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I NTRODUCTI ON

Adequate industrial respiratory protection against toxic airborne substances
is acriterion of several regulatory statutes and a hall mark of an effective

i ndustrial hygiene and respiratory protection program The seenming endl ess
variety of facial features, coupled with a limted repertoire of approved
respirators, and the actendant fixed di mensions and/or topological contours of
the facepiece, places restrictions upon the use of specific devices by an

i ndi vidual. The fundanental topic for assessnent is that of respirator fit.
A facepiece fit test is required to bound, or predict, the performance of a
given respirator on a specific individual. A variety of fitting procedures

have been conmonly enpl oyed including visual assessment, pressure |leak tests,
qualitative fit test (QFT) wutilizing agents with low odor thresholds or
irritating properties, and quantitative nethods. The use of unanbi guous
instrunental techniques for measuring the fraction of a test agent which
penetrates into the space created by the face and the respirator facepiece has
been popularly described as a Quantitative Fit Test (Q\FT).

The introduction of the Protection Factor (PF) as a nunerical result of a OQNFT
was pioneered by Edwin C. Hyatt, et. al (1) at Los Alanps Scientific
Laboratories, N.M. and has gained w despread popularity within industry and
governnent alike. The PF is defined as the ratio of the average ambient, or
chal | enge, agent concentration (C,) and the breathing zone, the

facepi ece/face void, agent concentration (Cp).

Ca

Cp

By popul ar use, the protection factor has been applied to estinate actual
wor ker exposure given the anmbient workplace concentration and to define the
requisite protection, given the permssible exposure limt (PA) of a known
anmbi ent concentrati on.

The PF concept, while fundamentally sound and a considerabl e inprovement over
other fit rating concepts, is acconpanied by degrees of confusion and in sone
instances by a false sense of security. These problens usually arise as a
result of equating the results of a QNFT with a PF.  The results of a Q\FT
must be defined in such a manner as to elimnate these traditional problens.

Sinply stated, a quantitative fit test is a fit |eakage test, carried out in a
| aboratory test environnent, wearing a test respirator, and is used to

eval uate the performance of the test subject/respirator conbination during a
variety of simulated work exercises. The transfer of this data to the

wor kpl ace is a function of many parameters and at best, requires the
application of a safety factor to the data. |If we define the results of a
ONFT as a Fit Factor (FF), we can estimate the PF in terns of the FF and the
safety factor (S):

FF

F (2
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The fundanmental intent of this paper is to provide a logical franmework in
which to evaluate the magnitude of the Safety Factor. Thus, if we know, a
priori, what the PF nust be in order to guarantee worker safety, we can apply
the SF to this nunber to determine the mninum acceptable FF as a result of

| aboratory tests, FF = (SF)(PF).

The ability of a respirator to provide acceptable quality breathing air to the
user is, at a bare mininum a function of three fundamental |eakage
categories. The first category addresses facepiece fit and its tenpora
variability and use considerations. The second category relates to the
efficacy of the air supply circuit which nust address the conposition of the
hazard, the PEL and maximum use criteria assigned to the circuit. The third
category addresses the respirator hardware integrity, i.e., the maintenance
criteria and the presence of defective or damaged fittings, valves,

facepi eces, |enses, etc.

The analysis begins with a sinple definition of the fit factor in terms of the
inportant criteria of |eakage rates, i.e., the volumetric breathing rate
(Qp) and tne fit| eakage rate (Qf):

FF =%
T (3

By careful control over the test respirator integrity and selection of highly
efficient air filtration elements, it will be shown that the Fit Factor can be
measured in terms of the anbient test agent concentration and the test agent
breathing zone concentration:

FF is approximtely equal to Ca
Ch test conditions 9
It will be shown that for fit factors less than 1,000, the error in the

approxi mation of equation 4 is less than 10% if a high efficiency filter of at
| east 99.99% efficiency isused in the QNFT.

CONCENTRATION AND LEAKAGE MEASUREMENTS

Derivation of Equival ence

A typical QNFT uses a test aerosol and the measurenent instrumentation

provi des an output proportional to concentration. Aerosol concentrations (Q
are traditionally defined in terms of the mass (m) of aerosol per unit vol ume
(M of air. If we differentiate such a definition with respect to time (d/dt)
and assert steady state concentration conditions, then we have an alternate,
rate-dependent definition in ternms of the mass flowrate (m=dm/dt) and the
volunetric air flowate (Q=V=dv/dt):

Q (5
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From a mass conservation vi ewpoint, the total mass flowate in the breathing
zone on inspiration (my) must be equal to the sumof all inlet nmass
flowates (m;) for n possible sites or paths:

n
mp=Sigma mj
i=1 (6)
For simplicity's sake, 1 shall invoke isothermal, inconpressible fluid

conditions to elimnate the treatnment of gas density changes during
respiration contractions and expansions. Thus the total inspiratory breathing
flowate (Qp) is conserved by:

n

Qp=Sigma Qi
i=1 (7

By reference to Appendix A equation A8, it is shown that the nmss flowrate of
any path can be given in terms of the path filtration efficiency (B and the
chal | enge, or influent, concentration as:

m;=(1-E;)C;Q; (8

In our present model, let us initially consider the case of three distinct
categories of inlet air flow paths through the elenents (e), the defects (d),
and the fit |eaks (f). Conbi ning equations 58 with the previously defined

subscripts:

(1-Eg)CeQgd (1-E4)C4Qq+(1-Ef)CeQs
Cy =

®

The influent concentration for each site nay be assuned to be equal and the
equi val ent of the ambient test chanber concentration (C,), such that:

€o=Ca=C§=Cq4 (9)
and C,
C, = _ ((1-Eg)Qe*(1-Eg)Qq+(1-E£)Qg) (10)
Q@
or Ca Qb (11)
Ch (1-Eg)Qe+(1-E4)Qq+(1-E£)Qf

Equation 11, in this highly sinplified form denonstrates the dependence of
the concentration ratio upon the various |eakage site flowates and
efficiencies. The reader is well advised to note that only tw of the seven
variables relate to the fit leak itself.
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The proper, and careful, approach to QNFT requires that we control all of the
variables not relating to the fit. This is rather easily done with a few
restrictions and qualifying assumptions:

a) The test respirator, nodified with a breathing zone sanple port,
shoul d be carefully maintained and free from defect |eakage
(Qq=0). 1f leaks are present, they will be lunped into the fit

| eakage (Qg+Qf=Qf).

b) The filtration efficiency of a hole, poor fit, or defect is assuned
to be zero (E4=E¢=0). This sinply neans that the |eaks do not
renove any of the test agent from the influent stream

c) The air purifying element, or air supply circuit, must have a very
high filtration efficiency for the test agent. 1In the idealized case
under present consideration, we let this be a perfect filter as would
be experienced in a demand airline respirator (Eg=lor E (%) -

100%) .

I ncorporating these conditions into equation 11 elimnates all of the annoying
paraneters and provides us with the expresion:

Ca - @
C, Qs Q\FT Condi ti ons (12)

In plain English, equation 12 denobnstrates that the neasured ratio of anbient
and breathing zone concentrations in a suitably controlled test is equivalent
to neasuring the ratio of total inspiratory air flowate and fit |eakage
flowate, i.e., the nmeasure of a Fit Factor as defined in equation 3. The use
of equation 12 actually constitutes a relationship between the Fit Factor and
the Protection Factor in a restrictive and linmited sense. The fundanmental

i mportance appears as we analyze those factors which influence the Fit Factor
and, as a result, directly influence the Protection Factor.
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Dependence of Equival ence Upon Filtration Efficiency

The previous equival ence, equation 12, was totally dependent upon a perfect
air purifying el ement. In the real world, we often resort to the use of
non-perfect filters which introduce errors, or differences, in the
concentration and flow ate measurements. |f we return to equation 11 and
al l ow sone efficiency less than unity (E,less than 1), we introduce a
parall el |eakage path into the respirator which bypasses the fit l|eak. The
result is a higher breathing zone concentration than can be directly
attributed to facepiece fit |eakage. Thus, equation 11 is written, with the
remai ni ng QN¥T provisions intact, as:

Ca = Qb
Cy (l—Ee)Qe+Qf (13)

The efficiency of the element can be written in terms of a protection factor
of the element (PF.) as described in Appendix A equation A9. Noting also
that the fit leak can be witten in terns of the Fit Factor (see Appendix B,
equation 7), it can be shown that equation 13 reduces to:

Ca _ (FR(PH
Ch FF+PF -1 (14)

A sinmple exanple of the effect or influence of a non-perfect filter on this
measurenent is to take a 90% efficient filter and marry it to a respirator
which has a Fit Factor of 10. In this case, PF,=10, FF=10 and

Cy/Cp=5.26. If one were using the concentration ratio to define the Fit
Factor, we would incorrectly rate the fit by a factor of nearly one-half. The
manner in which this error is introduced is a conservative one in treating the
fit leakage, i.e., we say that the fit leak is greater than it actually is.

The Error in Fit Leakage Measurement Using High Efficiency Particulate Filters

A typical solution to the ONFT filtration efficiency problemis to enploy high
efficiency particulate filters which meet or exceed m ni mum NIOSH
Certification Criteria (20 for the DCOP Pentration Tests. This criterion
establishes a mnimum efficiency of 99.97% when tested with a nonodi spersed
0.3 um diameter DOP aerosol. This is equivalent to a maxi num penetration of
0.03% and often results in penetrations less than 0.01% The correspondi ng

el ement protection factors are 3333 and greater than 10,000 respectively. As
previously shown, equation 12, the fit test actually measures a concentration
ratio which we shall define as a hybrid fit factor (FF*):

FFw = @3

Ch ONFT (15)
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The fractional difference (Delta), or deviation, from the true Fit Factor may
be conputed by:

Delta = FF*-FF
FF* (16)
Delta = 1-FF
PF, (17)

Appendi x B provides a conplete derivation of equation 17 and tabul ates Delta
for filter penetrations between 1% and 0.01% Figure 1 is an abstraction of
this data for two filter penetrations and Fit Factors up to 1,000. Several
observations can be readily nade concerning the deviation, or error:

a) The use of non-perfect filters consistently over estimates the fit
| eakage and is thereby a conservative approach to QN\FT.

b) Use of mnimal ~1osu approved high efficiency filters (E.=99.97%)
introduces no nore than a 30% over estimate of fit |eakage for true
Fit Factors less than or equal to 1,000.

C) The use of a 99.99% efficient filter wll assure an error no |arger
than 10% in assessnent of true Fit Factors throughout the range from
unity to 1,000 as measured by a concentration ratio (FF*).

QNFT WTHOUT H GH EFFI A ENCY FI LTERS

As is often the case, one may wish to fit test using the Q\T on a respirator
which may not have a high particulate filtration efficiency for the test
aerosol. Good exanples of this situation are the quarter mask and disposable
dust respirators, gas and vapor respirators, and facepieces with replaceable
el ements which are not available in high efficiency nodels. Al is not |ost
for this category of users. VWhile it may be true that they may not be able to
carry out a Q\FT with the sane degree of accuracy as described in the
preceding section, it is possible to bound the problem 1f we renember that
non-perfect filters always over-estimate fit |eakage in a QWT, then the
measurement of FF* is the absolute worst possible case. Let us, however, go

one further step. If one actually measures the test aerosol penetration
through the elenment over an appropriate range of flowates in a suitable test
apparatus, we wll have a nunber for pr, using the aerosol. Re-arranging

equation 14 provides us with a method for conputing the Fit Factor as a
function of FF* and pr,:

* -
pp o FFY(PFe-1)

PFo-FF* (18)
A specific example may serve to illustrate this approach.
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FIGURE 1

The Error A(%) in Fit Factor (FF) Measurement Using
Concentration Ratios for Two Different Filter Protection

Factors (PF,).
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Assume that we nmeasure the aerosol penetration on a disposable dust filter
nedia for flowates and find that it varies between 10% and 15% The best

PF calcul ated would be 10. W now carry out a QNFT and deternine that the
average penetration was 15% corresponding to FF*=6.667. e could argue that
all of the penetration was due to the element; however, if the difference
between 15% and 10% was due to fit |eakage, then equation 18 predicts that the
true Fit Factor nust be

FF""‘(PFe"l) _ 6 667(10-1) = I
PF -FF* 10-6.667

FF = & {19)

The usual approach to this problemis to add additional filtration media to
the test respirator to maximze PF, and thus inprove resolution of the Fit
Factor neasurenent for the required range of interest of fit.

Fit Factor Dependence Upon Breathing Resistance

The flowate through a resistance can be analytically represented as a
function of the pressure drop (Delta P) by:

Q; = kj Delta Péi (20)

The flow coefficient (k) represents dinension of the leak and various unit
conversion factors while the exponent (a) characterizes the type of flow

Pi pes, capillaries, and filters generally favor the first power (a=l) while
pi nhol es, orifices and other abrupt, short length obstructions approach the
one- hal f power (a=0.5).

Returning to the definition of Fit Factor (eq.3) and elimnating defects, the
inspiratory air flowate is the sumof the element and fit |eak flowates.

FF = Qb - Qe+Qf =@ +1

d ol a (21)

and by replacenent witn equation 19 and for FF greater than 1. we have:

1. {m  _m
FF is approximately equal to € Delta P‘<e ap)

k¢ (22)

In this form we see that FF is strongly dependent upon the flow coefficients
and the Delta P across the respirator. A unique solution occurs when the
power |aw dependence of the filter is equal to that of the fit |eak, a,=a¢
or ag-ag = 0. Under these sinplified conditions,
FF = Ke
kg (23

and the Fit Factor is independent of the flowate. T e reader will observe
that nost fit test scenarios involve unequal exponents, ag=ag, Which
result in a pressure drop, flowate dependent penetrations characterized by
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fluctuating breathiing zone concentrations. Elastic deformation and novenent
of both face and facepiece results in dynamc responses to respiration which
change not only the flow coefficient, but the exponent as well. Not

wi t hstandi ng these conplications froman anal ytical nodel standpont, one can
derive useful information fromthe sinple formof equation 22. For this
unique condition we note that a QNFT determ nes an average value of kg by
carrying out a variety of notions and breathing exercise on a respirator whose
filter element is characterized by a constant ko,. [If we now change the

el ement flow coefficient by exchanging filters, leaving the fit intact, we
woul d not expect the average property of the leak to change. W would expect
the element to vary by as nuch, or as many, as we have differing flow
coefficient elements. W |ikewi se would expect a conmensurate variability in
elements.

Table 1 provides selected flow coefficients for negative pressure respirators
whi ch have been NIOSH approved (2. The coefficient is calculated based upon
the formof equation 22 and a first power |aw dependence. Large flow
coefficients correspond to |low breathing resistance and vice versa. Initia
and final breathing resistance corresponds to conditions before and after
acceptable loading or like tests. If we take the ratio of the highest to the
| owest tabulated flow coefficients, 7.083 and 1.063, we have the range of
variability in Fit Factor for a given, constant facepiece fit leak. This
ratio is a little less than 7 in this, presumably, worst case. |If we |ook at
the last colum of Table 1, k,/ky, we are able to see that the expected
change in Fit Factor would be throughout the usable life of the elenent. The
worst case here 1s a little less than 3 for the re-useable dust and mi st and
fume filter.

We can see that it very well pays to take breathing resistance into account
when carrying out a QNFT. The same holds true for the condition of filters in
use in the workplace. At the very least, we nust take these uncertanties into
account when we estimate a protection factor for the user.

TABLE 1

SELECTED INITIAL AND FI NAL BREATH NG RESI STANCE FOR 30 CFR 11
APPROVED NEGATI VE PRESSURE RESPI RATORS AT 85 LITER PER M NUTE AlR FLOWRATE

Initial Resistance Final Resistance Rati o
Type Delta P, ko Delta P kiL ko/kq
Chi n-Type Gas Mas (PF) 65 1.308 80 1.063 1.23
Single Use DWVF Resp. 12 7.083 15 5. 667 1.25
Single Use DWF Filter 30 2.833 50 1.700 1. 67
Reuseble DW Filter 20 4. 250 40 2.125 2.0
Gases/ Vapors (NF) 40 2.125 45 1.889 1.125

Gases/ Vapors (PF) 50 1. 700 70 1.214 1. 40
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Notes: * PF - with particulate filter
NF - no particulate filter
DWF - dusts, msts, and fune
Delta P - pressure drop in mm of water colum
k - flowcoefficient--see equation 19
o - subscript applies to new filter
1 - subscript applies to filter after |oading test

Tests are applicable to respirator assenbly with filters

i nstall ed. If the tests are run on the filter separately, one
can infer that the pressure drop applies to the filter as |ong
as the facepiece does not have additional flow restrictions in
the air path. Thus, if elenents are used in pairs, the pressure
drop should be equal or matched and the flow through each filter
is 42.5 1/min.

"VARIABILITY O HT

A significant nunmber of users nmay observe a rather large inter-day variability
of the measured Fit Factor. The mininization of this variance is assisted by
observing breathing resistance constraints, proper mask mai ntenance, and
filtration element efficiency as previously discussed. Fromthis point, the
focus nmust be upon proper selection and adequate training. Many times one

i ntroduces extreme variability by not properly exercizing the fit during the

ONFT. An exanple of this condition is the case of a poor to fair fitting
respirator which can be sealed to the face for a static test. If the test

subject's novenents are slow and easy, it m ght be possible to carry out the
Q\FT and achieve a high Fit Factor, say 8,000. Under typical use and donning
practices, the respirator may only povide Fit Factors of 50. The one
a-typical test which yielded the Fit Factor of 8,000 introduced a variability
defined by the ratio of 8,000/50 or 160

Leidel (3) has discussed the variance problemin depth and the exact nature of
the variability distribution is still a problem for debate and further
research. The Anerican National Standara Practices for Respiratory Protection
ANSI 788.2 (1980) has considered the problem as denonstrated by the
recommendation that the lowest of three independently neasured Protection (or
Fit) Factors be used as a criterion of a QNFT series. Froma practical, user
ori ented standpoint there is not enougn time available to accurately determ ne
the Fit Factor distribution for those who are required by regulatory statute
to inplenent a QNFT program  The statistical sanple of daily fit would be

i nappropriately large.
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Employing only the sinplest concepts of probability and statistics and
preserving the ANSI three-test approach, it is evident that some conservation
is justified. Consider that whatever the shape of the distribution function
is, it nmust have a median value. ne single QNFT has a 50% chance of
measuring a FF which is above the nmedian. Likew se, we have a 25% and 12.5%
chance of having two and three consecutive QNFT's falling above the nedian
respectively. The renminder of the chances must include those tests which
have at |east one value falling below the nmedian. This renainder of 87.5% for
a three-test series is reasonable but it does inmply that one out of every

ei ght persons tested will be assigned a Fit Factor which is above the nedian
val ue, thus consistently over-estimating the protection available. Any
attenpt to establish a meani ngful neasure of conservatismwi |l nost certainly

i nvoke a heated debate, and, in the absence of extensive data, is beyond the
scope of this paper.

I will, however, propose (briefly) a nunber which has sone basis in
experimental data which can be easily be changed as nore know edge is gained.
Unfortunately, to propose a nunber, | fall into the trap of being forced to

assume that Fit Factors are distributed in a pseudo log-normal fashion. The
cunul ative log normal distribution function, plotted on log probability paper
is a straight line. The slope of this line is characterized by the geonetric
standard deviation (Sigma g) which is defined as the ratio of the Fit Factor
at one standard devi ati on (Sigma) above the nedian (FF(Sigma)) to the medi an
value (FF). The average Sigma g for Hyatt's data as summarized by Leide
(Tables 14 and 15 or reference 3) tends to increase fromabout 5 for a
three-test series to approximately 8 for a six-test series. For higher
nunbers of tests, the value does not appreciably increase; however, the data
is too limted to rely upon heavily. The fact that the Sigma g does increase
neans that three tests are inadequate to define the distribution functions

John Pritchard (4 has reported on a geonetric standard deviation closer to 5
for m xed n-test trials. Neither of the reported data sets have recogni zed
all the necessary controls to test for fit variability only. Thus, one m ght
propose, in the interim that fit variability is characterized by a geonetric
standard deviation less than or equal to 5.

Returning to the inplication that 12.5% of the people conpleting a three-test
series have a very high probability that all three test scores fall above the
nmedi an, | propose that this is an unacceptable risk. In lieu of any
definitive criteria, | propose to increase the odds of at |east one test
falling below the nmedian from87.5% to 99% Resorting to the standard
statistical tables for nornal distributions and assuning a | og-norm
distribution, we find that 99% of the time, the lowest of three successive

trials will fall above the median times 0.785 Sigma g. This product is
approxi mately equal to 4. In other words, 99% of the time the |owest of three
nmeasured fit factors will be less than or equal to 4 tines the median val ue

Thus, if we divide the lowest factor by 4, we conclude that this new factor is
at least as low as the nedian value. Scaling by another half standard
deviation, i.e., .5 Sigma g = 2.5, we assure assignnent of a |lowest fit factor
which is well below the nedian for a continuous distribution. The cumul ative
affect of these two 'corrections' to the lowest of three test scores is to
divide by 10



- 122-

CONCLUSIONS AND RENVARKS

t has been denonstrated that a Quantitative Fit Test neasures a Fit Factor
thich is representative of the ratio of breathing to fit |eakage flowates.
The QNFT nust take into account the test filter efficiency if aerosol
concentration neasurements are to be valid representations of fit |eakage.
The breathing resistance also introduces a factor for consideration in that it
directly affects the neasurenent of a Fit Factor. The lowest of three Fit
Factors provi des no guarantee of conservati smand nust be considered in the
variability of fit assessnent. A safety factor can be assenbl ed which takes
into account:

a. Low efficiency filtration el enents
b. Anticipated breathing resistance changes
c. Variability of fit

This safety factor can then be applied to the Fit Factor to give a reasonabl e
estimate of the workplace Protection Factor. A typical safety factor could be
on the order of 20, determined by a product of 2 for resistance and 10 for
variability of fit.

If we consider that the maxi mum recommended Protection Factor (ANS 288.2
(1980) for a half nask is 100, the safety factor woul d suggest that the |owest
of three Fit Factors should be in the range of 2000. While this nunber nay
appear large, it is not inpractical. Bearing in mnd the fact that only the
best fitting respirators should be worn for the highest allowabl e protection,
we ask if 2000 is unreasonable. The answer is no! Half nask respirators
denmonstrate Fit Factors well above this value in a | arge percentage of cases.
The probl em becones sinply one of finding the respirator for a given

i ndi vidual which neets this criterion. The purpose, | mght add, of
Quantitative Fit Testing in the first place.
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Appendix A
Circuit Mass Flowrate of Agent

A filtration system or element reduces the concentration of airborne
agent passing through the element. The defining conservation equation
relating concentration (C), mass flowrate (M and volumetric gas flowrate
(Q is given by

m= Q (1)
The inlet or influent mass flowrate (m;) is either retained by the filter
(h]) or carried through to the effluent or output side Oﬁ)- The conservation
relationship is simply:
(2)

My = M ¥ 0p
The normalized formof equation 2 defines the fraction retained (efficiency)
and the fraction penetrating;

L 3
moomoom
1=E+P (4)

where efficiency (B and penetration (P are defined respectively in the tw
right hand ternms of equation 3.

The determnation of filter performance can be made by either efficiency
or penetration measurenments. Direct efficiency measurements require gravinetric
(wei ghing) techniques to actually measure the retained mass of agent on the
filter, and in general nust be carried out over long tine intervals to allow
the retained fraction to accumulate to some weighable and significant per-
centage of the filter tare weight. This procedure also involves the collection
of al1 of the output mass fraction to satisfy solution of equation 3. An
alternate method of rating filter performance is the penetration measurenent
which can be carried out by a real tinme concentration measurenent set. W
note that the penetrating fraction can be expanded using equation 1 to provide:

Pemg Gt G (5)
m & Q ¢
and C,= C; P = C.(1-E) (6)
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Appendix B
Fit Leak and Factor Relationships

From the definition of Fit Factor (FF) as a simple ratio of total inspiratory
breathing flowrate (Q,) and fit leak rate (Qg), we can write the fit |eak as:

Q (1)
0. " (2)
FF

The expression for ambient to breathing concentrations

R S
Cb (l-Ee)Qe+Qf
can be rewitten in ternms of equation 2 and the relationship,

1
PF o= 1-E, (59
as a new expression which removes the flowrate terms and simplifies as follows;
noting that Q,=Q +Q:

Q.o % | (4)
¢, - (IE_)(Q,“Q;)%C;
gg‘ ot g-pF T, /FF (5)
b (Qb‘Qb/ ) Qb
—pF
e

c, | (FE)(PF,)O, (6)
T, = TFFQ,-Q,*PF Q,

1

__gf, (FF)(PFE) (7)
Cb FF+PFe-1

If we allow the concentration ratio in equation 7 to be a hybrid fit factor
(FF*),we can calculate the differential error (A from

rrae r

4 (8)

rr-

_(FF)(PF,) (9)
= FRepF 17

537



