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Summary

r

A review of the subject Provisional Methodology Manual for
ambient air sampling indicates that the methods described are valid
for monitoring commercial asbestos emissions from highly localized
sources. However, we have serious reservations about the validity
of the sample collection methods, particulate identification methods,
data analysis, and the estimates of minimum detectable limits when
monitoring ambient air quality or emissions from extended sources.
Specific criticisms of a number of the proposed procedures are de-
tailed and recommended changes presented.
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Summary

2~ review of the subject Provisianal Methodology
Manual for ambient air sampling indicates that the methods
described are valid for monitoring commercial asbestos emis-
sions from highly localized sources. However, we have serious
reservations about the validity -of the.sample-collection
methods, particulate-identification methods, data analysis,
anc estimates of minimum detectable limits when monitoring
ambient-air quality or emissions from extended sources.
Specific criticisms of a number of the proposed procedures are
a-tz:led and recommended changes presented.
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3 waterborne chrysotile, found the average aspect ratio’ to be
2060:1.%) 1In a recent round-robin study conducted by  an ASTM
committee, the average aspect ratio of chrysotile fibrils was .
c¢n the order of 30:1.3) sSimilar data have been developed --in
Sur laboratory for airborne amphibole particles. 1In one '
study, the aspect ratios of airborne amphibole particles fell
into two well separated categories.“’ One group of amphibele
rarticles generally had very high aspect ratics on the order

of 40 or more to 1. These particles are often observed to

have defect properties such as those described for amphibole
asberstos by Hutchinson, and others.5:6+7) The second group of
iartlclies having aspect ratios on the order of 5 to 7:1 were
generally well crystallized and bear little resemblance to the
type of faulted amphibole asbestos particle observed in conmer-
cial asbestos samples. Finally, the authors appear”fo be
ecxtending the definition of asbestos from that qxven ‘in the
Foreword to include not only chrysotile and amph;bole asbnstoq,
Lut all amphibole particles in all szze ranges.

Given the significant number of studies whicH show
least reduced) hazard from small particles;8) this

w (or at

2ztensicn does not appear warranted. Hence, the value in
zuscpting a method for the sole purpose of resolving submi-
crom2tcxy particles is debatable. )

S% Recommendation -

If ambient asbestos levels are .to be analyzed, the
on of fiber should be such that the particles counted

cofinici
are zimilar in aspect ratios, composition, and structure to
croazrcial asbestos. Since it is pointed ocut in the Foreword

only cccupational exposures to commercial asbestos minerals
#nown to induce biological response, it would seem prudent
<r any monitoring program to separate those amphibole particles
1ch physical properties similar to commercial asbestos from

se amphibole particles which would not be considered commer-
1l ashestos. ‘
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iVA HeceommendaXden-Sample Coflecticon

(1) Take an aix sample ¢n a polycanbonate membrane
cclzex, 6.4 um, usding a high-vcelume c¢cn personal samplen.

The use of a pclycarbonate membrane filter to collert
s rden 1o regarded o5 undesirable. At the recent HEZ
* .. vurkshop held July ig through 20, 1977, a number of
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objections to the use of polycarbondte filters for [field.,..
sampling were raised. These objections were reinforced at a '’
mecting held by the EPA at Research Triangle Park on November 11,
2, apd 3, 1977, which was attended by Dr. Samudra, the author
of the EPA manual. One of the problems with the polycarbonate
filter for use in field sampling is collection efficiency; for
czample, Merchio, et al found that 39 percent of. the chrysotile
fizers lesc than or equal to 0.1 micron in diameter by 4. microns
irr length passed through an 0.8 uym polycarbonate filter,.and

15 percent of the chrysotile fibers less than 0.1 micron in
d:ameter by 15 microns in length were passed. .Their data-did
not show the extent of the variability of the collection .
efficiency for different filters of nominally the.same diameter.
Other factors which would seem to preclude, the use of poly~-
carkonate filters for field sampling are the difficulties in
haﬂdling during transport and the potential loss of material
from the filters during transport and sample preparation.

UsS Recommendation - 3. . ;;: ;zf¢,::; a;-@,gr-f

Until problems wzth partxcle retentxon and £11ter
handling are solved, field collection of ambient air: samples
shipeld be carried out using Millipore filters, with the material
cransferred to polycarbonate filters for laboratory analysis.
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£EPL Comment ) et e e

Nesthear Zhe moaphology, nox the electron . diffraction
pailican, noa both, can g«ve {innrefutable prood that a given
(cbon 448 asbestos. Positdive xesulzs faom The Lests indicaie
sly ihal atbestlicam {ibers axre present.

6S Comment

his again implies "asbestiform fibers" based on
thwlr azpect ratio and the general appearance of the selected
ern2a diffraction pattern. These criteria encompass a much
itrcer group of minerals than those described as asbestos in
the ForeworZ. As stated by the authors, the methods described -
ir, the Mantal will not permit positive identification of a
civen particle. As a result, only in the case of highly-
localized sources emitting asbestos can the methods described
be considered an acceptable measure of the concentration of
firers. They are not acceptable for ambient air samples where
TRuy uUNKnown minerals may be present. . -
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EPA Recommendatdion-Fiben CtdbbLﬁ&CdtLOn - 13 Seens T e
The éDlZOWLng rnules Ahould be 5oZlowed wken CCdAéL{ULng
a 4«4bex: S i f_-‘ LI
L oo A B e R A R /LTI PR
{a) Obscrve a §ibern at a TEM serger magnification og
about 20,000X through a binocular’ with a magnifdicatici
0§ cbcut 10X. At a scacen magrification of 20,000X,
the tubulan struclurc-of chagsotile ‘asbestos 'Ls
usuafly apparent |{compare with- standaxd specimens).
F{bers showing the Lubulana Stluctuae“hay'ﬁc'b&aésiﬁicd
as chrysotile asbestos with confidence. " There anc
onfy hare exceptiond; amphibole asbedtos’ usually
have a fath shape; butl scmetimes ‘appean A&mLZam in

form 2o chaysotfife 5cbena thhout Lumina.
R

PEEIAE

EZectnon diffraction ‘patlenns-: ﬁ&om ‘Panticics with
gibrous moaphology fall into distinct groups.
Chaysotife asbestos has a characternistic 'stneaked
fLayen Line through the ceniral spot and also a
riple set of double spoids on' e ‘second Layen Line.
Amphibole asbestos gives'a: Layemfpatten“'@cneﬁaEZy
szh Liztle o& no &taeak&ng :

KRR 1 ..l
ic) Tnaném4554on elcctnon mi{crogaaphs and selccted arca
elecctron diffraction paticans obtained with standand
samples should be uaed as gu4d26 to 6¢baa Ldﬁﬂt&é&Cd*
tion 14,5). 4 ] ‘
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In (a), the authors indicate that a tubular morphology
is characteristic of chrysotile and no other minerals. .However,
az pointed out in Grimms' book on Clay Mineralogy, halosite is
tubuiar and the possibility exists that some kaolinite may
exist in a tubular structure.ll). Evidenc= for elongate forms
of illite, atapolggte, alophane, and montmorillonite with
diameters ~102~103A was also discussed by Grimm. ‘As Beaman
has pointed out, further complications arise when the chrysotile
has been subject to thermal or chemical treatments.l12) He
firnds the tubular structure is often not appafent when the

chrysotile has undergone extensive physical processing. ’
Beaman also reported that only about 10 percent of the 51ngle-
fivril-chrysotile particles give good diffraction patterns,
while about 40 percent can be recognized as crystalline. "This
“Yestnts a serious problem in identification as the very small
_ particles which do not give well defined electron-diffraction
TR patterns may be chrysotile or they may be some other mincral
.JJ.’L.LC‘C. - =
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CRITIQUE OF ELECTRON MICRO-
SCOPE MEASUREMENT OF AIRBORNE
ASBESTOS CONCENTRATIONS ==

In (b), the authors indicate that.electron-.. )

difiraction patterns from particles with fibrous. morphology )
fall into distinct groups. If their definition of fibrous is
simply that nf 3:1 particles, this statement. is incorrect. As
shown in Figures 1 through 3, taken from a paper by Lee,.Lally
snd Fisher, which was presented at the NBS Asbestos,Workshop,i3)
a varicty of diffraction patterns can be obtained for individual
pa:-lcles, and thus the existence or absence of a "layer.
nattern” is not sufficient to identify particles as amphzbole
¢r nonamphibole. Here we have taken the Aauthors' meaning of
“layer pattern” as any diffraction pattegn having a row of
spots, with a projected separation of A5A.. .This .is nu+ the
conventional use of the term “layer”™ pattern, a term normally
reserved for the diffraction pattern from textured materials,

having an axis of azimuthal symmetry.. .. ...

U5S Recommendation

The identification of particles in ambient air
samples 1s most efficiently accomplished by grouping the
particles into classes on the basis of their X-ray..spectra
using either transmission electron microscopy (TEM)’ ér scanning
electron microscopy (SEM) egquipped with an energy-dispersive
spectrometer. The homogeneity of each class can be established
by using quantitative selected area diffraction.,(SAD). techniques
on randomly selected particles from each. class. .This will..

‘alsc permit the analyst to establish confidence levels on the

certainty of identification for partxcles wzthln each class.

et

tra Recormendatlion-Fibea Classijfjication

From Zhe examination of the efectaon-diffraction
paiteans, gLbers are classified as belonging to one of the
{cticwang calegondies: chuiysotile, amphibole,..ambiguous,. non-
cebusics, unknown (nc pattean).

1t shoufd be noted that othen panrticles with fibrous
mespnelcay alac gdive Layen patienrs; for example, hornblende.
Tiie cempiete quaniitetive indexing and detiving interplanax

d-dpacangs from dif{raction patieans {& a time consuming and
compler undertaking and {8 nci feasibte forn noutine. analysis.

UsSS Comment

Identification by inspection is not reliable'-for
I-:-corponcnt samples While the authors apparently-do not

| S P

intend to include ho*nblcndc in the amphibole-asbestos category,

'Y o1s an amphlbole mincral., Separation of this amphibole from
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other non-asbestos amphlbole particles 1s ver) dlffzcult Wlth
me types of elemental analysis. . ‘:"

It should be noted that USS Research was not’ consulted
with respect to the guantitative interpretation’ of - electron
diffraction patterns or as  to the suitability of our methods
for routine analycis, even though these techniques have been
srosented at several meetingy attended by IITRI personnel.

Finally, an abundance of data suggésts -that significant
rhysical differences exist which dszerentlate the ‘asbestos-
and non-asbestos amphibole varieties. 6,7,12,13) potential
means for distinguishing these'minerals was offered at the: NBS
Workshop. This was based on differing crystal habits reflected
in the orientation of particles 'in the. TEM.' - 'This difference
nd its effect on SAD patterngare illustrated in Figures 4 and
*urther study in this area is reguired tc determine whether
these differences have general applicability in the identifica-
tion of asbestos. ’ < B

SS Recommendation e s

If electron optical methods are chosen,- our ‘methods
or their equivalent should be used.  ~Amphibole particles with
very large aspect ratios (>40:1) ‘should be separated from :
those with moderate aspect ratzos (<10 1). poetT :

rh Comment-Fiber Ident&j&caILOn' e

-

1t L6 not possible tc -inspect ezectnonldiﬁfnaction

paiienng fon some fLbers even when thein Ldentify as asbestos
i7b0ns 48 known. Thenc ane sevenral reasons for the absence cf

5 rettean. These incfude contamination of the fibexr, LAnten-
‘enence snom ncaxby pasticles, tco smaff a {iber, too thick a
$iter, and non-sudliabfe..onientaticn of the fiben. Seme chaysotile
sobant ane destroyed 4in the efectron beam, resufting in paticnns
zhai fade away within seconds ¢4 beding fonmed.

sun Comment

Here the authors describe numerous reasons for the
absence of well defined diffraction patterns. While their
statements here are in essence correct, they fail to give
estimates of the percentage of particles of a given mineral
tywpe for which they are unable to obtain diffraction patterns.
ir. 2 similar vein, there is no estimate of the percentage of

micidentified particles; this becomes very important when
uﬂblyzlng amhient air samples or any.sample .in which a varznfv
! nineral types can cccur.
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The absence of any examples of electron-diffraction
watterns from chrysotile, .amphibole, and other:mineral’.particu-
lates is particularly troublesome. 1f, .indeed, the.diffraction
matterng from fibrous materials were diagnostic,.any methodology -
making use of electron diffraction should .include:specific .-
daiffraction patterns to be used in 1dent1fy1ng each mlneral
species. . S

{ PA Recommendation-Particle Counting Cee e

Counting at Low Lcading Level -

Uhen jfewer than 50 f4ibers per gadd opening ane
encouniencd, the paefeared counting mcthod is to .scan the -
enicse grid opending and define the {ull gaid opening as one
biedd. With the microscope ‘magnification.at 20,000X, a sendies -
0 parallel scans across the grid squaxe-are.made-starting
weth the Lep corner 0of the .square.and ending .at the-bottom
foee Fegune 2f(ce)).  (With the tilting section of the fLucrescent
sencen used as a single field cf§ view, approximately -300-400
q4cfds will be obseaved Lf the entire gadid opening {s scanned.)
Fibers noted 4in each full grid opending- {on single .field).-are
ctassdidied {n accoadance w¢th the pnocedune dzAcALbzd aboue.

Additional gn&d OpenLngA are Actactcd Acanned and
counted untif the total numben o0f {ibens counted exceeds 100,
2% a mincemum o 10 gaid openings havc been. Acanned thcheucn
ocnuts fainst. .

Counting ail Medium loading level

When the Loading on Lhe §iftca L& 4in the nange of 50
Z¢ 300 g<bexs pen grid opening, counting 4s done on nandomly
saxlecied f4ietds o4 view. Al a ascreen magnification of 20,000X,
qrulds ane randomly selected within a gadld opening untilf a
intal o4 20 gibens have been counted, sized, and cfassified.
iGunezally 20-40 f4elds cf view axe cbserved per gaid opending.)
fiden aboul 20 44ibens have been counted, anothea grid opending
w4 selected and an additionzl 20 fibens [approx.}! arc counted.
Th<y procedure 46 nrepeated fon 5 grnid openings untif a minimum
¢! 100 fibens ane counted. (Wher esiimating fibers of a
particular Zype of asbestos, counting «s centinued until 50-
100 {Libers 03 that type ane ceocunted.)

ULZZ Comment

The authors descraibe three levels of counting. The
Yariec are from™0 to 50 fibers, from 50 to 300, and greater
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than 300. In our experience, .acquired while ‘analyzing ambient-
air samples for the purpose of developing- -satisfactory methods,
wc have found that the occurrence of 300 fibers  per..grid::
opening in an ambient—-air sample which was not taken -very snear

a point source is unlikely. 1In fact, the average mumber:.of
particles per grid opening generally ranges from -0.1-10.:

These loadings are mnost suitable for analysis. When counting -
particles in the range from 0.1 particles per grid opening to

1 particle per grid opening, the use of 10 grid.openings as a
iimiting value necessarily implies extremely poor accuracy in
the resulting statistics.- In addition, in this range, the
background levels of 3:1 particles on the filters takes on an
important role. In a study by Cook, et al, :of :Duluth tap-

water, they reported from one to five-chrysotile‘'and .from-1-5
amhLiguous particles per grid opening on nominally .blank grids. 14)
Cormputation of a concentration, ‘therefore. based 'on the analysis
¢f a very small number of particles, could suggest the existence
¢f higher than ambient levels of chrysotile amphibole in the
sampele, when, in fact, the particles observed were on the-

original filter, c . : -

Another problem occurs when analyzing larger numbers
. uf particles. The "stop after counting.l00 fibers" rule will -
vften dictate that the final field not be completely inspected,
ang unless the portion of the field inspected 'is.used .in the
estimate of the area, the computed fiber density will 'be .~
biased. Since- -the variance of the estimate -is inveéersely
uroportlonal to the number of the fields sampled, the effect

of this fixed-count sampling rule is to lower’ the precision of
Lhe estimates of large concentrations. .

Us5 recommendation

Counting particles using electron optical methods
shculd aim at establishing the concentration at a:predetermined
mainitzm level of precision. The unit field to be counted
should be adjusted so the expected number of fibers per field
15 between 1 and 10. A minimum should be set on the number of
par+<icles to be identified before an estimate of the concentration
is nade. Whatever the definition of field used, complete fields
chould be analyzed. If the data obtained does not satisfy the
Pocisson distribution, the analysis ghould be rejected. -

As an alternative to the manual's stopping rule we
weoid propose a technicue called sequential testing. This
technigue was developed for use in guality-control situations
where the number of samples to be taken is not predetarmined.
1l.e approach is-to try to classify the value of the parameter
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of the population being sampled as belonging.to one- of; two, -
groups of values. In efiect, two hypotheses are.proposed .and
sampling takes place until one hypothesis, is .accepted. : For
example, let 2 be the total number of fibers of .a.particular
type on a filter. The two hypotheses proposed are - :: . .

Hp: ) < AO

Hl. LA _Al R

R AR

where Ao < Al. o I S
Seguential sampling directs that one field at'a time is sampled
and a cumulative count of the fibers of interest is kept.

ifter each field is sampled. and .counted .tables_:are: consulted . :.
and 2f the total count is above a critical.value,;Hj-is; accepted;
1f it is below another critical wvalue, Hg is accepted;.-and if. ..
the current total is between the two table values,:sampling
continues. For filter data ig and Aj could. be .chosen to be
symmetrically placed about the maximum allowable count, of
specific fibers on.a fiiter. In this-way.the acceptance. of Hp
or H; would signify whether or not certain air-quality' standards

.

- .

are met. . - B VSR A

AT

iPA Recommendation-Precisdion of TEM Estaimates . .-, .--.

When mone tnan one TEM gadd L& used,.-dt: 48 possible
e obtasn the mean vafues and 95 pencent confidence fevels on
zre meansd. This <& done fecr each impoatant peramelen. The
melicd consists of cbtadlning the mecan, x, the standaad ecaron
¢{ fie mean, Stm, and t-value 6] {0.025,.n - 1) doa n - 1
deyrnees of freedom, whene n = numbenr of TEM grids examined and
ftance n replicates avadlfable. The 95 peacent confidence
L{mizs ane gaven bu x = L + [SEm}.

ISZ Comment

The Manual's authors use the "T" gtatistic to estimate
the precision of their mean TEM concentration levels. An
underlying assumption of the "T" statistic is that the.distribu-
tion of the sample mean concentration is normal, and. a: powerful
statistical theorem, the Central Limit Theorem, proves that
regardlesgs of the underlying distribution of the data, as long
et tho data had a mean py and a variance 02, the distribution
oI th.- sample means calculated from that data is assymptotically
nornally distributed with parameters u and o2/n, where n is
Lhe nunber of samples used to calculate each sample mean. . (Ba_ . ..
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mes more closely normal as n gets larger.) Of course, if
derlying distribution of the samples is normal the

itbution 0f sample means is exactly normal. If it is not,
the: for any fixed n, the distribution of sample means is only
appruximately normal, and hence the precision derived from the

- e

iLe O the "T" statistic is affected.

As shown by Merchio in 1972 the distribution of
count data is often a Poisson with parameter Xp. This assump-
L10:. can be confiirmed by using contingency table tosts which
are given in many statistical methods books (Snedcor angd
Nochran's Statastical Methods, pp. 236-7). The test statistic
r these tests is a calculated y2 value which can be compared
v & table value. 1If the table value is not exceeded by the

LS X3

“deleuiated one, the data can be assumed to have an underlying

Foisson distribution. With this information the precision of

the: fw:an concentration estimates can be increased. An example
7 the application of the Pcisson distribution is given in
Tail2s 1 and 1I using the data presented in the manual
(Tabies D2-D5, p. 19). Table I shows the data for chrysotile
fiber count. The null hypothesis was that data from both
srids was distributed as a Poisson with parameter Xy = 1.1625,
The calculated y2 value of 4.662 was less than the critical
celue of 9.490 for the a = 0.05 level of significance; therefore
“he data could be assumed to be distributed as a Poisson. The
sotimate o concentration was then calculated along with the
Loundzs for a 95 percent confidence interval. Note that this
nrerval falls ccnsiderably inside the corresponding limits in

1 obtained using the "T" statistic. This procedure
ed in Table II for all fibers with comparable results.
ta are rot distributecd as a Poiscon, then the appeal

- Central Limit Theorem and estimates of the mean and
Jence intervals calculated using "T" statistics can be

-
v

It should be noted that the half-fiber counting rule
moRees tne pacgic unit of count in terms of a Poisson distribution
l: fiber, and these dataz were analvzed on that basis. The

~r rule presents a problem since, when counting whole
‘nings, presumably a long fiber could be counted as a- |
r several times. In addition,each time it is counte:d
be moved to the center of the field to perform the
ca-difiraction analysis, which results in noncert:inty
sitionirg of the sample.




LECTTRON MICRO-
MENT OF AIRBCRNE
TR iCN "13"

. ey
. o"l..—l\SU-\

SERTZT0S CONCEN

e would suggest that the analysis should include
<n of the applicability of using the Poisson distribu-

1iveat1gati
tien.  Lotimates made from this distribution will yield improved
reliehrioty and evaluation of the concentration over those

Leoned on o« T stetistic.

st s s emrendation-timits of Dotection

Tie minamum defecteon €imel o4 the c¢leclaon microscope
snod g0y the cnumcaation o4 acrborne asbestos fibeas (s
srcsalbee and depends upon Lae cmount o4 total extaancoud
Lavuadle malien (n the sample and the contamination tevel
¢ taberalory envinronmenf, This tamit afso depends on the
Lot iny patamedfens, Loading Level, and the cfcectnren

e nstlepe patanciead used.

in Zhe paov¢64craL method propcsed, 100 flefds, cach
Fvd liiia an anea 0.1§ x 10772 eml gre scanned. Assuming

‘ent o Seben cound has an accuracy of =1 diber then the detection
1A § Fitzon lem®)
e - .. zea o 82en lem
Letection Lamiz = T 1% =

2.18 x 10 {em®)

.
I

The zuthors suggest that the minimum detectable
. wne fiber per sample. However, the use of this
T aviss not account for the probability of contamination,
Lo een st oallow any estimate of the certainty of the limit,
WLl FmégOraple rule proposed by Bickardsl®) is that the
‘testion be determined on the bacsis of a given
thers per unit field. However, we know of no
wrtinlasuery actirate fer the lirmit of detectinn,

. PooTrrondation
I orembar veelerred to by o thee aothors an the mancsun
; ial.ol lEs aelituolay thee unit change 1L concconstratio:,
LoD bt oarde analyded,  JUoroowecs anoan upper bousd oy
Tt Yl wWhaon nfr fibeers o nebialt et Do the er et
el Whwlo e Dnela iy O fibiert o are dievteer,gs
NI
P
: - o
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comjarison of the number with the results of analysis

lanr® samples will give the analyst an indication of whether
‘... cuncontration measured on the samplie is significantcly
ahove background.

.}

The methodz ané definitions proposed in the EP.L
Tanvizl are not suitable for measuring the concentration of
airrorne azpestos without extensive modificatien. As presented,
vie. technigues ao no= offer & clear advantage over the current
7.t2c0al methods excect in the supcrior resolution of the
-jizctron microscope. Since adoption of the electron microscope

ro
4% & rXoutine monitoring cevice will increase the time andg

s asscciated with such analyses, the guality of the data
gunerated should reflect this expenditure and make full use of

Detailed comments concerning many aspects of the
peeeisional methodology manual have been made, In areas where
it scemed appropriate specific suggestions for improved methods
are¢ described. 1In summary, we would suggest the following
woriicns of the Manual or Method should be revised.

A. Sample collection procedure.

BE. Counting rules.

C. Particle idertification.

trrTision.

@}
['l
e
rt
b
o
1]
it
0
Q

LY
s

. rstimzte of the nmainimum detectable limit.,

tn

we would reconmend that particle counting using
ciecwron Cptical merhods incerporate the following reguirements:

2y The e¢stablishment of cuncentrations at a predetor-
fiis . proesasion and level of conifidence: or the use of seguont:i:l
Yeerning prozedures wnich permiz e unper or lower bounds to b
Lol L LN CONCENtration.

zj Tre estinete of uncertainiy in the identificactiorn
. : tL_Zics.
Sr oaominrnion nunher of particles to be adents vyl
: Do VLD shecles Leltore on o estimate of the concentrarieog
! ~ + v [amvA L ok pu
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: 51 A minimum sizoe and aspect ratio for particles
E e atont w2l pliysscel deta on acbestos, and reliable identifi-
i cwlaf uzing electron optical methods.
¢ ) Scvlecticon of {1eld size based on the reguirement
! o1 :el% particlies per f1¢1¢ anc analysis of data on the basgis
. eor B ST1CE.
: ) Rejection: of sarples not satisfying Poissorn
..uonrrhation,
;
. RJL/DMS/@
cc: R. L. Bleifuss

P. D. Bullock

R. M. Fisher

C. F. Glick

J. H. Gross/¥W. T. Lankford, Jr.

L. G. Hendérickson

J. S. Lally

H. W. Paxton

. D. E. Splitstone
P. A. Stoll

RN ogia
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TRRLE D
CHRYHUTILE FTIUFPRS
Piker Count Fiber Count .
Field Grid 1 Grid 2
. 1 1
2 4 .5
3 3 1
4 1 2
5 .5 1l
6 2 1
7 1l 1
- ] 0 0
i ) .5 1
. 10 1.5 .5
11 2 1
12 1 1.k
13 1 .5
14 1 : 1
- 15 1 1.5
16 0 .5
17 1.5 1
18 2.5 .5
19 1 1
20 1 2.5
Total 2¢.5 20.0
-
PANTED SRR Tl Teew, ‘rariance Yet Conz, o et 1T
Lt - L3z c.L.E7T 0.925% 202,08 w1/
e Ll c.5¢2 0.216 242,08 w0t
. . ¢ H
ol il 1.1c2s L.,e04 0.046 2EE.8 0 JSr
Iy o torrede 2.32¢ ~.607 Z2.534
oo oJngiired doto ic digeribuse) Polsson () = 2.16235)
Martloazr flue conticency table "goodness-of-fitt toet
i . . . 2
GLLNE s mansot s ject Mo st o o GL0D (T o= Ol G e
Loyl e Intervnl fur 'croakinesd oo nc“nLrﬂtxcn": 2a = Q.07
.. e~ . AL 2
Hpneer lirico: (57,6l » 20 particles/m-
otiruate s 26,8 X 10f " "
Lowier limit: o 1%0.82 o 1a° " .
e N ;_‘—".’.':“‘:" 77."! KA e
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Selected area electron diffraction patterns of mineral particles
which all show a dé-spacing of about 5 A. '

b - - Figure 1
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electron diffraction patterns of representative amphiboles
1iboles showing essentially similar appearance.
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- Figure 2
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Eleotron microugraphs ang diffraction patterns of amosite and
Crunnrise particles, which indicate that the
a2sketos varieties can be oistinguished if th
battoern:. are interpretes Properly.
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