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THE EFFECT OF ASPECT RATIO ON F'IBER COUNTS; 

A PRELIMINARY STUDY 

by 

A. A. Uiner® and M. Cossette** 

AU 

ABSTPACT 

The results of a study of the inter-laboratory precision 
obtained by the NIOSH counting method are reported. 
aspect ratios including (a) 3:1, (b) S:1, and (c) 10:1, were applind 
as fiber counting crit:ria. Likewisc, maximum and minirum len3ths 
covering the following ranges were also applied as criteria for the 
choice of particles to be counted: (a) 5 to 10 +» (b) 10 to 53 .= 
{c) »50 um (@) >10 um. Twelve laboratories (6 industry, )} covern- 
ment and 3 research) counted two samples from cach of 6 plarss 
(1 asbestos-cement, 1 brake linings, 2 ore treating mills, 2 sex- 
tiles). 

Results obtained are surmarized hereunder: 

Coefficient of 
Variation 

Counting Criteria 
Aspect Ratio ®in. Length 

Mean Count 
. 

3:1 S 100 0.41 

5:1 S um 80 0.38 

10:1 S um 53 0.54 

3:1 10 um 38 0.49 

It apvears that a 5:! aspect ratio is better than 3:1 
and 5 um lecads to better precision than 10 um minimum length. 
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 :m in length. In addition, most of the non asbestcs 
particles are thereby eliminat. . The majority of fibres are 
classed as »10:1 aspect ratio, a much smaller amount are in she 
>5:1<10:1 aspect ratio: the number of filres with aspect ratio 
less than 5:1 aspect ratio are insignificant. 

*Rescarch Scientist, Industrial Minerals Laberatory, Departrunt of 
Loergy, Mincs and Resources *° Director, Centre for Technology 
of the Unvironment, University of Sherbrooke, Sherbrooke, PO 
Canada JI1K ?R1. 
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INTRODUCTION 

m'na:urally Occurring inorganic fibre task group® 
in ASTYM Committee £34 (Occumational flealth and Safety) have been developing an ASTM Standard for these fibres which 
include asbestos. The method of Counting fibres, the NIOSH 
technigue.was determined to have 2 high degree of variance and 
this was confirred at a recent workshop of the National Bureau of Standards. The rmethod however is the best available for the 

PuUTpOse at this time, It has a number of advantages; it is 
relatively simple and can be eisily learned. 1f the precision 
of the rethod were t0 be increased and Simultanecusly if the 
“fibres*" counted were truly asbestos then the disadvantages of 
this relatively sirple rethod would be overcome to a large degree. 

The NIOSH technigue has adopted the Criteria of a 3:1 
aspect raluo and greater than S um 1in lenath for iden:“yinq A 

S. Those familiar with grinding technigues had 

counting o 

shown, thadl u; SOTMe minerals, Particulates cf ;1 aspect ratio 
- As well, non asbestos fibroys Paterials were 

R association with asbestos Paterials, e.g., 

uCite with ¢cn 

S43Testiors are Sunported by 

U.5. Bureau of Mines, which showed that non-astestiform varictics such as anthophyllite, tresmclise and hornblende produced clcavace frajments of which 25 per cens had :: aspect ratio smaller than 10:1 and 70 PCr cent smaller shan 3:i. On the other hand, 
the majority of commercial rilled chrydorile astostos had an 
- 

aspect ratio creater than 10:1. This would suggest than an 
increase of the aspect ratio from 3:1, to say, 10:1 could signi- 
ficantly improve the discrimination between true fibres and non- 
fibrous particulates for counting purposes. 

In order o0 overcore these problems the thouch: of 
increasing the aspect ratio was Suggested. This would allow, it 
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 robin wvere: to indicate probles 
areas and also to Point the way to a more refined round robin 
series that would be stat:istically desicned and allow for an 
analysis of variance. A parallel study of fibre count and 
identification on the same samples, was included in this initial 
series. 

Twelve laboratories consisting of 3 government, 3} 
rescarch and & industrial la:oratorzc!. participated in this 
initial study. 

COUNTING CRITERIA AND EXPERIMENTAL METHOD 

The technigue for ccununq‘ generally followed the Nioswm method using a me~brane filter. Two samples from each of sSix 
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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Fibres by 1 of Total Length 

5<10 = | 10-50 um | >30 um 

Analysis by proportion ! 
of total 

Mean Overall 61.5 34.0 4.4 
Standard Jeviation 1c.8 10.7 3.3 
$.D./%ean ! 0.17 0.31 0.75 

Analys:s by Fibres/uUnit 
Area 

Mean Overall 56.6 37.4 5.9 
Standard Deviation 24,5 18.3 6.0 
S.D/¥ean 0.47 0.49 1.0 

Pange of Slide “eans 28-77 21-51 132 

Effect on Aspect Ratio 

The analysis of fibres into groups by aspect ratio is 

shown in Table 6. 

TABLE 6 

Analysis of Aspect Ratios 

Fibres by \ of Total 

Aspect Ratio 

3:1 $31 > > 
s:1 | 20:1 | 10:2 | s | Total 

Analysis by Proportion 
of Total 

Mean Overall 18.2 | 27.4 | S54.4 | 81.8 | 100 
Standard Deviation 16.5 | 11.2 | 22.1 16.5 100 
S.D/Mean 0.51 0.41 0.41 .20 -] 

Analysis by Fibres/Unit 
Area - 

" Mean Overall 16.7 26.6 56.7 83.3 100 
Standard Deviation 20.8 16.5 34.0 33.7 33.3 
S$.D./Mean 1.25 0.62 0.60 .40 .34 

Range of Slide Means 9-37 | 21-34 | 18-68 | 6)-9] 

It can be seen that the variability of the aspect 

ratio groups 1s much greater than the leneth groups (Table S5). 

The interpretation of the results are discussed for 

each length region below: 
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(a) Long fidres: »>50 .m 

All fibres less than 3 um diameter and longer than 

S0 sm had an aspect ratio greater than 10:1 so that there was 

only one grous, No. 7, in this study. On averace 1 to 2 per cent 

of the fibres were longer than SO0 um on the mining and asbestos 

cement samples and up %0 12 per cent on the textile mill slides. 

Nearly all the single fibres seen on the slides had a diameter 

of less than 3 um, although some of the bundles had apparent 

diameters creater than this. 

(b} Medium length fibres: 10-50 wm 

The fibres in this region forned 20 to 30 per cent of 

the total nurber for the mining and asbestos cement slides and 

40 to 57 per cent for the brake linings and textile slides. Over- 

all the average was 34 per cent. 

The counters disacreed considerably on the allocation 

of fibres across the threc aspect ratio regions. 

(c) Short fidbres: S-10 um 

'?he £ibres in this region formed 70 t§ 76 mr’cent of 

thef tot, number for the mining and astestos cefi‘nt slides and 
28 per cent for the brake lianings and textile slides. The 

ovegallirear was 62 per cent with a standard deviation of 11 

per Bedt. 

Some difficulties were encountcred by the counters. 

The Ements are 1MpOrtant in ascertaining that the new major 

study avoid some of the arbiguities and prodlems encountered in 

this preliminary study. The comrents are listed beiow: 

- 10 - 

Assigning aspect ratios for fibres 500 10 um in length 

where the fibre diameter is small. 

b) Some of the slides were too dense (i.e., toc many fibres/ 

unit area) and some too light. 

< -
 

Many of the particulates in 3:1 and $:1 aspect ratio groups 

were not chrysotile based on their prismatic appearance. 

It was found to be much more difficult to judge the 

aspect ratio of a fibre than its length. The major problem in 

judging length was the failure to adjust the dimensiuns of the 

marks on the graticule to the exact length required. This can 

lead to a bias depend on both ter and micr pe. The 

difficulty of judging and the effect of the aspect ratio appears 

to depend on the length range. 

IDENFITICATION AND COUNTING BY TRANSMISSION 
ELECTRON MICROSCOPY (TEM) 

Problems were encountered with the slides from which 

the solvent had evaporated. This problem was overcore. 

Up to 10 grid squares were counted, if required, to locate 

a total of 100 fidbres. Chrysotile was identified by morphology 

(tubular structure) and occassional checks were made by selected 

area electron diffraction and energy dispersive X-ray analys:is 

of the fibres. Other mincral fibres greater than J:1 aspect 

ratio were also counted. Fibres longer than 5 um were counted 

and tabulated separately. 
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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 fibres (Table 2) were chrysotile 

and therefore, the other fibres will not be considered further 

in this discussion. 

, it is interesting to note, that in the higher size 

nnqol‘. large variations cccurred 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 Figure 1. A relationship definively appears 

to exist betwaen the two methods. The correlation coefficient 

of 0.978 is highly significant. 

No such relationship exists between the two methods 

bres less than 5 um :in length, Figure 2. This is pc{:uuy 

attriButed the origin of the samples, scme .‘abr'? being more 
an others because of their industrial origin. 

he vast majority of fibres ccunted by TEM have an 

atlo exceeding 10:1. The resultis of fibre count analysis 

:bples are shcwn ia Tables 10 and 11, 2K1)26 and CCM16-02 
jly. Each table contains a total count of approximately 
»$. 1In Table 11, there are atout 55 per cent fibres 

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

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

-33 - 

TR 

Sumary of Optical Fibre Count Data 

Sample Fidres Counted | Fields Scanned ‘l!lfi‘flt‘. f;!:;o":.a:-v:,. 

Asbest 1 208 155 0.513 B 

Asbest 2 s 350 1.159 n 
Lake 3CP 225 350 1.159 128 { 

Lake 2FF 198 350 1.159 167 i 
2¢258 (T1) 208 2 0.086 272 i 

2215 (12) 02 52 0. N : 
2326 (12) 21 20 0.132 1631 

€M 16.0.2 200 155 0.513 350 { 

€ 16.0.3 203 3 0.228 . & ] 
Atlas 1 207 193 0.633 ns 

Atlas 2 1 350 1.158 153 
- 

- [} 
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- ABLE 8 

Sumrary of Ioutine Fisve Counts for A1) Fibreg 

- - 

JABLE 9 

Comparative Surrary of Fidre Counts 

e Fidra Corcontration | | ¢ T 
Sample Pean | 250 Cunfiienge | Concuntrats 1 l;wrr- detected | T pe ; [ interwar | (-u"o:lvw./:'i! (Fivens/m)) 7 seole [ Gptical 5 un | TEM oS um s | TN 211 Fibees §§": f:;-‘ur:::m } 

ebaxt 4 0 | 183 - 3% 333 Ly 3 : «1.8 
‘ 

1.3 oF Asvest 1 05 2.4 x10° 1.8 x 10° (2.70 - 5.¢0) « 10° | 
Asdest 2 53 1" - 1TM amM0 1.40 C 

! e ! sine & Asbest 2 ) 9.2x10° | 25x10° |(reo-320 108 | 
2 | 2-230 | esoo i - 0o 1.57 c Lake 3 sa- | ! st o Lake 3P 198 6.9 x10° 5.3 % 10° (3.00 - 6.33) » 10° : 

Lake 2FF :’-‘” } 1 - 270 2100 1.29 c Lake 2FF 187 3.5 x 10° 2.2 2 10° (2.20 - 4.50) « 10° l 3 ] 1.29 oF | 
2asa(ry | | - v | zome . = 2253 (1) an 20210° | texw0® | (n33- 182 200° | 

7.2 ! 7.38 OF 
! T f i 2215 (12) 1 7.9 x 0 1.6 2 10% 1) e 208 | s gy W00 | s - 36000 i { 1.72 ' 3 ’ F - W5 205 PV 

7.2 | o A E oF 4 5 ! T — e : 326 (12) 1821 9.4 x 10 1.5 x 10 (0.85 - 2.08) x 10° 2§ 500-120 § 20000 | 8.23 c 
‘ | oy [ 5.22 oF e 16.0.2 3% 1.8 x 20 132108 (1.1¢ - 1.35) x 105 ! 

2 | 630 - e 26600 | 1.35 4 i i " ) | . 1 225 oF £e¥ 15.0.3 830 l 1sawt | ovewn® ) 083- 200 w00 | 
3 %0 - 1300 | tsoe i 7.6 3 

' . | | l a1 % Atlas 1 e | vaxe? | 2se10® | (020 - 2.20) x 108 ’ 
e ! e . ~ \ | acta o] we-me | ;- 1.28 c Alas 2 103 E ¥4 % 0% § SR (0.95 - 2.22) = 0% | - 3 | | = 1 1.28 oF - | : -~ P o | 7 - 3% Yars - | Atles 2 i e 5 - : 1300 | 0.%2 c * Large area of grid separstely scanncd for fibres 5 wm only, in order o ingreas ‘ | i | 0.38 oF statistrca) valrdity. 

1 

** Concentration assuming ! nd samoitng volume and 1/6t% filzer supplied. 
® L e Ohrgzatile, OF = Othar Fihres [Mireral perticylate »3.1 aspect ratio). 

& - — - - 5 
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