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In the Forum section of the Fall 1994 JISRP,
R.M. Howie identified the need to statistically define
the "protection factor.” Because the latter term
appears equivalent to the term "Assigned protection
factor" (APF) used in the United States, | will
hereafter use APF as synonymous with Mr. Howie’s
protection factor. | entirely agree that the APF needs
to be dtatigtically defined, and that the JISRP is an
excdllent forum for the discussion, although | believe
that the definition will end up being more complex
than Mr. Howie suggests.

To summarize my understanding of Mr.
Howie’s view, there exists a distribution of work-
place protection factor (WPF) values experienced by
different respirator wearers, and the APF should be
equated with some percentile of this distribution.
For example, if the APF = 10 for anegative-pressure
air-purifying halfmask, perhaps 95% of wearers
should achieve aWPF of 10 or greater, in which case
it is explicitly recognized that 5% of wearers achieve
aWPF lessthan 10. The future consensus definition
of the APFfor arespirator classinvolves specifying
the appropriate percentile (e.g., 5%, 10%, 25%) and
the corresponding WPF value (eg., 5, 10, 20).

Now according to Mr. Howi€e's description, it
is assumed that the WPF experienced by agiven
wearer is aconstant value. That is, if awearer
achieves aWPF of 25 during onewearing, heis
assumed to achieve a WPF of 25 during al other
wearings. However, published WPF data do not
support this assumption. Instead, the data indicate

that for agiven wearer the WPF varies from wearing
towearing, and inthe U.S. literatureit is generaly
assumed that an individual wearer's WPF distribu-
tion islognormal.

This complication wouldn't be so bad if it were
adso true that al wearers experience an identical
distribution of WPF values. Inthiscase, the APF
could be defined as the minimum WPF value
achieved by every wearer during some specified
proportion of wearings. However, published WPF
data do not support the assumption of homogeneity
among wearers. Instead, the dataindicate that
different wearers have different WPF distributions.
The consequence of this between-wearer variability
isthat agiven numerical APF value does not repre-
sent the same percentile of each wearer's WPF
distribution.

In anumber of published articles and talks
presented over the past ten years, | have suggested
that a classical lognormal analysis of variance
(ANOVA) model isagood descriptor of WPF
variability in awearer population. To explain, every
wearer is assumed to have alognormal distribution
of WPF values. Each of theseindividual distribu-
tions has the same geometric standard deviation
value, but has a unique geometric mean value.
Further, these geometric mean values vary lognor-
mally across the wearer population. In summary,
there is lognormal within-wearer variability in WPF
values from wearing to wearing, and lognormal
between-wearer variability in geometric mean WPF



Summer 1995

JOURNAL OF THE INTERNATIONAL SOCIETY FOR RESPIRATORY PROTECTION 7

values. A detailed explanation of the lognormal
ANOVA model, and of its practical consequences
with regard to inhaled contaminant concentrations,
has been previously published (Am. Ind. Hyg. Assoc.
J. 53:411-426, 1992).

A mathematical result of this structureisthat if
one salects ten or so wearersin a group, makes WPF
measurements over severd respirator use periods for
each chosen wearer, and then aggregates al these
WPF va ues, the aggregate datawill appear to be
lognormally distributed. Infact, most U.S. investiga-
tors analyze their WPF datain an aggregate fashion
and, as Mr. Howie noted, usually compute a 5th
percentile WPF value asasummary statistic. More-
over, these investigators commonly suggest that the
APF valuebe set equal to this aggregate 5th percen-
tileWPFvalue.

Unfortunately, due to the underlying between-
wearer variability whichisimproperly treated in the
aggregate data analysis, this suggested APF value
does not represent every wearer’s 5th percentile WPF
value, nor doesit signify that only 5% of wearers
have 5th percentile WPF valuesless than the APF
value. In effect, an APF equated with an aggregate
5th percentile WPF value has no clear statistical
meaning with regard to worker protection.

Given the general reluctance of occupational
hygiene regulator agencies to tackle complicated
datistica issues, and to formally endorse a politically
controversid idealike an acceptable fraction of
inadequately protected respirator wearers, | believe
that the JISRP is the only practical forum in which to
openly discuss the issues and perhaps arrive at some
consensus.

To help begin the process, | propose that the
APF be equated with the Y-percentile (to be deter-
mined) of the between-wearer distribution of the 5th
percentile WPF values, where the latter distribution
is estimated from appropriate WPF data analyzed by
alognorma ANOVA. Notethat if every wearer has
aunique geometric mean WPF value, every wearer
has a unique 5th percentile WPF value. The pro-
posed definition properly accounts for within-wearer
and between-wearer variability, signifies that 100-Y
percent of respirator wearers experience 95% of
WPFs above the APF value, and signifiesthat Y
percent of respirator wearers experience >5% of
WPFs below the APF value. Given thetoxicological
properties of the air contaminant, a 5th percentile
WPF value may not be the most appropriate measure
of protection for an individual worker, but at least
the APF will have aclear statistical definition that
tends to be health-conservative.
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