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ABSTRACT

Objectives: This study was conducted to study the analytical variability of A & B counting rules in counting using a phase
contrast microscope airborne fibers collected on filters in man-made mineral or vitreous fibers (MMMFs) industries.
Methods: Fibers in filters were counted using A & B rules of NIOSH Method 7400. Intra-counter and inter-counter
variations by fiber type and density were obtained. The types of MMMFs analyzed were glass wool fiber, rock wool fiber,
slag wool fiber, and refractory ceramic fibers. The densities of fibers classified were <20 fibers/mm?, 20 - <50 fibers/mm’,
50 - <100 fibers/mm’, and >100 fibers/mm’, respectively.

Results: Intra-counter relative standard deviations by rule A were 0.084, 0.102, 0.071 for glass wool fibers, rock wool fibers
and refractory ceramic fibers, and those by rule B were 0.139, 0.120 and 0.142, respectively. Inter-counter relative standard
deviations by rule A were 0.281, 0.296, 0.180 for glass wool fibers, rock wool fibers and refractory ceramic fibers, and
those by rule B were 0.396, 0.337 and 0.238, respectively.

Conclusions: Intra-counter variation was not different significantly among fiber types (p>0.05), but B rule variation for
ceramic fibers approximately 2 times greater than corresponding A rule estimates, and intra-counter and inter-counter
variations were higher in the low fiber density.

Key words : Man-made mineral fibers, Counting rule A & B, Phase contrast microscopy, Analytical variability
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A Rule

B Rule

1. Count only fibers >5 pum in length.

1. Count only ends of fibers >5 pm in length and <3 pm in
diameter.

2. Count only fiber with a length-to-width ratio >3:1

2. Count only fiber with a length- to-width ratio >5:1

3. For fibers that cross the boundary of the graticule field area
and meet the criteria of rules 1 and 2

3. For fibers that cross the boundary of the graticule field area
and meet the criteria of rules 1 and 2

a. Count any fiber with only one end lying within the graticule

area as one half.

a. Count each fiber end that lies within the graticule area as
one end. Add split ends to the count if the split meets the
criteria of rules 1 and 2

b. Do not count any fiber that crosses the graticule boundary
more than once.

b. Count visible ends when the fiber appears to be attached to
another particle, regardless of the size of the particle.
Count the end of a fiber obscured by another particle if the
particle covering the fiber is less than 3 pm in diameter.

4. Count bundles of fiber unless the individual fibers can be

identified, observing both ends and meeting the criteria of rules

1 and 2

4. Count free ends of the fibers from large clumps and bundles
up to a maximum of ten ends, provided that each segment
meets the criteria of rules 1 and 2

5. Count enough graticule fields to yield 100 fibers. Count a

minimum of 20 fields. Stop at 100 graticule fields regardless of

the count.

5. Count enough graticule fields to yield 200 ends. Count a
minimum of 20 fields. Stop at 100 graticule fields regardless
of the count. Divide the total count by 2.
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Table 2. Intra-counter variations by fiber type, density and counting rule

Average Fiber Density, fibers/mm’

Intra-counter Sr*

Fiber Type
A Rule B Rule A Rule B Rule
31.5 23.1 0.132 0.196
87.8 70.9 0.061 0.149
Glass wool fibers
165.2 122.0 0.044 0.121
306.2 230.2 0.073 0.044
Overall Overall 0.084 0.139
29.5 20.1 0.164 0.155
65.7 49.5 0.105 0.098
Rock wool fibers
131.4 104.3 0.029 0.110
336.4 260.4 0.055 0.107
Overall Overall 0.102 0.120
23.6 23.8 0.122 0.190
54.6 56.3 0.054 0.132
Ceramic fibers
180.6 164.9 0.015 0.132
326.7 292.9 0.044 0.097
Overall Overall 0.071 0.142

*Intra-counter relative standard deviation
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Figure 1. Intra-counter variation using A rule by fiber type and
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Figure 2. Intra-counter variation of results using B rule by fiber
type and density.
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100 and Over 70 and Over 0.119 0.134
Overall Overall 0.180 0.238

*Inter-counter relative standard deviation
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