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THE EFFECT OF JASPECT RATIO OX FIBER COUNTS: A |
PRELIMIBARY 3STUDY The results of a study of the inter-laboratory precision I
obtained by the NIOSH counting method are reported. Three d:ffercns
aspect ratios including (a) 3:1, (b) S:1, and (c) 10:1, were applind
as fiber counting crit:ria. Likewisc, maximum and minirum lengths
A. A. WINER covering the following ranges were also applied as criteria for the
ottt = N SR choice of particles to be counted: (a) 5 to 10 ur (b) 10 to 53 .~
T B {c) »50 um (d) >10 wym. Twelve laboratories (6 industry, ) ccvern-
u. COSSETTE ment and 3 research) counted two samples from cach of & plar:s
UNIVEPSITY OF SHERONRUOKE, QUEBEC v :ilz:?““"“m“- 1 brake linings, 2 ore treating mills, I tex-
Results obtained are surmarized hercunder:
JUNE 1978
Counting Criteria Mean Count Coefficient of
i Aspect Ratio ¥in. Lenagth % Variation
[ { : 3:1 5 ynm 100 0.43
]
ntation at the New York Acadery of Sciefces on S:k S um 80 0.38

ion of Science Week on "The Scientific Dasis for
e Control of Envirgonmontal NHealth Hazards in
So. 1, June 26, 1978 on the siqnificance of

ti108 in regulation of asboestos fiber expasure

10:1 S wm 53 0.54
3:1 10 um s 0.49

It apvears that a 5:! aspect ratio is betzer than J:1
and 5 um lecads to better precision than 10 um minimus length.
Wet Frocossine 0f Astestos However, a parallel study at one laboratory (ORF) of the sare
| sarples at high resolut:on indicated that correlation was excellent
between TEM fibre count vs. visual microscope for the count using
! fibres >5 um in length. In addition, most of the non asbestcs
| particles are thercby eliminat. .. The majority of fibres are
- | classed as »10:1 aspect ratio, a much smaller amount are in “he
LABORATORY >5:1<10:1 aspect rat:io: the number of filres with aspect ratio
{or | less than 5:1 aspect ratio are insignificant.

MInleAL £CI
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*Rescarch Scientist, Industrial Minerals Laboratory, Departrunt of
. | Encrgy, Mincs and Resources ** Director, Centre for Technology
of the Unvironment, University of Sherbrooke, Sherbrooke, P.Q.,
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INTRODUCTION

The “naturally occurring inorganic fibre task group”
in ASTM Committee £38 (Occumational flealth and Safety) have
been developing an AST™ s=ancard for these fidbres which
irclude asbestos. The mezhod of Counting fibres, the NIOosH
techniguc./was determined to have a high degree of variance and
this was confirmed as a Fecent workshop of the National Bureau of
Standards. The method however is the best available for the
PUTrpose at this time. It has a number of advantages; it is
relatively Simple and can be eisily learned. 1f the precision
of the method were t0 be increased and Simultaneously if the
"fibres* counted were truly asbestos then the ¢isadvantages of
this relatively simple method would be overcome to a large desree.

The NIOSH technigue has adopted the Criteria of a 3:]

aspect raluo and greater tRan 5 im 1n length for identifying ML

counting of fi §. Those familiar with grinding technigues had

shown, thadl wi SO0™e minerals, Particulates cf 3;}1 aspect ratio
could be crgarel. As well, aon ashestos fibrous Paterials were
Frown to ocdur fan a4ssociation with ashes:ics raterials, e.g.,
asemalite a ucite with chrysssile.

ki SUITCSLIONS are sumparted by electron microscopic
studics by zl‘a U.5. Bureau of ¥ines, which showed thae non-asbestiform

varietics such as anthophyllite, trerolite and hornblende produced

-
clcavace fragrents of which 25 per cens hag an aspece rat:o smaller
than 10:1 and 70 Per cent smaller shan J:i. On the other hand,

the Tajority of commersial m:illed chrysorile astestos had an
-

«2 =
Aspect ratio greater than 10:1. This would suggest than an
increase of the aspect ratio from 3:1, to say, 10:1 could signi-
ficantly improve sthe discrimination between true fibres ané non-
fibrous pParticulates for counting purposes.

In order o Overcome these problems the thouch: of
increasing the 4Spect ratio was suggested. This would allow, i+
was hoped, greater discrimination between true fibres and non
fibrous particulates thus increasing precision as well as being
more certain that only asbestos fibres were counted.

A round robin series was begun to test this hypothesis.
Objectives of the initial round rebin vere: to indicate probles
areas and also to point the way to a more refined round robin
series that would be statistically designed and allow for an
analysis of variance. A parallel study of fibre count ana
identification on the same sasples, was included in this initial
series.

Twelve laboratories consisting of 3 9overnment, )
rescarch and § industrial ladoratories, pParticipated in this

initial study.
COUNTING CRITERIA AND EXPERIMENTAL METHOD

The technigue for cOuntan.qcneully followed the Niosw
method using a rembrane filter. Two samples from each of Six
plants were obtained on membrane filters. The type of plants are
shown in Table 1. The two filters were taken near different

machines,
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One group of samples similar to those used for the
optical microscope count, was also sent to the Ontario Resecarch
TABLE 4
Foundation. The Particulates were counted and identified by "
Summary of Results
electron microscope (TEM) ard compared to the count obtained by

Phase contras: optical measurement. mean as % of total count from analysis of fibre/sq ma,

RESULTS AND DI ISSION S ae
3 en Length s:d Total
5-10 pa 13.8 55.6
A. Fibfe Count by Phase Contrass Micr DY g‘;g:: 2.9 ’;'3
| The results wers received with fibres classified into Totals _;‘;7 100 0—-
the first 7 groups (Table 4) as we.. as a field count. Also == S .
shown is 3 summary of the results on all 12 slides as means and
standard deviations expressed <s per cent of total count. The standard deviation as § of totnl count from wnalysis
: 3 of fibres/sq ms,
variations (as standard deviations; on fibre/unit area is about ‘ _— w0 E e ————
50 per cent gyreater than on fibres as parts per total: this is pect ratio J:1 5:1 - I
es bly d Lo variat £1ib d 1ty and/ 1 3:1 M 10:1 Total I
presuma ue ariations in fibre dens nd/or visua > | w11
y . L. 1.3 19.2 2.6
acuity¥pf counters L . 7.7 9.8 19.2 18.3 |
\ | &» x]
20.8 16.5 .0 3.3
analysis of fihres into groups by length is shown Q= TR Rl e
in Tabl
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TABLE S

Analysis of Length

Effect on Aspect: Ratio

The analysis of fibres into groups by aspect ratioc is

Fibres by 1 of Total Length shown in Table 6. l
5-10 um 10-50 um >30 um
|
Analysis by proportion
of total TR
vean Overall 61.6 4.0 4.4 Analysis of Aspect Ratios
Standard Deviation | 1¢.8 10.7 3.3 |
S.D./“ean | 0.17 0.31 0.75 l
Amalys:is by Fibres/uUnit Fibres by A of Toeal |
Area Aspect Ratio
Mean Overall 56.6 37.4 5.9 3:1 531 > > Total
Standard Deviation 24.6 18.3 6.0 . S:1 10:1 10:1 S:1 -
S.D/¥ean e.47 0.49 1.0
- = = Analysis by Proportion
Range of Slide Means 28-77 21-51 1-12 of Total
Mean Overall 18.2 | 27.4 54.4 8l1.8 100
Standard Deviation 16.5 | 11.2 | 22.1 16.5 100
S.D/Mean 0.91 0.41 0.41 «20 ]
Analysis by Fibres/Unat
Area 8
\ § ) } " Mean Overall 16.7 | 26.6 |s6.7 |83.3 | 100
Standard Deviation 20.8 16.5 4.0 33.7 3.2
H $.D./Mean 1.25( 0.62| 0.60 .40 -4
Range of Slide Means 9-37 | 21-34 | 38-68 | 61-9)
i
It can be seen that the variability of the aspect
ratio groups 1s much greater than the lenoth groups (Table 5).
The interpretation of the results are discussed for
. each length region below:
. S . ‘
. . . . i laims.Law
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(a) Long fibres: »50 um

All fibres less than 3 um diameter and longer than

-

Assigning aspect ratios for fibres 500 10 um in length
where the fibre diameter is small.

S0 uwm had an aspect ratio greater than 10:1 so that there was b) Some of the slides were too dense (i.e.., toc many fibres/

only ome grous, No. 7, in this study. On averace 1 to 2 per cent unit area) and some too light.

of the fibres were longer than 50 um on the mining and asbostos c) Many of the particulates in 3:1 and S:1 aspect ratio groups

cement samples and up to 12 per cent on the textile mill slides. were not chrysotile based on thcir prismatic appearance.

Nearly all the single fibres seen on the slides had a diareter It was found to be much more difficult to judge the

of less than 3 um, although some of the bundles had apparent aspect ratio of a fibre than its length. The major problem in

diameters creater than this. judging length was the failure to adjust the dimensiouns of the

(b} Medium length fitres: 10-50 um marks on the graticule to the exact length required. This can

) The fibres in this region forsed 20 to 10 per cent of lead to a bias dependent on both counter and microscope. The

difficulty of judging and the effect of the pect ratio app s

the total nurber for the mining and asbtestos cement slides and

40 to SO per cent for the brake linings and textile slides. Over- to depend on the length range.

all the average was 34 per cent.

The counters disasreed considerably on the allocation IDENFITICATION AND COUNTING BY TRANSMISSION
. ELECTRON MICROSCOPY (TEM)
of fibres across the threc aspect ratio regions.

. g

(c) Short fidres: S-10 um
Problems were encountered with the slides from which

The fibres ir tha n formed 7 76 -« t
j The fibres s region forred 70 t§ 76 merjcent of i Sdveny. ol empstanid.  TRED FrsBhis s s

thel totfl number for the mining and asbestos cement slides and
Up to 10 grid squares were counted, if reguired, to locate

28 per cent for the brake linings and textile slides. The
a total of 100 fibres. Chrysotile was identified by morpholeogy
ove mean was 62 per cent with a standard deviation of 11 x i
7 (tubular structure) and occassional checks were made by selected |
|
per [Fedt.
area electron d:ffraction and energy dispersive X-ray analysis
Some difficulties were encountcred by the counters.
of the fibres. Other mincral fibres greater than 3:l aspect
The EMEnts are 1Mporiant in ascertaining that the new major -
v ratio were also counted. Fibres longer than 5 um were counted

study avoid some of the arbiguities and problems encountered in L
and tabulated separately. |

this preliminary study. The comments are listed below:

" R y

The Effect of Aspect Ratio on Fiber Counts: A Preliminary Study (1978) Published by AsbestosClaims.Law
ACL Doc 25493 - Page 6 of 10 asbestosclaims.law/library/25493/6


https://asbestosclaims.law/library/25493/6

- 11 -
PESULTS AND DISCUSSION

A summary of the optical fibre count data are shown in
Table 7 and a summary of the relevant fibre counts and identifi-
cation are shown in Table 8.

Practically all the fihres (Table 2) were chrysotile
and therefore, the other fibres will not be considered further

| in this discussion.

It 1s interesting to note, that in the higher size
rcnqelL. large variations occcurred between the different samples.

The larger fibres, >5 um, which had been counted
separately produced the results shown in Table 9. A comparison
of the fibre count by optical microscope vs. that by TEM is

graphically shown in Ficure 1. A relationship definitely appears

of 0.978 s highly significant.

Wo such relationship exists between the two uf.l;ods
for bres less than 5 um :n length, Figure 2. This is tially
ater ted gfo the origin of the samples, some .‘;br"s being more
disperged @han others because of their industrial origin.

' to exist betw2en the two methods. The correlation coefficient
’ he vast majority of fibres ccunted by TEM have an

aspect iratio exceeding 10:1. The results of fibre count analysis
for & s&ples are shown in Tables 10 and 11, 2K)26 and CCM16-02
\ respec jly. Each tadle contains a total count of approximately
100 fi In Table 11, there are about 55 per cent fibres

greater than 10:1 aspec: razio, 41 per cent Setween S:1 and 10:1

' aspect ratio and 4 per cent less than 5:1 aspect ratio. In

- g -

gy

Surmary of Optical Fibre Count Data

Sample Fidbres Counted | Fields Scanned Aruﬁm % r;?;:':.:-;é:,. ‘
Asdest 1 208 155 0.513 &5
Asbest 2 as 150 1.159 n
Lake 3P 225 350 1.159 124 ]
Lake 2FF 194 350 1.159 167 }
20258 (11) 204 2% 0.086 22 ;
2215 (12) 202 52 0. Mo ;
2326 (12) 2 20 0.132 i
ceM 16.0.2 200 155 0.513 %0 :
£ 16.0.3 203 53 0.228 . & !
Atlas 1 207 193 0.633 n:
Atlas 2 e 350 1.158 3
|
\
\
|
. ]
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aLL 8 IABLE 9

Surary of Toutine Fizve Counts for 31) Fibrag
. Comparative Surrmary of Fibre Counts

** Fides Concontrat
(;_._.,,‘.,,.,,.?)q it f l Concentration £ b4 § 1l
: drifea bk ! Eavimarod Migs fouioslont E5 Fibre 19re Count tn Fibres/=m" on Origina] Merbrane Filter i
Saple Pean , 290 Cunfidence | Comcuntrat 1f N 2 |
™ et | iy | * it | g soote fopseat 5 oa THox 3 wm = Toon ol s | 3o an Fios™ |
! : i % Confidence
2gbest 1 23 | 163 - 300 32 1.37 c !
29 :
| | i 1.3 oF Asbest 1 05 2.4 x 0% 1.8 = 10° (2.70 - 5.00) ¢ 10° |
Ptk 183 1 10 -1 40 1.40 C !
bs L% & Asbest 2 £H 90200 | 2sx0® | (rLeo-320 108 ]
0 | 220 - 33 25000 i
Lake 3(P o 1.57 [4 !
s | Lo o Lake 3cP 198 6.9 x 10° 5.3 x 10° (2.00 - 5.33) » 10° |
: ! o : f
209 | 13- 27
Lake ZFF t5 1 27 e 1.29 c Lake 2FF 187 9.5 x 10° 2.2 % 10° (2.20 - 4.50) « 10° l
3 1.29 of }
| ] :Jqt | 10 nee | zamo > ¢ 2x2s8 (1) 2 2.0 x 10° 1.6 x 108 (1.33 - 1.83) 2 20° |
L35 ! 7.38 oF 1
\ : ] 3 :
l zais frzy POS° | s -0 | 3s00 R { c w215 (12) nz .92 10 L.t x 10 (0.65 - 2.22) x 10°
T I 72 | ! ! Y1z oF 3 5 - '
. S . 328 (12) 121 9.4 x 10 1.5 % 10 0.85 - 2. §
‘ . 870 | 500 - 1299 o200 | 8.2 ¢ - ( S f
L : ! : . f 8.23 OF €M 16.0.2 l 190 1.8 x 10° 132108 {1.12 - 1.35) x 1% 1
o 18 ’;] 730 l 630 - g% | 28000 | 1.25 (4 i !
SR f | 2.3 oF €04 16.0.3 890 ‘ 1satet | e et (0.3 - 2.22) « 0% |
o 16 ;l g3 380 - 1320 | 12500 i 7.43 c |
o4 B ; ’ - i Atlas ) 28 [ vaxte? | 25e10® | (0.20-2.20) « 108 ; |
T TR R '
| Atlas 1 i sps 1t yin v ! g i l.2e C Atlas 2 103 { 2.3 5109 1.6 x 10° {0.95 - 2.22) = w
| f | 1 1.2 o —d - i
| arvas 2 %ol osr-am | 1900 } 0.78 ¢ L ! f |
L 033 | i | arge area of orid separstely scanned for fidees S um only, 1n order $o increas
! 3 | i ' 0.38 oF statistrcal valrdity.

. » i an N 3 . .
** Concentrazion assuming 1 m serglitoy volume and 1/6t% filter sunplied. ]
L« Chryzotile, OF = Other Mitves (Mimeral noeticylate »3:1 aspect ratin).

m - s = -
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