo0-1.0 | " 168 e ok BYi
> 8.0 o 2 13 3k 22 97

UCC 014700
- 12 -
[ - e — — e - e — -
A —— :;-— - = .—-1- ¢~-:; .
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NUMEER OF FTEERS IN 210 GRID FOLE
FOR SAMPLZS 1:0. S, 7,
(STATIONS 17 /XD 3N, DOWNWIND)

LIHGTH

0.5-1.0
1.0-2.0
2.0-3.0
3.0-5.0
5.0-8.0

> 8.0

TABLE 5

13 AND

S V3 IENCTH AMD DIAMETER
15, LOVIITER 1974
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UCC 014701

DIAMZTER, um
.05-.10 L10-.15 15-.30 .30-.£0 .60-.80 > .80
1 - - - -
9 15 1 - -
1 9 - 1
19 29 22 4
7 21 3k © S
3 8 31 13 1k
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Nuclepore. (Precautions should 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, tne Nuclepore holes are uniform
circular holes directed in a straizht path from front to back. Therefore
thel“uclepore filter can be penetrated by particles smaller than the pore
size. This would account for the rapid Jdecrease in fibers shortar. than
0.8 um. Since the diametecs delrease with the length, the absence of shotrt
fibers will result in an absence of fibers with small diameters also. An
interesting question concerns the possibility that fibers could become
aligned with their lengths parallel to the strezclines and taus readily
penetrate the pores. Such alignment could be preduced by the shear flow
in the vicinity of a pore or by electrostatic flelds. At present there is
insufficient knowledge of these phenomena to answer the question.

In Fig. 2 the fiber concentrations are plotted acainst the wind speed.
Although the scatter is large, there is a rough ccrrelation between fiber
concentration and wind speed (correlacion coefficient = 0.59). The observed
increase of concentration with wind speed implies that the fibers are wind-
gencrated since otherwise the concentration weuld decrease because of dilu-
tion. The data are in agreement with our expectation that windblewn
material from the ore and tailings piles are the main source of emissions,
based on visual observations.

1t is instructive to compare the present results with those obtained in
1972 by Smith, et al {(1l6). The plots in Fig. 10 and 11 show correspounding
data. The comparison shows that the fiber concentrations were fairly con-
sistent in magnitude above 0.1 um diameter and 1.0 um 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 indicvate somewhat higher
concentrations of large fibers than the 1972 measurements. This could be
due to breakdown of large fibers by high temperatures and/or ultrasonifica-

tion in the 1972 sample preparations by the parlodion method.

Light wmicroscopy

The samples were also analyzed by light microscopy because it 18 a relative-
ly rapid, inexpensive technique which is well standardized. If light micro-
scopy could be shown to yield results suf ficiently quantitative, this would
be important for furure wvork. )

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

. e SRR, WD

S s
- L

R ) RO

[EEVE N\ SR U

the N10SH 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.

I

AO7524

UCC 014706 -19 -
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The observed concentrations are listed in Table ¢. The numbers are seen to
be very low, The downwind - upwind difference is small except in a few cases.
furthermore, thare i5 very poer correlaticn with the electron microscope

results {Tabie 2 and 3).

There are a number of reasons which could explain why the NIOSH method 1s
apparently incffective for this work. Ome is that most of the fibers are
smaller so that only the ead of the size distribution is counted. The
relatively heavy loading of particulate matter xmade it difficult to see
asbestas. The tangled masses were not counted ~:nce they did not satisfy
the NIOSH counting criteria. In general, the MNIUSH method is non-discri~
minating, no attewp: 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/m3 or i0% ng/m3.

2. Fiber concentrations downwind of the asbestes plant were approximately
tvo orders of magnitude greater than those upwiad; upwind concerntrations

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.. Thesc were simply excluded

from the present analysis since the technigue used ~ould not accommodate
such tangles. Although this means that the calculated masses are low,
the excluded tangles are not respirable. 1Ia future work if size dis-
tributions are desired it might be better td sample at greater distances
from the source. 1If only total mass were desired, the rubout tecarique

couwlid he uned,

Vil tohod . I , R _ . |
N TR B R by et il Cor U

ll!”'-v- v b oy yorh ] ‘uﬂq T "‘“l"‘ CobEr et b sl e

6. the dlvert elowebog method ol anpgebe poepmat b bog ebsebion mh NIRRT
wam (urthor dovebopod el apptiod 4o thila wab o Bowewr, Hoeannut iy
said that tlils method is sulflclentls walldaled Tor routlne work. The

o .same conclusion_appliey te_all other . =ple preparation mcthods which

attempt to preserve the tiber size di-.ributlon, -

H"- -l.l-rm'

7. Light microscopy utiliziny the N10SH . nod was found to be ineffective’
for evaluating asbestos fiber concenr..zions in ambient air.

407528

. UCC 014710
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TABIE 6

FIEER CORCFLTRATIONS IETERAINED BY LIGAT MICROSCOPY
Aunust Yoverber

Sarple Fibers Sample Fibers
Nurber m Nurber™ m
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& W L1 I o
w O w O

10 19
11 108
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w
I~
’.J
wn
co

14 R
15 34 13 17
i 1% 159
16 330 15 29
17 T B 67
18 17
17 | b9

T - ' 20 0 8o -
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- 2L -

il il ol
o
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e
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APYETDIX

AIHL Yethod

DETERMINATION OF ASDELSTOS IN AMMIBNT AIR

VTILIZ10G UUCLITQORE FILTERS AN
TRANSMISSIC: ELECTRON MICROSCORY

P

- ' -
. .

Analvte: hsbestos Method No.: 68

Lowcr limit of detection: 3x103

Matrix: Arbient air
fibers per
Procedure: Transmission filter
Llectron )
Microscopy Precision: ot determined
Date: 8/1/75 Collaborativelv Tested: uo

I. Summarv of Method

-

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

and rapid manner by transmission electron microscopy, a ¢irect rem-

brane clearing method of sample preparation has been developed.

The sample is collected on 47 rm diameter Nuclepore membrane i

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

hours.

A one-eightn area sector is cut from the filter with a cutting tool,

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

r—-—-
s| E |

- eut=from -the -shadowed-filier-sectol.— - S— - I

’

T

Prepared by G. K. Saith, Air and Iudestrial Hygicnc Loaboratory, Ace}z§
Californin Department of licalth, Lerkeley, Califoraia 94704, Awgus £7)

.

-}~ UCC 014714
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Each is placed face down on a bare 200 mesh electron microscepe grid,
and the filter dissolved by placing the grid, filter up, on & poly-

urethane sponge immersed in chloroforw for 72 hours.

The grids are dried in a dust-free chamber priot 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 examined
and each asbestos fiber sized on the calibrated fluorescent view-
ing screen. Typical fibers are jdentified by worphology and selected

area diffraction at 20,000X. (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 & X 106 fibers per sauple.

3. Interferences

3.1 Fibrous clay minerals é9.2), i.e., the tubular fibers=kaolin and
halioysite, and solid fibrous attaclay; gypsum (9.3) and fibrous

tale (8.3).

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 numbe;=:f_E{Bers per field.
This is also true of the NIOSH procedure for Jight microscopic

counting of asbestos fibers, which claims an interlaboratory

‘A E);755:3‘3

UCC 014715
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Lo Q! © is counted by
variation of about #5007 when the suone sanple is ¢

different analysts.

S. Apparatus
5.1 lluclepore filters 47 rx. (9.4)

5.2 Nuclepore filter nolders 47 wmm. (9.4)

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

5.4 Portable, pasoline povered electric generators with 2200 watts
capacity (9.6).

5.5 Tungsten wire baskets, Ladd (9.7).

5.6 Vacuunm evaperator with rotating stage, Mikres (9.8).

5.7 Vented grid drying chamber, 2-3 liter capacity desicecator.
(See illustratipn - Fig. 3).

5.8 White porcelain chip.

.

5.9 Diffusion purp oil, Diffelen.
5.10 Clean air bench with laininar air flow. {5.9)
' 5.11 Electron microscope grids, 2.3 mu diameter, 200 mesh, copper with
. square holes, Pelco. (9.10)

5.12 Transmission electron microscope 40 to 100 kv, Siemens. (9.11)

NN W NN NN W E E @

6. Chemicals
6.1 Chloroform; analyzical reagent. (9.12)

6.2 Glass-distilled water.
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7.1 Collecticn of Samples
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7.1.1 Assemble the filters in the filter holders with the
smooth surface showing.

7.1.2 Connect the sample holdefs to the air pump and collect
a 1200 to 7200 liter sample.

7.1.3  After sampling remove the filter and store it in a
plastic Petri dish.

7.2 Analysis

7.2.1 Excise a onc-eighth sector from the sample filter with
a scalpel and tape dovn 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 na of silicon mon-
oxide, figure 1, step 2.

7.2.3 Recove the shadowed filter with 3 scalpel, excise
th}ec sjuares each 3 mm per side, figure 2, step 3.

7.2.4  Put three polyurethane blocks in a 50 mm glass Petri
dish and place a bare grid on top of each sponge, figure
2, step 4,

7.2.5 Wicth 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 fi1ll to within 2 wm

7.2.7 Cover the dish and place the entire Petri dish assembly

fo a ventdd ehanter (deatee tor) and ler stand for

72 hours to dissolve the filter material.

A0753,
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7.2.8 Remove the zrids from the Petti disiics and place upon 3
Whatman 25 mﬁ filter paper contained within a 50 o
plastic Pctri dish. Then cover.

7.2.9  Place the specivien grids in a drying chamber and let
them air dry one hour after part?glly rémoving the
covers.

7.2.10 Exanine completely 20 random grid holes on each of
threce grids at 100 kv and a-magnificagion of 4,C00%
with TEM.

7.2.11 Count and dectermine the dimensicns of all asbestos
fibers (length and width) having an aspect ratio of
3:1, or greater length to diameter.

7.2.12 Identify chrysotile asbesgps by rorphology (obser-

vation of the characteristic canal) and by selected

-

N arca diffracticn when possible at 20,000X.
7.2.13 Identify amphibole asbestos by morphology and by
selected diffraction (pattern recognition) at

20,000X.

8. Calculations
8.1.1 Deternine the number of .fibers per filter.

N = An
ag where

N is the number of fibers per filter.

- A ts the afea th Snl of the fitter-on-wirich—the=sample M —
was collected (usually about 1400 mal for a 47 mm

(Nuclepore [ilter).
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n is the total number of fibers counted in g,

g is the number of grid holes exanined.

a is the areca in mm? of a grid hole (usually determined
by measuring a photograph of known enlargment).

8.1.2 Deter—ine the number of fibers per williliter of

air.
N
C=v
Vhere;
N = Number cf fibers per filter
V = Volume of air sampled in milliliters at standard

corditions

] AO7537

UCC 014719

m—

L

Union Carbide trial exhibit UC-3941: California Department of Health Air and Industrial Hygiene Laboratory, Experi...

Published by AsbestosClaims.Law
ACL Doc 18577 - Page 39 of 44

asbestosclaims.law/library/18577/39


https://asbestosclaims.law/library/18577/39

9, References

9.1 Frank E.R., Spurny K.R., Sheesley D.C., Lodge J.P., Use of
Nuclepore Filters in lLight and Electron Microscopy of Acrosols,

~

J. Microscopie §, 735-750 (1970).

9.2 Deer W.A., Howie K.A., Zussman J., Rock-Forming Minerals,
Vol. 3, Shee: Silicates, Lengnan's, Green and Co., Ltd, 48 Gros-

venor Strect, Lendon Wi, 1965.

9.3 Dana Edward S., Revised by Hurlbut C.S., Sr., Minerals and Bow to
Study Them, Third Editicn, John Wiley and Sens, Inc., New York,
1967.

9.4 Van Waters and Rogers Scientific, Ff.F., California.

9.5 Gast Alr lotors, Wilbee James Co., 420 Market Street, S.F.,

Califernia.

$.6 Seérs Roebuck Co.

.

8.7 Ladd Research‘industries, Inc., P.O. Box 901, Burlington,

- . faomoate I

TN

. ‘-l

9.8.'Varian>Assdciates, Palo Alte, California. ! .

 407538

UCC 014720

Union Carbide trial exhibit UC-3941: California Department of Health Air and Industrial Hygiene Laboratory, Experi...

Published by AsbestosClaims.Law
ACL Doc 18577 - Page 40 of 44

asbestosclaims.law/library/18577/40


https://asbestosclaims.law/library/18577/40

.

3.9 Contamination Sontro), Inc., Kulpsville, Penn,

9.10 Ted Pella Co., Tustin, California 92680,

9.11 Siemens Corporation, 850 Hinckley Road, Burlinganme, California

94010,

9.12 Mallinkrodt Chemical Works, St. Louis, Mo.  63147.

-

— e R ENY M N Y M BT T Y

At M e -8- UCC 014721 . .

Union Carbide trial exhibit UC-3941: California Department of Health Air and Industrial Hygiene Laboratory, Experi... Published by AsbestosClaims.Law
ACL Doc 18577 - Page 41 of 44 asbestosclaims.law/library/18577/41


https://asbestosclaims.law/library/18577/41

Sample filter {nuclepore) containing particles

Adhcred filicr sector

/ Plastic tape

Microscope slide

Bell jar

Tungsten basket with Si0
attached to clectrods

Glass slide with filter sector

Rotary table

@ Excised 3mm squares
/ Plastic tape

D N =

Evaporator

Vacuum ) !

Add chioroforin to poerd Jish end et clear
for a minitmum Lme oF 7.2 b ars.
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